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Geometric Morphometric Analysis on the skull of the Red Fox (Vulpes Vulpes)
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Abstract: This study was carried out to determine the shape of the fox skull by the geometric morphometric method
according to gender. For this purpose, four female and nine male fox skulls were used. The skulls were photographed from
the dorsal and lateral aspects. Eleven homologous landmarks on the dorsal aspect and 19 homologous landmarks on the
lateral aspect were marked on the photographs of the skull. Principal component analysis and Relative warp analysis were
performed on the coordinate values of the images. In addition, Morphol) software was used to determine the shape
differences and directions of the landmarks. According to principal component analysis, male and female individuals were
mainly concentrated to the y axis’s right on lateral images, and female and male individuals were not concentrated in one
region on dorsal images. Therefore, according to the principal component analysis, no significant gender difference was
found. The consensus graph determined that the oral edge of the incisive tooth and the cranial edge of the canine tooth in
females were ventrally directed compared to males. It is thought that the findings obtained as a result of the study will
contribute to zooarchaeological and taxonomic research.

Keywords: Geometric morphometry, MorphoJ, Red fox, Skull.

Kizil Tilkilerde (Vulpes vulpes) Kafatasinin Geometrik Morfometrik Analizi

Ozet: Bu calisma, tilki kafatasinin cinsiyete gére geometrik morfometrik ydntemle sekilsel durumunun belirlenmesi amaciyla
yapildi. Bu amagla 4 disi ve 9 erkek tilki kafatasi kullanildi. Kafataslari dorsal ve lateral yonli olacak sekilde fotograflandi.
Kafataslarinin dorsal gorintileri tizerinde 11, lateral gorlntileri Gzerinde 19 homolog landmark isaretlendi. Goértintilerden
elde edilen koordinat degerlerinde temel bilesenler analizi ve Relative warp analizi yapildi. Ayrica isaretlenen landmarklarin
sekil farkliliklarini ve yonlerini belirlemek amaciyla Morphol yazilimi kullanildi. Temel Bilesenler analizine gore, lateral
goriuntiilerde disi ve erkek bireylerin biiyiik oranda y ekseninin sagina toplandigi, dorsal yonli gorintilerde ise disi ve erkek
bireylerin bir bélgeye yogunlasmadigi tespit edildi. Dolayisiyla Temel Bilesenler analizine gore belirgin bir cinsiyet farkliligina
rastlanmadi. Konsensus grafigine gore ise, disilerde incisiv disin oral kenari ile canin disin cranial kenarinin erkeklere gore
ventral yonli oldugu belirlendi. Galisma sonucunda elde edilen bulgularin zooarkeolojik ve taksonomik arastirmalara katki
saglayacagi disiintilmektedir.

Anahtar kelimeler: Geometrik morfometri, Kafatasi, Kizil tilki, Morphol.

Introduction

The red fox (Vulpes Vulpes) belongs to the
order Carnivora. Between the carnivorous, its

and gender. In evaluating the morphological
structure of the skull, traditional craniometric

habitat has one of the most common geographical
intervals, and they are located in Europe, Asia,
North Africa, and North America (Wozencraft,
2005). The red foxes are strict protection by law in
Turkey (Animal Protection Law, 2004).

The carnivores are highly varied in magnitude,
diet, social behavior, movement and activity
patterns (Kruuk, 2002). This variability is reflected in
the dimensions and shape of skulls (Tamlin et al.,
2009). Therefore, the morphological structure of
the skull is affected by factors such as individual
features, genetic, environmental impacts, growth

analysis is an essential tool for studies. However,
morphological variations can be determined by the
geometric morphometric method frequently used
in recent years, which allows the skull to be
evaluated in shape (Kistner et al., 2021).

Homolog landmarks are used in geometric
morphometry and the geometric structure of the
samples is digitized in cartesian coordinates. Thus,
the sample is examined in shape (Higgins, 2000;
Slice, 2007). Slice (2007) reported that the
geometric morphometric method has provided
more appropriate data for statistical analysis than
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traditional morphometric studies. Geometric
morphometric studies are available in different
species in the literature (Demiraslan et al., 2021;
Demircioglu et al., 2021; Duro et al 2021; Gliindemir
et al., 2020a; Glindemir et al., 2020b; Girbuz et al.,
2020; Yalgin et al., 2010). This study aimed to
determine by the geometric morphometric analysis
on the skull of adult red foxes in Turkey.

Material and Methods

Ethical approval

Ethical permission of the study was obtained
from "Harran University Animal Experiments Local
Ethics Committee (Date: 13.07.2020, No:
2020/003)".

Material

A total of 13 adult fox skulls, four female and
nine male, were used in the study. These foxes that
died in a traffic accident or poaching were obtained
from Turkey's Mediterranean and Southeastern

Anatolia regions between 2010-2015. The skulls
were without any deformation or pathological
findings.

Geometric morphometric analysis

Fox skulls were photographed lateral and
dorsal at a distance of 30 cm (Canon EOS 650D,
Japan). The images were saved to the computer in
JPEG format. These images were converted to tps
format in TpsUtil (Version 1.79) software (Rohlf,
2019). Nineteen homologous Landmarks (L) (Figs 1
and 2.) on lateral images and 11 homolog
landmarks on dorsal images were marked with
TpsDig2 (Version 2.31) (Rohlf, 2018) software. A
homologous landmark confirmation test was
performed using TpsSmall (Version 1.34) (Rohlf,
2017) software.

In the TPS small analysis, the slope and
correlation values of the landmarks for lateral were
found to be 0.996153 and 0.999997, respectively.
The slope and correlation values for dorsal were
0.999783 and 1.0000, respectively. These values
show that the landmarks are placed correctly.

Figure 1. Lateral landmarks (L) of the male one.

L1. The most cranial point of os incisivum, L2. The cranial point of os nasale, L3. The caudal point of os nasale, L4. The craniodorsal point of orbita, L5.
The caudal point of margo supraorbitalis, L6. The caudal point of crista sagittalis externa, L7. The medial point of back of the cranium, L8. The distal point of
condylus occipitalis, L9. Dorsal point of porus acusticus externus, L10. The point of processus retroarticularis, L11. The caudal juncture of arcus zygomaticus,
L12. The point of processus hamatus, L13. The cranial juncture of arcus zygomaticus, L14. The point of tuberculum maxillare, L15. The caudal point of third
molar tooth, L16. The caudal point of first molar tooth, L17. The cranial point of first molar tooth, L18. The caudal point of canine tooth, L19. The cranial point

of canine tooth.

Figure 2. Dorsal landmarks (L) of the male one.

L1. The cranial point of os incisivum, L2. Medial point of processus septalis, L3. The caudal point of os nasale, L4. The frontoparietal
juncture in the medial point, L5. The caudal point of crista sagittalis externa, L6. The medial point of arcus zygomaticus, L7. Processus
zygomaticus of os frontale, L8. The most cranial point of orbita, L9. Juncture between os nasale, os maxillare and os lacrimale, L10. The

point of nasoincisiva, L11. Lateral point of processus septalis.

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Say: 1 2
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Table 1. Result of principal component analysis on lateral and dorsal images of skulls.

Lateral Dorsal

PC Eigenvalue % variance PC Eigenvalue % variance
1 0,00320545 73,609 1 0,000475544 38,209
2 0,000267159 6,1349 2 0,000196094 15,756
3 0,000217846 5,0025 3 0,000163131 13,107
4 0,00016198 3,7196 4 0,000126653 10,176
5 0,000137926 3,1673 5 9,04343E-05 7,2662
6 0,000110047 2,5271 6 7,66027E-05 6,1548
7 8,21893E-05 1,8874 7 4,41164E-05 3,5446
8 5,47129E-05 1,2564 8 3,26871E-05 2,6263
9 4,90408E-05 1,1262 9 2,02809E-05 1,6295
10 3,26029E-05 0,74868 10 1,03641E-05 0,83273
11 2,17944E-05 0,50048 11 4,94168E-06 0,39705
12 1,39696E-05 0,32079 12 3,7419E-06 0,30065

Generalized Procrustes Analysis (superimposition-

GPA) was performed because of differences

between the skulls in size, position and direction

(Slice, 2007). PAST (Version 4.02) (Hammer et al.,

2001) software was used for this analysis. Principal

Component Analysis (PCA) was performed on the a

new coordinates obtained from the Procrustes

Analysis. Thus, the degree of gender discrimination

of the samples was determined by applying

Covariance Analysis among the factors (Zelditch et

al., 2004). In addition, MorphoJ (Klingenberg, 2011) b

software was used to determine the landmark
levels and directions where shape differences were
observed.

Figure 3. Graphical representation of male and
female foxes according to first principal component
analysis, a. Lateral, b. Dorsal.

Figure 4. Lateral position of the male (a) and female (b)
consensus graphic

Figure 5. Dorsal position of the female (a) and male
(b) consensus graphic.

Results

Lateral

The first principal component explained
73.609% of the total shape variation according to
pirincipal component analysis. Besides, from first to
fifth principal components explained 91.6333% of
the total shape difference (Table 1).
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There was no distinctly grouping between
females and males on the graphic of PCA 1. The
male and female individuals mainly were gathered
on the right of the y axis on the graphic (Figure 3).
Statistical comparison of the landmark values was
not made because the number of samples was
considered insufficient.

In the relative warp analysis, RWA 1, RWA 2
and RWA 3 were found to be 59.75%, 29.44%,
10.82% in females, 95.54%, 2.04%, and 1.07% in
males, respectively.

The consensus graph showed that the oral
edge of the incisive tooth and the cranial edge of
the canine tooth direction was ventrally in females.
In addition, the direction between the cranial edge
of the canine (L19) and the oral edge of the incisive
tooth (L1) was cranioventral in females. This
direction was parallel to the ground in males. L10
and L12 were on the same plane in females. In
males, the LM12 was positioned more dorsal to the
skull. The direction between L13-L12 that marked
arcus zygomaticus was steeper in females than in
males (Figure 4).

PC1

The direction of L13 was craniodorsal and L12
was caudoventral for the first principal component
shown on the PC1l graph (Set scale 0.05). This
change was from female to male (Figure 6).

Dorsal

According to the principal components
analysis, the first principal component explained
38,209% of the total shape variation. However,
from first to fifth principal components explained
84.5142% of the total shape variation (Table 1).

No significant gender difference was observed
in the PC 1 graph. It was determined that male and
female individuals did not congregate in one region
(Figure 3). PC 1 graph showed that the 12th
individual gathered in the same region with
individuals 5, 6, and 7 on the dorsal aspect. At the
same time, a common gathering area was not
observed with the other individuals on the lateral
view (Figure 3).

The result of Relative Warp Analysis, RWA 1,
RWA 2 and RWA 3 were 41.59%, 37.94%, 20.47% in

Figure 6. Landmark representation of shape differences of skull between male and female foxes for the first principal

component on lateral figure of the skull.

PC1

7 —

-

Figure 7. Landmark representation of shape differences of skull between male and female foxes for the

first principal component on dorsal figiire of the skull.

females, and 43.34%, 17.37%, 13.20% in males,
respectively. The consensus graph explained that no

significant difference was observed between the
gender in the dorsal geometric analysis (Figire 5).
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PC1 graph (Set scale 0.005) showed that the
direction of L1, L5 were cranial, L3, L9, L10 were
caudal, L11 was craniodorsal and L6 was
cranioventral (Figure 7).

Discussion and Conclusion

In the study, the skulls of red foxes living in
Turkey were examined by the geometric
morphometric methods between the gender. In
literature, morphometric (Dobrowolska et al., 2018;
Munkhzul et al., 2018; Onar et al., 2005; Trut et al.,
1991) and geometric morphometric (Kistner et al.,
2021) studies on the skulls of the foxes obtained
from various regions at different times (Ancient era,
the new age) are available. However, no study
about the skulls of the red foxes in Turkey was
analyzed by geometric morphometric method.
Thus, considering that morphological structures are
affected by environmental factors, this study
investigates the skull shape of red foxes in Turkey.
Nevertheless, this study includes some limitations in
the absence of biometric data and a few materials.
The skulls used in the study were obtained from
foxes that died due to traffic accidents or natural
causes. Therefore, the biometric data of the foxes
(head-tail length, weight, etc.) could not be
obtained, and a large number of materials could not
be reached because the species is under protection.
Since only adult fox skulls were used in the study,
shape comparisons with young fox skulls could not
be made.

Kistner et al. (2021) reported geometric
morphometric studies using different fox skull
landmarks. Accordingly, wild and farmed foxes were
clearly separated, but male and female foxes did
not in PC 1 graph. Similar to the literature (Kistner
et al., 2021), there was no distinction of gender
according to the PC 1 graph in the study.

Parsons et al. (2020) were reported a
morphological study on a total of 111 red fox skulls.
This study shows that the skulls of foxes living in
urban and rural areas were different in shape. They
(Parsons et al., 2020) stated that, habitat and
gender greatly affected the shape of the skull. In
addition, the gender effect was more pronounced,
especially on the dorsal views of a skull in PC
analysis. In our study using a limited sample and
different landmarks from the literature (Parsons et
al., 2020), no significant difference was observed in
the geometric analysis of the dorsal aspect between
the gender shown in the consensus graph.

Anatomically, female foxes have a shorter
regio zygomatica and a longer squama temporalis.
Therefore, the distance between the arcus
zygomaticus and the os frontale is longer. Male
foxes have a longer regio nasale (Parsons et al.,

2020). Many of these morphological changes may
be related to the development of jaw muscles that
have changed with nutrition and domestication
(Adams and Rohlf, 2000; Wroe et al., 2007). A wide
attachment area of the temporal muscle indicates a
high bite force, and a thin zygomatic arc indicates a
weak masseter muscle. Indeed, finite element
modeling of bite in canids, particularly high stresses
occur in the zygomatic region (Wroe et al., 2007).
So that morphological variation might occur in arcus
zygomaticus with jaw movement (Glrbiz et al.,
2020, Milencovic et al., 2010). The changes in the
zygomatic arc between male and female foxes were
remarkable in the study.

Mammalian skulls are highly informative, long-
term preservation structures. Therefore, geometric
morphometric and traditional morphometric
studies are powerful tools for biogeographic,
phylogenetic, and taxonomic research, especially in
the absence of molecular research (Loy, 2007). Such
studies about carnivorous skulls in museums and
private collections can reveal a wealth of
information and adaptations of these animals
(Munkhzul et al., 2018). Therefore, data obtained
from archaeological bone material is essential for
fauna identification, comparison with other
historical processes, and estimation of
morphological characteristics of animals (Clark,
1995; Onar and Belli, 2005). In conclusion, we
believe that the data of this study will provide
official information on the archaeological
excavations.
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Toxocara cati ile Dogal Enfekte Kedilerde Fenbendazol+Pyrantel Pamoate ve
Praziquantel Kombinasyonunun Etkinliginin Belirlenmesi
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Ozet: Bu calismada Toxocara cati ile dogal enfekte kedilerde fenbendazol (50 mg/kg), pyrantel pamoate (20 mg/kg) ve
praziquantel (5 mg/kg) kombinasyonunun etkinliginin belirlenmesi amaclanmistir. Calismaya dahil edilecek kedilerin
belirlenebilmesi amaciyla klinige getirilen ve enfeksiyondan stiphelenilen hayvanlardan alinan diskilar nce doymus tuzlu su
flotasyon yontemiyle incelenmistir. Daha sonra T. cati yoninden pozitif bulunan kedilerdeki enfeksiyon yiikiini belirlemek
icin Mc Master yontemi uygulanmistir. Gram diskidaki yumurta sayisi (EPG) 250 ve Uzeri olan toplam 10 kedi galismaya dahil
edilmistir. Tedavi oncesinde bu kedilerden diski alinarak EPG degerleri belirlenmis ve canli agirliklarina gére tablet
formundaki fenbendazol+ pyrantel pamoate ve praziquantel kombinasyonu oral yolla verilmistir. Kediler galisma siiresince
klinikte ayri bir bolmede barindiriimis ve goézlem altina alinmistir. Tedaviden sonraki 7, 14 ve 21. giinlerde bu kedilerden
tekrar digki alinarak EPG degerleri belirlenmistir. Tedavi edilen on kediden sekizinin diskilarinda 7, 14 ve 21. giinlerde T. cati
yumurtalarina rastlanilmamistir. Ancak bir kedide 14 ve 21. giinlerde, bir kedide de tedavi sonrasindaki her li¢ 6rnekleme
glninde yapilan diski muayenesinde yumurtalara rastlanmistir. Tedaviden sonraki 6rnekleme zamanlarinin hepsinde de (7,
14, 21) ilacin etkinligi %98’in Uzerinde bulunmustur. Bununla birlikte iki kedinin diskisinda parazit yumurtalarinin tespit
edilmis olmasi géz ardi edilmemelidir. Bu nedenle bu antihelmintik kombinasyonuyla yapilacak olan tedavilerinden 7-14 gin
sonra diski muayenesi yapilarak tedavinin etkinligi gézlenmeli ve gerekirse tedavi tekrarlanmahdir.

Anahtar Kelimeler: Etkinlik, Fenbendazol, Kedi, Praziquantel, Pyrantel pamoate, Toxocara cati.

Determination of the Efficacy of Fenbendazol+Pyrantel Pamoate and Praziquantel Combination in
Naturally Infected Cats with Toxocara cati

Abstract: This study aimed to determine the efficacy of fenbendazole (50 mg/kg), pyrantel pamoate (20 mg/kg), and
praziquantel (5 mg/kg) combination in cats which naturally infected with Toxocara cati. The feces taken from animals
brought to the clinic and suspected of infection were examined by the saltwater flotation method. Then, the Mc Master
method was applied to determine the infection burden in cats positive for T. cati. Ten cats with 250 or more eggs per gram
stool (EPG) were included in the study. Before the treatment, feces were taken from these cats. EPG values were
determined. The combination of fenbendazole + pyrantel pamoate and praziquantel in tablet form was given orally. The
cats were housed in a separate compartment in the clinic and kept under observation during the study. On the 7th, 14th,
and 21st days after the treatment, feces were retaken from these cats, and EPG values were determined. No T. cati eggs
were found in the feces of eight of ten treated cats on days 7, 14, and 21. However, eggs were found in the stool
examination performed on the 14th and 21st days in one cat and every three sampling days after the treatment in one cat.
The drug’s effectiveness was found to be over 98% in all sampling times after treatment (7, 14, 21). However, the detection
of parasite eggs in the feces of two cats should not be ignored. For this reason, 7-14 days after the treatment with this
anthelmintic combination, a fecal examination should be performed to observe the effectiveness of the treatment. If
necessary, the treatment should be repeated.

Keywords: Cat, Efficacy, Fenbendazole, Praziquantel, Pyrantel pamoate, Toxocara cati.

Giris

Kedilerde olduk¢a yaygin olan intestinal helmintler
kolay bulasabilmeleri ve direkt gelismeleri nedeniyle
diinyanin hemen her bélgesinde gorilebilmektedir.
Bu nedenle de en fazla dikkat ¢eken ve (izerinde en
cok calisma yapilan helmint grubunu
olusturmaktadir. Toxocara cati'de kedilerde en sik
karsilasilan ve problem olusturan nematodlardan
biridir (Fisher, 2003; Sauda etal, 2019). Morfolojik

olarak olduk¢a blyilk yapida olan T. cati kedilerin
diskilari ile atildiginda ¢iplak gozle goriilebilmekte
ve bunu fark eden hayvan sahiplerinde endiseye
neden olmaktadir. T. cati ile hafif ya da orta
derecede enfekte olan kedilerde genellikle agir bir
klinik tablo sekillenmemekle birlikte ishal, karinda
sislik, gelisim geriligi, tlUylerde karisiklik ve Kkirli
gorlinim, bazen de kusma gibi belirtiler
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Tablo 1: Calisma grubunu olusturan kedilerde tedavi 6ncesi ve sonrasinda gram diskidaki T. cati yumurta sayilari (EPG).

Kedi No Tedavi 6ncesi EPG

Tedavi sonrasi EPG

0.giin 7.glin

14.giin 21.giin

41,300 -
3000 -
800 -
900 -
250 -

2700 -
500 -
1100 -
300 -
Ort. 5125 70

O 00 N O U B WN R

=
o

Etki orani

400 700

%98,63

400 800

100 200

50 100
%99,02 %98,04

gorulebilmektedir (Knaus ve ark., 2014). Ayrica
larvalarin hepato-trakeal gogleri sonucu okusirik,
abdominal solunum ve alt solunum yolu problemleri
ortaya cikabilmektedir. Agir enfeksiyonlarda ise
bagirsak tikanmasi, perforasyonlar, sinirsel belirtiler

ortaya ¢ikabilmekte hatta olimler
sekillenebilmektedir. Kediler; galaktojen yolla,
yumurtalarin  oral yoldan alinmasiyla ya da

paratenik ara konaklarin yenilmesi suretiyle
enfeksiyona yakalanmaktadirlar (Knaus ve ark.,
2014, Lee ve ark., 2010). Ginimlzde hem hekimler
hem de hasta sahipleri tarafindan yuksek etkili
antelmentiklere kolayca ulasilabilmesine ragmen
gastrointestinal helmintler kedilerde tiim diinyada
hala blylik problem olusturmakta ve zoonoz
potansiyelleri nedeniyle halk sagligini yakindan
ilgilendirmektedirler (Bakhshani ve ark., 2019;
Catton ve ark., 2003; Fisher, 2003; Lee ve ark.,
2010). T. cati de diinyanin birgok tlke ve bolgesinde
insanlarda enfeksiyonlar olusturarak visceral larva
gdciline neden olabilmektedir. insanlar bu parazitin
yumurtalarini bulasik olan su ve cesitli gidalarla
alarak enfeksiyona yakalanmaktadirlar. Ayrica
kedilerin tlylerine yapismis olan yumurtalarin kedi
ile temastan sonra veya bu yumurtalarla bulasik
olan toprak ile temastan sonra ellerin iyice
yikanmadan agza gotiirilmesiyle de enfeksiyonlar
sekillenebilmektedir (Bakhshani ve ark., 2019; Oge
ve ark., 2014). Bu nedenlerden dolayi gerek
kedilerin saghgini ciddi olarak etkileyen gerekse halk
saghgini tehdit eden T. cati enfeksiyonlarinin
kedilerde ortaya konulmasi ve uygun bir
antelmentik ile tedavi edilmesi bilylk bir énem
tasimaktadir. T. cati ve diger ascaridlerin tedavisi
amaclyla benzimidazoller, imidazotiyazol tiirevleri,
tetrahidropirimidin tirevleri, piperazin tirevleri,
avermektinler, siklooktadepsipeptidler gibi cesitli
siniflardan birgok antelmentik kullanilabilmektedir.

Bu antelmentikler tek ya da kombine halde
enjektabl, spot-on ve tablet gibi farkli formlarda
uygulanmaktadir (Riviere ve Papich, 2009). Tablet
ve enjektabl drinler uzun yillardir sahada
kullanilmasina  ragmen  glinimuizde  giderek
yayginlasan spot-on ilaglar hem hekimler hem de
hasta sahipleri tarafindan uygulama kolayhgi ve
genis etki spektrumu sayesinde daha c¢ok tercih
edilir hale gelmistir (Knaus ve ark., 2014; Lee ve
ark., 2019; Tizer ve ark., 2010). Ancak T. cati
enfeksiyonlarinin  tedavisi amaciyla  pratikte
kullanilan ¢ok farkh etken maddeler bulunmasina
ragmen bunlarin etkinlik dlzeylerini ortaya koyan
¢alisma sayisi kisithdir (Altreuther ve ark., 2005;
Knaus ve ark., 2021; Vatta ve ark., 2019). Turkiye'de
ise kedi helmintleri lizerinde yapilmis tedavi
denemeleri oldukga sinirli diizeydedir (TGzer ve ark.,
2010). Yaptigimiz literatlir taramalarinda sahada
kullanilan  antelmentiklerin tek tir ile olan
enfeksiyon olarak T. cati Uzerindeki etkinliklerini
belirlemek amaciyla gergeklestirilmis bir ¢alismaya
rastlayamadik. Bu galismada 15 yildan fazla bir
sureden beri Ulkemizde kedi ve koépeklerdeki
gastrointestinal nematodlarin  ve cestodlarin
tedavisi amaciyla kullanilan fenbendazol + pyrantel
pamoate + praziquantel kombinasyonunun T. cati
ile dogal enfekte kedilerde etkinliginin belirlenmesi
amaglanmistir.

Materyal ve Metot

Calisma Alani: Calisma istanbul’'un Avrupa
yakasinda faaliyet gosteren 6zel bir klinige getirilen
T. cati ile enfekte sahipli ve sahipsiz kedilerde
gerceklestirilmistir. Calisma 15 Ocak 2020- 15 Nisan
2020 tarihleri arasinda 3 aylik bir zaman diliminde
gergeklestirilmistir. Calismamizda klinigimize
getirilen sahipli ve sahipsiz hasta hayvanlara sadece
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antiparaziter tedavi uygulanmis ve iyilesme siirecleri
diski muayeneleri ile takip edilmistir. Dolayisi ile
hayvanlara aci ve stirap verici herhangi bir
uygulama yapilmamistir. Ayrica etik Kurulu ile
yaptigimiz goriismede basvuruya gerek olmadigi
ifade edilmistir. Diger taraftan bu ve benzeri
calismalarda Etik Kurul izin Belgesi gerekmedigi 15
Subat 2014 tarih ve 28914 nolu Resmi Gazetede
yayinlanan “Hayvan Deneyleri Etik Kurullarinin
Calisma Usul ve Esaslarina Dair Yénetmeligin ikinci
Bolimunin (Deney Hayvaninin Kullanilma Amaglari,
Etik Kurullarin  Kurulus, Gorev Siresi, Calisma
Yontemi, Gorev ve Yetkileri) 8. Maddesinin k (1,4)
bendinde agikga belirtilmistir.

Kediler ve Barinma: istanbul’'un Avrupa
yakasindaki cesitli bolgelerden klinige getirilen ve
gastrointestinal helmintlerden siiphelenilen toplam
90’a yakin kediden diski 6rnekleri alinarak T. cati
yumurtalari yéniinden incelenmis ve pozitif bulunan
10 kedi ¢alismaya dahil edilmistir. Yaslari 2,5 ay ile 2
yil arasinda degisen kedilerden 6’si disi 4’ erkektir.
Calisma grubundaki sahipli kedilerde etkene yonelik
ve spesifik olmayan diizensiz tedavilerin yapildigi
tespit edilmistir. Sahipsiz olan kedilerin daha 6nce
antelmentik tedavisi alip almadiklarini tespit
edebilmemiz mimkin olmamakla birlikte, kedilerin
genel gorindmleri ve enfekte olmalari nedeniyle
herhangi bir tedavi yapilmadigi degerlendirilmistir.
Diskisinda T. cati yumurtalari tespit edilen toplam
10 kedi galismaya dahil edilmistir. Bu kediler ayri
ayri bolimlere alinarak galisma siresince klinikte
barindiriimig, bakim ve beslemesi yapiimistir.

Gruplandirma: Calismada; enfekte hayvan
sayisinin yetersizligi nedeniyle sadece tedavi grubu
kullanilmistir. Kontrol grubu olusturulmamis olup,
tedavi O©ncesindeki ve tedavi sonrasindaki EPG
degerleri karsilagtiriimistir.

Diski Orneklerinin Alinmasi ve Laboratuvar
Muayeneleri: Klinige getirilen kedilerin enfekte olup
olmadiklarini belirleyebilmek amaciyla slipheli olan
hayvanlardan diski alinmistir. Tim digkilar plastik
kaplara konulmus ve (Uzerine kedinin yasi, irki,
cinsiyeti gibi bilgiler not edilmistir. Alinan 6érnekler
buzdolabinda incelenecegi zamana +4 °C'de kadar
muhafaza edilmistir. Sipheli kedilerden alinan digki
ornekleri oncelikle doymus tuzlu su flotasyon
yontemiyle 1sitk mikroskobunda incelenerek enfekte
olup olmadiklari belirlenmistir. Daha sonra pozitif
bulunan kedilerde enfeksiyon vyikini saptamak
amaclyla Mc Master yontemi uygulanmistir. Gram
diskidaki yumurta sayisi (EPG) 2502 olan toplam 10
kedi galismaya alinmistir.

Tedavi: Calismaya dahil edilen kedilerden 0.
giinde digki alinarak antelmentik uygulanmistir. Bu
amagla once kediler hassas bir sekilde tartiimis ve
agirliklari kaydedilmistir. Daha sonra antelmentik
prospektisinde onerildigi sekilde (fenbendazol 50

mg/kg, pyrantel pamoate 20 mg/kg, ve praziquantel
5 mg/kg dozda) oral yolla verilmistir. Uygulamalar
genel etik kurallar ve hayvan refahi gergcevesinde,
hayvanlara aci ve istirap verilmeden rutin tedavi
prosedirlerine goére yapilmistir. Kedilere ilag
verildikten sonra bireysel bélmelere alinmis ve 24
saat slreyle gbzlenmistir.

Antelmentik Etkinligin Belirlenmesi: Tedavi
sonrasindaki 7,14 ve 21. glnlerde her bir kedinin
gram digskisindaki T. cati yumurta sayisi (EPG)
belirlenerek grup ortalamasi alinmistir. Kullanilan
antelmentik kombinasyonunun tedavi sonrasi
ornekleme yapilan gilnlerdeki etkinligi asagidaki
formile gore hesaplanmistir (Cabaret ve Berrag,
2004).

| FECR(%):100 x [1- (T2/T1)] |

FECR: Diskida yumurta azalma orani
T1: Tedavi 6ncesi ortalama EPG
T2: Tedavi sonrasi ortalama EPG

Bulgular

Calismada yer alan kedilerin tedavi dncesi ve
sonrasinda (7, 14 ve 21. ginlerde) yapilan digki
muayenelerinde gram diskida saptanan T. cati
yumurta sayilari (EPG) Tablo 1’ de verilmistir. Bu
tablonun incelenmesinden de anlasilacagi gibi 7.
glinde yapilan diski muayenelerinde kedilerden 9
tanesinin diskisinda higbir parazit yumurtasina
rastlanmamigtir. Bir kedide ise yumurta sayisinda
o6nemli diizeyde (%75) artis tespit edilmistir.
Tedaviden sonraki 14 ve 21. ginlerde ise ikiser
kedinin diskisinda yumurta tespit edilmistir.

Tedavi Oncesinde ortalama EPG 5.125 iken,
tedaviden sonraki 7. glinde 70, 14. giinde 50, 21.
glinde ise 100 olarak tespit edilmistir. Tedavi 6ncesi
ve tedavi sonrasi ortalama EPG degerleri
karsilastirildiginda kullanilan antelmentik
kombinasyonunun 7, 14 ve 21. ginlerdeki etki
oranlari sirasiyla %98.63, %99.02 ve %98.04 olarak
belirlenmistir.

Tartisma ve Sonug

Tiirkiye’de son yillarda kedi ve kopeklere daha
fazla ilgi gosterilmesi nedeniyle bu hayvanlarin
sayllari 6nemli oranda artmistir. Bununla baglantih
olarak bu hayvanlarin sagliklarini korumaya yonelik
piyasaya sunulan Urin yelpazesi de genislemistir.
Kedi ve kopeklerin sagliklarini olumsuz yonde
etkileyen parazitlere karsi kullanilmak tzere birgok
antelmentik yerli ve yabanci ilag firmalari tarafindan
ticari olarak satisa sunulmustur. Bu amagla
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fenbendazol, febantel, pyrantel pamoate,
emodepsid ve praziquantel gibi etken maddeler tek
bagina veya ikili ve lgli kombinasyonlar seklinde
kullanilmaktadir. Ancak bu antelmentikler kedi ve
kopeklerde sik¢a kullaniimasina ragmen bunlarin
etkinliklerinin belirlenmesine yonelik olarak yapilmis
calisma sayisi  oldukga kisith  diizeylerdedir
(Sarimehmetoglu ve ark., 2002; Yildiz ve ark., 1997).
Ozellikle kedilerde yapilmis olan c¢alisma sayisi ise
¢ok daha azdir (Tuzer ve ark., 2010). Yaptigimiz
literatir taramalarinda Tirkiye’de sadece T. cati
(tek tdr ile enfeksiyon) Uzerinde antelmentik
etkinligin belirlenlenmesi amaciyla gergeklestirilmis
olan bir ¢alismaya rastlanilamamistir. Bu nedenle bu
calismada Ulkemizde pet sektoriinde veteriner
hekimlerin uzun zamandan beri kullaniimakta
oldugu fenbendazol + pyrantel pamoate +
praziquantel kombinasyonunun kedilerdeki dogal T.
cati  enfeksiyonlarindaki  etkinliginin  ortaya
konulmasi amaclanmistir. Bu arastirmada kullanilan
antelmentik kombinasyonunun igerisindeki etken
maddelerden birisi olan pyrantel pamoate evcil
hayvanlardaki nematodlara karsi oldukga yiiksek
etki gosteren bir tetrahidropirimidin bilesigidir.
Uzun vyillardir piyasada mevcut olan bu etken
maddenin pomat formu 6zellikle kedi ve kdpeklerde
yaygin bir sekilde kullanilmaktadir (Gennari ve ark.,
1997). Reinemeier ve DeNovo (1990) tarafindan
yapilan calismada pyrantel pamoate 20 mg/kg
dozunda pasta ve graniil tarzinda verilmek suretiyle
kedilerdeki T. cati ve Ancylostoma tubaeforme
enfeksiyonlari Uzerindeki etkinligi arastiriimistir.
Arastiricilar (Reinemeier ve DeNovo, 1990) pyrantel
pamoate pasta formunda verildiginde kedilerde T.
cati yumurta sayisinda %96,4 oraninda azalma
sagladigini, granil olarak verildiginde ise ilacin daha
az etki gosterdigini (%78,2) belirlemislerdir. Kontrol
grubunun kullanildigi benzer bir c¢alismada ise
(Ridley ve ark., 1991) pyrantel pamoate 20 mg/kg
dozunda pasta ve granil formunda uygulanmis ve
¢alisma sonunda kedilere nekropsi yapilarak mevcut
parazitler toplanmistir. ilacin etkinliginin hem
diskida yumurta sayisi azalma oranina gore (FECRT)
hem de nekropsi sonucunda elde edilen parazit
sayllarinin  karsilastiriimasiyla  belirlendigi  bu
calismada pyrantel pamoate pasta formiilasyonu
Toxocara sp. yumurta sayisinda %99,7, granil
formilasyonu ise %99,9 oraninda bir azalma
sagladigl ortaya konulmustur (Ridley ve ark., 1991).
Nekropsi sonuglarina gore ise hem pasta hem de
granil formilasyonu %100 etkili bulunmustur.
Bizim c¢alismamiza benzer bir sekilde Ug¢ etken
maddeli (pyrantel pamoate+oxantel
pomat+praziquantel) bir antelmentik kombinasyonu
kedilerde Ug¢ farkh dozda kullanilarak T.cati ve diger
bazi helmintlere karsi etkinlik diizeyi belirlenmistir
(Gennari ve ark.,1997). Gennari ve ark. (1997)

tarafindan gergeklestirilen bu c¢alismada pyrantel
pamoate ve oxantel pomat 5, 10 ve 20 mg/kg
dozlarinda uygulanmis olup T. cati Uzerindeki etki
dizeyi sirasiyla %93, %96,7 ve %100 olarak tespit
edilmistir. Kedilerde T. cati Uzerine fenbendazolin
etkinligini belirlemek amaciyla yapilmis c¢alisma
sayisi oldukga sinirlidir (Roberson ve Burke, 1980).
Roberson ve Burke (1980) 50 mg/kg dozunda 3 giin
arka arkaya kullandigl fenbendazoliin kedilerdeki T.
cati enfeksiyonlarinda %100 etkili oldugunu ortaya
koymuslardir.  Bildigimiz  kadariyla  Turkiye’de
pyrantel pamoate ya da fenbendazolin kedilerde
T.cati enfeksiyonlar Uzerindeki etkinligini gdsteren
bir c¢alisma bulunmamaktadir. Bu c¢alismadaki
antelmentik  kombinasyonuna  benzeyen  bir
kombinasyon kopeklerde helmint enfeksiyonlarina
karsi denenmis olup pyrantel pamoate igeren bu
preparatin ascaritler tzerinde %71,5 etkili oldugu
ortaya konulmustur (Yildiz ve ark., 1997). Toplam 10
kedi kullanilarak gergeklestirdigimiz bu calismada
tedavi 6ncesindeki ortalama T. cati yumurta sayilari
ile tedavi sonrasinda 7, 14 ve 21. ginlerdeki
ortalama yumurta sayilari karsilastirilarak kullanilan
antelmentik kombinasyonunun etkinlik dizeyi
belirlenmistir. Calismada fenbendazol+ pyrantel
pamoate +praziquantel kombinasyonunun T. cati
yumurta sayisinda 7, 14 ve 21. gilinlerde sirasiyla
%98.63, %99.02 ve %98.04 oranlarinda azalma
sagladigl tespit edilmistir. Tedavi sonrasindaki 7.
gliinde bir kedinin, 14 ve 21. giinlerde ise ikiser
kedinin (tricolor, 7 aylik, disi kedi, 2,6 kg ve tekir, 2
yasinda, disi kedi, 3,5 kg) diskisinda T. cati
yumurtalarina rastlanilmistir.  Hatta tedaviden
sonraki 7. glinde pozitif bulunan kedinin diskisinda
EPG degeri tedavi Oncesi degere gore oOnemli
oranda (%75) artis gdstermistir. Tedaviden sonra
diskilarinda T. cati yumurtalarina rastlanilan bu
kedilerde kullanilan antelmentigin etkisiyle disi
parazitlerin pargalanarak fazla miktarda yumurtanin
diskiya karismasi nedeniyle boyle bir durumun
sekillendigini  dislinmekteyiz.  Diger taraftan
tedaviden sonra pozitif bulunan bu kedilerde
gastrointestinal bir bozukluk sekillenmis, dolayisiyla
da ilag yeteri dizeyde emilmemis de olabilir.
Fenbendazol’in tek mideli hayvanlarda ve
ruminantlarda gilivenlik indeksinin oldukga ylksek
oldugu ve bu hayvanlarin oldukg¢a yuksek dozlar
tolere edebildigi bildiriimektedir (Schwartz ve ark.,
2000). Pyrantel pamoate olduk¢a givenli bir
antelmentik olup normal dozun (20 mg/kg) bes
katina kadar ilag uygulanan kedilerde herhangi bir
yan etkinin gortlmedigi bildirilmistir (Reinemeyer ve
DeNovo, 1990). Schwartz ve ark. (2000) ile
Reinemeyer ve DeNovo (1990)'nun bulgularina
benzer sekilde pyrantel pamoate’t 20 mg/kg,
fenbendazolii 50 mg/kg dozunda uyguladigimiz bu
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calismada da ilag verilen kedilerde herhangi bir yan
etki veya olumsuzluk gbzlenmemistir.

Etik kurallar, hayvan haklari ve refahi agisindan
bu calismada nekropsi gercgeklestirilememis olup
kullanilan antelmentik kombinasyonun etkisi diskida
yumurta sayisi azalma testine goére (FECRT)
hesaplanmistir. Nekropsi  yapilamadig icin
bagirsaklar incelenememis ve tedaviye ragmen
diskida parazit yumurtasina rastlanan kedilerde
bunun nedeni saptanamamistir. Ayrica ilag sadece
erkek parazitleri 6ldirmis ve disilerin yumurtlama
kabileyetlerini azaltmis olabilir. Calismada 14. ve 21.
giinlerde ilag verilmesine ragmen parazit yumurtasi
bulunan kediler sokak kedisi oldugu icin daha fazla
parazit ylikine sahip olabilir. Bu yiuzden ilag
verilmesinden sonraki zamanlarda da rutin digki
muayenelerine devam edilmelidir.

Bu c¢alismadan elde edilen sonuglar
dogrultusunda fenbendazol+ pyrantel pamoate ve
praziquantel kombinasyonunun kedilerde T. cati’'ye
%98’in (izerinde etkili oldugu ortaya konulmustur.
Bununla birlikte tedavi sonrasindaki 6rnekleme
gunlerinde iki kedinin digskilarinda T. cati
yumurtalarinin  tespit edilmis olmasi gdzden
kagirilmamahdir. Bu durumu dikkate alarak bu
antelmentik kombinasyonu ile yapilacak olan
tedavilerden 7-14 gin sonra kedilerden diski
ornekleri alinarak muayene edilmesini bodylece
tedavinin etkinliginin goézlenmesini ve gerekirse
tedavinin tekrar edilmesini dnermekteyiz.

Tesekkiir

Bu calismada desteklerini bizlerden
esirgemeyen PARS VETERINER SAGLIK MERKEZI
calisanlarina tesekkiirlerimizi sunariz.

Cikar gcatismasi

Yazarlar bu yazi icin gergek, potansiyel veya
algilanan  ¢ikar  catismasi  olmadigini  beyan
etmislerdir.

Etik izin

Calismamizda klinigimize getirilen sahipli ve
sahipsiz hasta hayvanlara sadece antiparaziter
tedavi uygulanmis ve iyilesme sirecleri diski
muayeneleri ile takip edilmistir. Dolayisi ile
hayvanlara aci ve 1zdirap verici herhangi bir
uygulama vyapilmamistir. Ayrica etik Kurulu ile
yaptigimiz goérismede basvuruya gerek olmadigi
ifade edilmistir. Diger taraftan bu ve benzeri
calismalarda Etik Kurul izin Belgesi gerekmedigi 15
Subat 2014 tarih ve 28914 nolu Resmi Gazetede
yayinlanan “Hayvan Deneyleri Etik Kurullarinin

Calisma Usul ve Esaslarina Dair Yonetmeligin ikinci
Bolimiinin (Deney Hayvaninin Kullanilma Amaglari,
Etik Kurullarin  Kurulus, Gorev Suresi, Calisma
Yontemi, Gorev ve Yetkileri) 8. Maddesinin k (1,4)
bendinde agikga belirtilmistir.

Finansal destek

Bu c¢alisma herhangi bir finansal proje ile
desteklenmemistir.

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yiiklenen
raporda belirtildigi gibi %1 oldugunu beyan ederiz.

Agiklama

Bu ¢alisma Tirkiye'de daha once
fenbendazol+pyrantel pomat ve praziquantel
kombinasyonunun kedilerde T. Cati enfeksiyonlar
Gzerinde etkinligine dair bir calisma bulunmamasina
binaen  dizenlenmis ve  bilim  dinyasina
sunulmustur.
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Histological Structure of the Plastinated Kidney Following Deplastination
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Abstract: Plastination is a laboratory process to obtain permanent dry tissue and organ sample. That can be used in the
future for investigation and educational purposes. This methodology is based on dehydration and penetration of synthetic
substances such as silicon into tissue. In this study, it was aimed to deplastinate previously plastinated kidneys in order to
examine them under the light microscope. In this study, 14 sheep kidneys were used, seven samples of control and seven
samples of plastination-deplastination (p / d) group. Kidneys in both control and p/d groups were fixed in 10% formalin. The
samples in the control group were embedded in paraffin following routine tissue processing protocol. However, the
samples in the p/d group were deplastinated in alcohol and methylbenzene and embedded into paraffin. 5 um thick
sections obtained from paraffin blocks were stained with hematoxylin and eosin (H&E), periodic acid-shiff (PAS) and then
examined under the light microscope. Typical histological structures were observed in the control group. Small fragments
were obtained as it was challenging to obtain sections from the P/d group blocks. Morphological structures were visible
with some pseudo degenerations and wrong staining. This study is the first study that demonstrates alcohol and
methylbenzene deplastination can be partially successful for evaluating plastinated kidney samples under a light
microscope. However, we believe that the kidney may have limitations due to its wide parenchyma compared with
literature conclusions. Nevertheless, more studies are required to develop the optimum protocols.

Keywords: Histology, Kidney, Plastination, Sheep, Veterinary anatomy.

Deplastinasyon Sonrasi Plastine Bobregin Histolojik Yapisi

Ozet: Plastinasyon, gelecekte arastirma ve egitim amacl kullanilabilecek kalici kuru doku ve organ érnekleri elde etmeye
yonelik bir laboratuvar islemidir. Kisaca bu metodoloji silikon gibi sentetik maddelerin dehidrasyona ve dokuya nifuz
etmesine dayanmaktadir. Bu c¢alismada 15tk mikroskobu altinda incelemek igin 6nceden plastine edilmis bdbrekleri
deplastine etmeyi amagladik. Bu ¢alismada 7 6rnek kontrol ve 7 6rnek plastinasyon-deplastinasyon (p/d) grubu olmak
lizere, 14 koyun bobregi kullanildi. Hem kontrol hem de p/d gruplarindaki bébrekler %10 formalin iginde sabitlendi. Kontrol
grubundaki érnekler rutin doku isleme protokolii izlenerek parafine gémiildi, ancak p/d grubundaki érnekler alkol ve metil
benzen icinde deplastine edildikten sonra parafine gdmuldu. Parafin bloklarindan elde edilen 5 um kalinhgindaki kesitler
Hematoksilen ve eozin (H&E) ile boyanarak ardindan periyodik asit-schiff (PAS) ile 1sik mikroskobu altinda incelendi. Kontrol
grubunda normal histolojik yapilar gézlendi. P/d grup bloklarindan kesitler elde etmek zor oldugu igin kiglk pargalar elde
edildi. Morfolojik yapilarda bazi dejenarasyonlar gézlemlendi. Bu, plastine bébrek érneklerinin alkol ve metil benzen ile
deplastinasyonunun stk mikroskobu altinda degerlendirilmesinde kismen basarili olabilecegini gosteren ilk g¢alismadir.
Ancak literaturdeki sonuglarla kargilastirildiginda bobregin genis parankiminden dolayr bazi kisitliliklarinin olabilecegini
disiinmekteyiz, ancak optimum protokolleri gelistirmek icin daha fazla galismaya ihtiyag vardir.

Anahtar Kelimeler: Bébrek, Histoloji, Koyun, Plastinasyon, Veteriner anatomi. ,

Introduction

Preservation of the body or tissue of the dead has
taken humankind's attention from the very
beginning of human history. Instinctively,
throughout history, humankind aimed to find a way
to embalm the remains of dead human and animal
species. During the ancient Egyptian period,
humankind used organic chemicals to preserve the
dead body, but organic treatment during this
process is obscure as there are no remaining
records (Buckley et al.,, 2001). Even embalmed
paleoparasitological remains were found in
embalming rejects jars in Egypt in recent history

(Bouchet et al., 2003). Nowadays, tissue and cell
preservation are widely used in medicine and
animal-related sciences to preserve cells or the total
body of species for education, examination, and
even medical use. For example, animal taxidermy is
widely used to preserve the remains of the dead,
mainly the skin of the dead animals.

In medicine, liquid nitrogen is widely used as a
preservative to store and keep cells alive before
medical treatments such as chemotherapy which
affect fertility. Liquid nitrogen can be used in cell
culture-related studies as well. Also, formaldehyde
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is still one of the most used preservative chemicals
for educational purposes, mainly in morphology-
related lessons. However, long-term formaldehyde
storage may lead to problems in tissue
preservation, processing, and staining protocols for
histological examinations (Rhodes, 2013). In recent
years, it was also reported that formaldehyde might
cause health problems such as upper respiratory
and tract problems, even nasopharyngeal cancer,
and leukemia (Lan et al.,, 2015; Zendehdel et al.,
2016). If self-care instruments are not used,
formaldehyde may also lead to eye and skin
irritation. Because of the toxic properties of
formaldehyde, the development or exploration of a
safer tissue preservative method has been a title of
discussion between morphologists for a long time.
In 1977, Dr. Gunther von Hagens (1986) developed
plastination, an organ or body preservation
method. In this methodology, lipid and water of
tissue are replaced with curable polymer chemicals
such as epoxy, polyester, or silicone, and the
plastinated tissues have natural-looking, but dry,
odorless, durable, and harden, and requires
minimum care during storage (Al-Ali et al., 2009;
Bolintineanu et al., 2017; Steinke et al., 2008; Van
Hagens, 1986). Compared to formaldehyde, the
safer property of plastination may allow this
methodology to be replaced with formaldehyde
preservation mainly in anatomy laboratories, which
can be applied to all soft tissue types (O’sullivan and
Mitchell, 1995). On the other hand, deplastination
is the opposite process of plastination, believing
that the samples can be returned to their natural
form. Thus, deplastination will allow the samples to
be used in various examinations after long
preservation at room temperature (Ravi and Bhat,
2011).

Studies aiming to find a way to examine
plastinated materials under a light microscope are a
very new-born research title, and these studies
based on this research area are minimal. Besides all
soft tissues appropriate for plastination, one of the
most examined organs in this preservation
methodology is the kidney (Pereira-Sampaia et al.,
2011). Kidneys are beans-shaped organs located at
the posterior part of the abdominal cavity, next to
the columnae vertebralis. Functionally, the kidney is
an organ that takes functions during the
dischargement of filtrated waste material from the
blood. Waste materials in the blood are filtered via
the functional parenchyma of kidneys, the
nephrons, and urine then discharged (Rouiller,
2014).

Even though there are limited data for
deplastination of kidneys, this study aimed to
investigate morphological structures in
deplastinated kidneys following plastination.

Furthermore, determine whether alcohol and
methylbenzene deplastination are suitable for
sheep kidneys for microscopic examination or not.

Materials and Methods

Study design: This study was performed with

the permission of the Experimental Animals Local
Ethics Committee in Dicle University with a
35582840-604-02 approval number. In this study,
14 freshly collected sheep kidneys from
slaughterhouses were used, and the organ samples
were randomly divided into control and
plastination-deplastination (d/p) groups of seven
samples in each. The volumes of the kidneys were
measured with a caliper, and data were collected
for statistical evaluation. For further laboratory
steps, the control and d/p samples were fixed in
10% formaldehyde. Samples in the control group
were subjected to routine histological tissue
processing protocol, and the samples in the d/p
group were subjected to plastination and
deplastination processes explained below.
Silicone plastination of the kidneys: In this study, all
of the silicone plastination protocols were
performed at the Plastination Laboratory of the
Department of Veterinary Anatomy, Faculty of
Veterinary Medicine in Firat University. The
necessary dissection procedures were performed,
and the excess connective and fatty tissues were
removed. Kidneys were taken to the dehydration
step after being fixed with 10% formalin solution for
a week. Afterward, fluid of kidney tissue was
replaced with acetone (99.5%) in an insulated steel
tank that kept -25 °C in a deep freezer. At the third
bath of the acetone dehydration, tissue infiltration
of the acetone was reached above 90%
concentration. The whole dehydration process took
15 days. The samples were also kept in acetone for
five days at room temperature to remove fat from
the tissue. Following acetone exposure, the kidneys
were taken into the vacuum tank to perform forced
impregnation. This enforcement was performed by
impregnating the S10, activated with an S3 catalyst
in a 1/100 ratio. Forced impregnation of S10 took
six days at room temperature. Then the samples
were kept in an S10 / S3 mixture outside the
vacuum tank for a day and outside the silicone-
catalyst mixture the following day. The samples
were taken out from the vacuum tank and kept for
discharge of the excess silicone, which took five
days. At the last step, the gas curing and hardening
process was performed with S6, and the
plastination process was completed. The hardening
step in the gas curing unit took three days. In brief,
the silicone plastination of sheep kidneys took 36
days.
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Tissue processing protocol and deplastination:
Kidneys in the control group were fixed in a 10%
formalin solution. After fixation, the kidneys were
dissected into small pieces, and total fixation was
achieved 24 hours after the beginning of the
experiment. Fixed samples were washed under tap
water overnight and dehydrated in increasing
alcohol series. Following dehydration, samples were
cleared in xylene, then subjected to paraffin
infiltration and embedded into paraffin. The
obtained paraffin blocks were stored at room
temperature  for  further examination. For
deplastination, previously plastinated kidneys in the
p/d group were kept in absolute alcohol for 24
hours.  Subsequently,  depolymerization  of
plastination substances was carried out by
incubating kidneys in methylbenzene for 48 hours.
Tissue softening was checked regularly by punching
a needle, and at the end of the period, total kidney
samples were dissected into small pieces. The
samples were embedded into paraffin blocks after
routine histological tissue processing protocol. The
paraffin blocks were stored at room temperature
for further sectioning (Ramos et al., 2018).
Hematoxylin-Eosin and PAS staining protocol:Five
um thickening sections were taken from the
paraffin blocks with a rotary microtome, and the
sections were transferred to positive charged
adhesive slides. Paraffin depolymerization was
performed by incubating the sections at 56 °C for an
hour. The sections were cleared in xylene for
hematoxylin and eosin (H&E) and Periodic Acid-
Schiff (PAS) staining used for morphological
examination and basement membrane evaluation.
The sections rehydrated in decreasing alcohol series
and brought to distilled water. H&E stained sections
were stained in hematoxylin for 8 minutes, and
then the samples were washed in tap water for 5
minutes. The sections were stained in eosin for a
minute, and samples were immersed through
increasing alcohol series. At the last step, stained
samples were cleared in xylene and mounted with
entellan. PAS staining was performed with a ready-
to-use kit (Bio-Optica, Milano-Italy, Cat. No: # 04-
130802). All steps of the PAS staining were
performed according to the manufacturer's
instructions. Sections passed through increasing
alcohol series after PAS staining protocol, cleared in
xylene, and mounted with entellan. Both H&E and
PAS stained samples were examined under a light
microscope, and micrographs were captured by a
ZEISS Axio microscope (Bancroft et al., 2013).
Statistical analysis: The samples' measured
weight, width, and length data in control and d/p
groups were evaluated statistically. Non-parametric
Mann-Whitney U test was used as statistics. Results
were expressed as mean * standard deviation (SD).

Results

Anatomical Results: Both inner and outer
anatomical shapes of plastinated kidneys were
quite similar to their natural appearance and
retained their previous morphological
characteristics (Figure 1). Capsula fibrosis was
observed with its standard structure. The structure
of the capsula adiposa was also preserved during
the plastination process in one of 5 samples. Color
range difference between cortex renalis and
medulla renalis was less evident in plastinated
kidneys then deplastinated (Figures 1a, 1b, 1c). The
malpighi pyramides and A. interlobaris were
observed clearly in plastinated samples. When the
kidney was divided into anteroposterior semi parts,
it was observed that sinus renalis was following the
hilus renalis. The hilus renalis, which can be
observed as a fold in the margo medialis, and the
ureter originating from this anatomical structure
were clearly observed (Figure 1d). The difference
for weight, wide and height of the control group
significant in contrast to P/D group (P < 0.01).
Graphical demonstration of the statistical analysis
was shown in Figure 2.

Figure 1. Inner (a,b,c) and outer (d) photographs of the
plastinated kidneys. Renal cortex (*), medulla (star) pelvis renalis
(p) and ureter (arrow) as shown

Histological result:

Hematoxylin and eosin results: Light micros-
copic micrographs of kidney sections in control and
plastination-deplastination groups are shown in
Figure 3. Sheep kidneys in the control group were
found with typical histological structures. The
proximal and distal convoluted tubules, cortical and
juxtamedullary glomeruli were widespread within
the renal pyramids. The renal vascular structures
were normal morphology, and the arterioles at the
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vascular pole of the renal corpuscles were normal fresh tissues as normal morphology with a
as expected. The renal glomeruli were observed in glomerular capillary network, mesangial stroma,
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Figure 2. Boxplot results of statistical analysis for weight, wide and height. All evaluated parameters of groups were
significantly different (p<0.01).

Figure 3. Micrographs of H&E stained control (a) and p/d (b) groups. Glomerulus with normal and shrunken morphology (asterix) in
control and p/d groups. Proximal (P) and distal (D) convoluted tubules were easily distinguished in control group instead of
incomprehensible morphology in p/d group. Bowman'’s space in control group (curved arrow) was normal but the space almost
disappeared in p/d group. Cell nuclei in p/d group were stained hematoxylin (thick arrow). In p/d group, tubular lumen (arrow
head) is observed as shrunken. Staining; H&E, Bar: 20 um.

Figure 4. Micrographs of PAS stained control (a) and p/d (b) groups. Regular and normal shaped basement membranes (arrow) of
glomerular basement membrane and tubular system in control group. In control group, glomerulus with normal morphology as
observed normal glomerulary capillary network and mesangium (asterix). Pseudo-thickened and undulated basement membrane
in p/d group’s glomerular basement membrane and tubular system (arrow). Shrunken and pseudo-positivity of PAS in p/d group
(asterix). Staining; PAS, Bar: 20 um.

mesangial cells, and podocytes. Bowman's space at the medullary level (Figure 3a). On the other
between the glomeruli and the Bowman’s capsule hand, it was difficult to take sections from paraffin
was observed in all glomerulus. The renal pyramids, blocks of the p/d group because the tissue samples
loop of henles and collecting tubules were found were pouring as dust while sectioning, but we could
normal, and the collecting tubules were longitudinal obtain small pieces of tissue samples from this
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group. When the stained sections were evaluated
under a light microscope, it was possible to observe
cortical structures such as glomeruli, proximal and
distal tubules. However, it was impossible to
observe medullary structures due to the loss of this
part during sectioning. Cortical structures were
tightly packed, and Bowman’s space was observed
as almost disappeared (Figure 3b). In p/d samples, it
was more difficult to distinguish the glomerular
structures from each other than fresh kidneys. In
H&E stained sections, glomerular, tubular, and
capillary cell nuclei were visible in H&E stained
sections. However, the eosin stain of cellular
cytoplasm in this group was poor and total tissue
was paler than the control group. Brush borders of
proximal tubules of the p/d group were uncertain.
Also, it was difficult to distinguish the proximal and
distal tubules from each other without considering
morphological differences.

PAS results: The control group's basement
membranes of fresh tissues were regular in the PAS
stained sections (Figure 4a). The basement
membrane in the p/d group was PAS-positive, as
observed in control group sections. However, it was
thicker than the control group, probably due to the
plastination-deplastination protocol. Additionally,
the glomerular basement membrane of p/d group
sections was unclear in contrast to the basement
membrane of control group tubules. PAS positivity
was also observed in the glomerulus of the kidney.
However, the PAS positivity was not only observed
in capillary basement membranes but also observed
within the whole of the mesegial stroma. Although
it only has to be observed at the basement
membrane, the whole tissue sections of the p/d
group were slightly pseudo positive for PAS. Kidney
medulla samples were almost PAS negative because
of deficiency of PAS reactions (Figure 4b).

Discussion and Conclusion

Scientific and technological developments have
been shed light on tissue preservation
methodologies until today. Today, it is highlighted
that the plastinated samples can keep their natural
morphological structure, but hardening is a
disadvantage of this methodology when used for
educational purposes (Bolintineanu et al., 2017;
Reiderer, 2014). As pointed out in previous research
studies (Ekim et al., 2017; Ottane et al., 2015),
plastination provides dry, odorless, and durable
specimens. Recent studies reported successful DNA
extraction from plastinated tissues (Ottane, 2020).
There are some articles on morphological and
histological applicability of plastination of the
urethra, esophageal muscles, and carpal tunnel
(Fritsch et al., 2006; Sora and Gensen-Strab, 2005;

Wang et al., 2007). Also, the kidney was reported
with its suitability for plastination techniques
(O’sullivan et al., 1995). However, in the literature
review, no study did not investigate the microscopic
evaluation of deplastinated kidneys. We observed a
significantly reduced kidney size that was already
reported for various plastinated organs in previous
studies (Ameko et al., 2013; Rahul et al., 2020). As
mentioned in the material and method, in this
study, we aimed to investigate the microscopic
structure of plastinated kidneys, which were
deplastinated with alcohol and methylbenzene due
to these chemicals were reported with successful
results for deplastination of heart tissue previously
(Baygeldi et al., 2020). In this respect, the result of
this study of plastinated samples was consistent
with the literature. The plastinated kidneys in the
p/d group were strong with natural morphological
structures and appropriate for educational use. We
achieved  partial success for histological
examination in deplastinated kidneys with alcohol
and methylbenzene, as Rahul et al. (2020) reported.
They stated successful histological sectioning of the
plastinated oral carcinoma with deplastination by
5% sodium methoxide dissolved in methanol (Rahul
et al.,, 2020). We believe that difficulties in
sectioning deplastinated samples in our study might
result from dehydration during plastination or a
large amount of parenchyma in the kidney instead
of a muscular and more intact structure. We
reported successful deplastination in the heart,
which is almost occupied by heart muscle cells.
Both of the reasons might be synergistically
responsible for the limitations of deplastination in
the kidney tissue. In this third possibility, we believe
that S10 might not be impregnated in sufficient
volume to keep microscopic structures intact for
histological examination. Therefore, long-term
shrinkage in dehydrated parenchyma might result
from microscopic pseudo degenerations in
deplastinated kidneys. According to a previous
study (Brown et al., 2002), it was reported that 2 or
3 series of acetone baths should be performed
depending on the samples for dehydration during
plastination. Our study achieved over 90%
concentration at the third bath.

Additionally, the ratio of the S3-S10 mixture
used in forced impregnation step varies between
previous studies (Jia-nan and Hong-jin, 2013; Jong
and Henry, 2007). We found that the S3 catalyst at
a ratio of 100/1 is sufficient to activate the S10
mixture at room temperature. In the gas curing
step, we used the previously reported protocol Ravi
and Bhat (2011) and observed it suitable for
obtaining elastic samples. Although it may require
effort to deplastinate large tissues, strong evidence
demonstrates that deplastination with alcohol and
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methylbenzene or other chemicals can allow
histological examination of plastinated organs. In a
previous study, Ravi and Bhat (2011) reported a
slight delay for staining of deplastinated histological
sections during staining protocol. The authors
concluded as the tissues can be examined under
light and electron microscope if the appropriate
deplastination protocols are performed. In our
study, we found the opportunity to capture images
under the light microscope after deplastination with
pale eosin staining. Therefore, it is possible to say
that pale eosin staining in our results is consistent
with the previous study of Ravi and Bhat (2011). It
may be related to staining delay for deplastinated
sections. Interestingly we did not observe any delay
or pale staining in PAS stained sections in contrast
to the H&E staining protocol. Overall, we observed
slightly pseudo positivity at the whole tissue in PAS
stained samples. Both Grondin et al. (1994) and our
results demonstrate strong evidences that
deplastinated tissue samples can be examined for
histologically depending on the administered
protocol.

In conclusion, the plastinated samples can be
accessible when used for educational purposes or
examination and do not require any care for
transport of samples to elsewhere. Plastination
allows any organ or tissue to be examined safely
without the requirement of self-care instruments
suggested to be used when samples were preserved
in chemicals such as formaldehyde. On the other
hand, we believe that plastination-deplastination
may allow researchers to examine morphological
structures of organs whenever required, even after
long years. Our results demonstrated that
plastinated kidneys were dry, clean, durable,
odorless, and we observed partially successful
results for histological examination after alcohol
and methylbenzene deplastination. Therefore, we
believe that improvements in plastination-
deplastination methodology will open a new
research area for morphologists, and more studies
are required for protocol optimization.
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Abstract: Wound healing is a well-known therapeutic challenge in animal and human medicine. This study aimed to
investigate the effect of topical application of Nigella sativa (black cumin, NS) and Hypericum perforatum (St. John’s Wort,
HP) on wound healing in streptozotocin (STZ) induced diabetic mice. For this aim, 25 male BALB/c mice were divided into
five groups: i. Hypericum perforatum (HP), ii. Nigella sativa (NS), iii. Standard saline solution 0.9% NaCl (NSS), iv. Natural
extra virgin olive oil (OL), and v. Fusidic acid-Centella asiatica cream (FM). A single dose (200 mg/kg) of STZ was
intraperitoneally administered to induce type-1 diabetes. After diabetes was induced, six symmetrical excision wounds
were performed on the dorsal areas of mice using a dermal biopsy punch. Wound areas were photographed every three
days for 21 days, and the images were analyzed using software to achieve the daily wound closure rate in pixel values. On
day one and day 21, wound tissues were dissected, total protein and hydroxyproline levels were measured by ELISA.
Statistically significant differences were found in hydroxyproline change rates between the NS group with HP, NSS, and FM
groups (P<0.05). The only significant difference was found between NS with OL groups (P<0.05) on wound closure rate. This
study illustrated that topically administered HP and NS may not have wound-healing effects in type-1 diabetic conditions in
mice.

Keywords: Black Cumin, Mouse, Nigella sativa, Type-1 Diabetes, Wound Healing.

Hypericum perforatum (Sari Kantaron) ve Nigella sativa (Cérek Otu) Yaglarinin Tip-1 Diyabetik
Farelerde Yara lyilesmesi Uzerine Etkisi

Ozet: Yara iyilesmesi, hayvan ve insan sagliginda iyi taninan terapotik bir durumdur. Sunulan calisma STZ (streptozotosin) ile
indiklenen diyabetik farelerde Nigella sativa (¢cérek otu, NS) ve Hypericum perforatum (sari kantaron, HP) yaginin deri
yarasi iyilesmesi Uzerine etkilerinin arastirlmasini amagladi. Bu amagla, 25 adet erkek BALB/c irki fare gruba ayrildi: i.
Hypericum perforatum (HP), ii. Nigella sativa (NS), iii. Fizyolojik tuzlu su (%0,9 NaCl, NSS), iv. Natlrel sizma zeytinyagi (OL) ve
v. Fusidik asit-Centella asiatica kremi (FM) olacak sekilde bes gruba ayrildi. Tip-1 diyabeti indiklemek igin intraperitoneal
olarak tek doz (200 mg/kg) STZ uygulandi. Diyabet indiiksiyonunundan sonra farelerin sirt bélgelerinde dermal biyopsi
punch kullanilarak alti simetrik eksizyon yarasi olusturuldu. Yaralar 21 giin boyunca her (g glinde bir fotograflandi ve glinliik
yara kiglilme oranlarini piksel degeri olarak elde etmek icin bu fotograflar yazilim araciligi ile analiz edildi. Calismanin 1. ve
21. glinlerinde yara dokulari diseke edildi ve ELISA ile hidroksiprolin ve total protein diizeyleri 6lglldi. HP, NSS ve FM
gruplari ile NS grubu fareler arasinda hidroksiprolin degisim oranlarinda istatistiksel olarak anlamh farklliklar bulundu
(P<0,05). Yara kapanma oraninda ise sadece NS ile OL gruplari arasinda istatistiksel olarak anlamh bir farklilik tespit edildi
(P<0,05). Bu galismanin sonuglari, topikal olarak uygulanan HP ve NS'nin farelerde tip-1 diyabetik kosullarda yara iyilestirici
etkileri olmayabilecegini gostermistir.

Anahtar Kelimeler: Cérek Otu, Fare, Hypericum perforatum, Nigella sativa, Sari Kantaron, Tip-1 Diyabet, Yara lyilesmesi.

Introduction

It is known that individuals with diabetes suffer
from chronic unhealable wounds. Wound healing is
the unification process in a specific pattern and
order of epithelial, endothelial, inflammatory cells,
platelets, and fibroblasts (Lerman et al., 2013;
Loomans et al., 2004). This process is influenced by
several systemic and local variables such as

oxygenation, infections, age, sex hormones in aged
individuals, stress, diabetes, obesity, nutrition, and
medications (Guo and Dipietro, 2010). Approaches
for wound healing have significant advantages for
the patients. However, they may also have
drawbacks, such as the relative cost of products or
the undesirable side effects of the chemicals used.
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Therefore, studies have focused on alternative
remedies of natural wound healing products such as
natural herbs (Sharma et al., 2021).

Hypericum perforatum is considered as a
valuable herbal medicine. It contains hyperforin,
flavonoids, and hypericin (Fu et al., 2006) which
may be used as antiseptic, anti-inflammatory, and
wound healer (Sharma et al.,, 2021; Suntar et al.,,
2010). Nigella sativa, known as black cumin in
English literature, is an herb that originated mainly
from South Asia and the Middle East (Ghedira,
2006). Nigella sativa and its components have many
pharmacological  effects;  antioxidant, anti-
inflammatory, and anticancer are only a few
examples (Khader and Eckl, 2014). The activation of
angiogenesis enhanced fibroblast proliferation, and
subsequent collagen synthesis is the fundamental
mechanism by which Nigella sativa promotes
wound healing (Shahani et al., 2013).

Type-1 diabetes is a chronic metabolic disease
characterized by autoimmune degradation of
pancreatic B-cells. Hyperglycemia and dyslipidemia
lead to the failure of the wound healing processes
which causes an increase in mortality of type-1
diabetes (American Diabetes Association, 2014;
Petrie et al., 2018). Treatments of diabetic wounds
are challenging as their healing processes are
extremely slow and can last for weeks. Although
there has been a significant effort with the
enhanced technology, the specific pathogenesis and
treatment of the impaired wound healing in
diabetes remains unclear (Bagdas et al.,, 2014;
Spampinato et al., 2020). The present study aimed
to investigate the wound healing effect of
Hypericum perforatum and Nigella sativa in type-1
diabetic mice.

Materials and Methods

Animal Preparation: This study, including
animal experiments and protocols, was approved by
the Institutional Animal Care and Ethical Committee
of Aydin Adnan Menderes University (ADU-HADYEK,
approval number #64583101.2017.051). Twenty-
five male BALB/c mice, six weeks of age, were used.
Mice were housed individually in the appropriate
environment (12 hours light/12 hours dark) and
room temperature (22 + 2°C). Tap water and chow
diet (Mice chow feed, Radon Medical, Dikmen,
Ankara, Turkey) were given ad libitum. All mice
were housed in individual cages. After an initial
environmental adaptation period (10 days), mice
were randomly divided into five groups (n=5/each);
group 1 Hypericum perforatum (HP, Zade Vital®,
Konya, Turkey), group 2 Nigella sativa (NS, Zade
Vital’, Konya, Turkey), group 3 standard saline
solution (NSS, 0.9% NaCl, Polifarma®, Tekirdag,

Turkey), group 4 natural extra virgin olive oil (OL,
Zade Vital®, Konya, Turkey), and group 5 fusidic acid
(Furacin Cream®, Zentiva, Luleburgaz, Turkey)-
Centella asiatica (Madecassol Cream®, Bayer,
Umraniye, Istanbul, Turkey) cream group (FM).
Since Hypericum perforatum oil from a licensed
company was macerated in natural extra virgin olive
oil like other products on the market, one group
(natural extra virgin olive oil treatment) (OL) was
added to distinguish the effectiveness of the olive
oil used in it.

Induction of Type-1 Diabetes: Type-1 diabetes
was induced by administering a single (200 mg/kg)
intraperitoneal injection of streptozotocin (STZ,
Sigma-Aldrich, St. Louis, Missouri, United States)
dissolved in sterile saline after overnight fasting.
Blood glucose levels from the tail vein were
measured one week after STZ injection to confirm
diabetes (Guz et al, 2002). A commercial
glucometer (Contour Plus®, Bayer, Leverkusen,
Germany) measured blood glucose levels. A mouse
with 300 mg/dL or above blood glucose levels was
considered type-1 diabetic (Guz et al., 2002). Mice
that are resistant to streptozocin-induced type-1
diabetes were excluded from the study.

Forming Full-Thickness Excision Wounds and
Biochemical Analyses: Mice were anesthetized with
an intraperitoneal injection of ketamine HCI (50
mg/kg) (Ketasol® 10%, Interhas, Ankara, Turkey) and
10 mg/kg xylazine HCl (Xylazinbio” 2%, Bioveta,
Ankara, Turkey). The dorsal areas of mice were fully
shaved by using an electric shaver and disinfected
with 70% ethanol. Six symmetrical excision wounds
(5 mm diameter/each) were punched from cranial
to caudal on the right and left of the medial line on
each animal with a dermal punch (Moreira et al.,
2015). With such a simple procedure, the wound
model was constructed faster. At the end of the
study, mice were sacrificed with isoflurane
(Isoflurane USP°, Adeka llac, Istanbul, Turkey).
Tissues from the healed wound areas were
collected following the euthanasia procedure (Liu et
al., 2013) and stored at -70°C for further
biochemical analysis. Tissues were dissected 1 mm
around the healing scar tissue. Hydroxyproline and
total protein levels were measured using the ELISA
(SunRed® Mouse (Hyp), Shanghai, China, cat no:
201-02-0543) and BCA Protein Assay Kit (Thermo
Scientific’, Rockford, United States) from collected
tissues. Tissues were weighed before and then
homogenized by a mechanical homogenizer (Lab-
Blender 400 Stomacher®, Interscience, Saint Nom la
Brétéche, France) in chilled water 10 minutes at
2000 rpm. Homogenates were transferred to
Eppendorf tubes and centrifuged at 3000 rpm (4 'C).
Supernatants were transferred to new Eppendorf
tubes for total protein, and hydroxyproline
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measurements were performed according to the
manufacturer's instructions.

Photographic Follow-up of Excision Wounds:
Image processing techniques have been used to
assess wound healing, and methodologies that have
been well addressed in the literature have been
performed in the present study (Marotte et al.,
2010; Saranya et al., 2016). The methodology of
using images of wound areas to monitor the daily
closure amount of the wound area was preferred in
the research as it is a non-invasive method that
reduces measurement-related errors. Wound areas
were photographed regularly, and these photos
were stored on a computer. For this purpose,
photographs of wound areas were taken every 3

(b)

experiment days following the treatments and
forming excisional wounds, using a Canon® EOS
550D brand and model camera by the primary
investigator (IA). Photographs were taken while the
mice were anesthetized with isoflurane (Isoflurane
USP®, Adeka llac, Istanbul, Turkey) to ensure the
best picture quality. The photographs were
analyzed in a computer with an interface (software)
developed/written in the R2015a version using the
MATLAB®  (The  Mathworks Inc.,  Natick,

Massachusetts, USA) program, and the size of the
wound area for each mouse was calculated. Steps
involved in wound area processing are presented in
Figure 1.

()

Figure 1. Excision wounds and image processing with the computer software.
(a) The image of excision wound areas, (b) the resolution of wound margins with image processing software, and (c)

improving the quality of the image with MATLAB® software.
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Figure 2. Photographic observations of excision wounds.
HP: Hypericum perforatum (St. John’s Wort), NS: Nigella sativa
(Black cumin oil), NSS: Normal saline solution (0.9% NaCl), OL:
Natural extra virgin olive oil, FM: 2% fusidic acid+Centella asiatica
cream.

The wound images were croppedin a particular
frame, and the image's unwanted parts were
deleted. Images were transformed into black and
white images to quantify the area of the wound in
pixels. The number of pixels belonging to the
wound area was computed after counting the pixels
corresponding to the white regions in contact with
each image. Thus, the average daily closure rates of
scar tissues were calculated as pixels. The wound
closure rate was calculated according to the
following equation:

The daily rate of wound closure = Cumulative
pixel value / Day of wound closure

Wound Management: Hypericum perforatum
oil (macerated in natural extra virgin olive oil),
natural extra virgin olive oil (cold-pressed), and
Nigella sativa oil (cold-pressed) were purchased
from a commercial company (Zade Vital, Konya,
Turkey) which holds product certificates and has an
organic production permit. Wound creams Centella
asiatica (titrated extract, 1% Madecassol Cream®,
Bayer, Umraniye, Istanbul, Turkey) and fusidic acid
(2% Furacin Cream’, Zentiva, Luleburgaz, Turkey)
were obtained from companies that hold a license
for medical use. Physiological saline (NSS) 0.9%
isotonic sodium chloride solution was purchased
from a company (Polifarma, Tekirdag, Turkey).

Treatments according to treatment groups
were carried out every day until each mouse's
wound healing was completed. The tip of the cotton
swab was first dipped in the active ingredient and
then applied to the wounds on the skin surface of
the mice at one time until coating the wound
surface, and cotton swabs were discarded in every
mouse and application.

Statistical Analyses: A p-value equal to or less
than 0.05 was considered as a statistically
significant difference to reject the null hypothesis.
Statistical analyses were performed using the SPSS’
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22.0 (Armonk, NY, USA) program. The Shapiro-Wilk
test was used to determine the distribution of the
obtained data, and the Levene test was used to
evaluate the homogeneity of the variances. Two-
way repeated-measures ANOVA was first conducted
to determine whether interventions were
significant on hydroxyproline concentration, wound
closure rate, wound pixel values, body weights, and
blood glucose levels. General linear model (GLM)
procedures were conducted for post hoc Duncan
multiple comparisons when the treatments were
significant. The results are presented as
meantstandard error of the mean.

Results

No mortality or infection was observed in
treatment groups. According to treatment groups
(meanztstandard error of the mean), wound healing
days are given in Table 1. Body weights and blood
glucose levels of mice (meantstandard error of the
mean) at the beginning and end of the experiment
are given in Table 2.

Wound Closure: Pictures from the wound
healing period and the rate of wound closures are
given in Figure 2, Figure 3, and Table 1, respectively.
Based on the photographic follow-up, the daily rate
of wound closure between NS (707.74182.28 pixels)
with OL (904.78+111.38 pixels) groups was
statistically significant (P<0.05). There was a
statistically significant difference between NS and
OL groups on the first day of the experiment
(P<0.05, Figure 3). However, all other comparisons

on the rest of the experiment days among
treatment groups were not statistically significant
(P>0.05, Figure 3). The closure time of wound
healing was not significantly different among other
treatment groups (P>0.05, Table 1, Figure 3).
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Figure 3. Treatment groups' mean wound area pixel
values by days of treatment with standard error of the
mean (SEM) bars.

* Indicates a statistically significant difference between groups. HP:
Hypericum perforatum (St. John’s Wort), NS: Nigella sativa (Black cumin
oil), NSS: Normal saline solution (0.9% NaCl), OL: Natural extra virgin olive
oil, FM: 2% fusidic acid+Centella asiatica cream.

Hydroxyproline Biochemistry Assays:
Percentage changes in hydroxyproline levels are
shown in Table 1. Changes in hydroxyproline levels
were significantly higher in groups HP and NSS than
in other treatment groups (P<0.05).

Table 1. The effect of topical application of treatments on wound size in pixels and hydroxyproline change rate

per day throughout the experiment.

The daily rate of wound

Hydroxyproline change rate

Day of wound healing

Groups closure (pixel) throughout the experiment (%)

Mean+SEM Mean+SEM Mean+SEM
HP 676.88+64.3ab 108.57+6.142 21+0
NS 707.74182.282 67.10+9.10b 19.2+0.73
NSS 908.37+182.63%b 127.56+1.362 18+1.34
oL 904.78+111.38b 63.00+0.98b 20.4+0.60
FM 826.07+61.88%b 83.59+7.41b 2110

a,b,c: Different superscripts are indicating statistical differences (P<0.05), SEM: Standard error of the mean, HP: Hypericum
perforatum (St. John’s Wort), NS: Nigella sativa (Black cumin oil), NSS: Normal saline solution (0.9% NaCl), OL: Natural extra

virgin olive oil, FM: 2% fusidic acid+Centella asiatica cream.
Discussion

The OL group was included in the study to
differentiate the effect of Hypericum perforatum
clearer and more distinct. FM was also chosen as a
control group since it represents common wound
creams. Unlike acute wounds, diabetic wounds

exhibit a variety of molecular abnormalities in the
healing  process, including fibroblast and
keratinocyte dysfunction (Lerman et al., 2013),
angiogenesis deficiency (Loomans et al., 2004), and
phagocytic activity failure (Khanna et al., 2010).
Since ancient times, herbal medicines have been
used to treat various ailments (Sharma et al., 2021).
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NS extracts have been shown to have various
therapeutic effects, including anti-inflammatory,
antibacterial, antidiabetic, and antitumor effects
(Khader and Eckl, 2014; Yaman et al., 2010). Wound
healing has also been aided by HP's antispasmodic
and antiseptic properties (Sharma et al., 2021;
Suntar et al., 2010). In the present study, there was
a statistically significant difference between NS and
OL groups on the first day of the treatment

(P<0.05). In contrast, there was no statistically
significant difference in wound area pixel values
between treatment groups on the rest of the
experiment (P>0.05). However, a statistically
significant difference was found in the wound
closure rate between the NS and OL groups
(P<0.05). Whereas hydroxyproline changes through
the study were significantly higher in groups HP and
NSS compared to other groups (P<0.05).

Table 2. Glucose levels and body weights of treatment groups at the beginning and end of the experiment.

Glucose levels (mg/dL) Glucose levels (mg/dL) Body weights (g) Body weights (g)

Groups  (DayO0) (Day 21) (Day 0) (Day 21)
(Mean+SEM) (Mean+SEM) (Mean+SEM) (Mean+SEM)

HP 402.4+17.1 424+40.49 39.611.21 37+1.48

NS 469.2+31.35 515.6%+36.53 42+0.99 40+1.31

NSS 401.4+16.83 432.8+46.38 42.2+1.02 41.6+0.98

oL 385+26.73 431.2+24.17 41.2+0.77 39+1.92

FM 463.4124.2 505%25.6 43.4+0.51 41.2+0.58

SEM: Standard error of the mean, HP: Hypericum perforatum (St. John’s Wort), NS: Nigella sativa (Black cumin oil), NSS: Normal
saline solution (0.9% NaCl), OL: Natural extra virgin olive oil, FM: 2% fusidic acid+Centella asiatica cream.

Hydroxyproline is an amino acid almost
exclusively confined to collagen. The hydroxyproline
content of wound tissues is often measured to
estimate the amount of collagen contained in the
wound bed (Gao et al., 2006). Paheerathan et al.
(2017) found that Nigella sativa (NS) seed powder
has a significant accelerating wound healing activity
in an incised wound model (Paheerthan et al.,
2017). Sari et al. (2018) reported that Nigella sativa
oil gel reduced inflammation and enhanced
reepithelialization and granulation tissue
development in diabetic wounds. In the present
study, the increase in hydroxyproline of groups NSS
and HP suggests that the collagen synthesis in mice
that received HP and NSS was higher than NS and
the other groups (Table 1). Wounds and burns
should be kept moist during the recovery and
treatment for optimum healing to ensure faster
epithelialization, increased angiogenesis, and
collagen synthesis compared to a dry environment.
A moist wound condition often promotes the
degradation of dead tissue and fibrin, resulting in
less scarring (Junker et al., 2013). In the present
study, topical application of standard saline solution
seems to be the superior treatment for
hydroxyproline change and wound closure rate
(Table 1). Our findings might be interpreted as the
pH, and hydrostatic pressure of the applied
treatments higher or lower than healthy skin
condition was speculatedto influence the
treatment's outcome (Lim et al., 2000; Percival et
al., 2014). As a limitation in our study, osmolalities,

pH, and hydrostatic pressure of the present topical
treatments were not evaluated, which might be
considered confounding. In future studies,
osmolality, pH, and hydrostatic pressure of topical
agents should be investigated to determine their
effects on wound treatments.

Conclusion

Topical application of Nigella sativa and
Hypericum perforatum oils did not accelerate
wound healing in type-1 diabetic wound conditions
in mice. Also, the present findings illustrated that
the collagen synthesis and daily wound closure rate
of Nigella sativa oil were higher than Hypericum
perforatum oil. However, topical applied standard
saline solution was the superior treatment in the
present results. Further research considering
osmolality, pH, and hydrostatic pressure in wound
healing would be beneficial to reveal the effect of
alternative topical wound healing agents.
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Abstract: In this study, it was aimed to investigate a -S1-casein and B -lactoglobulin levels and some biochemical and
mineral values in raw milk samples obtained from cows, buffaloes, sheep, and goats raised in Samsun. The study material
consisted of 40 raw milk taken from goats, cows, sheep and buffaloes after milking in a farm in Samsun province Bafra
district. a-S1-casein and B-lactoglobulin levels in milk serum were determined using ELISA test kits. Calcium (Ca),
magnesium (Mg), iron (Fe), zinc (Zn), total protein (TP), albumin (ALB), total cholesterol (TC), and triglyceride (TG) levels
were measured using a spectrophotometric autoanalyzer. Sheep milk TP, ALB, GLO, TC levels were significantly higher than
other milk samples. It was determined that the highest TP level was in sheep milk, followed by buffalo, goat, and cow milk,
respectively. It was determined that the TG level in goat milk was significantly higher than other milk samples (P<0.05),
followed by buffalo, sheep, and cow milk (P>0.05). It was determined that sheep milk contains more Ca, Mg, Fe, Zn than
other milk samples, and the total mineral content is more prosperous than other milk samples. The mineral content of goat
and cow milk was found similar; Zn mineral in cow milk was found slightly higher. a -S1-casein and B -lactoglobulin levels
were lower in goat milk samples than other milk samples. It was concluded that a-S1-casein and B-lactoglobulin levels in
goat milk were lower than in other milk samples (cow, sheep, and buffalo), and it could be recommended for those with
milk allergies.

Keywords: Alpha S1-Casein, Beta Lactoglobulins, Milk, Mineral.

Farkh Hayvanlarin Sitlerinde Alfa S1-Kazein, Beta-Laktoglobulin, Bazi Biyokimyasal ve Mineral
Diizeylerinin Belirlenmesi*

Ozet: Bu calismada Samsun'da yetistirilen inek, manda, koyun ve kegilerden elde edilen ¢ig siit drneklerinde a-S1-kazein ve
B-laktoglobulin dizeyleri ile bazi biyokimyasal ve mineral degerlerinin arastirilmasi amaglandi. Calisma materyalini Samsun
ili Bafra ilgesindeki bir giftlikten sagim sonrasi inek, manda, koyun ve kegilerden alinan 40 adet ¢ig sit olusturdu. Sut
serumundaki o -S1-kazein ve B -laktoglobulin seviyeleri ELISA test kitleri kullanilarak belirlendi. Spektrofotometrik
otoanalizor kullanilarak kalsiyum (Ca), magnezyum (Mg), demir (Fe), g¢inko (Zn), total protein (TP), albimin (ALB), total
kolesterol (TC) ve trigliserit (TG) seviyeleri 6l¢lildi. Koyun suti TP, ALB, GLO, TC seviyeleri diger stit 6rneklerinden anlamli
derecede yiksek bulundu. En yiksek TP dizeyinin koyun sitiinde oldugu, bunu sirasiyla manda, kegi ve inek sitiinde
oldugu belirlendi. Kegi sttinde TG duzeyinin diger st 6rneklerine goére anlamh derecede yiksek oldugu (P<0.05), bunu
sirastyla manda, koyun ve inek sttlerinin izledigi (P>0.05) belirlendi. Koyun sitlnin diger sit 6rneklerinden daha fazla Ca,
Mg, Fe, Zn icerdigi ve toplam mineral igeriginin diger sit 6rneklerinden daha zengin oldugu belirlendi. Kegi ve inek sitiinlin
mineral igerigi benzer bulundu, inek siitiindeki Zn minerali biraz daha fazla bulundu. Kegi sttt 6rneklerinde a -S1-kazein ve
B -laktoglobulin seviyeleri diger st 6rneklerine gére daha diusiuk bulundu. Kegi sttiindeki a-S1-kazein ve B-laktoglobulin
dizeylerinin diger siit 6rneklerine (inek, koyun ve manda) gore daha disik oldugu ve sit alerjisi olanlara 6nerilebilecegi
sonucuna varildi.

Anahtar Kelimeler: Alfa S1-Kazein, Beta Laktoglobulinler, Mineral, Siit.

Introduction

Milk is a secretion of the mammalian gland, whose minor constituents such as proteins,
physical characteristics and composition vary polyunsaturated fatty acids, vitamins, and minerals
between species. The use of milk from (Fukuda, 2013). Approximately 98% of lipids in milk

domesticated mammalian animals in the human
diet has a long tradition. Today, cattle, buffaloes,
sheep, goats, and camels are used in various parts
of the world to produce milk and milk products for
human consumption (Goff, 2016). Every mammal
species has a unique milk composition in major and

are triglycerides (Grummer, 1991). However,
micronutrients such as small amounts of vitamins
and minerals contribute significantly to the
properties of milk. Lactose is the only carbohydrate
in milk, and it is a disaccharide composed of glucose
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and galactose. Lactose is essential for brain and
nerve development (Varma, 1962).

Milk proteins are divided into caseins (80%)
and serum proteins (20%). Caseins are composed of
alpha (S1), alpha (S2) caseins, beta casein and kappa
casein. Contribution of milk proteins to growth and
development, besides its effectiveness in tissue
differentiation; It has been reported to have
positive effects on calcium absorption and immune
functions, reduce blood pressure and cancer risk, be
effective in the control of body weight, and protect
against dental caries (Jain, 1998). Almost 20% of all
milk proteins are milk serum proteins. The main
milk serum proteins are lactalbumin, lactoglobulin,
immunoglobin, and proteose peptones. PB-
lactoglobulin is more important than other
fractions, and in terms of amount, it constitutes
more than half of the total lactalbumin. It is rich in
amino acids of leucine and lysine. It has been
reported that B-lactoglobulin plays a role in carrying
passive immunity in newborns and the regulation of
phosphorus metabolism in the mammary gland.
Since cysteine is present in the amino acid structure
of this protein, it is crucial for glutathione (GSH)
synthesis and muscle development. In addition to
all these, it has been reported to act as a fatty acid
or lipid-binding protein (De Wit, 1998; Yerlikaya,
2010).

Every infant needs to get the milk of his
mother for growth and development, optimum
bone health and immune system development, and
increasing the quality of life (Fox and Mcsweeney,
1998). Cow's milk proteins are the first proteins
babies take after breast milk usually. In the last few
decades, allergic reactions to casein appear to have
become more prevalent decades (Wal, 2002). The
primary allergens in cow's milk, according to most
research, are a-lactalbumin, B-lactoglobulin, and
casein (Chen et al., 2014; Pessato et al., 2016).
Among people allergic to milk, 51% are allergic to a-
lactalbumin, and 82% are allergic to B-lactoglobulin
(Exl, 2001).

This study aimed to investigate and
comparatively evaluate alpha Sl-casein, beta-
lactoglobulin levels, and some biochemical and
mineral values in raw milk samples obtained after
milking from cows, buffalo, sheep, and goats raised
in Samsun.

Materials and methods

Study area and animals: The study material
consisted of 40 raw milk taken from ten goats, ten
cows, ten sheep, and ten buffaloes in Bafra,
Samsun. Animals were kept in traditional barns, and
the feeding was traditional. Milk samples were
collected in sterile containers within an hour on the

same day grown in the same farm under similar soil
conditions in November and brought to the
laboratory in a thermos bag in ice molds. Milk
serums were removed on the same day, aliquoted,
and kept at -20 °C until analysis.

Preparation of Milk Serum: Milk samples
obtained after milking from different animal species
were centrifuged by two different methods used in
ELISA and biochemical analysis.

Milk serum was obtained by centrifugation at
2000 rpm for 20 minutes as specified in the kit
procedure for ELISA. The milk samples obtained
were stored at -20 °C until analysis with ELISA test
kits.

Milk serum was obtained by centrifuging milk
samples at 15 000 rpm for 20 minutes in
biochemical analysis (Charkoftaki et al., 2010). The
levels of calcium (Ca), magnesium (Mg), iron (Fe),
zinc (Zn), total protein (TP), albumin (ALB), total
cholesterol (TC), and triglycerides (TG) in the milk
samples obtained were kept at -20 °C until analyzed
by spectrophotometric method.

Determination of a-Sl-casein and -
lactoglobulin Levels in Milk Serum: a -Sl-casein
and B-lactoglobulin levels in milk serum were
determined using (Biont, Bovine-a-S1-casein, China,
Biont, Bovine- B -lactoglobulin, China) ELISA test kits
and following the kit procedure. In this study, for
the determination of a-Sl-casein and B-
lactoglobulin levels in cow, sheep, goat, and buffalo,
the amino acid composition of a-Sl-casein and B-
lactoglobulin and its genetic diversity were similar
in buffalo, sheep, goat, and cow (85-95%) Bovine
specific ELISA kit was used due to (Borkova and
Snaselona, 2005; Hayam et al., 2017; Masoodi and
Shafi, 2010). The ELISA’s were performed according
to the manufacturer’s instructions, and the ELISA
reader measured the absorbances (as OD values) of
the ELISA plates.

Determination of Calcium, Magnesium, Iron,
Zinc, Total Protein, Albumin, Total Cholesterol and
Triglyceride Levels in Milk Serum: Milk serum Mg,
Ca, Fe, Zn, TG, TC, TP, and ALB levels were
measured spectrophotometrically method (Barbour
and Davisdon, 1988; Bucola and David, 1973;
Fossati and Prencipe, 1982; Grant and Kachmar,
1976; Makino et al., 1982; Michaylova and lllkova
1971; Sacks, 1999; Stookey, 1970; Weichselbaum,
1946) in an autoanalyzer (Biosistem A25, ispanya)
using Biosistem kits (Mg, Ca, Fe, Zn, TG, TC, TP,
ALB). The results of the analyses were calculated by
optical reading at a particular time and
temperature.

The serum globulin level was calculated by
subtracting the albumin value from the
corresponding  total protein  value.  The
concentration of serum globulin was expressed as

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Say: 1 29



Harran Univ Vet Fak Derg, 2022; 11 (1): 028-036

Research Article

g/ dl. The A/G ratio was calculated based on serum
albumin and globulin measurements.

Statistical Analyses: SPSS statistical software
for Windows (SPSS-PC, SPSS Inc., Chicago, lllinois,
USA) was used for statistical analysis. One-way
analysis of variance (ANOVA), Duncan’s multiple
ranges, and Pearson correlation tests were used to
determine the differences and relationships among
the groups.

Results

Some Biochemical Parameter Levels in Milk
Serum: The average and standard error values
(meanz SE) of TP, ALB, GLO, ALB / GLO, TC, and TG
levels in raw milk samples from goats, cows, sheep,
and buffaloes raised on a farm in Samsun, are given
in Table 1.

Table 1. Total protein (TP), albumin (ALB), globulin (GLO), albumin / globulin (ALB / GLO), total cholesterol (TC),

triglyceride (TG) levels in cow, sheep, goat and buffalo milk.

Cow milk Sheep milk Goat milk Buffalo milk
TP (g/dl) 1,740,072 4,83+0,33 ¢ 1,96+0,1 2° 2,32+0,15°
ALB (g/dl) 0,860,072 1,35+0,07 ® 1,13+0,09 *® 1,05+0,09 ?
GLO(g/dl) 0,8440,22° 3,48+0,36° 0,82+0,32 1,2740,81°2
ALB/GLO 1,03+0,11° 0,43+0,056 © 1,37+0,1° 0,830,084 °
TC (mg/dl) 1,4+0,16 ° 2,540,61° 0,82+0,26 2 0,83+0,24°
TG (mg/dl) 35,5+2,53° 37,648,6° 110,88+15,51° 60,25+15,69 °

b ¢: Differences between groups with different letters on the same line are important (P<0,05)

It was determined that the TP level was the
highest in sheep milk, which was statistically
significant (P <0.05). It was determined that the TP
level decreased in buffalo, goat, and cow milk
samples, respectively, but the difference between
them was not statistically significant (P> 0.05). It
was determined that the globulin level was the
highest in sheep milk, which was statistically
significant (P <0.05). Later, it was determined that
the difference between the GLO levels in buffalo,
cow, and goat milk samples was not statistically
significant (P> 0.05). We determined that the
highest ALB level was in sheep milk and goat,
buffalo, and cow milk, respectively. It was
determined that the difference between sheep and
goat milk was not statistically significant (P> 0.05).

Albumin level was slightly higher in buffalo milk
than cow milk, but this was not statistically
significant (P> 0.05). TG level was statistically higher
in goat milk samples (P <0.05) significantly. Later, it
was found in buffalo, sheep, and cow milk samples,
respectively. It was determined that the TG levels of
cow and sheep milk samples were very close to
each other (Figure 2). It was determined that the TC
level was the highest in sheep milk, which was
statistically significant (P <0.05). Afterward, it was
determined that TC levels came from cow, buffalo,
and goat milk, respectively (P <0.05).

Some Mineral Levels in Milk Serum: Average
and standard errors values (mean + SE) of Ca, Mg,
Fe, Zn levels in goat, cow, sheep, and buffalo milk
serum are presented in Table 2 and Figure 1.
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Figure 1. Mineral values of different milk samples.
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Table 2. Calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn) levels in the serum of cow, sheep, goat and buffalo milk.

Cow milk Sheep milk Goat milk Buffalo milk
Ca (mg/dl) 50,81+1,26 ° 62,72+0,29°¢ 55,48+1,04 2 62,45+1,32 ¢
Mg (mg/dl) 9,18+0,29 ° 13,89+0,54 ¢ 10,67+0,29 2 13,29+0,28
Fe (ug/dl) 29,20+7,4?2 90,0+9° 30,29+5,17 ® 66,58+8,77°
Zn(pg/dl) 158,74+15,822° 331,62+44,87 98,537,192 207,65+43,47 °

b c: pifferences between groups with different letters on the same line are important (P<0,05)

When the Ca level was compared in different
milk samples, it was determined that the highest Ca
level was found in sheep and buffalo milk. However,
the difference between these two species was not
statistically significant (P>0.05). It was determined
that Ca levels decreased in goat and cow milk,
respectively, and the difference between them was
statistically significant (P <0.05). It was determined
that the highest amount of Mg was found in
buffalo, and sheep milk and the difference between
their levels was not statistically significant (P>0.05).
Mg levels were found to be decreased in goat's and
cow's milk, respectively (P<0.05). The Fe level was
statistically significant in sheep milk (P<0.05). It was
determined that the Fe level was statistically
significant in sheep milk (P<0.05). It was later
determined that the Fe level was high in buffalo

milk (P <0.05), the Fe level was very close to each
other in goat and cow milk, but the difference was
not statistically significant between the two (P>
0.05). Zn level was statistically significantly higher in
sheep milk (P> 0.05). It was determined that Zn
level decreased in buffalo, cow and goat milk. It was
determined that the difference between cow milk
and goat and buffalo milk was not statistically
significant (P> 0.05). In contrast the difference
between goat and buffalo milk was statistically
significant (P <0.05).

a-S1-casein and B-lactoglobulin Levels in Milk
Serum: The average and standard error values
(mean = SE) of a-Sl-casein and B-lactoglobulin
levels in the serums of goat, cow, sheep, and
buffalo milk are presented in Table 3.

Table 3. a-S1-casein and B-lactoglobulin levels in cow, sheep, goat and buffalo milk.

a-S1-casein (pg/L)

B-lactoglobulin (ug/L)

Cow milk 1,40+0,089 °
Sheep milk 1,51+0,101°¢
Goat milk 1,29+0,107 ®
Buffalo milk 1,33+0,119 *®

23,19+2,84°
26,3842,62 ¢
20,06%3,63 2
22,3443,29 %

abc: pifferences between groups with different letters on the same column are important (P<0,05).

It was determined that the a-S1-casein fraction
amount of casein was the highest in sheep milk
(P<0.05). Later, it was determined that the level
decreased in cow and buffalo milk, respectively, but
the difference between them was not statistically
significant (P>0.05). The lowest a-Sl-casein level
was found in goat's milk. It was determined that B-
lactoglobulin level in different milk samples was
highest in sheep milk, which was statistically
significant (P<0.05). It was determined that B-
lactoglobulin levels decreased in cow and buffalo
milk samples, respectively, and the lowest level was
in goat milk. It was determined that the difference
between goat milk and buffalo milk was not
significant (P>0.05), but the difference between

goat and sheep and cow milk was statistically
significant (P <0.05).

Discussion and Conclusion

Milk is considered one of the most important
foods for humans. Consumption of dairy products
containing  probiotic  bacteria or prebiotic
components for these bacteria is common due to
their delicious taste and positive physiological
effects. (Yerlikaya, 2014). It has been reported that
85 % of world milk production is from cows, 11%
from buffalo, 2.3% from goats, 1.4% from sheep,
and 0.2% from camel milk (FAO, 2015).

The most crucial nutritional benefit of milk is
its high protein content. Approximately 80% of the
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protein contents of milk is casein, and 20% is serum
proteins (Ambrosini et al., 1988). Serum proteins
consist of the a- and B-lactoalbumin fractions. It has
been reported that the amino acid sequence in all
milk belonging to different species is very similar to
each other (Hayam et al., 2017; Jandal, 1996) and
those caseins are composed of casein proteins with
slight changes in the relative proportions (Ono et
al., 1989; Richardson et al., 1974). The levels of
casein in milk vary between species. It has been
reported that the amount of casein in milk (%, w /
w) was found in the highest sheep (4.6), followed by
buffalo (3.6), goat (3), and the lowest amount in
cow's milk (2.6) (Walstra et al., 2006). As a result of
the dendrogram made with the a -S1-casein amino
acid sequence data in milk, it was reported that the
mRNA gene sequence of bovine, buffalo, sheep, and
goat milk were similar to each otherbut different in
pigs, camels, horses and humans (Sukla et al.,
2007). It has been reported that the amino acid
sequence of the buffalo's cDNA is most similar to
that of cattle (95.3 %), then goat (86.5 %), and
sheep (84.5 %) (Sukla et al., 2007). Different milk
proteins (e.g. a-lactaloumin, serum albumin,
lactoferrin) may cause allergic reactions. The casein
fractions and B -lactoglobulin seems to be the most
common milk allergens (EI-Agamy, 2007). B -
lactoglobulin is absent in human milk and has not
been detected in camel and lama milk. It is present
at relatively high concentrations in bovine, buffalo,
sheep, goat milk, and horse and donkey milk.
Compared to human and equine casein, ruminant
casein (except for some goat milk) is relatively
abundant with a-S1-casein, which is assumed to be
a predominant factor in the development of or
sensitization to milk allergy (Barlowska et al., 2011;
Malacarne et al., 2002; Potocnik et al., 2011). In our
study, it was determined that the a-Sl-casein
fraction amount of casein was at the highest level in
sheep milk (P <0.05), then it was in cow and buffalo
milk, respectively, on the other hand, the
differences among them were not statistically
significant (P> 0.05). The lowest level of a-S1-casein
was found in goat milk. a-Sl-casein has been
reported to be an essential allergen due to its IgE
and T cell recognition reactions (Ruiter et al., 2007;
Spuergin et al., 1996). Studies have reported that
goat milk contains less a-S1-casein than cow's milk
(Clark and Shebron, 2000; Martin et al., 2002).
Various studies have reported that low levels of a-
S1-casein in goat's milk reduce its allergenic effects
(Bevilacqua et al.,, 2001). It is reported in the
developed countries that, in the light of current
trends preferring a healthy diet, the interest in goat
milk and its derivatives, which are of particular
importance with their quality, is increasing
(Barrionuevo et al., 2002; Sampelayo et al., 2002).

Our research discovered that the highest level
of B-lactoglobulin in different milk samples was
found in sheep milk, which was statistically
significant (P <0.05). The B-lactoglobulin level was
later determined in cow and buffalo milk samples,
respectively, and the lowest in goat milk. It was
determined that the differences between goat and
buffalo milk were not significant (P> 0.05), and the
difference among goat, sheep, and cow milk was
statistically significant (P <0.05). The digestibility of
individual milk proteins from different species
differs as well. For example, horse B-lactoglobulin is
more easy to digest than goat B-lactoglobulin
(Inglingstad et al., 2010), and goat and sheep B-
lactoglobulins are easier digestible than bovine B -
lactoglobulin (Michaelidou, 2008; Uniacke- Lowe et
al., 2010). Goat milk had the lowest level of B-
lactoglobulin, followed by cow's milk, while sheep
milk had the most significant level (Law, 1995;
Ruprichova et al., 2014).

The TP level in sheep milk was statistically
considerably higher (P <0.05). Later, it was
determined that the TP level was found in buffalo,
goat, and cow milk samples, respectively, and the
difference  among them was not statistically
significant (P> 0.05). Parallel to our study, it has
been reported that the TP content is the highest in
sheep milk and then found in buffalo, goat, and cow
milk, respectively (Borkova and Snalova, 2005;
Guetouache et al., 2014; Girsoy, 2015; Mahmood
and Usman, 2010). In comparing of mountain and
upland areas (Kedzierska-Matysek et al., 2015),
significantly higher protein content in the raw milk
obtained from the mountains was found. The high
TP level in sheep milk provides advantages in the
nutritional value of milk and the production of
cheese, yogurt, butter, and casein. It can be said
that the nutritional value of yogurt or cheese made
from sheep's milk is higher than the other animal
milk. However, this high TP level causes sheep milk
to be more challenging to digest.

ALB and GLO levels were substantially greater
in sheep milk than in other forms of milk in our
investigation. The highest level of ALB was found in
goat milk, followed by sheep's milk, buffalo, and
cow's milk at the lowest level. It has been reported
that high levels of ALB cause low digestibility and, if
consumed too much, may cause digestive system
problems. The GLO level in goat milk was found to
be at the lowest level in our investigation. GLO
deficiency in the body causes the immune system to
weaken and susceptibility to acute or chronic
diseases. GLO plays a vital role in fighting antigens
in the body and removing toxins. For this reason, it
is essential to have an adequate level in the body. In
our study, it was determined that the highest GLO
level was found in sheep milk. Experts also
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recommend that people with some stomach and
intestinal diseases should not consume products
made with sheep's milk. The A/G ratio is critical in
clinical pathology for classifying electrophoretic
profiles and detecting dysproteinemia (Kaneko,
1997). It was determined that the milk with the
highest ALB / GLO ratio was goat milk. It was
determined that the milk with the highest ALB /
GLO ratio was goat milk.

The level of TG in goat milk was found to be
the highest in our investigation (P< 0.05), followed
by buffalo, sheep, and goat milk, respectively. In
parallel with our study, it has been reported that
the fatty acids in goat milk constitute 15-18% of the
total fatty acids, and this ratio is approximately 5-
9% in cow milk (Park et al., 2007). Compared to
cow's milk, butyric, myristic, palmitic, and linoleic
acid content in goat milk is higher, but stearic and
oleic acid content is reported to be lower (Haenlein,
2004). On the other hand, it is reported in the
literature that goat and sheep's milk oils contain
low butyric acid but high levels of caproic, caprylic,
and capric acid (Walstra et al., 2006).

Cholesterol is mainly linked to cardiovascular
illness, but it is also found in body cell membranes
and the central nervous system (Dietschy Turley,
2004; Gidding et al., 2006). Although the results are
not conclusive, it has been proposed that human
milk cholesterol is responsible for the long-term
regulation of cholesterol metabolism and myelin
formation. (Gidding et al., 2006; Schanler, 2011).
The TC level in sheep milk was the highest, which
was statistically significant. Following that, it was
discovered that TC levels were derived from cow,
buffalo, and goat milk, respectively (P <0.05). Ca
levels were highest in sheep and buffalo milk,
followed by goat and cow milk, respectively. Parallel
to our research, it was shown that sheep milk had
the highest concentration of Ca, followed by goat
and cow milk. In our research, the Mg levels in
sheep and buffalo milk were shown to be the
highest (Balthazar et al., 2017). Hayam et al. (2017)
reported that Ca was the highest in sheep milk and
buffalo, cow, and goat milk, respectively. In another
study conducted by Raynal-Ljutovac (2007), the
calcium ratios of human, goat, and sheep milk were
compared. Similar to our research, sheep milk was
higher in terms of Ca ratio than other milk. The
bioavailability of minerals in sheep milk ensures
that sheep milk is a valuable source of these
elements. It has been reported that Ca, which is
bound to casein in both organic and mineral forms,
has an important use in the milk digestion process
(Gueguen and Pointillart, 2000). In our research, the
Mg levels in sheep and buffalo milk were shown to
be the highest. It was later discovered that it was
found at the lowest levels in goat and cow milk,

respectively. In a study conducted concurrently with
ours, the highest Mg levels were discovered in
sheep milk, followed by goat and cow milk,
respectively (Balthazar et al., 2017). The Mg content
of cow milk is determined in the range of 100 to
150 mg dm™ Mg concentrations are correlated
with the calcium content of milk (Micinski et al.,
2013). Taking Mg into the body at regular intervals
plays a vital role. Although the distributions of
calcium, phosphorus, and magnesium in the soluble
and colloidal phases of milk are similar for cow and
goat milk, sheep milk differs from them because it
has lower solubility (Hilali et al., 2011). In the study
conducted by Hayam et al. (2017) in Egypt, it was
reported that the highest Mg content was
determined in buffalo milk, followed by sheep, cow,
and goat milk.

Our research discovered that sheep milk had
the highest Fe level, followed by buffalos, goat, and
cow milk. It was determined that the difference
between the Fe levels of sheep and buffalo milk was
significant (P <0.05), but the difference in Fe levels
between cow and goat milk was not statistically
significant (P> 0.05). A study reported that the
amount of Fe was highest in sheep and cow milk,
while the lowest was found in goat milk (Balthazar
et al.,, 2017). In another study, it was determined
that the bioavailability of Fe was higher in goat's
milk than cow's milk (Raynal-Ljutovac et al., 2008).
This result could be related to the higher amount of
nucleotides in the intestines, ensuring better
absorption.

Zn level in sheep milk was statistically
significantly higher in our study (P <0.05). According
to the findings, this was followed by buffalos, cow,
and goat milk. Sheep milk had the greatest Zn
concentration in studies conducted concurrently
with our investigation, and cow and goat milk had
similar values (Balthazar et al., 2017; Hayam et al.,
2017). Another study reported that Anglo-Nubian
goat milk contains significantly higher amounts of
Cu and Zn than French Alpine goat milk (Park,
2007). In zinc deficiency, symptoms such as growth
retardation (dwarfism), delayed development of the
sex organs, lack of resistance to diseases, delayed
healing of wounds, disorders in taste and smell
perception are observed (Raynal-Ljutovac, 2008).

It was concluded that a-Sl-casein and B-
lactoglobulin levels in goat milk are lower than in
other milk samples (cow, sheep, and buffalo), and it
can be recommended for those with milk allergies.
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Etlik Piliglerde Isik Siddeti ve Tiinegin Korku ve Stres Reaksiyonlari ile Bazi Et
Kalite Ozellikleri Uzerine Etkisi
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Ozet: Bu calismada, i1sik siddeti ve tiinek kullaniminin etlik piliglerde korku ve stres reaksiyonlari ile bazi et kalite 6zellikleri
Gzerine etkilerinin belirlenmesi amaglanmistir. Arastirmada, 3 farkli 1sik siddetine (5, 20 ve 80 liks) gore Ug grup, tiinek
kullanimina (ttinek var ve yok) gore iki grup ve her grupta da Ug tekerrir grubu olmak lizere toplam 270 adet etlik pilig
kullanilmistir. Arastirmada, etlik piliclerde hareketsiz kalma suresi ile L™ (parlaklik), a* (kirmizilik) ve b* (sarilik) renk 6zellikleri
Uzerine 151k siddeti ve tiinek kulaniminin etkisi istatistiksel bakimdan 6nemsiz bulunmustur. Heterofil/lenfosit orani Gzerine
1stk siddeti bakimindan gruplar arasindaki fark 6nemli (P<0,01) bulunurken; tiinek kullanimin etkisi énemsiz bulunmustur
(P>0,05). Et kalite ozelliklerinden pHis degeri 5, 20 ve 80 liikste sirasiyla 6,04, 5,97 ve 5,92 olarak saptanmistir (P<0,05).
Pisirme kaybi Uzerine tiinek kullaniminin etkisi istatistiksel olarak 6nemsiz bulunurken; 1sik siddetinin etkisi ise onemli
bulunmustur (P<0,001). Arastirma sonunda, isik siddetinin ve tinek uygulamasinin su tutma kapasitesi tizerine etkisinin
o6nemli (siraslyla P<0,05 ve P<0,001) oldugu goézlenmistir. Etlik piliclerde 20 luks 151k siddeti kullaniminin heterofil/lenfosit
orani ve pisirme kaybini distrdigi ve bu durumun hayvanlarin refahini olumlu yénde etkiledigi goralmastar.

Anahtar Kelimeler: Et kalite 6zellikleri, Etlik pilig, Isik siddeti, Refah, Stres, Tiinek.

Effect of Light Intensity and Perch on Fear and Stress Reactions and Some Meat Quality
Characteristics in Broilers

Abstract: The present study aimed to determine the effect of light intensity and perch use of broiler on fear and stress
reactions and some meat quality characteristics in broilers. A total of 270 one-day-old male broiler chicks were randomly
assigned to groups based on the three different light intensity (5, 20, and 80 lux) and perch use (perch and no perch) with
three replicates. In the study, it has been determined that there was statistically no significant difference between light
intensity and perch on tonic immobility duration, L* (lightness), a* (redness), and b* (yellowness) color traits. While the
difference between the groups of light intensity was significant (P<0.01), the effect of perch was not significant on
heterophil/lymphocyte ratio (P>0.05). pHis value from meat quality characteristics was detected as 6,04, 5,97, and 5,92 at
5, 20 and 80 lux respectively (P<0.05). While the effect of perch use was not significant, light intensity was significant on
cooking loss (P<0.001). At the end of the study, it is indicated that a significant effect of light intensity and perch on water
holding capacity from meat quality traits (respectively, P<0.05 and P<0.001). It has been observed that the use of 20 lux
light intensity in broilers reduces the heterophile/lymphocyte ratio and cooking loss, and this situation positively affects the
welfare of the animals.

Keywords: Broiler, Light intensity, Meat quality, Perch, Stress, Welfare.

Giris

Etlik pilig yetistiriciliginde bakim-y6netim hareketsiz kalma siresinin arttigini ve bunun korku

uygulamalari genellikle sabit olmakla birlikte, 1sik
siddeti ve tlnek kullanimi etlik pilic refahinin
kontrol altina alinmasi  ve olumlu ydnde
gelistiriimesi amaciyla kullanilabilecek  6nemli
faktorlerdir. Korku, etlik piliglerin refahini bozan
onemli bir davranis sekli olup; piliglerin korku
seviyesinin belirlenmesinde hareketsiz kalma (tonik
immobilite; TI) slresi en ¢ok kullanilan yontemdir
(Anderson ve ark., 2021). Kanathlarin stres durumu
altinda goéstermis olduklan fizyolojik cevabin
guvenilir bir 6lgutu olarak H/L orani (Gross ve Siegel,
1993) kullaniimaktadir. Alvino ve ark. (2009), los 1sik
(dusik 151k siddeti) altinda yetistirilen etlik piliglerde

durumunun artmasina yol actigini belirtmislerdir.
Dereli Fidan ve ark. (2017a), H/L oranini 20 liks
grubundaki piliclerde (0,30) los 1sik grubuna (0,15)
gore daha yuksek bulmuslardir.

Etlik pili¢ yetistiriciliginde, cevresel
zenginlestirme yoninden hayvan refahi (zerine
etkili faktorlerden birisi de kiimeslere farkl tip ve
sekillerde yerlestirilen tiineklerdir. Campo ve ark.
(2005) tinek kullanilan gruptaki tavuklarda H/L
oraninin 6nemli dizeyde dustiginl ve Tl siresinin
de uzadigini belirtmislerdir. Kesim oncesi piliglerin
maruz kaldiklari akut ya da kronik stres etkenlerinin
dolasimdaki kortikosteron diizeyini artirabilecegi ve
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bu durumun kesim sonrasi et kalite 6zellikleri ve kas
metabolizmasi lizerine onemli etkilerinin
gozlenebilecegi belirtilmistir (Guler, 2011).

Bu arastirma, etlik piliclerde yetistirme
kosullarindan 1sik siddeti ve tiinegin korku ve stres
gostergeleri ile bazi et kalite oOzellikleri Uzerine
etkilerinin belirlenmesi amaciyla diizenlenmistir.

Materyal ve Metot

Arastirma, Aydin Adnan Menderes Universitesi,
Veteriner Fakiiltesi Kanatli Arastirma Birimi'nde
yurattlmis olup, calismanin siresi 42 giin seklinde
diizenlenmistir. Calismanin yiratilebilmesi Aydin
Adnan Menderes Universitesi Hayvan Deneyleri
Yerel Etik Kurulundan (30.07.2019 tarih ve
64583101/2019/075 sayil) izin alinmistir.

Deneysel Tasarim: Calismada, o©zel bir
kuluckahaneden alinan bir ginlik yasta ve canli
agirhk ortalamasi 45,87-47,68 g arasinda toplam
270 adet erkek ticari etlik civciv (Ross 308)
kullanilmistir. Civcivler isik siddetine gore g grup (5,
20 ve 80 liiks) tiinek kullanimina gore iki grup (tlinek
var ve tunek yok) ve her bir gruba ait Ug tekerrir
grubu olacak sekilde ayrilmigtir. Arastirmanin
deneme deseni 3x2x3=18 bdlme seklinde
planlanmistir.

Bakim ve Besleme: Arastirmada sicaklik,
havalandirma ve isik bakimindan kontrol edilebilen
ayni  kosullara sahip olan toplamda (¢ oda
kullanilmigtir.  Civcivler ¢evre kontroli olan bu
odalarda 110x150 c¢cm boyutlarinda ve 1 m? serbest
gezinti alani olan talas althkh yer bdlmelerinde
barindiriimiglardir. Piligler, ilk yedi glin maksimum
(23A:1K) 151k stresine ve 30 liiks 1sik siddeti altinda
yetistirilmislerdir. Tuim  gruplarda aydinlatma
programi, 5, 20 ve 80 liiks 1sik siddeti uygulamalari
altinda, 8-36. gilinlerde 18A:6K, takip eden diger
glinlerden kesime kadar olan dénemde (37-42.
glinler) ise yeniden 23A:1K seklinde uygulanmistir
(EU, 2007).

Odalarda aydinlatma, sari renk halojen
ampuller ile dijital zaman saati tarafindan kontroli
saglanarak yapimistir. Haftada ¢ kere liksmetre
(Extech HD 450, USA) ile reosta ayari saglanarak, isik
siddeti Olcimi yapilmistir. Deneme odalarinin
sicakhgi, ilk Gg glin 33 °C olacak sekilde ayarlanmig
olup, izleyen giinlerde her hafta 3 °C asamal olarak
azaltilarak deneme sonu olan 42. gline kadar 22+1
°C'ye disarialmuistir. Nispi nem orani % 50-60
degerleri arasinda tutulmustur. Standart bakim-
besleme yapilan etlik piliglere, etlik civciv baslangi¢
yemi (0-10. glinler arasinda; 3050 kcal ME/kg-%23
ham protein), etlik civciv yemi (11-24. glnler
arasinda; 3150 kcal ME/kg-%22 ham protein;), etlik
pilic yemi (25-42. glinler arasinda; 3200 kcal ME/kg-
%20 ham protein) verilmistir. Piliclerin yem ve su

ihtiyaclar ad libitum olarak saglanmistir. Tnekler,
suluk ve yemlik arasina  yerlestirilmistir.
Arastirmada, 3 cm dis ¢apli diiz metal borulardan
yapilan  tinekler althgin hemen Ustinden
baslayacak sekilde 5 cm (0-21. glinlerde) ve 10 cm
(22-42. guinlerde) yikseklikte kullaniimistir.

Verilerin Elde Edilmesi: Tl siresi verilerinin
degerlendirilmesi icin 6rnek blyuklugu, etki genigligi
(effect size) = 0.40 test glici (1-B) = 0.95 olan
tekrarlayan olgiimler icin Power Analizi'nde (Faul ve
ark., 2007) belirlenmistir. Tl slresi olcimi igin
toplam 90 piliglik bir orneklem buyliklGgi yeterli
bulunmustur (a error = 0.05, critical F = 2.32, actual
power = 0.95).

Arastirmada 40. gilinde, Tl siresi 6lgimi igin
her gruptan 15 pili¢ rastgele secilmistir. Tl testi igin,
los, sessiz bir odada, hayvanlar sternumlari tzerine
elimiz ile hafifce bastirarak sirt Gstl yatirilarak 15
saniye sireyle hareketsiz birakilmis ardindan
piliclerin kendi kendilerine dogruluncaya kadar
gecen silre Olctlmustir. Tl testinde piliglerin 10
dakika sure igerisinde tepki vermedikleri hallerde ise
600 s en yiksek skor olarak kaydedilmistir (Jones ve
Faure, 1980).

42. ginde TI testi uygulamasina secilmeyen
piliclerden her gruptan 21 pilic rastgele secim
yapilarak, H/L orani ve bazi et kalite o6zellikleri
yoninden incelenmislerdir. H/L oraninin
belirlenmesi icin, piliclerin kanat alti venasindan
(vena ulnaris) 1 ml kan numunesi EDTA’lI tuplere
alinmis ve bu numunelerden hazirlanan frotiler
May-Grinwald Giemsa boya kullanilarak
boyandiktan sonra her bir preparatta toplam 100
hicre sayllmistir. Heterofil sayisi lenfosit sayisina
oranlanarak H/L orani hesaplanmistir. (Gross ve
Siegel, 1993).

Et kalite ozellikleri olarak sol gogus eti
(musculus pectoralis major) pH, renk, pisirme kaybi
ve su tutma kapasitesi degerleri belirlenmistir.
GOgls eti pH’si, kesim sonrasi 15. dakikada (pHas)
sicak karkastan ve karkaslar +4 °C'de 24 saat
sogutulduktan sonra (pHu) soguk karkastan, cam
elektrotlu bir pH metre (Hanna Instrument, HI 9124)
elektrotunun (Hanna FC-200) kas icine direkt
yerlestiriimesiyle, lc¢ farklh bdlgeden olclilmistir.
Gogls etinin (g farkli deger ortalamasi sonucu elde
edilen deger, pH degerini olusturmustur. Et rengi
dlcimiinde L*, a* ve b" koordinat sistemine gore
calisma prensibi bulunan renk o&l¢lim aletinden
yararlaniimistir (Minolta CR-400, Ramsey, NJ). Bu
6lcim sisteminde L*; parlaklik, a*; kirmiziik ve b";
sarilik renk indekslerini gostermektedir. Pisirme
kaybini belirlemek icin gogus etinden yaklasik 20 g
kadar alinan et oOrnekleri tartildiktan vakum
posetlerine konulmus ve vakumlanmistir.
Vakumlanan ornekler, 4 °C’'de 24 saat dinlendirilmis
ve sonrasinda su banyosunda (85 °C) 45 dakika
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pisirilmistir. Pisirme Oncesi ve sonrasi et ornekleri
agirliklari arasindaki farkin baslangic et oOrnegi
agirligina  oranlanarak  pisirme  kaybi (%)
hesaplanmistir (Honikel, 1998). G6gls eti su tutma
kapasitesi 6lcimiinde Dereli Fidan ve ark. (2020a)
tarafindan bildirilen metot kullanilmistir.

istatistik Analizler: Verilerde istatistik analizler
SPSS 22.0 paket programiyla yapilmistir. H/L orani,
Tl siresi ile et kalite ozellikleri bakimindan isik
siddeti ve tlinek faktorlerinin etki durumlarini
ortaya koymak icin Genel Dogrusal Model (GLM)
yonteminden yararlanilmistir. Gruplar arasi farklarin
onem kontroliinde Duncan testi kullaniimistir
(Snedecor ve Cochran, 1989).

Bulgular

Arastirmada 20 liks 1sik siddeti grubunda TI
suresi (121,07 s), 5 ve 80 liiks 151k siddeti gruplarina
gore (sirasiyla 83,57 ve 107,97 s) daha yiksek
degerde tespit edilmesine ragmen, 1sik siddetinin TI
suresi Uzerine etkisi istatistiksel olarak 6nemsiz
bulundu (Tablo 1). Isik siddetinin 20 liks uygulandigi
grupta H/L orani (0,25), siddetin 5 ve 80 liiks
uygulandig gruplardan daha duslik (sirasiyla 0,39 ve
0,37) saptandi. lIsik siddetinin H/L orani lzerine
etkisi istatistiksel bakimdan 6nemli (P<0,01)
bulunurken, tinegin H/L orani Uzerine etkisi
onemsiz bulunmustur (Tablo 1). Isik siddeti ve

Tablo 1. Isik siddeti ve tiinek kullanim durumunun Tl stiresi ve H/L oranina etkisi.

Faktorler Tl siiresi (s) H/L orani
" X S X " X S X
Beklenen Ortalama 90 104,17 10,27 126 0,34 0,02
Isik Siddeti (liiks)
5 30 83,57 17,78 42 0,392 0,03
20 30 121,07 17,78 42 0,25° 0,03
80 30 107,97 17,78 42 0,372 0,03
Tinek Durumu
Var 45 102,22 14,52 63 0,31 0,02
Yok 45 100,11 14,52 63 0,36 0,02
ANOVA P degeri
Isik Siddeti (1S) 0,323 0,005
Tuinek (T) 0,694 0,202
ISxT 0,888 0,584

ab: Ayni siitunda farkli harfler gruplar arasi farklihgi gdéstermektedir.

Tablo 2. G6giis eti kalite 6zelliklerine iliskin en kigik kareler ortalamalari ve standart hatalari.

Gogiis eti kalite 6zellikleri

Faktérler pHis pHu L* a* b* Pisirme kaybi Su tutma kapasitesi
(%) (%)
Beklenen ortalama (p) 5,98 5,51 58,03 2,42 15,81 22,17 11,52
Isik Siddeti (ltks)
5 6,04° 5,49 57,48 2,31 16,04 22,352 10,86°
20 5,970 5,53 58,78 2,12 16,08 20,44 11,222°
80 5,92° 5,52 57,83 2,84 15,31 23,722 12,50°
Tlnek Durumu
Var 5,97 5,51 58,15 2,71 15,88 22,17 12,450
Yok 5,98 5,52 57,91 2,14 15,74 22,16 10,60°
s X, 0,02 0,02 0,080 0,16 0,20 0,30 0,27
ANOVA P degeri
Isik Siddeti (IS) 0,035 0,594 0,791 0,154 0,218 <0,001 0,036
Tinek (T) 0,723 0,769 0,880 0,070 0,715 0,994 0,001
ISXT 0,421 0,775 0,731 0,063 0,142 0,287 0,071

1; Beklenen ortalamanin standart hatasi, 2 °: Ayni stitunda farkl harfler gruplar arasi farkhhig géstermektedir.

tinegin et kalite ozellikleri Gzerine etkileri Tablo
2'de verilmistir. Isik siddeti gruplari arasinda en
disik pHis degeri (5,92) 80 liks 1sik siddeti

grubunda en yiiksek pHis degeri (6,04) ise 5 liiks 151k
siddeti grubunda elde edildi (P<0,05). Et kalite
ozelliklerinden pisirme kaybi 5, 20 ve 80 liks 1sik
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siddeti gruplarindaki piliglerde sirasiyla % 42,44, %
34,99 ve % 40,11 olarak tespit edildi. Isik siddetinin
pisirme kaybi lzerine olan etkisi istatistiksel agidan
onemli (P<0,001) bulundu. Gogiis etinin su tutma
kapasitesi tlinek kullanilan grupta %10,60 olan bu
oran tinek kullanilmayan grupta %12,45 olarak
saptandi. Isik siddeti ile tlnek interaksiyonunun
pisirme kaybi orani Gzerinde istatistiksel bakimdan
o6nemli bir etkisi bulundu (P<0,05).

Tartisma ve Sonug

Arastirmada, istatistiksel 6nemde olmasa da,
en kisa Tl slresi 83,57 s ile 5 liiks 1sik siddetinde
yetistirilen piliclerde, en uzun TI siresi ise 121,07 s
ile 20 liks 151k siddeti grubunda gortlmustiir. Bu
sonuglar ile uyumlu olarak, Olenrewaju ve ark.
(2010) (0,5, 1,0, 20 luks), Olanrewaju ve ark. (2015)
(0,5, 5, 10 liiks), Dereli Fidan ve ark. (2017b), (5 ve
20 liiks) 151k siddetinin Tl siresi lizerine istatistiksel
6nemde olmadigini bildirmislerdir. Tinek
kullaniminin Tl siresi Uzerine etkisinin istatistiksel
bakimdan onemsiz bulunma, konuyla ilgili olarak
benzer yaklasim ile yiritilen bazi arastirma
sonuglart (Ventura, 2009; Karaarslan, 2015) ile
uyumludur. Arastirmada, piliclerde korku dizeyini
gosteren, Tl  sirelerinin  (83,57-121,07 ),
Abdourhamane (2019)'un belirttigi strelere (78-121
s) benzer oldugu gorilmektedir.

Gross ve Siegel (1993), H/L oranini dusuk, orta
ve ylksek stres diizeylerinde sirasiyla 0,2, 0,5 ve 0,8
olarak belirtmislerdir. Arastirma sonunda, 151k
siddeti ve tinek kullanimi gruplarinda H/L oraninin
0,25 ila 0,39 arasinda degismesinin piliclerde diisik
dizeyde stres oldugu gérilmustir. H/L oranini 20
luks 151k siddetinde yetistirilen piliglerde (0,25), 5 ve
80 luks siddet altindakilere gore daha dusik
(P<0,01) oldugu belirlenmis olup, bu sonug Isik
siddetinin H/L orani izerine etkisinin 6nemli oldugu
yonindeki literatiir bildiris (Dereli Fidan ve ark.,
2017a) ile paralellik gostermektedir. Tinek
gruplarinin degerlendiriimesinde istatistiksel
6nemde olmasa da tiunek kullanilan grubun H/L
oraninin (0,31) daha disik oldugu tespit edilmistir.
Arastirmada, ttinek kullaniminin etlik piliclerde H/L
orani Uzerine etkisinin istatistiksel olarak 6nemsiz
bulunmasi sonucuna benzer olarak, Heckert ve ark.
(2002), Karaarslan (2015), Dereli Fidan ve ark.
(2020b), H/L orani bakimindan tiineksiz; kontrol ve
tinek gruplari arasindaki farkhhgin istatistiksel
bakimdan 6nemsiz oldugunu bildirmislerdir.

Stres durumunda kas glikojen depolarinin
kesim Oncesinde tiikenmesinden dolayi laktik asit
birikimi azalirken, pH'nin yiiksek diizeyde kaldigi ve
bu durumun koyu et rengi olusumuna, etin raf
omriiniin kisalmasina ve kuru, sert bir yapida
olmasina neden oldugu bildirilmistir (Gller, 2011).

Isik siddeti gruplarinda pHis degeri bakimindan 5
liks grubunda (6,04), 80 liiks grubuna (5,92) gore
daha vyiksek ortalamada oldugu goézlenmistir
(P<0,05). Bu bulgu, Dereli Fidan ve ark. (2017b) los
1sik altinda yetistirilen etlik piliglerin pHis degerinin
(6,74), parlak 1sik altindakilere (6,68) gore daha
yuksek (P<0,05) oldugunu belirten literatir bildiris
ile uyum igerisindedir. Arastirmada pHis degerinin 5
liks grubunda daha yiliksek c¢ikmasi, duslk 1sik
siddeti altinda yetistirilen piliclerde los 1si8In stres
yaratmis olabilecegini diisiindirmektedir.

Kas pH’sl ayni zamanda etin pisirme kaybi, su
tutma kapasitesi, yumusaklk ve raf omri gibi et
kalite o6zellikleri ile yakindan iliskilidir (Bennato ve
ark., 2021). Et yapisindaki proteinlerin 70-75°C islya
maruz birakildiklarinda denatiire olduklari ve bunun
sonucunda da bir miktar suyun aciga ciktigi
belirtilmistir (Honikel, 1998). Arastirmada, gogus eti
pisirme kaybi 20 liiks 1sik siddeti grubunda (%20,44)
5 ile 80 liiks grubu piliglerine (sirasiyla %22,35 ve
%23,72) gore daha disik dizeyde (P<0,001)
bulunmustur. Benzer olarak, Guler (2011)
calismasinda stres altindaki piliclerde pisirme kaybi
oranini (%15,24) kontrol grubuna goére (%13,78)
daha yuksek (P<0,001) bulmustur. Ayni sekilde,
McKee ve Sams (1997) hindi gogls etlerinde stres
etkisi nedeniyle pisirme  kaybinin  arttigini
belirtmislerdir. Bu sonug, 5 ve 80 liks 1sik siddeti
gruplarindaki piliglerin  stres diizeylerinin daha
ylksek olmasina bagh olarak, protein
deneturasyonu sonucunda hicrelerin su tutma
yeteneklerindeki azalma ile daha sulu et
olusumunun, pisirme kaybini olumsuz etkilemesi ile
aciklanabilir.

Arastirmada gogis eti L* degeri 57,48-58,78
arasinda bulunmus olup, bu degerlerin Zhuang ve
Savage (2009) tarafindan belirtilen orta renkli L*
degeri  (55-59) tanimlamasinda yer aldig
goriilmektedir. Isik siddetinin goglis eti renk
ozellikleri bakimindan L*, a*, b* renk indeksleri
Uzerine  etkisi istatistiksel olarak  6nemli
bulunmamistir. Arastirma sonucu ile uyumlu olarak,
stres altindaki etlik piliclerde et rengi Olgitlerinden
L* ve a* degerlerinin degismedigini belirtmislerdir
(Guler, 2011). Dereli Fidan ve ark. (2017b) etlik
piliclerde 1sik siddetinin gogus eti a* ve b* renk
degerleri ile pisirme kaybini istatistiksel diizeyde
etkilemedigini ifade etmislerdir. Bu bulgularin
aksine, Dereli Fidan ve ark. (2017b) gogus eti L*
degerini 20 liks (parlak 1sik) grubunda (52,61), los
istk grubuna gore (54,30) daha dusiik (P<0,05)
oldugunu bildirmektedirler.

En yilksek su tutma kapasitesi %12,50 degeri
ile 80 liks grubunda, en disik su tutma kapasitesi
ise %10,86 degeri ile 5 liks grubunda bulunmustur
(P<0,05). Gao ve ark. (2008) ve Giler (2011)
arastirma sonucu ile uyumlu olarak, stres grubu
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piliclerinde goglis eti pH2s degerinin kontrol
grubuna kiyasla daha distk bulunmasinin etin su
tutma kapasitesinin gerilemesine neden oldugunu
belirtmislerdir. Bu durum, goégis eti su tutma
kapasitesi belirlenen piliglerde, hayvanlarin 5 liks
1stk siddeti (los 1s1k) altinda yetistirilmesinin stres
yaratmis olabilecegini diistindiirmektedir. Cornforth
(1994) yiksek su tutma kapasitesine sahip etlerin
son pH degerinin de yiksek oldugunu ve bu etlerin
koyu renkli oldugunu belirtmistir. Arastirma
sonuglarinin aksine Debut ve ark., (2003), g6gus eti
su kaybinin sicaklk ya da tasimadan kaynaklanan
stresten etkilenmedigini bildirmislerdir.
Arastirmalardaki bu farkhlklara, c¢alismalarda
degisik faktorlerin etkilerinin arastirilmasi, kullanilan
metot farkhliklari, c¢alismalarin  farkh  ortam
kosullarinda gerceklestirilmesi, incelenen
materyalin sayisal blyukliklerinin etkili olabilecegi
beklenen bir durumdur.

Tinek grubunda, su tutma kapasitesi harig,
incelenen tiim et kalite ozellikleri agisindan gruplar
arasi farkliliklar kiglk ve istatistiksel agidan da
onemsiz bulunmustur. Dereli Fidan ve ark. (2020a),
tlinegin gogis eti kalite 6zellikleri Gzerine etkisinin
calisma sonuglarina benzer sekilde istatistiksel
bakimdan 6énemli gikmadigini belirtmislerdir. Benzer
sekilde, etlik piliclerde tlinegin gogis eti pasif su
kaybi ve pisirme kaybi Uzerine tlnek etkisinin
onemsiz oldugu bildirilmistir (Zhao ve ark., 2012).
Arastirmada gogis eti su tutma kapasitesi tiinek
grubunda (%12,45) tiinek uygulanmayan gruba gére
(%10,60) daha vyiiksek degerde bulunmustur. Bu
durum, piliclerin tiinek kullanilmayan bdélmelerde
yetistirilmesinin gogls eti su tutma kapasitesi
Gzerine olumsuz etki yaratmis olabilecegini
disindirmektedir. Su tutma kapasitesi bakimindan
tespit edilen bu degerler, Anadon (2002)’nin yaptigi
arastirma bulgulari (%9-24) ile uyumlu bulunmustur.

Ozetle, korku gostergesi olarak Tl siiresi
Gzerine 151k siddeti ve tlinek faktérlerinin etkileri
istatistiksel bakimdan 6nemsiz bulunmustur. Isik
siddeti (5, 20, 80 liks) uygulamalari ile tinek varhgi
ya da vyoklugunun pilicler Uzerinde bir korku
yaratmadigi gorilmektedir. Arastirmada, 5 ve 80
liks 151k siddeti grubundaki etlik piliclerde los ve
parlak 1sigin kullanilmasi ile birlikte piliglerde stresin
sekillendigi ve strese cevap olarak H/L oraninin
yukseldigi gbzlemlenmistir. Stres dizeyini
diisiirmesi ve buna bagli olarak refahi olumlu yonde
etkilemesi bakimindan etlik piliclerde 20 liks 151k
siddeti kullanimi faydali olmaktadir. Et kalite
ozelliklerinden pHis'in 5 liks 151k siddeti grubunda
80 liiks siddet grubuna gore daha yilksek degerde
gozlenmistir. Piliclerin 5 liks 1sik siddeti (los 1sik) ve
tinek kullaniimadan yetistirilmelerinin su tutma
kapasitesini olumsuz yonde etkiledigi saptanmistir.
Tunek uygulamasinin H/L orani Uzerine etkisi

istatistiksel olarak ©6nemsiz bulunmasi, piliclerde
tinek  kullaniminin  stres olusumuna vyada
olusabilecek olasi stres diizeyini azaltma noktasinda
olumlu/olumsuz yénde 6nemli bir etkisinin olmadigi
belirlenmistir. Arastirmada, etlik piliclerde tiinek
kullaniminin, su tutma kapasitesi harig, et kalite
ozellikleri Uzerine 6nemli bir etkisinin olmadigl
goriilmektedir.

Bahsedilen konular (zerine yapilan bazi
calismalar olmasina ragmen, incelenen faktorler
bakimindan farkli uygulamalarin  sonuglarinin
kaydedilmesi anlaminda arastirmalarin  devam
ettirilmesinin ~ yerinde  bir  yaklasim  oldugu
disinidlmektedir.
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Ozet: Kiigiik hayvan hekimliginde kedi ve képeklerde metakarpal (MK) ve metatarsal (MT) kiriklarla sik karsilagiimaktadir.
Tedavide konservatif ve cerrahi yontemler tanimlanmistir. Bu ¢alismada MK/MT kirik belirlenen 32 vakanin (22 kedi, 10
kopek) tani, tedavi ve prognoz sireglerinin degerlendirilmesi amaglandi. Hastalarin demografik ve diyagnostik bilgileri,
yapilan preoperatif ve perioperatif islemler, uygulanan tedaviler, postoperatif islemler ve prognoz siireci galisma
kapsamindadir. MK/MT toplam 97 kirik kemikte en ¢ok diyafizer 1/3 (43 kemik) ve distal 1/3 (48 kemik) lokalizasyonlarda
kiriklar belirlendi. En ¢ok gorulen kirik sekilleri transversal (65) ve oblik (27) olarak belirlendi. Toplam 39 ekstremitenin
%25.64'(inde bir kemik, %20.51'inde iki kemik, %33.33’liinde U¢ kemik, %20.51’inde dort kemigin kinldigi belirlendi.
Tedavide MK/MT kirigi olan 39 ekstremiteden 11 ekstremitede eksternal koaptasyon, 23 ekstremitede agik cerrahi
rediiksiyon ile osteosentez, 4 ekstremitede kafes istirahati ve 1 ekstremitede amputasyon uygulandi. Kedi ve kdpeklerin
toplaminda cerrahi osteosentez uygulanan 23 ekstremiteden 19’unda prognoz ¢ok iyi, 3'Unde iyi oldugu ve bir vakada
postoperatif 6lim sekillendigi belirlendi. Eksternal koaptasyon uygulanan 11 ekstremitenin 6’sinda ¢ok iyi, 5’inde iyi; kafes
istirahati uygulanan 4 ekstremiteden 2’sinde ¢ok iyi, birinde iyi ve birinde orta olarak belirlendi. Bu galismayla kedi ve
kopeklerin metakarpal ve metatarsal kiriklarinin tedavi stireci, tani ve klinik sonuglar ile birlikte degerlendirilerek 6zgiin
veriler sunuldu. Kapali, disloke olmamis, MK ve MT kemiklerin yik binmeyen veya tek kemiginde olan kiriklarda konservatif
tedavinin basaril olabildigi; ancak, iki veya daha fazla kemigin etkilendigi, disloke olmus ve yuk verilen MK/MT kiriklarda
cerrahi osteosentez uygulamasinin elzem oldugu kanisina varildi.

Anahtar Kelimeler: Ekstremite, intramediiller pin, Ortopedi, Osteosentez, Veteriner.

Treatment of Metacarpal and Metatarsal Fractures in Cats and Dogs (Retrospective Evaluation of
32 Cases)

Abstract: Metacarpal (MC) and metatarsal (MT) fractures are common in small animal medicine in cats and dogs.
Conservative and surgical methods have been described for treatment. This study was aimed to evaluate the diagnosis,
treatment, and prognosis of 32 cases (22 cats, 10 dogs) with MC/MT fractures. The demographic and diagnostic information
of the patients, procedures (before, during and after the operation), treatments applied, and prognosis findings are within
the scope of the study. Ninety-seven bones with MC/MT fractures were most at diaphyseal 1/3 (43 bones) and distal 1/3
(48 bones) localizations. The most common fracture types were transverse (65) and oblique (27). The fractures of 39
extremities were single bone fractures in 25.64%, two bones in 20.51%, three bones in 33.33%, and four bones in 20.51%.
Treatment methods were external coaptation in 11 extremities, surgical osteosynthesis in 23 extremities, cage rest in four
extremities, and amputation in one extremity. It was determined that the prognosis was excellent in 19 of 23 extremities
that underwent surgical osteosynthesis, good in three, and postoperative death occurred in one case. Out of 11 extremities
with external coaptation, six were excellent, and five were good. It was determined that two of the four extremities treated
with cage rest were very good, one was good, and one was moderate. This study has evaluated the treatment of
metacarpal and metatarsal fractures in cats and dogs in terms of diagnostic and clinical results, and original data were
presented. Conservative treatment is considered successful in fractures if closed, not dislocated, without weight-bearing
bones on the metacarpal and metatarsal bones or if only one MC/MT bone is fractured. However, it was shown that
surgical osteosynthesis is essential if the fractures are dislocated, and the two or more weight-bearing bones are affected.
Keywords: Extremity, Intramedullary pin, Orthopedics, Osteosynthesis, Veterinary.

Giris

Kedi ve kdpeklerde metakarpal (MK) ve metatarsal %3.3 olarak bildirilmistir (Okumura ve ark., 2000).
(MT) kiriklarla sik karsilagilmaktadir. Tum kiriklar Onemli gorevsel semptomlara neden olmasi ya da
arasindaki orani kopeklerde %8.1, kedilerde ise tedavi edilmemesi durumunda komplikasyonlara yol
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acmasl nedeniyle mutlaka tedavi edilmesi gereken
kiriklar arasindadir. En yaygin nedenler motorlu
tasit kazalar ve yliksekten diisme olmakla birlikte
atesli silah yaralanmalari, isiriklar, bigme makinesi,
tuzak vyaralanmalari ve (izerine basilma gibi
nedenlerle de olusabilmektedir (Altug ve ark., 2017;
Degasperi ve ark., 2007; Kornmayer ve ark,. 2014).
Kopeklerdeki MK ve MT kiriklar genellikle birden
fazla kemikte sekillenir. Bu kiriklarin ¢ogu kapali,
transversal veya oblik kiriklardir (Kornmayer ve ark.,
2014).

Kedi ve képeklerde MK ve MT kemik kiriklari
konservatif veya cerrahi yontemlerle tedavi
edilebilmektedir (Gomaa ve ark., 2016). Kirik
uglarinin birbirinden uzaklasmadigi veya minimal
yer degistirdigi  kiriklarda  konservatif tedavi
uygulanmaktadir (Deveci ve ark., 2020; Fitzpatrick
ve ark., 2011; Gomaa ve ark., 2016). Cerrahi
tedavide acik rediksiyon ile internal fiksasyon
teknikleri sik kullanilmaktadir ancak zaman zaman
eksternal fiksasyon uygulamalari da tercih
edilebilmektedir (Fitzpatrick ve ark., 2011). Cerrahi
veya konservatif tedavi yontemlerinin
planlanmasinda hastanin  ve kingin ozellikleri,
cerrahin tecriibesi ve tercihi, hasta sahibinin
yaklasimi gibi bilesenler belirleyici olmaktadir.

Materyal ve Metot

Calismada, 2015-2020 yillari arasinda Hatay
Mustafa Kemal Universitesi Veteriner Saghk
Uygulama ve Arastirma Hastanesi Cerrahi
Klinigi’nde metakarpal ve metatarsal kirik teshis ve
tedavi edilen 32 vakanin demografik, diyagnostik,
tedavi ve prognoz bilgileri retrospektif olarak
incelendi. Calisma, Hatay Mustafa Kemal
Universitesi Hayvan Deneyleri Yerel Etik Kurulu
(2021/02-05) karari ile onaylanmistir.

Hastalarin eskal ve detayli anamnez bilgileri
incelendi. Klinik bulgular, radyografik goruntiler,
tam kan sayimi sonuglari, tedavi ve prognoz siireci
degerlendirildi. Radyografik incelemede kirigin yeri,
kirigin sekli, kirik kemikler ve sayilari belirlendi. Tam
kan sayimi sonuglari incelendi. Cerrahi yontemle
tedavi uygulanacak hastalarda, tam kan sayimi
sonuglari normal sinirlarda olan hastalara 2 gin,
anormal olanlar ise 6 giin icinde uygun tedavi
islemlerinden sonra ameliyat yapildi. Perioperatif
sefazolin sodyum (25 mg/kg, IM, Sefazol, Mustafa
Nevzat, istanbul, Tirkiye) ve metamizol sodyum (15
mg/kg, IV, Andolor, ibrahim Ethem Ulagay ilag San.,
istanbul, Tirkiye) uygulandi. Genel anestezi
indiksiyonu ksilazin HClI (2 mg/kg Alfazyne %2,
Egevet, Turkiye) ve ketamin HCI (10 mg/kg,
Alfamine %10, Egevet, Tirkiye) ile, idame ise %2-3
izofluran (Isoflurane-USP, Adeka ila¢ Sanayi ve
Ticaret A.S., Samsun, Turkiye) inhalasyon anestezisi

ile saglandi. Hastalarin ameliyat bdlgesi asepsi ve
antisepsi kurallarina uygun olarak hazirlandi.
Hastalarda uygulanacak tedavi yontemi MK/MT kirik
kemik sayisi, yeri ve kemik uglarinin deplase olup
olmamasina gore belirlendi. Konservatif tedavi
amaciyla vakalarda (¢ hafta slreyle eksternal
koaptasyon veya hareket kisitlamasi uygulandi.
Cerrahi yontemle tedavi edilen vakalarda retrograd
intramediller  pin yontemiyle  osteosentez
uygulandi. Bu amagla metakarpal/metatarsal
bolgeye dorsalden cerrahi yaklasim uygulandi.
Cerrahi osteosentez islem asamalari Sekil 1'de
sunuldu. Postoperatif antibiyotik olarak sefazolin
sodyum (25 mg/kg, 12 saat ara ile, IM) 7 gin,
analjezik olarak kedilerde tolfenamik asit (3 mg/kg,
24 saat ara ile, PO, Tolfedine tablet, Novakim ilag ve
Kimya San.Tic. A.S., Kocaeli, Turkiye), képeklerde
karprofen (4 mg/kg, 24 saat ara ile, PO, Rimadyl
tablet, Zoetis Hayvan Saghgr Ltd.  Sti.,
Umraniye/istanbul) 5 giin uygulandi. Postoperatif
muayeneler kirik iyilesmesinde prokallus ve kallus
olugsma sireleri olan 7 ve 21. gilinlerde yapildi.
Devam eden silire¢te hastalarin es zamanli
patolojileri ve kirik iyilesme durumuna goére ek
takiplere 2-4 ay devam edildi.

Bulgular

MK/MT king1 teshis edilen kediler vyas
dagihminda 8 kedi <1 yas, 13 kedi 1-7 yas arasi, 1
kedi 7 yasindan buyuktu (aralik 0.3-7, ortalama
1.59+1.54, ortanca 1). Kopek vakalar vyas
dagiliminda 6 kopek <1 yas ve 4 kopek 1-7 yas
arasinda (aralik 0.15 — 5, ortalama 1.38 + 1.92,
ortanca 0.4) belirlendi. Vakalarin cinsiyet dagihmi
kedilerde 7 erkek (%31.81) ve 15 disi (%68.19) iken
kopeklerde 9 (%90) erkek ve 1 disi (%10)
seklindeydi. Etiyolojide en sik olarak kedilerde
yuksekten disme (%73) ve kopeklerde trafik kazasi
(%50) ile karsilasildr (Sekil 2). Klinik muayene
sonuglarinda tim vakalarda topallik, lokal agr ve
hassasiyet belirlendi. Yumusak doku bitUnlGga
bozulan 1 kedi ve 1 kdpekte agik kirik ve enfekte
dokular belirlendi.

Tablo 1. Metakarpal ve metatarsal kirik yerlesimleri.

Kedi Kopek Toplam
Kirik Yerlesimi

MK MT MK MT MK MT
Proksimal 1/3 5 0 1 0 6 0
Ortal/3 19 16 8 0 27 16
Distal 1/3 28 7 4 9 32 16
Toplam 52 23 13 9 65 32
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Kirik lokalizasyonlarinda MK/MT toplam 97
kirkk kemikte en c¢ok diyafizer 1/3 (43 kemik) ve
distal 1/3 (48 kemik) kiriklari ile karsilasildig
belirlendi (Tablo 1). En ¢ok gorilen kirik sekilleri
siraslyla transversal (65) ve oblik (27) kiriklar olarak
belirlendi (Tablo 2).

Tablo 2. Metakarpal ve metatarsal kirik sekilleri.

Kedi Képek Toplam
Kirik Sekilleri

MK MT MK MT MK MT
Transvers 34 19 10 2 44 21
Oblik 16 3 1 7 17 10
Pargali 2 1 2 0 4 1
Toplam 52 23 13 9 65 32

incelenen 97 kirik kemigin 86 tanesinde (%88.66)
kirtk uglari anatomik pozisyonunu kaybetmis, 11

tanesinde  (%11.34)  anatomik

ayrilmamistir.

pozisyondan

Tablo 3. Ayni ekstremitede bir iki, Gg, dort kemik
kirllma oranlari.

Kedi Képek
%20.69 %40
%24.14 %10
%31.03 %40
%24.14 %10

Tek kemik kirik orani
iki kemik kirik orani
Ug kemik kirik orani
Dort kemik kirik orani

Kedi ve kopeklerde ayni ekstremite-deki kirik
sayllarinin 6zeti Tablo 3’te gbsterilmistir. Vakalarda
MK kemiklerde en ¢ok MK Il ve MT kemiklerde en
¢ok MT II'nin kinldig tespit edilmistir. Metakarpal
(MK 1-IlI-IV=V) ve metatarsal kemiklerin (MT II-lll—
IV=V) kirik sayilari Sekil 3'te gosterilmistir.

Sekil 1. a) Deri ensizyonu b) Ekstensor tendolarin diseksyonu ve kirik uglarinin agiga ¢ikarilmasi (mavi oklar ekstensor
tendolar, beyaz ok kirik kemik fragmentinin ucu) c) Kemik rediiksiyonunun retrograd Kirschner teli uygulamasi ile yapilmasi
d) Kirschner telinin dipten kesilip ¢akildiktan sonraki gériinimu e) Dikisler sonrasi postoperatif goriinim f) Postoperatif 1.

hafta muayenesinde ameliyat bolgesinin gériinimd.
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Kedi Etiyoloji Kopek Etiyoloji

. = . W Disme
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107:'0'6 _ B Trafik kazasi
Trafik kazasi ; i
- Atesli Silah
Bilinmeyen Yaralanmasi
Travid i Bilinmeyen
Travma

Sekil 2. Kedi ve kdpeklerde metatarsal ve metakarpal kiriklarin etiyoloji oranlari.

MEND MEKIIT MEKIV MKY DMTII MTIHI MT IV MT WV

Kedi mKopek Toplam

Sekil 3. Metakarpal ve metatarsal kirik sayilari.

Sekil 4. Bir kedide MT kirigin preoperatif (a, b) ve postoperatif (c: ilk glin, d: 3. hafta sonra, e: 4 ay sonra) radyografileri.
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Sekil 5. Bir kopekte MK kirigin preoperatif (a, b) ve postoperatif (c: ilk glin, d, e: 3 hafta sonra) radyografileri.

Tedavi takip muayenelerinde klinik bulgularla
birlikte radyografik  gorintiler  incelenerek
vakalarda kirik iyilesmesi degerlendirildi (Sekil 4 ve
5). Degerlendirmede radyografik incelemede kirik
iyilesmesi, klinik bulgularda yiirtyis, durus, topallik,
hasta sahibinin memnuniyeti gibi kriterler dikkate
alinarak tedavi sonucu cerrah tarafindan belirlendi
(Kapatkin ve ark., 2000; De La Puerta ve ark., 2008;
Degasperi ve ark., 2007). Bu kriterlere ait bulgularin
tamaminda sorunsuz iyilesme olmasi “cok iyi”, hafif
bulgular olmasi “iyi” olarak degerlendirildi.

Tedavi yontemi olarak kedilerde 9 ekstremi-
tede eksternal koaptasyon, 17 ekstremitede acik
cerrahi rediksiyon ile osteosentez, 2 ekstremitede
kafes istirahati ve 1 ekstremitede amputasyon
uygulandi. Kopeklerde 2 ekstremitede eksternal
koaptasyon, 6 ekstremitede agik cerrahi rediiksiyon
ile osteosentez ve 2 ekstremitede kafes istirahati
uygulandi.

Postoperatif sirecte kedilerde 29 ekstremi-
tenin klinik ve radyografik muayene degerlendirme-
lerinde 6 ekstremite iyi, 21 ekstremite ¢ok iyi olarak
belirlendi. Bir ekstremite ampuitasyon uygulanmasi
nedeniyle, bir ekstremite ise hastanin anesteziden
uyanma doneminde 6limiu nedeniyle postoperatif
sirecte degerilendirilemedi. Kopeklerde tedavi
uygulanan 10 ekstremitenin postoperatif slrecteki
degerlendirmesinde 2 ekstremite iyi, 7 ekstremite
cok iyi olarak belirlendi. Amputasyon uygulanan bir
ekstremitede degerlendirme yapiimadi.

Tartisma ve Sonug

Retrospektif ¢alismalar, hastaliklarin teshis ve
uygulanacak tedavi seceneklerini degerlendirme ve
yeni calismalarin planlanmasinda bilimsel dayanak
olusturma agisindan hem veteriner hem beseri tip
alanlarinda 6nemli bir yere sahiptir (Altug ve ark.,

2017; isler ve ark., 2015). Kedi ve kdpeklerde birgok
bolgedeki kirik tedavileriyle ilgili retrospektif
calismalar vyapilmakta, tedavi yontemleri ve
basarisina dair veteriner cerrahlara yol gosterecek
veriler sunulmaktadir (Baroncelli ve ark., 2012;
Libardoni ve ark., 2018; Minar ve ark., 2013; Pozzi
ve ark., 2013). Kedi ve kopeklerde metakarpal ve
metatarsal kiriklarda eksternal koaptasyon (Gomaa
ve ark., 2016; Kapatkin ve ark., 2000) ile konservatif
tedavinin tanimlandigi ¢alismalarin yani sira sirkiler
eksternal fiksator (Seibert ve ark., 2011), epoksi ile
eksternal fiksatér (De La Puerta ve ark., 2008),
germe bandi (Wernham ve Roush, 2010),
intramedullar pin (Degasperi ve ark., 2007), Dowel
pin teknigi (Kornmayer ve Matis, 2017; Zahn ve ark.,
2007), intramedullar pin ve eksternal fikzasyon
kombinasyonu (Fitzpatrick ve ark., 2011), plak
kullanimi (Gomaa ve ark., 2016) ve vida kullanimi
(Kapatkin ve ark., 2000) gibi operatif yontemlerinin
tanimlandigi calismalar mevcuttur. Ancak MK ve MT
kiriklari; kirilan kemik sayisi (bir veya daha fazla),
kirtlan kemiklerin farkli lokalizasyonlarda, sayilarda
ve sekillerde olmasi, kirik uglarin yer degistirme
dereceleri gibi 6nemli farkliliklar géstermektedir. Bu
farkliliklar tedavi icin temel kurallarin
olusturulmasini zorlastirmaktadir. Bu yizden bu
konudaki retrospektif ¢alismalar olduk¢a degerlidir
(Kornmavyer ve ark., 2014). Ozellikle Tiirkiye’de bu
basliktaki calismalar son derece kisithdir (Aker 1998;
Candas ve Saglam 1990). Bu baglamda ¢alismamiz
ile kedi ve kopeklerde metakarpal ve metatarsal
kiriklarin - tani, tedavi yontemleri ve sonuglari
hakkinda 6zgiin veriler saglandi. Calismamiz
sonuglarina dayanarak, metakarpal ve metatarsal
kiriklarin tedavisine yonelik prospektif ¢alismalarin
planlanmasinda, farkh implantlarin ve yontemlerin
Ustlinldklerinin arastirilmasi onerilebilir. Postope-
ratif silrecte bilgisayarli tomografi gibi ileri
gorintileme yontemleri ile vakalarin incelendigi
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calhsmalar, kirik hatti ve cevresindeki degisimlerin
daha detayli incelenmesine ve yontemin basarisini
degerlendirmeye katki saglayacaktir.

Fitzpatrick ve ark. (2011) kedilerdeki MK
kiriklari en yaygin olarak distal 1/3 bolgede (16/25),
MT kiriklari ise proksimal 1/3 bolgede (21/40)
bildirmistir. Calismamizda kedilerdeki 52 MK kirigin
28 distal 1/3, 23 MT kingin 16’si diyafizer 1/3
yerlesimde olmasiyla 6zellikle MT kiriklari agisindan
farkhdir. Fitzpatrick ve ark. (2011), kopeklerde MK
kiriklarin en sik diyafizer 1/3 (20/31), MT kiriklarda
ise proksimal 1/3’te (8/12) sekillendigini ortaya
koymustur. Calismamizda ise kopeklerdeki 13 MK
kingin 8 diyafizer 1/3, 9 MT kingin tamami distal
1/3’tedir ve yine 6zellikle MT kiriklarda ¢alismamizin
sonucu oldukga farkhdir. Bir baska ¢alismada da MK
kiriklarin ~ diyafizer veya distal bolgelerde, MT
kiriklarin ise proksimal boélgede daha sik oldugu
bildirilmistir (Gomaa ve ark., 2016). De La Puerta ve
ark. (2008) kedi ve kopeklerde MK kemik kiriklarinin
diyafizer ve distal, MT kemik kiriklarinin ise
proksimal ve diyafizer bolgeleri etkileme olasiliginin
daha yiksek oldugunu 6ne slirmistir. Calismamiz
sonuglari kedi ve kdpeklerin toplami
degerlendirildiginde bu galismalarla MK kiriklarinin
lokalizasyonu  bakimindan uyumlu iken MT
kiriklarinin - lokalizasyonu  bakimindan  oldukca
farkhdir.  Bu farkliliklarda etiyolojik faktorler
belirleyici olmaktadir. Calismalarda farkli sonuglar
olmasi nedeniyle etiyolojiyi degerlendirmek igin
daha fazla retrospektif calismaya ve sonrasinda
etiyolojiyi inceleyen meta analiz ¢alismasina ihtiyag
vardir. Yapilacak retrospektif calismalarda kirik
nedeni ve hastanin irk, yas, cinsiyet gibi bilgilerinin
yani sira kisirlastirma durumu, yasam alani, es
zamanh hastaliklar gibi detaylar toplanacak veriler
arasinda olmalidir.  Kirnk  sekilleri  yoniinden
degerlendirmede Fitzpatrick ve ark. (2011) bildirdigi
kedi ve kopeklerdeki en sik karsilagilan MK kirik
sekilleri calismamizla buyiuk oranda benzerlik
gostermektedir. Kirik tiplerindeki bu benzerligin
kedilerde etiyolojideki yuksekten diisme
egiliminden kaynaklandigi dustinilebilir. Ancak
Fitzpatrick ve ark. (2011) calismasinda en sik
gorilen MT kirnk sekli transvers iken bizim
¢alismamizda oblik olmasi farkliik olarak dikkat
¢cekmektedir. Bu farkliligin da etiyolojinin gesitliligi
nedeniyle olabilecegi dusliniiimektedir.

Calismamizda ayni ekstremitede kirilan kemik
sayllari farkli cahismalarla karsilastirildiginda tek
kemik kirigi orani Muir ve Norris’in (1997) yaptig
¢alismadan yaklasik 0.7 kat, Kornmayer ve Matis’in
(2017) calismasindan yaklasik 4.2 kat fazladir. iki
kemik kirigi Muir ve Norris’in (1997) ¢alismasindan
yaklasik 0.4 kat, Kornmayer ve Matis’in (2017)
calismasindan 0.6 kat daha azdir. Ug kemik king
Muir ve Norris’in (1997) calismasindan yaklasik 1.2

kat, Kornmayer ve Matis’in (2017) galismasindan 0.3
kat daha fazladir. Dort kemik kingi ise Muir ve
Norris’in (1997) calismasindan yaklasik 0.8 kat ve
Kornmayer ve Matis’in (2017) ¢alismasindan 0.7 kat
az siklikla sekillenmistir. Kornmayer ve ark. (2014)
kopeklerde ¢ ve dort kemigin kirllma orani
toplamini %49 olarak bildirmislerdir. Calismamizdaki
sonug da (%50) bu oranlarla benzerdir. Metakarpal
ve metatarsal kiriklarda etiyoloji genellikle kirik
sayllarini belirleyen en 6nemli etken oldugundan
calismalar arasinda farkliliklar veya benzerlikler
degismektedir. Calismalardaki vakalar arasindaki
farkhhklar nedeniyle veriler birbiri ile oransal olarak
kiyaslanmaktadir. Kedilerde ve kopeklerde en c¢ok
MK ve MT Il ve Il kiriklari sekillenmesinde bu
kemiklerin en ¢ok yilk tasiyan kemikler olmasinin
sebep oldugu disunilmektedir. Kopeklerde farkh
olarak MK/MT V kiriklariyla da kedilerden daha sik
karsilagsilma nedeni olarak kopeklerin kosmasi,
ziplamasi veya dismesi gibi olaylar sirasinda bu
kemige de ani ylkler gelmesi oldugu disindld.

MK ve MT kiriklarin tedavisi vakaya gore
degismektedir. Kirilan kemikler, kiriklarin disloke,
parcall veya agik kirik olup olmadigi, hastanin yas,
agirlik gibi ozellikleri ve diger bireysel faktorleri,
hasta sahibinin yaklasimi, kirik sekillenme siresi
tedavi planlamasinda farkh tercihleri gerektirebil-
mektedir. MK ve MT kemiklerde basit ve disloke
olmayan kapali kiriklarda, tek kemik veya Uzerine
yuk binmeyen iki kemigin etkilendigi kiriklarda
konservatif sagaltim ydntemlerinin basarilh oldugu
bildirilmektedir (Fitzpatrick ve ark., 2011; Gomaa ve
ark., 2016). Calismamizda bu nitelikleri tasiyan
vakalarda eksternal koaptasyon ile konservatif
tedavi uygulanmis ve prognoz sireci ¢ok iyi
seyretmis, basarili sonuglar alinmistir. Wernham ve
Roush (2010), metakarpal/metatarsal 1l — IV
kiriklarinda cerrahi yontemin endike oldugunu
belirtmektedir. Calismamizda bu iki kemigin birlikte
kirildigr 15 ekstremitede cerrahi yontem uygulandi.
Bunlarin 14‘4nde prognoz ¢ok iyi, birinde ise iyi
olarak kaydedildi. Dowel pin teknigi uygulanan bir
calismada postoperatif sirecte implant gevsemesi,
rediksiyon kaybi ve osteomiyelit gibi komplikasyon-
lar bildirilmistir (Kornmayer ve Matis, 2017).
Calismamizda ise cerrahi osteosentez teknigi olarak
retrograd intramedullar (IM) pin yontemi kullanildi.
Retrograd IM pin yonteminde eklem hasari ve
irritasyonu gibi topalliga neden olan komplikasyon-
larin sik oldugunu belirten calismalar (Fitzpatrick ve
ark., 2011; Gomaa ve ark., 2016; Zahn ve ark., 2007)
olsa da sonuglarimizda eklem iliskili komplikasyonlar
olmamasi bu calismalardan iyilesme siireci ve
prognoz degerlendirmesini etkileyen 6nemli bir
farklihktir. Calismamizda pinlerin kesildikten sonra
metakarpofalegeal/metatarsofalengeal eklem (ize-
rinde kalan kisminin kemige gomiilecek sekilde
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cakilmasi islemi eklem ylizeyinde ¢ikinti yapan bir
pin  ucu kalmamasi sayesinde irritasyonun
engellenmesi, pinin proksimal fragmente tam
sikismasinin saglanmasi ve boylece pin migrasyonu
olasiliginin  azaltiimasi  gibi  avantajlar elde
edilmektedir. Calismamizda pin iliskili komplikasyon
gelismemesinin nedeninin bu oldugu
duslintlmektedir. Bir calismada Dowel pin yontemi;
uygulanmasinin kolay olmasi, pinin yerlestirilmesi
sirasinda iatrojenik eklem hasari ve kemik hasari
riskini en aza indirdigi icin daha Ustin bir yontem
olarak 6ne suralmistir (Zahn ve ark., 2007). Dowel
pin yonteminin retrograd IM pin yéntemine kiyasla
daha az rijitide sagladigi, daha fazla yumusak doku
diseksiyonu gerektirdigi ve operasyon siresinin
daha uzun olmasi gibi dezavantajlar olabilmektedir.
Zira Dowel pin tekniginin uygulanabilmesi igcin hem
distal hem de proksimal fragmente traksiyon
uygulanmasi gerektigi icin her iki fragment,
etraflarindaki kaslardan ayrilip tamamen
serbestlestirilmelidir. Retrograd pin tekniginde ise
sadece distal fragmentin etrafinfaki kaslardan
ayrilmasi proksimal fragmentin ise tutulabilecek
kadar agiga gikarilmasi yeterlidir. Dolayisiyla Dowel
pin tekniginin daha agresif bir cerrahi gerektirdigi
disinidlmektedir. Bu nedenlerden dolayr Dowel pin
yontemi tarafimizca daha az tercih edilmektedir.
Ancak bu iki yontemin karsilastirmasini yaparak
olumlu ve olumsuz sonuglarini ortaya koyan
calismalara ihtiyag vardir.

Bu c¢alisma sonucunda kedi ve kopeklerde
metakarpal ve metatarsal kiriklarin  tani  ve
tedavilerinin degerlendirildigi 6zgilin veriler sunuldu.
Kapal, disloke olmamis, metakarpal ve metatarsal
kemiklerin yik binmeyen veya tek parmak
kemiginde olan kiriklarda konservatif tedavi
uygulamalarinin basarili olabildigi ancak iki veya
daha fazla kemigin etkilendigi, disloke olmus, yuk
verilen parmaklarda veya acgik kirik niteligindeki
kiriklarda  cerrahi  yaklasim ve osteosentez
uygulamasinin elzem oldugu ortaya konuldu.

Cikar ¢atigmasi

Yazarlar bu yazl icin gercek, potansiyel veya
algilanan  ¢ikar catismasi  olmadigini  beyan
etmislerdir.
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Ozet: Giniimiizde hayvanlara karsi kdtii muamele, siddet ve istismar vakalarinin artisi hayvanlara iliskin yasal
dizenlemelerin gozden gegirilmesi ve hayvanlarin korunmasinin anayasal giivence altina alinmasi fikrini ortaya ¢ikardi. Bu
baglamda, galismada, diinyada ve Tiirkiye’de hayvan haklari ve korunmasina iliskin anayasa diizenlemelerini tespit etmek,
bu konuda yasanan tartismalari bilimsel ve ¢agdas anlamda karsilastirmal hukuk ¢ergevesinde degerlendirmek ve ¢6zim
odakh oneriler getirmek amacglandi. Calismanin belgelerini, diinyada ve Tirkiye’de yirirliikte olan anayasalar olusturdu.
Calismada elde edilen belgelere dokiiman incelemesi yontemi araciligiyla igerik analizi yapildi. Dinyada yer alan 193 dlke
icinde anayasalarinda hayvan haklari ve hayvanlarin korunmasina iliskin hiikimler iceren 49 Ulkenin yer aldig belirlendi.
Bunlardan Almanya, Avusturya, Bolivya, Brezilya, Gambiya, Giiney Sudan, Hindistan, isvicre, izlanda, Libya, Malezya,
Meksika, Misir, Papua Yeni Gine ve Slovenya gibi Ulkelerin anayasalarinda hayvan haklarina iliskin dizenlemelere yer
verdikleri gorildi. Tirkiye’de ise 1982 Anayasasi’'nda hayvan haklari ve hayvanlarin korunmasina iliskin dogrudan bir
hikmin olmadig tespit edildi. Cagdas hukuk sistemlerinde oldugu gibi Tirkiye Cumhuriyeti Anayasasi’nda da hayvan
haklarini koruyan ve glivence altina alan hiikiimlere ihtiyag duyuldugu soylenebilir.

Anahtar Kelimeler: Diinya anayasalari, Hayvan haklari, Hayvanlarin korunmasi, Tiirkiye Cumhuriyeti Anayasasi.

The Current Constitutional Position of Animal Rights in the World and Tiirkiye

Abstract: Today, the increase in cases of ill-treatment, violence, and abuse against animals has led to revising the legal
regulations regarding animals and providing the protection of animals under constitutional guarantee. In this context, this
study aimed to determine the constitutional rules on animal rights and protection in the world and Turkey, evaluate the
debates on this subject within the framework of scientific and contemporary comparative law, and offer solution-oriented
solutions suggestions. The constitutions created the study documents in force in the world and Turkey. Content analysis
was performed on the documents obtained in the study through the document analysis method. Among the 193 countries
in the world, it was determined that there were 49 countries with provisions on animal rights and animal protection in their
constitutions. It has been seen that countries such as Germany, Austria, Bolivia, Brazil, Gambia, South Sudan, India,
Switzerland, Iceland, Libya, Malaysia, Mexico, Egypt, Papua New Guinea, and Slovenia include regulations regarding the
rights of animals in their constitutions. In Turkey, on the other hand, it was determined that there was no direct provision
regarding animal rights and animal protection in the 1982 Constitution. It can be said that there is a need for provisions
protecting and guaranteeing animal rights in the Constitution of the Republic of Turkey, as in modern legal systems.
Keywords: Animal protection, Animal rights, Constitution of the Republic of Turkish, World constitutions.

Giris

Hukuk; insanin tim canlilarla birlikte saglikh, Regan, 2007; Singer, 2005; Yasar ve Yerlikaya,

huzurlu ve givenli bir dizen iginde yasamasini
amaglamaktadir. Dilinyada tarim toplumundan
sanayi toplumuna gegis, insanlarin hayvanlarla olan
iliskisinde hayvan haklarinin gelistirilmesi yoniinde
pozitif bir degisim meydana getirmis ve toplumlar
arasinda hayvanlarin hukuki konumu hakkinda farkli
gorislerin olusmasina neden olmustur
(Koghisarhoglu ve Sogutla Erisgin, 2013). Bu
gorisler neticesinde insan haricindeki canlilarin da
haklarinin olabilecegi dusincesi hakim olmus ve
dinyada bir¢ok tlkede hayvan haklari ve korunmasi
Uzerine vyasal dlizenlemeler gergeklestirilmistir
(Akbulut ve Cobanoglu, 2020; DeGrazia, 2006;
Francione, 2008; Mentes Girler ve Osmanagaoglu,
2009; Osmanagaoglu ve Mentes Gilrler, 2009;

2004). Bu vyasal dizenlemelerin yaninda diinyada
bircok tlke hukuki zemin igerisinde hayvanlarin en
iyi sekilde korunmasi amaciyla anayasalarinda da
dizenleme yapmayi 6ngoérmuslerdir (Uran Murphy,
2019).

Anayasa hiikimleri, “yasama, yliriitme ve yargi
organlarini, idare makamlarini ve diger kurulus ve
kisileri baglayan temel hukuk kurallaridir” (Tirkiye
Cumhuriyeti Anayasasi, 1982). Devlet teskilati ile
temel hak ve hirriyetler agisindan 6nemli olan
konularin anayasal hukiumlerle gilivence altina
alinmasinin  yararli olacagl ileri surilmektedir
(Gunes, 2011). Bu baglamda, anayasalarda hayvan
haklarinin  korunmasina iliskin hikamlerin  yer
almasi, devletin kamu ve hukuk isleyisinde, cevre ve
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sosyal politikalarinda hayvan hak ihlalleri anayasal
koruma altinda olan diger haklarin c¢ignenmesi
kadar 6nem arz edecek (Uran Murphy, 2019) ve
yasal dizenlemelere anayasal bir dayanak
saglayarak hayvanlarin yasam hakki, hayvanlara iyi
davranilmasi ve hayvanlarin her tirli aci ve eziyet
cekmelerinin engellenmesi bakimindan énemli bir
glivence olusturacaktir (Gunes, 2011). Nitekim
hayvanlarin haklarini korumak igin yurirlikte olan
yasalar, amacina ve anayasa hikimlerine ters
dismesi halinde, anayasa mahkemesi tarafindan
iptal edilebilecektir (Uran Murphy, 2019).

Karsilastirmali hukukta Glkeler, anayasalarinda
hayvanlara iliskin hikiimleri bazen baslangic metni
icerisinde, bazen gevre ve dogal kaynaklar, kiltirel
mirasin korunmasi veya Ulkenin egemenligi kenar
basliklari altinda; bazen de ulusal ekonomi, temel
ilkeler veya ifade suglari kenar basliklari altinda
diizenleyebilmektedirler (Sabuncu, 2003). Calisma-
da, diinyadaki Birlesmis Milletlere kayith 193
Ulkedeki (Birlesmis Milletler, 2022) ve Tirkiye'deki
hayvan haklari ve hayvanlarin korunmasina iligkin
anayasal dizenlemeleri tespit etmek, hayvan
haklarinin  korunmasi boyutunda yasanan sorun,
elestiri ve tartismalari bilimsel ve ¢agdas anlamda
karsilastirmali hukuk cergevesinde degerlendirmek
amaglanmistir.

Materyal ve Metot

Calismanin belgelerini, diinyada ve Tirkiye'de
ylrirlikte olan anayasalar olusturdu. Ayrica hayvan
haklari ve korunmasi konusunda ulusal/uluslararasi
yayimlanmis bilimsel arastirmalar, makaleler ve
kitaplardan vyararlanildi. Calismada elde edilen
belgelere “dokiiman incelemesi yéntemi” araciligiyla
“icerik analizi” yapildi (Yildirrm ve Simsek, 2016).
Diinya anayasalarinda dogrudan hayvan haklarina
ve hayvanlarin korunmasina iliskin hiikimlere yer
veren llkeler degerlendirildi ve elde edilen veriler
Ulke isimlerinin alfabetik sirasina gére Tablo 1'de
diizenlendi. ilgili Ulkelerin anayasa metinlerinin
kiinyeleri Tablo 1 igerisinde Ust indis seklinde
gosterilerek  sonnot boliminde sunuldu. Bu
makalede etik kurul iznine gerek bulunmamaktadir.

Bulgular

Dinya anayasa metinleri incelendiginde,
hayvan haklarini koruyan ve bu haklar gozeten
maddelere ilkesel olarak yer veren toplam 15 Ulke
(Almanya, Avusturya, Bolivya, Brezilya, Gambiya,
Giney Sudan, Hindistan, isvigre, izlanda, Libya,
Malezya, Meksika, Misir, Papua Yeni Gine, Slovenya)
belirlendi (Tablo 1).

Anayasalarinda hayvan tirlerini (vahsi/yabani
hayvanlar) korumayl ve muhafaza etmeyi taahhit
eden hikimlere yer veren toplam 34 ilke (Andora,
Angola, Azerbaycan, Bahreyn, Banglades, Birlesik
Arap Emirlikleri, Cin Halk Cumbhuriyeti, Dominik
Cumhuriyeti, Ekvador, Esvatini, Fildisi Sahili,
Guatemala, Guyana, Haiti, Hirvatistan, Isvec,
Kirgizistan, Kosova, Kiiba, Lao Demokratik Halk
Cumbhuriyeti, Litvanya, Macaristan, Makedonya,
Mogolistan, Moritanya, Nepal, Nijerya, Ozbekistan,
Panama, Sirbistan, Slovakya, Tirkmenistan, Uganda,
Yemen) tespit edildi (Tablo 1).

Calismada, anayasalarinda sadece c¢evrenin,
ormanlarin ve biyogesitliligin korunmasina iliskin
hikamlere yer veren toplam 78 ulke (Arjantin,
Arnavutluk, Belarus, Bhutan, Bulgaristan, Burundi,
Cezayir, Cad, Cek Cumbhuriyeti, Demokratik Kongo
Cumhuriyeti, Ekvator Ginesi, El Salvador, Eritre,
Ermenistan, Estonya, Etiyopya, Fiji, Filipinler Sahili,
Finlandiya, Fransa, Gabon, Gana, Gambiya, Giney
Kore, Giircistan, Irak, iran, ispanya, italya, Kamerun,
Karadag, Katar, Kenya, Kolombiya, Komorlar, Kongo,
Kosta Rika, Kuzey Kore, Lesotho, Letonya, Libya,
Liksemburg, Maldivler, Malavi, Mali, Moldovya,
Mozambik, Myanmar, Nabibya, Nikaragua, Nijer,
Paraguay, Peru, Polonya, Romanya, Ruanda, Rusya,
Sao Tome, Senegal, Seyseller, Somali, Sri Lanka,
Sudan, Surinam, Suriye, Suudi Arabistan, Sili,
Tayland, Tayvan, Togo, Turkiye, Ukrayna, Umman,
Venezuela, Vietnam, Yesil Burun Adalari,
Yunanistan, Zambiya) belirlenmis olup ilgili tabloda
degerlendirilmeye alinmadi.

Tartisma ve Sonug

Mentes (1996), doktora tezinde 20 ulkede
hayvanlarin ~ korunmasi ile ilgili yasa ve
yonetmeliklerin yurirlikte oldugunu ancak anayasal
dizeyde diizenlemelerin olmadigini bildirmektedir.
Calisma verilerine gore ise gliniimiizde diinyada yer
alan 193 (ke icinde anayasalarinda hayvan haklari
ve hayvanlarin korunmasina iliskin hilkiimler iceren
49 ulkenin (dinya Ulkelerinin yaklasik %’() oldugu
gorilmektedir. Bu Ulkelerden basta Avusturya,
Bolivya, Brezilya, Gambiya, Gliney Sudan, Hindistan,
isvicre, izlanda, Libya, Malezya, Meksika, Misir,
Papua Yeni Gine ve Slovenya anayasalarinda hayvan
haklarindan acgikca bahsetmesi ve ilkesel olarak
hayvan haklarini  koruyan hikimlere (zulim,
istsmar ve koti muameleye karsi koruma,
hayvanlarin onuru ve givenligine karsi saygi
gbstermek vb.) yer vermesi (Tablo 1) hayvan haklari
adina atilan ¢ok ©6nemli bir adim olarak
degerlendirilebilir.
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Tablo 1. Anayasalarinda hayvan haklari ve hayvanlarin korunmasina iliskin hiikimlere yer veren ulkeler.

Ulke Anayasa madde/leri Anayasa Hiikiim/leri igerikleri
Almanya m.20al Devlet, gelecek nesillerin gikari igin hayvanlari anayasal kanunlar gergevesinde ve kanunlar,
yonetmelikler ve yargi kararlari araciligiyla korur.
Avusturya m.11/1(8)? E::/::S:ar, avcilik ve balikgilik uygulamalari harig olmak tizere diger yasal hikiimlere gore
% Bolivya m.189(1),302(5),381(1)3 | Devlet, hayvanlarin korunmasi igin gerekli 6nlemleri almaktan sorumlu tutulmustur.
f—‘ . Anayasada, hayvan tiirlerinin soyunun tiikkenmesine engel olacagi ve hayvanlari eziyete tabi
g Brezilya m.24(V1),22581(VII)* kilan uygulamalarin yasaklanacagi hikme baglanmigtir.
a . Devlet, istismar ve koti muameleye karsi koruma da dahil olmak Uzere hayvanlarin
'§ Gambiya m.254(1)-e,254(4)-b® korunmasi ve refahi igin ulusal kanunlarinda hikiimler getirecektir.
T . m.37/2(b),157(2),157(7 Vahsi yasamin korunmasi, nesli tikenmekte olan tirlerin korunmasi ve muhafazasi hikkme
2 Giiney Sudan )-a,157(8)¢ baglanmistir.
S inek, diger siit veren ve yiik tasiyan biiyiikbas hayvanlarin ve vahsi yasamin korunmasi,
f‘ Hindistan m.48,48A,51A(g)” sartlarinin iyilestirilmesi ve kesimlerinin engellenmesi, canli varliklara sefkat gosterilmesi ve
= hayvanlara zulmin 6nlenmesi hiikimleri yer almaktadir.
E Hayvan yasaminin korunmasi, nesli tikenmekte olan tirlerin yok olmaktan korunmasi; balk
& oo tlrlerinin, vahsi memelilerin ve kuslarin gesitliliginin korunmasi, canlilarin onuru, hayvanlarin
E Isvigre m.78,79,80,120(2)° glivenligine saygl gdstermek ve hayvan ve tirlerinin genetik gesitliligini korumak giivence
= altina alinmistir.
S izlanda m.36° Anayasa, hayvanlarin istismara karsi korunmasini ve nesli tikenmekte olan hayvan tirlerinin
£ ) korunmasini saglamaktadir.
3 Libya m.190%° Devlet, hayvan ve deniz kaynaklarinin ve soylarinin korunmasini saglamakla gorevlidir.
£ Vahsi yasamin, vahsi kuslarin ve hayvanciligin korunmasi, hayvanlara zulmiin énlenmesi
ﬁ Malezya m.74,73% hikiimleri yer almaktadir.
S Meksika m.122(V)-I112 Anayasa, temsilciler meclisini hayvanlarin korunmasini saglamakla yetkilendirmistir.
E Devletin, hayvanciligin ve balikgiligin korunmasi, nesli tikenmekte olan tirlerin korunmasi ve
Misir m.30,45183 hayvanlara zulmiin 6nlenmesini taahhit etmekle gorevli oldugu hiikkme baglanarak hayvan
haklari anayasal glivence altina alinmigtir.
Papua Yeni Gine .41 Anayasanin baslangi¢ kisminda, kuslar, hayvanlar, baliklar ve boceklere yeterli koruma
saglamak igin atilmasi gereken tim adimlarin atilacagi beyan edilmistir.
Slovenya m.72%5 Anayasa, hayvanlarin zalimane davraniglardan korunmasini saglar.
Andora m.31%6 Anayasa, hayvanlarin ve ekolojik dengenin korunmasini temin etmekle yukimltdir.
Angola m.39%7 Anayasa, hayvan turleri ve ekolojik dengenin korunmasini saglar.
Azerbaycan m.39(IVv)18 Devlet, yabani hayvan turleri ve ekolojik dengenin korunmasini garanti eder.
Bahreyn m.9% Devlet, vahsi yasamin korunmasi igin gerekli tedbirleri alir.
Banglades m.18A% Devlet, yaban hayati, biyogesitlilik ve ormanlarin korunmasini saglayacaktir.
Birlesik Arap ”n Devlet, hayvan varliklarinin korunmasinda yasama yetkisine sahiptir.
Emirlikleri m.121
Cin Halk - Devlet, nadir hayvan tirlerini korur.
Cumbhuriyeti m-
g Domirlik . m.16,66% Devlet, yaban hayati, ekolojik denge ve hayvan tirlerini korur.
H Cumbhuriyeti
< Ekvador m.14%* Devlet, hayvanlari, ekosistemleri ve biyogesitliligi korur.
“3 Esvatini (S\ialiland m.210(2)% Devlet, hayvan turlerini koruyacaktir.
2 Kralligi)
3 Fildisi Sahili m.40% Devlet, hayvan tirlerini korumak igin gerekli 6nlemleri alir.
:g Guatemala m.97%7 Devlet, hayvan tirlerini ve ekolojik dengeyi korumak igin gerekli 6nlemleri alir.
] Guyana m.3628 Devlet, hayvan ve eko-sistemlerin zenginligini muhafaza eder.
.:E: Haiti m.253,257%° Ekolojik denge ve hayvan turlerine iliskin koruma kosullarini ve cezalari kanunlar belirler.
& Hirvatistan m.5230 Hayvan tirleri, ormanlar ve gevre koruma altina alinmistir.
'E isveg m.231 Anayasa, medyada hayvanlara yonelik siddete karsi koruma saglar. Hayvan tirlerinin
z korunmasi s6z konusu oldugunda basin 6zgurlugiine izin verilmez.
g Kirgizistan m.48(3),12(5)2 :Zeerr:(irﬁ:/ar;ygl\tﬁdhaadyl\:.an tlrlerini Gnemsemelidir. Hayvanlar, ormanlar ve gevre Devletin
2 Kosova m.5233 Devlet, hayvan tirlerini korumakla gérevlidir.
£ Kiiba m.273 Devlet ve halk, hayvan tirlerini ve gevreyi korumakla gorevlidir.
% Lao Demokratik m.17.19% Su yasami, vahsi yasam, ormanlar ve biyolojik gesitlilik koruma altina alinmustir.
S Halk Cumhuriyeti o
£ Litvanya m.5436 Devlet, yabani hayvanlari korumak ve bakimini yerine getirmekle sorumludur.
3 Macaristan m.P(1)37 Devlet ve her kisi, yerli hayvan tirlerini korumakla gorevlidir.
g Makedonya m.5638 Hayvan tirleri Devletin 6zel korumasi altindadir.
® Mogolistan m.6>° Hayvan tirleri ve ormanlar halkin otoritesi ve Devletin korumasi altindadir.
S Moritanya m.5740 Hayvan tirleri kanunlarin korumasi altindadir.
E Nepal m.51g(5)** Hayvan turleri ve ormanlarin korunmasi Devletin giivencesi altindadir.
Nijerya m.20%2 Devlet, vahsi yagam ve ormanlarin muhafaza edilmesini saglar.
Ozbekistan m.55%3 Hayvan tirleri devlet tarafindan korunacaktir.
Panama m.296% Avcllik, balikgilik, ormanlarin isletilmesi ve hayvan tirlerinin korunmasina 6zel 6zen gosterilir.
Sirbistan m.97(9)* Devlet, hayvan turlerinin korunmasini saglamakla sorumludur.
Slovakya m.44(4)% Devlet, orman, ekolojik denge ve vahsi hayvan turlerinin korunmasini saglar.
Tiirkmenistan m.14%7 Devlet, hayvan turlerinin korunmasini saglar.
Uganda m.2748 Devlet, hayvan tirlerinin ve biyogesitliligin korunmasini saglar.
Yemen m.40,379,382,383% Devlet, balik populasyonunun korunmasi, asiri avlanmanin 6nlenmesi ve gogmen kuslari

iceren biyolojik gesitliligin korunmasini saglamakla gorevlidir.
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Diger ulkelerden 34’Gnin (Tablo 1) anayasalarinda
hayvan tirlerinin (vahsi/yabani) korunmasi ile ilgili
hiikimlere yer vermelerinin 6nem arz eden baska
bir gelisme oldugu sdylenebilir.

Hukuk toplum davranis ve inanglarini
sinirlandirdigr ve yansittigi icin hayvan kimliginin ve
varhiginin yasal temellere dayanmasi hayvan haklari
miicadelesinde ¢cok dnemli bir mihenk tasi olmustur
(Evans, 2010). Bu canh varligin taninma
miicadelesinin sonucunda, XX. ylzyillin sonundan
glinimiize Avrupa’da hayvan kimligi anayasalarda
kabul gormeye baslamistir (Kéybasi, 2018). Nitekim
Alman Anayasasinin ilgili maddesiyle (Tablo 1)
birlikte hayvanlarin korunmasi, devletin anayasa
glivencesi altina girerek devlet kurumlari igin
hukuken baglayici ve sorumluluklar getiren anayasal
bir ilke haline gelmistir (Gines, 2009). Federal
Alman Anayasasina hayvanlarin korunmasina iliskin
maddenin girmesiyle 6zellikle uluslararasi liderlere
ve kanun koyuculara hayvan haklarini koruyan
kanunlarin yapilmasi o6devi yiklenmistir. Dahasi
Almanya hayvan koruma topluluklarinin  bu
kazanimi, kiresel hayvan haklari topluluklarini da
cesaretlendirmistir (Nattrass, 2004; ince, 2017).
Natrass (2004), Almanya’da hayvanlarin zarar
gdérmemesi i¢in hayvan gikarlarinin insan ¢ikarlarina
karsi esit olarak tartilabilecegi bir anayasal
mekanizma olustugunu bildirmistir. Benzer sekilde,
Avusturya Anayasasinda hayvan haklarini koruyan
maddelere (Tablo 1) ilkesel olarak yer verilmistir
(Uran Murphy, 2019). Almanya ve Avusturya
orneginde oldugu gibi hayvanlarin anayasal koruma
altina alinmasi  hayvanlarin  korunmaya deger
menfaatleri oldugunun g¢agdas hukuk sistemlerince
kabul edildigini gostermesi bakimindan degerli
oldugu ileri sirilebilir.

isvicre’de hayvan haklarinin ve hayvan onuru
kavraminin anayasaya dahil edilmesi hayvan haklari
konusunda gorilen en 6nemli gelismelerden biri
olmustur (Evans, 2010). Hayvanlarin “kendi i¢sel
dederinin, kendisi icin korunmasi” olarak tanimlanan
bu kavram, 1992 yilinda isvicre Anayasa’sinda “canli
varhgin onuru” (m.120/2) adi altinda dizenlenerek
anayasada bir deger olarak kabul edilmistir. Soz
konusu hiikiim geregince, isvicre Federal Yiiksek
Mahkemesi verecegi hukuki kararlarda hayvanlarin
¢ikarlarini korumakla mikellef tutulmustur. Boylece
isvicre, patosentrik bir hayvan refahi yaklasimindan,
hayvanlarla ilgili davalarin yorumlanma bigimine
acik bir damga vuran canh varligin onuru temelli bir
hayvan koruma gorisinu kabul etmistir (Bolliger,
2016). Eisen (2017)’e goére, hayvanlarin anayasaya
dahil edilmesi, hayvan onuru kavraminin hayvan
yasaminin Oziinde hukukla iligkili oldugu fikrinin
kodlanmis halidir. Bu gelismeler 1siginda, isvicre
Anayasasi’nda oldugu gibi, Turkiye Cumhuriyeti
Anayasasi’nin (1982) 2. maddesine hayvan onurunu

koruma altina alan 6zerk bir hikmin eklenmesi
onerilebilir.

Turkiye’de hayvanlarin  korunmasina iliskin
baslica mevzuat hikimlerinden (anayasa, kanunlar
ve uluslararasi soézlesmeler) bazilari dogrudan,
bazilari ise dolayh olarak koruma saglamaktadir.
Bunlardan Tiirk Anayasasi’nda (1982) hayvan haklari
ve korunmasina iligkin dogrudan bir hiikiim
bulunmamasi Tirk hukuku agisindan 6nemli bir
eksikliktir (Uyumaz, 2016). Ancak, Anayasanin
56(1,2). maddesine gore, “Herkes, saglikli ve dengeli
bir cevrede yasama hakkina sahiptir. Cevreyi
gelistirmek, c¢evre saghgini korumak ve cevre
kirlenmesini énlemek Devletin ve vatandaslarin
édevidir” hikmi yer almaktadir. Gilines'e gore
(2011), bu maddede gevre hakkindan s6z edilmeyip,
yasam hakkr vurgulanmaktadir. Dadak (2016),
Anayasanin 56. maddesinde g¢evre hakki konusunun,
yasamin icinde gerceklesen cevre oldugunu; amaci
da insanlarin ve tiim canh varlklarin yasadigi yer
olan  ¢evrenin  korunmasi  oldugunu ifade
etmektedir. Yilmaz (2006) ise saghkl ve dengeli bir
cevreyle, hem insanlarin hem de hayvanlarin
korunabilecegini, bu bakimdan Anayasanin 56.
maddesinde hayvan haklarini iceren bir hiikme yer
verildigini bildirmektedir. Buradan cevre hakkinin
dizenlendigi bu maddeyle kismen de olsa hayvan
haklarina ve korunmasina yer verildigi sonucuna
dolayl bicimde varildigi séylenebilir.

Uyumaz (2016), Anayasa’nin “Ormanlarin
Korunmasi ve Gelistiriimesi” bashkli  169’uncu
maddesinin  orman alanlarinin ve ormanlarda
yasayan hayvanlarin korunmasi bakimindan degerli
bir dizenleme oldugunu ileri sirmektedir. Bu
madde; “Devlet, ormanlarin korunmasi ve sahalarin
genisletilmesi igin gerekli kanunlari koyar ve
tedbirleri alir. Ormanlara zarar verebilecek higbir
faaliyet ve eyleme miisaade edilemez” hiikmini
icermektedir. Bu maddeden hareketle, Anayasada,
ormanlarin agaglarla birlikte temiz hava, su, toprak,
bitki ortlisi ve hayvan topluluklarindan olustugu
ifade edilmektedir. Dolayisiyla hayvanlar ekolojik
dengenin saglanmasinda 6nemli bir faktor olarak
kabul edilmekte ve cevrenin sahipleri arasinda yer
almaktadir (Yilmaz, 2006). Bu baglamda, Anayasanin
169’uncu maddesinin  ormanlar iginde yasayan
hayvanlarin korunmasini saglayan ve ormanlara
zarar veren faaliyetlerin hayvanlara da zarar
verecegini kabul ederek bu durumu yasaklayan bir
hikme yer verdigi sdylenebilir.

Hayvanlarin anayasal diizeyde korunmasi,
hayvanlarin gikarlarinin insanlara verilen temel hak
ve Ozgurliklerle ayni diizeyde degerlendirilmesi
manasina gelmektedir. Bu durumda devlet erkinin,
bir hayvanin c¢ikarinin bir insan ¢ikariyla ¢atismaya
girdigi anlasmazliklarda insan haklarinin
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sinirlandiriimasinda hukuki bir temel
olusturulabilmektedir (Celebi, 2018). Anayasal
korumalar  sonug¢ itibariyle  yeni  yasalar
kendiliginden kanunlastiramaz; ancak mevcut
yasalar Anayasa Mahkemesi tarafindan anayasaya
aykiriik nedeniyle iptal edilebilir. Benzer sekilde
Anayasa Mahkemeleri hayvan c¢ikarlarinin ickin
anayasal degere sahip oldugu yoniinde kararlar
verebilirler (Eisen, 2017). Anayasalarinda hayvan
haklari ile ilgili hikimlere yer veren Almanya,
Brezilya, Hindistan, isvicre gibi iilkelerin Anayasa
Mahkemeleri, anayasalarda yer alan bilim, sanat ve
din gibi konulardaki hak ve ozgirlikler arasinda bir
ihtilaf olustugunda, insan cikarina ilkesel olglde
oncelik verilmesinin anayasaya aykirn distigu ve
hayvanlarin ¢ikarlarinin ve haklarinin  dikkate
alinmasi yoniinde yorumlar yaparak carpici kararlar
verdigi gorulmektedir (Uran Murphy, 2019). Bu
Ulkelerin Anayasa Mahkemeleri 6rnegin geleneksel
ve kiilturel olarak yapilan rodeo etkinliklerini, boga
gures/devirme gosteri/festivallerini, yunus
parklarini veya bazi hayvan deneylerini anayasayi
ihlal ettigini gerekce gostererek yasaklama karari
almistir  (Koybasi, 2018; Uran Murphy, 2019).
Tarkiye Cumbhuriyeti Anayasasi’nin (1982)
“Anayasaya aykirihgin diger mahkemelerde ileri
siriilmesi” baslikli 152. maddesi, Kanunlarin veya
Cumhurbaskanhgl  Kararnamelerinin  anayasaya
aykirihgini mahkemelerce ileri suriilmesi usulii olan
itiraz ~ yolunu  diizenlemistir. Bu baglamda,
gunimuizde hayvan hukukunun ilerleme ve gelisme
egilimi  ile ihtiyac  dlsunildiginde  Turk
Anayasasinda hayvan haklari ve korunmasina iliskin
dogrudan hikim/lerin yer almasi gerektigi
soylenebilir. Bu genis caph sosyal donisimin
saglanabilmesi ancak bireysel, toplumsal, hukuksal
ve siyasal bir birlikteligin (Cigci, 2019) sonucunda
mimkiin olabilecektir.

Yukarida bahsedilen yorumlar yerine, devletin
hayvan haklarina ve hayvanlari koruyucu gérevine
vurgu yapan bir hilkkme anayasada dogrudan ve
acikca yer vermesi kuskusuz daha isabetli ve yararh
olacaktir. Bu dogrultuda, Anayasanin 2. maddesine
“Tiirkiye  Cumhuriyeti, toplumun huzuru, milli
dayanisma ve adalet anlayisi icinde, insan haklarina,
hayvan haklarina, canlilarin_onuruna ve ¢evreye
saygili, Atatiirk milliyetgiligine badli, baslangicta
belirtilen temel ilkelere dayanan, demokratik, laik ve
sosyal bir hukuk Devletidir’ ya da Anayasanin 56.
maddesine “Herkes, saglkli ve dengeli bir ¢evrede
yasama hakkina sahiptir. Cevreyi gelistirmek, cevre
saghgini, dodal hayati ve hayvanlani (haklarini)
korumak ve cevre kirlenmesini énlemek Devletin ve

vatandaslarin ~ ddevidir......”  seklinde  ekleme
yapilmasi onerilebilir.
Bunlarin  disinda, hayvanlarin  gikarlarini

onemseyen; hayvanlarin insanlar gibi aci ve hazza

duyarl ya da insanlar gibi bir hayatin 6znesi olabilen
canllar olarak goren; yalnizca insanlar igin var
oldugu yonindeki geleneksel goriisii reddeden;
devletin tiim hayvanlarin (yabani veya evcil, sahipli
veya sahipsiz) haklarinin ve onurunun korunmasini
saglayacagl ve hayvanlara karsi eziyet ve zalimce
davranislarin  yapilmamasinin  gilivence  altina
alinacagi ve dahasi hayvanin esya statisi yerine hak
Oznesi/kisi olarak kabul edilecegi bir hikmin
anayasada ayri bir madde olarak diizenlenmesi
toplumun beklentilerini karsilamak adina daha
faydali olacaktir. Sonug¢ olarak, Tirk kanun
koyucusu, Anayasada hayvan  haklari ve
korunmasina iliskin bir hikim koyarak insan,
hayvan ve cevreye bir bltlin olarak saygi duyan
cagdas hukuk anlayisini benimsedigini
gostermelidir.

Cikar ¢atigmasi

Yazar bu yazi igin gergek, potansiyel veya
algilanan gikar gatismasi olmadigini beyan etmistir.

Etik izin

Bu calisma icin etik kurul iznine gerek yoktur.
Ayrica yazar Arastirma ve Yayin Etigine uyuldugunu
beyan etmistir.

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yiklenen
raporda belirtildigi gibi %10 oldugunu beyan
ederim.

Yazar Katkilari

Fikir/Kavram: CCS

Tasarim: CCS
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Ozet: Calismada serulein ile akut pankreatit olusturulan ratlarda timokinonun lipit profil iizerine olasi etkilerinin belirlenmesi
amaglanmustir. Calisma siiresi olan 9 giin boyunca kontrol grubuna (K) herhangi bir uygulama yapilmadi. Timokinon
grubundaki (TQ) hayvanlara 9 giin sire ile glinde 20 mg/kg timokinon intraperitoneal olarak verilirken, akut pankreatit
grubundaki (AP) hayvanlarda arastirmanin 7. giininde 50 pg/kg ve 2 saat sonra 25 pg/kg seruleinin intraperitoneal olarak
uygulanmasiyla akut pankreatit olusturuldu. Akut pankreatit+timokinon grubunda ise (AP+TQ) glinde 20 mg/kg olmak lizere
9 giin siire ile intraperitoneal olarak timokinon verilen hayvanlarda arastirmanin 7. giiniinde timokinon uygulamasindan 2
saat sonra 50 pg/kg ve bundan 2 saat sonra 25 pg/kg seruleinin intraperitoneal olarak uygulanmasiyla akut pankreatit
olusturuldu. Butin hayvanlardan alinan kan o6rneklerinde Lipaz, Amilaz, Trigliserit, Total Kolesterol, Dusiuk dansiteli
lipoprotein (LDL-kolesterol) ve Yiiksek dansiteli lipoprotein (HDL-kolesterol) dizeyleri belirlendi. Deneysel akut pankreatit
olusturulan ratlarda amilaz ve lipaz diizeyleri kontrol grubuna gére anlamli olarak yiksek oldugu belirlendi (p<0.05). Akut
pankreatit olusturulan grupta ylksek olan bu enzim dizeylerinin timokinon uygulanan akut pankreatitli ratlarda 6nemli
oranda baskilandigi belirlendi (p<0.05). Calismada serulein ile olusturulan deneysel akut pankreatite bagl olarak plazma
trigliserit ve total kolesterol diizeylerinin kontrol grubuna gére 6nemli oranda yiksek oldugu belirlendi (p<0.05). Akut
pankreatitli ratlarda LDL-kolesterol dlizeyi kontrol grubuna gore anlamli oranda ylksek bulunurken (p<0.05), HDL-kolesterol
diizeyi ise anlamh oranda diisiikti (p<0.05). Timokinon uygulanan akut pankreatitli ratlarin total kolesterol ve LDL-kolesterol
dlzeylerinin akut pankreatitli gruba gére anlamh oranda dusik oldugu belirlendi (p<0.05). Sonug olarak, plazma lipit
parametreleri ve bazi enzim dizeylerindeki farkhlklar dikkate alindiginda timokinonun akut pankreatit tizerine olumlu etkileri
oldugu kanaatine varildi.

Anahtar Kelimeler: Lipit profil, Rat, Serulein, Timokinon

Effects of Thymoquinone on Lipid Profile in Rats with Experimentally Acute Pancreatitis

Abstract: This study aimed to determine the possible effects of thymoquinone on lipid profile in rats with cerulein-induced
acute pancreatitis. No application was made to the control group (K) during the study period of nine days. The thymoquinone
group (TQ) animals were administered 20 mg/kg of thymoquinone daily for nine days. In the acute pancreatitis group (AP),
acute pancreatitis was induced by intraperitoneal cerulein administration of 50 pg/kg and 2 hours later, 25 pg/kg on the
seventh day of the study. Animals in the acute pancreatitis+thymoquinone group (AP+TQ) were intraperitoneally
administered 20 mg/kg of thymoquinone daily for nine days. On the seventh day of the study, acute pancreatitis was induced
by intraperitoneal administration of 50 pg/kg and 2 hours later 25 pg/kg of cerulein after 2 hours from thymoquinone
administration. In blood samples taken from all animals, Lipase, Amylase, Triglyceride, Total Cholesterol, low-density
lipoprotein (LDL-cholesterol), and high-density lipoprotein (HDL-cholesterol) levels were determined. The amylase and lipase
levels of rats with acute experimental pancreatitis were significantly higher than the control group (p<0.05). It was
determined that these enzyme levels, which were high in the acute pancreatitis group, were significantly suppressed in rats
with acute pancreatitis treated with thymoquinone (p<0.05). The increase in plasma triglyceride and total cholesterol levels
due to acute experimental pancreatitis induced with cerulein was significant compared to the control group (p<0.05). LDL-
cholesterol level of rats with acute pancreatitis was found to be significantly higher than the control group (p<0.05), while
HDL-cholesterol level was significantly lower (p<0.05). The total cholesterol and LDL-cholesterol levels of rats with acute
pancreatitis treated with thymoquinone were significantly lower than those of the acute pancreatitis group (p<0.05). In
conclusion, in light of differences in plasma lipid parameters and some enzyme levels, it was considered that thymoquinone
has positive effects on acute pancreatitis.

Keywords: Cerulein, Lipid profile, Rats, Thymoquinone

Giris
Akut pankreatit hiicre ici sindirim enzimlerinin kendi  kendini sindirmesiyle karakterize bir
aktivasyonuna bagh olarak pankreas dokusunun hastaliktir. Bu enzimlerin etkinlesmesi pankreas
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dokusunda cabuk gelisen bir yangiya yol acar
(Crockett ve ark., 2018). Pankreas dokusundaki
hiicrelerin hasar gérmesinde etkili olan faktorler
arasinda asiri alkol tiiketimi, safra yolu tikanmalari ve
viral enfeksiyonlar yer alirlar (Van Dljk ve ark., 2017).
Akut nekrotize pankreatitisin mortalite oraninin %
17-20 arasinda oldugu bildirilmektedir (Negi ve ark.,
2018). Akut pankreatit proinflamatuar sitokinler,
kemokinler ve substans P gibi mediatorlerin
salinimina neden olan asiner hiicre hasariyla
baslatilmaktadir (Leema ve Tamizhselvi, 2018;
Velusamy ve Tamizhselvi, 2018). TNF-a akut
pankreatitte doku nekrozuna neden olan baslica
faktor olarak degerlendirilmektedir (Song ve ark.,
2016; Werlang ve ark., 2017; Velusamy ve
Tamizhselvi, 2018; Kumar ve Tamizhselvi, 2020).
Antioksidan durumun bozulmasi ve paroxanaz
(PON)-1 gibi bazi enzimlerin  salinimindaki
degisikliklerin akut pankreatitte plazma lipit
profilinde olumsuz degisikliklere yol actigi
bildirilmektedir (Sweiry ve Mann, 1996; Andican ve
ark., 2005; Tvarijonaviciute ve ark., 2015). Deneysel
akut pankreatitte PON-1 aktivitesinin ve serum HDL-
kolesterol diizeyinin azaldig ileri sirilmektedir.
PON-1 aktivitesi ve HDL-kolesterol diizeyi LDL-
kolesterol diizeyi ile negatif iliskili oldugu one
surtlmektedir. Bu hastalikta LDL-kolesterol ve MDA
diizeylerinin de 6nemli oranda arttigi bildirimler
arasindadir (Schoenberg ve ark., 1995). PON-1
aktivitesinin trigliserit dlzeyi ile pozitif iligkili oldugu
ve trigliserit duzeyindeki artisin akut pankreatitin
siddetinin belirlenmesinde bir gosterge olarak
degerlendirildigi bildirilmektedir (Padureanu ve ark.,
2022; Tvarijonaviciute ve ark., 2015).

Timokinon, nigella sativa (¢orek otu)
tohumlarindan elde edilen fitokimyasal bir bilesiktir.
Son zamanlardaki galismalar  timokinonun
antililserojenik, antitimoral, noéroprotektif ve
antioksidan etkiler gibi cesitli farmakolojik
aktivitelere sahip oldugu yoninde bulgular
sunmaktadir (Ashraf ve ark., 2011; Nagi ve ark.,
2010; Radad ve ark., 2009). Timokinonun antioksidan
kapasite Uzerine olan olumlu etkileri antioksidan
enzimlerin aktivitelerini artirmasina ve giiglii serbest
radikal temizleyici 6zelligine atfedilmektedir (Badary
ve ark., 2003). Ayrica timokinonun antiinflamatuar
etkisinin de antioksidan durumu dlzeltmesinde
katkisi oldugu ileri sdrilmektedir (Abdel-Daim ve
ark., 2020).

Literatlirde ¢orek otunun kan lipit dizeyleri
Uzerine etkinligini degerlendiren c¢alismalar mevcut
olup ¢orek otunun hipolipidemik etkisinden s6z
edilmektedir (ElI-Dakhakhny ve ark., 2000; Najmi ve
ark., 2008; Zaoui ve ark., 2002). Genetik olarak
hiperlipidemik bir rat tiri olan Spontaneously
Hypertensive Stroke Prone Ratlarda 4 hafta boyunca
800 mg/kg corek otu yagi kullanilmasi sonucu total

kolesterol, trigliserit ve LDL-kolesterol diizeylerinin
anlamli oranda distigli, serum HDL-kolesterol
dizeyinin ise anlamli derecede arttigi bildirilmistir
(EI-Dakhakhny ve ark., 2000). Bir diger calismada
¢orek otunun lipit profili Gzerinde olumlu etkileri
oldugu, serum trigliserit ve LDL-kolesterol
diizeylerini 6nemli ol¢lide azalttig! bildirilmistir (Al-
Nageep ve ark., 2011). Nader ve ark. (2010)'nin
kolesterolce zengin diyet ile besledikleri tavsanlarda
timokinonun  HDL-kolesterol konsantrasyonunu
arttirdigini, total kolesterol, LDL-kolesterol ve
trigliserit dizeylerini anlamh bir sekilde azalttigini
bildirmislerdir. iki ay siire ile 1 g ¢érek otu tohumu
verilen yiksek kolesterolli hastalarda LDL-kolesterol
ve trigliserit dlizeyinin anlaml oranda diistiigi, HDL-
kolesterol dizeyinin arttigi gorilmustir (Bhatti ve
ark., 2009). Benzer olarak, c¢o6rek otunun
hiperkolesterolemik tavsanlarda lipit profili izerinde
olumlu etki gosterdigi ifade edilmistir (Asgary ve ark.,
2013). Yapilan bir calismada 4 hafta sire ile 100, 200,
400 ve 600 mg/kg/guin ¢orek otu tozu verilen ratlarin
hepsinde total kolesterol c¢ok disik dansiteli
lipoprotein (VLDL-kolesterol) ve trigliserit
diizeylerinin kontrol gubuna goére anlamli olarak
azaldig belirlenmistir. Bununla birlikte 200 ve 600
mg/kg/gin ¢orek otu tozu alan gruplarin LDL-
kolesterol diizeylerinde anlamli diizeyde bir azalma
saptanirken HDL-kolesterol diizeylerinde fark
bulunamamistir (Kocyigit ve ark., 2009). Ayrica
timokinonun kan lipitlerini regiile ettigi, plazma
kolesterol, glikoz ve trigliserit oranlarini azalttigi, kan
basincini  dusirirken solunumu hizlandirdigl da
bildirimler arasindadir (Darakhshan ve ark., 2015;
Gullu ve Gilcan, 2013; Vardar ve ark., 2018).

Bu c¢alismada serulein ile deneysel akut
pankreatit  olusturulan ratlarda ¢érek otu
tohumundan elde edilen timokinonun oksidatif stres
markirlari ve lipit parametreleri lzerine etkilerinin
belirlenmesi amaglanmustir.

Materyal ve Metot

Arastirmada saglkh 32 yetiskin erkek Wistar
Albino rat kullanildi. Bu galisma protokolini Selguk
Universitesi Deneysel Tip Arastirma ve Uygulama
Merkezi Etik Kurulu (Rapor no. 2019-30) onayladi.
Arastirma slresi boyunca ratlar icin dngorilen yasam
sartlari (1s;, nem ve 1sik) saglandi. Hayvanlar dort
gruba ayrildi. Batdn hayvanlar  calisma
baslangicindan 6nce 16 saat sire ile ag birakilirken,
su icmelerine izin verildi. Kontrol grubuna (K, n=6)
herhangi bir uygulama vyapilmadi. Timokinon
grubundaki (TQ, n=6) hayvanlara 9 giin siire ile glinde
0,3 ml %10’luk DMSQ’da ¢ozdurilen 20 mg/kg
timokinon (Samarghandian ve ark., 2015) (#T0795,
Tokyo Chemical Industry: TCI, Japan) intraperitoneal
olarak verilirken, akut pankreatit grubundaki (AP,
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n=10) hayvanlarda arastirmanin 7. gliniinde 50 pg/kg
ve 2 saat sonra 25 pg/kg seruleinin intraperitoneal
olarak uygulanmasiyla akut pankreatit olusturuldu.
Akut pankreatit+timokinon grubunda ise (AP+TQ,
n=10) 9 giin sire ile glinde 0,3 ml %10’luk DMSQO’da
¢ozdurilen, intraperitoneal olarak 20 mg/kg
timokinon verilen hayvanlarda arastirmanin 7.
glinlinde timokinon uygulamasindan 2 saat sonra 50
ug/kg ve bundan 2 saat sonra 25 pg/kg seruleinin
intraperitoneal  olarak  uygulanmasiyla  akut
pankreatit olusturuldu.

Calismanin 9. glnlnin sonunda bdtin
gruplardaki hayvanlardan anestezi altinda (60 mg/kg
ketamin) uygun yontemle kalpten yeterli oranda
alinan kan orneklerinin santrifij ile plazmalari
ayrilarak bunlarda Lipaz, Amilaz, Trigliserit, Total
Kolesterol, LDL-kolesterol ve HDL-kolesterol
diizeyleri Siemens Centaur CP (Siemens Healthcare
Diagnostics Inc., Tarrytown, NY, USA) marka cihazda
Siemens kitleri kullanilarak belirlendi. Kan alma
islemi bittikten sonra hayvanlar servikal dislokasyon
ile sakrifiye edildi. Calismada elde edilen veriler SPSS
19.0 istatistik programi yardimiyla One-Way ANOVA
testi ve ardindan ¢oklu karsilastirma testlerinden
Duncan testiyle analiz edilerek gruplarin ortalama
degerleri arasindaki farklarin 6nem dereceleri
istatistiksel yontemlerle belirlendi.

Bulgular

Calismada serulein ile olusturulan akut
pankreatitli ratlara timokinon uygulamasinin Lipaz ve
Amilaz duzeyleri Tablo 1'de, Trigliserit, Total
Kolesterol, LDL-kolesterol ve HDL-kolesterol
diizeyleri ise Tablo 2’de verilmistir.

Tablo 1. Serulein ile olusturulan akut pankreatitli ratlarda Lipaz ve
Amilaz diizeyleri Gzerine timokinonun etkileri (MeantSE).

Lipaz (U/L) Amilaz (U/L)
K (n=6) 17,67£0,88°  562,17430,32°
TQ (n=6) 16,83+1,08¢ 541,83+34,71°
AP (n=10) 71,30+4,072 1686,20+46,822
AP+TQ (n=10) 49,1043,18° 974,60+42,95P

acAyni sttunda farkh harfle ifade edilen ortalama degerler
arasindaki farklar 6nemlidir (p<0.05)

Mevcut calismada amilaz ve lipaz dlzeyleri
deneysel akut pankreatit olusturulan ratlarda
kontrol grubu degerlerine gore anlamli olarak artis
gosterdi  (p<0.05, Tablo 1). Akut pankreatit
olusturulan grupta belirlenen bu enzimlerin
dizeylerindeki artisin timokinon uygulamasiyla
birlikte oOnemli oranda azaltildigl belirlenmistir
(p<0.05, Tablo 1). Calismada serulein ile olusturulan
deneysel akut pankreatite bagh olarak plazma

trigliserit ve total kolesterol diizeylerinde kontrol
grubuna gore belirlenen artis istatistiksel olarak
anlamhydi (p<0.05, Tablo 2). Diger yandan akut
pankreatitle birlikte plazma LDL-kolesterol dizeyi
kontrol grubuna gore anlamli oranda artarken, HDL-
kolesterol diizeyi ise anlamli oranda disik bulundu
(p<0.05, Tablo 2). Mevcut galismada akut pankreatit
olusturulan ratlara timokinon uygulamasi ile akut
pankreatitli gruba gore plazma trigliserit duzeyi
istatistiksel olarak farkli degilken, plazma total
kolesterol diizeyinin anlaml oranda azaldig
belirlendi (p<0.05, Tablo 2). Akut pankreatit
olusturulan ratlara timokinon uygulamasina bagh
olarak plazma LDL-kolesterol diizeyi akut pankreatitli
gruba gore o©nemli oranda dusik bulunurken
(p<0.05, Tablo 2), HDL-kolesterol dizeyinde énemli
bir farklilik belirlenmedi.

Tartisma ve Sonug

Son yillarda akut pankreatit diinya genelinde
insidansi artan bir hastalik olarak
degerlendirilmektedir (Roberts ve ark., 2017). Her yil
akut hospitalizasyon gerektiren gastrointestinal
hastaliklar arasinda yaygin olarak goérilmektedir.
Akut pankreatit lokal ve sistemik yangisal yanit
sendromuna neden olan inflamatuar sireclerle
karakterize bir hastaliktir. Akut pankreatitli
hastalarin blyiik bir cogunluguda hastalik thml bir
seyir izlerken, %20’sinde orta ve siddetli pankreatit
gelisebilmektedir. Bu son grupta pankreatik doku
nekrozu  ve/veya c¢oklu organ  yetmezligi
gorilebilmektedir (Banks ve ark., 2006; Van Dljk ve
ark., 2017). Son yillarda birgok ¢calismada enfeksiyoz
hastaliklardan kardiyovaskiler sistem hastaliklarina
kadar genis bir spektrumda nigella sativa
tohumlarindan elde edilen timokinonun yararl
etkiler gosterdigine iliskin bulgular elde edilmistir
Shabana ve ark., 2013; Woo ve ark., 2012).

Amilaz ve lipaz enzimlerinin diizeyindeki artis
akut pankreatitin bir  gobstergesi olarak
degerlendiriimektedir (Ismail ve Bhayana, 2017).
Akut pankreatitte bu sindirici enzim dizeylerindeki
artis pankreastaki inflamatuar slreglerin
aktivasyonundan ve pankreatik asiner hicrelerin
erken yikim  safhalarindan  sorumlu  olarak
tutulmaktadir (Ikei ve ark., 1998). Mevcut ¢alismada
akut pankreatitin belirlenmesi i¢in pankreatik
biyomarkirlardan olan amilaz ve lipaz dizeyleri
deneysel akut pankreatit olusturulan ratlarda
kontrol grubu degerlerine gore anlamli olarak artis
gosterdi (p<0.05, Tablo 1). Bu sindirici enzimlerin
inhibisyonunun akut pankreatit ve buna iliskin organ
hasarlarini  azaltacagl literatirde  bildirilmistir
(Bansod ve ark., 2021; Schmidt ve ark., 1992).
Mevcut calismada akut pankreatit olusturulan
grupta belirlenen bu enzimlerin diizeylerindeki
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Tablo 2. Serulein ile olusturulan akut pankreatitli ratlarda Trigliserit, Total Kolesterol, LDL-kolesterol ve HDL-
kolesterol diizeyleri Gzerine timokinonun etkileri (Mean#SE).

Trigliserit Total Kolesterol LDL-kolesterol HDL-kolesterol
(mg/dI) (mg/dlI) (mg/dI) (mg/dl)

K (n=6) 78,33+4,81° 101,1745,72° 39,83+2,89° 47,50+2,79°
TQ (n=6) 74,50+3,18° 97,67+5,02° 37,67+2,47° 49,83+3,47?
AP (n=10) 96,40+4,88° 126,10+2,86° 52,70+2,84° 35,2043,67°

AP+TQ (n=10) 85,20+4,90% 108,90+4,86° 40,60+4,11° 43,80%3,52%

a€Ayni situnda farkh harfle ifade edilen ortalama degerler arasindaki farklar 6nemlidir (p<0.05)

artisin timokinon uygulamasiyla birlikte 6nemli
oranda azaltildigi belirlenmistir (p<0.05, Tablo 1). Bu
sonug timokinonun seruleine bagh akut pankreatite
karsi koruyucu etkiye sahip oldugunun bir gostergesi
olarak degerlendirilebilir. Calismada elde edilen bu
sonuglar, timokinon uygulamasinin seruleine bagh
akut pankreatitte amilaz ve lipaz enzimlerinde
gorilen olumsuz degisiklikleri hafifletmesi ve
pankreasi korumasi acisindan gigli bir yardimci
olabilecegi kanaatini olusturmustur.

Calismada serulein ile olusturulan deneysel akut
pankreatite bagh olarak plazma trigliserit ve total
kolesterol diizeylerinde kontrol grubuna goére
belirlenen artis istatistiksel olarak anlamliydi
(p<0.05, Tablo 2). Diger yandan akut pankreatitle
birlikte plazma LDL-kolesterol diizeyi kontrol
grubuna goére anlamh oranda artarken, HDL-
kolesterol diizeyi ise anlamli oranda dusiik bulundu
(p<0.05, Tablo 2). Literatiirde, mevcut ¢alismadaki
bulgulara paralel olarak akut pankreatitli vakalarda
trigliserit dlzeyinin istatistiksel olarak saglikh
bireylere gbére anlamli oranda yiliksek bulundugu
bildirilmistir (Dominguez-Munoz ve ark., 1991;
Clemens ve Mahan, 2010; Okura ve ark., 2004). Akut
pankreatitte trigliserit duzeyindeki artistan iki
olgunun sorumlu olabilecegi ileri slrllmustar.
Bunlardan ilki pankreatitli gruplardaki tiroit stimilan
hormon (TSH) diizeyinin 6nemli oranda yiiksek
oldugu ve TSH’daki gegici ve minimal bir artisin
(minimal tiroit disfonksiyonu) trigliserit diizeyindeki
artisa yardimci olabilecegidir. TSH diizeyindeki
degisikliklerin akut pankreatit atagi siiresince salinan
sitokinlerin etkisine bagl olabilecegi bu olayin da
sistemik olarak tiroit bezi ya da sentral sinir sistemi
Gzerine  etkisinden  kaynaklanabilecegi ifade
edilmektedir (Unal ve ark., 2005; Weidner ve ark.,
1991). ikinci olarak pankreatitli vakalarda HDL-
kolesterol diizeylerinin anlamli olarak daha diistik
bulundugu ifade edilirken, akut pankreatit
vakalarinda HDL-kolesterol diizeylerinin distigi
deneysel olarak da gosterilmistir (Unal ve ark., 2005;
Weidner ve ark., 1991). Dusik HDL-kolesterol

diizeylerinin de lipoprotein lipaz aktivitesindeki
azalmaya bagl olarak trigliserit pargalanmasinda
diustise neden oldugu ileri strlilmustir (Baggio ve
ark., 1986; Bugdaci ve ark., 2011). Yuksek serum
trigliserit ve disik serum  HDL-kolesterol
diizeylerinin bir diger agiklamasi olarak TLR
reseptorleri ve Ozellikle TLR-4 ekspresyonu ileri
surilmektedir. Akut pankreatitli vakalarda TLR-4
ekspresyonunun muhtemel olarak proinflamatuar
sitokin saliniminin artmasinda roli olabilecegi ve
bunun da ¢oklu organ yetmezliklerinin gelisiminde
etkili olabilecegi bildirilmistir (Zhang ve ark., 2010).
TLR-4 ekspresyonunun stimile edilmesinin trigliserit
diizeyini artirdigi, HDL-kolesterol dizeyini ise
baskiladigi rapor edilmistir (Liao ve ark., 1999).
Calismada akut pankreatitle birlikte HDL-kolesterol
ve trigliserit dizeylerinde belirlenen degisiklikler
yukardaki ifade edilen bulgulari  destekler
niteliktedir.

Doymamis yag asitleri, pankreatik lipazlarin
trigliseritlerin ester baglantilarini hidrolize ederek
viseral yaglarin lipolizisine yol agmasi ile olusurlar.
Doymamis yag asitlerindeki artigin pankreatik nekroz
ve inflamatuar yanittan bagimsiz olarak orta
derecede akut pankreatitin siddetli akut pankreatite
donistimine yol agabilecegi bildiriimektedir (Patel
ve ark., 2015). Adipoz dokunun vyaklasik %90’
trigliseritlerden olusmaktadir. Pankreatit esnasinda
salinan lipazlarla bu trigliseritler hidrolize edilirler.
Boylece serbest yag asitleri miktari ylkselir (Lam ve
ark., 2007; Zechner ve ark., 2009). Yiksek trigliserit
diizeyleri ve serbest yag asitlerinin pankreatik asiner
hicrelerdeki hasari artirdigi ve toksik etkiler
bakimindan yiksek bir risk faktori oldugu ileri
sirialmistar (Wang ve ark., 2009). Hiperlipideminin
serulein ile olusturulan akut pankreatitte protein
kinaz C aktivasyonu ile iliskili olarak hastahg
kotillestirdigi bildirimler arasindadir (Wan ve ark.,
2017; Wang ve ark., 2006).

Apolipoprotein Al (Apo Al), HDL-kolesterol’iin
en bilyik protein komponentidir. Apo A1, asiri
kolesteroliin karaciger disi dokulardan karacigere
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tasinmasi ve kolesterol homeostazisinde esansiyel
bir rol oynar. Ayrica Apo Al’in antiinflamatuar
etkilere sahip olduguna yonelik bildirimler s6z
konusudur (Emancipator ve ark., 1992; Flegel ve ark.,
1993). Sitokin dizeylerindeki artiglarin Apo Al ve
HDL-kolesteroliin  hepatik sentezini baskiladigi
bildirilmektedir (Ettinger ve ark., 1994; Peng ve ark.,
2015). Bu calismada akut pankreatitli grupta
belirlenen yiksek total kolesterol diizeyinin nedeni,
serulein ile olusturulan akut pankreatit nedeniyle
gelisen inflamasyon ve sitokin artisina bagli olarak
HDL-kolesterol sentezinin baskilanmasi ve kolesterol
transportunda olusan aksakliklar olarak
degerlendirilmistir.

Mevcut ¢alismada akut pankreatit olusturulan
ratlara timokinon uygulamasi ile plazma trigliserit
diizeyi akut pankreatitli gruba gore bir miktar disis
gostermekle birlikte belirlenen bu degisiklik
istatistiksel olarak farkli degildi. Akut pankreatitli
ratlara timokinon uygulamasiyla birlikte plazma total
kolesterol diizeyinin akut pankreatitli gruba gore
anlamli oranda azaldigi belirlendi (p<0.05, Tablo 2).
Akut pankreatit olusturulan ratlara timokinon
uygulamasina bagli olarak plazma LDL-kolesterol
dizeyi akut pankreatitli gruba gére 6nemli oranda
disik bulunurken (p<0.05, Tablo 2), HDL-kolesterol
diizeyinde onemli bir farklilik belirlenmedi. Nigella
sativa uygulamasinin plazma total lipit, trigliserit ve
LDL-kolesterol duzeylerini azalttig, buna karsilik
HDL-kolesterol duzeyini ise artirdigi bildirimler
arasindadir (Gholamnezhad ve ark., 2016; Qidwai ve
Ashfag, 2014). Nigella sativanin bu olumlu
etkilerinden timokinon, timol, lipaz ve tanenler
yaninda doymamis yag asitlerinin de sorumlu
olabilecegi iddia edilmektedir (Najmi ve ark., 2012).
Bir diger ¢alismada hiperlipidemik hastalara nigellla
sativa tohumu uygulanmasiyla total kolesterol, LDL-
kolesterol ve trigliserit diizeylerinin distagl, aghk
glikoz diizeyi ile HDL-kolesterol diizeyi (izerine
herhangi bir etki yapmadig belirtiimektedir
(Sabzghabaee ve ark., 2012). Nigella sativa yagi
verilen metabolik sendromu olan hastalarda aclk
kan glikozu ile total kolesterol ve LDL-kolesterol
seviyelerinin diizeldigi belirtilmektedir. Bu bulgularin
nigella sativanin hiperlipidemik ve hiperglisemik
hastalarda terapotik bir ajan olarak
kullanilabilecegini gosterdigi ileri stirtilmustir (Najmi
ve ark., 2008). Asiri kilolu insanlara nigella sativa tozu
uygulamasinin total kolesterol, LDL-kolesterol ve
trigliserit duzeylerini duaslirdigti, HDL-kolesterol
dizeyini ise artirdigi bulgular arasindadir (Farzaneh
ve ark., 2014). Timokinonun hipolipidemik etkilerine
iliskin olarak eriyebilir lifler, steroller, flavonoidler ve
poliunsature yag asitlerinin sinerjik etki yapabilecegi
ileri strilmistir (Gholamnezhad ve ark., 2016;
lbrahim ve ark., 2014).

ilave olarak diyabetik ratlarda timokinon
uygulamasinin hipokolesterolemik etki gosterdigi
bildirilirken, bunu baslica iki mekanizma yoluyla
gerceklestirdigi ileri sarllmastdar. Bu
mekanizmalardan birincisi LDL-kolesterol reseptor
geninin  hepatik upregilasyonu vyoluyla LDL-
kolesterol aliminin artmasi, diger mekanizma ise 3-
hidroksi-3-metilglutaril-koenzim A rediiktaz (HMG-
CoAR) geninin  baskilanmasi ile  olabilecegi
belirtiimektedir (Al-Nageep ve ark., 2009). Ratlarda
yapilan diger bir calismada, timokinonun HMG-CoAR
aktivitesini azaltmak yoluyla kardiyovaskiler hastalk
riskini  onledigi ileri  sdrdlmistir. Boylece
timokinonun  koruyucu olarak aterosklerotik
problemler ve hiperlipidemide kullanilabilecegi iddia
edilmektedir (Ahmad ve Beg, 2013). Doxorubisin ile
olusturulan hiperlipidemik nefropatili ratlarda
timokinonun serum trigliserit ve total kolesterol
diizeylerini duslrebildigi ve bobreklerdeki lipit
peroksidasyonunu onleyebildigi bildirimler
arasindadir (Badary ve ark., 2000). Bitiin bu sonuglar
birlikte ele alindiginda timokinonun
hiperlipidemi/dislipidemi tedavisi ile bunlara iliskin
komplikasyonlarda destekleyici bir rol
Ustlenebilecegi iddia edilmistir (Darakhshan ve ark.,
2015). Nigella sativa yagl uygulamasinin ratlarda
plazma lipit diizeylerini dislriicl etkiye sahip oldugu
bildirilirken (Zaoui ve ark., 2002), timokinon
uygulamasinin farelerde (Pakala ve ark., 2005) ve
ratlarda (Bamosa ve ark., 2002) HDL-kolesterol dahil
total kolesterol, trigliserit ve LDL-kolesterol diizeyleri
Uzerine duslrici etkiye sahip oldugu bildirimler
arasindadir (Ragheb ve ark., 2008).

Bu ¢alismada akut pankreatitli ratlara timokinon
on uygulamasinin plazma lipit parametreleri izerine
olan olumlu etkileri géz o6nlne alindiginda akut
pankreatitte antihiperlipidemik etkilere sahip oldugu
gorisiine varilmistir.

Tesekkiir

Bu arastirma Selguk Universitesi Bilimsel Arastirma
Projeleri Koordinatoérliigi tarafindan 19202065 proje
numarasi ile desteklenmistir. Destekleri i¢in kuruma
tesekkiir ederiz

Etik izin

Bu calisma protokoliini Selcuk Universitesi
Deneysel Tip Arastirma ve Uygulama Merkezi Etik
Kurulu (Rapor no. 2019-30) onayladi. Ayrica yazarlar
Arastirma ve Yayin Etigine uyuldugunu beyan
etmislerdir.
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Beyaz Peynir Orneklerinden Staphylococcus aureus Suslarinin izolasyonu,
Makrolid-Linkozamid-Streptogramin B (MLSg) Direng Fenotipleriyle, Metisilin
ve Vankomisin Duyarliliklarinin Belirlenmesi
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Ozet: Geleneksel olarak halk elinde iretilen peynirlerde cok sayida patojen mikroorganizma (6rn., Salmonella spp., L.
monocytogenes, S. aureus) bulunabilmektedir. Bu durum, ¢ig st kalite standardinin olmamasi, tretim hijyeninin yetersizligi,
peynirin olgunlasmadan tiiketime sunulmasi gibi nedenlerden kaynaklanmakta ve halk saghgini tehdit eden bir unsur olarak
karsimiza c¢ikabilmektedir. S. aureus, gida zehirlenmesi vakalarinda Salmonella spp.’den sonra en yaygin goriilen patojen
olarak kabul edilmektedir. S. aureus’un gidalara kontaminasyonunda en énemli rezervuari insan ve hayvanlarin olusturdugu
bilinmektedir. Bu arastirmada analizi yapilmak tGizere ambalajsiz olarak satilan ve kontaminasyona agik 64 adet salamura beyaz
peynir numunesi kullaniimistir. Analize alinan numunelerden 24’(inde koagulaz pozitif stafilokok tespit edilmistir. Pozitif
numunelerden spesifik 5 koloni segilerek toplamda 120 izolata API 20 Staph kit sistemi uygulanmis ve bu izolatlardan 52’si S.
aureus olarak identifiye edilmistir. Elde edilen S. aureus izolatlarina Clinical and Laboratory Standards Institute (CLSI)
yonergeleri dogrultusunda antibiyogram testleri yapilmistir. Arastirma sonucunda tanimlanan izolatlarin higbiri vankomisine
direngli (VRSA) degilken, 6’sinin (%11.5) metisiline direngli (MRSA), 46’sinin ise (% 88.5) metisiline duyarli (MSSA) oldugu tespit
edilmistir. izole edilen MRSA suslarindan 4'ii (%67) eritromisine, 3’ (%50) klindamisine direncli iken, MSSA suslarinin 17’si
(%37) eritromisine, 7’si (%15,2) klindamisine direng géstermistir. Metisilin direnci olsun ya da olmasin tiim izolatlarin (%40,4)
21’i Eritromisin direnci gostermistir. Bunlarin disinda tiim izolatlarin (%19,2) 10’u hem Eritromisin hem de Klindamisin direnci
gostermis ve (%13,5) 7’sinde indlklenebilir Klindamisin direnci tespit edilmistir. Sonug olarak semt pazarlarinda ambalajsiz
olarak satisa sunulan salamura peynirlerde halk sagligi igin problem olusturan ¢oklu antibiyotik direngliligi gésteren S. aureus
suslari tespit edilmistir. Bunu 6nlemek amaciyla uygulanan hijyen ve sanitasyon kurallarina dikkat edilmesi, kontrolsiiz ve
denetimsiz satislarin dnlenmesi gerektigi diisiinilmektedir.

Anahtar Kelimeler: Antibiyotik direngliliGi, MRSA, Peynir, S. aureus,

Isolation of Staphylococcus aureus Strains from White Cheese Samples, Determination of
Methicillin and Vancomycin Susceptibility with Macrolide-Lincosamide-Streptogramin B (MLS;)
Resistance Phenotypes

Abstract: Many pathogenic microorganisms (e.g., Salmonella spp., L. monocytogenes, S. aureus) can be found in traditionally
produced cheeses. This situation arises from the lack of raw milk quality standards, insufficient production hygiene, and the
consumption of cheese before it is ripe, and it can pose a threat to public health. S. aureus is considered the most common
causative agent of food poisoning after Salmonella spp. It is well known that humans and animals are the primary reservoirs
for S. aureus contamination of food. This study examined 64 samples of salted white cheese sold unpackaged and open to
contamination. Coagulase-positive staphylococci were detected in 24 of the samples tested. The APl 20 Staph kit system was
applied to 120 isolates by selecting five specific colonies from the positive samples, and 52 of these isolates were identified
as S. aureus. We performed antibiogram tests on the recovered S. aureus isolates according to Clinical and Laboratory
Standards Institute (CLSI) guidelines. While none of the identified isolates was vancomycin-resistant (VRSA), we found 6
(11.5%) were methicillin-resistant (MRSA), and 46 (88.5%) were methicillin-sensitive (MSSA). While 4 (67%) of the isolated
MRSA strains were resistant to erythromycin and 3 (50%) to clindamycin, 17 (37%) of the MSSA strains were resistant to
erythromycin, and 7 (15.2%) to clindamycin. With or without methicillin resistance, 21 of all isolates (40.4%) showed
resistance to erythromycin. In addition, 10 (19.2%) of all isolates showed both erythromycin and clindamycin resistance and
7 (13.5%) showed inducible clindamycin resistance. As a result, strains of S. aureus resistant to several antibiotics have been
found in cured cheese sold unpackaged in neighborhood markets, posing a public health problem. It is necessary to pay
attention to the hygiene and sanitary regulations applied to prevent this and to stop uncontrolled and unsupervised sales.
Keywords: Antibiotic resistance, Cheese, MRSA, S. aureus,
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Giris

Peynir, rennin enzimi ile situn
pihtilastirilmasindan sonra peynir suyunun ayrilmasi,
pihtinin  sekillendirilmesi ve tuzlanmasiyla elde
edilen, taze veya olgunlastirilarak tuketilen bir siit
GrGnidiar. Beyaz peynir ise siitin pihtilastiriimasi,
teknigine uygun olarak islenmesi ve isleme
asamalarina bagh olarak taze veya olgunlastiriimis
tuketilebilen salamurali peynir ¢esididir (Hayaloglu
ve ark., 2002; TGK, 2015). Peynirler, zengin besin
icerikleri, su aktivitesi ve pH degerleri nedeniyle
mikroorganizmalarin gelismesi icin iyi bir ortam
olustururlar (Aguilar ve ark., 2016). Endustriyel
uygulamalardan uzak halk elinde (retilen
peynirlerde mikrobiyal kontaminasyon 6nem arz
etmektedir. Haommaddeden son Uriine kadarki bircok
asamada (orn., mikrobiyal kalitesi dusuk ¢ig sutlerin
kullanilmasi, kontamine alet ve ekipmanlar, yetersiz
isletme hijyeni, personel kaynakl kontaminasyonlar)
peynire Staphylococcus aureus (S. aureus)’un bulas
riskini arttiran unsurlar bulunmaktadir (Erkmen,
2010; Kamber, 2005). Buradan hareketle,
peynirlerde bulunabilecek S. aureus etkenlerinin
farkli kaynaklari olabilecegi ifade edilebilmektedir. S.
aureus, kokenini gogunlukla sicakkanli hayvanlarin ve
insanlarin burun ve bogaz mukozasi ile derisinden
alir. Gida kaynakh hastaliklarin yani sira hastane
enfeksiyonlarinin da baslica nedeni olarak gosterilir.
Etken, insanlarda deri enfeksiyonlari, bakteriyemi,
sistemik hastaliklar, osteomiyelit, toksik sok
sendromu ve gida zehirlenmesi gibi hayati tehdit
eden ¢ogunlugu gida kaynakh genis bir enfeksiyon
yelpazesine sahip 6nemli bir patojendir (Erkmen,
2010; Erol, 2007; Rahi, 2020).

Gida kaynakh patojen mikroorganizmalar ve
mikroorganizmalarda son  dénemde  siklikla
gozlemlenen antimikrobiyal direnglilik artisi halk
saghg icin endise kaynagi olmaktadir. Bu durumun
temel nedeni, antibiyotiklerin beseri ve veteriner
sahada kontrolsiiz ve bilingsiz kullanimi ile
iliskilendirilebilmektedir (Resende ve ark., 2018).
Metisiline direncli S. aureus (MRSA) enfeksiyonlari
kiiresel bir saghk sorunudur. Metisiline direngli S.
aureus (MRSA) enfeksiyonlari hem hastane kaynakli
hem de toplumsal kaynakl olabilir. Son yillarda
toplumsal kaynakli MRSA enfeksiyonlarinin insidensi
ozellikle sanayilesmis Ulkelerde artis gostermektedir
(Normanno ve ark., 2007). Metisiline direngli S.
aureus suslarinin varligr ilk defa 1960’h yillarda
bildirilmistir. ~ 1980°li  yillara  kadar  MRSA
enfeksiyonlari hastaneler ve o&ncelikli olarak da
immun sistemi baskilanmig bireyler ile sinirli
olmustur. Ancak 1980’lerin sonu ve 1990'larin
bagindan itibaren MRSA, diinya ¢apinda halk saghgini
tehdit eden 6nemli bir enfeksiyon ajani olarak
taninmistir (Basanisi ve ark., 2017; Doulgeraki ve

ark., 2016). MRSA’lar, penisilinlere, sefalosporinlere
ve diger B-laktam antibiyotiklere direngli olmalarinin
yaninda, makrolidler, kloramfenikol, klindamisin ve
aminoglikozitlere de direncli olabilirler (Bannerman,
2003; Koneman ve ark.,, 1997). Glikopeptid
preparatlari (vankomisin, teikoplanin) bu tlrde
enfeksiyonlara karsi sikga kullaniimaktadir (Ziyade ve
ark., 2015). Veteriner hekimlikte de sagaltim
amaciyla eritromisin, klindamisin ve spiramisin dahil
makrolid-linkozamid-streptogramin B (MLSg)
antibiyotikleri sikhkla kullanilmaktadir (Li ve ark.,
2015). MLSe grubu antibiyotikler Staphylococcus
turlerinde protein sentezini inhibe ederek etkisini
gosterirler. Bu grupta kullanilan ilaglarin  timd,
bakterilerdeki 50S ribozomunun 23S alt birimine
baglandiklari icin burada olusan bir mutasyon ¢
farkli antibiyotige direncle kendini gosterebilir
(Ziyade ve ark., 2015). S. aureus’un gosterdigi MLSs
direnci; efluks, enzimle inaktivasyon ve ilag hedefinin
degisiklige ugramasi seklinde meydana gelir. Direngli
suslarda en yaygin direng tipi eritromycin ribosome
methylation (erm) olarak adlandirilan genlerin
kodladigi bir metilaz enzimi ile antibiyotigin
ribozoma baglanmasinin engellenmesidir (Wang ve
ark., 2008). Direng genlerinin kodladigi metilaz
enziminin sentezi yapisal veya indiiklenebilen tiirde
olabilir. Yapisal formda S. aureus fenotipik olarak
MLSg’ye direglidir. indiiklenebilen formda ise 14 tyeli
makrolidlere diren¢ gelisirken 16 Uyeli olanlarda
duyarhlik gosterir. Bu sirada bakteri 16 (yeli
makrolid, linkozamid ve  streptograminlerle
karsilastiginda  direng  gelistirebilir.  Bu tip
indiklenebilir direnci ortaya g¢ikartmanin pratik bir
yolu ise D-zone testinin yapilmasidir (Leclercq.,
2002). Gida aracihgiyla bulasan S. aureus’un,
antibiyotik direncinin artmasiyla yakindan iliskili
oldugu ve direncli bakterileri iceren gidalarin, direng
genlerinin obligatif bir rezervuari olarak gosterildigi
bilinmektedir (Dehkordi ve ark.,2017; Rahi ve ark.,
2020). Literatiirde klinik izolatlarin MLSg direng
fenotipinin  ve ¢oklu antibiyotik direncinin
arastirildigi bircok calisma bulunmaktadir (Cicek ve
ark., 2017; Khashei ve ark., 2018; Ziyade ve ark.,
2015;). Gida izolatlarinda ise S. aureus’un coklu
antibiyotik direnci hakkinda arastirmalar bulunsa da
MLSs direng fenotipine ve indiklenebilir klindamisin
direncine yeteri kadar deginilmedigi
gdzlemlenmistir. indiiklenebilir tipte direncin ortaya
¢ikma ihtimali, direngli bakterileri iceren gidalarin
direng genlerinin rezervuari olarak gosterilmesi ve
MRSA suslarinin yiksek virtlensi, konunun 6énemini
ortaya koymaktadir. Bu ¢alismada peynirlerden izole
edilen S. aureus suslari ile metisilin ve vankomisin
duyarliiginin  yani sira  MLSs direng profilinin
arastirilmasi amaglanmistir.
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Materyal ve Metot

Etik Kurul: Arastirmada materyal olarak halk
pazarinda satisa sunulan beyaz peynir numuneleri
kullanildigi igin etik kurul izin belgesine gerek yoktur.

Orneklerin toplanmasi ve analize alinmasi:
Arastirma kapsaminda Bingol halk pazarinda
ambalajsiz ve dilimlenmis olarak satilan beyaz peynir
numuneleri kullanildi. Numuneler (64 adet) Subat-
Haziran 2021 tarihleri arasinda toplandi. Toplanan
numuneler soguk zincir altinda laboratuvara
getirilerek kisa silirede analizlere tabi tutuldu.
Aseptik kosullarda steril pens ve makas yardimiyla 25
g tartilan peynir 6rnekleri, igerisinde 225 ml steril
%0,1 Pepton water (Merck, Darmstadt, Germany)
bulunan stomacher poseti icerisine konularak
stomacher cihazi (Lab321-LBST4) yardimiyla 2 dk
boyunca homojenize edildi. Elde edilen 10Vlik
dilisyondan seri desimal dillisyonlar yapilarak
mikrobiyolojik analizler gercgeklestirildi.

S. aureus suslarinin izolasyonu: izolasyon
amaciyla igerisine egg vyolk tellurite emulsiyon
(Oxoid, SR 0054) ilave edilmis Baird-Parker Agar
(BPA) (Oxoid Ltd., Basingstoke, UK) besiyeri
kullanildi. Aerobik sartlarda 37 °C'de 24-48 saat
inkibasyondan sonra, BPA ’‘da gri siyah renkli ve
berrak zonlu gorinti veren spesifik koloniler stpheli
koagulaz pozitif stafilokok olarak degerlendirildi.
Daha sonra, her peynir numunesi icin 5 adet stpheli
koloni segildi ve ileri analizlerin yapilmasi igin Triptic
Soy Broth’a (TSB) (Oxoid Ltd., Basingstoke, UK)
aktarilarak saflagtinildi. Stpheli izolatlar, %5 koyun
kanli agara (Merck, Darmstad, Germany) ve Nutrient
Agara pasajlanarak koloni morfolojisi, gram boyama,
katalaz, tlip koagulaz, lam koagulaz ve mannitol
fermentasyon testleri yapilarak tanimlandi. S. aureus
olarak tanimlanan izolatlar APl 20 Staph
identifikasyon test kiti (Biomerieux, France) ile
dogrulandi (Hitchins 1998; FDA, 2022).

izolatlarin  antibiyotik  direng¢  profilinin
belirlenmesi: izole edilen suslarin antibiyotik
duyarhligr Mdaeller-Hinton Agar (Merck, Darmstad,
Germany) besiyerinde disk diflizyon yodntemi
kullanilarak Clinical and Laboraratory Standards
Institute (CLsI, M100-527) yonergeleri
dogrultusunda tespit edildi (CLSI, 2017). izolatlarin
MLSg direng fenotipleri, eritromisin (15 ug) ve
klindamisin (2 pg) kullanilarak D-Zone disk
yaklastirma yontemi ile arastirildi. Sonuglar Tablo 1’e
gore degerlendirildi. izolatlarin metisiline duyarlihg
sefoksitin (30 ug, Becton-Dickinson)  diski
kullanilarak, vankomisin duyarhligi ise sivi makro
dilisyon yontemi ile belirlendi. Bu amagla 18-24
saatlik genc kulturler 2, 4, 8 ve 16 pg/mL vankomisin
iceren ve kontrol grubu olarak vankomisin icermeyen
Mueller-Hinton broth (Merck, Darmstad, Germany)
tiplerine gegildi. Tupler 37°C'de 24-48 saat aerobik

kosullarda inkiibe edildi. Negatif kontrol olarak S.
aureus ATCC 29213 susu, pozitif kontrol olarak
Enterococcus faecalis ATCC 51299 susu kullanildi.
Gozle goralur bulanikhgin olmadigr ilk

Tablo 1. MLSy Direng fenotipinin saptanmasi.

Eritromisin  Klindamisin

Yapisal Direngli (R)  Direngli (R)
indiiklenebilir  D—zonupozitif  Direngli (R)  Duyarli (S)
M tipi D-zonu egatif Direngli (R)  Duyarli (S)

Duyarl Duyarli (S) Duyarli (S)

konsantrasyon, genel besiyerine gecilerek Greme
durumuna gore minimum inhibitér konsantrasyon
(MIK) degeri olarak kaydedildi (Ziyade ve ark., 2015).
Sonuglar CLSI (2017) yonergesinde belirtildigi tizere <
2 pg/ml-duyarh, 4-8 pg/ml-orta duyarli, 216 ug/ml-
direngli olarak yorumlandi.

Bulgular

Arastirma kapsaminda analize alinan peynir
numunelerinin 24’Unden (%37,5) S. aureus izole ve
identifiye edildi. BPA’da elde edilen toplam 120
koagulaz pozitif stafilokok izolatinin 52’si, S. aureus
olarak tanimlandi. Tanimlanan bu izolatlarda
vankomisine direng¢ (VRSA) tespit edilmedi.
izolatlarin  %11,5’inin  (6/52) metisiline direngli
(MRSA), %88,5’inin (46/52) ise metisiline duyarli
(MSSA) oldugu tespit edildi (Tablo 2).

Tablo 2. S. aureus suglarinin metisilin ve vankomisin
direng/duyarhlik dagilimi.

MRSA MSSA  VRSA VSSA

N 6/52 46/52  0/52 52/52
% %11,5 %88,5 %0 %100

Arastirmada izole edilen MRSA suslarindan
%67’si (4/6) eritromisine, %50’si (3/6) klindamisine
direngli iken, MSSA suslarinin  %37’si (17/46)
eritromisine, %15.2si (7/46) ise klindamisine direng
gosterdi. Metisilin direnci olsun ya da olmasin tim
izolatlarin  %40,4’G  (21/52) eritromisine direng
gosterdi. Bunlarin disinda tim izolatlarin
%19,2’sinde (10/52) hem eritromisin hem de
klindamisin direnci tespit edildi.

S. aureus suslarinin MLSs direng fenotipi
dagilimi Tablo 3’ de belirtilmistir. Buna gore MRSA
suslarinin %16,7’sinde (1/6) ve MSSA suslarinin
%15.3’Unde (6/46) indiklenebilir (D zonu pozitif)
tipte diren¢ saptandi. Ayrica, MRSA suslarinin
hicbirinde, M tipi (D zonu negatif) direng
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saptanmazken, sadece MSSA suslarinda %8.7 (4/46)
oraninda M tipinde diren¢ gozlendi. Ek olarak, MRSA

Tablo 3. S. aureus suslarinda MLSs direng fenotiplerinin dagihmi

Direng MRSA MSSA Toplam
Fenotipi N % N % N %
Yapisal 3 50 7 15.3 10 19,2
indiiklenebilir 1 167 6 13 7 13,5
M tipi -0 4 8,7 4 7,7
Duyarh 2 333 29 63 31 59,6

Toplam 52 100

izolatlarinin ~ %33.3'4 (2/6), MLSB  grubu
antibiyotiklere duyarli iken, MSSA izolatlarinin %63’
(29/46), bu grup antibiyotiklere duyarli bulundu.

Tartisma ve Sonug

S.  aureus insanlarin deri ve burun
mukozalarinda yliksek oranlarda bulunmaktadir.
Gidalar sekonder kontaminasyonla bu etken ile
kontamine olabilir. Ayrica S. aureus bakterisi sit
hayvanlarinda mastitis olusturan bir mikroorganizma
olmasi nedeniyle, siit ve sit Uriinlerinde yine yaygin
olarak gorulebilmektedir (Dehkordi, 2017; Erkmen,
2010). Bu arastirmada ambalajsiz ve dilimlenmis
olarak satilan beyaz peynir numunelerinin %37.5’inin
(24/64), S. aureus ile kontamine oldugu tespit
edilmistir. Kayih ve Sanlibaba (2020), Tirkiye'nin
farkli illerinden topladigi toplam 384 adet beyaz
peynir igin S. aureus izolasyon oranini %22,14 olarak
bildirmistir. Glicikoglu ve ark. (2012), beyaz peynir
orneklerinde %37.5, kasar peyniri numunelerinde
%30 oraninda S. aureus izole etmistir. Yiicel ve Anil
(2011), 90 peynir o6rneginin 16‘sinda (%20.2) S.
aureus izole etmislerdir. Prabakusuma ve ark. (2022),
Cin Rubing ve Rushan peynirlerini klasik kilturel
yontemle  S. aureus  varhg bakimindan
degerlendirmislerdir.  Arastirmacilar S. aureus
izolasyon oranlarinin sirasiyla %29.03 ve %8.06
oldugunu ifade etmislerdir. Can ve ark. (2017), 160
gida o6rneginde yaptiklari bir arastirmada 6rneklerin
%12.5'inde S. aureus varhigini bildirmislerdir. Bu
calisma ve vyapilan diger c¢alismalarin sonuglari
incelendiginde S. aureus’un tespit oranlarinin
¢ogunlukla birbirinden farkli oldugu goériilmektedir.
Bu durum, arastirmacilarin da (Cai ve ark., 2021;
Tekinsen ve Ozdemir, 2006) belirttigi gibi mikrobiyal
yukl fazla olan sitlerin peynire donustirilmesi,
Uretimde ¢ig sttilin tercih edilmesi, kullanilan starter

kaltlr  aktivitesinin  yetersiz  olmasi,  sitiin
pastorizasyon sonrasi kontaminasyonu ile Grlinin
islenmesi ve muhafazasi sirasindaki uygun olmayan
sartlardan kaynaklanmis olabilecegini
gostermektedir.

Gida kaynakh S. aureus suslan genellikle gesitli
antibiyotik tiplerine direnglidir (Dehkordi ve ark.,
2017). Stafilokok enfeksiyonlarinin sagaltiminda en
onemli problem, penisilin baglayan proteinlerdeki
degisikliklere bagh olarak ortaya c¢ikan metisilin
direncidir. Metisilin direnci, mecA geni tarafindan
kodlanan penisilin  baglayan proteinin  2a/2
(PBP2a/PBP2) Uretimi sonucu ortaya c¢ikmaktadir
(Ozel ve ark., 2011). Hayvansal ve beseri kaynaklh
MRSA suslarinin, direng potansiyeli yliksek yeni
suslarin ortaya ¢ikmasinda 6nemli bir rezervuar
oldugu dustiniimektedir (Dehkordi ve ark., 2017).
MRSA suslarinin gidalarda bulunmasi, etkenin halk
saghgi bakimindan 6nem arz ettigini gostermektedir.
Bu calismada, izole edilen 52 adet S. aureus izolatinin
%11.5’inde (6/52) metisilin direnci tespit edildi. Yuicel
ve Anil, 2011, 90 peynir 6rneginden elde edilen 79
koaglilaz pozitif izolatin 9‘unda (%11.3), fenotipik
olarak metisilin direnci saptamiglardir. Ozpinar
(2011), 100 adet tulum peyniri numunesinden izole
edilen S. aureus izolatlarinin %14.7’sinde oksasilin ve
metisilin direngliligini bildirmistir. Urfa peynirlerinde
yapilan bir baska arastirmada, %31.25 oraninda
MRSA tespit edilmistir (Bingdl ve Togay, 2017).
Papadopoulos ve ark. (2018) birbirinden farkli
numune tirlerinden 367 6rnegin 212'sinden (%57.8)
S. aureus izole etmis ve S. aureus izolatlarinin 21'ini
(%3,8) antimikrobiyal direnglerine gére olasi MRSA
olarak tanimlamislardir. MRSA; polistiren, paslanmaz
celik, cam, seramik ve diger gida sektériinde yaygin
olarak kullanilan farkh ylzeylere yapisabilir ve
biyofilm olusturabilir (Rodriguez-Lazaro ve ark.,
2018). Bu durum halk saghg icin endise kaynagi
olusturmakta ve iretimde hijyenin dnemini ortaya
koymaktadir.

Vankomisin, metisiline direngli ve duyarh S.
aureus suslarinda son c¢are olarak kullanilir ve bu
sebeple S. aureus bu antibiyotige karsi yaygin bir
diren¢g gosterememistir. Fakat nadiren de olsa,
vankomisine direngli S. aureus (VRSA) suslari
gorulmekte ve izole edilmektedir. Spanu ve ark.
(2014), cig koyun siitinden elde edilmis peynirlerde
yaptiklari bir arastirmada 150 S. aureus izolatinin hig
birinde vankomisin direncini tespit edemedigini
bildirmistir. Can ve Celik (2012), 200 peynir
orneginden izole edilen 19 koagulaz pozitif stafilokok
susunun vankomisin, gentamisin ve imipenem’e
duyarli  oldugunu bildirmistir. Benzer amagla
yuratilen c¢alhisma bulgularina benzer sekilde bu
arastirmada izole edilen S. aureus suslarinin hig
birinde vankomisin direngliligi tespit edilmemistir.

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Say: 1 69



Harran Univ Vet Fak Derg, 2022; 11 (1): 066-072

Arastirma Makalesi

Sit ve sit Urlinlerinde ¢ok sayida antibiyotige
direncli S. aureus suslarinin varhgi bircok arastirmada
belirtilmistir (Papadopoulos ve ark., 2018; Cai ve ark.,
2021; Prabakusuma ve ark., 2022). Bu galismada
izolatlarin %40.4°1 (21/52) eritromisine, %19,2’si ise
(10/52) hem eritromisin hem de klindamisine
direncgli bulunmustur. Ayrica izole edilen suslarin
%6’s1 (3/52) metisilin, eritromisin ve klindamisin’e
coklu direng gostermistir. Buna gbére MRSA
suslarindan yapisal dirence sahip olanlarin orani %50
(3/6) bulunmustur. Tim MRSA suslarindan %16.7’si
(1/6) induklenebilir klindamisin direnci géstermistir.
Metisilin direncinin olmadigi suslardan 15,3’l (7/46)
yapisal tipte eritromisin ve klindamisine direng
gostermistir. Ayni zamanda bu suslardan %13’0
(6/46) induklenebilir klindamisin direnci
gbstermistir. Caive ark. (2021), kazak peynirlerinden
izole edilen S. aureus suslarinin %27.4’tinde (17/62)
eritromisin direnci, %22.6’sinda (14/62) klindamisin
direnci tespit etmis, ayni zamanda %27.4 (17/62)
oraninda 3 veya daha fazla antibiyotik direnci
belirlemislerdir. Normano ve ark. (2007), sit ve sut
Urunlerinden izole ettikleri 6 MRSA’dan hig birinde
eritromisin ~ ve  klindamisin  direnci  tespit
etmemislerdir. Prabakusuma ve ark. (2022), Rubing
ve Rushan peynirinden izole edilen S. aureus
izolatlarinin  %34.8’inde (8/23) eritromisin direnci,
%21.7’sinde  (5/23) klindamisin direnci tespit
etmislerdir. Bununla birlikte %17.4’iinde (4/23) hem
eritromisin  hem de klindamisin direnci tespit
edildigini bildirmiglerdir. Yapilan literatiir taramalari
ve bu arastirma farkh oranlarda g¢oklu antibiyotik
direnci gosteren S. aureus’un st ve sit Uriinlerinde
bulunabilecegini gostermektedir. Bunlara ek olarak
indiiklenebilir ~ klindamisin  direnci S. aureus
enfeksiyonlarinda hem veteriner hem de beseri
hekimlikte tedavi icin 6nemlidir (Li longping ve ark.,
2015; Ziyade ve ark., 2015). Bu arastirma
indiiklenebilir klindamisin direnci olan S. aureus
suslarinin peynir numunelerinde mevcut
olabilecegini gostermektedir.

Sonug¢ olarak hizla artan diinya nifusuyla
paralel  bicimde gida  kaynakh  antibiyotik
direngliliginin nifusun biyik ¢ogunlugunu etkiliyor
olmasi, Uretim ve satig agamalarinda olasi tehlikelere
maruziyetin  engellenmesi  veya minimuma
indirilmesi amaciyla alinacak tedbirlerin 6nemini
artirmaktadir. Yapilan calismada halk pazarlarinda
satisa sunulan peynirlerde ¢oklu antibiyotik
direncliligi olan S. aureus suslari tespit edilmistir.
Peynirlerde MRSA prevalansini  dugsirmek ve
onlemek adina, Gretimde kullanilacak siitlerin saglikh
hayvanlardan temin edilmesi, sagimdan Uretim
prosesinin son asamasina kadar belirlenen hijyen
kurallarina  uyulmasi  gerekmektedir. Bunlarin
yaninda, acikta, denetimsiz ve kontrolsiz bir sekilde

yapilan peynir satisinin engellenmesi gerektigi
disinilmektedir.

Cikar ¢catismasi

Yazarlar bu yazl igin gercek, potansiyel veya
algilanan  ¢ikar  gatismasi  olmadigini  beyan
etmislerdir.

Etik izin

Bu calisma icin etik kurul iznine gerek olmagi,
ayrica yazarlar Arastirma ve Yayin Etigine uydugunu
beyan etmislerdir.

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yiklenen
raporda belirtildigi gibi % 15 oldugunu beyan ederiz.
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Abstract: This study was conducted to investigate the pathomorphology of damage in liver tissues of ruminants infected
with liver flukes and the role of syndecan-1 protein in this damage. In the study, liver tissue samples from 62 ruminants
with liver parasites were used. Histopathological examination of these tissues was performed using hematoxylin-eosin
staining. An immunohistochemical staining procedure was performed through the streptavidin-biotin-peroxidase (ABC)
method to determine the syndecan-1 protein. Upon the macroscopic examination, congestion, hemorrhage, necrosis, and
fibrosis were observed in infected livers. Hemorrhage, inflammation, degeneration, necrosis, and hyperplasia of the bile
ducts were observed in severe liver sections upon microscopic examination. Syndecan-1 protein immunohistochemically
exhibited a strong immunopositive reaction in infected liver tissues. This study concluded that the release of syndecan-1
protein increased liver damage induced by liver flukes.

Keywords: Immunohistochemistry, Liver, Small ruminant, Syndecan-1.

Karaciger Kelebekleriyle Dogal Enfekte Kiigiik Ruminant Karacigerlerinde Sindekan-1 Saliniminin
immunohistokimyasal Olarak Degerlendirilmesi

Ozet: Bu calismada karaciger kelebekleri ile enfekte olan ruminnatlara ait karaciger dokularinda meydana gelen hasarin
patolomorfolojisi ve bu hasarda sindekan-1 proteinin roll arastirildi. Calismada karaciger paraziti tespit edilen 62 ruminnata
ait karaciger doku 6rnegi kullanildi. Elde edilen dokularda histopatolojik inceleme amaciyla hematoksilen eosin boyamasi
yapildi. Sindekan-1 proteinin belilenmesi amaciyla streptavidin-biotin-peroksidaz (ABC) yéntemiyle immunohistokimyasal
boyamalar yapildi. Makroskobik incelmede enfekte karacigerlerde konjesyon, kanama, nekroz ve fibrozis goruldi.
Mikroskobik incelmede ise siddetli karaciger kesitlerinde kanama, inflamasyon, dejenerasyon, nekroz ve safra kanallarinda
hiperplazi gézlendi. immunohistokimyasal olarak enfekte karaciger dokularinda sindekan-1 proteinin siddetli immunopozitif
reaksiyon verdigi tespit edildi. Bu calisma sonucunda karaciger kelebeklerinin neden oldugu karaciger hasarinda sindekan-1
proteinin saliniminin arttigi belirlenmistir.

Anahtar Kelimeler: imnmunohistokimya, Karaciger, Kiigiik ruminant, Sindekan-1.

Introduction

Liver fluke infections, also called fasciolosis or
distomatosis, are parasitic zoonotic diseases
prevalent in many species across the world. It
produces significant economic losses since it causes
weight loss, reduction in milk yield, susceptibility to
bacterial illnesses, and especially morbidity and
mortality in ruminants (Boray et al., 2017; Kaplan et
al., 2001; Mas-Coma et al., 2009; Schweizer et al.,
2005; Slifko et al., 2000). The disease is caused by
the gastrointestinal trematodes Fasciola spp
(Fasciola  hepatica, Fasciola gigantica) and
Dicrocoelium dendriticum (D. dentriticum). Drinking
water contaminated with the feces of infected
animals or eating aquatic plants with parasitic
metacercaria cause infection. Young parasites
developing in the metacercariae in the intestines
migrate through the peritoneum to the liver and
bile ducts, where they mature. During migration,

these parasites in the liver and bile ducts cause
significant hemorrhage, necrosis, and fibrosis in the
liver (Dar et al., 2018; Khan et al., 2015; Mendes et
al., 2012; Okoye et al., 2015: Talukder et al., 2010;
Xia et al., 2015).

Syndecans are cell surface proteoglycans with
a transmembrane domain, a C-terminal cytoplasmic
intracellular domain, and an extracellular domain
containing a core protein and bound to
glycosaminoglycan (GAG) chains. Proteoglycans are
located as hydrogels in the extracellular matrix
(ECM) and enable the tissue to acquire mechanical
strength (Roskams et al., 1996; Zvibel et al., 2009).
These proteins are family members of four distinct
genes (Syndecan 1, Syndecan 2, Syndecan 3, and
Syndecan 4), each of which has different GAG
chains and exhibits tissue-specific release. Syndecan
1 is a heparan sulfate proteoglycan (HSPG) released
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primarily from the basolateral surface of liver cells
and functions as a receptor of triacylglycerol-rich
lipoproteins (TRLs) in the liver. It binds heparin
sulfate in the extracellular structure and provides
cell-cell and cell-matrix interaction as a cell surface
protein. They have different functions, including co-
receptor roles in chemokines and growth factors,
and cellular migration and proliferation. Recent
studies have reported that they have a role in liver
cirrhosis, chronic cholestatic liver disease, bile duct
proliferation, liver  malfunction, and liver
pathologies such as hepatocellular carcinoma
(Hayashida et al., 2008; Matsumoto et al., 1997;
Nam et al., 2017; Regos et al., 2020). This study
aims investigates the role of the Syndecan-1 gene in
liver damage induced by liver flukes, which are
prevalent in ruminants.

Material and Methods

Sample Collection: The liver tissues of 62
ruminants with liver fluke were used in this study.
The tissue samples were fixed in neutral (Ph-7.0)
formaldehyde for histopathological and
immunohistochemical analyses. Healthy liver
tissues from the slaughterhouse were used as the
control group. All stages of the study were carried
out with the approval of the national ethics
committee and under the supervision of the local
ethics commission (Approval No: 2022/001-01.11).

Histopathological Analysis: Tissue samples
were fixed in 10% neutral buffered formalin (pH
7.2-7.4) and taken for a routine pathology process.
The tissue sections were passed through the xylol
and alcohol series and stained with Hematoxylin
and Eosin (HE). Samples were examined under a
light microscope (Olympus DP-73, Olympus BX53-
DIC microscope; Tokyo, Japan).

Immunohistochemical Staining: Formalin-fixed
paraffin-embedded  sections, performed on
standard streptavidin biotin peroxidase complex
(ABC) technique protocol (Zymed, Histostain Plus
Kit, California, USA), after deparaffinization and
rehydration procedures. The section was pre-
treated using heat-mediated antigen retrieval with
sodium citrate buffer (pH 6.0) for 20 mins. The
sections were incubated with Syndecan-1 (DL-101,
sc-12765, Santa Cruz, USA), diluted as 1:50
overnight at 4 °C. A goat anti-rabbit biotinylated
secondary antibody was used to detect the primary
antibody and visualized using an HRP conjugated
ABC system. Diaminobenzidine (DAB,
Dako/Denmark) was used as chromogen. Finally,
the section was stained with hematoxylin for
counterstain.

Results

Identification of Parasite Species: The
detected parasites’ species were identified based
on their morphological structures and adult or
immature forms of Fasciola hepatica, Fasciola
gigantica, and D. dentriticum defined.

Macroscopic Findings: In the necropsy of the
cadavers brought with suspicion of endoparasite,
yellow contents ranging from 100-400 ml were
observed in their abdominal cavity. Fibrin particles
were found on the liver and in the abdominal cavity
in some cases. It was remarkable that livers with
fasciolosis were larger than usual and congested.
Their surfaces include large areas of pale necrotic
foci. The parasite migration routes in the shape of
strips were bleeding. Around these sites, oedema
and severe hyperaemia were observed. Fibrosis was
noteworthy in some areas. There were severe
hemorrhagic regions and necrosis and fibrosis in the
parenchyma on the section surface. In some
hamorrhage regions, parasitic forms were observed.
In all the cases, the fullness of the gall bladder has
drawn attention. Bile was found to be viscous with
a blackish color. The bile ducts were dilated, and
some cases encountered parasitic forms were in the
duct.

Microscopic Findings: It was remarkable that
there were large hemorrhage regions in the liver
tissues  where  parasites were  detected.
Inflammatory cell reactions involving many
neutrophils, leukocytes, eosinophils, lymphocytes,
and macrophages were observed around these
hemorrhage sites. Additionally, multinucleated
giant cells were identified among these cells.
Hemosiderin pigment was detected in some
macrophage cytoplasms. The remark cords were
enlarged and filled with erythrocytes and had an
irregular shape. Some hepatocyte cytoplasms
locally had bile-colored pigments. In some
hepatocytes, degenerative alterations were
observed upon cytoplasmic vacuolization. Parasitic
forms drew attention in some locations. However, it
was pointed out that large areas of connective
tissue were grown resulting from the destruction
caused by the migration of the parasite in a
significant part of the liver (Figure 1a, 1b).

It was immunohistochemically observed that
syndecan-1 gave a mild cytoplasmic reaction in
hepatocytes around the parasite migration routes
with hemorrhage. Likewise, hepatocytes with
degeneration and necrosis were slightly positive.
Also, hepatocytes in areas where fibrosis was
formed exhibited a more severe immune reaction.
The staining had a granular structure and
concentrated mainly at the sites close to the cell
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Figure 1. a) Immature fluke (asterisk) producing hemorrhage and necrosis (stars) and irregular proliferation of bile ductuli (arrow).
b) Fibrosis and inflammatory response (asterisk) producing necrosis (star), HE. c) In control liver tissue mild immunpositive cells,
ABC, DAB chromogen. d) Severe positive reaction of syndecan-1 in infected liver, ABC, DAB chromogen.

membrane. On the other hand, liver tissues from
healthy animals utilized as a control group showed
a mild reaction (Figure 1c, 1d).

Discussion and Conclusion

The studies on liver fluke parasites have
revealed that they are common in many parts of the
world, particularly in ruminants. The fight against
this parasite results in significant economic losses
(Schweizer et al., 2005; Slifko et al., 2000). These
parasites, in particular, settle in the liver and cause
mechanical and toxic damage to the organ,
impairing vital functions. This liver damage causes
the chemical mediators to release. These mediators
result in the formation of inflammation and
immune response. However, parasites that settle
the liver migrate in the liver parenchyma and bile
ducts and cause damage to the liver, including
hemorrhage and necrosis (Dar et al., 2018; Khan et
al., 2015; Talukder et al., 2010; Xia et al., 2015). The
study by Dar et al. (2018) reported severe necrosis
and fibrosis in liver tissues due to fasciolosis. In
their study, Mendes et al. (2012) identified necrosis
in acute hemorrhage and active granulomatous

sites. Rahko (1969) examined the parasite's early
and late pathological damage in the liver tissue and
concluded that it resulted in cirrhosis due to
hemorrhage and macrophage proliferation in the
early period. They determined in the same study
that thrombosis occurred in the blood veins of the
parasite migration routes. The study by Oyarzin-
Ruiz et al. (2014) identified hyperplasia and
hypertrophy in the bile ducts and inflammation in
some bile ducts. In the same study, they detected
fibrosis and granulomatous response in the liver
parenchyma.. Al-Khafaji et al. (2020) detected
hemorrhage cholangitis, and pericholangitis
associated with fibrosis caused by adult parasite
migration in the liver parenchyma. In their study on
goats, Talukder et al. (2010) observed fatty
alterations with atrophy in infected liver tissues. In
their study on cattle, Okoye et al. (2015) identified
degeneration in infected liver cell walls and
deformation in the nucleus. Belina et al. (2015)
reported that fat necrosis, multifocal necrosis,
inflammation in the bile ducts, cholangitis,
pyogranulation, and fibrosis and cirrhosis in the
portal areas histopathologically formed in the liver
tissues. These damages in the liver affected the
body’s biochemical values, resulting in systemic
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infections. Deger et al. (2008) compared the
oxidant/antioxidant values in the liver tissues of
healthy and infected animals. In their study, they
determined that the MDA concentration and GPx
activity in the liver tissues of animals infected with
liver flukes were much higher than those in the
control group. However, in the infected group, the
Cu, Zn-SOD, CAT activities, and GSH, vitamin C
concentrations were significantly lower. The same
study reported that ALT and AST serum activities
were extremely high in the infected group in the
blood biochemical evaluation. In their similar study,
Kitila and Megersa (2014) biochemically determined
that serum ALT, AST, and ALP values increased in
parallel with the severity of pathological damage.
The pathomorphology of liver tissues infected with
live fluke was evaluated in this study. The findings
of the study are compatible with previous studies.
Pathological findings of acute inflammation and
hemorrhage were observed, particularly in the early
phase of infection. Fibrosis was prevalent in the late
infection phase, along with the findings on chronic
inflammation.

Syndecan-1 enables cell-cell and cell-matrix
interactions by being released by many epithelial
cells, particularly hepatocytes. These genes have
been found in metabolic disorders such as
infectious, fibrotic, and diabetes. Recent studies
have reported that they have a role in liver
pathologies, such as cirrhosis, infectious diseases,
and different liver cancers (Roskams et al., 1996;
Zvibel et al., 2009). Li et al. (2016) observed that
syndecan-1 release increased in liver damage
caused by ischemia-reperfusion in liver tissue in rats
experimentally induced hepatic ischemia-
reperfusion model. Matsumoto et al. (1997)
investigated the release of syndecan-1 in the liver
tissue of 57 HCC patients by immunohistochemistry
and protein expression methods. Their study
determined that the immunopositive reaction was
histopathologically more severe in cases diagnosed
with well-differentiated HCC than less differentiated
HCC tissues. In the same study, they observed a
widespread positive reaction in hepatocytes and
bile duct epithelial cells in cases with HCC
developing with hepatitis. Metwaly et al. (2012)
determined that the serum syndecan-1 level
elevated considerably in patients with cirrhosis, and
this increase was positively correlated with ALT and
AST values. Zvibel et al. (2009) determined that
syndecan-1 levels were significantly higher,
particularly in patients with hepatitis and cirrhosis
than healthy individuals. Roskams et al. (1996)
determined the presence of syndecan-1 positivity in
chronic cholestatic liver disease. Regos et al. (2020)
conducted a study on tissue samples taken from
patients with various liver disorders and

determined that syndecan-1 was significantly
immunopositive around hepatocytes and on
proliferating bile duct surfaces in the cirrhotic liver.
On the other hand, some researchers reported in
their experimental studies that inflammatory
response and tissue damage were more severe
depending on the syndecan-1 deficiency. Hayashida
et al. (2008) observed that in experimentally
induced infectious toxic shock, mortality rates were
higher in Sdcl7/ (syndecan-1-negative) rats than in
normal rats and that liver tissue damage was severe
along with vascular permeability. The same study
reported that TNF-alpha and IL-6 significantly
increased during the inflammatory response, and
the inflammatory response got delayed. Nam et al.
(2017) also determined that in Sdcl?/ rats with
acetaminophen-induced liver damage, the mortality
rate due to toxicity were higher, the serum ALT and
AST levels elevated significantly, and
histomorphologically, necrosis and apoptosis in the
liver were more pronounced compared to normal
rats. However, in the same study, they determined
that treatment of syndecan-1 reduced serum ALT
levels and histomorphological damage in these rats,
and syndecan-1 had a role in liver tissue repair. The
present study revealed that Syndecan-1 release was
severe in fluke-induced liver damage, particularly in
cases with late symptoms, fibrosis, and bile duct
proliferation. Additionally, immunopositive
reactions were found in the hepatocyte cytoplasms
in areas with acute inflammatory reactions.
Syndecan-1 positivity, on the other hand, was weak
in areas with severe hemorrhage and necrosis.
Based on the findings of this study, it was concluded
that syndecan-1 release increased in liver damage
induced by liver flukes, and these proteins might
have a role in that damage. However, we believe
that more comprehensive related studies would
clarify the pathogenesis of the damage caused by
liver flukes.

Acknowledgments
The author would like to thank Prof.Dr.
Mehtap Gul ALTAS ATIG for contributing to

parasitological procedures during the study.

Conflict of Interest

The authors stated that they did not have
anyreal, potential or perceived conflict of interest.

Ethical Approval

The authors declared that Research and
Publication Ethical rules were followed.

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Say: 1 76



Harran Univ Vet Fak Derg, 2022; 11 (1): 073-077

Research Article

Similarity Rate

We declare that the similarity rate of the
article is 10% as stated in the report uploaded to
the system.

Author Contributions

Motivation / Concept: NY

Design: NY

Control/Supervision: NY

Data Collection and / or Processing: NY, KF
Analysis and / or Interpretation: NY, KF
Literature Review: NY, KF

Writing the Article: NY, KF

Critical Review: NY, KF

References

Al-khafaji MA, et al., 2020: A retrospective survey with
post mortem examination of liver fukes and lung
hydatidosis in livestock in Babil, /rag Plant Archives,
20 (2), 4537-4543.

Belina D, Demissie T, Ashenafi H, Tadesse A, 2015:
Comparative pathological study of liver fluke
infection in ruminants. Indian J Vet Pathol, 39 (2),
113-120.

Boray JC, 2017: Liver fluke disease in sheep and cattle.
Primefact 446. In: Hutchinson, G.W., Love, S. (Eds.),
NSW Depart Prim Indust, 1-14.

Dar JS, Tak IR, Ganai BA, Shahardar RA, Gazanfar K, 2018:
Gross pathological and histopathological changes in
the liver and bile duct of Sheep with acute and
chronic fasciolosis. Int J Adv Res Sci Engg, 7 (4),
2031-2044.

Deger Y, et al., 2008: Lipid peroxidation and antioxidant
potential of sheep liver infected naturally with
distomatosis. Ttirkiye Parazitol Derg, 32 (1), 23-26.

Hayashida K, Chen Y, Bartlett AH, Park PW, 2008:
Syndecan-1 is an in vivo suppressor of Gram-positive
toxic shock. J Biol Chem, 283, 19895-19903.

Kaplan RM, 2001: Fasciola hepatica: a review of the
economic impact in cattle and considerations for
control. Vet Ther, 2, 40-50.

Khan SA, Muhammad S, Khan MM, Khan MT, 2015: Study
on the prevalence and gross pathology of liver fluke
infestation in sheep in and around Quetta District
Pakistan. Adv Anim Vet Sci, 3 (3), 151-155.

Kitila, DB, Megersa YC, 2014: Pathological and serum
biochemical study of liver fluke infection in
ruminants slaughtered at ELFORA Export Abattoir,
Bishoftu, Ethiopia. Global J Med Res, 14, 6-20.

LiJ, Yuan T, Zhao X, Lv GY, Liu HQ, 2016. Protective effects
of sevoflurane in hepatic ischemia-reperfusion
injury. Int J Immunopathol Pharmacol, 29 (2), 300-
307.

Mas-Coma S, Valero MA, Bargues MD, 2009: Fasciola,
lymnaeids and human fascioliasis, with a global
overview on disease transmission, epidemiology,
evolutionary genetics, molecular epidemiology and
control. Adv Parasitol, 69, 41-146.

Matsumoto A, Ono M, Fujimoto Y, Gallo RL, Bernfield M,
Kohgo Y, 1997: Reduced expression of syndecan-1 in
human hepatocellular carcinoma with high
metastatic potential. Int J Cancer, 74, 482-491.

Mendes EA, Vasconcelos AC, Lima WDS, 2012:
Histopathology of Fasciola hepatica infection in
Merionesunguiculatus. Rev Patol Trop, 41 (1), 55-62.

Metwaly HA, Al-Gayyar MM, Eletreby S, Ebrahim MA, EI-
Shishtawy MM, 2012: Relevance of serum levels of
interleukin-6 and syndecan-1 in patients with
hepatocellular carcinoma. Sci Pharm, 80, 179-188.

Nam EJ, Hayashida K, Aquino RS, Couchman JR, Kozar RA,
Liu J, Park PW, 2017: Syndecan-1 limits the
progression of liver injury and promotes liver repair
in acetaminophen-induced liver injury in mice.
Hepatology, 66 (5), 1601-1615.

Okoye IC, Egbu FMI, Ubachukwu PO, Obiezue NR, 2015:
Liver histopathology in bovine Fascioliasis. Afr J
Biotechnol, 14 (33), 2576-2582.

Oyarzun-Ruiz, Pablo, et al.,, 2014: Histopathological
findings of Fasciola hepatica infection in non-native
European hare (Lepus europaeus) in Southern Chile.
Rev Bras Parasitol Vet, 28, 145-150.

Rahko T, 1969: The pathology of natural Fasciola hepatica
infection in cattle. Pathol Vet, 6 (3), 244-256.

Regos E, Kardszi K, Reszegi A, Kiss A, Schaff Z, Baghy K,
Kovalszky 1, 2020: Syndecan-1 in liver diseases.
Pathol Oncol Res, 26 (2), 813-819.

Roskams T, Rosenbaum J, De Vos RITA, David G, Desmet
V, 1996: Heparan sulfate proteoglycan expression in
chronic  cholestatic  human liver diseases.
Hepatology, 24 (3), 524-532.

Schweizer G, Braun U, Deplazes P, Torgerson PR, 2005:
Estimating the financial losses due to bovine
fasciolosis in Switzerland. Vet Rec, 157, 188-193.

Slifko TR, Smith HV, Rose JB, 2000: Emerging parasite
zoonoses associated with water and food. Int J
Parasitol, 30, 1379-93.

Talukder S, et al., 2010: Pathological investigation of liver
fluke infection of slaughtered black Bengal goat in a
selected area of Bangladesh. Bangladesh J Vet Med,
8 (1), 35-40.

Xia J, Jiang S-c, Peng HJ, 2015: Association between Liver
Fluke Infection and Hepatobiliary Pathological
Changes: A Systematic Review and Meta-Analysis.
PLoS ONE, 10 (7), e0132673.

Zvibel |, Halfon P, Fishman S, Penaranda G, Leshno M, Or
AB, Halpern Z, Oren R 2009: Syndecan 1 (CD138)
serum levels: a novel biomarker in predicting liver
fibrosis stage in patients with hepatitis C. Liver Int,
29, 208-212.

*Correspondence: Nihat YUMUSAK

Department of Pathology, Faculty of Veterinary Medicine,
University of Harran, Sanliurfa, Turkey

e-mail: nihatyumusak@harran.edu.tr

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Say: 1 77



Harran Univ Vet Fak Derg, 2022; 11 (1): 078-083 Research Article

DOI:10.31196/huvfd.1084733

Investigating Relationships between Catalase, Reduced Glutathione,
Malondialdehyde, Vitamin C, and Total Protein Levels in Simmental Cow’s
Milk and Milk Cells

Filiz KAZAK"*" Pinar COSKUN™*

1Hatay Mustafa Kemal University, Faculty of Veterinary Medicine, Department of Biochemistry, Hatay, Turkey.
aORCID: 0000-0002-9065-394X; PORCID: 0000-0002-6991-3727.

Gelis Tarihi: 08.03.2022 Kabul Tarihi: 25.04.2022

Abstract: In this study, to evaluate some antioxidant parameters of Simmental dairy cow’s milk and milk cells, the catalase
(CAT), reduced glutathione (GSH), malondialdehyde (MDA), vitamin C (Vit C), and total protein (TP) were determined, and
correlations between these parameters were revealed. The milk samples, collected from 28 clinically healthy cows from a
private farm, were tested by CMT. Furthermore, CMT negative samples were included in the study. Briefly, milk cells were
isolated from 15 mL of milk by centrifugation, and then they were sonicated. Milk and milk cell CAT activities, GSH, MDA, Vit
C, and TP levels were determined by spectrophotometric methods. TP levels were 0.043 + 0.008 mg in milk cell of 1 mL milk
and 34.28 + 0.656 mg/mL in milk. GSH levels were 21.19 + 1.834 nmol/mg protein in milk cells and 25.78 + 3.054 nmol/mL in
milk. CAT activities were 0.13 £+ 0.017 U/mg protein in milk cells and 2.391 £ 0.277 U/mL in milk. MDA levels were 2.27 + 0.180
nmol/mL and Vit C levels were 68.89 + 4.226 pg/mL in milk. As regards correlations: Milk cell GSH and milk GSH levels were
negatively correlated with milk cell TP levels (p<0.01). Milk cell GSH levels were positively correlated with milk GSH levels
(p<0.05). Milk Vit C levels were positively correlated with milk TP levels (p<0.01). Although it was weak, there was a positive
correlation between milk CAT activities and milk Vit C levels (p=0.05). In conclusion, some biochemical parameters (CAT, GSH,
MDA, Vit C, and TP) of Simmental cow’s milk and milk cells were evaluated and discussed in the present study. It is thought
that udder health will be positively affected by increasing the antioxidant capacity of milk cells.

Keywords: CAT, GSH, MDA, Simmental milk cell, Vit C.

Simental inek Siitii ve Siit Hiicrelerinde Katalaz, indirgenmis Glutatyon, Malondialdehit, Vitamin C
ve Total Protein Diizeyleri Arasindaki iliskilerin Arastiriimasi

Ozet: Bu calismada, Simmental inek siitii ve siit hiicrelerinin bazi antioksidan parametreleri, katalaz (CAT) aktiviteleri,
indirgenmis glutatyon (GSH), malondialdehit (MDA), vitamin C (Vit C) ve total protein diizeylerinin belirlenmesi ve bu
parametreler arasindaki korelasyonlarin ortaya gikariimasi amaglanmistir. Ozel bir ciftlikten klinik olarak saglikli 28 inekten
toplanan sit érnekleri (her biri 15 mL), California Mastitis Testi (CMT) ile test edilmis ve CMT negatif 6rnekler calismaya dahil
edilmistir. Kisaca, st hicreleri santrifijleme ile 15 mL sltten izole edildi ve ardindan sonikasyona tabi tutuldu. Sit ve sit
hicresi CAT aktiviteleri, GSH, MDA, Vit C ve TP seviyeleri spektrofotometrik yontemlerle belirlendi. TP seviyeleri 1 mL sitiin
sut hicresinde 0.043 + 0.008 mg ve sitte 34.28 + 0.656 mg/mL belirlendi. GSH seviyeleri sit hiicrelerinde 21.19 * 1.834
nmol/mg protein, stitte 25.78 £ 3.054 nmol/mL &lguldi. CAT aktiviteleri sut hiicrelerinde 0.13 + 0.017 U/mg protein ve sitte
2.39110.277 U/mL bulundu. Siitte MDA seviyeleri 2.27 £ 0.180 nmol/mlL, Vit C seviyeleri siitte 68.89 + 4.226 ug/mL belirlendi.
Korelasyonlar agisindan: Sit hiicresi GSH ve siit GSH seviyeleri, stt hicresi TP diizeyleri ile negatif korelasyon gosterdi
(p<0.01). SUt hiicresi GSH seviyeleri, sit GSH seviyeleri ile pozitif korelasyon gosterdi (p<0.05). Sut Vit C seviyeleri ile siit TP
seviyeleri arasinda pozitif korelasyon vardi (p<0.01). Zayif olmasina ragmen stt CAT aktiviteleri ile st Vit C dlizeyleri arasinda
pozitif korelasyon vardi (p=0.05). Sonug olarak, sunulan galismada Simmental inek sitl ve st hiicrelerinin bazi biyokimyasal
parametreleri (CAT, GSH, MDA, VitC ve TP) degerlendirildi ve tartisildi. Stt hicrelerinin antioksidan kapasitelerinin
artirilabilmesi sayesinde meme saghginin olumlu etkilenecegi distinilmektedir.

Anahtar Kelimeler: CAT, GSH, MDA, Simmental siit hiicresi, Vit C.

Introduction

Nowadays, it has been mentioned that oxidized
flavor in milk proceeds a common problem affecting
the dairy industry due to its adverse effect on milk
acceptability (Gutierrez et al.,, 2018). Milk is
considered a precious element of a complete diet
and a rich nutrient source including, bioactive
peptides, protein, conjugated linoleic acid, omega-3

fatty acid, vitamins, calcium, and selenium. These
components are available in milk, play an essential
role in physiological activities, and act as anti-cancer,
anti-inflammatory, antimicrobial, and antioxidant
(Khan et al., 2019).

The antioxidant capacity of milk is mainly due to
non-enzymatic antioxidants such as glutathione,
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vitamins (vitamin A, C, E), carotenoids, and also
antioxidant enzymes that include catalase (CAT),
superoxide dismutase (SOD), and glutathione
peroxidase (GPx) (Grazyna et al., 2017; Zivkovic et al.,
2015). Lipid peroxidation negatively affects the
quality of milk. The end products of lipid
peroxidation as a biological lipid (omega-3 and
omega-6 fatty acids) oxidation are reactive
aldehydes, such as malondialdehyde (MDA) (Kapusta
et al., 2018). The presence of antioxidants in milk
may inhibit the free radical mechanism by donating
the proton and thus prevent the onset of
autoxidation (Khan et al., 2019). Reduced
glutathione (GSH), a key component of the
antioxidant system, converts dehydroascorbate to
ascorbate and supports antioxidant defenses and
detoxification (Szarka et al., 2012). Vitamin C (Vit C)
is the primary and most essential water-soluble
antioxidant present in milk that is readily oxidized at
the pH of milk (Zivkovic et al., 2015) and possesses a
strong affinity to scavenge free radicals such as
superoxide, iron oxide, nitric oxide, and alkoxyl
radicals (Gutierrez et al.,, 2018). One of the most
active milk enzymes, CAT, a heme protein, converts
hydrogen peroxide to water and oxygen. Synergistic
interactions among antioxidants impart high
antioxidant potential to milk and efficaciously
protect milk fat against oxidation (Grazyna et al.,
2017). Shortly, milk includes plenty of enzymatic and
non-enzymatic antioxidant compounds (Zivkovic et
al., 2015).

All types of milk contain a specific level of
somatic cells (Hamed et al., 2008). Milk somatic cells
play a protective role opposite to diseases in the
mammary gland (Kehrli and Shuster, 1994). Somatic
cells count in milk changes depending on the calving
season, and also, it is thought that somatic cell count
in milk is a poor indicator of the milk quality
(Khastayeva et al., 2021). Hamed et al. (2008) found
the relationship between milk somatic cell counts
and antioxidant enzymes in bovine milk. Akalin et al.
(2019) determined the antioxidant potential of
Holstein cow milk cells by determining the levels of
antioxidants. Moreover, milk protein is an essential
indicator of milk quality (Khastayeva et al., 2021).
Nevertheless, the oxidant-antioxidant potential of
Simmental cow milk cells by determining the levels
of MDA, Vit C, GSH, and CAT activity has not yet been
fully considered in Simmental cows. The main aim of
the present study was to evaluate MDA levels and
antioxidant capacities of Simmental dairy cow’s milk
and milk cells. Therefore, CAT activity, the levels of
GSH, MDA, Vit C, and total protein (TP) of milk and
milk cells were determined and correlations
between these parameters were evaluated in the
present study.

Material and Methods

Milk samples were collected from 28 clinically
healthy Simmental cows aged between 4 and 5 (in 2.
and 3. lactation period). They were fed in the same
care and nutritional conditions in a private intensive
breeding farm in January in the Hatay region (36° 11'
56" North, 36° 9' 38" East). The commercial feed
used in the farms is mainly corn silage and contains
complementary milk feed, beet pulp, alfalfa hay,
barley flakes, corn flakes, and hay (Table 1). The
nutrient composition of complementary bovine milk
(Simmental special feed, CP 9730, Turkey) feed is
given in Table 2.

Table 1. The foodstuffs of the daily ration.

Foodstuffs Quantity kg/day
Corn silage 14
Complementary milk feed 7

Beet pulp 6

Alfalfa hay(dried) 5.75
Barley flakes 1.5

Corn flakes (69 %starch) 1.5

Hay 1.5

Table 2. The nutrient composition of bovine
complementary milk feed.

Crude protein 19%
Crude ash 7%
Crude cellulose 7%
Crude fat 3.2%
Calcium 1%
Phosphorus 0.7%
Sodium 0.4%
Vitamin A 20.000 IU/kg
Vitamin D3 3.000 IU/kg
Vitamin E 80 mg/kg

Milk samples were collected from the right-
front lobe of clinically healthy udders between 09:00
and10:00 am. During milking, the first 2-3 squeezes
of milk were thrown away after the teat was wiped
with 70% alcohol cotton. The milk samples were
tested by California Mastitis Test (CMT), and CMT
negative samples were included in the study.
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Collected milk samples (15 mL each) were brought to
the biochemistry laboratory in the cold chain and
centrifuged at 2300 rpm for 10 minutes at 4°C. After
centrifugation, skimmed milk (supernatant) was
collected by removing the upper layer of fat with a
scraper and used in the assays. The cell pellet was
washed twice with cold phosphate-buffered saline
(PBS) and centrifuged at 2300 rpm for 10 minutes at
+4°C. Finally, the supernatant was removed, and the
remaining pellet was completed to 1.5 mL with PBS
and sonicated (Bandelin Sonopuls HD 2070,
Germany) (Akalin et al., 2016) for four repetitions of
10 seconds each, with a 30 seconds cooling period
(on ice) between each repetition. By this process,
milk cells in 15 mL of milk were concentrated in 1.5
mL PBS (10 times concentrated). After sonication,
the homogenates were centrifuged at 7500 rpm for
20 minutes at +4°C. Milk cell supernatant was used
for further analysis. Skimmed milk and milk cell CAT
activity, GSH, MDA, Vit C, and TP levels were
determined by spectrophotometric methods (UV
2100 UV-VIS Recording Spectrophotometer
Shimadzu, Japan).

Determination of Total Protein (TP) Levels:
Total protein levels were assayed by Lowry's (1951)
method spectrophotometrically by determining the
absorbance at 700 nm. Bovine serum albumin
(Merck 112018, Germany) was used as a standard.
The results are given as mg/milk cells of 1 mL milk for
milk cell and mg/mL for milk.

Determination of Reduced Glutathione (GSH)
Levels: Reduced glutathione levels were analyzed
according to Ellman’s (1959) method. It is a kinetic
method based on the principle of the reduction of
5.5'-dithiobis (2-nitrobenzoic) acid to
trinitrobenzene by glutathione. The optical density
of the reduced disulfide compound absorbance at
412 nm can be measured by spectrophotometry. The
results are presented as nmol/mg protein for milk
cells and nmol/mL for milk.

Determination of Catalase (CAT) Activities:
Catalase activities were determined using the
method developed by Aebi (1984). Catalase is an
enzyme that dissociates hydrogen peroxide into
molecular oxygen and water. Catalase activities are
usually proportional to the amount of dissociation of
hydrogen peroxide. The activity measurement was
monitored by the decrease in absorption at 240 nm.
The results are presented as U/mg protein for milk
cells and U/mL for milk.

Determination of Malondialdehyde (MDA)
Levels: Malondialdehyde levels were determined
spectrophotometrically according to the method
proposed by Ohkawa et al. (1979). It is based on
spectrophotometric measurement at 532 nm of the
pink complex formed by MDA with TBA, which is the
secondary product of lipid peroxidation, as a result

of incubation of sample in a boiling water bath for
one hour under aerobic conditions and at pH:3.5.
The results are presented as nmol/mL for milk.

Determination of Vitamin C (Vit C) Levels:
Vitamin C levels were calculated according to the
manual spectrophotometric method of Haag (1985).
Ascorbic acid (Vitamin C) is converted to
dehydroascorbic acid with mild oxidizing agents, and
dehydroascorbic  acid slowly  converts to
diketogulonic acid in mild acid solutions.
Dehydroascorbic acid and diketogulonic acid react
with 2.4-dinitrophenylhydrazine (DNPH) to form bis
2.4-dinitrophenylhydrazone. The results are given as
ug/mL for milk.

Statistics: The values obtained were evaluated
by Windows Statistical Package for the Social
Sciences program (IBM SPSS 22 version, USA), and
descriptives (Mean and Standard Error (SE)) were
evaluated. Because some data were not distributed
normally, Spearsman’s correlation was performed
for correlation analysis, and P<0.05 indicated
statistical significance.

Results

Some biochemical parameters in milk cells
(Table 3) and milk (Table 4) were presented. Total
protein levels were 0.04 + 0.008 mg in milk cells of 1
mL milk and 34.28 + 0.656 mg/mL in milk. GSH levels
were 21.19 + 1.834 nmol/mg protein in milk cells and
25.78 + 3.054 nmol/mL in milk. CAT activities were
0.13 £ 0.017 U/mg protein in milk cells and 2.391 +
0.277 U/mL in milk. MDA levels were 2.27 + 0.180
nmol/mL in milk, and Vit C levels were 68.89 + 4.226
pg/mL in milk. MDA and Vit C levels were under the
determination limit in supernatants of milk cells
obtained from 15 mL of milk. Dairy milk yield was
24.61+0.28 L.

Table 3. Some biochemical parameters in Simmental dairy cow’s milk cells.

Parameters Mean SE n

TP (mg/milk cells of 1 mL milk)  0.043 0.008 28
GSH (nmol/mg protein) 21.19 1.83 28
CAT (U/mg protein) 0.13 0.02 28

Table 4. Some biochemical parameters in Simmental dairy cow’s milk.

Parameters Mean SE n

TP (mg/mL) 34.28 0.66 28
GSH (nmol/mL) 25.78 3.05 28
CAT (U/mL) 2.391 0.28 28
Vit C (ug/mL) 68.89 423 28
MDA (nmol/mL)  2.27 0.18 28

TP: Total protein, GSH: Reduced glutathione, CAT: Catalase Vit C: Vitamin C,
MDA: Malondialdehyde.
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The correlations between the biochemical
parameters are presented in Table 5. As regards
correlations: Milk cell GSH (r=-0.684, p<0.01) and
milk GSH (r=-0.487, p<0.01) levels were negatively
correlated with milk cell TP levels. Milk cell GSH
levels were positively correlated with milk GSH levels

(r=0.475, p<0.05). Milk Vit C levels were positively
correlated with milk TP levels (r=0.509, p<0.01).
Although it was weak, there was a positive
correlation between milk CAT activity and milk Vit C
levels (r=0.374, p=0.05).

Table 5. Correlations between the parameters (Spearsman’s correlation test).

Milk Milk cell Milk Milk Cell Milk Milk Milk
TP GSH GSH CAT CAT MDA Vit C
(mg/mL)  (nmol/mg protein) (nmol/mL)  (U/mg protein) (U/mL) (nmol/mL) (ng/mL)
Milk Cell TP (mg/milk
0.150 -0.684** -0.487** -0.256 0.029 0,000 -0.170
cells of 1 mL milk)
Milk TP (mg/mL) 0.040 -0.026 -0.021 0.301 0.094 0.509**
Milk Cell GSH
0.475* 0.289 0.181 0.018 0.174
(nmol/mg protein)
Milk GSH (nmol/mL) 0.112 0.134 0.095 0.083
Milk cell CAT (U/mg
-0.024 0.334 -0.102
protein)
Milk CAT (U/mL) 0.200 0.374*
Milk MDA (nmol/mL) 0.211

TP: Total protein, GSH: Reduced glutathione, CAT: Catalase Vit C: Vitamin C, MDA: Malondialdehyde. *P=0.05, **P<0.01.

Discussion

Milk protein is an essential indicator of the
quality of milk (Khastayeva et al., 2021). Total
protein levels were 34.28 mg/mL in milk in this study.
Studies determining the TP levels of milk cells are
pretty limited. In the study conducted on Holstein
cow milk cells (Akalin et al., 2019), the TP levels were
determined as 0.374 mg/1 mL cell supernatant in the
cell pellet obtained by taking 50 mL of cow milk and
concentrating it into 2 mL PBS. In the present study,
the TP levels were calculated at 0.043 mg/1 mL cell
supernatant in 15 mL milk concentrated with 1.5 mL
PBS. Simmental cow milk was found to be
approximately threefold lower than the levels in
Holstein cow milk. The determination of low total
protein levels in Simmental cow milk cells compared
to Holstein cow milk may be related to the difference
in milk cell components due to some age, lactation
period, and breed properties. Reduced glutathione
(GSH) protects cells against free radicals, reactive
oxygen species, endogenous and exogenous toxic
compounds (Meister and Anderson, 1983). In the
current study, GSH levels were 25.78 +3.05 nmol/mL
in milk. GSH levels (21.19 * 1.83 nmol/mg protein)
were found to be lower than the levels reported for
Holstein cow milk cells (142.16%37.06 nmol/mg
protein) (Akin et al., 2019). Milk cell GSH levels were
positively correlated with milk GSH levels (r=0.475,

p<0.05). No study on the correlation between GSH
levels in milk cells and milk was found in the
literature review. While Akin et al. (2019) reported
no significant correlation of TP levels with GSH levels
in Holstein cow milk cells, in this study milk cell TP
levels were negatively correlated with milk cell GSH
(r=-0.684, p<0.01) and milk GSH (r=-0.487, p<0.01)
levels. There was no literature regarding the relation
between total protein and GSH levels in biological
fluids.

Catalase has been reported to play a central
role in milk redox control (Silanikove et al., 2005).
One of the most active milk enzymes, CAT, a heme
protein, converts hydrogen peroxide to water and
oxygen (Grazyna et al., 2017). In the present study,
CAT activities were 0.13 + 0.017 U/mg protein in milk
cells and 2.39 + 0.28 U/mL in milk. A few studies
(Hamed et al., 2008; Kitchen et al., 1970) reported a
positive correlation between the CAT activity and the
milk somatic cell counts, whereas no relationship
was observed in a study (Phillips and Griffiths, 1987)
between those two parameters.

Vitamin C is a water-soluble vitamin that causes
the reduction of compounds such as molecular
oxygen, nitrate, cytochrome a, and c and is capable
of reacting with free radicals in aqueous
environments. It reacts with superoxide and
hydroxyl radicals and forms the first antioxidant
defence against oxidant agents (Khan et al., 2019). In
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the current study, lactating Simmental cow Vit C
levels (68.89 * 4.23 pug/mL) were found to be higher
than the levels reported for lactating Holstein cows
(23.78%0.55 and 22.87+1.20 pg/mL) (Akalin et al.,
2016; Weiss et al., 2004). In the study conducted on
Holstein cow milk cells (Akalin et al., 2016), the Vit C
levels were determined as 1.18 pg/mL milk cell
obtained by taking 50 mL of cow milk and
concentrating it into 2 mL PBS. Vit C levels were
under the determination limit in supernatants of
milk cells obtained from 15 mL milk Simmental cow
milk and concentrated into 1.5 mL PBS. The
difference in Vit C level determination in Simmental
cow milk cell compared to Holstein cow milk cell may
be related to either amount of milk for measurement
or some properties such as breed.

Milk antioxidants interact effectively by forming
an antioxidant network (Grazyna et al., 2017). We
found a weak positive correlation between milk CAT
activity and milk Vit C levels (r=0.374, p=0.056). The
appearance of ROS in milk initiates enzymatic
protective and repair mechanisms (Grazyna et al.,
2017).  Antioxidants enter into particular
interactions, boosting their activities and supporting
mutual regeneration (Skibsted, 2012). It is thought
that mentioned interactions between CAT and Vit C
can effectively protect milk fat against oxidation and
also diseases in the Simmental dairy cow mammary
gland. Also, milk Vit C levels were positively
correlated with milk TP levels (r=0.509, p<0.01).
Sufficient literature information was not found to
explain the positive correlation between milk Vit C
and TP levels in the study.

Malondialdehyde is the final peroxidation
product of fatty acids with multiple double bonds
found in cell and organelle membranes. Increasing
peroxidation of lipids by free radicals in membranes
causes an increase in MDA levels. Malondialdehyde
and other lipid peroxides can react with DNA or
proteins and disrupt their structure (Gawet et al.,
2004). Lipid peroxidation negatively affects the
quality of milk. The end products of lipid
peroxidation as a biological lipid (omega-3 and
omega-6 fatty acids) oxidation are reactive
aldehydes, such as MDA (Kapusta et al., 2018). In our
previous study (Kazak et al., 2021), goat milk cell
MDA levels were determined as 1.43+0.35 nmol/mg
protein, whereas Simmental milk cell MDA levels
were not determined in this study. This situation may
be because healthy goat milk has a higher number of
somatic cells than cow milk (Podhorecka et al.,
2021). Moreover, no study on MDA levels in cow milk
cells was found in the literature review. In the
present study, milk MDA level was measured as 2.27
+ 0.18 nmol/mL. There was no correlation between
MDA levels and other parameters in the study.

Conclusion

In  conclusion, some of the antioxidant
parameters of Simmental cow milk cells were
evaluated for the first time. This study suggests that
the milk Vit C-milk CAT and milk cell GSH-milk GSH
levels are the essential coherent pathways for
reactive oxygen metabolite neutralization in the milk
of Simmental dairy cows. This study suggested that
revealing the antioxidant potential of Simmental
cow milk may be beneficial to understanding the
Simmental milk cell defense mechanism. It can also
be suggested that increasing the antioxidant
potential of milk cells may protect dairy cows in
terms of breast health. Lastly, further studies are
required to clarify the oxidant-antioxidant
mechanism of milk by revealing the interaction
between the antioxidant capacities of the milk and
milk cells in different dairy bovine species.
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Abstract: This study was carried out to determine the effect of different industrial by-products (pistachio, pomegranate, and
olive) as alternative feed sources for sheep. Fifty-two Awassi sheep aged 3 and 4 years were divided into four groups (n=13
per group) concerning age, birth type, milk yield, and lactation period: basal diet without byproducts (CON) and basal diet
added with either pistachio shell (PIS), pomegranate hull (POM), or olive pulp (OP). By-products were mixed with the total
ration at a rate of 5% and given in the morning and evening feedings. The feeding experiment was continued for 60 days.
Milk yield, milk quality, feed consumption, and biochemical parameters such as urea, creatine, triglyceride, total bilirubin,
and albumin were determined at 30-day intervals from the beginning of the study. Tukey multiple comparison test was used
to compare the research groups. There was no treatment effect on feed consumption. The highest milk yield was measured
in sheep fed the POM diet in all periods (the first, second, and third-period means were 1143+111, 9674127, and 7854112 gr,
respectively). Milk yield for other groups was similar. At the end of the study, the fat ratio in the CON, PIS, POM, and OP
groups were determined to be 6.11+0.30%, 6.25+0.36%, 5.61+0.42%, and 5.97+0.48%, respectively. Protein values were
determined as 6.34+0.16%, 6.26%+0.27%, 6.06%+0.23%, and 6.39+0.19% in the same order. There was no statistically
significant difference between CON, PIS, POM, and OP groups regarding biochemical parameters. In conclusion, sheep ration
can contain PIS, POM, and OP up to 5% as alternative feed sources.

Keywords: Food waste, Olive pulp, Pistachio shell, Pomegranate hull, Sheep milk quality.

Koyunlarda Fistik Kabugu, Nar Kabugu ve Zeytin Pirinasi ile Beslemenin Siit Verimi, Sit Kalitesi ve
Bazi Kan Biyokimyasal Parametreleri Uzerine Etkisi

Ozet: Bu calisma, farkli endiistriyel yan driinlerin (fistik, nar ve zeytin) koyunlarda alternatif yem kaynaklari olarak etkisini
belirlemek amaciyla yapiimistir. Arastirmada 3 ve 4 yash 52 bas (her grup igin n=13) ivesi irki koyun ilave yan iiriin icermeyen
bazal diyet (CON), fistik kabugu (P1S), nar kabugu (POM) ve zeytin pirinasi (OP) iceren rasyonlarla beslendi. Yan trlnler toplam
rasyona %5 oraninda karistirilarak sabah ve aksam yemlemesinde verilmistir. Yem denemesine 60 giin boyunca devam
edilmistir. Sut verimi, sUt kalitesi, yem tlketimi ve Ure, kreatin, trigliserit, total bilirubin, alblimin gibi biyokimyasal
parametreler calismanin baslangicindan itibaren 30 glnllk araliklarla belirlenmistir. Arastirma gruplarinin karsilastiriimasinda
Tukey ¢oklu karsilastirma testi kullaniimistir. Yem tiiketimi bakimindan gruplar arasinda énemli bir farklilik olusmamistir. St
verimi bakimindan en yiiksek degerler POM grubunda tespit edilmistir (birinci, ikinci ve Gglincl periyotta sirasiyla 1143+111,
967+127 ve 7851112 gr). Siit verimi bakimindan gruplarda birbirine benzer degerler saptanmistir. Calisma sonunda CON, PIS,
POM ve OP gruplarindaki yag orani sirasiyla %6.11+0.30, %6.2510.36, %5.61+0.42 ve %5.97+0.48 olarak belirlendi. Protein
degerleri ayni sirayla %6.34+0.16, %6.26+0.27, %6.0610.23 ve %6.39+0.19 olarak belirlendi. Biyokimyasal parametreler
bakimindan CON, PIS, POM ve OP gruplari arasinda istatistiksel olarak anlaml bir fark bulunmadi. Sonug olarak, koyun
rasyonlari alternatif yem kaynaklari olarak %5'e kadar PIS, POM ve OP igerebilir.

Anahtar Kelimeler: Fistik kabugu, Gida atidi, Koyun siit kalitesi, Nar kabugu, Zeytin pirinasi.

Introduction
Milk yield and composition in sheep are mainly lactation stage, milking system, and feeding
determined by various factors, such as sheep breed, (Inostroza et al., 2020). Nutrition level, which refers
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to energy or feed intake level, is the main factor
affecting milk yield and quality in sheep
(Tzamaloukas et al., 2021). There is a positive
relationship between milk vyield and feed
consumption (Kaufman et al., 2018). A balance must
be maintained between the applications that would
increase milk yield and reduce its content, which can
be achieved by the optimal selection, ration, and
herd management (Caja and Bocquier, 2000).

The rapid growth of the world population and
therise in living standards necessitate the large-scale
production of high-quality animal-derived nutrients
(Xie and Xu, 2019). In addition to improving the care
and feeding of animals and their genetic structure, it
is essential to identify products with the potential to
be used as feed additives (Reda et al., 2021).

Olive, pomegranate, and pistachio production
in the Southeast Anatolia region of Turkey is
increasing every year. According to TUIK statistics,
240,000 tons of pistachios were produced in Turkey
in 2018 (TUIK, 2018). According to the Ministry of
Agriculture statistics, 52% of Turkey's pistachio
production takes place in Sanlurfa, which
corresponds to approximately 70,000 tons, but when
the average of the last five years is considered, the
annual production is 38-42,000 tons (TUIK, 2015).
The hull accounts for approximately 48% of the total
weight of the pomegranate produced in this region,
whereas the fruit, which is the edible part, accounts
for 52%. Pomegranate hull is more valuable than its
juice in ruminant feed (Sarica, 2011), and feeds such
as pomegranate hull will be considered as an
alternative supplement if animal feeding becomes
difficult and feed sources become scarce. The
number of olive trees in the Sanhurfa province is
increasing gradually. According to the 2018 data,
4,599 tons of olives from 1,585,994 trees were used
for olive oil production, of which 70%-80% were olive
pulp (TUIK, 2018). Raising awareness for
transforming of these valuable plant parts, which are
currently treated as agricultural waste, into products
that will contribute to the country's economy is a
current issue. In Turkey, the roughage problem
appears from time to time during dry climatic
periods. Therefore, it is necessary to determine the
possibilities of using alternative products to wheat
straw in animal production.

This study aimed to determine the possibility of
using agricultural wastes obtained from pistachio,
pomegranate, and olive fruits, which are widely
produced in agricultural activities in the
Southeastern Anatolia region, as a source of
roughage for sheep. In addition, the effects of soft
pistachio shell, pomegranate hull, and olive pulp on
animal products and animal health were evaluated
comparatively.

Materials and Methods

Animals: Fifty-two sheep of the Awassi breed
aged 3 and 4 years that gave birth at least twice were
used as animal material. All the sheep used in the
study gave birth to a singleton lamb. The average live
weight of sheep in CON (Control), PIS (Pistachio
shell), POM (Pomegranate hull), and OP (Olive pulp)
groups are 64.28+2.17, 63.89+1.48, 63.78+2.72, and
64.17+1.69 kg, respectively. The sheep used in the
study were generally on the 75™ day of lactation
(days in milk: 75.25+1.06). They were divided into
four groups (CON, PIS, POM, and OP) concerning age,
birth type, milk yield, and lactation period. The lambs
were separated from their mothers and fed by hand
in the evening before the control days. The study
was approved by the Harran University Animal
Experiments Local Ethics Committee with Decision
No. 2021-001/01.

Rations: Soft pistachio shell, pomegranate hull,
and olive pulp used in the study were dried in a
closed environment and ground in a feed mill
machine. It was added to the daily ration and given
to the sheep divided into four groups. The rations
issued to sheep during the study included (1) a
control diet without additional byproducts (CON), (2)
PIS, (3) POM, and (4) OP. The rate of by-products to
be included in the diet was 5 percent. A two-week
feed habituation period was applied to the sheep.
Feed consumption for groups was calculated as total
mixed ration consumption. The entire ration was
given to the sheep in two meals, at 6:00 a.m. and
6:00 p.m. The remaining amounts of feed were
collected, weighed, and recorded daily before
evening feeding. During the study, animals were
provided with water and feed ad libutum. Table 1
shows the raw nutrient contents of POM, PIS, and OP
used in the study, and Table 2 shows the contents of
their rations and nutritional compositions.

Milk Yield: Milking was performed twice with a
machine (Portable Milking System-Sezer, Turkey) at
08:00 a.m. and 08:00 p.m., and the milk amount was
designated with a scale sensitive to 1 g (Yakan, 2012).
The vacuum pressure of the milking machines was
set to 40 kPa, the pulse rate to 120, and the pulsation
ratio to 60:40. Before and after machine milking,
routine practices related to milking hygiene were
carried out. Milking of the control group to
determine milk yield was done every 15 days from
the beginning of lactation to the peak of lactation
and every 30 days after the peak of lactation. With
the help of interpolation from the data obtained on
the control days, the daily milk yields of each sheep
on days 15, 30, 45, 60, and 75 were determined.
According to the data obtained, four homogeneous
groups (CON, n=13; PIS, n =13; POM, n =13; OP, n
= 13) were formed, and the feeding trial continued
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Table 1. Raw nutrient contents of Pistachio shell, Pomegranate hull, Olive pulp and Wheat straw used in the

research.
Items Pomegranate Hull Pistachio Shell Olive Pulp Wheat Straw
DM (%) 81.39 76.07 31.07 92.01
CA (%) 5.51 7.07 5.10 8.04
CP (%) 3.64 6.44 6.81 3.95
CO (%) 9.75 8.78 5.96 1.22
ADF (%) 47.82 34.11 51.37 50.68
NDF (%) 56.33 36.89 69.10 79.81
ME Mcal/kg (DM) 2100 2000 2150 1025
N (mg/100g) 0.58 1.67 1.09 7.01
C (mg/100g) 42.40 44.37 46.03 0.14
H (mg/100g) 5.22 5.65 6.58 0.00
S (mg/100g) 0.00 0.00 4.86 1.5

DM: Dry Matter, CA: Crude Ash, CP: Crude Protein, CO: Crude Oil, ADF: Acid Detergent Fiber, NDF: Neutral Detergent Fiber,
ME: Metabolic Energy, N: Nitrogen, C: Carbon, H: Hydrogen, S: Sulfur.

Table 2. Contents and nutrient compositions of the rations used in the research.

Items Diets (%)
Feed [(g/kg) DM] CON POM PIS opP
Concentrated Feed 62 61 63 66
Alfalfa 33 34 32 29
Wheat Straw 5 - - -
Pomegranate Hull - 5 - -
Pistachio Shell - - 5 -
Olive Pulp - - - 5
Total 100 100 100 100
Analyzed Values (%)
DM 94.75 94.59 94.07 92.14
cp 15.51 15.61 15.76 15.52
cs 22.67 22.04 22.93 21.00
co 5.60 5.68 5.93 5.87
ME (Mcal/kg DM) 2253.76 2285.29 2280.32 2259.16

CON: Conrol, POM: Pomegranate Hull, PIS: Pistachio Shell, OP: Olive Pulp, Concentrated Feed: CP: %18, CS: %10, Ash: %10,
CO: %3, Phosphorus: %0.5, Sodium: % 0.2, Vitamine A (1U/Kg): 5000, Vitamine D3 (1U/Kg): 700, Vitamine E (IU/Kg): 30 mg:,

DM: Dry Matter, CP: Crude Protein, CS: Crude Cellulose, CO: Crude Qil, ME: Metabolic Energy.
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Table 3. Milk yield and milk quality characteristics in sheep during the research period (n=13 for each group).

Diets (X+SEM)
Traits Period P Value
CON PIS POM op
1140494 1145499  1143+111  1142#137 0.9
Milk Yield
(&/d] 858+122 941121 9674127 801108  0.75
7484102 764+134 7854112 631146  0.82
_ 2.43+0.07 2.58+0.11 2.5240.11 2.48+40.07 -
Daily Feed 2.48+0.03 2.56£0.05 2.54+0.05 2.5140.03 -
Intake (g/d)
2.50+0.01 2.53+0.01 2.60#0.01 2.5440.01 -
4.75+020  4.56+0.25 4.67+0.30 4.73+0.17 0.94
Fat (%) 6.70+0.18 6.86:0.45 6.060.33  6.44%#0.32  0.36

6.11+0.30 6.25+0.36  5.61+0.42 5.97+0.48 0.72
5.35+0.12 5.21+0.09  5.15%0.15 5.39+0.13 0.53
6.38+0.21 6.23+0.21  6.04+0.24  6.32%0.17 0.70
6.34+0.16 6.26+0.27  6.06%0.23 6.39+0.19 0.73
5.10+0.07 5.23+0.06  5.23%0.04  5.01+0.07  0.05
4.54+0.16 4.36+£0.18 4.70+0.11  4.31+0.18 0.34
4.41+0.21 4.44+0.16  4.50+0.10 4.02+0.31  0.38

Protein (%)

Lactose (%)

16.240.2 16.1+0.3 16.1+0.3 16.2+0.3 0.96
3/:‘)’ Matter 18.740.2 185+0.7  17.9¢+0.5 18105  0.70
17.940.5 18.9+0.5 17.240.6 17.4+0.8 0.75
11.410.1 11.4+0.1 11.4%0.2 11.4+0.2 0.97
FMa:tthe(;;y 11.940.1 116403  11.7¢02 116402  0.75
11.740.2 11.740.2 11.540.3 11.3+0.4 0.76
16.241.1 12.9+1.6 16.6%1.3 16.1+1.9 0.30
Urea 23.6+0.9 23.62.0 21.6+1.3 23.9+1.9 0.73
22.0+1.2 23.1+2.7 20.8+1.3 20.9+2.4 0.83
Somatic Cell 317459 324457 319466 323484 1.00
Count x103 506+91 565+127 434163 473108 0.81
Cell/ml 56093 6024129 478465 554+128 0.87
5.79+0.02 5.75+0.03  5.79+0.01  5.74+0.02  0.44
pH 5.80+0.03 5.89+0.05  5.89+0.04 5.97+0.06 0.13
5.860.04 5.88+0.04  5.91+0.04 6.01x0.08 0.21
72.0£0.5 71.9+0.4 70.9+0.8 72.4+0.5 0.24
L* 72.7+0.3 72.3+0.5 71.8+0.6 73.3+0.4 0.18
73.4%0.2 73.1+0.4 72.9+0.4 72.9+0.5 0.79
-8.63+0.14 -8.85+0.16  -8.98+0.18 -8.29+0.22 0.05
a* -8.25+0.15 -8.00+0.25 -8.25%0.27 -7.79%0.19 0.42
-7.76+0.17 -7.38+0.21 -7.40#0.13 -7.29+0.15 0.23
5.11+0.23 4.49+0.32  4.79+0.39  5.66+0.22  0.05
b* 5.47+0.14 5.08+0.40  5.56+0.48 6.01+0.36  0.38

W N R(WINRPWNPRWNRWNRWNRWNRWNRWNMRWNRWNMRWNMRWNIERE

5.76+0.22 5.58+0.24  6.02+0.40 5.99+0.36 0.74

-: Statistical analysis was not applied because of group feeding. CON: Control, PIS: Pistachio Shell, POM: Pomegranate Hull,
OP: Olive Pulp, 1: 1st Period, 2: 2" Period, 3: 3 Period.
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Table 4. Biochemical parameters determined in sheep during the research period (n=13 for each group).

. Diets (XtSEM) P
Parameters Period
CON PIS POM op Value
1 27.7+2.3 27.1+4.1 28.4+2.1 28.4+1.6 0.98
Urea (mg/dL) 2 38.5+1.6 42.614.2 41.1+2.2 44.5+3.5 0.56
3 37.5+2.1 41.845.8 40.7+£2.5 44.2+4.9 0.72
Creatini 1 0.550+0.010 0.610+0.040 0.560+0.010 0.620+0.060 0.54
reatinine
(me/dL) 2 0.590+0.010 0.670+0.070 0.590+0.010 0.620+0.040 0.51
m
& 3 0.650+0.010 0.770+0.090 0.640+0.010 0.690+0.040 0.34
. . 1 20.5+1.7 23.2+0.6 21.2+1.5 20.9+1.4 0.52
Triglyceride
(meg/dL) 2 13.240.9 15.2+ 0.8 14.2+1.3 17.943.3 0.33
m
& 3 13.6%1.0 13.8+1.6 13.9+1.4 17.0£2.9 0.52
1 7.43+0.13 7.04+0.15 7.33+0.14 7.50+£0.18 0.48
Total protein
(2/dL) 2 6.97+0.13 6.66+0.26 6.82+0.24 6.94+0.19 0.81
& 3 7.66+0.12 7.51+0.11 7.68+0.17 7.59+0.12 0.86
L1 0.140+0.000 0.150+0.000 0.18+0.010 0.160+0.010 0.96
Total bilirubin
(&/dL) 2 0.090+0.000 0.110+0.000 0.10+0.000 0.100+0.000 0.99
& 3 0.050+0.000 0.050+0.000 0.04+0.000 0.030+0.000 0.86
Low density 1 34.1+4.0 37.2+2.8 31.1+4.7 32.6+4.1 0.73
lipoprotein 2 26.7+1.6 22.0+1.3 25.4+2.5 22.8+1.6 0.21
(mg/dL) 3 9.93+1.5 7.39+1.5 11.57+2.3 8.86+1.4 0.38
Lactate 1 42616 426116 408+18 447420 0.69
dehydrogenas 2 534426 561120 567+27 612420 0.12
e (U/L) 3 577+21 618+17 592+46 587134 0.29
1 58.3+2.4 61.2+3.7 62.6+3.4 65.6+3.8 0.82
Cholesterol
(me/dL) 2 70.1+2.9 65.8+3.1 68.2+3.5 66.8+3.6 0.35
m
& 3 70.2+3.0 70.7+3.1 74.2+4.4 72.8+3.9 0.35
High density 1 51.9+3.4 52.1+3.8 51.6+2.9 53.8+3.1 0.72
lipoprotein 2 40.7£2.0 40.812.5 40.0£1.6 40.4£2.2 0.46
(mg/dL) 3 57.6+3.0 60.5+2.9 60.6+2.7 60.5+3.2 0.40
Gamma 1 72.5+2.7 66.2+3.4 65.3+6.1 64.8+7.8 0.77
glutamyl 2 59.2+2.1 58.2+3.2 59.9+3.5 64.613.3 0.74
transferase
56.2+2.2 57.3+2.5 60.9+3.0 61.6+2.8 0.12
(U/L)
. . 1 12048.73 132412 13249. 130+10 0.75
Creatine kinase
(mg/dL) 2 219+29.34 258+28 244+17 240+24 0.92
m
& 3 303+19.79 335+32 372+40 273123 0.59
Aspartate 1 95.9+3.3 97.0+£4.5 91.045.1 98.01£4.6 0.47
transaminase 2 108.81+3.4 100.444.5 92.8+5.5 99.8+4.8 0.14
(U/L) 3 121.945.6 121.645.2 108.6%6.2 115.045.4 0.82
Alanine 1 18.5+1.8 20.5+1.7 20.4+1.9 20.8+2.0 0.18
aminotransfer 2 28.7+2.2 26.2+1.7 24.2+1.8 27.5%1.4 0.72
ase (U/L) 3 30.7+2.7 26.7+1.8 26.4+1.4 28.8+1.5 0.81
1 2.26+0.05 2.30+0.06 2.34+0.04 2.34+0.07 0.47
Albumine
(2/dL) 2 2.40+0.03 2.43+0.04 2.40+0.06 2.39+0.05 0.16
& 3 2.65+0.03 2.72+0.04 2.70+0.04 2.64+0.06 0.20

CON: Control, PIS: Pistachio Shell, POM: Pomegranate Hull, OP: Olive Pulp, 1: 1% Period, 2: 2" Period, 3: 3 Period.

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Say: 1

88



Harran Univ Vet Fak Derg, 2022; 11 (1): 084-092

Research Article

for 60 days. The beginning of the study (first period),
second period, and third period corresponded to the
75t day of lactation, 105t day of lactation, and 145t
day of lactation, respectively.

Milk Quality: Milk quality parameters were dry
matter, fat, lactose, urea, protein contents, and the
number of somatic cells in milk. Microtab Il chemical
tablet, which does not affect the structure of milk,
was added to these samples and sent to Sanliurfa
Raw Milk Analysis Laboratory in a cold chain the next
day. Milk components (dry matter, fat, lactose,
protein, and urea) and somatic cell count were
determined using a Combi Milk Analyzer (Bentley,
USA). A pH value was determined using a portable
pH meter (Metler Toledo, Spain) immediately after
morning milking on control days. 25 ml of milk
samples were collected during morning milking on
the control days and transported in a cold chain to
the Laboratory of the Department of Genetics at
Harran University Faculty of Veterinary Medicine to
determine the color characteristics. Each of these
samples was transferred to clean and transparent
petri dishes, and color characteristics were
determined with a portable color device (Colour Lite,
Germany) (Kahraman and Yiiceer Ozkul, 2020).

Biochemical Analysis: Blood samples taken
from the V. jugularis of the sheep before morning
feeding were centrifuged at 4000 rpm for 15
minutes. Serum was separated and stored at -20 °C
until analysis. Serum samples after this procedure
are sent to the analysis laboratory (Yasamlab,
Adana/Turkey) in a cold chain. Biochemical analyzes
were carried out on the laboratory’s Abbott -
Architect Ci8200 device. Architect ¢i8200 is an
integrated system with an autosampler to provide
clinical biochemistry tests.

Statistical Analysis: The data were analyzed
using Levene and Shapiro—Wilk tests for equality of
variances and normality assumption (P>0.05),
respectively (SPSS 24.0, SPSS Inc., NY, USA). The data
(milk  yield, milk quality, and biochemical
parameters) were then analyzed using a General
Linear Model and a Tukey HSD multiple comparison
test for group mean comparisons. The data were
presented as mean and standard error (X£SE). The
significant level for all tests was evaluated as P<0.05.

Results

The values of milk yield, feed consumption, and
milk quality characteristics determined in sheep
during the study are shown in Table 3. The findings
obtained from the study show the highest milk yield
and feed consumption in the POM group, the highest
milk fat ratio in the PIS group, and the highest
protein content in the OP group. According to
repeated measurements and variance analysis

results, the effect of the groups on milk yield and
quality was not statistically significant (P>0.05). The
biochemical values determined from sheep serums
are shown in Table 4. There was no statistically
significant difference among the study groups in
terms of biochemical values (P>0.05).

Discussion

Feed costs constitute approximately 70% of the
production cost of raising livestock. In addition to
increasing the amount and quality of the feed
sources, using cheaper alternative feed sources are
very important for economical animal breeding.
Feeding is the most critical factor in determining milk
yield and quality in farm animals raised for milk
production (Ramirez-Rivera et al., 2019). Milk yield
and content are affected by factors such as the
amount and quality of roughage in the diet,
roughage/concentrated feed ratio, particle size,
amount and type of fat added to the ration, protein
source, and carbohydrate source of the ration (Ergiil
et al.,, 2019). The present study evaluated the
potential of using pistachio shells, pomegranate hull
and olive pulp as alternatives to wheat straw in
sheep rations. Although the highest values in terms
of milk yield were detected in the POM group, similar
values were found in the other groups (P>0.05).
Cooper and Owen-Smith (1985) stated that feeds
containing high levels of condensed tannin, such as
POM, cause significant taste problems. However, at
the end of the trial, it was observed that all of the
adverse effects had been minimized, the
performance values had approached each other, and
there was no significant difference among the
groups in terms of performance values, such as feed
consumption and milk yield. On the other hand,
adding POM to the ration at different rates can
produce promising results in terms of milk yield.

Although there was no difference among the
groups at the beginning of the trial and in the first
month, the highest feed consumption was observed
in the POM group. In contrast, the lowest feed
consumption was observed in the CON group in the
second month. The positive effects of POM and PIS
used in the study on hay consumption are evident in
Table 3. According to Villalba and Provenza (2000), if
a low-quality feed is associated with a powerful
nutrient, voluntary feed consumption of in sheep
increases. Norouzian and Ghiasi (2012) showed in
their study that the pistachio shell, which accounts
for 30% of the roughage, had no adverse effects.
Pistachio byproducts did not cause a significant
change in performance values as well. Reed (1995)
stated that POM, which contains high tannins,
reduces feed consumption and protein digestibility
due to its negative effect on digestion and
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palatability. He also stated that high doses of the
compounds in the POM could cause toxicity. In the
present study, the positive effect on feed
consumption and milk yield may be due to the
increase in bypass protein in the rumen due to the
tannin effect of the POM used in the study. In light of
the data obtained, it was observed that OP, PIS, and
POM added to the hay at a rate of 5% increased feed
consumption, thus improving in the taste of the
ration.

The highest fat content was determined in the
PIS group in the second period, and the highest
protein content was determined in the OP group in
the third period (Table 3). The effect of diet on fat
yield from sheep milk has been studied by many
researchers (Angeles-Hernandez et al.,, 2020;
Mohapatra et al., 2019). The fat content of milk
increases with the addition of roughage and
preserved oil used in the ration (Ergil et al., 2019).
However, genetic, and nutritional interactions are
influential in determining sheep milk protein. While
milk protein synthesis, shaped under the control of
many genetic mechanisms, is less affected by
different ration practices, the nonprotein nitrogen
fraction of milk is greatly affected by nutritional
factors (Nudda et al., 2020). The findings obtained
within the scope of the study are partially similar to
this situation.

The lowest values in terms of somatic cell count
(SCC) were obtained from POM and OP, and the
lowest values in terms of urea amount were
obtained from sheep in the PIS and POM groups
(Table 3). Milk urea concentration is an indicator of
protein metabolism associated with adverse effects
on reproductive performance and immunity (Utama
et al., 2018). At the end of the study, the SCC value
tended to increase in all groups. This change in SCC
value occurred under literature reports (Das et al.,
2022; Kahraman and Yiiceer Ozkul, 2020). Somatic
cells consist of mammary epithelial cells, bacteria,
and immune cells (Paschino et al., 2019). High SCC
levels affect milk quality and indicate mammary
gland inflammation (Podhoreckd et al., 2021). The
change in these parameters, which are used as
primary indicators in evaluating of animal health,
may be due to the bioactive components (flavonoids,
polyphenols, anthocyanins, and tannins) in pistachio,
pomegranate, and olive wastes. Because of these
properties, PIS, POM, and OP can be recommended
as measures to prevent increasing SCC values in the
last period of lactation. The SCC values obtained
from the study were within the acceptable range for
healthy sheep milk (Das et al., 2022; Kahraman and
Yiiceer Ozkul, 2020).

Using pistachio byproducts at a dry matter ratio
of approximately 50% in the diets of sheep does not
affect blood metabolites (Ghasemi et al., 2012).

Similarly, Rezaeenia et al. (2012) reported that using
15% PIS silage in the diet of early lactation dairy cows
did not affect blood glucose and cholesterol.
Gholizadeh et al. (2010) reported that no changes
were observed in the concentration of blood
metabolites (cholesterol, glucose, triglyceride, and
blood urea nitrogen) in dairy cows when 10%
pistachio shell was used in diets. In addition, it has
been reported that the use of pistachio byproducts
in the diet of sheep reduces blood urea nitrogen
concentrations without affecting other blood
metabolites (Ghaffari et al., 2014). Similar results
have been reported for male calves in the growing
period (Shakeri et al., 2013).

Oliveira et al. (2010) found that while the
addition of different amounts of pomegranate
extract to the ration of Holstein’s calves did not
affect the feed consumption and live weight gain of
the calves in the first 30 days of age, the dry matter
consumption and live weight gains of the calves
decreased after 30 days of age in proportion to the
increase in the amount of added pomegranate
extract. Shabtay et al. (2008) stated that adding fresh
pomegranate hull as a feed ingredient to the ration
of Holstein Friesian fattening calves significantly
increased feed consumption with live weight gain.
Modarresi et al. (2010) reported that the addition of
6% or 12% pomegranate hull to the ration did not
significantly affect the dry matter consumption and
daily live weight gain of goats, but the milk yield
decreased considerably with the increase in the level
of pomegranate pulp added to the ration. In
addition, it is stated that with the addition of 6% and
12% pomegranate pulp to the ration, the milk fat
level increased by up to 8% and 15%, respectively,
but the milk fat yield and milk protein level were not
significantly affected. It was also determined that
adding pomegranate hull to the ration did not affect
blood glucose, cholesterol, urea, triglyceride, and
lipoprotein levels.

Razzaghi et al. (2015) reported that
pomegranate and pistachio byproducts did not
affect milk yield, protein, and fat yield in dairy
Saanen goats and positively changed the fat and
protein ratio. Other studies have also reported the
potential use of these byproducts as part of small
ruminant diets (Abbeddou et al., 2011, Sedighi-
Vasegh et al., 2015). Decreases in milk yield and milk
protein content were observed in Awassi sheep fed
with olive pomace-mixed rations (Abbeddou et al.,
2015). The differences observed in milk yield and
quality were because the rations were isoenergetic
and not isonitrogenous (Abbeddou et al., 2011,
Sedighi-Vasegh et al., 2015). It was determined that
the PIS, POM, and OP used in the research did not
harm the yield performance (feed intake, milk yield,
and milk components) and health parameters of the
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sheep. In addition, pistachio, pomegranate, and olive
wastes used instead of straw in the research are
valued as garbage. These fruit wastes constitute a
significant  environmental problem for the
production enterprises. The use of these products,
which are more valuable in terms of content (Table
1), although they have a lower economic value, can
be evaluated to reduce feed costs.

Conclusion

The present study reveals that the PIS, POM,
and OP can be considered as alternative low-cost
feed sources without causing a significant decline in
milk yield and health parameters in sheep. Although
this study demonstrates the biological potential of
feed additives, large-scale studies with more
significant numbers of individuals and groups are
required to establish an actual cause—effect
relationship.
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Abstract: The Abacus Vet 5 (AV5) is a volumetric impedance-based automated haematology analyser that offers a total
and 3-part differential (lymphocytes, neutrophils and monocytes) white blood cell (WBC) count in goats. This study aimed
to compare the total and differential leukocyte counts (absolute and relative) measured with the AV5 haematology analyser
with the results obtained by the manual method from blood smears in goats. It is also aimed to compare the compatibility
between the two methods. The blood samples of 40 hair goats (9 healthy and 31 diseased) were analysed by both methods.
The relationships between the values were evaluated with a correlation coefficient, and the agreements between the
methods were assessed with the Bland-Altman method. The correlation between two methods were excellent for total
WABC counts (rho = 0.963, p = 0.000), absolute neutrophils (rho = 0.964, p = 0.000), lymphocytes (rho = 0.928, p = 0.000), a
good for the neutrophil percentages (rho = 0.824, p = 0.000), and a weak for absolute monocytes (rho = 0.426, p = 0.006).
Although the bias for lymphocyte (-8.25 %) and neutrophil (10.02 %) percentages was relatively significant and the
confidence intervals were wide, the agreement for all parameters was acceptable between the two methods in the Bland
atman method. In conclusion, the AV5 haematology analyser performed well for total, and differential WBCs counts in
goats. However, abnormal results should still be confirmed by a blood smear examination. In addition, instrument
performance evaluations, including increased sample sizes, should be performed in further studies.

Keywords: Blood smear, Goat, Haematology analyser, Manual method, White blood cell.

Kegilerde Total ve Diferansiyel Lokosit Sayimlarinda Otomatik Kan Analizorii ve Manuel Periferik
Yayma Yontemi Sonuglarinin Karsilastiriimasi

Ozet: Abacus Vet 5 (AVS5), kegilerde toplam ve 3 parcal diferansiyel (lenfositler, notrofiller ve monositler) 16kosit (WBC)
sayisi sunan hacimsel empedans tabanli otomatik bir hematoloji analizoériidir. Bu ¢alismada, kegilerde AV5 hematoloji
analizoru ile olgulen toplam ve diferansiyel I6kosit sayilarinin (mutlak ve bagil), kan yaymalarindan manuel yontemle elde
edilen sonuglarla karsilastirilmasi amaglandi. Ayrica iki yontemin uyumlulugunun karsilastiriimasi da amaglanmaktadir. Kirk
kil kegisinin (9 saghkh ve 31 hasta) kan 6rnekleri her iki yontemle de analiz edildi. Degerler arasindaki iliskiler korelasyon
katsayisi ile, ydntemler arasindaki uyumlar ise Bland-Altman ydntemi ile degerlendirildi. iki ydntem arasindaki korelasyon,
toplam WBC sayilari (rho = 0.963, p = 0.000), mutlak nétrofiller (rho = 0.964, p = 0.000) ve lenfositler (rho =0.928, p = 0.000)
icin ¢ok iyi, notrofil ylizdeleri igin iyi (rho = 0.824, p = 0.000) ve mutlak monositler igin zayifti (rho = 0.426, p = 0.006).
Lenfosit (% -8,25) ve notrofil (%10,02) yizdeleri icin yanlilik géreceli olarak onemli ve given araliklari genis olmasina
ragmen, Bland-Altman yonteminde iki yontem arasinda tiim parametreler icin uyum kabul edilebilirdi. Sonug olarak, AV5
hematoloji analizorii kegilerde toplam ve diferansiyel WBC sayilar igin iyi performans gostermistir. Bununla birlikte,
anormal sonuglar yine de bir kan frotisi incelemesi ile dogrulanmalidir.

Anahtar Kelimeler: Hematoloji analiz cihazi, Kan frotisi, Kegi, Lékosit, Manuel yéntem.

Introduction

inflammatory response (Willard and Tvedten, 2012).
This relationship between WBC and inflammatory

The complete blood count (CBC) is a fast,
inexpensive diagnostic test that helps the

responsible veterinarian with various problems.
Getting the results fast provides a significant
advantage to both physicians and patients. CBC
provides a rapid assessment of quantitative and
qualitative changes in different blood cells (e.g.,
erythrocytes, leukocytes and platelets) (Mehain et
al., 2019; Rejec et al., 2017). From these blood cells,
leukocytes (WBC) (total and differential) are widely
used in the clinical process to determine the

response makes the number of WBCs an important
measurement for diagnosing and prognosis of
various diseases (Chung et al.,, 2015). WBC is a
group of heterogeneous nucleated cells that can
circulate at least once in their lifetime, including
neutrophils, eosinophils, basophils, lymphocytes
and monocytes. The average WBC count in healthy
goats ranges from 4 to 13 x 103/uL (Weiss and
Wardrop, 2010). The differential count by cell type
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is more important than the total WBC count
because increases and decreases in individual cell
types can co-occur, and the total WBC count may
remain unchanged (Jones and Allison, 2007).

The leukocyte count can be performed with
automatic devices or manually. Automated
methods can count large numbers of cells to
provide a statistically more accurate reading of the
WBC count. The most important feature of these
devices is that they give results quickly compared to
manual methods and minimise the number of
smears to be examined. Therefore, various brands
and models of devices are widely used in human
and veterinary medicine. However, it is expensive
because it requires special equipment (Stirn et al.,
2014). These devices measure according to the
number of cells, size, surface area, and properties
such as granules inside. Because of these features,
they may sometimes not be able to distinguish
normal cells from abnormal ones and may cause
erroneous counts in case of abnormal cells (Platelet
aggregates, giant platelets, normoblasts,
erythrocytes resistant to lytic solutions) are present
(Putzu and Di Ruberto, 2013). The cells should be
checked by doing a peripheral smear to confirm the
results of the device and identify morphological
abnormalities (Jones and Alison, 2007).

Therefore, this study aimed to compare the
total and differential leukocyte counts (absolute
and relative) measured with the AV5 haematology
analyser with the results obtained by the manual
method from blood smears in goats. It is also aimed
to compare the compatibility between the two
methods.

Materials and Methods

The Animal Research Ethics Committee
approved the study of the Aydin Adnan Menders
University under protocol number
64583101/2022/016.

The animal material of the study consisted of
40 hair goats of different ages and genders, which
were brought to Adnan Menderes University
Veterinary Faculty Research Hospital and various
veterinary clinics in Aydin for examination,
treatment and control. Five millilitres of blood
samples were taken from vena jugularis into tubes
with ethylenediaminetetraacetic acid (EDTA) for
laboratory examinations from goats. Total and
differential (absolute and relative) leukocytes
(neutrophils, lymphocytes and monocytes) counts
were determined by performing CBC with the
Abacus Vet 5 Hematology Device (AV5) (Abacus Vet,
Diatron MI LTD, Hungary) within 4 hours from the
blood samples taken. The device used the
volumetric impedance method, which counts cells

according to their properties, such as size and
surface area. Also, at least two Wright-Giemsa
stained blood smears were prepared for each goat
to determine manually the total and differential
WBC counts using the method reported by Vives
Corrons et al. (2004). Olympus CX21 microscope
was used for the manual method. The WBC counts
per area in 20 fields (x 40 objective) in a monolayer
of the smear were calculated and averaged. The
estimated WBC counts were determined by
multiplying the obtained value by 1500 (Bellwood
and Andrasik-Catton, 2014; Petanides et al., 2004).
The recommended correction factor of 100 to 150
for a x100 magnification on several blood films was
used to determine WBCs accurately (Harvey, 2001;
Katsogiannou et al., 2019). A microscope with an x
1000bjective lens was used for the differential
count of WBCs. The morphology of 200 WBCs were
carefully evaluated for the manual differential in
each blood smear. Neutrophil, lymphocyte, and
monocyte counts were determined using the
battlement method. Relative (%) and absolute
numbers (x103/uL) of cells were then calculated.
Two different observers evaluated the same blood
smears independently, and the average of the two
evaluations was used in the study. Samples with
inappropriately filled tubes and poor-quality blood
smears were excluded from the study.

All statistical analyses were performed using
the software Statistical Package for the Social
Sciences (SPSS) 19.0 (IBM Corporation, Armonk,
USA) and GraphPad Prism 9 (GraphPad Software
Inc. San Diego, USA). The distribution of numerical
data was checked with Kolmogorov-Smirnov and
Shapiro-Wilk tests. Student T-test was used to
compare the normally distributed parameters, and
A Mann-Whitney test was used to compare non-
normally distributed parameters. The relationships
between the values were evaluated with the
Pearson correlation coefficient (for normal
distribition data) or Spearman's
correlation coefficient (for non-normal distribution
data). An agreement between the methods was
assessed with the Bland-Altman method (Bland and
Altman, 1986), and the manual method for WBC
differentials was taken as the reference method.
P<0.05 was considered significant in all evaluations.

Results

Forty Turkish hair goats of different ages (1-3
years old) and gender were enrolled in this study.
Nine goats were healthy, and 31 goats were
diseased. Nine goats were deemed healthy based
on history, clinical examination and laboratory
results. All 31 goats showed varying pneumonia
signs, and various parasites were found in their
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Table 1. Descriptive statistics and statistical differences of haematological parameters measured with the manual

method and the AV5 haematology device.

Parameters Method Meant SD Median (IQR) Min-Max p
M 11.67+4.84 10.35 (8.41-12.95) 4.65-23.85
WBC (x103/pL) 0.004
AV5 12.24 +5.77 10.98 (8.07-13.58) 4.67-27.86
M 6.61 +3.37 5.86 (4.21-7.21) 2.34-15.57
Lymphocytes (x103/uL) 0.000
AV5 5.71+3.02 4.77 (3.54-6.46) 2.18-14.21
M 56.09 +£11.35 57 (50.00-65.75) 26-76
Lymphocytes (%) 0.002
AVS5 46.82 +11.46 47.40 (40.92-54.93) 18.00-66.80
M 0.09 +0.08 0.08 (0.04-0.11) 0-0.33
Monocytes (x103/uL) 0.866
AV5 0.11 +0.08 0.09 (0.05-0.13) 0.02-0.44
M 0.76 + 0.47 1(0.5-1) 0-2.07
Monocytes (%) 0.869
AVS5 0.85+0.43 0.7 (0.6-0.9) 0.5-2.80
. M 5.30+3.33 4.41 (2.88-6.29) 1.44-17.27
Neutrophils (x103/puL) 0.000
AV5 6.39 £3.59 5.30(3.97-7.68) 1.96-17.34
. M 42.25+12.22 41.25 (33-48) 25-73.50
Neutrophils (%) 0.000
AV5 52.27 £11.52 51.95 (44.35-58.53) 32.70-80.20

Abbreviations: AV5, Abacus Vet 5; IQR, interquartile range; M, Manuel method; Min.-Max., minimum-maximum;SD,

standard deviation; WBC, White blood cell.

stool. When evaluated by both methods, ten goats
had leukocytosis, and the leukocyte values of 21
goats were within the reference ranges.

Descriptive statistics and statistical differences
of haematological parameters measured with the
manual method and the AV5 haematology device
are shown in Table 1. WBC, absolute neutrophil
count and neutrophil percentage measured on the
automated analyser were significantly higher than
in the manual method. In contrast, absolute
lymphocyte counts and lymphocyte percentages
were significantly higher in the manual method (p >
0.05) (Table 1). There were no statistical differences
in the monocytes (absolute and relative) between
methods (p > 0.05). Comparing the manual method
and the AV5 automated analyzer results, an
excellent correlation was determined for WBC
count (rho = 0.963, p = 0.000), absolute neutrophil
(rho = 0.964, p = 0.000) and lymphocyte count (rho
= 0.928, p=0.000), a good correlation for the
neutrophil percentages (rho = 0.824, p = 0.000), and
a weak correlation for absolute monocyte count
(rho = 0.426, p = 0.006). There was no significant
relationship between the lymphocyte (rho =-0.039,
p > 0.05) and monocyte percentages (rho = 0.063, p
> 0.05) between the methods. The Bland-Altman
plots are presented in Figure 1 and Figure 2.
Although low bias was determined in the WBC,
neutrophils, lymphocytes, monocytes  and
monocytes percentages, the bias was relatively high
in the percentage of lymphocytes and neutrophils.
In addition, 95% of the differences between the
measurement values of the parameters evaluated
by the two methods were within the limits of

agreement (LOAs). However, LOAs for the
percentage of lymphocytes and neutrophils were
relatively wide.
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Figure 1. Comparison of WBC obtained from the two methods by
Bland-Altman analysis. The solid dark line indicated the bias
(mean difference), and dashed dark lines represent the 95%
confidence intervals of the bias.

Abbreviations: AV5, Abacus Vet 5; M, Manuel method; SD,
standard deviation; WBC, White blood cell.

Discussion and Conclusion

Goats are ruminants that are easy to care for
and feed and provide income to their breeders with
milk, meat, lint and hair. Better use of bush, rocky
and mountainous areas also puts goats in a
different place among farm animals. Due to all
these features, the interest in goat breeding in
animal production increases day by day. In parallel
with this increase, an increase is observed in the
number of goats brought to veterinary clinics due to
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Abbreviations: AV5, Abacus Vet 5; Lym, lymphocyte; M, Manuel method; Mon, monocyte; SD, standard deviation; Neu,

neutrophil.

health problems. In ruminants, laboratory
evaluation of the CBC is an important extension of
the physical examination and has become an
important tool in approaching medical cases (Jones
and Alison, 2007; Oikonomidis et al., 2020). It can
identify certain disease processes and monitor and
evaluate animals' health and welfare status. Also, it
is beneficial for predicting prognosis. The Abacus
Vet 5 is an automated haematology analyser that
offers a total and 3-part differential (lymphocytes,
neutrophils and monocytes) WBC results on goats.
It is widely used in veterinary clinics and hospitals in
our country. Therefore, this study aimed to evaluate
the effectiveness and agreement of the AV5
automatic analyser compared to the manual
method. This is the first study to characterise the
analytical performance of the automated analyser
for WBC (total and differentiated) measurement in
goats.

The agreement of the measurements of the
newly developed device with the reference

whether the new device is usable or not can be
assessed. For this purpose, comparison of the mean
or median of the new (test) and reference method,
correlation analysis, linear, Passing Bablok or
Deming regression, and Bland-Altman method are
statistical methods that are frequently used in
determining the agreement between measurement
techniques (Giavarina, 2015; Ozen, 2018; Van
Stralen et al., 2008).

Comparing the mean/median of two methods
(new/test-reference) shows the general trend of
increasing or decreasing values rather than
reflecting the actual difference between them
(Bland and Altman, 1986). This statistical method
reveals a non-proportional but constant difference
between two sets of measurements (Giavarina,
2015). There was a significant difference between
WBCs and differentials (absolute and relative)
measured with the AV5 automatic analyser and the
manual method (Table 1). The automated analyser
generated significantly higher WBC, absolute

(standard) method is evaluated by method neutrophil count, and neutrophil percentage than
comparison. According to the evaluation result, the manual method. In contrast, absolute
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lymphocyte counts and lymphocyte percentages
were significantly higher in the manual method
(Table 1). This difference between the two methods
can be interpreted as a general trend of increasing
or decreasing values rather than inconsistency. This
statistical method reveals a disproportionate but
constant difference between the two measurement
groups (Megahed et al., 2019; Simundic, 2012). The
difference between the two methods for WBC
counting was an expected result because reference
methods such as hemocytometer were not used for
WBC counting in this study; only the estimated WBC
count and automatic blood count results were
compared. Although the manual method is
considered the reference method for studies
confirming WBC differentials, it is also characterised
by significant variability (Oikonomidis et al., 2020).
Also, automated devices may not distinguish normal
cells from abnormal ones due to abnormal cells,
resulting in erroneous results (Putzu and Di
Ruberto, 2013). These situations can explain
differences in lymphocytes (absolute and relative)
and neutrophils (absolute and relative).

The WBC analyses of goats samples for the
total and 3-part differential showed good to
excellent correlations for WBC count (rho = 0.963, p
= 0.000), absolute neutrophil (rho = 0.964, p =
0.000), absolute lymphocyte (rho = 0.928, p=0.000)
and neutrophil percentages (rho = 0.824, p = 0.000).
Moreover, there was a weak correlation in absolute
monocyte (rho = 0.426, p = 0.006), while no
significant correlation was found in the lymphocyte
(rho =-0.039, p > 0.05) and monocyte percentages
(rho = 0.063, p > 0.05). Although correlation
coefficients are frequently used to determine the
agreement between the two methods, it is also
known that this test has potential disadvantages
(Giavarina, 2015; Van Stralen et al., 2008). The
correlation coefficient primarily depends on the
distribution width of the data. Since the total and
differential WBC counts were measured in healthy
and diseased goats in this study, the parameters
covered a wide range of values (Table 1). The wide
distribution of the data can explain the excellent to
good positive correlations between the values
measured by the two methods (Van Stralen et al.,
2008). The correlation coefficient can describe the
linear relationship between two different data sets;
however, it cannot detect whether there is a
constant or proportional difference between the
two methods (Van Stralen et al., 2008). Therefore,
this situation should not mean that the two
methods agree. They also report that although the
two methods are weakly agreement, they can show
high correlation (Bland and Altman, 1986; Chhapola
et al,, 2015; Jensen and Kjelgaard-Hansen, 2006).

It is emphasised that the Bland and Altman
method should be used in determining the
agreement of the two methods due to the
comparison of mean/median values and various
disadvantages of correlation analysis (Giavarina,
2015; Jensen and Kjelgaard-Hansen, 2006; Ozen,
2018). The Bland-Altman plots revealed a low bias
for WBC (Figure 1), lymphocyte, neutrophil,
monocyte and percentage monocyte (Figure 2). The
fact that the bias of WBC, lymphocyte, neutrophil,
monocyte and percentage monocyte are small and
the agreement limits are acceptable shows that the
agreement between the two methods for these five
parameters are good. However, significant negative
(-8.25) and positive (10.02) biases were determined
for lymphocyte and neutrophil percentages,
respectively (Figure 2). The AV5 haematology device
works on the volumetric impedance principle and
identifies cells according to their size and surface
area. Goats primarily have small and medium-sized
lymphocytes (Jones and Alison, 2007). However,
small ruminant blood smears may typically contain
a low number of large lymphocytes (Oikonomidis et
al., 2020). An increased number of Ilarge
lymphocytes, platelet aggregations, giant platelets
and normoblasts may be misclassified by
automated devices, affecting the percentage of
neutrophils and lymphocytes (Oikonomidis et al.,
2020). It should also not be forgotten that the
manual method, which is the reference method, is
also characterised by significant variability (Rimke,
1977). These conditions can explain the
considerable biases between the two methods in
lymphocyte and neutrophil percentages. Although
significant bias was detected for both parameters
and the 95% agreement limits were moderately
wide, 95% of the differences between the
measurement values of lymphocyte and neutrophil
percentages were within LOAs. The Bland-Altman
analysis objectively reveals the measurement
differences between the two methods. It leaves the
interpretation of the acceptability level of the
differences to the clinician's opinion (Jensen ve
Kjelgaard-Hansen, 2006). Given that the reference
ranges for lymphocyte (50-70 %) and neutrophil
percentages (30-48 %) in goats were relatively wide
and the absolute values of both parameters agreed
between methods, this bias was unlikely to affect
clinical interpretations. Thus, it was assumed that
the agreement between the two methods was also
acceptable for these parameters.

There are several limitations to this study.
First, the recommended reference method in goats
was not used for the total leukocyte count. The
agreement between the estimated WBC counts
obtained from the peripheral smear and the WBC
counts obtained from the automated device was
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compared. Second, CBCs were not performed in
duplicate as ideally recommended in the ASVCP
guidelines (Arnold et al., 2019) for method
comparison. Third, the agreements of total and
differential WBCs of sick and healthy goats were
evaluated together and were not assessed
separately. Finally, the sample count was the
minimum recommended for method comparisons
(Bilic-Zulle, 2011; Jensen & Kjelgaard-Hansen, 2006;
Westgard, 2010). A larger number of animals could
have increased the power of the tests.

In conclusion, the Abacus Vet 5 haematology
analyser appears to perform well for total and
differential WBCs compared with the manual
method, and it can be used safely for routine
laboratory examinations in goats. However, there is
a high probability of numerical and morphological
abnormalities in total and differential WBCs of sick
goats. Therefore, the abnormal results should
always be confirmed with a blood smear
examination. In addition, the precision, accuracy
and instrument performance evaluations, including
increased sample sizes, should be performed in
further studies.
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Ozet: Bu calismada, 6nemli ekonomik kayiplara neden olan kronik enfeksiydz bir hastalik olan Mycobacterium avium subsp.
paratuberculosis (MAP) tarafindan olusturulan paratberkiloz’un Sanliurfa’daki sigirlarda seroprevalansinin belirlenmesi
amacglanmistir. Bu amagla, tesadiifi ornekleme ile Sanliurfa merkez ilgelerinden, saglikli 465 sigirdan alinan serumlar kullanildi.
Serum &rneklerinden anti-MAP antikorlarini tespit etmek amaciyla ELISA kullaniimistir. incelenen 465 serumun 21 (%4,51)’i
pozitif, 16 (%3,4)’si supheli ve 428 (%92)’i negatif bulundu. Bu ¢alismada, MAP’a karsi antikorlarin saptanmasi bolgede
hastaligin var oldugunu ve bolgemizde hem ekonomik kayip olusturmasi nedeniyle hem de hayvan refahi igin
paratiiberkiiloz’a karsi koruma ve kontrol 6nlemlerinin alinmasinin gerekliligi kanisina varilmistir.
Anahtar Kelimeler: ELISA, Paratiiberkiiloz, Sigir, Seroprevalans, Sanlurfa.

Seroprevalence of Paratuberculosis in Cattle in Sanliurfa Region

Abstract: This study aimed to determine the seroprevalence of paratuberculosis caused by Mycobacterium avium subsp.
paratuberculosis (MAP), a chronic infectious disease that causes significant economic losses, in cattle in Sanliurfa. For this
purpose, sera from randomly selected 465 healthy cattle were used in the Central Districts of Sanliurfa Province. ELISA was
used to detect paratuberculosis (MAP) IgG antibodies. As a result of the test, 21 (4.51%) out of 465 sera gave a positive
reaction. Sixteen sera (3.4%) gave doubtful results, and 428 (92%) sera were negative. In the study, antibodies were detected
against MAP, indicating the presence of the disease in the region. Therefore, it was concluded that it was essential to reveal
the prevalence of the disease in our country, and related prevention measures should be taken against Paratuberculosis
(MAP).

Keywords: Cattle, ELISA, Paratuberculosis, Seroprevalence, Sanliurfa.

Giris

Paratuberkiiloz (Johne Hastaligl) yabani ve evcil
ruminantlarin sindirim sistemini etkileyen ve sit
inegi yetistiriciliginde onemli ekonomik kayiplara
neden olan kronik enfeksiyoz bir hastaliktir.
Enfeksiyon sindirim sisteminde granulamatoz
yanglya neden olarak, hayvan kademeli olarak
zayiflamasina ve sonrasinda 6lime neden olmaktadir
(Alagam ve ark. 1997).

Paratiiberkillozun tanisinda kaltdr altin standart
olarak kabul edilmektedir. Ancak hastaligin baslangi¢
evrelerinde etkenin diski ile c¢ikarilmamasi veya
aralikli olarak cikarilmasi ve kiltir protokollerinin
yetersiz kalmasi enfekte hayvanlarin tespitinde
kiltir yonteminin her zaman dogru sonug
vermemesine neden olmaktadir (Ayele ve ark., 2001;
Gilardoni ve  ark. 2012). Bu nedenle
paratiberkilozun teshisinde molekiler (PCR, Real
Time-PCR vb), serolojik [enzyme-linked immuno
sorbent assay (ELISA), komplement fikzasyon testi
(KFT), agar jel immuno difizyon vb] ve hiicresel
(alerjik deri testi, gama interferon testi gibi)
yontemler ile histopatolojik metodlardan
yararlaniimaktadir (Ayele ve ark., 2001; Harris ve

Barletta, 2001; OIE, 2013; Quinn ve ark., 2005). PCR
tekniklerinin pahali olmasi, kontaminasyon riskinden
kaynaklanan yanhs pozitif sonuglar ve PCR
inhibitorlerinden kaynaklanan yanlis negatif sonuglar
gibi bazi dezavantajlan bildirilmistir (Gliner, 2004;
Irenge ve ark., 2009; Moravkova ve ark., 2008).

Paratiberkiilozun teshisinde MAP’a Kkarsl
gelisen antikorlarin varligini ortaya koymak amaciyla
ELISA, agar jel immuno diflizyon, komplement
fikzasyon, gibi serolojik testlerden yararlaniimaktadir
(Ayele ve ark., 2001; Coelho ve ark., 2007; Quinn ve
ark., 2005). Serolojik testler iginde ELISA
Mycobacterium avium subsp. paratuberculosis
(MAP)’e karsi olusan antikorlarin kan serumunda
belirlenmesinde yaygin olarak kullaniimaktadir.
ELISA tekni diger serolojik testlere gore ucuz, kolay
ve tekrarlanabilir olmasi, ¢ok sayida 6rnegin birlikte
degerlendirilebilmesi, sonuglarin objektif
yorumlanabilmesi gibi avantajlara sahiptir (Gilardoni
ve ark., 2012).

Bu calismada, sut inekgiliginde 6nemli
ekonomik kayiplara neden olan paratiiberkilozun
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Sanlurfa’da seroprevalansinin ELISA ile arastiriimasi
amaclanmistir.

Materyal ve Metot

Serumlarin Toplanmasi: Bu galisma igin Harran
Universitesi Hayvan Deneyleri Yerel Etik Kurulundan
(Harran Universitesi-HADYEK) 09/10/2019-E.43310
numara ile izin alinmstir.

Bu calismada 2018-2020 villari arasinda
Sanhurfa merkez ilgelerinden 27 isletmeden Harran
Universitesi Veteriner Fakiiltesi kliniklerine gelen
tesadifi olarak secilen toplam 465 adet sigir serumu
¢alismanin materyalini olusturdu. Serum o6rnekleri, 2
yasindan  blylik, paratuberkiloz  y6ninden
astlanmamis hayvanlardan alindi.

Kan 6rnekleri Vena jugularis’ten antikoagilansiz
jelli thplere alinarak 3000 rpm’de 5 dk santrifij
edilerek serumlari ayrildi ve calisma yapilincaya
kadar -20 °C’de saklandi.

ELISA (Enzyme Linked Immunosorbent Assay):
Serum oOrneklerinden paratlberkiloz anti-MAP
antikorlarin belirlenmesi igin ticari ELISA kiti (IDEXX
Paratuberculosis Screening Ab Test, Netherlands)
kullanilmigtir.

Test prosediiru retici firmanin belirtigi sekilde
yapilmistir. Kisaca, serum ornekleri, pozitif ve negatif
kontrollerden mikropleyt kuyucuklarina, 100 pl
olacak sekilde konularak, 18-26 °C’de 2 saat inkube
edildi. inkiibasyondan sonra mikropleytler 4 kez 300
pl yikama soliisyonu ile yikandi ve tum kuyucuklara
100 pl konjugat konuldu. Mikropleyt plastik filmle
ortllup 30 dakika boyunca oda isisinda inkiibasyona

birakildi. Siire bitiminde 3 kez 300 pl yikama sivisi
kullanilarak yikama islemi gergeklestirildikten sonra,
bltin kuyucuklara 100 pl TMB substrat konuldu.
Sonrasinda mikropleyt plastik filmle ortilip oda
isisinda 10 dakika karanhk ortamda inkiibasyona
birakildi ve her kuyucuga 100 ul kullanima hazir stop
solisyonu eklenerek, 450 nm’de kuyucuklarin
absorbans degerleri ELISA Reader (Biobase EL10A) ile
Olglildi. Sonuglar ELISA kitinde bildirildigi sekilde
degerlendirildi.

istatistiksel ~analiz:  Verilerin istatistiksel
analizinde gruplar arasindaki farkin anlamlilik
derecesine gore SPSS 15.0 paket programi ile ki-kare
testi kullanilarak yapildi.

Bulgular

Calismada orneklerinin ELISA ile incelenmesi
sonucunda 21 (%4.51) 6rnek anti-MAP antikorlari
yoninden pozitif bulunurken; 16 (%3,4) o6rnekte
sipheli bulunmustur. 428 (%92) serum Ornegi ise
negatif bulunmustur. Bu ¢alismada kan 6érneklerinin
alindig1 yerlesim yerlerine gore pozitiflik orani,
Haliliye ilgesinde %0.4 Eyyubiye ilgesinde %12.6
oldugu saptanirken Karakopri ilcesinde seropozitiflik
saptanmamistir (Tablo 1). Seropozitiflik oranlari ile
yerlesim yerleri arasinda istatistiksel olarak 6nemli
farkhhk bulundu (P<0,000). Ayrica, ¢alismada toplam
25 farkh isletmeden 6rnekleme yapilmistir. iki ilcede
pozitif sonu¢ veren hayvanlar bazinda, Sanhurfa
yoresi igin slrl prevalansi %16 olarak tespit
edilmistir.

Tablo 1. Yerlesim yerlerine gére paratliberkilozun seroprevalansi.

Yerlesim yeri  incelenen serum sayisi

Pozitif serum sayisi

Suipheli serum sayisi Negatif serum sayisi

n (%) n (%) n (%) n (%)
Haliliye 207 (44,5) 1 (0,48) 1(0,48) 205 (99,03)
Eyyiibiye 158 (33,97) 20 ( 12,65) 15 (9,49) 123 (77,84)
Karaképrii 100 (21,52) - - 100 (100)
Toplam 465 (100) 21 (4,51) 16 (3,44) 428 (92,04)
Tablo 2. Sigir irklarina paratiiberkilozun seroprevalansi.
Pozitif Negatif Supheli
Hayvan Irki n (%) n (%) n (%)

1. Holstein (n: 321) 16 (%4,98)
5 (%3,47)

21 (%4,51

2. Simental (n:144)
Toplam (n: 465)

292 (%90,96)
136 (%94,44)
428 (%92,04)

13 (%4,04)
3 (%2,08)
16 (%3,44)

n; Hayvan sayisi
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Tablo 3. Sigir yasina gore paratiberkiilozun dagilimi.

Hayvan 2-3 yas 3-4 yas 4-5 yas 5 yag lizeri
P N S P N S P N S P N S
Sigir (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
4 43 0 5 69 1 0 116 11 12 116 4
(%8,51) (%93,61) (%0) (%6,66) (%92) (%1,33) (%0) (%91,33) (%8,66) (%9,09) (%87,87) (%3,03)

n; Hayvan sayisi, P; Pozitif hayvan sayisi, N; Negatif hayvan sayisi, S; Stipheli hayvan sayisi

Bu calismada Holstein ve Simental irki sigirlarda
seropozitiflik orani sirasiyla %4,98 ve % 3.47 olarak

belirlenmistir (Tablo 2). Calismada belirlenen
seropozitiflik oranlari irk yoninden
degerlendirildiginde istatistiksel olarak 6nemli

bulunmamistir (P=0.267).

Seropozitiflik oranlari yas gruplarina gore
degerlendirildiginde 2-3 yas araligindaki sigirlarda
%8.5 (n=4), 3-4 yas araligindaki sigirlarda %6.7 (n=5)
ve 5 yas ve Uzerindeki sigirlarda % 9.1 (n=12)

oraninda seropozitiflik saptanirken; 4-5 vyas
araligindaki sigirlarda ise seropozitiflik
saptanmamistir (Tablo 3). Paratuberkiiloz

seroprevalansinin yas ile iliskisi istatistiksel olarak
anlamli bulunmamistir (P=0.751).

Tartisma ve Sonug

Bu arastirmada Sanlurfa yoéresinde sit
sigirlarindan alinan serum o6rneklerinde ELISA ile
MAP’a karsi karsi olusan antikorlar arastirildi.
Paratiliberkiiloz infeksiyonunun baslamasi ile birlikte
kandaki antikor seviyesi yiikselmsktedir. Enfeksiyon
kronik seyirli oldugundan 2 yas altindaki sigirlarda
hastaligi gormek mimkiin olmadan seroprevalans
calismalarinda, 2 wvyas alti hayvanlar tercih
edilmemektedir. Yapilan c¢alismalarda 2 vyasin
altindaki  sigirlarda  ELISA’'nin  spesifitesi  ve
sensitivitesinin dusik oldugu bildirilmistir.
(Cetinkaya ve ark., 2000; Diequez ve ark., 2009;
Nielsen ve Toft, 2009; Oztiirk ve ark., 2010).

Paratliberkiiloz  subklinik evrede duyarh
hayvanlara sit ve diski ile bulastigindan 6nemlidir
(Moghadam ve ark., 2010). Bulasma en ¢ok meme
basindan, sitten ve kolostrumdan olmaktadir
(Cetinkaya ve ark., 1997; Cetinkaya ve ark., 2000;
Yildinm ve Civelek, 2013). Bundan dolayi
paratUberkiilozun  seroprevalansinin  subklinik
evrede belirlenmesi siiri yonetimi ve saghg igin
dnemlidir. (Nielsen ve Troft, 2009; Oztiirk ve ark.,
2010; Yildinm ve Civelek, 2013). Orta Anadolu
bolgesinde paratiberkiilozun seroprevalansi mikro
ve makro KFT metodlariyla degerlendirilmesi
yapilmis ve sirasiyla %2.3 ve %2.7 oraninda
seropozitiflik rapor edilmistir (Vural ve Atala, 1988).

Tlrkiye genelinde 2 yas ve Uzeri sigirlardan tesadiifi
ornekleme ile 8873 kan serumunun ELISA ile
incelendigi bir calismada 409 (%4.6) 6rnek pozitif
bulunmus ve Tirkiye genelinde gergek bireysel
seroprevalans orani %3.7 olarak tespit edilmistir
(Atala ve Akgay 2001). Usak ilinde 3-7 yash 200
Holstayn sut sigirinin incelendigi bir calismada, digki
orneklerinin incelenmesiyle, subklinik
paratUberkiilozun prevalansi; Ziehl-Neelsen (ZN)
boyama ile %17, PCR ile %9.5, Nested PCR ile %20
olarak rapor edilmistir. St orneklerinde ise
prevalans; ZN boyama ile %15.5, Outer PCR ile %5.5,
Nested PCRile %17.5 olarak tespit edilmistir (Yildirim
ve Civelek, 2013). Elazig yoresinde yapilan diger bir
¢alismada sit oOrneklerinde PCR ile %5 oraninda
pozitiflik kayda gegilmistir. Kiltir yéntemiyle ise
prevalansi %3.4 olarak rapor edilmistir (Cetinkaya ve
ark., 2000). Kars ilinde vyapilan c¢alismada
infeksiyonun seroprevalansi %3.5 olarak tespit
edilmistir (Makav ve Gokge, 2013). Kirklareliilinde 23
farkh ciftlikten rastgele olarak segilen 400 siit

sigirindan  alinan serum Ornekleri ELISA ile
arastirilmis ve incelenen serum orneklerinin %1.5%i
seropozitif tespit edilmistir. ELISA ile

paratiberkiilozun seroprevelansi Burdur yoresinde
%6.2 (Oztiirk ve ark., 2010), Ardahan yéresinde ise %
4.3 olarak rapor edilmistir (Karatay ve ark., 2020).

Trakya bolgesinde paratiiberkiilozun
prevalansinin belirlenmesine yonelik iki g¢alisma
yapilmistir. ikiz ve ark. (2005) iki yas Gsti sigirlardan
rastgele o6rnekleme metoduyla segilen 96 digki
numunesini PCR ile arastirmislar ve pozitiflik
saptamamislardir. Ozpinar ve ark. (2015), Edirne,
Kesan ilcesi koylerinde bulunan 30 sut ciftliginden 2
yas ve Uzeri sigirlardan 270 diski numunesi ile bu
koylerdeki sit tanklarindan 45 siit 6rnegini PCR ile
arastirmiglar ve pozitiflik tespit etmediklerini
bildirmiglerdir.

Paratiiberkilozis yonidnden farkh Ulkelerde
yapilan galismlarda farkh sonuglar rapor edilmistir.
Dogu kanada ve Main’de mezbahada kesilen
sigirlarinda %16.1 (McKenna ve ark., 2004),
Hindistan’da %2.71 (Singh ve ark., 2008), ispanya'da
%4.03 (Diéguez ve ark., 2007), Kibris'ta %28.6 (Slana
ve ark., 2009), Slovenya'da %2.77 (Ocepek ve ark.,
2002), Belgika'da %18 (Boelaert ve ark., 2000),
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iran'da %3.7 (Yousof ve ark. 2003) ve Amerika
Birlesik Devletleri'nde %1.6 - %55 (Fernandez-Silva
ve ark., 2014) arasinda degisen seropozitiflik oranlari
belirlemiserdir. Pakistan’da sigir ve mandalarda
paratiberkiilozun seroprevalansi sirasiyla %31.8 ve
%37.8 (Ahmed ve ark. 2020); Nepal'de ise %4.89
olarak bildirilmistir (Sharma ve ark.,, 2019).
Arastiricilar, Paratliberkiloz ile vyas, irk, vicut
kondisyon skoru ve lokasyon arasinda anlamh bir
iliski bulunmadigini ancak daha yasli ve distk viicut
kondisyon skoru olan sigirlarda daha yiiksek
prevalans saptamislardir.

Bu calismada incelenen 465 serum &rneginin
%4.51'i ELISA ile pozitif saptanmistir. Bu ¢alismada
tespit edilen pozitiflik orani yukarida bildirilen
prevalans oranlarinin bazilarina benzerlik
gosterirken (Atala ve Akgay, 2001; Cetinkaya ve ark.,
2000; Diéguez ve ark., 2007; Makav ve Gokge, 2013;
Sharma ve ark., 2019; Singh et al., 2008; Ocepek ve
ark., 2002; Yousof ve ark., 2003); diger ¢alismalarda
(Ahmed ve ark., 2020; Boelaert ve ark., 2000; Mc
Kenna ve ark., 2004; Slana ve ark., 2009) elde edilen
sonuglardan farkh bulunmustur. Paratiberkiilozun
seroprevalansindaki farkliliklarin, iklim, beslenme,
barinma kosullar, giftliklerin konumu, numune alma
prosedirleri gibi faktorlerden kaynaklanabilecegi
bildirilmistir. (Cetinkaya ve ark., 1997; Mc Kenna ve
ark., 2004).

Ulkemizde  vyapillan  calismalarda  ciftlik
prevalansinin belirlenmesine yeteri kadar 6nem
verilmedigi dikkati cekmektedir. Bir isletmede tek bir
hayvanda bile etkenin tespit edilmis olmasi hastaligin
bulas riski agisindan oldukca énemlidir. Oztiirk ve
ark. (2010) yaptiklar calismada Burdur yoéresinde
hastaligin strt prevalansini %58, Makav ve Gdkge
(2013) Kars yoresinde %41.6 olarak bildirmislerdir.
Ozsvari ve ark. (2020) Macaristan’da yaptiklari
calismada infeksiyonun ¢iftlik prevalansini %89
olarak bildirmiglerdir. Farkhi Avrupa ulkelerinde
yapilan calismalarda ciftlik prevalansi irlanda’da
%23-34 (Mc Aloon ve ark., 2016), italya’da %70
(Pozzato ve ark., 2011) ve Danimarka’da %75-92
(Verdugo ve ark., 2015) olarak rapor edilmistir. Vilar
ve ark. (2015) ise Kuzeydogu Brezilya’da yaptigi
¢alismada %6.7- %100 arasinda degisen siri
prevalansi saptamislar. Bu c¢alismada ornekler 25
farkl isletmeden toplanmis ve siirii prevalansi %16
olarak tespit edilmistir. Yapilan c¢alismalarda
paratiberkiilozun prevalansinin yiiksek olmasinin
ciftlikteki hayvan sayisiyla dogru orantili oldugu
bildirilmistir (Nielsen, 2008; Oztiirk ve ark., 2010;
Pozzato ve ark., 2011). Bu c¢ahsmadaki giftlik
prevalansi Vilar ve ark. (2015)'nin bildirdigi orana
benzerlik gosterirken diger arastiricilarin
¢alismalarinda bildirilen oranlardan disik
bulunmustur. Calismamizda siri prevalans oranin

disiik olmasi 6rneklenen isletmelerin kiglik olmasi
ile agiklanabilir

Calismamizda paratliberkiloz belirlenen 12
pozitif ve 4 sipheli vakanin 5 yasindan biyiik oldugu
belirlenmekle birlikte paratuberkiiloz
seroprevalansinin yas ile iliskisi istatistiki olarak
anlamli bulunmamistir (P=0.751). Bizim ¢alismamiza
benzer olarak yapilan galismalarda; (Nielsen ve ark.,
2013; Sharma ve ark., 2019; Stabel, 2006)
paratliberkiiloz agisindan farkli yas gruplarinda
anlamh bir fark kaydedilmedigi bildirilmistir.

Bu calismada paratiberkiiloz seroprevalansi ile
irk arasinda istatiski olarak anlamh bir iligki
bulunmamistir (P=0.267). Kars yoresinde yapilan bir
calismada, paratiberkiilozun prevalans orani
Simental veya melezlerinde %3.20 (5/156),
Montafon veya melezlerinde %3.68 (7/190), Yerli irk
veya melezlerinde %3.70 (2/54) olarak bildirilmistir
(Makav ve ark., 2013). Cetinkaya ve ark. (1997),
Jersey ve Guernsey Irklarinda paratiiberkiloz
hastaligi’'nin Friesian veya diger irklara gore daha
yaygin oldugunu belirtmislerdir. Bizim galismamizda
irklar arasindaki farkin istatistiki olarak anlamli
bulunmamasina ragmen diger ¢alismalarda gorilen
farkin irklara gére sonuglarin degiskenlik géstermesi
irk’'a  6zgli duyarhk ve kros reaksiyonla
iliskilendirilmekle birlikte nedeni tam olarak
bilinmedigi bildirilmistir (Osterstock ve ark., 2010;
Roussel ve ark., 2005).

Bu c¢alismada Haliliye ilgesinde 1 (%0.48)
Eyylbiye ilgesinde 20 (%12.65) pozitiflik saptanirken
Karakopri ilgesinde pozitiflik saptanamamistir.
Paratliberkiiloz seroprevalansi ile yerlesim vyeri
arasindaki iliskisi istatistiksel olarak anlamli
bulunmustur  (P<0,000). Calismamizda ilgeler
arasindaki farkin nedeninin ilgeler icinde pozitif
hayvanlarin serbest hareketi ve hijyen
eksikliklerinden  dolayr  bulasma  olmasindan
kaynaklanabilecegi disiintilmistiir. Misir’da Selim ve
ark. (2019) yaptiklar calismada bdlgeler arasindaki
farkin  istatistiki olarak anlamli  oldugunu
bulmuslardir. Bolgesel farkliigin paratiberkiloz
hastaliginin aralikli  sagilimi, saglkh ve hasta
hayvanlarin ayni bolgede serbest hareketinden
kaynaklanabilecegini bildirmislerdir.

Bu c¢alisma ile Sanhurfa ilinde sigirlarda
paratiberkiiloz seroprevalansi arastirilmistir. Sonug
olarak Sanlurfa yoresinde paratiiberkiiloz
infeksiyonunun seroprevalansi %4.5, stri prevlansi
ise %16 olarak belirlenmistir. Hastalik ile micadelede
gerek bolgesel gerekse de ulusal diizeyde daha
kapsaml calismalar gergeklestirilerek infeksiyonun
gercek boyutlarinin belirlenmesi ve buna goére
micadele yontemlerinin gelistiriimesi gerektigi
sonucuna varimistir.

Cikar ¢atigmasi
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Yazarlar bu yazl icin gercek, potansiyel veya
algilanan  ¢ikar catismasi  olmadigini  beyan
etmislerdir.
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Abstract: Sanlurfa is referred to as one of the pigeon domestication centers. It is also believed that most of the pigeon breeds
in Turkey originated from Sanlurfa pigeons. This study was carried out to determine the morphological characteristics of the
Sanliurfa Yapisan (Tumbler) pigeon native to Sanliurfa in Turkey. The animal material of the study, according to their age, was
06-12 months (Group 1, n=43), 13-24 months (Group 2, n=49), and > 24 months (Group 3, n=36), as well as male (n=65) and
female (n=63) 128 heads of Yapisan pigeons. Chosen for their ability to somersault or roll backwards during flight, Tumbler
pigeons are one of the domesticated pigeons descended from the Rock pigeon. All the Yapisan pigeons have trotters. The
trotter feathers are soft, curved to the side, overlapping, and give the foot a thick appearance. The leg pads above the elbow
are curved in and out, giving the feeling of covering between the legs, and the pads do not go beyond the toes. The difference
between the sex groups was statistically significant in terms of all the other features except tail length in the morphological
features examined. The effect of age on wingspan (P<0.001), wing length (P<0.05) and, tail length (P<0.001) was determined
to be significant. The findings of this study verified the view that Yapisan pigeons are a breed. Supporting this result with
future genetic characterization and similar studies will be meaningful.

Keywords: Biodiversity, Gene sources, Morphological characteristics, Pigeon, Sanlurfa.

Sanhurfa Yapisan (Tumbler) Giivercinlerin (Columba livia domestica) Morfolojik Ozellikleri

Ozet: Sanliurfa giivercin evcillestirme merkezlerinden biri olarak anilir. Tiirkiye'deki giivercin irklarinin ¢ogunun Sanlurfa
guvercinlerinden geldigine inanilmaktadir. Sanliurfa Yapisan (Taklaci) glvercinleri, ylzyillardir Sanliurfali yetistiricilerin ilgisini
¢eken onemli taklaci iklardan biridir. Bu ¢alisma Sanliurfa ve Turkiye'ye 6zgi Yapisan givercinlerin morfolojik 6zelliklerini
belirlemek amaciyla yapilmistir. Arastirmanin hayvan materyalini, yaslarina gore 06-12 ay (Grup 1, n=43), 13-24 ay (Grup 2,
n=49), ve > 24 ay (Grup 3, n=36) ayrica farkli cinsiyet gruplarindan erkek (n=65) ve disi (n=63) olmak lzere toplam 128 bas
Yapigan glvercini olusturmustur. Ugus sirasinda takla atma veya geriye dogru yuvarlanma yetenekleri nedeniyle segilen
Taklaci guivercinleri, Kaya giivercininin soyundan gelen evcil giivercinlerden biridir.Yapisan glivercinlerin hepsinde paga
mevcuttur. Ayaga kalin bir gériinim kazandiran paga tiyleri Ust Uste binik olup yumusak ve yana kivriktir. Dirsegin Ustindeki
bacak pedleri ige ve disa dogru kavisli olup bacaklar arasinda értii hissi verir ve pedler ayak parmaklarini gegmez. incelenen
morfolojik 6zelliklerde, kuyruk uzunlugu disindaki diger tim 6zellikler agisindan cinsiyet gruplari arasindaki fark istatistiksel
olarak anlaml bulunmustur. Yasin kanat agikhgi (P<0.001), kanat uzunlugu (P<0.05) ve kuyruk uzunlugu (P<0.001) Gzerindeki
etkisi istatiski olarak anlamh bulunmustur. Bu galismanin bulgulari, Yapisan glvercinlerin bir irk oldugu goriisiini
desteklemektedir. Bu sonucun ileride yapilacak genetik karakterizasyon ve benzeri galismalarla desteklenmesi anlamli
olacaktir.

Anahtar Kelimeler: Biyogesitlilik, Gen kaynaklari, Giivercin, Morfolojik 6zellikler, Sanlurfa.

Introduction

The domestic pigeon seen in our daily lives belongs
to the wild pigeon Columba livia (Blasco et al., 2014).
The feral pigeon was most likely domesticated in the
Middle East and Mediterranean region at least 5,000
years ago (Anonymous, 3; Domyan and Shapiro
2017). This situation gave it the title of the oldest
domesticated winged bird and, perhaps, made its
phenotypic variance the most diverse (Price, 2002).
Pigeons have provided some needs of people (food
source, communication tool, racing animal) for many
years. More importantly, they have satisfied pigeon
fanciers with their aesthetic appearance of different

races and symbolizepeace today (Atasoy et al.,
2013).

They were regarded as sacred religious symbols
and war heroes by people who were primarily
responsible for their near-world distribution. They
are an important model for research in parasitology,
behavior, physiology, psychology, neuroscience,
microbiology, and other disciplines today (Domyan
and Shapiro, 2017).

The monogamy of pigeons provides an
advantage for pigeon fanciers in acquiring new
breeds and varieties and makes it possible to
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develop them by selection (Darwin, 1976). Tumbler
pigeons are one of the domesticated pigeons’
descendants of the rock pigeon chosen for their
ability to somersault or roll backwards during flight.
In domestic pigeons, this fascinating feature has
been reported for centuries (Anonymous, 1); It is
believed to manifest as a reflection of the survival
skill that birds of prey develop to escape air attacks.
Tumbler pigeons, which are active and playful, are
mostly seen in Sanliurfa, Ankara, Antalya, Diyarbakair,
Sivas, Malatya, Corum and Konya regions in Turkey.
Sanliurfa Yapisan (tumbler) pigeons, which keep
their wings low under their tail, are a breed that has
won the attention of breeders from Sanliurfa.
Among the features that distinguish it from other
tumblers is that the head structure is slightly angular,
and the forehead is full. In addition, the ring around
the eyes is less hairy and prominent (Anonymous, 2).

In Sanliurfa, the number of individual bird
keepers referred to as “curious people” is high
(Kiirkgioglu, 2011), and there are many unique
places where pigeon shows and trades are held. As
such, pigeon breeding stands out not only as a hobby
breeding branch, but also as a typical commercial
activity. It is believed that most of the pigeon breeds
in Turkey came from Sanliurfa pigeons. Because
Mesopotamian figurines, mosaics, coins, and tablets
(Biray, 2019) that date pigeons 5000 years ago and
depict a place in Mesopotamia point to Sanlurfa as
one of the pigeon’ domestication centers.

Although there are studies to determine the
characteristics of many different breeds of pigeons,
for example, Muradiye Dének (Ozbaser et al., 2021),
Classic Manisa Hinkarisi (Tirkes and Gindiz, 2021),
and Alabadem (Erdem et al., 2021), there are no
studies describing the characteristics of the Yapisan
(tumbler) pigeon breed in Turkey. Yapisan pigeon is
unique to the Sanlurfa region, which is one of the
domestication centers of pigeons, and pigeon
breeding is a tradition in this region. This study was
carried out to determine the morphological
characteristics of the Yapisan pigeon native to
Sanliurfa in Turkey, to bring these characteristics to
the literature, as well as to make a preliminary study
for the registration of the pigeons by determining
the breed characteristics.

Material and Methods

This research was approved by the Harran
University Animal Experiments Local Ethics
Committee with the decision dated 24.06.2021 and
numbered 2021.005.04.

This research was carried out on Yapisan
Pigeons raised by five different local businesses
located between 37°09'30”N and 38°47'30"E in
Sanliurfa province. Pigeons were managed and fed

according to the routine schedule of other breeders.
The animal material of the study, according to their
age, was 06-12 months (Group 1, n=43), 13-24
months (Group 2, n=49), and > 24 months (Group 3,
n=36), as well as male (n=65) and female (n=63) 128
heads of Yapisan pigeons.

Morphological characteristics of pigeons (head
type, eye color, beak type, beak tip color, nail color,
and body color) were determined with the naked eye
and photographic shots (Canon EQOS 650D and Canon
EF 50 mmF1.8 lens).Special boxes of 60x50 cm and a
top light were used for this work. We covered them
with a 500x300 cm black cloth to keep them away
from external stimuli.

For morphometric measurements; body length,
wingspan, wing length, tail length, chest
circumference with a tape measure; head length,
head width, chest width, shank length, beak length,
and depth were measured with a digital caliper (
Atasoy et al., 2013; Celik 2021; Ozbaser et al., 2016).

One-Way ANOVA procedure was used to
analyze the difference between groups for the
features under consideration; the Independent-
Sample T-test analysis method (Ozdamar, 2001;
Soysal, 2000) was used for the difference between
gender groups, and the “Descriptors” method was
followed for descriptive statistics, and the factors
revealing a significant effect were calculated with
the Duncan test (Duncan, 1955).

Results

In this study, as a result of measurements and
observations made from 128 Yapisan pigeon
samples, three different color variations were
determined, taking into account the evaluations of
the breeders: Gok 71.9% (n=92), Arap 17.2% (n=22),
Beyaz 10.9% (n=14) (Figure 1).

The head of the yapisan pigeon is large with a
thick neck. The beak is bluish- grey in the Gok variety
and vibrant pink in the Beyaz variety. There were
grey spots on the tip of the beak in the Arap variety
only (Figure 2).

Table 1. Number of wing and tail feathers in
Sanlurfa Yapisan (tumbler) pigeon.

Morphological
characteristics
Number of Wing feather

Ratio (%) (n)

10-1-10 80.4 103
10-1-11 14.1 18
10-1-9 5.5 7
Number of Tail feather

12 feathers 82.0 105
13 feathers 14.1 18
14 feathers 3.9 5
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The number of wing feathers counted according
to the p-a-s method (by following the primary, axial,
and secondary feathers, respectively) was also
determined as the number of tail feathers were
counted (Table 1). In addition, the photographs were
taken as visuals to assess the wing (Figure 3) and tail
structures (Figure 4) of the Yapisan pigeons.

All Yapisan pigeons have trotters. The leg
feathers, which give the foot a thick structure, are
soft, slightly curved, and layer by layer. The leg pads
above the elbow are curved inwards and outwards,
giving the feeling of covering between the legs; these
pads do not go past the toes. The trousers below the
elbow, which are not very hard and long, are
arranged in symmetrical feathers that support each

Figure 1. Color variants of Yapisan pigeons; Gok,
Arap, Beyaz.

other. (Figure 5).

In this study, the statistical analysis resulted in
significant differences between groups for wing
length and beak depth characteristics (P<0.05). Also,
a considerable difference was head width (P<0.01).
The mean values for body weight, head length,
wingspan, and tail length were statistically

significant (P<0.001) when measured traits were
compared in terms of gender groups, differences for
wing length, body length, head width, chest width,
and wingspan (P<0.001); for body weight, head
length, chest circumference and shank length
(P<0.01); beak depth and beak length (P<0.05) were
significant (Table 2).

A
4 7
1,

77 Vi o

Figure 2. Head structure, eye colors and beak
types of Yapisan pigeons.
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Discussion and Conclusion

Although domestication is more focused on
mammials, it covers the importance of other species,
such as poultry (Blasco et al., 2014). The domestic

pigeon is derived from the wild rock pigeon and is the
oldest domesticated bird species (Cobo-Simon et al.,
2020; Price, 2002; Rose et al., 2006). Cuneiform
tablets found in Mesopotamia can be accepted as
physical evidence since the domestication process of

Figure 4. Examples of Wings in Sanliurfa Yapisan pigeon.

the poultry cannot be proven with bones
(Anonymous, 3).

Compared to their wild ancestors, they differ
significantly in morphological structure, particularly
in the color, length, and distribution of feathers and
anatomy of the head, beak, and trotters. These
features significantly affect appearance (Ozbaser et
al., 2021; Parés-Casanova and Kabir, 2019; Shapiro et
al., 2013; Vickrey et al., 2018). As a result of the
intense selection and breeding efforts of enthusiasts,
many breeds and varieties have emerged around the
world (Johnston, 1990; Murton et al., 1972; Price,

2002; Stringham et al., 2012). This is the reason why
breeders who purebred breed pays maximum
attention to protecting the pedigree of pigeons (Balci
et al.,, 2018; Baptista et al., 2009; Bartels, 2003;
Helms and Brugmann, 2007).

The most common area of intense research in
pigeons has been the genetic basis of pigmentation
for aesthetic or practical reasons. Pigeons display
unique color variations. In addition to being a
valuable feature that appeals to breeders’ visual and
aesthetic  perceptions, color variations are
associated with sexual preference, survival, and
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Figure 5. Examples of trotters in Sanliurfa Yapisan pigeons.

Table 2 The statistical values of the morphometric characteristics detected from Sanliurfa Yapisan (tumbler) pigeons (X£Sx).

Body weight Beaklength Beak depth Head length Head width Shank length
Yapisan n

(g) (mm) (mm) (mm) (mm) (mm)
Groupl 43  290.35+3.58* 16.53+0.61*° 7.01+0.82 33.35+#1.032 21.78+1.37° 39.82+3.55
Group2 49  321.63+2.16" 16.53+0.53° 7.29+1.11 33.99+1.81° 22.20+1.21° 40.4343.85
Group3 36  343.894+3.70° 16.58+0.95° 7.35+0.51 34.77+1.24° 22.33+0.57° 40.66+2.95
Total 128 317.38+2.59 16.54+0.39  7.21+0.54 33.99+0.98  22.10+0.70 40.29+2.08
Age * k% - * k% k * % -
Female 63  309.92+3.83 16.45+0.41  7.10+0.74 33.70+1.13  21.77+1.06 39.60+3.28
Male 65  324.624+3.27 16.63+0.64  7.32#0.77 34.28+1.50 22.41+0.73 40.96+2.31
Sex * %k * * * %k * k¥ * %k

Wing length  Wingspan Tail length Body length Chest perimeter Chest width
Yapisan n

(cm) (cm) (cm) (cm) (cm) (mm)
Groupl 43  28.10+1.94° 65.57+2.65° 13.67+1.64° 33.05+1.52  20.43+1.82 54.31+1.08
Group2 49  28.42+2.40* 66.85+2.58> 14.34+1.61° 33.40+1.87  20.86+1.80 54.40+0.83
Group3 36  28.90+1.96° 67.46+2.15° 14.71+1.67° 33.44+2.32  21.11+2.86 54.66+1.18
Total 128 28.45+1.28 66.59+1.60  14.22+1.01 33.29+1.10 20.79+1.24 54.45+0.59
Age * % %k %k * k¥ _ _ -
Female 63  27.98+1.78  65.90+2.13  14.12+1.49 32.82+1.61 20.43+1.74 54.21+0.69
Male 65  28.90+1.66  67.25+2.09  14.32+1.38 33.75#1.26  21.13+1.66 54.67+0.88
Sex % %k %k % %k %k _ * k¥ * %k % %k %k

-1 P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001, a-c means within a column with different letters are significantly different (P<0.05).

predator avoidance requirements for
populations living in nature (Darwin, 1868).

Studies by Si et al. (2021) have observed that
the domestic pigeon exhibits three primary iris
colors, including yellow to orange "pebble," white
"pearl," and black "bull's eye". Pebble and pearl irises

pigeon

in pigeons are described as luminescent pigment
cells with birefringent crystals in the anterior stromal
tissue. In some studies, the Bull's-eye feature is
associated with white feathers (Bond, 1919;
Hollander and Owen, 1939). Our findings on Yapisan
pigeons confirm these studies (Figure 2).
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Atasoy et al. (2013) reported no age effect
regarding body weight, head length and width in
their study on tumbler pigeons. However, just like
the results obtained in the study on Scandaroon
pigeons (Yildinm et al. 2018), the statistically
significant difference between age groups in terms
of these characteristics shows that the development
of Yapisan pigeons continues. Moreover, the
difference between age groups in terms of wing
length, wingspan and, tail length was found to be
significant in both studies. The effect of age on
wingspan, wing length and tail length (P<0.001,
P<0.05, P<0.001) was determined to be significant at
the level of significance. The development of this
condition with age is essential to remain stable and
durable. In the study, body measurements were
higher in males in general, except for the tail length.
Similar results were found in some tumbler pigeons
reared in Ankara.

Mean adult body weight was determined as
317.38+2.59 g in Yapisan pigeons. This situation is
similar to Klasik Manisa Hinkarisi (Tirkes and
Glndiz, 2021) found to be 319.3 g, Tumbler pigeons
in province of Ankara as 321.62+1.97 g (Atasoy et al.,
2013) and Alabadem pigeons found to be 321.17 +
2.61 g (Erdem et al., 2021). It is lower than the values
obtained for Filo flyer pigeons (Ozbaser et al. 2016)
as 428.85+5.67 and for Thrace Roller Breeds (Soysal
et al., 2011) as 335.58 g. In this sense, it would not
be wrong to define the Sanhurfa Yapisan (tumbler)
pigeon as a medium-sized breed. This means that
instead of selectively improving traits such as body
weight, breeders are focusing heavily on the
somersault trait of Sanliurfa Yapisan pigeons.

Conservation of local gene resources is closely
related to the economic, scientific, cultural, and
ecological needs of a country. In this sense, animals,
a local gene source, and biodiversity elements, are
frequently investigated in terms of genetic and
various morphological characteristics, not only to
shed light on phylogenetic studies but also to
develop more efficient production systems and
genetic improvement studies (Casanova, 2013). The
findings of this study support the view that Sanlurfa
Yapisan pigeons are a breed. Studies have started to
be registering the Sanlurfa Yapisan pigeon breed as
a local gene source, and it is thought that
morphometric  characterization  studies  will
significantly contribute to this sense. In addition, it
will be meaningful to support the results obtained
with future DNA studies.
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Abstract: This research aimed to use a conventional and molecular approach to determine Candida species isolated from
cattle clinical mastitis and examine their antifungal susceptibility. In this research, 100 milk samples with mastitis were
collected from dairy farms in five different Izmir districts. On chromogenic agar, 23 Candida isolates were isolated from milk
samples with mastitis, and 20 (87.0%) isolates were identified as C. krusei, two (8.6%) isolates as C. albicans, and one (4.3%)
isolate as C. tropicalis. PCR analysis verified that all Candida isolates were C. krusei, C. albicans, and C. tropicalis. According to
sequence analysis, it was determined that 11 of the C. kruseij isolates had >97% similarity to “Pichia kudriavzeii ZKI117 5.8S
ribosomal gene”; six of the C. krusei isolates to “Pichia kudriavzeii isolate L-012 small subunit ribosomal RNA gene”; two C.
krusei isolates to “Pichia kudriavzeii isolate 3 internal transcribed spacer 1”; and one C. krusei isolates to “Pichia kudriavzeii
LL11_078 18S ribosomal gene”; two C. albicans isolates to “Candida albicans isolate B02 5.8S ribosomal gene”; one C.
tropicalis isolate to “Candida tropicalis isolate CTR1201 18S ribosomal gene”. In the antifungal susceptibility test results, all
Candida isolates (%100) were resistant to metronidazole and flucytosine. Consequently, it was determined that identifying
Candida agents and determining antifungal susceptibility in farms with mycotic mastitis will ensure the application of correct
treatment protocols and reduce economic losses due to fungal mastitis.

Keywords: Antifungal drug resistance, Candida, Cattle, DNA sequence, Mastitis.

Mikotik Mastitislerde Non-Albicans Candida Tiirlerinin Etkinliginin ve Antifungal ilag Direnglerinin
Arastirilmasi

Ozet: Bu calismanin amaci, sigir klinik mastitislerinden izole edilen Candida tiirlerinin konvansiyonel ve molekiiler yontemlerle
tanimlanmasi ve antifungal duyarliliklarinin belirlenmesidir. Bu arastirmada izmir'in bes farkli ilgesindeki sigir giftliklerinden
100 mastitisli st 6rnegi alinmigtir. Mastitisli siit drneklerinden 23 Candida izolati izole edildi ve kromojenik agar ile 20 (%87.0)
izolat C. krusei, iki (%8.6) izolat C. albicans ve bir (%4.3) izolat C. tropicalis olarak tanimlandi. Tiim Candida izolatlar PCR analizi
ile C. krusei, C. albicans ve C.tropicalis olarak dogrulandi. Sekans analizine gore C. krusei izolatlarindan 11 tanesinin “Pichia
kudriavzeii ZK1117 5.8S ribosomal gene” ile; alti tanesinin “Pichia kudriavzeii isolate L-012 small subunit ribosomal RNA gene”
ile; iki tanesinin “Pichia kudriavzeii isolate 3 internal transcribed spacer 1”, bir tanesinin “Pichia kudriavzeii LL11_078 18S
ribosomal gene” ile; 2 C. albicans izolatinin “Candida albicans isolate B02 5.8S ribosomal gene” ile; bir C.tropicalis izolatinin
“Candida tropicalis isolate CTR1201 18S ribosomal gene” ile >%97 benzerlik gosterdigi belirlendi. Tiim Candida izolatlarinin
antifungal duyarlilik testi sonuglarinda metronidazol ve flusitozine karsi %100 direngli oldugu saptandi. Sonug olarak, mikotik
mastitisli ciftliklerde Candida etkenlerinin identifikasyonu ve antifungal duyarhliklarinin belirlenmesinin dogru tedavi
protokollerinin uygulanmasini saglayacagi ve mikotik mastitise bagli ekonomik kayiplari 6nleyecegi kanaatine varildi.
Anahtar Kelimeler: Antifungal ila¢ direnci, Candida, DNA sekansi, inek, Mastitis.

Introduction

Mastitis is an infection caused by various Antibacterial misuse, treatment with contaminated

microorganisms and reduces milk yield and increases
antibiotic treatment and farm costs. It also has a
worldwide economic impact since it costs the global
dairy industry 35 billion dollars (Du et al.,, 2018;
Khalaf et al., 2021). In mastitis, an immunological
response occurs in the mammary gland, which
causes a physical change in milk due to the
deterioration of the permeability of the milk-blood
barrier (Khalaf et al., 2021). Fleischer first described
mycotic mastitis caused by Candida species in 1930.

antibiotic solutions, and contaminated objects that
contact the mammary canal help yeast colonize the
gland. Candida-induced udder infections account for
around 10% of all mastitis cases in cattle (Du et al.,
2018). Candida glabrata and Candida krusei are the
most common Candida species in mycotic cattle
mastitis. In cases of subclinical mastitis, Candida
tropicalis, Candida viswanathii, Candida
guilliermondii, Candida norvegica, and Candida
zeylanoides are also identified (Bakr et al., 2015).
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Candida species are identified using bacterioscopy,
morphological diagnosis, and biochemical testing,
often taking more than three days to complete.
Chromogenic-based and standard media such as SDA
have been used to diagnose Candida species.
Diagnostic methods such as API 20C AUX and MALDI
TOF are also used. However, in the differential
diagnosis and typing of Candida species, molecular
diagnostic techniques (PCR) and sequencing
approaches have begun to assume a prominent role
(Bakr et al., 2015).

It has been stated that most antimycotic drugs
are not effective in treating Candida infections.
Antifungal treatments have been developed due to
the rise in mycotic infections in recent years.
However, it has been noted that the increased usage
of antifungal drugs reduces the endogenous fungal
flora, resulting in the emergence of more resistant
strains while susceptible strains are suppressed
(Erbas et al., 2017). Antifungal-resistant Candida
species must be identified fast and precisely, and
antifungal susceptibility tests must be used to guide
therapy (Hizlisoy et al., 2019).

This research aims to isolate Candida species
that cause fungal mastitis in cattle and to investigate
their susceptibility to antifungals.

Materials and Methods

Sampling: In this research, 100 milk samples
with clinical mastitis were collected from dairy farms
of 50 or more heads in five different districts in the
province of Izmir (Beydag, Bayindir, Odemis, Kiraz,
Tire). Twenty milk samples with clinical mastitis were
collected from each district. All milk samples were
taken from the mammary lobe with clinical mastitis
of the cattle on these farms. Clinical mastitis was
diagnosed by the presence of discomfort, swelling,
warmth, and an abnormal look in the milk (bloody
milk, watery discharges, clots, pus). Ten ml milk
samples were collected from cattle with the above
clinical findings and transported to the lab in a cold
chain. No ethical permission is required for this
study.

Phenotypic Isolation: Milk samples (100 ul)
were pre-enriched by inoculating them with
Sabouraud dextrose broth (HiMedia Lab., India) and
incubated at 37°C for 72 hours. Fifty pl of each broth
culture were inoculated on SDA (HiMedia Lab.,
India), chloramphenicol (0,05 mg/ml), and incubated
at 37 °C for 48 hours. The isolates were identified
according to their macroscopic and microscopic
morphologies. Candida suspect colonies were
passaged onto chromogenic agar (HiCromeTM
Candida Differential Agar, HiMedia Lab., India) and

incubated for 24 hours at 30 °C. On chromogenic
agar, colonies of C. krusei are purple, C. tropicalis are
blue to purple, C. albicans are light green, C.
parapsilosis are white-cream, and C. glabrata are
cream-white. Identification of Candida species was
made phenotypically with detection of different
color-forming colonies. (Milanov et al., 2014).

Genotypic Identification: The isolates for which
species identifications were made on chromogenic
agar were passaged to SDA, and DNA extractions
were performed from the obtained colonies with the
DNA extraction kit (UltraClean® Microbial DNA
isolation Kit, MoBio Lab., USA). Candida DNA
samples were kept at -20°C. The genotypic
identification of Candida isolates was performed
utilizing ITS3 (5’-GCA TCG ATG AAG AAC GCA GC- 3’)
and ITS4 (5’-CCT CCG CTT ATT GAT ATG C-3’) primers
(Fujita et al., 2001). PCR reaction was performed in a
total volume of 20 pl, including 10 pl of 2x Taq
master mix, 0.5 pl MgClz2 (50 mM), and 0.1 pl primers
(100 pmol). PCR conditions; a pre-denaturation at
94°C for 4 min, denaturation at 94°C for 30 sec,
annealing at 55°C for 30 sec, elongation at 72°C for 1
min for 30 cycles and followed by a final elongation
at 72°C for 4 min with using a SimpliAmp thermal
cycler (Appliedbiosystems, Massachusetts, USA).
PCR amplicons were electrophoresed on 1.5%
agarose gel at 80V for 40 minutes. After
electrophoresis, agarose gel was visualized on the
Vilber Lourmat (Collegien, France) imaging system.
Band images were evaluated according to Fujita et
al. (2001).

Sanger Sequencing: The Sanger sequencing
method was used to sequence Candida species
identified by PCR analysis with ITS3-ITS4 primers
(Sanger et al., 1977). Enzymatic purification (ExoSap-
IT™, USA) was used to purify PCR amplicons. The
purified amplicons were subjected to sequence PCR
analysis using the ITS4 primer. After sephadex
purification, the amplicons were loaded into the
Beckman Coulter CEQ8000 (Fullerton, CA, USA)
instrument. The sequences were loaded into a
Nucleotide-Blast software, and isolates that showed
similarity were classified as Candida species.

Antifungal Susceptibility Test: The antifungal
susceptibility of Candida isolates was examined
using the disk diffusion method (CLSI, 2018).
Colonies were inoculated in brain heart infusion
broth and density adjusted to 0.5 MacFarland.
Ketoconazole (10 ug), metronidazole (5 pg), nystatin
(100 U), flucytosine (1 ug), fluconazole (10 pg) and
miconazole (10 pg) were used in this research.
Evaluation of zone diameters of antifungals was
done according to CLSI M44-A2 standards (CLSI,
2018).
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Results

Phenotypic Identification: In this study, 100
milk samples from the mammary lobe with clinical
mastitis of the cattles were inoculated into SDA, and
23 Candida suspect colonies were observed in a
morphology-based examination for phenotypic
isolation. Gram staining was used to investigate
microscopic morphologies. All samples (n=23) were
Gram-positive coccoid shaped due to Gram staining
under the microscope. After microscopic
examination, 23 Candida suspected isolates were
passaged onto chromogenic agar plates. Colored
colonies formed duo to passages were evaluated
according to the color scale. Candida krusei colonies
were purple, C. albicans colonies were light green,
and C. tropicalis colonies were blue-purple on
chromogenic agar. As a result, 20/23 (87.0%) isolates
were identified as C. krusei, two (8.6%) isolates as C.
albicans, and one (4.3%) isolate as C. tropicalis. In the
Bayindir district, 10 C. krusei isolates and one C.
albicans isolate were isolated from 20 milk samples
for the region-based evaluation. In the Kiraz district,
10 C. krusei isolates were isolated from 20 milk
samples. One C. tropicalis isolate was isolated from
Beydag, and one C. albicans isolate was isolated from
Odemis. In the Tire district, no mycotic growth was
detected.

Genotypic Identification: A commercial kit was
used to extract DNA from 23 Candida sp. isolates
typed on chromogenic agar, and universal fungal
primers (ITS3 and ITS4) were used in PCR reactions.
As a result of PCR analysis, it was determined that 20
C. krusei isolates were banded at 335 bp, two C.
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albicans isolates at 339 bp, and one C. tropicalis
isolates at 329 bp in the Vilber Lourmat imaging and
analysis system (Fujita et al.,, 2001). ITS3-ITS4
primers were used to identify genotypically 23
Candida sp. isolates obtained by phenotypic
methods.

Sanger Sequencing: Twenty-three isolates were
identified as C. krusei, C. albicans, and C. tropicalis,
with sequence analysis of 23 Candida isolates
described as phenotypic and genotypic. It was
determined that 11 of the C. krusei isolates showed
>97% similarity to the previously described “Pichia
kudriavzevii ZKI117 5.8S ribosomal gene”, six of the
C. krusei isolates to “Pichia kudriavzevii isolate L-012
small subunit ribosomal RNA gene”, two C. krusei
isolates to “Pichia kudriavzevii isolate 3 internal
transcribed spacer 1”7, and one C. krusei isolates to
“Pichia kudriavzevii LL11_078 18S ribosomal gene”.
The C. albicans strains showed >97% similarity to the
“Candida albicans isolate B02 5.8S ribosomal gene”.
One C. tropicalis isolate had >97% homology to
“Candida tropicalis isolate CTR1201 18S ribosomal
gene”.

The phenotypic, genotypic, and sequencing
results of Candida isolates are shown in Table 1.

Antifungal Susceptibility Test: As a result of the
antifungal susceptibility tests, all Candida isolates
(n=23) were resistant to metronidazole, flucytosine
100%, and flucanasole and micanasole 95%. On the
other hand, it was determined that all Candida
isolates (n=23) were sensitive to nystatin and
ketoconazole at different percent degrees. The
distribution of resistance of Candida isolates to
antifungal agents is given in Figure 1.
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Table 1. Phenotypic, genotypic and sequencing results of Candida isolates

Growth on
Sample Sample Growthon Identification with ITS3/ITS4

Chromogenic Sequencing Results
No Name SDA Chromogenic Agar PCR Results

Agar
1 BA1 Positive Positive C. krusei Positive Pischia kudriavzevii
2 BA3A  Positive Positive C. krusei Positive Pischia kudriavzevii
3 BA 6 Positive Positive C. krusei Positive Pischia kudriavzevii
4 BA 8 Positive Positive C. krusei Positive Pischia kudriavzevii
5 BA9 Positive Positive C. krusei Positive Pischia kudriavzevii
6 BA10  Positive Positive C. krusei Positive Pischia kudriavzevii
7 BA1l  Positive Positive C. krusei Positive Pischia kudriavzevii
8 BA13  Positive Positive C. krusei Positive Pischia kudriavzevii
9 BA 14B Positive Positive C. krusei Positive Pischia kudriavzevii
10 BA15  Positive Positive C. krusei Positive Pischia kudriavzevii
11 BA 18  Positive Positive C. albicans Positive Candida albicans
12 BYD 20 Positive Positive C. tropicalis Positive Candida tropicalis
13 K2 Positive Positive C. krusei Positive Pischia kudriavzevii
14 K4 Positive Positive C. krusei Positive Pischia kudriavzevii
15 K7 Positive Positive C. krusei Positive Pischia kudriavzevii
16 K8 Positive Positive C. krusei Positive Pischia kudriavzevii
17 K10 Positive Positive C. krusei Positive Pischia kudriavzevii
18 K12 Positive Positive C. krusei Positive Pischia kudriavzevii
19 K13 Positive Positive C. krusei Positive Pischia kudriavzevii
20 K14 Positive Positive C. krusei Positive Pischia kudriavzevii
21 K17 Positive Positive C. krusei Positive Pischia kudriavzevii
22 K20 Positive Positive C. krusei Positive Pischia kudriavzevii
23 oD1 Positive Positive C. albicans Positive Candida albicans

BA: Bayindir; BYD: Beydag; K: Kiraz; OD: Odemis
Discussion and Conclusion

The yeast has evolved to be a successful
commensal in the healthy host. It displays variable
characteristics required for survival on mucosal
surfaces. The same features become virulence
characteristics in abnormal conditions, increasing
the yeast's invasive capacities. (Sartori et al., 2014).
Candida krusei and Candida kefyr (non-albicans) are
the most isolated species from bovine mastitis.
Candida krusei has been identified as a cause of
bovine mastitis since the 1970s. Candida krusei is
considered an environmental pathogen, and the
occurrence of mastitis is often linked to inadequate
hygiene (Dworecka-Kaszak et al., 2012; Turkyilmaz
and Kaynarca, 2010; Wawron et al., 2010; Zaragoza
etal., 2011).

In research by Seker (2010), 207 (12.7%)
Candida sp. isolates were found in 1620 subclinical
and clinical mastitis milk samples in Turkey (Izmir and
Afyon). Candida isolates were identified as C. krusei,
C. kefyr, C. albicans, and C. tropicalis, respectively
(34.8%), (12.6%), (10.1%), (10.1%). Turkyilmaz and
Kaynarca (2010) determined that 41 of 339 milk
samples with subclinical mastitis in Aydin province in
Turkey were positive for yeast, and 34 of the isolates
were Candida species that were isolated as C. krusei
(36.6%), C. kefyr (29.4%), C. guilliermondii (7.3%), C.
famata (4.9%), C. rugosa (2.4%) and C. utilis (2.4%).
In a study by Zaragoza et al. (2011), they examined
1095 milk samples and isolated yeast in 282 (25.75%)
samples. They isolated 23.39% of yeast from healthy
cows, 9.92% from cows with subclinical mastitis and
43.27% from cows with clinical mastitis. In the
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clinical mastitis group, 40.24% C. krusei and 23.17%
C. glabrata were identified.

Sartori et al. (2014) examined 428 milk samples
from cattle with clinical or subclinical mastitis in
Brazil and found that 55 (12.8%) samples were
Candida positive. Du et al. (2018) isolated 256
(51,1%) pathogenic yeast isolates from 482 cattle
with clinical mastitis in China. Candida sp. was
isolated in 60 (23.44%) of the 256 yeast isolates, and
C. krusei and C. parapsilosis were the most common
species in clinical mastitis. Sonmez and Erbas (2017)
analyzed 100 milk samples with mastitis in Tekirdag,
Turkey, and obtained 25 Candida isolates. C. krusei
(32%), C. albicans (20%), C. boidinii (12%), C. kefyr
(12%), C. famata (12%), C. spherical (8%) and, C.
thermophilia (4%) were identified.

Candida krusei prevalence was reported as
11.25% by Zaragoza et al (2011), 34.6% by Sartori et
al (2014), and 23% by Du et al (2018). In studies
conducted in Turkey, C. krusei prevalence was
reported as 34.8% by Seker (2010), 36.6% by
Turkyilmaz and Kaynarca (2010), and 32% by Sonmez
and Erbas. In these studies, C. krusei is the most
common species.

In this research, C. krusei was found in 87% of
the 23 Candida isolates. This study found that C.
krusei isolation was higher in the study region than
other species, which appears to be consistent with
the previous investigations.

In Poland, Dworecka-Kaszak et al. (2010)
obtained 55 Candida sp. from 66 mastitis milk
samples. It was stated that 25 (45%) isolates were C.
parapsilosis, 15 (27%) were C. krusei, 5 (9%) isolates
were C. lusitaniae, 5 (9%) isolates were C. famata, 3
(5%) isolates were C. guilliermondii, 1 (2%) isolate
was C. albicans and 1 (2%) isolate was C. tropicalis.
Milanov et al. (2014) conducted a study with 332
milk samples with mastitis, and Candida sp. were
isolated in 20 samples. It was reported that they
were identified as 8 (40%) C. kefyr, 6 (30%) C. rugosa,
and 6 (30%) C. krusei. Eldesouky et al. (2016) found
that the prevalence of Candida sp. was 27.3% (n=41)
in 150 milk samples with mastitis in Egypt. The
prevalence of C. albicans (29%), C. tropicalis and C.
guilliermondii (19.5%), C. glabrata (14.6%), and C.
krusei (12.2%), and C. kefyr (4.9%) has been found
among the identified isolates. Erbas et al. (2017)
isolated 17.7% Candida sp. from milk samples with
mastitis in Aydin, Turkey. It was stated that the
isolates were identified as C. tropicalis, C.
parapsilosis, C. kefyr, C. krusei, C. rugose, C. glabrata
respectively (26.1%), (21.7%), (17.4%), (17.4%),
(13%), (4.4%).

Cilvez and Turkyilmaz (2019) examined 400 milk
samples with subclinical mastitis in Denizli, Turkey,
and the presence of Candida sp. was determined in
96 (24%) samples. According to their sequence

results, they were identified as C. parapsilosis
(22.9%), C. krusei (21.9%), C. keyfr (19.8%), C.
albicans (16.7%), C. tropicalis (9.38%), C. glabrata
(4.2%), C. guilliermondii (3.1%), C. lipolytica (1.0%),
Trichosporon asahii (1.0%) with >97% similarity rate
at Genbank BLASTN. Onwuhafua et al. (2018)
identified 12% yeast isolate in a study of subclinical
cattle mastitis in Nigeria. Eleven of these isolates
were analysed with DNA sequencing, and 7 of them
were identified as P. kudriavzevii with a 93%-100%
similarity rate at Genbank BLASTN. Hayashi et al.
(2012) reported that Pichia kudriavzevii is the most
common isolated species of cattle mastitis. It was
stated that the sequence data they obtained were
analyzed with the BLAST system of the National
Biotechnology Information Center, and isolates with
>99 % similarity were considered conspecific.

In the present research 23 Candida isolates
were identified as C. krusei, C. albicans, and C.
tropicalis with sequence analysis. It was determined
that all of the Candida isolates showed a >97%
similarity rate at Genbank BLASTN. The high
similarity rates in this research are thought to be due
to regional similarities and differences. When the
present study is compared to the previous
investigations, it is clear that the isolation rates of C.
krusei differ and that the dominant Candida species
vary. Changes in C. krusei isolation rates might be
related to variances in the farms' sanitary conditions.
At the same time, the different rates of isolation of
Candida species between different geographical
regions may result from various factors such as
mistaken  administration of  intramammary
antibacterial therapy, yeast-contaminated food or
environment, and milking procedures.

Milanov et al. (2014) found that Candida krusei
isolates were resistant to flucytosine and
fluconazole. Du et al. (2018) reported that 14
Candida kruseiisolates were resistant to fluconazole,
ketoconazole, itracanazole and flucytosine. They
also stated that 2 Candida krusei isolates were
resistant to amphotericin and 8 Candida krusei
isolates were resistant to nystatin. Sonmez and Erbas
(2017) found that 25 Candida isolates were 100%
resistant to amphotericin B, flucytosine, fluconasole,
and miconazole in their study in Turkey. In another
study by Erbas et al. (2017), it was reported that
Candida krusei isolates were 100% resistant to
flucytosine and fluconazole and 50% to miconazole.
In this research 23 Candida isolates were resistant to
100% miconazole and flucytosine. Candida krusei
(n=20) isolates were resistant to 100% fluconazole
and metronidazole, except miconazole and
flucytosine, which is critical for research results.
Based on these data, Candida krusei is naturally
resistant to fluconazole (Jamiu et al., 2021).
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Resistance to other antifungals is considered to
emerge due to the antifungals used in the therapy.

Bovine mastitis is one of the infections with the
most significant economic impact on farms. In
addition to health burden, it also causes irreversible
damage to the udder that has lost its health. Studies
that previously focused on C. albicans are now
changing to the point that non-albicans Candida
species (especially Candida krusei) play an essential
role in fungal mastitis. This study revealed that
Candida species from milk with mastitis differ
according to regions, and the dominant species is C.
krusei, both conventionally and molecularly. In
antifungal susceptibility tests, it was determined that
Candida isolates developed resistance to antifungals.
Consequently, it was found that in farms with
Candida-origin mastitis, thorough separation of the
causative organisms and continued treatment
operations with antifungal medicines indicated by
antifungal susceptibility testing of the obtained
isolates would be economically beneficial.
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Sanlurfa ilindeki ishalli Buzagilarda Bovine Coronavirus Varhiginin ELISA
Yontemi ile Arastiriimasi
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Ozet: Sigir yetistiriciliginde 6nemli sorunlardan biri olan yeni dogan buzag) ishallerinde sigir Coronavirus (BCoV) enfeksiyonlari
cok sik gorulmektedir. Bu ¢alismanin amaci Sanliurfa ilindeki ishalli buzagilarda BCoV enfeksiyonunun arastirilmasidir. Bu
¢alismada, klinik muayeneyi takiben ishalli (<3 ay) 94 buzagi 6rneklenmistir. BCoV antijen varliginin tespiti icin Enzyme-linked
immunosorbent assay (ELISA) kullanildi. Toplamda 5 diski numunesi BCoV pozitif (%5.32) belirlendi. Elde edilen bu sonug
BCoV Sanliurfa ilindeki ishalli buzagilarda disiik oranda oldugunu gosterdi. Bununla beraber enfeksiyonun, sigir
popllasyonlarinda hizl bir yayilma egiliminde oldugu g6z 6ntinde bulundurularak tedavi maliyetleri ve buzagi 6limlerinden
kaynaklanan biyiik ekonomik kayiplara neden olabilecegi diisiintiimektedir.

Anahtar Kelimeler: Buzadi, Coronavirus, ELISA, ishal.

Investigation of the Presence of Coronavirus by ELISA Method in Diarrheic Calves in
Sanliurfa Province

Abstract: Bovine coronavirus (BCoV) infections are widespread in newborn calf diarrhea, which is one of the critical problems
in cattle breeding. This study aims to investigate BCoV infection in calves with diarrhea in Sanliurfa province. In this study, 94
calves with diarrhea (<3 months) following clinical examination were sampled. Enzyme-linked immunosorbent assay (ELISA)
was used to detect the presence of BCoV antigen. A total of 5 stool samples were found to be BCoV positive (5.32%). This
result showed that BCoV was low in calves with diarrhea in Sanliurfa province. However, considering the rapid spread of the
infection in cattle populations, it is thought that it may cause significant economic losses due to treatment costs and calf
deaths.

Keywords: Calf, Coronavirus, Diarrhea, ELISA.

Giris

Coronaviruslar; insanlarin ve bircok hayvanin (sigir,
kopek, kedi, kanatl, tavsan, sican ve domuz)
sindirim, solunum, dolasim gibi sistemlerinde
meydana getirdigi zararlar ile tim vicutta etkisini
gosterebilen ve ¢ok genis bir virlis familyasini temsil
eden enfeksiydz ajanlardan biridir. ilk defa 1968
yiinda elektron mikroskobu ile morfolojik olarak
tespit edilmislerdir (Brunauer, 2021; Hodnik ve ark.,
2021; Lotfollahzadeh ve ark., 2020; Vlasova ve Saif,
2021).

Bovine Coronavirus (BCoV), aile ismini virionun
ta¢ (Latince corona=tag) seklindeki gériinimiinden
almakta ve Coronavirus virionlari pleomorfik yapida,
genelde yuvarlak, yaklasik 80-220 nm ¢apinda zarfh
partiklllerdir ve sarmal, segmentsiz, pozitif polariteli
ssRNA genomuna sahiptir (Barker, 2008; Brunauer,
2021; Lai ve ark., 2007; Perlman ve Netland, 2009;
Vlasova ve Saif, 2021).

BCoV yenidogan buzagilarda siddetli diareye
(CD: calf dysentery), yetiskin sigirlarda kis dizanterisi
(WD: winter dysentery), buzagi ve besi sigirlarinda

ise solunum vyolu enfeksiyonlarina neden olur
(Amoroso ve ark., 2020; Brunauer, 2021; Decaro ve
ark., 2008; Park ve ark., 2006; Saif, 2010).

Sanliurfa GAP projesinin tamamlanmasi ile
tarim ve hayvancilik yoninden 6nemli bir yer
edinmistir. Glinlim{izde yeni ve daha kapsamli biyik
bag vyetistiriciligi artarken eski isletmelerde
kapasitesini ciddi oranda artirdigi gézlemlenmek-
tedir. Yapilan ¢alismalar, Buzagi 6liimlerinin ABD igin
%57 (Gomez ve Weese, 2017), Kore igin %53,4-68,7
(Chae ve ark., 2021), iran igin %58 (Azizzadeh ve ark.,
2012) ve Uruguay icin %15,2 (Caffarena, 2020)'sinin
neonatal buzagi ishalinden kaynaklandigi
bildirilmektedir. ishalli buzagilarda farkli viral
enteropatojenlerin varhiginin karsilastirdiklari
calismalarinda, Gomes ve Weese (2017) coronavirus
%3-79 orani ile rotavirus igin bildirdigi orana
(rotavirus %7-80) cok yakin bir oranla ikinci sirada yer
aldigini belirtmislerdir.

Bu calismanin amaci, yeni dogan buzagilarda
Olimlere neden olan ishal etkenlerinden olan
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coronaviruslarin  Sanhurfa yoresindeki enterik
vakalarindaki prevalansi arastirilmasi ve bdlge
hayvanciligina katki saglanmasidir.

Materyal ve Metot

Gaita Orneklerinin Toplanmasi: Calismada
kullanilan  materyaller Sanhurfa merkez ve
ilcelerinden toplandi. Enterit problemi duyumu
alinan kictk aile isletmeleri ve diger isletmeler
ziyaret edildi. Bu c¢alisma DOLLVET A.S. Hayvan
Deneyleri Yerel Etik Kurulu’'nun (DOLLVET-HADYEK)
10.06.2016 tarih ve 2016/21 numarali etik kurul izni
ile yapilmistir. Gaita 6rneklerinin toplanma tarihleri
ve ciftlik kodlarina gére dagihmi Tablo 1’de gosterildi.

Tablo 1. Gaita Orneklerinin toplanma tarihleri ve
ciftlik kodlarina gére dagilimi.

Giftlik No Ornekleme Tarihi  Ornek Sayisi

1 17.02.2015 16
2 09.08.2015 12
3 24.02.2016 24
4 07.03.2016 10
5 06.04.2016 3

6 07.04.2016 15
7 08.02.2018 14
Toplam Ornek Sayisi 94

Muayene edilen ve ishal semptomu gozlemlenen (g
aylik ve daha kiglk 94 holstein irki buzagidan gaita
drneklendi. Ornekleme sirasinda buzagilarda cinsiyet
ayirimi yapilmazken vyaslari not edilip 6 gruba
ayrilarak Tablo 2'6zetlendi.

Tablo 2. Yas gruplarina gore orneklemelerin
dagilimi.

Yas (giin) Orneklenen Gaita sayisi
1-7 5
8-14 2
15-21 13
22-30 57
31-60 15
61-90 2
Toplam 94

Ornekleme direkt steril eldiven yardimi ile aniisten
gaita alinarak yapildi. Ticari steril gaita kaplarina

aktarilan numuneler, Harran Universitesi Veteriner
Fakiiltesi Viroloji Anabilim Dal laboratuvarinda -20
9C’de muhafaza edildi.

Gaita orneklerinde ticari ELISA ile BCoV antijen
varhginin arastirilmasi: Virolojik teshis amaciyla
ticari ELISA (Bio-X Easy Digest 2 ELSA Kit, kat. No: BIO
K 314/1, Belgique) kiti kullanildi. Tetkikler Uretici
firma tarafindan génderilen prosediire uygun sekilde
yapildi. Oncelikle bitiin ticari kit icerigi teste
baslamadan 1 saat 6nce oda sicakliginda (yaklasik 24
9C) tutuldu. Bu siire sonunda derin dondurucudan
alinarak oda isisina getirilmis olan gaita ornekleri
ependorf tlplerine alinip esit hacimde sulandirma
solisyonu ile sulandirildi ve 10 dakika oda
sicakliginda bekletildi. Dogal olarak ¢okelen gaita
santriflj uygulanmadan Gst kismindaki icerikten, test
ticari firmanin belirttigi prosediire uygun olarak
yapilmistir. ELISA okuyucusu ile 450 nm dalga
boyunda elde edilen OD degerleri kit prosediiriinde
bulunan formiile gore degerlendirilerek sonuglar
yorumlandi.

istatiksel analiz: BCoV pozitivite ve yas gruplari
arasindaki iliskinin degerlendirilmesi i¢in SPSS 23.0
programinda chi-square (x2) testinden yararlanild.

Bulgular

ELISA ile yapilmis ¢alisma sonucunda toplam 94
adet ishalli buzaginin 5 (%5,32) tanesinde BCoV
antijeni tespit edilirken kalan 89’unda (%94,68) ise
coronavirus antijeni yoninden negatif olduklari
tespit edilmistir. Ciftlik bazinda degerlendirildiginde
ornekleme yapilan giftliklerden 3 (%42) adedinde
coronavirus  varlig belirlenmistir. Ciftlikler
degerlendirildiginde antijen varliginin  %0,0 ile
%13,33 arasinda degisen bir dagilim gosterdigi
gozlemlendi. ELISA testi sonucunda elde edilen
veriler Tablo 3’'de gosterildi.

Yenidogan diareli buzagilarin yas gruplarina
gbre coronavirus antijen pozitif dagilimlar
incelendiginde (Tablo 4); pozitif olgularinin ilk
haftada %20 (1/5) ve 4. haftada %7,02 (4/57) oldugu,
ikinci ve Gglinct haftalarda ile 31 glin ve daha bliyik
yasa sahip buzagilarda ise pozitiflik tespit edilmedigi
goruldu.

Pozitif ~ buzagilarin  yasi gdz  Onlnde
bulunduruldugunda; bir buzaginin iki gunlik, bir
tanesinin 25 ve Ug¢ buzaginin bir ayhk oldugu
gozlemlendi. Pozitif bulunan buzagilarin yaslarinin
toplami 117 giin ve 5 buzagida antijen varligi ortaya
konuldugundan (117/5=23.4), bovine coronavirus
antijeni yoninden pozitif olan buzagilarin yas
ortalamasi 23,4 giin olarak saptandi (Tablo 5). Yas
gruplar arasinda pozitiflik chi-square (x2) testi ile
degerlendirildiginde istatistiksel olarak fark énemsiz
olarak (P>0.05) tespit edildi.
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Tablo 3. Ciftliklere gére Bovine Coronavirus (BCoV) ELISA Sonuglari.

Ciftlik Orneklenen Coronavirus Ag pozitif Coronavirus Ag negatif
No hayvan sayisi buzagilar buzagilar
Adet % Adet %
1 16 1 6,25 15 93,75
2 12 0 0,0 12 100
3 24 2 8,33 22 91,67
4 10 0 0,0 10 100
5 3 0 0,0 3 100
6 15 2 13,33 13 86,67
7 14 0 0,0 14 100
Toplam 94 5 5,32 89 94,68

Tablo 4. Yas gruplarina gére Coronavirus pozitif buzagi sayisi ve dagilimi.

Coronavirus pozitif buzagi

Yas grubu (giin) Orneklenen buzag sayisi + (adet) % (oran)
1-7 gln 5 1 20,00
8-14 2 0 0,00
15-21 13 0 0,00
22-30 57 4 7,02
31-60 15 0 0,00
61-90 2 0 0,00
Toplam 94 5 5,32
Tablo 5. Pozitif buzagilarin yas ortalamasi.
Gin
Ornek no: 1 2 3 4 5
Yas (Giin) 30 25 30 2 30
Pozitif buzagilarin toplam yasi/pozitif buzagi sayisi 117/5
Pozitif hayvanlarin yas ortalamasi 23,4

Tartisma ve Sonug

Sanliurfa yoéresinde hayvancilik koyun, kegi ve
sigir yetistiriciligine dayanmaktadir. Sigir yetistiriciligi
hem slitcli hem de besi yetistiriciligi seklinde olup
kiicik aile isletmeleri ve sayisi az da olsa entansif
isletmeler bulunmaktadir. Sigir yetistiriciligi hangi
yonli olursa olsun cesitli faktérlerden meydana
gelen yavru kayiplari ekonomik olarak énemlidir.
Meydana gelen kayiplarin 6nemli bir bélimi ise ilk
bir ay icinde meydana gelen ishal nedenli buzagi
Oliimleri olmakta ve 6nemine binaen yenidoganlarin

isimlendirilmistir.  Buzagi kayiplarina neden olan
neonatal buzagl ishalleri dogumdan sonraki ilk
saatlerden baslamak Uizere ve yasamin ilk birkag
ayinda etkilidir. Neonatal calf diarrhea etiyolojisinde;
E. coli Cl. perfringens, Salmonella spp.,
Camphylobacter jejuni ve Chlamydia spp. benzeri
bakteriyel, rotavirus, coronavirus, parvovirus,
adenovirus, astrovirus, calicivirus gibi viral, Coccidia,
Giardia, Cryptosporidium gibi paraziter nedenler rol
oynamaktadir (Atli ve ark., 2018; Al ve Balikgi, 2012;
Chae ve ark., 2021; De la Fuente ve ark., 1998;
Gulliksen ve ark., 2009).

ishali  (neonatal  calf  diarrhea)  olarak Yeni dogan buzagilarin ishal olgularinda
coronavirus varhg dinyanin farkli lkelerinde
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yapilan arastirmalarda %0,91 ile %68,6 degisen
oranlarinda oldugu bildirilmistir (Al Mawly, 2015;
Athanassious 1994; Bok ve ark., 2015; Brunauer,
2021; Coura ve ark., 2015; Garcia ve ark., 2000; Izzo
ve ark. 2011). Yenidogan buzagilarin ishal olgularinda
coronavirus varliginin ve neden oldugu ekonomik
kayiplarin 6nemine dikkat cekilen bu calismalarda,
Amerika Birlesik Devletleri’'nde yapilan ve yedi yillik
bir periyodu kapsayan, 2 kaynagin ele alindig
calismada yeni dogan buzagi ishalleri nedeniyle yillik
ortalama buzagl kayiplarin  %17,5 ve %29,7
oranlarinda coronavirus nedenli oldugu, ayni
calismada ekonomik kaybin mali bilangosu yapilmis
ve yeni dogan buzag ishalleri nedeniyle yillik
ortalama maddi kayiplarin 95 milyon dolar oldugu ve
bunun 16,7 milyon $ kadari coronavirus nedenli diare
enfeksiyonlari sebebiyle olustugu vurgulanmistir
(House 1978). Debelo ve ark. (2021) Etiyopya’da
yapilan bir calismada ise BCoV pozitifligi %0,91
(1/110) olarak rapor edilmistir. Etiyopya’da baska bir
¢alismada ise 108 ishalli buzagida bes farkli enterik
patojenin varligini arastirmig, bovine coronavirusun
%38,9 orani ile enteropatojen ajanlar arasinda ilk iki
sirada yer aldigini ifade etmislerdir (Abraham ve ark.,
1992). Coura ve ark. (2015) Brezilya’da yaptiklan
calismada BCoV prevalansini %68,6 (46/67) olarak
tespit etmislerdir. Athanassious ve ark. (1994)
Kanada’'nin Quebec bolgesi diareli buzagilardan elde
ettikleri toplam 197 digki 6rnegini ELISA ve direkt EM
yontemleri ile inceledikleri ¢alismada BCoV antijen
varligint  %11,17 (22/197) olarak belirlerken,
yenidoganlarin ishal olgularinda coronavirus oranini
%22,68 (22/97) olarak tespit etmis ve ishal
olgularinin en ©6nemli patojenleri arasinda
coronaviruslari  bildirmislerdir. ispanya’da ishalli
buzagilardaki enteropatojenlerin yayginhgi lzerine
yapilan bir c¢alismada, PAGE yontemiyle %7,3
oraninda BCoV pozitifligi saptadiklarini
bildirmislerdir (De la Fuente ve ark. 1998).
ispanya'da yapilan diger bir calismada ise ishalli
buzagilardan elde ettikleri diskilari inceleyen Garcia
ve ark. (2000) buzagilarda yakin oranda coronavirus
varhg bildirmislerdir ve %5.05 (11/218)'lik pozitif
tespit ettiklerini rapor etmislerdir. 1zzo ve ark. (2011)
Avustralya’daki ishalli buzagilarda enteropatojenik
ajanlarin dagilimi Gzerine yaptiklari aragtirmalarinda
%21 oraninda BCoV saptamislardir. Arjantin’de ise,
Bok ve ark. (2015) 17 yillik bir periyotta elde ettikleri
1058 ishalli diski 6rnegini RT-PCR ile yaptiklari
tetkiklerinde buzagilarin 63’Gnda BCoV varligini
bildirmislerdir. Chae ve ark. (2021) Kore’de yaptiklari
¢alismalarinda coronavirus igin pozitifligi %8,5
(46/544) olarak tespit etmislerdir. Coura ve ark.
(2015) Brezilya’da saghkh ve ishalli sigirlarin
bulundugu bir stt sigiri isletmesinde enteropatojenik
ajanlari belirlemek amaciyla yaptiklari bir calismada

%68,6 (46/67) oraninda BCoV yodnunden pozitiflik
bildirmiglerdir.

Bu calismada, Sanliurfa merkez ve ilgelerden
toplanan 94 adet (Tablo 2) ishalli buzagi diskisi ELISA
testi ile BCoV varhig yoninden arastirildi ve ELISA
teknigi ile incelenen 94 adet ishalli buzagiya ait gaita
orneginden %5,32’sinde (5/94) coronavirus antijen
varhgl belirlendi. Arastirmada belirlenen oranlar
daha 6nce yapilan galismalarla karsilastirildiginda,
Debelo ve ark., (2021)'inin bildirdikleri sonugtan
yiksek iken De La Fuente ve ark. (1998), Garcia ve
ark. (2000) ve Chae ve ark. (2021) verilerine oldukca
yakin ancak diger bilim insanlarinin verilerinden
oldukca diisiik oldugu gorilmektedir. Bu g¢alismada
belirlenen  oranlarin  distk  olmasi,  diger
arastirmalarda 6rnekleme yaptiklar giftliklerin 100
bas ve Uzeri kontrolli yetistiriciligin yapildigi sigir
ciftliklerinden olmasina baglanabilir. ishale sebep
olan enfeksiyonlarin buzagilar arasindaki yayiliminin
siri baydklaguyle de baglantili olabilecegi goz
online alindiginda, toplanan 6rneklerin bir kisminin
halk elindeki kiicik tarz bireysel isletmelerden, bir
kisminin ise 100 bas ve Uzeri blylik tarz giftliklerden
saglanmis olmasi dikkate alinmalidir.

Neonatal  buzagilarin  ishal  olgularinda
coronavirus varligi Turkiye’de farkli illerde yapilan
¢alismalarda %0.54 ile %37,27 degisen oranlarinda
oldugu bildirilmistir (Aksoy ve ark., 2021; Yavru ve
ark., 2016). Alkan (1998) Turkiye'de ishalli buzagi
diskilarinda rotavirus ve coronavirus varligini
belirlemek amaciyla yaptigi bir calismada, 83 adet
ishalli buzagidan elde ettigi diski 6rneklerinde %18
oraninda BCoV yoninden pozitiflik tespit ederek,
epidemiyolojik acidan yaptiklari degerlendirmede
etkenin Ulkemizdeki durumunun yaygin oldugunu
bildirmistir. Takip eden vyillarda da {lkemizdeki
enteropatojenik ajanlar ¢ok sayida arastirici
tarafindan birgcok calisma ile arastirilmis olup farkli
sonuglar elde edilmistir. Eskiizmirliler ve ark. (2001)
Tirkiye’nin bircok yerinden yaptigi orneklemede
ishalli buzagilarda %13'lUnde coronavirus etkenini
saptamislardir. Erdogan ve ark. (2003) ise Kars
bolgesinde yenidogan buzagilardaki BCoV
yayginligini belirlemek igin 104’G ishalli 43’G normal
buzagi diskisini ELISA ile antijen varligi yoniinden
incelemisler ve ishalli buzagilarin %1’inde BCoV
yoninden pozitiflik tespit etmislerdir. Hasircioglu
(2005), Malatya ili, halk elindeki 58 ahirda yer alan,
yaslari 3 gilin ile 6 ay arasinda degisen 63 adet ishalli
buzagidan ve bunlarin annelerinden elde ettigi
ornekler ile yaptigi calismada, ishal semptomu
gbsteren 63 adet buzagiya ait diski 6rneklerinden 2
adedinde (%3,18) coronavirus antijen varhg
saptamistir. Hasoksiiz ve ark. (2005) Ege bolgesinden
ornekleme yapmis, 1 ile 30 gilinliik diare semptomu
gosteren 35 buzagidan 13 (%37,1)'Uinde coronavirus
tespit etmislerdir. Cabalar ve ark. (2007) Van’da 1 ile
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30 gunluk ishalli 89 buzagidan alinan diski
orneklerinin 1'inde (%1,12) coronavirus
belirlemislerdir. Gumusova ve ark. (2007) ise
Tirkiye'nin farkli yerlerinden topladiklari 100 adet
saglhkh ve ishalli buzagilardaki diskilari ELISA ile
antijen varligi yéninden inceledikleri bir ¢alismada
%1 oraninda BCoV antijen pozitifligi saptadiklarini
bildirmislerdir. Ok ve ark. (2009) Konya yoresindeki 8
farkli ciftlikten 2-30 glinliik olan 82’si ishal ve 18’i
normal isvicre-holstein olan buzagilardan yaptiklari
orneklemede vyenidoganlarin enterik etiyolojisini
incelemis ve ishal semptomlu buzagilarda rotavirus
icin %28,84 (15/52), coronavirus igin %13,41 (11/82),
E. Coli igin %21,15 (11/52) pozitiflik tespit
etmislerdir. Yavru ve ark. (2016) Burdur yoéresinde
yerlesik 25 farkh sttgli sigir isletmesinde bulunan
3500 sigir ve vyavrusunun klinik muayenesi
neticesinde ishal bulgusu tespit ettikleri 184
buzagiya ait gaita Ornekledikleri calismada, ayni
zamanda bu yavrular ve annelerinden serolojik
¢alisma icin kan orneklemislerdir. Yaslari 2-6 ay
arasinda olan bu buzagilara ait gaita 6rnekleri ELISA
yontemi ile yapilan tetkiklerinde %0,54 (1/184)
pozitiflik bildirmislerdir. Sakli (2017) ise Konya ve
Afyon cevresindeki bdlgelerden ishalli buzagilarda
BCoV yayginhgini inceledikleri ¢alismalarinda RT-PCR
ve hizli tani kiti ile 96 adet diski 6rneginden 13’0
(%13,54) BCoV  yonunden  pozitif  olarak
belirlenmistir. Aksoy ve ark. (2021) Cankiri, Kirikkale,
Kirsehir, Yozgat, Corum ve Ankara illerinde ishalli
buzagida RT-PCR ile yaptiklari galismada BCoV pozitif
%37,27 (41/110) belirlemislerdir. Temizkan ve Alkan,
(2021) galismalarinda Tirkiye'nin 15 farkli yerlesim
biriminden yaptiklari 6rneklemede coronavirusun
prevalansini %21,9 (9/41) olarak tespit etmislerdir.
Pestil ve ark. (2016) tarafindan istanbul, Tekirdag,
Kirklareli ve Kocaeliillerinden topladiklari 6rneklerde
coronavirus igin pozitifligi %2 (2/100) olarak
bildirmektedir.

ELISA teknigi ile yapilan mevcut ¢alismada elde
edilen %5,32 pozitiflik (Tablo 2) orani, Yavru ve ark.
(2016) bildirdikleri verilerden (%0,54) ylksek
gorilmektedir. Ancak elde edilen antikor diizeyleri
iki aydan yash bireylerin BCoV’'u daha erken yasta
gecirmis olabilecekleri seklinde yorumlamiglardir. Bu
calismada orneklenen hayvanlarin ¢ogunlugu 1
aydan kugik buzagilan kapsadigindan bu goris ile
uyumlu  ve  destekler = mahiyette  oldugu
gorilmektedir.

Ulkemizde BCoV’a ydnelik ¢calismalar daha cok
bir il veya bir bolgeyi kapsamakta olup farkli sayida
orneklemeler ile yapilan ¢alismalarda degisik teshis
(SNT, ELISA, Hizli test kiti...) teknikler kullanilmistir.
Yaptigimiz ¢alismada elde edilen coronavirus antijen
pozitifligi  (%5,32) Onceden vyapilmis olan
arastirmalardan bazilarinin  bildirdikleri  %37,27
(Aksoy ve ark., 2021), %37,1 (Hasokstiz ve ark.,

2005), %21,9 (Temizkan ve Alkan, 2021), %18 (Alkan,
1998), %13,56 (Sakli, 2017), %13,4 (Ok ve ark., 2009),
%13 (Eskiizmirliler ve ark., 2001) degerlerden
oldukca diisiik oldugu goriilmektedir. Ote yandan
diger arastirmacilarin elde ettigi; %1 (Erdogan ve
ark., 2003), %1 (Gumusova ve ark., 2007), %1,12
(Cabalar ve ark., 2007), %2 (Pestil ve ark., 2016),
%3.18 (Hasircioglu, 2005) sonuglardan ytiksek olarak
gorilmekte ise de vyakin degerler oldugu
gozlemlenmektedir. Mevcut ¢alismada elde edilen
verinin ve diger calismalarda tespit edilen oranlarin
bu sekilde farkli olmasi c¢esitli faktorler ile
aciklanabilir. Bu faktorler arasinda 6rneklemelerin
yapildigi bolgelerin farkli olmasi, o bdlgenin iklim,
cografik konum ve bu bolgelerdeki hayvancilik
yetistirme tarzinin  birbirinden oldukga farkh
olmasina yaninda kullanilan teshis yontemlerinin de
hassasiyetinin farlihgina baglana bilinir. Ayrica elde
ettigimiz sonu¢ farkli yorelerde coronavirus
yayginliginin birbirinden ¢ok farkli olduguna isaret
etmektedir. Tarkiye'nin degisik illerinde bulunan
kamuya ait isletmelerden temin edilen érnekler ile
yapilan bir c¢alismada, vyetistiricilik tarzlari ayni
olmasina ragmen ayri bolgelerdeki illerden olmasi
disinda ¢ok az bir fark bulunan bu isletmelerde
coronavirus farkli oranlarda tespit edilmistir (Alkan,
1998). Yine farkli arastirmacilar  yaptiklari
calismalarda diski 6rneklerini Tarkiye’nin birden ¢ok
farkli yerlesim biriminden saglarken (Eskiizmirliler ve
ark., 2001; Gumusova ve ark., 2007; Temizkan ve
Alkan, 2021), bazi arastirmacilar; Hasoksliz ve ark.
(2005) Ege bolgesinden, Pestil ve ark. (2016)
istanbul, Tekirdag, Kirklareli ve Kocaeli, Aksoy ve ark.
(2021) Cankiri, Kirikkale, Kirsehir, Yozgat, Corum ve
Ankara, Sakli (2017) Konya ve Afyon yoreleri gibi
birkag ilden, diger ¢alismalar ise; Erdogan ve ark.
(2003) Kars, Cabalar ve ark. (2007) Van, Yavru ve ark.
(2016) Burdur, Hasircioglu (2005) Malatya, Ok ve ark.
(2009) Konya bolgesi gibi daha dar bir alandan (bizim
¢alismamizda da  oldugu gibi) 6rnekleme
yapmislardir ve farkli sonuglar elde etmislerdir. Bu
veriler goriisimiizii desteklemektedir.

Bu c¢alismanin planlama asamasinda ve
¢alismanin sonuglandigl giinimiize kadar olan siire
icinde yapilmis olan literatiir tarama galismalarinda
Sanliurfa yoresinde yapilmis olan ve coronavirus
¢alismis olan bir arastirmaya ulasilimistir. Alkan
(1998) Sanlurfa il sinirlari icinde bulunan bir kamuya
ait isletmeden 6 adet ishalli buzagidan 6rnekleme
yapmis ve yaptigi tetkiklerde orneklerin tamaminin
negatif oldugunu tespit etmistir. Bu baglamda
yapilan galismanin yoreye yonelik degerli bir bilgi
kaynagi olacagl kanisina varilmistir. Bu c¢alismada
elde edilen sonuglarin Alkan (1998) verilerinden
yliksek oranlarda bulundugu gozlenmektedir. Bu
durum her iki 6rnekleme yapilan isletmelerin farkli
karaktere sahip olmasinin yaninda bu calismada
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orneklenen buzagl sayisinin fazla olmasi ya da
glinimizde bolgede enterik vakalarinda
coronaviruslarin  etkinligini artirmis  olabilecegi
seklinde yorumlanmistir.

Bovine coronavirus ishal etkenleri olup klinik
enfeksiyonlari  genellikle  gen¢  hayvanlarda
goriilmektedir. Dilinyada vyapilmis  calismalar
gostermektedir ki BCoV'un neden oldugu buzagi
ishalleri yasamin ilk bir ayinda yaygin gorilmektedir.
Radostits (2007) BCoV enfeksiyonlarinin genellikle 5-
21 gunler arasinda gorildGgini bildirmektedir.
Garcia ve ark. (2000) ispanya’da ishalli buzagilarda
cesitli enteropatojenlerin yayginligini inceledikleri
calismalarinda yas gruplarina gore pozitiflik
oranlarini BCoV igin sirasiyla 1-7 glinlik buzagilarda
%26,67 (8/30), 8-14 ginluklerde %3,85 (1/26), 15-21
glnliklerde %4,35 (1/23), 22-30 gunliik buzagilarda
ise %7,14 (1/14) olarak bildirmislerdir. Al Mawly ve
ark. (2015) Yeni Zelanda’da siit besisi giftliklerindeki
1283 adet ishalli  buzagilarda  ELISA ile
enteropatojenlerin varligini belirledikleri ¢alismada,
yas gruplarina gore pozitiflik oranlarini BCoV igin 1-5
gunlik buzagilarda %5,4, 9-21 giinlik buzagilarda
%6,1 olarak tespit etmislerdir. Bu ¢alismada yas
gruplarina gore pozitiflik; 1-7 glinlik buzagilar igin
%20,0 (1/5), 8-14 gunlikler igin %0,0, 15-21
glnlukler icin %0,0, 22-30 glinlik buzagilar igin ise
%7,02 (4/57), 31-60 guinlik %0,0 (0/15) ve 60-90
ginlik buzagilar icin ise %0,0 (0/2) olarak
belirlenmistir (Tablo 4). Bu veriler Garcia ve ark.
(2000) ile kiyasladiginda elde edilen degerlerin 1-7
yas grubunda oldukga yakin olmasina ragmen diger
yas gruplarindan ise oldukga dislik oldugu, Al Mawly
ve ark. (2015) 1-7 ginlik pozitiflerin daha yiksek
iken aksine 8-14 gilnlik veriler ise disiuk olarak
gorilmektedir. Bu durum bu calismada coronavirus
pozitifligin diger calismalara gore oldukga disuk
olmasi ve ornekleme yaptigimiz buzagilarin ekseri
21-30 giinlik olmasi etkili oldugu diisinilmektedir.
Ayrica c¢alismalarda yeni dogmus buzagilarin
yasamlarinin ilk haftasinda enfeksiyona karsi oldukga
duyarh olduklari vurgulanmis olup BCoV ile enfekte
olan buzagilarin ortalama yaslarini Alkan (1998) 13
gun olarak tespit ederken, Sakli (2017) ise 1-30
glinlik ishal semptomlari gosteren buzagilardan
ornekleme yapmis ve diski 6rneklerinde BCoV varlig
tespit edilen buzagilarin ortalama yaslarinin 14,5
giin, Coura ve ark. (2015) ise 13.8 glin, Hasircioglu
(2005) Antijen tespit edilen iki buzaginin yas
ortalamasini 7,5 giin oldugunu belirlemistir. Bu
¢alismada 1 glinlikten 2 aya kadar yaslara sahip
BCoV vyoOninden pozitif olarak tespit edilen
buzagilarin ortalama yaslari daha 6nce hayvanlarin
yas ortalamasini inceleyen diger arastiricilarin
(Alkan, 1998; Coura ve ark., 2015; Erdogan ve ark.,
2003; Garcia ve ark., 2000; Hasircioglu, 2005; Sakl,
2017) sonuglariyla karsilastirildiginda bu calismada

elde edile 23,4 yas (Tablo 5) ortalamasinin daha
blyik oldugu tespit edilmistir. Bunun nedeni
ornekleme yapilan buzagilarin diger faktorler ile
birlikte yas gruplarinin sayisal dagihminin da etkili
olabilecegi distinilmistir. Tablo 2 incelendiginde;
bu calismada toplanan o6rneklerin bilylk bir
cogunlugu (57/94) 21-30 ginlik buzagilardan
olusmaktadir ve pozitiflik buzag sayisinin 4/5 (%80)
bu yas grubundandir. Buna ragmen 0-7 ginliik
buzagilarin 6rnek sayisi diger yas gruplarina gore
daha az olsa da BCoV igin en yiksek pozitiflik (%20)
bu yas grubunda tespit edilmesi yukarida s6z edilen
calismalarin verilerini desteklemektedir.

Alkan  (1998) bu durumun buzagilarin
annelerinden aldiklari kolostrumla ilgili olabilecegini
ifade etmistir. Alkan (1998) ortalama enfeksiyon
yasinin etkilendigi en onemli etkenlerden birisinin
maternal imminite oldugunu bildirmistir. Bu
calismada o6rnek alinan buzagilarin  hepsinin
annelerinden kolostrum aldig yetistiricilerin beyani
ile belirlenmistir. Bu da c¢alismada 6rnek alinan
buzagilarin annelerinden aldiklari  kolostrumun
maternal immuniteyi uyardigi ve ¢alismada belirtilen
yaslara gore pozitiflik oranlarina etki ettigini
gostermistir.

Mevcut calismada Sanliurfa yoresinde BCoV
prevalansi duslik olarak belirlenmis ancak gerekli
tedbirlerin  alinmamasi  sonucunda bu oran
yukselerek ©6nemli kayiplara neden olabilecegi
disinilmektedir. Elde edilen prevalansin daha da
disirilmesi  veya ylikselmesini  engellemenin
asilama ile mimkiin olabilecegini diisiinmekteyiz.
BCoV asisi buzagilara dogum esnasinda uygulansa
bile  vyavrular  koruma  dilizeyinde antikor
olusturmadan bu enfeksiyona yakalandiklarini
bildiren bilim insanlari (Hodnik ve ark., 2021; Kohara
ve Tsunemitsu, 2000; Vlasova ve Saif, 2021)
annelerin asilanmasini 6nermektedirler. Alkan ve
ark. (2004) da Rotavirus ve Coronavirus asisl
uygulanan annelerin  buzagilarinin  hastalanma
oranlari %30 iken asi uygulanmayan annelerin dogan
buzagilarinin hastalanma oranlarinin daha ylksek
oldugunu  (%54,5) bildirdikleri bu ¢alisma
gorislimiza desteklemektedir.

Bu baglamda, yenidoganlarin BCoV
enfeksiyonuna karsi korunmalari saglamak igin,
gerekli bakim ve beslemenin yapilmasinin yaninda,
hijyen sartlarinin  saglanmasi, yenidoganlarin
kolostrum almasi ve isletmelerde asilama
programlarinin uygulamaya konulmasi énemlidir.

Cikar ¢catismasi
Yazarlar bu yazl icin gercek, potansiyel veya

algilanan  ¢ikar catismasi  olmadigini  beyan
etmislerdir.
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Abstract: Cionura erecta (L.) Griseb., belongs to the Apocynaceae family, is one of the poison plants in Turkey, widely grown
in the Mediterranean region, and known as Babrik in Turkey. In south east Anatolia, the vernacular name of the plant is Halava
and Kulf. In the Mello village of Haliliye, district of Sanhurfa, plant poisoning in sheep has been reported. This plant poisoned
120 sheep in the herd of 300 sheep in Mello village of Haliliye district of Sanliurfa. In 50 seriously ill sheep,coordination
disorder-weakness-difficulty in breathing, and coma were observed. A self-employed veterinarian responded to toxication
first by giving electrolyte supplementation and medicated (antihistamine) serum; 37 of these animals died.Then, veterinarians
affiliated with the provincial and district agriculture directorate intervened and the remains were saved. Necropsy was also
performed on deceased animals. Babrik was observed in the gastrointestinal contents with intense deformation in the rumen
and intestinal mucosa. Phytochemical studies were also compiled to predict plant toxicity in this case report.

Keywords: Babrik, Cionura erecta, Poisoning, Sheep.

Sanhurfa (Turkiye)’da Koyunlarda Babrik Bitkisi zehirlenmesi (Cionura erecta (L.) Griseb)

Ozet: Apocynaceae familyasina ait Cionura erecta (L.) Griseb., Tiirkiye'de Akdeniz bolgesinde yaygin olarak yetistirilen ve
Babrik olarak bilinen zehirli bitkilerden biridir. Gineydogu Anadolu'da bitkinin yerel adi Halava ve Kulf'tur. Sanliurfa'nin
Haliliye ilgesine bagh Mello kéyiinde 300 koyunun oldugu sirtde bu bitkiden 120 koyunun zehirlendigi bildirildi. Agir hasta
olan 50 hayvanda; koordinasyon bozuklugu-halsizlik-nefes almada giigliik ve koma hali gériilmistiir. ik miidahale serbest
veteriner hekim tarafindan, elektrolit takviyesi ve toksikasyon sagaltimi icin ilagh (antihistaminik) serum vermek suretiyle
yapilmis, akut toksikasyon belirtileri gosteren bu hayvanlardan 37‘si telef olmustur. Daha sonra il ve ilge tarim mudirlGgine
bagli veteriner hekimler miidahale edip geriye kalan hayvanlar kurtariimistir. Olen hayvanlarda nekropsi yapilmis, rumen ve
bagirsak mukozalarinda yogun deformasyonla birlikte mide bagirsak iceriginde bu bitkiden bilyik miktarda bulundugunu
gorilmistiir. Bu vaka raporunda bitkinin toksikasyonunu tahmin etmek amaciyla fitokimyasal ¢alismalar da derlenmistir.
Anahtar sézciikler: Babrik, Cionura erecta, Koyun, Zehirlenme.

Introduction

The plant, Cionura erecta (L.) Griseb., which contains
much poisonous milk juice, is widely grown in Turkey
(Browicz, 1967; Browicz, 1978). The plant naturally
spreads in the region from the eastern
Mediterranean basin to Afghanistan. It is a
widespread species in Turkey except for Central and
North Eastern Anatolia (Yaltirik, 1967).I1t grows on
conglomerate scree, limestone cliff's, fields, river
beds, beaches and waste places from sea level to
100 (-1400) m (Browicz, 1978). The flowering time is
between April and September.

Cionura erecta is taxonomically in the
Apocynaceae family. The genus Cionura is
represented by a single species in the world. The
Turkish names of plant are Babrik, Panzehir otu,
Bodur otu and Dag sarmasigi (Polat and Selvi, 2020).

Its local names in Sanliurfa are Halava (Arabic) and
Kulf (Kurdish) (Figure 1). It has a vast population in
Sanliurfa.

The poisonous properties of Cionura erecta (L.)
Griseb. has been known since antiquity. It has been
used to exterminate harmful animals and the name
"Apocynon" was given to this plant by Dioscorides to
refer to that particular function (Baumann, 1996;
Myrianthopoulos et al., 2007; Oztiirk et al., 2008)

The whole part of the plant is toxic.The
phytochemical studies on the plant determined the
harmful effect vary according to the features of the
plant. It is known that anethole (80.6%), defined in
the essential oil of plant leaves, is a poisonous and
irritating compound in large quantities (Mirza and
Navaei, 2009). Also, in another study mentioned,
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safranal (16.8%) was determined as the main
component in the plant's essential oil. As a result of
the literature review, it has been stated that the
compound showing the toxic effect is safranal
(Myrianthopoulos et al, 2007; Oztiirk et al., 2008).

Thus, it is thought that the Cionura erecta causes the
animal poisoning cases seen in various regions of
Turkey.Since it is a poisonous plant, goats and sheep
do not approach it (Oztiirk et al., 2008).

Figure 2. A) Sheep poisoned by Cionura erecta and B) Their treatment procedures by veterinarians.

Case History

The poisoning case took place in the evening
time in the stream bed called Zilasun. We made
investigations in the Zilasun creek bed where the
case took place. When we arrived at the area after a
phone call, we saw dead sheep (Figure 2) with signs
of enterotoxemia in the herd of about 300 heads
(ivesi Saribas breed). Intoxication symptoms
appeared around 21.00 in the evening. Coordination

disorder-weakness-difficulty in breathing and coma
were observed in sick animals. The treatment
administered by the self-employed veterinarian
during this period did not yield any results, and these
animals, which showed signs of acute toxicity, died.
In this case, the number of animals thatperished is
37 heads (two male, 35 female). It was observed that
there was a large amount of poisonous plant,
Cionura erecta , in the gastrointestinal contents of
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the necropsy animals, with intense deformation in
the rumen and intestinal mucosa.

The scene investigation determined that the
vegetation was dry as usual for the season, but the
plant causing the poisoning was still wet, and fruit
parts were consumed mostly. Sheep do not usually
eat this plant. We think the animals eat this plant
because they are starving. The animal owner did not
want to give information. Still, we guess hungry
animals are more sensitive to poisonous plants if
they consume large amounts.So the animals should
be given grass and hay before they are released to
the pasture. When signs of poisoning began, the
herd should be immediately removed from the area
and not allowed to drink water. However, we think
that there is no herd follow-up and that the animal
owner does not have enough information about not
drinking water.

No abortion cases were observed in the herd.

We could not report further details due to the
many affected animals.

Anamnesis information, signs of poisoning, and
the destruction of the plant toxin in the stomach, and
the necropsy results proved the acute intoxication
caused by this plant.

On the morning of the incident, after the animal
owner reported that similar symptoms had started in
the rest of the herd, Haliliye District authorized
veterinarians examined the pack. A treatment plan
was prepared and implemented in consultation with
self-employed veterinarian experts. They gave liquid
oil to all animals. Antihistaminic-5% dextrose-
calcium-B complex vitamin-sodium bicarbonate is
applied. Animals without enterotoxemia symptoms
(swelling) are supported with atropine. Additionally,
non-pregnant animals were administered cortisone.
After this treatment, no death was reported.

Locality of investigated plant: C7 Sanlurfa:
Haliliye, Mello Village, 37214'15.8"N 38252'31.8"E,
600-700 m, 13.10.2020, H.Akan 6094&K.Takim. It
was deposited in HARRAN herbarium in Harran
University.

Discussion and Conclusion

The poisonous properties of Cionura erecta
have been known since ancient times. It has been
traditionally used to kill pest animals (Oztiirk et al.,
2008).

C. erecta plant was extracted with the
Clevenger device by collecting the leaves, stems, and
fruits. Gas chromatography (GC) added to mass
spectrometry (GC-MS) was used to define the
essential oil composition. In this study, a total of 23
major chemical compounds were identified. Among
these compounds, cedron-9-one and eugenol were
found at the highest levels (Moradian et al., 2018).

Recently, when the phytochemical studies on
the plant are examined, the components thought to
be responsible for the toxic effect vary according to
the parts of the plant. It is known that anethole
(80.6%) detected in the essential oil of plant leaves is
a poisonous and irritating compound in large
amounts (Mirza and Navaei, 2009).

In addition, in another study mentioned,
safranal (16.8%) was determined as the main
component in the plant's essential oil. As a result of
the literature review, it was found that safranal has
cytotoxic effects. The main components of the leaves
were found to be 80.6% (E)-anethole and 10.3%
neophytadiene. The main features obtained from
flowers were methyl hexadecanoate (22%),
tetradecanol (13.3%), 2-methoxy-benzaldehyde
(9.0%), and decanol (8.6%) (3). In a similar study, 72
components representing 91.3% of the total were
identified in the essential oil of the plant (Mirza and
Navaei, 2009; Myrianthopoulos et al., 2007).

The root essential oil and methanol extract of C.
erecta were investigated for their larvicidal and
repellent activities against Anopheles stephensi
under laboratory conditions. 320 ppm essential oil
and 1280 ppm methanolic extract was found to have
100% mortality. In this study, 19 compounds were
identified in essential oil. The main components
were found to be cedren-9-one (7.89%), alpha
cachinol (5.67%), eugenol (4.02%), and alpha
muurolene (3.58%) (Mozaffari et al., 2014).

According to the information received from the
field, it is stated that such cases have occurred
before, but only a few animals have been affected,
and the health status of the animals can be restored
by treating the affected animals with sugar water. In
addition, according to the public experience, it has
been reported that both the leaf and fruit parts of
this plant adversely affect the animals, but the fruit
part has a faster and more toxic effect.

The animals we got results responded to the
treatment because they consumed the plant less and
did not show signs of acute enterotoxemia.
Therefore, existing observation and traditional
experience support each other.

Hungry animals are more susceptible to
poisonous plants and consume large amounts, so
animals should be given grass and hay before being
released into the pasture. When signs of poisoning
begin, the herd should be immediately removed
from the area and not be allowed to drink
waterbecause water will accelerate the absorption
of toxins. More detailed analyzes are needed to
determine whether this case originated from the C.
erecta.

It has not been reported how many days the
animals recover after treatment. The blood samples
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taken at the beginning were not kept as it was not
considered to be a forensic case.
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Abstract: This review evaluates the importance of acute phase proteins (APP) and acute phase reaction (APR), which are
accepted as sensitive biomarkers in diagnosing of animal diseases, both in general and pathological terms, with a particular
emphasis on the situation in Turkey. Pathological examinations have been extensively used in studies investigating the APP
and APR in veterinary medicine globally. In contrast, the number of studies and pathology involvement is limited in Turkey.
For this reason, we conducted a qualitative and quantitative analysis of the studies in the world and in Turkey to emphasize
the importance of the subject and increase awareness among the clinicians. The review is the first comprehensive report on
the subject in Turkey and is supported by a regional map of the distribution of performed studies.
Keywords: Acute phase protein, Acute phase reaction, C-reactive protein, Haptoglobin, Secondary amyloidosis, Serum
amyloid-A.

Akut Faz Reaksiyonlarina Patoloji Agisindan Yaklasim ve Tiirkiye’deki Genel Durum

Ozet: Bu derleme, hayvanlarda hastaliklarin teshisinde duyarl biyobelirtegler olarak kabul edilen akut faz proteinleri (AFP) ve
akut faz reaksiyonunun (AFY) hem genel hem de patolojik agidan énemini Turkiye'deki duruma 6zel bir vurgu yaparak
degerlendirmektedir. Patolojik incelemeler, diinya c¢apinda veteriner hekimlik alaninda AFP’leri ve AFY'yi arastiran
¢alismalarda yaygin olarak kullaniimaktadir. Buna karsilik Tlrkiye'de, hem ¢alisma sayisi hem de patolojinin katilimi sinirlidir.
Bu nedenle konunun 6nemini vurgulamak ve klinisyenlerin farkindaligini arttirmak igin diinyada ve Tirkiye'de yapilan
galismalarin nitel ve nicel bir analizini yaptik. Bu derleme, Turkiye'de konuyla ilgili yapilan ilk kapsamh ¢alismadir ve yapilan
¢alismalarin dagiliminin bolgesel bir haritasi ile desteklenmektedir.

Anahtar Kelimeler: Akut faz protein, Akut faz yanit, C-reaktif protein, Haptoglobin, Sekonder amiloidozis, Serum amiloid A.

Introduction

Acute phase reaction (APR) is a complex reaction
induced by stimuli such as tissue damage, infection,
trauma, neoplasia, or immunological disorders. This
response includes many pathophysiological changes
(Bochler & Slauson, 2002), is nonspecific, and can be
observed in many conditions that cause tissue
damage (Ceron et al.,, 2005). The most critical
changes in APR are the synthesis and release of acute
phase proteins (APP) (Ceciliani et al., 2002). Acute
phase proteins are a group of blood proteins
synthesized primarily by the liver during APR. Since
their concentrations change during the APR, these
proteins have been proposed as essential
biomarkers for monitoring and protecting animal
health (Ceron et al., 2005).

The primary purpose of our work was to
evaluate APR both clinically and pathologically in the
field of veterinary medicine in Turkey, give insight to
researchers for new studies, and provide relevant
information to veterinary practitioners. To
emphasize the importance of the subject, a review of
the studies carried out in the world and Turkey, with

their regional distributions, are presented. The
references used in this study consisted of studies
found by searching the terms “acute phase proteins
in animals” and “acute phase proteins in Turkey" in
PubMed and Google Scholar electronic databases
between 2000-2022. The search for the former
terms revealed 21,263 publications in PubMed and
17,900 publications in Google Scholar. A total of 169
animal studies were published in Turkey in the same
period.

1. Acute Phase Response

Local inflammation is the first response of the
immune system to noxious stimuli. If the
inflammatory reaction progresses, the organism
activates a wide-ranging systemic response known
as APR (Bochler & Slauson, 2002). Innate immunity is
an effective system for preventing infections and
initiating inflammatory reactions. Acute phase
reaction, which is considered part of this immunity,
covers all inflammation-related events, including
metabolic, hematopoietic, neuroendocrine, and
hepatic changes (Ceciliani et al., 2002).
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1.1. Acute Phase Reaction and the
Inflammatory Process

Acute phase reaction, which occurs during
acute and chronic inflammatory reactions involving
many organs, denotes numerous metabolic changes
(Murata et al., 2004). Ensuring the continuity of the
APR depends on the recruitment of neutrophils,
lymphocytes, and macrophages to the inflamed area
and the secretion of cytokines by activated
endothelial cells and innate immunity cells (Bochler
& Slauson, 2002; Ceciliani et al., 2002).

Cytokines, which act as intracellular and
intercellular signaling molecules, are synthesized in
increasing amounts in cells during the inflammatory
reaction, and have numerous and complex effects
such as activating APR and regulating APP synthesis
in the body (Bochler & Slauson, 2002). The cytokines
that regulate the synthesis and release of APP from
the liver are called proinflammatory cytokines. These
proinflammatory cytokines, which have numerous
effects on the body, are interleukin-1 (IL-1), IL-6, and
tumor necrosis factor-a (TNF-a) (Bochler & Slauson,
2002). Various clinical and pathological changes,
aiming to eliminate the harmful stimulus, maintain
homeostasis, and support the healing process, occur
during the APR (Kumar et al., 2014). Some of these
changes are summarized below:

Synthesis of proinflammatory cytokines:
Tumor necrosis factor-a, IL-1, and IL-6 are
synthesized and secreted by monocytes,
macrophages, and other cells in the inflamed area.
These cytokines can enter the circulation to initiate
APR, which  accompanying infection and
inflammation (Kumar et al., 2014).

Fever: Pyrogenic substances stimulate
leukocytes and other cells to produce cytokines, and
ensure the release of proinflammatory cytokines.
These cytokines increase the level of cyclooxygenase
enzyme by stimulating the hypothalamus.
Hypothalamus then induces the production of
prostaglandins and neurotransmitters, and increases
the body temperature (Kumar et al., 2014).

Synthesis of APP: Proinflammatory cytokines
such as IL-1, TNF-a, and particularly IL-6 plays
essential roles in the synthesis and increase of
plasma APP concentrations (Kumar et al., 2014).

Leukocytosis: Leukocytosis is one of the
significant manifestations of the APR (Ceciliani et al.,
2002). Cytokines such as TNF-a and IL-1 increase the
release of leukocytes from the bone marrow.
Additionally, these cytokines, activate the
endothelium and increase the expression of
adhesion molecules which promotes leukocyte
adhesion and migration (Kumar et al., 2014).

2. Acute Phase Proteins: Acute phase proteins
are a group of blood proteins identified in the early
1900s as early reactants for diagnosing infectious

diseases and are considered essential biomarkers
(Murata et al.,, 2004). These proteins regulate
inflammation via either their proinflammatory or
antiinflammatory features (Ceron et al., 2005). The
synthesized APPs and their concentrations during
the APR vary according to the type of noxious
stimulus and animal species (Ceciliani et al., 2012).
With the formation of the inflammatory reaction,
APPs rapidly enter the bloodstream. These proteins
are generally absent or present only at deficient
levels in plasma. During the APR, their synthesis in
the liver increases, and they enter the circulation
(Kumar et al., 2014).

2.1. Some Major Acute Phase Proteins

2.1.1. Serum Amyloid A: Serum amyloid A
(SAA), with a molecular weight of 15 kDa, is a high-
density  lipoprotein-associated  apolipoprotein
(Ceron et al., 2005). High expression of SAA is
thought to have a vital role in the pathogenesis of
secondary amyloidosis (Bochler & Slauson, 2002).
Conditions increasing the SAA concentration are
presented in Table 1. As seen in the table 1, most
studies investigating the SAA were performed in
large ruminants, and increased SAA concentrations
were observed mainly due to viral and parasitic
infections.

2.1.2. Haptoglobin: Haptoglobin (Hp) is an a2
globulin component capable of binding hemoglobin.
With a molecular weight of 125kDa, Hp is one of the
most critical APPs in ruminants (Eckersall, 2000).
Trigger conditions leading to an increase in Hp
concentration have mainly been detected in viral
and bacterial infections of large ruminants and are
summarized in Table 2.

2.1.3 C-Reactive Protein: C-reactive protein
(CRP) is an APP that has been identified for the first
time in the blood of people suffering from
pneumonia (Kumar et al., 2014). C-reactive protein,
a prominent APP in dogs, can facilitate diagnosis by
demonstrating the presence and extent of
inflammation (Nakamura et al.,, 2008). The
conditions that lead to increased CRP concentration,
which is used as an effective marker, especially in
systemic inflammations, are presented in Table 3. As
seen in this table, an increase in CRP concentration
has been observed in various animal species,
especially in dogs, in many triggering conditions such
as infections and neoplasia.

2.2. The Importance of Acute Phase Proteins in
Veterinary Medicine in Turkey

The search carried out with the “acute phase
proteins in Turkey” revealed 5,930 publications in
the Google Scholar database and 2,974 publications
in the PubMed database. A total of 169 of these
studies were performed on animals. The distribution
of these studies by region is given in Figure 1. It was
determined that five of these studies were reviews,
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Table 1. Summary of triggering events leading to increased serum amyloid A concentration.

Animal  Triggering Event Reference

Cat FCoV/Kidney failure/Diabetes mellitus (Tuna, 2015)

Dog Parvovirus (Sahinduran et al., 2016)
Sarcoptes canis (Arslan and Kirmizigil, 2020)

Escherichia coli F5/Rotavirus/Coronavirus/Eimeria spp.  (Balikci and Al, 2014)
BVDV/BHV 1 (Sahinduran et al., 2017)

CGB (Issi et al., 2017)
Cattle FMD (Mallick et al., 2021)
Babesia bigemina (Mohammadi et al., 2021)
Trichostrongylus spp. (Sevimli et al., 2015)
Hydatid cysts (Sevimli et al., 2015)
Sheep Cryptosporidium parvum (Dinler et al., 2017)
Fasciola hepatica (Denizhan et al., 2019)
Goat Trichuris spp.+Trichostrongylidae spp.+Fasciola spp. (Ulutas et al., 2008)
Horse Endometritis (Hedia et al., 2021)
Chicken  Amyloid arthropathy* (Sevimli et al; 2013)
Mice T. gondii* (Atmaca et al., 2019)

Bovine herpes virus 1-BHV 1; Bovine viral diarrhea virus-BVDV; Coryza gangrenosa bovum-CGB; Feline corona
virus-FCoV; Foot and mouth disease-FMD; *-Experimental.

Table 2. Summary of triggering events leading to increased Haptoglobin concentration.

Animal Triggering Event Reference
Parvovirus (Kocaturk et al., 2010)
Dog S. canis (Arslan and Kirmizigtil, 2020)
Neospora caninum (Ferreira et al., 2021)
E. coli F5/Rotavirus/Coronavirus/ Eimeria spp. (Balikci and Al, 2014)
Brucellosis (Bozukluhan et al., 2016)
BRSV/BHV-1/BVDV/BPI 3 (Dortkardes and Sahinduran, 2020)
Cattle BVDV+BHV-1 (Sahinduran et al., 2017)
CGB (Issi et al., 2017)
FMD (Mallick et al., 2021)
B. bigemina (Mohammadi et al., 2021)
Sheeppox virus (Bozukluhan et al., 2018)
Sheep C. parvum* (Dinler et al., 2017)
F hepatica (Denizhan et al., 2019)
Goat Corynebacterium pseudotuberculosis (Akgul et al., 2018)

Trichuris spp.+Trichostrongylidae spp.+Fasciola spp. (Ulutas et al., 2008)

Mice T. gondii* (Atmaca et al., 2019)
Bovine parainfluenza virus 3-BPI 3; Bovine respiratory syncytial virus-BRSV.

Table 3. Summary of triggering events leading to increased C-reactive protein concentration.
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Animal  Triggering Event

Reference

Demodicosis
Parvovirus

Dog IBD/Hemangiosarcoma/Lymphoma/Malignant mesothelioma
Pyometra

Gastric mucosal injury*

(Salem et al., 2020)
(Kocaturk et al., 2010)
(Nakamura et al., 2008)
(Enginler et al., 2014)
(Bayramli and Ulutas, 2008)

Sheep Pneumoania

(Hahgur and Ozmen, 2011)

Goat C. pseudotuberculosis

(Akgul et al., 2018)

Inflammatory bowel disease-IBD.

Table 4. Some acute phase reaction studies performed on animals in Turkey.
Animal Case Measured APP’s Reference
cat Haemobartonellosis/isospora spp./Dermatitis/ Renal  SAA+Hp+Cp+AGP (Tuna, 2015)
failure/Diabetus mellitus
Parvovirus SAA+Hp+CRPX (Sahinduran et al., 2016)
Dog Chronic heart failure CRP (Saril et al., 2022)
Pyometra+Cystic endometrial hyperplasia/Mucometra SAA+CRP+FbX (Enginler et al., 2014)
Gastric mucosal injury* SAA+Hp+CRP+Fb+ALB (Bayramli and Ulutas, 2008)
Brucellosis Hp+Cp+ALB (Bozukluhan et al., 2016)
Cattle BHV-1/BVDV/BRSV/BPI-3/BAV-3 SAA+Hp (Dértkardes and Sahinduran, 2020)
CGB SAA+Hp+Cp (Issi et al., 2017)
Hydatid cysts+Trichostrongylus spp. SAA+Hp* (Sevimli et al., 2015)
Sheep Sheeppox virus Hp+Cp+ALB (Bozukluhan et al., 2018)
C. parvum* SAA+Hp (Dinler et al., 2017)
Goat Pneumonia SAA+CRP+SAPX (Haligur and Ozmen, 2011)
Chicken Amyloid arthropathy* SAAX (Sevimli et al., 2008; Sevimli et al., 2012)
Mice T. gondii * SAA+Hp* (Atmaca et al., 2019)
Rat Effects of agomelatine on endothelial+cardiac damage* HpX (Asci et al., 2019)

al acid glycoprotein-AGP; Albumin-ALB; Ceruloplasmin-Cp; C-reactive protein-CRP; Fibrinogen-Fb; Haptoglobin-Hp; Serum amyloid A-SAA;

Serum amyloid P-SAP; *-Studies with Pathological Evaluation

I Marmara Region I Mediterranean Region Black Sea Region

Aegean Region

[ Southeastern Anatolia Region

Central Anatolia Region East Anatolia Region

Figure 1. Number of studies on acute phase proteins in animals by regions in Turkey, T: Total number of

studies, P: Number of studies with pathological evaluation.
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five were case reports, four were thesis
dissertations, two were short communications, and
153 were research articles. Approximately 32.5% of
the APR studies conducted in Turkey were in large
ruminants, 21.3% in laboratory animals, 17.1% in
small ruminants, 14.2% in dogs, 8.8% in poultry, 2.3%
in fish, and 1.7% in cats and horses. It was noted that
only 39 of these studies included pathological
evaluation. Some studies performed on APR in
various animal species in Turkey are presented in
Table 4.

2.3. Some Pathology Studies Evaluating Acute
Phase Proteins in Turkey

Considering that APPs are sensitive biomarkers
in pathophysiological changes, it is critical to
evaluate APR both in general terms and
pathologically (Bochler & Slauson, 2002). In an
experimentally induced Toxoplasma gondii infection
study in mice, the histopathological evaluation
revealed severe tissue damage and perivascular
mononuclear cell infiltrations in brain tissue and
meninges (Atmaca et al., 2019). In that study, serum
APP levels were also measured. It was suggested that
significantly increased SAA and Hp levels were
indicative of a remarkable role in tissue repair by
inducing the activation of leukocytes. In their
experimental study on rats Asci et al. (2019), induced
endothelial and cardiac damage with
lipopolysaccharide (LPS) administration. These
researchers  observed  myofibrillar  vacuolar
degeneration and neutrophil leukocyte infiltration in
the myocardium, and increased Hp expression
immunohistochemically. Enginler et al. (2014)
detected higher CRP levels in dogs with pyometra
than with cystic endometrial hyperplasia. They
suggested that serum CRP level can be used as a
diagnostic marker to differentiate between these
two pathological conditions. In another study
(Hahgur & Ozmen, 2011), a correlation was found
between the expression levels of SAA and TNF-a, and
the severity of pneumonia in sheep and goats; these
two APPs were proposed as biomarkers to evaluate
the severity of pneumonia. Sevimli et al. (2015)
found increased SAA and IL-6 levels in cattle with
hydatid cysts, necrosis, and inflammation in their
lungs and livers. They suggested that SAA was a more
sensitive indicator than other APPs in hydatid cyst
infections.

Conclusion

Much information has been gained about the
APR and APPs in the last decade, but the relationship
between the structure and function of APPs is still
not fully elucidated (Ceciliani et al., 2012). The APR is
known as the adaptive response of the host to the
noxious stimulus (Bochler & Slauson, 2002). It is

generally a fast-forming response and develops
before the clinical findings appear and the immune
response forms. Therefore, it can be considered an
early marker of pathological conditions. The
induction of APR and changes in the concentrations
of APPs can be detected on the first day of the
noxious stimulus. Thus, APPs have a very high
sensitivity to detecting subclinical infections (Ceron
et al., 2005). Circulating concentrations of APPs are
correlated with the degree of tissue damage in the
affected animal. Therefore, the measurement of APP
concentrations is a powerful marker for assessing
the presence and extent of the disease process and
the effectiveness of disease management in
veterinary medicine (Eckersall, 2000). However, the
correct timing for sampling is a prerequisite for
diagnostic and prognostic values (Murata et al.,
2004). More emphasis has been given to the follow-
up of APR in animals for clinical and experimental
purposes in the last ten years (Eckersall, 2000).
However, this rate is meager in Turkey compared to
the studies conducted in the world. It has been noted
that APR studies conducted worldwide are primarily
on ruminants and pet animals, whereas the studies
conducted in Turkey mainly focused on ruminants.
According to the 2021 data of the Turkish Statistical
Institute (2021), the number of studies and the
pathological evaluations in these studies are
insufficient in regions where animal husbandry is
intense, such as the Southeastern Anatolia Region
and the Black Sea Region. The use of APPs for the
diagnosis and prognosis is also insufficient in pet
animals. In the clinical environment, blood samples
can be tested for APPs and also APR can be evaluated
in addition to histopathology for the diagnosis
postmortem.

This review is the first to evaluate studies on
APR in terms of both general and pathological
aspects in veterinary medicine in Turkey. We hope
that this review may contribute to the research on
APPs, which are sensitive biomarkers in diagnosing
diseases.
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Yazilar, MS Word formatinda, Times New Roman yaz tipinde, 12 punto, cift satir aralikh ve her
kenardan 2.5 cm bosluk birakilarak hazirlanmalidir. Makaleye satir numaralari (makalenin 2.
sayfasindan baslamak Uzere siirekli olacak sekilde) eklenmelidir. Bu sekildeki yazilar, sekil ve tablolar
dahil olmak Uzere orijinal bilimsel arastirmalar ve derlemelerde 15, kisa bilimsel makale ve olgu
sunumlarinda 5 sayfayl gegmemelidir.

Birimler ve 6lctler icin Uluslararasi Standart birimleri (SI-sistem) kullaniimalidir.

Arastirma Makaleleri: Orijinal arastirma makaleleri asagidaki ana konu siralamasina gore dizilmelidir:
Baslik, Yazar adlari (Sorumlu yazar (*) ile isaretlenmeli), Yazar adresleri, Yazar ORCID numaralari, Ozet
ve Anahtar kelimeler (3 - 6 kelime), ingilizce baslik, Abstract ve Keywords ile Giris, Materyal ve Metot,
Bulgular, Tartisma ve Sonug, Tesekkiir veya Bilgilendirme ile Kaynaklar. Her bir Tablo ve Sekil ayri
sayfalarda yer almalidir.

YAZIM DUZENI

Ozet: Orijinal arastirma makalelerinde 250, diger makale tiirlerinde 200 kelimeyi gecmeyecek sekilde
hazirlanmalidir.

Anahtar Kelimeler: En fazla 6 tane olmak Uzere her iki dildeki 6zetin altinda alfabetik sirayla
verilmelidir. Anahtar kelimeler, Tlrkiye Bilim Terimleri arasindan segilmelidir. Anahtar kelimelerin
seciminde Turkiye Bilim Terimleri internet adresinden (http://www.bilimterimleri.com)
yararlanilmahdir.

Giris: Sonuglarin anlasilabilmesi ve yorumlanabilmesi icin o konu ile ilgili yapilmis olan ¢alismalar
hakkinda bilgilere yer verilmelidir. Giris'te ¢alismanin hipotezi belirtilmelidir. Calismanin amaci bu
bollimin en sonunda acik olarak yazilmahdir.

Materyal ve Metot: Bu bélimde deneysel calismalar diger arastirmacilar tarafindan tekrarlanabilecek
yeterlilikteki detayi ile verilmelidir. Uluslararasi indeksli dergilerde yayinlanmis bir makalede
actklanan bir teknik kullanildiginda, metodun ¢ok kisa agiklanmasi ve ilgili orijinal makaleye atif
yapilmasi gereklidir. Makalede etik kurul izini ve/veya yasal/6zel izin alinmasinin gerekip gerekmedigi
bu béliimde belirtilmelidir. Materyal olarak hayvan kullanilan orijinal arastirma makalelerinde (klinik,
deneysel, saha calismalari vb.); etik kurul onayi alinmis olmalidir. Etik kurul onay/izin belgesinin
“alindig etik kurulun ismini, sayisini ve tarihini” iceren agiklayici bilgiler materyal ve metot bélimiine
yazilmahdir. Yayin kurulu etik kurul onay belgesini isteme hakkina sahiptir.

Bulgular: Arastirma bulgulari agik ve anlagilabilir sekilde verilmelidir. Bulgular, gerektiginde tablo ve
sekillerle desteklenmeli ve kisa olarak sunulmalidir.

Tartisma ve Sonug: Bulgular gereksiz ayrintiya girmeden literatirler 1siginda tartisilmali ve bulgularin
onemi vurgulanmalidir. Sonug ya da 6neri ciimlesi ile bitirilmelidir.

Tegekkiir: Calisma veya makaleye kisisel katki ve parasal destek burada belirtilmelidir.


http://www.bilimterimleri.com/
http://www.bilimterimleri.com/

Derleme: Derginin yayin alanlarindaki konularda yenilikleri iceren, glincel kaynaklardan yararlanilarak
hazirlanmis makaleler olup, yazarlarin konu ile dogrudan iliskili en az 3 adet ¢alismalarinin olmasi ve
bunlarin derleme icinde kullanilmasi durumunda yayinlanmak Gzere kabul edilebilecektir. Sorumlu
yazar, derlemesini gonderirken konu ile ilgili makalelerinin de kiinye bilgilerini dergi editorligiine
gondermelidir (makale kiinyeleri, makale metninin en son sayfasinda sunulmalidir). Harran
Universitesi Veteriner Fakdiltesi Dergisi’/nde degerlendirmeye alinan ve yayinlanan derlemeler ¢agril
derlemelerden olusmaktadir. Derlemelerde; Ozet, Giris, Sonuc ve Kaynaklar béliimleri bulunmalidir.

Olgu Sunumu: Yazarlarin, karsilastiklari yeni veya ender gozlemlenen olgularin ele alindigi, bilimsel
degere sahip bilgileri iceren eserlerdir. En fazla 15 kaynak kullanilmal ve bu kaynaklarin giincel
olmasina 6zen gosterilmelidir. Olgu sunumlari; Ozet, Giris, Olgu tanimi, Tartisma ve Sonug ile
Kaynaklar bolimlerinden olusmalidir.

Kisa Bilimsel Makale: Kisa bilimsel makalelerde dar kapsamli olarak ele alinmis, yeni bilgi ve bulgular
sunulmalidir. Arastirma makalesi formatinda hazirlanmali ve en fazla 5 sayfa olmaldir. En fazla 2
tablo veya sekil icermelidir.

Kaynaklar

Metin icinde atif yapilirken;

1. Yazar veya yazarlarin soyadindan sonra parantez icinde kaynagin yayin yili belirtilmelidir;
Adams (1998) tarafindan; Wilkie ve Whittaker (1997) tarafindan; Doyle ve ark. (2007)
tarafindan....

2. Cumlenin sonunda atif yapildiginda ise yazar ismi ve yayin yili parantez icinde belirtilmelidir;
... bildirilmistir (Adams, 1998); .... bildirilmistir (Wilkie ve Whittaker, 1997); ..... bildirilmistir
(Doyle ve ark., 2007).

3. Birden ¢ok kaynaga atif yapilmasi durumunda once alfabetik sonra kronolojik siralama
yaptimalidir;

.... bildirilmistir (Adams, 1998; Adams, 2008; Doyle ve ark., 2007; Wilkie ve Whittaker, 2006).

4. Ayniyazarin ayni yil yayinlari s6z konusu ise her biri “a” harfinden baslayarak kiictk harflerle
isaretlenmelidir;

.... (Adams, 2005a; Adams, 2005b;...).

Kaynak listesi asagidaki sekilde hazirlanmalidir:

1. Kaynak listesi yazar soyadina gore alfabetik olarak siralanmalidir.

2. Kaynaklarda yer alacak dergi adlari ISI web of Science’a gore kisaltilmali ve italik yazilmahdir.
3. Kaynaklarin yazin sekli asagidaki sekilde olmalidir.

Makale; Sullivan JC, Sasser JM, Pollock JS, 2007: Sexual dimorphism in oxidant status in
spontaneously hypertensive rats. Am J Phsiol Integr Comp Physiol, 292 (1), 64-68.

Kitap; Cadenas E, Packer L, 2001: Handbook of Antioxidants. 2nd ed., Marcel Dekker Inc., New York,
USA.

Kitaptan bir boliim: Bahk J, Marth EH (1990). Listeriosis and Listeria monocytogenes In: Foodborne
Diseases, Cliver DO (Ed), 248-256, Academic Press, San Diego. Web sayfasi: Anonim (1)
http://www.emea.europa.eu, Erisim tarihi; 01.04.2010.



Tez: Er A, 2009: Makrolid grubu antibiyotiklerin endotoksemide sitokin diizeylerine etkisi. Doktora
tezi, SU Saglik Bilimleri Enstitiisii, Konya.

Bilimsel toplantida sunulan bildiri: Allen WR, Wilsher S, Morris L, Crowhurst JS, Hillyer MH, Neal HN,
2006: Re-establishment of oviducal patency and fertility in infertile mares. In: Proceedings of the
Ninth International Symposium on Equine Reproduction, Kerkrade, Holland, pp. 27-28.

Tablo ve Sekiller: Her bir tablo ve sekil ayri sayfalara yerlestirilmelidir. Kullanim sirasina gore
numaralandirilmali, kisa basliklarla ifade edilmeli ve metin iginde tablo numarasi verilerek atifta
bulunulmalidir. Tablo basliklari makalenin yazim dilinde tablonun {ist bolimtine yazilmalidir. Tabloda
kullanilan kisaltmalar ve gerekli agiklamalar tablo altinda verilmelidir. Sekil bashklari makalenin yazim
dilinde seklin alt bolimiine yazilmahdir.
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Journal of Harran University Veterinary Faculty is a refereed journal that publishes original
clinical and experimental research in Turkish and English, covering human and animal health,
especially in the field of Veterinary Science, case reports, reviews (at least 3 on the subject of
compilation of the invited or responsible author) the research paper must be on the reference
list), short scientific articles and letters to the editor. Publishing articles in English is given
priority in the journal. The journal is published electronically every 6 months and 2 issues a
year. There are no fees for published articles.

Publications accepted to the journal should not have been published elsewhere. It should not
have been submitted to other journals for review simultaneously. All legal and criminal liability
arising from the published articles belong to the authors. Authors are not paid the right to
publish. Submitted articles and their attachments are not returned, whether the article is
published or not.

The works that have been previously communicated in congresses and published with a
summary are accepted to be stated on the cover page. However, if the publication is produced
from the thesis and there is a supporting organization, it should be stated in the publication.
The article that reaches the Journal Editor is subjected to preliminary evaluation by the journal
editor. Editing has the right to reject the article according to the preliminary evaluation result
or to request correction before subjection to the reviewer.

Articles are sent to at least two referees for evaluation. In the article acceptance process, if
the opinions of the two referees differ, the editor decides by taking the opinion of a third
referee or advisory board.

TUBITAK ULAKBIM respect for ethical principles, which opened to the use of all universities in
Turkey "iThenticate" sent through plagiarism detection program, the whole article, must be
made of the case report and review of the preliminary assessment and the delivery of results.
According to these preliminary evaluation results, the similarity rate of articles, case reports
or reviews with other references should not exceed 15% (excluding abstract, abstract and
references). Articles, case reports or reviews sent to our journal for publication will not be
evaluated if the similarity rate exceeds 15% in the evaluation made through the "ithenticate"
program.

At least 20% of references to any submitted article (for all article categories) must include
references published in the last five years. Anonymous references should be kept to a
minimum.

If the article is accepted for publication, the Copyright Transfer Agreement, which includes the
declaration that any right of publication has been transferred, must be signed by all authors
and sent to the journal editor before printing. Articles without Copyright Transfer Agreement
are not published even if they are accepted to publish.

An article, case report, review etc. to be sent to Harran University Veterinary Faculty Journal.
When the works are sent to https://dergipark.org.tr/tr/pub/huvfd, they are taken into the
evaluation process.

An article, case report, review etc. to be sent to Harran University Veterinary Faculty Journal.
Works must be saved in MS Word format, all photographs (pictures) at least 300 dpi resolution,
in TIFF or JPEG format.




WRITING RULES

Manuscripts should be prepared in MS Word format, Times New Roman font, with 12 font size,
double line spacing and 2.5 cm space on each side. Line numbers (continually starting from page 2
of the article) should be added to the article. Articles of this type should not exceed 15 pages in
original scientific research and reviews, including figures and tables, and 5 pages in short scientific
articles and case reports.

International Standard Units (SI-system) should be used for units and dimensions.

Research Articles: Original research articles should be arranged in the order of the following main
topics: Title, Author names (must be marked with the responsible author (*)), Author addresses,
Author ORCID numbers, Abstract and Keywords (3 - 6 words), English title, Abstract and
Introduction to Keywords, Material and Method, Results, Discussion and Conclusion, Thanks or
Information and References. Each Table and Figure should be on separate pages.

STYLE AND FORMAT

Abstract: It should be prepared not to exceed 250 words in original research articles and 200 words
in other types of articles.

Keywords: It should be given in alphabetical order below the summary in both languages,
maximum 6. Keywords should be selected from Turkey Science Terms. Turkey Science Terms in the
selection of keywords from the internet address ( ) should be
utilized.

Introduction: In order for the results to be understood and interpreted, information about the
studies done on that subject should be included. In the introduction, the hypothesis of the study
should be specified. The purpose of the study should be clearly written at the end of this section.

Material and Method: Experimental studies should be given in this section with sufficient detail
that can be repeated by other researchers. When using a technique described in an article
published in international indexed journals, it is necessary to describe the method very briefly and
to cite the relevant original article. In the article, it should be stated in this section whether the
ethical committee permission and / or legal / special permission should be obtained. In original
research articles using animals as materials (clinical, experimental, field studies, etc.); ethics
committee approval must have been obtained. Explanatory information including the name,
number and date of the ethics committee's ethics committee approval / permit document should
be written in the material and method section. The editorial board has the right to request the
ethics committee approval document.

Results: Research findings should be given clearly and understandably. Findings should be
supported with tables and figures when necessary and presented briefly.

Discussion and Conclusion: Findings should be discussed in the light of the literature before going
into unnecessary detail and the importance of the findings should be emphasized. It should be
finished with a conclusion or suggestion sentence.

Acknowledgment: Personal contribution and monetary support to the study or article should be
stated here.



Compilation: These are articles that contain innovations on the subjects of the journal's
publications and are prepared by using current references. If the authors have at least 3 works
directly related to the subject and they can be accepted for publication. When submitting his
review, the responsible author should send the imprint information of the articles related to the
subject to the editor of the journal (article tags must be presented on the last page of the article
text). Reviews compiled and published in Harran University Veterinary Faculty Journal are invited
reviews. in the compilation; Summary, Introduction, Conclusion and References sections should
be available.

Case Report: These are the works that contain information of scientific value that the authors
discuss the new or rare cases that they encounter. Maximum 15 references should be used and
care should be taken to keep these references up to date. Case reports; It should consist of
Summary, Introduction, Case description, Discussion and Conclusion and References sections.

Short Scientific Article: In short scientific articles, it should be handled narrowly and new
information and findings should be presented. It should be prepared in the form of a research
paper and should not exceed 5 pages. Must contain no more than 2 tables or figures.

References:
While citing in the text;

1. The publication year of the reference should be specified in parentheses after the surname of
the author or authors; By Adams (1998); By Wilkie and Whittaker (1997); Doyle et al. (2007) by....

2. When cited at the end of the sentence, the name of the author and the year of publication must
be indicated in parentheses; ... have been reported (Adams, 1998); .... has been reported (Wilkie
and Whittaker, 1997); ..... has been reported (Doyle et al., 2007).

3. In case of reference to more than one reference, first alphabetical and chronological order
should be done;

.... reported (Adams, 1998; Adams, 2008; Doyle et al., 2007; Wilkie & Whittaker, 2006).

4. If the same author has publications in the same year, each should be marked in lowercase
letters, starting with the letter "a";

.... (Adams, 2005a; Adams, 2005b;...).
The list of references should be prepared as follows:
1. Reference list should be listed alphabetically by author surname.

2. The names of the journals in the references should be shortened according to the ISI web of
Science and should be written in italics.

3. Type of references should be as follows.

Journal article; Sullivan JC, Sasser JM, Pollock JS, 2007: Sexual dimorphism in oxidant status in
spontaneously hypertensive rats. Am J Phsiol Integr Comp Physiol, 292 (1), 64-68.

Book; Cadenas E, Packer L, 2001: Handbook of Antioxidants. 2nd ed., Marcel Dekker Inc., New York,
USA.



Chapter in a book: Bahk J, Marth EH (1990). Listeriosis and Listeria monocytogenes In: Foodborne
Diseases, Cliver DO (Ed), 248-256, Academic Press, San Diego. Web page: Anonymous (1)
http://www.emea.europa.eu, Access date; 01.04.2010.

Thesis: Er A, 2009: Effect of macrolide antibiotics on cytokine levels in endotoxemia. PhD thesis,
SU Health Sciences Institute, Konya.

Paper presented at the scientific meeting: Allen WR, Wilsher S, Morris L, Crowhurst JS, Hillyer MH,
Neal HN, 2006: Re-establishment of oviducal patency and fertility in infertile mares. In:
Proceedings of the Ninth International Symposium on Equine Reproduction, Kerkrade, Holland, pp.
27-28.

Tables and Figures: Each table and figure should be placed on separate pages. It should be
numbered according to the order of use, expressed in short titles, and should be cited by giving
the table number in the text. Table titles should be written in the writing language of the article in
the upper part of the table. Abbreviations and necessary explanations used in the table should be
given under the table. Figure titles should be written at the bottom of the figure in the writing
language of the article.



HARRAN UNIVERSITESI VETERINER FAKULTESI DERGISI

TELIF HAKKI DEVIR FORMU

Harran Universitesi

Veteriner Fakiiltesi Dergisi Editorliigiine

Biz asagida adi, soyadi ve imzalari bulunan yazarlar, tarafimizdan yaziimis,

isimli makalenin icerigi, sonuglari ve yorumlari konusunda, Harran Universitesi Veteriner Fakiiltesi
Dergisi'nin hicbir sorumluluk tasimadigini kabul ederiz. Sundugumuz makalenin orijinal oldugunu,
herhangi bir baska dergiye yayinlanmak lizere gonderilmedigini, daha dnce yayinlanmadigini beyan
ederiz. Makalenin telif hakkindan feragat etmeyi kabul ederek sorumlulugu Gstlenir ve imza ederiz.
Makalenin telif hakki Harran Universitesi Veteriner Fakiiltesi Dergisi’ne devredilerek yayinlanmasi
konusunda yetkili kilinmustir.

Bununla birlikte yazarlarin asagidaki haklari sakhdir:

1. Telif Hakki disinda kalan patent v.b. bitiin tescil edilmis haklar.

2. Yazarin gelecekteki kitaplar ve dersler gibi ¢alismalarinda; makalenin tiimi ya da bir bélimini
Ucret 6demeksizin kullanma hakki.

3. Makaleyi ticari amaglarla kullanmamak kosulu ile cogaltma hakki.

Yazarin Adi ve Soyadi Tarih Imza

Sorumlu yazarin adi/yazisma adresi:

Telefon: ..cccveveccieeeieeeceeee, FaX: voeeeeieeeiiee e E-mail: e

(Makale basvurusu ile bu formu biitiin yazarlar tarafindan imzalanmis olarak “http://dergipark.qov.tr/huvfd” adresinden yiikleyiniz.)

Harran Universitesi Veteriner Fakiiltesi Dergisi Yayin Kurulu 63200 Sanhurfa
Tel: 0414 318 39 24, E-mail: harranvet@gmail.com




HARRAN UNIVERSTY JOURNAL of the FACULTY of VETERINARY MEDICINE

COPYRIGHT TRANSFER FORM

We grant that Harran University Journal of the Faculty of Veterinary Medicine has no responsibility

fort he content, results and conclusions of the manuscript entitled,

We state that the submitted manuscript is original, has not been published or is not being considered
for publishing elsewhere. We grant to disclaim the copyright and sign this form by undertaking all
responsibility. Hereby Harran University Journal of the Faculty of Veterinary Medicine has been

authorized for publishing by transferring the copyright of the manuscript.

However the following rights of the author(s) are reserved:

1. All other rights such as patent right.

2. The rights for using the manuscript as a whole or a part in their future Works such as boks or
lecturers without paying any charge.

3. The rights for reproducing the manuscript for purpose other than commercial use.

Name and Surname of the Author ate Signature

Address of the Corresponding Author:

(Upload the form to “http.//dergipark.qov.tr/huvfd” after filling it.)

Harran Universitesi Veteriner Fakiiltesi Dergisi Yayin Kurulu 63200 Sanlurfa
Tel: 0414 318 39 24, E-mail: harranvet@gmail.com
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