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RESEARCH ARTICLE

Isolation, Identification and Antibiotic Sensitivity of Pasteurella Species in Cattle
Slaughtered in Slaughterhouses in Kiitahya Province

Seydi Mehmet ARSLAN, Beytullah KENAR?

'Kiitalhya Provincial Directorate of Agriculture and Forestry, Kiitahya, Tiirkiye
’Department of Microbiology, Faculty of Veterinary Medicine, Afyon Kocatepe University, Afyonkarabisar, Tiirkiye

ABSTRACT

In this study, it was aimed to isolate and identify Pasteurella species, which is one of the most important bacterial
agents that cause bovine pneumonia, and to determine their antibiotic susceptibility as the most accurate
approach in treatment. For this purpose, 210 lung samples were taken from cattle slaughtered in slaughterhouses
in Kiitahya. Sowing was performed on blood agar, Eosin methylene blue agar and MacConkey agar from the
samples and 89 (42%) Gram negative bacteria were isolated. 17 bacteria showing the characteristics of Pasteurella
species were identified in the automated Vitek 2 device. As a result of the identification, two (0.95%) isolates were
found to be Pasteurella multocida. Antibiotic susceptibility of the isolates was investigated using the Kirby-Bauer
disk diffusion test. It was observed that the isolates were 100% sensitive to amoxicillin clavulanic acid,
enrofloxacin, ciprofloxacin and ceftiofur, 50% sensitive to danofloxacin, 50% sensitive at increased dosage, and
100% resistant to sulfamethoxazole-trimethoprim and tetracycline.

Keywords: Antibiotic sensitivity test, cattle, Pasteurella species, slaughterhouse
*okok

Kiitahya Ilindeki Mezbahalarda Kesilen Sigitlarda Pasteurella Tiitlerinin Izolasyonu, Identifikasyonu ve
Antibiyotik Duyarlilig1

oz

Yapilan bu calismada sigir pnémonilerine sebep olan en 6nemli bakteriyel etkenlerden biri olan Pasteure/la tirlerini
izole ve identifiye ederek tedavide en dogru yaklasim olarak antibiyotik duyarliliklarint belirlemek amaglanmustir.
Bu amagla Kiitahya ilindeki mezbahalarda kesilen sigirlardan 210 akciger 6rnegi alindi. Orneklerden kanli agar,
Eosin methylene blue agar ve MacConkey agara ekimler gerceklestirildi ve 89 (%42) Gram negatif bakteri izole
edildi. Pastenrella titlerinin Gzelliklerini goésteren 17 bakteri otomatize Vitek 2 cihazinda identifiye edildi.
Identifikasyon sonucu iki (%0,95) izolatun Pastenrella multocida oldugu tespit edildi. Izolatlarn antibiyotik
duyarhliklart Kirby-Bauer disk difiizyon testi kullanilarak arastirildi. Izolatlarin amoksisilin klavulanik asit,
enrofloksasin, siprofloksasin ve seftiofura %100 oraninda duyatli, danofloksasine ise %50 duyarli %50 artirilmis
dozajda duyarlt oldugu gozlemlenirken, stlfametaksazol-trimetoprim ve tetrasikline %100 oraninda direngli
oldugu tespit edildi.

Anahtar Kelimeler: Antibiyotik duyarlilik testi, kesimhane, Pastexnrella tirleri, sigir
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GIRIS

Pastenrella  multocida  ¢ogunlukla sigirlarin - solunum
sistemlerinden izole edilen, sigirlarda pléropnémoni
ve bronkopndémoniye, sig1r ve mandalarda septisemik
pasteurellozis ve hemorajik septisemiye sebep olan bir
etkendir (Bain ve ark, 1982). Hastahk Sigir
Pastorollozu (Shipping fever) olarak bilinmektedir
(Okay ve ark, 2011). Bu enfeksiyon Dinya
ekonomisine 6nemli kayiplar vermektedir (Lax ve
Chanter, 1990). Dinyanin  bircok  ilkesinde
gbzlemlenmenin yani sira oldukca genis bir konakel
cesidini iginde barindiran sigir pastorellozu, hastaliga
etki ettigi digsunilen etkenlerin, hasta olmayan
hayvanlarin tst solunum yolunda ve 6zellikle de yutak
kistmlarinda  fakiltatif patojen seklinde yerleserek
olusturdugu ve bu etkenlerin hayvanlarda direnci
zayiflatict etkisi sebebiyle de hastaliga yakalanma
riskini  artirdift  belirtilmistir  (Aydin, 20006). P.
multocida'ntn,  Mannheimia — haemolytica ile  bitlikte
bronkopnémonideki etkisi sigirlarin solunum sistemi
enfeksiyonlarinda bircok arastirmada  bildirilmistir
(Miller ve ark., 2011, Taylor ve ark., 2015). Olumsuz
gevre sartlari, uygun olmayan hayvan transportu,
bakteriyel ve viral etkenler sebebiyle olusan stres,
ruminantlarda solunum sistemi enfeksiyonlarinda
etkin faktorlerdir (Garcia-Alvarez, 2018).

Hayvanlarda P. multocida’dan ileri gelen hastaliklarin
tedavisinde en c¢ok kullanilan veteriner hekimlik
urinleri antibiyotiklerdir. Solunum sistemi
hastaliklarinin =~ tedavisinde ~ kullanillan ~ baslica
antibiyotikler arasinda birinci kusak antibiyotiklerin
yaninda florokinolonlar gibi krittk 6neme sahip
antibiyotikler de yer almaktadir (Evira, 2018).

Sunulan  calismanin  amaci, Kiitahya  Ilindeki
mezbahalarda kesilen sigirlarin akciger 6rneklerinden
Pastenrella  tirlerinin  identifikasyonu ve identifiye

edilen turlerin antibiyotik duyarliliklarinin
belitlenmesidit.
MATERYAL ve METOT

Pasteurella turlerinin izolasyon ve
identifikasyonu

Bu calisgmada Kiitahya ilindeki kesimhanelerde kesilen
saglikl gorintimli sigirlarin akcigerlerinden Pasteurella
spp.’nin izolasyonu i¢in 210 6rnek toplandi. Toplanan
ornekler steril numune kaplarinda soguk zincirde
Afyon Kocatepe Universitesi Veteriner Fakiiltesi
Veteriner Teshis ve Analiz Laboratuvarina getirildi.
Akciger doku o6rneklerinden kanli agar, Eosin
methylene blue (EMB) agar ve MacConkey (MC)
agara ckimler gerceklestirildi ve 37 °C’de 24-48 saat
siireyle inkiibasyonu saglandi. Ureyen kolonilerin
makroskobik ve mikroskobik morfolojik 6zellikleri ve
kanli agarda hemoliz 6zellikleri incelendi (Aydin 20006,
Garrity ve ark., 2004, Quinn ve ark., 2004). Gram
negatif Pastenrella stipheli koloniler, oksidaz ve katalaz

reaksiyonlart ile MacConkey agar ve EMB agarda
treme durumlarina gore segilerek, stipheli izolatlarin
kesin identifikasyonlar1 Vitek 2 cihazt Gram negatif
identifikasyon kiti kullanilarak gerceklestirildi.

Antibiyotik duyarlilik testleri

Izolasyonu ve identifikasyonu saglantlan P. multocida
izolatlarinin antibiyotik duyarhliklarinin tespiti Klinik
Laboratuvar Standartlart Enstitiisii (CLSI) ve Avrupa
Birligi Antimikrobiyal Duyarliik Test Komitesi
(EUCAST) standartlar1  kapsaminda kanli agarda
Kirby-Bauer disk diflizyon yo6ntemiyle yapildr
Sigirlardan izole edilmis olan P. multocida izolatlarinin
antibiyotik  duyarliliklarint  tespit  etmek  icin,
amoksisilin-klavulanik Asit (30 pg, Oxoid), tetrasiklin
(30 pg, Oxoid), danofloksasin (5 pg, Oxoid),
siprofloksasin (5 pg, Oxoid), seftiofur (30 pg,
Oxoid), enrofloksasin (5 ug, Oxoid), sulfametoksazol-
trimetoprim (20 pg, Oxoid) antibiyotik disklerinden
yararlanildi.

BULGULAR

Izolasyon ve identifikasyon bulgular

Mezbahada kesilen sigirlardan elde edilen 210 akciger
orneginin 89’undan Gram negatif bakteri izolasyonu
gerceklestirildi. 1zole edilen bu bakterilere oksidaz ve
katalaz testleri uygulanirken, bakterilerin kanli agarda
hemoliz 6zellikleri ile MacConkey ve EMB agarlarda
treme Ozellikleri test edildi. Buna gére 89 Gram
negatif bakteriden 17’si Pastenrella tirleri yoniinden
stpheli olarak degerlendirildi. Stpheli izolatlarin kanlt
agarda hemoliz olusturmadigl, katalaz ve oksidaz
testlerine pozitif reaksiyon verdigi, MacConkey agarda
tremedigi, EMB agarda ise treme oldugu ancak
metalik yesil renk vermedigi gézlemlendi. Klasik
kiltiirel yontemler  kullanilarak — stupheli  olarak
belitlenen 17 Pastenrella  izolatinin kesin
identifikasyonu Vitek 2 otomatize sistem kullanilarak
gergeklestirildi. Buna gbre 17 stipheli izolatin ikisi
(0.95%) P. multocida olarak identifiye edildi.

Antibiyotik duyarlilik testi bulgular1

Identifiye edilen iki P. multocida izolatunun
antibiyotik duyarliliklart Kirby-Bauer disk diftizyon
yontemiyle  belitlendi.  Izolatlarin  amoksisilin
klavulanik asit, enrofloksasin, siprofloksasin ve
seftiofura %100 oraninda duyarl;, danofloksasine
%50 duyarlt ve %50 artirtlmis dozajda duyarl oldugu
gbzlemlenirken,  siilfametaksazol-trimetoprim  ve
tetrasikline %100 oraninda direngli oldugu tespit
edildi.

TARTISMA

Pastenrella  enfeksiyonlart  gerek tlkemizde gerek
dinyada ekonomik olarak biyitk bir 6neme sahiptir.
Ruminantlarin solunum sistemi hastaliklari;
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yetistiriciler i¢in fiziksel gli¢c ve verim kaybiyla birlikte
Olimlere ve tedavi masraflari sebebiyle buylk
ekonomik kayiplara sebep olmaktadir (De Alvis,
1999).

Ruminantlarin  solunum sistemi enfeksiyonlarindan
oldukca yiiksek oranda P.  multocida ve M.
haemolyticanin izole edildigi bazi calismalarda (Yates,
1982, Davies ve ark., 2004, Boyce ve ark., 2010)
bildirilmistir. Pnémonili buzagt akcigetlerinden P.
mnltocida izolasyonuna yonelik yapilan bir calismada,
61 adet akciger 6rneginin 18inde (%29,5) P. multocida
tespit edildigi bildirilmigtir (Madsen ve ark., 1985).
Yine bir arastirmada pnomoni tablolu sigirlarin
akcigerlerinden P. multocida izolasyon orant %6 olarak
bildirilmistir (Houghton ve Goutlay, 1984). Allan ve
ark.,, (1985) tarafindan vyapilan bir arastirmada,
pnémoni sebebiyle 6lmis ya da kesilmis buzagilarin
akcigerlerinden %15,8inde P. multocida tespit edildigi
bildirilmistir. Danimarka’da yapilan bir ¢alismada
pnomoni tablosuna sahip buzagilarda 72 akciger
orneginin -~ 10undan  (%13,8)  P.  multocida
izolasyonunun saglandigi bildirilmistir (Tegtmeier ve
ark., 1999). 1994-2002 yillart arasini kapsayan bir
baska arastirmada pnémonili buzagilarin
akcigerlerinden P. multocida izolasyonunun %34,7
oldugu ve bu izolasyon oraninin yillar bazinda
degisiminin = %20 ile %47,4 arasmnda oldugu
bildirilmistir (Welsh ve ark., 2004).

Turkiye'de Konak (2012) tarafindan
Afyonkarahisar’da yapilan bir calismada,
mezbahalardan toplanan 300 sigir akciger 6rneginde
22 (%7,3) P. multocida izolatiin identifiye edildigi
bildirilmistir. Mogulkog¢ (2020) tarafindan yapilan bir
calismada mezbahadan alinan 200 adet pnémonik
sigir akcigerinden 9 adet P. multocida (%o4.5) identifiye
edildigi  bildirilmistir. Karahan ve atk.,, (2020)
tarafindan  yapdan  bir  calismada, pnémoni
semptomlart gosteren 100 adet sigirdan akciger
ornekleri alinmis ve Orneklerden etken
identifikasyonu klasik yontemler ve Vitek cihazi ile
saglanmistir.  Aynt  ¢alismada,  izolasyonu  ve
identifikasyonu saglanan 58 ornegin %13inden P.
multocida  identifiye edildigi bildirilmistir. Elazig’da
yapilan bir ¢alismada 8222 adet sigirdan alinan akciger
Orneklerinden 500’Gnde pndémoni tablosu  tespit
edilmis olup; bakteriyolojik ve biyokimyasal yontemler
sonucu 30 (%06) Ornekte P. mmltocida identifiye
edilmistir (Kilic ve ark., 2004). Bagka bir calismada
pnémoni lezyonlu 100 buzag: akciger doku 6rneginin
8inden P. multocida izole edilebildigi bildirilmistir
(Haziroglu ve ark., 1997). Dinler (1998) tarafindan
Erzurum’da  pnémoni  semptomlu  sigirlarin
akcigerlerinden %4.,5 oraninda P. multocida izolasyonu
bildirilirken, konu ile ilgili bir bagka arastirmada P.
multocida 1zolasyon orant %159 olarak belirtilmistir
(Gunduz ve Erganis, 1998).

Hayvanlarda P. multocida’dan ileri gelen hastaliklarin
tedavisinde en c¢ok kullanilan veteriner hekimlik
trtinleri antibiyotiklerdir. Solunum sistemi
hastaliklarinin ~ tedavisinde  kullandlan  baslica

antibiyotikler arasinda birinci kugsak antibiyotiklerin
yaninda florokinolonlar gibi krittk 6neme sahip
antibiyotikler de yer almaktadir (Evira, 2018).
Fransa’da 2012-2017 yilar1 arasinda yapian bir
calismada sigirlardan elde edilen akciger 6rneklerinde
P.  multocida  izolatlarinin  antibiyotik  direnclilikleri
izlenmis; tetrasiklin  (%23,4), tilmikosin (%17.2),
flumekuin  (%14,3) ve enrofloksasin  (%4,5),
stilfametaksazol-trimetoprim ~ (%6,2),  amoksisilin
(<%5) ve florfenikol (>%0) olarak gdzlemlenmistir
(Bourely ve atk., 2019). Turkiye'de Konak (2012)
tarafindan Afyonkarahisatr’da yapilan bir calismada P.
multocida  izolatlarinin  %95,8 florfenikole, 9%093,8
seftiofura ve %91,7 oraninda amoksisilin-klavulanik
aside duyarlt oldugu; oksitetrasikline %22,9, penisilin
G ve eritromisine ise %20,8 oraninda direngli oldugu
bildirilmistir. Mogulko¢ (2020) tarafindan yapilan
calismada P. multocida izolatlarinin %100 oraninda
enrofloksasin ve seftiofura duyarlilik gézlemlenirken
stlfametaksazol-trimetoprime %33 oraninda,
tetrasikline ise %55 oraninda direng tespit edilmistir.

SONUC

Sunulan ¢alismada sigirlardan toplanan 210 akciger
orneginden ikisinden (%00,95) P. multocida identifiye
edildi. Bu calismada elde edilen izolasyon oraninin
diger arastirmalarla karsilastrddiginda oldukea digik
oranda oldugu gozlendi. Bunun en 6nemli nedeninin,
diger aragtirmalardan farkhi olarak bu calismada
kullanilan 6rneklerin klinik olarak saglikli gbrintimli
sigirlardan  toplanmasinin  olabilecegi  distnildd.
Ayrica 6rnek sayist ve cografik farkliiklarin da elde
edilen distik izolasyon oraninda etkili olabilecegi
distntldi.

Bu calismada, P. multocida izolatlarinin amoksisilin
klavulanik asit, enrofloksasin, siprofloksasin ve
seftiofura %100 oraninda duyarli, danofloksasine ise
%50 duyarlt ve %50 artirilmis dozajda duyatl oldugu
gbzlemlenirken,  siilfametaksazol-trimetoprim  ve
tetrasikline %100 oraninda direngli oldugu tespit
edilmis olup, oranlarin son yillarda yapilan ¢alismalarla
uyumlu oldugu gézlemlenmistir.

Cikar catismasi: Yazarlar bu yazi icin gercek,
potansiyel veya algilanan c¢ikar catigmast olmadigini
beyan etmislerdir.

Yazarlarin Katki Orani:  Yazarlar makaleye esit
oranda katki saglamis olduklarini beyan etmislerdir.

Etik izin: Bu calisma “Hayvan Deneyleri Etik
Kurullarinin = Calisma  Usul ve Esaslarina Dair
Yonetmelik” Madde 8 (k) geregi HADYEK iznine
tabi degildir.

Agiklama: Bu makale birinci yazarin, ikinci yazar
danismanliginda hazirladigr yiksek lisans tezinden

Uretilmistir.
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ABSTRACT
This study aimed to determine food restriction effects on the profile of fatty acids and major genes on lipogenesis
expressions in liver. 16 Wistar albino rats were divided into two groups and different diets were given to groups for
4-weeks. First group was fed ad libitum (Control group), another group was fed the half amount of the daily
requirement (Food Restriction group, FR). As well as weekly food consumption and body weight changes, total
cholesterol, HDL, LDL, and triglyceride levels were determined at the end of the feeding period. In addition to
the fatty acid profile, LASN and SCD-7 genes expression levels were measured in the liver. While the body
weight averages decreased after 7 days and remained similar, plasma glucose levels were found lower in the FR.
FASN was upregulated approximately 6 folds, and SCD-7 increased insignificantly about 3 folds in the FR.
C15:0, C18:1 n9 trans, C18:2 n6 cis, C21:0, C20:2, C20:5 n3, n6 and UFA were lower, while C16:0, C18:2 n6
trans, C20:3 n6, C22:6 n3, C22:1 n9, C22:2 and SFA were higher in FR. In addition to considering the exposure
time and rate of food restriction, molecular activity and interactions in other metabolic organs should be

investigated.

Keywords: fatty acids, food restriction, liver, FASN, SCD-7
Kokk

Gida Kisitlamas1 Yapilan Ratlarda Karacigerde Bazi Lipojenik Genlerin Ifade Diizeyleri Ve Yag Asidi
Profili

(074

Bu calisma gida kisitlamasinin karacigerdeki yag asidi profili ve majdr lipojenik genlerin ekspresyon seviyeleri
tzerindeki etkilerini belitlemeyi amaclamistir. 16 adet Wistar albino rat iki gruba ayrilarak 4 hafta boyunca farkli
diyetlerle beslenmistir. Birinci grup (Kontrol grubu) ad libitum beslenirken, diger gruba giinlik ihtiyacin yatisi
(Yem Kisitlama grubu, YK) kadar yem verilmistir. Haftalik besin titketimi ve viicut agirligi degisimlerinin yani sira
beslenme periyodu sonrasinda total kolesterol, HDL, LDL ve trigliserit diizeyleri belirlenmistir. Yag asidi profiline
ek olarak karacigerde FASN ve SCD-7 genlerinin ekspresyon seviyeleri Slctlmistir. FRnin ortalama viicut
agithig 7. ginden sonra azalmaya baslarken, YK'de plazma glukoz seviyeleri kontrol grubuna kiyasla daha dusgiik
bulunmustur. YK grubunda FLASN geni yaklagik 6 kat artarken (P<0,05), SCD-7 6nemsiz olacak sekilde yaklasik 3
kat artmustir. FR grubunda C15:0, C18:1 n9 trans, C18:2 n6 cis, C21:0, C20:2, C20:5 n3, n6 ve UFA miktar
kontrole gore daha dustikken, C16:0, C18:2 n6 trans, C20:3 n6, C22:6 n3, C22:1 n9, C22:2 ve SFA miktarinin
daha yiiksek oldugu belirlenmistir. Besin kisitlamasinin, maruz kalma stiresi ve oraninin dikkate alinmasina ek
olarak, diger metabolik organlardaki molekiler aktivite ve etkilesimler arastiridmalidir.

Anahtar kelimeler: FLASN, karaciger, SCD-1, yag asitleri, yem kisitlama
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INTRODUCTION

The incidence of obesity and its complications has
increased due to developments in agriculture,
advances in technology, and dramatic changes in
lifestyle (Ozkan and Yakan 2019). Obesity and its
complications have become a major health issue
affecting more than 500 million people in the world
(Crovesy et al. 2020). Many different methods such as
sustained food restriction, intense exercise, and diet
regulation are used to control obesity (Laskowski
2012, Hill et al. 2012). Particularly, food restriction
(FR) has various effects on energy metabolism
(Dumas et al. 2004).

Energy metabolism is one of the leading factors for
the continuation of healthy life due to metabolic
regulation and related biological systems (Zhang et al.
2017). The energy needed by the organism is
provided by the stored carbohydrates in the case of
FR. Energy homeostasis is maintained by hydrolysis
of triglycerides stored in satiety with the continuation
of FR. As a result of FR, the lipolysis pathway is
activated, and body weight decreases by the rapidly
diminishing of adipose tissue (Barzilai and Gabriely
2001, Smith et al. 2010). Moreover, FR increases
oxidation of fatty acids and decreases synthesis of
fatty acids for a certain period of time. In addition, it
has been reported restriction of food or calotie cause
downregulation of genes as Fatty Acid Synthase
(FASN) and Stearoyl-CoA Desaturase (SCD-T7)
(Margolis et al. 2016). However, in the case of long-
term FR, the balance in the lipolysis and lipogenesis
pathways is rearranged and homeostasis is
maintained.

The regulation of molecular pathways associated with
FR and energy metabolism causes significant changes
in the liver fatty acid profile. As well as other
functions in the organism, fatty acids have important
functions in the liver. Moreover, fatty acids are

particularly essential molecules to provide glucose

production for metabolic energy regulation in the FR
state (Rui 2014).

Although many studies have reported different effects
of FR on the organism depending on the varying
exposure time, limited information is known about
the activity of major genes including the lipogenesis
pathway and fatty acid profile of the liver (Bruss et al.
2010, Mulligan et al. 2008). In this study, as well as
changes of body weights and some biochemical
parameters, it has been aimed to determine the effects
of 4-week FR on the profile of fatty acids and
expression levels of FASN and SCD-T in the liver of
rats. Moreover, the relationships between fatty acids
and studied genes have been investigated. In this
context, it has been aimed to better understand the
effects of 4-weck IR on fatty acid metabolism at the

molecular levels in the liver.

MATERIAL AND METHOD

Animals and experimental design

This study was approved by Hatay Mustafa Kemal
University Animal Experiments Local Ethics
Committee (Decision No: 2021/04-02). Wistar albino
male rats aged approximately 8 weeks were used in
the study. Rats were fed without any restrictions for a
week for acclimatization. Rats’ food consumption was
recorded during the acclimatization period for one
week. Therefore, the daily food consumption was
calculated (30.4412.2 g/rat/day). In addition, the
sample size of the study was calculated with the
G*Power software version 3.1.9.2. The statistical
sample size calculation showed that at least 16 rats
were needed, considering an effect size of 1.6, an
alpha value of 0.05, and a power of 0.80. Sixteen rats
were divided randomly into 2 groups (n=8). While
the first group was fed with commercial food (Bil-
Yem Ankara) ad /ibitum (Control group, Cont), the

other group was fed with half amount of the daily
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requirement (50% Food Restriction group, FR)
(Gardner et al. 2010, Smyers et al. 2015). The protein
and energy requirements wete appropriate to the
suggestion of the NRC (NRC, 1995). The ingredients
of standard food were presented in Table 1.

During the feeding period, the animals were housed
in transparent cages, with one animal in each cage.

Environmental conditions in the place where the

Table 1. Standard chow ingredient

animals were housed; 12 hours of light and 12 hours
of darkness (07.00-19.00 light / 19.00-07.00 dark) and
the humidity was regulated as 55%. The ambient
temperature was adjusted to be 21£2°C. The rats
used in the study were checked twice daily (morning
and evening), and in addition to weekly body weight
changes, the consumption of food and water were

recorded. Water was given ad /ibitum to all rats.

Ingredient (%)

Corn maize 29.00
Full-fat soybean 28.00
Sunflower seed meal 7.00
Wheat middling 13.00
Alfalfa meal 14.00
Meat bone meal 4.00
Molasses 1.75
Limestone 2.00
Dicalcium phosphate 0.50
NaCl 0.50
Vitamin-mineral premixes 0.25
Nutrient composition (calculated)

Metabolic Energy (kcal/kg) 2600.00
Dry Matter (%) 88.40
Crude Protein (%) 22.50
Crude Cellulose (%) 8.10
Fat (%) 3.15
Carbohydrate (%) 54.72
Insoluble ash in HC1 (%) 1.05
Ca (%) 1.30
P (%) 0.80

Euthanasia and sample collection

Following the four-week feeding period, the rats
fasted for 12 hours while allowed to access water ad
libitum. After 12 hours of fasting, the animals were
cuthanized by collected blood from the heart under
Ketamine and Xylazine anesthesia. While the blood
samples were kept at +4°C, liver tissues were
collected from the animals and sectioned into two
parts. One of the pieces was quickly frozen in liquid

nitrogen for molecular analysis, while another piece

was transported to -80°C in the cold chain for fatty

acid analysis.

Biochemical analysis

Centrifugation was performed on the blood samples
at 3000 xg at +4°C for 10 min. Obtained plasma was
collected in new sterile and nuclease-free tubes. The
plasma samples were stored at -80°C until analysis.
Total cholesterol, glucose, triglyceride, HDL, and
LDL parameter were determined with an auto-

analyzer (Siemens Advia 1800, Japan).
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Isolation of RNA and synthesis of cDNA

RNA isolation from liver samples was performed by
the applying the modified Trizol method (Rio et al
2010). Approximately 50 mg of liver tissue exposed
to 1 mL TRIzol Reagent (Thermo Fisher Scientific,
USA). Following isolation of RNA, the RNA pellets
were left to dry at room temperature for
approximately 10 min. Then, samples were diluted
with nuclease-free water (NFW). The quality of RNA
samples was controlled by a nucleic acid meter
(Merinton-SMA  1000). Also, RNA integrity was
assessed on 1% agarose gel electrophoresis (100 V, 25
min).

DNA digestion was applied with a commercial kit
(DNase I, RNase free, Thermo Fisher Scientific,
USA) to the samples for elimination of gDNA. After
this process, the synthesis of cDNA was applied to
the RNA samples with RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific, USA). The

Table 2. Forward and reverse sequences of primers

reaction was in three steps: Following the 10 min at
25°C, the temperature was arranged as 37°C for 120
min, and 85°C for 5 min. End of the reaction, the
volume of samples was completed to 150 pL with
NFW. Until RT-qPCR application, samples were kept
at -20°C.

RT-qPCR application

FASN and SCD-7 genes amplifications were
performed in duplicate from each sample. qPCR
(Rotor Gene QQ MDx 5plex HRM, Qiagen, ABD)
application was performed with a commercial kit
(Power SYBR Green PCR Master Mix, Thermo
Fisher Scientific, USA). The reaction protocol in
qPCR was as follows: 10 minutes at 95°C, followed
by 15 seconds at 95°C, 60 seconds at 60°C, and 40
cycles. PPLA gene was used as the normalized gene

for internal control (Table 2).

Genes Forward and Reverse Sequences P.L. Reference

SCD-1 F:5-CCTTAACCCTGAGATCCCGTAGA-¥ 95 (Yasari et al. 2010)
R:5~AGCCCATAAAAGATTTCTGCAAA-3

FASN F: 5-GCTGCTACAAACAGGACCATC-3 98 (Mock et al. 2017)

R: 5'- TCCACTGACTCTTCACAGACCA-3’

PPIA F: 5-"CAGACAAAGTTCCAAAGACAGCA-3'
R: 5-CACCCTGGCACATGAATCCT-3'

117 (Dos Santos et al. 2016)

P.L: Product Length

Fatty acid analysis of liver

Fatty acids were analyzed by using lipid extracts.
Lipids were extracted with ether. Liver tissues were
homogenized in ether. Then the tubes were shaked
for 3 hours at room temperature. After 3 hours, they
were placed in a heater to evaporate ether and lipids
were collected. Fatty acids of samples were

transmethylated to their fatty acid methyl esters

(FAME) using methanolic NaOH and methanolic
Boron Trifluoride (BFs). The FAME composition
was determined by a gas chromatograph Schimadzu
GC-2025 equipped with a Rt-2560 Restek column
having 0.25 mm ID, 100 m length, 0.20 um film
thickness. The column temperature program was
initiated at 100°C held for 2 min, raised by 4°C/min
up to 250°C held for 15 min. The cattier gas was
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hydrogen with a flow rate of 1.2 mL min-1 and the
split ratio was 50: 1. One uL was injected by using an
autosampler. The temperatures of the injector and
detector were 250°C. As a reference standard, Restek
FAME mix was used to recognize individual fatty

acids. Fatty acid indexes were also calculated.

Statistical analysis

Before performing the significance tests, all vatiables
were examined for assumptions of normality and
homogeneity of variances. The differences in liver
fatty acids and biochemical parameters were
determined by Student's t test. Evaluation of rat
weights in terms of group and time was examined
with two-way mixed ANOVA. In addition, any
significant terms were compared with Bonferroni
adjustment. Expression analyzes of genes were
performed according to the 2-22Ct method and
calculated as fold change (Livak and Schmittgen
2001). The relationships between genes expression
levels (FEASN and SCD-7), liver fatty acids, and

biochemical parameters were determined by Pearson

correlation coefficient and shown as a Heatmap.
Significance level was P<0.05. For the analysis of

data, IBM SPSS 23.0 was used.

RESULTS

The average daily food consumption of rats in Cont
group was as follows: 30.15 g (1t week), 35.01 g (2nd
week), 36.14 g (3 week), and 34.26 (4* week). The
weekly body weight gain of the rats in the Cont group
was continuous and the body weight averages in all
weeks were significantly different from each other
during the feeding period (P<0.001). Body weight
averages, which were similar at the beginning, were
significantly different between the groups from the 1st
week (P<0.001). The FR group body weight averages
had a significant decrease after 7 days of the feeding
period (P<0.001). On the other hand, body weight
averages in the FR group, which were lower than at
the beginning of the study, remained at similar levels

throughout the study (Table 3).

Table 3. Changes in weekly body weight averages in groups (Mean * SE)

Parameter Body Weights Averages (g)
Groups Cont FR
Initial BW 277.11 £ 8.60¢ 276.89 £ 9.192
1. week 317.94 £ 6.834.A 24129 £ 7.318
Feeding Period 2. week 35029 * 7.14cA 254.56 £ 7.63>B
3. week 368.39 £ 8.20b. A 260.67 £ 8.77b8
4. week 380.29 + 8.87aA 259.21 £ 9.48b.8
Group <0.001
P Time <0.001
Group*Time <0.001

BW: Body Weights; Cont: Control; FR: Food Restriction

AB: Groups with different letters on the same line are different from each other.

abede: Groups with different letters in the same column are different from each other.

While plasma total cholesterol, triglyceride, HDL, and
LDL levels plasma were similar in both the Cont and

the FR groups, it was determined that the amount of

plasma glucose was significantly lower in the FR

group (P<0.05) (Figure 1).
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Figure 1: Plasma biochemical parameters in groups (MeantSE).
Cont: Control group; FR: Food Restriction group; *: P<0.05
According to the gene expression results, expression (P<0.001). Furthermore, approximately 3 folds

levels of FASN gene were approximately 6 folds

more in the FR group compared to the Cont group
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Figure 2: FASN and SCD-7 genes expression levels in liver (Mean®SE).

Cont: Control group; FR: Food Restriction group; ***: P<0.001

insignificant upregulation was

detected on the

expression levels of SCD-7 gene in the FR group

(Figure 2).
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Compared to Cont group, the amounts of C15:0, C18:2 n6 trans, C20:3 n6, C22:2, C22:6 n3, C22:1 n9,

C18:1 n9 trans, C18:2 n6 cis, C21:0, C20:2, C20:5 n3, fatty acids amounts and Saturated Fatty Acids (SFA)
n6 and UFA were found to be significantly lower in contents were higher in the FR group, significantly
the FR group (P<0.05). On the other hand, C16:0, (P<0.05) (Table 4).

Table 4. Fatty acid profile of liver in groups (Mean * SE).

Fatty acids (%) Cont. FR P
C10:0 0.10 = 0.02 0.10 £ 0.03 -
C12:0 0.18 = 0.04 0.24 £ 0.03 -
C14:0 0.38 + 0.03 0.44 £ 0.05 -
C14:1 0.06 = 0.003 0.05 £ 0.01 -
C15:0 0.33 = 0.02 0.25 £ 0.01 *
C15:1 0.10 = 0.02 0.11 £ 0.03 -
C16:0 20.35 £ 0.60 23.65%£1.20 *
C16:1 091 +0.15 0.73 £ 0.05 -
C17:0 0.75 + 0.04 0.67 = 0.08 -
C17:1 0.18 = 0.02 0.16 £ 0.01 -
C18:0 14.74 £ 0.90 16.37 £ 0.43 -
C18:1 n9 trans 2.03 £ 0.33 0.72 £ 0.17 ok
C18:1n9 cis 12.07 £ 0.77 11.58 £ 0.57 -
C18:2 n6 trans 0.19 + 0.01 0.26 = 0.03 *
C18:2 n6 cis 18.25 £ 0.75 12.96 £ 0.56 oHk
C20:0 0.50 = 0.06 0.33 £ 0.08 -
C18:3 n6 0.34 + 0.06 0.55+0.13 -
C20:1 0.17 £ 0.02 0.17 £ 0.01 -
C21:0 0.75 £ 0.04 0.59 £ 0.03 ok
C18:3 n3 0.31 £ 0.02 0.26 £ 0.03 -
C20:2 3.65£0.58 2.04 £ 0.31 *
C22:0 0.76 £ 0.08 0.52 £ 0.08 -
C20:3 n6 0.55+0.10 0.93+0.13 *
C22:1 n9 0.96 £ 0.11 1.56 £ 0.13 ok
C20:3 n3 0.74 £ 0.09 0.95 £ 0.08 -
C20:4 n6 18.18 £ 1.12 18.29 £ 1.29 -
C22:2 0.58 £ 0.10 2.84 £ 0.65 *
C20:5n3 0.48 £ 0.05 0.26 £ 0.04 ok
C22:6 n3 0.36 + 0.12 0.85+0.12 *
SFA 39.37 £ 0.99 44.00 £ 1.20 ok
MUFA 16.99 + 1.05 15.81 £ 0.68 -
PUFA 43.64 £ 0.55 40.19 £ 1.67 -
UFA 60.63 + 0.99 56.00 + 1.20 ok
n6 37.51 £0.98 33.00 £ 1.50 *
n3 1.90 £ 0.12 2321023 -

Cont: Control; FR: Food Restriction; SFA: Saturated Fatty Acids; MUFA: Monounsaturated Fatty Acids; PUFA: Polyunsaturated
Fatty Acids; UFA: Unsaturated Fatty Acids; n6: Omega 6; n3: Omega 3-: P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001

137



A strong and positive correlation was detected
between FASN and SCD-7 genes expression levels in
the liver (P<0.01). In addition, it was determined that
the F.ASN gene had a positive correlation with C16:0,
C18:3 n6, C20:3 n6, C22:1 n9, C22:2 fatty acids, and
SFA parameters at varying levels of significance.
However, the FASN gene has a significant negative
correlation with C18:1 n9 trans, C18:2 n6 cis, C20:0,
C21:0, C20:5 n3, PUFA, UFA, n6 and LDL (P<0.05).
The results were presented in Figure 3. In terms of
the relationship of the SCD-7 gene with fatty acids
and biochemical parameters, it showed a positive

correlation with C14:0, C16:0, C18:3 n6, and SFA

content, and a significant negative correlation with
PUFA, UFA, n6, and LDL (P<0.05). Glucose was
negatively correlated with SFA, while it was positively
correlated with C18:1 n9 trans, C18:2 n6 cis, C20:1,
C21:0, C20:2 and UFA parameters. On the other
hand, triglyceride was negatively correlated with
C14:1, C18:1 n9 trans, and C20:2, and positively
correlated with C15:1 and C22:1 n9. As expected,
positive correlation was found between HDL and
total cholesterol, while LDL was negatively correlated
with C20:3 n6 and positively correlated with C18:2 n6

cis, as well as target genes (Figure 3).
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Figure 3: Correlations between studied parameters in heat map form

*: P< 0.05; %% P< 0.01; #: P<0.001
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DISCUSSION

FR, which is applied at a changeable rate in all species
including studies on metabolism, has important
positive effects such as weight loss, prevention of
chronic diseases, and prolongation of a lifetime
(Mulligan et al. 2008). The effectiveness of FR is
closely related to metabolic resistance (Levin and
Dunn-Meynell 2000). Similar to our study findings, it
has been reported in some studies that the body
weights of rats treated with FR decreased (Bruss et al.
2010, Moraes et al. 2016, Margolis et al. 2016).
However, Bruss et al. (2010) reported in their study
that there was a loss of body weight at the end of 1
week in rats treated with FR compared to rats fed ad
libitum, and there was no significant change in body
weight averages for the next 4 weeks with FR. In a
study, it was reported that FR, which was applied
approximately 60%, caused a loss in body weight in
the first week and a tendency to gain weight in the
following weeks (21-28 days) (Moraes et al. 2016). In
this study, it was determined that body weight
averages gradually increased in rats fed ad /ibitum
during the 4-week feeding period. Similar to the
findings of Bruss et al. (2010) body weight loss
occurred rapidly in the first week in the FR group,
and body weight averages were maintained from the
second week to the end of the feeding period in
relation to metabolic resistance (Levin and Dunn-
Meynell 2000).

Changes in body weight averages are closely related to
metabolic regulation. Anabolic and catabolic events
are re-regulated in the organism according to the
caloric changes in the diet and exercise status. The
protected body weight averages in FR group has
continued the following weeks from the second week
in this study. It has been deduced that the rate and
exposure time to food and/or calorie restriction are
one of the most important factors for the formation

of this situation (Fu and Klaassen 2014).

It was determined that FR application during the 4-
week feeding period did not cause a significant
change in total cholesterol, HDL, LDL and
triglyceride levels compared to the ad /libitum fed
group. Unlike humans, it was reported that mice and
rats could tolerate dietary changes without alterations
of plasma lipoproteins such as LDL (Flowers and
Ntambi 2008). However, it was thought that the
significant decrease in plasma glucose levels might be
related to metabolic activity and body weight
averages. Although Moraes et al. (2016) reported that
60% FR restriction applied for 3 weeks resulted in a
significant  decrease in total cholesterol and
triglyceride levels along with glucose, it was thought
that the main difference causing this situation might
be related to the restriction rate and feeding period
(Moraes et al. 2016, Zhang et al. 2021).

FASN and SCD-7 genes expression levels tended to
be upregulated in the FR group. FLASN has a central
role of lipogenesis in liver (Dorn et al. 2010).
Mulligan et al. (2008) reported that as well as the
decrease in body weight averages, LASN gene
expression levels decreased in subcutaneous adipose
tissue and liver in the first week, but tended to
increase in the following periods in mice with long-
term FR. In another study, it was reported that SCD-
7 gene expression levels increased in adipose tissues
due to the prolongation of food restriction (Turyn et
al. 2012). EASN, which is the protein encoded by the
FASN gene, is involved in the synthesis of long-chain
fatty acids using Acetyl-CoA, Malonyl-CoA and
NADPH, in other words, it shows more lipogenic
activity (Dorn et al. 2010). SCD-7, which is also
involved in lipogenesis, is responsible for the
regulation of lipogenesis in relation to genes involved
in the lipogenesis pathway such as FASN and
SREBP-1¢ (Ozkan and Yakan 2019). It has been

thought that the upregulation in the related genes may
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have been shaped by the metabolic resistance that
developed to response to food restriction.

It was reported that food restriction increases fatty
acid synthesis in the body (Bruss et al. 2010). In this
study, although a significant calorie restriction was
applied for 4 weeks in the FR group, C16:0 fatty acid
and SFA levels with some of the long-chained fatty
acids were found to be higher compared to the
control group, basically consistent with FLASN and
SCD-1 genes expression levels. It is known that
FASN catalyzes the final stage of fatty acid
biosynthesis and it is a crucial role to generate fatty
acid de novo lipogenesis (Dorn et al. 2010). The
regulation of fatty acid synthesis is a complex and
intricate process in the liver. However, it has been
understood that while the amount of SFA increased
in the liver with the application of food restriction,
the amount of UFA and n6 decreased. It has been
thought that this situation might be caused by the
signaling of the synthesis of essential fatty acids by
the upregulation of genes responsible for more
saturated fatty acid production such as FASN and
SCD-71 in the liver after metabolic regulation was
rearranged. Activation of the F.ASN gene in the liver
has a leading role especially in C16:0 biosynthesis and
catalyzes the biosynthesis of saturated fatty acids in
de novo lipogenesis (Dorn et al. 2010, Jensen-Urstad
and Semenkovich 2012). Similar to our results, it has
been reported there is a positive correlation between
SCD-1 and C16:0 and C18:0 fatty acids (Miyazaki and
Ntambi 2003). On the other hand, Kunesova et al.
(2006) reported in their study that after restricted
dietary regulation in obese people, the amount of
C16:0 increased, while the amount of C18:2 n6 and
C20:3 n6 decreased. Although energy regulation in
rodents and humans is mostly similar, it is
conceivable that minor differences may be due to
species differences.

In addition to differences in measured parameters

between  groups, variable interactions  were

determined between genes and other parameters. In
addition to LDL, FASN and SCD-7 genes
expressions were found co-correlated with many fatty
acid parameters. LDL was detected negatively
correlated with FASN and SCD-7. It was reported
that SCD-7 deficiency led to a decrease the synthesis
of LDL in the liver (Flowers and Ntambi 2008). As
expected, strong and negative correlations were found
between these genes and PUFA, UFA and n6
parameters. FASN and SCD were positively
correlated with C16:0, which has a key role in de
novo lipogenesis (Dorn et al. 2010, Jensen-Urstad and
Semenkovich 2012). Interestingly, these genes were
positively correlated with the various significances
with long and unsaturated fatty acids such as C20:3
n6. This showed that the related genes may have
important roles related to regulation of unsaturated
and long-chained fatty acids in addition to their main
functions in the liver.

Undoubtedly, metabolic regulation is closely related
to molecular activity at the transcriptional level. The
obtained findings of this study suggest that increased
SFA contents with food restriction in the liver are
regulated by upregulated lipogenic genes mainly
FASN and SCD-1.

CONCLUSION

In conclusion, remarkable changes occur with the
exposure time and ratio of restriction in FR.
Considering that metabolism is also related to muscle
and adipose tissues, it is thought that more studies are
needed to understand the interactions with other

organs at the molecular levels in food restriction.
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ABSTRACT

The transition period in dairy cows is generally accepted as the period covering 3 weeks before calving and 3 weeks
after calving. The aim of the study was to compare the profiles of B-hydroxybutyrate, calcium, magnesium,
phosphorus, total cholesterol, total protein, triacylglycerol, free glycerol, serum lipid and serum protein with Anti-
Mullerian Hormone (AMH) in dairy cows in the transition period, and to determine whether AMH to examine
whether it can be used as a marker in the next insemination period. The cows whose blood samples were taken
were followed up and it was determined that they became pregnant at the insemination and the study was
terminated. According to the results obtained; It was determined that BHB and free glycerol, which are important
markers of negative energy balance (NEB), have an effect on AMH concentration. However, it was determined
that the concentration of magnesium and the ratio of cholesterol ester in serum total fat did not change much
during the transition period. Our results suggest that AMH is a good biomarker of decreased follicular activity due
to NEB in the transition period and that AMH can be used for herd weeding in reinsemination.

Keywords: AMH, Cow Pregnancy, Insemination, Metabolic Profile, Transition Period
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Ineklerde Gegis Déneminde Anti-Miillerian Hormon, Metabolik Profil ve Mineral

Diizeylerinin Buzagilama — Gebelik Araligina Etkisi
oz
Siitct ineklerde gecis doénemi genel kabul ile buzagilamadan énceki 3 hafta ile buzagilamadan sonraki 3 haftatt
kapsayan stirectir. Bu ¢alismanin amact gecis dénemindeki siit¢li ineklerde negaif eneji dengesinden (NED) dolayt
degisen B-hidroksibiitirat, kalsiyum, magnezyum, fosfor, total kolesterol, total protein, triagilgliserol, serbest gliserol,
serum lipid ve serum protein profillerinin Anti-Millerian Hormon (AMH) ile karsilastirilarak AMH’nin bir sonraki
tohumlama déneminde belirte¢ olarak kullanilip lullanilmayacagini incelemektir. Kan 6rnekleri alinan inekler daha
sonra takip edilerek kaginct tohumlamada gebe kaldiklart tespit edildi ve ¢alisma sonlandirildt. Santrifiij edilerek
serumlart toplanan kanlar analiz edildi. Elde edilen sonuglara gére; NED’in 6nemli belirte¢lerinden BHB nin ve
serbest gliserolin  AMH konsantrasyonu izerine etkisi oldugu saptandt. Bununla birlikte, magnezyumun
konsantrasyonunun ve serum toplam yagt icerisindeki kolesterol esteri oraninin ge¢is déneminde fazla degismedigi
tespit edildi. Sonuglarimiz AMH’nin gecis déneminde NED’den dolayt azalan follikiiler aktivitenin iyi bir

biyobelirteci oldugunu ve tekrar tohumlamada AMH’nin siirii aytklama i¢in kullanilabilecegini gostermektedir.
Anahtar Kelimeler: AMH, Gegis Dénemi, Ineklerde Gebelik, Metabolik Profil, Tohumlama
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INTRODUCTION

The transition period in dairy cows is defined as the
period between 3 weeks before calving (close-up dry
period) and 3 weeks after calving (eatly fresh period),
during which critical physiological changes occur due
to the emergence of many metabolic and infectious
diseases (Drackley 1999, Grummer 1995). During this
period, physiological, nutritional, metabolic and
immunological changes occur in the cow, starting from
late pregnancy, continuing with milk synthesis and
secretion, and finally reaching a stable lactation phase
(Van Saun 2016, Wankhade et al. 2017).

As a result of decreased dry matter intake
during late pregnancy, energy requirement is provide
by insulin resistance in adipose tissue and muscle,
together with increased sensitivity to lipolytic agents
(Bell 1995); These events reduce peripheral glucose
uptake and facilitate the utilization of endogenous
substrates, most of which are glucogenic amino acids
from endogenous protein sources, and glycerol from
adipose tissue mobilization (Putman et al. 2018).
Inflammatory and oxidative stress experienced during
parturition cause a significant increase in energy
requirements with the onset of milk production (Turk
et al. 2004). Meanwhile, the decreased plasma
progesterone level with the transient rise in
glucocorticoid and estrogen further reduces dry matter
intake (Drackley et al. 2005, Ingvartsen 2006). The
imbalance  between energy production and
consumption causes negative energy balance (NEB)
(Grummer et al. 2004). Many tissues, including adipose
tissue, are mobilized to produce energy in order to
tolerate the imbalance.

Approximately 30-50% of dairy cows are
affected by one or more metabolic or infectious
diseases during the transition period (LeBlanc 2010).
These include ketosis, mastitis, metritis, retention of
secundinarum and abomasum displacement. Anti-
mullerian hormone (AMH), a dimeric glycoprotein

produced by granulosa cells of growing preantral and

antral follicles, is a marker of ovarian reserve in dairy
cows (La Marca et al. 2010, Rico et al. 2009). The
concentration of AMH in the bloodstream is highly
variable among different cows, but the measurements
in the same cow are highly reproducible
(Gobikrushanth et al. 2017, Ribeiro et al. 2014, Souza
et al. 2015). Blood AMH concentration changes in
cattle are related to nutritional condition, subspecies,
breed, and lactation (Batista et al. 2014, Mossa et al.
2013) Cows with low plasma AMH concentration have
a low conception rate (Gobikrushanth et al. 2018).
The aim of this study is examine the
relationship between AMH, calcium, phosphorus,
cholesterol ~ (Chol), total protein, magnesium,
triacylglycerol (TAG), B-Hydroxybutyrate (BHB), free
glycerol levels, serum lipid and protein profiles of dairy
cows from the 14th day before calving to the 21st day
after calving, and the number of inseminations of the

cows in the next insemination period

MATERIAL and METHODS

Experimental Animals

The animal material of the study consisted of 36
simmental dairy cows with similar body condition
scores in the 2nd lactation at Nail Cinisli Dairy Farm
located in Asgkale district of Erzurum province. Dairy
cows were grouped as inseminated once (T1, n=13),
inseminated twice (T2, n=12), and inseminated 3 or
more times (T3, n=11) according to the insemination
numbers at the end of the study. The study was
supported by Ataturk University Scientific Research
Projects  Coordination  Unit  (project  code
PRJ2015/302) and the research was approved by
Ataturk University Veterinary Faculty Sub-Ethics
Committee (AUVFEAK; decision dated 13.07.2015
and numbered 2015/9). The content of the ration
given to the animals used in the study is given in Table

1.
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Collection of Samples

Blood samples were taken from all animals in the study
on the 14th day before calving, within 2 hours after
calving, and on the 7th, 14th and 21st days after
calving, from the vena jugularis before feeding in the
morning after milking into 10 ml vacuum tubes
without anticoagulant. The blood samples taken were
centrifuged at 4000 rpm at +4 °C for 10 minutes in a
centrifuge device and their serum was removed. The
serums were portioned into eppendorf tubes and
stored in a deep freezer at -80 °C until analysis.
ELISA Analysis

AMH levels in serum samples obtained from the study
groups were measured with the Anti-Mullerian
Hormone (Elabscience Biotechnology Co., Ltd.
United States) kit (Catalog No: E-EL-HO0317)
according to manufacturer's protocol using the
Sandwich-ELISA method. In the package insert, the
analytical sensitivity of the kit was reported as 56.25
pg.ml! and the detection range as 93.75-6000 pg.ml-.
B-hydroxybutyrate levels in serum samples obtained
from study groups were studied with the Bovine Beta-
Hydroxybutyric Acid (Sunlong Biotech Co., Ltd.
China) kit (Catalog No: SL0027Bo) according to
manufacturer's protocol using the Sandwich-ELISA
method. In the package insert, the analytical sensitivity
of the kit was reported as 0.05 pgml! and the
detection range as 0.3-18 pgml!. The terms
"expression time" and "insemination*time" refer to
the number of inseminations and the sampling time,
respectively.

Spectrophotometric Analysis

Serum cholesterol (Catalog No: 1 1350 99 10 021),
calcium (Catalog No: 1 1130 99 10 021), magnesium
(Catalog No: 1 4610 99 10 021), phosphorus (Catalog
No: 1 5211 99 10 021), total protein (Catalog No: 1
2311 99 10 021), triacylglycerol(Catalog No: 1 5760 99
10 021) and free glycerol(Catalog No: 1 5730 99 10
730) levels were measured using sperctometry

(uQuant, Bio-Tek Instruments, USA) with commercial

kits purchased from DiaSys Diagnostic Systems
(Germany).

Chromatographic Analysis

Serum lipid profile analysis was performed using the
High Performance Thin Layer Chromatography
(HPTLC) method. 1 ml of n-hexane/iso-propanol [2:1
(v/v)] mixture was added to 1 ml of serum and
centrifuged at 2000 rpm for 15 minutes at +4 °C. The
shaken serum tubes were centrifuged at 8000 rpm for
10 minutes and the supernatant was loaded onto 20x10
cm “Silica Gel 60” HPTLC plates. Plates were 7 cm in
a mixture of hexane: diethylether: acetic acid [80:20:2
(v/v/v)] was carried out and dried at room
temperature. CuSO43% in H3PO48% was sprayed on
these dried plates and burned in an oven at 180 °C for
about 10 minutes, making the lipid bands visible
(Cengiz et al. 2010).

After HPTLC plates were scanned at 600 dpi
resolution in Epson Perfection V500 photo scanner,
the area covered by the lipid bands of each sample was
determined using Phoretix 1D (TL120) software and
expressed as % of the total mixture.

Electrophoretic Analysis

In this research, only the T3 group of electrophoresis
samples were analyzed. The method developed by
(Laemmli 1970) was used to determine the protein
profile in blood samples. For this purpose, samples
were dissolved in Laemmli saample buffer and
proteins were separated in 10% Sodium Dodecyl
Sulphate Polyacrylamide Gel Electrophoresis (SDS-
PAGE).

After electrophoresis, the gels were stained
with oriole, visualized with the GE LAS500 imaging
system and analyzed with the Phoretix 1D (TL120) gel
analysis program. The molecular weights of the
displayed serum proteins were automatically calculated
according to the above principle with the Phoretix 1D

(TL 120) program available from Nonlinear Dynamics.
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Statistical Analysis
All obtained data were analyzed using SAS 2009
(Statistical Analysis System, Version 9.0, 2002, Cary,
NC, USA) package program. Because of the data were
not categorical, they were subjected to one-way
analysis of variance. The following linear model was
created using the Proc. GLM (General Linear Model)
procedure:
Yij = p + Zi + eij, Z = time (days) relative to the ith
seeding and e = error of the i and jth value. Differences
over time were determined with the LSD (Least Square
Differences) option. The values of the parameters by
days were presented as meantSE (standard error) and
differences were considered significant at the p<0.05
level.

RESULTS
ELISA Results
As serum AMH concentrations were examined, it was
determined that the effect of number of insemination,
sampling time and insemination*time were statistically
significant (p<0.001). After parturition, AMH levels
increased in the T1 group, whereas they decreased in
the T2 and T3 groups. It was detected that it decreased
until the 7th day after parturition in all 3 groups, started
to increase after the 7th day in the T1 group, after the
14th day in the T2 group, and decreased until the 21st
day in the T3 group.

A sharp rise after parturition followed by a
gradual decline was detected in BHB concentrations,
which increased until the 7th day after parturition.
While the group with the highest concentration was
T3, the concentrations of T1 and T2 groups were
found to be similar to each other. It was determined
that the effect of insemination number, sampling time
an semination*time on BHB concentrations were
statistically significant (p<<0.001).
Spectrophotometric Results
The mean values of the spectrophotometrically
measured parameters and their variation according to

the time of parturition are presented in Table 2 and

Figure 1. Accordingly, it was determined that calcium
concentration decreased with parturition, but started
to increase after parturition. Calcium concentration
was highest in T1 group before the parturition and
lowest in T3 group during parturition (p<0.001).

It was found that the phosphorus
concentration decreased with  parturition, but
increased until the 14th day after parturition, after
which it started to decrease again. The highest
concentration was detected in the T1 group after
parturition, while the lowest concentration was in the
T2 group during parturition. Insemination number and
sampling time were found to be statistically significant
(p<0.001).

Total Chol amount decreased excessively with
delivery but started to increase afterwards, serum total
Chol levels exceeded prepartum total Chol levels on
postpartunm 21st day, and the highest total Chol level
was found in T3 group after parturition, the lowest the
total Chol level was found to be in the T1 group during
parturition (p<0.001).

Change in total protein concentration is
limited until parturition, but decreases significantly
with parturition. While the decrease in total protein
level continued until the postpartum 21st day in the T3
group, T1 (7.33+0.15 mg.dl'") and T2 groups started to
increase from the 14th day (p<0.001). It was
determined that the number of insemination and time-
dependent sampling were statistically significant
(p<0.001) in total protein concentrations.

In blood magnesium concentrations, T1 was
the group with the highest value, while the group with
the lowest value was T3. It was determined that Mg,
which increased with parturition, started to decrease
after parturition. While the decrease continued in the
T3 group, an increase was detected in the T1 and T2
groups starting from the 14th day (p<0.001). While the
effect of insemination*time was  statistically
insignificant (p>0.05), it was determined that there was

a statistically significant difference (p<<0.001) among
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the groups when the effect of sampling time on
insemination numbers was taken into account.

Serum TAG concentrations, which decreased
until the 7th day after parturition, increased again after
the 7th day. The highest TAG concentration was
determined in T1 group 14th day before the
parturition, and the lowest TAG concentration was
determined in T3 group 14th after before the
parturition (p<<0.001). As serum TAG levels are
examined, it is seen that the number of inseminations
is statistically insignificant (p>0.05), while the effect of
sampling time and insemination*time is statistically
significant (p<<0.001).

As the free glycerol concentrations were
examined, a large increase was determined with
parturition and then a gradual decrease to a value close
to the prepartum concentrations was detected. The
highest free glycerol concentration was detected in the
T3 group during parturition, and the lowest in the T1
group before thr parturition. It was determined that
the effect of insemination, sampling time and
insemination*time  were  statistically  significant
(p<0.001) on the groups.

Chromatographic Results

The mean values of the spectrophotometrically
measured parameters and their variation according to
the time of parturition have been presented in Table 3
and Figure 3. In addition HPTL chromatogram of T3
group serum lipid classes have been showed in Figure
2. As the cholesterol ester (CholE) ratio in serum total
fat was examined, it was determined that the ratio was
increasing starting from the prepartum period until the
postpartum 14th day. After the 14th day, the CholE
ratio started to decrease in the T1 and T2 groups, but
continued to increase in the T3 group (p<0.001). In
the statistical evaluation, the effect of insemination
number, sampling time and insemination*time was
determined as (p<<0.001).

It was determined that the TAG ratio

decreased at varying rates starting from calving until

the 14th day after calving. The greatest reduction was
determined in the T3 group, and the lowest in the T'1
group (p<0.001). As the effect of insemination
number, sampling time and insemination*time were
evaluated statistically, it was found to be significant
(p<0.001).

As the variation of the free fatty acid (FFA)
ratio according to the days at the time of calving was
examined, it was determined that there was a gradual
decrease from the 14th day before calving until the
14th day after calving. From the 14th day after calving,
the FFFA ratio increased in the T1 and T2 groups, while
it continued to decrease in the T3 group. As evaluated
statistically, the change between groups according to
sampling time is significant (p<<0.001).

As Chol ratio was examined, a large change
was determined. There was no difference in
cholesterol ratio between the groups. In the statistical
evaluation, the effect of insemination number,
sampling time, and insemination*time was determined
as insignificant (p>0.05).

While diacylglycerol (DAG) ratio followed a
constant course from the 14th day before calving to
the 21st day after calving in the T1 and T2 groups, a
gradual decrease was detected in the T3 group starting
from the prepartum period. It was determined that the
number of insemination, sampling time and the effect
of insemination*time were statistically significant on
the groups (p<<0.001).

As the phospholipid ratio was examined, it was found
that the T1 and T2 groups were close to each other,
and the T3 group was higher than these two groups
(p<0.001). It was determined that the effect of
insemination number and insemination*time were
statistically significant (p<<0.001) on the groups.
Electrophoretic Results

The SDS-PAGE analysis of serum samples showed
the presence of 24 proteins between 361 and 15 kDa
(Figures 4 and 5 and Table 4).
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Table 1. The content of the ration given to the study animals

Dry Matter Amount, kg

Meadow Grass
Triticale Silage
Corn Silage
Triticale grain
Milk Feed
HP
Energy

DM %

2.50

4.00

4.50

0.89

8.54

14.06

2438

53.04

Table 2. ELISA and Spectrophotometer results of blood samples taken on the 14th day before parturition, at the

time of parturition and on the 7th, 14th and 21st days after parturition.

T1 T2 T3 Number of . Insemination
Day - _ _ L. Time .
SE ASE SE Insemination *Time
14 3017469 2835.004100.75  2487.27494.89
0 2333.08 2566.67+111.51 212545410352
AMH 7 2024462 1973.33+93.30 1846.36+77.88
(pg-ml) 14 2036£11201  1878.33+126.59 1694.55+111.14
21 2669+480.84  2086.67+83.22 1568.18+47.97
2456490 110 2268.004103.070  1944.3687.08¢ <0.001 <0.001 <0.001
140314001 0.28+0.01 0.36+0.01
_— 0 036+0.01 0.4040.01 0.38+0.01
7 0.6240.02 0.65+0.02 0.68+0.01
(ug-ml) 14 049+0.02 0.47+0.01 0.59+0.01
21 0.3940.01 0.46+0.01 0.52+0.03
0.43+0.01" 0.45+0.01" 0.5140.01 <0.001 20,001 20,001
14 873+0.11 8.39+0.24 8.98+0.15
S 0 56740.07 5.0440.15 485+0.13
7 6.2940.09 6.70+0.21 6.29+0.19
(mg.dl) 14 6404014 6.82+0.18 6.46+0.14
21 78740.19 75740.08 7.3240.14
6.99+0.101 6.90+0.173b 6.78+0.15 ~0.05 20,001 20,001
14 5794020 4914033 5514013
Phosphorus 0 394+0.12 3.43+0.21 3.76+0.13
P 7 555+0.18 4674031 5.57+0.26
14 6194024 5.7240.18 6.0040.14
21 5974029 5.45+0.15 5.75+0.14
5.49+0 215 4.83+0.23> 5.30+0.150 <0.001 20,001 ~0.05
14 T 1.9740.06 1824011 1.99+0.08
Magnesium 0 2724011 2.5540.15 2.7840.12
o 7 2.0440.07 2.05+0.13 2.06+0.11
14 1.96+0.07 1.8420.12 2.02+0.09
21 2164005 216+0.05 2.0440.07
2214007 2.09+0.11b 2.22+0.09 ~0.05 <0.001 ~0.05
14 83.46+2.79 93.58+4.31 112,915 36
ol choteserg L 4588304 59.58+4.20 67.7543.21
: 7 7386+451 104.4045.18 119.3246.31
(mg.dl) 14 100504386  115.58+4.95 146.0945.86
21 131.63+438  130.45+5.06 172.33+5.07
87.0743.72c  100.72+4.74b 123.6845.160 <0.001 <0.001 ~0.05
Total protein -14 7.8240.15 7.78+0.29 7.4410.24
0 7.58+0.16 7234024 7.3140.31
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(gdlh)

Triacylglycerol

(mg.dl)

Free glycerol

(mg.dI)

7
14
21

-14
0
7

14

21

-14
0
7

14

21

6.81£0.21 6.59£0.28 6.28+0.27

7.09£0.13 6.68+0.20 6.04£0.15

7.3710.11 6.94£0.15 6.02+0.17

7.33£0.152 7.04+0.23P 6.62+0.23¢ <0.001 <0.001 >0.05
32.62£2.29 28.9242.28 23.64%1.38

19.69+1.64 16.25£1.69 12.91+1.21

14.17+1.28 13.29£1.58 11.91£1.35

16.05%1.53 13.09£1.09 11.41£1.01

19.85+1.98 16.00£1.50 13.27£1.30

20.4741.822 17.514£1.63P 14.63£1.25¢ <0.001 <0.001 >0.05
91.88+0.57 84.50%1.15 112844238

295.35+408 312.10£3.33 32434£2.72

222.03+1.55 226.61£5.03 247.29+4.71

144.78+£2.94 164.55£5.01 194.14£5.10

103.96£2.61 126.85+4.64 159.26+4.62

171.60£2.35¢ 183.53+£3.83P 207.58%£3.912 <0.001 <0.001 <0.001

* Different exponential letters in the same line indicate the difference between groups (p<0.05).

T1: Inseminated once in the next insemination petiod

T2: Inseminated 2 times in the next insemination period

T3: Inseminated 3 or more times in the next insemination period
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Figure 1. Variation of spectrophotometrically measured parameters according to day relative to calving
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Figure 2. HPTL chromatogram of T1, T2, and T3 group serum lipid classes.
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Table 3. HPTLC analyzes of blood samples taken on the 14th day before parturition, at the time of parturition and

on the 7th, 14th and 21st days after parturition.

T1 T2 T3 Number of . Insemination
Day _ _ _ .. Time .
ISE ISE ISE Insemination *Time
14 2379+0.41 23.4440.46 24.07+0.42
0 27.2440.35 27.7740.27 30.19+0.34
Cholesterol
ester, 7 29.63+0.40 31.53+0.29 33.82+0.38
14 31.13+0.43 32.87+0.38 35.67+0.31
21 29.0340.36 30.35+0.28 35.94+0.31
28.16:0.80¢ 29.09+1.02p 31.94+1.392 <0.001 <0.001 <0.001
14 24.90+0.43 23.98+0.40 24.184+0.47
0 20.83+0.30 20.01£0.34 18.4610.39
TAG, % 7 18.74+0.29 17.00+0.31 14.10+0.24
14 17.75+0.30 15.85+0.34 12.7240.28
21 19.2240.34 17.85+0.32 12.2140.28
20.29+0.772 18.9440.90P 16.33%1.41¢ <0.001 <0.001 <0.001
14 10.3540.19 10.4240.23 10.09+0.25
0 8.92+0.13 9.7740.15 9.5440.16
FFA, % 7 8.9240.10 9.4740.14 8.6740.15
14 8.7840.10 8.9140.17 8.8340.19
21 9.08+0.15 9.3440.15 8.45+0.19
9.2140.212 9.58+0.22b 9.1240.26¢ <0.001 <0.001 <0.001
-14 13.26+0.21 13.52+0.26 12.89+0.23
Frec 0 14.70+0.21 13.47+0.22 14.66+0.21
Cholesterol, % 7 14.63%0.20 14.7540.24 14.3740.20
14 14.73+0.23 14.86+0.18 14.2140.23
21 14.7140.15 14.23+0.20 14.37+0.23
14.4140.252 14.160.27% 14.10+0.27> >0.05 <0.001 >0.05
-14 2.4740.04 2.79+0.05 2.56%0.05
0 2.45+0.04 2.39+0.03 2.45+0.04
DAG, % 7 2.42+0.03 2.40£0.03 1.8940.03
14 2.5140.04 2.55+0.04 1.50£0.04
21 2.48+0.03 2.560.05 1.3240.03
2.4740.04b 2.5440.06 1.94+0.16¢ <0.001 <0.001 <0.001
14 2522+40.40 25.85+0.34 25.40+0.46
0 25.87+0.37 26.5940.29 24.69+0.30
Phospholipid, % 7 25.66+0.34 24.85+0.27 27.16+0.33
14 25.09+0.31 25.0940.32 27.06+0.35
21 25.4840.33 25.6740.28 27.70£0.35
25.47+0.35b 25.61£0.34P 26.40£0.492 <0.001 >0.05 <0.001

* Different exponential letters in the same line indicate the difference between groups (p<0.05).
T1: Inseminated once in the next insemination period
T2: Inseminated 2 times in the next insemination period

T3: Inseminated 3 or more times in the next insemination period
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Figure 3. Variation of chromatographically measured parameters according to day relative to calving
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Figure 4. SDS-PAG electrophoretogram of T1, T2, and T3 group serum protein classes.
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Table 4. Quantities (volume) of individual proteins in the T3 group serum total protein.

Day
MA -14 0 7 14 21
(kDa) Volum  Band Volum Band Volum Band Volum Band % Volum Band %
% % %
361 501 4.6 485 4.00 253 2.18 283 2.51 188 1.76
346 212 1.72 194 1.60 323 2.79 135 1.20 159 1.49
261 305 2.47 238 1.97 260 2.25 291 2.58 237 2.22
250 138 1.12 255 2.10 249 2.16 237 2.10 279 2.62
215 276 2.24 264 2.18 256 2.22 224 1.99 240 2.25
176 207 1.68 200 1.65 195 1.69 166 1.47 178 1.67
162 233 1.89 228 1.88 248 2.15 292 2.59 202 1.89
123 444 3.60 435 3.59 431 3.73 388 3.44 398 3.73
105 360 2.92 348 2.87 339 293 332 2.94 303 2.84
92 356 2.88 310 2.56 273 2.36 297 2.64 246 2.30
73 510 4.14 556 4.59 582 5.03 492 4.37 472 4.42
55(Albtimin
) 2502 20.28 2297 1894 2052 17.75 2189 19.42 1963 18.39
50 1551 12.57 1504 12.4 1426 12.33 1458 12.94 1500 14.05
41 750 6.08 772 6.36 738 6.38 691 6.13 599 5.62
36 423 3.43 462 3.81 414 3.58 496 4.40 391 3.67
33 407 3.30 415 3.42 470 4.06 347 3.08 372 3.48
29 465 3.77 495 4.08 435 3.76 387 3.43 403 3.77
26 1005 8.14 922 7.60 890 7.69 896 7.95 899 8.42
24 369 2.99 467 3.85 372 3.21 408 3.62 340 3.18
20 510 413 449 3.70 578 5.00 579 5.13 578 5.41
18 532 4.31 541 4.46 485 4.19 429 3.81 413 3.87
15 282 2.28 291 2.40 296 2.56 255 2.26 314 2.94
Total
*100000 12337 100 12127 100 11564 100 11271 100 10674 100

SDS-PAGE densitogram of T3 SDS-PAGE densitogram of SDS-PAGE densitogram of T3

group serum protein classes 14 parturition time T3 group serum group serum protein classes 7 days

days before the parturition protein classes after parturition
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SDS-PAGE densitogram of T3 group serum protein

classes 14 days after parturition

8
B 18
)

SDS-PAGE densitogram of T3 group serum protein
classes 21 days after parturition

Figure 5. SDS-PAGE densitogram of T3 group serum protein classes.

Table 5. The correlation between parameters.

F.

CholE. Ca TP TAG P Mg Ghol AMH  BHB Glycerol

% TAG.% FFA% Chol% DAG.% PL% (mgdl") (gdlI')  (mgdl') (mgdl') (mgdl!) (mgdl') (pgml') (ugml') (mg.dl?)
CholE 1 -0.942*  -0.596* 0317 -0.670™ 0.184°  0.012 -0.246*  -0.297" -0.034  -0.096  0.462* -0.323* 0.111 -0.007
TAG. % 1 0.601  -0.407" 0.702"  -0.336™ -0.015  0.274" 0301  0.035 0.078 -0.478*  0.352  -0.148"  -0.016
FFA. % 1 -0.253*  0.464*  -0.366™  0.047 0.250*  0.252  -0.097  0.000 -0.333*  0.320"  -0.179°  -0.007
Chol. % 1 -0.077  -0.194* -0.023  -0.120  -0.163* -0.018  -0.091  0.150°  -0.173*  0.077 0.010
DAG. % 1 -0.490™  0.010 0.221"  0.116 -0.034  0.015 -0.329*  0.214*  -0.067  -0.015
PL % 1 -0.008  -0.133  -0.079  -0.002  0.093 0.127 -0.154*  0.080 0.058
Ca (mg.dl') 1 0.243*  0.494™  0.440"  -0.360" 0.376  0.409*  -0.315" -0.845"
TP (g.dl') 1 0.376"  -0.117  0.114 -0.297*  0.528™  -0.493* -0.097
TAG (mg.dl?) 1 0.042 -0.121  -0.126 0571 -0.508" -0.435"
P (mg.dl?) 1 -0.376*  0.553"  -0.122  0.164°  -0.566"
Mg (mg.dl') 1 -0.327*  0.009 -0.058  0.569™
Ghol (mg.dl'!) 1 -0.334*  0.283"  -0.469"
AMH (pg.ml 1 -0.599*  -0.277*
)
BHB (pg.dl?) 1 0.278*
F. Glycerol 1
(mgdl)
** Significance p<0.01

* Significance p<0.05
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DISCUSSION

Transition health is an important indicator of the
production and reproductive performance of dairy
animals in later periods. In the periparturient period,
deep endocrine changes occur to provide the energy
need (Goff and Horst 1997). The main purpose of this
study is to evaluate the correlation between the
transition period serum concentration of AMH, which
is one of the main factors in the regulation of follicle
development, and the rate of pregnancy.

Anti-Mullerian ~ hormone  inhibits  early
primordial follicle activation in females. Deficiency of
this hormone has been shown to cause eatly
menopause in mice (Pereira et al. 2013). Individual
AMH levels measured in serum and/or plasma have
been shown to be consistent across oestrus cycles and
correlated with FSH levels (Wang et al. 2009). As
examined at the population level, AMH shows quite
different levels among individuals with different
ovarian potential (Ireland et al. 2008). Ovarian reserve
estimated by AMH measurement generally reflects the
total amount of oocytes present in the ovary (Ireland
etal. 2011). In a previous study, AMH has been shown
to be accurate when measured in serum at any stage of
the oestrus cycle, regardless of the concentrations of
other endocrine and paracrine reproductive hormones
(La Marca et al. 2009).

In addition, AMH is a good prognostic tool
for fertility and can be used to weed cattle to obtain a
good dairy herd (Ireland et al. 2007). In this study, it
was determined that the effect of serum AMH
concentrations on the number of insemination,
sampling time and insemination*time were statistically
significant (p<0.001). Based on these results, it can be
said that cows that can reach postpartum AMH
concentrations faster and higher in negative energy
balance can become pregnant more easily in the next
insemination.

B-hydroxybutyrate is the most stable ketone

body that can be easily measured. Comparably FFA,

BHB reflects the NEB level in dairy cows in the
transition period. It has been reported that an increase
in the level of BHB in the blood to 1.4 mmoll! is
associated with an increased risk of metabolic
disorders, while a level higher than 2.0 mmoll! is
associated with reduced milk yield (Duffield 2000). In
addition, it has been suggested that BHB
concentration is the golden marker for the diagnosis of
ketosis in cattle (Kaneko et al. 2008). In a previous
study, it was shown that serum BHB concentration
between 1.0 and 3.0 mmoll! is generally detected in
dairy cows with subclinical ketosis, and concentrations
less than 1 mmol.I'! are normal (Li et al. 2016). It was
determined that while the BHB levels of T1 and T2 of
the groups in this study were at normal levels, the T3
group was in ketosis and the BHB level affected the
number of inseminations.

Cholesterol levels may change due to the
limitation of both lactation period and nutrient intake
due to the demand for a large amount of biomolecules
in colostrum-milk production with birth (Gross et al.
2015). In this study, lipid parameters of transitional
cows were investigated both spectrophotometrically
and chromatographically. As the lipid classes that make
up the serum total fat are examined, it was found that
the ratio of CholE in serum total fat increased
continuously from the 14th day before birth until the
14th day after birth, it started to decrease from the 14th
day after parturition in the T1 and T2 groups, but the
increase continued in the T3 group. On the other hand,
it was detected that the ratio of free Chol in serum total
fat did not change during the transition period, but the
total amount of Chol increased with birth in the T1
and T3 groups, and on the 7th postnatal day in the T2
group. In the presented study, it was determined that
the free Chol ratio did not change relatively, but the
total Chol level increased chromatographically. It
suggests that the decrease in TAG ratio in serum total

fat suppresses the decrease in serum free Chol ratio,
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and that the increase in serum total Chol level may be
caused by excessive CholE ratio, not free Chol.

Free fatty acid concentration is less than 0.2
mM on average in dairy cows during early pregnancy
and late lactation and reaches a concentration above
0.7 mM by 10 days postpartum (Adewuyi et al. 2005).
FFA concentration in the transition period was higher
than after the transition period. In the present study, it
was determined that the TAG ratio in serum total fat
decreased continuously from the 14th day before
calving until the 14th day after calving, it started to
increase from the 14th day in the T1 and T2 groups,
but the decrease continued in the T3 group, and the
lowest TAG level was in the T3 group. It was
determined that the DAG ratio of the lipolysis product
remained relatively unchanged in the T1 and T2
groups, and decreased in the T3 group until the
postpartum 21st day, while the PL ratio fluctuated
according to the groups and time. It was determined
that the rate of FFA, another lipolysis product,
decreased with calving, there was no postpartum
decrease in the T1 group, the decrease stopped on the
7th postparum day in the T2 and T3 groups, and
started to decrease again on the 14th postpartum day
in the T3 group. Contrary to the general literature,
consistent with (Van der Drift et al. 2012) the
decreased FFA concentration we detected in the
transition period suggested that it may be due to
increased intake, FFAs are rapidly removed from the
circulation to meet the excess energy need by -
oxidation, taken up by the peripheral tissues and/or
produced by the mammary gland for milk fat synthesis.
In our study, we found that the PL ratio in serum total
fat increased contrary to the literature. This increase
suggests that the excessive decrease in TAG ratio in
serum total fat masks the decrease in serum PL ratio
due to the pressure on lipolysis and/or lipogenesis, as
in free Chol.

The homeostatic mechanisms controlling the

blood calcium concentration are generally not able to

respond quickly enough to provide the sudden
increase in calcium demand with calving in
periparturient dairy cows. As a result, clinical and
subclinical hypocalcemia occurs in dairy cows. Some
researchers found no association between clinical
hypocalcemia and reproductive outcomes in line with
our study (Eicker et al. 1996). Other studies have
shown lower reproductive outcomes in cows with
clinical hypocalcemia, including a prolonged interval to
first ovulation, a longer luteal phase after first
ovulation, impaired ovarian cyclicity, and increased
times to both first insemination and attachment (Risco
et al. 1994, Whiteford and Sheldon 2005).

Hypophosphatemia is commonly
encountered in the transition period of dairy cows
(Macrae et al. 2006). The clinical significance of this
electrolyte imbalance remains unclear and has been
discussed for many years. Empirical evidence suggests
that hypophosphatemia or phosphorus deficiency in
young cows can cause or at least contribute to diseases
such as underlying cow syndrome or postpartum
hemoglobinuria in dairy cows (Grinberg 2014,
Ménard  and  Thompson  2007).  Although
hypophosphatemia  has been investigated in
transitional cows, its effects on fertility are still not
understood. In our study, it was determined that
phosphorus concentration decreased until calving and
returned to its former levels with parturition. As a
result of the statistics, it was determined that this
phosphorus change contributed significantly to the
next insemination period of the cows (p<<0.001).

Low Mg levels in plasma affect Ca metabolism
by reducing parathormone (PTH) secretion or tissue
sensitivity in response to hypocalcemia. Magnesium
concentration in colostrum is approximately three
times higher than in normal milk and has been shown
to rapidly cause hypomagnesemia in lactating cows if
the extracellular magnesium used for milk production
is not resupplied (Goff 2006, Tsioulpas et al. 2007).

Our results reveal that transitional serum magnesium
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concentrations are associated with reproductive
performance in dairy cows. Thus, it is thought that the
serum magnesium concentration during the transition
period may serve as a biomarker for re-insemination in
dairy cows. Preeclampsia has been associated with
impaired maternal mineral homeostasis, particulatly
related to magnesium. However, it is likely that low
serum magnesium concentrations in the peripartum
period will increase the risk of fetal and placental
involvement, since magnesium deficiency can lead to
hyperexcitability caused by a decrease in nerve resting
membrane potential.

Albumin and globulins all make up "total
serum protein". In a study, it was reported that the
amount of total protein decreased slightly calving the
4th day after birth, but increased until the 60th day
after parturition (Gaona et al. 2012). On the other
hand, it was stated that albumin concentration
decreased during the transition period (Trevisi et al.
2015). In addition, (Djokovic et al. 2015) reported that
serum albumin level indicates the synthetic capacity of
the liver and tends to decrease in animals in early
lactation. Similarly, one study reported low albumin
levels, a high incidence of fatty liver - negative energy
balance in transitional cows, indicating impaired liver
function (Montagner et al. 2016). In our study, it was
determined that the total protein was low until calving,
but decreased significantly until the 7th day after
calving, then increased in the T1 and T2 groups,
whereas in the T3 group, the decrease stopped at the
postnatal 14th day and did not increase even on the
21st  postpartum  day. As  serum  protein
electrophoretograms ~ were  examined, it was
determined that this decrease in protein level was the
result of decreased expression of many serum proteins,
including albumin, at different levels.

According to the data obtained, it was seen
that serum AMH concentration was closely related to
the parameters that reflect the energy balance of the

cow - TP, TAG, BHB levels rather than mineral levels.

It was determined that cows with high prepartum
AMH level and cows that came out of negative energy
balance earlier were pregnant with less insemination
number. In addition, in parallel with these results, it
was concluded that the individual AMH levels of the
cows in the herd can help the veterinarian about the
insemination strategy, and may also be an indicator for

making a decision about an animal in weeding.
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ABSTRACT
The aim of this study was to investigate the effects of restraint and cold restraint stress from acute stress
protocols on coagulation indicators in rats. The study was conducted in 18 male Wistar albino rats aged 8-10
weeks with a body weight of 180-220 g. After a one-week adaptation period, the rats were randomly divided into
three groups (n=6/group). The animals in the control group were not exposed to any stress. Rats in the restraint
group were housed in restrainers designed for rats, and their movement was restricted for 2 hours at room
temperature. Rats in the cold restraint group wete kept in the restrainer at +4°C for 2 hours. Blood samples wete
collected by cardiac puncture under ketamine and xylazine anesthesia in Vacutainer® tubes containing 3.2%
sodium citrate (0.109 M trisodium citrate). Coagulation indicators (aPTT, PT, INR, fibrinogen, and D-dimer)
were analyzed using an automated analyzer (Roche Cobas t511, Switzerland). Although acute stress (restraint and
cold restraint stress) had no effect on aPTT and D-dimer levels (p>0.05), it increased PT and INR wvalues
(p<0.05) and decreased fibrinogen concentration (p<0.05). Consequently, acute stress may lead to platelet
hypofunction in rats by prolonging PT, increasing INR, and decreasing fibrinogen concentration.
Keywords: Acute stress, aPTT, D-dimer, Fibrinogen, INR, PT

*kkk

Kisitlama ve Soguk Kisitlama Stresinin Wistar Albino Siganlarda Pihtilagsma Géstergeleri Uzerindeki
Etkileri

oz
Bu calismanin amaci, kisitlama ve soguk kisitlama stresi gibi iki farkli akut stres protokoliiniin sicanlarda
pthtilasma gostergeleri tizerindeki etkilerini aragtirmakti. Calisma, viicut agirligs 180-220 g olan, 8-10 haftahk 18
erkek Wistar albino si¢an tUzerinde gerceklestirildi. Bir haftalik adaptasyon stirecinden sonra sicanlar rastgele ti¢
gtuba (n=6/grup) ayrildi. Kontrol grubundaki hayvanlar herhangi bir strese maruz birakilmadi. Kisitlama
grubundaki ratlar, ratlar icin tasarlanmis kisitlayict icinde barindirildt ve oda sicakliginda 2 saat hareketleri
kisitlandi. Soguk kisitlama grubundaki ratlar +4°C'de 2 saat kasitlayicr icinde tutuldu. Kan numuneleri, %3,2
sodyum sitrat (0.109 M trisodyum sitrat) iceren Vacutainer® tiiplerine ketamin ve ksilazin anestezisi altinda
kardiyak punksiyon yoluyla toplandr. Pihtilasma gostergeleri (aPTT, PT, INR, fibrinojen ve D-dimer) otomatik bir
analiz cihazi (Roche Cobas t511, Isvigre) kullanilarak analiz edildi. Akut stres (kisitlama ve sogulk kisitlama stresi)
aPTT ve D-dimer diizeylerine etki etmezken (p>0.05), PT ve INR degerlerini artirdt (p<<0.05), fibrinojen
konsantrasyonunu disirdd (p<0.05). Sonug olarak akut stres, PT'yi uzatarak, INR'yi artirarak ve fibrinojen

konsantrasyonunu azaltarak sicanlarda trombosit hipofonksiyonuna yol agabilir.
Anahtar kelimeler: Akut stres, aPTT, D-dimer, Fibrinojen, INR, PT
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INTRODUCTION

Stress-related factors such as increased platelet
activation, endothelial dysfunction, coagulation, up-
regulated inflammatory response, and altered
fibrinolysis are crucial in the thrombotic processes
linked to cardiovascular events (Sandrini et al. 2020).
Numerous research on human hemostasis indicates
that acute psychophysiological stress simultaneously
stimulates coagulation and fibrinolysis, but also raises
coagulation further, resulting in hypercoagulability
(von Kinel et al. 2001, Wirtz et al. 2008). In stressful
conditions, the hypothalamic-pituitary-adrenal (HPA)
axis and autonomic nerve system (ANS) are activated
as a part of the organism's adaptive response,
releasing  glucocorticoids  and  catecholamines
(norepinephrine and adrenaline), which either directly
or indirectly affect hemostasis (Sandrini et al. 2020).
Acute stress has different results on platelet reactivity
in healthy subjects. Platelet surface glycoproteins,
fibrinogen receptors, and P-selectin increased the
expression of the organism to prevent excessive
bleeding during acute stress, and the interaction with
leukocytes and supports them come together (Strike
et al. 2004). In addition to blood hyperviscosity,
reduced plasma volume increased hematocrit, and
activated coagulation factors, psychologically acute
stress enhances plasma filtration in healthy individuals
(Austin et al. 2012, Zgraggen et al. 2005). On the
other hand, a recent study found that the expression
of P-selectin on the platelet surface was significantly
increased in mice after 9 hours of stress
(Pethaperumal et al. 2022). It has certainly been
demonstrated in different animal models that
sustained and intense stress increases platelet
production and activation, enhancing the ability of
thrombin and ADP to stimulate platelet aggregation
and promote platelet-leukocyte interaction (Matsuhisa
et al. 2014, Sandrini et al. 2017). It has been
documented that individuals exposed to acute mental
stress tend to increase the level of D-dimer with an
increase in the level of some coagulation factors
(FVIIL: C, FVIIL: C, FXIIL: C, von Willebrand factor
antigen (vWF)) and fibrinogen (Zgraggen et al. 2005).
In another study on humans, it was reported that
aPTT decreased, and fibrinogen, FVIII: C, D-dimer,
and PT  values increased significantly in
psychologically acute stress exposure (Austin et al
2012). These inconsistencies may result from
numerous study variations, including stress levels and
platelet aggregation measuring techniques.

In the literature, the effects of different stress
protocols (repeated cold stress, acute vital stress,
immobilization stress, water immersion stress,
restraint stress, cold stress) on platelet functions have
been investigated in previous rat and mouse stress
studies (Bondarchuk et al. 2020, Hata et al. 1992,
Hatu et al. 1991, Kawabata and Hata 1993, Loban’-
Chereda and Novosel'tseva 1990, Malyszko et al.
1994, Pethaperumal et al. 2022, Takeda et al. 1992).

In this study, we hypothesized that acute restraint and
cold restraint stress protocols might have different
effects on the coagulation profile and that mobility
restriction with hypothermia might enhance the
activation of the coagulation cascade. There is no
experimental study on this subject in the literature.
The aim of this study was to investigate the effects of
restraint and cold restraint stress from acute stress
protocols on coagulation indicators in rats.

MATERIAL AND METHODS

The study was carried out with approval from the
Sivas Cumbhuriyet University Animal Experiments
Ethics Committee (Approval No: 65202830 -
050.04.04 - 640). The animals were provided by the
Experimental Animals Application and Research
Center of Sivas Cumhuriyet University. The animals
were housed in standard care (appropriate ventilation,
12/12 h light/dark cycle, 21-23°C temperature, 35-
60% humidity) and feeding (ad-libitum water and
pelleted rat feed (DSA Agrifood Products Inc.,
Kirikkale)) conditions. The content of pellet feed was
as follows: Crude protein (24%), crude fiber (7.62%),
crude oil (3%), crude ash (8.01%), phosphorus
(0.75%), sodium (0.26%), and calcium (1.23%). The
study was carried out on 18 male Wistar Albino rats,
8-10 wecks of age, with a body weight of 180-220 g.
Rats were randomly divided into three groups
(n=6/group) and underwent a one-week adaptation
period to adapt to a new housing environment. Then,
the rats were left quiescent for adaptation in the
experimental room for 12 hours before applying the
stress procedures.

Control group: Animals in this group did not be
exposed to any stress. Blood samples were taken
from animals simultaneously with acute stress group
animals. Blood samples were taken from animals
simultaneously with acute stress group animals. Blood
samples were collected by cardiac puncture under
ketamine (60 mg/kg, Keta-Control, Doga Ilag,
Istanbul) and xylazine (10 mg/kg, Ksilazol, Alivira,
Ankara) anesthesia using 21-gauge needles, into 1.8
mL Vacutainet® tubes (Becton Dickinson, USA)
with 3.2% sodium citrate (0.109 M trisodium citrate)
and gently mixed six times. Blood was analyzed
within 2 hours at the latest.

Restraint stress: Restraint group: In this stress
protocol, rats were placed in restrictive cylinder-
shaped plastics (Broome Restrainer, 63.5 x 215.9mm
(2.5" dia. x 8.5") designed for the rat as previously
described (Tu et al. 2019), and their movement was
restricted for 2 hours at room temperature. Then, the
procedure described in the control group was
repeated.

Cold Restraint stress: Cold Restraint group: As
previously described, rats were kept in the restrainer
(Broome Restrainer, 63.5 x 215.9mm (2.5" dia. x 8.5")
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at +4°C for 2 hours (Zhu et al. 2014). The procedure
described in the control group was repeated.

Coagulation indicators (aPTT, PT, and fibrinogen)
and D-dimer were analyzed by optical coagulometric
method and latex-based immunoturbidimetric
method, respectively, using an analyzer (Roche Cobas
t511, Switzerland) as previously described (Kitchen et
al. 2018a, Kitchen et al. 2018b). Citrated blood tubes
were centrifuged at 2500 g for 15 minutes. After
centrifugation, samples were checked for preanalytical
errors such as correct filling of the tube and the
presence of hemolytic, lipemic, or icteric plasma that
could affect test results. During the study, freshly
collected plasma was stored in the sealed primary
tube over the cell pellet. Roche aPTT Screen Reagent
contains a mixture of purified phospholipids and
silica particles as an activator that stimulates the
formation of factor Xlla. Calcium chloride is then
added, which initiates the intrinsic coagulation
cascade. Time from addition of calcium chloride to
clot formation is measured. Roche PT Rec Reagent
contains recombinant human thromboplastin with a
heparin-neutralizing substance and calcium that,
when added to citrated rat plasma, triggers activation
of the extrinsic coagulation cascade. The time
between addition of the reagent to plasma and
formation of a fibrin clot is measured and expressed
in seconds. The reagent lot-specific ISI is used to
convert the patient's PT result in seconds to the
international normalized ratio (INR) using the
following formula INR = (patient PT / mean normal
value PT) ISI. The ISI wvalue for a given
thromboplastin reagent is determined by a method
comparison of the thromboplastin reagent to be
standardized with an international reference
thromboplastin. The fibrinogen test is a Clauss test
using lyophilized bovine thrombin at a concentration

Table 1. D-Dimer concentration changes in groups.

of 100 NIH units/ml with added stabilizers and
buffers. The D-dimer test is a particle-enhanced
immunoturbidometric assay in which latex particles
are coated with monoclonal antihuman D-dimer
antibodies (mouse) at 0.12%. The start reagent is used
together with a preservative/buffer solution at pH
8.2. Antigen/antibody complexes formed by the
addition of samples containing D-dimer lead to an
increase in the turbidity of the test reactants. The
change in absorbance with time depends on the
concentration of D-dimer epitopes in the sample. The
aggregate is determined turbidimetrically.

Statistical Analysis

Data analysis was performed in GraphPad Prism 8.00
(GraphPad Software, San Diego, CA, United States).
The normal distribution of the data was confirmed by
the Shapiro-Wilk test. The one-way ANOVA test
followed by Tukey's multiple comparisons test was
used to evaluate differences in analytes. Results were
expressed as mean £ SD. Values of p < 0.05 were
considered significant.

RESULTS

PT and INR values were statistically significant and
higher in the restraint and cold restraint groups
compared to the control group (p<0.05). However,
aPTT was not statistically significant between the
groups (p>0.05). Fibrinogen concentration was
statistically significant and lower in the restraint group
(p<0.001) and cold restraint group compared to the
control group (p<0.01) (Figure 1). Interestingly, it
yielded results <0.2 in all animals in the D-dimer level
groups. This value is within the reference range of 0-
0.5 mg/L FEU (Table 1).

Analyte

Groups

Control Restraint

Cold Restraint Reference range

D-Dimer (mg/L FEU) <0.2

<0.2 0-0.5
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Figure 1: Coagulation parameters changes in rats exposed to restraint and cold restraint stress. *p<<0.05, **p<0.01,
and ***p<0.001 are statistically significant compared with control group according to one way ANOVA post hoc
Tukey test. PT: Prothrombin time, INR: International normalized ratio, aPTT: Activated partial thromboplastin

tume.
DISCUSSION

In the present study, it was observed that two
different acute stress protocols (restraint and cold
restraint stress) had no clear effect on aPTT from
coagulation indicators in rats, increasing PT and INR
values, reducing fibrinogen concentration, had no
effect on D-dimer concentration. To the best of the
authors' knowledge, this study was the first to
compare the effect of two acute stress protocols
(restraint and cold restraint) on coagulation indicators
in rats. According to the "glucocorticoid cascade
hypothesis of aging" which explains the relationship
between aging and stress response, immobilization
stress increases corticosterone production in both
aged and young animals, aged rats cannot reestablish
their levels for at least four hours, indicating
deficiencies in the negative feedback control of the
HPA axis (Sapolsky et al. 1983, Sapolsky et al. 1986).

The use of young rats in our study is important in
terms of the healthy response of the negative
feedback mechanism to acute stress.

The temporal measurements of the extrinsic and
intrinsic routes of coagulation are, respectively, PT
and aPTT. Of the studies that examined at
coagulation times in individuals, two of them found
that there was no change in aPTT under acute
psychological stress (de Boer et al. 2007, Zgraggen et
al. 2005), while the other reported a shortening of
aPTT (von Kinel et al. 2009). One research (von
Kinel et al. 2004) found no change in PT, another (de
Boer et al. 2007) found a tendency toward shortening,
and yet another (von Kinel et al. 2009) found a
considerable shortening. It has been documented that
individuals exposed to acute mental stress tend to
increase the level of D-dimer with an increase in the
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level of some coagulation factors (FVIIL: C, FVIII: C,
FXII: C, von Willebrand factor antigen (vWF)) and
fibrinogen (Zgraggen et al. 2005). In another study on
humans, it was reported that aPTT decreased and
fibrinogen, FVIIL: C, D-dimer, and PT values
increased significantly in psychologically acute stress
exposure (Austin et al. 2012). The most recent study
(von Kinel et al. 2009) included prothrombotic
alterations throughout two stress sessions, whereas
eatlier studies only looked at reactions at one stress
session, which may help to explain why these
contradictory results were obtained. More strong
physiological effects are more likely to result from
aggregating data from numerous assessments than
from just one (Kamarck et al. 2000). It is unclear how
acute  psychological stress induces enhanced
coagulation (von Kinel et al. 2009, von Kinel et al.
2001). Stress-induced catecholamine spillover and
altered adrenergic receptor activity are two possible
mechanisms.

Although there are considerable variations in blood
coagulation when compared to the human standard,
rat strains are commonly used in coagulation research
(Lewis et al. 1985). The most notable distinction
between human and rat blood coagulation is that rats
have short clotting times that are pathological in
human blood (Garcfa-Manzano et al. 2001). It has
been reported that activated partial thromboplastin
time (aPTT), thrombin time (TT) lengthened,
prothrombin time (PT) did not change, and
fibrinogen concentration decreased in rats exposed to
repeated cold stress (Hatu et al. 1991). Another study
reported inhibition of platelet aggregation, extrinsic
coagulation, and a reduction in fibrinogen and
antithrombin III levels in young rats subjected to
experimental acute vital stress (prey animal; snake). In
addition, increased platelet count with decreased
aggregation capacity, hypocoagulation via the intrinsic
pathway of plasma hemostasis activation, signs of
thrombinemia, and increased antithrombin III have
been reported in aged rats (Bondarchuk et al. 2020).
While some studies have shown that platelet function
increases response to acute stress (von Kinel and
Dimsdale 2000), it has been reported that it has no
significant effect on platelet aggregation in mice
(Matsuhisa et al. 2014). It has been shown that acute
stress (watet immersion testraint and cold restraint) in
rats may cause a decrease in platelet aggregation
(Malyszko et al. 1994, Takeda et al. 1992). In dogs
under anesthesia, acute hypothermia led to transient
platelet hypoaggregability (Yoshihara et al. 1985). In
our study, although acute stress did not affect aPTT
and D-dimer levels, it increased PT and INR wvalues.
In addition, fibrinogen concentration decreased under
restraint and cold restraint stress. The possible reason
for this is that platelet function may be impaired due
to acute stress application, as previously stated in the
rat study (Takeda et al. 1992). Platelet hypofunctions
have been reported in the specific change in the
rhythm of stressed (Hata et al. 1992, Kawabata and

Hata 1993) or immobilized (Loban’-Chereda and
Novosel’tseva 1990) rats, and this is supported by our
research. Another reason may be heparin which is
secreted from the mast cells of rats under restraint
stress (Umarova et al. 1997). Heparin increases blood
anticoagulant potential in response to stress.

CONCLUSION

In conclusion, acute stress (restraint and cold restraint
stress) in rats prolongs PT, increases INR, decreases
fibrinogen concentration, and does not affect aPTT
and D-dimer levels. Further studies on this topic are
needed.
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ABSTRACT

In this study, it was designed to reveal the effects of capsaicin on oxidative stress and freezability of ram semen.
Ejaculates were taken from Sénmez rams and divided into five specimens and diluted with extender at different rates
(4 mM, 2 mM, 1 mM, 500 pM) with and without capsaicin (control; C). Semen samples were thawed with a 37°C water
bath for 30 seconds for post-thawed analysis. At the end of the study, sperm motility and kinetic parameters, plasma
membrane acrosome integrity (PMAI), mitochondrial membrane potential (MMP), DNA damage, oxidant and
antioxidant parameters were analyzed. A decrease was observed in the groups containing capsaicin compared to the C
in terms of progressive, total motility and kinetic parameters (p<<0.05). Besides, positive results were not obtained
DNA integrity, PMAI and MMP (p<<0.05). In conclusion; it was determined that capsaicin added to Tris extender did
not have a positive effect on oxidative stress and freezing of ram semen.

Keywords: Antioxidant, Capsaicin, Ram, Spermatozoa
*kk

Kapsaisin Katkili Tris Sulandirict Kullanilarak Kog Spermasinin Dondurularak Saklanmasi

(074

Bu calismada, kapsaisinin oksidatif stres ve ko¢ spermasinin dondurulabilitligi tizerine etkilerinin ortaya konmast
tasarlandi. Ejakilatlar Sénmez 1kt koclardan alinarak bes esit kisma ayrildt ve farklt oranlarda (4 mM, 2 mM, 1 mM,
500 uM) kapsaisin iceren ve icermeyen (kontrol) sulandirict ile sulandirildl. Sperma 6rnekleri ¢6zim sonu spermatolojik
analizler icin 37°C sicakliklta 30 saniye sire ile ¢6zdirtldi. Calisma sonunda spermatozoa hareketliligi ve kinetik
parametreleri, plazma membran akrozom bitinligd (PMAI), mitokondrial membran potansiyeli (MMP), DNA hasari,
oksidan ve antioksidan parametreler analiz edildi. Progresif, total motilite ve kinetik parametreler bakimindan kontrol
grubuna gore kapsaisin iceren guruplarda azalma gérildi (p<0.05). Ayrica DNA butiinligi, PMAI ve MMP'de olumlu
sonuglar elde edilmedi (p<0.05). Sonug olarak; Tris sulandiricisina ilave edilen kapsaisinin, oksidatif stres ve kog
spermasinin dondurulmast tizerine olumlu bir etki géstermedigi belirlendi.
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INTRODUCTION

Cryopreservation of semen is a method used for the
preservation of spermatozoa. This method allows to
increase their genetic values and strengthen selected
reproductive traits (Salmani et al. 2013). Various
methods have been studied for years for the
cryopreservation of mammalian spermatozoa. These
methods include different freezing methods and using
various rates cryoprotectants (Ustiiner et al. 2015).
Cryopreservation of semen causes vital biological and
functional changes in spermatozoa, especially affecting
membranes that impair their functional abilities
(Chelucci et al. 2015).

Physiological levels of reactive oxygen species (ROS) are
considered a signaling force in some cellular
physiological processes such as spermatogenesis,
capacitation, and acrosome teaction (Sanocka and
Kurpisz 2004). Excessive production of ROS such as
hydrogen peroxide (H202), superoxide anion (O2-),
hydroxyl radical (OH) and lipid hydroperoxide (LOOH)
are stated to be among the important factors in the
pathophysiology of male infertility. Overproduction of
these molecules can react with major macromolecules
such as proteins, lipids and DNA, creating a
pathological condition in cells (Aitken 2017).
Spermatozoa protect themselves against oxidative stress
thanks to the antioxidants in the seminal plasma (Kim
and Parthasarathy 1998). There is a balance between the
formation of free radicals and the rate at which they are
neutralized by antioxidants, so that the cell is protected
from the negative effects of free radicals. If this balance
is changed in favor of free radicals, the amount of free
radicals increases in the environment. Spermatozoa
generally use antioxidant enzyme systems to relieve
subtle oxidative stress on theit own. However, in cases
where the intracellular defense systems are insufficient,
cellular macromolecules such as DNA, protein,
carbohydrates, and lipids that are sensitive to oxidant
damage are damaged (Sabuncuoglu and Ozgiines 2011).
In addition, the freezing process negatively affects
spermatological parameters and fertility (Kulaksiz and
Daskin 2009). Due to all these factors, researchers
focused on adding substances with high antioxidant
properties to extenders during semen freezing (Yeni et
al. 2022).

Capsaicin ~ (8-methyl-N-vanilyl-6-nonenamide) is an
active ingredient responsible for the pungency of hot
peppers. It is a potent agonist of transient receptor
potential vanilloid 1 (TRPV1) receptors found on
nociceptive sensory neurons (Szallasi and Blumberg
1999). It has been reported that capsaicin protects
endothelial cells and macrophages against damage
caused by low-density lipoprotein Chen et al. (2015),
and hepatotoxicity in rats by acting as a direct
antioxidant (Manjunatha and Srinivasan 20006). In animal
models and clinical studies, capsaicin has been reported
to have hypolipidemic effects Joo et al. (2010), as well as
antitumor activities that suppress the transcriptional
activity of beta-catenin in human colorectal cancer cells
Lee et al. (2012) and induce cell death in human breast
cancer via mitochondrial pathway and caspase-7

activation (Chang et al. 2011). Besides, it was
determined that capsaicin effectively inhibited cell
apoptosis in testes in rats with experimental testicular
torsion (Sarioglu-Buke et al. 2001).

According to the reviewed literature, no study has been
found on the freezing of ram semen with capsaicin so
far. In this study, it was designed to reveal the effects of
capsaicin, which has been determined to have various
beneficial effects for animal and human health, on
oxidative stress and the freezability of ram semen.

MATERIAL and METHOD

Study Design

This study was approved by the Afyon Kocatepe
University Local Ethics Committee on Animal
Research, (Approval number and date; 9,533,702/333-
December 17, 2020). For the study, four Sénmez rams
aged between 2 to 3 were used. The ejaculates in each
semen collection from rams are mixed and this process
is repeated 9 times. Mixed ejaculates were divided into
five aliquots and extended with Tris Based Extender
with 15% egg yolk, and 6% glycerol containing four
different experimental groups of capsaicin (4 mM, 2
mM, 1 mM, 500 uM) [lot number; MKCC0600-274660,
298%)]) and control. The highest working solution of
capsaicin (4 mM) was dissolved in 1 ml of ethanol
(Merck, 99%) and other groups were prepared.
Extended samples were frozen by liquid nitrogen vapor,
and stored in a liquid nitrogen container after
equilibrated in 4°C for 2 hours. Semen samples were
thawed with a 37°C water bath for 30 seconds for post-
thawed analysis. Motility, progressive motility, and
sperm kinetic parameters were evaluated with computer
assissted sperm analyzer (CASA; Sperm Class Analyzer
software, SCA® v.4.2; Microptic S.L., Spain) system;
Plasma membrane Acrosome Integrity (PMAI) and
mitochondrial membrane potential (MMP) were
evaluated by flow cytometry (Beckman Coulter, CA,
USA) and DNA fragmentation was evaluated by alkaline
single-cell gel electrophoresis method (COMET).

Total and Progressive Motility, Kinetic
Characteristics

Analysis was conducted by CASA system and a
connected phase-contrast microscope (Nikon Eclipse
50i; Japan) with a heating plate, under a negative phase-
contrast (Green-filtered, Ph-) with x100 magnification.
Velocities of the motile spermatozoa were detected
depending on the VCL, as static (<10 um.s1), slow (10—
45 pm.s), medium (45-75 pm.s?), rapid (>75 pm.s?),
and progressive movements were determined according
to spermatozoa which had 275% straightness. After
thawing, 5 pl of samples were placed on a slide and
covered with a cover slide and placed on the heating
plate of the microscope at 37°C. For each of the
samples, at least 200 spermatozoa were evaluated in six
microscopic areas (Olgac and Akcay 2021). Frozen-
thawed semen samples were analyzed in terms of total

motility (TMOT, %), progressive motility (PMOT, %),
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average path velocity (VAP, um.s), straight-line
velocity (VSL, pm.s?), curvilinear velocity (VCL,
um.st), linearity (LIN, %), straightness (STR, %),
wobble (WOB, %), the amplitude of lateral head
displacement (ALH, pm.s!), beat-cross frequency (BCF,
Hz).

Evaluations of Flow Cytometric Analysis

The evaluations were conducted with a CytoFLEX
(Beckman Coulter, CA, USA) containing 610%20,
585142, 525240 nm emission filters and a 50 mW laser
output (488 nm laser beam). An average of 10,000
events wete evaluated per each analysis. Spermatoza was
selected by determining side scatter area (SSC-A) vs.
forward scatter area (FSC-A) with Pseudocolor plot
display. Forward Scatter Height (FSC-H) and Forward
Scatter Area (FSC-A) were determined to exclude
doublets (Bucker et al. 2019).

Stock solutions of stains were prepared with DMSO. 50
ul of aliquots of JC-1 (0.153 mM T3198, molecular
probes, Invitrogen) FITC-PNA (100 pgml!, Sigma,
L7381), PI [2.99 mM] L7011, (molecular probes,
Invitrogen) were stored at -20°C until use.

Plasma Membrane Acrosome Integrity (PMAI)
FITC/PNA-PI staining protocol was used to detect
spermatozoon Al (Inanc et al. 2019). The thawed semen
samples were diluted in 492 pl of PBS to obtain a
spermatozoa concentration of 5x10°. Then, 5 ul of
FITC and 3 pl of PI were added to the mixture and
incubated at 37°C for 15 min in a dark environment.
Apart from non-cellular events (debris), FITC/PNA-PI-
the area was named PMAL

Mitochondrial Membrane Potential (MMP)

The MMP of the sperm was determined using the
5,5',6,6'tetrachloro1,1'3,3-tetramethyl  benzimidazolyl-
carbocyanine iodide (JC-1) (Inanc et al. 2019). The
thawed sperm sample was diluted to a concentration of
5X%10¢ sperm in 495 pl. of PBS. Briefly, 5 uL. of JC-1
was added to the mixture and incubated at 37°C for 15
min in a dark environment apart from non-cellular
events (debris), spermatozoa were evaluated in terms of
high mitochondrial membrane potential (HMMP) status.

Evaluations of DNA fragmentations

To perform Sperm DNA damage analysis, an alkaline
single-cell gel electrophoresis method (COMET) was
conducted (Gundogan et al. 2010). Stained and
committed samples were evaluated via microscope
(Olympus CX31) with fluorescence attachment.
Spermatozoa were scored using the CometScore
software (TtiTek, V. 1.5). At least 200 spermatozoa were
inspected and analyzed in six different microscopic
fields.

Biochemistry

To evaluate lipid peroxidation, we measured the levels of
malondialdehyde (MDA) wusing a method previously
reported by (Draper and Hadley 1990). The method
involved the reaction of lipid peroxides with thiobarbituric
acid and measurement of the absorbance at 532 nm. The
calculated amount of MDA was expressed in nmol.ml"!. To

measure the activity of glutathione peroxidase (GSH), we
used Ellman's method and calculated the amount as mg.dL-
! based on the work of (Hissin and Hilf 1976). To assess
total antioxidant status (T'AS), we used a colorimettic test
kit from Relassay Diagnostics, Gaziantep, TR. The kit
measured the reduction of the oxidized radical 2,2-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) by
antioxidant compounds in the samples. The resulting color
change was measured at 660 nm in a spectrophotometer,
and the TAS was expressed in mmolLl. For the
measurement of total oxidant status (TOS), we used the
same colorimetric test kit from Relassay Diagnostics,
Gaziantep, TR. The kit measured the oxidation of reduced
Fe *2in the kit to Fe *3 by oxidizing compounds, and the
results were calculated as pmolL! based on
spectrophotometric measurements at 660 nm. Finally, we
calculated the oxidative stress index (OSI) using the
formula OSI = [(TOS) / (TAS x 100)], as described by
(Esen et al. 2012).

Statistical Analyses

Prior to conducting significance tests, the normality of the
obtained data was assessed using the Shapiro-Wilks test to
ensure that parametric test assumptions were met. Levene's
test was employed to examine the homogeneity of
variances between groups. ANOVA was utilized to control
for statistical differences between variables. The Tukey test
was then conducted to evaluate differences between the
groups. Descriptive statistics, expressed as "mean X
Standard Error Mean" (Mean*+SEM), were calculated for
each variable and presented. All statistical analyses were
performed with a maximum error rate of 5% using the
SPSS 13.0 software package. A p-value of less than 0.05
was considered statistically significant.

RESULT

Total Motility and CASA Parameters

The results of CASA motility and kinetic parameters
obtained after freezing-thawing were shown in Table 1,
although there were statistical differences among the
groups, no positive results were obtained in the
application groups in terms of progressive and total
motility. It was observed that the kinetic parameters
VAP, VSL, VCL, BCF, STR, and hyperactivity values
were lower in the treatment groups compared to the C

(p<0.05).

Flow Cytometer Parameters
As shown in Table 2, although results were different
among groups, capsaicin treatment caused adverse

effects in PMAI and HMMP (p<0.05).

DNA Damage

As shown in Table 3, it was determined that the
addition of capsaicin to the Ttis extender did not have a
positive effect on DNA damage prevention (p<<0.05).

Oxidative Stress Parameters

As seen in Table 4, oxidative stress parameters MDA
and GSH were not different among the groups
(p>0.05). Although TAS, TOS, and OSI were different
among the groups, the best results were found in the C
as in other parameters (p<<0.05).
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Table 1. The mean (+SEM) of motility values in different doses of capsaicin (500 pM, 1mM, 2mM and 4mM) and control group.

Control 500 uM 1 mM 2 mM 4 mM
Analysis
Nonprogtessive motility = 25.26.22.632 28.90+1.482 30.33+2.242 24.94+2.402 9.82+0.89>
)
Progressive motility (%)  30.77+1.712 20.16%1.41b 14.79£2.26¢ 6.64+1.484 1.72£0.20¢
Total motility (%) 56.04+2.422 49.07£1.494 45.13+3.90b 31.59+3.10¢ 11.54%1.054
VAP (um/s) 55.24%+2.602 43.95+1.40b 39.52+1.25bc 36.89+1.17¢ 25.13+0.784
VSL (um/s) 84.38+3.102 72.751+1.65b 67.25+1.84> 59.98+1.58¢ 43.65%£1.194
VCL (um/s) 24.45+0.862 20.04+0.92b 16.80£1.41¢ 10.71£0.884 1.3840.18¢
ALH (um/s) 8.38+0.442 7.9410.222 7.68 £0.292 8.421+0.322 6.39+0.21>
BCF (Hz) 62.72+0.71» 59.11+1.07b¢ 57.48%0.66¢ 60.3910.614b 56.62+1.02¢
LIN (%) 64.93£1.012b 63.06£1.212bc 61.62£1.28b¢ 65.96+1.15 60.19+1.92¢
STR (%) 39.55%£2.21» 30.62%1.34> 26.93%+1.110 27.09+1.23b 17.59£0.70<
WOB pum s 43.36+1.16 39.92+1.494b 37.85+1.15b 42.75%1.05 38.061+1.54b
Hyperactivity um s-1 3.16+0.032 2.9810.05> 2.84+0.05b 2.4410.02¢ 2.0310.064

a.b. ¢, d e Different superscripts within the same row demonstrate significant differences (*p<0.05)

Table 2. The mean (+xSEM) of Plasma membrane Acrosome Integrity (PMAI) and high mitochondrial membrane potential (HMMP) rates in different doses of capsaicin (500

uM, 1mM, 2mM and 4mM) and control group.

Control 500 uM 1 mM 2 mM 4 mM
Analysis
PMAI 21.70£1.462 18.41%0.08> 16.9910.58> 13.231+0.56¢ 11.74%1.54¢
HMMP 15.63+3.10a 10.26+0.15b¢ 10.5620.30b 12.6510.222b 5.831+0.56¢

b ¢ Different superscripts within the same row demonstrate significant differences (*p<0.05)
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Table 3. The mean (xSEM) DNA damage values in different doses of capsaicin (500 pM, 1mM, 2mM and 4mM) and control group.

Control 500 uM 1 mM 2 mM 4 mM
Analysis
Tail lenght (um/s) 27.50%0.55¢ 26.83%0.75¢ 32.59+0.79> 26.49£1.40¢ 39.07£0.822
Tail DNA (%) 61.44£0.67+> 57.50+1.31b 61.6412.54ab 52.89+1.10¢ 65.70£0.582
Tail moment (um/s) 17.9910.674 20.19£0.77¢ 23.84+0.54> 21.85%0.53¢ 26.61£0.80¢

b ¢ Different supersctipts within the same row demonstrate significant differences (*p<0.05)

Table 4. The mean (+SEM) malondialdehyde (MDA), glutathione peroxidase (GSH), total antioxidant status (T'AS), total oxidant status (TOS) and oxidative stress index (OSI)
in different doses of capsaicin (500 pM, 1mM, 2mM and 4mM) and control group.

Control 500 uM 1 mM 2 mM 4 mM

Analysis

MDA (umol/mL) 5.6910.06 5.8240.08 5.80+0.10 5.70+0.05 5.6840.15
GSH (mg/dl) 46.58+2.89 44274121 43.84+2.30 42.56+0.72 43.33+1.79

_ 9

E{jﬁ%‘gm‘ﬂ/ trolox/ml-10 4.04+0.172 3.67+0.092 3.92+0.27 3.41+0.12b¢ 3.02+0.07¢
TOS (umol H202 Eqv/L) 5.3010.46" 6.02+0244b 5.94+011b 6.2540.18 6.45+0.23
OSI (AU) 13.15+1.14¢ 16.4610.775 15.43%0.96b 18.4440.800 21.43+1.172

4.b, ¢ Different superscripts within the same row demonstrate significant differences (*p<0.05)
~No significant difference(p>0.05)
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DISCUSSION

The addition of antioxidants to the cryopreservation
medium of semen is done to protect spermatozoa
against damage to motility, vitality, energy production,
and DNA integrity by ROS (Armstrong et al. 1999;
Krzyzosiak et al. 2000; Bilodeau et al. 2002). In recent
years, different researchers have shown that TRPV1
plays a role in the maturation and function of
spermatozoa. TRPV1 has been reported to be found in
mature spermatozoa in many species such as duck Majhi
et al. (2020), fish Majhi et al. (2013), bull Gervasi et al.
(2011), wild boar Maccarrone et al. (2005) and humans
(De Toni et al. 2016; Francavilla et al. 2009). It has been
obsetved that this is a protein that induces Ca2+
activation flux and is involved in many biological events,
including spermatozoa motility (Kumar et al. 2010).
Capsaicin has proven to be a well-known specific
agonist of TRPV1 and the sensitivity of TRPV1 to
capsaicin is species-specific (Lee et al. 2011; Szolcsanyi
2004). In this study, as in total motility, the best results
in progressive motility values were obtained in group C
(p<0.05). In which contradictory results were presented,
Hosseini et al. (2020), reported that they administered
capsaicin at a dose of 2.5 mg/kg by oral gavage three
times a week for two months in their study in which
they created experimental varicocele, and they found
that the increase in motility value was statistically
significant. Chen et al. (2020), indicated positive effects
on zebrafish sperm motility and fertility modulated by
TRPVI1. It was considered that the difference between
our study and these studies may be due to the different
animal species, route of administration, dose, and form.
The findings in our study were in accordance with prior
opinion, Park et al. (2017), stated that they conducted a
preliminary study to select the most effective and safe
capsaicin dose. As a result of this study, they chose 0.33
mg.kg-1 capsaicin, higher doses have toxic effects on
spermatogenesis and the capsaicin dose should be
carefully implemented for biological therapy in
mammals. Obtained results are compatible the study
conducted Majhi et al. (2013), informed that
administration of capsaicin did not alter motility in fish
spermatozoa, and cells mostly did not respond to
capsaicin.

Al is extremely important for the integrity of the
spermatozoon membrane, cell integrity, and its role in
successful fertilization. MMP is evaluated as a parameter
related to ATP production and capacitation by
spermatozoa mitochondria via oxidative
phosphorylation. For this reason, MMP determination is
important together with viability assessment (Korkmaz
and Cil 2020). Capsaicin provoked detrimental effects in
PMAI and MMP (p<0.05). In a study in which
contradictory results were presented, Claudia et al.
(2014), revealed that exposutre of spermatozoa cells to
capsaicin (at 100 nM and 500 nM doses) during the
capacitation period did not have a direct effect on the
acrosome reaction.

However, it has been suggested that capsaicin activates
receptor-specific TRPV1, causing sperm membrane
depolarization due to Na+ influx and the consequent
opening  of  voltage-gated  calcium  channels,
consequently, TRPV1 channels modulate the major
pathways involved in capacitation (Claudia et al. 2014).
In another study, Salahshouri et al. (2022), claimed that
capsaicin has positive effects on fertility and has
therapeutic potential by increasing the decreased
TRPV1, 11, and III. level varicocele diagnosed men.

As with other parameters examined, capsaicin did not
show a positive effect on DNA integrity (p<0.05). In a
study in which compatible results were here Hosseini et
al. (2020), speculated that there was no difference in
terms of DNA damage in the group given capsaicin in
rats with experimental varicocele. Unlike the current
study, in the freezing of ram semen by our study group
using vatious antioxidants, it was shown that hesperidin
and thymoquinone can protect spermatozoa from DNA
damage, especially in freezing processes (Yeni et al.
2022; Inang et al. 2022). Previous studies with positive
results on DNA damage have shown that antioxidants
play an important role in gene expression regulated by
the sperm epigenome through regulation of DNA
methylation (Choucair et al. 2018). Unlike the results of
these studies, it was interpreted that capsaicin did not
have a positive effect on DNA damage, due to its failure
to show its antioxidant properties at the low
temperature that occurs during the sperm freezing
process.

In our study, although there was no statistical change
among the groups in the secondary redox parameters
MDA and GSH values (p>0.05). However, it was
observed that the total redox parameters TAS and TOS
showed a balance in favor of oxidants in all groups
compared to the C, confirming the pro-oxidant activity
(p<0.05). Gosh et al. (1993), reported that low doses of
capsaicin treatment caused a significant increase in
ultraviolet (UV) induced lipid peroxidation by showing
pro-oxidant properties, while high doses caused a
significant decrease in UV-induced peroxidation with its
antioxidant  properties. ~ Pro-oxidant agents are
compounds that can trigger a series of oxidative
reactions that lead to the unfolding of proteins and
DNA damage as double-strand breaks. This suggests
that capsaicin may have acted as a prooxidant at the
dose we used in our study.

CONCLUSION

In ram semen freezing studies, many antioxidant
substances have been tested. While sometimes positive
results were obtained after these treatments, sometimes
appropriate results could not be obtained as presented
study. For this reason, it is important to elucidate the
bioactive components, detailed chemical structures,
behavior patterns, animal species differences, and
effective doses of the agents used in the studies. In light
of the results obtained, our results suggested that
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capsaicin added to the semen extender did not show any
improvement or positive effect in terms of sperm
motility, kinetic parameters, oxidative stress parameters
and DNA damage on ram semen freezing,
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ABSTRACT

This study aimed to evaluate the concentrations of C-reactive protein (CRP), Procalcitonin (PCT), and
ceruloplasmin (Cp), which are potential biochemical markers of the inflammatory process in dogs naturally infected
with Ehtlichiosis. A total of 20 dogs, 8 clinically healthy (Healthy group) and 12 mono-infected with Ehr/ichia spp.
(Ehtlichia group) were included in the study. Dogs in the Ehtlichia group were selected from those showing clinical
signs of active infection, and their diseases were diagnosed with commercial test kits. Serum CRP and PCT levels
were analysed by commercially available test kits, and Cp concentration was determined by colourimetric methods.
The CRP concentration in the Ehrlichia group was significantly higher compared to the healthy group. There was
no significant difference between the groups in serum PCT and Cp concentrations. As a result, the increase in
serum CRP concentration can be used for detecting inflammatory processes in dogs with Ehrlichiosis. In addition,
this study showed that PCT and Cp concentrations are not clinically useful markers for determining inflammatory
status in dogs with Ehtlichiosis.

Keywords: Key Words: C-Reactive Protein, Ceruloplasmin, Dog, Ehrlichiosis, Procalcitonin

kkk

Ehrlichiosis ile Dogal Enfekte Képeklerde Serum C-Reaktive Protein,

Prokalsitonin ve Seruloplazmin konsantrasyonlari
oz
Bu ¢alisma, Ehrlichiosis ile dogal enfekte kdpeklerde inflamatuar siirecin potansiyel biyokimyasal belirteclerinden
olan C-reaktif protein (CRP), Prokalsitonin (PCT) ve seruloplazmin (Cp) konsantrasyonlarini degerlendirmeyi
amagladt. Calismaya, klinik olarak saglikli 8 (Sagliklt grup) ve Ebrlichia spp. ile mono enfekte 12 (Ehrlichia grubu)
olmak tzere toplam 20 képek dahil edildi. Ehtlichia grubundaki képekler, klinik olarak aktif enfeksiyon belirtileri
gosteren kopekler arasindan secildi ve hastaliklari, ticari test kitleri ile teshis edildi. Serum CRP ve PCT seviyeleri
kopek spesifik ticari ELISA test kitleri ile analiz edildi ve Cp konsantrasyonu kolorimetrik yontemle belitlendi.
Ehtlichia grubundaki CRP konsantrasyonu, saglikli grupla karsilastirildiginda anlamh olarak daha yiksekti. Serum
PCT ve Cp konsantrasyonlarinda gruplar arasinda anlamli fark yoktu. Sonu¢ olarak, serum CRP
konsantrasyonundaki artig, Ehrlichiosis'li kdpeklerde inflamatuar stireclerin saptanmasinda kullandabilir. Ek olarak

bu ¢alisma, PCT ve Cp konsantrasyonlarinin Ehrlichiosis'li kopeklerde inflamatuar durumu belitlemek icin klinik
olarak yararl belirtegler olmadigini géstermistir.
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INTRODUCTION

Vector-mediated bactetia and parasites are important
pathogens of domestic dogs and potentially important
to public health (Chomel 2011, Maggi ve Krimer
2019). Ebrlichia canis (E. canis), Ebrlichia chaffeensis (E.
chaffeensis) and Ebrlichia ewingii (E. ewingii) are gram-
negative obligate intracellular bacterias transmitted by
ticks and cause Ehtlichiosis in dogs (Ansari-Mood et
al. 2010, Fonseca et al. 2017). Canine Ehrlichiosis has
a wotldwide distribution. However, only Ebrlichia canis
species that cause canine monocytic Ehrlichiosis
(CME) have been isolated from dogs in Turkiye
(Duzlu et al. 2014, Aktas and Oziibek 2019, Ayan et al.
2020). The clinical manifestation of CME shows a
wide distribution due to several factors, such as the
agent's strain, the dog's breed, the concurrent diseases
and the state of the dog's immune system (de Castro et
al. 2004, Harrus and Waner 2011). The disease is
clinically divided into acute, subclinical, and chronic
stages (Harrus and Waner 2011, Mylonakis et al. 2019).
The acute phase of the disease is characterised by
fever, depression, lethargy, anorexia,
lymphadenomegaly, splenomegaly, eye lesions, and
hemorrhagic disorders. In the subclinical period of the
disease, no clinical findings may occur. In the chronic
phase of the disease, the symptoms are very similar to
the findings in the acute phase, but sometimes they can
be much more severe (Moonarmart et al. 2014,
Bhadesiya and Raval 2015, Mylonakis et al. 2019).
Acute-phase proteins (APPs) are non-specific
innate immune components potentially indicators of
inflaimmation and tissue injury (Murata et al. 2004,
Schmidt and Eckersall 2015). C-reactive protein (CRP)
and ceruloplasmin (Cp) are positive APPs. In human
and veterinary medicine, these non-specific markers
can help diagnose, determine disease severity, and
monitor response to treatment and prognosis in
various diseases and conditions (Cray et al. 2009,

Mylonakis et al. 2011, Schmidt and Eckersall 2015,

Pardo-Marin et al. 2020). While CRP is important in
protecting against infection, clearing damaged tissue,
preventing auto-immunisation and regulating the
inflammatory response (Waritani et al. 2020), Cp is an
a-2 glycoprotein that carries copper and is essential for
wound healing and protection. It protects cells and
tissues against oxidant compounds (Cerén and
Martinez-Subiela 2004).

Procalcitonin is a forerunner of calcitonin, a
peptide (prohormone) released from parafollicular
cells of the thyroid gland. Recently, PCT has been used
in human medicine to diagnose bacterial infection as
an acute-phase reactant (Goggs et al. 2018, Bassetti et
al. 2019, Matur et al. 2021). PCT appears to be an
eatlier and better marker in sepsis and severe infections
than inflammatory markers, for instance, CRP and
white blood cell (WBC) count. It is also widely used to
evaluate the efficacy of antibiotic therapy in humans
(Schuetz et al. 2016). Procalcitonin rises markedly in
two to four hours in severe systemic inflammation or
bacterial infections and remains elevated until this
pathological situation resolves. Therefore, PCT is
important in rapidly diagnosing sepsis, minimising
mortality, and reducing the redundant usage of
antibiotics (Meisner 2015, Battaglia et al., 2020). There
are a limited number of studies in dogs on serum
procalcitonin levels, which are widely used in bacterial
infections and sepsis in humans. With the increase in
the number of dog-verified tests in recent years, the
number of studies on procalcitonin is also increasing.
Studies have focused especially on dogs with sepsis;
significant differences were found between healthy
dogs and dogs with sepsis (Yilmaz et al. 2008, Easley
et al. 2020).

The CME caused by the Gram (-) bacterium
E. canis causes a significant inflammatory response
(Hatrus and Waner 2011). However, there ate limited

studies on inflaimmatory and infection biomarkers in
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dogs with Ehrlichiosis (Mylonakis et al. 2011, Karnezi
et al. 2016, Matur et al. 2021, Singh et al. 2021).
Therefore, this study aimed to evaluate serum CRP,
PCT and Cp concentrations in dogs with naturally
infected Ehrlichiosis and reveal their clinical

availability.

MATERIAL and METHODS

Ethical approval for the study was granted by The
Animal Research Ethics Committee of the Aydin
Adnan Menderes
64583101/2022/007).

University (number

The study was conducted at Aydin Adnan
Menderes University Faculty of Veterinary Medicine
Animal Hospital. Twenty owned dogs, including 8
healthy and 12 dogs with Ehtlichiosis, were included
in the study. The anamnesis, physical examination
findings and laboratory results of all dogs were
recorded.

The venous blood samples were taken from
the cephalic vein into an  anticoagulant
(ethylenediaminetetraacetic acid) and clot activator
tube. Complete blood counts (CBC) were performed
with an automated blood analyser (Abacus Vet 5,
Diatron MI LTD, Hungary) from blood samples with
the anticoagulant. Serum was obtained from the
samples collected in the clot activator tube. Blood
samples taken into a clot activator tube were
centrifuged at 3000 g for 10 minutes and separated
serums. Some of the serum samples were used for
vector-borne  disease screening tests, and the
remainder was stored at -20°C for CRP, Cp and PCT
analysis.

Dogs with Ehrlichiosis were selected from
dogs that showed clinical (such as fever, generalised
lymphadenopathy, anorexia, splenomegaly, lethargy,
petechiae, epistaxis, eye lesion) and laboratory findings
(such as thrombocytopenia, anaemia) consistent with

the disease. These dogs were simultaneously screened

with the SNAP 4Dx Plus IDEXX Laboratoties, Inc.,
USA) assay kit for E. canis, E. ewingii (for Ebrlichia spp.
97.1% sensitivity and 95.3% specificity), Borrelia
burgdorferi (B. burgdorferi), Anaplasma phagocytophilum (A.
phagocytophilum), Anaplasma  platys  (A.  platys) and
Dirofilaria immitis (D. immitis). Dogs were also screened
for Leishmaniasis with the commercial test kit SNAP
Leishmania (IDEXX Laboratories, Inc., USA). In
addition, blood smears were made from anticoagulant
blood taken from dogs, and Babesia spp., Hepatozoon
spp. and Hemotropic Mycoplasmas were examined. Only
Ebrlichia spp. mono-infected dogs were included in the
study. Dogs with concurrent disease, inflammatory
conditions, and the use of any medication (such as
antibiotics and anti-inflammatories) were excluded
from the study.

Healthy dogs were selected from dogs
brought in for annual routine control, vaccination and
elective surgery (ovariohysterectomy or castration).
According to clinical examination and laboratory
findings (CBC and routine serum biochemistry), these
dogs did not show any signs of disease. Also, blood
smear, SNAP4DxPlus, and Snap Leishmania results
were negative. Thus, these dogs were considered
healthy and included in the study as the healthy group.

Procalcitonin (Sun Red Bio. Shanghai, China)
and CRP concentrations (Solid phase sandwich ELISA
kit Tridelta Development LTD, Ireland) from serum
samples were determined with canine-specific solid
sandwich ELISA commercial test kits. Serum Cp
concentrations were measured spectrophotometrically
in a spectrophotometer device (Shimadzu UV-1601,
Japan) using the method reported by Sunderman and
Numato (1970).

Numerical data obtained from Ehbriichia spp.
seropositive and healthy dogs were analysed using the
SPSS package program 19.0 (SPSS, Armonk, NY: IBM
Corp). Although PCT and WBC showed normal

distribution according to the Shapiro-Wilk normality
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test results, non-parametric tests were used for all
parameters considering the sample size. The median
values of WBC, CRP, PCT and Cp were compared
with the non-parametric Mann-Whitney U test. For all
assessments, p-value less than 0.05 suggested that the

difference was statistically significant.

RESULTS

Based on history, physical examination and laboratory
results, eight dogs were healthy (Healthy group), and
12 were Ebrlichia spp. seropositive (Ehrlichia group).
The mean age of the healthy group was 3.25 + 1.04
years (between 1 and 5 years), and there were five male
dogs and three female dogs. Several breeds were
included in the healthy group: Golden Retriever (n =
3), Maltese Terrier (n = 2), mixed breed (n = 2), and

Dobermann Pinscher (n = 1).

The mean age of the Ehrlichia group was 2.67
T 1.17 years old. Eight of these dogs were male, and 4
of them were female. The most common breeds were
Golden Retriever (n = 3) and Crossbreed (n = 3),
followed by Maltese Terrier (n = 2), Anatolian
shepherd dog (n = 9), Pekingese (n = 1) and Pug (n =
1). In this group, all dogs had at least two or three
clinical and laboratory findings of active disease. These
clinical and haematological findings are presented in
Table 1.

The mean serum CRP concentration of the
Ehrlichia group was significantly (p= 0.002) higher
than the healthy group (Figure 1B). There was no
statistical significance between the groups in WBC
counts (p= 0.217), serum PCT (p= 0.939) and Cp (p=
0.615) concentrations (Figure 1A, C, D).

Table 1. Clinical and haematological findings in dogs in the Ehrlichia group.

Clinical abnormality

Haematological abnormality

Depression or lethargy 12 (100) Thrombocytopenia 10 (83.33)
Anorexia 12 (100) Anaemia 8 (66.67)
Lymphadenomegaly 10 (83.33) Leucocytosis 3 (25)
Fever (>39.5°C) 9 (75) Leucopenia 3 (25)
Mucosal pallor 8 (66.67) Lymphopenia 3 (25)
Tick infestation 7 (58.33)

Ocular lesion 6 (50)

Bleeding tendency 1(8.33)
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Figure 1. Box and whisker plot showing (A) WBC count, (B) CRP, (C) PCT and (D) Cp concentration in healthy

and Ehrlichia groups. Abbreviation: Cp: ceruloplasmin, CRP: C-Reactive Protein, PCT: Procalcitonin, WBC: White

blood cells, *: statistically significant differences at p< 0.05.

DISCUSSION

Canine Ehrlichiosis is a worldwide vector-borne
disease caused by the gram (-) bacteria Ebrlichia species.
It is reported that CME causes a marked inflammatory
response (Harrus and Waner 2011, Karnezi et al. 2016,
Singh et al. 2021). Thus, the current study aimed to
evaluate the concentration and clinical usability of
inflammatory markers such as CRP, PCT and Cp in
dogs with Ehrlichiosis. This study found that the
serum CRP concentration is statistically significantly
higher in the Ehtlichia group than in the healthy group
(p= 0.002). Nevertheless, there was no statistical
difference between the groups in serum PCT and Cp
concentrations (p> 0.05).

In dogs, CRP is considered the major acute-
phase protein and serum/plasma CRP concentration
is increased in various inflammatory diseases

(Nakamura et al. 2008, Asawakarn et al. 2021). Some

researcher reported that CRP concentration (Rikihisa
etal. 1994, Nakamura et al. 2008, Mylonakis et al. 2011,
Munhoz et al. 2012, Asawapattanakul et al. 2021, Singh
etal. 2021, Jaheen et al. 2022). Rikihisa et al. (1994) and
Asawapattanakul et al. (2021) reported that the serum
CRP concentrations in dogs with naturally infected E.
canis were higher than in healthy dogs. Mylonakis et al.
(2011) have shown that the CRP concentrations in
dogs with and without myelosuppression were
significantly higher than in healthy dogs. They have
also correlated myelosuppression with chronic CME
and reported that the increase in CRP concentration in
these dogs was much higher than in dogs with acute
disease. The study mentioned above has also noted
that using CRP and some APPs with other tests may
help assess the clinical severity of CME. Also, one
experimental study showed that CRP concentration

increases significantly between 4-16 days after
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experimental infection and reaches peak points
between 1-6 weeks (Shimada et al. 2002). Similar to the
studies performed in experimental and naturally
infected dogs with Ehrlichiosis, the serum CRP
concentration in the Ehrlichia group was statistically
significantly higher than the healthy group in our study.
It is known that CME causes infiltration of
mononuclear cells, macrophages and plasma cells in
the subendothelial layer and perivascular region of
many organs in dogs, leading to a marked
inflammatory reaction (Abiramalatha et al. 2018, Singh
et al. 2021). The increased serum CRP concentration
in the Ehrlichia group in this study may also be
associated with the abovementioned inflammatory
reaction. In the studies conducted, the relationship
between the severity of the disease and the CRP
concentration was evaluated according to the presence
of myelosuppression (Mylonakis et al. 2011). Since no
dogs with myelosuppression were in the Ehrlichia
group, this study could not evaluate the correlation
between disease severity and CRP.

Increased PCT in bacterial infections has been
reported in human and veterinary medicine (Reitman
et al. 2012, Liu et al. 2015, Cho et al. 2021). This
increase is more sensitive and specific than other
inflammatory markers, such as an APP, in
differentiating bacterial infections from non-infectious
diseases (Schuetz et al. 2012, Cho et al. 2021). There
are limited studies of PCT in dogs infected with the
gram-negative bacteria Ebrlichia spp. (Matur et al. 2021,
Jaheen et al. 2022). Matur et al. (2021) showed that the
PCT concentration was not statistically significant
between dogs with Ehrlichiosis and the control group.
In contrast to this study, Jaheen et al. (2022)
determined that the PCT concentration in dogs with
Ehtlichiosis was significantly higher than in the control
group. They also reported that PCT as an
inflammatory biomarker was more diagnostic than
CRP and leukocyte count in dogs with Ehrlichiosis. In
the bloodstream, PCT has a half-life of about 25-30

hours (Nakamura et al. 2013, Matur et al. 2021).
Different conditions (duration and severity) associated
with diseases affect procalcitonin levels (Schuetz et al.
2012, Seo et al. 2015, Sitar et al. 2019, Cho et al. 2021).
In this study, no distinction was made between acute
and chronic diseases in the Ehrlichia group. Only dogs
with clinical and laboratory findings of active disease
(non-subclinical) were included in the study.
Therefore, the disagreement between studies may be
related to the stage of the disease. In addition, the
severity of the disease, study population, bacterial load
and sepsis may also have contributed to this difference.

To our knowledge, there is only one study of
Cp concentration in dogs with Ehrlichiosis. That study
was also carried out experimentally. Munhoz et al.
(2012) indicate that the ceruloplasmin level increased
gradually on the 3rd day after inoculation, peaked on
the 6th and 12th days, and decreased substantially until
the 30th. Also, Cp concentrations on the 6th and 12th
days were significantly higher than in the control
group. They reported that Cp levels were elevated
before clinical signs and laboratory findings and could
be an eatly indicator of the onset of inflammatory
processes. Our study showed no statistically significant
difference between serum Cp concentrations of the
healthy and Ehrlichia groups. In contrast to the above
study, this study included naturally infected dogs, and
all dogs had clinical and laboratory findings. In CME,
mild clinical and laboratory findings appear 8-20 days
after exposure (Rikihisa et al. 1994). Therefore, the
difference between the results of the studies may be
related to dogs being in different periods of the disease
and the study design.

There are several limitations to this study.
First, the relatively low number of dogs included in the
study. Many dogs with Ehrlichiosis were excluded
from the study because of concomitant diseases (e.g.
leishmaniasis, dirofilariasis and hemotropic
mycoplasmas). Second, the diagnosis of Ehrlichiosis in

dogs was made only with point-of-care test kits.
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However, these tests had 97.1% sensitivity and 95.3%
specificity for Ebrlichia spp. In addition, these dogs had
clinical and laboratory findings related to active
disease. Third, CRP, PCT and Cp concentrations were
analysed from blood taken from dogs at the initial

examination and are based on a single measurement.

CONCLUSION

In conclusion, our data suggest that serum CRP
concentration is increased in dogs naturally infected
with Ebrlichia spp., and serum CRP concentration
could be used as a helpful biomarker for determining
the inflammatory processes in dogs with Ehrlichiosis.
However, more detailed studies are needed to assess
serum PCT and Cp concentrations and reveal their

clinical roles in dogs infected with Ebrlichia spp.
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ABSTRACT

The aim of this study was to compare levels of serum and claw tissue chromium (Cr), manganese (Mn), iron (Fe),
cobalt (Co), copper (Cu), zinc (Zn) and selenium (Se) in healthy cattle with various claw lesions and to evaluate
the relationship between claw lesion and trace element levels. A total of 40 cattle were used as 10 healthy cattle
and 30 cattle with claw lesions in the study. Hoof conformation measurements and hoof hardness values were
determined in both healthy cattle and cattle with claw lesions. Blood and claw tissue samples (hoof wall and solar
hoof) were taken to determine serum and claw tissue trace element levels in both groups. Cr, Mn, Fe, Co, Cu, Zn
and Se levels were analysed in serum and claw tissue samples. It was determined that the hardness value of the
solar in the cattle with hoof lesions was higher than the healthy cattle. Cr, Mn, Fe, Co and Se levels in paries
ungulae were found to be higher in the cattle with claw lesions, compared to the healthy cattle, while the Cu level
of paries ungulae was statistically significantly higher in the healthy cattle compared to the cattle with claw lesions.
In healthy cattle;, Cr, Zn and Cu levels in sola ungulae hoof tissue were higher than the cattle with claw lesions,
while the Mn, Fe, Co and Se concentrations were lower than in those cattle with claw lesions. As a result, it was
observed that Cu and Zn levels of the solear hoof in cattle with claw lesions were lower than in the healthy cattle.
It can be suggested that trace elements such as Mn, Zn, Cu ve Se are very important for hoof health, and low
levels of Cu and Zn in the solar hoof can increases rate of claw lesions in cattle with claw lesions.

Key words: Cattle, claw lesion, copper, zinc, selenium
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Farkli Tirnak Lezyonu Bulunan Sigirlarda Serum ve Tirnak Dokusu Bazi Iz Element Diizeylerinin
Degerlendirilmesi

oz

Bu calismanin amacy; saglikli ve cesitli tirnak lezyonu bulunan sigirlarda serum ve tirnak dokusu krom (Cr),
manganez (Mn), demir (Fe), kobalt (Co), bakir (Cu), ¢inko (Zn) ve selenyum (Se) diizeylerinin karsilastirilmasi ve
tirnak lezyonu ile iz element diizeyleri arasindaki iliskinin degerlendirilmesidir. Calismada 10 saglikh sigir ve 30
tirnak lezyonu bulunan sigir olmak tzere toplam 40 sigir kullanildi. Saghkli ve tirnak lezyonu bulunan sigirlarin
tirnak uzunluk Slcileri ve tirnak sertlik degerleri belirlendi. Her iki grupta serum ve tirnak dokusu iz element
diizeylerinin belirlenebilmesi icin kan ve tirnak dokusu (tirnak tabani ve duvart) 6rnekleri alindi. Serum ve tirnak
dokusu 6rneklerinde; Cr, Mn, Fe, Co, Cu, Zn ve Se seviyeleti analiz edildi. Lezyonlu tirnaga sahip sigirlarin tirnak
tabant sertlik degerinin saglikli sigirlara gére daha yitksek oldugu belitlendi. Lezyonlu tirnaga sahip sigitlarin paries
ungnlae Cr, Mn, Fe, Co ve Se diizeylerinin saglikh sigirlara gére yitksek oldugu, saglikh sigirlarin ise paries ungulae Cu
diizeyinin tirnak lezyonu bulunan sigirlara gére istatistiksel olarak anlamli diizeyde daha yliksek oldugu saptandi.
Sagliklt sigirlarin; tirnak dokusu solea ungulae, Cr, Zn ve Cu diizeylerinin tirnak lezyonu bulunan sigirlara gére daha
yiksek; Mn, Fe, Co ve Se diizeylerinin ise tirnak lezyonu bulunan sigirlara gére daha distk oldugu gbzlendi.
Sonug olarak, tirnak lezyonu bulunan sigirlarda tirnak tabani Cu ve Zn dizeyinin, saglikli sigirlara gére daha dustik
oldugu gozlendi. Tirnak saglgr acisindan Mn, Zn, Cu ve Se gibi iz elementlerin olduk¢a 6nemli oldugu, tirnak
tabant Cu ve Zn seviyesi diisitk olan sigirlarda tirnak lezyonu oraninin arttift séylenebilir.

Anahtar kelimeler: Bakir, cinko, selenyum, sigir, tirnak lezyonu
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GIRIS

Sigir yetistiriciliginde kargilasilan en Onemli saglik
problemlerinden birisi topalliktir  (Atasoy, 2003;
Canpolat ve Bulut, 2003; Borderas ve ark., 2004;
Seyrek ve ark., 2008; Yayla ve ark., 2012; Cegen,
2016). Sut sigirlarinda  topallik;  istahsizlik, stt
veriminin diismesi, tireme performansinin diismesi ve
dél tutmama oranlarinin artmasinin yant sira hayvan
refahinin bozulmasina yol agmaktadir (Shearer ve atk.,
2015; Sun ve ark., 2015). Topallik olgularnin %
12'sinin ekstremite ile problemlerden, % 88-90’mnin
ayak lezyonlarindan kaynakladigt ve bunlarin %
85'inin atka ayaklatin lateral trnaklarinda meydana
geldigi  distntlmektedir.  Ayak  hastaliklarinin
etiyolojisinde mevsim gibi ¢evresel faktorler ile
laktasyon, canlt agirlik, yas ve genetik yapi gibi bireysel
faktorlerin yant sira; sird biytklagi, bakim kosullari,
beslenme ve zemin yapisit kapsayan isletmeye ait
bircok faktor yer almaktadir (Atasoy, 2003).

1z elementler, kaliteli tirnak kapsilii ve tirnagin saglikli
uzamast icin gereklidir (Nouri ve Ashrafi-Helan,
2013). Mineraller, hayvanlarin Gremesinde de 6nemli
rol oynayan temel besinlerdir, bunlarin fazlahg: veya
cksikligi, hayvanin performansi tizerinde negatif bir
etki yaratir (Akhtar ve ark., 2009). Siut sigirlarinda,
kalsiyum (Ca), demir (Fe), bakir (Cu), ¢inko (Zn), iyot
D), selenyum (Se), molibden (Mo) ve krom (Cr) tirnak
gelisimi ile yakindan iligkilidir (Sun ve ark., 2015;
Langova ve ark., 2020). Manganez (Mn), kobalt (Co),
Zn ve Cu gibi iz elementler protein sentezi, vitamin
metabolizmasi, hormon iretimi, enzim aktivitesi, bag
dokusu ve kollajen olusumu, oksijen tagima, kimyasal
enerji Uretimi ve bagsiklik fonksiyonu tizerine 6nemli
rolleti vardir (Greene ve ark., 1998; Ballantine ve ark.,
2002; Siciliano-Jones ve ark., 2008; Karkoodi ve ark.,
2012; Zhao ve ark., 2015). Bu iz elementler sigirlarda,
vicut kondisyonunu ve sagligini, blylmeyi, tirnak
butinligi, gebeligi, laktasyon ve  bagisiklik
fonksiyonlarini da olumlu yonde etkiler (Greene ve
ark., 1998; Siciliano-Jones ve ark., 2008).

Cinko; keratinizasyon asamalarinda anahtar rol
oynamast, hucreler arasinda ve hicre icinde
bulunmasi, bircok temel fonksiyonda  gdrev
almasindan dolay, tirnak biliylime oraninda olduk¢a
etkili bir iz elementtir (Akin, 2008; Assis ve ark., 2017;
Langova ve ark., 2020). Zn keratin tretimi ve epitel
doku bitinligint saglar. Keratinizasyon asamasinda
yapisal proteinlerin formasyonu icin en fazla gereken
elementtir (Akin, 2008; Lean ve ark., 2013). Cu, Zn ve
Mn iz element eksiklikleri, tirnak keratinizasyonunda
rol oynayan hiicresel arasi baglayict maddeyi oksidatif
strese karst yatkin hale getirir. Keratinlesmeyi saglayan
tirnak hiicrelerinde en énemli enzim tiol oksidazdir
(Lean ve ark., 2013). Cu lizil ve tiol oksidazin anahtar
bir bilesen olusturmalart saglikli tirnak kapstlt Gretimi
icin 6nemlidir (Lean ve ark., 2013; Langova ve ark.,
2020). Se ile tirnagin gerilme glict arasinda pozitif bir
iliski oldugu aktarilmaktadir. Se, keratin

proteinlerinin baglanmasina baglt olarak sekillenen
oksidatif hasardan tirnak yapisint korumada rol oynar.
Zn dahil olmak tizere diger bahsedilen iz elementlerin
hicbirisinin, tirnagin gerilme glici tzerine 6nemli bir
etkilerinin olmadigi bildirilmistir. Se, lipidler acisindan
zengin olan keratinositlerin hiicreler arast maddesini
korur ve devamhihigint saglar (Langova ve ark., 2020).
Bu calismanin amaci; saglikli ve ¢esitli tirnak lezyonu
bulunan sigirlarda serum ve tirnak dokusu Cr, Mn, Fe,
Co, Cu, Zn ve Se duzeylerinin karsilastirilmast ve
tirnak lezyonu ile iz element diizeyleri arasindaki
iliskinin degerlendirilmesidir.

MATERYAL ve METOT

Calismaya, Afyon Kocatepe Universitesi, Hayvan
Deneyleri Yerel Etik Kurulunun 25.12.2019 tarih ve
179 sayili izni ile baglandi. Bu calisma, Konya’da
bulunan 6zel bir sigir isletmesinde gerceklestirildi.
Calismaya dahil edilecek sigirlar, isletmenin izlenim
programi iizerinden, aranan 6zelliklere uygun sekilde
secildi ve segilen hayvanlarin ayni laktasyon periyodu
icerisinde olmasina 6zen gosterildi.

Calismada sigirlar sagliklt sigirlar ve tirnak lezyonunu
bulunan sigirlar  olmak tizere iki gruba ayrild.
Calismada; 2-5 yaglart arasinda degisen 10 saglikh
sigir, 30 tirnak lezyonu bulunan sigir olmak Gzere
toplam 40 disi sigir kullanildi. Her iki grupta bulunan
hayvanlarin tirnak muayenesi yapilmadan énce butiin
hayvanlar, topallik skoru icin serbest olarak yiriitildi
ve gozlemlendi. Calismaya dahil edilen bitin
hayvanlarin ~ topallik  skorlamast  Zhao ve ark.
(2015)’nin, bildirdigi skorlama sistemine gére yapildi
ve topallik skorlar1 kaydedildi (Tablo 1).

Tablo 1. Topallik degerlendirme kritetleri (Zhao et
al., 2015).

Table 1. Lameness evaluation criteria (Zhao ve atk.,
2015)

Skor Kriter

1 Diizgtin ve uyumlu ylriyls, sirt ¢izgisi
diz, Uniform adimlar

2 Halfif dizensiz yurtyis, eklemlerde hafif
tutukluk, gézle gériliir bir topallik yok

3 Dizensiz yurtyus, sirt ¢izgisi kambur,
hafif topallik mevcut

4 Kafa sallama belli, sirt ¢izgisi tamamen
kamburlasmis, belirgin topallik mevecut

5 Yiramekte oldukga zorlantyor, sirt ¢izgisi
cok fazla kamburlasmis, siddetli topallik
mevcut
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Tirnaklarin muayene edilebilmesi i¢in sigirlar icin 6zel
olarak tiretilmis travaya alindi. Travaya alinan siirlarin
topallik bulunan ilgili arka ayagt yukart kaldirilarak
sabitlendi. Tirnak tizerinde bulunan digki ve toprak
gibi yabanct cisimler yikanarak ve fircalanarak
uzaklastirildi ve tirnaklar tamamen temizlendi. Bu
asamadan sonra dikkatli bir tirnak muayenesi
yapilarak tirnak lezyonunun tanist konuldu ve
kaydedildi.

Tirnaklarin muayenesi sirasinda, tirnagin Sekil 1°de
verilen belirli uzunluk 6lctleri metal, bikalebilir bir
cetvel ile Olgilip not edildi. Tirnak Jlgtleri
belirlendikten sonra, Borderas ve ark., (2004)
bildirdigi metoda gbre tirnagin 6 bolgesinin sertlik
degerleri (Sekil 2), sertlik Slcer (durometre) cihazi
(Loyka, Shore-D, LXD-D) ile 6l¢iilerek not edildi.

Sekil 1. Tirnak Slgilerinin belitlenmesinde kullanilan diyagram
(Vermunt ve Greenough, 1995).

Figure 1. Diagram of wvarious traits to describe claw
conformation.

A. Ayak agisy; B. Dorsal duvarin uzunlugu; C. Okge yuksekligi; D.
Tirnak yuksekligi; F. Diyagonal uzunluk; G. Lateral trnagin
genisligi; H. Medial tirnagin genisligi

e

Aksiyal duvar

Sekil 2. Tirnak sertliginin degerlendirilmesinde kullanilan 6lgiim
noktalart (Borderas ve ark., 2004)

Figure 2. Measuring points used in the assessment of claw
hardness

1. bolge: Tirnagin ucunda yer alan bolge; tirnak kenart ile beyaz
cizgi arasinda kalan kisim.

2. bolge: Abaksiyal tirnak duvart ile tabanin birlesme yerinde,
beyaz cizgi ile tirnak kenarr arasinda kalan bolge.

3. bolge: 1. ve 2. kisim arasindaki bolge.

4. bolge: Taban ile Skge birlesme noktasindaki orta kisim.

5. bolge: Tirnak tabaninin apeksinin orta kismi.

6. bolge: Tabandan 2 cm yukarida abaksiyal duvarda okee ile
tabanin birlesme noktast ve tirnagin 6n ucunun arasinda kalan
orta kisim. 8. bélge: Tabandan 2 cm yukarida tirnagin 6n dorsal
duvari

Tirnak Olctleri ve sertligi  belirlendikten sonra,
hayvanlarin ~ lezyonlu  trnaklarinin  diizeltilmesi
gereken yerleri temiz bir renet ve tirnak spirali ile
kesilip duzeltildi. Arka ayak lateral tirnagin paries
ungnlae’si (lateral veya 6n duvart) ve solea ungnlae’sindan
(urnak tabani) en az 300-500 mg olacak sekilde tirnak
Ornekleri  alindi.  Saghkli  sigitlarin da trnak
muayeneleri  yapildt  ve lezyon  bulunmayan
tirnaklardan, tirnak kesme pensi ve renet yardimiyla
solea ungnlae ve paries ungnlaeden tirnak érnekleri alind.
Almnan tirnak doku 6rnekleri tizerinde makroskopik
olarak gobzle gorilen kir, pislik, digki kalintilar
temizlendi. Alnan dokularin yerle ve cevre ile
kontaminasyonu minimal dizeye indirilip tirnak
dokulart kaba konmadan 6nce % 99,5 aseton, % 96
etanol ve damutilmis su ile ayrt ayrt duruland: ve
kaplara konuldu. Analiz yapilincaya kadar tirnak
ornekleri -20 °C’de saklandi. Calisgmaya dahil edilen
butin hayvanlarin vena jugnlarislerinden bir kanil
yardimityla steril kosullar altinda jelli tip icine kan
ornekleri  alindi.  Islemler bittikten sonra alinan
kanlarin  serumlarinin  ¢tkartilmast  icin  taginabilir
santrifiij cihazi ile 5 dakikada 5000 devirde santrifiij
edildi. Elde edilen kanlarin serumlart, iz element
Olcimleri yapilincaya kadar -20 °C’de saklandu.
Isletmede bulunan yemlerin icerdikleri iz element
miktarlarint belirlemek i¢in, yemlerden 6rnekler alindi.
Almnan bitiin kan, tirnak dokusu ve yem 6rneklerinde
iz element Slguimleri (Cr, Fe, Mn, Co, Cu, Zn ve Se)
Afyon Kocatepe Universitesi Veteriner Fakiiltesi
Veteriner Teshis ve Analiz Laboratuvar’nda
gerceklestirildi.

Serum Orneklerinin Iz Element Olgiimii I¢in
Hazirlanmas:

Serum &rnekleri -20 °C’den alinip +4°C’de ¢oziinmesi
icin bekletildi. Bir pipetle yardimiyla alinan 0,5 ml
serum Ornegi krozeye bosaltildi. Daha sonra tizerine 8
ml % 65’lik nitrik asit (HNOj) eklendi. Sonrasinda
yakma islemi icin SINEO MDS 10 Modelli yakma
firinina konuldu. 130 °C’de 10 dk, 150 °C’de 5 dk,
takiben 180 °C’de 10 dk bekletildi. Islemler bittikten
sonra cihazin sogumast icin 30 dk bekletildi. Daha
sonra 25 mllik balon jojenin igerisine bosaltddi.
Takiben tzerine 25 ml tamam dolacak sekilde ultra
distile su ilave edildi. Islem sonrast +4 °C’ de
saklanmak tzere cam tiplere konulup muhafaza

edildi.

Tirnak Orneklerinin 1z Element Olgiimii Igin
Hazirlanmas:

Tirnak OSrnekleri -20 °C’den  almip +4 °C’de
¢ozinmesi icin bekletildi. Her bir teflona tirnak
orneginden 0,2 gram alindt ve tizerine 8 ml % 65’lik
nitrik asit (HNOs3) eklendi. Uzerine 1 ml %30’luk
hidrojen peroksit (H2O2) eklendikten sonra 15-20 dk
bekletildi. Teflon kaplarin kapaklart sikistirilarak
sonrasinda yakma islemi i¢in yakma firinina (SINEO
MDS 10) konuldu.
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130 °C’de 10 dk, 150 °C’de 5 dk, takiben 180 °C’de
10 dk bekletildi. Islemler bittikten sonra cihazin
sogumasi i¢in 30 dk beklenildi. Daha sonra 25 ml’lik
balon jojenin icerisine bosaltddi. Takiben tzerine 25
ml tamamen dolacak sekilde ultra distile su ilave
edildi. Ekofilter adl: siiziictiler ile siizme islemi yapilip
tuplere konuldu ve +4 °C’de saklanmak Uzere cam
tiplere konulup muhafaza edildi.

Yem Orneklerinin Iz Element Ol¢iimii I¢in
Hazirlanmasi

Yem 6rnekleti -20 °C’den alinip +4 °C’de ¢Oziinmesi
icin bekletildi. 0,5 gr olacak sekilde numuneler
alinarak bir kaba konuldu ve tzerine 8 ml % 065lik
HNO; eklenip 12 dk bekletildi. Daha sonra tzerine 2
ml nitrik asit (HNO3) ve 0,5 ml perklorik asit (HCIOs4)
eklendi. Sonrasinda yakma islemi icin SINEO MDS
10 Modelli yakma firtnina konuldu. 130 °C’de 10 dk,
150 °C’de 5 dk, takiben 180 °C’de 10 dk bekletildi.
Islemler bittikten sonra cihazin sogumast igin 30 dk
beklenildi. Daha sonra 25 ml’lik balon jojenin
icerisine bosaltildi. Takiben tzerine 25 ml tamam
dolacak sekilde ultra distile su ilave edildi. Islem
sonrast +4 °C’de saklanmak {izere cam tiplere
konulup muhafaza edildi.

Kan, trnak dokusu ve yemlerden elde edilen
¢ozeltilerde iz element olarak Cr, Mn, Fe, Co, Zn, Cu
ve Se seviyeleri ICP-MS cihazt ie (Agilent
Technologies 7700 Series ICP-MS) 6lgiildi. Minimum
tespit limiti 0,001 ppb olacak sekilde sonuglar ppb
cinsinden degerlendirildi. 0,001 ppb’nin altinda olan
degerler ICP-MS cihazinin  belirleyebildigi  sinirin
altinda oldugu icin degerlendirmeye alinmad.

Istatistiksel Analiz

Calisma kapsaminda kan ve tirnak dokusu iz element
dizeyleri, tirnak konformasyon verileri ve tirnak
sertlik diizeylerinin normallik dagilimlar1 Shapiro-Wilk
normallik testi ile analiz edildi. Ayni zamanda kan ve
tirnak dokusu iz element diizeylerinden marjinal olan
degerler Box-plot grafigi ile belirlenerek, bu degetler
istatistiksel ~ degerlendirmeye  alinmadi.  Normal
dagilmayan verilerin logaritmik transformasyonlari
yapilarak, normal dagilan verilerle birlikte bagimsiz
Student t testi uygulanarak gruplar arasindaki
farkldiklar belirlendi. Ayni zamanda kan ve tirnak
dokusu iz element diizeyleri arasinda bir korelasyon
olup olmadigi Spearman’s korelasyon testi ile
belitlendi.  Tablolarda  veriler —ortalamatstandart
sapma olarak verildi ve 6nemlilik derecesi p<0,05
olan veriler istatistiksel olarak anlamli kabul edildi.

BULGULAR

Calismaya dahil edilen saglikli 10 sigirin, 5’1 Holstayn
ve 51 Simental ki sigirlardr. Lezyonlu tirnaga sahip
30 sigirin, 244 Holstayn ve 6’st Simental 1rki sigirlards.
Calismaya dahil edilen hayvanlarin 1tk cinsiyet,

topallik ve tirnak lezyonu skorlamalari Tablo 2’de
verildi.

Tirnak lezyonu bulunan hayvanlar arasinda; 13’tnde
(% 43,5) topallik skorunun 2 oldugu, 13’tnde (%
43,5) topallik skorunun 3 ve 4’unde (% 13) topallik
skorunun 4 oldugu tespit edildi. Topallik skoru 2 olan
sigirlarin G’sinda taban dlseri, 1’inde beyaz cizgi
hastaligi, 4tinde 6k¢e erozyonu, 2’sinde beyaz cizgi
hastalig1 ile birlikte taban Ulseri gézlendi. Topallik
skoru 3 olan sigirlarin 7’sinde taban tlseri, 5’inde Skce
erozyonu tespit edildi. Topallik skoru 4 olan sigirlarin
T’inde beyaz c¢izgi hastaligi, 3inde 6kce erozyonu
belirlendi.

Tirnak lezyonu bulunan sigirlarda lezyonlarin; 14°a
taban tlseri (% 406), 12’si 6kee erozyonu (%o 40) ve 2’si
beyaz ¢izgi hastaligi (% 7) seklinde dagilim gosterdigi
tespit edildi. Lezyon bulunan sigirlarin 2’sinde taban
tlseri ve 6kge erozyonu birlikte (%o 7) tespit edildi.
Tirnak sertligi bakimindan, yoéntemde agiklanan
sekilde hem saglikli hem de lezyonlu tirnaga sahip
sigir gruplarinda gesitli  tirnak  bolgelerinin  tirnak
sertlikleri 6lciildu ve elde edilen sertlik degerleri Tablo
3 de wverildi. Tirnak sertlik degerlerinin saglkli ve
tirnak lezyonu bulunan sigiflarda 1., 2., 4. ve 6.
bélgelerde birbirine yakin oldugu, 3. bélgede tirnak
sertliginin lezyonlu tirnaga sahip sigirlarda, saglikl
sigirlara gére daha yiksek oldugu, diger taraftan 8.
bélgede ise tirnak sertliginin saglikht sigirlarda, tirnak
lezyonu bulunan sigirlara gbre daha yiksek oldugu
gozlendi. Ancak tirnak sertlik diizeyleri agisindan
biitiin tirnak bolgelerinde saglikli ve lezyonlu sigirlar
arasinda  istatistiksel acidan  6nemli  bir fark
belirlenmedi (p>0,05).

Sagliklt ve tirnak lezyonu bulunan sigirlarda tirnak
konformasyon &lgiileri Tablo 4’de verildi. Tirnak
konformasyonu acisindan degerlendirildiginde; saglikl
sigirlarda biitiin bolgelerde tirnak 6lgtilerinin lezyonlu
sigirlara  gbére daha kisa oldugu belitlendi. Aynt
zamanda 1, 3, 4 ve 5. bdlgelerde tirnak uzunluk
Olglileri bakimindan gruplar arasinda istatistiksel
olarak anlamli fark oldugu gézlendi (p<0,05).
Calismaya dahil edilen hayvanlarin hepsi, musir slaji,
bugday samani, yonca, konsantre karma yem, pancar
posasi, bugday posasi, korunmus protein, protein
karmas1, maya ve premiks icerikli toplam karma yemle
ad libitum olarak besleniyordu. Bu yemlere ait iz
element duzeyleri Tablo 5’de verildi.

Sagliklt ve tirnak lezyonu bulunan sigirlarda serum ve
tirnak dokusu iz element diizeyleri Tablo 6’da verildi.
Lezyonlu tirnaga sahip sigirlarin paries ungulae Cr, Mn,
Fe, Co ve Se diizeylerinin saglikli sigirlara gére yiiksek
olmasina ragmen, gruplar arasinda anlamh fark
olmadigr gozlendi (p>0,05). Saglikl sigitlarin paries
ungulae Cu dizeyinin tirnak lezyonu bulunan sigirlara
gore istatistiksel olarak anlamli diizeyde daha ytksek
oldugu tespit edildi (p<<0,05).

Sagliklt  sigirlarin Sokea  ungulae, Cr, Cu, ve Zn
dizeylerinin tirnak lezyonu bulunan sigilara gore
daha yiiksek oldugu belirlendi. Cu diizeyi agisindan
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gruplar arasindaki farkin istatistiksel olarak O6nemli
oldugu gézlendi (p<0,05).

Sagliklt sigirlarin solea wungulae, Mn, Fe, Co ve Se
duizeylerinin tirnak lezyonu bulunan sigirlara grubuna
gbre daha disik oldugu tespit edildi. Se dizeyleri
agisindan gruplar arasinda gézlenen farkin istatistiksel
olarak anlamli oldugu (p<0,05), gruplar arasinda Mn,
Fe, Co ve Mn duzeyleri arasindaki farkin istatistiksel
acidan 6nemli olmadigt belitlendi (p>0,05).

Bitin hayvanlarda, serum Cr ve Mn seviyeleri ICP-
MS  cihazinin  tespit edebildigi diizeyin altinda
belirlendi (<0,0001 ppb). Bu bakimdan serum Cr ve
Mn diizeyleri istatistiksel analize dahil edilmedi ve
tablolarda verilmedi. Saghkli sigirlarin, serum Fe
diizeyinin tirnak lezyonu bulunan sigirlara gére daha
yiksek oldugu belirlendi. Sagliklt sigir serum Co, Cu,
Zn ve Se duzeylerinin tirnak lezyonu bulunan sigirlara
gore daha digik oldugu saptandi (p>0,05).

Tablo 2. Calismaya dahil edilen hayvanlarda 1rk, topallik skoru ve tirnak lezyonlari
Table 2. Breed, lameness score and claw lesions in animals included in the study

Protokol No Irk Topallik Arka Ayak
Skoru Lezyonu
S1 Simental 0 Lezyon yok
S2 Simental 0 Lezyon yok
S3 Holstayn 0 Lezyon yok
S4 Simental 0 Lezyon yok
S5 Simental 0 Lezyon yok
S6 Holstayn 0 Lezyon yok
S7 Holstayn 0 Lezyon yok
S8 Simental 0 Lezyon yok
S9 Holstayn 0 Lezyon yok
S10 Holstayn 0 Lezyon yok
L1 Holstayn 3 Taban Ulseri
L2 Holstayn 4 Beyaz Cizgi Hastaligi
L3 Holstayn 2 Beyaz Cizgi Hastaligi
Taban Ulseri
L4 Holstayn 3 Taban Ulseri
L5 Holstayn 2 Taban Ulseri
Lo Simental 3 Taban Ulseri
L7 Holstayn 3 Taban Ulseri
L8 Holstayn 3 Taban Ulseri
L9 Holstayn 4 Okge Erozyonu
L10 Simental 3 Taban Ulseri
L11 Simental 2 Taban Ulseri
L12 Simental 2 Taban Ulseri
L13 Holstayn 2 Olkge Erozyonu
L14 Holstayn 3 Taban Ulseri
L15 Simental 2 Taban Ulseri
L16 Holstayn 2 Okge Erozyonu
L17 Holstayn 2 Okge Erozyonu
L18 Holstayn 2 Okge Erozyonu
L19 Simental 2 Taban Ulseri
L20 Holstayn 3 Olge Erozyonu
L21 Holstayn 3 Olkge Erozyonu
122 Holstayn 2 Taban Ulseri
L.23 Holstayn 2 Beyaz Cizgi Hastaligt
Taban Ulseri
1.24 Holstayn 3 Olkge Erozyonu
1.25 Holstayn 4 Olkge Erozyonu
126 Holstayn 4 Okge Erozyonu
L27 Holstayn 3 Okge Erozyonu
L28 Holstayn 3 Taban Ulseri
129 Holstayn 2 Beyaz Cizgi Hastaligi
1.30 Holstayn 3 Olkge Erozyonu

186



Tablo 3. Saglikli ve tirnak lezyonu bulunan sigirlarin gesitli tirnak bolgelerine gore tirnak sertliginin dagilimt (Ort+SS)
Table 3. Distribution of claw hardness of cattle with healthy and claw lesions according to various claw areas (Mean®SD)

Tirnak bolgesi Saglikli s1g1r tirnagi Lezyonlu s181r tirnagi
(n=10) (Newton) (n=30) (Newton)
1. bolge 30,67£5,76 31,88£8,62
2. bolge 31,17£8,37 29,02£8,67
3. bolge 28,50£5,29 35,58%10,17
4. bolge 26,39%5,44 25,18%6,83
5. bolge 29,39%4,45 29,35%9,74
6. bolge 43,83%7,97 46,04%14,04
8. bolge 46,78%9,17 38,83114,63

Tablo 4. Saglikli ve tirnak lezyonu bulunan sigirlarda tirnak konformasyon verileri (Ort£SS)
Table 4. Claw comformation data in cattle with healthy and claw lesion (Mean*SD)

Tirnak bolgesi Saglikls s1g1r tirnagi Lezyonlu s1g1r tirnag p
(cm) (n=10) (cm) (n=30)
1. bolge (B) 7,44£0,522 9,31+0,97b 0,001
2. bolge (C) 4,30£0,24 4,55%0,88 0,61
3. bolge (E) 12,71£0,592 13,75%+1,28> 0,01
4. bolge (G) 3,80£0,22 5,60%0,44> 0,001
5. bolge (H) 3,55%0,182 5,91%0,46> 0,001

®Gruplar arasindaki farkliligs géstermektedit.
B: Dorsal duvarin uzunlugu, C: Okge yiiksekligi, F: Taban uzunlugu G: Lateral tirnagin genisligi H: Medial tirnagin genisligi

Tablo 5. Gunliik rasyonda kullanilan yemlerin iz element diizeyleri
Table 5. Trace element levels of feed used in daily ration

Yem tiirii Krom  Manganez Demir Kobalt Bakar Cinko Selenyum
(Ppb) (Ppb) (ppb) (ppb) (Ppb) (ppb) (ppb)
Mistr stlajt 38,546 5724,247 11543,942 13,897 579,434 4478379
Bugday samani 286,522 23265,587 37099,064 46,579 2662,004 11327,233 17,236
Yonca 787,11 56816,369 475531,94 348,258 9784,204 15501,282 46,929
Konsantre karma yem 426,528  49917,805  142415,688 158,684 8279,594 51695,028 100,891
Pancar posast 94,979 7004,648 30528,685 14,966 895,186 2591,605 15,766
Bugday posast 182 13682,495 65734,843 29,474 3675,93 10443,665 4,964
Korunmus protein 1184,172 17897,029 324533729 103,394 711,491 5980,472 94,318
Protein karmast 259,644 21055,43 75443,095 67,961 4736,177 29333784 72,715
Maya 3344,592  42623,172  135585,334 566,301 3533,258 33728,137 71,06
Premiks 994,969 3824640,232 2211472,692 15706,325 993846,748 3089174273 14333,71
Ortalama 759,91 406262,70 350988,90 1705,58  102870,40  325425,39 1639,73
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Tablo 6. Saglik ve tirnak lezyonu bulunan sigirlarda tirnak dokusu ve serum Srneklerinde krom, manganez, demir,
kobalt, bakir, ¢inko ve selenyum diizeyleri (Ort£SS)
Table 6. Chrome, manganese, iron, cobalt, copper, zinc and selenium levels in claw tissue and serum samples in
cattle with health and claw lesion (Mean®SD)

Saglikls sigirlar Lezyonlu sigirlar P
Krom (ppb) 1452111300 326,662374,65" 0,40
Manganez (ppb) 1872,07+1128,13+ 2031,27+1436,74 0,99
Demir (ppb) 2002330+1270647  2746638+1670353 0,27
Parles Ungulae o balt (ppb) 40,16230,512 56,95+44.66° 0,34
Bakir (ppb) 5180,24+1643 40+ 2453,1343531,14% 0,002
Cinko (ppb) 94000,69+20772,62*  95628,76+2351698 0,95
Selenyum (ppb) 253,72477,01 278,724115,76° 0,53
Krom (ppb) 409,575478,06 141,984222,500 0,55
Manganez (ppb) 331,114280,54° 757,81+811,11> 0,09
Demir (ppb) 7850,12:£7022,05> 19161,88+19354,03 0,09
Solea Ungulae  Kobalt (ppb) 11,4247,32b 15,05415,74b 0,53
Bakir (ppb) 2025,91+484,985 1221,44+1715,65% 0,006
Cinko (ppb) 37376,0045913,620  36301,34+1106636° 0,55
Selenyum (ppb) 297,02456,63* 379,70+108 315 0,02
Demir (ppb) 2213,914809,66 173940+ 1161,48 0,26
Kobalt (ppb) 0,34+0,16 1,1741,62 0,24
Kan serumu Bakir (ppb) 287,314168 44 462,85+318,26 0,10
Cinko (ppb) 1381,75+889,78 2388,12:42156,20 0,62
Selenyum (ppb) 498541050 60,32+15,66 0,05

®Grup icinde istatistiksel olarak anlaml farkliliklar géstermektedir. Aynt stitunda farkli harf tastyan degerler arasinda istatistiksel olarak anlamli fark vardir.

* Gruplar arasinda istatistiksel olarak anlaml farkliliklar géstermektedir.

Sagliklt sigirlarin, paries ungnlae Mn, Fe, Co, Cu v Zn
diizeylerinin solea ungulad’ye gore istatistiksel acidan
onemli derecede yitksek oldugu saptand: (p<0,05).
Tirnak lezyonu bulunan sigitlarin, paries ungulae Cr,
Mn, Fe, Co, Cu ve Zn dizeylerinin solea ungnlae’ye
gbre daha yiksek oldugu belirlendi. Tirnak lezyonu
bulunan sigitlarin paries ungulae ile solea ungnlae arasinda
Cr, Mn, Co, Zn ve Se dizeylerinde gézlenen farkin
istatistiksel olarak 6nemli oldugu gézlendi (p<<0,05).
Sagliklt sigirlarin, serum ve tirnak dokusu iz element
duizeyleri arasindaki korelasyon katsayilart Tablo 7’de
sunuldu. Saghklt sigirlarin, serum Co ve Cu dizeyleri
arasinda porzitif yonde anlaml bir korelasyon oldugu
belirlendi (p<0,05).

Sagliklt sigirlarin paries ungnlae Cu diizeyi ile Fe ve Co
dizeyleri arasinda pozitif yonde anlamli  bir
korelasyon oldugu gézlendi (p<0,05). Yine bu
sigirlarda serum Fe diizeyleri ile solea ungulae Fe ve Co
dizeyleri arasinda pozitif yonde anlamli  bir
korelasyon oldugu tespit edildi (p<<0,05).

Sagliklt sigitlarin solea wngulae ile  paries ungulae Zn
duzeyleri arasinda, solea ungnlae Zn ve Cu duzeyleri

arasinda pozitif yonde anlamli korelasyon oldugu
saptand1 (p<0,05).
(p<0,05).
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Tablo 7.
Table 7.

Sagliklt sigirlarda tirnak dokusu ve serum demir, kobalt, bakir, ¢inko ve selenyum korelasyon katsayilart
Iron, cobalt, copper, zinc and selenium correlation coefficients in claw tissue and blood serum in healthy cattle

Serum Serum Serum Serum Serum

Fe o Cu 7n S PU-Fe PU-Co PU-Cu PU-Zn PU-Se SU-Fe SU-Co SU-Cu SU-Zn
Serum r 1,000
Fe p .
Serum r 086 1,000
Co p 872 )
Serum r 017 ,829° 1,000
Cu  p 966 042 )
Serum r 150 -486 503 1,000
Zo p 700 329 138 .
Serum r  -617 -08 055 -188 1,000
Se  p 077 872 881 ,603 .
PU-Fe r -017 -429 -236 -248 -309 1,000
p 966 397 511 489 385 )
PU-Co r 383 -200 382 370 -115 455 1,000
p 308 704 276 293 751 187 )
PU-Cu r 000 -486 -212 -127 -006 ,782*  636* 1,000
p 1,000 329 556 726 987 008 048 )
PU-Zn t -067 314 -491 -600 -115 491  -455 176 1,000
p 865 544 150 067 751 150 187 627 .
PU-Se r -417 -257 -018 -152 055 018  -418  -055 236 1,000
p 265 623 960 676 881 1960 1229 881 511 )
SU-Fe r 683 257 -083 -033 -567 350 317 333 317 -133 1,000
p 042 623 831 932 112 356 406 381 406 732 .
SU-Co t 917 -257 050 433 -450 -133 1533 067 317 -467 600 1,000
p 001 623 898 244 224 7732 139 ,865 406 205 088 .
SU-Cu r 150 -086 -406 -079 -309 127  -152 ,091 358  -333 583 167 1,000
p 700 872 244 829 385 726 676 ,803 310 347,099 1668 )
SU-Zn r -267 086 -515 -515 042 103  -527  -042 648" 127 283  -367  ,758" 1,000
p 488 872 128 128 907 777 117 ,907 043 726 460 332 011 )
SUSe r -267 -314 -152 455 115 -430  -273  -152  -188  -006 -017 017 527 ,309
P 488 544 676 ,187 751 214 446 676 603 987 966 966 117 ,385

> > >

>

*p<0,05 **p<0,001 PU: Paries ungulae, SU: Solea ungulae

Tirnak lezyonu bulunan sigirlarin, serum ve tirnak
dokusu iz element diizeyleri arasindaki korelasyon
katsayilar1 Tablo 8de verilmistir. Tirnak lezyonu
bulunan sigirlarin, serum Zn ile Co, Se ile Cu
dizeyleri arasinda pozitif yonde anlaml bir
korelasyon oldugu belitlendi (p<0,05).

Tirnak lezyonu bulunan sigitlarin, paries ve solea
ungulae Co ile Fe diizeyleri arasinda pozitif yonde
anlaml bir korelasyon oldugu saptandt (p<0,05).
Yine tirnak lezyonu bulunan sigitlarin, solea
ungnlae ile paries

ungnlae Cu  dizeyleri arasinda pozitif yonde
anlamh bir korelasyon oldugu tespit edilirken
(p<0,05), paries ungulae Cu dizeyi ile solea ungulae
Zn diizeyleri arasinda negatif yonde anlamh bir
korelasyon oldugu gézlendi
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Tablo 8. Tirnak lezyonu bulunan sigirlarda tirnak dokusu ve serum demir, kobalt, bakir, c¢inko ve selenyum

korelasyon katsayilart

Table 8. Iron, cobalt, coppet, zinc and selenium correlation coefficients in claw tissue and blood serum in cattle

with claw lesion

Serum Serum Serum Serum  Serum

Fe Co Cu 7n Se PU-Fe PU-Co PU-Cu PU-Zn PU-Se SU-Fe SU-Co SU-Cu SU-Zn
um  r 1,000
‘e p .
um  r ,100 1,000
Zo P ;797 .
um ot 172 , 142 1,000
“u p ,401 ;715 .
um r -,156 828" =155 1,000
n P ,446 ,006 ,423 .
um  r -,136 ,192 437 ,080 1,000
e P ,509 ,620 ,018 ,679 .
[-Fe r -117 -,168 251 ,082 224 1,000
P ,596 ,091 248 ;710 ,304 .
Co r ,005 -,243 ,167 -,228 235 523" 1,000
P ,983 ,529 ,425 274 ,259 ,010 .
Cu r 114 216 -,009  -567* -,078 5192 ,083 1,000
P ,595 ,608 964 ,003 ,705 ,404 ,708 .
Zn ot -,206 ,444 115 ,205 -,007 ,071 -,059 -,200 1,000
P 323 232 ,558 ,295 974 ,755 ,784 ,326 .
J-Se r -079 -,435 -,208 ,041 -,199 -,051 -,107 -,261 , 155 1,000
P ,701 ,242 278 ,831 ,302 ,816 ,011 ,197 ,431 .
-Fe r -, 155 -,008 -,181 =157 ,180 ,285 ,062 321 -,145 =095 1,000
P 461 ,983 ,365 434 ,369 ,198 774 117 ,481 ,639 .
-Co r 276 ,561 -, 144 -,107 11 ,003 ,280 ,343 -,271 -,240 502" 1,000
P 172 116 457 ,580 ,565 ,989 175 ,086 ,163 ,209 ,008 .
Cu r 225 ,243 -,042 -,067 5,102 -,140 -,049 741 -,214 -,148 ,306 ,293 1,000
P 270 ,529 ,827 ,728 ,597 ,523 815 ,000 274 ,443 121 ,123 .
Zn r ,028 ,184 ,021 ,345 -,075 ,229 157 0 -,646™ ,164 ,161 -,263 -,255 -,322 1,000
P ,891 ,635 915 ,067 ,698 ,293 ,454 ,000 ,404 ,405 ,185 ,181 ,089 .
[-Se r ,022 -,059 ,062 ,060 262 466" -,092 -,269 -124 -,012 252 -,009 -,294 668"
p 919 ,881 752 761 178 ,029 ,668 ,184 ,529 952 214 965 ,128 ,000

p<0,05 **p<0,001 PU: Paries ungulae, SU: Solea ungulae

TARTISMA

Galbraith ve ark. (2006), saglkhh tirnaga sahip
sigirlarda dorsal duvarin sertlik degerinin 55,2 N
oldugunu bildirmislerdir. Griffiths ve ark., (2007),
tirnak duvarinin sertlik degerinin 58 N oldugunu
aktarmiglardir. Borderas ve ark. (2004) ise yaptiklari
calismada, saglikll tirnaga sahip sigirlarda  tirnak
duvarinin sertlik degerinin 78,4 N oldugunu tespit
etmisler ve trnagin diger bolgelerdeki sertlik
ortalamalarina gore, tirnak duvart sertlik degerinin
daha fazla oldugu go6zlenmistir. Baggott ve ark.
(1988), saglikli tirnaga sahip sigirlarda dorsal duvarin
sertlik ortalamast 65,5 N iken, lezyonlu tirnaga sahip
sigirlarda 63,4 N olarak aktarmuslardir. Sunulan bu
calismada, saglikh sigirlarin, tirnak lezyonu bulunan
sigirlara gére tirnak dorsal duvart sertlik degerinin
daha yiksek oldugu gézlendi. Tirnak dorsal duvari
sertligi, saglikli tirnaga sahip sigirlarda 46,78 N iken,
tirnak lezyonu bulunan sigirlarda bu deger 38,8 N

olarak belirlendi. Ayni zamanda hem saglikh hem de
lezyonlu tirnaga  sahip  sigirlarin tirnak  dorsal
duvarinin, tirnak tabanina gére daha yiiksek seviyede
oldugu gbézlendi. Sunulan bu calismada, saglikh
sigirlarin tirnak duvarinin daha sert olmasinin nedeni,
kapsil duvarinin stspansiyonda etkili bir sekilde
calismast icin daha sert ve daha az esnek olmasi
gerektiginden, taban ve Gkgenin ise daha fazla esnck
olmast kaynakli olabilir (Galbraith ve ark. 2006). Ayni
zamanda, tirnak duvarinin tabana gore sert olmasinda,
tirnak duvarinin Zn igeriginin daha ytksek olmasinin
etkili olabilecegi (Sadeghi ve ark.. 2013) kanisina
varidr.

Sadeghi ve ark. (2013), saglikli sigirlarda tirnagin Cu
seviyesinin, lezyonlu tirnaga sahip sigirlara gére daha
distik diizeyde oldugunu aktarmuslardir. Kibar ve ark.
(2016), saglikli sig1r grubunda tirnaktaki Cu diizeyinin
0,19 ppm, lezyonlu tirnaga sahip sigir grubunda ise
0,58 ppm oldugunu belirtmekte ve saghkli sigir
grubunda tirnak dokusu Cu diizeyinin tirnak lezyonu
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bulunan sigirlara gére daha distik diizeyde oldugunu
bildirmektedir. Baggott ve ark. (1988), saglikh
sigirlarda tirnak duvart ve tirnak tabant Cu seviyesinin,
lezyonlu tirnaga sahip sigirlara goére daha dusik
seviyede oldugunu belirtmislerdir. Saglkli ve tirnak
lezyonu bulunan sigirlarda Cu  seviyesinin tirnak
duvarinda daha fazla oldugunu belirtilmektedir
(Baggott ve ark. 1988). Akin (2008), sagliklt sigirlarda,
Cu seviyesinin tirnagin taban bélgesinde 1,1 ppm,
beyaz cizgi bélgesinde 1,1 ppm ve Okge bélgesinde
1,0 ppm oldugunu ve bu Cu dizeyleri ile trnak
bélgesi arasinda  istatistiksel anlamli  bir fark
gozlenmedigini  belirtmektedir. ~Ayni  zamanda,
lezyonlu tirnaga sahip sigirlarda Cu  seviyesinin,
saglikli sigirlara gére daha yiksek seviyede oldugunu
aktarmaktadir (Akin, 2008). Bu calisgmada, saglikh
sigirlarin tirnak duvart Cu seviyesi 5180,23 ppb iken,
tirnak tabant Cu seviyesinin 2025,91 ppb oldugu
belirlendi. Lezyonlu tirnaga sahip sigirlarda ise

Cu seviyesi tirnak duvarinda 2453,13 ppb iken, tirnak
tabaninda 121,44 ppb olarak belitlendi. Diger
calismalara (Baggot ve ark. 1988) benzer olarak Cu
seviyesinin bu calismada da tirnak duvatrinda,
tabandan daha fazla oldugu tespit edildi. Saglikh
sigirlar  ile  lezyonlu tirnaga bulunan  sigirlar
karsilastirlldiginda, diger calismalardan farkli olarak
saglikll sigirlarin tirnak dokusu Cu seviyesinin daha
yiksek oldugu goézlendi. Bu calismada saglkl
sigirlarda tirnakta daha fazla Cu tespit edilmesi; Cu’in
sagliklt bir tirnak gelisimi i¢in 6nemli olmast ve
keratinizasyon siirecinde etkili bir iz element olmast
ile agtklanabilir (Lean ve ark.. 2013; Langova ve ark..
2020).

Korkmaz ve ark. (2020), saglikli sigirlarda tirnak
duvart Zn duzeyinin tabana gore daha yuksek
oldugunu aktarmislardir. Baggot ve ark. (1988),
sagliklt ve tirnak lezyonu bulunan sigirlarda, tirnak
duvart Zn seviyesinin, tirnak tabani Zn seviyesinden
daha fazla oldugunu bildirmislerdir. Saglikli ve
lezyonlu tirnaga sahip olan sigirlar karsilastirildiginda,
saghkl sigirlarda tirnak duvan ve tirnak tabani Zn
seviyesinin daha yiksek oldugu belirtilmektedir
(Baggot ve ark.. 1988). Kibar ve ark. (2016), sagliklt
sigirlarda tirnak tabani Zn seviyesinin, tirnak lezyonu
bulunan sigirlarda tirnak tabani Zn seviyesinden daha
yiksek oldugunu bildirmiglerdir. Sadeghi ve atk.
(2013), saglikh sigirlarda tirnak dokusu Zn seviyesini,
tirnak lezyonu bulunan sigirlara gére daha ylksek
seviyede oldugunu aktarmuglardir. Akin (2008), saglikl
sigirlarda tirnagin Zn seviyesinin en fazla beyaz cizgi
bolgesinde, daha sonra taban ve Oke¢e bolgesinde
bulundugunu, tirnak lezyonu bulunan sigirlarda ise
tirnaktaki en yiksek Zn seviyesinin taban Ulseri
bulunan sigirlarda, daha sonra beyaz ¢izgi hastaligt ve
Okce erozyonu bulunan  sigirlarda  oldugunu
bildirmektedir. Aynt zamanda tirnak lezyonu bulunan
sigirlarda tirnagin Zn seviyesinin, saglikh sigirlardaki
trnagin - Zn seviyesinden daha yiiksek oldugunu
belirtilmektedir (Akin, 2008). Sunulan bu calismada,
saglkli ve trnak lezyonu bulunan sigirlarin tirnak

duvart  ve  urnak  tabai  Zn  seviyeleri
karsilastirildiginda, tirnak duvart Zn seviyesinin daha
yiksek oldugu belitlendi. Bu c¢alismada, diger
calismalara benzer sekilde (Baggot ve ark.. 1988;
Sadeghi ve ark. 2013) saglikli sigirlarin tirnagin tirnak
tabant Zn seviyesinin tirnak lezyonun bulunan
sigirlardan daha yiiksek seviyede oldugu belirlendi.
Sagliklt tirnakta Zn seviyesinin yiiksek olmasi,
cinkonun tirnak sagliginda destek rolii saglamasindan
(Baggott ve ark.. 1988; Langova ve ark.. 2020)
kaynaklanmis olabilir. Aynt zamanda bu ¢alismada,
trnak duvart Zn dizeyinin tirnak tabani Zn
diizeyinden daha yiiksek oldugu gézlendi. Bu veriler
de literatlir verilerle Srtlismekte olup (Korkmaz ve
ark.. 2020), tirnak duvarinin, tabandan daha ytksek
dizeyde Zn icerigine sahip olmasinin, tirnak
duvarinin tirnaga destek saglamasinin yani sira, tabana
gore daha hizlh  biylmesiyle ilgili  oldugu
distinilmektedir (Shearer ve ark.. 2005; Shakespeare,
2009; Korkmaz ve ark.. 2020).

Korkmaz ve ark., (2020), saglikh sigirlarda tirnak
duvart ve tabant Mn seviyelerinin birbirine oldukc¢a
benzer oldugunu bildirmislerdir. Kibar ve ark., (2016),
saglikli sigirlarda tirnak dokusu Mn seviyesinin, tirnak
lezyonu bulunan sigirlara gére daha distik oldugunu
aktarmiglardir. Saglikli ve tirnak lezyonu bulunan
sigirlarda tirnak dokusu Mn diizeyleri
karsilastirildiginda, tirnak lezyonu bulunan sigirlarda
Mn seviyesinin daha yiiksek oldugu bildirilmektedir
(Akin, 2008). Sunulan bu ¢alismada, saglikl sigirlarin,
tirnak duvart ve tabant Mn seviyesinin, tirnak lezyonu
bulunan sigirlara gére daha disik oldugu belitlendi.
Sagliklt sigirlarin tirnak duvart ve tirnak tabant Mn
seviyeleri  karsilastirildiginda  tirnak  duvant  Mn
seviyesinin tirnak tabanindan yaklasik 6 kat daha fazla
oldugu tespit edildi. Tirnak duvart Mn seviyesinin
fazla olmasinda, Mn’in temel olarak keratinizasyonda
etkili ~ olmasindan  kaynaklandigi  distntldi
(Tomlinson ve ark., 2004; Lena ve ark., 2013).
Baggott ve ark., (1988), saglikli ve lezyonlu tirnagi
bulunan sigirlarda Se seviyelerini kargilastirdiginda
tirnak duvari ve tirnak tabaninda anlamb bir fark
olmadigini, 6ke¢e bélgesinde ise sagliklt sigirlardaki Se
seviyesinin daha disiik oldugunu aktarmuslardir. Besi
sigirlarinda yapilan bir ¢alismada, saglikhi tirnaga sahip
ve tirnak lezyonu bulunan hayvanlar 2 yil stiresince
takip edilmis, saglkli sigirlar ile tirnak lezyonu
bulunan sigirlarda tirnak dokusu (hem taban hem de
tirnak duvart) Se iceriginin birbirine yakin oldugu
aktarilmistir. Aymi  calismada, saglikli hayvanlarda
tirnak tabani ve duvart Se igeriginin tirnak lezyonu
bulunan hayvanlara gbére daha dusik oldugu
bildirilmistir (Jelinski ve ark., 2018). Sunulan bu
calismada, yukaridaki literatlr verilere (Jelinski ve ark.,
2018) benzer olarak saglikli sigirlarda tirnak duvart ve
tabant Se seviyesinin, tirnak lezyonu bulunan sigirlara
gore daha distk oldugu gozlendi. Saglkh ve tirnak
lezyonun bulunan sigir gruplarinda tirnak tabani Se
seviyesinin, tirnak duvarindan daha yiksek seviyede
oldugu gozlendi. Tirnak tabani Se seviyesinin daha
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ylksek olmasi, Se’un tirnak tabaninda gelisen oksidatif
hasara karst tirnak yapisint korumast (Andrieu, 2008)
ve boylece daha giicli ve ylksek kalitede bir tirnak
tabani sekillenmesinde etkili olmast ile agiklanabilir.
Sadeghi ve atk., (2013), saghkli sigirlarda serum Cu
seviyesinin, lezyonlu tirnag bulunan sigirlarin serum
Cu seviyesinden daha yiksek oldugunu tespit
etmislerdir. Akin (2008), sagliklt sigirlarda serum Cu
seviyesinin, lezyonlu tirnaga sahip olan sigirlarin
serum Cu seviyesinden daha vyiksek oldugunu
bildirmistir. Zhao ve ark., (2015), saglikli sigirlarda
serum Cu seviyesinin lezyonlu tirnaga sahip olan
sigirlardan daha ylksek oldugunu gézlemlemislerdir.
Sun ve atk., (2015), topallik skoru daha az olan
sigirlarda serum Cu seviyesinin ytksek, topallik skoru
daha yiiksek olan sigirlarda ise serum Cu seviyesinin
daha dustik oldugunu tespit etmislerdir. Bu ¢alismada,
saglikli sigir grubunda bulunan serum Cu seviyesi
287,31 ppb iken, lezyonlu tirnaga sahip olan sigir
grubundaki serum Cu seviyesini 462,85 ppb olarak
bulundu. Diger calismalardan farkli olarak saglikl
sigirlarin serum Cu seviyesi daha az tespit edildi.

Zhao ve ark., (2015), saghkh sigirlarda serum Zn
seviyesinin, tirnak lezyonu bulunan sigirlardan daha
yiksek seviyede oldugunu aktarmuglardir. Belge ve
ark., (2004), saglikl sigirlarda serum Zn seviyesinin,
topallik bulunan sigirlardan daha fazla Zn seviyesine
sahip oldugunu belirtmislerdir. Kili¢ ve ark., (2007),
topalligt bulunan sigirlarda serum Zn seviyesinin,
saghkli  sigirlara  gbére daha distik  oldugunu
bildirmislerdir. Akin (2008), saglikli sigirlarda serum
Zn seviyesinin, tirnak lezyonu bulunan sigirlardaki
serum Zn seviyesinden daha dusiik seviyede oldugunu
aktarmustir. Sadeghi ve ark., (2013), sagliklt sigirlarda
serum Zn seviyesinin, tirnak lezyonu bulunan
sigirlardan daha distk seviyede oldugunu bulmusglar
fakat  istatistiksel  olarak  anlamh  bir  fark
gbzlenmedigini bildirmislerdir. Seyrek ve ark., (2008),
saghkli, hafif, orta ve siddetli topal siit sigirlarinin
serum Zn ve Cu seviyelerinde 6nemli 6lctide bir fark
olmadigint aktarmiglardir. Sunulan bu ¢alismada, bazi
calismalara (Akin, 2008; Sadeghi ve ark., 2013) benzer
sekilde saglikli sigirlarin serum Zn seviyesinin, tirnak
lezyonu bulunan sigirlardan daha disik seviyede
oldugu gorildi.

Sadeghi ve atk., (2013), sigirlarda tirnak dokusu Cu ile
Zn seviyesi arasinda pozitif bir korelasyon oldugunu
aktarmuslardir. Korkmaz ve ark., (2020), saglikl
sigirlarda tirnak duvart Zn ve Cu seviyesi, Fe ile Cu ve
Zn duzeyleri arasinda pozitif korelasyon oldugunu
belirtmislerdir. Kibar ve ark., (2016), saglikli sigirlarda
tirnak dokusu Cu ile Zn duzeyi ve Fe ile Cu ve Zn
duizeyleri arasinda pozitif bir korelasyonun oldugunu
bildirmislerdir. Sunulan bu ¢alismada, saglikli sigir
grubunda hem tirnak tabani hem de tirnak duvart Cu
ile Zn seviyeleri arasinda, literatlirlere benzer olarak
(Sadeghi ve ark., 2013; Kibar ve ark., 2016; Korkmaz
ve ark.,, 2020) porzitif yoénde korelasyon oldugu
belirlendi. Saglikli sigirlarda, literatiirde bildirildigi gibi
(Kibar ve ark., 2016; Korkmaz ve ark., (2020) trnak

duvart Fe ile, Cu ve Zn diizeyleri arasinda pozitif bir
korelasyon oldugu tespit edildi.

Sadeghi ve ark., (2013), tirnak lezyonu bulunan
sigirlarda serum Cu ve Zn seviyeleri arasinda negatif
bir korelasyon oldugu aktarmistir. Korkmaz ve ark.,
(2020), saglikhi sigirlarda serum Cu ve Zn seviyeleri
arasinda  negatif ~ bir  korelasyon  oldugunu
saptamiglardir. Sadeghi ve ark., (2013) tirnak lezyonu
bulunan sigirlarda serum Zn seviyesi ile tirnak dokusu
Zn seviyesi arasinda negatif bir korelasyon oldugunu
belirtmistir. Aynt ¢alismada, lezyonlu tirnaga sahip
sigirlarda serum Cu seviyesi ile tirnak dokusu Cu
seviyesi arasinda pozitif bir korelasyon oldugu
bilditilmektedir (Sadeghi ve ark., 2013). Korkmaz ve
ark., (2020), sagliklt sigirlarda serum Fe ile Cu ve Zn
seviyeleri arasinda pozitif bir korelasyon oldugunu
saptamiglardir. Sunulan bu ¢alismada, tirnak lezyonu
bulunan sigirlarda, serum Zn ile Cu seviyeleri arasinda
literatiire benzer olarak (Sadeghi ve ark., 2013) negatif
yonde anlamli bir korelasyon oldugu belitlendi. Tirnak
lezyonu bulunan siirlarda, serum Zn seviyesi ile
tirnak duvart ve tabani Zn seviyesi arasinda
literatirden farkli olarak (Sadeghi ve ark., 2013)
pozitif bir korelasyon saptandi. Ayni calismada,
lezyonlu tirnaga sahip sigirlarin serum Cu seviyesi ile
tirnak duvart ve tabant Cu seviyesi arasinda negatif bir
korelasyon oldugu ancak; bu korelasyonlarin zayif ve
istatistiksel acidan anlamli olmadigt belirlendi. Saglikli
sigirlarda literatiire benzer olarak (Korkmaz ve ark.,
2020) Fe ile Cu ve Zn diizeyleri arasinda pozitif bir
korelasyon oldugu tespit edildi.

SONUC

Sonug¢ olarak; lezyonlu tirnaga sahip sigirlarda tirnak
dokusu Mn, Fe ve Co diizeylerinin saghkli sigirlara
gore daha yiiksek oldugu, diger taraftan tirnak lezyonu
bulunan sigirlarda tirnak tabani Cu ve Zn dizeyinin,
sagliklt sigir grubuna gbre daha disik oldugu
gozlendi. Tirnak sagligt acisindan Mn, Cu ve Zn gibi
iz elementlerin olduk¢a 6nemli oldugu, tirnak tabani
Cu ve Zn seviyesi distk olan sigirlarda tirnak lezyonu
oraninin artt1dl séylenebilir.

Cikar catigmasi: Yazarlar bu yazt icin gercek,
potansiyel veya algtlanan c¢ikar ¢atismast olmadigint
beyan etmislerdir.

Yazarlarin Katki Orani: 'BK:% 60, 2MK: % 40

Etik izin: 'Bu ¢alismaya AKU HADYEK 25.12.2019
tarih ve 179 sayili izni ile baslanmistir.

2Bu yazida sunulan veri, bilgi ve belgeler akademik ve
etik kurallar cercevesinde elde edilmistir.

Finansal destek: Bu calisma, Afyon Kocatepe
Universitesi Bilimsel Arastirma Projeleri
Koordinasyon Birimi tarafindan 20.SAG.BIL..03 proje
numarasi ile desteklenmistir.
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Acgiklama: Bu calisma, ayni baslikli yiksek lisans
tezinden Ozetlenmis olup XVII. Ulusal ve IIL
Uluslararast Veteriner Cerrahi Kongresinde (2022)
Ozet bildiri olarak sunulmustur.
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ABSTRACT

In recent years, the interest in herbal medicinal products has been increasing with the development of advanced
formulation technologies related to the use of the medicinal and aromatic plants. These developed products are
used to treat wounds and burns quickly and effectively. In this study, the effectiveness of containing energized
oxygen molecules herbal product on wound healing was evaluated by in vitro and in vivo studies for the first
time. Within the scope of the study, the biological activities of Hypericum perforatum L. medicinal oil, energized
oxygen molecules base were determined. Results of this study showed that the base containing energized oxygen
molecules and the medicinal oil of Hypericum perforatum 1. had antimicrobial activity on pathogen test
microorganisms and did not have a toxic effect on human dermal fibroblast cells. It has been determined that the
herbal product containing energized oxygen molecule is effective in second degree deep burns. It is thought that
the wound-healing effect of the product is realized thanks to its antimicrobial, antifungal, antioxidant and cell
proliferation-increasing effect. In line with future clinical studies, the product has the potential to be used in the
treatment of second-degree burns.

Keywords: Energized oxygen molecules Hypericum perforatum 1., Wound healing
ko

Enerjilendirilmis Oksijen Molekiilleri Igeren Bitkisel I¢erikli Uriiniin Yara Iyilesmesi Uzerindeki
Etkinliginin Degerlendirilmesi

(074

Son yillarda, tibbi ve aromatik bitkilerin kullantimuiyla ilgili ileri formilasyon teknolojilerinin gelismesi ile birlikte bitkisel
icerikli medikal triinlere olan ilgi giderek artmaktadir. Geligtirilen bu triinler, yara ve yantklarin tedavisini hizli ve etkili
bir sekilde gerceklestirebilmektedir. Bu calismada, ilk kez enerjilendirilmis oksijen molekild igeren bitkisel icerikli
driniin yara iyilesme Uzerindeki etkinligi in vitro ve in vivo c¢alismalar ile degerlendirilmistir. Calisma kapsaminda,
Hypericum perforatum L. tibbi yag1 ve enerjilendirilmis oksijen molekili iceren bazin biyolojik etkinligi belirlenmistir. Bu
calisma sonuclari, enetjilendirilmis oksijen molekiilleri iceren bazin ve Hypericum perforatum L. tibbi yaginin patojen test
mikroorganizmalart tzerinde antimikrobiyal etkinliginin bulundugunu ve insan dermal fibroblast hiicreleri tizerinde
toksik bir etkisinin bulunmadigini géstermistir. Enerjilendirilmis oksijen molekiild iceren bitkisel icerikli Grtiintin ikinci
derece derin yaniklarda etkili oldugu belirlenmistir. Urtiniin yara iyilestirici etkinliginin antimikrobiyal, antifungal,
antioksidan ve hiicre proliferasyonunu artirict etkisi sayesinde gerceklestigi diisiiniilmektedir. Tleride yapilacak klinik
calismalar dogrultusunda uriin ikinci derece yaniklarin tadavisinde kullanilabilme potansiyeline sahiptir.

Anahtar Kelimeler: Enerjilendirilmis oksijen molektlleri, Hypericum perforatum L., Yara iyilesme
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GIRIS

Deri, organizmanin canliigini sirdirebilmesi icin
gerekli bircok fonksiyonu yerine getirmektedir. Deri
butinliginin ve isleyisinin ¢esitli faktorler ile
bozulmasina yara adi verilmektedir. Bu isleyisin
yeniden saglanmast ve doku butiinliginin yeniden
kazanilmasi ise yara tyilesmesi olarak
tanimlanmaktadir. Hemostasis, inflamasyon,
proliferasyon ve maturasyon evrelerinden olusan yara
tyilesme siirecinde cesitli biyokimyasal ve hiicresel
stregler ile hiicresel yapilar ve doku tabakalat1 yeniden
olusturulmaktadir. Yanik yaralar; derinlik, alan
genisligi ve yaniga neden olan etmenlere gére farkl
sekillerde siniflandirlmaktadir. En yaygin
stniflandirma ise  yamgin  deri  katmanlarinda
olusturdugu hasar degerlendirilerek yapilan derinlik
siniflandirmasidir. Derinliklerine gore yaniklar; birinci,
ikinci, tg¢tnct ve dordinci derece yaniklar olmak
tzere dort ayrt grupta incelenmektedir ( Markiewicz-
Gospodarek ve ark. 2022; Noor ve ark. 2022). Birinci
derece yaniklar; derinin epidermis tabakasi adi verilen
en Ust katmaninin etkilendigi yaniklardir. Bu nedenle
yanik alani kirmizi, kuru ve agrilidir. Genellikle birkag
giin icinde yara izi birakmayacak sekilde iyilesebilir ve
yaralanmadan sonraki birka¢ gln icinde epitelyumda
kabuklasma gorilmektedir (O'Brien ve Billmire 2008).
Ikinci derece yaniklarda ise, derinin dermis ve
epidermis tabakast etkilenmektedir. Bu tip yaniklar;
genellikle sicak su ile haslanma, alev veya sicak cisim
ile temas sonucunda olusmaktadir. Ikinci derece
yaniklar; doku hasarinin daha fazla oldugu agrili ve
iltihaplanmaya actk  yaniklardir  (Hussain  2013).
Uglincii derece yaniklarda ise epidermis, dermis ve
hipodermisden olusan derinin  tim katmanlar
etkilenmektedir ve bu yaniklarin kendi kendine
iyilesebilme Gzelligi yoktur. Yanik alaninin  rengi
pembe-kirmizidan kahverengi ve beyazimsi, sarimsi
renge doner ve agri duyusu kaybolmustur. Ugiincii
derece yaniklarda cerrahi tedavi uygulanmadiginda
skar gelisimi, sepsis, mortalite riski artmaktadir.
Dermal ve epidermal yapilar canliliint yitirdigi icin
yara kenarindan tekrar epitelize olarak iyilesme
strecine gegebilir. Dérdincti derece yaniklar; kas,
tendon ve kemiklerin etkilendigi olduk¢a derin
yaniklardir. Bu tip yaniklar mutlaka cerrahi uygulama
gerektirmektedir, defektlerin kapatilmast veya bazi
olgular icin ampiitasyon islemi gerekli olabilmektedir
(Patel ve ark. 2008; Suha ve Sanam 2022).

Yara iyilesme sirecinde ideal ortam kosullarinin
saglanmasi oldukgca Oonemlidir. Doku
rejenerasyonunda kullamilan Griinler arasinda yer alan
yara-yantk kremleri; ¢ziintrlitkleri, etkili etken madde
salimlari, yara-yanik bolgesine kolayca uygulanabilir
olmalar1 gibi avantajlara sahip olduklar icin yaygin
olarak kullanilir. Enerjilendirilmis oksijen molekiilleri
cok giiclii dezenfektan Ozellikleri ile ortamin
mikrobiyolojik dengesinin saglanmasinda oldukea
onemlidir. Kararsiz  bilesikler olup, belitli  bir
yartlanma stresi sonunda enerjilerini yitirip tekrar notr

oksijen molekiillerine donustrler. Serbest radikal
olmadiklart icin ozon olarak Dbilinen triozon
molekiillerinden ayrilirlar. Gines 1sinlart veya 254 nm
dalga  boyu  isinlart  oksijen = molekillerini
enerjilendirilmis oksijen tirevlerine dontstirirler.
Oksijen molekiilleri, bu enerji sayesinde birbitleri
arasinda gecici baglar olusturularak enerji depolar.
Profoks jeneratorii, radyoaktif olmayan plazma
treterek  havadaki oksijeni tpki glnes gibi
enerjilendirebilir. Sistem verimi %95’in Uzerindedir,
bu sayede manyetik strtiinme en az seviyede olur ve
yuksek 1st agiga ¢itkmaz. Boylece, az miktarda elektrik
enerjisi harcayarak havadan elde ettigi oksijeni
enerjilendirilmis oksijen molekillerine déntstirebilir
(Tecer ve Gundiz 2021). Enerjilendirilmis oksijen
molekilllerinin yag igerisinde tutunma orani fazla
olup, c¢esitli krem formilasyonlarinda baz olarak
kullanilabilir.
Tibbi ve aromatik bitkiler arasinda yer alan, Hypericum
perforatum - L. halk arasinda yamk ve vyaralarin
iyilesmesini hizlandirmak igin yaygin olarak kullanilir
(Altan ve ark. 2015; Nobakht ve ark. 2022).
Turkiye'de ve Avrupa'da yayilis gosteren H. perforatum
L., Hypericaceae (Guttiferae) familyasinda yer alir. H.
perforatum L. halk arasinda "sar1 kantaron, binbirdelik
otu" olarak adlandirilir, ¢ok yillik, sart ¢icekli bir
bitkidir. H. perforatum L. igerdigi hypericin, hyperforin,
quercetin, rutin, campferol, myricetin ve hyperoside
gibi biyoaktif bilesenler sayesinde, yara ve yanik
tedavisi basta olmak lzere, sarilik, sitma, tiiberkiiloz,
diyabet ve cesitli enfeksiyonlari tedavi etmek icin
kullanilir (Celen ve ark. 2008, Saddique ve ark. 2010,
Adams ve Graves 2013, Eroglu ve ark. 2019; Erdal-
Aluntas ve Erdogmus 2023). Siintar ve arkadaslari; H.
perforatum L’un antienflamatuar etki gosterdigini,
enfeksiyona direnci ve fibroblast gdciinii arttirdigint
kolajen birikimi sagladigint rapor etmistir (Suntar ve
ark. 2010). H. perforatum L.un vyara iyilestirici
aktivitesinin,  fibroblastik  aktivite ~ve  kolajen
sentezindeki artigtan kaynaklandigini rapor eden
calismalar da mevcuttur (Oztiitk ve ark. 2007,
Yalcinkaya ve ark. 2022; Parin ve Deveci 2023).
Bu calisma kapsaminda, H. perforatum L. tibbi yagi ve
enerjilendirilmis  oksijen molekilleri iceren bazin
biyolojik aktiviteleri belirlenmistir. Enerjilendirilmis
oksijen molekiilleri iceren baza H. perforatum tibbi yagi
eklenerek hazirlanan drinun yanik yarasi iyilestirme
etkinligi ilk kez in vitro ve in vivo c¢aligmalar ile
degerlendirilmistir.
MATERYAL ve METOT
Bitki Materyali ve Bitki  Orneklerinin
Hazirlanmasi
H. perforatum L. bitkisi 2021 yilinin haziran-temmuz
aylarinda, Afyonkarahisar, Merkez, Erkmen beldesi,
bélgesinden  toplanmis  ve  teshis  edilmistir
(Herbaryum Kayit No: AKU-10964). Bitkinin toprak
196



Usti kisimlart gblgede kurutularak, ince toz halinde
ogutilmus ve steril siyah cam kavanozlarin icerisinde
oda sicakliginda muhafaza edilmistir. Kurutulmus ve
toz haline getirilmis 50 g H. perforatum bitkisinin
toprak ustd kisimlart 500 ml zeytinyagt (Kristal
Natural Sizma Zeytinyagi-Kristal Ticaret ve Sanayi
Kontuvart  A.S) iceren koyu renkli, steril cam
kavanoza yetlestirilmis ve kavanoz 4 hafta boyunca
giinde 12 saat glines 1s1g1nda tutularak tibbi yag elde
edilmistir (Suntat ve ark. 2010).

Enerjilendirilmis Oksijen Molekiilleri Igeren Baz
Elde Edilmesi

Enerjilendirilmis oksijen molekiilleri (EOM) iceren
baz, Profoks cihazi kullanilarak elde edilmistir (Tecer
ve Gundiz 2021). Bu jeneratér, saf oksijeni
enetjilendirilmis oksijen molekillerine
dontstiirebilmektedir. Bu olusumunun gerceklestigi
reaktorlerde 254 nm dalga boyunda siddetli UV
radyasyonu  elektron  sintilatorleri  aracihgr ile
olusturulur. Nano delikler iceren bu sintilatotlerden
gecen elektronlar 254 nm dalga boyunda plazmik
1simaya neden olur. Kapasitér yapidaki bu reaktor bir
bobin tarafindan belli bir rezonans frekansinda
indiiklenerek LC rezonans devresinde elektronlarin
nano tiiplerden gecebilmesi icin reaktérler AC 50.000
volt potansiyelde indiiklenir. Bu sistemler araciligs ile
uretilen tetra oksijen, zeytinyagi gibi bir¢ok bitkisel
yaga emdirilme potansiyeli sahiptir. Bu c¢alismada,
enetjilendirilmis  oksijen molekillleri iceren baz
olusturulmast icin zeytinyagi kullanilmstir.

Antimikrobiyal Aktivite Caligmalarinda
Kullanilan Test Mikroorganizmalari
Antimikrobiyal aktivite belirlenmesinde,
Afyonkarahisar Saglik Bilimleri Universitesi, Eczacilik
Fakiiltesi, Temel Eczaciik Bilimleri Bolimd,
Farmasotik  Mikrobiyoloji  Anabilim  Dali  kiltiir
koleksiyonunda mevcut olan; L. monocytogenes ATCC
19115, S. aurens ATCC 25923, K. pneumoniae NRRLB
4420, P. aeruginosa ATCC 11778, E. faecalis ATCC
51289, E. cli ATCC 35218, B. subtilis NRS 744, §.
anrens ATCC 6538, E. coli ATCC 25922, P. aernginosa
ATCC 27853, S. aurens ATCC 12600, C. albicans
ATCC 10231 test mikroorganizmalari kullanilmustir.

In Vitro Sitotoksisite Caligmalari

H. perforatum L. tibbi yag ve EOM igeren bazin insan
deri fibroblast (HDFa) hiicte hattt (ATCC, PCS-201-
012) dtzerindeki sitotoksik etkisi MTT yontemi
kullanilarak belitlenmistir. Hucreler nemli ortamda,
%5 CO; inkiibatérinde 37 °C'de cogalulmistir.
Besiyeri olarak icerisinde %10 (v/v) oraninda 1st ile
inaktive edilmis fetal buzagt serumu (FBS; Fetal
bovine serum), %1 (v/v) oraninda penisilin
streptomisin ve %1 (v/v) oraninda (1 mM) glutamin
iceren DMEM (Dulbecco's Modified Eagle Medium)
besiyeri kullanilmustir. Absorbans degerleri dogrudan
canlt hiicre sayist ile orantilidir. MTT analizleri 96
kuyucuklu pleytler kullanidarak yapdmistr. Her bir

kuyucuga 200 pl medium icerisinde 2X10* sayida
htcre ekilerek 37 °C'de inkiibe edilmistit. En az %70
konfluent olan tubbi yag ve EOM iceren baz
eklenerek 37 °Cde 24 saat inkibe edilmistir.
Inkiibasyon sonunda her bir kuyucuga 20 ul MTT
cozeltisi (5 mgml!, PBS igerisinde) eklenerek 37
°C'de 2-4 saat inkibe edildikten sonra hicrelerden
MTT boyast uzaklagtirilarak her bir kuyucuga 200 pl
DMSO eklenmis ve 5 dakika inklibe edilmistir. Renk
degisimi, ELISA plaka okuyucusunda 570 nm dalga
boyunda okutularak belirlenmistir. Kontrol hiicre
canliligt %100 olarak kabul edilerek, deney
hiicrelerinin canlilik oranlar asagida belirtilen formtile
gore hesaplanmigtir (Denizot ve Land 1986).

% Hicre canliligi = (6rnegin absorbans degeri/
kontroliin absorbans degeri )*100

Antimikrobiyal Etkinligin Belirlenmesi

H. perforatum L. tubbi yag ve EOM iceren bazin
antimikrobiyal etkinliklerinin belitlenmesi i¢in patojen
test mikroorganizmalart kullanilmistir. Antimikrobiyal
aktivite  tayini  i¢in = minimum  inhibisyon
konsantrasyonu (MIK) ve disk difiizyon yontemi
kullandmistir (CLSI 2016). Ttim calismalar t¢ tekrarlt
olacak sekilde calistimustir.

Tibbi yag ve enerjilendirilmis oksijen molekiilleri
iceren bazin MIK degerlerini belirleyebilmek icin, test
mikroorganizmalar1 37 °C'de, 24 saat siireyle inkiibe
edildikten sontra mikroorganizmalar 0.5 Mc Farland
bulaniklik derecesine getirilmis ve 96 kuyucuklu
mikrotitrasyon plakalarina her bir test
mikroorganizmasindan 100 pl (105-10¢ kob.ml!)
eklenmistir. Daha sonra tibbi yag ve EOM igeren baz
yar1 yariya seyreltilerek her bir konsantrasyondan 100
ul kuyucuklara ilave edilmis ve 37 °C'de, 24 saat
inkiibasyona birakilmistir. Inkiibasyondan sonrasinda
bakteriyel ~biylime, her bir bilesigin buiylme
inhibisyonunun MIK degerini belirlemek igin ELISA
cihazinda Sl¢lim yapilarak belitlenmistir (CLSI 2002,
CLSI 2000).

Disk  diftizyon  testi  i¢in,  patojen  test
mikroorganizmalar: Miieller Hinton Broth (MHB)
besiyerinde 37 °C'de 24 saat inkiibe edilmistir. Daha
sonra mikroorganizmalar 0.5 Mc Farland bulaniklik
derecesine getirilmistit. Mc Farland bulanikligina
getirilen kiltirden 0.1 ml alinarak Miueller Hinton
Agar (MHA) katt besiyerine yayma ekim yapilarak,
test edilecek tibbi yag ve EOM igeren baz
konsantrasyonlart  bos steril disklere (6 mm)
emdirildikten sonra petrilere yerlestirilmistir. Daha
sonra petriler 37 °C'de 24 saat inkiibasyona
birakilmustir. Inkiibasyondan sonra olusan inhibisyon
zon caplart  Olgilerek  kontrol grubuna  gbre
degerlendirilme yapilmustir. Pozitif kontrol grubu
olarak genis spektrumlu antibiyotikler olan penisilin
(10 mg.ml"), amikasin (30 mg.ml") ve flukonazol (10
mg.ml!) kullanimigtir.
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Oksidan-Antioksidan  Aktivitesi ve Toplam
Fenolik Icerik Belirlenmesi

H. perforatum L. tibbi yagin oksidan, antioksidan
aktivitesini  belitleyebilmek icin TAS/TOS kit
kullantlmigtir. Sonuglar pmol H2O2 Eq.l! olarak ifade
edilmistir (Erel 2005). Antioksidan aktivite sonuclart
mmol Trolox Eq.I'! olarak ifade edilmistir (Erel 2004).
Toplam fenol miktar1 Folin-Ciocaltaecu yontemine
(Gamez 1999) gore yapilmustir. 150 pl 6rnek, 150 pl
Folin Ciocaltacu reaktifi (%50) ve 3 ml sodyum
karbonat ¢6zeltisi (%2) deney tipiine karistrilarak 30
dakika oda sicakliginda bekletilmistir. Siire sonunda
¢ozeltilerin absorbanslari UV-Vis
spektrofotometresi'nde 760 nm'de okunarak toplam
fenol miktarlars; gallik asit ile cizilen kalibrasyon
egrisinden, mg gallik asite esdeger olacak sekilde
hesaplanmustir.

Enerjilendirilmis Oksijen Molekiilleri Igeren
Bitkisel Igerikli Uriin Hazirlanmas1

1lk olarak profoks jeneratérii kullanilarak EOM iceren
krem bazt elde edilmistit. Bu krem bazina yara
iyilestirme 6zelligi kazandirmak amactyla H. perforatum
L. tibbi yag1 eklenmistir. En uygun formilasyon (Fz)
ise triin degerlendirme ¢alismalarinda kullanilmugtir.
Fi:EOM iceren baz+ H. perforatum L. tibbi yagi (1:1 v/v)
F2:EOM iceren baz+ H. perforatum L. tibbi yagi (2:1 v/v)
F3:EOM iceren baz+ H. perforatum L. ubbi yagt (3:1 v/v)
F4EOM iceren baz+ H. perforatum L. tubbi yag1 (4:1 v/v)
Fs:EOM iceren baz+ H. perforatum L. tubbi yag1 (5:1 v/v)

In Vitro Biyouyumluluk Degerlendirilmesi

EOM igeren bitkisel icerikli iirtiniin HDFa hiicre hattt
tzerinde  biyouyumlulugunun  belitlenmesi  i¢in
trinlerin ekstraklart kullandmustir. Ekstraksiyon icin
Ornekler bir saat UV 1s181nda sterilize edildikten sonra
icerisinde DMEM besiyeri bulunan 24 kuyucuklu
plakalara eklenmis ve hiicreler eklenmeden 6nce bir
gece boyunca 37 °C’de inkiibe edilmistir. Daha sonra
her bir kuyucuga 0,2X10¢ hiicre eklenerek 37 °C'de
%5 COg igeren ortamda 24, 48 ve 72 saat slre
boyunca inkiibe edilmigtir. Belirlenen  stireler
tamamlandiginda kuyucuklardaki besiyeri
uzaklagtirlarak her kuyucuga 100 ul taze DMEM
besiyeri ile 50 ul MTT ¢ozeltisi eklenmistir. Hucre
kiltiir plakalart karanlik ortamda 4 saat streyle inkiibe
edilmigtit (37 °C'de, %5 COj). Bu sire sonunda
kuyucuklardaki besiyeri uzaklastirilarak, her kuyucuga
100 pl DMSO ¢6zeltisi eklenmistir. Ardindan plakalar
30 dakika siireyle karanlik bir ortamda bekletilmis ve
cozeltiler pipetaj sonrast yeni plakalara aktarilarak
ELISA Microplate Reader yardimiyla 570 nm dalga
boyunda absorbans degerleri Olgiilerek % hiicre
canliligi  belirlenmistir. Icerisinde sadece besiyeri
bulunan  kuyucuklar  kontrol = grubu  olarak
kullanilmugtir (Demirci ve ark. 2020).

In Vivo Caligmalar

In vivo galismada 250-300 g agirliginda Wistar albino
tird erkek sicanlar kullanilmistir. Sicanlar deney
hayvanlart  Unitesindeki  kafeslerinde; 24+1 °C
sicaklikta, 12 saat 1sik/karanlilk ve  duzenli
havalandirilan  ortamda bulundurulmustur. Afyon
Kocatepe Universitesi Deney Hayvanlar
Laboratuvari'nda sicanlar tizerinde ikinci derece yanik
olusturularak in vivo caligmalar yapilmistir. Ikinci
derece yanik olusturmak amaciyla; 12 saat ac
birakidmis deneklere 87 mg.kg! ketamin ve 13 mg.kg!
ksilazin kullanilarak anestezi uygulanip deneklerin
vicut yizey alanlarinin %10'unu gegmeyecek sekilde
1x1 cm'lik 2 adet metal plak 30 saniye kaynar suda
bekletildikten sonra deneklerin tiras edilmis sirtlarina
10 saniye basilt tutulmustur. Béylece her denegin sirt
bolgesinde 1x1’cm’lik  karsihkli iki yanik bolgesi
olusturulmustur. Bu calismada; 48 adet erkek sican
kullanilarak her biri rastgele secilmis 12 sicandan
olusan 4 grup olusturulmustur. Birinci grup, negatif
kontrol (NK) grubu olarak kullanilmis olup bu
gruptaki sicanlara herhangi bir terOpatik ajan
uygulanmamustir. Ikinci grup; pozitif kontrol (PK)
grubuna, ticari olarak satilan yara iyilestirme etkinligi
bilinen Centella asiatica bitkisinin titre edilmis ekstresini
iceren krem (Madecassol) uygulanmustir. Uglincii grup
EOM igeren baz ve dérdinci grup ise EOM igeren
bitkisel icerikli irtin olacak sekilde uygulanmigtir. Her
gruptan yanik olusumu sonrasi 0., 3., 7., 14., 21. ve 28.
ginlerde 3'er sican Ornekleme icin anestezi altina
alintp her yara bolgesi en genis yara kismini icine
alacak sekilde biyopsi yapildiktan sonra nétral buffer
formalin ile fikse edilerek sicanlar anestezi altinda
dekapitasyon sekliyle 6tenazi  edilmistir.  Alinan
orneklerin histopatolojik incelemeler icin
hazirlanmasi, yaralarin reepitelizasyon, graniilasyon
dokusu, kolajen birikimi, inflamatuar hicre varhgy,
anjiyogenezis ve tlser kriterleri bakimindan histolojik
yara iyilesmesinin degerlendirilmesi
gerceklestirilmistir. Histopatolojik degerlendirmeler
icin alnan deri Ornekleri %10’luk tamponlanmis
formalinde 1 hafta stre ile fikse edilmistir. Deri
dokusu 6rnekleri akan ¢esme suyunda bir gece ytkama
islemini  takiben, artan  derecelerdeki  etanol
serilerinden  (%50-%100) ve ksilen serilerinden
gecirildikten  sonra 58 °C’de erimis parafin
infiltrasyonunu takiben parafin bloklara gémulmiistur.
Parafin bloklardan mikrotom (Leica RM2245) ile 5-7
pm kalnhgindaki kesitler lamlar tzerine alindiktan
sonra bu kesitler hematoksilen-cosin  boyama
yontemiyle boyanip yara iyilesme skalasina gore
degerlendirilmistir. Boyanmis olan kesitler, arastirma
mikroskobunda (Nikon Corporation, Tokyo, Japan)
incelenerek fotograflanmistir. Istatistiksel Analizler
Calisma sonucunda elde edilen veriler varyans analiz
testleri SPSS 22.0 versiyonu (SPSS Software, IBM,
ABD) kullandarak One Way ANOVA testi ile
degerlendirilmistir.
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BULGULAR

H. perforatum L. tibbi yaginin ve EOM iceren bazin
HDFa hiicreleri tizerinde 24, 48 ve 72 saat boyunca
sitotoksik etki gOstermedigi belitlenmistit. H.
perforatum L. tibbi yaginin konsantrasyon artisina baglt
olarak 24. ve 48. saatlerde hiicre canliligt degerlerinde
artty gostermistir. En yiksek hiicre canliligr 24. saatte
1/1 konsantrasyonda (seyreltimemis tbbi yag)
%129,09 olarak belirlenmistir (Sekil 1). Yanik kremi
formiilasyonunda krem bazi olarak kullanilan EOM
iceren krem bazinin HDFa hiicreleri tizerinde 24. ve
48. saatlerdeki hiicre canlilifi degerlerinin kontrol
grubuna gbre daha yiksek oldugu belirlenmigtir.
Ayrica konsantrasyon artisina bagli olarak hiicre
canlilig degerleri de artig gOstermistir. 72. saatte ise
1/4ten dusik konsantrasyonlarda hucre canlilift
kontrol grubuna gore disik olup 1/4'in tzerindeki
konsantrasyonlarda hiicre canlihigi kontrol grubuna
gore yiksek degerler gOstermistir. 72. saatte genel
olarak htcre canliligt sonuglart tim
konsantrasyonlarda 24 ve 48. saate gére azalmustir. En
yuksek hiicre canliligi  ise 24.  saatte  1/1
konsantrasyonda %134,00 olarak belirlenmistir (Sekil
2). Tum veriler, Graph Pad Prism 9 (GraphPad
Software, Inc., USA) programinda One Way
ANOVA, Tukey’s c¢oklu karsilastirma testi ile
istatistiksel analizleri yapidmistir. p< 0.05 degeri
istatistiksel olarak anlamlt bulunmustut.

H. perforatum 1.. tbbi yaginin ve EOM iceren bazin
antimikrobiyal etkinliklerinin belirlenmesi icin MIK
ve disk diftizyon yontemi kullandmistir. Patojen test
mikroorganizmalarina karst MIK degerleri Tablo 1°de
gOsterilmistir.

Patojen test mikroorganizmalart tizerindeki inhibisyon
etkileri Tablo 2’de gosterilmistir. Konsantrasyon
artisina baglt olarak antimikrobiyal etkinlikte de artis
gOrilmustir. Tibbi yag saf olarak uygulandiginda
antimikrobiyal etkinligin oldugu fakat seyreltme
yapildtkca  bu  etkinin  azalarak  kayboldugu
belitlenmistit. EOM  iceren baz saf olarak
uygulandiginda daha ylksek degerlerde antimikrobiyal
etkinlik belirlenmistir. Ozellikle, . aurens ATCC 6538,
S. aurens ATCC 25923 ve C. albicans ATCC 10231
tzerinde porzitif kontrol kadar etkili oldugu
saptanmistir.

Tibbi yagin TAS, TOS ve OSI degerleri ve toplam
fenolik icerik miktarr Tablo 3’te gOsterilmistir.
Toplam fenol miktar: igin gallik asit ile hazirlanan
standart grafik kullaniarak belirflenmistir. (R2=0,994).

Biyolojik aktivite belitleme calismalarindan elde edilen
veriler dogrultusunda EOM iceren baz ve iyilestirme
etkinligini artirmak amactyla H. perforatum L. tibbi yag1
kullantlarak farkll formuller (Fi, F», Fs, Fi, Fs)
hazirlanmistir. F4 ve Fs numarali formiller in vitro ve
in vivo ¢aligmalar i¢in uygun gorillmedigi icin in vitro
calismalarda Fy, Fo, F; formilasyonlart kullantlmistir.
Bu formilasyonlarin HDFa hiicreleri tzerinde
biyouyumluluklari 24, 48 ve 72 saat periyotlarinda test
edilmistir. Test edilen formiilasyonlarin 24 saat

periyodunda kontrol grubuna gére hiicre canliliginin
yuksek oldugu saptanmustit. En  yiksek
biyouyumluluk, F, formilasyonunda saptanmustir
(Sekil 3). Bu nedenle in vivo calismalarda triin olarak
F> formilasyonu kullandmistir. Elde edilen veriler
Graph Pad Prism 9 (GraphPad Software, Inc., USA)
programinda One Way ANOVA, Tukey’s coklu
karsilagtirma testi ile istatistiksel olarak
degerlendirilmigtir (p= 0.05).

In vivo calisma gruplarnin  Image] programi
kullanilarak  6lcilen  yanik  alanlarinin  iyilesme
yluzdeleri Tablo 4 ve Sekil 4te gosterilmigtir.
Arastirmadan elde edilen sonuglar, SPSS 22.0 istatistik
paket programinda One Way ANOVA testi
uygulanarak yapilmustir. Istatistiksel fark bulunan
sonuglara Duncan testi uygulanmus, veriler "ortalama
* standart sapma" olarak ifade edilmistir. Istatistiksel
anlamlilik icin p< 0.05 kabul edilmistir (Tablo 4). In
vivo  caligma  gruplarinda  kullandan  deney
hayvanlarinin  agithklarinda  gruplar  arasinda  ve
zamana bagh olarak herhangi bir istatistiksel farklilik
belirlenmemistit.

Yapilan histopatolojik incelemede hemotoksilen-
eozin ile boyanan preparatlarda iyilesme stirecini takip
etmek icin inflamasyon, damarlanma ve fibroblastik
aktivite 0., 3.7., 14.,, 21. ve 28 glnlerde alinan
biyopsiler ile degerlendirilmistir (Sekil 5, Tablo 5).
Her bir parametre i¢in kontrol ve tedavi gruplar
karsilastirilmistir. Birinei giin alinan biyopsilerde yanik
derinligi degerlendirilmis ve ikinci derece derin yanik
olusturuldugu  belitlenmistir. Calismamizda, re-
epitelizasyon degerlendirmesinde yapilan
histopatolojik inceleme sonucu 3 ve 7. glnler arasinda
trtin ve PK gruplarinda orta diizeyde epitel olusumu
gozlenirtken EOM igeren baz grubunda hafif ve NK
grubunda yok denecek kadar az oranda belirlenmistir.
14., 21. ve 28. glinlerde ise trin ve PK gruplarinda
yiksek dizeyde reepitelizasyon gorilmistiur. Epitel
hiicrelerin =~ keratinosit ~ migrasyonuyla  temelini
sagladig, hasarli alanda yeniden bir bazal laminanin
kurulmast reepitelizasyon ile olusturulur, maturasyon
faziyla da saglamlastrilir (Broughton 2006, Sgvamang
ve ark. 2007, Velnar ve ark. 2009, Leong ve ark.
2017). Dolayistyla yara iyilesmesinin  en Onemli
bilesenlerinden biri olan reepitelizasyonun, kaliteli bir
yara iyilesmesi elde edilebilmesi icin ylksek oranda
olmast  gerekir. Neovaskdilarizasyon — diizeyi
incelendiginde irtin ve PK gruplarinda 7. glinden
itibaren ylkseldigi belitflenmigtir. ~ Skar ve ulkus
diizeylerine bakildiginda 3. glinde tirin grubunda %80
yuksek diizeyde iken, % 20 orta diizeyde skar ve
ulkus olusumu goérilmistir. PK grubunda da %90
hafif oranda skar ve ulkus olusumu ile karsilagtlmistir.
7. gindeki skar ve ulkus diizeyleri karsilastirildiginda;
skar ve ulkus oranlan iriin grubunda %80 hafif
dizeyde iken %20 orta dizeyde skar ve ulkus
olusumu gorilmustir. PK grubunun tamaminda hafif
dtzeyde skar ve ulkus olusumu ile karstlasimistir. 14.
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gindeki skar ve ulkus diizeyleri karsilastirildiginda;
drin grubunun %80’inde hafif, %20’sinde ise orta
dizeyde gerceklesirken; bu oran PK grubunda %90
hafif diizeyde skar ve ulkus olusumu gérilmistir. 21.
ve 28. gindeki skar ve wulkus dizeyleri
karsilastirddiginda; driin ve PK grubunda skar ve
ulkusa rastlanmamustir. Kolajen aktivite
degerlendirmesine gbre 3. glndeki kolajen dizeyi
karsilastirldiginda  Grin - grubunda %40  yiiksek
diizeyde, %10 hafif ve %50 orta diizeyde kolajen
olusumu gozlenirken bu oran PK grubunda
%50’sinde yiksek, %40’mnda orta ve %10’unda ise
hafif dizeyde gerceklesmistir. 7. giindeki kolajen
diizeyi karsilastirldiginda drin grubu preparatlarinin
%80'inde ylksek; %10unda orta ve %10’unda ise
hafif diizey kolajen olusumu gorilirken; PK
grubunda bu oran %90 yiksek dizeyde ve %10 ise
hafif diizeyde saptanmustir. 14. giindeki kolajen diizeyi

karsilastirlldiginda;  triin grubu  preparatlarinin

24h Hp-tibbi yag HDF MTT

160+

120+

(%) hiicre canlilig:
8
1

(%) hiicre canlihigy
g

48h Hp-tibbi yag HDF MTT

%80'inde ylksek; %10’unda orta ise orta dizey
kolajen olusumu goriliirken; PK grubunda bu oran %
90 yuksek dizeyde ve %10 orta diizeyde saptanmistur.
Benzer sekilde EOM igeren baz grubunda bu oran
yari yartya orta ve hafif diizeyde gerceklesmistir. NK
grubunda ise bu oranlar %80 hafif diizey kolajen ve
%20 orta diizeyde kolajen olusumu gerceklesmistir.
21.gindeki kolajen duzeyi incelendiginde; oranlar
trin grubunda %80 yiksek diizey, %10 orta ve %10
hafif diizey kolajen olusumu gorilirken; PK
grubunda, %50 yiksek diizeyde, %40 orta ve % 10
hafif diizeyde kolajen olusumu ile karsilagilmigtir. 28.
gin preparatlart  incelendiginde  oranlar  riin
grubunun %80 inde yitksek diizeyde iken % 10’unda
orta ve % 10’ unda ise hafif diizeyde kolajen olusumu
gorilmiistiir. PIKC grubunda %80 yiiksek diizey kolajen
ve %20 orta diizey kolajen olusumu gorilmistiir.
Yara iyilesmelerinde olusan yeni dokunun dayanikliligt
kolajenizasyona baghdir.

72h Hp-tibbi yag HDF MTT
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Sekil 1: H. perforatum L. ubbi yaginin HDFa hiicre canliligi tizerindeki etkisi
Figure 1: Effect of H. perforatum L. medicinal oil on HDFa cell viability
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Sekil 2: EOM igeren bazin HDFa hiicre canlihg: tizerindeki etkisi
Figure 2: Effect of EOM containing base on HDFa cell viability

Tablo 1. H. perforatum 1. tibbi yaginin ve EOM igeren bazin MIK degerleri
Table 1. MIC values of H. perforatum L. medicinal oil and base containing EOM

Minimum Inhibisyon Konsantrasyonu (MIK)

Test Mikroorganizmalari Tibbi Yag EOM igeren baz
L. monocytogenes ATCC 19115 1:2 1:4
S. anrens ATCC 25923 1:4 1:8
K. pnenmoniae NRRLB 4420 - 1:8
P. aernginosa ATCC 11778 1:2 1:4
E. faecalis ATCC 51289 1:2 1:8
E. coli ATCC 35218 1:2 1:4
B. subtilis NRS 744 1:2 1:4
S. aurens ATCC 6538 1:4 1:8
E. coli ATCC 25922 1:2 1:4
P. aeruginosa ATCC 27853 1:2 1:8
S. aureus ATCC 12600 1:4 1:8
C. albicans ATCC 10231 1:2 1:8

72h EOM HDF MTT

“rve
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Tablo 2. Disk diftzyon test sonuglari
Table 2. The results of disc diffusion test

TEST MIKROORGANIZMALARI

Saf

L. monocytogenes ATCC 19115 11£0,5
S. aunrens ATCC 25923 11£0,3
K. pnenmoniae NRRLB 4420 -

P. aernginosa ATCC 11778 12£0,3
E. faecalis ATCC 51289 10£0,4
E. coli ATCC 35218 10£0,5
B. subtilis NRS 744 11£0,2
S. aurens ATCC 6538 11+0,2
E. coli ATCC 25922 10£0,5
P. aeruginosa ATCC 27853 114+0,3
S. anrens ATCC 12600 1240,0
C. albicans ATCC 10231 10£0,0

1:1
10+0,3
10+0,3
1010,5
910,3
910,3
10+0,3
10£0,5
910,5
1010,0
11+0,0

9+0,0

Tibbi Yag
1:2
9+0,5

9+0,3

9+0,5
80,5
9+0,5
9403
9403
80,5
9+0,0
10%0,5

8+0,0

1:4
8+0,5

8403

8+0,3
8+0,5
8+0,3
8+0,5
9+0,5
7403
9+0,0
9+0,5

1:8

8+0,0

8+0,0

8+0,5

Inhibisyon Zon Caplart (mmzss)

Saf
12+0,3
24405
11£0,3
1440,5
12+0,6
11£0,5
11£0,4
21+0,5
11£0,3
15%01,5
224+0,5

22405

EOM igeren baz

1:1 1:2 1:4
11+0,0 |+ 10+0,1 | 9%0,0
18+0,5 | 16+0,5 @ 15%0,5
10+0,2 | 10+0,1 = 9%0,2
13+0,4 | 11+0,2  10+0,4
11+0,3 ' 10+0,4 = 9105
10+0,5 | 910,5 8+0,0
10+£0,3 | 910,5 80,0
19+0,7 | 18+0,5  16%0,7
10+0,5 | 90,0 80,0
13+0,2 | 12+0,0 = 10%0,2
20£0,8 | 17£0,3 | 16X0,5
20£0,5 | 19£1,0  17£0,7

1:8
810,0
13+0,4
810,5
910,2

8+0,5

14405

9+0,2

14204

16+0,5

PK;
24+0,5
30+0,8
30412
29+0,7
25+0,5
30+0,7
30+0,8
3140,5
29405
20405
39+1,0

3040,5

PK,
150,4
1340,3
1540,5
1420,2
1540,2
1240,5
20403
1740,5
16%0,5
1540,3

15+0,5

PK;

1840,5

NK

*C. albicans ATCC 10231 i¢in; PKs: Flukonazol (10 mg.ml)

*Diger test mikroorganizmalati icin; PKy: Penicilin G (10 mg.ml-)

ss: standart sapma

PKo: Amikasin (30 mg:ml1) NK: dH,O
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Tablo 3. H. perforatum L. tibbi yaginin TAS, TOS, OSI ve total fenolik icerik miktarlar
Table 3. TAS, TOS, OSI and total phenolic content values of H. perforatum L. medicinal oil

Toplam Toplam Oksidan Oksidatif Stres Toplam Fenolik
Ornekler  Antioksidan Diizeyi (TOS) Indeksi (OSI) Igerik (mg
Diizeyi (TAS) pmol H20,.11 GAE*. g1
mmol Trolox.l! ekstrakt)
Tibbi Yag 2,797£0,016 6,303£0,013 2,253%0,025 0,314£0,006

Veriler ortalama * standart sapma seklinde sunulmugtur (n=5)

24h Formiller HDF MTT 48h Formiiller HDF MTT 72h Formilller HDF MTT
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Sekil 3: EOM, Fy, Fove F; formiilasyonlarinin in vitro biyouyumluluk sonuglar
Figure 3: In vitro biocompatibility results of product formulations

Tablo 4. In vivo deney gruplarinin Image] programi kullanilarak 6lgillen yanik alanlarmin ortalama iyilesme
yuzdeleri

Table 4. The average healing percentages of the burn areas measured using the image j program of the in vivo
experimental groups.

In vivo gruplar % lyilesme
(n=10) . . iy iy

7. gin 14. giin 21.gin 28. glin
NK 18,731£3,85¢ 29,4514 584 50,99+4,39¢ 71,65%5,33¢
PK 31384543 64911486 86,19+4,21 98,57+2,517
EOM iceren baz 27,4613 34b 48,2512 96¢ 71,71£2,90b 93,852,020
Uriin (F2) 29,2312 12ab 59,92+5,08> 83,04%4,19a 92,69%+3,11b
“p” Degetleri 0,001 0,001 0,001 0,001

NK: Negatif kontrol, PK: Pozitif Kontrol, EOM igeren baz: Enerjilendirilmis oksijen molekiilleri iceren baz
Veriler ortalama * standart sapma seklinde sunulmustur.
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Uygulama Gimlen

Gruplan 0.gin 7. gm Hegmn A.gin 28gim

Sekil 4: In vivo deney gruplarinin farkli uygulama giinlerindeki yanik alanlarinin gériintiileri.

Figure 4: Images of burn areas in vivo experimental groups on different application days.

A: Negatif kontrol ~ 1: 3.glin s:Skar

B: Pozitif kontrol ~ 2: 7. glin nv: Neovaskiilarizasyon
C: EOM iceren baz  3: 14. Gin  ih: inflamatuar hiicre
D: Uriin (F2) 4:21. Giin  c: kolajen

5:28.glin  re:Reepitelizasyon w:Ulkus

Sekil 5: In vivo calisma gruplarinin farkls giinlerdeki histopatolojik incelemeleri
Figure 5: Histopathological examinations of in vivo groups on different days
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Tablo 5. Tkinci derece yanik modelinin reepitelizasyon, inflamatuar hiicre, neovaskiilarizasyon ve kolajen diizeyleri
tzerine etkileri
Table 5. Effects of second degree burn model on reepithelialization, inflammatory cell, neovascularization and
collagen levels

In vivo galigma Reepitelizasyon Neovaskiilerizasyon Skar ve Kolajen Inflamatuar
gruplart Ulkus Hiicre
NK-3.giin 0,16£0,40¢ 0,50£0,445 2,33%0,51b 1,01£0,168 2,8310,41»
PK-3.giin 0,51£0,54de 0,83£0,40b 1,83%0,75bed 2,33%0,81abed 2,33%0,572bed
EOM-3.giin 0,51£0,54de 0,66£0,51b 2,00£0,38b¢ 1,66%0,52¢defg 2,66%0,51b
Uriin-3.giin 0,66£0,51de 0,83£0,40b 2,66%0,51» 2,16£0,75ebede 2,50%£0,54abe
NK-7.giin 0,51£0,544f 0,66%0,51> 1,83£0,40bcd 1,16%0,401fs 2,661+0,522>
PK-7.glin 1,3310,51bed 2,330,812 1,01£0,12f 2,3311,03abcd 2,33%0,51abed
EOM-7.giin 1,01£0,63¢de 1,01£0,96> 1,51£0,54cdef 2,01£1,09abedef 2,66+0,51>
Uriin-7.giin 0,83£0,40¢de 2,16£1,322 1,33£0,51defg 2,5140,84abe 2,33%0,51abed
NK-14.giin 1,16£0,47¢de 2,16%0,982 1,66£0,51cde 1,3310,51¢fg 2,5110,554bc
PK-14.gtin 2,66%0,512 3,01+£1,32a 0,83£0,40s 2,8310,41b 1,83£0,41cde
EOM-14.giin 2,16%1,322b 2,66%0,512 1,50£0,54¢def 1,66£0,51 cdef 2,0020,6Gbede
Uriin-14.giin 2,50%0,83# 2,66%0,512 1,1610,40¢<fs 2,66%0,522b 1,83£0,41cde
NK-21.glin 1,0140,90cde 2,50£0,83# 0,33+0,81h 1,5020,54defs 2,5110,54abe
PK-21.gin 2,66£0,812 2,83%0,400 0,00£0,00n 2,33%0,81abed 1,33%0,51<f
EOM-21.gin 1,8411,02abe 2,66£0,512 0,16£0,04» 1,66%0,51 cdefy 1,6610,51de
Uriin-21.giin 2,50%0,83# 2,83%0,402 0,00£0,00™ 2,5140,83abc 1,33£0,52¢F
NK-28.giin 2,330,812 2,66%0,512 0,00£0,00m 1,66£0,51 cdefy 1,51£0,54¢f
PK-28.gtin 2,83%0,402 2,8310,412 0,00£0,00™ 2,660,520 0,51£0,54¢h
EOM-28.giin 2,66£0,512 2,66£0,502 0,00£0,00n 1,8310,40bcdefe 1,00£0,89%
Uriin-28.giin 2,8310,41» 2,83%0,402 0,00£0,00n 2,50£0,82abc 0,33£0,52h
P degeri 0.001 0.001 0.001 0.001 0.001

Veriler ortalama * standart sapma seklinde sunulmustur (n=>5).

205



TARTISMA

Gintmizde vyara ve vyaniklarin tedavisinde yan
etkilere ve istenmeyen durumlara sebebiyet veren
kimyasal icerikli trtnler yerine bitkisel icerikli dogal
triinler tercih edilmektedir (Hajialyani ve ark. 2018).
Son yillarda tibbi ve aromatik bitkilerin kullanimiyla
ilgili bilgi ve deneyimin artmasi, ileri formiilasyon
teknolojisinin  gelismesi ile bitlikte dogal icerikli
medikal drtinler gelistirilmektedir. Gelistirilen bu
urtnler ile yara/yanik tedavileri hizli ve etkili bir
sekilde gerceklestirilmektedir. Medikal yararlt triin
eldesinde kullandan tibbi ve aromatik bitkiler sahip
olduklari antioksidan, antimikrobiyal, antiinflamatuar,
aneljezik ve antitrombosit etkileri ile yara ve yaniklarin
tedavisinde doku rejenerasyonu etkinligini
arturmaktadir. Bu calisma kapsaminda, tbbi ve
aromatik bitkiler arasinda yer alan H. perforatum L.
ttbbi yaginin biyolojik aktivitesi ortaya ¢ikarilarak
gelistirilen Urtinde yara iyilestirme ajani olarak
kullantlmigtir.  Ayrica hizli  bir iyilestirme etkisi
bulunan antimikrobiyal-antioksidan 6zellige sahip

EOM  igeren  baz  iriin  formilasyonunda
kullanilmuistir.

EOM igeren baz ve H. perforatum L. tbbi yag
seyreltilmeden uygulandiginda antimikrobiyal

etkinligin oldugu fakat seyreltme yapildik¢a bu etkinin
azalarak kayboldugu belirlenmistir. Tibbi yag ve EOM
iceren bazin yara/yantk bolgelerinde kolonize olabilen
patojen mikroorganizmalar Uzerinde etkili olmasi
gelistirilen yanik kreminin yara iyilestirme etkinliginin
artirtlmast bakimindan oldukc¢a 6nemlidir. Bu bitkinin
yara iyilestirme etkisinin antibmikrobiyal, antioksidan
ve antiinflamatuvar aktivitesinden kaynakli olabilecegi
dustntlmektedir (Saddique ve ark. 2010). Orhan ve
Kartal (2015), sart kantaronda klorojenik asit, rutin,
hiperozit, kersitrin, quersetin  ve  biapigenin,
psodohiperisin, hiperisin, hiperforin ve adhiperforin
bilesiklerini belitlemislerdir. Baska bir calismada;
Burunkaya ve ark. (2021) yapmus olduklari ¢alismada
sart kantaron bitkisinde; klorojenik asit, flavanol,
fenolik  asit, naphthodianthronlar, flavonoidler
tanumlanmuslardir.  Calismamizda, H. perforatum L.
tibbi yaginin toplam antioksidan dizeyi 2,797%0,016,
toplam oksidan diizeyi 6,303+0,013 ve oksidatif stres
indeksi ise 2,25310,025 olarak belitlenmistir. Erdal
Aluntas ve Erdogmus (2023) tarafindan yapilan bir
calismada ise H. perforatum Dbitkisinin etanol ve
metanol ekstrelerinin toplam antioksidan duzeyleri
strastyla 22,352+0,002; 18,804£0,15, toplam oksidan
duzeyileri sirasiyla  4,743%0,001; 4,523+0,12  ve
oksidatif stres indeksleri ise 0,21; 0,24 olarak
belitlenmistir.

H. perforatum L. ubbi yagi ve EOM iceren baz ile iiriin
formilasyonlart hazitlanarak in vitro biyouyumluluk
calismalart yapilmustir. Gelistirilen formiiller arasindan

% canlilik tizerinde en fazla etkiye sahip olan formiil
F> numarali olarak belirlenmistir. Bu formiliin yara
iyilestirme etkinligini belirleyebilmek icin Wistar
albino tiri erkek sicanlar tizerinde ikinci derece yanik
modeli olusturularak in vivo calismalar yapilmistir.
Image j uygulamasinda yapilan degerlendirmeler
sonucunda, 7. gliniin sonunda triin grubunda %29,23
iyilesme belirlenmisken bu oran pozitif kontrol
grubunda %18,73 ve negatif kontrol grubunda ise
%31,38 olarak saptanmustir. 14. gliniin sonunda triin
grubunda %59,92 iyilesme belirlenmisken bu oran
porzitif kontrol grubunda %64,91 ve negatif kontrol
grubunda ise %29,45 olarak saptanmustir. 21. glinin
grubunda  %83,04  iyilesme
belirlenmisken bu oran pozitif kontrol grubunda
%86,19 ve negatif kontrol grubunda ise %50,99
olarak saptanmustir. 28. giiniin sonunda Urin
grubunda %92,69 iyilesme belirlenmisken bu oran
porzitif kontrol grubunda %18,73 ve negatif kontrol
grubunda ise %31,38 olarak saptanmustir. Gruplar
arasinda istatistiksel acidan farklihik oldugu, 21. glinde
drtiniin ve porzitif kontrol arasinda farklilik olmadig1
belirlenmistir. % Iyilesme oranlari karsilastirildiginda
gelistirilen Grtntin pozitif kontrole yakin degerler
gosterdigi saptanmustir. In vitro ve in vivo ¢alismalar
sonucunda elde edilen verilere gére EOM igeren
bazin % hiicre canliigt ve % yara iyilesme Uzerinde
olumlu yoénde etkisinin oldugu ve bu etkinligin formiil
igeriginde kullandan tibbi yag ile daha ¢ok artis
gOsterdigi belitlenmistir.

Yara iyilesme streci; inflamasyon, proliferasyon,
rejenerasyon ve hiicresel yanitin yer aldigi karmagik
bir siirectir. Yara iyilesme siirecinde, keratinositler,
fibroblastlar, endotelyal hucreler, makrofajlar ve
plateletlerin rol oynar. Sintar ve ark. (2010) H.
perforatunun antienflamatuar  etki  gOsterdigini,
fibroblast  gbctini  arttirarak  kolajen  birikimi
sagladigint rapor etmislerdir. H. perforatun’un yara
iyilestirici aktivitesinin, fibroblastik aktivite ve kolajen
sentezindeki artistan kaynaklandigini  rapor eden
calismalar da mevcuttur (Oztiirk ve ark. 2007).
Literattir calismalar, H. perforatum L. 6zitlerinin
antimikrobiyal etkisinin  bulundugunu, yara ve
vaniklarin  tedavisinde  kullaniabilitligini  ortaya
ctkarmistir (Keles ve ark. 2001, Tolkunova ve ark.
2002). Yapilan bir ¢alismada, H. perforatum L. 6zitl
iceren merhemin yanik iyilesme siiresini kisalttigina ve
antiseptik etkinlik g6sterdigi belirtilmistir (Saddige ve
ark. 2010). Baska bir calismada, H. perforatum 1’den
elde edilen zeytinyagr 6ziitinln in vivo yara iyilesme
etkinligi degerlendirilmistir. Sonuclar; H. perforatum
zeytinyagl Ozutiiniin eksizyon (%5,1-82,6 inhibisyon)
ve sirkiller insizyon (%20.2- 100.0 inhibisyon)
tzerinde Onemli bir yara-iyilestirici etkiye sahip
oldugunu géstermistir (Duman ve ark. 2017). Bagka
bir calismada ise Kiyan ve ark. (2015), deneysel
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haslama tipi yaniklarda H. perforatum L. (sar1 kantaron)
tedavisinin  akut etkilerini glimis  stlfadiazin
tedavisiyle karslastirilmistr. H. perforatum grubunun
epidermis kalinhiginin ve damar sayisinin  diger
gruplara gbre daha fazla oldugu ve yanik yara
tyilesmesinde gimus silfadiazine goére daha etkili
oldugu belitlenmistir. Oztiirk ve ark. (2007), H.
perforatum’un etanol Oziitlinin yara iyilestirici etkisini
tavuk embriyonik fibroblast kiltiriinde dekspatenol
ve Centella  asiatica’nin  titre edilmis ekstrakti ile
karsilastinlmistir.  H.  perforatum’un  yara iyilestirici
mekanizmasinin kolajen artist ve fibroblast migrasyon
artist bakimindan C. asiaticanin etki mekanizmasina
benzer oldugu saptanmustir. Sintar ve ark. (2010) ise
H. perforatum’un aktf komponentlerinin epitelizasyon
Uzerinde  etkisinin = oldugunu  fakat fibroblast
proliferasyonunu  veya yeni damar olusumunu
etkilemedigini gostermislerdir. Bu c¢alismada EOM
iceren bazin tek basina ikinci derece derin yaniklar
Uzerinde negatif kontrole gbre daha etkili
bulunmustur. H. perforatum L. tibbi yag1 eklenerek elde
edilen Urtn ise ikinci derece derin yaniklar tzerinde
pozitif kontrole yakin derecelerde iyilestirme etkinligi
gbstermistir.

SONUC

Guntimiizde gereksiz ve yanls ila¢ kullanimi, 6zellikle
antibiyotiklere karsi gelisen direng, yan etki ve deri
florasinin bozulmasi yara/yanik tedavilerinde yeni
secencklerin arayisina neden olmustur. Bitkisel icerikli
ilaglarin ucuz ve kolay bulunabilirligi, yan etkilerinin
olmamasi veya az olmast sentetik ilaclara alternatif
olmast bakimindan 6nemlidir. Bu ¢alisma sonucunda
elde edilen veriler; H. perforatum L. nin tibbi kullanimi,
ilag  gelistirme  ¢alismalarindan  kullanilabilme
potansiyeli ve Ulkemize saglayabilecegi ekonomik
katkt bakimindan O6nem arz etmektedir. Ayrica,
calisma kapsaminda ilk kez enetjilendirilmis oksijen
molekilleri  kullanilarak  bitkisel — igerikli — drlin
gelistirilerek doku rejenerasyonundaki etkinligi in
vitro ve in vivo etkinligi degerlendirilmistir. Sonug
olarak; ikinci derece derin yaniklarda gelistirilen
trtiniin pozitif kontrole yakin derecede etkili oldugu
saptanmustir. Bu etkinin antimikrobiyal, antifungal ve
antioksidan  etkisi  sayesinde yara iyilesmesini
destekledigi yoniinde veriler elde edilmistir. Bu
durum, yara/yanik iyilesmesinde kullantlan Rosmarinus
officinalis, Plantago major, Acabjpha langiana, Aloe vera ve
Centella asiatica gibi tibbi bitkilerin, reepitelizasyon ve
kolajenizasyonu  hizlandirict  maddelerle  birlikte
kullantminin  yanik tedavisine Onemli bir katk
sunacagint  gostermektedir.  Yamik  iyilesmesinin
evrelerinin - belirgin  bulgularina  gére sagaltimin
evrelerinin stireleri takip edilerek, iyilesmede dokunun
ihtiya¢ duyacagi ajanlarla desteklenmesinin en saglikli

doku iyilesmesini saglayacagr dustniilmektedir. Bu
calisma kapsaminda elde edilen verilerin, Urinin
ticarilestirilmesi  icin  yapilmast planlanan  klinik
aragtirmalara kakt: saglayacagl diisinilmektedir.

Finansal destek: Bu calisma, Afyonkarahisar Saglik
Bilimleri Universitesi Bilimsel Arastirma Projeleri
Komisyonu, 19. TEMATIK.002 no’lu proje ile
desteklenmistit.

Etik izin: Bu calisma, Afyon Kocatepe Universitesi
Hayvan Deneyleri Yerel Etik Kurulu’nun 20.08.2019
tarih ve 49533702\99 nolu karart ile onaylanmistir.

Cikar catigmasi: Yazarlar bu yazi icin gergek,
potansiyel veya algilanan ctkar catigmast olmadigini
beyan etmislerdir.

Yazarlarin Katki Orani: NO:%30, SFE:%25,
OEA:%20, HHD: %15, SC:%10
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ABSTRACT
The aim of this study is to identify the bacteria encountered in the lungs of cattle, sheep, and goats with pneumonia and to
statistically evaluate the distribution of the detected bacteria based on age, species, seasons, and provinces to generate updated
epidemiological data. The rates of bacteria isolated from 152 lung samples: S#reptococcus spp. 37.5%, Mannbeimia haemolytica (M.
haemolytica) 26.3%, Pastenrella multocida (P. multocida) 11.8%, Staphylococcus spp. 9.2%, Psendomonas aernginosa (P. aeruginosa) 5.3%,
Klebsiella pneumoniae (K. pneumoniae) 5.3% and Moraxella spp. 4.6%. In this study, the bacteria isolated from animals less than one
year old were: Streptococcns spp. 33.3%, M. haemolytica 25.5%, P. multocida 11.8%, Staphylococcns spp. 9.8%, P. aernginosa 5.9%, K.
prenmoniae 9.8%, and Moraxella spp. 3.9%. The older animals were: Streptococcus spp. 39.6%, M. haemolytica 26.7%, P. multocida
11.9%, Staphylococcus spp. 8.9%, P. aeruginosa 5.0%, K. pnenmoniae 3.0%, and Moraxella spp.5%. The provinces with the highest
bacterial isolation rates were: Bursa 15.79%, Kocaeli 14.47%, and Kirklareli 13.16%. In conclusion, this study will contribute
to the development of protection-control protocols against respiratory infections, management of herd health, and literature.

Keywords: Bacteria, Cattle, Goat, Lung, Pneumonia

Marmara Bélgesi’nde Pnémoni Gériilen Sig1r, Koyun ve Kegilerin Akcigerlerinden Izole Edilen
Etkenlerin Bakteriyolojik Yontemlerle Arastirilmasi ve Epidemiyolojisi

0z

Bu ¢alisma ile pnémoni gérilen sigir, koyun ve kegilerin akcigerlerinde tespit edilen bakterilerin, izole edildikleri hayvan tirleri,
yaslarinin yant sira izole edildigi bélge ve mevsime gore dagilimlarinin istatistiksel olarak degerlendirilmesinin yaninda giincel
epidemiyolojik verilerin olusturulmasi hedeflendi. Akciger 6rneklerinden (152 adet) izole edilen bakteri oranlart; Streptococcus
spp. %37,5, Mannbeimia haemolytica (M. haemolytica) %026,3, Pasteurella multocida (P. multocida) %011,8, Staphylococcus spp. %09,2,
Pseudomonas aeruginosa (P. aeruginosa) %05,3, Klebsiella pneumoniae (K. pnenmoniae) %05,3, Moraxella spp. %04,6 olarak saptand1. Bir
yasindan kiiciik hayvanlarin akcigerlerinden; Streptococcus spp. %33,3, M. haemolytica %025,5, P. multocida %011,8, Staphylococcns spp.
%9,8, P. aeruginosa 05,9, K. pneumoniae %09,8, Moraxella spp. %03,9; 1 yasindan buytklerde Streptococcns spp. %39,6, M. baemolytica
%206,7, P. multocida %o11,9, Staphylococeus spp. %08,9, P. aeruginosa %05, K. pneumoniae %03 ve Moraxella spp. %5 olarak saptandi.
Calismada bakteri izolasyon oranlarinin en yiiksek oldugu iller; Bursa %15,79, Kocaeli %14,47 ve Kurklareli %13,16 olarak
hesaplandi. Bu ¢alismanin sonuglarinin solunum sistemi infeksiyonlarina karst koruma-kontrol protokollerinin olusturulmasina,
strd saglig yonetimine ve bilimsel literattrlere katks saglanacagr diginilmektedir.
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GIRIS

Solunum sistemi hastaliklari, biiyiikbas ve kiiciikbas
hayvan yetistiriciliginde siklikla gérillen ve ekonomik
kayiplara neden olan hastaliklarin 6ntinde gelmekte
olup, bu hastaliklarin kontroli ve yOnetimi gin
gectikce 6nem kazanmaktadir (Lorenz ve ark. 2011).
Tarim ve Orman Bakanligr 2022 yili hayvancilik
verilerine gére Turkiye’de 24.373.097 sigr, 60.651.594
koyun ve 15.473.298 keci yetistirilmektedir (Anonim
2022a). Calismadaki numunelerin orijini olan Marmara
Bolgesi'nde; 4.975.439  kiigikbas ve 2.055.249
biiyiikbas hayvan bulunmaktadir (Anonim 2022b).

Solunum sistemi infeksiyonlarinin
epidemiyolojik 6zelliklerinin yeterince bilinmemesi,
hastaliklarin = kontrol altina alinmasi igin gerekli
énlemlerin olusturulmasini giiclestirmektedir (Ozen ve
ark. 2009). Ruminant pnémonilerinin epidemiyolojik
insidensini belitlemeye yonelik yapilan calismalardaki
hastalik dagilimlar; cografi sartlara, uygun olmayan
barinaklardaki ~ mevsimsel  etkilere,  beslenme
yetersizliklerine, yatakltk secimine, havalandirmaya,
yogun ya da hatali gruplandirmaya, hekimlik
uygulamalarindaki  bagariya,  teshis-tedavi-kontrol
yetersizliklerine, hayvanlarin yasina, cinsiyetine, irkina,
canlt agirhiklarina ve bireysel direnglerine gore farklilik
gostermektedir (Snowder ve ark. 2006, Taylor ve ark.
2010, Giines 2018, Kiiciik Baykan ve Ozcan 2019a,
Kiigiik Baykan ve Ozcan 2019b).

Yapilan bir ¢alismada, 0-6 ay yas arasindaki
328 buzagmnin %25inin  hastalandifi, hastalanan
buzagilarda %7,32 oraninda en stk goérilen ikinci
hastaligin  solunum sistemi ile ilgili oldugu rapor
edilmistir. Ayni calismada Slim orani %0,31, tedavi
basarist %95,83 gibi yliksek bir oranda verilmistir
(Kiigciik Baykan ve Ozcan 20192). Buzagilarin anneleri
olan 342 inekten solunum sistemi hastaligi nedeniyle

kesime gonderilenlerin  orant ise  %7,41 olarak

saptanmistir (Kiiciik Baykan ve Ozcan 2019b).

Pnoémonik akcigetlerden cesitli mevsim ve
yaslarda izole edilen bakterilere dair yapilan cesitli
calismalarda sigir, koyun ve keci akciger 6rneklerinden
izole edilen bakteri oraninin Streptococcus spp. %00,87-
%20, Mannbeimia haemolytica (M. haemolytica) %o1,17-
%80, Pasteurella multocida (P. multocida) %00,7-%32,2,
Staphylococens spp. %00,1-35%, Pseudomonas aeruginosa (P.
aeruginosa)  %00,8-%40,  Klebsiella  pnenmoniae (K.
prenmoniae) %0,6-%52,8 ve Moraxella spp. %00,6-%21,9
arasinda degistigi goriilmistir (Ozbey ve Muz 2004,
Oruc 2006, Booker ve ark. 2008, Tijjani ve ark. 2012,
Lima ve ark. 2016, Ugochukwu ve ark. 2017, Gilaydin
ve Gilrtirk 2018, Sen ve ark. 2018, Franco ve ark.
2019, Singh ve ark. 2020). Turkiye'deki ¢iftlik
hayvanlarinda solunum sistemi hastaliklarinin mevsim
ve yas ile iligskilendirildigi smnuirh sayida calisma
bulunmaktadir. Gazioglu ve ark. (2016) oglaklarda M.
haemolytica bakterisi izerine yaptiklart ¢alismada; kiigitk
yaslarda solunum ile seyreden hastaliklarin siklikla
septisemik formda izlendiginden, solunum sistemi
hastaligt belirtilerinin  genellikle yasht hayvanlarda
dikkat cekici oldugundan bahsedilmistir. Bir yasindan
biiyiik solunum sistemi hastaligi olan 115 sigirdan 76
adedi (%0606,6) sonbahar-kis mevsiminde, 36 adedi
(%31,3) ilkbahar-yaz mevsiminde O6lmigtir. Aynt
calismada sonbahar-kis déneminde solunum sistemi
hastalig1 diger mevsimlere gére daha stk belitlenmistir
(Dorso ve ark. 2021).

Bu caligmada; 2018-2021 yillar1 arasinda
Marmara Bolgesi’ndeki evcil sigir, koyun ve kecilerde
gorilen pnémoni olgularinin bakteriyolojik yénden
aragtirarak sahada gorilen giincel etiyolojik ajanlarin
saptanmasl, saptanan ajanlarin yas, tir, mevsim ve iller
bazinda dagiliminin istatistiksel olarak

degerlendirilerek ortaya konmast amagland.
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MATERYAL ve METOD

Materyal

Bu calismada Marmara Bolgesi, cevre il ve ilcelerde
mevsimsel sartlara gore mera ve kapalt agil/ahir
sartlarinda bakimi yapilan, pnémoni nedeniyle 6ldigi
bildirilen ve sahada gérevli veteriner hekimler
tarafindan 2018-2021 yillar1 arasinda laboratuvarimiza
gonderilen sigir, koyun ve kegilere ait akcigerler
kullanildi. Yas, gonderim ili/ilgesi, sevk zamani ve
anamnez gibi kayitlart eksiksiz olan hayvanlar ile
bakteriyolojik numune génderim kurallar1 gerekliligini
saglayan Ornekler degerlendirmeye alindi (Anonim
2022c¢). Toplamda incelenen 152 akciger 6rneginin 45’
(%29,60) sigirlara, 251 (%106,45) kegilere, 82si
(%053,95) koyunlara aitti. Numunelerin geldigi il,
mevsim, yas ve hayvan tiirtine ait bilgiler Tablo 1° de

verildi.

Metot

Bakteriyolojik inceleme

Bakteri izolasyonu ve identifikasyonu amactyla
kullanilan besiyeri ve kimyasallar Istanbul Pendik
Veteriner Kontrol Enstitisi’nden temin edildi.
Numuneler, laboratuvara ulagmasini takiben ilk 12 saat
icinde, bakteriyel kiltiir metodu ile incelemeye alind1.
% 51ik koyun kanli agara (B37.04.23, PENVET,
Thrkiye) ve Mac Conkey agara (B42.04.23, PENVET,
Tirkiye) ekim yapildi. Ekimi yapilan besi yerleri
37°C’de aerobik ortamda 24-48 saat inkilbe edildi.
Koloni morfolojisi incelenerek, kiltiirde tek tip koloni
tremesi (Fotograf 1) gorilen numuneler, calisma
kapsaminda degerlendirildi. Gram boyama icin
hazirlanmis preparatlarin  mikroskobik morfolojileri
incelendi. Bakterilerin identifikasyonu amaciyla klasik
bakteriyolojik yontemler kullanddi. Gram pozitif
koklarin ayriminda katalaz, oksidaz test kiti (88029N,
Liofilchem, Ttalya), koagulaz testleri ve Gram negatif
kok, basil, diplokok ya da kokobasillerin ayriminda

Motility ~ (Hareket)  kontroline ilave  olarak

karbonhidrat fermentasyon testleri, Ure testi (Fotograf
2), SIM test (Sim medium; B54.04.23, PENVET,
Tiirkiye), Indol testi uygulandi (Holt ve ark. 1994,
Queen ve ark. 2011). Biyokimyasal test sonuglarin
dogrulamak amactyla rutin  caligmalarimizda da
uygulanan otomatik identifikasyon sistemi (Vitek 2,
Biomerieux, Marcy-I’Etoile, Fransa) ile ¢alisildr. Vitek
2 sistemi; Gram (+) ve Gram (-) tanimlama kartlar
(ID) kullanilarak calisildi. Calismamizda; Vitek 2
sistemi sonuglarindaki Streptococcus spp. ve Staphylococcus
spp. izolatlart istatistiksel hesaplama kolaylig1 acisindan
cins diizeyinde belirtildi.
Istatistiksel Analiz: Calismada incelenen
hayvanlardan izole edilen bakterilerin yas, mevsim ve
illere gore dagihimlari arasindaki 6nem kontrolleri,
Pearson Chi-Square Test ve Fisher’s Exact Test
kullanilarak SPSS (IBM 22) programi ile istatistiksel
olarak degerlendirildi (Kocagaligkan ve Bingol 2010).

Resiml: P. multocida mukoid kolonileri — saf kiiltiir

Figurel: P. multocida mucoid colonies — pure culture

N P

|

Resim 2: Ure negatif reaksiyonunda Indol negatif ve
Indol pozitif (N: Negatif, P: Pozitif)
Figure 2: Indole negative and Indole positive image

in urea negative reaction (N: Negative, P: Positive)
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BULGULAR

Tim hayvan tirlerine ait 152 akciger 6rneginden 2018-
2021 yillart boyunca izole edilen bakterilerin oranlarr;
Streptococcus spp. %37,5 (n=57), M. baemolytica %026,3
(n=40), P. multocida %011,8 (n=18), Staphylococcus spp.
%9,2 (n=14), P. aeruginosa %5,3 (n=8), K. pneumoniae
%5,3 (n=8) ve Moraxella spp. %4,6 (n=7) olarak
saptandi. Sigirlarda ve kecilerde sirastyla %53,3 ve %048
olarak Streptococcus spp., koyunlarda ise M. haemolytica
%235,4 ile en fazla oranda izole edilen bakteriler olarak
belitlendi (Grafik 1). Her bir hayvan tirid icin izole
edilen/edilmeyen bakteri sayilari ayri ayri istatistiksel
acidan degerlendirildiginde sigir, koyun ve kegilerden
izole edilen ve istatistiksel acidan anlamli bulunan
(P<0,001) farkhihiklar Grafik 1’de gosterildi. Dort yil
boyunca cesitli mevsimlerde izole edilen bakterilerin
tire gore dagilimi Tablo 2’de verildi. Bu verilere gore
yapian istatistiksel analiz sonucunda tirler kendi
arasinda  degerlendirilmek  tzere herhangi  bir
bakterinin mevsimlere gére dagiliminda belirgin fark
bulunmad: (P >0,05). Bir yas altt ve stii gruplar
incelendiginde 1 yas altindaki buzagilarda ve oglaklarda
strastyla %50 ve %57,1 ile Streptococcus spp.’lerin en

fazla izole edilen bakteri oldugu, M. haemolytica’nun da

%30,6 ile kuzu akcigerlerinde en ¢ok izole edilen
bakteri oldugu belitlendi. Buzagilarda Streptococcus spp.’i
takiben P. mmltocidanin (%37,5), oglaklarda ise M.
haemolyticanin (%28,0) ikinci en sik izole edilen ajan
oldugu, kuzularda da Streptococens spp.’nin (%25) en
fazla izole edilen ikinci etken oldugu gorildi. Sigir,
koyun ve kegiler yas gruplarina ayrildiginda, her bir
sattr % 100’0 temsil edecek sekilde hesaplanan
izolasyon oranlart Tablo 3’de verildi. Bu verilere gbre,
buzagi ve oglaklarda Streprococcus spp., kuzularda ise M.
haemolytica  1zolasyonu istatistiksel olarak anlamlt
derecede yiksek bulundu (P =<0,05). Bir yasindan
buyiik sigir ve kecilerde S#reptococcus spp., koyunlarda da
M. haemolytica izolasyon oranlart diger bakteri tiirleri ile
kiyaslandiginda istatistiksel olarak belirgin sekilde
yitksek oldugu gorildi (P< 0,001). Sekil 1°de her ilde
izole edilen  bakteriletin  oranlari il i¢inde
degerlendirildi. Pnémonili akcigerlerden belirli bir ilde
en fazla oranda izole edilen bakteri; M. baemolytica
Yalova’da %57,1, Streptococens spp. Kirklareli’de %55,
Moraxella spp. Dizee’de %37,5, P. multocida Yalova’da
%28,6, K. pneumoniae Sakarya’da %25, Staphylococeus spp.
Kirklareli'nde %20 ve P. aernginosa Istanbul’da %20
olarak belirlendi. Etkenlerin illere goére dagiliminda

istatistiksel olarak anlaml fark bulunmad: (P>0.05).

Tablo 1: Calismadaki numunelerin hayvan tiiri, yas, mevsim ve geldigi illere gére dagihimi (n=152)

Table 1: Distribution of samples according to animal species, age, season, and province of origin (n=152)

Hayvan Turi Koyun (n=82) Kegi (n=25) Si1g1r (n=45)
Yas <1yas 36 7 8
>1 yag 46 18 37
Mevsim ilkbahar 13 9 16
Yaz 17 3 7
Sonbahar 16 4 8
Kis 36 9 14
Geldigi 11 Balikesir 8 0 4
Bursa 16 4 4
Canakkale 6 5 1
Diizce 4 0 4
Edirne 7 2 6
Istanbul 10 1 4
Kirklareli 5 6 9
Kocaeli 9 6 8
Sakarya 5 1 1
Tekitdag 8 0 1
Yalova 4 0 3
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Tablo 2: Sigir, koyun ve kegilerden farkhi mevsimde izole edilen bakterilerin yiizde oranlart

Table 2: Percentage of bacterial isolations from cattle, sheep, and goats in different seasons

S1g1r — Buzag (%100)

Koyun — Kuzu (%100)

Kegi — Oglak (%100)

Bakteriler Kis ilkb Yaz Sonb Kig ilkb Yaz Sonb Kis lkba Yaz  Sonb
Streptococcus spp. 13,33 26,67 6,67 6,67 122 3,66 3,66 6,1 16 20 0 12
M. haemolytica 6,67 222 0 4,44 14,63 4,88 10,98 488 8 0 8 4

P. multocida 11,11 222 6,67 0 244 244 122 244 0 8 0 0
Staphylococens spp. 0 0 0 2,22 6,1 3,66 0 1,22 12 4 0 0

P. aernginosa 0 0 222 222 3,66 1,22 122 122 0 0 0 0

K. pneumonia 0 0 0 2,22 244 0 0 3,66 0 4 4 0
Moraxella spp. 0 444 0 0 244 0 3,66 0 0 0 0 0
TOPLAM 31,11 35,56 15,56 17,78 43,9 159 20,7 19,5 36 36 12 16

S1g1r, koyun ve kegilerde herhangi bir bakterinin belli bir mevsimde izole edilmis olmast istatistiksel agctdan anlamli bulunmamistir

(P>0,05). Tlkbahar: Ilkb, Sonbahar: Sonb olarak kisaltilmustir.

Tablo 3: izole edilen bakterilerin hayvan tiirii ve yasina gore dagihmi

Table 3: The distribution of isolated bacteria based on animal species and age

0 . B g,
Q X
5 3 T ¢ g g &
3 B I3 Q § S 3
g S RS S 2 S 0 "
s S 5 S g g % A
8 . 8 g S, & ) s Y Q
= 4 g & ;2 N g & N . 8 S o
= > s 7 S 8 R @A o« Y Mg = ~
Buzagt %50 %37,5 %12,5 0,009
%100 <1 yas (n=4) 0 (= 3) 0 (= 1) 0 0
Kuzu %25 %30,6 %8,3 %13.9 %5,6 %11,1 %5.6 0,009*
%100 <1 yas n=9) (n=11) (n=3) (n=5) (n=2) (n=4) (n=2)
Oglak %57,1 %28.6 %14,3 0,012*
%100 <1 yas (= 4) (0= 2) 0 0 0 (= 1) 0
5 0,000%*
Sigir %54,1 %16,2 %16,2 %2,7 %2,7 %2,7 %54
%100 > 1 yas (n= 20) (n=6.) (0= 6) (0= 1) (= 1) (0= 1) (0= 2)
Koyun %26,1 %39,1 %8,7 %8,7 %8,7 %2,2 %6,5 0,000%*
%100 > 1 yas (n=12) (n=18) (n=4) (n=4) (n=4) (n=1) (n=3)
Kegi %444 %16,7 %11,1 %22,2 %5,6
%100 > 1 yas (n=18) (0= 3) (n=2) (0= 4) 0 (n=1) 0 0,001%*

* P=< 0,05% ve **¥P= 0,001 ilgili satirda bulunan degerler arast farkliliklarin istatistiksel agidan anlamli oldugunu gostermektedir.
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Grafik 1: Bu ¢alismada izole edilen bakterilerin hayvan tiirlerine gére dagilim ytizdeleri

Graph 1: The distribution percentages of the bacteria isolated in this study according to animal species
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Resim 3: Akciger 6rneklerinden izole edilen bakterilerin her ildeki dagilim yiizdesi

Figure 3: Percentage distribution of bacteria isolated from lung samples from each province
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TARTISMA

Sigir, koyun ve keci vyetistiricilifinde ekonomik
kayiplara da neden olan bakteriyel pnémoni vakalarina
siklikla rastlanmaktadir. Bakteriyel pnémoni vaka
bildirimleri yakindan incelendiginde; c¢alismamizdaki
Streptococcus spp.’nin kegi ve sigirlarda sirasiyla %48 ve
%53,33, koyunlarda M. baemolytica’mn %35,37 orant ile
birinci sirada oldugu gorilda. Ayrica bu farklihk
istatistiksel olarak anlamli seviyede yiksek olarak
belitlendi (P<0,05). Bu degetler, diger calismalatla
kiyaslandiginda; sigir ve kegilerde Streptococcus spp.,
koyunlarda ise M. haemolytica izolasyon oranlarinin
yitksek oldugu fark edildi. Bu farkhiligin nedeni, 6nceki
calismalarda (Kiran ve ark. 1993, Ozbey ve Muz 2004,
Ulgen ve ark. 1997) pnémoni semptomlart gbsteren
hasta hayvanlarin mezbahadaki kesimleri sonrasi alinan
numunelerden, bakteriyel izolasyon yapilmast olabilir.
Bemani ve ark. (2017) subakut ve kronik pnémoni
vakalarint  inceledikleri ~ calismalarinda  kronik
bronkopnémoni karakterinin, bakteriyel izolasyona ve
saf, karisik koloni izolasyonuna olan arttirict etkisinin
istatistiksel ~agidan anlamli  oldugu  belirtmistir.
Calismamizda, numune génderen veteriner hekimlerin
anamnezde belirttigi gibi kronik solunum problemine
bagl 6lim gerceklesmesinin ardindan izole ettigimiz
etkenlere bagli sonuglar; bakteri izolasyon oranimizin
daha yiksek olmasina neden olabilir. Koyunlarda
onceki yillarda yapilan calismalara bakildiginda ise
Bemani ve ark. (2017) Iran’ da patolojik ve
bakteriyolojik inceleme yapilan 65 akcigerden %052,
Eser ve ark. (2020)’nin Erzurum’daki pnémonili 100
akcigerden %17, Kiran ve ark. (1993)’nin makroskobik
olarak pnémoni tespit edilen 273 akcigerden %2,95,
Ozbey ve Muz (2004)un pnémonili 350 koyundan
%2,3, Ugouchukwu ve ark. (2017)’nin Nijerya’ da 18
pnémoni lezyonu olan akcigerden %19 oraninda M.
haemolytica izole ettikleri gorilmektedir.

Calismamizda pnémonili kegilerde, mevsimsel

ayrim (kis, ilkbahar, sonbahar) gézeterek verilen %12-

%20 arasindaki Steptococcus spp. izolasyon oranlari,
diger caligmalarla (Sen ve ark. 2018, Tijjani ve ark.
2012, Ugochukwu ve ark. 2017) benzerlik
gostermektedir. Ancak yil genelinde kegilerden izole
edilen bu etkenin izolasyon orani Ozbey ve Muz
(2004)’un %2,7 olarak verdigi bulgularindan yiiksektir.
Bu durum, Ozbey ve Muz (2004)’un calismalarinda
sadece eylil-haziran aylart arasindaki izolasyon
verilerini  kullanmasi, dolayistyla  mevsimsel
farkliliklarin  sinirlandirdmasindan  kaynaklanabilir.
Bakteri izolasyon oranlart ve mevsimsel dagilimlari
arasindaki  iliskiye  bakildiginda,  c¢alismamizda
koyunlarda kis mevsiminde bakteri izolasyon
oranlarinin  daha yiksek oldugu gorilmektedir.
Kegilerde kis ve ilkbahar esit oranda (%30), sigirlarda
ise ilkbahar aylarindaki izolasyon oraninin (%35,6)
kistan yiksek oldugu (%31,1) ancak istatistiksel olarak
tim hayvan tiirlerinde mevsimler arasindaki izolasyon
farklarinin - anlamli  olmadigt belitlendi  (P>0,05).
Onceki yillarda yapilan calismalarda (Basha 2011,
Booker ve ark. 2008, Tijjani ve ark. 2012) hayvanlar
arasinda kis aylarinda pnémoni olgulart ve buna bagl
olarak etken izolasyon oranlarinin, 1yl
havalandirilmayan kapalr ahirlarda sik popiilasyonlarin
daha fazla zaman gecirmesi ile artis gdsterdigi
bilinmektedir. Bu calismada, yaz aylarinda pnémoni
olgulart ve etken izolasyon oranlarinda dusus
gorilmesinin, 6nceki calismalar (Gulaydin ve Gurtiirk
2018, Ozbey ve Muz 2004, Singh ve ark. 2020) ile
paralellik gosterdigi gorildi. Ugochukwu ve ark.
(2017) mevsimler arast izolasyon farkliliklarin
degerlendirirken yagmurlu mevsimlerin  kurulara,
koyunlarin kecilere gére daha fazla pnémoni oranina
sahip oldugu sonucuna varmalart calismalarimizla
uyumluluk  géstermektedir.  Bakteriyel pnémoni
prevalansinin mevsimlere baglt degiskenligini gdsteren

farkll calismalar olmakla birlikte bu calismada

istatistiksel olarak belirgin iligki kurulamamistir.
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Ozellikle Tiirkiye’de bu iliskinin kesinlik kazanmast
icin daha fazla c¢alismaya ihtiyagc duyuldugu
gorilmektedir.

Genel olarak calismamizda, iki farklt yas
grubunu igeren buzagl, sigir, kuzu, koyun, oglak ve keci
basliklarindaki etken izolasyon oranlari
degerlendirildiginde, bakteriyel izolasyonlar —arasi
farkliliklar istatistiki actdan anlamli bulunmustur (P<
0,05). Literatiir taramalarimiz sonucunda pnémoni
nedeniyle 6len 1 yasindan kiiciik hayvanlara dair
mevsimsel verileri iceren yeterli sayida ve glincel
bakteriyel izolasyon calismasina ulasilamamistir.
Yapilan saha calismalarinda, gen¢ hayvanlarda
solunum  sistemi semptomlarinin  dikkat gekici
olmamast sebebiyle pnémoni olgularinin septisemi
olarak  kaydedildigini ve bu durumun analiz
sonuclarinda geng hayvanlarin daha az

degerlendirilmesine neden

distindirmektedir (Gazioglu ve ark. 2016). Turkiye’de

oldugunu

yapian calismalarda 1 yag Gstd sigirlarda Streptococens
spp. oranini Bulut ve Karaman (2019) %16, Kale ve
ark. (2013) %5,4 ve Yaman ve Giilct (2002) ise %02,01
olarak vermis ve calismamizdaki St#eptococens spp.
izolasyon oranlarina kiyasla diistik oldugu gérilmustiir.
Bunun nedeni; materyal olarak mezbahaya gelen hasta
hayvanlarin kullanilmis olmasi, solunum probleminin
azaldig1 bilinen yaz mevsiminde numune toplanmis
olmast olabilir. P. multocida yoninden ise ¢alismamizda
buzagilarda Erbas ve ark. (2008)’in Izmir’de yaptiklart
calismada %4,9 izolasyon oraninin bu calismadaki
degerlere gore diisitk olmasinin nedeni; mezbahadan
her yas grubundaki sigira ait 570 adet intratrakeal
svabin alinarak numune calistlmis olmast disiintilebilir.
Pnomoniye neden olan patojenlerin izolasyonunda
akciger dokusundan yapilan pozitif izolasyon oraninin
trakeal svap/lavaj ile yapilanlara gore daha yuksek
oldugu bilinmektedir (Asaye ve ark. 2015). Bu nedenle
calismamizda izolasyon oranimiz daha ylksek elde

edilmis olabilir.

Kuzulardaki calismamizda 9%30,6 ie M.
haemolytica 1k sirada yer alirken, Streptococcus spp.’nin
%325 ile onu takip ettigi gorildi. Turkiye’de ve diger
tlkelerde yapilan ¢alismalara (Lindstrém ve ark. 2018;
Orug 2006; Ulgen ve ark. 1997) bakildiginda ise M.
haemolyticdmn - %10 ile %063 arasinda izolasyon
oranlarina sahip oldugu, izolasyon sikligt anlaminda ilk
iki etkenden biri olduklar1 ve bu veriler bakimindan
calismamiz ile paralellik gbsterdigi anlasildi. Cesitli
calismalarda farkli izolasyon oranlari elde edilmesi
bélgesel farklilik, mevsim etkisi ve stirii-giftlik yonetimi
gibi bir¢ok faktére baglanabilecegi gibi; bu durumun
nedeni c¢alismamizin gicli yoninid de olusturan,
numune materyalimizin pnémoni nedeniyle Slmis
hayvanlardan olusturulmasi olabilir.

Calismamizda ve diger literatiir calismalarinda
goruldigi tzere bakteriyel izolasyon oranlarindaki
belirgin farkliliklarin; hesaplama, hayvan sayisi, yasi,
ki, nakilleri, iklimsel farkliliklar gibi predispozisyon
faktorleri ve yetersiz/uygun olmayan tedavi ile
koruma-kontrol eksikliklerinden kaynaklanabilecegi
disinilmektedir. Mevsimin, bélgedeki yagis alma
oraninin, sicaklik ve nemin etkisinin yani sira bakim
sartlarinin, incelenen O6rnek sayisinin, 6rnek alma
yontemlerinin  farkli izolasyon oranlarina etkisi
olabilmektedir (Gunes 2018, Singh ve ark. 2020,
Snowder ve ark. 2006, Tel ve Keskin 2010). Yaz
aylarinda hayvanlarin  acik alan meralarda  seyrek
poptlasyon olarak glintin ¢ogunlugunu gecirmeleri ve
ozellikle sicak mevsimlerde patojenlerin dis ortamda
canl kalma siirelerinde gorilen disislerde pnémoni
olgularinin  azalmasmna  neden  olabilmektedir.
Streptococcus spp.’lerin cevreden ve Ust solunum yollart
florasindan sikhikla izole edildikleri bilinmektedir.
Ozellikle geng hayvanlarda bagisiklik sisteminin tam
gelismemis olmast, stres faktorleri ve biyogiivenlik-
hijyen sartlarindaki eksiklikler bu tarz firsatct etkenlerin
alt solunum yollarindan izole edilme olasiligint

arturmakta, siri-giftlik yonetimi ve mevsimsel
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farkldiklarinin -~ etken izolasyon oranlarina  etkisi
bulunabilmektedir.

Illere gore tim hayvan tiirlerinde etken
izolasyon oranlart incelendiginde istatistiksel olarak
sehirler ile etken turleri arasinda anlamli bir iliski
olusmadigr gortldi (P>0,05). Farkli sehirlerden elde
edilen farkli izolasyon oranlarina  Orneklerin
gonderildigi mevsim kosullart, hayvan tirleri ve yas

gruplarinin farkliliginin da etkili olabilecegi diistiniildi.

SONUC

Bu calisgmanin sonucunda bakterilere bagli solunum
sistemi hastaliklarinda Streprococcns spp.’nin 6nemli bir
roli oldugu, pnémoni nedeniyle 6len hayvanlardan
6zellikle koyunlarda ve kis mevsiminde daha fazla izole
edildigi gorilmektedir. Pnémoni nedeniyle o6ldigi
kaydedilen hayvanlardan analize génderilenlerin ¢ogu
ergin hayvanlar olup, en fazla bildirim aralik, ocak ve
subat aylarinda Bursa’dan yapilmistir. Solunum sistemi
hastaliklarinin bireysel, cevre ve etken
karakterizasyonu  dahilinde ¢ok yonli  olarak
dustintlmesi, hastalik ve tedavi yOnetimine katki
saglayacaktir. Calismamiz sonucunda goriildigi tizere
basta koyun yetistiricileri olmak tzere hayvancilikla
ugrasan paydaslara, solunum sistemi hastaliklarinin
yonetimi  tzerine  bilgilendirme  caligmalarinin
yapimasinin, hastalikla miicadelede ve yiksek
ekonomik kayiplarin 6niine gegilmesinde 6nemli
faktorler oldugu goriilmektedir.

Etik Kurul Bilgileri: Bu calisma “Hayvan Deneyleri
Etik Kurullarinin Calisma Usul ve Esaslarina Dair
Yoénetmelik” Madde 8 (k) geregi Etik Kurul iznine tabi
degildir. PEVHADYEK 17.08.2022 tarih ve 270 sayilt
karar)

Calisma Onayr: Tarm ve Orman Bakanlig
24.08.2022tarih ve 6732623 sayilt olur.

Cikar Catigsmasi: Yazarlar bu yazt icin gercek,
potansiyel veya algilanan c¢tkar catigmasi olmadigini

beyan etmislerdir.

Tesekkiir: Bilent EKIZ’ e redaksiyon, Orbay
SAYI ve M. Giirkan SIMSEK’ e analiz destekleri icin

tesekkir ederiz.
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ABSTRACT

The study is intended to determine the calving interval (CI) and Dry period (DP), affecting both production and
reproduction characteristics of Anatolian buffaloes reared under farm conditions, to investigate the
environmental effects on these characteristics, and to use the results in stud selection programs for breeding in
buffalo herds. In the study, 1427 calving interval and dry period records of 756 head of Anatolian buffalo reared
between 2014-2021 were used. In this study, the overall mean and standard error of CI and DP were determined
as 411.3724.10 days and 191.70£3.13 days, respectively. The effects of county, calving year, season and parity on
these features were determined. In the study, the effect of all environmental factors on CI and DP, apart from the
county, was found to be significant (p<<0.01, p<0.001). In the study, concluded that considering the factors
affecting yield and reproductive performance in selection programs and monitoring of estrus and drying off by
breeders will contribute to farm productivity.

Keywords: Buffalo, calving interval, dry period, environmental factors
sksksk

Kiitahya Ilinde Yetigtirilen Anadolu Mandalarinda Buzagilama Aralig1 ve Kuruda Kalma Siiresi Uzerine
Arastirmalar

(074

Sunulan calismada ciftlik sartlarinda yetistirilen Anadolu mandalarinda Buzagilama arahgt (BA) ve direme ve
tretim Gzelliklerini etkileyen Kuruda kalma stiresi (KKIKS)’ni belitleyerek bu 6zellikler tizerine etki eden ¢evresel
etkileri arastirmak ve elde edilen sonuclarin manda sirilerinde 1slaha yonelik damizlik se¢im programlarinda
kullanma imkanlarinin belirlenmesi amaclanmistir. Calismada 2014-2021 yillar1 arasinda yetistirilen 756 basg
Anadolu mandasina ait 1427 adet Buzagilama araligt ve Kuruda kalma siiresine ait kayitlar kullanilmistir. Bu
arastirmada, BA ve KKS genel ortalama ve standart hatast sirastyla 411.37£4.10 giin ve 191.70£3.13 giin olarak
belitlenmistir. Ilge, buzagilama yili, mevsimi ve laktasyon sirast bu &zellikler iizerine etkileri belirlenmistir.
Calismada ilge hari¢ incelenen tim ¢evresel faktorlerin BA ve KKS tizerine etkisi 6nemli bulunmustur (p<0.01,
p<0.001). Calismada, seleksiyon programlarinda verim ve treme performansina etki eden faktdrlerin dikkate
alinmasi ve yetistiriciler tarafindan Ostrus ve kurutmanin izlenmesinin ¢iftlik verimliligine katk:i saglayacag
sonucuna varimistir.
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INTRODUCTION

Buffaloes play a crucial role in ensuring a sustainable
food production system in many developing countries
(Pasha and Hayat 2012). The buffaloes raised in
Thurkiye originate from the Mediterranean subgroup
of the riverine-type buffaloes, and are called as
Anatolian Buffalo (Cicek et al. 2009).

In Tirkiye, the number of Anatolian buffaloes was
185.574 in 2021 and they are mostly grown in North,
Central, West, East and Southeast Anatolia (Atasever
and Erdem 2008, TUIK-Anonymous 2022). The
Ministry of Agriculture and Forestry started to
implement the "National Anatolian Buffalo Breeding
Project " to improve the buffalo breeding. In Turkiye,
buffalo breeding is generally carried out for milk
production (cream, yogurt, cheese, ice cream). To
increase milk yield in buffaloes, it is necessary to
know the factors affecting milk production. Milk
yield and reproductive characteristics are affected by
the factors such as genotype, age, season, nutrition
and management (Kumar et al. 2017). Similatly, the
economic return of buffalo milk depends on the milk
production and reproductive efficiency of the
animals, and the reproductive efficiency in buffaloes
is affected by the dry period (DP) and especially the
calving interval (CI). Indeed, CI is an important
parameter used as a fertility index in farms (Ramos et
al. 2000, Yilmaz Adkinson and Konca 2021).

Most breeding experts agree that the 13-14 month
calving interval is ideal to maximize profitability in
buffalo breeding. Also, to obtain optimal milk,
approximately 2 months of DP should be left before
the next lactation. Shorter or longer DP negatively
affects the subsequent lactation yield (Sekerden 2001).
Bachman and Schairer (2003) reported that animals
with low milk yield tend to stay in dry period for a
longer time, while animals with high milk yield do the
opposite. Indeed, a dairy animal must have a shorter
DP and a lower CI to be economical. In this respect,
DP and CI are important economic features that
determine the milk yield of buffaloes (Sanker et al.
2014).

There is not enough research on the calving interval
and especially on the dry period in Anatolian
buffaloes. Therefore, more studies are needed to
determine  these characteristics of  Anatolian
buffaloes. The aim of this study is to contribute to
stud selection programs in buffalo herds by
investigating the reproductive characteristics CI and
DP in Anatolian water buffalo reared under farm
conditions and the environmental effects on these
characteristics.

MATERIAL AND METHOD

Location of the study, animals and data
collection

The material of the research consists of 1427 CI and
DP records of 756 heads of Anatolian buffalo reared
in Kutahya province (39° 25' 11" N and 29° 59' 8" E)
between 2014-2021. The data were obtained from the
"Manda Yildiz1" data registration system, which was
created within the scope of the "National Anatolian
Buffalo Breeding Project" promoted by the General
Directorate of Agricultural Research and Policies
(Tekerli 2019).

In the region where the research was carried out,
buffalo breeding generally consists of family type
enterprises and the number of buffaloes per farm is
approximately 5 heads. Buffalo farming is generally
carried out in pasture conditions and supplementary
feeding is done by giving small amounts of forage
available only in winter months (silage, straw, alfalfa,
legume grass, etc.). Milking is performed in the
morning and evening, mostly by hand and sometimes
by machine.

Data between CI=300 and <700 days, and DP=30,
and <300 days were used in the study (Poudel et al.
2017, Kogak et al. 2019). CI (days) was calculated as
the interval between two consecutive calvings, and
DP (days) was calculated as the time from the date of
dry off to the subsequent calving.

The study was carried out in 3 counties of Kiitahya;
(1) Altintas, (2) Center, and (3) Tavsanl. The calving
year was divided into four groups: (1) 2014-2015, (2)
2016-2017, (3) 2018-2019, and (4) 2020-2021. The
calving seasons were divided into four groups; (1)
winter, (2) spring, (3) summer, and (4) autumn. The
parity is numerically ranked from 1 to 5.

Statistical analysis

Due to the insufficient data in the subgroups, it was
assumed that there was no two- or three-way
interaction between the factors examined. The GLM
(General Linear Model) method in the “Minitab-
Version 18” program package was utilized for the
analysis (Minitab 2017). The following model was
used to determine the effect of environmental factors
on calving interval and dry period.

Yium = p + Ci+ Y+ Sk + Pr + cijum ~ Where;

Yikim: Level of CI and DP features of any buffalo (i.
county, j. year, k. season, 1. Parity, m. The observation
value for an investigated trait)

u: Overall (expected) average,

Ci: The effect of it county (i= 1,2,3),

Yj: The effect of j calving year (j=1, 2, 3, 4),

Sk: The effect of kth calving season (i= 1,2,3,4),

Pi: The effect of 1 parity (=1, 2, 3, 4, 5),

eikm: Random error which is assumed to be normally
independently distributed with zero mean and
constant variance (NID, 0, ¢?).
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RESULTS

In this study, the least squares means and standard
errors for some environmental factors on CI and DP
characteristics in Anatolian buffaloes are given in
Table 1. CI and DP overall mean and standard error
were determined as 411.37+4.10 days and
191.70£3.13 days, respectively (Tablel). The effects

of the county, calving year, season and parity on these
characteristics were defined. In the study, the effect
of all environmental factors on CI and DP, except the
county, was found to be significant (p<<0.01, p<0.001)
(Table 1).

Table 1. Least squares means of CI and DP according to county, calving year, season, and parity of Anatolian

buffalos
Calving Interval (days) Dry Period (days)

PARAMETER n Mean+SEM MeantSEM
Overall means 1427 411.37+4.10 191.70+3.13
County
Altntag 169 412.9746.52 192.15£4.98
Merkez 691 414.62+4.08 195.13+3.12
Tavsanlt 567 406.54+4.67 187.81£3.57
p 0.129 0.062
Calving Year
2014-2015 83 394.61%8.88¢ 165.39£6.78¢
2016-2017 369 411.1045.22b¢ 194.14+43.99b
2018-2019 554 415.57+4.19ab 205.5243.202
2020-2021 421 424.21+4.42a 201.73+3.38ab
p 0.005 0.000
Calving Season
Winter 58 452.6949.854 221.18%7.52
Spring 584 387.58+3.88¢ 163.40£2.96¢
Summer 642 383.80+3.80¢ 173.01£2.90b
Autumn 143 421.43%6.63b 209.20%5.06
p 0.000 0.000
Parity
1st 524 427.83+4.24a 206.08+3.244
2nd 394 425.89+4.90a 205.761+3.742
3ed 270 401.50+5.51bc 183.25+4.21>
4th 152 412.25%6.76b 193.40£5.16P
5th < 87 389.40+8.65¢ 169.98+6.61¢
p 0.000 0.000

a, b, ¢ : Means in a column with different superscripts differ significantly (p<0.01; p<0.001).
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DISCUSSION

The CI value determined in this study (411.37+4.10
days) (Table 1) is higher than the study by Marai et al.
(2009) (402.612.6) and Ayad et al. (2022) (393.75
days) in Egyptian buffaloes. However, it is similar to
the researchers conducted by Malhado et al. (2013)
(411 days) on Murrah buffaloes in Brazil and by
Soysal et al. (2018) (417 days) on Anatolian buffaloes
in Turkiye. On the other hand, this value determined
in the study is lower than the CI determined by many
other researchers. Kandasamy et al. (1993) reported
(547.6%6.0 days) in Murrah buffaloes, Sanker et al.
(2014) (450.24%+1.53 days) reported in Murrah and
Diara buffaloes In India; Charlini and Sinniah (2015)
(470%4.87 days) reported Murrah, Surti, Nili-Ravi and
their crossbred buffaloes in Siri-lanka; and in
Anatolian buffaloes in Turkiye, Kog¢ak et al. (2019)
(450.35+2.98 days), Alkoyak and Oz (2020)
(426.35%£2.91 days) and Kaplan (2021) (470.08%9.32)
reported.

These variations in CI may result from the differences
in genotypes of buffaloes grown in the research
locations, in care and feeding conditions in the
enterprises, and differences in  administrative
practices. The average CI value in this study is very
close to the ideal calving interval, which allows
approximately one calf per year. This result shows
that Anatolian buffaloes respond well to good
management practices in the region where the
breeding project is carried out.

In this study, CI was not significantly (p>0.05) (Table
1) affected by the county. Similar to this research,
Sanker et al. (2014) reported that the region did not
have a significant effect on CI in the study conducted
in Murrah and Diara buffaloes in India; and, in the
research on Anatolian buffaloes in Istanbul, Soysal et
al. (2018) also reported that the county did not have a
significant effect on CI.  In this study, although the
highest CI value was found in the central county, and
the lowest CI value was found in the Tavsanli county,
no statistically significant difference was found
between the counties. We can attribute this result to
the fact that buffalo breeding in the counties where
the study was conducted was carried out with similar
methods.

In this research, the effect of calving year on CI was
determined to be significant (p<<0.01) (Table 1).
Similar to this research, the effect of calving year on
CI was reported to be significant in Anatolian
buffaloes (Soysal et al. 2018, Kogak et al. 2019,
Alkoyak and Oz 2020, Kaplan 2021); and in Egyptian
buffaloes (Ayad et al. 2022). On the other hand,
unlike this study, the effect of calving year on CI was
not significant in the studies conducted by
Kandasamy et al. (1993) in Murrah buffaloes in India;
and in the studies by Marai et al. (2009) on Egypt
buffaloes in India. The significant effect of calving
year on CI can be attributed to fluctuations in

environmental conditions that have changed over the
years in buffalo farms, and particularly to enterprise
management procedures, weather, nutritional level
and feeding practices (Ahmad and Shatiq 2002). In
this study, while the lowest CI values (394.611+8.88
days) were found in 2014-2015, the highest CI values
(424.21£4.42 days) were obtained in 2020-2021. The
current study, there is a general increase in CI values
over the years. This may be due to the fact that the
breeders have not paid enough attention to the heat
period of the buffaloes in recent years, and preferred
to obtain more milk than to make the buffaloes get
pregnant.

In this study, the effect of calving season on CI was
found to be significant (p<<0.001) (Table 1). Similar to
this research, the effect of calving season on CI was
reported to be significant in Anatolian buffaloes
(Tekerli et al. 2001, Kogak et al. 2019, Alkoyak and
Oz 2020, Kaplan 2021) in Tirkiye and in Egyptian
buffaloes (Marai et al. 2009, Ayad et al. 2022). Unlike
this study, on the other hand, in the studies by
Kandasamy et al. (1993) in Murrah buffaloes in India,
and by Soysal et al. (2018) in Anatolian buffaloes in
Istanbul, the effect of the calving season on CI was
not significant. In our research, the shortest CI period
was found in Dbuffaloes calving in summer
(383.80£3.80 days), and the longest CI period was
found in buffaloes calving in winter (452.69£9.85
days). Studies conducted by some researchers in
Anatolian buffaloes in Tirkiye have also supported
this study by finding the CI period in buffaloes
calving in the shortest summer and longest winter
seasons (Kogak et al. 2019, Alkoyak and Oz 2020). CI
which exists in buffaloes calving in the shortest spring
and summer months can be explained by the fact that
calving buffaloes show estrus and become pregnant
in autumn and winter. In autumn and winter, the
decrease in day length and air temperature may cause
an increase in reproductive activity in buffaloes. As a
matter of fact, it was reported in studies that oestrus
is delayed in buffaloes that give birth in spring due to
high temperatures, then ovarian activity resumes in
the rainy season and winter months, and their
pregnancies mostly coincide with the period when the
day length is shortened in the autumn and winter
months of the year (Sule et al. 2001, Zicarelli 2007).
In this study, the effect of parity on CI was
determined to be significant (p<<0.001) (Table 1).
Similar to this research, the effect of parity on CI was
reported to be significant in Anatolian buffaloes
(Soysal et al. 2018, Alkoyak and Oz 2020) in Tiirkiye,
in Murrah buffaloes (Kandasamy et al. 1993) in India,
in Egyptian buffaloes (Marai et al. 2009, Ayad et al.
2022) in  Egypt, in Bangladesh  buffaloes
(Fakruzzaman et al. 2020), in Murrah and Diara
buffaloes (Sanker et al. 2014) in India, and in
Venezuela (Nava-Trujillo et al. 2018). On the other
hand, unlike this research, Tekerli et al. (2001)
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reported that parity did not have a significant effect
on CI in the study conducted in Anatolian buffaloes
in Turkiye. In our study, the shortest CI period was
found as (389.4018.65 days) at 5% < parity, and the
longest CI period was found as (427.8314.24 days) at
1t parity. In the study, a regular decrease was
observed in CI period with increasing parity in
general. This result is consistent with the reports of
studies conducted by some researchers (Marai et al.
2009, Chatrlini and Sinniah 2015, Nava-Trujillo et al.
2018). This may be attributed to the lower
reproductive performance of buffaloes in the eatly
parity and the increase in reproductive performance
due to the advancing age. As a matter of fact,
Kandasamy et al. (1993) reported that the reason for
the decrease in CI in later parities may tresult from
physiological stability of buffaloes.

In the results obtained in this study, the average DP
value (191.70£3.13 days) was consistent with the
studies by Charlini and Sinniah (2015) in Siri-lanka in
Surti (185 days) and Surti crosses (199 days)
buffaloes, and by Hussain et al. (2006) (194.4+12.37
days) in Nili Ravi buffaloes in Pakistan. However, the
results of the present study are lower than the values
reported in the study conducted in Murrah buffaloes
by Kandasamy et al. (1993) (219.3+4.7 days) in India.
On the other hand, the DP value of our study was
higher than the values reported by Marai et al. (2009)
(148.7£2.0 days) in Egyptian buffaloes, Poudel et al.
(2017) (110.9£61.4 days) in Murrah crossbred
buffaloes in Nepal, Sanker et al. (2014) (144.34+0.77
days) in Murrah and Diara buffaloes in India, and by
Ayad et al. (2022) in Egyptian buffaloes (98.46 days).
However, if a dairy animal is to be economical, it
must have a shorter DP (Poudel et al. 2017). A long
DP means that the animals have reproductive
problems, while a short one means that the calf to be
born does not develop sufficiently and the milk yield
of the animal decreases after birth. In this respect, the
dry period, which affects both milk and fertility, is a
feature that should be carefully considered (Karaagag
2019).

In this study, the effect of counties where Anatolian
buffaloes are raised on DP was not found significant
(p>0.05) (Table 1). Similar to this research, Sanker et
al. (2014) reported that the region did not have a
significant effect on DP in a study conducted in
Murrah and Diara buffaloes in India. In this study,
the longest DP value was obtained in the Central
county (195.13+3.12 days), while the shortest DP
value was obtained in Tavsanlt (187.81+3.57 days).
However, there is no statistically significant difference
between the counties and this can be attributed to the
similar methods of buffalo breeding and application
practices in the counties. In this study, DP was
significantly (p<<0.001) (Table 1) affected by calving
year. Similar to this study, Ayad et al. (2022) founded
a significant effect of calving year on DP in Egyptian
buffaloes. On the other hand, unlike this research, the
effect of calving year on DP was not significant in the

studies by Kandasamy et al. (1993) on Murrah
buffaloes in India and Marai et al. (2009) on Egyptian
buffaloes.  In the study, the shortest DP values
(165.39£6.78 days) were found in buffaloes calving in
2014-2015, and the longest DP values (205.52%3.20
days) were found in buffaloes calving in 2018-2019.
In this study, a general increase was observed in DP
values as the years passed, and this may be due to the
habit of the breeders to dry their buffaloes off earlier
than they should in recent years.

In this study, it was revealed that the effect of the
season on DP was significant (p<<0.001) (Table 1).
Consistent with this study, effect of calving season on
DP was reported to be significant in the studies by
Kandasamy et al. (1993) on Murrah buffaloes in
India, and by Ayad et al. (2022) on Egyptian
buffaloes. On the other hand, unlike this research, the
studies conducted by Thevamanoharan (2002) on
Nili-Ravi buffaloes in Pakistan and by Marai et al.
(2009) on Egyptian buffaloes showed that the effect
of calving season on DP was not significant. In the
current research, while the shortest DP values were
obtained in buffaloes calving in spring (163.40£2.96
days) and summer (173.01£2.90 days) months, the
longest DP values were obtained in buffaloes calving
in  autumn (209.20£5.06 days) and winter
(221.18+£7.52 days).

The current study, the effect of parity on DP was
determined to be significant (p<<0.001) (Table 1).
Consistent with this study, many researchers
supported this study by finding that the effect of
parity on DP was significant (Kandasamy et al. 1993,
Hussain et al. 2006, Marai et al. 2009, Sanker et al.
2014, Ayad et al. 2022). On the other hand, contrary
to this research, some researchers reported that parity
did not have a significant effect of parity on DP
(Poudel et al. 2017, Fakruzzaman et al. 2020). In this
study, the longest DP was found in the first parity
(206.08£3.24 days), and the shortest DP was reached
at 50 < parity (169.98%6.61 days). In general, it is
seen that there is a steady decrease in DP value in
advancing parities (Table 1). Similar to this study,
some researchers reported that there was the longest
dry period in buffaloes in the first parity, and a
significant shortening was observed in later parities
(Kandasamy et al. 1993, Marai et al. 2009, Poudel et
al. 2017, Fakruzzaman et al. 2020). These results can
be attributed to the fact that the reproductive
performance of buffaloes in the early parity is lower
than those in the later parity and that the reproductive
performance increases due to the progress of the
parity. As a matter of fact, Kandasamy et al. (1993)
reported that the reason for the decrease in DP in
later parities may result from physiological stability of
buffaloes.
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CONCLUSION

In this study, the best CI and DP values were
obtained at 5% =< parity with spring and summer
seasons. In addition, according to the results of the
research, it can be said that the breeders in Tavsanlt
county do better practices related to care, feeding and
herd management for their buffaloes. It was
concluded that the significant factors that affect the
reproductive performances will contribute to the
increase in the productivity of the farm if they are
formulated in stud selection program and if the
breeders are more careful in the heat period and dry
period of Anatolian buffaloes.
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The Effect of Accessory Leaves on Digestion Degree and Fermentation
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ABSTRACT

The aim of this study is to determine the effects of substituting acacia (Robinia pseudocacia L.) tree leaves for
alfalfa hay in sheep TMR (Total Mixed Ration) on gas production (GP), methane production (CH4), true
digestible dry matter (TDDM), partitioning factor (PF), microbial protein (MP), microbial protein synthesis
efficiency (MPSE), and true digestibility (TD) parameters using the in vitro gas production technique. In this
study, acacia tree leaves were substituted 0, 7.5, 15 and 22.5% for sheep TMRs instead of alfalfa hay. Gas
production and methane production values ranged from 62.97 to 74.32 ml, and 9.52 to 11.76 ml, respectively.
The degree of digestion varied between 51.67% and 56.67%. The partitioning factor value changed between 4.00
and 4.33, respectively. Microbial protein production and microbial protein synthesis efficiency values varied
between 103.67 and 137.00 mg, 41.00% and 51.67%, respectively. True digestible dry matter values ranged from
242.33 to 265.33 mg. The findings in the study showed no anti-methanogenic effect. Based on the results of the
present study, it was difficult to determine the appropriate dose in sheep TMRs due to the high tannin content of
acacia tree leaves. For this reason, in vivo trials are needed to determine the effects of acacia tree leaves on sheep
performance.

Keywords: Gas production, In vitro Microbial protein, Partitioning factor, Tree leaves

kkk

Koyun TMR’larina Artan Seviyelerde Akasya Agag Yapraklarinin Sindirim Derecesi ve

Fermentasyon Parametrelerine Etkisi
oz

Bu c¢alismanin amact koyun TMR’ larinda akasya (Robinia pseudocacia 1..) aga¢ yapraklarinin yonca kuru otu yerine
ikame edilmesiyle gaz iiretimi (GU), metan iiretimi (CH4), gercek sindirilebilir kuru madde (GSKM), taksimat
faktorii (TF), mikrobiyal protein (MP), mikrobiyal protein sentezleme etkinligi (MPSE) ve gercek sindirim
derecesi (GSD) parametrelerine etkilerini in vitro gaz Uretim teknigi ile belirlemektir. Bu ¢alismada akasya agag
yapraklart %0, 7.5, 15 ve 22.5 oraninda koyun TMR larina yonca kuru otu yerine ikame edilmistir. Gaz retimi ile
metan Uretim degetleri sirasiyla 62.97-74.32 ml ve 9.52-11.76 ml arasinda degismistir. Sindirim derecesi ise
%51.67 ile 56.67 arasinda degismistir. Taksimat fakt6rii degeri sirastyla 4.00- 4.33 arasinda degismistir. Mikrobiyal
protein dretim ve mikrobiyal protein sentezleme etkinligi degetleri strastyla 103.67-137.00 mg ve %041.00-51.67
arasinda degismistir. Gergek sindirilebilir kuru madde degerleri ise 242.33 ile 265.33 mg arasinda degismistir.
Calismadaki bulgular hicbir anti-metanojenik bir etki gostermedigi tespit edilmistir. Mevcut ¢alismanin sonuglart
baz alinarak akasya aga¢ yapraklarinin igerdigi yitksek tanenden dolayt koyun TMR’ larinda uygun dozun
belirlenmesi olduke¢a zor gorilmistiir. Bu sebeple akasya agac yapraklarinin koyun performanslarina etkilerini
belirlemek icin in vivo denemelerine ihtiyag vardir.

Anahtar Kelimeler: Agac yapraklari, Gaz iiretimi, In vitro, Mikrobiyal protein, Taksimat faktérii
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GIRIS

Hayvancilik  isletmelerinin  giderlerinin  buytk bir
cogunlugunu (%70-75) yem
olusturmaktadir (Alcicek ve ark., 2010). Yem

maliyetleri

maliyetlerinin  azaltilarak  karli  bir  hayvancilik
yapilabilmesi i¢in ucuz ve kaliteli yem kaynaklarinin
olusturulmasi gerekmektedir. Bu yem kaynaklarinin en
basinda ise kaba yem tiretimi gelmektedir. Hayvancilik
isletmelerinde kaba yem iretimi yetersiz oldugundan
Tirkiye’de kaba yem eksikligi hayvanlara fazla kesif
yem verilmesi ile giderilmeye calisilmaktadir (Ozgen,
1986). Halbuki gevis getiren hayvanlara fazla kesif
yem verilmesi hayvancihgin karli bir duruma gelmesini
saglamayacaktir. Hem isletme maliyetlerini arttiracak
hem de sindirim sistemi hastaliklarina yol acacaktir.
Kaba yemler; dogal haliyle su icerigi %20’ den az olan
ve kuru madde igeriginde ham seliloz miktarinin
%18’ den fazla oldugu yemlerdir (Harmangah, 2018).
Kaba yem kaynaklarinin en basinda ¢ayir ve meralar
gelmektedir. Fakat cayir ve mera alanlarinin asirt
derecede  otlatdmast  ve  gerekli  bakimlarinin
yapilmamast gevis getiren hayvanlarin kaba yem
acigim  kapatamamaktadir. Son zamanlarda yem
fiyatlarinda gorillen artislar  hayvan  beslemecileri
alternatif yem kaynaklarina yoneltmektedir. Bu
alternatif yem kaynaklarindan birisi de aga¢ dal ve
yapraklaridir.  Kaba yemlerin  yetersiz  oldugu
durumlarda aga¢ yaprak ve dallain  hayvan
beslemede kullanildig: bildirilmektedir (Temel ve Kir,
2015). Agac dal ve vyapraklart doganin ekolojik
dengesini  saglamasinin  yaninda gevis  getiren
hayvanlarin  beslenmesinde de 6nemli bir gérev
Gstlenmektedir  (Ipcak ve ark, 2018). Yapilan
calismalarda bazt mucbir sebeplere bagl olarak yem
maddelerinin yetersiz oldugu dénemlerde agac dal ve
yapraklarinin hayvanlarin rasyonlarinda
bulundurulmasimnin  zaruri  oldugu  bildirilmistir
(Kamalak ve ark., 2005; Ulger ve ark., 2017). Agag dal

ve yapraklarinin ani iklim degisikliklerinden az

etkilenmeleri gibi avantajlarinin olmasinin yant sira
bazi  dezavantajlarinin = da  bulundugu  bir¢ok
arastirmada  bildirilmistir (Ozelcam ve ark., 2019).
Gevis getiren hayvanlarin rasyonlarinda kullanilmasint
kisitlayan bazi etkenlerin oldugu ve bu etkenlerin de
hem hayvanlara hem de gevreye olumsuz etkilerinin
oldugu vurgulanmaktadir (Tolera ve ark., 1997). Bu
etkenlerin basinda ise aga¢ dal ve yapraklarinin
iceriklerinde yiiksek miktarda tanen ve fenolik
bilesiklerin  olmast hayvanlarin  yem  tiketimini
kisitlamakta, yemlerin sindirim derecelerini
ctkilemekte ve zchitlenmelere neden olmaktadir
(Balikgt ve Giirdogan, 2003). Ulkemizdeki hayvan
varhgr dikkate alinarak c¢ayir — meralardan ve tarim
arazilerinden yeterince kaba yem iretilememesine
baglt olarak aga¢ dal ve yapraklarnn igeriklerinin
aragtirtllarak gevis getiren hayvanlarin beslenmesinde
rasyonlara katlacagi fikri ortaya ¢ikmustir. Akasya
agact (Robinia pseudoacacia) Tiirkiye’ de T¢ Anadolu
ve Anadolu’nun bir¢ok bolgesinde yetisme becerisine
sahip oldugu bildirilmistir (Atay, 1985). Akasya agaci
hayvancilik ve ormancilik endiistrisinde
kullanilmaktadir. Yapilan bir calismada akasya agac
yapraklarinin  protein igeriklerinin = %013.52-18.88
arasinda degistigi, metabolik enerji iceriklerinin ise
6.06-7.16 MJ/kg arasinda oldugu bildirilmistir
(Kamalak ve Baser, 2020).

Bu calismada koyun TMR larina akasya
agacinin artan oranlarda yonca kuru otu yerine
kullanilmasi ile fermantasyon parametlerine, rumen

mikrobiyal biyokiitlesine ve sindirim derecelerine

etkisi arastiridmuistir.

MATERYAL ve METOD

Bu calismada kullanilan akasya aga¢ yapraklart 2022
yili Haziran ayinda Kahramanmaras Siit¢ii Imam

Universitesi Avsar yerleskesinde bulunan 5 ayri
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agactan  toplanilmustir. Toplanillan akasya agac

yapraklari laboratuvara getirilerek gblgede
kurutulmaya birakilmistir. Kurutulan yapraklar 1 mm’
lik elekli degirmende &gitilmistir. Ogiitme
isleminden sonra akasya agac yapraklari ve TMR’ lart
olusturan yem ham maddelerinin kimyasal icerikleri
ham protein (HP), ham kil (HK), ham yag (HY) ve
kurutulmus kuru madde (KKM) AOAC (1990) a
gore yapilmistir. Akasya agac yapraklari ve yonca kuru
otunun kondanse tanen icerikleri Makkar ve ark.,
(1995) nin bildirdigi yonteme gore belitlenmistir.
TMR’ lar1 olusturan yem ham maddelerinin metabolik
enerji ve ham protein igerikleri Tablo 1’ de verilmistir.

Yem ham maddelerinin metabolik enerji
degerleri Menke ve Steingass (1988)” 1 bildirdigi
yontem ile belirlenmistir.

ME M]/kg KM) = (1.68 + 0.1418*GU) +
(0.073*HP) + (0.217*HY )—(0.028*HK)

GU: Gaz iiretimi (200mg KM)

HP(%): Ham protein

HY (%): Ham yag

HK (%) Ham kil
Orneklerin  kimyasal igerikleri kullanilarak NRC
2007y ye gore koyun TMR’ lart izokalorik ve
izonitrojenik olacak sekilde % 16.5 HP ve 2500 kcal/
kg enerjiye sahip 4 ayrt TMR hazirlanmigtir. TMR’ lar
naylon torbalara yerlestirilmigtir. TMR’ larda
kullanilan yem ham maddelerinin miktarlar1 tablo 2’
de verilmistir.

Aragtirmada  kullamlan TMR’ larn  gaz
dretimleri Menke ve ark., (1979)” a gbre in vitro gaz
tretim teknigi kullanilarak yapilmustir. 4 tekerriirla
olacak sekilde 0.5 gr yem Orneklerini 100 ml cam
sirtngalara 40 ml tamponlanmis rumen stvist ile
karigtirilarak 39°C° de su banyosunda 24 saatlik
inkubasyona birakidmistir. Rumen s1vist
Kahramanmaras ilindeki 6zel bir kesimhaneden 3 bas
ivesi 1rki koyunlardan alinmistir. Segilen koyunlar 55-

65 kg arasinda canll aguhgindadir. Koyunlar

kesildikten hemen sonra rumen icetikleri 39°C’ lik

termos yardimiyla laboratuvara getirilmistir. TMR’
larin 24 saatlik inkubasyon sonucu cam siringalarda
olusan gazin metan icerigi Goel ve ark., (2008)’ nin
bildirdigi yontemle kizildtesi metan Olgim cihazi
(Sensor  Europe GmbH, Erkrath, Germany)
kullanilarak beliflenmistit.

Metan (ml) miktarlart asagida belirtilen
formiile gbre hesaplanmugtir.

CH4 (ml) = GU * CH4 (%)

Yirmi dort saatlik inkubasyon sonucu cam
siringalardaki TMR’ lart iceren rumen inokulantlar
cam beherlere koyulmustur. Uzerine 50 ml NDF
¢ozeltisi eklenerek 1 saat boyunca hot plate cihazinda
kaynatilma islemine birakdmistir. Kaynatilan rumen
inokulantlart darast alinan por cam krozeler yardimiyla
stiztilmistiir. Stzilen cam krozeler 65°C’ de 1 giin
boyunca kurutulmaya brrakilmistir. TMR’ larin gercek
sindirilebilir kuru madde (GSKM), gercek sindirim
derecesi (GSD), taksimat faktéri (TF), mikrobiyal
protein (MP) ve mikrobiyal protein sentezleme
etkinligi (MPSE) degerleri Blimmel ve ark. (1997) 1
tarafindan bildirilen formiiller kullaniarak
hesaplanmustir.

GSKM (mg) = Inkubasyon edilmis substrat
miktart (mg) — Substrat miktari (mg)

GSD (%) = GSKM / Inkiibasyon edilmis
substrat miktar1 (mg)

TF = (GSD / GU)

MP (mg) = (GSD - (2.2 * GU))

MPSE (%) = (GSD - (22 *
GU))/GSD)*100

Istatistik Analizi

Aragtirmadaki in vitro bulgular SPSS v 20.0 programi
(IBM Corp., Armonk, NY, ABD) yardimiyla tek
yonli varyans analizine (ANOVA) tabii tutulmustur.
Ortalamalar arasindaki farklar (P<0.05) Duncan ¢oklu

karsilastirma testi ile belirlenmistir (Duncan, 1955).
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BULGULAR

Rasyonu olusturan yem ham maddelerinin kimyasal

icerikleri Tablo 3’ te verilmistir.

Akasya aga¢ yapraklarinin ham kil degeri %06.15
bulunmustur, Akasya aga¢ yapraklarinin ham protein
degerleri %21.34 bulunmustur. Arastirmaya konu
olan akasya agac yapraklarinin yonca kuru otu yerine
tkame edilmesi ile fermantasyon ve sindirim

parametreleri Tablo 4’ te verilmistit.

Calismadaki 7z vitro bulgular akasya agac¢ yapraginin
yonca kuru otu yerine ikame edilmesi ile TMR’ larin
24 saatlik fermantasyon sonucu olugsan gaz Uretim
degerleri 64.07 ile 74.32 ml arasinda degismistir
(linear, P = 0.00; quadratic, P = 0.00; cubic, P =
0.16), TMR’ larin 24 saatlik fermantasyon sonucu
olusan net metan miktarlart 9.52 ile 11.76 ml arasinda
degismistir (linear, P = 0.02; quadratic, P = 0.00;
cubic, P = 0.82).

TMR’ larda gercek sindirilebilir kuru madde miktatlar
242.33 ile 265.33 mg KM arasinda degismistir (linear,
P = 0.82; quadratic, P = 0.00; cubic, P = 0.52). En
yiksek gercek sindirilebilir kuru madde TMR 2’ de
gozlemlenirken, en disik gercek sindirilebilir kuru
madde TMR 1’ de gorilmigtir. Calismadaki TF
degerlerinin = 4.00 ile 4.33 arasinda  degistigi
gozlemlenmistir (linear, P = 0.66; quadratic, P = 0.34;
cubic, P = 0.21). TMR’ larda ki mikrobiyal protein
degerleri 103.67 ile 137.00 mg arasinda degismigtir
(inear, P = 0.06; quadratic, P = 0.02; cubic, P =
0.03). En ytksek MP degeri TMR 2’ de, en disik MP
degeri ise TMR 3’ de gozlemlenmistir. TMR’ larin
MPSE degetleri %41.00 ile 51.67 arasinda olusmustur
(linear, P = 0.00; quadratic, P = 0.00 cubic, P = 0.00).
Bu calismada TMR larda kullanilan akasya agag
yapraklarinin artmastyla TMR 0” a gére TMR 4 te

MPSE oranin diistigl gézlemlenmistir.

Tablo 1. Yem ham maddelerinin metabolik enerji ve ham protein degerleri

Tablel. Metabolic energy and crude protein values of feed raw materials

Yem ham maddeleri

Metabolik Enetji (Mj / kg)

Ham Protein

Pamuk tohumu kiispesi 10.02
Akasya agac yapraklari 8.58
Bugday kepegi 12.69
Yulaf dane 11.88
Yonca 9.87

25.19

21.34

15.53

10.88

13.42
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Tablo 2. TMR’ lar1 olusturan yem hammaddelerinin miktarlar (gr)
Table 2. Amounts of feed raw materials that make up TMRs (gr)

YEM ORNEKLERI

TMR 1 (%0)

TMR II (% 7.5)

TMR 111 (%15)

TMR IV (% 22.5)

PTK 311.88 27215 23243 192.70
Akasya yapragt 0 75 150 225
Yonca 550 475 400 325
Yulaf dane 2.71 47.92 93.14 138.35
Bugday kepegi 79.40 73.91 68.42 62.93
Yag 30 30 30 30
Tuz 10 10 10 10
Kireg Tast 15 15 15 15
Min-Vit 1 1 1 1
Toplam (gr) 1000 1000 1000 1000
ME (kcal/kg KM) 2500 2500 2500 2500
HP (%) 16.5 16.5 16.5 16.5

PTK: Pamuk tohumu kiispesi, Min-Vit: Mineral ve Vitamin, ME: Metabolik enerji, HP: Ham protein

Tablo 3. TMR’ lar1 olusturan yem ham maddelerinin kimyasal icerikleri.
Table 3. Chemical contents of feed raw materials that make up TMRs.

KKM (%) HP (%) HY (%) HK (%) KT (%) GU(ml)
Akasya 94.64 21.34 423 6.15 12.55 32.32
Yonca 94.41 13.42 1.92 8.39 0.82 47.70
PTK 93.46 25.19 8.66 7.17 34.03
Yulaf dane 92.53 10.07 5.04 3.41 58.75
Bugday kepegi 91.12 14.16 2.45 3.11 66.24

KKM(%): Kurutulmus kuru madde, HP(%): Ham protein, HY (%): Ham yag, HK(%): Ham kil, KT (%0): Kondanse
tanen, GU: Yirmi dort saatlik gaz uretimi 200 mg/KM

Tablo 4. TMR’ larin fermantasyon ve sindirim parametreleri

Table 4. Fermentation and digestion parameters of TMRs

TMR GU Metan(ml) Metan(%) GSKM(mg) TF MP (mg) MPSE (%) GSD (%)
TMR 0 65.53b 10.44a 15.93 255.674b 4.00 125.00bc 48.67bc 54.674b
TMR 1 62,972 9.52a 15.13 242.33a 4.00 116.002b 47.67° 51.672
TMR 2 64.072b 9.63# 15.02 265.33b 4.33 137.00¢ 51.67¢ 56.67b
TMR 3 74.32¢ 11.76P 15.83 252.33ab 4.00 103.67» 41.002 53.674b
SEM 1.12 0.35 0.38 6.54 0.23 6.44 1.41 1.31

L sig, 000 020 829 548 667 068 003 643

Q sig, 000 002 008 972 347 028 001 1.000

C sig, 167 829 521 008 217 003 002 005

abe Ayni satirlarda yer alan farkli simgeye sahip olan ortalamalar birbirinden farklidir, TMR 0: Kontrol grubu, TMR1: % 7.5
akasya, TMR 2: % 15 akasya, TMR 3: % 22.5 akasya, GU: Gaz iiretimi( 500mg/ KM), GSKM: Gergek sindirilebilir kuru madde
(500 mg/ KM), TF: Taksimat faktori, MP: Mikrobiyal protein (mg), MPSE: Mikrobiyal protein sentezleme etkinligi (%) ve
GSD: Gergek sindirim detecesi (%) (P<0.05)
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TARTISMA

Bu calismada kullanilan akasya agac¢ yapraginin ham
kil degerleri Denek ve ark. (2014)’ nin bildirmis
oldugu ham kil degerinden dusiik bulunmustur. Yem
ham maddelerinin ham kil degerleri %17 ve tzerinde
oldugu durumlarda yemlerin yabanct maddeler ile
kontaminasyonunun olacagt bildirilmistir  (Kilig,
2016). Yapilan bir calismada akasya agag yapraklarinin
ham protein degeri %19.93 bulunmustur (Zebari,
2015). Yem ham maddelerinin ham protein
degerlerinin = %8 ve altinda olmast durumunda
rumende bulunan mikroorganizmalarinin  enzimsel
faaliyetlerinin kisitlanarak rumende ihtiya¢ duyulan
amonyak miktarinin kargilanamayacagl bildirilmistir
(Norton, 2003; Cappellozza ark., 2013). Yemlerin gaz
tretimi besin maddelerinde bulunan karbonhidratlarin
fermantasyon sonucu olusan ugucu yag asitlerinin
tampon  ¢Ozeltilerle  reaksiyona  girmesi  ile
olugmaktadir (Wolin, 1960). Rumende gaz tiretiminin
artmast ile fermente olabilen karbonhidrat miktarinin
artabilecegi bildirilmistir (Sampath, 1995). Lopez ve
ark., (2010)" nin yapmis oldugu calismada yem ham
maddelerini  anti-metanojenik  6zelliklerine  gore
stniflandirmistir. Siuflandirmaya gére %11-14 aras
distk, %06-11 arast orta ve %0-6 arasinda bulunan
yem ham maddeleri yiksek anti-metanojenik
karaktere sahiptir. Calismadaki bulgular Lopez ve ark.,
(2010 nmn  siniflandirmasina gbére  hicbir  anti-
metanojenik bir etki gdstermedigi tespit edilmistir.
Ayrica yapilan bir ¢alismada rumende fermantasyon
sonucu olusan metan gazinin dismesi; tanenlerin
metan Ureten mikroorganizmalarin yapisinda bulunan
proteinlere ve enzimlere baglanarak bakterileri
Oldirmesi ya da  bakterilerin  ¢ogalmalarinin
engellenmesinden

(Tavendale ve ark., 2005). Yapilan bu ¢alismada TMR’

kaynaklandig1 bildirilmigtir
a akasya aga¢ yapraklarinin yonca kuru otu yerine
ikame edilmesi ile metan gazi olusumunu TMR 0’ a
kiyasla TMR 1'in % 8 disturdigi tespit edilmistir.
Carulla ve ark., (2005)’ nin yapmis oldugu arastirmada

TMR’ a2 %0.025 akasya yapragi taneni ilave edilerek
fermantasyon sonucu ortaya ¢ikan metan gazi
salinimint %13 seviyelerinde distrdigi bildirilmistir.
Tanenlerin gevis getiten hayvanlarda yem ham
maddelerinin  lezzetini ve sindirim  derecesini
disiirdiig bildirilmistir (Oztiirk, 2015). Yapilan bir
calismada  ruminant  hayvanlarin  rasyonlarinda
kondanse tanen miktarinin %3’ e kadar kullanilmas:
durumunda, rumen igerisindeki mikrobiyal aktiviteyi
olumlu yonde etkileyecegi bildirilmistir. Ancak bu
oranin %3 Un Ulzerine c¢ikilmast durumunda
hayvanlarda toksik etkilere neden olacagi belirtilmistir

(Makkar ve ark., 2003; Jayanegara ve ark., 2012).

NRC (2007)” e gore gevis getiren hayvanlarin
diyetlerinde kaba-kesif yem oranmnin 60/40 olmast
gerektigi bildirilmistir. Yapilan calismada kullanilan
akasya agac yapraklart NRC (2007)” e gbre rasyonlarin
en yiksek %30’ unu olusturmaktadir. Bu nedenle
rasyonlarda  kullanildiginda  rasyonlarda %3* @
gecmedigi  ve istenilen seviyede oldugu tespit
edilmistir. TMR’ larda artan akasya aga¢ yapraklar
oraninin tanen miktarini da arttrdigi ve béylelikle
sindirimi ~ distirdigi  gbrilmistir. Yem  ham
maddelerinde TF degerlerinin 2.75 ile 4.41 arasinda
olmast gerektigi ve bu degerin artmasi ile MPSE
degerinin de artacagt bildirilmistir (Blummel ve ark.,
1997). TMR’ larin TF degerleri Blimmel ve atk.,
(1997) nin bildirmis oldugu degetler arasinda oldugu
tespit edilmistit. Rumende mikrobiyal protein
sindirim derecesi %74 ile 90 arasinda degisecegi
bildirilmistir (Russell ve Rychlik, 2001). Gevis getiren
hayvanlar protein gereksinimini mikrobiyal protein ile
bypass proteinlerden karsilamaktadir. TMR’ larda
mikrobiyal protein Uretiminin artmasiyla mikrobiyal
protein sindiriminin de aratacagl séylenebilir. Yapilan
bir calismada yem ham maddelerinde fermente olan
substrat maddelerin ¢cogunlugunun UYA (ucucu yag
asidi) ve gaz Uretiminde kullanidmasi halinde
mikrobiyal protein sentezi etkinliginde  dusis

gbzlemlenecegi bildirilmistir (Ozkan ve ark, 2020).
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Sonug olarak elde edilen 7 witro bulgulara gére TMR’
larda akasya agac yapraklarinin yonca kutru otu yerine
ikame edilmesiyle metan Uretiminde %8 lik dusis
gozlenmistir. Mikrobiyal protein, mikrobiyal protein
sentezleme etkinligi ve gercek sindirim derecesini
dustrdiglh  tespit edilmistir. Akasya yapraklarinin
ruminant hayvanlar icin alternatif bir kaba yem
kaynagt olarak kullanilmadan 6nce icerisinde bulunan
tanenlerin sindirim derecesine ve mikrobiyal protein
Uretimine olumsuz etkileri dustinilmistir. Bundan
dolayt ruminant yetistiricileri TMR’ larda akasya agac
yapraklarini  katki maddesi olarak kullanmalart
durumunda tanenin olumsuz etkilerini azaltabilecegi
diisiniilmektedir. I witro bulgular ile elde edilen
verilerin ruminant hayvanlarin TMR’ larinda akasya
agac yapraklarinin etkilerinin daha net anlasilmast icin

in vivo ¢alismalara ihtiyac oldugu gérillmektedir.

Cikar Catigmasr: Yazarlar bu makale icin gercek,
potansiyel veya algllanmis bir c¢tkar catismast
olmadigini beyan etmislerdir.

Yazarlarin Katki Orant: Yazarlar bu makaleye esit
katkr saglamuglardur.

Etik Izin: Bu calismanin yapilmast etik izne ihtiya¢
yoktur.

Finansal destek: Bu calismada finansal destek

bulunmamaktadir.
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ABSTRACT

Since dairy cows have greater milk production than beef cows, because of the dilution of Immunoglobulin G
(IgG) colostrum of dairy cows assumed to be of poorer quality compared with beef cows. The objective of the
present study was to investigate quality of colostrum and total IgG produced in a lactation by Holstein cows
(n=80). The average colostrum volume at the first seven milking were measured as 5.42 L, 6.73 L, 8.55 L, 9.26 L,
844 L, 9 L, 10.01 L respectively. The average total colostrum produced by cows in the first 3 days period was
calculated as 57.41 L. The average colostrum IgG concentration were calculated as 90.81 mg/mlL, 68.67 mg/mL,
5840 mg/mlL, 37.33 mg/mlL, 15.22 mg/mlL, 10.7 mg/mL, 59 mg/mL respectively for each milking. In
conclusion, enough colostrum and IgG are produced in the first 3 days in Holstein cows for calf feeding. In
addition to this, there is huge opportunity that excessive amount of IgG and colostrum could be processed for
other by-products.

Keywords: Colostrum, Dairy cow, Holstein, IgG, Mass.

*kkk

Holstayn Ineklerde Bir Laktasyonda Uretilen Toplam Kolostral IgG’nin

Aragtirilmasi
0z
Sit ineklerinin siit dretimi besi ineklerinden daha fazla oldugundan, siit ineklerinin kolostrumunun seyrelmesi
nedeniyle besi ineklerine gbre daha dusiik kalitede oldugu varsayilir. Bu ¢alismanin amact, Holstein ineklerinde
(n=80) bir laktasyonda dtetilen kolostrumun kalitesi ve toplam immunoglobulin G (IgG) miktarinin
arastirtlmasidir. Ik 7 sagimdaki kolostrum hacimleri sirastyla 542 L, 6.73 L, 8.55 L, 9.26 L, 8.44 L, 9 L, 10.01 L
olarak olciildli. Ineklerin ilk 3 giinlilk dénemde ftrettikleri ortalama toplam kolostrum 57.41L olarak
hesaplanmistir. Ortalama kolostrum IgG konsantrasyonu her sagim igin sirastyla 90.81 mg/mL, 68.67 mg/mlL,
58.40 mg/mlL, 37.33 mg/ml., 15.22 mg/ml.,, 10.70 mg/mlL,, 5.9 mg/mL olarak hesaplandi. Sonug olarak Holstein

ineklerde buzagi beslenmesi igin ilk 3 ginde yeterli miktarda kolostrum ve IgG tretilmektedir. Buna ek olarak,
artan I1gG ve kolostrumun diger yan triinler icin islenmesi miimkiinddr.
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To cite this article: Kara E. Pir Yage 1. Yago BB. Elifogin TB. Investigation of Total Colostral IgG Produced by Holstein Cows in a Lactation. (2023):16(2):
234-240

Submission: 19.01.2023 Accepted: 01.06.2023  Published Online: 14.06.2023

ORCID ID; EK: 0000-0001-7047-9502 IPY: 0000-0002-4470-8639 BBY: 0000-0002-7473-3579 TBE: 0000-0002-2302-6321

*Corresponding author e-mail: thelifoglu@kku.edu.tr

234


mailto:tbelifoglu@kku.edu.tr

INTRODUCTION

Colostrum is the secretion, which is secreted from the
mammary gland after birth, which has a very different
structure from normal milk. Although colostrum is
very different in color, taste, consistency and odor
from normal milk, the greatest difference is seen in its
composition (Godson et al. 2003). This different
composition of colostrum changes rapidly and turns
into normal milk after a while. Because of this
change, it is called colostrum for the first 48 h, while
it is called transitional milk (trans-milk) between 48-
72 h and is considered normal milk after 72 h (Erdem
and Atasever 2005). To promote health of the
newborn dairy calf, colostrum that is nutrient-dense
and contains immune factors is essential (Blum and
Hammon 2000, Godden 2008, Fischer-Tlustos et al.
2020).

High concentrations of immunoglobulin G
(IgG) and bioactive compounds are available in
colostrum compared with normal milk (Blum and
Hammon 2000). Timely supply with high quality
colostrum could ensure a sufficient passive transfer
(Besser et al. 1991). Since dairy cows have greater
milk production than beef cows, because of the
dilution of IgG colostrum of dairy cows assumed to
be of poorer quality compared with beef cows
(Kessler et al. 2020). There are few studies which are
related with IgG composition and concentration of
colostrum in dairy cows (Guy et al. 1994, Morin et al.
2001, Moore et al. 2005). In last 25 years, with the
help of successful genetic selection milk yield per cow
has been increased about times (Abuelo et al. 2019,
Funda and Serdal 2021). So, it supposed to be more
diluted and lower IgG concentrations of colostrum in
a lactation. In this context, the objective of the
present study was to investigate quality of colostrum
and total IgG produced in a lactation by Holstein

COWS.

MATERIAL and METHODS

Ethical Statement
This study was approved by the Kirtkkale University
Animal Experiments Local FEthics Committee

(Approval no: 2020/23).

Animal Material

The presented study was carried out in a commercial
dairy farm which is free from herd diseases
(brucellosis and tuberculosis) and had 11.5 tons milk
vield per lactation. Preventive medicine and
vaccination programs are followed, and milking is
done 3 times a day with a computerized milking
system. Animals included in the presented study
consisted of 80 multiparous Holstein cows which
gave at least one birth and under the age of five with
body condition score ranging between 2,5 — 3 over 5
scale. All cows were housed in similar conditions and
fed by the appropriate nutrition program for the
period and received the same dry period treatment.
Clinical examinations were performed to evaluate
general condition and udder health of the animals.
Animals who had signs like fever, weight loss,
lethargy and loss of appetite considered as sick and
excluded from the study. All udders of the cows were
examined visually and by palpation for common
mastitis signs like redness, pain, swelling and heat.
Cows included in the study were observed closely
before, during and after birth. Animals who had
difficult birth were excluded from the study. In
addition, physical examination of colostrum was
performed and, samples who had flakey, clotty and

abnormal colostrum were excluded from the study.

Sample Collection

235



Delivery rooms were under 24-h observation, and
after delivery single milking machines were provided
and within 1 h after the birth first colostrum samples
were collected. The following milking were
performed every 12 h. Within the scope of the study,
colostrum samples were collected from 7 milking for
3 days. All collected samples were stored at -20°C

until analyses performed.

Analyses
Colostrum volumes were obtained by manually
measuring the colostrum milked into separate
chambers with single milking machines at each
milking. Colostrum volume measurement was made
with measuring cups. Liters were measured with 10-
liter containers adjusted to 250 mL precision, and the
mlL measurement giving the fraction was measured
with 1 liter measuring tapes with 100 mL precision.
The results obtained were recorded as multiples of
250 mL and were standardized by rounding up or
down.

Analyses were performed using a commercial
enzyme linked immunosorbent assay (ELISA) kit
(Bovine Immunoglobulin ELISA  kit, Bio-X

Diagnostics, Rochefort, Belgium). According to

commercial kit test procedure colostrum samples
were diluted 1/1000 and analyses wetre petformed
according to the kit manual. The mass of IgG was
calculated by the results obtained data from ELISA
method used. The results obtained in mg/dL were
converted to g/L units, and the mass was obtained by

multiplying the volume and density.

RESULTS

The average colostrum volume at the 1st, 20d 3rd 4th)
5t 6th and 7t were measured as 5.42 L, 6.73 1, 8.55
L, 926 L, 844 L, 9 L, 10.01 L respectively. The
average total colostrum produced by cows in the first
3 days period was calculated as 57.41L. The average
colostrum IgG concentration were calculated as 90.81
mg/ml., 68.67 mg/mlL, 58.40 mg/mL, 37.33 mg/mL,
1522 mg/mlL, 107 Omg/mL, 59 mg/mL
respectively for each milking. Total colostrum IgG
concentration was calculated as 36.29 mg/mL. At
each milking, average IgG mass were measured as
49219 g, 462.15 g, 499.32 g, 345.67 g, 128.45 g, 96.3
g, and 59.05 g respectively. Total colostral IgG mass
obtained in the first 7 milking were calculated as

2083.09 g (Table 7).

Table 1. Average volume, IgG density and IgG mass of the milk obtained in the first 7 milking separately

for each milking

Milking 1 2

4 5 6 7 Total

(Liters)

Average Volumes 5.42 6.73 8.55

9.26 8.44 9.00 | 10.01 57.41

Concentrations

(8/1)

Average IgG 90.81 68.67 58.40

37.33 15.22 | 10.70 | 5.90 36.28

(Gram)

Average IgG mass | 492.19 | 462.15 | 499.32

345.67 | 128.45 | 96.30 | 59.05 | 2083.09
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DISCUSSION

In the presented study, the average colostrum volume
obtained at the first milking was calculated as 5.42L.
The volume of colostrum obtained at the first milking
for Holstein cattle was reported as 6.4L (Kehoe et al.
2011) and 9.5 L(Quigley et al. 2013) at different
studies. Different studies show that average
colostrum weight at the first milking for Holstein cow
is between 5.9 kg and 6.7 kg (Soufleri et al. 2019,
Conneely et al. 2013, Fischer-Tlustos et al. 2020).
Colostrum density in Holstein cattle is 1.056 g/cm?
(Sobczuk-Szul et al. 2013). Considering that the
colostrum density is very close to 1 g/cm?, it is
possible to compare the studies in which colostrum is
evaluated by mass and volume. In the presented
study, at the first milking, colostrum amount
measured were lower than the results of (Quigley et
al. 2013), but similar to those of other researchers’
results. (Soufleri et al. 2019, Conneely et al. 2013,
Fischer-Tlustos et al. 2020).

In this study, colostrum IgG concentrations
of the first 7 milkings (0 - 72 h period, 12 h intervals)
were evaluated as, 90.81 mg/ml, 68.67 mg/mlL,
58.40 mg/mL, 37.33mg/ml., 15.22 mg/mL, 10.70
mg/mL and5.9 mg/ml respectively. Researchers
reported IgG concentrations in the colostrum of
Simmental cattle as 62.82 mg/mL, 41.18 mg/mL and
17.33 mg/mL on days 0, 1 and 3, respectively (Erkili¢
and Erdogan 2019). In a different study with Holstein
cows, starting from the first milking, 94.1 mg/mlL,
39.3 mg/mL at the 2nd milking, 13.9 mg/mL at the
3rd milking, 6.1 mg/ml. at the 4th milking, 3.4
mg/mL at the 5th milking, 2.6 mg/mL in 6th milking
(Fischer-Tlustos et al. 2020). Although the first

milking colostrums of this study were higher than

Erkilic and Erdogan (2019), the 3rd day
measurements were found to be lower, and the IgG
decrease was faster. Although it is very similar to the
first milking density of Fischer-Tlustos et al. (2020),

the decrease in IgG density in the present study

was slower. It is thought that the difference between
these studies may be due to the different breeds,
which

is known to have a direct effect on colostrum quality
(Kara et al. 2020).

Colostrum quality in cattle varies between 1-
200 mg/mL (Gokge and Erdogan 2013). Considering
the colostrum studies in Holstein cattle, the
colostrum IgG densities obtained in the first milking
varies. Different researchers reported between 79.51
mg/mL and 117.45 mg/mL (Genc and Coban 2017,
Kara and Ceylan 2021, Aydogdu and Guzelbektes
2018). At the first milking, IgG density of the present
study is 90.81 mg/ml which is compatible with
previous studies.

The density of the colostrum is the highest at
first milking which is compatible with the definition
(Wilms et al. 2022). In addition to this, where the IgG
density decreases by more than 50% compared to the
previous milking was 5" milking and IgG
concentration reaches down to mature milk
composition at 7% milking. Secretion at mammary
gland 48 h after birth is called as colostrum, 48 — 72 h
as transitional milk and after 72 h called as mature
milk (Erdem and Atasever 2005). In this context,
decrease in IgG concentration in 7 milking are
compatible with previous studies.

The colostral IgG mass was obtained by
multiplying the colostrum volume obtained for each
milking with its density. Kehoe et al. (2011) found the
IgG mass obtained in the first milking between 532.8

g and 690 g for cows in different lactations and
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revealed that the colostral IgG mass increased with
increasing lactation number. In the present study,
492.19 g of IgG was obtained in the first milking.
Average colostrum volumes were quite similar in the
two studies. However, in another study (Morin et al.
2010) that the amount of colostrum was higher than
the present study, but the IgG density and mass were
reported lower. Even though all 3 compared studies
were conducted on Holstein cows, the results
obtained may differ considerably.

A similar study was conducted by Fischer-
Tlustos et al. (2020) as obtaining colostrum amount
and concentration. They reported IgG masses as
555.19 g, 302.61 g, 134.83 g, 75.03 g, 47.26 g, 34.84 ¢
in first 6 milking respectively and 1149.76 g in total.
In the present study it was evaluated as 492.19 g,
462.15 g, 49932 g, 345.67 g, 12845 g, 963 ¢
respectively in same order and 2024.04 g totally. The
colostral IgG mass obtained in the first 6 milking was
found to be 76.04% more than the Fischer-Tlustos et
al. (2020)reported. It was thought that this difference
is because the colostrum IgG density decreases very
rapidly in the second and subsequent milking in the
mentioned study(Fischer-Tlustos et al. 2020), whereas
it decreases very slowly in the first 4 milking in the
present study.

In this study, it is aimed to calculate the IgG
mass produced by the Holstein cows which is one of
the most common dairy cattle in the world, in one
lactation to understand how much of this produced
colostrum amount can be used except of calf feeding
and which milking can be used as raw materials to
obtain colostrum derived products. Colostrum has an
indispensable place in the lives of calves born without
an immune system (Gokce and Erdogan 2013). It is
recommended to give colostrum up to 10-12% of
their body weight within the first 4 h of birth
(Godden et al. 2019). When the birth weight of the
Holstein calves in the study is taken as reference, an

average of 40 kg and 4 L colostrum need arise

(Godden et al. 2019, Uzmay et al. 2011). If this 4 L
need will be met from the first milking since it is
required in the first 4 h, it is seen in the presented
study that the average colostrum volume obtained at
the first milking is 542 L and only 1.42 L of
colostrum has increased since the first milking. In the
following feedings, 2-2.5 L colostrum is fed every 12
h (Gingdr 2006). In the light of this knowledge,
according to the data obtained in the present study,
423 L, 6.05 L, 7.76 L, 5.94 L, 6.5L and 7.51 L of
colostrum and trans-milk is available for industrial use
other than calve feeding respectively in the following
milking. These excess colostrum and trans-milk could
be used in colostrum replacement feeds, or it can be
used as a source for obtaining other molecules due to
its rich composition. For instance, bovine colostrum
contains 5-10 times more IgG than blood sera. In
addition to this, bovine colostrum has a content of 40
times more intense than human colostrum (Sahal et
al. 2018). Various components other than Ig from
colostrum can also be purified and used by using
various biotechnological methods (Sacerdote et al.

2013, Mussano et al. 2014).

CONCLUSIONS

In conclusion, enough colostrtum and IgG are
produced in the first 3 days in Holstein cows for calf
feeding. In addition to this, there is huge opportunity
that excessive amount of IgG and colostrum could be

processed for other by-products.
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ABSTRACT
We were aimed with this case report that evaluate the efficiency of 7.2% hypertonic saline infusion on
echocardiographic parameters in a 5-months-old male Kangal Shepherd crossbreed dog with the systemic
inflaimmatory response syndrome (SIRS). For this propose on initial referral to the clinic, SIRS was defined with
clinical and laboratory finding. Hypertonic saline (7.2%) was administered at intravenously of 4 mlkg-1 (1.6
mlkg-1.min-1) for fluid replacement. Echocardiography was performed at before (t=0 min), and after (t=5, t=15
min) fluid infusion. An increase in systolic function, cardiac contractility and left ventricular preload in the dog
were determineted with the administration of 7.2% hypertonic saline. Considering this case, systolic dysfunction
was improved by infusion of 4 ml.kg-1 7.2% hypertonic saline solution.
Key Words: Hypertonic Saline Solution, Left Ventricular Function, M-Mode Echocardiography, Systemic
Inflammatory Response Syndrome

kkk

Sistemik Yangisal Yanit Sendromlu Bir Képekte %7.2’lik Hipertonik Salin Soliisyonunun
Ekokardiyografik Parametreler Uzerine Etkisi
oz
Biz bu olgu sunumuyla sistemik inflamatuar yanit sendromu (SIRS) gelismis 5 aylik, erkek, Kangal Coban melezi
bir képekte %7.2 hipertonik salin infiizyonunun ekokardiyografik parametreler Gzerine etkisinin degerlendirilmesi
amagladik. Bu kapsamda olgu klinige ilk basvurdugunda SIRS klinik ve laboratuvar bulgular: ile tanimlandt. Sivi
replasmant icin %7.2 hipertonik salin, 4 mlkg-1 dozda (1.6 mlkg-1.dk-1) intravendz yolla uygulandi
Ekokardiyografi stvi infiizyonundan énce (t=0. dk), ve sonra (t=5., t=15. dk) gerceklestirildi. Kopekte %7.2'lik
hipertonik salin uygulamast sonrasinda sistolik fonksiyonda, kardiyak kontraktilitede ve sol ventrikiil 6n yiikiinde
artts belirlendi. Bu olgu dikkate alindiginda 4 mlkg-1 %7.2 hipertonik salin solisyonu infizyonun sistolik
disfonksiyonu dizenledigi belirlendi.
Anahtar Kelimeler: Hipertonik Salin Soltsyon, Sol Ventrikil Fonksiyonu, M-Mod Ekokardiyografi, Sistemik
Inflamatuar Yanit Sendromu
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INTRODUCTION

Systemic inflammatory response syndrome (SIRS) is a
clinical symptom complex of noninfectious
(pancreatitis, trauma, neoplasia and immune-mediated
diseases) or infectious origin which is initiated by
series of inflammatory events (Bone et al. 1992, Rau
et al. 2007, Torrente et al. 2015). Even if SIRS exist,
excessive amount of cytokine is released followed by
activation of the coagulation system throughly
increasing microvascular permeability in relation with
progressive endothelial dysfunction (Dircks et al.
2012, Bauer and Moritz 2013). All aforemented could
contribute to secondary multiple organ dysfunction
and death (Bone et al. 1992, Shapiro et al. 2010).
Furthermore, it was demonstrated that vast majority
of researches claimed that myocardial dysfunction
might be existing during SIRS (Nelson and
Thompson 2006, Gommeren et al. 2012, Hamacher
et al. 2015). In patients with sepsis and SIRS,
impaired perfusion, nutrition and along with
metabolism, could lead to a general increase in
microvascular  permeability which can  cause
hypovolemia and tissue edema as a result of
transcapillary leakage (Hinshaw 1996, Fink 2001).

The diagnosis of SIRS was made in regard to
criteria previously stated (Bone et al. 1992, Okano et
al. 2002). Left ventricular systolic function, related
ejection fraction (EF) and fractional shortening (FS)
have been evaluated by echocardiography in dogs
with SIRS prone to myocardial dysfunction (Nelson
and Thompson 2006, Gommeren et al. 2012).

Hypovolemic shock has been successfully
managed with 7.2% hypertonic saline solution (HSs)
(Velasco et al. 1980, Lopes et al. 1981, Us et al. 2001).
It has a beneficial hemodynamic effect with vatious
mechanism, that consequently elevates microvascular
blood flow, on initial treatment of severe
hypovolemia and shock (Baue et al. 1967, Drobin and
Hahn 2002, Suzuki et al. 2005). Although the
cardiovascular effect of 7.2% HSs has been
investigated in normovolemic (Suzuki et al. 2006) and
anesthetized dogs (Suzuki et al. 2008), we were
unawere of finding documented reports of cardiac

acceleration effect of HSs infusion in hypovolemic
dogs with SIRS.

Thus, the aim of this case report was to
determine the efficiency of 7.2% HSs infusion on
echocardiographic parameters in a dog with SIRS.

Case Report

Case Presentation and Hypertonic Saline Infusion

A 5-months-old male Kangal Shepherd crossbreed
dog presented as an critical case and priority triage
referral to Aydin Adnan Menderes University, Small
Animal Hospital. History of the dog was included
acute diarrhea and vomiting for 3 months, two weeks
after antihelminthic therapy of tremors begins and
which was followed by anorexia, vomiting, diarrhea
and constipation were evident. Muscle weakness with
weight loss, comatose mentation, RR of 60 bpm, a
HR of 165 bpm, and 34.5 °C body temperature,
prolonged capillary refill time (3 s) were obtained in
physical examination. There was a poor and
insensible femoral pulse. For supportive care, 4
mlkg-1 7.2% HSs intravenouslly was infused at a
flow rate of 1.6 ml.kg-1.min-1. Echocardiography was
performed at before (t=0 min), and after (t=5, t=15

min) fluid infusion.

Echocardiography

In order to perform the echocardiographic
examination, the right 4-6 intercostal space of the dog
was shaved and alcohol was administered first.
Echocardiographic evaluation was performed using a
3.5-4 MHz convex probe and ultrasound gel on the
echocardiography table with the device (Mindray M5
Color Doppler, distirubuted by Hasvet, Antalya,
Turkey) available as a facility in our faculty. In
echocardiographic evaluation, right parasternal short
axis view; left ventricul (LV) were observed at the
level of the chordae tendinea, and related parameters
were measured with using the M-mod and Teicholz
method (Figure 1). Left atrium-Aorta (LA/Ao)
measurements were performed at the base of the
heart (Figure 2). Echocardiographic images were
obtained at before (t=0 min), and after (t=5, t=15
min) 7.2% HSs infusion and these are shown in Table
1.
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Table 1. Echocardiographic measurements at 0, 5 and 15 minutes of administration of hypertonic solution.

IVSd 0.62 cm 0.62 cm 0.7 cm
LVIDd 1.86 cm 2.37 cm 2.43 cm
LVPWd 0.85 cm 0.45 cm 0.45 cm

IVSs 0.85 cm 1.02 cm 0.85 cm
LVIDs 0.96 cm 1.07 cm 1.19 cm
LVPWs 1.07 cm 0.85 cm 0.9 cm

EDV 10.62 ml 19.65 ml 20.75 ml

ESV 1.84 ml 2.49 ml 3.25 ml

SV 8.78 ml 17.08 ml 17.50 ml

EF% 82.7 87.3 84.3

FS% 48.5 54.8 51.2
LA/Ao 0.77 0.86 cm 0.99 cm

LA 1.36 cm 1.50 cm 1.63 cm
Ao 1.76 cm 1.71 cm 1.64 cm
HR 165 103 99
CO 1448,7 ml 1759,24 1732,5

IVSd= Interventricular septum diastolic, LVIDd= Left ventricular internal diameter, LVPWd= Left ventricular posterior wall diastolic, IVSs=
Interventricular septum systolic, LVIDs= Left ventricular internal diameter systolic, LVPWs= Left ventricular posterior Wall systolic, EDV=
End diastolic volume, ESV=End systolic volume, SV= Stroke volume, EF%= Left ventricular ejection fraction, FS% = Left ventricular
fractional shortening, LA/Ao= Left atrium/aortic root, LA= Left atrium, Ao= Aortic root, HR= Heatt rate, CO= Catdiac output.CO
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Figure2. Right parasternal axis-heart base image LA/Ao measurements at t=0 (a), t=5 (b), t=15 (c) min after the

initiation of 7.2% hypertonic saline solution infusion.

DISCUSSION
In this case report we aimed to evaluate the efficiency
of 7.2% HSs infusion on echocardiographic
parameters in dog with SIRS. We determinated that
systolic dysfunction was improved by infusion of 4
ml.kg-1 7.2% HSs.

There are a few studies related to
echocardiographic evaluation following 7.2% HSs in
animals. These studies stated that HSs infusions had
no effect on systolic function however they
performed on normovolemic animals (Cosntable et
al. 1994, Ogino et al. 1998, Suzuki et al. 20006).
Echocardiography is a  crucial non-invasive
assessment tool for the diagnosis and follow-up of
the shocked patient. It is enable to evaluate
intravascular volume that is difficultly determined by
only clinical examination in patient with circulatory
failure (McLean 2016).

Regarding previous study performed by
Sirieix et al. (1999), investigated postoperative role of
hypertonic solution on volume resuscitation in patient
with mitral valve disorders, the researchers found that
EF values increased after the HSs. It was reported
that EF slightly increased after infusion of HSs in the
normovolemic dogs (Suzuki et al. 2006). Magalhaes et
al. (2019), also showed left ventricular systolic
dysfunction and myocardial injury were improved in
brain death rats with HSs. Considering our results as
EF increased from 82.7% (before infusion) to 87.3%
(at 5 min) and thereafter were stable as 84.3% (at 15
min after completion of infusion), the amelioration of
EF might be associated with effect on left ventricular
preload /afterload and increasing myocardial
contractility (Goertz et al. 1995, Sirieix et al. 1999).

Stroke volume (SV) and end-diastolic volume
(EDV) regularly increased from at the time 5 and 15
min to 17.08 ml, 19.65 ml and 17.50 ml, 20.75 ml

respectively, compared with prior to infusion (8.78

ml, 10,62 respectively). Furthermore LVIDd and
LVIDs regulatly increased from 1.86 to 2.43 and 0.96
to 1.19 cm at timeline 0. and 15. th minutes.
According to Tavanaeimanesh et al. (2015), SV, end-
diastolic volume (EDV) and LVIDd/s peaked at 40
min and relevant alteration were no more presented
markedly in contrast to basal volume through 1.5
hours following infusion.

According to Campbell and Kittleson (2007),
the La/Ao ratio is important for correct assessment
of LA by eliminating racial body size differences.
Furthermore these researchers showed a decrease in
the LA/Ao ratio and LA value due to hypovolemia in
cats, and an increase in the LLA/Ao ratio and LA
value after the hypovolemia was ameliorated with
fluid infusion. In a human study (Agarwal et al. 2011)
in which hypovolemia was induced by ultrafiltration,
the LA diameter was initially measured as 2.1 cm in
which was calculated as 0.14 and 0.15 cm lesser than
the baseline values at 4 and 8 weeks, respectively. In
several studies, LA diameter in human patients were
increased after rapid intravenous fluid management
(D1 Donato et al. 1982, Duvekot et al. 1994) In our
study, we determined that there was a gradual
increase in LLA/Ao ratio from 0.77 to 0.99 and LA
value from 1.36 to 1.63 after HSs infusion. The
reason for the elevation in LA diameter and LA/Ao
ratio could be caused by the response to high LV
diastolic filling pressure from myocardial failure (Fox
et al. 1995, Rush et al. 2002). Heart rate and over
volume loading may impact on LA diameter
(DeMaria et al. 1979, Di Donato et al. 1982).

Experimentally induced hypovolemic shock
in dogs has been resuscitated successfully with small
volume of 7.2% HSs (Velasco et al. 1980, Lopes et al.
1981, Us et al. 2001). Hypertonic saline (7.2%)
solution’s  beneficial hemodynamic effects are

temporarily reducing systemic and pulmonary
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vascular resistance (Suzuki et al. 2005), rapid increase
of plasma volume with shifting body fluid from the
intracellular space (Baue et al. 1967, Drobin and
Hahn 2002), eliciting a vagal-mediated reflex by
simulation of pulmonary osmoreceptors (Lopes et al.
1981, Velasco et al. 2004), and increasing cardiac
contractility (Velasco et al. 1980). Additionally, a
positive inotropic effect was determined with infusion
(Kien and Kramer 1989, Muir and Sally 1989, Kien et
al. 1991, Mouren et al. 1995). It caused cellular fluid
loss via the osmotic effect, so elevating the calcium
level (Wildenthal et al. 1975). Positive inotropic effect
of 7.2% HSs may be related to increase cardiac
contractility due to elevated intracellular calcium level.
Nevertheless, considering in vitro investigation, a
rapid elevation of extracellular sodium concentration
causes a negative inotropic effect on cardiac
contractility, lasting up to 10 minutes (Brown et al.
1990, Ben-Haim et al. 1992, Waagstein et al. 1999). A
significant positive effect was not identified on some
reportts, so improvement of cardiac contractility is still
considered uncertain (Suzuki et al. 2000).

In conclusion, we determined an increase in
systolic function, cardiac contractility and left
ventricular preload with the administration of 7.2%
HSs in a dog with SIRS.
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ABSTRACT

The material of this case report consisted of an 8-year-old Thoroughbred horse. According to the information, it
was learned that the horse was alone in the box (4m x 5m) during the earthquake that morning of February 6, was
frightened by the shaking and noises, and exhibited the box walking (circling) stereotypic behaviour in the box
since then. It was seen that the horse was constantly circling and seemed exhausted on the following days. It was
determined that the horse has lost weight, reacted even to very small sounds, got scared, sought a way to escape
the box, and behaved aggressively. The daily amount of hay in the ration increased, and also plastic ball, mirror,
and 24-hour radio were placed in box to prevent this stereotypic behaviour. At the end of 10 days, it was
observed that the behaviour of being afraid of sounds has continued, the behaviour of turning around itself has
decreased, and it seemed these were rarely exhibited only in the dark times of the day. A month later, it was
determined that the horse continued to training program without any problems, and box walking behaviour was
only performed for a short time before feeding. As a result, it is thought that sharing this case of box walking,
which is one of the stereotypic behaviours observed in stressed horses, with our colleagues will contribute to the
field.

Key words: Box walking, Horse, Stereotypic behaviour, Stress
*okok

Deprem Sonrasi Bir Safkan Ingiliz Atta Gézlenen Stereotipik Davranig:
Kendi Etrafinda Dé6nme

(074

Bu olgu sunumunun materyalini 8 yaslt bir safkan Ingiliz at1 olusturdu. Alinan bilgilerde atin, 6 Subat tarihinde
gerceklesen deprem sirasinda boksunda (4m x 5m) bireysel olarak barindirildigy, sallantidan ve seslerden trktigi
ve o giinden itibaren boksta dénme stereotipik davranisint sergiledigi 6grenildi. Ilerleyen giinlerde atin, siirekli
olarak doéndigl ve bitkin durumda oldugu gorildi. Kilo kaybettigi, ¢cok dustik diizeydeki seslere bile tepki
gOsterdigi, urktigl, bokstan ka¢cmak icin care aradigt ve saldirgan davranislarda bulundugu tespit edildi.
Stereotipik davranisin énlenmesi icin rasyondaki ginlik kuru ot miktar artturildi, boksa plastik top, ayna ve 24
saat ¢alan radyo kondu. 10 glnln sonunda atta seslerden urkme davraniginin devam ettigi, boksta dénme
davranisinin azaldigt ve yalnizca karanlk saatlerde nadiren sergilendigi gorildil. Bir ay sonra atin sikintisiz bir
sekilde idmanlara devam ettigi, ddnme davranisinin yalnizca yemleme Oncesi ve kisa siireli olarak gerceklestirdigi
belirlendi. Sonug olarak stres altindaki atlarda gézlenen stereotipik davranislardan olan boksta dénme olgusunu
meslektaslarimizla paylasmanin alana katki saglayacagi distintilmektedir.

Anahtar kelimeler: At, Boksta donme davranusi, Stereotipik davranis, Stres
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INTRODUCTION

The behaviour defines as the response of a living
thing to stimuli in its own environment. Horses, like
all living creatures, have their own behaviours. If
these behaviours are common in all horses, they are
called normal behaviours. Feeding, sexual and
maternal behaviours are examples of normal
behaviours.  Abnormal  behaviours  (stereotypic
behaviour), which are also defined as defects, can be
observed in some horses. Wood chewing, cribbing,
weaving, and  box walking are some of these
behaviours (Cooper and Mason, 1998; Nicol, 1999).
Stereotypic behaviours cause financial losses as they
affect performance and efficiency in horses (Houpt
and McDonnell, 1993; McBride and Long, 2001;
Wickens and Houpt, 2015). To get the best efficiency
from animals, abnormal behaviours should be
eliminated (Giiciyener Hacan and Akgapinar, 2013).
Stressful conditions in horses can lead to the
development of stereotypical behaviours. Generally,
abnormal behaviour is abandoned once the stress
factor is no longer exist. In some cases, although the
stimulus disappears, the horses cannot stop these
behaviours because of the fear of repetition. When
this condition is permanent, it might be considered as
a behavioural disorder (Mills, 1998). Box walking is
one of the most important stereotypical behaviours.
Horses want to flee when they feel threatened. If they
cannot flee, they start spinning in the box (McBane,
1992; Beaver, 2019). There is no certain treatment for
stereotypic behaviour. The success rate of forgetting
the behaviour can be increase, by attracting the
attention of the hotse to new environmental factors.
Eliminating stress factors, regulating nutrition, and
making in-box enrichments to prevent boredom are
positive effects that help to get rid of abnormal
behaviour (Young, 2003; Houpt, 2005; Henderson,
2007).

CASE HISTORY

The material of this case report consisted of an 8-
years-old Thoroughbred horse, which was used in
show jumping in Adana province, and the horse
developed box walking after the ecarthquake.
According to the information, it was learned that the
horse was alone in the box (4m x 5m) during the
earthquake that morning of February 06, was
frichtened by the shaking and noises, and exhibited
the box walking (circling) stereotypic behaviour in the
box since then (Figure 1). This behaviour has been
reported to persist, sometimes for hours. It was stated
that the horse, which relaxes and grazes when it goes
out and is together with other horses in the paddock,
shows this behaviour after it enters the box and also
lost interest in eating.

The horse was started to be followed by the keeper,
trainer and veterinarian with observation and camera
recordings. The horse was found to be constantly

circling and exhausted on 10™ of February. It was
observed that it lost weight, reacted to even very
small noises, was frightened, sought a way to flee
from the box, and acted aggressively. It was also
observed that as the time spent in the box and the
stress increased, it circling more. Some management
practices were carried out to prevent startle and
stereotypic behaviour. The period of stay in the box
has been extended from 11t of February. A radio was
placed in the box and played 24 hours for the horse
to get used to the sounds. A mirror (Zm x 1m) was
mounted in the wall where it could see itself
completely, and it was aimed to focus his attention
there and make him less bored in the box. A plastic
ball was placed in every corner of the box, and it was
seen that the horse spent a significant amount of the
day with these balls. His ration was rearranged, and
the amount of roughage given was increased from 5
kg to 10 kg per day.

At the end of the 10-day practice, on the 215t of
February, it was observed that the horse was more
comfortable in the box, although the behaviour of
being scared of the sounds continued, and it rarely
showed the behaviour of box walking in the dark
times of the day.

Figure 1: Box walking
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DISCUSSION

It has been reported that the rate of abnormal
behaviour in domestic horses is more than 15%
(Luescher et al., 1991), and this rate is higher in hot-
blooded horses, especially in purebred Arabian and
Thoroughbred horses than in other breeds
(McGteevy et al. 1995; Pell and McGreevy 1999; Mills
et al., 2002; Bachmann et al., 2003; Beaver 2019). The
fact that the horse that was the subject of this case
report was a Thoroughbred competition horse
showed parallelism with this situation. Stereotypic
behaviours may be seen when horses are alone, do
insufficient training, or encounter a disturbing
stimulus (Prince and Collier 1974; Giiciiyener Hacan
and Akeapinar 2013). In our case, the presence of
shaking and noise stimuli that threatened the horse
during the earthquake and the fact that it was alone in
the box during the earthquake supports the literature.
The frequency and duration of the box walking
behaviour increase over time (Beaver 2019), and
horses displaying this behaviour are exhausted,
anxious, and unhappy (Houpt et al, 1996). Similar
symptoms were observed in the horse in our case.

It has been reported that horses that show serious
circling behaviour lose their condition, their racing or
sports performances are adversely affected, and their
economic values decrease (McBride and Long 2001;
Wickens and Houpt 2015). It was observed that the
horse presented in our case was reluctant to practice
because it was always in motion in the box. It could
not jump and it droped obstacles even at low levels
because it was sluggish while jumping over obstacles.
It is thought that this situation will also reduce its
economic value, as it cannot training regularly.

Some management practices are recommended to
prevent stereotypic behaviours. As a result of these
applications, it is possible to extinguish abnormal
behaviour by reducing the stress of the horse. It is
stated that increasing the daily amount of roughage in
the diet is effective in preventing abnormal
behaviours (Houpt et al, 1996; Bachmann et al,
2003). Parallel to this, the amount of roughage in the
ration was increased. It has been reported that toys
and mirrors in the box are effective in the box
walking behaviour of horses (McAfee et al., 2002;
Camargo 2014). In our case, as in previous literature,
a plastic ball, mirror, and 24-hour radio were placed
in the horse's box. At the end of the 10-day practice,
it was observed that the behaviour of frightened by
the sounds was continued and it rarely showed the
behaviour of box walking during the dark hours. One
month later, it was determined that the horse
continued to train without any problems, and that the
box walking behaviour was seen for a short time only
before feeding.

CONCLUSION

In conclusion, in this case report it is aimed to convey
the stereotypic behaviour of box walking, which can
be observed in horses under stress, causing financial
and emotional damage and the ways to prevent it, to
colleagues, and to contribute to the literature.
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