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Sonradan Sahiplenilen Golden Retriever Irki Kopeklerde Ekokardiyografik
Bulgularin Degerlendirilmesi
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Ozet: Calismamiz; 2015 ile 2020 yillari arasinda Ankara ilinde &zel pet kliniklerine getirilen, 6 sahipsiz golden irki kdpek
Gzerinde yapildi. Birgok safkan képek irkinda oldugu gibi gegici bir hevesle alinan bu hayvanlar ne yazik ki bir stire sonra
sokaga birakiliyorlar. Arastirmamizda sokaga birakilan 6 adet safkan Golden Retriever irki kbpege, fiziksel muayenelerinin
yani sira, tam kan, ultrason, rontgen, tansiyon, elektrokardiyografi ve ekokardiyografik tetkikleri uygulandi. Bunun yani sira
bu hayvanlara asi takvimine gore asilari yapildi. Sokaga birakilan ve sonradan sahiplenilen bu hayvanlarin ekokardiyografileri
surekli olarak belirli araliklarla kontrol edildi. Sonug olarak; sokaga birakilan Golden Retriever irki sahipsiz képeklerin, daha
sonra sahiplenilip en iyi kosullar da bir yasam saglansa bile, bu hayvanlarda sokakta gegirilen yasamdan kaynakl birgok kalici
kalp bozukluklari olusabilmektedir. Bunlara bagli olarak da hayvanlarin basta solunum bozukluklari olmak Gizere hem yasam
kalitesi hem de yasamsal fonksiyonlari olumsuz olarak etkiledigi belirlenmistir.

Anahtar Kelimeler: Ekokardiyografi, képek, Ankara, Golden Retriever.

Evaluation of Echocardiographic Findings Later Owned in Golden Retriever Breed Dogs

Abstract: The study was carried out on 6 derelict Golden Retriever breed dogs brought to private clinics in Ankara province
between 2015 and 2020. Unfortunately, these animals, which are taken with temporary enthusiasm, as in many pedigree
dog breeds, are left on the street after a while. In the study, 6 pure breed Golden Retriever breed dogs that were left on the
streets were subjected to whole blood, ultrasound, x-ray, blood pressure, electrocardiograph and echocardiography
examinations in addition to their physical examinations. In addition to these animals were vaccinated on a schedule basis.
Echocardiography of these animals that were left on the streets and later owned were continuously followed up at regular
intervals. Consequently, even though the Golden Retriever breed of stray dogs left on the streets can be owned and lived in
the best conditions, there are many disorders in their hearts permanently caused by a life spent on the streets survived in
the best periods of life in the remaining periods. Accordingly, it has been determined that animals negatively affect both
quality of life and vital functions, especialy respiratory disorders.

Keywords: Echocardiography, dog, Ankara, Golden Retriever.

Giris

Sahipsiz hayvan; insanlar tarafindan evcillestirilmis
ve insanin oldugu her yere insanla birlikte gelmis,
dogada gerek kendi popilasyonuna gerekse insan
basta olmak Uzere diger canl topluluklarina zarar
veren kimsesiz canlilar olarak tanimlanmaktadir
(Ozavci, 2012).

Maalesef insanlar, bu canhlari kendilerine
bagimli kilmakla kalmayip, bu hayvanlari sokaklara
terk etmis, sonrasinda ise bazen sokaklarda bile bu
canlilarin varlklarina tahammil edemez olmuslardir
(Atalay ,2004; Demir ve Ugurlu, 2014). Hemen
hemen dinyanin her yerinde sahipsiz kopeklerle
micadele edildigi gibi Ulkemizde de yer yer bu
miicadeleye  sahit  olmaktayiz. Bltlin bu
miicadelenin yani sira hayvan severlerin yetersiz
sayida bulunan barinaklarin hayvan refahi agisindan
optimum kosullarin saglanmasi adina yogun bir
¢abaya ihtiya¢ bulunmaktadir. Ama ne acidir ki,

gunimizde kopeklerde oldugu gibi bazen sahipsiz
hayvanlarin hayatta kalma c¢abalari gerek kendi
hayatlarini gerekse insanlarin hayatlarini riske
atacak boyutlara ulasmistir. Bunun nedeni; insan
popllasyonu igerisinde yasayan hayvanlarin
sayisindaki artis ile buna bagl olarak gida
kaynaklarinin azalmasidir. Bunun sonucunda da
hayvanlar hem kaynaklara ulagamamakta, agliktan
veya susuzluktan aci gekmekte, hem de halihazirda
sinirh olan kaynaklara ulasirken insan saghgini tehdit
edebilmektedir (Atalay, 2004: Diez -Prieto ve ark.,

2009).
Dogada serbest sekilde yasayan sahipsiz
hayvanlarin bircogu yerlesim alanlarinin

genisletilmesi faaliyetinden olumsuz etkilenmis su,
yemek ve barinma gibi kaynaklara ulasimlar
sinirlandinimistir  (Kihg  ve Sarierler, 2003). Bu
duruma yapici bir diizenleme getirilmesi konusunda
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herhangi bir tereddit yoktur. Sahiplenilen képekler
hem ailelerin sosyo-psikolojisini gliclendirmekte
hem de c¢ocuklara sevgi ve paylasmayi
ogretmektedir (Begeg, 2012; Diez-Prieto ve ark.,
2009).

Sekil 1. Hayvan sevgisi gocugun Kkisisel gelisimine katki
sagliyor (Demirsaglik.com.tr)

Calismamizda kullandigimiz 6 adet Golden
Terrier irki  sahipsiz  kdpek, bu amaglarla
sahiplendirilen sansli  hayvanlar olup, sosyo-
ekonomik olarak iyi birer ailede hayata devam
etmeye baslamislardir. Kopekler sahiplendikten
sonra ilk yapilacak olan isin Veteriner Hekimin
kontroliine almak kacinilmaz bir gercektir (Ozgiir,
2012). Veteriner hekimlerin sahipsiz hayvanlar
hakkinda saglikh bir anamnez alma sanslari
olmadigindan, fiziksel muayenenin yani sira, kan
tetkikleri, rontgen, ultrason, EKG ve ekokardiyografi
yapilarak saghkli ya da saglksiz olduguna karar
verilmektedir.  Sahiplenme yapildiktan  sonra
kopeklerde kalp hastaliklarinin  tanisi,  klinik,
radyografik, elektrokardiyografik ve
ekokardiyografik muayene vyapilarak konulabilir
(Douglas ve Williamson, 2009; Petric ve Tomsic,
2008). Ancak; bazi hastaliklar, radyografik olarak
semptom gostermemekle birlikte, goriintinin
kalitesi, hekimin bilgi ve becerisi ile teknik
faktorlerin sonuglari etkileyebilecegi gercegi de goz
ardi edilmemelidir. EKG sadece tamamlayici bir
muayene yontemi olup, degerlendirmesi de
hastanin genel durumu, kan ve biyokimya degerleri
ile goglis radyografisi ve ekokardiyografi bulgular
gibi yardimci tanisal yodntemlerin sonuglar ile
birlikte yapilmalidir.

Golden Retriever buyik irk kdpek tirlerinden
birisi olup, sosyal, sicakkanh ve akill aile
képekleridirler. Uzun, yumusak ve diz olan iki farkli
tly tabakasina sahip, ikinci tiiy tabakasi ise su
gecirmemektedir.  Ayrica; hayvanlarin  fiziksel
ozellikleri olarak, burun siyah, kafa biraz bombeli ve
genis, gbgls yapilar gigll, kuyruklar diz ve uzun,
kulaklar ise dusik bir yapiya sahiptir. Ayrica;

Golden Retriever 1irk kopeklerde, mast hiicre
timoru de dahil olmak uzere kanser hastaliklarina
yatkinhk, kalga displazisi, Von Willebrand adi verilen
faktor yetersizligine bagli pihtilasma bozuklugu, kalp
problemleri ve konjenital g6z kusurlari gibi
hastaliklarin sikhgi bildiriimektedir (Monnet ve ark.,
1995; Ok ve ark., 2010).

Kalp hastaliklari  yasam kalitesini, yasam
suresini ve fonksiyonel kapasiteyi azalttig i¢in tani
ve sagaltim yoniinden Onem tasimaktadir.
Radyografi; kalp hastaliklarinin tanisinda kullanilan
oldukga yararh bir yontemdir. Kalbin buyukliga ve
sekli hakkinda direkt bilgi sagladigi gibi, kalp
yetmezliginin derecesini de ortaya koyabilmektedir
(Greco ve ark., 2008). Ayrica; kalple ilgili olmayan
durumlari da indirekt olarak kardiyo- pulmoner
sirkiilasyonu degerlendirmemize olanak
saglamaktadir. Kalp  hastaliklarinin  tanisinda
ekokardiyografi altin standart bir tani yontemi olup.
Muayenede; interventrikiler septum kalnhg ve
anatomik yapisi, sol ve sag atrium ventrikiil duvar

kalinlig, gaplari ve kontraktibilitesi
belirlenebilmektedir. Mitral ve trikuspit
kapakgiklarin anatomik  vyapisi, kapakgiklar

dizeyinden gecen kan akim siddeti, aortik
kapaklarin anatomik yapisi ve aortik stenozun yani
sira kalbin cevresinde bulunan perikardial ve plevral
sivi degerlendirilebilir (Chetboul, 2010; Cetin ve
ark., 2000). Kalp icinde ve disinda trombds, kitle,
miksoma, apse, kist, yangi gibi intrakardiyak ya da
ekstrakardiyak ekojenik artislar da
degerlendiriimektedir. Bunun yani sira kalbin
anterior, posterior, lateral, septum, inferior gibi
ventrikiler ~ segmenter duvarlarinda  hareket
bozuklugu ile diastolik disfonksiyonu degerlendirilir
(Cecen, 2003; Schaer, 2003).

Materyal ve Metot

Calismamiz, Ocak 2015 ile Mart 2020 tarihleri
arasinda  Ankara’da  6zel pet kliniklerinde
ekokardiyografi yapilan 6 Golden Retriever irki
kopek Uzerinde ylritildd. Calismada; yaslar 5-10
arasinda degisen, 3 erkek ve 3 disi olmak (izere
toplam 6 kopek kullanildi. Golden Retriever irki
kopekler, renk, boy ve kilo bakimindan farkliklar
gostermekteydi. Hastalara rutin klinik muayene ve
laboratuvar incelemeleriyle birlikte elektrokardiyog-
rafi, telekardiyografi, ekokardiyogra-fik tetkikleri
uygulandi. Ekokardiyografik gorintiler Toshiba,
esaote gibi Renkli Doppler ekokardiyografi cihazlari
ile alindi ve gorintilerin basimi igin Mitsu-bishi
siyah -beyaz ya da renkli printer kullanildi.

Kopeklerin gogiis bolgesi tras edildikten sonra
standart ekokardiyografi jeli kullanildi. Hayvanlar
once sag yanina yatirilarak sag parasternal kisa
eksen ve uzun eksen pencerelerinden muayene
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edildi. Bu pencerelerde; sol ventrikil’iin M-mod ile
2-D modekokardiogarfik muayenesi yapildi. Daha
sonra prob kalbin basisine dogru yonlendirilerek
mitral kapaklarin ve kranial’e yonlendirilerek
pulmoner kapagin 2-D, Pulsed Wave (PW) Doppler
ve renkli Doppler muayeneleri yapildi. Bundan
sonra hayvanlar sol yanina vyatirilarak sol
parasternal uzun eksen goriintlsiinde mitral ve
triklspit kapaklarin ekokardiografik muayeneleri

yapildi.
Amerikan ekokardiyografi cemiyetinin
belirledigi 17 segmenter duvar  hareketi

degerlendirilmektedir. iki boyutlu Ekokardiyografi,
Continuous-Pulsed Doppler Ekokardiyografi ile
yapilan ksifoid kalp penceresinden apikal 3,4 ve 5
bosluk gorintiler alinmaktadir. Sekil 5. Apikal
bosluk gorintilerinde kalp bosluklari, sistol ve
diyastol c¢ap olgiimleri, mitral, aort ve trikispit
kapaklarinin ~ yapisi,  yetmezligi ve darhg
degerlendirildi.

Sekil 2. Kopeklerde apikal 5 bosluk gorintiist (sol atrium LA,
sol ventrikul LV, aort AO, sag atrium RA, sag ventrikil RV)

Bulgular

Hayvanlardan Hachico isimli 3 yasl birinci
erkek kopegin ilk muayesinde oldukca bakimsiz,
korkak ve bitkindi. Batin muayeneleri yapildiktan
sonra EKG ve Rontgen sonucuna gore yapilan
ekokardiyografide tasikardik, kalp boyutlarinda sol
ventrikil sistolik ve diyastolik boyutlarda artma,
atrium ve sol sag atrium caplarinda artis, kapak
yetmezlikleri, ileri derece pericardial ve plevral sivisi
belirlendi. Sahiplenildikten 6 ay sonra biraz
toparlamasina ragmen, kontrol
ekokardiyografilerinde 6-7 vyaslarinda iken, ileri
derece kalp krizi gecirdigi (anterior ve inferior
duvarlarinda hipokinetik alanlar tesbit) edildi. EF ise
%35-40 arasinda, mitral ve triklispit kapaklarda ise
yetmezlikler belirlendi. Sirekli kontrol altinda
tutulan hayvanin EF%50’lere ylkseldigi tespit edildi.
Biitlin bu sonuglarla hayvan medikal tedavi ile takip
edilmektedir.

Kayra isimli ikinci erkek kopekte ise yaklasik 1
yas civarinda, olduk¢a bakimsiz olup, ilk
muayenesinde  yapilan  bitiin  tetkikleri  ve

ekokardiyografisi normaldi. Aradan gegen 5-6 yil gibi
uzun bir zaman sonra birgok patolojiler tespit edildi.
Sol ventrikiil konsantrik hipertrofisi, posterior
duvarda hipokinezi, EF %48, pulmoner
hipertansiyon 40 mmHg, mitral yetmezligi ve hafif
derece de trikiispit yetmezligi belirlendi.

Sekil 3. Kalbin parasternal kisa eksen kesitinde anterior,
inferior ve septumun segmenter duvar hareket
bozuklugu (T.C. Selguk Universitesi Meram Tip Fakiiltesi
Radyoloji anabilim dali anabilim dali )

Barut isimli Gglincl erkek kopekde; 11 yasinda
sokaga terk edilen, zayif ve kliniklerimizden birisi
tarafindan sahiplenen hayvandi. Sahiplenildikten
sonra yapilan ekokardiyografisinde, sol kalp
yetmezligi ve konjenital cortriatrium tespit edildi.
Takip edilen ekokardiyografilerinde hayvanda
solunum glicligl ve yetmezligi belirlenmis, ileri kalp
yetmezligi ile birlikte yogun perikardial-plevral sivi
artisi belirlendi. Hayvanda halen solunum yetmeazligi
devam etmektedir.

Sekil 4. Képegimizde ileri derece sol kalp yetmezligi.

Golden retriever irki kopeklerden Gece isimli 1.
disi olan klinige ilk getirildiginde sakin olup,
rontgende hafif derecede bir kalp blylmesi
belirlendikten sonra yapilan ekokardiyografisinde
hafif derecede perikardial sivi artisi ile birlikte
minimal dizeyde mitral kapak yetmezligi tespit
edildi. Yilhk periyodik ekokardiyografik
muayenelerine devam edilmektedir.
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Disi kopeklerden 2.si olan Ales’in iki boyutlu (B
mode), M mode ve Renkli Doppler
ekokardiyografilerin de parasternal uzun ve kisa
eksen ile birlikte apikal kesitlerde ¢alismalari yapildi.
Doppler ekokardiyografide diastolik disfonksiyonla
birlikte mitral kapakta prolapsus tespit edildi. Mitral
kapak prolapsusa bagl olarakta yetmezlik akimi
izlendi. Ales yillik yapilan rutin tetkiklerde saglikli bir
yasamina devam etmektedir.

Disi kopeklerden 3. Sila’da sokakta yasayan,
yaklasik 6 yasli olup, sahiplene tarafindan ilk klinige
getirildiginde rutin kontrollerle birlikte
ekokardiyografisi de yapildi. Kan tetkiklerinde
kolesterol ve trigliserinde degismelerin yani sira
ekokardiyografi de sadece diyastolik fonksiyon
bozuklugu tespit edildi. Diyastolik fonksiyon
bozuklugunun nedeni olarak ta kolesterol ya/ya da
trigliserit degerlerindeki artisa bagh olabilecegi
seklinde degerlendirildi. Sila’nin yilik periyodik
ekokardiyografik muayenelerine devam
edilmektedir.

Sekil 5. Képeklerde iki boyutlu-Renkli Doppler Ekokardiyografiyle
diyastolik disfonksionu (E<A.)

Tartisma ve Sonug

Gilnlmiuzde insanlardaki klinik uygulamalarda
oldugu gibi hayvanlarda da yaygin olarak kullanilan
U¢ ekokardiografi yontemi kullanilmaktadir. Bunlar;
2-D (iki boyutlu-real time) ekokardiografi, M-mod
ekokardiografi (hareketli-gizgisel) ve Renkli Doppler
ekokardiografi teknikleridir. Genel olarak
kopeklerde sag parasternal, sol kaudal (apikal) ve
sol  kraniyal pozisyonlarda ekokardiyografik
goriuntuleme yapilmaktadir (Burk ve Ackerman,
1996; Chetboul, 2010). Képegin 6n ayaginin ileriye
dogru almasi veya yukariya kaldirilmasi ve muayene
edilen tarafin ters istikametine c¢evrilmesi,
transdiiserin  hareketini kolaylastiracak ve de
kaburgalar arasindaki boslugun mesafesi artirilarak
kalp penceresinin daha iyi alinmasi agisindan énem
arz etmektedir. Kopeklerde yeterli gériintilerin elde
edildigi sag ve sol parasternal (sag ve sol 3. veya 5.

interkostal araliginin alt 1/3 'i) ve ksifoid kalp
penceresi olmak Uzere iki standart bdlge
tanimlanmaktadir (Bakirel ve Bilal, 1998; Cegen,
2003). Yaygin olarak kullanilan gérinti sekilleri; sol-
sag parasternal uzun eksen gorintide sol-sag
ventrikal sistol ve diyastol caplar, sol atrium,
interventrikller septum, posterior duvar kalinlig,
aort koku-capi ve gikan kisimlari, ejeksiyon fraksiyon
(EF%) ile franksiyonel kisalma (FS%)
degerlendirilmesi yapilirken, M mode
ekokardiyografi bu seviyede kullaniimakta ve c¢ok
degerli bilgiler vermektedir. Kisa eksen goriintileri
ile ventriktler giris ve cikis yollar, mitral kapak
seviyesinden kapak yapisina iliskin bilgiler ve sol
ventrikdl segmenter bozukluklar tesbit
edilmektedir (Bonagura ve Ware, 1986; Cegen,
2003).

Calismamizda 6 tane sonradan sahiplenilen
Golden Retriever kopegin fiziksel muayene, bitin
rutin kanlari, radyolojik muayeneleri,
elektrokardiyografi, tansiyon, ates, B mode -M
mode ekokardiografi ve Doppler ekokardiografi
muayeneleri yapildi (Darke ve Else, 1984; Demir ve
Ugurlu, 2014). Hayvanlarin sahiplenildikten birkag
ay gibi kisa bir stire sonra canlandigi, daha cesur ve
genel durumlarinda iyilesmelerin gorilmesine
ragmen, maalesef bazi kalitsal ve edinsel hastaliklari
beraberinde tasimaktalardi. Képeklerde ileri derece
kapak yetmezlikleri, kalp krizleri, sistoloik ve
diyastolik  disfonksiyonlari,  yliksek  tansiyon
sonucunda olusan hipertrofi, kalp ¢evresinde
biriken perikardial ve plevral sivilar sivilar yasami
olumsuz olarak etkiledigi bildirilmistir (Lombard,
1984; Macdonald ve ark., 2009) Calismamizda
kullandigimiz farkh ekokardiografi teknikleri ile
incelenen bu hayvanlarda; diyastolik fonksiyon
bozuklugunun vyani sira anterior ve inferior
duvarlarda hipokinetik alanlar, minimal ya/ yada
maksimal dlzeylerde mitral ve/veya trikispit
kapaklarda yetmezlikler, sol ventrikiil konsantrik
hipertrofi, pulmoner hipertansiyon, sol kalp
yetmezligi ile birlikte konjenital cortriatrium, hafif
yogun yada siddetli derecelerde perikardial-plevral
sivilarda artis gibi edinsel ya/ya da kalitsal fonksiyon
bozukluklari belirlendi (Cetin ve ark., 2000; Tidholm
ve ark., 1997).

Bu hayvanlarda kalp ve dolasim sistemindeki
bu bozukluklar basta solunum glgligi ve solunum
yetmezligi olmak (zere solunumsal bozukluklara,
sahipsiz yasamlarinda ki dlzensiz ve dengesiz
beslenmelerine bagh olarak ta kolesterol ve
trigliserid gibi degerlerdeki artislarin kalp ve dolagim
sisteminde olasi bozukluklara yol agtig1 anlasiimis ve
bu konudaki bildirimlerle uyum goéstermektedir
(Chetboul, 2010; Rosenthal ve Fox, 1995).

Sonu¢ olarak; hayvanlarin sokaga terk
edilmesinin kopekler lizerindeki etkilerinin ne kadar
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korkung¢ oldugunu goérmemek imkansizdir. Bitin
hayvanlarda oldugu gibi Golden Retriever irki
kopeklerde de cinsiyet farki olmaksizin, genclik
donemlerinin sokakta gegcirildigi sire iginde stres,
beslenme bozukluklari, kalitsal ve predispose
faktorlerin kahci etkileri oldugu goérilmektedir. Bu
hayvanlar daha sonraki yasamlarinda sahiplenilse ve
de yasam kosullari azami o6l¢lide iyilestirilse bile
gecmiste yasanilan sikintilarin  telafisi  mimkin
olamamaktadir. Ge¢miste kazanilan ve bir omir
boyu sirecek olan kalp, damar ve solunum
sistemine iliskin bozukluklar her ne kadar tedavi
edilirse edilsin tam olarak telafisi mimkin
olamamaktadir. Tedavi ve takip edilen bu hayvanlar
en iyi kosullarda yasatilsa bile hicbir zaman eski
sagliklarina kavusmalari s6z konusu degildir.

Biitiin  bu sonuglarla;  bitlin  sahipsiz
hayvanlarda oldugu gibi Golden Retriever irki
kopeklerin  hem  daha  saghkli  kosullarda
yasatilmasinin yani sira zenginlestirilmis kaynaklara
erisimlerinin  artirlmasi;, hem de kontrolsiz
Uremelerinin  6nine gegilerek insan sagliginin
sahipsiz kopeklerin yasayisindan etkilenmemesi
amaglarini da kapsayici bir sekilde yapilamasinin
onemli oldugu distiniilmektedir.

Tesekkiir

Sokakta yasayan hayvanlara sahip cikip ve
onlari kendi hayatlarina alip aile bireylerine katan
hayvan severlerimize tesekkiir etmeyi borg
biliyoruz.
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Atlardan izole Edilen Streptococcus equi Suslarinin Molekiiler identifikasyonu
ve Antibiyotik Duyarliliklarinin Saptanmasi

Abdullah Burak CALISKAN*?, Osman Yasar TEL>""

1TJK Sanlurfa Hipodrom Mudurliigii, SANLIURFA
2Harran Universitesi Veteriner Fakiiltesi Mikrobiyoloji Anabilim Dali, SANLIURFA
aORCID: 0000-0001-5367-5480, "ORCID: 0000-0001-7848-3899

Gelis Tarihi: 20.07.2020 Kabul Tarihi: 18.01.2021

Ozet: Su sakagisi, atlarda Streptococcus equi subsp. equi (S. equi )'nin neden oldugu akut seyirli, bulasici ve irinli
lenfadenitisle karakterize bir hastaliktir. Hastalik genellikle taylarda gorilir ve hastalikta st solunum yolu ile ilgili bolgesel
lenf nodiillerinde veya ender olarak da generalize formda apselesme goérilir. Hastalik tim yaslardaki tek tirnaklilar etkiler.
Bu ¢alismada atlardan S. equi izolasyonu ve izolatlarin PCR ile molekiler olarak identifikasyonu ve antibiyotik duyarhlik
profillerinin saptanmasi amaglandi. Bu amagla materyal olarak 60 attan alinan burun svabi ve tracheal yikanti sivisi 6rnekleri
kullanildi. Orneklerin kolistin ve nalidiksit asit iceren kanli agara ekimleri yapilarak, %5 C0,’li ortamda 37 °C inkubasyona
birakildi. Orneklerin kiiltiir yoluyla incelenmesi sonucunda 22’sinden (%36) Streptococcus spp. izolasyonu gergeklestirildi.
izole edilen 22 susun, 3’0 (%19,1) S. equi, 19’u (%20,6) Streptococcus zooepidemicus (S. zooepidemicus) olarak identifiye
edildi. izolatlarin superoxide dismutase-sodA gen bdlgesinin amplifikasyonu sonucunda 3 S. equi ve 19 S. zooepidemicus
izolatinin tamaminda 230 bp’lik bantlar gézlendi. Streptococcus equi etkenlerinin tir diizeyinde identifikasyonu igin yapilan,
pyrogenic exotoxin L (seel) gen bolgesinin amplifikasyonu sonucunda 520 bp’lik bant gorildi. Elde edilen 22 izolatin hepsi
molekiiler olarak tlr dizeyinde dogrulandi. Antibiyogram testi sonucunda izolatlarin trimetoprim-sulfametoxazol,
enrofloxacin, teicoplanin, imipenem’e duyarli olduklari, clindamycin, neomycin, vancomycin, gentamicin, cefoxitin, penicilin
G, kanamycin, streptomycin antibiyotiklerine ise farkl oranlarda duyarlilik saptandi. Sonug olarak, S. zooepidemicus'un
hastaligin etiyolojisinde rol oynayabilecegi ve bu nedenle etkenin gbz ardi edilmemesi gerektigi, S. zooepidemicus ve S.
equi'nin identifikasyonunda PCR testinin yararh oldugu géruldi. Antibiyogram testi sonucunda, 6zellikle aminoglikozidlere
karsi bir direncin bulundugu tespit edildi.

Anahtar Kelimeler: PZR, S. equi, Su sakagisi.

The Molecular Identification and Antibiotic Sensitivity of Streptococcus equi Strains Isolated from
Horses

Abstract: Strangles is a contagious and acute disease in horses characterized by suppurative lymphadentis and caused by
Streplococcus equi subsp. equi. The disease is usually seen in young foals. Abscessation in lymph nodes of the upper
respiratory system is seen and rarely it is in generalized abscessation form. Strangles affect equines of all ages. In this study,
it was aimed to isolate S.equi from horses and perform a molecular identification of the agent by PCR. It was also aimed to
determine antibiotic sensitivity profiles of the isolates. For this purpose, tracheal washings and nasal swabs were collected
from 60 horses. At the end of cultural studies, a total of 22 (36%) Streptococci isolation were made. Out of 22 isolated
strains tested, 3 (19.1%) and 19 (20.6%) were identified as S.equi and S. zooepidemicus, respectively. All isolates were
verified by PCR. Amplification of SodA gen region of isolated strains yielded 230 bp DNA bands in agarose electrophoresis in
both 3 S.equi and 19 S.zooepidemicus isolates. For species level molecular identification, amplification of Seel gen region
was made by using specific primers and 520 bp DNA bands were observed in gels under UV light. According to the antibiotic
sensitivity test results, all isolates were sensitive to trimetoprim-sulfametoxazol, enrofloxacin, teicoplanin, imipenem;
sensitivity to clindamycin, neomycin, vancomycin, gentamicin, cefoxitin, penicilin G, kanamycin, streptomycin was found
relatively lower. At the end of the study, it was concluded that S. zooepidemicus could play a role in the disease besides
S.equi. Therefore, this should be taken for consideration. It was also noted that PCR for molecular identification for S.equi
and S.zooepidemicus might be a useful tool. Antibiotic sensitivity tests showed that there is a resistance to especially
aminoglycosides.

Keywords: PCR, S.equi, Strangles.

Giris

Atlarda performans dusiikligliine neden olan neden oldugu akut seyirli, bulasict ve irinli

hastaliklarin basinda solunum sistemi hastaliklar
gelir. Safkan Arap ve ingiliz ati yetistiricilerinin de
karsilastigi 6nemli sorunlardan birisi st solunum
yollari hastalklaridir. Su sakagisi, atlarda S. equi'nin

lenfadenitisle karakterize bir hastaliktir (Art ve ark.,
2012). Hastalik genellikle geng taylarda goralir ve
hastalikta Gst solunum yolu ile ilgili bolgesel lenf
nodillerinde veya ender olarak da generalize
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formda apselesme gorilir. Hastalik tim yaslardaki
tek tirnaklilari  etkiler. Klinik bulgular geng
hayvanlarda belirgindir. Kalabalik, yetersiz
havalandirma, barinak problemleri, yer degistirme
ve vyaris gibi stres yaratan faktorler hastaliga
predispozisyon yaratmaktadir (Arias, 2013).

Hastahigin teshisinde, klinik bulgular 6nemli
olmasina karsin laboratuvar sonuclari ile birlikte
degerlendirilmesi hem teshis hizi hem de ekonomik
acidan at popllasyonu ve yetistiriciler icin 6nem arz
etmektedir. Su sakagisinin  klasik laboratuvar
tanisinda kiltir ydntemi altin standart olarak
bildirilmistir (Sellon ve Long, 2013). Ancak diger
grup B-hemolitik streptokoklar ile S. equi kiltir
yoluyla ayrimi zor oldugundan dolayr PCR temelli
tani yontemleriyle S. equi hizli ve kolay bir sekilde
identifiye edilebilmektedir. Antifagositik-M
proteinin (SeM) PCR ile S. equi suslari identifiye
edilebildigi bildirilmistir (Chanter, 1997).
GlnUmuzde, farkli bakteriyel hastaliklara karsi
korunmada kemoterapotik ajanlarin  kullanimi
siklikla basvurulan yontemlerdir. Yanlis ilaglarin
kullanimi antibakteriyel direng kazanimi sonucunu
da beraberinde getirmektedir. Antibiyotik duyarlilik
testiyle uygun antibiyotik kullanimi saglanarak
hastaligin kisa sirede uygun bir sekilde tedavi
edilmesi saglanabilmektedir (Sweeney ve ark.,
2004).

Atlarda solunum poblemleri at yetistiriciliginin
en 6nemli problemi olarak karsimiza g¢ikmaktadir.
Bu c¢alisma da atlardan kiltir yoluyla S. equi
izolasyonu ve bu izolatlarin PCR ile molekiiler olarak
identifikasyonu ve antibiyotik duyarlilik profillerinin
saptanmasl amaglandi.

Materyal ve Metot

Bu calismanin etik kurul raporu, Dollvet A.S
Hayvan Deneyleri Yerel Etik Kurulu'ndan (Yetki
numarasi: DOLLVET-HADYEK-2016/29) alinmistir.

Bu tez calismasinda, 32 burun sivabi ve 28
trakeal aspirasyon sivisi olmak Gzere toplam 60
ornek S. equi ve S. zooepidemicus yoéniinden
incelendi. Steril olarak alinan 6rnekler soguk
zincirde en kisa silirede laboratuvara ulastirilarak
incelendi.

Bu calismada, 6rnekler 28 ingiliz ve 32 Arap
atindan alindi. Bu hayvanlarin 30 (%50)'u disi 30
(%50)’u ise erkek idi. Ornek alinan atlarin 26’si
(%43,3) 1-3 yas, 19’u (%31,6) 4-6 yas, 15’i (%25)ise 7
yasindan biyiik oldugu kaydedildi.

Kiiltiir: Trakeal aspirasyon sivisi 600 g’'de 10
dakika santriftj edildikten sonra besi yerlerine
ekimleri  gergeklestirildi. Burun svaplari ve
santrifijden sonra elde edilen peletler kolistin ve
nalidiksit asit iceren kanli agara (Columbia Agar

Base, Oxoid CM331) ekimler yapildi ve %5 CO:
ortamda 37 °C inkubasyona birakildi. 24-48 saatlik
inkubasyon sonunda tipik B- hemolitik streptokok
benzeri kolonilerin alt kultlrleri yapildi. Stpheli
kolonilerin koloni morfolojileri, gram boyama,
katalaz ve karbonhidrat fermentasyon testleri gibi
biyokimyasal testlerle yapilarak identifikasyonlari
standart yontemlere gore yapildi (Quinn ve ark.,
2004).

Molekiiler Teknikler: DNA ekstraksiyonu:Alber
ve ark. (2004)'nin bildirdigi yénteme gore yapildi.
Kisaca 1 pl mutanolysin (5U/ pl) iceren TE buffer (10
mmol/l Tris-HCL, 1 mmol/l EDTA, pH 8) igerisinde
koloniler siispanse edildi ve 37 °C’lik su banyosunda
60 dakika bekletildi. Daha sonra silispansiyon 56
°C’'de 120 dakika proteinaz K ile muamele edildi.
Slspansiyon 100 °C’'de 15 dakika kaynatildiktan
sonra Ust kissm  alinarak  amplifikasyonda
kullanilincaya kadar 20 °C’de saklandi.

PZR: Ayni reaksiyon karisimi ve ayni sartlarda
SodA ve Seel primerleri kullanilarak iki ayri PZR
yapildi (Tablo 1).

Tablo 1.Kullanilan Primer Dizileri

Hedef Sekans (5'-3’) PCR iiriin
gen buylklGga
(bp)
Seel seel F 5'GAA GGT CCG CCA TTT TCA GGT AGT TTG 3/, 520
seel R 5'GCA TAC TCT CTC TGT CAC CAT GTC CTG 3'.
SodA sodA equi/zooep F5'CAG CAT TCC TGC TGA CAT TCG TCA GG 3'. 230

sodA equi/zooep R5’ CTG ACC AGC CTT ATT CAC AAC CAG CC 3'.

PZR reaksiyon karisimi; 2 pl template DNA, 0.4
ul dNTP karisimi, 0.7 pl primerler (seel F,seel R), 2 pl
reaksiyon buffer, 0.2 ul Tag DNA polimeraz ve son
hacmi 20 pl olacak sekilde steril distile sudan olustu.
PCR inkibasyon sicaklik ve sireleri sirasiyla, 95
°C’'de 15 dakikalik ilk denatiirasyon, takiben 94 °C'de
30 saniyelik denatlirasyon, 59 °C'de 30 saniye
primer baglanmasi, 72 °C'de 40 saniye ekstensiyonu
iceren 30 siklus ve 72 °C'de 5 dakikalk final
ekstensiyonundan olustu (Alber ve ark., 2004).

PZR  Uriinlerinin  Goriintilenmesi:  PZR
sonucunda amplifiye edilen Grinler, TAE buffer
kullanilarak %1’lik agaroz jel’de elektroforeze tabi
tutuldu. Sonuglar uv transilluminatérde
degerlendirildi.

Antimikrobiyal Duyarlilik Testi: S. equi ve S.
zooepidemicus olarak identifiye edilen bakterilerin
antibiyotik duyarhhklari “National Committee for
Clinical Laboratory Standards (CLSI)” (M2-A6)
onerilerine uygun olarak disk diflizyon yontemi ile
belirlendi. Bu amagla TSB (Tryptone Soya Broth,
CMO0129, Oxoid) bulunan tlplere ekimler
gerceklestirilerek 37°C'de 24 saat inkube edildi.
inkiibasyon sonucunda 0.5 Mc Farland yogunluguna
gore getirilen kuiltirler Mueller Hinton Agar
(CMO0337, Oxoid) petrilerine svap yardimiyla
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ekimleri gergeklestirilerek kurumaya birakildi.
Standart antibiyotik diskleri pens yardimi ile esit
araliklarla petriye yerlestirildi. Petriler 37 °C'de 18
saat inkiibasyona kaldirldi. inkiibasyon sonrasinda
inhibisyon zon c¢aplari Olglldii ve standart zon
¢aplar “Clinical and Laboratory Standards Institute
(CLSI)” karsilastirildi ve sonuca gore “duyarli” veya

230

“direncli” olmak lizere degerlendirildi (Patel ve ark.,
2015).

Bu amagla enrofloxacin (10 ug), imipenem (10
ug), clindamycin (2 wug), neomycin (10 ug),
teicoplanin (30 ug), vancomycin (30 ug), gentamicin
(10 ug), cefoxitin (30 ug), penicilin G (10 U),
kanamycin (30 ug), streptomycin (10 ug) kullanildi.

Sekil 1. S. equi ve S. zooepidemicus sod A spesifik PZR Grtini. M: Molekuler agirlik marker (Gene Ruler 100 bp DNA Ladder Plus, Fermentas,
Litvanya) 1-Negatif kontrol (S.pyogenes), 2,3,4- S. equi pozitif suslar. 6,7.9. S. zooepidemicus, 5, 8, Negatif 6rnekler.

520 bp

Sekil 2. Streptococcus equi spesifik PCR Urlini. M: Molekiler
agirhk marker (Gene Ruler 100 bp DNA Ladder Plus, Fermentas,
Litvanya). 1-2 negatif 6rnekler 3. Pozitif 6rnek

Bulgular

izolasyon ve identifikasyon Bulgulari: Bu
galisma da incelenen 60 Ornegin 22’sinden (%36)
streptokok izolasyonu gerceklestirildi. Elde edilen 22
izolatin, 3’0 (%19) S. equi, 19'u (%20,6) S.
zooepidemicus olarak identifiye edildi.

PZR Bulgulari: SodA gen bélgesinin amplifikas-
yonu sonucunda 3 adet S. equi ve 19 adet S.
zooepidemicus suslarinin tamaminda 230 bp’lik
bantlar gézlendi (Sekil 1).

Streptococcus equi etkenlerinin tir diizeyinde
identifikasyonu icin yapilan, Seel gen bdlgesinin
amplifikasyonu sonucunda 520 bp’lik bant gorildi
(Sekil 2). Sonug olarak, konvansiyonel tekniklerle
Streptococcus spp. olarak identifiye edilen 22 adet
susun tamami molekdiler olarak olarak dogrulandi.

izole edilen etkenlerin antibiyogram sonuglari
Tablo 2’de gosterilmistir. Antibiyogram sonucunda
trimetoprim-sulfametoxazol, enrofloxacin,
teicoplanin, imipeneme bitlin suslar duyarh
bulundu. Clindamycin, neomycin, vancomycin,
gentamicin, cefoxitin, penicilin G, kanamycin,
streptomycin antibiyotiklerine ise daha az oranda
duyarhlik saptandi.

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2021; Cilt 10, Say: 1 8



Harran Univ Vet Fak Derg, 20210; 10 (1): 6-11

Arastirma Makalesi

Tablo 2. izole edilen etkenlerin antibiyogram testi sonuglari.

Antibiyotikler S. zooepidemicus S. equi
Direngli/Duyarh (% Duyarh) Direngli/Duyarli (% Duyarh)
(n:19) (n:3)

Penisilin G (10 ug)
Trimetoprim-
Sulfametoksazol (25 ug) (
Enrofloxcacin (10 ug) (
Kanamisin (30 ug) (
Gentamisin (10 ug) 3/16 (% 84,2)
Streptomisin (10 ug) 4/15(% 78,9)
Neomisin (30 ug) 4/15(% 78,9)

(

(

(

(

(

1/18 (% 94,7)

0/19 (% 100)
0/19 (% 100)
2/17 (%89,4)

Vancomycin (30 ug) 0/19 (% 100)
Teicoplanin (30 ug) 0/19 (% 100)
Cefoxitin (30 ug) 2/17 (%89,4)

Imipenem (10 ug)) 0/19 (% 100)
Clindamycin (2 ug) 1/18 (% 94,7)

0/3 (% 100)

0/3 (% 100)

0/3 (% 100)

2/1(%33,3)
1/2(%66,6)
2/1(%33,3)
2/1(%33,3)
1/2 (% 66,6)
0/3 (% 100
0/3 (% 100
0/3 (% 100

)
)
)
0/3 (% 100 )

Tartisma ve Sonug

Su sakagisi, ¢cok fazla bulasma 6zelligine sahip
S. equi tarafindan olusturulan, genellikle taylarda
st solunum yollarinda ve bolgesel lenf yumrularinin
iltihaplanmasi ile karakterize, akut seyirli bir
enfeksiyondur. Stres, bakimsizlik, iklim degisiklikleri
gibi faktorler hazirlayici faktorlerdir. Hastalik burun
akintilari ve etkilenen lenf yumrularinda bulunan
irin ile kolayca sagcilabilmektedir. Hastalik at
endustrisinde olduk¢ca 6nemli ekonomik kayiplara
neden olmaktadir (Piche, 1984).

Streptococcus  zooepidemicus cogunlukla
atlarin st solunum sisteminde kommensal olarak
bulunan S. equi ile yakin akrabalg olan bir
mikroorganizma olarak kabul edilmektedir. S.
zooepidemicus kisraklarda metritis ve atlarda
kornea lseri gibi gesitli hastaliklar ile iliskili oldugu
bildirilmistir. Ayrica atlarin bademciklerine yerlesen
S. zooepidemicus suslarinin, patojenik suglar
kapsadigi da belirtilmistir. S. zooepidemicus
solunum sisteminde ciddi hastaliklara neden olan
firsatgi bir bakteridir. Ayrica mukoza da kommensal
olarak bulunmakla beraber su sakagisi benzeri
semptomlar goésteren atlardan da izole edilmistir
(Erol ve ark., 2012).

Erol ve ark. (2012), atlarda hemolitik
streptokok tirlerini arastirdiklari bir ¢alismada, S.
zooepidemicus'un en sik izole edilen tir oldugunu
bildirmislerdir. Arastiricilar, plasenta, fotal doku,
solunum sistemi, nasal 6rnekleri ve lenf dugimi
apseleri gibi cesitli organlardan %72 oraninda
izolasyon bildirmislerdir. Arastiricilar etkeni temel
olarak lenf diiglimi apsesi, nasal svaplar, Ust ve alt
solunum kanalindan izole etmiglerdir. Ayrica ayni
arastirmada, %5,8 gibi disik bir oranda fotal doku
ve plasentadan S. equi suslari izole edilmistir (Erol E
ve ark., 2012).

Khoo ve ark. (2011), 2010 yillinda 2825 burun,

9 trakeal, 1 submandibular svab ve 1 submandibular
apseden aldiklari  6rnekleri  kaltir  yoluyla
inceledikleri ¢alismada, 2 burun svabi ve 1
submandibular apseden S. equi izole etmislerdir.
Calismada 2847 ornekten 3 (%0,1) izolasyon
oraninin ¢ok disiik oldugunu belirtmislerdir. Yeni
Zelanda’da S. equi‘nin PZR ile identifikasyonunun
amaglandigi bir c¢alismada 168 attan o&rnekler
alinmistir (Patty ve Cursons, 2014). Bu 6rneklerin
PZR ile incelenmesi sonucunda 35 (%20,8) attan PZR
ile pozitiflik saptanmistir. Arastiricilar (Patty ve
Cursons, 2014), PZR’testinin hastaligin teshisinde
hizl ve duyarli bir yéontem oldugunu bildirmistir.
Jannatabadi ve ark. (2008), 30 attin Gst solunum
yollarindan burun svabi aldiklari galismada 1 (%0,3)
adet S. equi ve 24 (%80) adet S. zooepidemicus izole
ettiklerini bildirmislerdir.

Mir ve ark. (2013), Hindistan’da 88 bas saglikli
ve 53 bas solunum yolu hastaligl bulunan atlarda,
Ust solunum vyollarinda aerobik bakterileri izole
ettikleri calismada, her iki gruptan izole edilen
toplam 321 izolattan %84,11'i gram pozitif ve
%15,88'i gram negatif bakteri olarak tespit
etmislerdir. Arastiricilar, %7,44 oraninda
Streptococcus equi subsp. zooepidemicus ve %1,24
oraninda Streptococcus equi subsp. equi izole
ettiklerini belirtmislerdir. Tirkiye’de yapilan bir
¢alismada (Diri M, 2018), 133 numuneden 2
Streptococcus spp. (%1,2) (1 Streptococcus equi
subs.  zooepidemicus ve 1  Streptococcus
pneumonia) etkeni izole edilmistir. Calismada dogal
florada bulunan Gram negatif bakterilerin
baskilayici etkisinden dolayi bakteri oraninin disiik
ciktigi belirtilmistir.

Bu calismada, 60 su sakagisi slipheli attan
alinan o6rneklerden, 3 (%0,5) adet S. equi ve 19
(%31,6) adet S. zooepidemicus izole ve identifiye
edildi. S. zooepidemicus’un daha yiksek ve S. equi
izolasyon oranindaki distkliik, diger ¢alismalardan
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elde edilen izolasyon oranlarina benzer
bulunmustur (Diri M, 2018). Farkli bolgeler de
yapilan calismalarda izolasyon oranlari
degisebilmektedir. Antibiyotik kullaniimasi, florada
diger bakteriyel etkenlerin varligi izolasyon
oranlarini etkileyebilmektedir.

S. equi'nin klasik identifikasyonu fenotipik
ozellikleri, morfoloji, serolojik ve biyokimyasal
ozelliklerine baghdir. Ancak klasik izolasyon igin
uzun zaman gereklidir ve atipik suslar gozden
kacabilmektedir. Bu nedenle arastiricilar tarafindan
hizli  spesifik ve duyarli  molekiiler tani
yontemlerinden klasik PZR metodlari gelistirilmistir
(Alber ve ark., 2010; Patty ve Cursons, 2014).

Alber ve ark. (2010), S. equi’'ye spesifik Seel ve
hem S. equi hemde S. zooepidemicus’a spesifik SodA
genlerini temel alan PZR gelistirdikleri calismada her
iki tard basarih  bir sekilde ayirt ettiklerini
bildirmislerdir. Calismamizda izole edilen batin
suslar PZR testi ile dogrulanmistir. PZR testinin, izole
edilen her iki tlrin ayiriminda basarili bir sekilde
kullanildigi goralmustar.

Kuzey Amerika’da, 755 S. zooepidemicus’un
izolatinin ceftiofur ve 6 antibiyotige karsi invitro
aktivitesi incelenmis. Ceftiofura, S. zooepidemicus
izolatlarinin %90'ninin duyarh oldugu bildirilmistir
(Bade ve ark., 2009). Bu calismada cefoxitine
duyarhligin %89,4 olarak bulunmasi Bade ve ark.
(2009)’'nin bulgularina benzer olarak gorilmistir.
Johns ve ark. (2012), Atlardan alinan klinik
orneklerden izole edilen bakterilerin, antimikrobiyal
direng degisimlerini inceledikleri bir c¢alismada
enrofloxacin, ceftiofur, gentamicin, penicillin G,
trimethoprim-sulfamethoxazole and tetracycline
duyarliliklarini incelemislerdir. izolatlar iki gruba
ayirmislardir. ilk grupta 1999-2004 yillari arasinda
izole edilenler, diger grupta ise 2007-2012 vyillari
arasinda izole edilen bakterilerden olusmustur.
Streptokok tirlerinde direng oraninda Onemli
artislar oldugunu belirlemislerdir. Batiin Streptokok
turlerinin ilk grupta enrofloksasine direncin sifir
olarak goérilmesine karsin ikinci grupta bu oranin
%63 seviyelerine ciktigini bildirmislerdir. Ayrica
tetrasiklin ve ¢oklu antibiyotik direncinin S.
zooepidemicus suslarinda artigini ve trimethoprim-
sulfamethoxazole direncinin ise azaldigini
belirtmiglerdir. Antibiyotik direncinin artmasinin
yaygin ila¢ kullanimina baglamislardir.

Sauer ve ark. (2003), atlarin Ulseratif keratitis
olgularindan 65 izolatin 13’GUnU  (%20) S.
zooepidemicus olarak identifiye etmislerdir. Bu
izolatlarin 1993 -1997 yillari arasinda 1/5’inin (%20)
gentamisine direngli iken 1998- 2000 yillari arasinda
4/8'sinin  (%50) gentamisine direncli oldugunu
bildirmislerdir. Bu direng¢ oraninin istatistiksel olarak
onemli oldugunu belirtmislerdir. Diger

antibiyotiklerde bir degisim gdrmedikleri ¢alismada
13 izolatin  tamamini  bacitracin, ampicillin,
chloramphenicol ve carbenicilline duyarli
bulmalarina karsin, neomycin ve kanamycine karsi
diren¢ sekillendigini belirtmislerdir. Baska bir
¢alismada Luque ve ark. (2006), endometritis klinik
belirtileri olan kisraklardan izole edilen 65 S.

zooepidemicus’un B-lactam, enrofloksasin,
trimetoprim-sulfamethaksazole ve gentamisine
duyarli  oldugunu  bildirilmistir.  Arastiricilar

aminoglikozid duyarliiginin  degisken oldugunu,
amikasine ve karsi yiiksek oranda (%98,5) direng
tespit ederken, gentamisin duyarliigini yiksek
(%98,5) olarak bildirmislerdir. Erol ve ark. (2012),
2497 B- hemolytic streptokok etkenin direng
profillerini inceledikleri ¢alismada, genel olarak
suslarin, cephalothin, erythromycin, nitrofurantoin,
penicillin, ticarcillin ve clavulanate duyarl oldugu,
gentamicin, tetracycline, novobiocin,ve bacitracine
daha az duyarh oldugunu bildirmislerdir.

Hastaligin tedavisinde tercih edilen ilaglar
olarak penicillin, sefalosporin ve makrolidler
karsimiza g¢ikmaktadir. CLSI standarlarina goére
yapilan  antibiyogram test sonuglari temel
alindiginda S. equi izolatlarin buyik ¢ogunlugunun
trimetoprime-sulfadiazine duyarh oldugu
gorulmustir. Diger birgok antibiyotige karsi direncin
dusiik oldugu gorilmitir. Strepkokok etkenlerine
karsi gentamisini iceren aminoglikozid direnci
gozlenebilmektedir. Antibiyotik direng gelisimi
antibiyotik kullanimina bagl oldugundan, yapilan
¢ahismalarda farkh sonuglar alinabilmektedir. Bizim
calismamizda elde ettigimiz antibiyotik direng
sonuglari diger c¢alismalarla karsilastirildiginda,
ozellikle aminoglikozidlere karsi direng bulunmasi,
diger arastiricilarin  bulgularina benzer olarak
gorialmustar.

Calismada, incelenen orneklerin  22’sinden
(%36) Streptokok izolasyonu gergeklestirildi. izole
edilen suslardan 3 (%0,5) adeti S. equi ve 19 (%31,6)
adeti S. zooepidemicus olarak belirlendi. Bu sonug,
genel olarak S. zooepidemicus’un hastaligin
etiyolojisinde rol oynayabilecegini ve bu nedenle
etkenin goz ardi edilmemesi gerektigini, S.
zooepidemicus ve S. equi'nin identifikasyonunda
PZR testinin vyararl oldugunu ve tirlerin
ayrilmasinda oldukga etkin bir sekilde
kullanilabilecegini ve izole edilen etkenlerin genel
olarak antibiyotiklere duyarli oldugu, ancak
aminoglikozidlere  karsi  direncin  olustugunu
gosterdi. Bu c¢alismada elde edilen bulgular
cercevesinde, su sakagisinin etiyolojisinin
belirlenmesine ve kontrol programlarinin
diizenlenmesi ile de streptokok ve diger etkenlere
bagl enfeksiyonlarin ¢6ziimine o6nemli katkilar
saglayacaktir.
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Abstract: In this study, it was aimed to investigate the relationship between three SNP on the BRCA1 gene and subclinical
mastitis, as well as milk yields during four lactation periods in Holstein breed cattle. The animal material of the study
consisted of 151 Holstein cows reared under the same care and feeding conditions. Complete DNA was isolated from blood
samples by using phenol: chloroform: isoamyl alcohol method. Genotyping of G22231T, T25025A and C28300A SNPs on the
BRCA1 was done by the PCR-RFLP method. Subclinical mastitis of animals was determined in milk samples by California
Mastitis Test (CMT). In the study, CMT data, four lactation periods’ milk yields, and proportional distributions of SNP
genotypes were calculated. Statistical significance of the data was determined by the Pearson chi-square test. The
relationship between C28300A SNP, which was monomorphic, and subclinical mastitis has not been analyzed. In the
samples examined, the difference between the proportional distribution of SNP genotypes of G22231T and T25025A in
subclinical mastitis and healthy groups was not found statistically significant (P>0.05). As a result of the Chi-square (x2)
analysis conducted, it was observed that the Holstein cattle were in the Hardy-Weinberg equilibrium in terms of G22231T
and T25025A SNPs. Considering the physiological processes in which the BRCA1 gene is involved, it was thought that these
genes and SNPs should be evaluated with more samples in studies on resistance to mastitis.

Keywords: BRCA1 gene, Holstein, Mastitis, PCR-RFLP.

BRCA1 (G22231T, T25025A, C28300A) polimorfizmlerinin Holstayn Sigirlarinda subklinik mastitis ve
siit verimi ile iliskisi

Ozet: Bu calismanin amaci Holstein irki sigirlarda BRCA1 geninde meydana gelen iig farkli tek nokta mutasyonun, subklinik
mastitis ve sit verimi arasindaki iliskinin arastirilmasidir. Bu amagla hayvan materyali olarak ayni bakim ve beslenme
kosullarina sahip 151 disi Holstein irki sigir secildi ve bu sigirlarin dért laktasyon donemi boyunca verim kayitlar kullanildi.
Total DNA, kan 6rneklerinden fenol:kloroform:izoamil alkol yéntemiyle izole edildi. Elde edilen DNA 6rneklerinden BRCA1
genindeki G22231T, T25025A ve C28300A tek nokta mutasyonlari igin PCR-RFLP yontemi ile genotipleme yapildi.
Hayvanlarda subklinik mastitisinin bulunup bulunmadigi, st orneklerine yapilan California Mastitis Testi (CMT) ile
belirlendi. Calismada CMT verileri, dort laktasyon donemi sit verim bilgileri ve tek nokta mutasyonlari sonucu ortaya ¢ikan
genotiplerinin orantili olarak dagilimlari hesaplanmistir. Verilerin istatistiksel anlamliligi Pearson ki-kare testi ile yapiimistir.
incelenen &rneklerde monomorfik olan C28300A tek nokta mutasyonunun subklinik mastitis ile bir iliskisi analiz
edilmemistir. G22231T, T25025A tek nokta mutasyonlarindan sonra olusan genotiplerin ise orantili dagilimi arasindaki fark
istatistiksel olarak anlaml bulunmamistir (P>0.05). Yapilan Ki-kare (x2) analizi sonucunda Holstein irki sigirlarin G22231T ve
T25025A tek nokta mutasyonlari agisindan Hardy-Weinberg dengesinde oldugu gorilmustir. BRCA1 geninin gorev aldig
fizyolojik siiregler géz online alindiginda mastitise direng ile ilgili ¢alismalarda bu gen ve SNP’lerin daha ¢ok ornekle
degerlendirilmesi gerektigi dlistintlmustar.

Anahtar Kelimeler: BRCA1 Geni, Holstein, Mastitis, PCR-RFLP.

Introduction

Several reasons including personal taste and
level of income greatly influence food consumption
habits. Milk and dairy products play an important
role in the adequate and balanced nutrition of
people. Among the milk and dairy products
consumed throughout the world, approximately
96% is obtained from large ruminates such as cattle
and buffalo (Yalgin and Argun, 2017). Among the

existing cattle breeds, the Holstein breed has been
the most popular dairy cattle breed in the world
regardless of geography and climatic belt because
of high milk yield capacity, the suitability of the
udder structure and the teat structure to modern
milking systems (Yaylak et al., 2015). In addition to
milk yielding capacity, Holstein males have been
shown to be good quality meat producers. In the
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last few decades, the primary objective of Holstein
breeding was to improve production traits such as
milk yield, whereas others such as reproductive and
disease-related traits were overlooked. Therefore,
despite the high milk yield of Holstein cattle, their
reproductive performance is poor and they are
susceptible to many diseases including mastitis
(Blottner et al., 2011). Selection studies to increase
milk yield in dairy cattle reduced resistance to
mastitis due to the negative correlation between
them. For example, due to the genetic correlation
between milk fat or protein yield and mastitis
ranging from 0.25 to 0.50, long-term selections to
improve these properties have led to a decrease in
resistance to mastitis (Weigel and Shook, 2018).
Therefore, breeding strategies for improving
resistance to diseases stands out as an important
feature-(Egger-Danner et al., 2014). In the case of
dairy cattle, several diseases including tuberculosis,
brucellosis, and mastitis cause significant economic
losses. It is important to note that vaccination and
restrictions on the movement of animals and animal
products could decrease the prevalence of diseases
like tuberculosis and brucellosis, especially in
developed countries (Claridge et al., 2012).
However, mastitis, which is defined as the
inflammatory response of the mammary gland to
microbial, traumatic, or toxic agents, is common all
over the world. Mastitis is a disease that causes
serious economic losses in dairy cows by
significantly reducing the quality and quantity of
milk (Halasa et al., 2007; Kumar et al., 2010; Weigel
and Shook, 2018). In addition, mastitis significantly
increases the risk of the culling of animals by 2-4
folds due to problems related to conception as well
as the continuation of the pregnancy (Weigel and
Shook, 2018). At the same time, the use of
antibiotics to treat mastitis accounts for half of all
antibiotics used in a dairy farming, causing
significant economic losses and environmental
pollution (Francoz et al., 2017; Saini et al., 2012;
Weigel and Shook, 2018).

Although a combination of early diagnosis and
effective antimicrobial drugs have been at the
forefront in the prevention of economic losses
(caused by mastitis due to atrophy of the under,
loss of breeding value of the animal, and the long
and expensive treatment process), there has been
an increasing interest in the development of
genetically mastitis-resistant flocks in recent years.
Studies have shown that there is a strong
relationship between some genes and resistance to
mastitis. Therefore, there is increasing interest in
developing mastitis-resistant herds. ( Asaf et al.,
2014a; Asaf et al., 2014b; Jacob et al., 2018; Rupp et
al., 2007; Tolone et al., 2016; Youngerman et al.,
2004). Breast cancer 1 (BRCA1) gene is one of those

genes that has been reported to be associated with
hereditary breast cancer risk in humans (Friedman
et al., 1994) as well as mastitis in cattle (Yuan et al.,
2012b).

The BRCA1 gene, a member of the RING-type
chain fingers (RNF) family, belongs to a class of
genes known as tumor suppressor genes that
encode proteins that help to prevent rapid growth
and division of cells (Wang et al., 2000). Other
tumor suppressors, together with DNA damage
sensors and signal transducers, form a large, multi-
part protein complex known as the BRCAl-related
genome surveillance complex (BASC) (Wang et al.,
2000).

The BRCA1 gene, involved in the regulation of
the cell cycle, is directly involved in the repair of
DNA damage and other pathways involved in
maintaining the stability of the genome (Wang et
al., 2000). There are four transcript variants of the
BRCA1 gene (Krum et al., 2003), 6059 bp, 5550 bp,
5526 bp, and 2115 bp defined in the Ensemble
database, and consist of 22 exons and 21 introns
(Ensembl, 2020). BRCA1 gene was found to be
associated with the somatic cell score (SCS)
(Bennewitz et al., 2004; Daetwyler et al., 2008).
Studies have reported a positive correlation
between SCS and mastitis in cattle, ranging from
0.30 to 0.98, with an average of 0.70 (Chu et al.,
2012; Heringstad et al., 2006; Yuan et al., 2012).
Therefore, a selection study to improve SCS may
also contribute to the development of a mastitis-
resistant dairy herd. In previous studies, it has been
reported that there is a positive correlation
between BRCA1 gene ,and SCC which is positively
correlated with mastitis. However, the relationship
between different SNPs on the BRCA1 gene and
subclinical mastitis in Holstein cattle is not well
understood. Therefore, the aim of this study was to
investigate the relationship between lactation milk
yields and subclinical mastitis with three different
SNPs on the BRCA1 gene in Holstein cows.

Material and Method

A total of 151 female Holstein cattle reared
around Kayseri were used in this study. Ethics
Committee Approval to use animal materials was
obtained from  Erciyes University  Animal
Experiments Local Ethics Committee on the date
11.12.2013, with an identification number of
13/157.

Subclinical Mastitis Test: California Mastitis
Test (CMT) was employed to determine the
subclinical mastitis conditions using milk samples.
Briefly according to Fthenakis, 1995: in the 2 ml milk
sample taken separately from the udder lobe of the
animal was placed separately in the CMT test disc.
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The CMT solution was added into the milk in the
CMT disc and the CMT disc was shaken orbitally. If
coagulation was observed, the presence of mastitis
in the udduer was concluded. In addition, the milk
yield records for the first four lactations were
examined.

DNA Isolation and PCR-RFLP: All Iab
procedures were performed according to the
guidelines of the Local Ethics Committee for Animal
Experiments at Erciyes University (14.06.2017 and
17/056). 9ml blood samples were collected from
the vena jugularis of experimented animals into
tubes containing EDTA . DNA was isolated from
whole blood using the phenol: chloroform: isoamyl-
alcohol method (Sambrook et al., 1989). The purity
and concentration of isolated DNA were measured
using a Nanodrop Spectrophotometer (BioTek,
Synergy H1 Hybrid Multi-Mode Microplate Reader).
A PCR-RFLP was performed (Qiagen, Sensoquest) to
investigate three SNPs, namely BRCA1-1 (G22231T),

Table 1. Primer and amplicon sizes of BRCA1 gene SNP regions

BRCA1-2 (T25025A), and BRCA1-3 (C28300A), on
the bovine BRCA1 gene. The PCR reaction contained
2.5 mM MgClz, 50 pM dNTP mix, 0.2 uM forward
and reverse primer, 1.25 U Taqg DNA polymerase
and 50 ng / pl DNA and nuclease free water to
obtain a final volume of 20 pl for each sample. The
thermal cycles of PCR reaction were set up as
follows: a pre-denaturation temperature of 5
minutes at 94 °C, 30 seconds at 94 °C, 30 seconds at
72 °C, at the appropriate annealing temperature
specified in Table 1 for each SNP region. After the
number of cycles specified in Table 1 was
completed, it was completed by standing at 72 ° C
for 7 min.

The amplicons obtained from PCR were
visualized in a 2% agarose gel and the amplicons for
each SNP were treated with the appropriate
restriction enzymes (Table 1) at the appropriate
temperatures. Genotypes of each individual were
examined by 2% agarose gel electrophoresis.

SNP Primary Sequence (3’-5’) AT C Amplicon RE Genotype Bands(bp) RET (°C)
AA 272, 49
F CTTCAGAACCTGTACTTGTAACC
G22231T 55 32 321 bp Hhal AB 321, 272,49 37
R CAAGGAATATTTACTGAGCACC
BB 321
cC 185, 24
F TGCAGTGGAAATTCCAAATAAACT
T25025A 60 32 209 bp Mael CcD 209, 185, 24 37
R GAATTAGATCTTCAGCTATGTGGC
DD 209
EE 190, 27
F  AGAGGAAATCATCTGGGTGTCC
C28300A 58.3 38 217 bp BspTl EF 217,190, 27 37
R CCTTGTGCTTTTTACCTGAGTGC
FF 217

F: Forward, R: Reverse, bp: Baz pair AT: Anneling Temperature, C: PCR Cyle RE: Restriction endonuclease, RET: Restriction

endonuclease enzyme cutting heat

Statistical analysis: Based on the subclinical
mastitis status of the animal, the mean and
standard deviation values of lactation milk yields
were calculated with the NCSS 9.0 package
program. Proportional distributions of the
genotypes determined according to three SNPs and
regions on the BRCA1 gene were calculated in
accordance with the subclinical mastitis status and
statistical significance controlled by the Pearson
Chi-square test.

Results

Three different SNP regions in the BRCA1 gene
were genotyped by PCR-RFLP method.

The results of PCR-RFLP analysis for the BRCA1
gene showed a 321 bp PCR band for G22231T, 209
bp for T25025A, and 217 bp for C28300A (Figure 1).

In G2223T region, two bands of 272 and 49 bp
in individuals with AA genotypes, three bands of
321, 272, and 49 bp individuals with AB genotype,
and one band of 321 bp individuals with BB
genotype has been observed. In T2505AT region,
two bands of 185 and 24 bp in individuals with CC
genotypes, three bands of 209, 185, and 24 bp
individuals with CD genotype, and one band of 209
bp individuals with DD genotype has been observed
.For C28300A regions, the EF and FF genotypes
were not found in animals examined. Enzyme
cutting images of three SNPs in BRCA1 gene are
show in Figure 2. Bands used in genotype analysis of
SNP regions are presented in Table 1.

Genotype frequencies of AA, AB and BB for the
G22231T SNP region were 0.12, 0.54, and 0.31,
respectively while allele frequencies of A and B
allels were 0.40 and 0.60, respectively (P>0.05).
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Frequencies of CC, CD and DD genotypes for the respectively, while frequencies of C and D alleles
T25025A SNP region were 0.68, 0.28, and 0.02, were 0.83 and 0.17, respectively (P>0.05) (Table 2).

10 11 12 13 14 M 15 16 17 18 192 20 21
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Figure 1. BRCA1 gene SNP regions PCR result (1-7: 321 bp (G22231T SNP), 8-14:209 bp (T25025A SNP) and 15-21: 217 bp (C28300A
SNP), M: 100 bp Ladder; bp: base pair)
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Figure 2: Enzyme PCR-RFLP images of three SNPs in the BRCA1 gene (M: 100 bp ladder, 1: BB genotype, 2:
AB genotype, 3: AA genotype, 4: CC genotype, 5:DD genotype, 6: CD genotype, 7-9: EE genotype)

Table 2. BRCA1 gene allele and genotype frequencies in Holstein cattle

SNP n Genotype Frequency Allel Frequency X2 P-value
AA AB BB A B
G22231T
0.12 (n=19) 0.54 (n=83) 0.31 (n=48) 0.40 0.60 3.63N 0.056
cc cD DD C D
T25025A 151
0.68 (n=104) 0.28 (n=43) 0.02 (n=4) 0.83 0.17 0.031Ms 0.85
EE EF FF E F
28300
1 (n=151) 0 0 1 0 - -

n: Number of animals, x2: Chi-square : Not significant

Since the examined samples were mastitis could not be analyzed. No significant
monomorphic in terms of C28300A polymorphism, differences (P>0.05) were found between the
the relationship between these SNPs and subclinical subclinical  mastitis and the proportional
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distribution of genotypes in G22231T and T25025A
SNPs. However, 57.8% (48/83) of subclinical
mastitis positive (M +) animals carried AB genotype
in terms of G22231T polymorphism, while for
T25025A polymorphism, genotype CC showed the

highest frequency with 54.8% (57/104) (Table 4). In
addition, 35.37% (29/82) of the cattle with
subclinical mastitis (M +) were found to have both
the G22231T gene AB and the T25025A gene CC
genotype.

Table 3. Lactation milk yields according to subclinical mastitis status

Subclinical Lactation Milk Yields .
Mastitis N  Minimum  Maximum Stdl.\g(:?/rila;ion
Daily Milk Yield 69 13.6 31.2 24.8+4.2
M(-) Number of Days 69 278 418 346.0+31.1
Total Efficiency 69 4404.4 11180.8 8506.7 + 1447.1
Daily Milk Yield 82 12.8 311 243135
M(+) Number of Days 82 285 440 356.9+35.5
Total Efficiency 82 4672.4 11290.6 8621.4 +£1306.1

n: Number of animal samples

Table 4. Proportional distribution and statistical significance controls of genotypes according to

subclinical mastitis status

Genotype Frequency

Pearson ki-

SNP Genotype square test (P
M(-) M(+) Total (n)
value)

AA 11 (57.9%) 8(42.1%) 19

G22231T AB 35 (42.2%) 48 (57.8%) 83 0.452
BB 23 (46.9%) 26 (53.1%) 49
cc 47 (45.2%) 57 (54.8%) 104

T25025A CcD 21 (50.0%) 21 (50.0%) 42 0.437
DD 1(20.0%) 4 (80.0%) 5
EE 69 (45.7%) 82 (54.3%) 151

C28300A EF - - -
FF - -

M: Mastitis

Discussion and Conclusion

There are two types of mastitis known as
clinical and subclinical mastitis, which are the most
common in the dairy industry and cause serious
economic loss (Gabrielli et al., 2015). In the case of
clinical mastitis, there are visible changes in milk
and udder structure. However, changes in milk and
udder in subclinical mastitis cannot be determined
visually (Zorba and Tepeli, 2017). As a result of
decreased milk yield in affected animals and the
decreased quality of milk products due to the
mixing of the milk obtained from sick animals with
healthy milk, significant losses arise in both the
enterprise and the national economy (Aytekin and

Boztepe, 2014; Guerrero et al., 2015). In fact, it has
been reported that about 70% of the economic
losses due to mastitis are caused by subclinical
mastitis (Janzen, 1970). On the other hand, 45-60
subclinical cases have been reported for each
clinical mastitis case in a dairy cattle herd (Coban,
2007). Therefore, for the prevention of economic
losses caused by subclinical mastitis, early diagnosis
as well as the development of disease-resistant
individuals are important and highly desirable by
the producers.

The diagnosis of clinical mastitis in the field is
very important and can be done using udder
examination, physical properties of milk, somatic
cell count, and ultrasonography. However, the

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2021; Cilt 10, Say: 1 16



Harran Univ Vet Fak Derg, 2021; 10 (1): 12-19

Research Article

diagnosis of subclinical mastitis is comparatively
difficult because the majority of the tests are
dependant on indirect tests such as tissue damage-
related enzyme (i.e. HDL and NAGase) examination,
electronic conductivity, and California Mastitis Test
(CMT). The majority of these tests are less sensitive
and could give false-positive test results. Therefore,
molecular techniques such as PCR-RFLP can be used
to select animals that are genetically resistant or
susceptible to subclinical mastitis.

In the current study, we investigated the
relationship between subclinical mastitis and three
SNPs in the BRCA1 gene, which has been reported
as a potential candidate gene to detect mastitis in
Chinese commercial cattle (Yuan et al.,, 2012) and
subclinical mastitis in buffaloes (Biendima and
Ramos, 2017). Chi-square (x2) analysis showed that
Holstein breed cattle were in Hardy-Weinberg
equilibrium in terms of G22231T and T25025A
coded SNPs. It is interesting to note that the
G22231T coded SNP was found in all three
genotypes, where the AB genotype was the most
frequent (0.54). In agreement with our results, Yuan
et al. (2012) reported that there are three
genotypes in Holstein grown in China where the AB
genotype (0.57) is the most common. In addition,
the authors also investigated Scene and Simental
breeds and reported that the AB genotype was the
most common genotype in both breeds (Yuan et al.,
2012). Comparatively a higher frequency of AB
genotype (0.78) was reported in the crossbreed of
Holstein x Sahiwal grown in India. Surprisingly, in
contrast to our results, the authors reported an
absence of BB genotype in the same population
(Deb et al.,, 2014). The higher frequency of AB
genotype and the absence of BB genotype in the
crossbred population could be due to the presence
of the Sahiwal breed (Bos indicus). However, further
studies are required to confirm this hypothesis.

In the case of T25025A SNP, our results
showed that in the cattle of Holstein breed, the CC
genotype has the highest frequency (0.68), while
the DD genotype has the lowest frequency (0.02).
These results are consistent with the findings of
Yuan et al. (2012b). In contrast to others and our
results, Deb et al. (2014) did not observe any
individuals with CC genotypes in Frieswal crossbred.
This deviation could be due to the same reason as
stated before- the presence of Bos indicus gene in
that population. On the other hand, in the case of
C28300A SNP, surprisingly, we found that all the
animals carried EE genotype. In contrast to our
results, Yuan et al. (2012b) showed the presence of
all three genotypes (EE, EF, and FF) in the Holstein
breeds reared in China, although the EE genotype
showed the highest frequency.

In a study investigating the relationship
between the three SNPs and somatic cell score in
the milk (SCS) of the Holstein, Simental, and Sahne
breeds, EE genotype of C28300A locus was reported
to be associated with lower SCS (Yuan et al., 2012b).
Similarly, Deb et al. (2014) reported that there is a
relationship between AA genotype of G22231T
locus as well as CD genotype of T25025A locus and
SCS in the Frieswal race, a Holstein x Sahiwal (Bos
indicus) hybrid. Similar results were not obtained in
two studies of the same feature. This difference
may be due to the fact that while the study
conducted by Yuan et al.,, 2012 examined cattle
originating from Bos taurus, in the study conducted
by Deb et al.,, 2014, Bos indicus crossbred cattle
were examined. In this study where only Holstein
cows were examined, unlike the other two studies,
the relationship between these SNPs and subclinical
mastitis was investigated and, no correlation was
found between G22231T and 2 and subclinical
mastitis. Similar to the results of this study, Asaf et
al. (2015) reported that they did not find a
relationship between G22231T and mastitis
incidence in Vrindavani, a hybrid breed grown in
India. On the other hand, in contrast to the results
of this study in terms of the presence of the EE
genotype in the C28300A, regions examined was
different from the study by Yuan et al., (2012b). In
this study, no relationship was found between
G22231T and SNPs subclinical mastitis. However, it
was observed that the AB genotype for the
G22231T polymorphism and CC genotype for
T25025A polymorphism was more common than
the other genotypes among the group of subclinical
mastitis containing 82 Holstein cows.

At the end of the study, it was concluded that
increasing the number of samples may contribute
to a more accurate explanation of the relationship
between the BRCA1 gene and mastitis. In addition,
to investigate the relationship between C28300A
coded SNP and subclinical mastitis, it was concluded
that studies examining more samples should be
planned to observe different genotypes.
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Abstract: Foot and mouth disease (FMD) is one the most contagious diseases in cloven-hoofed animals and has a great
potential for causing severe economic loss in susceptible animals. In the fight against FMD disease, inactive FMD vaccines
are widely used. This study was carried out for the detection of suitable BHK-21 cell lines in order to get virus suspensions
containing excess amounts of 146S FMD virus serotypes O, A and Asia-1, for FMD vaccine production. For this purpose, in
addition to the BHK-21 An30 cell culture currently used in FMD vaccine production, BHK-21 An73 cell lines were passaged
20 times. In every 5 passages, infective titers and 146S virus particle quantities of FMD virus serotypes O, A and Asia-1 were
measured. Additionally, karyotype analysis was performed on both cells at the 20t passage levels and the tests revealed
that there was no significant change in the morphological features and chromosomal structures of the cells.
It was determined that the infective titer and 146S virus particle quantities of serotypes O, A and Asia-1 of FMD virus were
very high in the BHK-21 An73 cell line than they are available in the BHK-21 An30 cell line. The increases of 146S virus
particle quantities of serotypes O, A and Asia-1 of FMD virus were statistically significant (p <0.05).
As a result, high titer FMD 146S virus particles can be obtained in the vaccine production process by pre-determining the
BHK-21 cell lines that are most sensitive to the FMD virus. Due to the increase in vaccine production capacity, it was
concluded that it would make an important economic contribution to the producer.
Keywords: BHK-21, cell line, FMIDV, production, vaccine.

Yiiksek infektif Titre ve 146S FMD Virus Partikiilii Eldesi i¢in Uygun BHK-21 Hiicre Kiiltiirii Hatlarinin
Saptanmasi

Ozet: Sap Hastaligi (FMD), cift tirnakli hayvanlarin en bulasici hastaliklarindan biri olup duyarl hayvanlarda ciddi ekonomik
kayba neden olma konusunda biyik bir potansiyele sahiptir. FMD hastaligina karsi miicadelede inaktif FMD asilari yaygin
olarak kullanilmaktadir. Bu ¢alisma, FMD asi Uretiminde fazla miktarda 146S FMD (O, A ve Asia-1) viriis partikili iceren virls
stspansiyonu elde etmek igin uygun BHK-21 hiicre hatlarinin tespiti amaciyla yapildi. Bu amagla su anda FMD agi Uretiminde
kullanilan BHK-21 An30 hiicre kiltiiriine ek olarak, BHK-21 An73 hiicre hatlari 20 kez pasajlandi. Her 5 pasajda bir, FMD
viristiniin O, A ve Asia-1 serotiplerinin enfektif titresi ve 146S virlis partikil miktarlari 6lglldi. Ayrica, her iki hiicre hattinin
20. pasaj seviyelerinde karyotip analizi yapildi ve hicrelerin morfolojik 6zelliklerinde ve kromozom yapilarinda 6nemli bir
degisiklik olmadig saptandi. FMD virGslniin O, A ve Asia-1 serotiplerinin BHK-21 An73 hiicre hattinda elde edilen enfektif
titre ve 1468 virus partikil miktarlarinin, BHK-21 An30 hiicre hattinda saptanan degerlerden yiiksek oldugu belirlendi. FMD
virisiiniin O, A ve Asia-1 serotiplerinin 146S viriis partikiil miktarlarindaki artiglarin istatistiksel olarak anlaml oldugu
saptandi (p <0.05). Sonug olarak, FMD virusuna karsi en duyarli BHK-21 hiicre hatlarinin 6nceden belirlenmesi ile asi Giretim
prosesinde ylksek titrede FMD 146S virus partikiili elde edilebilecektir. Asi Uretim kapasitesinin artmasindan dolayi
Ureticiye ekonomik olarak dnemli katki saglayacagi kanaatine varildi.

Anahtar Kelimeler: BHK-21, hiicre hatt,i FMDV, , (iretim, asi.

Introduction

Primary and permanent cell cultures are widely cultures (Ali et al.,, 2013; Chapman and Stewart,
used in both laboratory studies, virus isolation and 1962; Czelleng et al., 1987).

vaccine production studies (FMD, polio, rabies The BHK-21 cell production process can be
viruses, etc.). Especially in FMD virus isolation and generally divided into two. Namely, single layer cell
vaccine production studies, BHK (baby hamster cultures (monolayer) and suspended cell cultures.
kidney) 21 cell lines are used mostly with other cell The BHK-21 cell is a fibroblast cell isolated from one
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day old baby hamster’s kidney cell by Mc Pherson
and Stocker in 1961. BHK-21 C13 cell was obtained
by cloning this cell. After Mowat and Chapman
reported that the BHK-21 C13 cell was susceptible
to foot and mouth disease in 1962, the suspended
production process of this cell was developed in the
same year (Barteling, 2002).

Foot and mouth disease (FMD) is caused by a
virus of the genus Aphthovirus, family
Picornaviridae. There are seven serotypes of FMD
virus (FMDV), namely O, A, C, SAT 1, SAT 2, SAT 3,
and Asia 1, that infect cloven-hoofed animals
(Callens and De cereq, 1997; OIE, 2017). Infection
with any one serotype does not confer immunity
against another. Within serotypes, many strains can
be identified by biochemical and immunological
tests of the domesticated species. Cattle, pigs,
sheep, goats and water buffalo (Bubalus bubalis)
are susceptible to FMD. Many species of cloven-
hoofed wildlife may become infected, and the virus
has occasionally been recovered from other species
as well (Grubman and Baxt, 2004; OIE, 2017). The
foot and mouth disease is included in the list of
notifiable terrestrial and aquatic animal diseases
listed by the International Committee and
recommendations issued by the Regional
Commissions instructed the OIE Headquarters as it
has the potential to cause rapid and intensive
spread within the country and across countries, and
serious economic losses (OIE, 2017). There are
multiple transmission routes, such as a wide host
distribution of the foot and mouth disease, ability
to infect with small doses, rapid replication rate,
high level of viral expression and aerial spread.
These features make foot and mouth disease a
difficult and costly disease in terms of control and
eradication. Countries free from the disease take
major measures to prevent the entry of the virus.
Therefore, foot and mouth disease imposes major
restrictions on international trade of livestock and
animal products (Alexandersen et al., 2003; Archetti
et al.,, 1995; Nawaz et al., 2019). Vaccination takes
an important place in the fight against FMD (Fransis
et al, 1987, OIE, 2017). For this purpose,
vaccination campaigns are organized in FMD-
infected countries, and cattle and other susceptible
animals are vaccinated. A large amount of vaccines
are needed in the fight against FMD disease and
FMD vaccines are produced in some countries
(Rweyemamu et al., 1989; Xiao et al., 2016). After
understanding that it is necessary to develop in
vitro methods for large scale production of the FMD
virus in the production of the vaccine, the
advantages of monolayer and suspended cell lines
have been noticed after the use of cattle tongue
epithelial cells in the wide production of the virus,
and pig kidney (PK) and BHK cell cultures started to

be used in its reproduction. Other cell cultures in
which FMD virus is produced in vitro are primary
cell cultures such as calf thyroid, calf testicle, calf
kidney, lamb kidney, pig kidney and bovine tongue
epithelium, Mengeling-Vaughn pig kidney line
(IBRS), and hamster lung cell line called HmLu
(Aktas and Samuel, 2000). Today, most of the foot
and mouth disease vaccines are produced in
laboratories with appropriate biosafety standards
using BHK-21 cells produced as monolayer or
suspended. In order to meet the amount of vaccine
needed to be wused against FMD, intensive
production activities are carried out in vaccine
production facilities (Cokgaliskan et al., 2016;
Sareyylipoglu et al., 2019). BHK-21 cell clones used
in vaccine production have an important effect in
obtaining FMD vaccine virus with high titer,
infective titer and 146S virus particles. 146S FMD
virus particles in different titers are obtained from
BHK-21 cell clones with the same cell number.
Obtaining low levels of FMD 146S virus particles in
each series of vaccine production depending on
BHK-21 cell clones has a great impact on both the
vaccine amount and the vaccine production cost.
This study conducted by us provides the high
dose of FMD 146S virus particles needed by
providing high levels of FMD 146S virus particles in
the unit vaccine suspension required for the
production of FMD vaccine for the use of BHK-21
An73 cell clones instead of BHK-21 An30, which is
still used in routine FMD vaccine virus production. It
was carried out in a short time and at low cost in
order to obtain the required FMD vaccine dose.

Material and Methods

Penicillin (Applichem-A1837) and Streptomycin
(Applichem-A1852): Antibiotics were sterilized by
filtering through 0.22 um porous filter after
preparing 10.000 ppm stock solutions by dissolving
with distilled water. Penicillin 100 1U/ml and
Streptomycin 50 pg/ml were used in cell and virus
cultures.

Cell cultures: BHK-21 An30 and BHK-21 An73
cell cultures were obtained from FMD (SAP)
institute cell bank laboratory. The cells were
propagated with Glasgow Minimum Essential
Medium (GMEM) (Applichem-A-1321) containing
inactivated fetal calf serum (FCS)(Biochrom) by
adding 10%.

Viruses: FMD serotype A, O and Asia-1 viruses
(A/NEP/84, O/TUR/07, Asia-1/TUR/11) were
obtained from the FMD (SAP) institute virus bank
laboratory.

Gum Tragacanth (Sigma 9000-65-1): Gum was
used as a covering medium in determining infective
titer. It was dissolved 1.3% in distilled water. After
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autoclaving at 121°C for 20 minutes, it was mixed
50%+50% (v/v) with 2XGMEM medium.

Colchicine stock solution: (2,5x103 molar)
100mg colchicine + 100 ml PBS (pH 6.8, not
containing calcium and magnesium) stir until
dissolved.

Hypotonic solution: (0.56% KCl). Dissolve 0.56
gm of KCl in 100 ml of sterile distilled water,
prepare it just before the use (pH 7.2 to 7.4).

Fixative: Three-part of methanol and 1 part of
glacial acetic acid were mixed at the time of use and
chilled properly at -20°C.

Giemsa stain solution: 1gr of Giemsa was
dissolved in 66 ml of glycerol using mortar and
pestle for 45 minutes. It was transferred into an
aluminum foil wrapped flask and heated for 45
minutes to 1 hour. Later it was placed at room
temperature for some time and 84ml of methanol

was added. Again it was placed for room
temperature for some time and transfer to the dark
amber bottle. The 5ml of stock solution of Giemsa
was mixed with 45ml of distilled water before use.

Trypan blue solution (Biochrom, H350): 0.5%
(w/v) was used as dye solution in cell counts.

Cell count: The Birker chamber has 9 large
squares (1 mm2 each), divided by double lines (0.05
mm apart) into 16 group squares. The double lines
form small 0.0025 mm? squares. The chamber
depth is 0.1 mm. The cells were counted. Briefly,
both operators take 10 pl of cell suspension with a
micropipette and put them in the cell count cham-
ber and then count the cells in each of the 4 large
squares. At the end of the procedure the operators
calculate the average of the 4 readings (from 4 large
squares) and calculate the cell concentration as
follows: (Gunetti et al., 2012).

Cell ] _ [ Scell counted 4 large squares
ml - 4

Preparation of BHK-21 An30 and An73 cell
cultures. BHK-21 An30 and An73 cells were
produced as a monolayer with GMEM containing
10% FCS in 25 cm? flasks at 4x10° cells/ml. After
staining the cells with 10% trypan blue solution 2
days after each passage, live cell counts were
performed and cell morphologies were examined
for 20 days (With Birker slide and Muse cell
counting device). A, O and Asia-1 serotypes of FMD
virus were cultivated in monolayer BHK-21 An30
and An73 cells, where morphological properties,
reproductive kinetics, and chromosomal changes
were examined in every 5 passages, and amounts of
146S virus particles FMD A, O and Asia-1 serotypes
and their infective titers were determined (Van
Wezej, 1967).

Karyotype analysis of BHK-21 An30 and BHK-
21 An73 cell lines: In the karyogram study of BHK-
21 An 30 and An 73 cell lines, chromosomes of a
total of 50 metaphase plaques were examined at
the level of passage 20. For this purpose, the media
of BHK-21 An30 and BHK-21 An73 monolayer cell
cultures produced in 25 cm2 flasks at the 20t
passage level were discarded, trypinized and
reconstituted to be 2-5x10* cells per ml /. 2 ml. Cells
were added to the petri dishes containing 35 mm
diameter coverslips. The petri dishes were
incubated at 37 2C in a CO2 incubator for 24 hours.
At the end of the incubation period, the final
concentration of freshly prepared colchicine stock
solution was added to the monolayer cells in the
coverslips at 4 2C and left for 4-6 hours incubation
at 37 oC in a CO2 incubator. The petri dishes were
then removed from the incubator and their media
was discarded. 1 ml from the hypotonic solution

] x (dilution factor) x 1 x 10%)

(KCI at 0.075 M, 37 9C) was added dropwise onto
the coverslips in the petri dishes by pipette and
incubated for 30 minutes at 37 2C in an incubator
with CO2. At the end of the period, 2 ml of cold
cornoy’s fixative solution was added dropwise to
the coverslips without removing the hypotonic
solution. Plates were kept at room temperature for
10 minutes. At the end of the period, fixative and
hypotonic solutions were aspirated from petri
dishes. Coverslips were removed with the aid of a
forceps and the cells were stained for 10-20
minutes by adding giemsa dye to the working
solution. The stained coverslips were carefully
washed 3 times with tap water and dried at room
temperature. Cells on coverslips were examined
with an immersion lens (100X lens) under a light
microscope. (Freshney, 2010).

Detection of FMD 146S virus particles and
infective titers 146S virus particles: The
determination of the 146S virus particle amount
was done by the SDG (Sucrose Density Gradient)
method in FMD (SAP) Institute Protocol (2010).
With the help of the gradient maker, a linear
gradient was obtained in the ultracentrifuge tube
by layering sucrose concentrations starting with
45% sucrose at the bottom and 15% sucrose at the
top. 0.5 ml of virus sample was added slowly over
the gradients and the tubes were placed in the
ultracentrifuge godet. Godet was placed in the rotor
and centrifuged at 41.000 rpm for 2 hours at +4°C
temperature in a vacuum condition. At the end of
the centrifuge, to ensure that the samples pass
through a computer-connected UV detector (254
nm), the device was started to be dispensed from
the bottom of the tube and at a suitable flow rate
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of 60% sucrose base. When the sample started to
pass through the detector, the appropriate
absorbance width was set and the computer
program (Chroma Simple) was started. After the
peak occurred in the program, the starting and
ending points of the peak are drawn; the program
automatically calculated the amount of 146S
particles (ug/ml) measured as the area of the peak
(Ozbilge et al., 2020; Shirai et al., 1990).

Plaque test (Infective titer): Monolayer BHK-
21 An30 and An73 cells were prepared in 6-well
plates 48 hours before the test. 100 ul 10! to 10
dilution of the virus inoculated to the cells. The
plates were allowed to adsorb at 37 °Cin a 5% CO:
incubator for 1 hour, and 3ml medium (50% Gum +
50% GMEM 2X) was added to each well at the end
of this period. Plates were incubated again for 48
hours at 37 °C and 5% CO:2 incubator. At the end of
the period, 2ml staining solution prepared with
crystal violet was added to each well after
discarding the media. Finally, the dye was discarded
and the plates were washed with tap water. In the
evaluation, the last dilution in which plaques were
counted was read and infectious titer pfu / ml was
calculated (Baer and Kehn-Hall, 2014; Berg et al.,
1963).

Statistical Analysis: All data were analyzed
with Shapiro-Wilk and Levene Statistical tests.
According to these two statistical results,
independent samples t-Test was performed to
detect the differences in amounts of FMD 146 S
virus particles and infective titers of FMD virus that
reproduced in BHK-21 An30 and An73 cell cultures
at the 5, 10, 15, and 20 passage levels. The
statistical results were evaluated on the 95%
confidence interval. For the statistical analyses SPSS
22.0 (Inc., Chicago Il, USA) software was used.

Ethics committee approval is not required for
this article

Results

Karyotype properties of BHK-21 An30 and
An73 cell cultures: In the karyogram study of BHK-
21 An30 cell with 2n: 44 chromosome number, at
the end of the 20" passage, the total number of 50
metaphase (MF) plates examined in the
chromosome number 41 (2 MF), 42 (1 MF), 43 (1
MF), 44 ( While 31 MF) is detected as 45 (6 MF) and
46 (at 3 MF), the BHK-21 An73 cell has the following
number of chromosomes in 50 metaphase plates,
40 (at 3 MF), 41 (1 MF), 43 (1 Mf), 44 (29 MF), 45 (4
MF), 46 (2 MF) 47 (3 MF) and 49 (1 MF)(see Figure
1,2,3,4).

Amount of FMD 146S virus particles:
Following the propagation of FMD virus serotypes
A, O and Asia-1 on BHK 21 An30 and An73 cell

K 2 s
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Figure 1. Karyotype of BHK-21 An30 monolayer cells.
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Figure 2. Karyotype of BHK-21 An73 monolayer cells
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Figure 3. Chromosome of BHK-21 An30 cell line

BHK-21 An73 karyotype
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Figure 4. Chromosome of BHK-21 An73 cell line

cultures at the 5, 10, 15, and 20" passage levels, the
amount of mean FMD 146S virus particles was
observed as 0.48, 0.37, 0.29, 0.53, and 1.58, 1.72,
1.69, 1.68 ug/ml for A/NEP/84; 1.59, 1.75, 0.96,
0.80, and 2.59, 2.12, 2.83, 2.37 pg/ml for O/TUR/07;
0.44, 0.48, 0.81, 0.75, and 1.38, 0.89, 2.01 ve 2.08
for Asia-1/TUR/11 produced in the BHK 21 An30
and An73 cell cultures respectively (see Figure 5, 6,
7), (see Table 1).
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Figure 7: Comparison of 146S particle of FMDV
serotype Asia-1/TUR/11

FMD infective virus titers on BHK 21 An30 and
An73 cell cultures: The mean infective titers of FMD
virus for serotype A/NEP/84, O/TUR /07 and Asia-
1/TUR/11 produced at the 5, 10, 15, and 20%
passage level of BHK 21 An30 cell culture were
determined to be 10>, 1008 10620, 10230, 10%8?,
104.82’ 105.10[ 103.50 and 106.94’ 105.10[ 105.70[ 105.90
pfu/ml respectively (see Table 2). Infective titers of
FMD serotype A/NEP/84, O/TUR/07 and Asia-
1/TUR/11 viruses produced in BHK 21 An73 cell
cultures at 5, 10, 15 and 20 passage levels, were
determined as 1075 10%7°, 10%%, 1077 (for A
strain); 10897, 1079, 10%%, 108 (for O strain) and
10897, 10%79, 10890, 10%10 (for Asia-1) pfu/ml
respectively (see Figure 8, 9, 10) (see Table 2).
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Figure 8: Comparison of infective titer of FMD
serotype A/NEP/84
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Figure 9: Comparison of infective titer of FMD
serotype O/TUR /07

FMD virus serotype Asia-1/TURS11

9,00 7

2,00 é—.\ —

nm 4 \ ,.,/

pe E \_’-"-.A'_ g
— 5007
: koo ) e BH-2 1 ARI0
T e BHK-21 ANT3

300 %

200 1

100 4

000 4 * < * v

H 10 15 0
Passage levels

Figure 10: Comparison of infective titer of FMD
serotype Asia-1/TUR/11

Statistical Analysis: 146S values of all
three serotypes pertaining to FMD viruses were
shown to be higher in BHK-21 An73 cell cultures
compared to BHK An30 cell cultures, and these
increases were statistically significant (p <0.05) (see
Table 1).

In comparison to infected titers of all three
serotypes, A/NEP/84, O/TUR/07 and Asia-TUR /11
of FMD viruses in 5, 10, 15 and 20" passages in
terms of BHK-21 An 30 and An73 cell cultures; an
increase was found in infective titers in BHK-21
An73 cell culture compared to BHK-21 An 30, and
these increases are statistically significant (p <0.05).
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Table 1. The comparison of amounts of FMD 146S virus particles produced in BHK-21 An30 and An73 cell cultures
Amounts of FMD 146 S virus particles (ug/ml)
N A/NEP/84 0O/TUR/07 Asia-TUR/11
Cell Cultures i Level Mean o Mean , Mean ,
Value SX SEM value Value SX SEM value Value SX SEM value
(X) (X) (X)

BHK-21 An30 5 0,48 0,14 0,05 1,59 0,15 0,05 0,44 0,05 0,02
0,001 0,001 0,001

BHK-21 An73 5 1,58 0,04 0,01 2,59 0,11 0,04 1,38 0,09 0,03

BHK-21 An30 10 0,37 0,09 0,03 1,75 0,09 0,03 0,48 0,12 0,04
0,001 0,004 0,001

BHK-21 An73 10 1,72 0,1 0,03 2,12 0,25 0,09 0,89 0,12 0,04

BHK-21 An30 15 0,29 0,08 0,03 0,96 0,11 0,04 0,81 0,13 0,05
0,001 0,001 0,001

BHK-21 An73 15 1,69 0,15 0,05 2,83 0,16 0,06 2,01 0,09 0,03

BHK-21 An30 20 0,53 0,11 0,04 0,80 0,08 0,03 0,75 0,16 0,06
0,001 0,001 0,001

BHK-21 An73 20 1,68 0,17 0,06 2,37 0,12 0,04 2,08 0,12 0,04

Table 2. The comparison of FMD infective virus titers on BHK-21 An30 and An73 cell cultures

FMD infective virus titers (pfu/ml)

o A/NEP/84 0O/Tur/07 Asia-TUR/11
Cell Cultures } Level Mean R Mean R Mean R
Value SX SEM value Value SX SEM value Value SX SEM value
(X) (X) (X)
BHK-21 An30 5 5,08 0,54 0,20 4,82 0,98 0,37 6,94 0,12 0,05
0,001 0,001 0,001
BHK-21 An73 5 7,67 0,61 0,23 8,07 0,45 0,17 8,07 0,42 0,16
BHK-21 An30 10 5,08 0,17 0,06 4,82 0,21 0,08 5,10 0,15 0,06
0,001 0,001 0,003
BHK-21 An73 10 6,70 0,84 0,31 7,60 0,25 0,09 6,70 1,14 0,43
BHK-21 An30 15 6,20 0,96 0,36 5,10 1,49 0,56 5,70 1,38 0,52
0,001 0,001 0,002
BHK-21 An73 15 8,00 0,49 0,18 8,00 0,49 0,18 8,00 0,69 0,26
BHK-21 An30 20 2,30 0,48 0,18 3,5 0,52 0,20 5,90 0,96 0,36
0,001 0,001 0,001
BHK-21 An73 20 7,70 0,73 0,27 6,9 0,80 0,30 8,10 0,69 0,26

Numerically, the highest infective titer increase
in BHK-21 An 30 and An73 cell culture was found in
the 15 passage for FMD A/NEP/84, O/TUR/07, and
it was observed to decrease in the 20%" passage. For
the Asia-TUR/11 serotype, the highest infective titer
increase was obtained in the 5 passage for BHK-21
An 30 in the 20%" passage for BHK-21 An73.

In general, it was concluded that the infective
titer tends to decrease after the 15" passage for
FMD A/NEP/84, O/TUR/07 in BHK-21 An 30 and
An73 cell culture.

According to these results, it was concluded
that BHK-21 An73 cell culture and BHK-21 An30 cell
culture compared to 146S values in the same
passage number of FMD vaccine serotypes and

infective titer values were more positive (p <0.05)
than BHK-21 An30 in BHK-21 An73 cell culture.

Discussion and Conclusion

Suspended and monolayer-style BHK-21 cell
cultures are widely used in both isolation of FMD
virus and in the production of foot and mouth
disease vaccine against FMD disease. Different cell
clones were obtained in cloning studies in BHK-21
cell cultures. These BHK-21 clone cells obtained are
used under different names and in different
laboratories. (Abbas et al.,, 2011; Ali et al., 2013;
Czellenge et al., 1987).

Both BHK-21 An30 and BHK-21 An31 cell lines
of BHK-21 cells pertaining to different clones are
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used in FMD virus isolation or vaccines production
processes in Turkey. These two clones are still in
use (Abbas et al.,, 2011, Harmsen et al., 2011,
Jerome and Howard, 1964, Rahman et al., 2007,
Shirai et al., 1990), provided by the Brescia Institute
in Italy. This project was carried out to demonstrate
the usability of cells called BHK-21 An73 in order to
obtain high efficiency virus both in isolation of foot
and mouth virus isolation and in the production of
foot and mouth vaccine by passaging in the
institute. In the production of vaccines used in the
fight against FMD disease, the dose amount to be
given to each animal is determined according to the
146S virus particles obtained in milligrams after
production (Bartelling, 1991; OIE, 2017). In this
study, when comparing monolayer BHK-21 An30
and An73 cell cultures, 146S virus particles in BHK-
21 An73 of A, O and Asia-1 foot and mouth vaccine
strains cell cultures were much higher than BHK
An30 cell cultures, with 146S value in both cell
cultures, in the 15" passage it made a peak, it was
approximately 6 times higher for A type, 3 times
higher for O type and 2.5 times higher for Asia-1,
and that the infective titers were high in BHK-21
An73 cell culture therefore BHK-21 An73 cell A, O
and Asia-1 vaccine has proven to be more suitable
for the production of seed viruses.

In studies for determining the reproductive
characteristics of FMD virus in different BHK-21 cell
culture lines in different laboratories, infective titers
of FMD virus have been reported to be 10*°to 1023
log10 and 146S virus particle amount is 0.44 ug/ml
(Abbas et al., 2011; Czelleng et al., 1987). In this
study, virus infective titers obtained from BHK-21
An73 cell cultures were close to the values obtained
in other studies (Abbas et al., 2011; Ali et al, 2013),
while other infectious virus particles obtained in
BHK-21 An73 cell cultures are higher with respect to
other studies, it is thought that these high rates are
created due to deviation from BHK-21 cell clones
used in other studies.

The morphological structural changes were
determined in the monolayer both BHK-21 An30
and An73 cell cultures after 17 passage levels in the
20-day passaging period and 146S measurements
and infective titers decreased. Czelleng et al. (1987),
reported that chromosome numbers of BHK cell
lines were found to be 42 for AC-9 and Tubingen
and Torino BHK-21 cell lines; 46 for Razi Il and 82 for
Brescia-derived BHK-21 cells, and there was a
correlation between the chromosome numbers in
BHK-21 cells and FMD virus titers produced in these
cells. In this study conducted by us, with respect to
the karyotype analysis performed at the end of
every 5 passages, peak chromosome numbers
found in BHK-21 An30 and An73 cell lines (n=44)
were determined to be quite close to results

reported by other study regarding chromosome
numbers found in BHK-21 Tubingen and Torino
(n=42) and AC-9 and Razi Il (n=46) cell lines
(Czelleng et al. 1987). However, in these studies, it
was found that chromosomal numbers did not
change significantly in BHK-21 An30 and AN73 cell
lines after 15% passage although cell aging and
morphological changes occur.

Consequently; BHK-21 An73 cell cultures,
which will be used both in isolation of foot and
mouth disease virus and in the production of foot
and mouth disease vaccine, should be selected
before use, and BHK-21 An73 cell culture used in
this study should be selected both in terms of cost
in vaccination production and in the increase of
annual vaccine dose amount. It was concluded that
it is more suitable than cell culture and that the
number of cell passages should not exceed 20
passages during production.
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Kedi ve Kopeklerde Koksofemoral Eklem Cikiklarinin Tedavisinde Modifiye
Toggle Pin Tekniginin Retrospektif Olarak Degerlendirilmesi
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Ozet: Bu klinik retrospektif calismada, koksofemoral cikik sekillenen kedi ve képeklerde modifiye toggle pin tekniginin
kullanimi ve sonuglarinin degerlendirilmesi amaglandi. Calisma materyalini 13 kedi, 20 képek olmak lzere toplam 33 vaka
olusturdu. Kedilerin agirhk ortalamasi 3.2 kg, kopeklerin agirlik ortalamasi 18.0 kg idi. Koksofemoral ¢ikigin tespiti icin
radyografik ve klinik muayeneler yapildi. Asetabular stabilizasyon i¢cin modifiye toggle aparati olarak kirschner telinden
hazirlanan farkh ebatlarda modifiye toggle pinler kullanildi. Monofilament sttlir materyali olarak balikgi misinasi kullanild.
Lateral stabilizasyon igin trochanter mayore acilan transvers delik, kirschner telinden hazirlanan pin ve rondela kullanimi
olmak Uzere 3 farkli uygulama yapildi. Kullanilan teknikten bagimsiz olarak, 13 kedinin 12’sinde herhangi bir komplikasyon
sekillenmedi ve sonug %92 basari ile milkemmel olarak kaydedildi. Bir vakada ise yeniden travmaya maruz kalmasi sonucu
reluksasyon sekillendi (%8). Kopeklerde 10 vakada herhangi bir komplikasyon sekillenmedi (%50), 2 vakada yeniden
travmaya maruz kalmasi sonucu reluksasyon sekillendi (%10), 8 vakada ise subluksasyon goriildi (%40). Subluksasyon
sekillenme nedeni operasyon Oncesi kalga ekleminde baska patolojilerin varligina baglandi. Sonug olarak; koksofemoral
¢ikiklarda kedilerde modifiye toggle pin teknigi basarili bir sekilde kullanilirken, kopeklerde bu basarinin kedilere nazaran
daha dusiik oldugu goérilda. Uygulanan teknige bakilmaksizin, kopeklerin kedilerden hacim ve agirlik olarak daha biyik
olmasi basari oranini azaltmistir. Operasyon yapilacak vakalarin dogru segilmesinin sonuca 6nemli derece etki edebilecegi
ortaya konmustur.

Anahtar Kelimeler: Kedi, Koksofemoral eklem ¢ikigi, Képek, Modifiye toggle pin.

Retrospective Evaluation of Modified Toggle Pin Technique in the Treatment of Coxofemoral Joint
Luxations in Cats and Dogs

Abstract: The aim of this clinical retrospective study was to evaluate the use and results of the modified toggle pin
technique in dogs and cats with coxofemoral luxation. A total of 33 cases, 13 cats and 20 dogs, comprised the study
material. The average weight of cats and dogs was 3.2 kg and 18.0 kg, respectively. Radiographic and clinical examinations
were performed for the diagnosis of coxofemoral luxation. For acetabular stabilization, pins of different sizes prepared from
kirschner wire were used as a modified toggle apparatus. Fishing line was used as monofilament suture material. Three
different methods were used for lateral stabilization: a transverse hole opened in a greater trochanter, a washer, and a
modified pin prepared from kirschner wire. Regardless of the technique used, 12 of the 13 cats did not develop any
complications and the result was excellent with 92% success rate. In one case, reluxation occurred due to re-trauma (8%). In
dogs, no complications occurred in ten cases (50%), reluxation occurred in two cases as a result of re-trauma (10%),
subluxation was observed in eight cases (40%). The reason for subluxation was attributed to the presence of other
pathologies in the hip joint before the operation. As a result, while the modified toggle pin technique was used successfully
in cats in coxofemoral dislocations, it was observed that this success was lower in dogs than in cats. Regardless of the
technique applied, dogs being larger in volume and weight than cats reduces the success rate. It has been shown that the
correct selection of the cases to be operated can significantly affect the result.

Keywords: Cat, Coxofemoral joint luxation, Dog, Modlified toggle pin.

Giris

Kaput femoris’in, ligamentum kapitis ossis femorisin
kopmasi sonucu asetabulum’dan ayrilarak vyer
degistirmesi, koksofemoral c¢ikik olarak tanimlanir
(Altug ve ark., 2019). Koksofemoral cikiklar, kigtik
hayvanlarda sik gorilen bir yaralanma olup tim
eklem cikiklarinin kdpeklerde %90'in1, kedilerde ise
%73’Un0 olusturur (Basher ve ark., 1986; Ergin ve

ark., 2016; Jha ve Kowaleski, 2012; Pratesi ve ark.,
2012). Cikiklarin etiyolojisini motorlu tasit kazalar
basta olmak Uzere, iyatrojenik durumlar, spontane
¢ikiklar, hayvan kavgalari ve yiksekten dismeler
olusturur (Ergin ve ark., 2016; Trostel ve Fox, 2020).
Cikiklar, gluteal ve iliopsoas kaslarinin gekmesi ile
olusturulan kuvvetlerin bir sonucu olarak en sik
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kraniodorsal yonde olusur (Kieves ve ark., 2014;
Trostel ve Fox, 2020). Kranioventral, kaudoventral
(%1.5-3.2) ve kaudodorsal yonlerde g¢ikik olusma
sikligi cok azdir (Kieves ve ark., 2014). Koksofemoral
cikiklar kapal veya acik tekniklerle tedavi edilebilir
(Jha ve Kowaleski, 2012; Trostel ve Fox, 2020).
Koksofemoral c¢ikiklarda, kapal rediksiyon kalca
displazisi ya da diger ortopedik problemlere iliskin
radyografik bir bulgu olmadiginda denenebilir
(Kieves ve ark., 2014; Pratesi ve ark., 2012). Ancak
kopeklerde ve kedilerde bildirilen basari oranlari
kraniodorsal ¢ikiklarda %50 ile %78 arasinda
degismektedir (Pratesi ve ark., 2012; Trostel ve Fox,
2020). Rediksiyon isleminden sonra ise yeniden
¢tkmasini dnlemek amaciyla 10-14 giin kadar Ehmer
askisi Onerilmistir (Kieves ve ark., 2014; Pratesi ve
ark., 2012).

Kapali rediiksiyon basarisiz oldugunda kalganin
acik rediksiyonu ve stabilizasyonu igin kapsilorafi,
DeVita pinleme, ekstrakapsiler sutdrlerin
yerlestirilmesi, gluteus profundus kasinin tenodezi,

transartikiler  pinleme, femurun trochanter
majorunun transpozisyonu, sakrotuberoz
ligamentin  transpozisyonu ve Toggle pin

stabilizasyonu dahil olmak uzere ¢ok sayida teknik
tarif edilmistir (Cetinkaya ve Olcay, 2010; Kieves ve
ark., 2014; Pratesi ve ark., 2012;).

Toggle pin stabilizasyonu tarihte ilk kez 1953
yilinda Knowles tarafindan tanimlanmistir (Knowles
ve ark., 1953). Bu teknikte kopmus olan ligamentum
kapitis ossis femoris’in yerine fascia lata’dan
olusturulan bir serit yerlestirilmistir (Ergin ve ark.,
2016). Toggle pin stabilizasyonunda amag, femur
basinin ligamenti yerine gececek sentetik bir protez
kullanilarak koksofemoral eklemin rediksiyonunu
saglamak ve eklem kapsulinin iyilesmesine ve skar
dokusunun olusmasina izin vermektir. Proseddr,
emilebilir ve emilemeyen sitiir materyali dahil
olmak Uzere ligamentum kapitis ossis femoris olarak
islev géren bircok protez varyasyonu kullanilarak
tanimlanmistir (Kieves ve ark., 2014).

Toggle pin stabilizasyonu, kalgca ekleminin
ameliyat sonrasi hareketsizlestirilmesini
gerektirmeyen, daha “fizyolojik” bir onarim araci
olarak savunulmaktadir (Jha ve Kowaleski, 2012).
Reluksasyon orani duslktir ve ozellikle g¢oklu
ortopedik yaralanmalari olan hastalarda bacaga
erken yiklenilmesini sagladigi icin faydalidir (Jha ve
Kowaleski, 2012; Trostel ve Fox, 2020). Femur basi
ve boyunun eksizyon artroplastisi ve total kalca
protezi, diger teknikler basarisiz oldugunda
kurtarma proseddrleri olarak kullanilabilir (Off ve
Matis, 2010; Pratesi ve ark., 2012).

Bu cgalismanin amaci, koksofemoral gikiklarin
tedavisinde toggle pinlerin kullanildigi vakalarda,
sonuglarin  geriye  donik olarak  yeniden
degerlendirilmesidir.

Materyal ve Metot

Calisma materyalini 2015-2020 yillari arasinda
Hatay Mustafa Kemal Universitesi Veteriner Saglik,
Uygulama ve Arastirma Hastanesi’'ne yiksekten
disme, trafik kazasi ve topallik sikayetleri ile
getirilen ve radyografik muayenede koksofemoral
cikik tanisi konulan farkl irk, yas, agirlik ve
cinsiyetteki 13 kedi ve 20 kopek olmak tizere toplam
33 vaka olusturdu.

Calisma, klinik retrospektif bir ¢alisma oldugu
icin etik kurul onay1 gerekmemektedir.

Vakalar ile ilgili bilgiler Tablo 1 ve Tablo 2’de
sunulmustur.

Anestezi Prosediirii: Operasyondan 30 dakika
once nonsteroid antiinflamatuvar olarak kedilerde
15 mg/kg IV, kdpeklerde ise 25 mg/kg IV metamizol
sodyum (Geralgine-GO, Miinir Sahin) uyguland.
Genel anestezi indiksiyonu igin 2 mg/kg IM ksilazin
(Alfazyne®, Egevet 20 mg/ml) ve kedilerde 10
mg/kg, kopeklerde 15 mg/kg IM ketamin HCl
(Alfamine®, Egevet 100 mg/ml) kullanildi. Anestezi
indiksiyonu saglandiktan sonra hasta kafli bir
endotrakeal tlp vasitasi ile entiibe edildi ve %100
02 igerisinde izofluran (%1-3 inhalasyon, Forane,
AbbVie, ingiltere) ile anestezi devamliligi saglandi.

Cerrahi Prosediir: Operasyondan 6nce 0,6 mm-
1,2 mm capli Kirschner telleri ile modifiye toggle
pinleri bir pin biikiici yardimiyla uygun buyklikte
hazirlandi ve sterilizasyonu saglandi (Sekil 1).
Hastalar, opere edilecek bacaklari yukarida kalacak
sekilde, lateral pozisyonda ameliyat masasina
yerlestirildi. Bacagin o6nde ilium kanatlarinin
proksimaline, arkada kuyruk kokiine ve alt tarafta
ise tibianin diafizine kadar genis bir alanda tirasi
yapilarak, asepsi-antisepsi kurallarina gore bolge
hazirlandi. Steril serviyetler ile ameliyat bdlgesi
sinirlandinldiktan sonra koksofemoral eklemi agiga
¢ikarmak icin kraniyolateral ensizyon uygulandi
(Sekil 2a). Musculus gluteus medius ve musculus
gluteus profundus kasi ekarte edildikten sonra
asetabulumun kraniyal ylzeyine ulasildi. Asetabular
kavite palpasyon ile muayene edilerek eklem
ylzeyindeki Gremeler degerlendirildi. Eklem iginde
bulunan kan pihtilari ve ligament kalintilari
temizlendi. Asetabular kaviteye ligamentum kapitis
ossis femorisin koken aldigi noktadan bir dril
vasitasi ile asetabular tlinel olusturuldu. Dril kalinhg
hayvanlarin tirine, irkina ve buyukligline gore
secildi. Dril kahnhg kedilerde 1.2 mm ile 2 mm
arasinda, kopeklerde ise 1.5 mm ile 3.2 mm
arasinda degisiklik gosterdi. Modifiye toggle
aparatindan misina gecirildi. Toggle aparati bir
hemostatik pens yardimi ile asetabular tiinel igcinden
pelvik bosluga yerlestirildi (Sekil 2b) ve misinalar
gerdirilerek toggle pinin asetabulumun medial
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Tablo 1: Kedilerde sekillenen koksofemoral gikiklara iliskin bilgiler

No Irk Cinsiyet Yas (ay)/Agirhk (kg) Anamnez Taraf Eslik eden lezyonlar Prognoz Aciklama/Komplikasyon
1 Melez Erkek 6/2.3 Trafik kazasi Sol Sol tarsal instabilite + sag Mikemmel Komplikasyon yok
metatarsal kirk

2 Melez Erkek 7/2.4 Trafik kazasi Sol Yok Mikemmel Komplikasyon yok

3 British Shorthair Disi 6/2.1 Yiksekten Digsme Sol Yok Mikemmel Komplikasyon yok

4 Tekir Erkek 5/2.0 Yiiksekten Digme Sag Yok Mikemmel Komplikasyon yok

5 Tekir Disi 8/3.1 Nedeni bilinmiyor Sag Yok Mikemmel Komplikasyon yok

6 Melez Disi 7/2.8 Nedeni bilinmiyor Sol Yok Mikemmel Komplikasyon yok

7 Van Kedisi Erkek 24/3.7 Yiksekten Digsme Sol Sol Radius ulna kirigi Mikemmel Komplikasyon yok

8 Tekir Erkek 36/3.9 Yiksekten Digsme Sag Yok Mikemmel Komplikasyon yok

9 Melez Erkek 11/4.1 Yiksekten Digsme Sol Yok Mikemmel Komplikasyon yok

10 Tekir Erkek 24/3.8 Yiksekten Digsme Sag Yok Mikemmel Komplikasyon yok

11 Melez Disi 48/4.4 Trafik Kazasi Sag Bilateral sakroiliyak ¢ikik Mikemmel Komplikasyon yok

12 Melez Erkek 8/3.0 Trafik Kazasi Sag Yok Mikemmel Komplikasyon yok

13 Melez Erkek 24/4.0 Travma Sol Yok lhimh Operasyondan 10 giin sonra

travmaya bagl reluksasyon

Tablo 2: Képeklerde sekillenen koksofemoral gikiklara iliskin bilgiler

No Irk Cinsiyet Yas (ay)/Agirlik(kg) Anamnez Taraf Eslik eden lezyonlar Prognoz Agiklama/Komplikasyon
1 Rotweiller Erkek 7/26.4 Nedeni bilinmiyor Sol Yok Ihmh Topallik Subluksasyon-Preoperatif grafide asetabulumun dorsal catisinda diizlesme ve asetabulumda siglasma
2 Melez Erkek 48/32.6 Nedeni bil Sag Yok hml Hafif topallik Subluksasyon-Preoperatif asetabulum igerisinde osteofitik Gremeler
3 Melez Erkek 4/8.2 Nedeni bi Sol Yok Mikemmel Komplikasyon yok
4 Terrier Disi 23/6.4 Nedeni bilinmiyor Sol Yok Mikemmel Komplikasyon yok
5 German Setter Disi 35/16.7 Travma Sol Yok Mikemmel Komplikasyon yok
6 Golden Retriever Disi 8/26.8 Kalga gikigi stiphesi Sag Yok Mikemmel Komplikasyon yok
7 Golden Retriever Erkek 42/30.2 Trafik kazast Sol Yok Mikemmel Komplikasyon yok
8 Terrier Melezi Erkek 25/10.3 Nedeni bilinmiyor Sol Yok hml Hafif topallik-Subluksasyon-Preoperatif grafide asetabulum dorsal ¢atisinda diizlesme ve asetabulumda siglasma- Kaput femoriste
duzlesme ve kollum femoriste kalinlasma
9 Melez Erkek 60/25.0 Trafik kazast Sag Sol art. kibiti gikigi Mikemmel Komplikasyon yok
10 Rotweiller Disi 5/15.4 Trafik kazas Sol Bilateral sakroiliyak cikik+ sag intrapelvik Ihmh Subluksasyon — Postoperatif osteofitik iremeler, Topallik Eslik eden kiriklar var
kirik
11 Melez Disi 18/18.1 Trafik kazas! Sag Sol tibia kirngi + sol intrapelvik kirik iyi Hafif topallik -Eslik eden kiriklar var-Hafif subluksasyon
12 Melez Disi 6/12.3 Nedeni bilinmiyor Sol Sol suprakonddiler femur kirigi + sol Mikemmel Komplikasyon yok
trochanter major king
13 Terrier Erkek 132/8.5 Kucaktan diisme Sag Yok Ihmh Operasyondan 3 ay sonra travmaya bagli reluksasyon sekillendi-Eksizyon artroplastisi uygulandi
14 Golden Retriever Erkek 4/10.1 Trafik kazas Sag Sag femur king Mikemmel Komplikasyon yok
15 Pekinez Erkek 108/6.8 Nedeni bilinmiyor Sag Yok Ihmh Operasyondan 12 giin sonra travmaya bagli reluksasyon sekillendi- Eksizyon artroplastisi uygulandi
16 Golden Retriever Disi 6/15.4 Trafik kazas! Sol Sol femur kirig + sag ve sol ischii kingi Miikemmel Komplikasyon yok
17 Melez Disi 24/22.4 Nedeni bilinmiyor Sol Sag tibia king Mikemmel Komplikasyon yok
18 Terrier Disi 22/11.0 Trafik kazas Sol Sol suprakonddiler femur kirigi + sol Mikemmel Komplikasyon yok

subtrohanterik femur kirigi + sol ilium king
+ sag sakroiliyak gikik

19 Alman Shepherd Erkek 60/32.4 Nedeni bilinmiyor Sag Sag patellar gikik yi Hafif topallik-Hafif subluksasyon

20 Melez Erkek 34/25.4 Trafik kazast Sag Yok Iyi Topallik yok — Preoperatif grafide diger kalga ekleminde de subluksasyon goriintiyor-Subluksasyon

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2021; Cilt 10, Say: 1 30



Harran Univ Vet Fak Derg, 2021; 10 (1): 28-35 Arastirma Makalesi

Sekil 1: a) Modifiye Toggle Pin ve rondelalar b) iginden misina gegirilip uygulamaya hazir haldeki
Modifiye Toggle Pin

Sekil 2: a) Kraniolateral ensizyon b) Modifiye Toggle Pinin asetabular tiinele uygulanmasi c) Femoral
tinel olusturulmasi d-e) Femoral tiinelden misinanin ilerletilmesi f) Lateral stabilizasyon

Sekil 3: Koksofemoral gikiga eslik eden patolojileri olan bir kdpegin operasyon 6ncesi ve sonrasi
radyografik goriintileri (Olgu 18)
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Sekil 4: Olgu 9’un operasyon 6ncesi ve sonrasi radyografik gortntileri

Sekil 5: Olgu 1, olgu 2 ve olgu 20’nin operasyon Oncesi ¢ekilen radyografilerinde koksofemoral ¢ikiga
eslik eden diger patolojik goriintller a) Olgu 1 b) Olgu 2 c) Olgu 20

duvarina yaslanmasi saglandi. Daha sonra kaput
femorise, ligamentum kapitis ossis femorisin koken
aldigi nokta ile trochanter major hatti arasinda bir
tinel olusturuldu (Sekil 2c). Femoral tlnelden
misinanin uglari gegirildi (Sekil 2d-e). Kaput femoris
eklem icine yerlestirildikten sonra eklem hareketi
kontrol edilerek misina uglari trochanter majoriin
lateral kisminda daglimlendi (Sekil 2f). Misinanin
baglandigl noktada lateral stabilizasyon icin 3 farkl
yontem kullanildi. Tim vakalar degerlendirildiginde
7 vakada trochanter majore agilan transvers bir
delikten  misina  gegirilerek  misina  uglan
diguimlendi. 22 vakada kirschner telinden
olusturulan modifiye toggle aparati kullanildi. 4
vakada ise rondela kullanildi. Eklem kapsiilasi
saglam olan vakalarda 2/0, 0 ya da 1 numara
poliglikolik asit emilebilir siitir materyali (Glikosorb,
Ankara, Turkiye) ile kapsula yeniden dikilerek
kapatildi. Kaslar, derialti bag dokusu ve deri
poliglikolik asit emilebilir sttir materyali (2/0-0-1
numara) (Glikosorb, Ankara, Turkiye) ile dikildi.

Postoperatif Bakim: Opere edilen bacaga
yumusak bandaj uygulandi ve 7 glin boyunca gunliik
pansuman vyapiimasi ve bandaj uygulanmasi
onerildi. Hastanin bacagini  kullanmasini tesvik
etmek amaci ile herhangi bir destekli bandaj
uygulanmadi. Egzersiz 2 ile 4 hafta arasinda sadece
yarime ile sinirlandirildi. Postoperatif antibiyotik
olarak gunde iki defa kas ici olarak 30 mg/kg
dozunda 7 giin sefazolin sodyum (Sefazol, Mustafa
Nevzat, Turkiye), antiinflamatuvar olarak
kopeklerde giinde bir defa oral olarak 3 mg/kg
dozunda 5 giin karprofen (Rimadyl®, Pfizer, USA),
kedilerde ise glinde bir defa oral olarak 3 mg/kg
dozunda 5 glin tolfenamik asit (Tolfedine®,
Novakim, Turkey) kullanildi.

Bulgular

Toplam 33 vakada yapilan klinik ve radyografik
muayeneler sonucunda koksofemoral cikik tespit
edildi ve toggle pin uygulanarak 1 aylik sagaltim
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sonuglari degerlendirildi. Degerlendirme kriteri
olarak postoperatif komplikasyonlar (reluksasyon,
subluksasyon, Ureme), topallik (hafif, siddetli) ve
normal fonksiyonlarin  kazanimi (ihmli, iyi,
mikemmel) ele alindi (Tablo 1 ve 2). Diger
vakalarda eslik eden lezyonlar ise Tablo 1 ve Tablo 2
de sunuldu. Kedilerin yas ortalamasi 13.8 ay,
kopeklerin yas ortalamasi ise 33.5 ay idi. Kedilerin
agirlik ortalamast 3.2 kg, kopeklerin agirlik
ortalamasi 18.0 kg idi. Klinik muayenede ilgili
ekstremitenin kullanilmadigi veya parmak ucuyla
yere dokundugu, hassasiyet ile birlikte agrisi oldugu
ve bacak durusunun anormal oldugu goézlemlendi.
Radyografik olarak ise bir vaka hari¢ tim vakalarda
kraniodorsal yonde cikik gorildi. Topallama sikayeti
olan bir vakada ise radyografik muayenede kaput
femorisin eklemde oldugu gorilirken klinik
muayenede rahatlkla koksofemoral cikik
sekillendigi tespit edildi. 3 kedide (olgu 1, 7, 11) ve 9
kdpekte (olgu 9, 10, 11, 12, 14, 16, 17, 18, 19)
koksofemoral gikiklara eslik eden patolojiler (kirik ve
cikiklar) vardi (Tablo 1 ve 2). Bunlar arasinda en agir
vaka sol koksofemoral ¢ikigin yani sira sol
suprakondiler femur kingi, sol subtrohanterik
femur kingi, sol ilium kingi ve sag sakroiliyak ¢ikik da
bulunan olgu 18 idi (Sekil 3). Sadece bir kedide
ameliyattan 10 gin sonra tekrar travmaya maruz
kalmasi sonucu reluksasyon sekillendi (%8). Diger
kedilerde herhangi bir komplikasyon olusmadi ve
toplam 13 kedide %92 oraninda basari kaydedildi.
Sekil 4’te koksofemoral ¢ikik sekillenen bir kedinin
operasyon oncesi ve sonrasl grafileri
gosterilmektedir.

Kopeklerde ise olgu 1, 2, 8, 10 ve 20'de
preoperatif radyografide asetabulum ile ilgili farkh
patolojiler gorilda (Sekil 5). Kopeklerdeki olgu 1, 2,
8, 10, 11 ve 19’'da hafif topallama varken olgu 20’de
topallama olmadigi dikkati ¢ekti. Kopeklerdeki olgu
1, 2, 8, 10, 11, 19 ve 20'de radyografik olarak
subluksasyon tespit edildi (%40). Bu vakalardan 10
ve 20'de, topallama sikayetinin preoperatif
radyografide tespit edilen baska patolojilerden
kaynakli oldugu, olgu 19'da ise, toggle pin igin
kullanilan ipin gevsemesi sonucu subluksasyondan
kaynaklandigi dusunildi. Olgu 13 ve 15de
postoperatif travmaya maruz kalinmasi sonucu
reluksasyon sekillendi ve eksizyon artroplastisi
uygulandi (%10). Kedilerde 13 no’lu vakada
postoperatif 10. glinde yeniden travmaya maruz
kalmasi sonucu reluksasyon sekillendi ve eksizyon
artroplastisi yapildi (%8). Bununla beraber kedilerde
olgu 1, 7 ve 11'de cikiga eslik eden bagka kiriklar
vardi (Tablo 1). Képeklerde 9, 10, 11, 12, 14, 16, 17,
18 ve 19’da kalgca ekleminde var olan patolojilerin
disinda kalca cikigina eslik eden baska kirik ve
cikiklar vardi (Tablo 2). Hem kedilerde hem de

képeklerde kullanilan toggle pin aparati ile ilgili
herhangi bir komplikasyon gorilmedi.

Postroperatif donemde kedilerin bacaklarini
ortalama 5-7 gln icinde kullanabildikleri ve hafif
sakindiklari, 14 gin sonunda ise rahatlikla
kullandiklari  ve eski hareketlerine doéndikleri
gorildu. Kopeklerde ise olgu 1, 2, 8, 10, 11, 19'da
postoperatif 7. glinde halen ilgili ekstremiteyi aktif
kullanmadiklari, sadece pati ucuyla vyere
dokunduklari goériildi. Postoperatif 6. haftada ise
ilgili bacag daha rahat kullandiklari ancak hafif
topallama sikayetlerinin devam ettigi 6grenildi.

Tartisma ve Sonug

Koksofemoral cikiklar, kedi ve kopeklerde en
fazla karsilasilan cikik tipidir (Perez-Aparicio ve
Fjeld, 1993). Buyuk oranda (yaklasik %80)
kraniodorsal yonde olusurken, daha az oranda
kranioventral (%2-3), kaudoventral (%1,5-3) ve
kaudodorsal ¢ikiklara rastlanir (Cetinkaya ve Olcay,
2011; Ergin ve ark., 2016). Kraniodorsal yodnde
olmasinin en o6nemli nedeni iliopsoas ve glcli
gluteal kaslarin femur basini yukariya ve 6ne dogru
¢ekmesidir (Meij ve ark., 1992; Perez-Aparicio ve
Fjeld, 1993). Calismamizda da bir olgu hari¢ bitin
cikiklar  kraniodorsal yonde idi. Bir olguda
ligamentum kapitis ossis femoris kopmasina ragmen
kaput femoris eklem iginde idi, ancak klinik
muayene ile rahatlikla yerinden ¢ikarilip tekrar
yerine yerlestirilebiliyordu.

Daha onceki calismalarda kalga g¢ikiklarinin
temel nedenleri arasinda motorlu tasit kazalarinin
ilk sirada yer aldigi bildirilmistir (Demko ve ark.,
2006; Evers ve ark., 1997; Trostel ve ark., 2020).
Calismamizda kedilerde ylksekten diisme daha
fazla goriliirken, képeklerde motorlu tasit kazalari
ile nedeni bilinmeyen durumlar 6n plandaydi.

Kieves ve ark. (2014), koksofemoral gikiklarda
kontralateral uzuvda eszamanl ortopedik
yaralanma oldugunda cikik olan kalgaya daha erken
zamanda agirlik yiklenecegi icin toggle pin
uygulamasinin endike oldugunu soéylemislerdir.
Calismamizda kedilerde her doért vakanin birinde,
kopeklerde ise her iki vakanin birinde ayni ya da
karsi bacakta eslik eden kirik veya gikiklar vardi.

Trostel ve ark. (2020) yapmis olduklari
calismada toplam vakalarinin  %59’unda kalga
cikigina eslik eden ek yaralanmalar bildirmislerdir.
Calismamizda bu oran kedilerde %23, kopeklerde
ise %45 olarak tespit edilmistir. Bu da bize kalga
cikigl ile gelen vakalarda tam bir ortopedik ve
norolojik muayene yapmanin dnemini gostermistir.
Ayrica kopeklerde sekillenen kalga ¢ikiklarinda
vakalarin yiksek enerjili bir travmaya maruz kaldig
acikca gorulmektedir. Bu durumun nedeni olarak
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kopeklerin kedilerden daha buiylk hacim ve agirliga
sahip olmalarindan kaynaklandigini disinmekteyiz.

Kalga cikiklarinda, toggle stabilizasyonu icin
TightRope sisteminin kullaniminda, kedilerde ve
kiicik irk kopeklerde (<15 kg) mikemmel sonuglar
bildirilmistir (Kieves ve ark., 2011; Kieves ve ark.,
2014). Modifiye pin stabilizasyon yontemi kullanilan
calismamizda, kedilerin ortalama 3.2 kg, kdpeklerin
ise 18.0 kg oldugu tespit edilmistir. Kedilerde
sonuglar mikemmel olarak ortaya ¢ikarken (%92),
kopeklerde ise %50 oraninda bir basari saglandigi
goralmustir.  Bu  durum, kopeklerin  agirhk
ortalamasinin kedilere gore fazla olusuna, kalca
eklemindeki preoperatif patolojilere ve eslik eden
diger lezyonlarin fazla olmasina baglanmistir.

Toggle pin stabilizasyonunun prosediiri igin
toggle, dikis ve sabitleme diigmesi gibi farkh
secenekler mevcuttur. Ancak prospektif bir klinik
calismada hicbir sistemin GstlnlGgi
kanitlanamamistir (Kieves ve ark., 2014). Yapilan bir
calismada monofilament naylon sutir kullanilarak
saglanan Toggle pin stabilizasyonunda, reluksasyon
sekillenmedigi slirece sonucun olumlu oldugu
bildirilmistir (Trostel ve Fox, 2020). Ligamentum
kapitis ossis femorisin yerine, ylksek dayanikhlkta
ve monofilament vyapida, kopmasi sonucu
olusabilecek reluksasyon olasiligi minimum olan,
ekstraartikiler  stabilizasyon amaciyla  birgok
¢alismada denenmis ve olumlu sonuglar alinmis,
kolay bulunabilir, ucuz ve reaksiyon olusturmayan
balikgi misinasi kullanilabilir (Altug ve ark., 2019;
Cetinkaya ve Olcay, 2011). Calismamizda
ligamentum kapitis ossis femorisin yerine materyal
olarak monofilament balikgi misinasi kullanildi.

Acik rediksiyonun komplikasyonlari arasinda
reluksasyon, enfeksiyon, implant yer degistirmesi
veya basarisizligl, norolojik hasar ve eklem
kikirdaginda hasar bulunmaktadir. Reluksasyon
oranlari degiskendir ve Toggle pin stabilizasyonu
olan vakalarin %11-25'inde meydana geldigi
bildirilmistir (Kieves ve ark., 2014). Daha o6nceki
¢alismalarda ayrica ameliyat sonrasi %21'den %25'e
kadar istenmeyen komplikasyon oranlari
bildirilmistir. Bunlar iginde en yaygin olani ise yine
toggle pin sitirinin kopmasi sonucu yeniden
sekillenen cikiklardir. Toggle pin stabilizasyonu,
kopeklerde kalga cikikhgini tedavi etmek igin rutin
olarak yapilir (Jha ve Kowaleski, 2012). Toggle pin
stabilizasyonunun daha once bildirilen
komplikasyonlari arasinda femur basinin protez
baginin kirilmasindan sonra sekillenen reluksasyon,
Toggle  pinin kirdlmasindan  sonra  olusan
reluksasyon, femur basinin kirilmasi ve kullanilan
protez materyali tarafindan femur boynunun
kirllmasi yer almaktadir (Baltzer ve ark., 2001;
Kieves ve ark., 2014). Bununla beraber politravmali
vakalarda kalcga cikigl olan ekstremite lzerine erken

yuklenmeler olabilir. Bu da reluksasyon oranlarini
artirabilir (Trostel ve ark., 2020). Trostel ve ark.
(2020), Toggle pin tekniginin, femur basi ve
asetabulumun altta yatan morfoloji degismediginde
kopeklerde uygulanan yerlesik ve rutin bir prosedir
haline geldigini ve pasif stabiliteye yardimci olan
femur basi ligamentinin  fonksiyonel olarak
degistirilmesini  sagladigi igin etkili bir teknik
oldugunu vurgulamiglardir. Bahsi gecen durum
calismamiza dahil ettigimiz kopeklerde yapilan
operasyonlarla desteklenmistir. Képeklerde olgu 1,
2, 8, 10 ve 20’de preoperatif radyografilerde kalca
ekleminde patolojik gortntiler tespit edilmistir
(Sekil 5).

Yapilan c¢alismalarda reluksasyon oranlari
ortalama %5.8 ile %29 arasinda degismektedir
(Bone ve ark., 1984; Demko ve ark., 2006; Kieves ve
ark., 2014; Trostel ve ark., 2020). Calismamizda ise
bu oran kedilerde %8, képeklerde ise %10’du. Ancak
kopeklerde major komplikasyon %40 oran ile
subluksasyon olarak degerlendirilmistir. Kedilerde
ise 13 vakadan sadece 1 vakada yeniden travmaya
maruz kalma sonucu reluksasyon gortlmistir (%8).

Demko ve ark. (2006), Toggle pin
stabilizasyonunun, diger stabilizasyon tekniklerine
kiyasla, eklem fonksiyonunun erken donmesine izin
vermesi ve kikirdak sagligini korumasi agisindan
potansiyel bir avantaj oldugunu vurgulamislardir.
Bununla birlikte, reluksasyonu &nlemek igin
ameliyattan sonraki ilk hafta dikkatli olunmasi
gerektigini  sdylemiglerdir.  Calismamizda  da
postoperatif donemde ilk 10 giinlik stirede hareket
kisitlamasina gidilmistir. Toggle pin stabilizasyon
cerrahisi sonrasi karsilasilan enfeksiyon orani
oldukca dlsuktir (Trostel ve ark.,, 2020).
Calismamizda herhangi bir vakada enfeksiyon ile
karsilagilmamustir.

Sonug olarak, yapilan ¢alismada kedilerde kalga
cikiklarinda  kullanilan  teknigin  oOzelliklerine
bakilmaksizin toggle pin stabilizasyonu ile basarih
sonuclar alindigi gorilmistir. Ozellikle kdpeklerde
koksofemoral  ¢ikik  durumlarinda  kullanilan
teknikten ziyade, uygun vaka segiminin ¢ok dnemli
oldugu ve sonuca onemli olclide etki edebilecegi
ortaya konmustur.
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Abstract: Coffee is one of the most widely consumed hot beverages in the world. Melanoidins, which are formed with
brown color during coffee roasting, are reported to be a strong antioxidant. Discussions related to the more and less
consumption of coffee still continue. This study investigated the effect of a low and high amount of coffee consumption on
antioxidant parameters in this context. A total of 15 female New Zealand rabbits weighing 1500-2500 g were used in the
study. The control group was fed as ad-libitum control with basal feed. 1% and 5% Turkish coffee were added to the feed of
the 1% TC and 5% TC groups, respectively. Blood was collected once a week throughout the study. All animals were
euthanized in accordance with ethical rules at the end of the study. Samples (plasma and tissue) were taken for the
analyses. Glutathione (GSH) and malondialdehyde (MDA) analyses were performed on all samples. Plasma GSH values were
observed to increase in the groups given TC according to the analyses. Plasma MDA values decreased in the TC groups. An
increase was observed in liver and heart tissue in the TC group upon the evaluation of tissue GSH parameters. MDA values
were found to decrease in lung, heart, and kidney tissues in TC groups. Additional effects were observed in plasma and
tissues in the 5% TC group upon the evaluation of 1% TC and 5% TC groups. No statistical differences were found in
performance parameters. It has been revealed as a result that TC is a strong antioxidant, and its effect increases in high
consumption.

Keywords: GSH, MDA, Turkish coffee.

Tiirk Kahvesinin Tavsanlarda Performans, Biyokimyasal ve Fizyolojik Parametreler Uzerine Etkisi

Ozet: Kahve diinyada en yogun tiiketilen sicak iceceklerdendir. Kahve kavrulmasi sirasinda baslayan kahverengi rengi ile
meydana gelen melanoidin giigli antioksidan olarak bildirilmektedir. Kahvenin az ve ¢ok kullanimi ile ilgili tartismalar devam
etmektedir. Bu baglamda bu ¢alismada az ve yogun alinan kahvenin antioksidan parametreler (izerine etkisini arastirildi.
Galisma kapsaminda 1500-2500 g agirliginda toplamda 15 adet disi Yeni Zelanda tavsani kullanildi. Kontrol grubuna normal
yem ile ad-libitum olarak beslendi. %1 TK ve %5 TK grubunda ise rasyonlarina sirasiyla %1 ve %5 Turk kahvesi ilave edildi.
Galisma boyunca haftada bir kan alindi. Calisma sonunda etik kurallara uygun bir sekilde tim hayvanlarin yasamina son
verildi. Analizler icin gerekli numuneler (Plazma ve Doku) alindi. Alinan tim numunelerden glutatyon (GSH) ve
malondialdehit (MDA) analizi yapildi. Yapilan analizlere gore plazma GSH degerleri TK verilen gruplarda artis goézlendi.
Plazma MDA degerlerinde ise TK gruplarinda azalma belirlendi. Doku GSH parametreleri degerlendirildiginde ise karaciger
ve kalp dokusunda TK grubunda artis gozlendi. Doku MDA degerlerinde ise akciger, kalp ve bobrek dokusunda TK
gruplarinda azalma belirlendi. %1 TK ve %5 TK degerlendirildiginde plazma ve dokularda %5 TK’de daha fazla etki gozlendi.
Performans parametrelerinde ise istatistiksel bir fark belirlenmedi. Sonug olarak, TK'nin gliglii bir antioksidan oldugu ve
yogun kullanimda etkisinin arttig1 ortaya ¢ikmaktadir.

Anahtar Kelimeler: GSH, MDA, Tiirk Kahvesi.

Introduction

Coffee and tea are among the most widely
consumed beverages. However, studies on tea are
more common than coffee in in vivo and in vitro
studies. Many heat treatment procedures are
applied to coffee from the beginning of production.
Melanoidins, which are brown polymers formed by
Maillard reaction during roasting of coffee, the
beginning of these processes, constitute 25% of the
dry substances of coffee beverages. Likewise,
melanoidins were to increase in heat treatment

during brewing (Borrelli et al., 2002). Melanoidins
formed in the last stage of the Maillard reaction
were to have certain functional properties such as
antioxidant, antimicrobial, and antihypertensive
activities (Rufian-Henares and Morales, 2007). In
particular, the mechanism of antioxidant action
relies on their ability to capture positively charged
electrophilic species, purify oxygen radicals, or
perform metal chelation to form inactive complexes
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(Delgado-Andrade et al.,, 2005; Pastoriza and
Rufian-Henares, 2014).

Antioxidants are important compounds that
help us stay healthy by reducing oxidative stress
caused by the overproduction of reactive oxygen
(ROS) or nitrogen species (RNS). The terms "ROS"
and "RNS" refer to various free radicals such as
superoxide, hydroxyl, peroxyl, nitric oxide, nitrogen
dioxide radicals, and non-radical reagents in general
such as hydrogen peroxide (H:02) and
peroxynitrite. These free radicals are produced in
our organism under normal physiological conditions
but exacerbate under pathological conditions and
play an important role in pathological processes and
regulatory activities. Antioxidants can scavenge free
radicals in the organism, inhibit pro-oxidative
enzymes, and chelate metal ions (Martinez-Gomez
et al., 2020). Melanoidins were reported to provide
protection against DNA damage caused by ROS
(Langner and Rzeski, 2014).

Measuring levels of DNA/RNA damage, lipid
peroxidation, and protein oxidation/nitration
instead of direct measurement of reactive oxygen
species indirectly reveals oxidative stress. A
common method of determining the degree of lipid
peroxidation is to measure the level of
malondialdehyde (MDA), a by-product of the lipid
peroxidation process. In addition, the measurement
of changes in reduced glutathione (GSH)
concentration, an endogenous antioxidant, was also
used as an indicator of the severity of lipid
peroxidation (Smith et al., 2005).

The antioxidant effect on some tissues and
plasma was determined by adding coffee to the
feed of New Zealand rabbits in our study.

Material and Methods

Animals and Trial Design:The study was
started after the approval of the Local Ethics
Committee for Animal Experiments of Kafkas
University (KAU-HADYEK/2020-006). The rabbits
were supplied by the Atatlirk University
Experimental Animal Breeding Unit. A total of 15
female New Zealand rabbits weighing 1500-2500 g
were used in the study. The rabbits were divided
into 3 groups with 5 animals in each group. Animals
were individually housed in cages specially designed
for their species and fed as ad-libitum with basal
feed (%16 CP and 2500 kcal/kg ME). The
temperature of the room where the animals were
housed was set to 25°C and the illumination was set
to 12 hours of light and 12 hours of darkness. Body
weight gain was determined by weighing the initial
and final body weights of the rabbits. Feed
consumption was recorded in all groups. The feed

conversion rate was calculated by dividing the feed
consumption by the body weight gain.

Experimental groups are as follows;

Group | (Control): The control group fed as ad-
libitum control with basal feed without any
application,

Group Il (1% Turkish Coffee): The group in
which 1% Turkish Coffee (TC) was added to their
feed for 21 days,

Group Il (5% Turkish Coffee): The group in
which 5% Turkish Coffee (TC) was added to their
feed for 21 days.

Sampling and Analysis: Blood was collected
from the ear veins of the animals once a week into
anticoagulant tubes for 3 weeks. Tissue samples
required for analysis were taken after all animals
were euthanized under anesthesia on the 21st day
in accordance with ethical rules at the end of the
study. The tissue samples were homogenized with
phosphate buffer (pH 7.4) and centrifuged at 3000
RPM for 5 minutes and their homogenates were
separated. Blood samples were centrifuged at 3000
RPM for 5 minutes and their plasma was separated.
Tissue homogenates and plasmas were stored at -
20°C until the day of the analysis. GSH analysis was
determined according to the method of Beutler et
al. (1963) whereas the method of Yoshioka et al.
(1979) was used in MDA analysis.

Statistical Analysis: One-way analysis of
variance (ANOVA) method was used to determine
the differences between the initial body weights,
final body weights, body weight gain, feed
consumption, feed conversion ratio, and MDA and
GSH values between the groups. GLM Repeated
Measures test was used to analyze the
measurement results of MDA and GSH parameters
of the groups on the Oth, 7th, 14th, and 21st days of
the study (Graphpad Prism 8/San Diego, CA). The
results were interpreted using Tukey's HSD test. The
results were given as meantstandard deviation
(SD).

Results

Plasma GSH values of the control (13.34+0.43,
13.68+0.38, 13.56+0.80, 13.60%0.56, respectively),
1% TC (13.61+0.29, 14.23#0.20, 14.57+0.54,
14.98+0.43, respectively), and 5% TC (13.49+0.80,
14.53+0.31, 14.67+0.55, 15.79+0.25, respectively)
groups on the Oth, 7th, 14th, and 21st days are
presented in Figure-1A. A significant increase was
found on the 21st day in the 1% TC (p<0.01) and 5%
TC (p<0.0001) groups compared to the control
group upon the evaluation of the plasma GSH
parameter. A significant increase was found on the
21st day (p<0.05) in the 1% TC group compared to
the Oth day. A significant increase was found on the

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2021; Cilt 10, Say: 1 37



Harran Univ Vet Fak Derg, 2021; 10 (1): 36-42 Research Article

A GSH-PLAZMA B MDA-PLAZMA
175 EhEE - %7 i
16+ i - 1%TC i - 1%TC
4 - 5%TC  J -+ 5%TC
E 15 E
3 3 3.5-
E 14 E
3.0
134
12 . . r . 25 T T T T
0.Day 7.Day 14.Day 21.Day 0.Day 7.Day 14.Day 21.Day
C GsH-LUNG D mpa.LunG
*
35_ 4 T T
30 I
25+ 37
2 20- 2
£ g &
5 157 c
10 _ 1+
1 (2 2| [
oL oL 1571 Ing
O (O O O O (O
e g RO
E GsH-LIVER F mpA-LIVER
100- *k % 4=
N l
80- T
3_
D 60 9
0 9 24
E 40- E
204 |=| | 4
ol |~ ol |v
3| |5 3| I8
0_ 0 T T
O O <O O O ©
Qe g e g

Figure 1. Means and Std. deviation of the three groups for biochemical parameters. *p<0,05, **p<0,01, ***p<0,001, ****p<0,0001.
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Figure 2. Means and Std. deviation of the three groups for biochemical parameters. *p<0,05, **p<0,01,
***p<0,001, ****p<0,0001.
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7th day (p<0.05) and the 21st day (p<0.0001) in the
5% TC group compared to the Oth day. A statistical
increase was also observed on the 21st day
(15.79£0.25) compared to the 7th day (p<0.05).
Plasma MDA values of the control (3.77£0.28,
3.86+0.22, 4.02+0.19, 3.96+0.33, respectively), 1%
TC (3.82+0.27, 3.46+0.47, 3.53%0.34, 3.2410.18,
respectively), and 5% TC (3.84+0.24, 3.35+0.40,
3.37+0.32, 3.07+0.32, respectively) groups on the
Oth, 7th, 14th, and 21st days are presented in
Figure-1B. A statistically significant decrease was
found on the 7th, 14th, and 21st days (p<0.05, p
<0.01, p<0.0001, respectively) in the 5% TC group
and on the 21st day (p<0.001) in the 1% TC group
compared to 7th, 14th, and 21st days upon the
evaluation of plasma MDA values. A significant
decrease was observed on the 21st day in the 1% TC
(p<0.05) and 5% TC (p<0.001) groups compared to
the Oth day in the change of the groups by days.
GSH values in tissues are presented in Figure 1-
C, 1-E, and Figure 2-G, 2-I, 2-L. A statistically
significant increase was observed in both 1% TC
(31.08+2.28, p<0.05) and 5% TC (33.01+1.62,
p<0.01) groups compared to the control group
(24.9445.61) in heart tissue. A significant increase
was observed in the 5% TC (67.15+14.24) group
compared to the control (34.31+5.86) group

(p<0.001) in the liver tissue. A significant difference
was also found between the 1% TC (37.78+13.96)
group and the 5% TC (67.15+14.24) group in liver
tissue (p<0.01). No statistical difference was found
in kidney, lung, and aortic tissue (p>0.05).

MDA values in tissues are presented in Figures
1-D, 1-F, and Figures 2-H, 2-K, 2-M. A statistically
significant decrease was found in lung tissue in the
1% TC (2.17%0.28, p<0.001) and 5% TC (2.64+0.12,
p<0.05) groups compared to the control (3.18+0.45)
group upon the examination of tissue MDA data.
Similarly, a significant decrease was observed in 1%
TC (4.98%+0.41, p<0.0001) and 5% (6.80+0.29,
p<0.01) TC groups compared to the control group
(8.41+0.76) in kidney tissue. In addition, a
significant difference was found between the 1% TC
(4.98+0.41) and 5% TC (6.80+0.29) groups in kidney
tissue (p<0.001). A statistical decrease was
observed only in the 5% TC (2.35+0.10) group
compared to the control (3.47+0.72) group (p<0.01)
in the heart tissue. No statistical differences were
found in kidney and aortic tissues (p>0.05).

The initial body weights, final body weights,
body weight gain, feed consumption, and feed
conversion rate of the animals are presented in
Table 1. There was no statistical difference
according to the results (p>0.05).

Table 1: Effect of TK on performance parameters of rabbits.

Control

Initial Body Weight
Final Body Weight

Body Weight Gain (0-21 days) 142.20£22.19

Feed Consumption (0-21 days) 24.89+0.88

Feed Conversion Rate (0-21 days) 3.9610.15

2105.00+52.29

2248.00+66.72

1% TC 5% TC P
2091.00+43.17 2066.00+55.88 0.861
2265.00+35.78 2218.00+69.17 0.852

174.50+21.39 151.70+35.18 0.691
26.67+1.17 25.4040.63 0.414
3.99+0.11 3.89+0.13 0.256

Discussion and Conclusion

Organisms try to detoxify these molecules, and
oxidative stress arises because of the imbalance
between the ability to detoxify these free radical
products produced as a result of free radical
production. Thus, it causes cellular damage. Free
radicals are generally known as reactive oxygen
species (ROS) and reactive nitrogen species (RNS),
which are reactive substances because they have
one or more separating electrons (Sepidarkish et al.,
2020). On the other hand, antioxidants are low or
high molecular weight substances that try to
prevent or repair cellular damage by destroying the
harmful properties of free radicals (Poprac et al.,
2017; Valko et al., 2007).

Free radicals are reported to be at low or
moderate concentrations within cells and play a
vital role in the cellular defense system by invading
pathogenic agents (Sepidarkish et al., 2020). The
most commonly used test to measure the effects of
hydroxyl radical damage in cells is the thiobarbituric
acid test for the presence of MDA. Furthermore,
measuring changes in reduced glutathione (GSH)
concentration, an endogenous antioxidant, has also
been reported to be more effective in determining
the severity of lipid peroxidation (West, 2000).

Melanoidins, known as powerful antioxidants,
are available in many heat-treated products,
especially beer, coffee, and tea. They exhibit
antioxidative action by eliminating ROS and RNS,
which cause oxidative damage (Cammerer et al.,
2012). Our study has determined the antioxidative
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effect of coffee given to rabbits. It is thought that
this effect may be caused by melanoidins in coffee.

An inverse relationship was reported between
coffee consumption and cirrhosis (Muriel and
Arauz, 2010). Liver damage was also reported to be
inversely proportional to coffee consumption in
Italy and Japan (Kono et al., 1994; Muriel and Arauz,
2010; Ruhl and Everhart, 2005). Lv et al. (2010)
evaluated the effect of caffeine against alcohol-
related liver diseases and determined MDA and GSH
values. They observed a decrease in MDA level and
an increase in GSH level in the caffeinated group in
relation to liver damage according to their study.
Vitaglione et al. (2010) reported the antioxidant
effect of melanoidins taken with coffee
consumption on the liver in their study. An increase
in GSH level was found in the group which was
given coffee compared to the control group, similar
to our study. Studies have shown that coffee
physiologically increases the antioxidant capacity in
liver damage. Studies on coffee and caffeine
similarly reported that antioxidant parameters
increased and oxidant parameters decreased (Amer
et al., 2017; Nogaim et al., 2020; Shaposhnikov et
al., 2018).

Stress is the main cause of cardiovascular
diseases. Ischemic heart disease and stroke,
especially associated with atherosclerosis, have
been the leading cause of morbidity or mortality
worldwide for decades. Oxidative stress has been
found to be associated with some risk factors for
atherosclerosis such as hypertension, diabetes
mellitus, hyperlipidemia, obesity, and smoking. In
addition, increased ROS formation in the arterial
wall through oxidase activation of nicotinamide
adenine dinucleotide phosphate (NADPH) via Type 1
angiotensin Il receptors causes increased oxidative
stress (Cheng et al., 2017). Some researchers have
reported that antioxidants in foods may inhibit the
atherosclerosis process (Torres et al., 2015). Our
study did not determine a statistical effect on the
aorta related to coffee consumption whereas
antioxidant GSH level in cardiac tissue increased
and oxidant MDA level decreased. However, studies
have reported that consumption of coffee prevents
cardiovascular diseases, which supports our study
(Kleemola et al., 2000; LaCroix et al., 1986; Wu et
al., 2009). Another study reported that oxidative
damage occurred by increasing the formation of
ROS due to increased iron load in the liver (Glivendi
et al., 2020). It is thought in such cases that coffee
may have an antioxidant effect.

The exact mechanism by which coffee
consumption reduces the risk of renal failure is not
fully known. However, there are reports that
various components of coffee (such as melanoidins,
caffeine) can protect glomerular endothelial cells

from oxidative stress (Wijarnpreecha et al., 2017).
We found in our study that the levels of MDA in the
kidney tissue decreased in the groups which were
given coffee, reducing the oxidant effect.

The mechanism of the antioxidative activity of
melanoidins is not fully understood. However, it is
believed to be based on the elimination of oxygen
radicals and chelation of metals to form inactive
complexes.  Antioxidant activity has been
demonstrated in both cell and animal experiments.
Studies have reported that digested coffee
melanoidins protect human hepatocytes, HepG2,
under oxidative stress. Coffee melanoidins in
humans have been reported to increase plasma
antioxidant capacity by up to 7% in a short time
after consumption and protect human lymphocytes
against ROS-induced DNA damage (Rufidn-Henares
and Pastoriza, 2016). Our study has determined an
increase in plasma antioxidant level but a decrease
in the oxidant level.

It is seen as a result that the antioxidant
capacity in blood plasma and tissues is increased
with an antioxidant such as caffeine and
melanoidins taken with coffee consumption. The
increase in antioxidant capacity with intensive
consumption shows that it is directly proportional
to the increase in coffee use when 1% TC and 5% TC
in our groups are compared.
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Abstract: This study aimed to evaluate the expression of PCNA, p53, MMP-9, Vimentin and S100 immunohistochemically
and determine the aggressiveness in diagnosis of bovine melanomas. The material of this study consisted of melanoma
biopsy samples taken from 10 cattle brought to our department. Tissue samples from cattle were fixed in 10% buffered
formalin solution. After routine procedures paraffin blocks were cut sections of 5 um thickness. For bleaching, some heavily
pigmented tumour sections were deparaffinized, hydrated, and incubated in 10% solution of hydrogen peroxide (H,0,) for
5 hours at 65°C until sections appeared clear and Hematoxylin & Eosin (H&E) staining was applied to the sections to detect
histopathological changes. Sections were examined and photographed under a light microscope. Avidin-Biotin Peroxidase
was used as the immunohistochemical method. We observed that the tumoral mass was solitary, firm, hairless, oval-round
shaped and quite large. We detected spindle and epithelioid type tumoral cells containing a lot of large brownish-black
granular melanin pigments in their cytoplasm. All melanoma cases were immune positive for $100, Vimentin, PCNA, p53
and MMP-9 expressions. In conclusion, we think that these immunohistochemical markers are quite convenient in
evaluating the prognosis and diagnosis of bovine melanomas.

Keywords: Bovine, immunohistochemistry, melanoma, prognosis.

Sigir melanomlarinda S100, Vimentin, PCNA, p53 ve MMP-9 ekspresyonlarinin
immunohistokimyasal olarak degerlendirilmesi

Ozet: Bu calismada, sigir melanomlarinin agresifligini ve tanisi icin PCNA, p53, MMP-9, Vimentin ve S100 ekspresyonlarinin
immiinohistokimyasal olarak degerlendirilmesi amaglanmistir. Bu ¢alismanin materyali bolimimize getirilen 10 sigirdan
alinan melanom biyopsi oOrneklerinden olusmustur. Sigirlardan alinan doku o&rnekleri, %10’luk tamponlu formalin
sollisyonunda tespit edildi. Rutin prosediirlerden sonra hazirlanan parafin bloklardan 5 um kalinhginda kesitler alindi.
Agartma igin bazi agir pigmentli timor kesitleri deparafinize edildi, hidratlandi ve % 10’luk hidrojen peroksit (H,0,) ¢6zeltisi
icinde 65°C'de 5 saat siireyle, kesitler berrak hale gelene kadar inkibe edildi ve kesitlere histopatolojik degisikliklerin tespit
edilmesi i¢in Hematoksilen & Eozin (H&E) boyamasi yapildi. Kesitler 151k mikroskobu altinda incelendi ve fotograflandi.
immiinohistokimyasal yéntem olarak Avidin-Biotin Peroksidaz yéntemi kullanildi. Timéral kitlenin soliter, sert, tiiysiiz, oval-
yuvarlak sekilli ve oldukga biyiik oldugunu goézlemledik. Sitoplazmalarinda ¢ok sayida biyik kahverengimsi siyah graniler
melanin pigmenti iceren igsi ve epiteloid tipi timadr hicrelerini tespit ettik. TUm melanom vakalari S100, Vimentin, PCNA,
p53 ve MMP-9 ekspresyonlari igin immin pozitifti. Sonug olarak, bu immiinohistokimyasal belirteglerin sigir melanomlarinin
prognozunda ve teshisinde oldukga kullanigl oldugunu disinmekteyiz.

Anahtar Kelimeler: inmunohistokimya, melanom, prognoz, sigir.

Introduction

A common consensus of the terminology in
denomination of melanocytic tumors in both

rarely observed in large animals such as cattle
(Bhadaniya et al., 2015; Vijayakumar et al., 2020).

human and veterinary medicine has not been
determined (Smith et al., 2002). Melanoma is the
term used for all malignant melanocytic tumors,
while melanocytoma refers to benign tumors
(Madheswaran et al., 2019). Melanocytic neoplasms
are common in dogs, gray horses and cats, they are

Melanocytomas, like in melanomas, is very rare in
cattle (Madheswaran et al.,, 2019). Melanomas
originate from neuroectodermal melanoblasts or
melanocytes, which would have migrated initially
through epidermal-dermal junctions of skin,
follicles, and then to dermis during embryonic
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development and constitute approximately 2% of
all bovine tumors (Vadalia et al.,, 2016; Beytut,
2018). Melanocytic tumors may form in red, gray or
black-skinned cattle under two years of age, or
some of these tumors may be congenital
(Javanbakht et al., 2014). There is no breed or
gender predisposition for melanomas. However, the
incidence of melanomas is high in Aberdeen Angus
(Garma-Avina et al., 1981). While tumors are mostly
localized in the jaw, maxilla, trunk, udder, prepuce,
lips, they are rarely detected in the interdigital
areas or eyes (Chandrashekaraiah et al., 2014;
Javanbakht et al.,, 2014). Regardless of whether
these tumors are caused by chemical carcinogens or
by ultraviolet rays, melanomas of all species exhibit
similar biological characteristics due to their
frequent recurrence and tendency to metastasize to
regional lymph nodes (Babi¢ et al, 2009).
Melanomas are classified according to the
dominant cell types as follows; epithelioid, spindle
cell melanomas, whorled or dendritic type (Brito et
al., 2009). Melanomas are mostly solitary and rarely
seen in multiple foci and frequently metastasize to
regional lymph nodes and organs such as lungs,
spleen and liver (Mesari¢ et al.,, 2002). Tumor
diagnosis is made by histological and cytological
evaluations and the presence of melanin pigment is
an important parameter for diagnosis (Beytut et al.,
2018; Madheswaran et al., 2019).

S100 protein is an effective marker for
diagnosing melanocytic tumors of humans and
animals, although its functions in melanogenesis are
not fully known (Ramos-Vara et al., 2011; Ramos-
Vara et al., 2014; Sabattini et al., 2018). Vimentin is
an intermediate filament that is expressed from
mesenchymal and neuroectodermal cells in normal
tissues. Tumor markers such as S100 together with
vimentin are used to provide the gold standard in
the diagnosis of malignant melanomas (Koenig et
al.,, 2001; Ogzyildiz et al.,, 2012). Proliferating cell
nuclear antigen (PCNA) is a 36 kD nuclear
polypeptide, expressed mainly in the S-phase in the
proliferating cell cycle, which is a key factor for
control of DNA duplication and cell division,
therefore there is a positive correlation between
PCNA expression and cell proliferation activity
(Roels et al.,, 1999; Qin et al.,, 2017). Matrix
metalloproteinases (MMPs) have been noted to
perform functions such as degradation of the
extracellular matrix (ECM), stimulating
neoangiogenesis, inhibiting macrophage activity
and migration, and activating the migration of
tumor cells, and their expression is increased in
many malignant tumors, including invasive skin
melanomas (Aksenenko and Ruksha, 2013; Schmid
et al., 2019). p53, which is a tumor suppressor gene,
is involved in inhibiting the G1 / S phase of the cell

proliferation cycle, and as a result of any mutation
or deficiency in this gene, the cell cycle is not
blocked and the mutations increase gradually, thus
accelerating the selection of neoplastic clones and
tumor development (Roels et al., 2000; Roels et al.,
2001).

In this study, it was aimed to evaluate the
expression of PCNA, MMP-9, p53, Vimentin and
S$100 immunohistochemically to determine the
aggressiveness and diagnosis of bovine melanomas.

Materials and Methods

Animals: The material of this study consisted
of melanoma biopsy samples taken from 10 cattle
brought to our department.

Ethical Approval: The ethics committee report
of this study was obtained from Kafkas University
Animal Experimentals Local Ethics Committee
(Authorization number: KAU-HADYEK-2020/163).

Histopathological Investigations: Tissue
samples from cattle were fixed in 10% buffered
formalin solution. After routine procedures paraffin
blocks were cut to sections of 5 um thickness. For
bleaching, some heavily pigmented tumor sections
were deparaffinized, hydrated, and incubated in
10% solution of hydrogen peroxide (H202) for 5
hours at 65°C until sections appeared clear and
Hematoxylin & Eosin (H&E) staining was applied to
the sections in order to detect histopathological
changes. Sections were examined and
photographed under a light microscope.

Immunohistochemical Investigations: Avidin-
Biotin  Peroxidase method was wused as
immunohistochemical staining. For
immunohistochemical staining, the sections of 4 um
in thickness taken to poly-L-lysine coated slides
were deparaffinized and rehydrated in graded
alcohols. In order to prevent endogenous
peroxidase activity, the sections were treated with
3% hydrogen peroxide solution in Phosphate
Buffered Saline (PBS) for 15 minutes. For antigen
retrieval, the sections were boiled in Citrat Buffer
Solution (pH 6) for 25 min in the microwave oven
(at 800 watt). To prevent nonspecific staining, the
sections were incubated for 10 min with non-
immune serum (Thermo Scientific Histostain-Plus
IHC Kit, HRP, broad spectrum, REF: TP-125-HL) at
room temperature. Diluted antibodies (Vimentin:
Thermo Fisher Scientific, SP-20, ready to use, S100:
Thermo Fisher Scientific, 4C4.9, ready to use, PCNA:
Santa Cruz, sc-56, Dilution Ratio: 1:100, MMP-9:
Santa Cruz, sc-393859, Dilution Ratio: 1:100, p53:
Novus Bio, SPM590, Dilution Ratio:1:200) were
incubated for overnight (+ 4 °C in the refrigerator).
The sections were washed 3 times in PBS solution
for 5 minutes, and the biotinylated secondary
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antibody (Thermo Scientific, Histostain-Plus IHC Kit,
HRP, broad spectrum, REF: TP-125-HL) was applied
to them at room temperature for 10 minutes. After
washing in PBS (3-5 min), all sections were
incubated with peroxidase-bound Streptavidin
(Thermo Scientific, Histostain-Plus IHC Kit, HRP,
broad spectrum, REF: TP-125-HL) for 10 minutes at
room temperature. A  solution of 3.3-
diaminobenzidine tetra  hydrochloride (DAB)
(Thermo Scientific, REF: TA-125-HD) was used as a
chromogen for 15 minutes. The sections were
treated with Mayer’s Hematoxylin for 30 seconds
and washed in running water for 5 min. The
sections incubated with AEC (Thermo Scientific,
REF: TA-060-SA) were covered with a special
transparent adhesive without passing through
alcohol and xylene. Primary antibodies were
omitted from the negative control sections and
were treated with diluted normal serum. The slides
prepared after the covering were examined under a
light microscope (Olympus Bx53) and photographed

via the Cell*P program (Olympus Soft Imaging
Solutions GmbH, 3,4). Analyzes of the images were
done with Image J Program. Immunopositivity was
evaluated using a semiquantitative grading scheme
based on the number of cells exhibiting specific
labeling for the Vimentin, S100, PCNA, MMP and
p53 markers in 3 representative fields (40x
objective): (+) mild labeling of 1%—10% of cells; (++)
moderate labeling of 11%-59% of cells; and (+++)
severe labeling of >60% of cells (Beytut et al.,
2018).

Results

Macroscopical Results: We observed that the
tumoral mass was solitary, firm, hairless, oval-round
shaped and quite large. We found that the cross-
sectional surfaces of melanomas are dark black in
patches of brown. Besides, we detected the
presence of hemorrhagic and ulcerated areas in
places. (Figure 1 a-b).

Figure 1. a: Macroscopic view of the tumoral mass, b: Severe dark black appearance on the cross-sectional face of the mass

Microscopical Results: In histopathological
examinations, the presence of spindle and
epithelioid shaped tumoral cells containing a lot of
large brownish-black granular melanin pigments in
their cytoplasm is spotted. Melanoma cells were
arranged in layers in a band-like pattern especially

in the dermis. The nuclei of some tumoral cells were
masked because of the excess pigment
accumulated. We have demonstrated the existence
of a few mitotic figures. Another important finding
was that mononuclear cellular infiltrations were
detected around some vessels (Figure 2 a-b).

Figure 2. a: Tumor cells containing brownish to black melanin granules in their cytoplasm, unbleached, H&E, Bar=100 pum, b: Spindle

and epithelioid cell type melanoma, bleached, H&E, Bar=100 pum.
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Immunohistochemical Results: Information on
the severity of S100, Vimentin, PCNA, p53 and
MMP-9 expressions of all cases is given in Table 1.
All melanoma cases were immune positive for S100,
Vimentin, PCNA, MMP-9 and p53 expressions.
Diffuse S100 immunoreactivity was detected
especially in both the cytoplasm and nucleus of the
epithelial type tumoral cells while varying degrees
of vimentin immunoreactivity was detected in the
cytoplasm of the spindle type tumoral cells. The
expression of vimentin was moderate while the

expression of S100 was quite intense. We detected
a dark red PCNA positive reaction in the nuclei of
epithelial type neoplastic cells. We also observed
mild MMP-9 positive reactions mostly in the
cytoplasm of epithelial type neoplastic cells. In
addition to cytoplasmic reactions, we also detected
MMP-9 immunoreactivity in the nuclei of tumoral
cells. We detected diffuse p53 expressions in the
cytoplasm and nuclei of neoplastic epithelial and
spindle type melanoma cells. (Figure 3 a-e).

Figure 3. a: Strong S100 immunoreactivity in the cytoplasm and nucleus of the tumoral cells, IHC, Bar=50 um, b: Moderate
vimentin expressions in the cytoplasm of the tumoral cells, IHC, Bar=50 um, c¢: Moderate PCNA positive reactions in the
nuclei of tumor cells, IHC, Bar=50 um, d: Moderate MMP-9 expressions in the cytoplasm and nucleus of the tumoral cells,
IHC, Bar=50 um, e: Diffuse p53 expressions in the cytoplasm and nucleus of the tumoral cells, IHC, Bar=50 pum.
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Table 1. Information on the severity of S100, Vimentin, PCNA, p53 and MMP-9 expressions and

metastasis status of all cases

Case No $100 Vimentin PCNA p53 MMP-9  Metastasis
Casel +++ ++ +++ +++ + -
Case 2 +++ ++ +++ +++ + -
Case 3 +++ +++ +++ +++ + -
Case 4 +++ ++ +++ +++ + -
Case 5 +++ ++ ++ +++ + -
Case 6 +++ ++ ++ +++ + -
Case 7 +++ ++ +++ +++ + -
Case 8 +++ + +++ +++ + -
Case 9 +++ ++ ++ +++ + -

Case 10 +++ +++ +++ +++ + -
Discussion and Conclusion could be wuseful in the diagnosis of bovine

Diagnosis of melanomas is made based on of
their typical macroscopic and microscopic features
(Brito et al., 2009). In this study, we observed that
the tumoral mass was solitary, firm, hairless, oval-
round shaped and quite large following the
literature data (Babic¢ et al., 2009; Bhadaniya et al.,
2015; Vijayakumar et al., 2020). We found that the
cross-sectional faces of melanomas are dark black
in patches of brown as reported by Madheswaran
et al., 2019. Besides, we detected the presence of
hemorrhagic and ulcerated areas in places similar to
the literature (Sharma et al., 2010;
Chandrashekaraiah et al.,, 2014; Vadalia et al.,
2016). Parallel to previous studies, in the
histopathological examination of the melanomas,
we detected spindle and epithelioid shaped tumoral
cells containing a lot of large brownish-black
granular melanin pigments in their cytoplasm
(Beytut et al., 2018; Hemanth et al., 2014;
Javanbakht et al., 2014; Pazhanivel et al., 2003). We
also observed perivascular mononuclear cell
infiltrations and mitotic figures as previously
reported (Miller et al., 1995; Naveen et al., 2013;
Sivadas et al., 1971).

We made Vimentin and S100 staining to
achieve the diagnostic standard in bovine
melanoma cases where we diagnosed melanoma
according to their typical macroscopic and
microscopic features. In this study, all melanoma
cases were immune positive for S100 and Vimentin,
similar to literature (Beytut et al., 2018; Javanbakht
et al., 2014; Miller et al., 1995). We observed S100
expressions both in the nucleus and cytoplasm of
neoplastic cells, similar to that reported by
Javanbakht et al.,, 2014. According to literature
(Beytut et al., 2018; Miller et al., 1995), we also
detected positive immunoreactivity of the tumoral
cells to vimentin. The fact that all cases were
positive for S100 and Vimentin expressions made us
think that these markers, although not very specific,

melanomas (Beytut et al., 2018; Javanbakht et al.,
2014).

Important parameters for the prognosis of the
tumor in animals are the degree of pigmentation,
PCNA expressions intensity, presence of necrosis,
ulceration, inflammation, and p53 expression
(Smith et al., 2002). To our knowledge, we could not
find any studies in which PCNA, MMP-9 and p53
expressions were investigated
immunohistochemically in bovine melanoma cases.
Consistent with our results, PCNA immunoreactivity
was reported in the nuclei of melanocytic tumoral
cells in different types of animals such as horses,
mice, cats and dogs (Qin et al., 2017; Roels et al.,
1999; Roels et al., 2000). P53 mutations have been
reported in approximately 20-40% of human
melanoma cases (Smith et al., 2002). In veterinary
medicine, Roels et al., 2000 detected strong diffuse
p53 expression in six equine melanocytic tumors.
They also noted that the severity of their expression
was more severe in metastatic cases. In a different
study, Roels et al., 2001 observed that in one feline
case of malignant melanoma, p53 accumulation
together with apoptosis was seen in three
metastases. They reported that p53 index and
apoptosis index are not directly correlated to
survival. According to the literature (Roels et al.,
2000; Roels et al., 2001) we also detected diffuse
p53 expressions in the cytoplasm and nuclei of
melanoma cells. In our study, PCNA and p53
expressions were quite severe, we concluded that
bovine melanomas exhibited a rather aggressive
character in line with these data. Melanomas
frequently metastasize to regional lymph nodes and
distant organs such as lungs, spleen and liver
(Mesari¢ et al., 2002). Melanoma progression and
metastasis consist of a multi-step process initiated
by genetic changes, leading to modulation of cell-
cell interactions, whereby tumoral cells can
separate from the primary lesion, pass through the
ECM and enter the microvasculature and spread
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through the bloodstream (Schmid et al.,, 2019).
Aksenenko and Ruksha 2013 suggested that MMP-9
is involved not only in the regulation of ECM, but
also in the processes of cell proliferation and
neoangiogenesis in skin melanoma. Schmid et al.,
2019 reported that canine oral primary melanoma
cells showed weak MMP-9 expression. In this study,
we also observed mild MMP-9 positive reactions in
the cytoplasm and nuclei of neoplastic cells as
reported by Schmid et al., 2015. Also, no metastasis
was observed in all cases in our study, and we
found that mmp-9 expressions were quite weak in
all cases. According to the data obtained from our
study, we thought that MMP-9 might be effective in
the metastasis capacity of melanomas. MMP-9
inhibitors can be used in the treatment of
melanomas.

In conclusion, we could not find any literature
study evaluating PCNA, p53 and MMP-9 expressions
in bovine melanoma cases using
immunohistochemical methods. In this respect, we
hope that results obtained in our study will
contribute to the literature. Besides, we think that
these three markers are quite useful in evaluating
the aggressiveness of bovine melanomas.
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Alfa-proteobacteria Grubuna Ait Bazi Bakteri Cinslerinden izole edilen

antijenlerin Brusellozisin Serolojik Tanisinda Potansiyel Uygulanabilirliginin
Arastirilmasi
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Ozet: Brusellozis insanlarda ve hayvanlarda énemli enfeksiyonlara neden olan, halk saghgini tehdit eden ve hayvancilik
enddstrisine ciddi ekonomik kayiplara neden olan zoonoz bir enfeksiyondur. Bu ¢alismada, Brucella suslari ile filogenetik
yakinhgi bulunan alfa—Proteobacteria sinifina ait Ochrobactrum anthropi, O. intermedium ve Rhizobium tropici tirlerinden
hazirlanan antijenlerin brusellosizin serolojik tanisinda Brucella antijeni yerine kullanilip kullanilamayacaginin ortaya
konulmasi amaglandi. Calismada, test serumlarina pozitif ve negatif kontroller ile birlikte indirekt ELISA uygulandi. Sonug
olarak, sigir ve insan brusellozisi agisindan test edilen antijenlerin higbiri glivenilir diizeyde sensitivite ve spesifisite
gostermedi. Calismada, sadece R-LPS tasiyan O. intermedium antijeni ile ve sadece koyun ve kopeklerde kismen kabul
edilebilir sinirlarda bir tanisal performans alindi. Sonug olarak, proteobakterilerin a-2 alt grubunda yer alan
mikroorganizmalarin brusellozisin indirekt teshisinde bazi ¢apraz reaksiyonlara neden olabilecegi ve bu durumun yanhs
pozitiflik yaratabilecegi saptandi. Ote yandan bu grup bakterilerden hazirlanan daha saf antijenlerin, B. canis ve B. ovis
infeksiyonlarinda kullanilma potansiyeli bulunabilecegi ve bu yonde yapilacak galismalara ihtiyag oldugu kanisina varildi.
Anahtar Kelimeler: Alfa-Proteobacteria, Brucella, Seroloji.

Evaluation of Potential Usage of Antigens Prepared from Some Bacterial Genera of Alpha-
Proteobacteria in Serologic Diagnosis of Brucellosis

Abstract: Brusellosis is an important zoonosis that cause serious infections in man and animals. This infection constitutes a
risk for public health and big economical losses in animal industry. Serological tests have been intensively used for serologic
diagnosis of brucellosis because these tests are quicker and more practical than culturing of the causative organisms.
Antigens used in serological tests are prepared from virulent Brucella strains. In this regard, to use antigens prepared from
bacterial strains that are not virulent for human and genetically close to Brucella spp. in the serological dagnosis of the
disease will be a desired approach. These organisms have much lower virulence than Brucella and generally they are
considered as saphrophytic bacteria and some of them are oppurtunistic pathogen like O. anthropi. In this study, we
planned to search the possibility of usage of antigens prepared from three bacterial species of alpha-Proteobacteria
(Ochrobactrum anthropi, O intermedium, Rhizobium tropici) which are filogenetically close to Brucella. As conclusion, none
of the antigens yielded acceptable sensitivity and specificity for cattle and human brucellosis. Only sheep and dogs sera
against O. intermedium, which is a rough species and carry R-LPS instead of S-LPS, showed diagnostic performance in
acceptable ranges. When considering all the results of the study, it was thought that some members of alpha
Proteobacteria might cause cross reaction in the serologic diagnosis of brucellosis and cause false positive reactions and this
should be remembered when evaluating the serologic diagnosis of brucellosis. On the other hand, pure antigens from O.
intermedium might have the potential to be used in B. ovis and B. canis infections and it was thought that the future works
in this field might be needed.

Keywords: Alpha-Proteobacteria, Brucella, Serology.

Giris

Filogenetik agidan Brucella tirleri, Rhizobiaceae
grubunun Ochrobactrum ve Rhizobium genuslarinin
da icinde yer aldig1 Proteobacteria sinifinin a-2 alt
grubunda yer almaktadir. Brucella tirleri arasindaki
DNA-DNA  hibridizasyon ¢alismalariyla  tirler

arasinda %90'dan fazla DNA homolojisinin oldugu
saptanmistir (Vizcaino ve ark., 2000). DNA-DNA
hibridizasyon calismalarinda Ochrobactrum
genusunun O. anthropi ve O. intermedium olarak iki
tire aynldigi bildirilmistir. 0. intermedium’un
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Brucella genusuna, O. anthropi’den daha fazla
genetik ve antijenik  benzerlik  gosterdigi
belirtilmistir (Velasco ve ark., 1997; Velasco ve ark.,
1998). Bu benzerlik, bazi arastiricilari biyoglivenlik
saglama agisindan, Brucella infeksiyonlarinin
teshisinde kullanilan antijenlerin yerine bu benzer
Proteobacteria cinslerindeki bakterilerden elde
edilen antijenlerin kullanilma olasihg ile ilgili
calismalara yoneltmistir. Zira 6nemli bir zoonoz olan
brusellozisin tanisinda kiltlir yontemi, zaman alicl
ve laboratuvar personeli igin infeksiyon riski
tasimaktadir. Ancak serolojik testler icin hazirlanan
antijenler virulent Brucella suslarindan
hazirlanmakta ve bu suslar ile calisan laboratuvar
personeli icin bir risk olusturmaktadir. Delpino ve
ark. (2004), O. anthropi, Agrobacterium tumefaciens
ve Sinorhizobium meliloti kokenli sitosolik ve
membran antijenleri ile bruselozisli insan, sigir,
kopek ve koyun serumlarinin ELISA reaktivitesini
degerlendirmisler ve B. canis ile infekte kopeklerde
Agrobacterium, Sinorhizobium ve Ochrobactrum igin
sirasi ile %58, %88 ve %84 sensitivite elde ettiklerini
aciklamiglardir. Arastiricilar saglikli insan, sigir ve
koyun serumlarinin bu antijenlere yiiksek reaksiyon
gostermesi nedeniyle, O. anthropi, A. tumefaciens
ve S. meliloti orijinli sitosolik ve membran protein
antijenlerinin Brucella turlerinin nneden oldugu
enfeksiyonlarin indirekt teshisinde insan, sigir ve
koyunlarda tanisal bir fayda saglamadigini
bildirmislerdir. Da Costa (1996) ve Cloeckart ve ark.
(1999), yaptiklari ¢alismada Brucella dis membran
lipoproteinleri Omp 10, Omp 16 ve Omp19’a yonelik
spesifik monoklonal antikorlarin ¢ogunun ELISA’da
0. anthropi (LMG 3331), O. intermedium (LMG
3301) ve Phyllobacterium rubiacearum ile kuvvetli
capraz reaksiyon verdiklerini, bu yanitin Rhizobium
ve Agrobacterium igin daha zayif oldugunu
bildirmiglerdir. Ancak monoklonal antikorlarin
higbiri  S-LPS ile ¢apraz reaksiyon veren
Yersiniaenterocolitica, Escherichia coli 0:157 veya
Salmonella  Urbana gibi bakterilerle ¢apraz
reaksiyon vermemistir.

Aras ve Ucan (2008), R. tropici ile pleyt test
antijeni hazirlamiglar ve Brucella ile infeksiyon olma
siphesi olan sirlilerden 100 koyun ve sigir
serumunu hazirladiklari antijen ve B. abortus S99
susundan hazirlanmis Rose-Bengal pleyt test (RBPT)
antijeni ile agliitinasyon yéninden test etmislerdir.
Brucella serum tip agliitinasyon (SAT) antijeni ile
yapilan aglitinasyon testini gold standart olarak
kabul ettiklerinde, R. tropici antijeninin koyunlarda
sensitivite ve spesifisitesini sirasi ile %80,1 ve %59,5;
sigirlarda %81,1 ve %22,6 olarak bulmuslardir. Bu
bulgularin 1siginda R. tropici tim hicre antijeni ile
yapilan agliitinasyon testinin sigir ve koyunlarda
brusellozisin serolojik tanisinda kullaniimayacagini,
ancak bu hayvanlarin R. tropici'ye karsi antikor

gelistirdiklerinden yanlis pozitiflik yoniinden goz
onlinde bulundurulmalari gerektigini bildirmislerdir.

Son vyillarda O. anthropi’nin neden oldugu
nozokomiyal enfeksiyonlarda artis oldugu
bildirilmektedir. Enfeksiyonlar her ne kadar
immunsupresif hastalarda (organ transplanti, AIDS
ve kanser hastalari gibi risk gruplari) daha sik
gorilse de immin sistemi baskilanmamis kisilerde
de bu mikroorganizmanin etken oldugu farkli klinik
tablolar ortaya cikabilmektedir (Holmes ve ark.
1998; Xu ve ark. 2003; Vila ve ark., 2016).

Bu calismada, Brucella genusunun en yakin
akrabasi olan alfa-Proteobacteria  grubundaki
Rhizobium ve Ochrobactrum genuslarinda bulunan
bakterilerden elde edilen antijenlerin; insan, sigir,
koyun ve kopek brusellozisinin indirekt teshisinde
kullanihp kullanilamayacaginin belirlenmesidir.

Materyal ve Metot

Bu calismanin etik kurul raporu, Dolvet Hayvan
Deneyleri Yerel Etik Kurulu'ndan (Yetki numarasi:
2016/7) alinmustir.

Bakteriyel Suglar: Calismada  kullanilan
Ochrobactrum anthropi (LMG 3331: ATCC muadili
49188’dir) ve Ochrobactrum intermedium (LMG
3301) standart suslari ve B. abortus S99 susundan
elde edilmis smooth lipopolisakkarit (S-LPS) antijeni
Animal Plant Health Agency (APHA) (Hayvan Bitki
Saghgl Ajansi), Weybridge, Ingiltere’den temin
edilmistir. Rhizobium tropici standart susu ise Selguk
Universitesi Prof. Dr. Uckun Sait UCAN tarafindan
temin edilmistir. B. abortus S99 standart antijen
susu Harran Universitesi Veteriner Fakiiltesi
Mikrobiyoloji Anabilim Dal kaltlir koleksiyonunda
bulunmaktadir.

Serum Ornekleri: Harran Universitesi Veteriner
Fakiltesi ~ Mikrobiyoloji ~ Laboratuvari  Serum
Bankasi'nda bulunan, daha o&nceki ¢alismalarda
kullanilmis  ve brusellozis yoniinden dogrulugu
kiltar ile dogrulanmis 30 sigir, 24 koyun, 22 kdpek
ve 20 insan serumu, ¢alismada Brucella antijeni ile
birlikte diger test antijenlerinin ELISA ile
degerlendiriimesinde, pozitif kontroller olarak
kullanildi. Ayni sekilde brusellozis yoniinden negatif
anamnezi olan ve klasik serolojik yontemlerle
negatif bulunan 17 sigir, 23 koyun, 25 kdpek ve 27
insan serumu ¢alismada, her bir test antijeni igin
esik degerinin belirlenmesinde kullanildi.

Antijen Uretimi: Antijen olarak tim test
suslarindan ham LPS izolasyonu gergeklestirildi. Bu
amagla, Yi ve Hackett (2000) tarafindan bildirilmis
olan tri-reagent yontemi, modifiye edilerek
kullanildi. Kisaca, test suslari serum dekstroz agar
(SDA)' da uretildikten sonra, tireyen koloniler PBS ile
toplanarak su banyosunda 80°C'de 90 dakika
bekletilerek inaktive edildi. Bakteri siispansiyonu, +4
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°C'de 3.500 rpm’de santriflij edilerek, Ustteki
besiyeri uzaklastirildi ve alttaki bakteri pelleti
toplandi. Toplanan her bir gram bakteri pelleti icin 2
ml tri-reagent kullanildi. Karisim oda isisinda 10-15
dakika tam bir homojenizasyon icin bekletildi. Bu
sirenin sonunda, faz seperasyonu yaratmak igin her
bir gram bakteri pelleti icin karisima 200 pl
kloroform eklendi. Slspansiyon vortekste hizlica
karistirilarak 10 dakika daha inkibe edildi ve daha
sonra 12.000 g’de 10 dakika stre ile santrifiij edildi.
Boylece su ve organik fazlar ayrildi. Su fazi yeni bir
ependorf tlpe transfer edildi. Organik fazin Ustiine
100 pl distile su eklendi ve karisim tekrar 12.000
g’de 10 dakika daha santriflij edildi. Su fazi bir
onceki su fazi ile kombine edildi ve elde edilen bu
tri-reagent ile ekstrakte edilen LPS c¢ozeltisi, -20
°C’'de muhafaza edilen %95’lik etanol iginde
hazirlanan 0.375 M magnezyum klorid ile karistirildi.
Bu karisim 12.000 g’'de 15 dakika santriftj edildi.
Olusan pellet 200 pl distile su iginde siispanse edildi.
Daha sonra kigik miktarlarda steril PCR tiliplerine
taksim edilerek -20 2C’de daha sonra ELISA solid faz
antijeni olarak kullaniimak lizere saklandi.

indirekt ELISA (i-ELISA): Calismada kullanilacak
her bir ELISA antijeni igin, kullanilacak antijen ve
konjugatin optimum dilisyonlari belirlendi. Bunun
icin karsilikh titrasyonlar (checkerboard) vyapildi.
ELISA solid faz antijeni 0.1 pg/kuyucuk olacak
sekilde 0.05 M sodyum karbonat (pH 9.6) antijen
kaplama tampon soliisyonu iginde sulandirildi ve 96
gozIli diiz tabanh maxisorp polistiren pleytlere

(NUNC, 692620) blank (kér) kuyucukar hari¢ diger
tiim kuyucuklarina 100 pl konuldu. Daha sonra
antijenle kaplanan pleytler +4 °C'de 18-24 saat
inkiibe edildi. Ardindan pleytler % 3’lik yagsiz sit
tozu iceren PBS sollsyonu ile 2 saat bloklandilar.
Yikama asamasinda pleytler %0.05 Tween 20 iceren
PBS (PBS/T) sollsyonu ile 4 kez yikandi. Primer
antikor baglanmasi asamasinda, her hayvan tiru
icin  kullanilacak pozitif ve negatif kontrol
serumlarinin her birinden ikiser kez olmak lzere %1
yagsiz sut tozu iceren PBS/T sollisyonu iginde 1:50
oraninda  hazirlanmis  olan  dilisyonlarindan
pleytlerin her bir kuyucuguna 100 pl konuldu.
Pleytler oda isisinda 1 saat inkiibe edildi. Pleytler
tekrar 4 kez ayni yikama sollisyonu ile yikandiktan
sonra, horseradishperoxidase (HRPO) ile
isaretlenmis A/G recombinant proteini belirlenen
dilisyonda tim kuyucuklara 100 ul ilave edildi.
inkiibasyonu ve yikama asamalarini takiben Gzerine
100 pl substrat (0.1 M sitrat tamponu icinde 2 pg
ortho-phenylenediamine ve %0.03 H:02) eklendi.
Pleytler oda isisinda 10 ila 15 dakika bekletildikten
sonra reaksiyonu durdurmak icin her kuyucuga 100
pl 4 N H2SO4 ilave edilerek, ELISA okuyucuda
(VERSAmax 3.13/B2573), 490 nm’de okundu. Her
bir ELISA modeli icin esik degeri negatif kontrollerin
OD degerlerinin ortalamasi arti 2 standard sapma
olarak belirlendi.

Sensitivite ve Spesifisite Saptanmasi: Her bir
antijenin her bir konakgl tirl icin sensitivite ve
spesifisitesi asagidaki formdil ile hesaplandi.

Sensitivite = Brusella pozitif serumlar/ Brusella pozitif serumlar+Yanlis negatifler

Spesifisite = Brusella negatif serumlar/Brusella negatif serumlar+Yanls pozitifler

Bulgular

O. anthropi, O. intermedium, R. tropici ve B.
abortus S99 suslarindan elde edilen ham
lipopolisakkarit (LPS)’e karsi koyun, inek, insan ve
kopeklerin Brucella (+) ve Brucella (-) serumlari ile
yapilan i-ELISA’da elde edilen OD degerlerinin
aritmetik ortalamasi Tablo 1’de sunulmustur. Alinan
sonuglar  genel olarak  degerlendirildiginde,
antijenlere karsi ortaya cikan serolojik reaksiyon,
homolog bakteri antijeni ile karsilastirildiginda
heterolog bakteri antijenleri icin disik bulundu.
Ancak Brucella disindaki diger bakteriler kendi
aralarinda karsilastirildiginda, en kuvvetli serolojik
reaksiyonu insanlardaki sonuglar harig, O.
intermedium  gosterdi.  Brusellozisin  serolojik
teshisinde, testin tanisal performansi pozitif ve
negatif serumlar arasindaki OD farkina bagh
oldugundan, yine O. intermedium koyunlarda ve
kopeklerde bu farkin digerlerine gore en fazla
oldugu bakteri olarak belirlendi.

Her bir ELISA icin esik degeri saghkh
insan/hayvanlardan elde edilen OD degerleri
kullanilarak  hesaplandi.  Her bir tiur igin
degerlendirildiginde, test antijenlerinin koyun,
insan, sigir ve kdpek brusellozisinin tanisinda vermis
oldugu sensitivite ve spesifisite degerleri sirasi ile
Tablo 2, Tablo 3, Tablo 4 ve Tablo 5’de sunuldu.

Tartisma ve Sonug

Brucella tirleriyle bazi alfa-Proteobacteria
Uyeleri arasinda yakin genetik ve antijenik yakinhk
oldugu, bu yakinligin c¢esitli serolojik testlerde
capraz reaksiyonlar olarak da ortaya konuldugu
bircok kaynakta bildirilmektedir (Aras ve Ugan,
2008; Delpino ve ark., 2004; Ducrotoy ve ark., 2018;
Velasco ve ark., 1997; Velasco ve ark., 1998). Cogu
Brucella tirinin yiksek patojenik potansiyeline
karsilik, cogu alfa-Proteobacteria saglikh bireyler icin
ya patojenik degildir ya da c¢ok sinirli bir patojenite
gostermektedir. Ozellikle O. anthropi ile immun
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yetmezligi olan bazi hastalarda infeksiyonlar olusturmadig bildirilmektedir (Xu ve ark., 2003).
bildirilse de saghkli bireyler igin bir risk

Tablo 1. Test edilen antijenlerin canl tirlerindeki i-ELISA’ya ait OD degerleri

KOYUN KOYUN iNEK iNEK iNSAN  iNSAN KOPEK KOPEK
BLANK BLANK
(+) () +) ) (+) () (+) )
A 0,5383 0,1969 0,4267 0,7821 0,5700 0,5743 0,5291 0,4380 0,0418 0,0436
i 1,0019 0,3864 0,7517 0,5288 0,2997 0,2245 0,6728 0,2636 0,0422 0,0525
T 0,5809 0,1977 0,2512 0,6785 0,3455 0,2553 0,3432 0,4229 0,0420 0,0403
B 2,4027 0.5221 2,1950 0,4637 2,1607 0,3313 1,0663 0,3981 0,0410 0,0422
(+): Pozitif serum  (-): Negatif serum  A: O. anthropi i: 0. intermedium  T:R. tropici  B: B. abortus

Tablo 2. Koyun brusellozisinin tanisinda bazi alpha-Proteobacteria ham LPS antijenlerinin kullanildigi ELISA modellerinin tanisal performansi

Koyun Koyun Esik degeri Sensitivite Spesifisite
(+) (-) (cut off) (%) (%)
A 0,5383 0,1969 0.386 42 92
i 1,0019 0,386 0.546 71 84
T 0,5809 0,1977 0.369 40 100
B 2,4027 0.5221 0,682 92 92
(+): Pozitif serum  (-): Negatif serum  A:O.anthropi  i: O.intermedium  T:R. tropici  B: B.abortus

Tablo 3. insan brusellozisinin tanisinda bazi alpha-Proteobacteria ham LPS antijenlerinin kullanildigi ELISA modellerinin tanisal performansi

insan insan Esik degeri Sensitivite Spesifisite
(+) (-) (cut off) (%) (%)
A 0,5700 0,5743 0.687 0 100
i 0,2997 0,2245 0.365 0 100
T 0,3455 0,2553 0.398 0 100
B 2,1607 0,3313 0.513 100 93
(+): Pozitif serum  (-): Negatif serum  A: O.anthropi iz O.intermedium  T: . tropici B: B.abortus

Tablo 4. Sigir brusellozisinin tanisinda bazi alpha-Proteobacteria ham LPS antijenlerinin kullanildigi ELISA modellerinin tanisal performansi

inek inek Esik degeri Sensitivite Spesifisite
(+ (-) (cut off) (%) (%)
A 0,4267 0,7821 0.945 0 100
i 0,7517 0,5288 0.648 0 100
T 0,2512 0,6785 0.823 0 100
B 2,1950 0,4637 0.578 100 100
(+): Pozitif serum  (-): Negatifserum  A:O.anthropi  i: O. intermedium  T:R. tropici  B: B.abortus

Tablo 5. Kdpek brusellozisinin tanisinda bazi alpha-Proteobacteria ham LPS antijenlerinin kullanildigi ELISA modellerinin tanisal performansi

Kopek Képek Esik degeri Sensitivite Spesifisite
(+) () (cut off) (%) (%)
A 0,5291 0,4380 0.521 7.3 100
i 0,6728 0,2636 0.332 69 78
T 0,3432 0,4229 0.512 0 100
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B 1,0663 0,3981

0.497 76 85

(+): Pozitif serum  (-): Negatif serum  A: O. anthropi i: 0. intermedium

Ortak antijenik determinatlardan kaynaklanan
capraz reaksiyonlar, bazi 6nemli bakteriyel
enfeksiyonlarin indirekt teshisinde énemli sorunlara
neden olmaktadir. Ancak capraz reaksiyon veren
turlerden biri patojenik degilse, bu c¢apraz
reaksiyonun patojen olanin olusturdugu
infeksiyonun saptanmasi noktasinda tanisal bir
yarari olabilir. Bu hipotezden hareketle bu
calismada, Brucella tiirleriyle infekte olmus insan ve
hayvanlardan alinan, dogrulanmis pozitif serumlar
ve saglkli birey ve hayvanlardan alinan negatif
kontrol serumlari, O. antropi, O. ntermedium, R.
tropici ve B. abortus S99 suslarindan elde edilen
ham LPS antijenlerine karsi in house indirekt ELISA
ile test edildi. Calisma rough ve smooth suslardan
hazirlanan antijenler ile vyapildigindan, sadece
smooth Brucella suslari ile degil, rough suslar olan B.
ovis ve B. canis enfeksiyonlarinin teshisinde
kullanilma kapasiteleri de arastirildi. Ayrica testlerin
validasyonunda sadece sigir ve koyun degil, képek
ve insanlardan alinan serumlar da kullanildigindan,
hastaligin serolojik tanisinda alfa-Proteobacteria
grubundaki 3 ayri bakterinin kullanilmasi ¢ok genis
kapsamli olarak degerlendirildi.

Calisma sonuglari genel olarak
degerlendirildiginde, Brucella-infekte serumlar ile
test edilen alfa 2 Proteobacteria uyeleri disik
reaktivite gosterdi. Oysa, Velasco ve ark. (1997), B.
melitensis ve 0. anthropi kokenli sitosolik
proteinlerin ve membran antijenlerinin ¢ok genis
capl ¢apraz reaksiyon verdiklerini bildirmislerdir.
Bunun yaninda, az oranda gapraz reaksiyonun dis
membran proteinleri (OMPs) ve LPS (sadece kor ve
lipid A bolgesi) seviyesinde de ortaya ¢iktigini
belirtmislerdir.  Bunun  nedeni  c¢alismamizda
kullandigimiz antijenin ham olmasina ragmen, yani
bir miktar OMPs tasimasina ragmen biyik oranda
LPS tabakasi olmasidir. Calismada protein yerine LPS
antijeninin segilmesinin nedeni, smooth Brucella
tirlerine maruz kaldiktan sonra gelisen serolojik
yanitin bilylk bir oranda S-LPS tabakasina karsi
olmasidir. Ayrica S-LPS’ye karsi olusan antikorlar
bugiin icin kullanilan standard serolojik testlerin
temelini olustururlar (Aras ve Ugan, 2008).
Calismada ham LPS antijenlerine karsi ortaya ¢ikan
en yiksek serolojik reaksiyon, tahmin edilebilecegi
gibi B. abortus S99 ham LPS antijenine karsi
saptandi. Bunu ¢ok daha dusiik yogunlukta olmak
Uzere O. ntermedium, O. anthropi ve R. ropici
antijenleri izledi. En vyuksek reaksiyonun O.
intermedium olmasi bu tdrin rough LPS tasiyor
olmasi ile agiklanabilir. Cinkl R-LPS’de, S-LPS’den
farkli olarak O-polisakkarit ya indirgenmis ya da
tamamen yikimlanmis olabilir. Dolayisiyla R-LPS’de

T: R. tropici  B: B.abortus

daha genis bir kor polisakkariti mevcuttur (Ducrotoy
ve ark., 2018). Ayrica DNA hibridizasyon c¢alismalari
0. intermedium’un  Brucella  genusuna O.
anthropi’den daha vyakin oldugunu gostermistir
(Holmes ve ark., 1998). Velasco ve ark. (1998) tim
hicre ekstraktlarini kullanarak yaptiklari western
blot analizinde, O. anthropi LMG3301’in (O.
intermedium’un sinonimi) Brucella antijenlerine O.
anthropi LMG 3331’den daha yakin oldugunu ve
ayrica yaptiklari konvensiyonel fenotipik
karakterizasyon c¢alismalarinda da, bu yakinhg
saptadiklarini bildirmiglerdir. O. intermedium’un
calismamizda daha yiliksek reaktivite gostermesi,
arastiricilarin bu bulgulari ile uyum gostermektedir.
Ayrica, O. intermedium’un tir olarak koyun ve
kopeklerde daha yilksek reaktivite vermesi, pozitif
ve negatif kontrol serumlari arasinda bir fark
olusturmasinin nedeni koyun ve kdpeklerin rough
tirler olan B. ovis ve B. canis’in dogal konakgilari
olmasina buyik oranda bagli olabilir. Calismamizda
koyun brusellozisinin tanisinda O. intermedium ham
LPS antijeninin  kullanildigi  ELISA  modelinin
sensitivitesi %71, spesifisite ise %84 olarak bulundu.
R. tropici ELISA modelinde ise sensitivite %40,
spesifisite %100 olarak tespit edildi. Kopek
brusellozisiyle ilgili olarak O. intermedium igin
sensitivite %69, spesifisite %78 olarak belirlendi.
Ucan ve Aras (2008), koyunlarda R. tropici ile
hazirlanan lam agliitinasyon testinde sensitiviteyi
%80,1 ve spesifisiteyi %59,5 olarak bulmustur.
Sonuglarin farkh ¢ikmasinin nedeni, kullanilan testin
ve kontrol serumlarinin farkh olmasiyla ilgili olabilir.
Zira ¢alismada antijen olarak tim bakteri degil onun
bazi dis membran proteinlerini de igceren ham LPS
tabakasi ELISA ile test edildi. Ayrica kullanilan
serumlar pozitif ve negatifligi 6nceden teyit edilmis
serumlardi. Bitlin bunlar alinan farkh sonuclarin
nedeni olabilir.

Sonug¢ olarak, sigir ve insan brusellozisi
acisindan test edilen antijenlerin higbiri istenilen
diizeyde yiksek sensitivite ve  spesifisite
gostermedi. Bu tirlerde kontrol serumlari yiksek
reaksiyon gosterdiklerinden esik degeri ¢ogu zaman
pozitif kontrol ortalamasinin Ustiine ¢iktl. Boylece
spesifisite %100, sensitivite ise 0 veya 0’a yakin
diizeyde belirlendi.  Ozellikle sigirlarda negatif
kontrollerin R. tropici ve O. anthropi igin yiiksek OD
degeri gostermesi, bu hayvanlarin ¢ogu bitki
patojeni ve toprak bakterisi olan bu tirlere fazlaca
maruz kalmis olmalariyla ilgili olabilir. insanlarda B.
abortus disindaki tlim bakteri tirleri negatif
kontrollere genel olarak distk bir reaktivite
gosterdi. Bu durum, insanlarin s6z konusu bitki
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patojenleriyla dislik dizeyde temas halinde
olmasiyla agiklanabilir.

Calismada, sadece rough bir tiir olan ve dolayisi
ile S-LPS yerine R-LPS tasiyan, O-polisakkariti ya
indirgenmis ya da tamamen yikimlanmis olan O.
intermedium antijeniyle, sadece koyun ve kdpekte
kismen kabul edilebilir sinirlarda bir tanisal
performans alinmistir. Bu grup bakteri
antijenlerinden alinan sonuglar Brucella antijenleri
ile benzer sonuglar alinmis olsaydi, biyogivenlik
acisindan neredeyse risk olusturmayan bu bakteriler
ile antijen Gretimi yapilabilecekti.

Calismada alinan tim sonuglar dikkate
alindiginda, proteobakterilerin a-2 alt grubunda yer
alan mikroorganizmalarin brusellozisin serolojik
tanisinda birtakim c¢apraz reaksiyonlara neden
olabilecegi ve bu durumun vyanhs pozitiflik
yaratabilecegi akilda tutulmalidir. Ancak
brusellozisin  serolojik  teshisinde  kullanilan
antijenler tim bakteriden hazirlandiklari igin, daha
ziyade anti-LPS antikorlarini saptayacagindan, rough
olmayan a-2 proteobakterilerin yanhs pozitiflik
i¢in fazla bir sorun yaratacagi disinilmemektedir.
Ote yandan bu grup bakterilerden hazirlanan daha
saf antijenlerin, B. canis ve B. ovis infeksiyonlarinda
kullanilma potansiyelini artirabilecegi ve bu yonde
yapilacak calismalara ihtiyag oldugu
disunulmektedir.
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Abstract: European foulbrood disease caused by Melissoccocus plutonius which gram-positive bacterium that leads to larval
deaths with its worldwide prevalence, paving the way for beehives to die away over time. It causes economic losses in
honey production. Bee breeding and honey production are economically pivotal in Turkey, and it is vital to analyze the
prevalence of this disease. This study aims to identify M. plutonius from the honeycombs suspected of European foulbrood
and dead bee samples from the beehives (11 hives in total) that contain honeycombs collected from Cankiri, Hatay, Kars
and Konya via conventional PCR method. In this study two samples DNA identified as M. plutonius (18% of total hives).

Key Words: European foulbrood, Honey bees, M. plutonius, Turkey.

Tiirkiye’nin Bazi Bélgelerindeki Larva ve Yetigkin Bal Arilarinda Avrupa Yavru Ciiriikligii Hastalig
Varliginin Konvansiyonel PCR Yontemi ile Arastiriimasi

Ozet: Avrupa yavru ciiriikligi hastaligi Melissoccocus plutonius Gram-pozitif bakteri etkenli bir hastalik olup diinya ¢apinda
yayginligiyla larva 6limlerine yol agmakta, ari kovanlarinin zamanla sénmesine ve bal retiminde ekonomik kayiplara yol
acmaktadir. Ozellikle ari yetistiriciligi ve bal (iretiminin ekonomik olarak 6nem arz ettigi iilkemizde bu hastaligin yayginliginin
arastirilmasi 6nemini korumaktadir. Bu arastirmada Cankiri, Hatay, Kars ve Konya illerinden toplanan Avrupa yavru
clruklugu sitpheli petek ve bu petekleri igeren kovanlarin (toplam 11 kovan) 6nlinden alinan 6li ar 6rneklerinden
konvansiyonel PCR yontemiyle bu hastalik etkeni M. plutonius’un varlig tespit edilmeye c¢alisildi. Alinan kovanlara ait

orneklerin 2’sinde (toplam kovanlarin %18’inde) M. plutonius varligi tespit edildi.
Anahtar Kelimeler: Avrupa yavru ¢liraklGgd, Bal arilari, M. plutonius, Turkiye.

Introduction

European foulbrood disease is a larval disease
caused by M. plutonius gram-positive bacterium
and observed in bee colonies (Belloy et al., 2007).
Melissoccus plutonius is a lancet-shaped bacterium
that can be seen via an anaerobic microscopic view.
In plenty of issues are indicated that M. plutonius
spreads to every continent where honey bees live,
and this disease agent is transmitted to the larvae
by adult bees during feeding (Budge et al., 2010).

European foulbrood infects the larvae in the
colony, particularly in countries where honey
production is common, paving the way for the
colony to collapse, thereby leading to severe
economic losses. In an epidemiological study
conducted by Forgsen et al. (2005) in Sweden, they
observed that the disease incidence increased for
no reason in 2005. There is insufficient information
about the diseases' epidemiology.

Honey bee diseases are categorized as viral,
parasitic, bacterial, and fungal, and such diseases
often lead to severe consequences. Researches
reveals that one of the most vital diseases inducing

larvae is European foulbrood disease (Waite et al.,
2003). The common application of antibiotics in bee
colonies by producers to eliminate bacterial and
parasitic diseases threatens people’s health that
consumes honey obtained from such bee colonies.
It leads to the formation of bacterial strains
resistant to antibiotics and the spread of this
disease (Barganska et al., 2011).

China ranks the top with 543.000 tons of
honey production, and Turkey takes second place
with 115.000 tons annually per a report published
by the Institute of Agricultural Economics and Policy
Development in 2020 (Agricultural Economy and
Policy Development Institute, 2020). Considering
such figures, identifying the prevalence of bee
diseases and combating such diseases is vital for
both the manufacturer and the country's economy.

While M. plutonius's epizootiology is not
entirely understood, which infects honey bee
colonies and causing European foulbrood, It is
observed that the larvae infected with this
bacterium die rapidly are two and three days old.
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Besides, M. plutonius, causing European foulbrood
disease, Achromobacter Eurydice, Brevibacillus
laterosporus, Enterococcus faecalis, and
Paenibacillus alvei are identified in the colonies
during the development of this disease. However, it
is unclear what role they play in developing this
disease (Alippi, 1991). It aims to identify M.
plutonius via the conventional PCR method, which
causes European foulbrood in honeycombs and
bees obtained in some Turkey provinces.

Material and Methods

Local ethics comitte permission: The materials
used in this study are not subject to the permission
of HADYEK according to the article 8. of the
regulation published in the Official Gazette dated
February 15, 2014.

Cultural and molecular techniques are
frequently = employed in identifying  the
Melissococcus plutonius. In many study were
indicated that each method has advantages and
disadvantages. M. plutonius diagnosis is usually
based on the combs' color and smell; however, such

Figure 1. Suspected larvae and honeycomb samples.

Molecular Identification: Adult bee and larvae
samples were taken into disposable falcon tubes
containing 1 ml of physiological saline and
homogenized (adult bees were dissected) (Budge et
al.,, 2010). Qiagen DNA for the DNA extraction kit
was employed, and the extraction was conducted
per the manufacturer's recommendation.

Concentration for PCR reaction: 2.5 ul MgCl,,
primers 1ul (from each primer),

Primer 1: 5' GAAGAGGAGTTAAAAGGCGC 3',

primer 2: 5' TTATCTCTAAGGCGTTCAAAGG 3/,
0.5 ul deoxynucleoside triphosphate (dNTP), buffer
2.5 ul, DNA 2.5 ul, RNase and DNase free water 14.5
ul, Tag DNA polymerase was optimized to 0.5 pl.

symptoms can be easily confused with other
abnormalities and diseases. It were noted that the
cultural methods used for identifying M. plutonius
have some difficulties as they allow secondary
bacteria to grow in the environment (Arai et al.,
2012).

In May and June collected dead bee samples of
larvae and hives from beehives of beekeepers in
Hatay, Konya, Cankiri and Kars provinces (Kars: 150-
beehive business: 1 suspect, 200-beehives business:
1 suspect, 500-beehives business: 1 suspect;
Cankiri: 20-beehives business: 1 suspect, 10-
beehives business: 1 suspect, 20-beehives business:
1 suspect, 35-beehives business: 1 suspect; Hatay:
250-beehives business: 2 suspects; Konya: 1 suspect
from each of the 50 and 45 beehives business: total
11 suspect hives). We obtained one piece from each
of the combs containing M. plutonius suspicious
dead larvae (yellow, brown, and foul odor), placed
them in locked bags, and stored them at -20 ° C
examination in the laboratory. We placed adult
dead bees in front of the same hive in different
locked bags and stored them under the same
conditions.

PCR conditions: starting; 95°C (1min), chain
elongation; 93°C (1 min), 55°C (30 sec) and 72°C (1
min), 30 cycles, the last cycle was applied at 72°C (5
min) using a Bio-Rad gradient heat machine. The
positive control sample was obtained from the
Kafkas University Microbiology Laboratory, and
DNase-RNase-free water was used for negative
control. The horizontal gel electrophoresis
technique was used to visualize the PCR products.
The PCR products were placed in 0.8% agarose gel
wells stained with ethidium bromide and run in an
electrophoresis tank containing TBE buffer solution
at 110 volts and 300 milli-ampere for 40 minutes.
The bands formed were compared with the hyper
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ladder 1 kb, and the resulting DNA fragments were
imaged on the UV transilluminator. The resulting
images were photographed and documented.
Bands corresponding to 812 base pairs (bp) rated as
M. plutonius positive (Govan et al., 1998; Tibata et
al., 2018).

Results

The analysis of the electrophoresis images
reveals that M. plutonius positive bands were
observed from 1 suspicious larva sample taken from
the honeycombs in Hatay and one dead bee sample
taken from 11 combs in Cankiri in total from Cankiri,
Konya, Hatay and Kars (in 18.18% of combs,
suspicious of M. plutonius) (Figure 2. and Table 1).

Figure 2. Electrophoresis image (4. Negative control, 5.
Positive control, 6. and 7. (812 bp.) M. plutonius positive)

Table 1. sampling and PCR findings

Regiones Number of Number of Findings
where hives in suspected of PCR
samples enterprices samples
were
collected
20 1
10 1
Cankiri 2 1 1
35 1
Hatay 250 2 1
150 1
Kars 200 1 0
500 1
50 1
Konya 45 1 0
Total 1,255 11 (0.876 %) 2 (18%)

Discussion and Conclusion

It is known that honey bee breeding, which is
one of the most widespread insect breeders
globally, is vital in ecological aspects besides its
economic dimension, considering the economic
value of bee products and the role of bees in the
pollination of plants. M. plutonius, a European
foulbrood disease agent, infects the larvae during
colonized feeding in the intestinal of adult bees and
paving the way for dying out of young colonies.
Today, antibiotics are used in treating this disease.

However, the use of such antibiotics is prohibited
by some countries as it is not a definitive solution in
treating this disease, leaves residue in the honey,
and causes more resistant strains (Grossar et al.,
2020).

It is observed that M. plutonius causes
European foulbrood, infects honeybee larvae, and
dies in combs. It paves the way for morphologically
normal-looking larvae to bent at the bottom of the
combs, their color shift from pearl white to yellow,
then brown and grey-black (Roetschi et al., 2008).

Identifying the presence of M. plutonius in
brown and malodorous honeycombs in this study
supports the literature studies.

Determining the presence of M. plutonius in
the laboratory is extremely important for
confirming European foulbrood disease in honey,
larvae and adult bees. The diagnosis of European
pup rot disease can be determined by breeders
from the change in color and smell that occurs in
dead larvae but it is noted that these symptoms are
quite insufficient to make a definitive diagnosis. In a
study conducted by Rana et al. in India, investigated
with PCR methot, they noted that only 15% were
positive of bee colonies infected with M. plutonius
had a characteristic yellow color and vinegar odor
(Rana et al., 2012).

Finding 18% of the suspicious hives with M.
plutonius as positive is similar to the results found
by Rana et al. 2012.

In a study conducted with the method of PCR
and DNA sequence analysis with isolates obtained
from 7 beekeeping regions in Mexico, it was
reported that the highest pervalance was 59% and
the lowest prevalence was 14%, typical and atypical
strains were detected (de Leon-Door et al. 2018).

A wide range of pathogens can cause
foulbrood disease. However, European foulbrood is
caused by M. plutonius. From the isolates taken by
cultural methods from the samples obtained from
725 hives in the Northern Marmara region by
Borum et al., 37 bacteria were detected by PCR
method; however, no M. plutonius was found
(Borum et al., 2015). The difficulty of culturing in
vitro of M. plutonius and effective seasonal and
regional conditions in its prevalence can change the
results (Budge et al., 2010).

While Mellissococcus plutonius suspiciously or
undoubtedly is available in combs and larvae, noted
that they can be found in asymptomatic larvae and
adult bees. However, it is observed that they
remain enzootic in healthy colonies (Lewkowski and
Erler, 2018). European foulbrood disease has been
reported to be more severe in bee colonies in the
presence of nutrient deficiency and stress (Jyothis
and Amritha, 2019). While this study does not
consider stress and nutrient deficiency, it s
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suggested that researchers should consider these
factors in future studies.

European foulbrood disease is caused by M.
plutonius, and it is a bee larval disease that is
widespread worldwide, but its prevalence may vary
from country to country and causes serious larval
death and extinction of beehives at certain times
(Forgsen et al., 2005). It is observed that M.
plutonius is carried by adult worker bees during
feeding and infects the larvae (McKee et al., 2004).
Identifying M. plutonius in adult bees in this study
supports the literature studies.

In conclusion, there is insufficient research on
European foulbrood disease in Turkey, and it is
believed that more sophisticated epidemiological
research and identifying the antibiotic resistance
profiles of M. plutonius will benefit for eradicating
it.

Acknowledgments

Great thanks to Kafkas University of Veterinary
Faculty Microbiology Department for all of their
supports and contributions.

References

Alippi, 1991: Comparison of Laboratory Techniques for
the Detection of Significant Bacteria of the Honey
bee, Apis mellifera, in Argentina. J Apicult Res, 30(2):
75-80.

Arai R, Tominaga K, Wu M, Okura M, Ito K, Okamura, N,
Takamatsu D, 2010: Diversity of Melissococcus
plutonius from Honeybee Larvae in Japan and
Experimental Reproduction of European Foulbrood
with Cultured Atypical Isolates. PLoS ONE, 7(3): 1-9.

Barganska Z, Slebioda M, Namiesnik J, 2011:
Determination of antibiotic residues in honey.
Trends Analyt Chem, 30(7): 1035-1041.

Belloy L, Imdorf A, Fries |, Forsgren E, Berthoud H, Kuhn R,
Charriere JD, 2007: Spatial distribution of
Melissococcus plutonius in adult honey bees
collected from apiaries and colonies with and
without symptoms of European foulbrood.
Apidologie, 2(38): 136-140.

Borum AE, Ozakin C, Giines E, Aydin L, Ulgen M, Cakmak i,
2015: The Investigation by PCR and Culture Methods
of Foulbrood Diseases in Honey Bees in South
Marmara Region. Kafkas Univ Vet Fak Derg, 21(1):
95-99.

Budge GE, Barrett B, Jones B, Pietravalle S, Marris G,
Chantawannakul P, Thwaites R, Hall J, Cuthbertson
AGS, Brown MA, 2010: The occurrence of
Melissococcus plutonius in healthy colonies of Apis
mellifera and the efficacy of European foulbrood
control measures. J Invertebr Patho, 105(2): 164-70.

Door APL, Chacon AR, Velasco CR, Flores PBZ, Paz JJO,
Muniz CHA, 2018: Prevalence, typing and

phylogenetic analysis of Melissococcus plutonius
strains from bee colonies of the State of Chihuahua,
Mexico. J Invertebr Pathol, 159(2018): 71-77.

Forsgren E, Cassel L, Imdorf A, Fries |. 2005. Distribution
of Melissococcus Plutonius in Honeybee Colonies
With and Without Symptoms of European
Foulbrood. Microb Ecol, 50(3): 369-74.

Govan VA, Brozel V, Allsopp MH, Davidson SA, 1998: PCR
Detection Method for Rapid Identification of
Melissococcus pluton in Honeybee Larvae. APPL.
Environ Microbiol, 64(5): 1983-1985.

Grossar D, Kilchenmann V, Forsgren E, Charriere D,
Gauthierb L, Ma MC, Dietemann V, 2020: Putative
determinants of virulence in Melissococcus
plutonius, the bacterial. Virulance, 11(1): 554-567.

Jyothis PJ and Amritha VS, 2019: Survey and etiology of
bacterial brood disease infecting Indian honey bees
(Apis cerana indica F.) in Southern Kerala.
J Apic Sci, 59(4): 519-527.

Lewkowski O, and Erler S, 2018: Virulence of
Melissococcus plutonius and secondary invaders
associated with European foulbrood disease of the
honey bee. Microbiology Open, 8(3): 1-9.

McKee BA, Goodman RD, Hortnitzk MA, 2004: The
transmission of European foulbrood (Melissococcus
plutonius) to artificially reared honey bee larvae
(Apis mellifera). J Apic Sci, 43(3): 93-100.

Rana BS, Rao KM, Chakravarty KS, Katna S, 2012:
Characterization of Melissococcus plutonius causing
European foulbrood disease in Apis cerana F. J Apic
Sci, 51(4): 306-311.

Roetschi A, Berthoud H, Kuhn R, Imdorf A, 2008: Infection
rate based on quantitative real-time PCR of
Melissococcus plutonius, the causal agent of
European foulbrood, in honeybee colonies before
and after apiary sanitation. Apidologie, 39 362—-371.

Tarimsal Ekonomi ve Politika Gelistirme Enstitlisti, 2020:
Tarim Uriinleri Piyasalari, Aricilik. Ocak 2020, No.
H{-01. Erisim: arastirma.tarimorman.gov.tr.

Tibata VM, Junca H, Sanchez A, Corona M, Botero FA,
Figuero J, 2018: Molecular detection of
Melissococcus plutonius assessed in Africanized
honey bee populations (Apis mellifera) in three
regions of Colombia, J Apic Sci, 57 (3), 418-424.

Waite R, Jackson S, Thompson H, 2003: Preliminary
investigations  into  possible  resistance  to
oxytetracycline in Melissococcus plutonius, a
pathogen of honeybee larvae. Lett Appl Microbiol,
36 (1), 20-24.

*Correspondence: Serdal TARHANE

Cankir  Karatekin University, Eldivan Health Services
Vocational High School, Department of Veterinary
Medicine, Veterinary Medical Laboratory Technician
Program, Cankiri, Turkey.

**The summary of this study was presented as orally at
the 14th National Veterinary Microbiology Congress
dated 13-16 October 2020.

e-mail: serdaltarhane@karatekin.edu.tr

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2021; Cilt 10, Say: 1 59



Harran Univ Vet Fak Derg, 2021; 10 (1): 60-65
DOI:10.31196/huvfd.881150

Arastirma Makalesi

Tiftik Kegilerinde Dogum Seklinin Bazi Oksidatif Stres Belirtegleri ve Hormon
Konsantrasyonlari Uzerine Etkisi

Serdal KURT>*", Nebi CETIN*®, Funda ESKi**

1Dicle Universitesi, Veteriner Fakiiltesi, Dogum ve Jinekoloji Anabilim Dali, 21280, Diyarbakir, Tiirkiye
2Van Yiziinc Yil Universitesi, Veteriner Fakiiltesi, Dogum ve Jinekoloji Bélimii, 65080, Van, Tiirkiye
3Cukurova Universitesi, Ceyhan Veteriner Fakiiltesi, Dogum ve Jinekoloji Anabilim Dali, 01330 Adana, Tiirkiye
aORCID: 0000-0002-0191-3245, PORCID: 0000-0001-6073-4215, CORCID: 0000-0001-8575-7042

Gelis Tarihi: 016.02.2021 Kabul Tarihi: 20.04.2021

Ozet: Gii¢ dogum, spontan dogumun belirli bir zaman icerisinde herhangi bir miidahale olmadan gerceklesemedigi olgu
olarak tanimlanmaktadir. Glic dogum steroid hormon seviyesi ile iliskili olabilmekte ve oksidatif stres lizerine etki
edebilmektedir. Bu galismanin amaci, normal ve sezaryen ile dogum yapan Tiftik kegilerinde malondialdehid (MDA),
superoksit dismutaz (SOD), glutatyon peroksidaz (GSH-Px), total glutatyonun (GSH) progesteron (P4) ve ostradiol (E2)
konsantrasyonlarini degerlendirmektir. Yapilan ¢alismada, kegiler normal (n=10) ve sezaryen ile dogum (n=10) olmak lizere
2 gruba ayrildi. Her iki grubun kan 6rnekleri, dogumdan sonraki ilk yarim saat iginde jugular venadan alindi. MDA, GSH-Px,
total GSH seviyelerinde gruplar arasinda 6nemli bir farklilik (P>0.05) gérllmedi. Sezaryen grubunda hem SOD (P <0.01), hem
de P4 ve E2 konsantrasyonlari anlamli olarak daha yuksekti (P <0.05). Sonug olarak, sezaryen ile dogum yapan kegilerde
SOD, P4 ve E2 seviyelerinde farkhliklar gézlemlendi. P4 ve E2 konsantrasyonlarindaki farkhhklarin giic dogumun
etiyopatogenezinde rol alabilecegi ve giic doguma bagl artan strese karsi miicadele igin endojen bir antioksidan madde olan
SOD’un Uretiminin arttigl kanaatine varildi.

Anahtar Kelimeler: Dogum sekli, Hormon, Kegi, Oksidatif stres.

The Effect of Delivery Mode on Some Oxidative Stress Markers and Hormone Concentrations in
Angora Goats

Abstract: Dystocia is defined as the situation in which spontaneous parturition cannot occur at a given time without any
intervention. It can be related to steroid hormone levels and can affect oxidative stress. The purpose of this study was to
evaluate the concentrations of malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px),
total glutathione (GSH), progesterone (P4), and estradiol (E2) in goats which were parturated normally and with cesarean
section. In the study, goats were divided into two groups as normal delivery (n=10) and cesarean delivery groups (n=10).
Blood samples of both groups were taken from the jugular vein within the first half-hour after parturition. There was no
statistically (P>0.05) difference between the groups in MDA, GSH-Px, total GSH levels. Differences in both SOD (P<0.01) and
levels of P4 and E2 were significantly higher in the cesarean group (P<0.05). In conclusion, differences were observed in
SOD, P4, and E2 concentrations in goats delivered by cesarean section. It was concluded that the differences in P4 and E2
concentrations might play a role in the etiopathogenesis of dystocia, and the production of SOD, an endogenous
antioxidant substance, has increased to combat the increased stress due to dystocia.

Keywords: Delivery mode, Goat, Hormone, Oxidative stress.

Giris

olusturmaktadir (Majeed ve Taha, 1989). Giig
dogumun ekonomik etkisi fetal ve maternal

Dogum, fizyolojik olarak annede hematolojik ve
biyokimyasal degisikliklere yol acan maternal, fetal

ve plasental dokularda karmasik ve ardisik bir dizi
endokrin olay olarak gerceklesmektedir (Hussein ve
Abdellah, 2008). Gi¢ dogum (dystocia), spontan
dogumun belirli bir zaman diliminde sekillenemedigi
veya herhangi bir miidahale olmadan
gerceklesemedigi, anne  ve/veya yavrunun
hayatlarinin  tehlikeye girdigi olgu olarak
tanimlanmaktadir (Arthur, 1975). Kegilerde gii¢
dogum ile karsilasma orani ortalama %7’dir (Abdul
Rahman ve ark., 2000) ve kegilerde glic dogum
Ureme  problemlerinin  6nemli  bir  kismini

kayiplar, sonraki donemde fertilite sorunu ve tedavi
maliyetleri olarak ortaya c¢ikmaktadir (Bicalho ve
ark., 2007). Dogum fizyolojik bir olay olmasina
ragmen oldukga stresli bir durumdur (Singh ve ark.,
2011) ve gli¢ dogumun stresi daha da artirdig
bilinmektedir (Nakao ve Grunert, 1990). Asiri stresli
kosullar altinda, adrenalin, noradrenalin ve
glukokortikoid seviyeleri yukselerek asiri dizeyde
reaktif oksijen tdrlerinin (ROT) Uretimine neden
olarak oksidatif stres olusumuna katki saglar
(Freeman ve Crapo, 1982). Ancak, normal sartlarda
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dahi peripartum doénem yogun metabolik
degisiklikler nedeniyle oksidan maddelerin asiri
miktarda Uretilmesi ile karakterizedir. Boylece bu
evrede oksidatif strese karsi duyarhhgin arttigi
bilinmektedir (Bondurant, 1999). Ayrica gig
dogumun steroid hormon konsantrasyonu Uzerine
de etki edebildigi bilinmektedir (Civelek ve ark.,
2008; Heuwieser ve ark., 1987). Oksidatif stres
antioksidan savunma sistemi ile yakindan iliskili olup
antioksidan ve oksidan dlzeyleri arasindaki
dengenin  oksidan lehine bozulmasi  olarak
tanimlanmaktadir (Sies, 1991). Stperoksit dismutaz
(SOD) ve glutatyon peroksidaz (GSH-Px) yaygin
enzimatik antioksidanlar arasinda yer almaktadir
(Aggarwal ve Prabhakaran, 2005) ve dizeyleri
antioksidan  aktivitesi ile iliskilendirilmektedir
(Kleczkowski ve ark., 2003). Ayrica lipid
peroksidasyonunun son Gridnlerinden biri olan
malondialdehid (MDA) oksidatif stresin  bir
indikatord olarak bilinmektedir (Lata ve ark., 2004).
Dolayisiyla SOD, GSH-Px, GSH ve MDA oksidatif stres
belirtegleri olarak kullanilabilmektedir (Thangamani
ve ark., 2019; Wani ve Mavi, 2020).

Sunulan ¢alisma; dogum seklinin oksidatif stres
belirtegleri ve steroid hormon seviyelerini
etkileyebilecegi diisiinllerek normal ve sezaryen ile
dogum yapan Tiftik irki kegilerde MDA, SOD, GSH-
Px, total glutatyon (GSH), progesteron (P4) ve
ostradiol (E2) seviyelerindeki degisimleri arastirmak
amaciyla yapildi.

Materyal ve Metot

Etik onay: Sunulan c¢alisma i¢in Cukurova
Universitesi, Ceyhan Veteriner Fakiiltesi Yerel Etik
Kurulundan 25.08.2020 tarih ve 06/03 no’lu karar
ile etik kurul izni alindi.

Hayvanlar ve gruplandirma: Sunulan calisma
2-3 vyasinda, benzer sartlarda barindirilan, vyari
entansif sistemde yonca korunga karisimi ve kaba
yem ile beslenilen, gebeliginin son doneminde klinik
olarak saglikh olan toplam 20 adet Tiftik irki kegi
Gzerinde yiritaldi. Kegiler normal dogum yapan
(normal dogum; n=10) ve glic doguma bagh
sezaryen ile dogum yapan (sezaryen; n=10) olmak
Uzere iki gruba ayrildi. Normal dogum grubundaki
kegilerin  dogumu hicbir miidahale olmadan
kendiliginden gergeklesti. Sezaryen grubunda
dogum belirtileri baslayan kegilere yapilan klinik
muayeneler sonucunda servikal genislemede
saptanan yetersizlige bagl olarak glic dogum tanisi
kondu. Bu nedenle sezaryen operasyonuna karar
verildi. Kegilere operasyon oncesi premedikasyon
amaciyla 0,05 mg/kg dozunda intramuskdler yolla
ksilazin hidrokloriir (Xylazinbio %2, interhas, 20
mg/ml) uygulandi. Yaklastk 10 dakika sonra,
sedasyonun saglanmasi ile birlikte sol fossa

paralumbal bolgesi asepsi ve antisepsi kurallari
dikkate alinarak operasyon igin hazirlandi. Daha
sonra 5 mg/kg dozunda lidokain hidroklorir
kullanilarak operasyon bolgesine lokal infiltrasyon
anestezisi yapildi (ters L-blok, %2, 20 mg/mL) ve
operasyon yurutalda.

Kan orneklerinin alinmasi ve biyokimyasal
analizler: Normal dogum ve sezaryen gruplarinda
bulunan kegilerin kan 6rnekleri yavrular dogduktan
sonra ilk yarim saat igcinde uygun igneler kullanilarak
jugular venadan pihtilasma aktivatori iceren steril
vacutainer tlplerine (Hema & Tube®, Italya) alindi.
Toplanan kan ornekleri 3000 rpm'de 10 dakika
sureyle santrifij edildi ve serumlari ayrildi. Serum
ornekleri antioksidan (MDA, SOD, GSH-Px, total
GSH) ve hormon (P4 ve E2) dizeyleri belirleninceye
kadar -20 °C’de saklandi.

Serum MDA, GSH, SOD, GSH-Px ve total GSH
seviyeleri ticari ELISA kitleri (Rel Assay Diagnostics,
Clinical Chemistry Solutions, Gaziantep, Turkiye)
kullanilarak Erel (2005) tarafindan tanimlanmis
spektrofotometrik ydnteme goére ELISA cihazi
(TECAN, Sunrise® Isvigre) kullanilarak élgtild.

Serum P4 (Progesterone |l, cobas®, Roche) ve
E2 (Estradiol Il, cobas®, Roche) seviyeleri ticari kitler
kullanilarak otomatik Elecsys Immuno Analyser
(ECLIA; Roche Diagnostics, Mannheim®, Almanya)
ile 6lclldi (Cetin ve ark., 2021).

istatistiksel analiz: Elde edilen bulgularin
istatistiksel analizleri SPSS paket programi (16.0,
USA) kullanilarak yapildi. Verilerin normal dagilim
gosterip gostermedigi Shapiro — Wilk testi ile analiz
edildi.

Gruplardaki olgimler normal dagihm
gosterdiginden dolayr parametrik testler kullanildi.
Gruplar arasit MDA, GSH, SOD, GSH-Px, total GSH, P4
ve E2 konsantrasyonlari bagimsiz T-testi kullanilarak
karsilastirnildi. Sonuglar ortalama t* standart hata
(X£Sx” ) olarak sunuldu. P <0.05 istatistiksel olarak
onemli kabul edildi.

Bulgular

Oksidatif stres belirtegleri: Normal dogum ve
sezaryen  gruplarinin MDA  konsantrasyonlari
sirastyla 1.59+0.02 pmol/L ve 1.6+0.01 umol/L
(P>0.05) olarak olguldii. GSH-Px seviyesinin normal
dogum grubunda 184.28+22.75 nmol/min/ml ve
sezaryen grubunda 174.15+32.20 nmol/min/ml
(P>0.05) oldugu tespit edildi. Normal dogum ve
sezaryen gruplarinin total GSH dizeyleri ise sirasiyla
3.4610.44 pm ve 3.18+0.65 pum (P>0.05) olarak
bulundu. SOD diizeyi normal dogum grubuna gore
(2.36+0.28) U/mL sezaryen grubunda (3.21+0.10)
U/mL 6nemli diizeyde daha yuksek olarak (P <0.01)
bulundu (Tablo 1).
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Tablo 1: Normal dogum ve sezaryen grubunda dogum sonrasi bazi oksidatif stres belirteglerinin

konsantrasyonlari (X+Sx).

Grup MDA (umol/L) SOD (U/ml) GSH-Px (nmol/min/ml) Total GSH (um)
Normal dogum (n=10) 1.59 +0.02 2.3610.28 184.28+22.75 3.4610.44
Sezaryen (n=10) 1.6+0.01 3.21+0.10" 174.15+32.20 3.1840.65

*P <0.05

Hormonlar: P4 konsantrasyonu normal dogum
grubuna (0.30%0.25) ng/mL kiyasla sezaryen
grubunda (2.28+0.47) ng/mL 6nemli dizeyde (P
<0.01) daha yuksek olgilildi. Sezaryen grubunun E2

seviyesinin (197.60+53.64) pg/mL normal dogum
grubuna (39.60+4.92) pg/mL gére dnemli seviyede
daha yiksek (P<0.01) oldugu gorildi (Tablo 2).

Tablo 2: Normal dogum ve sezaryen grubunda dogum sonrasi P4 ve E2 konsantrasyonlari (X'£5x).

Grup P4 (ng/ml) E2 (pg/ml)
Normal dogum (n=10) 0.30£0.25 39.60+4.92
Sezaryen (n=10) 2.28+0.47" 197.60+53.64"

" P<0.01

Tartisma ve Sonug

E2 ve P4 gibi steroid hormonlarin vicutta
dogal olarak dretilen glicli antioksidanlar olarak
gorev yaptig dolayisiyla bunlarin
konsantrasyonlarinin oksidatif stres Uzerine etki
edebilecegi bildirilmistir (Barp ve ark., 2002). Ayrica,
glic dogum stresinin antioksidan aktivitesi lzerine
etki edebildigi rapor edilmistir (Bansal ve ark.,
2011). Sathya ve ark. (2007) dogum esnasinda kas
eforuna bagli olarak oksidatif stresin gelisebildigini
bildirmislerdir. Benzer olarak, baska bir arastirmada
glic dogumdan etkilenen mandalarda MDA
diizeyinin normal dogum vyapanlara gore daha
yuksek oldugu belirtilmistir (Bansal ve ark., 2011).
Erisir ve ark. (2006) ise kontrol grubuna gore
sezaryen gegciren ineklerde MDA dizeyinin daha
yuksek oldugunu tespit etmislerdir. Ancak, bu
¢alismada MDA seviyesi bakimindan gruplar arasi
anlamh bir farkhlik tespit edilmedi. Bu durumun
antioksidan savunma sistemindeki farkliliklardan

kaynaklanabilecegi diisiintilmektedir. Markiewicz ve
ark. (2005) dogumdan oOnce ve dogum sirasinda
oksidan diizeyindeki artisa bagh olarak SOD
aktivitesinde potansiyel bir yiikselme oldugunu
rapor etmislerdir. Baska bir arastirmada ise normal
dogum vyapan mandalara gore glic dogumdan
etkilenmis olanlarda SOD aktivitesinin daha disuk
oldugu bildirilmistir (Bansal ve ark., 2011). Bununla
birlikte saglikli ineklere gore plasental retensiyonlu
ineklerde  prepatum donemde serum SOD
konsantrasyonunun arttig ancak dogum sonrasinda
ise bir farkhilik olmadigi rapor edilmistir (Yazlik ve
ark., 2019). Wani ve Mavi (2020)'nin yurattigu bir
¢alismada giic dogum sonucu fétotomi uygulanan
mandalarda SOD seviyesinin yiiksek oldugu tespit
edilmistir. Benzer sekilde, bu ¢alismada, normal
dogum grubuna kiyasla sezaryen grubunda SOD
seviyesinin daha yuksek oldugu tespit edilmistir.
Stres, oksihemoglobinin methemoglobine
oksidasyonuna yol acarak stiperoksit iyonlarinin (02"
) Uretimini stimile eder ve bu da SOD aktivitesini
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artirmaktadir. Bu durum giic dogumdan etkilenen
mandalarda SOD seviyesinin  ylkselmesi ile
iliskilendirilmistir (Wani ve Mavi, 2020). Bununla
birlikte, E2’nin  SOD transkripsiyon oranini
yukselttigi  bilinmekte olup 6strojenin  SOD
aktivitesini uyardigi ve insanlarda yiksek 6strojen
seviyesinin  dolasimdaki SOD  ekspresyonunu
artirdigi  bildirilmistir (Strehlow ve ark., 2003).
Benzer sekilde, Eski ve ark. (2021) tarafindan
yaptlan bir calismada E2 seviyesi ylksek olan
kecilerde toplam antioksidan seviyesininde yiksek
oldugu rapor edilmistir. Sunulan ¢alismada
sezaryen grubunda hem E2 hem de SOD
seviyesindeki artisin bu bilgilerle desteklendigi
disunulmektedir. Ayrica diger bir calismada gig
dogumun serum GSH-Px dizeyine de etki
edebilecegi ifade edilmistir (Thangamani ve ark.,
2019). Erisir ve ark. (2006) tarafindan yaratialen bir
calismada  kontrol grubuna goére sezaryen
operasyonu geciren ineklerde GSH-Px
konsantrasyonunun anlamh dlzeyde azaldig
bildirilmistir. Ancak bu g¢alismada GSH-Px ve total
GSH dizeyleri bakimindan bir fark elde edilmedi.
Sunulan galismada gruplar arasi serum MDA, GSH-
Px ve total GSH seviyeleri bakimindan farkhliklarin
olmayisinin kan alim zamani ile iliskili olabilecegi
disunulmektedir.  Ayrica dogumdan  sonraki
gilinlerde belirtilen parametrelerde de farkhliklarin
olusabilecegi ongorulmektedir.

Dogumun endokrin bir dizen igerisinde
gergeklestigi bilinmektedir (Thorburn ve Challis,
1979). Kegilerde gebeligi devam ettiren hormon
olan P4, tim gebelik boyunca korpus luteum
tarafindan salgilanir (Thorburn ve Schneider, 1972;
Van Rensburg, 1971), gebeligin sonlarina dogru
artan fetal kortizol PGF2 alfa salinimini artirarak P4
diizeyinde azalmaya ve dogumun baslamasina
neden olur (Skidmore, 2011; Thorburn ve Challis,
1979). Ayrica, E2 seviyesi dogumun baslamasinda
onemli bir rol oynamaktadir ve dogumdan oOnce
arttigi bildirilmistir (Khanum ve ark., 2008). Giig
dogum olgusunun bazi steroid hormon mekanizmasi
Gzerine etki edebildigi ve seviyelerinde farkhliklar
olusturabildigi ifade edilmistir (Hydbring ve ark.,
1999). Benzer olarak, Probo ve ark. (2011) gug
dogumun peripartal hormon diizeyi ile iliskili
olabilecegini ve Alp kecilerinde giic dogumun E2 ve
P4 konsantrasyonlarini etkileyebilecegini
bildirmislerdir. Ghoneim ve ark. (2016) gig
dogumunun develerde serum P4 dizeyini artirdigini
ancak E2 konsantrasyonu {izerine etkisinin
olmadigini bildirmislerdir. Ote yandan Olujohungbe
ve ark. (1998) gii¢ dogum gegiren diivelerde dogum
Ooncesi donemde P4 seviyelerinin disik, tim
Ostrojen diizeylerinin yuksek oldugunu
belirtmislerdir. Benzer sekilde, Bennetts ve ark.
(1946) yiksek Ostrojen seviyesinin gi¢ doguma

neden olabilecegini rapor etmislerdir. Sunulan
calismada ise sezaryen grubunun P4 (2.28+0.47)
ng/mL ve E2 (197.60%53.64) pg/mL seviyeleri
normal dogum grubuna gore daha yuksek bulundu.
ineklerde P4’iin dusiisindeki gecikmenin giig
doguma neden olabilecegi bilinmektedir (Zhang ve
ark., 1999). Boylece sezaryen grubunda P4
seviyelerinin yliksek olmasinin giic dogumla iliskili
olabilecegi disunulmektedir. Khanum ve ark. (2008)
normal olarak sekillenen dogumdan hemen Once
Ostradiol seviyesinin arttigini ve dogumdan hemen
sonra dismeye basladigini bildirmislerdir. Bununla
birlikte, dogumdan o6nce ve dogum sirasindaki
yuksek 6stron sulfat diizeyinin ineklerde giic dogum
riskini artirdigi  belirtilmistir ~ (Saint-Dizier ve
Chastant-Maillard, 2015). Benzer olarak, baska bir
calismada develerde yiiksek E2 konsantrasyonu ile
glic dogum arasinda pozitif bir iliski olabilecegi ifade
edilmistir (Ali ve ark., 2016). Ayrica, 6strojenlerin
plasentada dretildigi ve plasentanin fonksiyonel
isleyisinin E2 lzerine etki edebilecegi bilinmektedir
(Shah ve ark., 2005). Bu g¢alismada normal dogum
grubuna gore sezaryen grubunda E2
konsantrasyonun yiiksek bulunmasinin glic dogumla
iliskili olabilecegi duslinilmektedir.

Sonu¢ olarak, gl¢ dogumdan etkilenen
kecgilerde serum P4, E2 ve SOD aktivitelerinin
yukseldigi gozlemlendi. P4 ve E2
konsantrasyonlarindaki farkliliklarin glic dogumun
etiyopatogenezinde rol alabilecegi ve glic dogumun
olusturdugu strese karsi miicadele icin endojen bir
antioksidan madde olan SOD’un lretiminin arttigi
kanaatine varildi. Ayrica gruplar arasi serum MDA,
GSH-Px ve total GSH seviyelerinin benzer bulunmasi
kan aliminin dogumdan hemen sonra olmasi ile
iliskili  olabilecegi, ilerleyen zaman diliminde
belirtilen biyokimyasal parametrelerde de
degisimlerin olusabilecegi 6ngorilmektedir.

Cikar ¢catismasi

Yazarlar aralarinda ¢ikar g¢atismasi olmadigini
bildirir.
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Abstract: This research was conducted to determine the effect of Coenzyme Q10 (CoQ10) on blood glucose, total protein,
triglyceride, and total cholesterol levels in rats for that experimental hypothyroidism was induced. A total of 32 healthy
adult male Wistar Albino rats were used as a material in the research. After the adaptation period of animals for ten days,
the main research period was conducted for a total of three weeks. The rats housed as four rats in each cage during the
research were divided into four experimental groups as control (K), CoQ10 (C), Hypothyroid (H), and CoQ10+Hypothyroid
(CH). CoQ10 was administered intraperitoneally every day to the group C animals. In addition, propylthiouracil (PTU) was
added daily to the water of rats in group H to induce experimental hypothyroidism. Both CoQ10 and PTU administration
was performed on the animals in the group HC. At the end of the trial period, blood was drawn from the hearts of rats in all
groups. Glucose, total protein, triglyceride, and total cholesterol levels were determined in plasma samples obtained from
blood samples. It was observed in the research that hypothyroidism administration (group H) decreased plasma glucose
and triglyceride values (p<0.05) and increased total protein and total cholesterol levels (p<0.05) compared to group K. In
the study, it was observed that while CoQ10 administration (group HC) did not have a statistically significant effect on
plasma glucose, total protein and triglyceride values in hypothyroidism-induced rats (group H), it increased the total
cholesterol level (p<0,05). In the research, it was observed that the CoQ10 administration (group C) decreased plasma
triglyceride values compared to that of group K (p<0.05). As a result, since CoQ10 administration increases total cholesterol
level in hypothyroidism, the effect of CoQ10 supplementation on blood lipid profile in metabolic diseases should be
considered.

Keywords: CoQ10, hypothyroidism, plasma parameters, rat, thyroid hormones.

Hipotiroidili Ratlarda Koenzim Q10'un Plazma Parametreleri Uzerine Etkisi

Ozet: Deneysel olarak hipotiroidizm olusturulmus ratlarda Koenzim Q10 (KoQ10)'un kan glikoz, total protein, trigliserit ve
total kolesterol diizeyleri tUzerindeki etkisinin belirlenmesi amaglandi. Arastirmada materyal olarak saglkli toplam 32 adet
yetiskin erkek Wistar Albino irki rattan yararlanildi. Hayvanlarin10 giinliik adaptasyon siiresini takiben esas arastirma
dénemi toplam 3 hafta stirdurildi. Calisma siresince her kafeste 4 rat olacak sekilde barindirilan ratlar kontrol (K), KoQ10
(C), Hipotiroid (H) ve KoQl10+ Hipotiroid (CH) olmak lzere 4 deneme grubuna ayrildi. C grubu hayvanlara her gin
intraperitoneal olarak KoQ10 uygulandi. Deneysel hipotiroidizm olusturmak amaciyla, H grubundaki ratlarin sularina giinliik
propiltiyourasil (PTU) ilave edildi. HC grubundaki hayvanlara ise hem KoQ10, hem de PTU uygulamasi yapildi. Deneme
sonunda gruplardaki deneklerden genel anestezi altinda kardiak punksiyon ile yeterli oranda kan alindi ve plazmalari elde
edildi. Elde edilen plazma 6rneklerinden glikoz, total protein, trigliserit ve total kolesterol dizeyleri belirlendi. Arastirmada,
hipotiroidizm olusturulmasinin, kontrol grubu ile kiyaslandiginda plazma glikoz ve trigliserit degerlerini distrdigi (p<0,05),
total protein ve total kolesterol duzeylerini arttirdigi (p<0,05) goézlendi. Calismada, KoQ10 tedavisinin (HC grubu),
hipotiroidizm olusturulan ratlar ile kiyaslandiginda (H grubu) plazma glikoz, total protein ve trigliserit degerleri lizerinde
istatistiksel Gneme sahip bir etkisi belirlenemezken, total kolesterol diizeyini artirdigi goriildii(p<0,05). Arastirmada KoQ10
(C grubu) uygulamasinin, K grubuna gore plazma trigliserit degerlerini azalttigi (p<0,05) goruldi. Sonug olarak hipotiroidide,
CoQ10 uygulamasi toplam kolesterol dizeyini arttirdigindan, metabolik hastaliklarda CoQ10 takviyesinin kan lipit profili
Uzerindeki etkisi goz 6niinde bulundurulmalidir.

Anahtar Kelimeler: CoQ10, hipotiroidizm, plazma parametreleri, rat, tiroid hormonlari.

Introduction

The thyroid gland begins as a rapidly changing
process of concentrating iodide in the 11 week of
pregnancy and matures rapidly, becoming one of
the most important endocrine systems in the
human body (Wolmarans, 2017). The thyroid

hormones play a critical role in facilitating normal
growth and development while also directing and
regulating numerous physiological processes
throughout adulthood (Melmed et al., 2015). These
include central nervous system (CNS) development,
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central and peripheral nervous system signaling,
heart function, nutrient metabolism, hepatic
metabolism, energy consumption and regulation of
body temperature, water and electrolyte balance,
and skeletal cycle (Melmed et al., 2015).

Thyroid hormones have a dose-dependent
adverse effect on carbohydrate metabolism. As the
thyroid hormone level increases in the blood, the
absorption of glucose from the intestines and the
use of glucose by the tissues increase;
glycogenolysis and gluconeogenesis in the liver,
skeletal muscle, and cardiac muscle cells are
stimulated, and blood glucose level increases
(Noyan, 2011). Triiodothyronine (T3) can cause
changes in the energy metabolism of the whole
body (Vinales et al., 2019). Ts, which increases the
sensitivity of hepatocytes to the glycogenolytic and
gluconeogenic effects of epinephrine, indirectly
affects hepatic glucose production and increases
the use of glucose by muscle cells (Salvatore et al.,
2014). Thus, hypothyroidism has a significant effect
on an individuals glucose tolerance, post-meal
thermogenesis, and sympatho-adrenergic reactions
to glucose uptake (Kozacz et al., 2014; Mullur et al.,
2014). Thyroid dysfunction may be a risk factor for
glucose intolerance (Nishi, 2018), and glucose
absorption is impaired in hypothyroidism,
peripheral glucose assimilation is delayed, and
gluconeogenesis is slower (Duntas et al., 2011).

Thyroid  hormone regulation of lipid
metabolism, mainly depends on the liver-specific
effects of the interactions of Tz, thyroid hormone
receptors, and nuclear hormone receptors. Thyroid
hormones regulate cholesterol synthesis through
many mechanisms (Mullur et al. 2014). The main
pathway is the stimulation of transcription of the
LDL-R gene by thyroid hormones, resulting in
increased cholesterol uptake and cholesterol
synthesis (Lopez et al.,, 2007). Fatty acids induce
hepatic thyroid hormone receptor expression and
decrease both serum cholesterol and serum
triglycerides; however, in the case of hypothyroid,
polyunsaturated fatty acid does not induce thyroid
hormone receptors, but it causes a decrease in
serum cholesterol, resulting in persistent
hypertriglyceridemia by stimulating PPAR
expression (Souza et al., 2011). In the case of
hypothyroidism, it is stated that serum low-density
lipoprotein (LDL) and cholesterol levels increase due
to the decrease of LDL receptors in the liver
(Diekman et al. 1998; Shin and Osborne, 2003).
Thyroid hormones stimulate protein conversion
(Marcin et al, 2016). The effect of thyroid
hormones on protein metabolism differs from the
organism's metabolic state and hormone level.
Physiological doses of the hormone increase the
synthesis rate of the necessary enzymes in oxidative

reactions required for protein synthesis and
ultimately create a positive nitrogen balance
(Noyan, 2011). Hypothyroidism causes a decrease in
protein synthesis and the release of amino acids
such as alanine, tyrosine, glycine, and glutamine
from skeletal muscles (Marcin et al., 2016).

CoQ10 is an important coenzyme found in the
hydrophobic part of all membranes and the
mitochondrial inner membrane and is necessary for
the activities of enzyme systems involved in
oxidation-reduction reactions in the electron
transfer chain (Acosta et al., 2016; Alcazar-Fabra et
al.; 2016). Under normal conditions, the amount
synthesized in the body is sufficient for the body.
However, various diseases, aging, and degenerative
processes cause this amount to be insufficient for
the body (Bhagavan and Chopra, 2006).

In this context, against the negative metabolic
effects of hypothyroidism, which has negative
effects on many systems in humans and animals
and which is endemic both in Turkey and in the
world; although it is produced endogenously in the
body, it is aimed to determine the effect of CoQ10,
for which insufficiency can be observed and has
become widely used as a food supplement in recent
years, on plasma glucose, total protein, triglyceride
and total cholesterol levels in experimental
hypothyroidism-induced rats.

Material and Methods

A total of 32 healthy adult male Wistar Albino
rats were used as the material in the research.
Animals were taken from Selcuk University,
Experimental Medicine Research and Application
Center. During the research period, the predicted
living conditions for the rats were provided as 22+2
°C room temperature, 50£10% relative humidity,
and 12/12 night and daylight periods. The animals
were fed ad libitum with standard rat feed, and the
average amount of water in the rats' daily drink
Table was determined (50 ml/day/rat), and their
water was refreshed daily during the 10-day
adaptation period. The main research period in the
study was conducted for a total of 3 weeks.

The rats housed in 8 separate cages (each
group divided into two separate cages) as four rats
in each cage during the research were divided into
four experimental groups as control (K, n=8), CoQ10
(C,n=8), Hypothyroid (H,n=8), and
CoQ10+Hypothyroid (CH, n=8).

Control Group (K): No administration was
made to the animals in this group, and their feed
was given ad libitum during the study, while their
daily drinking water was given in the specified
amount.
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Coenzyme Q10 Group (C): During the trial,
approximately 3mg CoQ10 (10mg/kg/day) per
animal was administered intraperitoneally by
dissolving in 0.3 ml corn oil for this group of rats
(Keskin and Uluisik, 2017).

Hypothyroidism Group (H): To induce
hypothyroidism in rats, 6-n-propyl-2-thiouracil
(PTU) was added to drinking water at the rate of
\0.05% weight/volume (w/v) daily throughout the
trial (Messarah et al., 2010; Tousson et al., 2012).

Hypothyroidism + Coenzyme Q10 Group (HC):
Coenzyme Q10 dissolved in corn oil at an amount of
10mg/kg/day was administered intraperitoneally to
the animals in this group throughout the trial.
0.05% of PTU was added to drinking water.

At the end of the research, a sufficient amount
of blood was drawn from the subjects in the groups
under general anesthesia (70 mg/kg ketamine + 5
mg/kg Rompun) and cardiac punching into EDTA
tubes. Plasma was obtained by centrifuging the
blood at +4 2C at 3500 rpm (Hettich Rotina 35 R).
Total protein, glucose, triglyceride, and total
cholesterol levels were determined in the obtained
plasma samples. Animals whose blood was drawn
were sacrificed by the appropriate euthanasia
technique (cervical dislocation). Plasma samples
obtained from blood drawn from animals were
stored at -20 °C until the analysis is performed. The

study was approved by the Selcuk University
Experimental Medicine Research and Application
Center Ethics Committee (Report no.2018-49).

Total protein (Siemens, Df73), glucose
(Siemens, Df39a), triglyceride (Siemens, Df69a), and
total cholesterol (Siemens, Df27) levels were
determined  spectrophotometrically with the
Siemens Centaur CP device as per the kit IFUs
(Castelo-Branco et al. 2010).

Statistical analysis of the data obtained at the
end of the study was carried out using the SPSS 18.0
(SPSS, Inc., Chicago, IL, USA) package program.
Variance analysis was conducted to determine the
importance of intergroup differences in the
research. Duncan multiple comparison tests were
performed for post hoc analysis (Tekin, 2003).

Results

While the mean plasma GLU value determined
in the study was not significant between Group K
and C and between Group H and HC, it showed a
significant decrease (p<0.05) in both Group H and C
compared to Group K and C. In addition, it was
observed that the application of inducing experi-
mental hypothyroidism was influential on the ave-
rage glucose value, while the application of CoQ10
did not cause any change (Table 1 and Figure 1).

Table 1. Plasma average glucose (mg/dl), total protein (g/dl), triglyceride (mg/dl) and cholesterol (mg/dl) values of all groups. (xxtSEM, n=8).

Parameters K C H HC
GLU 233+16,38° 231,25+10,38° 185,5+12,15° 187,12+11,03°
TP 5,48+0,05° 5,67+0,1° 6,46%0,17° 6,76+0,08°
TG 65,85+3,682 51,62+6,32° 30,87+1,39° 25,25+2,30°
TC 68,0+1,52¢ 67,75+1,89° 83,37+4,5° 97,12+4,79°

a,b,c; The difference between the mean values of the same parameter with different letters on the same row is important. (p<0,05).
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Figure 1. A. Plasma average glucose values B. Plasma average total protein values C. Plasma average triglyceride values,

D. Plasma mean total cholesterol values
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While the plasma means total protein value
determined in the study was not significant
between Group K and C and between Group H and
HC, it showed a significant increase (p<0.05)
separately in both Group H and C compared to
Group K and C. It was observed that the application
of inducing experimental hypothyroidism was
effective on the average total protein value, while
the application of CoQ10 did not cause any change
(Table 1 and Figure 1).

The mean plasma triglyceride value
determined in the research showed a decrease
(p<0.05) in Group C, H, and HC compared to that of
Group K. The inter-value difference between the
Group H and HC was insignificant. The application
of inducing experimental hypothyroidism was found
to be significantly (p<0.05) effective on the
decrease in plasma mean triglyceride value; while
the CoQ10 application was found to be significant in
Group C compared to Group K (p<0.05), and
insignificant in the Group HC compared to Group H
(Table 1 and Figure 1)

In this study, while the plasma average total
cholesterol value determined was not statistically
significant between Group K and Group C; it
increased significantly (p <0.05) in both Group H
and Group HC compared to the groups in subject (K
and C). The increase in Group HC was significant
compared to Group H (p<0.05). It was observed that
the experimental hypothyroidism application had a
significant (p<0.05) effect on the increase of the
mean plasma total cholesterol value. Also,
application of CoQl1l0 further increased the
increased total cholesterol value in hypothyroidism
(p<0.05) (Table 1 and Figure 1).

Discussion and Conclusion

Numerous health  benefits of CoQ10
supplementation are reported in the literature. A
significant part of the studies on this subject is
related to cardiovascular diseases in which the
effect of CoQ10 is investigated as a part of medical
treatment (Belardinelli et al., 2006; Dludla et al.,
2020; Herndndez-Camacho et al., 2018, Mantle and
Hargreaves, 2019). Also, CoQ10 is recommended to
be used as an auxiliary or protective support agent
in the treatment of neurodegenerative diseases and
mitochondrial diseases (Yang et al., 2016),
neurological diseases such as Parkinson and
Huntington (McGarry et al., 2017; Zhu et al., 2017),
and diabetes (Samimi et al., 2019) and cancer cases
(Abdi et al.,, 2020; Tafazoli, 2017). Also, in the
studies conducted, it was shown that CoQ10 plays a
role in stabilizing free radicals due to its powerful
antioxidant function, and by this characteristic, it
prevents the damage of biomolecules by inhibiting

lipid and protein peroxidation, and it is noted that it
is useful as a protective agent in some diseases and
as an auxiliary in treatment (Alahmar and Sengupta,
2020; Mousavinejad et al., 2018; Samimi et al.,
2019). Even then, the number of researches on the
effect of CoQl0 on impaired metabolism and
related parameters in hypothyroidism is quite
insufficient.

It is emphasized that there is a tendency to
increase in serum CoQl10 level in case of
hypothyroidism, and there is an inverse correlation
between serum CoQ10 level and serum thyroid
hormones (fT3, fT4, rT3, and rT4) levels (Ogura et al.
1980). The reasons for the decrease in CoQ10 levels
have been reported as thyroid hormone levels rise,
CoQ10 works against tyrosine, the substrate for
thyroxine synthesis, and increased use of CoQ10
and increased degradation due to increased
metabolic (Polat et al., 2017). Similarly, Pandolfi et
al. (1994) reported that the blood CoQ10 levels of
patients with hypothyroidism increased, and they
emphasized that CoQ10 was inversely related to Ts
but had no relation to Ts. It is thought that the
decrease in T3 level due to CoQ10 administration
may be due to the increased intracellular use of this
hormone as a result of accelerated mitochondrial
activity (Pandolfi et al., 1994).

In this study, the fact that the plasma glucose,
total protein, triglyceride, and total cholesterol
levels of the group C given CoQ10 did not differ
significantly (p>0.05), and the plasma glucose and
triglyceride levels in the group HC given CoQ10 with
PTU were statistically lower than in the group K
(p<0.05) and total protein level was statistically high
(p<0.05) showed that CoQ10 was not effective in
correcting the plasma glucose, total protein and
triglyceride levels due to hypothyroidism. In the
study, the total cholesterol level was found to be
statistically higher in the group PTU than in group K
and Group C (p<0.05). In the group HC given CoQ10
with PTU, total cholesterol level was found to be
statistically higher than all other groups (K, C, and
H) (p<0.05) (Table 1).

It is reported that thyroid hormones increase
glycogen synthesis in small doses within the context
of dose-dependent adverse effects (Cooper et al.,
2007; Noyan, 2011). It is also reported that basal
metabolism slows down, and gluconeogenesis
decreases in hypothyroidism (Comte et al., 1990;
Marchesini et al., 1993). These reports support the
decrease in mean plasma glucose level achieved in
the hypothyroidism group in the study. The
decrease determined in plasma glucose level in
group H may be due to the decrease in
phosphorylase kinase and lysosomal a-oxidase
activity in the liver, and thus glycogenolysis due to
the decrease in T3 level, and may also be due to a
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decrease in gluconeogenic enzyme activities such as
phosphoenolpyruvate, carboxykinase, and pyruvate
carboxylase, and decreased susceptibility to
glycogenolysis and gluconeogenesis in hepatocytes.
The reports that CoQ10 administration does not
affect plasma glucose and the result obtained in the
study are similar (Kismali, 2009). (Table 1 and Figure
1).

Thyroid hormones are necessary for cells to
synthesize structural proteins and specific enzymes,
therefore for growth. It was reported that the role
of thyroid hormones on protein metabolism is
biphasic, catabolic in high concentrations, and
anabolic in low concentrations (Trajkovic-Arsic et
al.,, 2010). It was reported that hyperthyroidism
prevents protein synthesis, accelerates protein
catabolism, and increases nitrogen excretion, and
the hormone administered in physiological doses
increases protein synthesis (Noyan, 2011) also. In
hypothyroidism, it was reported that in patients
whose basal metabolic rate and protein synthesis
and degradation decrease, a positive nitrogen
balance occurs, protein permeability of capillaries
increases, and protein level increases in effusions
(Hayase et al., 1991). In the study, the increase in
total protein level in group H compared to the
group K group was attributed to the increase in the
synthesis rate due to protein degradation. The
increase in the total protein level determined in
group H compared to group K in the study does not
match with the reports that there is no change in
the parameter in question (Kandir and Keskin, 2016;
Kismali, 2009) (Table 1 and Figure 1).

The general conclusion in the literature is that
plasma total cholesterol and triglyceride levels
increase in hypothyroidism. Lipoprotein lipase (LPL)
plays a central role in plasma lipid metabolism,
hydrolyzing triglycerides in lipoproteins and
releasing fatty acids for tissues (Beigneux et al.,
2019). Lipoprotein lipase activity is increased by
thyroid hormone, so the triglyceride level may
increase in hypothyroidism (Lam et al.,, 1986).
However, Ness et al. (1998) reported that plasma
triglycerides decreased by 60% as a result of
thyroidectomy in rats. The results we obtained in
our study showed that the decrease in triglyceride
level in the hypothyroidism-induced group
compared to the control group showed that more
detailed studies are needed on this subject. Also, it
was observed in our research that PTU
administration caused an increase in total
cholesterol levels in group H compared to group K,
which was similar to the reports of many
researchers (Cooper et al.,, 2007; Meisinger et al.,
2014; Ness et al., 1998).

Although the main reason for CoQ10's effect
on lipid profile is unknown, several mechanisms by
which CoQ10 supplements can improve lipid
profiles are reported. As an intracellular
antioxidant, CoQl10 protects cell membrane
phospholipids and mitochondrial membrane
protein against damage caused by free radicals
(Singh et al. 2007). Aldehyde derivatives from lipid
peroxidation such as malondialdehyde inhibit free
cholesterol esterifying, lecithin-cholesterol
acyltransferase (LCAT) on HDL-cholesterol. Hence,
CoQl10 can support the production of HDL-
cholesterol, suppress oxidative stress, and reduce
malondialdehyde levels (McCall et al. 1995).
Besides, CoQ10 supplementation activates the
calcium-mediated AMP-activated protein kinase
pathway (AMPK, the molecule that stimulates
mitochondrial biogenesis, glucose transport, and
free fatty acid oxidation) and provides inhibition of
differentiation-induced adipogenesis (Lee et al.,
2012). According to the findings we obtained in our
study, although plasma triglyceride level in group C
treated with CoQ10 tended to decrease compared
to group K, this difference was not significant
(p>0.05). Although the plasma triglyceride level of
Group HC is statistically the lowest (p<0.05) and the
total cholesterol level is statistically the highest
(p<0.05) differs from other literature reports (Table
1 and Figure.1), this may be since the duration of
experimental hypothyroidism is only three weeks.
Hypothyroidism patients who require urgent
intervention are patients with thyroid hormone
insufficiency for a long time.

In this study, it was determined that CoQ10
administration decreased the mean plasma
triglyceride level in group C compared to group K
and increased the mean plasma cholesterol level in
group HC compared to group H. Also, literature data
on the effect of CoQ10 on lipid profile differ. It was
concluded that the difference in the data obtained
in the study and from the current literature might
be due to the differences in the use, dosage, and
duration of use of CoQ10 and the species used as
material. Conducting a detailed and sufficient
number of researches on the subject will ensure
that the subject can be discussed more
scientifically.
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Ozet: Zoonoz bir hastalik olan trisinelloz hastaliginin etkeni Trichinella spp. larvalari, genelde memelilerde ve bazen kuslarda
bulunmaktadir. Etkenin Turkiye’deki dagilimi daha ¢ok yaban domuzlariyla olmakla birlikte, yaban hayatta diger memelilerle
de olabilmektedir. Larvalar kuslarda da bulunabildiginden dolayi, bu ¢alisma, kuzeybati Tirkiye’deki bazi yabani kuslarda
Trichinella spp. larvalarinin varhgini tespit etmek amaciyla yapilmistir. Bu amagla, hayvan hastanesine tedavi amaciyla
getirilen ve 6len 59 yabani kusa nekropsi yapilarak, gogiis kaslarinda larva varligi, yapay sindirim teknigi ile arastiriimistir.
Orneklerdeki muhtemel pozitifligi teyit etmek amaciyla, ayni zamanda her &rnek ayrica Trisinoskop ile de muayene
edilmistir. Yapilan muayeneler sonucunda higbir kusun gogus kasinda Trichinella spp. larvalarina rastlanmamistir. Larva
tespiti yapilmadig igin, tlr teshisine yonelik herhangi bir molekiiler calisma da yapilamamistir. Calismamiz, Turkiye’deki
yabani kuslarda Trichinella spp. larvalarinin varliginin arastirilmasina yonelik ilk calismadir.

Anahtar Kelimeler: Bursa, Trichinella spp., Yabani kuslar.

Investigation of Trichinella spp. Larvae in Some Wild Birds

Abstract: Trichinella spp. larvae of the zoonotic trichinellosis may occur mainly in mammals either birds. The distribution
area of the agent is influenced by the introduction of this pathogen strongly by wild boars and other wild mammals in the
wildlife of Turkey. Since larvae can also be found in birds, we surveyed to detect this parasite in wild birds in northwest
Turkey via examining breast muscles from 59 wild birds by artificial digestion. Each sample was examined under the
stereomicroscope after the digestion protocol. At the same time, every sample was examined separately by the
Trichinoscope to support possible positivity. As a result of this investigation, none of the larvae were detected in sampled
birds. Because of no larva detection, none of a specific molecular test was performed. This is the first documentation about
the presence of Trichinella larvae in birds in Turkey.

Keywords: Bursa, Trichinella spp., Wild birds.

Giris

Trisinelloz, Trichinella  tirlerinin larvalarini 2015). T. pseudospiralis tird, hem memeliler hem

bulunduran etlerin veya et Urinlerinin ¢ig veya az
pismis olarak yenmesi sonucu olusan, dinyadaki
yaygin zoonoz hastaliklardan biridir. Bu cinse ait
nematodlar, Antarktika haric tim dinyada
memelilerin, kuslarin ve slriingenlerin parazitidir.
Kirsal dongide bulunan hayvanlardan kemirgenler,
kara ve kutup ayilari, yaban domuzu, porsuk, kurt,
tilki, bayak kediler, sirtlan, ¢akal gibi yirticilar basta
olmak (zere, vyabani kuslar da hastaligin
epidemiyolojisinde rol oynamaktadir. Enfeksiyon,
taze veya clriimis hayvan leslerinde bulunan kist
icindeki larvalarin alinmasi veya bazi enfekte
hayvanlarin diskilarinin yenmesi ile gelismektedir.
Hastalik insanlara, evcil veya yabani domuzlar,
karnivorlar (6rn; ayi, kopek, porsuk, mors) ve atlara
ait et/et Urlnlerinin ¢ig veya az pismis olarak
yenmesiyle bulasmaktadir (Pozio, 2005; 2007;

de kuslarda bulunabilen tek turken, diger Trichinella
tirleri memelilerde veya siringenlerde
bulunmaktadir (Pozio, 2005). Tiirkiye’de domuz eti
tiketimi dinsel nedenlerden dolayr ¢ok azdir.
Raporlanan insan trichinellosis vakalarinin hepsinin
yaban domuzu kékenli olmasi, vahsi yasamdan
avlanan yaban domuzlarinin bir kisim halk
tarafindan yendigini gostermektedir.

Tirkiye’de 6zellikle domuz ve domuzdan elde
edilen gida {rlnlerinde Trichinella larvalarinin
varligina yonelik bircok arastirma yapilmasina
ragmen (Aypak ve ark., 2013; Bostan ve ark., 1999;
Heper ve ark., 2005; Senlik ve ark., 2011), kirsal
dongiide bulunan yabani kuslardaki larva varligina
yonelik herhangi bir ¢alisma bulunmamaktadir. Bu
calismada, Bursa il sinirlari igerisinde bulunan, Bursa
Uludag Universitesi Hayvan Hastanesine tedavi
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amaciyla getirilen yabani kuslarin géglis kaslarinda
Trichinella spp. larvalarinin varligi arastiriimistir.

Materyal ve Metot

Calisma vyapilmadan o6nce, kuslar (zerinde
yapilacak uygulamalar igin Uludag Universitesi
Hayvan Deneyleri Yerel Etik Kurulundan (No:2015-

06/03) ve T.C. Orman ve Su isleri Bakanhg’'ndan
(29.06.2015, No: 138216) gerekli izinler alinmistir.
Bursa Uludag Universitesi Veteriner Fakiiltesi
Hayvan Hastanesine Haziran 2015-Ocak 2019 tarih-
leri arasinda halk tarafindan yarali olarak getirilen
ve tedaviye ragmen 6len yabani kuslar, bu ¢alisma-
nin materyalini olusturmustur. Toplamda 17 cinse
ve 19 tire ait 59 adet yabani kus, Trichinella spp.
larvalari yoninden muayene edilmistir (Tablo 1).

Tablo 1. Calismada incelenen kus tiirleri ve sayilari

Kug ismi (Lat) Kug ismi (TR) n
Buteo buteo Sahin 12
Passer domesticus Bayagi serce 9
Larus michahellis GUmUs marti 9
Ciconia ciconia Leylek 4
Pica pica Saksagan 4
Tyto alba Peceli baykus 3
Corvus monedula Kigik karga 3
Apus apus Ebabil 3
Falco tinnunculus Kerkenez 2
Falco eleonorae Ada dogani 1
Circaetus gallicus Yilan kartali 1
Apus melba Ak karinli ebabil 1
Upupa epops ibibik 1
Corvus corone Kara les kargasi 1
Caprimulgus europaeus Coban aldatan 1
Columba livia Kaya guvercini 1
Anthus trivialis Agag incirkusu 1
Corvus cornix Les kargasi 1
Toplam 59

Kuslarin tiir teshisleri Heinzel'in (1995) tanimladigi
kriterlere gore yapilmistir. Kuslar genel nekropsi
kurallarina  gore acilarak gogis (pektoral)
kaslarindan, kusun blytklugine goére 2-4 gr'hk
parcalar alinmistir. Her bir kas ornegi Trichinella
larvalarinin varhgi yoniinden, manyetik karistiricih
yapay sindirim teknigiyle incelenmistir (European
commission regulation 2075/2005; Gamble ve ark,
2000). Sindirim sivilarindaki larvalarin  varhg
stereomikroskop (Nikon SMZ 10) altinda x35
bliyitmede muayene edilmistir. Ayrica ikinci bir
muayene yontemi olarak, her kusun ortalama 1
gramlik gogis etleri ince pargalar halinde kiyilarak
Trisinoskop lami arasinda ezilmis ve ayni mikroskop

altinda ayni buyitmede muayene edilmistir (Kaya,
2003).

Bulgular

Bu calisma siiresince Bursa il sinirlari igerisinde
bulunarak hayvan hastanesine tedavi amaciyla
getirilen ve o6len 59 yabani kusun gogis kaslar
Trichinella  spp. larvalarinin  varhg yoniinden
muayene edilmistir. Gerek sindirim teknigiyle
gerekse trisinoskop laminda yapilan muayeneler
sonucunda orneklerin hicbirisinde Trichinella spp.
larvalarina rastlanmamistir.
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Tartisma ve Sonug

Dinyada vyaygin olarak gorilen zoonoz
hastaliklardan biri olan Trisinelloz; memeliler, kuslar
ve slriingenlerde bulunan Trichinella tirlerinin
larvalar tarafindan olusturulur. Zoonoz karakterli
hastallk olmasi, Trichinella spp. larvalarinin
hayvanlarda bulunma oraninin arastirilmasi ve
bilinmesi yoéniinden 6nem arz etmektedir.

Trichinella spiralis’in orijini Dogu Asya olup,
muhtemelen ticaret yolu ile Avrupa’ya yayimis,
Avrupa kolonizasyonu sirasinda ikinci milenyumun
baslarinda Amerika, Yeni Zelanda ve Havai'ye de
yayilim gosterdigi belirtilmistir (Pozio, 2019).

Tirkiye'de ilk Trisinellozis vakasi 1977 yilinda
Merdivenci  (1977)  tarafindan  bildirilmistir.
Kastamonu’da avlanan yaban domuzunun
istanbul’da bulunan bir aile tarafindan satin
alinmasi ve tiketilmesi sonucunda on g kisinin
enfekte oldugu tespit edilmistir. 2003 vyilinda
Bursa’da yabani domuz eti yemis olan yedi kisinin
klinik semptomlar gostermesi Uzerine vyapilan
testlerle Trisinellozis varligi tespit edilmistir (Heper
ve ark., 2005). Mart 2004’te izmir'de ¢ig kofte
tiketim oykusi bulunan 474 kisiden 154’lne
Trisinellozis tanisi konmustur (Turk ve ark., 2006).
iki  bin bes yilinda izmirde Trisinellozdan
suphelenilen 76 cocugun 47’sinin seropozitif oldugu
belirlenmistir (Ozdemir ve ark., 2005). Subat
1997’de istanbul’da Bulgaristan’dan getirilen yabani
domuz etinden vyapildig belirlenen sosislerde
Trichinella spp. larvalarina rastlanmistir (Bostan ve
ark., 1998).

Tirkiye’de  hayvanlarda  Trichinella  spp.
prevalansi ile ilgili yapilan calismalar yetersizdir. ilk
olarak Rommel (1971) tarafindan Ankara Polatli’da
70 yaban domuzunda yapilan ¢alismada, domuzlarin
sadece bir tanesinde Trichinella spp. enfeksiyonu
tespit edilmistir. 1979-1983 yillari arasinda 535 evcil
domuz, 1165 yaban domuzu ve 600 domuz Urini
incelenmis ve sadece 1165 yaban domuzunun
ikisinde Trichinella spiralis bulunmustur (Nazli,
1985). 2007-2008 yillari arasinda Bursa’da 27 yaban
domuzu Uzerinde yapilan ¢alismada Trichinella spp.
larvalari saptanmamistir (Senlik ve ark., 2011).
Aypak ve arkadaslari (2013), 2007-2009 tarihleri
arasinda Aydin ilinde avlanan 43 yaban domuzunda
Trichinella spp. varligini arastirmis ve domuzlarin
higbirisinde Trichinella spp. larvalarina
rastlamamistir.  Tlrkiye’de yaban hayatindaki
kurtlarda yapilan c¢alismada ilk defa Trichinella
britovi tespit edilmistir (Erol ve ark., 2020).

T. pseudospiralis, hem memelileri hem de
kuslari enfekte etmektedir (Pozio ve Murrell, 2006).
insanda 2000 yilinda Fransa’da, 2015’te italya’da
tespit edilmistir (Gédmez-Morales ve ark., 2021;
Ranque ve ark., 2000). Avrupa’da yapilan cesitli

calismalardan elde edilen 90 adet T. pseudospiralis
izolatinin %61’inin evcil ve yabani domuzlardan
%39’unun  ise  karnivorlardan izole edildigi
bildirilmistir (Pozio, 2019). Kuslarda T.
pseudospiralis’in olusturdugu ilk dogal enfeksiyon
1980 yiinda  Shaikenov  (1980) tarafindan
bildirilmistir. Lindsay ve ark. (1995) Alabama’da bir
siyah akbabanin gogiis ve trakeal kaslarinda T.
pseudospiralis larvalarini  tespit etmistir. Pozio
(1999), italya’da alaca baykus ve kiigiik baykusun
gbgls kaslarinda, Hurnikova ve arkadaslar (2014)
ise Isveg’te alaca baykusun pektoral kaslarinda T.
pseudospiralis larvalarina rastlamistir. italya’da
2012-2013 yillari arasinda 678 saksagan ve 120 les
kargasinda vyapilan c¢alismada T. pseudospiralis
larvasi arastirilmis ancak higbir kusta varligi tespit
edilememistir  (Mancianti ve ark.,, 2020).
Calismamizda larva tespiti yapilamadigindan dolayi,
tlr teshisine yonelik molekiler teshis yontemi
uygulanamamistir.

Calismamiz, Turkiye’deki yabani kuslarda
Trichinella spp. larvalarinin varhiginin arastiriimasi
yoninden vyapilan ilk ¢alismadir. Etkenin zoonoz
ozelligi dikkate alindiginda, Tirkiye'deki varligina
yonelik  farkli  bolgelerde yeni  arastirmalar
yaptimaldir.
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A Case of Apocrine Sweat Gland Adenocarcinoma in a Tabby Cat
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Abstract: In this report, clinical, radiological, macroscopic and histopathological findings of apocrine sweat gland
adenocarcinoma are presented in a 13-year-old male tabby cat. In clinical examination, soft tissue masses were detected in
the caudal abdomen and left tuber coxae. Upon radiological examination, subcutaneous masses with the appearence of
soft tissue contrast were detected and the masses were surgically removed under general anesthesia. The sizes of the
masses were approximately 2x2x3 c¢cm in the caudal abdomen and approximately 1x1x2 cm in the tuber coxae region. The
cross-section of the mass was whitish-yellow in color. After the masses were fixed in 10% formaldehyde solution, a routine
histopathology procedure was applied. In histopathological examination, apocrine sweat glands in a cystic structure and
extensions from the center of the cyst to the lumen were determined, and anisonucleosis, anisocytosis and anaplastic cells
with giant nuclei were observed in the epithelial cells of the gland facing the lumen. A diagnosis of papillary-cystic type
apocrine sweat gland adenocarcinoma was made with these findings.

Keywords: Apocrine sweat gland, Carcinoma, Cat.

Tekir Bir Kedide Apokrin Ter Bezi Adenokarsinomu Olgusu

Ozet: Bu raporda 13 yasl, erkek, tekir irki bir kedide apokrin ter bezi adenokarsinomunun klinik, radyolojik, makroskobik ve
histopatolojik bulgulari sunulmustur. Hayvanin klinik muayenesinde kaudal abdomen ve sol tuber coxae bdlgesinde deri alti
yerlesimli yumusak doku kitleleri tespit edildi. Radyolojik muayenede yumusak doku kontrasth goriiniminde deri alti
kitleler saptandi ve genel anestezi altinda cerrahi olarak kitleler uzaklastirldi. Kitlelerin boyutlari kaudal abdomende yaklasik
2x2x3 cm, sol tuber coxae bolgesinde ise yaklasik 1x1x2 cm ebatlarinda idi. Kesit yiizii beyazimsi-sari renkli gériiniimde olan
kitleler %10’luk formaldehit sollisyonunda tespit edildikten sonra rutin histopatoloji prosediri uygulandi. Histopatolojik
incelemede apokrin ter bezlerinin kistik yapida oldugu ve kistin ortasindan limene dogru uzantilarin yer aldigi, bezin
limene bakan epitel hiicrelerinde anizoniikleozis, anizositozis ile dev nukleuslu anaplastik hiicreler bulundugu gérildi. Bu
bulgularla papiller-kistik tipte apokrin ter bezi adenokarsinomu tanisi konuldu.

Anahtar Kelimeler: Apokrin ter bezi, Karsinom, Kedi.

Introduction

Skin sweat glands are classified into 2 types:
apocrine and eccrine (Sato et al., 1987). Eccrine
sweat glands are commonly found in hairless areas
of the body and they regulate body temperature.
Apocrine sweat glands secrete odorous fluid rather
than regulating body temperature (Girgin et al.,,
2008).

Apocrine sweat gland tumors can be benign
and malignant. Apocrine carcinoma is a malignant
tumor that originates from the apocrine secretory
epithelium (Khodakaram-Tafti et al., 2012). It has
been reported that apocrine sweat gland
adenocarcinoma accounts for 0.7-2.2% of all skin-
related tumors in dogs and 3.2% in cats
(Khodakaram-Tafti et al., 2012). The peak incidence
is between the ages of 8 and 12 in dogs, and
between 5 and 15 years in cats. No sex predilection
has been noted (Goldschmidt and Hendrick, 2002).

Apocrine sweat gland adenocarcinoma is seen
in the groin and axillary areas in dogs and cats, as
well as in the perioral region in cats (Goldschmidt
and Hendrick, 2002). It is classified histologically as
solid, tubular, and cystic (Ginn et al., 1993).
Apocrine sweat gland tumor spreads both through
lymphatic and vascular ways and can metastasize to
the regional lymph node, lung, liver, and bone (Ginn
et al., 1993; Baharak et al., 2012).

In this case we described radiological,
macroscopic, and histopathological findings of a
feline apocrine sweat gland adenocarcinoma.

Case Description

A 13-year-old, male cat was referred to the
Veterinary Clinic at the Kastamonu University with a
6 month history of swelling in the caudal abdominal
and left tuber coxae region. The animal owner
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reported that these swellings gradually became
larger and that there was no other disorder in the
general condition of the animal.

Upon physical examination, solid soft masses
were observed in the caudal abdomen (one mass)
and on the left tuber coxae region (two masses)
(Figure 1). Routine hemogram was performed and
no abnormality was detected. Radiography revealed
that the subcutaneous mass had soft tissue contrast
(Figure 2). Additionally, metastasis-suspected areas
were identified in the left caudal lobe of the lungs
(Figure 2). No biopsy or lobectomy was performed
in areas where metastasis was suspected.

Figurel. Clinical or presurgical view of the masses (A:
masses in the left tuber coxae, B: mass in caudal
abdomen)

Figure 2. Radiographic view of the mass in the caudal
abdomen and metastatic masses in the left caudal lobe
of the lung (metastatic masses are seen in the inset)

After physical and radiological examinations,
surgical extirpation of the masses was planned
under general anesthesia. Anesthesia was induced
with a combination of xylazine HCI (1 mg/kg IM, 2%
Rompun, Bayer, Istanbul, Turkey) and ketamine HCI
(20 mg/kg IM, 10% Ketasol, Richter Pharma,
Austria). Respiratory rate, heart rate and rectal
temperature were monitored before and during
anesthesia (mean respiratory rate 20/min, mean

heart rate 95/min, mean rectal temperature 38.5
°C). The cat was positioned in left lateral
recumbency and surgical site was prepared
normally. After making incisions on the masses,
they were removed by blunt dissection.
Subcutaneous tissue was closed with simple
continuous sutures. Finally, the incision line was
closed with a simple separate interruption.
Meloxicam (0.1 mg/kg, orally, g24h, Bavet, Istanbul)
and synulox (1 ml/20 kg SC, Zoetis 40 ml, Italy) was
used for 3 days after surgery. Sutures were
removed on the tenth day postoperatively. Since
the owner of the animal was out of town after the
operation, phone calls were made every two
months and it was learned that there was no
recurrence and the general condition of the cat was
good.

The masses were approximately 2x2x3 cm in
the caudal abdomen and 1x1x2 cm at the level of
the left tuber coxae region and both masses were
surrounded with a fibrous capsule. It was
determined that the mass with a whitish-yellow
cross-sectional surface had cystic structures with
centrally located cavities (Figure 3).

Figure 3. Macroscopic image of the mass removed from the
caudal abdomen (apocrine sweat gland adenocarcinoma)

The masses were fixed in 10% formaldehyde
solution for histopathological examination. After
fixation, tissues were blocked in paraffin for routine
histological staining procedure. Five um thick
sections were taken from the paraffin blocks and
stained with hematoxylin-eosin (H&E). In the
histopathological examination an increase in the
fibrovascular connective tissue was observed
between the glands in the dermis layer. Anaplastic
cell formations were found in glandular and
myoepithelial cells. Apocrine sweat glands were
found to have cystic structure, and finger-like
projections towards the lumen were detected
(Figure 4). In these papillary appendages, atypical
cell structures and tumor-type giant cells were seen
(Figures 4 and 5). Anisonucleosis, anisocytosis and

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2021; Cilt 10, Say: 1 78



Harran Univ Vet Fak Derg, 2021; 10 (1): 77-80

Case Report

anaplastic cells with giant nuclei were detected in
the luminal epithelial cells of the sweat glands. Few
mitotic figures were encountered with an increase
in the number of nucleoli (Figure 5).

Figure 4. Papillary extension (red arrows) and giant
nucleus (black arrow), apocrine sweat gland
adenocarcinoma, skin. H&E x 200

Figure 5. Giant nucleus (red arrows), anaplastic cell and
increase in the number of nucleoli (black arrows),
apocrine sweat gland adenocarcinoma, skin. H&E x400

Discussion and Conclusion

Apocrine sweat gland adenocarcinoma has
been reported in dogs, cats, cows, monkeys, mice,
and other animal species (Khodakaram-Tafti et al.,
2012; Matthias et al.,, 2012; Tessele et al., 2015).
Apocrine carcinoma accounts for 3.2 % of cat skin
tumors, and it is more common in Siamese and
tabby cats, and less in domestic short-haired cats
(Goldschmidt and Hendrick, 2002; Haziroglu et al.,
2014). The tumor is seen in cats between the ages
of 5 and 15, especially over 10 years of age
(Goldschmidt and Hendrick, 2002). Haziroglu et al.
(2014) reported that apocrine sweat gland
adenocarcinoma can be seen in tabby cats between
the ages of 2.5 and 3. In our case, feline apocrine
carcinoma was found to be within the age limits
stated by Goldschmidt and Hendrick (2002). This
tumor is seen in both male and female cats

(Goldschmidt and Hendrick, 2002; Kalaher et al.,
1990). In our case report, the tumor was detected
in a male cat.

Apocrine sweat gland adenocarcinoma has
usually been reported on inguinal, axillary regions
(Goldschmidt and Hendrick, 2002), the head, neck,
trunk, abdomen, and limbs in cats and dogs
(Haziroglu et al., 2014; Miller et al., 1991). Similar to
other studies, one of the masses was detected in
the caudal abdomen. However, the other masses
were detected in the tuber coxae region on our
clinical examination. As seen in the present case,
the tumor can metastasize to different regions.
Therefore, clinical examinations of these patients
should be done carefully in order not to miss the
metastatic tissues.

Apocrine gland carcinoma spreads both by
lymphatic and vascular pathways and metastasizes
to regional lymph nodes, lung, liver, and bone
tissues (Baharak et al.,, 2012). In the radiological
examination of this case, nodules were found in the
left caudal lobe of the lung. This nodule was
evaluated as an apocrine sweat gland
adenocarcinoma metastasis.

In cats and dogs, the size of the tumor nodule
can be less than 1 cm (Goldschmidt and Hendrick,
2002). However, in recent case reports, it has been
reported that the size of the tumor is larger than 1
cm in dogs (Baharak et al., 2012; Khodakaram-Tafti
et al., 2012). In our case, the size of the tumor was
more than 1 cm (approximately 2x2x3 cm in the
caudal abdomen, and approximately 1x1x2 c¢cm in
tuber coxae region).

The World Health Organization classifies
apocrine sweat gland tumors in domestic animals as
adenoma/carcinoma, complex or mixed
adenoma/carcinoma (or both) and ductal
adenoma/carcinoma (Goldschmidt and Hendrick,
2002; Nibe et al.,, 2005). Histopathologically,
apocrine carcinoma can be of solid, tubular, and
papillary-cystic structure (Ginn et al., 1993). In our
case, the tumor had a cystic-papillary structure
histopathologically. In apocrine carcinoma, cell
cytoplasms are eosinophilic, while nuclei are oval,
hyperchromatic, and pleomorphic. Also, a large
number of mitotic figures are encountered
(Goldschmidt and Hendrick, 2002). In this case,
atypical cell morphology was detected in the apical
faces of the sweat gland epithelial cells, and the
apocrine sweat gland adenocarcinoma of these cells
was found to be compatible with histological
findings.

In the treatment of localized apocrine gland
carcinoma, curative treatment, regional lymph node
dissection, wide local excision and postoperative
radiotherapy in patients with poorly differentiated
tumors are applied (Chamberlain et al., 1999). In
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our case, after the disease was diagnosed, the
detected masses were deeply extirpated by making
a wide incision.

In the phone calls made with the animal
owner, it was learned that no new masses were
formed in the postoperative period.

In this case report, clinical, radiological,
macroscopic, and histopathological findings of
apocrine sweat gland adenocarcinoma were
described in a 13-year-old tabby cat. It is concluded
that by reporting similar cases in cats, useful
information about the diagnosis and treatment of
this tumor can be obtained.
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Abstract: A four-year-old Anatolian Shepherd bitch was brought to our clinic with an intermittent purulent-hemorrhagic
vaginal discharge complaint with no general symptoms for six months following the last parturition. There were no signs of
mass or lesion on the vaginal wall during physical examination. Anechogenic uterine content, hyperechoic structures freely
floating in the lumen, and suspicious fetal tissue remnants were detected by ultrasonography in only the left uterine horn.
Hematological parameters revealed the chronic uterine infection. The unilateral ovariohysterectomy operation was
performed for the more affected left horn to maintain the patient’s fertility. Two fetal bone remnants were detected in the
reddish infectious uterine content at the postsurgical uterine incision. Throughout the postoperative five months, vaginal
discharge or any general signs of complication were not observed. We thought that the last fetus might have undergone
uterine retention and autolysis in the following weeks, which caused the chronic uterine infection. Obstetrical controls are
well-advised in all parturitions to reveal any fetal remnant cases/complications and to have a normal postpartum process.
Key words: Bitch, debris, fetal death, uterine infection.

Bir K6pekte Fetal Retensiyonun Neden Oldugu Kronik Uterus Enfeksiyonu ve Tek Tarafli
Ovaryohisterektomi ile Tedavisi

Ozet: Dort yasinda Anadolu Coban képegi, son dogumdan itibaren alti aydir genel hastalik semptomlarinin bulunmadig
aralikh purulent hemorajik vajinal akinti sikayeti ile klinigimize getirildi. Fiziki muayenede vajina duvarinda herhangi bir kitle
veya lezyona rastlanmadi. Ultrasonografi araciligiyla sadece sol kornu uteride anekojenik uterus igerigi ile fetal doku
kalintilarini stiphelendiren ve lumen igerisinde serbestge ylizen hiperekoik yapilar tespit edildi. Hematolojik parametreler
kronik uterus enfeksiyonunu gostermekteydi. Hastanin fertilitesini devam ettirmek icin daha siddetli enfeksiyonun
gorildigl sol kornu uteriye unilateral ovaryohisterektomi operasyonu uygulandi. Postoperatif uterus ensizyonunda
kirmizimsi enfeksiyoz uterus igeriginde iki fetal kemik kalintisi tespit edildi. Postoperatif 5 ay boyunca herhangi bir vaginal
akinti ya da genel komplikasyon belirtisi gozlenmedi. Son fetusun uterusta retensiyona ve sonraki haftalarda otolize ugramis
olabilecegini ve bunun da kronik uterus enfeksiyonuna neden oldugunu disindik. Fetal retensiyon
vakalari/komplikasyonlarini ortaya ¢ikarmak ve olagan bir postpartum sireg¢ i¢in tim dogumlardan sonra obstetrik
kontroller tavsiye edilmektedir.

Anahtar Kelimeler: Disi kdpek, fetal 6liim, kalinti, uterus enfeksiyonu.

Introduction

Fetal retention cases at parturition have been Nelson, 2004; Ritt and Fossum, 1997). Rare cases
described in the dogs having average parturition were detected with no systemic infection signs in
history, but the actual incidence is presumed to be some reports (Fasulkov et al., 2014; Gonzalez
low (Feldman and Nelson, 2004). Clinical findings of Dominguez et al., 2006; Glinzel-Apel et al., 2008;
canine fetal retention/maceration cases are Serin and Parin, 2009). In diagnosis,
obtained from the sporadic clinical reports (Erdogan ultrasonographic examinations reveal the
et al., 2019; Fasulkov et al., 2014; Glinzel-Apel et al., hyperechoic fetal debris in the uterine cavity
2008; Rigau et al., 2011; Serin and Parin, 2009). The (Erdogan et al., 2019; Fasulkov et al., 2014; Pharr
condition leads progressively (within hours or days) and Post, 1992; Serin and Parin, 2009). According to
to uterine infection with severe postpartum metritis fetal debris character and location, prostaglandin
accompanied by fetal emphysema (Orfanau et al., injections or different surgical approaches are
2010). Female dogs exhibit foul and fetid uterine recommended (Feldman and Nelson, 2004; Glinzel-
discharge and may become systemically ill, showing Apel et al., 2008; Serin and Parin, 2009).

the signs of toxemia or septicemia (Feldman and
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This report presented the perioperative clinical
findings of a chronic uterine infection caused by
fetal debris detected in the sixth month after
parturition in a bitch.

Case Description

A four-year-old and 35 kg weighted Anatolian
Shepherd bitch was referred to Animal Hospital of
Aydin  Adnan Menderes University with an
intermittent purulent-hemorrhagic vaginal
discharge complaint. Ten live puppies were
delivered vaginally six months ago in history, but
they died in the postparturient ten days. An
intermittent purulent-hemorrhagic vaginal
discharge was seen since the current parturition,
and several palliative antibacterial medical
treatments were performed during this period in a
private veterinary clinic. Also, no proestrus bleeding
and estrus behavior were observed following the
current parturition. Clinical examination revealed
that the dog was in good condition, and body
temperature and pulsation were normal. However,
chronic infection signs were seen in hematology
(WBC: 20.63x103/ul; LYMP: 0.82x103/ul; MONO:
1.67x103/ul;  NEUT:  17.59x103/ul). At the
ultrasonography, the left uterine horn diameter was
34 mm, and it was filled with anechogenic uterine
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content (Fig. 1), including freely floating
hyperechoic structures, suspicious fetal tissue
remnants. Nevertheless, the right uterine horn had
milder infection signs (less content and uterine
dimension) and a smaller diameter (14 mm) (Fig. 2).

Following clinical and ultrasonographic
examinations, the patient was diagnosed as chronic
endometrial hyperplasia-pyometra complex at first.
Instead of the prostaglandin/oxytocin injections, it
was decided that the surgical treatment procedure
because of the left horn’s higher dimension.
Unilateral ovariohysterectomy was preferred to
protect fertility in subsequent cycles of the bitch.
Ventral midline ovariohysterectomy was performed
to the bitch under the general anesthesia by using
the xylazine [2 mg/kg of Xylazine HCL (Rompun %2,
Bayer, Germany)] and ketamine [10 mg/kg of
Ketamine HCL (Alfamine %10, Alfasan, Holland)]
combination. The left uterine horn and left ovary
were removed, peritoneal lavage was performed,
respectively. Finally, genital organs, peritoneum,
abdominal muscles, and skin were closed separately
by absorbable sutures. Postoperatively, two fetal
bone fragments belonging to the calvarium and the
pelvic arch were detected in the removed horn’s
purulent uterine content. Besides, the appearance
of left ovarium was having the persistence of
corpora lutea (Fig. 3).

24 JUN 2020 10:39

Figure 1. Ultrasonographic appearance of left uterine horn and hyperechoic fetal debris (red arrows)
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Figure 2. Ultrasonographic appearance of right uterine horn (red arrows)

Figure 3. Appearance of removed left uterine horn, left ovary and two fetal bones
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Parenteral antibiotic (10 mg/kg,
Amoxicillin+Clavulanic acid, Synulox, Zoetis, Italy)
was administered subcutaneously for seven
consecutive days. One dose of postoperative
analgesic (0.2 mg/kg, Meloxicam, Maxicam,
Sanovel, Turkey) was also administered. The patient
well tolerated the unilateral ovariohysterectomy
and recovered uneventfully at the end of the
postsurgical first week. No vaginal discharge or
complication sign was observed in the bitch
throughout the postoperative five months.
Although postoperative gynecological scans and
hematological analysis were recommended, they
could not be performed due not to the owner’s
demand.

Discussion and Conclusion

In bitch, the incomplete labor is emerged by
the lack of uterine contractions, uterine rupture,
torsion of the gravid horn, or myometrial
suppressing by long-acting progestagen injections in
the late proestrus or estrus (Fasulkov et al., 2014;
Gunzel-Apel et al., 2008; Orfanau et al., 2010; Rigau
et al.,, 2011). The present case’s actual reason
remained unknown, because there was no external
trauma or hormonal approaches in the patient’s
history. Any systemic signs of a disease could be
linked with the last parturition. Besides, both
uterine horns were intact at the surgery. The
retention of the last fetus could have been resulted
in mild uterine inertia in the last stage of the vaginal
delivery despite the secretion of maternal oxytocin
triggered by other live puppies’ suckling behavior.

Fetal retention cases can potentially result in a
life-threatening emergency (Giinzel-Apel et al.,
2008; Ritt ve Fossum, 1997). Also, long-standing
retention subsists subclinically and does not give
rise to the significant major complications in some
rare cases (Erdogan et al.,, 2019; Orfanau et al,,
2010; Serin and Parin, 2009). Hematological and
radiological changes caused by chronic uterine
inflammation would be detected after the unusual
clinical appearance (loss of appetite, lethargy, etc.),
so the diagnosis of these cases may take several
months. If detailed pelvic ultrasonography had been
performed on the first day of the complaint, the
fetal retention the diagnosis of fetal retention
would be made earlier in this patient.

Infectious vaginal discharge can reflect various
conditions, from simple vaginal flora impairments
to complicated uterine infections (Feldman and
Nelson, 2004; Golinska et al., 2021; Kustritz, 2006;
Kustritz, 2008; Pretzer, 2008). Therefore, it would
be said that the proper treatment of genital
disorders is not possible without pelvic
ultrasonography. Immediate gynecological

ultrasonography is required to evaluate the partial
or complete fetal debris in dogs suffering from long-
standing vaginal discharge, especially in the first
week after birth.

According to the various outcomes of fetal
death and cervical dilatation, fetal tissue debris
varies in size. Dilated cervix allows the vaginal
drainage of the macerated fetus(es) and uterine
content and helps the prevention of maternal
sepsis (Gonzalez Dominguez et al., 2006; Serin and
Parin, 2009). In our case, only two bone remnants
were detected in the left uterine horn because
vaginal drainage and intermittent antibacterial
treatments for six months minimized fetal bone
debris. The long anestrus period that lasted for
postpartum six months can be explained by
developing chronic uterine infection resulting in the
persistence of corpora Iutea and ovarian
suppression. Treatment of canine fetal retention
has two main approaches: using uterine ecbolic and
the partial or complete ovariohysterectomy
(Erdogan et al., 2019; Fasulkov et al., 2014; Feldman
and Nelson, 2004; Glinzel-Apel et al., 2008). Uterine
wall integrity, maternal health condition,
sepsis/toxemia, cervical opening, and the degree of
embedding the fetal debris to the myometrium are
the main factors for choosing the correct treatment
protocol. In this case, the uterine infection had
disseminated asymmetrically and intensely on the
left horn where the dead fetus was located.
However, the size and fluid content of the right
horn were relatively smaller and in better condition.
Therefore, unilateral surgery is recommended as an
alternative technique for removing long-standing
fetal retention and subsequent fertility recovery
(Gunzel-Apel et al., 2008). Similar to the previous
report, a successful unilateral ovariohysterectomy
was performed in the present case to remove the
horn that was more affected by fetal bone debris.
Therefore, it may be possible for the dog to
conceive again and give birth to healthy puppies
with this alternative surgery. In addition to this,
Seyrek-Intas et al. (2004) reported that the
emergence of the subsequent estrus behaviors
could be in a wide range of periods (from 1 day to
11 months) following unilateral ovariohysterectomy
operation. Therefore, the absence of heat
throughout the postoperative five months can be
considered normal in our case.

In case of prolonged postpartum vaginal
discharge, veterinary clinicians should search for
possible obstetric sequelae that can negatively
affect maternal fertility and threaten life. Detailed
uterine scans are superior in the early diagnosis of
obstetric complications in patients without systemic
symptoms and may allow individual surgical
treatment of the uterine horn separately.
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Ozet: Hasta/siirii yaninda teshis ydntemleri, bir hastaligin teshisinin saha kosullarinda hizli ve dogru bir sekilde yapilmasini
amaglayan yontemler olarak ifade edilebilir. Geleneksel tani yontemleri, yiksek duyarliik ve 6zgillige sahip olmakla
birlikte, uzun tani sireleri ile is glici gereksinimleri ve ylksek maliyetleri nedeniyle, alternatif yontem arayislarinin
dogmasina neden olmustur. Veteriner Hekimlikte, hayvanlar ¢ogunlukla merkeze uzak bir konumda bulundugu igin iyi
tasarlanmis hasta/slri yani teshis yontemleri sahada uygulanabilirlik agisindan avantaj saglamaktadir. Ayrica, olasi bir salgin
durumunda hizli taninin gok kritik bir 6nemi bulunmaktadir. Bu derlemede hasta/siirli yaninda teshise olanak saglayan tani
yontemlerinden ve teknolojilerinden bahsedilmis, bu yontemlerin kullanimina iliskin 6rnekler sunulmustur.
Anahtar kelimeler: Hasta/slirii yaninda teshis, Hizli tani, Tani yéntemleri, Veteriner Mikrobiyoloji.

Point-of-Care Diagnostic Methods in Veterinary Microbiology

Abstract: Point of care testing methods can be expressed as methods to diagnose the disease quickly and accurately in field
conditions. Although traditional diagnostic methods have high sensitivity and specificity, they have led to searching for
alternative methods due to their long diagnosis times, labor requirements, and high costs. In veterinary medicine, well-
designed patient/herd side diagnosis methods provide advantages in terms of applicability in the field since the animals are
mainly located far from the center. In addition, rapid diagnosis is of critical importance in the event of a possible epidemic.
In this review, diagnostic methods and technologies that allow diagnosis besides the patient/herd are mentioned, and
examples of these methods are presented.

Keywords: Diagnostic methods, Point of care testing, Rapid diagnosis, Veterinary microbiology.

Giris

Hasta/slri yani testleri, sorumlu hekime kolaylikla
ulastirilabilen, hastanin bulundugu yerde veya hasta
yaninda, klinik laboratuvar disinda ve kalici bir
Uniteye ihtiya¢ duyulmadan, tasinabilir cihazlar
kullanilarak gerceklestirilen tani testleri olarak
tanimlanir (Lamb ve ark., 1995). Dinya Saghk
Orgiiti'ne gore ideal hasta basi testleri; ekonomik,
duyarl, spesifik, kullanici dostu (dusik teknik bilgi
ve basit birkag adimlik prosedir ile kullanilabilen),
hizli, 6zel ekipman gereksinimi bulunmayan ve son
kullanici i¢cin kolay ulasilabilir testler olmahdir
(Kettler ve ark., 2004).

Hasta/siri  yaninda  teshis  yontemleri,
laboratuvar tabanh geleneksel ydntemlere gore
bliyik avantajlara sahip, umut vaat eden tani
araclaridir. Hasta/slri yani tani yontemlerinin en
onemli avantajlarindan biri zaman tasarrufu
saglamasidir. Numunenin toplanmasi ile tedavi
baglangici arasindaki stireyi kisaltir. Ayrica karantina
onlemleri gerektiren bulagici hastaliklarin = hizli
teshisi ile hastaligin yayilmasini  6nlemek igin
gereken Onlemlerin en kisa slrede alinabilmesine
olanak saglar. Dlsiik maliyeti sayesinde ozellikle
gelismekte olan ve dislk bitgeye sahip Ulkeler igin

onemli bir avantaj saglar. Bu yontemler veteriner
hekimlik alaninda kolaylikla uygulanabilir yapidadir.
Clnkl  teste tabi tutulacak hayvanlar tani
laboratuvarinin  bulundugu merkeze wuzak bir
konumda bulunabilir.  Numunenin toplanmasi,
laboratuvara  gonderilmesi, testin  yapilmasi,
sonucun alinmasi ve gerektiginde hayvanlarin tekrar
bir araya toplanmasi blyk zorluk
olusturabilmektedir (Busin ve ark., 2016).

Bu derleme ile laboratuvar tabanli geleneksel
tani testlerinin sahip oldugu dezavantajlari ortadan
kaldirma potansiyeline sahip ve enfeksiyoz
hastaliklarin  tanisinin  hasta/sirti  yaninda, hizli,
glivenilir ve daha diisiik maliyetle yapilabilmesine
olanak saglayan tani teknolojilerinin ve bu
teknolojilerin giincel kullanimina iliskin 6rneklerin
sunulmasi amaglanmaktadir.

Test Yontem ve Teknolojileri

1. Dipstik ve Strip Testler: Bu testler
immiinolojik isaretleme prensibini kullanmaktadir.
Ozel swilarin analizi icin pedli kagit striplerden
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yaptimislardir.  Numune bu striplerle muamele
edildikten sonra, sonuc¢ renk kodlu grafikler ile
karsilastirilir ve bu sekilde analitin yari kantitatif
tanisi saglanir (Busin ve ark., 2016).

Jacob ve ark. (2016) tarafindan kopeklerde
Uriner sistem enfeksiyonunun tespiti icin hizli
immiin test stripleri gelistirilmistir. Koépeklerden
alinan idrar ornekleri ile stripler muamele edildikten
sonra stripler Uzerinde olusan bantlar ve renk
yogunluklari degerlendirilmistir. Kontrol bandi
disindaki bantlarin olusumu, idrardaki bakterinin
tipine gore degismektedir. Birinci bandin olusumu
(ikinci bant ile birlikte veya onsuz), lriner sistem
enfeksiyonunun gram negatif bir bakteriden
kaynaklandigini gosterir. Yalnizca ikinci bandin
olusumu ise enfeksiyonun, gram tipi belli olmayan
bir bakteriden kaynaklandigini gosterir. Geleneksel
bakteriyel kiltir sonuglar ile bu hizh test ciktilar
arasinda blyik uyum goralmustdr.

2. immiinokromatografik Kart Testler (Yatay
Akish immiino Testler, Lateral Flow Immunoassay):
Numune igindeki hedef antijeni, antikoru veya
¢ogaltiimig gen Uruninil, pahal ve amaca 6zel bir
ekipman kullanmaksizin tarayan basit bir cihazdir
(Sahoo ve ark., 2016b). Cogu immiinokromatografik
kart testi, kalitatif veya yari-kantitatiftir (Bahadir ve
Sezgintiirk, 2016). immiinokromatografik kart
testleriyle idrar, serum, plazma ve tam kan gibi
cesitli  biyolojik  ©6rnekler taranabilir. Hayvan
hastaliklari, patojenler ve toksinler bu test ile tespit
edilebilir (Koczula ve Gallotta, 2016).

Analiz edilecek sivi 6rnek, kapillar giig ile kartin
cesitli alanlarina dogru hareket eder.
immiinokromatografik kart testi; &rnek altlg,
konjugat althg, tarama alani ve emici altlik
bolimlerinden olusmaktadir. Ornek althgi
numunenin uygulandigi alandir. Konjugat altliginda;
boyalar, floresan partikiller, altin nano partikiiller,
lateks toplari vb. ile isaretlenmis hedef analite
spesifik antijen veya antikorlar bulunur. Tarama
alaninda, spesifik biyolojik bilesenler (genellikle
antikor ve antijenler) nitroseliloz membranda
bulunan cizgiler Uzerinde sabitlenmistir. Bunlarin
roli, isaretli antikor/antijene bagh analit ile
reaksiyon olusturmaktir (Koczula ve Gallotta, 2016).
Test ¢izgisinin olusmasi, hedef antijen veya
antikorun varligina veya yokluguna gore degisir.
Kontrol ¢izgisi, kart boyunca sivi akisinin dogru olup
olmadigini goésterir. Kontrol ¢izgisi tzerinde, ikincil
antikorlar veya protein G/A gibi spesifik yakalama
molekilleri sabitlenmistir. Hedef analit test edilen
ornek iginde olsa da olmasa da kontrol gizgisinin
olugmasi gerekir. Emici althk da fazla siviyi absorbe
eder (Sahoo ve ark., 2016b). Sonucun okunmasi,
farkh yogunluklarda olusan ¢izgiler incelenerek
yapilir. Bu ¢iplak gbzle veya bir okuyucu vasitasiyla
yapilabilir (Koczula ve Gallotta, 2016).

immiinokromatografik kart testleri, kullandig
tanima elementlerine gore; antikor tabanli ve
nikleik asit tabanl immiinokromatografik kart
testleri olmak Gzere ikiye aynlir (Bahadir ve
Sezginturk, 2016).

3. Mikro Akiskan Teknolojileri: Son
zamanlarda teshis alaninda en umut verici
teknolojilerden biri, mikro akiskan (microfluidics)
teknolojisidir. Mikro akiskan teknolojinin ana
avantajlari  arasinda, tasinabilir olmalan ve
reaktiflerin daslk tiketimi sayilabilir. Ayrica ¢ok
disuk bir numune hacminin kullanilmasi ve dagilma
mesafesinin kisa olmasi analiz siresini belirgin bir
sekilde azaltir (Rattle ve ark., 2013). Test icin gerekli
biutin  adimlarin  tek  aragta  performans
gosterebilmesi de belirgin bir avantaj saglar.
Numunenin 6n hazirhg, analiz, sinyal ¢ogaltiimasi ve
taranmasi ayni aracta gercgeklestirilebilir (Chin ve
ark., 2007). Ek olarak, mikro akiskan teknolojinin
mobil okuyucular ve elektronik bilgi saklama
sistemleri ile kombine edilebilmesi hasta/slru yani
testlerinin gelecek dénem uygulamalari igin giizel
bir yaklasim olabilir (Martinez ve ark., 2008).

Mikro total analiz sistemleri ve mikro akiskan
kagit tabanh cihazlar olmak uzere iki ana tip mikro
akiskan sistem kullaniimaktadir.

Mikro Total Analiz Sistemleri (UTAS): Bu
sistemlerden biri, ¢ip lzerinde laboratuvar (lab on a
chip, LOC) olarak adlandirilan sistemdir. Numune
hazirlanmasi ve tarama gibi bir dizi islevselligi mikro
Olgekte bir cip Gzerinde bir araya getirebilmektedir
(Hardt ve Schonfeld, 2007). Bir diger sistem ise disk
Gzerinde laboratuvar (lab on a disc, LOAD) olarak
adlandirilan sistemdir. Numune hazirlama,
¢Ozeltinin yer degistirmesi, reaktif karistirma,
ayirma ve taramayi tek bir cihazda birlestiren bir tiir
santrifiij mikro akiskandir (Wang ve ark., 2021).

Mikro Akiskan Kagit Tabanh Analitik Cihazlar
(WPDAS): Polidimetilsiloksan’dan yapilan geleneksel
mikro akiskan cihazlarin olduk¢ca komplike olmalari
ve gelismekte olan (lkelerde yaygin kullanima
uygun olamayacak kadar pahali olmalari nedeniyle
sureg igerisinde kagit tabanl mikro akiskan cihazlar
giindeme gelmistir (Martinez, 2011; Sia ve
Whitesides, 2003). Yeni nesil basit mikro akiskan
cihazlarin yapimi igin kagidin secilmesinin nedeni,
uygun fiyath bir materyal olmasi ve ek bir gig
kaynagina gereksinim duymadan, kapillar gii¢ ile
siviyl cihaz icinde hareket ettirme o6zelligine sahip
olmasidir (Martinez, 2011).

4. Niikleik Asit Amplifikasyon Teknikleri: PCR
en vyaygin kullanilan nikleik asit amplifikasyon
teknigidir (Beldk ve Ballagi-Pordany, 1993; Mullis ve
Faloona, 1987; Nakajima ve ark.,, 1992;
Sareyyupoglu ve Akan, 2006). Ancak termal doéngi
cihazi ve uzmanlasmis personel gereksinimi, rutin
tani laboratuvarlarinda biylk bir alan kaplamasi
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gibi sinirlayici  faktoérler; izotermal nikleik asit
amplifikasyonu olarak bilinen yeni bir molekiler-
biyolojik teknigin gelistirilmesini tesvik etmistir. PCR
ve izotermal amplifikasyon arasindaki en buyuk fark,
reaksiyon isisi gereksinimleri arasindaki farktir.
PCR’da belirli sicakliklarda termal déngl adimlari
gerekirken, tiim izotermal amplifikasyon reaksiyonu
icin tek bir optimal reaksiyon isisi yeterlidir. Bu
sayede pahali ekipman gerekmeksizin uygun
reaksiyon kosullari saglanabilmektedir (Chang ve
ark., 2012).

Nikleik asit amplifikasyon tekniklerini mikro
akiskan teknoloji ile birlestirmek, molekillerin
disuk konsantrasyonlarini  taramak icin hizlh,
glivenilir ve ekonomik olmalarindan dolayi, yeni
hasta/stiri  yan test teknolojilerinin gelisimi
agisindan bir firsat sunmaktadir (Busin ve ark.,
2016).

a) izotermal Niikleik Asit Amplifikasyon
Teknikleri: Mevcut teknikler; duyarlilik ve 6zgillik
acisindan farkliliklar géstermektedir (Chang ve ark.,
2012). Bu tekniklerden biri olan ilmige Dayal
izotermal Amplifikasyon (LAMP) ile ilgili calismalarin
sayisi oldukga fazladir ve diger birgok izotermal
amplifikasyon yodnteminin aksine halihazirda ¢ok
sayida ticari test kiti bulunmaktadir (Craw ve
Balachandran, 2012; Karthik ve ark., 2014; Kawai ve
ark., 2017; Lalande ve ark., 2011; Pal ve ark., 2018;
Yamazaki ve ark., 2009). Coklu Capraz Yer
Degistirme Amplifikasyonu (MCDA) ise vyeni
gelistirilen bir diger izotermal amplifikasyon
teknigidir ve LAMP ile karsilastirildiginda umut vaat
edici sonuglar elde edilmistir (Wang ve ark., 2015).
Bu nedenlerden dolayi bu iki izotermal
amplifikasyon yonteminden ozel olarak
bahsedilecektir.

ilmige Dayali izotermal Amplifikasyon (Loop-
Mediated Isothermal Amplification, LAMP): PCR
teknolojisinde,  reaksiyon  alternatif  sicakhk
asamalari veya donglleri dizisiyle gergeklestirilir.
Bunun aksine izotermal amplifikasyon sabit bir
sicakhkta gerceklestirilir ve termal dongi cihazi
gerektirmez. Ayrica diger DNA c¢ogaltma metotlari
ile karsilastinldiginda ¢ok diisiik miktardaki DNA’yI
tespit eder (Sahoo ve ark., 2016a).

Bu teknikte, hedef sekans 60-65 °C arasinda
sabit bir sicaklikta, 2 veya 3 set primer ve yuksek
sarmal yer degistirme aktivitesine ve cogaltma
aktivitesine sahip polimeraz kullanilarak cogaltilr.
Tipik olarak 4 farkli primer, hedef DNA’daki 6 farkli
bolgeyi belirlemek igin kullanihr, bu durum
spesifiteye katkida bulunur (Notomi ve ark., 2000).
Ek ilmik primer (loop primer) giftlerinin kullaniimasi
reaksiyonu daha da hizlandirir (Nagamine ve ark.,
2002). Sonucun degerlendirilmesinde ise farkh
teknikler kullanilabilir. Cogaltilan Grinler, agar jel
elektroforezine tabi tutulabilir (Sahoo ve ark.,

2016a). Bulaniklik (turbidite) yoluyla
degerlendirilebilir. Bu bulaniklik, amplifikasyon yan
Grind olarak magnezyum pirofosfat miktarinin
artmasi ve sollisyonda ¢okmesi nedeniyle olusur
(Mori ve ark., 2001). Bu durum, o6zellikle blytk
reaksiyon hacimlerinde, kolay bir sekilde c¢iplak
gozle gorilebilir. Ayrica tiurbitemetreler ile de
Olgllebilir. “SYBR Green” gibi DNA baglayici floresan
boyalar veya Kalsein ve Hidroksinaftol Mavisi gibi
kolorimetrik indikatorler kullaniimasiyla olusan
gozle gorilebilir renk degisimi, ciplak gozle pahal
ekipman gerektirmeden degerlendirilebilir (Sahoo
ve ark., 2016a; Zhang ve ark., 2014). Cogaltilan
Urianlerin degerlendirilmesi icin LAMP tekniginin,
immunokromatografik kart testleri, mikro akiskan
cihazlar ve elektrokimyasal biyosensorler ile de
birlestirilmesi mumkundir. (Kawai ve ark., 2017;
Najian ve ark., 2016; Wang ve ark., 2017; Zhang ve
ark., 2014). LAMP, kismen islem goérmis ve/veya
gormemis Orneklerden hedef DNA’yli cogaltma
avantajina sahiptir (Sahoo ve ark., 2016a).

Coklu Capraz Yer Degistirme Amplifikasyonu
(Multiple Cross Displacement
Amplification,MCDA): Sarmal yer degistirme
polimerizasyon reaksiyonunu temel alan bir
izotermal amplifikasyon stratejisidir. Bu teknikte,
hedef sekansta 10 ayri bolgeyi taniyan 10 adet
primerden olusan bir set kullaniimaktadir.
Reaksiyon prosesinde kullanilan enzim, sarmal yer
degistirme yetenegine sahip bir polimerazdir.
Amplifikasyon reaksiyonu 61-65 °C arasinda sabit
bir sicaklikta gergeklestiriimektedir. Amplifiye
Urlinler, LAMP tekniginde bahsedilen yontemlerle
tespit edilebilir. Floresan tarama reaktiflerinin
kullanildigi kolorimetrik metotlar ile 40 dk icerisinde
pozitif amplifikasyonun gorsel ayriminin yapilabildigi
ifade edilmektedir (Wang ve ark., 2015).

b) Minyatiirize Edilmis PCR Cihazlari: Mikro
akiskanlarin, mikro elektro-mekanik sistemler ile
kombinasyon halinde ortaya c¢ikisi, PCR prosesinin
bir cipte minyatirize edilmis sekilde yapilabilmesine
olanak  saglamistir.  Fakat, geleneksel PCR
sureclerinde, termal donglyl gerceklestirmek icin
hassas Isitma ve sogutma kontrol modiillerinin
zorunlulugu nedeniyle, minyatirize edilmis PCR
sistemlerinde, termal 6zellikleri optimize etmek igin
daha o0zel bir tasarim gerekliligi dogmus ve bu
durum maliyeti artirmistir.

Kantitatif PCR (gPCR)'In ortaya cikisi ile
elektroforez veya hibridizasyon adimlari olmaksizin
tek bir adimda nikleik asit amplifikasyonu ve
kantitatif gercek zamanli tarama gergeklestirilmistir.
Bu asamadan sonra, hizli nikleik asit amplifikasyon
testini gergeklestirmek amaciyla geleneksel PCR
sureglerinin basitlestirilmesi ve kisaltilmasi igin,
¢Ozllmesi gereken iki temel zorluk ortaya cikmistir.
Bunlar, geleneksel PCR sistemlerinin
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Isitma/sogutma oranlarinin saniyede yalnizca birkag
santigrat derece olmasi ve tim PCR prosesinin
tamamlanmasi icin 1-2 saatlik bir stire gerekmesidir.
Bu durum, hizli tani igin olduk¢a vyavastir ve
ivilestirilmesi  gerekmektedir.  lyilestirme igin
numune hacminin azaltiimasi secenegi, disiik
maliyeti ve artan isitma/sogutma oranlari nedeniyle
en cazip sec¢enektir ve mikro akiskanlarin PCR ile
kombinasyonunda c¢ok kic¢iik hacimli numunelerin
islenebilmesi olanagini saglar (Wang ve ark., 2021).

5. Biyosensorler: Biyolojik, kimyasal veya
biyokimyasal bir sinyali, 6l¢tlebilir ve islenebilir bir
elektriksel sinyale donistliren kimyasal veya fiziksel
dontsturtci ile baglanmis biyolojik algilama
elemani iceren cihazlar biyosensor olarak
adlandirilir (Li, 2006). Enzimler, antikorlar, hiicreler
ve nikleik asitler temel biyolojik algilama elemanlari
olarak kullaniimaktadir (Leva-Bueno ve ark., 2020).
Biyosensorlerin mikro akiskan cihazlar, nikleik asit
amplifikasyon teknikleri ve yapay zeka teknikleri ile
kusursuz entegrasyon potansiyeli sayesinde, is glci
gereksinimini sinirlayan ve “akilli” teshise olanak
saglayan hasta/stri yani teshis yontemlerinin
gelisimindeki ilerlemenin hizlanacagi gorilmektedir
(Wang ve ark., 2021).

a) Optik Biyosensorler: Optik biyosensoriin
ylzeyine baglanan hedef analit, sensér ylzeyinin
absorpsiyon, liminesans, floresans gibi optik
ozelliklerini degistirerek bir optik sinyal olusturur ve
bu sinyal degerlendirilerek hedef analitin varhg
veya yoklugu saptanir (Ahmed ve ark., 2014). Optik
biyosensorler, floresan temelli (indirekt) ve
etiketleme gerektirmeyen (direkt) olarak iki
kategoriye ayrilir (Ahmed ve ark., 2014; Li, 2006).
Floresan temelli optik biyosensorler, hedef
molekiller ya da biyolojik algilama molekdillerinin,
floresan etiketlerle isaretlenmesi prensibini kullanir.
Etiketleme gerektirmeyen optik biyosensorlerde ise
hedef molekiller, floresan etiketlerle isaretlenmez
veya (Uzerinde degisiklik yapilmaz ve dogal
formlarinda tespit edilir (Fan ve ark., 2008).

Yizey Plazmon Rezonansi (SPR) Tabanli
Biyosensorler: Etiketleme gerektirmeyen optik bir
tarama yontemidir. Bir ylzey plazmon dalgasi
araciligiyla, metal ylizeydeki molekiiler
etkilesimlerin neden oldugu isigin kirilma indisindeki
degisiklikleri 6lger. Bu biyosensorler, gergek zamanli
tarama, laboratuvardan bagimsiz olma, dusik
maliyet, ylksek yeniden kullanim performansi ve
tekrarlanabilirlik 6zellikleri sayesinde hasta/stru
yani teshis uygulamalari icin en givenilir tespit
yontemlerinden biri haline gelmistir. Bununla
birlikte sivi numune hacimlerinin ve gli¢ tiiketim
miktarinin hala fazla olmasi nedeniyle iyilestirilmesi
gereken taraflart bulunmaktadir (Wang ve ark.,
2021).

Yiizey Zenginlestirilmis Raman Sacgilmasi
Tabanlh Biyosensérler (Surfaced Enhaced Raman
Scattering, SERS): Raman saciimasi, sagilan fotonun
frekansinin gelen fotonun frekansindan farkh
oldugu durumlarda, fotonlarin inelastik sagilmasi

olgusudur. Raman sagllmasinin ylizey
zenginlestirmesi, biyolojik pargalarin metal nano
partikillerin ylizeyinde hareketsiz hale

getirilmesiyle elde edilebilir ve bu olgu, ylizey
zenginlestirilmis Raman sagilmasi olarak bilinir. Bu
teknik, Raman sacgilmasi spektrumlarindaki degisimi
izleyerek biyolojik etkilesimleri tanimlamak igin
kullanilir (Chatterjee ve ark., 2019). Raman sagilmasi
spektrumlarindaki bu degisim biyldk olglide
bakteriyel hiicre duvarina (peptidoglikan,
lipopolisakkaritler, membran proteinleri vb.) ve
hiicre igi kiiclik molekil salgilarina baglanmaktadir
(Galvan ve Yu, 2018). Raman sacilmasi tabanh optik
biyosensorler, hedef molekillerin isaretlenmemesi
yoniyle, etiketleme gerektirmeyen optik tarama
yontemlerine benzerken, Raman sag¢ilmasinin
algilama igin kullaniimasi yoniyle floresan tabanli
optik biyosensorlere benzemektedir (Fan ve ark.,
2008).

b) Elektrokimyasal Biyosensorler: Enzimatik
reaksiyon sonucunda veya antikor-antijen etkilesimi
nedeniyle bir tampon c¢o6zeltisinin elektriksel
ozelliklerinde olusan degisim cesitli elektrokimyasal
biyosensorler ile 06lgllebilmektedir (Bahadir ve
Sezgintirk, 2014).

Amperometrik Biyosensérler: Elektro aktif
biyolojik bir elementin oksidasyonundan veya
rediksiyonundan kaynaklanan akimin 6lg¢lilmesini
temel alan bagimsiz cihazlardir (Sadeghi, 2013).

Potansiyometrik Biyosensorler:
Elektrokimyasal potansiyel dontstiriclye bagh bir
biyolojik algilama elemani iceren cihazlar olarak
tanimlanabilir (Sadeghi, 2013). Bu sensorlerde iyon-
segici elektrot kullanilir. Analitin, calisan elektrot
tarafindan taninmasi sonucu olusan potansiyel
degisimini 6lgerler (Ahmed ve ark., 2014).

impedimetrik Biyosensérler: DNA, antikor,
aptamer ve gesitli sentetik afinite proteinleri gibi
analite spesifik olarak baglanan biyolojik algilayicilar
kullanilir (Leva- Bueno ve ark., 2020). Spesifik hedef
molekiilleri, medyum igerisinde biyolojik algilayicilar
tarafindan yakalandiginda, molekiler etkilesimler,
sensoOriin impedansinda degisikliklere yol acar. Bu
degisiklikler impedimetrik parametreler izlenerek
tespit edilir, dlculir ve analiz edilir (Etayash ve ark.,
2014).

c¢) Manyetik Biyosensorler: Mikro akiskan
kanallar icindeki manyetik mikro ve nano
partiklllerin  magnetodireng etkisi  kullanilarak
aranan bakterinin tespit edilmesi temeline dayanan
bu biyosensorler, hassasiyet ve boyut baglaminda
gelecek vaat etmektedir. Manyetik nano
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partikillerin biyolojik olarak aktif hale getirilmesi
icin hedef bakteriyi taniyabilecek antikorlar
kullanilir. Pahali optik bilesenleri ortadan kaldirmasi
ve manyetik alan kullanarak, o6rnek hazirlama
suresini azaltmasi nedeniyle disik maliyetli ve
gelismis tarama etkinligine sahip biyosensorlerdir.
Biyolojik numunelerin ihmal edilebilir manyetik arka
plan sinyali nedeniyle, yiksek 6zgilliik ve duyarlilhk
sergilemektedirler (Duarte ve ark, 2016; Li, 2006;
Wang ve ark., 2021).

d) Mekanik Biyosensorler

Kuartz Kristal Mikrobalans Sensorler: Analitin
baglanmasindan dolayi, sensor yilizeyinde artan
kiitleden kaynaklanan rezonans frekans
degisimlerini olger. Etiketleme gerektirmeyen bir
tespit yontemidir (Ahmed ve ark., 2014).

Tablo 1’de hasta/suri yani  teshis

yontemlerinin kullanimina iliskin cesitli 6rnekler
sunulmustur.

Tablo 1. Hasta/slri yaninda teshis yontemlerinin kullanimina iliskin 6rnekler.

Etken Tani Yontemi Tarama Limiti Ornek Tiirii Referanslar
i i immiinokromatografik kart i
Brucella canis (Antikor) testi Serum Cortina ve ark. (2017)
Salmonella Typhimurium ve Entegre Mikro Akigkan
K K . ~100 cfu/ml Kan Patterson ve ark. (2013)
Salmonella Choleraesuis Elektrokimyasal DNA Cipi
Mycobacterium avium subsp. Boncuk-Temelli Mikro Akigkan
i . . Serum Wadhwa ve ark. (2012)
paratuberculosis Immin Test
Borrelia burgdorferi (insan .
gdorferi ( Mikro akiskan Immiin Test Kan Nayak ve ark. (2016)
galismasi)
10 pg DNA/ ul (PCR
Coxiella burnetii LAMP pg'l / l; ( Abortif materyal Raele ve ark. (2015)
ile ayni
Fotus mide igerigi,
Brucella abortus LAMP 7 pg/ul DNA K cens Karthik ve ark. (2014)
an
Disk tzerinde laboratuvar
Mycobacterium tuberculosis 103 cfu/ml Balgam Loo ve ark. (2016)
formatinda LAMP

Leptospira interrogans MCDA 10 genomik esdeger Saf kiltur Li ve ark. (2019)
Escherichia coli Mikro Akiskan PCR cihazi 0.7 ng/ ul Saf kiltur Salman ve ark. (2020)
Vibrio cholerae SPR Temelli immiinosensér 43 hiicre/ml Saf Kultir Taheri ve ark. (2016)
E. coli, S. aureus ve MRSA SERS Temelli Biyosensor 5x10%hiicre/ml Saf Kultar Wang ve ark. (2018)
M. tuberculosis Amperometrik Biyosensor 100 cfu/ml Balgam Hiraiwa ve ark. (2015)
E. coli Potansiyometrik Biyosensor 6 cfu/ml Sut Zelada-Guillén ve ark. (2010)
Listeria monocytogenes impedimetrik Biyosensér 103 cfu/ml Saf kiltur Etayash ve ark. (2014)

i X Kuartz Kristal Mikrobalans
S. Typhimurium 10-20 cfu/ml PBS Salam ve ark. (2013)

Biyosensori

Sonug¢

Sonu¢ olarak hasta/stiri yani testleri saha
kosullarinda kisa siirede patojenin tespitine olanak
saglayarak hizli taniya ve buna bagl olarak, hizli ve
dogru tedaviye imkan vermektedir. Bu
teknolojilerin ilk ¢ikis noktasi beseri hekimlik
alanidir. Ancak, veteriner hekimlik alaninda da
yaygin  olarak  kullanilan  testler  olacaklari
gorulmektedir. Hasta/surii  yani  tani testleri,
uygulayicinin enfekte olma riskini artirmasi, ikili ya
da coklu enfeksiyonlarin kiltir yontemine kiyasla
gbzden kagmasi ve kalite kontrol icin performans
Olcimiu gerektirmesi (Reinert, 2007) gibi bazi
dezavantajlara sahiptir. Ancak test teknolojilerinin
gelisim suregleri hala devam etmektedir ve ortaya
¢ikabilecek her yeni teknolojik gelismeyle birlikte,
test yontemlerinin sahip oldugu cesitli kisitlamalarin
asilmasi veya cok farkh prensiplere dayanan test
teknolojilerin  ortaya ¢ikmasi  s6z  konusu
olabilecektir.

Veteriner hekimlik alaninda glinimuz sartlari
degerlendirildiginde, ilk akla gelen ve en gilivenilen
teshis yontemleri hasta/strd yani testleri degildir.

Ancak bu tani yontemleri ile ilgili gesitli kalite
standartlari belirlendiginde, analitik performanslari
ile ilgili daha ¢ok veri elde edildiginde ve bu verilerin
altin standart olarak kabul edilen tani yéntemleri ile
gosterdikleri uyum daha yiksek oldugunda,
hekimlerin bu testlere olan gliveninin artacagi ifade
edilebilir. Hasta/sliri yani testlerinin gelistirilmesi
asamasinda, biyo-miihendis ve veteriner hekimlerin
birlikte calismalari olduk¢a Onemlidir. Gelecekte
hasta/sliri yani testlerinin tani alaninda ¢ok 6nem
arz edecekleri 6ngoriilmektedir.

Kaynaklar

Ahmed A, Rushworth JV, Hirst NA, Millner PA, 2014:
Biosensors for whole-cell bacterial detection.
Clinical Microbiology Reviews, 27 (3), 631-646.

Bahadir EB, Sezgintirk MK, 2016: Lateral flow
assays;Principles,designs and labels. Trends Analy
Chem, 82, 286-306.

Bahadir EB, Sezgintiirk MK, 2014: A review on
impedimetric biosensors. Artif Cells Nanomed
Biotechnol, 44 (1), 248-262.

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2021; Cilt 10, Say: 1 90



Harran Univ Vet Fak Derg, 2021; 10 (1): 86-92

Derleme

Beldk S, Ballagi-Pordany A, 1993: Application of the
polymerase chain reaction (PCR) in veterinary
diagnostic virology. Vet Res Commun, 17, 55-72.

Busin V, Wells B, Kersaudy-Kerhoas M, Shu W, Burgess
STG, 2016: Opportunities and challenges for the
application of microfluidic Technologies in point-of-
care veterinary diagnostics. Mol Cell Probes, 30,
331-341.

Chang CC, Chen CC, Wei SC, Lu HH, Liang YH, Lin CW,
2012: Diagnostic Devices for Isothermal Nucleic Acid
Amplification. Sensors, 12, 8319-8337.

Chatterjee B, Kalyani N, Das S, Anand A, Sharma TK
(2019). Chapter 2- Nano-realm for point-of-care
(POC) bacterial diagnostics In: Methods in
Microbiology, Gurtler V, Ball AS, Soni S (Ed), 19-42,
Academic Press, London. Web sayfasi: Anonim (1)
https://www.sciencedirect.com, Erisim tarihi;
11.03.2021.

Chin CD, Linder V, Sia SK, 2007: Lab-on-a-chip devices for
global health: past studies and future opportunities.
Lab Chip, 7 (1), 41-57.

Cortina ME, Novak A, Melli LJ, Elena S, Corbera N, Romero
JE, Nicola AM, Ugalde JE, Comerci DJ, Ciocchini AE,
2017: Development of improved enzyme-based and
lateral flow immunoassays for rapid and accurate
serodiagnosis of canine brucellosis. Vet Microbiol,
208, 174-180.

Craw P, Balachandran W, 2012: Isothermal nucleic acid
amplification  technologies for  point-of-care
diagnostics: a critical review. Lab Chip, 12, 2469-
2486.

Duarte C, Costa T, Carnerio C, Soares R, Jitariu A, Cardoso
S, Piedade M, Bexiga R, Freitas P, 2016: Semi-
quantitative method for Streptococci magnetic
detection in raw milk. Biosensors, 6 (2), 19.

Etayash H, Jiang K, Thundat T, Kaur K, 2014: Impedimetric
Detection of Pathogenic Gram-Positive Bacteria
Using an Antimicrobial Peptide from Class lla
Bacteriocins. Anal Chem, 86, 1693-1700.

Fan X, White IM, Shopova SI, Zhu H, Suter JD, Sun Y, 2008:
Sensitive optical biosensors for unlabeled targets: A
review. Anal Chim Acta, 620, 8-26.

Galvan DD, Yu Q, 2018: Surface-enhanced raman
scattering for rapid detection and characterization
of antibiotic-resistant bacteria. Adv Healthcare
Mater, 7, 1701335.

Hardt S, Schonfeld F, 2007: Microfluidic Technologies for
Miniaturized Analysis Systems. Springer, Boston,
USA.

Hiraiwa M, Kim JH, Lee HB, Inoue S, Becker AL, Weigel
KM, Cangelosi GA, Lee KH, Chung JH, 2015:
Amperometric immunosensor for rapid detection of
Mycobacterium tuberculosis. J  Micromech
Microeng, 25, 055013.

Jacob ME, Crowell MD, Fauls MB, Griffith EH, Ferris KK,
2016: Diagnostic accuracy of rapid immunoassay for
point-of-care detection of urinary tract infection in
dogs. Am J Vet Res, 77 (2), 162-166.

Karthik K, Rathore R, Thomas P, Arun TR, Viswas KN,
Agarwal RK, Manjunathackar HV, Dhama K, 2014:
Loop mediated isothermal amplification (LAMP) test
for specific and rapid detection of Brucella abortus
in cattle. Vet Q, 34 (4), 174-179.

Kawai K, inada M, Ito K, Hashimoto K, Nikaido M, Hata E,
Katsuda K, KiKU Y, Tagawa Y, Hayashi T, 2017:
Detection of bovine mastitis pathogens by loop-
mediated isothermal amplification and an
electrochemical DNA chip. J Vet Med Sci, 79 (12),
1973-1977.

Kettler H, White K, Hawkes S, 2004: Mapping the
landscape of diagnostics for sexually transmitted
infections. WHO/TDR, Geneva, Switzerland.

Koczula MK, Gallotta A, 2016: Lateral flow immunoassay.
Essays Biochem, 60 (1), 111-120.

Lalande V, Barrault L, Wadel S, Eckert C, Petit JC, Barbut F,
2011: Evaluation of a loop-mediated isothermal
amplification assay for diagnosis of Clostridium
difficile infections. J Clin Microbiol. 49 (7), 2714-
2716.

Lamb LS, Parrish RS, Goran SF, 1995: Current nursing
practice of point-of-care laboratory testing in critical
care units. Amj Crit Care, 4 (6), 429-434.

Leva-Bueno J, Peyman SA, Millner PA, 2020: A review on
impedimetric immunosensors for pathogen and
biomarker detection. Med Microbiol Immunol, 209,
343-362.

Li S, Liu Y, Chen X, Wang M, Hu W, Yan J, 2019: Visual and
Rapid Detection of Leptospira interrogans Using
Multiple Cross-Displacement Amplification Coupled
with Nanoparticle-Based Lateral Flow Biosensor.
Vector Borne Zoonotic Dis, 19 (8), 604-612.

Li Y, 2006: Section 2.3. Biosensors In: CIGR Handbook of
Agricultural Engineering Volume VI Information
Technology. Munack A (Ed), 52-93, American Society
of Agricultural Engineers, Michigan. Web sayfasi:
Anonim (1)  https://cigr.org,  Erisim tarihi;
21.02.2021.

Loo JFC, Kwok HC, Leungc CCH, Wub SY, Lawa ILG,
Cheungd YK, Cheunge YY, Chine ML, Kwand P, Huie
M, Konga SK, Hob HP, 2016: Sample-to-answer on
molecular diagnosis of bacterial infection using
integrated lab-on-a-disc. Biosens and Bioelectron,
93, 212-219.

Martinez AW, 2011: Microfluidic paper-based analytical
devices:from POCKET to paper-based ELISA.
Bioanalysis, 3(23), 2589-2592.

Martinez AW, Phillips ST, Carrilho E, Thomas SW, Sindi H,
Whitesides GM, 2008: Simple telemedicine for
developing regions:camera phones and paper-based
microfluidic devices for real-time,off-site diagnosis.
Anal Chem, 80 (10), 3699-3707.

MoriY, Nagamine K, Tomita N, Notomi T, 2001: Detection
of loop mediated isothermal amplification reaction
by turbidity derived from magnesium
phyrophospate formation. Biochem Biophys Res
Commun, 289 (1), 150-154.

Mullis KB, Faloona FA, 1987: Specific synthesis of DNA in
vitro via a polymerase-catalyzed chain reaction.
Meth Enzymol. 155, 335-350.

Nagamine K, Hase T, Notomi T, 2002: Accelerated
reaction by loop-mediated isothermal amplification
using loop primers. Mol Cell Probes, 16 (3), 223-229.

Najian ABN, Syafirah EAR, Ismail N, Mohamed M, Yean
CY, 2016: Development of multiplex loop mediated
isothermal amplification(m-LAMP) label-based gold
nanoparticles lateral flow dipstick biosensor for

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2021; Cilt 10, Say: 1 91



Harran Univ Vet Fak Derg, 2021; 10 (1): 86-92

Derleme

detection of pathogenic Leptospira. Anal Chim Acta,
903, 142-148.

Nakajima H, Inoue M, Mori T, Itoh K, Arakawa E,
Watabane H, 1992: Detection and identification of
Yersinia pseudotuberculosis and Pathogenic Yersinia
enterocolitica by an improved Polymerase Chain
Reaction method. J Clin Microbiol. 30 (9), 2484-
2486.

Nayak S, Sridhara A, Melo R, Richer L, Chee NH, Kim J,
Vincent L, Steinmiller D, Sia SK, Gomes-Solecki M,
2016: Microfluidics-based point-of-care test for
serodiagnosis of Lyme disease. Sci Rep, 6 (1), 35069.

Notomi T, Okayama H, Masubuchi H, Yonekawa T,
Watabane K, Amino N, 2000: Loop-mediated
1sothermal amplification of DNA. Nucleic Acids Res,
28 (12), E63.

Pal V, Saxena A, Singh S, Goel AK, Kumar JS, Parida MM,
2018: Development of a real-time loop-mediated
isothermal amplification assay for detection of
Burkholderia mallei. Transbound Emerg Dis. 65, e32-
e39.

Patterson AS, Heithoff DM, Ferguson BS, Soh HT, Mahan
MJ, Plaxcoa KW, 2013: Microfluidic chip-based
detection and intraspecies strain discrimination of
Salmonella serovars derived from whole blood of
septic mice. Appl Environ Microbiol, 79 (7), 2302-
2311.

Raele DA, Garofolo G, Galante D, Cafiero MA, 2015:
Molecular detection of Coxiella burnetii using an
alternative loop-mediated isothermal amplification
assay (LAMP). Vet Ital, 51 (1), 73-78.

Rattle S, Hofmann O, Price CP, Kricka LJ, Wild D (2013).
Lab-on-a-chip, micro- and nanoscale immunoassay
systems and microarrays In: The Immunoassay
Hanbook (Fourth Edition), Wild D (Ed), 175-202,
Elsevier, Oxford. Web sayfasi: Anonim (1) https://
www.sciencedirect.com, Erigim tarihi; 06.03.2021.

Reinert RR, 2007: Rapid streptococcal antigen detection
tests. J Lab Med. 31 (6),280-293.

Sadeghi SJ, 2013: Amperometric biosensors In:
Encyclopedia of Biophysics, Roberts GCK (Ed), 61-67,
Springer, Berlin. Web sayfasi:  Anonim (1)
https://link.springer.com, Erisim tarihi; 25.02.2021.

Sahoo PR, Sethy K, Mohapatra S, Panda D, 2016a: Loop
mediated isothermal amplification: An innovative
gene  amplification  technique for  animal
diseases.Vet World, 9 (5), 465-469.

Sahoo PR, Mishra SR, Kar D, 2016b: Lateral flow assay-A
new platform for diagnosis of livestock disease. Int J
Livest Res, 6 (2), 1-9.

Salam F, Uludag Y, Tothill IE, 2013: Real-time and
sensitive detection of Salmonella Typhimurium
using an automated quartz crystal microbalance
(QCM) instrument with nanoparticles amplification.
Talanta, 115, 761-767.

Salman A, Carney H, Bateson S, Ali Z, 2020: Shunting
microfluidic PCR device for rapid bacterial detection.
Talanta, 207, 120303.

Sareyyupoglu B, Akan M, 2006 Restriction fragment
length polymorphism typing of infectious bursal
disease virls field strains in Turkey. Avian Dis, 50,
545-549.

Sia SK, Whitesides GM, 2003: Microfluidic devices
fabricated in poly(dimethylsiloxane) for biological
studies. Electrophoresis, 24 (21), 3563-3576.

Taheri RA, Rezayan AH, Rahimi F, Mohammadnejad J,
Kamali M, 2016: Development of an immunosensor
using oriented immobilized antiOmpW for sensitive
detection of Vibrio cholerae by surface plasmon
resonance. Biosens and Bioelectron, 86, 484-488.

Wadhwa A, Foote RS, Shaw RW, Eda S, 2012: Bead-based
microfluidic immunoassay for diagnosis of Johne's
disease. J Immunol Methods, 382 (1-2), 196-202.

Wang Y, Wang Y, Ma AJ, Li DX, Luo LJ, Liu DX, Jing D, Liu K,
Ye CY, 2015: Rapid and sensitive isothermal
detection of nucleic-acid sequence by multiple cross
displacement amplification. Sci Rep, 5, 11902.

Wang Y, Li H, Wang Y, Zhang L, Xu J, Ye C, 2017: Loop-
mediated isothermal amplification label-based gold
nanoparticles lateral flow biosensor for detection of
Enterococcus faecalis and Staphylococcus aureus.
Front Microbiol, 8, 192.

Wang C, Gu B, Liu Q, Pang Y, Xiao R, Wang S, 2018:
Combined use of vancomycin-modified Ag-coated
magnetic nanoparticles and secondary enhanced
nanoparticles for rapid surface-enhanced Raman
scattering detection of bacteria. Int J Nanomedicine,
13,1159-1178.

Wang C, Liu M, Wang Z, Li S, Deng Y, He N, 2021: Point-of-
care diagnostics for infectious diseases: From
methods to devices. Nano Today, 37, 101092.

Yamazaki W, Taguchi M, Ishibashi M, Nukina M, Misawa
N, Inoue K, 2009: Development of a loop-mediated
isothermal amplification assay for sensitive and
rapid detection of Campylobacter fetus. Vet
Microbiol. 136, 393-396.

Zhang X, Lowe SB, Gooding JJ, 2014: Brief review of
monitoring methods for loop-mediated isothermal
amplification (LAMP). Biosens and Bioelectron, 61,
491-499.

Zelada-Guillén GA, Bhosale SV, Riu J, Rius FX, 2010: Real-
Time Potentiometric Detection of Bacteria in
Complex Samples. Anal Chem,82, 9254-9260.

*Yazigma Adresi: Bengi AKKOYUNLU

Ankara Universitesi Saghk Bilimleri Enstitiisii Veteriner
Mikrobiyoloji Anabilim Dali, Ankara, Tirkiye.

e-mail: bengi_trkr@hotmail.com

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2021; Cilt 10, Say: 1 92



HARRAN UNIiVERSITESI VETERINER FAKULTESiI DERGISi YAYIN KURALLARI *

1- Harran Universitesi Veteriner Fakiiltesi Dergisi (Harran Univ Vet Fak Derg), zellikle Veteriner
Hekimligi bilim alani ile ilgili olmak lizere insan ve hayvan saghgini kapsayan Tiirkce ve ingilizce olarak
hazirlanmis orijinal klinik ve deneysel arastirmalar, olgu sunumlari, derlemeler (¢cagrih veya sorumlu
yazara ait derleme konusu ile ilgili en az 3 arastirma makalesinin referans listesinde olmasi gereklidir),
kisa bilimsel makale ve editére mektuplar yayinlayan hakemli bir dergidir. Dergide ingilizce
hazirlanmis makalelerin yayimlanmasina dncelik verilir. Dergi 6 ayda bir, yilda 2 sayi olarak yayinlanir.
Yayinlanan makalelerden (lcret alinmamaktadir.

2- Dergiye kabul edilen yayinlar baska bir yerde yayinlanmamis olmalidir. Es zamanl olarak
incelenmek Uzere baska dergilere génderilmis olmamalidir. Yayinlanan makalelerden dogacak her
tarlh hukuki ve cezai sorumluluk yazarlara aittir. Yazarlara yayin hakki bedeli 6denmez. Gonderilen
makaleler ve ekleri makale yayinlansin veya yayinlanmasin geri iade edilmez.

3- Daha 6nce kongrelerde teblig edilmis ve 6zeti yayimlanmis ¢alismalar, bu durum kapak sayfasinda
belirtiimek Gzere kabul edilir. Bununla birlikte yayin, tezden Uretilmis ise ve destekleyen kurulus var
ise yayinda belirtilmelidir.

4- Dergi Editorliglne ulasan makale, dergi editérligiince 6n degerlendirmeye tabi tutulur. Editorlik,
on degerlendirme sonucuna gére makaleyi reddetme veya hakem degerlendirmesine tabi tutmadan
once dizeltme isteme hakkina sahiptir.

5- Makaleler degerlendirme icin en az iki hakeme gonderilir. Makale kabul siirecinde, iki hakemin
gorislerinin farkh olmasi durumunda editor, Uglincl bir hakemin veya danisma kurulunun gorisini
alarak karar verir.

6- Harran Universitesi Veteriner Fakiiltesi Dergisi, etik ilkelere saygi cercevesinde, TUBITAK ULAKBIM
tarafindan Turkiye'de tim dniversitelerin kullanimina agmis oldugu "ithenticate" intihal tespit
programi araciligiyla génderilen tim makale, olgu sunumu ve derlemelerin 6n degerlendirmesinin
yapilmasi ve sonuglarin gonderilmesi gerekmektedir. Bu 6n degerlendirme sonuglarina gére, makale,
olgu sunumu veya derlemelerin baska kaynaklarla benzerlik oraninin %15’i (6zet, abstract ve
kaynaklar hari¢) asmamasi gerekmektedir. ‘"ithenticate" programi araciligi ile yapilacak
ondegerlendirmede benzerlik oraninin %15 degerini asmasi durumunda yayimlanmak (zere
dergimize gonderilen makale, olgu sunumu veya derlemeler degerlendiriimeye alinmayacaktir.

7- Gonderilen herhangi bir makalenin (tiim makale kategorileri igin) referanslarinin en az % 20'sinin
son bes yilda yayinlanan referanslari icermesi gerekir. Anonim kaynaklar asgari dlizeyde tutulmalidir.

8- Makale yayina kabul edildigi takdirde her tirli yayin hakkinin devredildigine dair beyanlari
kapsayan Telif Hakki Devir Sozlesmesinin tim vyazarlar tarafindan imzalanarak basimdan &nce
elektronik olarak dergi editorliigine gonderilmesi gerekmektedir. Telif Hakki Devir Sozlesmesi
gonderilmeyen makaleler yayimlamaya kabul edilmis olsalar bile basiimazlar.

9- Harran Universitesi Veteriner Fakiiltesi Dergisi'ne gonderilecek makale, olgu sunumu, derleme vb.
calismalar, https://dergipark.org.tr/tr/pub/huvfd adresinden gonderildiginde degerlendirme siirecine
alinmaktadir.

10- Harran Universitesi Veteriner Fakiiltesi Dergisi'ne génderilecek makale, olgu sunumu, derleme vb.

¢alismalar MS Word formatinda, tim fotograflar (resimler) en az 300 dpi ¢ozlnrlikte, TIFF veya
JPEG formatinda kaydedilmis olmalidir.


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

YAZIM KURALLARI

Yazilar, MS Word formatinda, Times New Roman yaz tipinde, 12 punto, cift satir aralikh ve her
kenardan 2.5 cm bosluk birakilarak hazirlanmalidir. Makaleye satir numaralari (makalenin 2.
sayfasindan baslamak Uzere siirekli olacak sekilde) eklenmelidir. Bu sekildeki yazilar, sekil ve tablolar
dahil olmak Uzere orijinal bilimsel arastirmalar ve derlemelerde 15, kisa bilimsel makale ve olgu
sunumlarinda 5 sayfayl gegmemelidir.

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

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

YAZIM DUZENI

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

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

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

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

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

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

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


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

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

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

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

Kaynaklar

Metin icinde atif yapilirken;

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

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

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

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

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

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

Kaynak listesi asagidaki sekilde hazirlanmalidir:

1. Kaynak listesi yazar soyadina gore alfabetik olarak siralanmalidir.

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

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

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

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



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

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

Tablo ve Sekiller: Her bir tablo ve sekil ayri sayfalara yerlestirilmelidir. Kullanim sirasina gore
numaralandirilmali, kisa basliklarla ifade edilmeli ve metin iginde tablo numarasi verilerek atifta
bulunulmalidir. Tablo basliklari makalenin yazim dilinde tablonun {ist bolimtine yazilmalidir. Tabloda
kullanilan kisaltmalar ve gerekli agiklamalar tablo altinda verilmelidir. Sekil bashklari makalenin yazim
dilinde seklin alt bolimiine yazilmahdir.
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HARRAN UNIVERSITY VETERINARY FACULTY JOURNAL PUBLICATION RULES *

Journal of Harran University Veterinary Faculty is a refereed journal that publishes original
clinical and experimental research in Turkish and English, covering human and animal health,
especially in the field of Veterinary Science, case reports, reviews (at least 3 on the subject of
compilation of the invited or responsible author) the research paper must be on the reference
list), short scientific articles and letters to the editor. Publishing articles in English is given
priority in the journal. The journal is published electronically every 6 months and 2 issues a
year. There are no fees for published articles.

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

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

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

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

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

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

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

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




WRITING RULES

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

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

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

STYLE AND FORMAT

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

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

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

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

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

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

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



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

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

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

References:
While citing in the text;

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

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

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

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

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

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

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

3. Type of references should be as follows.

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

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



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

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

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

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



HARRAN UNIVERSITESI VETERINER FAKULTESI DERGISI

TELIF HAKKI DEVIR FORMU

Harran Universitesi

Veteriner Fakiiltesi Dergisi Editorliigiine

Biz asagida adi, soyadi ve imzalari bulunan yazarlar, tarafimizdan yaziimis,

isimli makalenin icerigi, sonuglari ve yorumlari konusunda, Harran Universitesi Veteriner Fakiiltesi
Dergisi'nin hicbir sorumluluk tasimadigini kabul ederiz. Sundugumuz makalenin orijinal oldugunu,
herhangi bir baska dergiye yayinlanmak lizere gonderilmedigini, daha dnce yayinlanmadigini beyan
ederiz. Makalenin telif hakkindan feragat etmeyi kabul ederek sorumlulugu Gstlenir ve imza ederiz.
Makalenin telif hakki Harran Universitesi Veteriner Fakiiltesi Dergisi’ne devredilerek yayinlanmasi
konusunda yetkili kilinmustir.

Bununla birlikte yazarlarin asagidaki haklari sakhdir:

1. Telif Hakki disinda kalan patent v.b. bitiin tescil edilmis haklar.

2. Yazarin gelecekteki kitaplar ve dersler gibi ¢alismalarinda; makalenin tiimi ya da bir bélimini
Ucret 6demeksizin kullanma hakki.
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