KAFKAS UNIVERSITESI
VETERINER FAKULTESI
DERGISI




ISSN: 1300-6045
e-ISSN: 1309-2251

KAFKAS UNIVERSITESI
VETERINER FAKULTESI DERGISI

JOURNAL OF THE FACULTY OF VETERINARY MEDICINE,
KAFKAS UNIVERSITY

(EYLUL - EKiM)
(SEPTEMBER - OCTOBER)

Cilt/Volume: 19 Sayi/Number: 5 Yil/Year: 2013




This journalisindexed and abstracted by Thomson Reuters Services beginning
with Volume 13 (1) 2007 in the followings:

e Science Citation Index Expanded (also known as SciSearch®)
e Journal Citation Reports/Science Edition

This journal is also indexed and abstracted in:

e ELSEVIER
e CAB Abstracts

e TURKIYE ATIF DiziNi
e ULAKBIM-TUBITAK
e EBSCO

YAZISMA ADRESI (ADDRESS FOR CORRESPONDENCE)

Kafkas Universitesi Veteriner Fakdiltesi Dergisi Editorliigii
36040 - Kars / TURKIYE
Phone: +90 474 2426807-2426836/5228
Fax: +90 474 2426853
E-mail: vetdergi@kafkas.edu.tr

E-ISSN: 1309-2251

ELEKTRONIK BASKI (ELECTRONIC EDITION)
http://vetdergi.kafkas.edu.tr

ONLINE MAKALE GONDERME (ONLINE SUBMISSION)
http://vetdergikafkas.org




Bu dergi Kafkas Universitesi Veteriner Fakiiltesi tarafindan iki ayda bir yayimlanir
This journal is published bi-monthly, by the Faculty of Veterinary Medicine, University of Kafkas

Kafkas Universitesi Veteriner Fakiiltesi Adina Sahibi (OWNER)
Prof.Dr. Glirsoy AKSQY
Dekan (DEAN)
EDITOR (EDITOR-IN-CHIEF)
Prof.Dr. isa OZAYDIN

EDITOR YARDIMCILARI
(ASSOCIATE EDITORS)

Prof.Dr. Mehmet CITiL
Doc.Dr. Ozgiir AKSOY
Yrd.Dog¢.Dr. Duygu KAYA
Yrd.Dog.Dr. Erol AYDIN

YABANCI DiL EDITORLERI ISTATISTIK EDITORU
(ENGLISH EDITORS) (STATISTICS EDITOR)
Doc.Dr. Hasan OZEN Prof.Dr. Giil ERGUN

Do¢.Dr. Ahmet UNVER

SAYFA TASARIMI SEKRETER
(DESIGN) (SECRETARY)
Dr. Erol AYDIN Fahri ALTUN

BASKI (PRINT)
ESER OFSET MATBAACILIK Tel: +90 442 2334667 ERZURUM




DANISMA KURULU
(Advisory Board)

Prof.Dr. Kemal AK

Prof.Dr. Harun AKSU

Prof.Dr. Belma ALABAY
Prof.Dr. Mustafa ALISARLI
Prof.Dr. Feray ALKAN

Prof.Dr. Cigdem ALTINSAAT
Prof.Dr. Kemal ALTUNATMAZ
Prof.Dr. Mustafa ARICAN
Prof.Dr. Mustafa ATASEVER
Prof.Dr. Sirri AVKi

Prof.Dr. Les BAILLIE

Prof.Dr. Metin BAYRAKTAR
Prof.Dr. Burhan CETINKAYA
Prof.Dr. ibrahim DEMIRKAN
Prof.Dr. Nazir DUMANLI
Prof.Dr. Hasan Hiiseyin DONMEZ
Prof.Dr. Hidaverdi ERER
Prof.Dr. Ayhan FiLAZi

Prof.Dr. Aytekin GUNLU
Prof.Dr. Ekrem GUREL
Prof.Dr. Tolga GUVENC
Prof.Dr. Ali ISMEN

Prof.Dr. Hakki iZGUR

Prof.Dr. Zafer KARAER
Prof.Dr. Arif KURTDEDE
Prof.Dr. Erdogan KUCUKONER
Prof.Dr. Mehmet MADEN
Prof.Dr. Kamil OCAL

Prof.Dr. Metin PETEK

Prof.Dr. Sevim ROLLAS
Prof.Dr. Berrin SALMANOGLU
Prof.Dr. Sabine SCHAFER-SOMI
Prof.Dr. Nesrin SULU

Prof.Dr. Ayse TOPAL

Prof.Dr. S. Dogan TUNCER
Prof.Dr. Cevdet UGUZ
Prof.Dr. Zafer ULUTAS
Prof.Dr. Rifat VURAL

Prof.Dr. Halis YERLIKAYA

istanbul Universitesi Veteriner Fakdiltesi

istanbul Universitesi Veteriner Fakdiltesi

Ankara Universitesi Veteriner Fakdiltesi

Ondokuz Mayis Universitesi Veteriner Fakiiltesi
Ankara Universitesi Veteriner Fakdiltesi

Ankara Universitesi Veteriner Fakdiltesi

istanbul Universitesi Veteriner Fakdiltesi

Selcuk Universitesi Veteriner Fakiiltesi

Atatiirk Universitesi Veteriner Fakiiltesi

Mehmet Akif Ersoy Universitesi Veteriner Fakdiltesi
Cardiff School of Pharmacy & Pharmaceutical Sciences
Firat Universitesi Veteriner Fakiiltesi

Firat Universitesi Veteriner Fakiiltesi

Afyon Kocatepe Universitesi Veteriner Fakiiltesi
Firat Universitesi Veteriner Fakiiltesi

Selcuk Universitesi Veteriner Fakiiltesi

Selcuk Universitesi Veteriner Fakiiltesi

Ankara Universitesi Veteriner Fakdiltesi

Selcuk Universitesi Veteriner Fakiiltesi

Abant izzet Baysal Universitesi Fen Edebiyat Fakiiltesi
Ondokuz Mayis Universitesi Veteriner Fakdiltesi

Ganakkale Onsekiz Mart Universitesi Su Urtinleri Fakiiltesi

Ankara Universitesi Veteriner Fakdiltesi

Ankara Universitesi Veteriner Fakdiltesi

Ankara Universitesi Veteriner Fakdiltesi
Stileyman Demirel Universitesi Miihendislik Fakdiltesi
Selcuk Universitesi Veteriner Fakiiltesi

Adnan Menderes Universitesi Veteriner Fakdiltesi
Uludag Universitesi Veteriner Fakiiltesi

Marmara Universitesi Eczacilik Fakiiltesi

Ankara Universitesi Veteriner Fakdiltesi
University of Veterinary Medicine Vienna

Ankara Universitesi Veteriner Fakdiltesi

Uludag Universitesi Veteriner Fakiiltesi

Ankara Universitesi Veteriner Fakdiltesi

Afyon Kocatepe Universitesi Veteriner Fakiiltesi
Gaziosmanpasa Universitesi Ziraat Fakdiltesi
Ankara Universitesi Veteriner Fakdiltesi

Firat Universitesi Veteriner Fakiiltesi




Bu Sayinin Hakem Listesi (alfabetik sira)
The Referees List of This Issue (in alphabetical order)

ACIKGOZ Ziimriit
AKBAS Yavuz
ASLANTAS Ozkan
AVCI Mehmet
AYASAN Tugay
BELGE Ali

CAKIR Ahmet
CANKAYA Soner
CELIK ilhami
CETINKAYA Nurcan
COBAN Omer

Ege Universitesi Ziraat Fakiiltesi Zootekni BSlimii

Ege Universitesi Ziraat Fakiiltesi Zootekni BSlimii

Mustafa Kemal Universitesi Veteriner Fakiiltesi Mikrobiyoloji Anabilim Dali

Harran Universitesi Veteriner Fakiiltesi Hayvan Besleme ve Beslenme Hastaliklari Anabilim Dali
Dogu Akdeniz Tarimsal Arastirma Enstitlisi MudurlGgu

Adnan Menderes Universitesi Veteriner Fakiiltesi Cerrahi Anabilim Dali

Ankara Universitesi Veteriner Fakiiltesi Anatomi Anabilim Dali

Ondokuz Mayis Universitesi Zirrat Fakiiltesi Zootekni BSlimii

Selcuk Universitesi Veteriner Fakiiltesi Histoloji ve Embriyoloj Anabilim Dali

Ondokuz Mayis Universitesi Veteriner Fakiiltesi Hayvan Besleme ve Beslenme Hastaliklari Anabilim Dali
Atatiirk Universitesi Veteriner Fakiiltesi Zootekni Anabilim Dali

COBAN SABUNCUOGLU Niliifer Atatiirk Veteriner Fakiltesi Zootekni Anabilim Dali

DAGOGLU Giirdal
DEGER Yeter

DEMIREL Giilcan
DURMAZ Riza

EFE Ercan

ERDOGAN Zeynep
ERENER Guray

ERGUN Emel
EROKSUZ Hatice
GORGULU Murat

GUL Mehmet
GULBAHAR M. Yavuz
GULER Leyla

GURBUZ Umit
HADIMLI Hasan Hiiseyin
HAYIRLI Armagan
iMIK Halit

KABAK Murat
KALAYCIOGLU Atilla Taner
KAMILOGLU Nadide Nabil
KARACA Fikret
KARACA Orhan
KARAKURUM Cagri
KAYAALP Tamer
KAYGISIZ Ali

KUL Oguz

MATUR Erdal
MUGLALI Hakan
NISBET Cevat

0OGUZ Halis

ORAL Hasan
ORTATATLI Mustafa
OzTURK Dilek
OzTURK Ergin
PAPUCCUOGLU Serhat
PEKCAN Zeynep
SEZEN Yavuz

SOZMEN Mahmut
SEKER ibrahim
TIPIRDAMAZ Sadettin

Firat Universitesi Veteriner Fakiiltesi Farmakoloji ve Toksikoloji Anabilim Dali

Yiiziincii Yil Universitesi Veteriner Fakiiltesi Biyokimya Anabilim Dali

istanbul Universitesi Veteriner Fakiiltesi Hayvan Besleme ve Beslenme Hastaliklkari Anabilim Dali
Kirikkale Universitesi Tip Fakiiltesi Tibbi Mikrobiyoloji Anabilim Dali

Kahramanmaras Siit¢ii imam Universitesi Ziraat Fakiiltesi Zootekni Bolimi

Mustafa Kemal Universitesi Veteriner Fakiiltesi Hayvan Besleme ve Beslenme Hastaliklari Anabilim Dali
Ahi Evran Universitesi Ziraat Fakiiltesi

Kirikkale Universitesi Veteriner Fakiiltesi Histoloji ve Embriyoloji Anabilim Dal

Firat Universitesi Veteriner Fakiiltesi Patoloji Anabilim Dali

Cukurova Universitesi Ziraat Fakiiltesi Zootekni Bolimii

Atatiirk Universitesi Veteriner Fakiiltesi Hayvan Besleme ve Beslenme Hastaliklari Anabilim Dali
Ondokuz Mayis Universitesi Veteriner Fakiiltesi Patoloji Anabilim Dali

Konya Veteriner Kontrol ve Arastirma Enstitlsi

Selguk Universitesi Veteriner Fakiiltesi Besin Hijyeni ve Teknoloji Anabilim Dali

Selcuk Universitesi Veteriner Fakiiltesi Mikrobiyoloji Anabilim Dali

Atatiirk Universitesi Veteriner Fakiiltesi Hayvan Besleme ve Beslenme Hastaliklari Anabilim Dali
Atatiirk Universitesi Veteriner Fakiiltesi Hayvan Besleme ve Beslenme Hastaliklari Anabilim Dali
Ondokuz Mayis Universitesi Veteriner Fakiiltesi Anatomi Anabilim Dali

Kafkas Universitesi Veteriner Fakiiltesi Mikrobiyoloji Anabilim Dali

Kafkas Universitesi Veteriner Fakiiltesi Fizyoloji Anabilim Dali

Mustafa Kemal Universitesi Veteriner Fakiiltesi Dlerme ve Suni Tohumlama Anabilim Dali
Adnan Menderes Universitesi Ziraat Fakdiltesi Zootekni B6limii

Mehmet Akif Ersoy Universitesi Veteriner Fakiiltesi i¢ Hastaliklari Anabilim Dali

Cukurova Universitesi Ziraat Fakiiltesi Zootekni Bolimii

Kahramanmaras Siit¢ii imam Universitesi Ziraat Fakiiltesi Zootekni Bolimi

Kirikkale Universitesi Vetreriner Fakiiltesi Patoloji Anabilim Dali

istanbul Universitesi Veteriner Fakiiltesi Fizyoloji Anabilim Dal

Ondokuz Mayis Universitesi Veteriner Fakiiltesi Hayvan Besleme ve Beslenme Hastaliklari Anabilim Dali
Ondokuz Mayis Universitesi Veteriner Fakiiltesi Biyokimya Anabilim Dali

Selguk Universitesi Veteriner Fakiiltesi Farmakoloji ve Toksikoloji Anabilim Dali

Kafkas Universitesi Veteriner Fakiiltesi Dogum ve Jinekoloji Anabilim Dali

Selguk Universitesi Veteriner Fakiiltesi Patoloji Anabilim Dali

Mehmet Akif Ersoy Universitesi VeterinerFakiiltesi Mikrobiyoloji Anabilim Dali

Ondokuz Mayis Universitesi Ziraat Fakiiltesi Yemler ve Hayvan Besleme Anabilim Dali

istanbul Universitesi Veteriner Fakiiltesi Délerme ve Suni Tohumlama Anabilim Dali

Kirikkale Universitesi Veteriner Fakiiltesi Cerrahi Anabilim Dali

Gebze ileri Teknoloji Enstitiisii

Ondokuz Mayis Universitesi Veteriner Fakiiltesi Patoloji Anabilim Dali

Firat Universitesi Veteriner Fakiiltesi Zootekni Anabilim Dali

Selguk Universitesi Veteriner Fakiiltesi Anatomi Anabilim Dali




Bu Sayinin Hakem Listesi (alfabetik sira)
The Referees List of This Issue (in alphabetical order)

TIMURKAN Sema
TURKER Hakan
TUZER Erkut

URAL Kerem

UZLU Erdogan
UNVER Ahmet
YALCIN Ebru
YILDIRIM UCAR Yeliz
YILDIZ Hiseyin
YORUK Mecit

Firat Universitesi Veteriner Fakiiltesi Histoloji ve Embriyoloji Anabilim Dali

Abant izzet Baysal Universitesi Fen Edebiyat Fakiiltesi Biyoloji Bolimii

istanbul Universitesi Veteriner Fakiiltesi Parazitoloji Anabilim Dali

Adnan Menderes Universitesi Veteriner Fakiiltesi i¢ Hastaliklari Anabilim Dali
Kafkas Universitesi Veteriner Fakiiltesi i¢c Hastaliklari Anabilim Dali

Canakkale Onsekiz Mart Universitesi Tip Fakiiltesi Tibbi Mikrobiyoloji Anabilim Dali
Uludag Universitesi Veteriner Fakiiltesi i¢ Hastaliklari Anabilim Dali

Erciyes Universitesi Veteriner FakiiltesiBesin Hijyeni ve Teknolojisi Anabilim Dali
Uludag Universitesi Veteriner Fakiiltesi Anatomi Anabilim Dali

Yiiziincii Yil Universitesi Veteriner Fakiiltesi Histoloji ve Embriyoloji Anabilim Dali




ICINDEKILER
(CONTENTS)

ARASTIRMA MAKALELERI
(RESEARCH ARTICLES)

Seroprevalence of Dirofilaria immitis, Ehrlichia canis and Borrelia burgdorferiin Dogs in Igdir Province,
Turkey
SARI B, TASCI GT, KILIC Y

Risk Factors Associated with Passive Immunity, Health, Birth Weight And Growth Performance in Lambs:
lll. The Relationship among Passive Immunity, Birth Weight Gender, Birth Type, Parity, Dam’s Health and
Lambing Season

GOKCE E, KIRMIZIGUL AH, ATAKISI O, ERDOGAN HM

Effect of Yucca schidigera Spraying in Different Litter Materials on Some Litter Traits and Breast Burn of
Broilers at the Fifth Week of Production
ONBASILAR EE, ERDEM E, UNAL N, KOCAKAYA A, TORLAK E

Bazi Otiicii Kuslarda (Aves: Passeriformes) Bulunan Bit (Phthiraptera; Ischnocera, Amblycera) Tiirleri

DIK B, ALBAYRAK T, ADANIR R, USLU U

Investigation on the Polymorphism of Some Loci by Using PCR-RFLP in Japanese Quails (Coturnix coturnix
japonica) Raised in Different Locations of Turkey

BOZKAYA F, GURLER S, YERTURK M

Overektomili Sicanlarda Alendronatin Bébrek Dokusu Uzerindeki Etkileri
CEVIK O, ARSLAN AH

Effect of Short Photoperiod on some Growth Traits in Sprague Dawley Rats
SABUNCUOGLU N, DEMIR PA

Interaction Between Phenylbutazone and Thiopental Sodium in Female Stray Dogs: The Effect on the
Recovery from Anesthesia
RAEESZADEH M, RAJAIAN H, FATTAHIAN H, SAFI S

The Effects of Gemfibrozil and Ovariectomy on the Peroxisome Proliferator Activated Receptors (PPARs) in

Mice with Experimentally Induced Obesity
TUNCA R, DEVRIM AK, SOZMEN M, DAG S, GUNGOR O, IPEK E

Kadmiyum, Bakir ve Kursunun in Vitro inek Uterus Kasilmalari Uzerine Etkileri
YILDIRIM E, MACUN HC

Comparison of Different Methods for the Detection of Salmonella spp. in Minced Meat Samples
OZER D, KIMIRAN-ERDEM A

Evaluation of Smilax excelsa L. Use in Experimentally Induced Nephrotoxicity
OZSOY N, OKYAR A, ARDA-PIRINCCI P, CAN A, BOLKENT S, AKEV N

The Effects of Factors on Death Rate in the Broiler Farms
IKIKAT TUMER E

The Effect of L-Arginine on Growth Performance, Some Serum Biochemical Parameters and Duodenal
Motility in Broilers
BULBUL T, BOZKURT Z, ULUTAS E, YILMAZ O, BULBUL A

The Role of Red and Infrared Low Level Laser Therapy on Unmeshed Full-Thickness Free Skin Autograft in
Rabbits: As An Animal Model
FATTAHIAN H, NASIRIAN A, MORTAZAVI P

The Role of Nitric Oxide in the Effects of Ovarian Steroids in the Duodenum
YAGCI A, BULBUL A, SEVIMLI A, ALTUNBAS K

Capsular Typing and Antimicrobial Susceptibility of Pasteurella multocida Isolated from Different
Hosts

GULER L, GUNDUZ K, SARISAHIN AS

Sayfa
(Page)

735

741

749

755

761

767

773

779

783

793

801

807

815

821

829

837

843



Sunset Yellow FCF’ nin Tavuk Embriyosu Deri ve Barsak Mast Hiicrelerinin Degraniilasyonu Uzerindeki
Etkileri
GULERT, BASIMOGLU KOCAY

Effect of in ovo Ghrelin Administration on Thyroid Hormones and Some of Serum Biochemical Parameters
in Newly-hatched Chicks
AGHDAM SHAHRYAR H, LOTFI A

Determination of Phenotypic Correlations Between Internal and External Quality Traits of Guinea Fowl

Eggs
ALKAN S, KARSLI T, GALIC A, KARABAG K

Determination of Enterotoxigenic Gene Profiles of Bacillus cereus Strains Isolated from Dairy Desserts by
Multiplex PCR

CADIRCI O, GUCUKOGLU A, TERZI G, KEVENK TO, ALISARLI M

Detection of Capnocytophaga canimorsus and Capnocytophaga cynodegmi by Cultural and Molecular
Methods in Dogs in Western Turkey
OZAVCIV, KIRKAN S

Effects of Heat Stress on Egg Yield and Mortality Rates of Caged Poultry Houses
BAYHAN AK, KARAMAN S, KOSKAN O

Antioxidant Activity of Cinnamon Bark Oil (Cinnamomum zeylanicum L.) in Japanese Quails Under Thermo
Neutral and Heat Stressed Conditions

SIMSEK UG, CIFTCI M, DOGAN G, OZCELIK M

Sigirlarda Babesia bovis ve Babesia bigemina'nin Reverse Line Blotting, Nested PCR ve Real Time PCR
Teknikleri ile Karsilagtirmali Tanisi
YILDIRIM A, DUZLU O, INCI A, ONDER Z, CILOGLU A .

Effects of Dietary Saccharomyces cerevisiae and Butyric Acid Glycerides on Performance and Serum Lipid
Level of Broiler Chickens
POURAZIZ S, AGHDAM SHAHRYAR H, CHEKANI-AZAR S

KISA BILDIRI (SHORT COMMUNICATION)

Plasmodium berghei'nin In Vitro Kiiltiirii: Klorokin ve Artesunat ila¢ Direnc Testlerinin Uygulanmasi

OSTAN |, KURT O, OZBILGIN A

Kars Yoresi Sigirlarinda Subklinik Paratuberkiilozun Seroprevalansi
MAKAV M, GOKCE E

Sayfa
(Page)

851

857

861

869

875

881

889

895

903

909

913



Kafkas Univ Vet Fak Derg

JournAL Home-PacE: http://vetdergi.kafkas.edu.tr
ONLINE Susmission: http://vetdergikafkas.org

RESEARCH ARTICLE

19 (5): 735-739, 2013
DOI: 10.9775/kvfd.2012.8466

Seroprevalence of Dirofilaria immitis, Ehrlichia canis and
Borrelia burgdorferi in Dogs in Igdir Province, Turkey ™

Baris SARI s~ Gencay Taskin TASCI ' Yunus KILIC !
[1] This project was supported by the Commission for the Scientific Research Projects of Kafkas University (Project Number:
2008-VF-07)
! Kafkas Universitesi, Veteriner Fakiiltesi, Parazitoloji Anabilim Dali, TR-36100 Kars - TURKIYE

Makale Kodu (Article Code): KVFD-2012-8466

Summary

In this study, by using a Snap3dx test kit, 100 dogs sera were examined. Dirofilaria immitis infection was detected in 40 dogs
(40%) and Ehrlichia canis antibodies were present in just 1 dog (1%), Borrelia burgdorferi antibodies were not detected in the
test. Twenty-two of dogs (22%) are infested with ticks. A total of 42 ticks, 9 of female and 33 of male, were collected from dogs.
Ticks collected from dogs were R. sanguineus 76.2% (32/42) and 23.8% of them (10/42) were Rhipicephalus spp. Considering
the prevalence of potential vectors (mosquitoes and ticks), it is concluded that dirofilariosis and ehrlichiosis cases are often
encountered in Igdir province.

Keywords: Dirofilaria immitis, Ehrlichia canis, Borrelia burgdorferi, Dog, Igdir

Igdir Yoresinde Kopeklerde Dirofilaria immitis, Ehrlichia canis ve
Borrelia burgdorferi'nin Seroprevalansinin Arastiriimasi

Ozet

Bucalismailelgdiryoresinde sahipli 100 kopekten elde edilen serumlarda Snap 3dx kiti kullanilarak Dirofilariaimmitis antijenine %40,
Ehrlichia canis antikoruna %1 oraninda rastlanmis, Borrelia burgdorferi antikoru ise saptanamamistir. Képeklerin 22'si (22%) kenelerle
enfeste bulunmustur. Képeklerden toplanan 42 adet kenenin 9'unun disi, 33'linin erkek oldugu gorilmistir. Kenelerin %76.2'sinin
(32/42) R. sanguineus ve %23.8'inin (10/42) Rhipicephalus spp. turi oldugu belirlenmistir. Igdir yoresinde potansiyel vektorlerin
(sivrisinek ve kene) yayginligi da goéz 6niinde bulunduruldugunda, dirofilariosis ve ehrlichiosis vakalariyla siklikla karsilasilabilecegi

kanisina variimistir.

Anahtar sozciikler: Dirofilaria immitis, Ehrlichia canis, Borrelia burgdorferi, Kbpek, Igdir

INTRODUCTION

Dirofilariosis, ehrlichiosis and lyme borreliosis are
arthropod-borne diseases that are seen in domestic dogs
as in many species of animals. Dogs infected with these
diseases; can be diagnosed as characteristic symptoms,
are shown non-spesific clinical appearance or even
asymptomatic. Therefore, factors are needed to seen
directly as well as serological methods ™.

The adults of Dirofilaria immitis are known as the
most pathogenic species in filarial nematodes. Parasite is
commonly found in the pulmonary arteries, right ventricle,
V. cava cranialis, V. hepatica, bronchioles, interdigital cyst

and abscesses, brain arteries, spinal canal and eye of
dogs, other canids and humans ¢, While in some dogs
no symptom was observed clinically, in some, dyspnea,
hoarseness, fatigue, rapid breathing, cough, collapse,
asphyxia, anorexia, pathological sounds in heart and
lungs, different types of dermatitis, cachexia, jaundice and
hemoglobinuria are seen. The vectors of D. immitis are
genus of female Anopheles, Aedes, Culex, Myzorhynchus,
Armigeres and Taeniorhychus ¢,

Dirofilaria immitis is described for the first time in
the world in a dog from Alabama in 1856 by Joseph

# lletisim (Correspondence)
+90 474 2426807/5149
D4 bsari67@hotmail.com
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Leidy. It has been reported for the first time in 1951 in
Turkey 7. To diagnose D. immitis in dogs, Thick Drop,
Modified Knott, Microhematocrit-Capillary Sedimentation,
Saponin Concentration, Membrane Filtration-Aside
Phosphates Histochemical Staining, radiology, angiography,
ultrasonography, serological techniques (Indirect Flourescent
Antibody Test, Counterimmunoelectrophoresis, Latex
Agglutination, Hemagglutination), Polymerase Chain
Reaction (PCR), and such as Dirochek, Petchek, Snap
commercial ELISA test kits are used 26219,

In studies, in different geographical regions of the
world, using different diagnostic methods the prevalence
of D. immitis in dogs were determined between
0-73.5% 1129 |n Turkey, in studies based on microscopy,
necropsy and serology the prevalence of D. immitis in
dogs were determined between 0-46.2% 522130,

Ehrlichiosis (tropical pancytopenia) is a rickettsial
disease that dogs and human are infected with vector
ticks and characterized by reduction of the blood-shaped
elements. The name of the disease in dogs is canine
monocytic ehrlichiosis and the factor is Ehrlichia canis.
Cases of ehrlichiosis in dogs are found especially in tropical
and subtropical regions 234, The vector of disease is
Rhipicephalus sanguineus ticks. The disease is transmitted to
dogs by infected ticks or blood transmission from infected
dogs and seen in acute, chronic and subclinical forms 5., In
acute form; weight loss, fever, dyspnea, lympadenopathy,
edema in extremity and scrotum, epistaxis, anorexia,
recession, eye-nasal discharge, irritability and neurological
symptoms are seen. Generally no clinical signs are observed
in subclinical form 13436371 Peripheral blood examination,
Western Blot and ELISA techniques can be performed to
diagnose the disease. However for a definitive diagnose
indirect flourescent antibody test IFAT is recommended to
use B4+3%38|n Turkey, in a study 67.8% with IFAT and 57.3%
with dot-ELISA seropositivity were detected B9, and also
case of ehrlichiosis in dogs was reported in another region
of Turkey ¥, In Aegean region of Turkey the prevalence
of ehrlichiosis was detected 41.5% by nested PCR ",
Many studies have been done about the prevalence of E.
canis infection in various countries 133342481,

Lyme disease, especially transmitted by Ixodes genus
ticks, caused by Borrelia genus spirochetes is a zoonotic
infection >3 Young dogs are more susceptible to disease
and the most obvious symptom is acute polyarthritis. In
chronic cases lameness may be occured. In addition to
that in dogs symptoms such as fever, lymphadenopathy,
anorexia may be seen 2°3, Disease can be identified by
serological methods (IFAT, ELISA, Western Blot etc.) with
the help of clinical findings 15354,

It has been reported that Lyme disease is one of the
most common disease transmitted by ticks in Europe
(2.1-53.7%), Brazil (9.7%) and North America (2.3-
76.3%) (133347485456 Borrelia burgdorferi is the factor of

disease was also isolated from vector Ixodes ricinus species
ticks ©7%%, While in a study ®¥ in a dog that 2 years old,
male and race of Saint Bernard, Lyme disease was found,
in another study " the infection rate was determined as
27.75% in Turkey.

Mosquito populations are common in Igdir province ©2,
This research was carried out to determine the sero-
prevalence of D. immitis, E. canis, and B. burgdorferi in Igdir
province where potential vectors are common.

MATERIALS and METHODS

A total of 100 owned and remain outside dogs, 16 of
female and 84 of male, were randomly selected. Blood
samples were drawn from the cephalic vein in four different
focus of 1gdir province (Baharli, Kulluk, Pirli and Sogatld).
In relation to age, 66 of the dogs were 0.5-3 years old, 22
were 4-6 years old and 12 were 7 and older dogs. In addition
to that all dogs were examined for ticks, and ticks were
collected from dogs which are infested.

The prevalence of D. immitis, E. canis and B. burgdorferi
were simultaneously determined by using a commercial
in-vitro examination kit (Snap 3dx, Idexx Lab., USA) that
detects D. immitis antigen, E. canis (P30 and P30-Touter
membrane proteins), and B. burgdorferi (C, peptid) anti-
bodies in dog sera.

C, ELISA test can be conducted in dog sera, plasma or
whole blood. The C6 synthetic peptide was conjugated to
bovine serum albumin (BSA) and to horseradish peroxidase
(HRP) by using standard methods. The HRP-C6 peptide
conjugate was contained in a conjugate diluent containing
HRP-labeled antiheartworm antibody, HRP-labeled E. canis
peptide conjugate, nonspecific proteins, and detergents.
If Borrelia burgdorferi and/or E. canis antibody or D. immitis
antigen present in the sample, bind to the synthetic
peptide-HRP conjugate and to the synthetic peptide-BSA
conjugate.

C, ELISA test construction is shown in the diagram below.
Each kit contains 8 ml D. immitis / E. canis /B. burgdorferi
Horseradish peroxidase conjugate, transfer pipette, sample
tubes and Snap device. Each Snap device contains 0.4 ml
washing and 0.6 ml substrate solution. First of all specimens
and kit reagents are heated at room temperature (15-
25°C). The latter stages are performed according to the kit
procedure as Fig. 1.

Statistical analysis were conducted by using Chi-
squared test 3,

RESULTS

In 40 of examined 100 dogs (40%) D. immitis antigens
were detected (an example in Fig. 2). A 6 years old and
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Fig 1. Procedure of Snap 3dx test
Sekil 1. Snap 3 dx testinin yapilisi

1) Three drops of suspicious sera are spotted
to the sample tube with transfer pipette 2)
Four drops of conjugate are spooted to the
sample tube 3)The lid of sample tube is closed
and mixed by inverting 3-5 times 4-) Snap
device is placed horizontally on a flat surface,
all of the content in sample tube is emptied to
the sample well 5) Activator button is pressed
when coloration in activation point starts 6)
The results are evaluated in 8" min

Fig 2. (ABC)- Appearance of positive and negative samples in Snap 3dx
test kit

Sekil 2. (ABC)- Pozitif ve negatif 6rneklerin Snap 3dx test kitinde
gorinimu
(A: negative, B: D. immitis antigen, C: E. canis antibody)

Table 1. The seroprevalence of D. immitis and E. canis correlated with sex
and age in Igdir province

Tablo 1. Igdir yoresinde D. immitis ve E. canis seroprevalansi’nin yas ve
cinsiyet ile iliskisi

Table 2. Distribution of seroprevalence of D. immitis and E. canis correlated
with foci in Igdir province

Tablo 2. Igdir yoresinde D. immitis ve E. canis seroprevalansi’nin odaklara
gore dagilimi

male dog (1%) infested with R. sanguineus tick, and in
which E. canis antibody was detected, while B. burgdorferi
antibody was not determined. The seroprevalence of D.
immitis and E. canis correlated with sex and age in Igdir
province were shown in Table 1. Foci and rates of infection
in which they encountered were shown in Table 2.

Twenty-two of dogs (22%) are infested with ticks. A
total of 42 ticks, 9 of female and 33 of male, were
collected from dogs. Ticks collected from dogs were R.
sanguineus 76.2% (32/42) and 23.8% of them (10/42) were
Rhipicephalus spp.

D. immitis Antigen E. canis Antibody D. immitis Antigen E. canis Antibody
o Female 9/16 (56.25) 0/16 (0.0) Kuillik 14/25 (56.0) 0/25 (0.0)
Male 31/84 (36.9) 1/84 (1.19) Pirli 6/26 (3.1) 1/26 (3.8)
05-3 22/66 (333) 0/43 (0.0) Baharli 16/25 (64.0) 0/25 (0.0)
Age | 46 13/22 (59.1) 1/45 22) Sogitlii 4/24 (16.7) 0/24 (0.0)
7> 5/12 41.7) 0/12 (0.0)
Total 40/100 | (40.0) 1/100 (1.0) DISCUSSION

In many countries of the world, many researches
have been done to determine D. immitis, E. canis and B.
burgdorferi in dogs by using different diagnostic techniques.
Snap 3dx kit that can diagnose simultaneously these
three diseases was used for this purpose. As a result of
previous researches, the prevalence of D. immitis in dogs
were determined between 0-46.2% 92! and E. canis
were determined between 41.5-67.8% B%4, while in a
study ®¥ in a dog that 2 years old, male and race of Saint
Bernard, B. burgdorferi was found, in another study ©" the
infection rate was determined as 27.75% in Turkey. In this
study, D. immitis infection was detected in 40 dogs (40%)
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and E. canis antibodies were present in 1 dog (1%). But B.
burgdorferi antibody was not determined.

In geographical regions where mosquito population
is quite high and dogs are remained outside %, the
prevalences of D. immitis were reported in high percentages.
Also, in this study the prevalence of D. immitis was
determined highly (40%). In addition to that, it has been
reported that the prevalence of D. immitis increased
significantly together with age "3 Also our findings
seem to confirm this criterion. Because dogs between 0.5-
3 age group has the infection rate as 33.3% (22/66), dogs
between 4 years and older age group has the rate as
52.9% (18/34) (P=0.05).

No significant differences between the sexes were
reported in some researches regarding D. immitis
infections #1428, |n this study, seropositivity was detected
in 9 of 16 female (56.25%), and 31 of 84 male (36.9%)
dogs. No significant differences between the sexes were
observed (P>0.05).

In this study that carried out in Igdir province, with
Snap 3dx commercial ELISA kit, in only 1 of 100 dogs had
Ehrlichia canis antibody in their sera. But B. burgdorferi
antibody was not found in the sera. This situation can be
explained by absence of Ixodes ricinus which is the vector
of B. burgdorferiin dogs in Igdir province.

In conclusion, because of Igdir province has different
geographical structure and season from region, also taking
into account the population of potential vectors (mosquito
and tick), arrived at an opinion that can be encountered
with dirofilariosis and ehrlichiosis cases. Mosquitoes
and ticks, that they are the vectors of many diseases, are
common in this region. But there are not enough research
about them. So, in order to determine the vector-disease
relationships in all animals in this region, more detailed
studies are needed.
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Summary

This study was designed to investigate the effect of risk factors such as gender, birth type, parity, dam’s health and lambing season
associated with passive immunity and birth weight and to also determine interrelationship between passive immunity and birth weight.
This study included 301 ewes and 347 lambs born to them on two local Akkaraman crossbred flocks in Kars. Lambs were blood sampled for
serum IgG concentration at 24 hours after birth (SIgGC-24) and epidemiological parameters were recorded at birth. Parity, type of birth and
gender were significantly associated with birth weight (R?*=0.339, P<0.001) on multivariable stepwise regression analysis as single born lambs
(P<0.001), male (P<0.001) and lambs born to dams previously lambed (P<0.001) were significantly heavier. There was a significant (P<0.001)
and positive (R?=0.136) linear relationship between birth weight and passive immunity, but only in ill lambs during the neonatal period. In
General Linear Model (GLM), lambs born with low birth weight (<3 kg) had significantly lower SIgGC-24 than those born with medium (>3 to <
4) (P<0.01) or high (>4 kg) (P<0.001) birth weight. Similarly lambs born as a twin and born to unhealthy dams had significantly lower SIgGC-24
(P<0.05). In conclusion, some farm management practices and animal characteristics were associated with birth weight and passive immunity
and also birth weight had affect on passive immunity. For a productive and profitable farming, producers should take these variables into
account and develop appropriate management strategies.

Keywords: Lamb, Serum IgG, Passive immunity, Birth weight, Risk factors

Kuzularda Pasif immiinite, Saglik, Dogum Agirhigi ve
Biiyiime Performansi ile ilgili Risk Faktérleri: 111- Pasif immiinite,
Dogum Agirhgi, Cinsiyet, Dogum Tipi, Anne Saghgs,
Dogum Sayisi ve Kuzulama Sezonunun Birbiriyle iliskisi

Ozet

Bu calisma pasif immunite ve dogum agirhdi tizerine etkili cinsiyet, dogum tipi, kuzulama sezonu, anne dogum sayisi ve sagligi gibi bazi
risk faktorlerinin arastirilmasi ve ayrica pasif immunite ve dogum agirhginin birbiriyle olan iliskisinin belirlenmesi amaciyla gergeklestirildi.
Calisma Kars'ta 301 koyun ve bunlardan dogan 347 Akkaraman melezi kuzuyu iceren iki siiriide ylritildi. Dogumdan 24. saat sonra serum IgG
konsantrasyonlarini (SIgGC-24) belirlemek icin kan 6rnegi alindi ve dogumda epidemiyolojik parametreler kaydedildi. Coklu adimsal regresyon
analizine gore dogum tipi, cinsiyet ve anne dogum sayisi, dogum agirligini 5nemli seviyede iliskili faktorler olarak belirlendi (R*=0.339, P<0.001).
Tek (P<0.001), erkek (P<0.001) ve daha 6nce dogum yapmis annelerden dogan (P<0.001) kuzularin dogum agirligi daha yiiksek bulundu.
Yalnizca neonatal periyotta hastalik tespit edilen kuzularda pasif immunite ve dogum agirligi arasinda énemli (P<0.001) ve pozitif (R*=0.136)
bir linear iliski oldugu belirlendi. Genel linear modele gore disiik dogum agirligi (<3 kg) ile dogan kuzularin SIgGC-24'lari orta (>3-<4 kg) veya
yuksek (>4 kg) doganlara gére 6nemli seviyede (sirasiyla P<0.01ve P<0.001) diistik belirlendi. Benzer sekilde ikiz veya hasta annelerden dogan
kuzularin SIgGC-24'larn 6nemli seviyede (P<0.05) diisiik bulundu. Sonug olarak bazi ciftlik sevk-idare uygulamalari ve hayvan karakteristikleri
dogum agirligi ve pasif immunite ile iligkili bulundu ve ayrica dogum agirhdi pasif immunite tizerine etkiliydi. Ciftlik verim ve karligini arttirmak
icin Ureticilerin bu faktorleri gz 6niinde tutmasi ve uygun sevk-idare stratejileri gelistirmesi gerekir.

Anabhtar sézciikler: Kuzu, Serum IgG, Pasif immunite, Dogum Adirhdi, Risk Faktérleri
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INTRODUCTION

Morbidity and mortality are often cited as the most
common problems in young lambs and it is a major
cause of low productivity of sheep 3. Lambs are born
with hypogammaglobulinemia due to syndesmochorial
placentation and must be fed colostrum as a source of
immunoglobulin-G (IgG) during the neonatal period. This
process is named as passive immunity, determined by
measuring serum IgG concentration at 24 h after birth
(SIgGC-24). Numerous studies in the past three decades
correlated neonatal diseases with inadequate serum IgG,
or failure of passive transfer of immunity (FPT) in animals
and pointed out the importance of IgG in preventing
infectious diseases of neonates “®. Recent studies also
reported a significantly positive relationship between
SlgGC-24 and growth performance in lambs at different
stages P2, It is therefore, of paramount importance to
investigate the underlying causes of FPT. Only a small
number of studies have been conducted to clarify the effect
of some environmental factors and animal characteristics
on passive immunity in lambs, but these effects were not
clearly elucidated 51315,

All mammalian species have an ‘optimum’ birth
weight that facilitates uncomplicated natural delivery
and improves the rate of neonatal survival "¢l Thus, the
birth weight of lambs plays an important role in achieving
desirable sheep production as studies determined
that birth weight is associated with enhances growth
performance and decreased disease incidence 1721,
The birth weight has also been associated with passive
immunity “. Low birth weight leads to many unfavorable
factors including low growth rate especially in the first three
months of life, increased risk of morbidity and mortality
because these lambs are physically weak to stand and
suckle adequate colostrums and less viability at birth that
have significant effects on lamb survival and growth
performance 15172225 Two greatest important contributors
to problems caused by morbidity, mortality and poor
growth performance are low birth weight and FPT 129,

Production and profitability of sheep farms explicitly
depends on maintaining healthy lambs with desirable
live weight gain. Therefore, it is of paramount
importance to identify the cause of diseases and
weight loss in lambs and to take appropriate measures
accordingly.

The study was designed to determine the relationship
between passive immunity and birth weight and also
to investigate presumptive effects of gender, type
of birth, lambing season, parity and dam’s health on
passive immunity as well as to investigate the effect of
environmental factors and animal characteristics on birth
weight in Akkaraman crossbred which constitutes 50% of
the total sheep population in Turkey 27,

MATERIAL and METHODS

Animals, Data Collection, Farms Management

This study was carried out in two sheep farms located
in the central Kars in North-Eastern Anatolia, Turkey,
in 2009. All ewes and lambs were kept under identical
feeding and management conditions. Management was
typical of North-eastern Anatolian flocks with lambs being
born in winter (December to February) or spring (March
to May), and being raised intensively. At birth, the lambs
were ear-tagged and registered with an individual
identification number, and gender, date of birth, parity,
and dam’s ear tag number and type of birth were recorded
for each lamb. The lambs were weighed at birth (before
colostrum intake) using a bascule [CASIA DB2-150 kg (£30
g)]. After this procedure, lambs were allowed to naturally
suckle their dams.

Blood Sample Collection, 1gG Analysis

Blood samples were collected from all lambs by
jugular venipuncture at 24+1 h. Serum was harvested by
centrifugation and stored at —20°C until analysis. Passive
immune status or serum IgG concentrations 24" h after
birth (SIgGC-24) were measured using a commercial ELISA
kits (Bio-X Competitive ELISA Kit For Ovine Blood Serum
IgG Assay-BIO K 350, Bio-X Diagnostics, Belgium).

Clinical Examination

Clinical examination were performed as previously
defined by the authors . The health status of the lambs
was monitored on farms by visits made on a daily basis
during the neonatal period. Throughout the study period,
ewes determined to have disease (mastitis, pneumonia,
enteritis, pregnancy toxaemia etc.) were categorized as ill
and recorded with their ear tag number.

Statistical Analysis

The present study included 301 Akkaraman crossbreeds
and 347 lambs born to them. However, lambs whose
parameters (birth weight, gender, type of birth, health
status, passive immunity or serum IgG level and birth
date for lambs; parity and health status of dams) were not
recorded were excluded from the study thus leaving 322
lambs to be included in this study.

Study consisted of two sections. In first section, the
affect of gender, type of birth, lambing season, parity and
dam health on the birth weight was studied. Mean + SD
(Range) values for each parameter was calculated. Parity
was categorized as 1, 2, 3 and =4. The Tukey HSD test was
used to identify differences in birth weight in lambs
grouped according to parity. Independent Samples T test
was used to identify variations in birth weight according to
gender, type of birth, lambing season and health of the dam.
Multivariable stepwise linear regression analysis (MSRA)
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was used to evaluate the association between type of
birth, gender, health of dams and lambing season
(considered as categorical independent variables), and
parity (considered as continuous independent variables)
and birth weight (continuous dependent variables). The
linear regression model with the all potential independent
variables considered in the study defined as follows:
Y =a+Bx + Bx,+ Bxs + Bx, + BsXs + € Where Y denotes
birth weight, x, is the type of birth (single=0, twin=1),
x,isthegender(male=0,female=1),x;is the parity (1=1,2=2,
3=3, 24=4), x, is the lambing season [Spring (March, April,
May)=0, Winter (December, January, February)=1], x, is
the health of the dam (healthy=0, ill=1), a is the y-intercept,
and B,, B, Bs, B, and [, are the regression coefficients and
€, indicates the random part of the theoretical model.
To identify the best models in the stepwise technique,
the coefficients of determination (R?) were used. The
coefficient of determination was multiplied by 100 and
expressed as a percentage to indicate the total variation
inY explained by the selected independent variables.

In second section the effect of birth weight, gender,
type of birth, lambing season, parity and dam’s health on
passive immune status or SIgGC-24. Simple regression
model was used to evaluate relationship between SlgG-24
and birth weight. The methods of multivariable and simple
regression have been described previously in detail "%,
The General Linear Model (GLM) procedure of SPSS was
used to evaluate the association between some animals
or management factors and SIgGC-24. The fixed effects
considered in the model were: birth weight (< 3 kg=1, >3
to < 4 kg=2, >4 kg=3), gender (female=1 and male=2),
parity (1, 2, 3, =4), type of birth (twin=1 and single=2),
health status in dams (ill=1 and healthy=2) and lambing
season (winter=1, spring=2).The significant differences
between fixed items were tested using Duncan test
and results were expressed as least square means
(LSM=+SE) for the GLM procedure. The computer program
SPSS (SPSS, version 16.0, SPSS Inc, Chicago, IL) was used
for all analyses and values of P<0.05 were considered to be
significant. The program Origin 6 was used to obtain scatter
diagram illustrations (Origin 6 Copyright© 1991-1999
Microcol TM, Software, Inc) in regression analysis.

RESULTS

Risk Factors Associated with Birth Weight

Birth weight ranged from 2.260 to 5.900 g (4.037+674
g). Variations in birth weight based on various factors have
been given in Table 1. Single born lambs were significantly
(P<0.001) heavier at birth than twin born lambs. Males
were significantly (P<0.001) heavier than females at birth.
Lambs born to dams with any illnesses had significantly
(P<0.001) lower birth weight than lambs born to healthy
dams. Lambs born in winter had insignificant higher birth
weight than those born in the spring season (P=0.08).

Birth weight in lambs born to primiparous ewes was
significantly lower than those born to second (P<0.01),
third (P<0.001) and fourth or higher (P<0.001) parity
ewes.

Type of birth, parity and gender had significant effect
on birth weight on MSRA. These three independent
variables explained 34% (R?=0.339) of the variation in birth
weight in final model. High dam’s parity had lambs with
great birth weight while twin and female lambs had lower
birth weight (P<0.001) (Table 2).

Relationship Between Birth Weight and
Passive Immunity in Lambs

Relationship between SIgGC-24 and birth weight
(BW), determined on simple regression model is given in
Table 3. There was a significant (P<0.001) but weak
(R*=0.076) linear relationship between SIgGC-24 (mg/
ml) and BW in lambs that contracted disease during
the neonatal period. However, there was no relationship
between SIgGC-24 and BW in lambs that were healthy
during the neonatal period (Table 3).

Table 1. Variations in birth weight according to factors analysed in lambs

Tablo 1. Kuzularda analiz edilen faktorlere baglh dogum adirligindaki
degisiklikler

Factor Group n Birth Weight (g)
Type of Twin 84 3505+436*
Birth Single 238 42244643

Male 173 4157+670*
Sex

Female 149 3896+652
Lambing Winter 98 3938696
Season Spring 224 40794661

1l 17 3442+619*
Dam Health

Healthy 305 4069+662

1 54 3650+652°

2 137 4048+662°
Parity

3 90 4138+582°

>4 41 4284+740°

*P<0.001

Table 2. Risk factors associated with birth weight on multiple regression
analyses*

Tablo 2. Dogum agirligi ile iliskili risk faktérleri tizerine adimsal regresyon
modelleri*

Model | Formulas R? P
Onset | BW =4224 - (719 x type of birth) 0.220 | <0.001
BW = 3676.9 - (781.3 x type of birth) +

1 (238.1 x parity) 0.321 | <0.001
. BW = 3764.8 - (759.5 x type of birth) +

inz (233.6 x parity) - (179.5 x gender) g <l

* Independents: Type of birth, gender, lambing season, dam’s parity and

health, BW (Dependent): Birth weight
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Table 3. Simple regression models between SIgGC-24 and birth weight in
neonatal lambs

Tablo 3. Neonatal Kuzularda SIgGC-24 ve dogum adirligi arasindaki basit
regresyon modelleri

N Formulas R? P
322 SlgGC-24°=8.024 + (0.003 x BW) 0.034 <0.01
269 SIgGC-24°=21.12 + (0.001 x BW) 0.001 0.53
53 SlgGC-24< = (0.006 x BW) - 9.017 0.136 <0.001

aGeneral (without any evaluation of clinical examination), ® healthy, < ill
SlgGC-24: Serum IgG concentrations 24 h after birth

Tablo 4. Risk factors associated with passive immunity (SigGC-24) in lambs

Tablo 4. Kuzularda pasif immunite ile iliskili (SigGC-24) risk faktorleri

SIgGC-24
Factor Group N (mg/d) F P
Low 27 1246242
BW (g) Medium | 122 1858+167° 3.17 | 0.04
High 173 1837£173P
Twin 84 1466+168*
Type of 451 | 003
Birth Single 238 1829+173
Male 173 1567+160
Gender 1.55 0.21
Female | 149 1727+160
; Winter 98 15124176
Ll 299 | 008
Season Spring 224 17824158
If 17 1333+277*
Dam Healthy 455 003
Status Healthy | 305 1962+102
1 54 1553+206
2 137 1557+165
Parity 137 | 025
3 20 1864192
>4 41 1614221
SlgGC-24: Serum IgG concentrations 24" h after birth

Risk Factor for Passive Inmunity in Lambs

Factors affecting passive immunity in lambs are
presented in Table 4. Of the variables, birth weight, type of
birth and health of the dam had a significant effect on the
SIgGC-24 of the lambs. The overall least squares mean of
SIgGC-24 obtained was 1.647+148 mg/dl. Twin lambs had
significantly (P<0.05) lower SIgGC-24 than single lambs.
Lambs born with low birth weight (<3 kg) had significantly
lower SIgGC-24 than those born with medium (>3 to <4)
(P<0.01) or high (>4 kg) (P<0.001) birth weight. SIgGC-24
was significantly lower in lambs born to diseased dams
than in lambs born to healthy dams (P<0.05). Parity and
gender had no effect on SIgGC-24. A lower SIgGC-24 was
determined in lambs born in the winter but this association
was not significant (P=0.08).

DISCUSSION

This study presented the factors influenced birth

weight and passive immunity and described the
relationship between them.

Risk Factors Associated with Birth Weight

Parity, type of birth and gender were significant
sources of variation for birth weight in the present study.
Primiparous mothers produced lighter lambs when
compared to experienced ewes as previously reported
116-2123.24.29-331 This may be attribute to that the reproductive
organs of primiparous ewes are less developed and less
able to bear large fetuses, so the dam’s physiology limits
the fetal size B33 and these ewes may be in the process
development, so both the fetus and the dam might compete
for nutrients thus consequently negatively influencing
birth weight 203932, Contradicting results between parity
and birth weight have also been reported “'*3437], |n this
study, lambs born to healthy dams had greater birth weight
than those born to sick dams (Table 1). This may be because
unhealthy dams provide inadequate nutrition to the fetus,
and thus negatively effected birth weight. However, the
condition of the dam’s health was not a significant source
of variation for birth weight as there were only seventeen
sick dams in this study versus 305 healthy dams.

Female lambs had lower birth weight than their male
counterparts in this study. This findings is in agreement
with previous studies [20-242931-3336-38] These results have
been attributed to the differences in the rate of skeletal
development as well as differences in chromosomal
structure during the prenatal growth period 34 as the
presence of a Y-chromosome and the products of SRY
gene activation have gender-specific effects on fetal
growth, and therefore males apparently grow faster in
utero than respective females "2, However, opposite
results have also been reported that birth weight did not
differ between male and female lambs 114183031,

Single born lambs were heavier than their twin
born counterparts at birth in this study. These results
were in parallel with previous studies [20-2229-3436-39] " Birth
weight declines as the litter size increases due to limited
uterus and carnuncles space to gestate offspring and
insufficient nutrient provided for the development of all
the fetuses 639,

Lambs born in winter were insignificantly lighter
than those born in spring as previously reported 223234,
In winter, the need for nutrition and energy increases due
to cold stress and the quality and amount of food sources
deteriorates, so insufficient diet may affect fetal growth
and consequently cause low birth weight as reported by
Susi¢ et al.?2,

In this study the variable with the highest influence
was found to be birth type, whereas parity and gender
were found to have secondary influence in MSRA analyses.
However, in the present study, a large proportion of the
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variation in birth weight (approximately 65%) was not
explained by the variation in type of birth, gender and
parity, but was attributable to some other factor. These
include, but are not limited to, management intervention,
the farming production system, prenatal nutrition of ewes,
sufficient placentation, average weight and number of
cotyledons as well as dam’s body condition score and live
weight gain 116232649 The amount of variation attributable
to farm management procedures, the production system
and the ewe's gestational nutrition and breed was
minimized in this study because all lambs were taken from
two farms that have similar management practices and
reared Akkaraman crossbreeds.

Low birth weight decreases yield and profitability
in sheep farms due to its negative effect on growth
performance and passive immunity and consequently
increased predisposition to diseases #6741 Therefore,
efforts should be made to develop management practices
that increase birth weight such as supplementation of
ration with enough concentrated feed and protein in the
third trimester 232442,

Relationship Between Passive Inmunity and
Birth Weight

There was a significant but poor positive linear
relationship between birth weight and SIgGC-24 in sick
lamb in neonatal period. This may be due to the fact that
lambs born with low birth weight might have not received
colostrum due to physical weakness and abnormal
behavior at birth, leading to weak relationship with their
mother, poor suckling reflex and less vigority 192640431, Birth
weight had a significant effect on passive immunity since
lambs with a birth weight of <3 kg had a significantly
lower SIgGC-24 than did lambs with a birth weight of
>3 to <4 or >4 kg on GLM in this study. Our study also
determined that based on simple regression analysis
of variables from 322 lambs without grouping them
according to clinical examination, there was a positive
linear relationship between birth weight and passive
immunity. These results have been confirmed by
previous studies “>244 On the other hand, we did not
detect a significant relationship between birth weight
and SIgGC-24 in healthy lambs during the neonatal
period in our study. This is consistent with the results
of other studies in healthy calves ¥, lambs 013
and kids #9. However, the influence of birth weight on
passive transfer of IgG in neonatal ruminants has not yet
been fully elucidated. Massimini et al.', hypothesized
that the negative relationship between birth weight and
the acquisition of passive immunity “#4% in newborn
lambs could be an indirect link that reflects the effects of
other important physiological factors, such as duration of
gestation and hormonal status at birth but the potential
influences of these independent variables were not
evaluated in this study.

Other Factors Effect on Passive Inmunity

Gender had no effect on passive immunity in this
study but SIgGC-24 of male lambs was slightly higher
than females. This is similar to previous reports 68121544501,
Twin lambs had lower SIgGC-24 than single lambs in the
present study, which concurs with previous findings &4,
This may be attributed to that twin lambs have to
compete for colostrums and are physically weak and with
low birth weight thus being unable to suckle a sufficient
amount of colostrum, leading to low IgG levels in their
serum. On the other hand, it has been reported that ewes
with twins have higher colostrum production than ewes
with single lambs but immunoglobulin concentrations
in the lambs fall significantly in proportion with the
litter size 671,

Passive immunity is reported to be affected by the
lambing season ", Cold-stressed newborn ruminants
may have a slower rate of intestinal immunoglobulin
absorption Y, and may also be reluctant to stand and
suckle voluntarily ©#*52 consequently, an increased risk of
failure of passive transfer is expected in the period from
December to February, which is also the coldest period
of the year in Kars. Nevertheless, winter born lambs had
insignificant (P=0.08) lower SIgGC-24 in our study as
lambs born indoors, this might have reduced the potential
impact of cold stress 59,

The level of IgG in lambs born to primiparous ewes was
observed to be insignificantly lower than in those born to
ewes giving birth previously in this study. These results
are in line with some eralier studies in lambs “6121344,
Primiparous ewes may have a lower volume, concentration,
or quality (low IgG level) of colostrum and poorer maternal
ability than do mature ewes 724351 and lambs born to
primiparous ewes are with low birth weight and weak
to stand to suckle as was the case in this study ¥***¥ On
the other hand, dam’s health had a significant effect on
passive immunity in our study. Healthy dams produce
good quality colostrum, which also influences the
absorption of immunoglobulin from the intestines, and
such dams also have good maternal ability 23264043531
as might have been the case in our study.

In conclusion, the present study identified some
important environmental factors and animal characteristics
affecting passive immunity and birth weight in lambs
in such details in the world and for the first time in
Turkey. These results indicated that for proper lambing
management, consideration should be given to
maximizing the health of the flock and supplementing feed
ratio of the ewes during gestation that are primiparous,
carrying twin and with ill-health. Consequently, sheep
farmers need to ensure that each lamb remains healthy
and gains sufficient live weight in order to increase
productivity and profitability.
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Summary

This study was carried out to determine the effects of different levels of Yucca schidigera spraying in different litter materials on
some litter traits (moisture, pH, ammonia, total colony count, number of Enterobacteriaceae and number of yeast and mold) and
breast burn of broilers at the 5" week of production. A total of four hundred thirty two 1-d-old male broiler chicks (ROSS-308) were
used. In this study 12 chicks were put in each pen having 170x94x90 cm (depth x length x height). Half of the litter was wood shavings,
the other was rice hull. Yucca schidigera extract was pulverized weekly at the level of 0, 4% and 8% to each pen from the second week
of the study. Litter materials and Yucca schidigera spraying at different level did not affect the examined litter traits and breast burns of
broilers (P>0.05) at the 5" week of production.

Keywords: Broiler, Yucca schidigera, Litter traits, Breast burn

Farkh Altlik Materyallerine Puskirtiilen Yucca schidigera’nin
Uretimin 5. Haftasinda Bazi Althik Ozellikleri ile Etci Piliclerin

°e w oo

Gogiis Yaniklan Uzerine Etkisi

Ozet

Bu calisma farkli altlik materyallerine degisik dozlarda ilave edilen Yucca schidigera’nin Gretimin 5. haftasinda bazi althk 6zellikleri
(nem, pH, amonyak, toplam koloni sayisi, Enterobakteri ve maya-kif dizeyleri) ile etci piliclerde gogis yaniklar Gzerine etkisini
belirlemek amaciyla yapilmistir. Bu ¢alismada toplam 432 adet bir glinliik yasta erkek civciv (ROSS 308) kullaniimistir. Calismada
civcivler 170x94x90 cm (genislik x uzunluk x ylkseklik) boyutlarindaki bélmelerin her birinde 12 adet olacak sekilde yerlestirilmistir.
Altlik materyali olarak bélmelerin yarisinda talas diger yarisinda piring kavuzu kullanilmistir. Her altlik grubu denemenin 2. haftasindan
itibaren her hafta altliga 0, %4 ve %8 Yucca schidigera puskirtilecek sekilde 3 esit alt gruba ayrilmistir. Kullanilan althk malzemelerinin
ve althga degisik diizeylerde Yucca schidigera ilavesinin Uretimin 5. haftasinda incelenen altlik 6zellikleri ile etci piliclerde gogus
yaniklarini etkilemedigi gortilmustir (P>0.05).

Anahtar sozciikler: Etci pilic, Yucca schidigera, Althk ézellikleri, Gbgdis yaniklan

INTRODUCTION

Broilers are reared on the litter and they spend most  broiler producing areas, availability of new litter is limited
of their lifetime in close contact with this. Therefore litter by supply and price. Each litter has got advantages and
quality has a major effect on health and performance of disadvantages from the others. Locally available materials
broilers ™. Many products have been used as litter. In many  are usually preferred as litter for poultry 3. Wood shavings
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and rice hulls have commonly been used as bedding
materials . There are many factors, which must be taken
into account for successful litter management. These
include the type of litter used, depth of the litter, floor
space per bird, feeding and watering devices used, kind
of flooring, ventilation system, litter amendments, and the
incidence of disease that can affect litter and its fertilizer
value®,

Incorrect litter interfered directly in the appearance of
breast lesions and foot-pad dermatitis. These are important
sources of economic loss through downgrading and carcass
condemnations as well as welfare considerations linked to
the potential for associated pain and discomfort©®7., Litter
amendment improved bird welfare and production due to
better litter conditions and microorganism levels in broiler
houses. Many litter additives have been used to reduce
litter pH, reduce ammonia volatilization . However, before
this management practice can be put into widespread
usage, questions concerning the environmental impact of
different types of chemical amendments and their safety
in broilers on commercial farms must be addressed ©®.One
of the most known additives for fixing ammonia is derived
from the cactus Yucca schidigera, and it acts by binding
or converting NH, . Yucca is currently used as dietary
supplement for poultry, primarily for ammonia binding,
but also to improve performances safety %', Therefore
the aim of this study was to determine the effects of
Yucca schidigera spraying in different litter materials on
moisture, pH, ammonia, total colony count, number of
Enterobacteriaceae and number of yeast and mold of litters
and breast burn of broilers at the 5t week of production.

MATERIAL and METHODS

This study was approved by Ankara University Animal
Care and Use Committee (2010/100/366). A total of
432 1-d-old male broiler chicks (ROSS-308) obtained
from a commercial hatchery (Beypili¢, Bolu, Turkey).
The trial design with 2 litter and 3 Yucca schidigera
treatments with 6 replication pens (n=12 chicks). Half of
the pens contained the wood shavings (8 kg/pen) and the
other half of the pens contained rice hulls (8 kg/pen) as
a litter material. Each litter material groups were divided
into 3 Yucca schidigera groups; control (no treatment of
Yucca schidigera), 100 ml of 4% Yucca schidigera and 100
ml of 8% Yucca schidigera. Liquid Yucca schidigera extract
used in this experiment was DK Sarsaponin liquid (Ekol
Gida, istanbul, Turkey). DK Sarsaponin liquid is a pure,
natural extract of the Mahave Yucca plant. It contains 50%
total soluble Yucca and 12% saponins. In this trial 4% (4
ml Yucca schidigera with 96 ml water) and 8% (8 ml Yucca
schidigera with 92 ml water) solutions were prepared
using DK Sarsaponin liquid. 100 mililitres of these prepared
solutions were applied by spraying onto the litter surface
of each pen (1.6 m?) litter groups using a small hand pump

weekly (once a week) from the second week to the fifth
week in Yucca schidigera groups. Therefore every week 0.4
and 0.8 g saponin and totally from the second to the fifth
week 1.6 g and 3.2 g were added to each pen of 4% and 8%
Yucca schidigera groups.

During the first week each pen was equipped with one
chick drinker and one chick feeder and the other weeks
each pen was equipped with two nipples and one hanging
suspended feeder. Feed as mash form and water were
provided ad libitum during the experiment. Birds were fed
with a starter diet (222.8 g/kg crude protein and 3136 kcal/
kg ME) from 1 to 21 day of age and a grower diet (220.2 g/kg
crude protein and 3200 kcal/kg ME) from 22 to 35 d of age.

A litter sample was collected from five sites (4 corner
and 1 central samples), then mixed and 100 g sub sample
from mixed sample was taken in a plastic bag at 35 day
of age from pen to determine the pH, moisture, ammonia
and microbiological analyses. To determine litter pH, 20
g of litter sample was mixed with 30 ml of sterile distilled
water. Then pH was measured '? with pH meter (Selecta,
pH-2004, Barcelona, Spain). 2 g litter sample of each
pen were dried in an oven at 105°C for 8 h to determine
moisture content of samples!'?., Litter ammonia-N of each
pen was determined using the spectrophotometer ',
Analyses were made in three parallel. For microbiological
analyses, initial suspensions were prepared with 10 g
sample and 90 ml Peptone Salt Diluent (Merck, Darmstadt,
Germany) using stomacher (Masticator, UL, Barcelona,
Spain). Additional tenfold dilutions were made by Peptone
Salt Diluent ™. 1 ml of initial suspension and dilutions
were transferred in two sterile plates and 10 ml melted
Plate Count Agar (Merck) was then added per plate. The
plates were incubated at 37°C for 48 h. After incubation
colonies on plates were counted and total aerobic counts
were calculated as cfu/g ™. 1 ml of initial suspension and
dilutions were transferred in two sterile plates and 10 ml
melted Violet Red Bile Glucose Agar (Merck) was poured
into each plate. After solidification of the mixture additional
15 ml Violet Red Bile Glucose Agar was added per plate
to achieve semi-aerobic condition. The plates were
incubated at 37°C for 24 h. After incubation, presumptive
pink-red colonies were subcultured on Nutrient Agar
(Merck) and confirmed by means of tests for fermentation
of glucose and presence of oxidase. The numbers of
Enterobacteriaceae as cfu/g of the samples were calculated
from the number of confirmed typical colonies per plate 7.
0.1 ml of initial suspension and dilutions were surface
plated on two Dichloran Rose Bengal Chloramphenicol
Agar (Merck) plates. After incubation at 25°C for 5 days
colonies on plates were counted and yeast and mould
counts were calculated as cfu/g®.

All broilers of each pen were examined for breast burn
at 35 days of age. The breast burn scoring system was a
2-point visual ranking system, where a score of 0 indicated
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breast with no lesions present and a score of 1 indicated
breast with lesions '),

Data were tested for distribution normality and homo-
geneity of variance. Data set showed normality and a
two-way ANOVA was used to determine the differences
between litter and Yucca schidigera groups as well as their
interactions with respect to moisture, ammonia, pH, total
colony count, number of Enterobacteriaceae and number
of yeast-mold. Comparisons among means were made by
Duncan’s multiple range test. Multiple logistic regression
analysis was used to explore the effect of litter and Yucca
schidigera groups in breast burn of broilers. Odds ratios
(AOR) and 95% confidence intervals (Cl) were estimated. A
value of P<0.05 was considered statistically significant 2%,

RESULTS

In this study moisture content of litter was 32.9% in
wood shavings group and 30.9% in rice hull group and
ammonia-N content of litter was 5.7 g/kg in wood shavings
group and 5.7 g/kg in rice hull group at the 5 week of
production (P>0.05). Moisture contents of litter were
32.0%, 32.3% and 31.4%, and ammonia-N contents of litter
were 6.1 g/kg, 5.7 g/kg and 5.4 g/kg in the groups of 0, 4
and 8% Yucca schidigera spraying in litters, respectively
and these differences among them were not statistically
significant (P>0.05).

pH and microorganism levels in groups of Yucca

schidigera spraying in the different litter materials were not
statistically different in Table 1. Percentage of breast burn
as a 2 point scale was 4.3% and 3.8% of broilers reared on
wood shavings and rice hull and they were 3.6, 3.6 and
5.0% of broilers reared on 0, 4 and 8% spraying in litters,
respectively (Table 2). There were no statistically significant
differences in breast burn of broilers among examined

group.

DISCUSSION

In this study wood shavings or rice hull as a litter material
had no statistically significant influence on moisture of
litter at the 5" week of production. Similarly, Sarica and
Cam 2" reported that wood shavings and rice hull groups
gave similar results in terms of litter moisture at the 5%
week of production. In their study moisture content of
litter was 33.5% in wood shavings group and 36.9% in rice
hull group. However, Ogan 22 found moisture level at 42
days of age 28.9% and 39.07% in wood shavings and rice
hull groups. Meluzzi et al.”¥ reported that litter moisture
was changed by season and moisture content of litter
as rice hull was found to be 38.7% and 25.3% in winter
and summer, respectively. Villagra et al.” showed that
moisture content of wood shavings was 18% at 35 days of
age. The reported moisture contents of same litters vary
widely because of attributing to the several factors such as
stocking density, feeding and watering devices used, kind of
flooring, ventilation system, slaughter age and season >,

Table 1. Effect of Yucca schidigera (YS) spraying in different litter materials on litter characteristics at the 5 week of production

Tablo 1. Farkli altlik materyallerine piskdirtiilen Yucca schidigera’nin (YS) lretimin 5. haftasinda altlik 6zelliklerine etkisi

AL RS Reelchis Mo(l;i)ul‘e Am(?/‘:(l;l)a-N 21 (Iogwc:-:l‘; litter) (Iogwch:I/Eg litter) (Iogwcl:nvn;: litter)
0 32.7 6.1 7.5 7.3 6.5 6.3
Wood shavings 4 332 5.8 7.3 7.2 6.1 59
8 328 5.2 7.0 74 6.4 6.2
0 314 6.0 7.4 73 6.4 6.0
Rice hull 4 314 5.5 8.1 7.1 6.6 6.5
8 29.9 5.7 7.9 7.2 6.5 6.0
Main effect
Wood shavings 329 5.7 7.2 7.3 6.4 6.1
Rice hull 30.9 5.7 7.8 7.2 6.5 6.1
0% spraying of YS 32.0 6.1 74 7.3 6.4 6.1
4% spraying of YS 323 5.7 7.7 7.2 6.4 6.2
8% spraying of YS 314 54 74 7.3 6.5 6.1
Pool SEM 0.626 0.228 0.157 0.055 0.083 0.078
P
Litter NS NS NS NS NS NS
Level of YS NS NS NS NS NS NS
Litter X Level of YS NS NS NS NS NS NS
TCC: Total colony count, NE: Number of Enterobacteriaceae, NYM: Number of yeast and mold, NS: Non significant, n=6
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Table 2. Effect of Yucca schidigera (YS) spraying in different litter materials
on breast burn of broilers at the 5! week of production

Tablo 2. Farkli altlik materyallerine piiskiirtiilen Yucca schidigera’nin (YS)
tretimin 5. haftasinda etgi piliclerde gogls yaniklarina etkisi

Breast 0odds 95% C.I
Group 5 . P
Burn ( /o) Ratio Lower ‘ Upper
Wood 43 1
shavings
Rice hull 3.8 0.888 0.336 ‘ 2.350 ‘ NS
0% spraying
of YS 3.6 1
0 -
4% spraying 36 0992 | 0281 | 3507 NS
of YS
0 5
8% spraying 50 1400 | 0433 | 4523 NS
of YS
NS: Non significant, n=72

Ammonia is an abundant pollutant in broiler houses
and it may have a great impact on poultry welfare 24,
Ammonia is formed during the decomposition of uric acid
and the efficiency of this conversion is directly related to
the level of litter moisture °, Due to the similar moisture
between the litter materials; there were no statistically
significant in ammonia-N levels of wood shavings and rice
hull at the 5" week of production.

Hence, litter amendments are suggested to improve
litter conditions and keep NH;levels in check ™. But it is
important that the production cost and their safety for
bird health and environment. Yucca schidigera contains
high levels of saponin steroids that bind the ammonia.
Yucca extracts are used as animal feed additives and
in crop production safely %%, Therefore, it does not
affect negatively on broiler health and environment. We
thought that it may be added to the poultry litter to bind
the ammonia in litter during the production. However, in
this study it is observed that moisture and ammonia levels
of litter, in groups of Yucca schidigera spraying in litters
were not statistically different. Yucca schidigera spraying
in litters during production in examined dose (4% and
8%) did not change these properties. We did not find
any study about Yucca extract spraying in poultry litter.
Only, it was added to the swine manure, mariculture and
shrimp farming. Panetta et al.””? added the Yucca extract
to the swine manure at 0, 7.4 and 14.9 mg/L to determine
the effects of a nitrogen-binding agent on ammonia
emission potential. In their study headspace ammonia-N
concentration was affected by the different doses of Yucca
extract. Santacruz-Reyes and Chien ¥ showed that Yucca
schidigera concentration of 18 mg/L was effective solution
for ammonia reduction in seawater and mariculture.

In this study it was showed that pH, total colony count,
number of Enterobacteriaceae and number of yeast-mold
levels in groups of Yucca schidigera spraying in the different
litters were not statistically different at the 5" week of
production. pH levels in examined groups ranged from
7.0to 8.1 in examined groups at the 5" week. It was found

that total colony count, number of Enterobacteriaceae and
number of yeast-mold ranged from 7.1 to 7.4 log,, cfu/g, 6.1
to 6.6 log,, cfu/g and 5.9 to 6.5 log,, cfu/g, respectively in
examined groups at the 5™ week. Terzich et al.*indicated
that total bacteria counts range from a minimum of
1.72x107 cfu/g to a maximum of 8.80 x10"" cfu/g in poultry
litter taken from different examined region. Martin
et al.®% reported the results of total bacteria counts
between 1.2x10°cfu/g and 8.4x103cfu/g.

Choi and Moore B reported that some litter
amendments resulted in the greatest reduction in NH,
emissions and the greatest litter nitrogen contents. Choi
and Moore B" also reported that ammonia nitrogen was
about 1.3-2.3 g/kg in control litter and was about 1.0-
7.1 g/kg in the litters with various amendments. One
of the most important factors that can affect ammonia
volatilization is litter pH B'. Reece et al.?? suggested that
very little ammonia was released from litter having pH
below 7, whereas more ammonia was rapidly released
from litter having pH above 8. Carr et al.?* also reported
that ammonia release from litter increased as litter pH
increased. However in this present study moisture levels
and pH levels of litters in all groups were less than 32.9%
and 8.08, respectively. Because of these reasons in the
present study ammonia nitrogen levels and microbial load
in litter may not be affected in the present study.

Good litter management is vital to maintain animal
welfare including the absence of contact dermatitis.
However, this management is related to litter material 3%,
Bray and Lynn % and Haslam et al.=® concluded that breast
burn is primarily affected by litter type and quality. In this
study, multiple logistic regression analysis revealed similar
rates of breast burn with wood shavings and rice hull as a
litter and different levels of Yucca schidigera (“4" vs “0" and
“8" vs “0"), because similar results were observed in our
study in which moisture and ammonia levels of examined
groups. Sarica and Cam P reported that breast blister
scores as a 5 point scale of broilers were reared on the wood
shavings and rice hull were 1.8 and 1.4, respectively and
this was not statistically different. Moisture levels above
35% in litter resulted negative effects on bird health such
as pododermatitis B, folliculitis and necrotic enteritis 1.
However in the present study moisture levels of litters in
all groups were less than 32.9%.

As a conclusion, wood shavings and rice hull as a litter
material and Yucca schidigera spraying in these litters at the
level of 4 and 8% from the second week to the fifth week of
production did not affect the moisture and ammonia of the
litter and breast burn of broilers at the 5" of production.
The effect of Yucca schidigera could be seen in bad litter
conditions depend on stocking density. Further studies
will be done in negative poultry housing conditions and
also with different applications such as application time,
way and dose of Yucca schidigera spraying in litters.
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Ozet

Bu arastirma Turkiye ve Yunanistan'in Midilli Adasi'nda yayilis gdsteren bazi 6tiicli kuglardaki (Passeriformes) bit tlrlerini belirlemek
amaciyla 2005-2009 yillari arasinda yapilmistir. Tirkiye'deki yedi farkli yoreden ve Midilli Adasi’'ndan yakalanan 204 6tticl kus 6rnedi bit
yéniinden incelenmistir. incelenen 12 aile, 29 tiire ait 204 kus 6rneginin besi (%2.45) bitlerle enfeste bulunmus ve dért bit tiirl; Brueelia
jacobi (Eichler, 1951); Philopterus sittae Fedorenko, 1978; Philopterus vernus (Zlotorzycka, 1964) ve Philopterus spp. tespit edilmistir.
Bunlardan Philopterus vernus Midilli Adasi'ndan, diger tlrlerin tamami ise bu makaleyle Tirkiye'den ilk kez bildirilmektedir.

Anahtar sozciikler: Brueelia jacobi, Philopterus sittae, Philopterus vernus, Philopterus spp.

Chewing Lice (Phthiraptera; Ischnocera, Amblycera) Species
Found on Some Songbirds (Aves: Passeriformes)

Summary

This study was performed to detect of the louse species found on some song birds (Passeriformes) between the dates of 2005-2009.
Two hundreds and four song bird specimens in 29 species belong to 12 families captured in seven different localities in Turkey and
Lesbos island (Greece) were examined for louse specimens. Five of them (2.45%) were found to be infested with louse and detected
four species; Brueelia jacobi (Eichler, 1951); Philopterus sittae Fedorenko, 1978; Philopterus vernus (Zlotorzycka, 1964) and Philopterus

spp.. Philopterus vernus from Lesbos island an the all of other species are reported for the first time in Turkey with this paper.

Keywords: Brueelia jacobi, Philopterus sittae, Philopterus vernus, Philopterus spp.

GiRiS

Tum diinyada yaklasik 10500 kus ttrd bulunmakta ™
ve bu tirlerden 500'e yakini Turkiye'de gorilmektedir 3,
Turkiye'de gorilen kuslar 20 takim altinda toplanmis olup,
Passeriformes (Otiicii kuslar) takimi 25 familya, 70 civarinda
cins ve 200'Un Uzerinde tir ile temsil edilmektedir. Kanatli
hayvanlarda gorilen bit tlrleri cigneyici-ezici tipte agiz
yapisina sahip olup, konaklarinin kil ve tuylerini yiyerek
veya bazen de deri bitunliguni bozarak, kan emerek
kuslara zarar verirler. Kanatli hayvanlarda gorilen bitler
Phthiraptera takimi, Ischnocera ve Amblycera alt takimla-
rinda yer alirlar. Bu takimda bulunan 6.000'den fazla tiiriin
blyuk bir kismi kanatli hayvanlarda gorilmektedir “.
Degisik lkelerde, 6tiict kuslarda bulunan bittiirleri Gizerine

yapiimis ¢alismalar bulunmakla birlikte ®#, Turkiye'deki
otiici kuslarda gortlen bit tiirlerinin belirlen-mesi tizerine
yapilan ¢alisma sayisi oldukca az olup, bu arastirmalar az
sayidaki kus Gzerinde yapilmistir ®'3. Sigirciklarda (Sturnus
vulgaris) bulunan bit tlrlerinin belirlenmesi amaciyla
yapilan bir arastirmada Myrsidea cucullaris (Nitzsch, 1818),
Brueelia nebulosa (Burmeister, 1838), Brueelia sp. ve
Sturnidoecus sturni (Schrank, 1776) olmak lzere dort bit
tdrtine rastlandigi ifade edilmistir '%. Konya'da yapilan
bir calismada, Les kargasi, Ev kirlangici ve Sercelerden
olusan 16 6tuicli kus 6rnedinin bit yoniinden incelendigi,
fakat hicbirisinde bite rastlanmadigi kaydedilmistir ™.
Kars'ta, Kuyucuk Goéli'nde yakalanan 22 cinse ait 51

& lletisim (Correspondence)
+90 332 2232736
>4 bdik2004@yahoo.com
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otlict kustan 11 (%21.57)'inin bitlerle enfeste oldugu belir-
lenmis, Brueelia cruciata (Burmeister, 1838), Menacanthus
chrysophaeus (Kellogg, 1896), Menacanthus pusillus (Nitzsch,
1866), Myrsidea rustica (Giebel, 1874) ve Penenirmus rarus
(Zlotorzycka, 1976) olmak lizere bes tiir saptanmistir 14,
Kars'ta, Aras nehrindeki kuslarin bit tirlerinin belirlenmesi
Uzerine yapilan bir calismada ise bir Karatavuktan nimf d6-
nemine ait iki adet bit toplanmis ve bu bitler Menacanthus
spp. olarak teshis edilmistir. Konya ve Eskisehir'de 2008-
2010 yillari arasinda bazi yabani kanatlilarin bitlerini belir-
lemek amaciyla yapilan bir calismada, yedi cinste yer alan
sekiz 6tlct kus 6rnegdi bit yonliinden incelenmis, fakat hic
birisinde bite rastlanmamistir 4. Canakkale'de avlanan dort
Karatavukta, Ricinus elongatus (Olfers, 1816) ve Brueelia
merulensis (Denny, 1842) olmak (izere iki tlir saptanmis
Ricinus cinsi ile birlikte her iki tur de Turkiye'den ilk kez
bildirilmistir 3. Bu arastirma Turkiye'nin yedi farkli bolge-
sinden ve Midilli Adasi'ndan yakalanan otiict kus tirleri
Uzerindeki bit turlerini belirlemek amaciyla yapilmistir.

MATERYAL ve METOT

Bu arastirma 2005 - 2009 yillarinda Aladaglar (ALA; 34
ornek), Alanya (ALY; 5 6rnek), Litfi Blyuk Yildirim Arastirma
Ormani (BUK; 58 6rnek), Adrasan (ADR; 5 6rnek), Kazdaglari
(KAZ; 32 6rnek), Kartalkaya (KAR; 24 6rnek), Savsat (SAV; 13
ornek) ile Midilli Adasi'nda (LES; 33 ornek) kuslarin Greme
dénemleri olan Mart-Haziran aylari arasinda yapilmistir
(Fig. 1). Kuslarin yakalanmasinda 78 m (2x12, 2x10, 2x8,
ve 3x6 m)'lik Japon aglari kullanilmistir. Kuslar yakalanip,
ektoparazit yoniinden incelendikten sonra tekrar dogaya
birakilmislardir. Kuslarin Gzerlerinden toplanan bit 6rnek-
leri, icinde %70 alkol bulunan kiigiik cam tiiplerde sak-
lanmis ve sonuclar protokol defterine kaydedilmistir. Topla-
nan bit érnekleri Selcuk Universitesi Veteriner Fakiiltesi
Parazitoloji Anabilim Dali laboratuarina getirilmis ve %10
Potasyum hidroksit (KOH) icerisinde bir giin siireyle say-
damlastinimistir. Daha sonra, bir glin siireyle distile suda
bekletilmis, birer giin siireyle %70, 80, 90 ve %99 alkol

25 30 35 40

serilerinde tutulduktan sonra Kanada balsam ile lam tze-
rine ayri ayri yapistirilmig ve kuruyana kadar etiivde bek-
letilmislerdir. Hazirlanan preparatlar 1sik mikroskobunda
incelenmis ve ilgili kaynaklara > gore teshis edilmislerdir.

BULGULAR

Arastirma sliresince 12 ailede yer alan 29 kus tirine
ait 204 otucl kus yakalanmis, yakalanan tirlerin hangi aile
ve cinste yer aldiklari ve enfestasyon durumlari Tablo 1'de
gosterilmistir. Bu tabloda da goriilecegi lizere 204 kustan
sadece iki aile ve iki cinsteki U¢ kus tlrinde bitlere rast-
lanmis, diger aile, cins ve tiirlerde bit saptanamamistir. Aras-
tirmada 75 bireyle en cok Anadolu sivacisi (Sitta krueperi)
incelenmis, fakat sadece BUK'ten yakalanan iki 6rnekte
(%2.66) bite tesadlf edilmistir. Her iki kustan toplanan do-
kuz bit 6rnedinin hepsi Philopterus sittae Fedorenko, 1978
4 22, 4 33, 1 nimf) (Fig. 2) olarak teshis edilmistir.
Turdidae ailesinde sadece Turdus cinsinde yer alan Turdus
merula (Karatavuk) ve Turdus viscivorus (Okse ardici)da bit
saptanmis, incelenen bes karatavuktan birisinde, Okse ardi-
cinin ise her ikisinde de bite rastlanmistir. Midilli Adasi’ndan
yakalanan iki Okse ardicindan toplanan yedi bitin tamami
Philopterus vernus (Zlotorzycka, 1964) (4 22,2 & &, 1 nimf)
(Fig. 3), Kartalkaya'da yakalanan Karatavuktan toplanan
dort bitin ikisi Brueelia jacobi (Eichler, 1951) (2 99)
(Fig. 4), diger ikisi ise Philopterus spp. (2 nimf) (Fig. 5) olarak
teshis edilmistir.

TARTISMA ve SONUC

Her ne kadar son zamanlarda Turkiye'de, yabani kus-
larin bitleri tGzerine yapilan calisma sayisi giderek art-
makta ise de, Turkiye'de bulunan yaklasik 500 kus tirin-
den ¢ogu ya bit yoniinden incelenmemis ya da incele-
nen kuslarda herhangi bir bit tiiriine rastlanmamistir.
Bununla birlikte, 6zellikle son yillarda yapilan calismalar
sonucu 131819 Tiirkiye'deki evcil ve yabani kanathlarda
saptanan bit tlrl sayisi 100'U ge¢mistir.

44
Black Sea

40

36

Sekil 1. Kus orneklerinin yakalandigi bolgeler. Ala-
42 daglar (ALA), Alanya (ALY), Lutfi Blyuk Yildirm Aras-

tirma Ormani (BUK), Adrasan (ADR), Kazdaglar (KAZ),

Kartalkaya (KAR), Savsat (SAV), Midilli Adasi (LES)

40 Fig 1. Bird specimens captured regions: Aladaglar
(ALA), Alanya (ALY), Lutfi Buyuk Yildirim Research
Forest (BUK), Adrasan (ADR), Kazdaglar (KAZ),

38 Kartalkaya (KAR), Savsat (SAV), Midilli Island (LES)

36

25 30 35 40
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Tablo 1. incelenen 6tiicii kus tiirleri, enfestasyon durumlari ve tespit edilen bit tiirleri

Table 1. Studied bird species infestation rates and louse species

Familya Cins Kus Tiirii Latince ingilizce Toplam* Enf;:;?s:(us Bit Tiirii
Aegithalidae | Aegithalos LA A. caudatus Long-tailed Tit 7 -
Bastankara
T, — Bahce Tirmasikkusu | C. brachydactyla 'Sr:]eoerct;:;iir 4 =
Orman Tirmasikkusu | C. familiaris Treecreeper 2 =
Emberizidae Emberiza Bahce kirazkusu E. cirlus Cirl Bunting 1 -
Corduelis Saka C. carduelis Goldfinch 4 -
Fringillidae Florya C. chloris Greenfinch =
Fringilla ispinoz F. coelebs Chaffinch 22 -
Serinus Kuicuk iskete S. serinus Serin 4 -
Muscicapidae | Muscicapa Benekli sinekkapan M. striata Spotted Flycatcher -
Cam bastankarasi P. ater Coal Tit 15 -
Mavi bastankara P. caeruleus Blue Tit 9 -
Paridae Parus Akyanakli bastankara | P. lugubris Sombre Tit 2 -
Buylik bastankara P. major Great Tit 15 -
Kayin bastankarasi P. palustris Marsh Tit 1 -
Passeridae Passer Serce P. domesticus House Sparrow 1 -
Prunellidae Prunella Dag bulbult P. modularis Dunnock 1 -
Sittidae Sitta Anadolu sivacisi S. krueperi Kriiper’s Nuthatch 75 2 Philopterus sittae
Orman soégutbulbult | P sibilatrix Wood Warbler 1 -
Phylloscopus
Sogutbulbulu P. trochilus Willow Warbler 1 -
Regulus Calikusu R. regulus Goldcrest 3 -
Sylviidae Karabasl Gtlegen S. atricapilla Blackcap 1 -
Sylvia (}gltlli Ugl;/:kgerdanll S.curruca \I;\?;?fe:throat 1 -
Maskeli 6tlegen S. melonocephala | Sardinian Warbler 2 -
Troglodytidae | Troglodytes Citkusu T. troglodytes Wren 1 -
Oenanthe ﬁi;ﬁfﬁ;n O. hispanica \?\Ilifelgtee aarred 4 -
Phoenicurus | Kizilkuyruk P. phoenicurus Redstart 9 =
[ Karatavuk T. merula Blackbird 5 1 Bn{eelia ezl
Philopterus spp.**
Turdus Oter ardi¢ T. philomelos Song Thrush 2 -
Okse ardici T. viscivorus Mistle Thursh 2 2 P. vernus
Toplam 204 5
* Araziden yakalanan toplam kus sayisi; ** Nimf

Doga Koruma ve Milli Parklar Genel Midirligi'niin
ilgili mevzuatlar ve/veya dogadan kus 6rnegi bulmanin
zorlugu nedeniyle bugiline kadar yapilan calismalarda ince-
lenen kus tlrl ve 6rnegi sayisi genel olarak diisiik olmustur.
Yapilan calismalardan birinde 27 sigircik incelenirken 0%,
baska bir calismada Serce (Passer domesticus), Les kargasi
(Corvus corone) ve Ev kirlangicindan (Delichon urbica)
olusan 16 6rnek ¥, bir digerinde ise 7 6tiicli kus turline ait
7 ornek U2 bit yoniinden muayene edilmistir. Aras nehri
kuslarinda yapilan bir calismada; 16 6tiicl kus tirine ait
73 birey ', Kars'in Kuyucuk G6li'nde yapilan bir calismada

ise 10 aile, 16 cinste yer alan 22 kus tiriine ait 51 6tlci
kus " bit yoniinden incelenmistir. Karatavuklar tizerinde
yapilan bir calismanin materyalini ise dort kus 6rnegi olus-
turmustur 3, Bu calismalar sonucu; sigirciklarda (Sturnus
vulgaris) M. cucullaris, B. nebulosa, Brueelia sp. ve S.
sturni'ye %, Bogmakli toygar (Melanocorypha calandray),
Sar kuyruksallayan (Motacilla flava) ve Dag incirkusunda
(Anthus spinoletta) M. pusillus'a, Bataklik kirazkusunda
(Emberiza schoeniclus) M. chrysophaeus'a, Kir kirlangicinda
(Hirundo rustica) M. rustica'ya, Kizilsirth érimcekkusunda
(Lanius collurio) B. cruciata’ya, Orman sogutbilbiliinde
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Sekil 2. Philopterus sittae, disi, orijinal
Fig 2. Philopterus sittae, female, original

Sekil 4. Brueelia jacobi, disi, orijinal
Fig 4. Brueelia jacobi, female, original

wrl po0L

Sekil 3. Philopterus vernus, disi, orijinal
Fig 3. Philopterus vernus, female, original

Sekil 5. Philopterus spp, nimf, orijinal
Fig 5. Philopterus spp, nymph, original

- g
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(Phylloscopus sibilatrix) ise P. rarus'a ', Karatavukta (Turdus
merula) Menacanthus sp.'", R. elongatus ve B. merulensis'e
rastlanmistir '3 Diger taraftan, Les kargasi, Ev kirlangici
ve Serceden olusan 16 6tlcl kus ornegi ™ ile, Bilbil
(Luscinia megarhynchos), Caprazgaga (Loxia curvirostra),
Kanarya (Serinus canaria), Mavi bastankara (Parus caeruleus),
Maskeli otlegen (Sylvia melanocephala), Saka (Carduelis
carduelis) ve Serceden olusan sekiz 6ticli kus ornegi-
nin hicbirisinde bite rastlanmadigi ifade edilmistir ""12,
Turkiye'de, daha 6nce yapilan arastirmalarda otlict kus-
larda bit enfestasyonuna genel olarak distk oranlarda
rastlandigi ifade edilmistir 4. Enfestasyon oraninin sigir-
ciklarda %14.81 1%, Kars'in Kuyucuk Goli'nde yakalanan
otlcu kuslardaise %21.57 " oldugu bildirilmis, fakat bazi
calismalarda ®'? incelenen 6tiici kuslarin hig¢ birisinde
bite rastlanmamistir. Ozellikle Dogu Avrupa (lkelerinde
yapilan calismalarda 6tlict kuslarda bircok bit tiriine
rastlanmis ve yeni turler tanimlanmis olmasina ragmen &,
bu arastirmada incelenen 204 6tiicti kustan sadece besi
(%2.45) bitlerle enfeste bulunmus ve dort bit tird; B. jacobi,
P. sittae, P. vernus ve Philopterus spp. tespit edilmistir. Bu
arastirmada enfestasyon oraninin ¢ok disiik cikmasinin
muhtemel nedenleri Dik ve ark.'” tarafindan daha 6nce
tartisiimistir.

Bu arastirmada incelenen Aegithalidae, Certhiidae,
Prunellidae ve Sittidae aileleri, Aegithalos, Certhia, Muscipapa,
Prunella, Sitta, Regulus, Oenanthe ve Turdus cinslerinde
yer alan 18 kus tlrl; Uzunkuyruklu Bastankara, Bahge
Tirmasikkusu, Orman Tirmasikkusu, Bahge Kirazkusu, Florya,
Kiiciik iskete, Benekli Sinekkapan, Cam Bastankarasi,
Akyanakli Bastankara, Kayin Bastankarasi, Dag Bilbuly,
Anadolu Sivacisi, Orman Sogitbulbali, S6gat Bilbuld,
Calikusu, Kiiciik Akgerdanh Otlegen, Karakulaklh Kuyrukakan
ve Oter Ardi¢ Tirkiye'den ve Okse Ardici ise Midilli
Adas’'ndan bu arastirmayla ilk kez bit yoniinden mua-
yene edilmis olup bunlardan sadece Anadolu Sivacisi ile
Okse Ardicinda bit saptanmistir. Daha énceki calisma-
larda incelen 10 6tlict kus tiiriinden sadece Karatavukta
bite tesaduf edilmis, diger tiirlerde ise bit tespit edile-
memistir.

incelenen kus aileleri esas alindiginda, Sittidae ailesi
75 ornekle en ¢ok ornekle ilk sirayr almis, onu 42 6rnekle
Paridae, 36 6rnekle Fringillidae ve 22 6rnekle Turdidae
aileleri takip etmistir. Sittidae ailesinde, Sitta cinsinde
bulunan S. krueperi ile Turdidae ailesinde, Turdus cinsinde
bulunan T. merula ve T. viscivorus disindaki aile ve cins-
lerde yer alan kus tirlerinin hicbirisinde bit tespit edile-
memistir. Birey sayisi esas alindiginda; ilk sirayi 75 érnekle
Anadolu sivacisi (S. krueperi) almis, onu 22 drnekle ispinoz
(Fringilla coelebs), 15'er drnekle Buylk bastankara (Parus
major) ve Cam bastankarasi (Parus ater) takip etmis, diger
tirler ise daha az sayilarda yakalanmistir. Bunlardan
sadece iki Anadolu sivacisi bitlerle enfeste bulunmus,
her ikisinde de P. sittae'ye rastlanmis, digerlerinde ise bit
saptanamamistir.

Fedorenko "7 Sivacikusundan (Sitta europea) P. sittae'yi
tanimlamistir. Price ve ark.” ise Anadolu sivacisindan, o
gline kadar herhangi bir bit turinin kaydedilmedigini
bildirmislerdir. Turkiye'de, bugiine kadar yapilan calisma-
larda herhangi bir Sivacikusu (Sitta europea) veya Anadolu
sivacisinin (S. krueperi) bit yoniinden incelendigine dair
bir kayit bulunamamistir. Bu arastirmada, Anadolu sivaci-
sindan toplanan 5 disi ve 4 erkek Philopterus 6rneginin
morfolojik 6zelliklerinin Fedorenko """ tarafindan tanim-
lanan Psittae ile uyumluluk gosterdigi belirlenmis ve bu
tlr hem Turkiye'den hem de Anadolu sivacisindan ilk kez
bildirilmektedir.

Okse Ardicinda (Turdus viscivorus) gorilen Philopterus
tlrleri ile ilgili fazla yayina rastlanmamistir. Zlotorzycka '
otticl kuglarda gorilen ve Philopterinae alt ailesinde yer
alan bit tiirleri Gizerine yaptigi arastirmada, Okse ardicindan
P. vernus'u (Docophorulus vernus) tanimlamis ve Eichler
tarafindan Okse ardicindan 1951 yilinda tanimlanan
Docophorulus merulae ile Denny tarafindan karatavuktan
tanimlanan Docophorus merulae'nin bu tirln sinonimi
oldugunu bildirmistir. Gergi, Zlotorzycka ® makalesinde
P. vernus'un morfolojik 6zellikleri hakkinda ayrintili bilgi
vermemis, sadece bu tlre ait bazi 6l¢cimlerle erkek
genitaliasinin ¢izimini vermistir. Bu arastirmada incelenen
ornekler morfolojik 6zellikleri bakimindan Zlotorzycka'nin el
verdigi olciimlerle benzerlik gostermektedir. Erkek 6rnek-
lerin genitalialar da verilen sekildeki ile uyumlu olup, buna
bagli olarak P. vernus olarak teshis edilmislerdir.

Price ve ark.™ o gline kadar karatavuklarda Brueelia
amsel (Eichler, 1951), Brueelia jacobi Eichler, 1951, Brueelia
merulensis (Denny, 1842), Brueelia oudhensis Ansari, 1956,
Menacanthus eurysternus (Burmeister, 1838), Myrsidea
thoracica (Giebel, 1874), Philopterus turdi (Denny, 1842)
ve Ricinus elongatus (Olfers, 1816) olmak Uzere sekiz bit
tlrtnlin saptandigini kaydetmislerdir. Eichler 2%, yaptig
bir calismada Brueelia merulensis (Docophorulus merulae)’in
karatavuklarda gorildigini bildirmis ve karatavuklardan
Brueelia amsel (Allobriielia amsel) ile Brueelia jacobi (Briielia
jacobi)'yi tanimlamistir. Bununla birlikte, Eichler (1951)
bu tirler hakkinda yeterli bilgi vermemistir Ansari [°
Brueelia cinsindeki turlerle ilgili karsilastirmali herhangi bir
calismanin yapilmadigini belirtmis, karatavuklarda goriilen
Brueelia merulensis (Denny, 1842), Brueelia amsel (Eichler,
1951) ve B. jacobi (Eichler, 1951) hakkinda genis bilgi
vermis, ayrica Brueelia oudhensis'i tanimlamustir. Tirkiye'de
karatavuklarda gorilen bit tlrleri izerine yapilmis ¢ok
fazla calisma bulunmamaktadir. Yapilan bir calismada ',
Kars'ta, Aras nehri ¢evresinde yakalanan bir karatavukta
Menacanthus sp’ye rastlandigi bildirilmistir. Diger bir
calismada ise 1"¥ Turkiye'deki karatavuklardan Ricinus
elongatus ve Brueelia merulensis'in varhklar ilk kez
bildirilmis ve karatavuklarda goriilen Brueelia tirlerinin
bazi morfolojik 6zellikleri tartisiimistir. Bu arastirmada
incelenen bes karatavugun birisi bitlerle enfeste bulunmus,
bu kustan toplanan bitlerden ikisi B. jacobi olarak teshis
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edilmis, fakat diger Brueelia tiirlerine ise rastlanmamistir.
Her ne kadar Price ve ark." karatavuklarda Philopterus
cinsinden sadece Philopterus turdi'nin bulundugunu kay-
detmislerse de bu arastirmada enfeste karatavuktan
toplanan (¢ Philopterus drneginden ikisi nimf doneminde
olduklarindan, tek disi 6érnek de basinin kopmus olma-
sindan dolay tir seviyesinde teshis edilememistir. Boylece;
bu arastirmayla Philopterus spp’nin ve B. jacobi nin
karatavuklardaki varliklar bu arastirmayla Turkiye'den ilk
kez bildirilmistir.

Sonug olarak; bu arastirmada incelenen 204 kus orne-
ginin besi bitlerle enfeste bulunmus, 29 kus tirtinden
sadece Anadolu sivacisi, Karatavuk ve Okse ardicinda bite
rastlanmistir. Enfeste kuslarda dort tur; B. jacobi, P. sittae, P.
vernus ve Philopterus spp. tespit edilmis olup, bu arastir-
mayla bu turlerden P. vernus Midilli Adasi’ndan, diger
trlerin tamami ise Tirkiye'den ilk kez bildirilmektedir.
Bunailaveten, bu arastirmaile P. sittae tim diinyada Anadolu
sivacisindan ilk kez rapor edilmektedir.
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Summary

The aim of this study was to investigate the restriction fragment length polymorphism (RFLP) of some loci on chromosomes 1
(CJA1) and 3 (CJA3) in Japanese quails (Coturnix coturnix japonica) raised in Turkey. With this study population genetics parameters
were estimated in order to select individuals for establishing a reference population, which would be used for studies on recombination
frequency. Fertilized eggs obtained from flocks raised in six different provinces of Turkey were incubated for 120 h and 191 embryos
were collected. From the tissue samples of the embryos, DNA was isolated by using DNA isolation kits. Particular regions of SEMA3E,
IFR1, HAL, LOC396025, UGP2, LOC396192, TLX and BMP5 loci were amplified with specifically designed primers for each locus by using
PCR technique. The PCR products were cut with an appropriate restriction enzyme for each locus and analysed by using agarose gel
electrophoresis. Presence of different alleles, allele and genotype frequencies, heterozygosities and genetic distances were estimated.
Out of the eight loci studied, polymorphism was found for the SEMA3E and TLX loci on 1. and 3. chromosomes, respectively, while five
loci were found to be monomorphic and one locus (HAL) could not be amplified by PCR. The populations studied were found to be
mostly in Hardy-Weinberg equilibrium. The results indicated that the SEMA3E and TLX loci can be used for studying recombination
frequencies in the populations included into the study.

Keywords: Japanese quail, RFLP, Polymorphism, Recombination

Turkiye'deki Japon Bildircinlarinda (Coturnix coturnix japonica)
Bazi Lokuslardaki Polimorfizmin PCR-RFLP Yéntemi ile
Arastiriimasi

Ozet

Bu calismanin amaci Japon bildircinlarinda (Coturnix coturnix japonica) 1. (CJAT) ve 3. (CJA3) kromozom (izerinde bulunan bazi
genlerdeki kesim bolgesi polimorfizminin (RFLP) arastiriimasidir. Bu calisma ile rekombinasyon oranlari ile ilgili arastirma amaciyla
kullanilacak bir populasyonu olusturacak bireylerin secimine temel teskil edecek olan poptilasyon genetigi parametrelerinin ortaya
konmasi amaclanmistir. Turkiyenin alti farkh ilindeki isletmelerden elde edilen dollu bildircin yumurtalari 37°C'de 120 saat slreyle
inkube edildikten sonra 191 adet embriyodan doku &rnegdi alinmistir. Alinan doku 6rneklerinden 6zel kitler yardimiyla DNA izolasyonu
yapilmistir. SEMA3E, IFR1, HAL, LOC396025, UGP2, LOC396192, TLX ve BMP5 lokuslarinin belirli bolgeleri 6zel olarak dizayn edilmis olan
primerler yardimiyla ve PCR islemi ile cogaltiimistir. Elde edilen PCR Urlinleri uygun bir restririksiyon enzimi ile kesilmis ve agaroz jel
elektroforezi yardimiyla ayrimlanmistir. incelenen popiilasyonlarda farkli allellerin varligi, genotip ve allel frekanslari, heterozigotluk
dereceleri ve genetik mesafeler hesaplanmistir. Calismada kullanilan sekiz lokustan 1. ve 3. kromozomlar Uzerinde bulunan
SEMA3E ve TLX lokuslarinda polimorfizm tespit edilmis, bes lokus monomorfik olarak bulunmus bir lokusta (HAL) ise PCR islemi ile
¢ogaltma yapilamamistir. Calisilan popilasyonlarin buyiik oranda Hardy-Weinberg dengesinde olduklari gézlenmistir. Arastirmanin
sonuclari SEMA3E ve TLX lokuslarinin calisilan populasyonlarda rekombinasyon oranlarinin arastirilmasi amaciyla kullanilabilecegini
gostermistir.

Anahtar sozciikler: Japon bildircini, RFLP, Polimorfizm, Rekombinasyon
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INTRODUCTION

Recombination due to cross over is controlled by many
enzyme and factors ™. Recombination frequency between
two loci on the same chromosome varies depending
on the distance between two loci considered, as well as
between sexes or families 124,

In some cases, it may be necessary that an allele of a locus
is linked to a particular allele of another locus on the same
homologous chromosome in coupling phase. This can only
be achieved via recombination, if the alleles considered
are on different homologous chromosomes in repulsion
phase. On the other hand, the probability of recombination
between closely linked loci is very low. In this case it takes
a long time or a large number of individuals should be
examined, in order to obtain a particular combination of
alleles linked on the same chromosome. However some
drugs may elevate recombination rate. Kunz et al.”! have
shown that 5-floro-deoxy uridinmonophosphate (FAUMP)
increase mitotic recombination in yeast (Saccharomyces
cereviciae) by inhibiting the enzyme thimidine synthase.
Silber et al.®! have reported that fluorodeoxyuridine
(FUdR) and aminopterine elevates meiotic recombination
in Drosophyla melanogaster, by inhibiting dihydrofolate
reductase enzyme.

In order to estimate recombination frequency it is
necessary to know whether an allele is of maternal or
paternal origin. The most convenient way for this is back
crossing of F1 individuals, which have been obtained by
crossing two different homozygous lines with one of the
parental lines. Therefore polymorphic loci and homozygous
lines for the loci considered are necessary.

Japanese quail (Coturnix coturnix japonica) is an ideal
experimental animal species due to its small body size, lower
cost of care and high reproduction rate. Therefore Japanese
quails have been widely used for studies of different
purposes 79, Since Japanese quail is closely related to
chickens, it is an ideal model organism as well 101",

The aim of this study was to investigate the variability
of eight loci located on chromosomes 1 (CJA1) and 3
(CJA3) of Japanese quails raised in different provinces
of Turkey by using polymerase chain reaction (PCR) and
restriction fragment length polymorphism (RFLP) method.
It was aimed to estimate some population genetics
parameters in order to select individuals for establishing a
reference population, which would be used for studies on
recombination frequency.

MATERIAL and METHODS

Sample Collection and DNA Isolation

Fertilized Japanese quail eggs were purchased from six

different provinces of Turkey, and incubated at 37°C and
70% relative humidity for 120 h. Following the incubation
the eggs were stored at 4°C for 24 h, and the embryos were
taken into microfuge tubes containig 96% ethanol and
stored at -20°C until DNA isolation. A total of 191 embryos
were obtained from Gaziantep (n= 40), Konya (n= 33),
Manisa (n= 16), Mersin (n= 23), Afyon (n= 39) and Eskisehir
(n=40) provinces. From the embryos, DNA was isolated by
using DNA isolation kits according to instructions of the
manufacturer (Fermentas, Vilnius, Lithuania).

Selection of the loci and Genotyping of the Samples

The loci included into the study and sequences of the
primers used for polymerase chain reaction (PCR) were
shown in Table 1. The loci included into the study were
selected based on the chromosome map constructed by
Sasazaki et al."". The primers used for amplification of the
loci were designed based on the sequences submitted to
the GenBank by Sasazaki et al.', by using Primer-Blast
program (http://www.ncbi.nlm.nih.gov).

PCR was carried out in 25 pL reaction volume. The
reaction mix consisted of 0.4 uM of each primers, 200 uM
dNTPs each, 2 mM MgCl, 1.25 U DNA polymerase (Thermo
Scientific, Espoo, Finland) and 2.5 pL of 10X reaction buffer
containing 10 mM Tris-HCI (pH 8.8), 50 mM KCl and 0.1%
Triton X-100. The amplification protocol consisted of an
initial denaturing step of 94°C for 5 min, followed by 10
cycles of 94°C for 30 s, 60°C for 30 s decreasing 1°C in each
cycle and 72°C for 30 s and 25 cycles of 94°C for 30 s, 50°C
for 30 s, 72°C for 30 s. In the final cycle the extension step
was carried out at 72°C for 10 min

A 10 pL of PCR product was digested by using the
restriction enzyme reported by Sasazaki et al.'" according
to the instructions of the manufacturer (Fermentas, Vilnius,
Lithuania). The restriction enzymes and reaction conditions
used were shown in Table 2. Control of the PCR and
digestion products was performed by electrophoresis on a
2% agarose gel stained with ethidium bromide.

Data Analysis

Observed and expected genotype frequencies were
compared by chi-square test ', Inbreeding coefficients
(F-values) in each population and genetic distances due
to inbreeding were estimated according to Weir and
Cockerham 3. Genetic distances between the populations
were estimated according to Nei’s formula (Dg,) .
Significance of the differentiation between populations
was tested according to Raymond and Rousset . Software
packages of GENEPOP Version 3.1 "%, GenAlEx.6 17,
ARLEQUIN 3.5 '8 and POPGENE 1.31 ! were used for the
analysis of the data.

The study was carried out with the permission of
Harran University Animal Experimentation Local Ethics
Committee [Approval No: 2010/04 (1/2)].
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Table 1. The loci included into the study and sequences of the primers used.

Tablo 1. Arastirmaya dahil edilen lokuslar ve kullanilan primerlerin baz dizisi

Locus Chromosomal Location (cM) Primer Sequence (5’-3) Accession Number

Forward-ATACTCCAGCTGAGTGGGGA
SEMA3E CJA1 (70.5) AB250305
Reverse-CAGAAGTATGAGGGAGATCAG

Forward-AGTGTGCAGCCTTTTAGTGATGAAG
IFR1 CJA1 (88.8) AB250306
Reverse-TGAAGGGAGGCTGTAGTGAG

Forward-AATCACCACAGGCTTTGGGA
HAL CJA1(106.8) AB250307
Reverse-TTCCACTGTAGCCCTTTGCG

Forward-TTGGTGTGTGTGCTTCAGAG
uGP2 CJA3(12.5) AB250322
Reverse-CCAGTCTGCATTGCCTAAC

Forward-TGGTGACCAGCACCAAAGC
LOC396025 CJA3 (24.6) AB250321
Reverse-TTCCACTGTAGCCCTTTGCG

Forward-AGTGGTTATTGCCTGTGGTT
LOC396192 CJA3 (157.4) AB250325
Reverse-AGGAGTAGTAAGTGAAGCCTG

Forward-ACACTAGGAACATAATGGGCT
TLX CJA3 (165.4) AB250326
Reverse-TCACTGTGGCGTTTCAGATT

Forward-ACTGATCATAAGCGTGCCCT
BMP5 CJA3 (171.6) AB250327
Reverse-CCAGACGCTTACACTGTGC

Table 2. Restriction enzymes and reaction conditions used for each loci

Tablo 2. Restriksiyon enzimleri ve her bir lokus icin kullanilan reaksiyon sartlari

Locus Enzyme Amount (Unit) Incubation (°C/h) Inactivation Buffer
SEMA3E Haelll 5 37/12 80°C /20 min. R
IFR1 Hinél 5 37/12 65°C/ 20 min. Tango
HAL Ncol 5 37/12 65°C/ 20 min. Tango
LOC396025 Msel 25 65/12 0.5 M EDTA R
UGP2 Hpal 5 37/12 65°C/ 20 min. B
LOC396192 Msel 25 65/12 0.5 M EDTA R
TLX Pstl 25 37/12 0.5 M EDTA O
BMP5 Tail 5 65/12 0.5 M EDTA R

RES U LTS Table 3. Fragment lengths of PCR and restriction products.

Tablo 3. PCR ve restriksiyon triinlerinin fragman uzunluklari
The loci included into the study, except for the HAL Length of PCR Lengths of Restriction

locus, were successfully amplified by using the primer | 04 Product (bp) Fragments (bp)

pairs designed. Length of the PCR products of different
loci varied from 356 to 630 (Table 3). After cutting with the
appropriate enzymes, one to five different fragments for
each locus were observed (Table 3). Restriction products HAL - - -

of some samples for each locus were shown in Fig 1. LOC396025 385 o 252183450
Polymorphism was observed only for the SEMA3E and

SEMA3E 412 + 412,362+50, 335+77

IFR1 630 4 390+240

. . UGP2 476 - 476
TLX loci. For the SEMA3E locus three different alleles and
four genotypes were observed, while two different alleles | LOC396792 363 M 2540782l
and three genotypes were found for the TLX locus. Allele TLX 546 + 546, 404+142
and genotype frequencies of SEMA3E and TLX loci in each BMPS 356 N 281475

population were shown in Table 4 and 5, respectively.

Number of alleles, heterozygosities and inbreeding observed only for TLX locus in Manisa population (P<0.05).
coefficients of SEMA3E and TLX loci in each population ~ When the SEMA3E and TLX loci were considered together,

were given in Table 6. Deviation from the equilibrium was  significant genotypic differentiations were observed
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Table 4. Allele frequencies at the SEMA3E and TLX
Tablo 4. Her bir populasyondaki SEMA3E ve TLX lokuslarina ait allel frekanslari

in each population

M 8

9 10 11 1213 14 z 3 7

G101 4213 14

9 10§11 12 13 14

Fig 1. Restriction products of some samples
on 2% agarose gel. A) SEMA3E; B) IFRI; C)
LOC396025; D) UPG2; E) LOC396192; F) TLX;
G) BMP5. Lines 1-14: Samples; M: Molecular
size standard (100 bp ladder). The genotypes
of the samples assigned for SEMA3E and TLX
loci were shown at the bottom of the related
picture

8§ 9 1011 12 13

Sekil 1. Bazi o&rneklere ait restriksiyon
Urlnlerinin %2'lik agaroz jeldeki gorinimd.
A) SEMA3E; B) IFRI; C) LOC396025; D) UPG2; E)
LOC396192; F) TLX; G) BMPS5. 1-14: Ornekler;
M: Molekiler standart (100 b¢ merdiven).
Orneklerin SEMA3E ve TLX lokuslar agisindan
genotipleri ilgili resmin altinda gosterilmistir

AA AN DB B AR AR AA

Locus Allel Gaziantep Mersin Konya Manisa Eskisehir Afyon All
(n=40) (n=23) (n=33) (n=16) (n=40) (n=39) (N=191)
A 0.625 0.674 0.652 0.469 0.738 0.769 0.675
SEMA3E B 0.363 0.326 0.318 0.531 0.263 0.231 0.317
C 0.013 0.000 0.030 0.000 0.000 0.000 0.008
A 0.550 0.391 0.606 0.563 0.488 0.654 0.550
T B 0.450 0.609 0.394 0.438 0.513 0.346 0.450

between Mersin and Afyon (P<0.05), Manisa and Eskisehir
(P<0.05) as well as Afyon (P<0.01) populations. The lowest
genetic distance was observed between Gaziantep and
Konya populations, while the highest genetic distance was
observed between Manisa and Afyon populations.

DISCUSSION

The loci in this study were selected due to their location
on the chromosomes, by considering the map reported

by Sasazaki et al.l'"". The loci should be closely linked to
each other so that a recombination could be detected and
double recombinations did not occur at a high frequency.
In addition the loci SEMA3E, HAL and IFRT on CJA1 as well as
LOC396025, TLX and BMP5 on CJA3 were selected, in order
to assess an interference between the loci. The functional
properties of the loci were not considered.

All the loci, except for HAL locus, were successfully
amplified by using the designed primer pairs and PCR
method. Except for the UGP2 locus, PCR products of IFRT,
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Table 5. Genotype frequencies at the SEMA3E and TLX loci in each population

Tablo 5. Her bir populasyonda SEMA3E ve TLX lokuslarina ait genotip frekanslari

Locus Genotype Gaziantep Mersin Konya Manisa Eskisehir Afyon All
AA 0.325 0.522 0.424 0.125 0.600 0.564 0.450
AB 0.575 0.304 0.394 0.687 0.275 0.410 0.424
AC 0.025 0.000 0.061 0.000 0.000 0.000 0.016

SEMA3E
BB 0.075 0.174 0.121 0.188 0.125 0.026 0.110
BC 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cC 0.000 0.000 0.000 0.000 0.000 0.000 0.000
AA 0.275 0.174 0.424 0.438 0.250 0.410 0.320

TLX AB 0.550 0.435 0.364 0.250 0.475 0.487 0.450
BB 0.175 0.391 0.212 0.312 0.275 0.103 0.230

Table 6. Number of alleles, heterozygosities and inbreeding coefficients for SEMA3E and TLX loci in each population

Tablo 6. Her bir populasyonda SEMA3E ve TLX lokuslarina ait allel sayilari, heterozigotluk derecesi ve kanyakinli/gi katsayisi

Population Locus Na Ho He UHe F

SEMA3E 3 0.600 0.478 0.484 -0.256
Gaziantep

TLX 2 0.550 0.495 0.501 -0.111

SEMA3E 2 0.304 0.440 0.449 0.308
Mersin

TLX 2 0.435 0.476 0.487 0.087

SEMA3E 3 0.455 0.473 0.481 0.040
Konya

TLX 2 0.364 0.478 0.485 0.238

SEMA3E 2 0.688 0.498 0.514 -0.380
Manisa

TLX 2 0.250 0.492 0.508 0.492

SEMA3E 2 0.275 0.387 0.392 0.290
Eskisehir

TLX 2 0.475 0.500 0.506 0.049

SEMA3E 2 0.410 0.355 0.360 -0.156
Afyon

TLX 2 0.487 0.453 0.459 -0.076
Al SEMA3E 3 0.440 0.443 0.445 0.008

TLX 2 0.450 0.495 0.496 0.090

Na: Number of alleles; Ho: Observed heterozygosity; He: Expected heterozygosity; UHe: Unbiased expected heterozygosity; F: Inbreeding coefficient

LOC396025, LOC396192, BMP5, SEMA3E and TLX loci were
cut with the restriction enzymes (Table 3) at specific sites.
PCR products of UGP2 locus were not cutable with Hpal.
This indicated that there was no restriction site for this
enzyme on target region.

When the PCR products of the IFR1, LOC396025,
LOC39619 and BMP5 loci were cut with the respective
enzyme, specific banding patterns for each locus were
observed (Table 3 and Fig. 1B, C, D, E and G, respectively).
However no variability between individuals for the
banding patterns of these loci was observed. Therefore the
data for these loci were not included into the estimation of
population genetics parameters.

When restriction products of SEMA3E locus was
examined five different bands were observed, suggesting
the presence of two polymorphic restriction sites on
different position of the PCR products (Table 3 and Fig. 1A).

On the other hand three different bands were observed for
TLX locus (Table 3 and Fig. 1F), indicating the presence of a
polymorphic restriction site for Pstl enzyme.

To our knowledge there was no report on the poly-
morphism of the loci used in the present study in other
populations of Japanese quails. Although Sasazaki et al.™
have mapped these loci on the CJA1 and CJA3, they have
reported no data on allele frequencies or heterozygosities.
Therefore the results of the present study were compared
with those reported on other loci or species.

Various genetic markers, such as microsatellites 722",
amplified fragment length polymorphism (AFLP) ?>23 or PCR
and restriction fragment length polymorphism (RFLP) '
have been used to establish a linkage map in Japanese
quails. Since by using PCR-RFLP method the presence or
absence of a restriction site is detected, two alleles are
expected at a particular site ?*2%, However, if there are two
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polymorphic sites within the target region, more than two
alleles can be found -9,

Allele frequencies in various studies, in which the same
method has been used as in this study, have varied among
populations from 0.000 to 1.000 227, Therefore allele
frequencies observed in this study was in accordance with
those reported in the literature.

A deviation from Hardy-Weinberg equilibrium was
observed only in Manisa population for TLX locus (P<0.05).
The deviation was due to an excess of homozygotes, as
could be seen from the F value. On the other hand, an excess
of heterozyotes was found for SEMA3E. This suggested
that the deviation from the equilibrium might be due to
the small sample size from this population.

In order to study recombination frequencies, test
individuals should be heterozygous for the two loci
considered, which should be polymorphic as well. In this
study only SEMA3E and TLX loci located on CJAT and CJA3,
respectively, were polymorphic and thereby suitable
for studying recombination frequency in the Japanese
quail populations studied. Therefore further loci or other
marker systems, such as microsatellites will be necessary.
Individuals, which will be selected for establishing a
reference population, should be obtained from the
genetically more distant populations, such as Manisa and
Afyon populations.
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Ozet

Alendronat kemik rezorpsiyonunun selektif inhibitdri olan bir aminobifosfonat olup 6zellikle postmenopozal dénemde goriilen
osteoporozun tedavisinde kullaniimaktadir. Postmenopozda ortaya c¢ikan degisikliklerin yasam kalitesini etkiledigi bilinmektedir.
Bu calismada overektomili sicanlar Gizerinde alendronat tedavisinin zamana bagh olarak bobrekteki oksidan durum Uzerinde etkisi
incelenmistir. Overektomi yapilan sicanlara 2, 4 ve 8 hafta alendronat (0.3 mg/kg) intraven6z uygulanmistir. Serumda Urik asit ve
kreatinin duizeyleri, bdbrek dokusunda malondialdehid (MDA) ve glutatyon (GSH) diizeyi, katalaz (CAT), siiperoksid dismutaz (SOD) ve
miyeloperoksidaz (MPO) aktivitesine bakilmistir. Overektomili sicanlarda serum kreatinin ve urik asit diizeylerinin yiikseldigi, alendronat
tedavisi ile zaman bagli olarak azaldigr goérilmustir. Bobrek MDA diizeyleri ve MPO aktivitesinin hem overektomi grubunda hem de
alendronat tedavisi alan gruplarda yukseldigi gortlmustir. Buna karsin overektomili grupta bdbrek GSH, SOD ve CAT dizeylerinin
azaldig, alendronat tedavisi ile zamana bagli olarak arttigi gézlenmistir. Sonug olarak kemik rezorbsiyonun goriildiigu overektomide
bobrek dokusunda bazi oksidatif degisiklikler meydana geldi ve alendronat tedavisinin zamana bagli olarak antioksidan kapasiteyi
arttirdigi bu calismada gosterilmistir.

Anahtar sézciikler: Alendronat, Oksidatif stres, Overektomi, Bifosfonat

Effects of Alendronate on Kidney Tissue of Ovariectomized Rats

Summary

Alendronate is an aminophosphanate, selective inhibitory of bone resorbtion, used for treatment of osteoporosis in postmenopause.
It is known that changes occurring in postmenopausal period effect the quality of life. In this study, effect of the alendronate treatment
time on renal oxidative status was investigated in ovariectomized rats. Alendronate was intravenous administered at 0.3 mg/kg dosage
on weeks 2, 4 and 8. Serum creatinine and uric acid levels and kidney malondialdehyde (MDA), glutathione (GSH), catalase (CAT),
superoxide dismutase (SOD) and myeloperoxidase (MPO) level and activities were measured. Serum creatinine and uric acid levels
increased in depending on the time of alendronate treatment on ovariectomized rats. Kidney MDA level and MPO activity increased in
both ovariectomized and alendronate groups. Kidney GSH level and SOD and CAT activities decreased in the ovariectomized rats and
these levels increased in depending on time of alendronate treatment. As a result, some oxidative changes occurred in the kidney tissue
of ovariectomized rats with bone resorption and alendronate treatment increased the antioxidant capacity in depending on the time.

Keywords: Alendronate, Oxidative stress, Ovariectomy, Biphosphanate

GiRiS

GliniimUzde osteoporoz tedavisinde bircok ajan kulla-
nilmaktadir. Ozellikle hormon replesman tedavisi hem
osteoporozun dnlenmesinde hem de tedavisinde kullanilir.
Bunun yani sira hormon replesman tedavisi ile birlikte
veya tek basina bifosfanatlarin da oldukca etkili oldugu
bilinmektedir. Bifosfonatlar, kemik metabolizmasina gicli
etkileri olan pirofosfatin sentetik analoglaridir. Baslica

etkiyi kemik metabolizmasi lizerine dogrudan kemik yiki-
mindan sorumlu osteoklastik aktiviteyi azaltarak goste-
rirler. Bifosfonatlar dolayli olarak da osteoblastik aktiviteyi
de azaltirlar ve kalsiyumun tutulumunu saglarlar ™. Bi-
fosfanatlar icerisinde en sik kullanilanlar arasinda bulunan
alendronat nitrojen iceren osteoporoz tedavisinde etkinligi
ispatlanmis antirezorptif ajanlardan biridir 2. Alendronat
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amino-bifosfanat grubunun bir bilesigi olup nitrojen
icermeyen diger bifosfonatlara gore 10-100 kat daha
fazla rezorbsiyonu inhibe etme glcline sahiptir . Yapilan
calismalarla post menopozal osteoporozda alendronat
tedavisinin etkin oldugu ve baz ilaglar ile kombinasyonunda
etkili bir tedavi rejimi olabilecegi gosterilmistir . Ayrica
nitrojen iceren bifosfanatlarin kanserde gerceklesen kemik
metastazi lzerinde de etkili oldugu bildirilmektedir ©.
Bifosfanatlarin oksidatif stresi arttirarak antioksidan etkiyi
azaltugi bildirilirken ®, bazi calismalarda da antioksidan
sistemler Gzerinde farkh etkiler gosterdigi 6ne slrmek-
tedir . Bu calisma ile overektomili sicanlarin bébrek doku-
sunda alendronatin oksidan ve antioksidan denge lizerinde
etkili olup olmadiginin arastirilmasi amacglanmistir.

MATERYAL ve METOT

Cahismada 42 adet ortalama agirhidi 302.21+£30.88 g
olan wistar albino sican kullanildi. Calisma Marmara Univer-
sitesi Deney Hayvanlari Uygulama ve Arastirma Merkezin-
de 45.2005.MAR nolu etik kurul onayi alinarak yapildi.
Hayvanlar standart kafeslerde standart laboratuvar yemiyle
beslendiler, su ve yem kisitlamasi yapilmadi. Oda 151g1 12
saat aydinlik 12 saat karanlik, sicaklik 22+2°C ve nem orani
%50+10 olacak sekilde ayarlandi.

Overektomi

Overektomize gruplara ait sicanlara 40 mg/kg g
ketamin hidroklorid (Ketasol*, Richter Pharma, Avusturya)
AG ve 10 mg/kg xylazine hidroklorid (Rompun* Bayer,
istanbul, Tiirkiye) intramuskdiler uygulandi ve hayvanlar
genel anesteziye alinip dorso-ventral olarak diseksiyon
tahtasina sabitlendi. Abdominal bolgede merkez 1 cm bir
deri insizyonu yapilarak ve bag dokusu ayrilarak periton
bosluguna ulasildi. Ovaryumlar, insizyonun uterus tiipi ile
birlestigi yerden ligatiire edilerek kesildi ve uterus tekrar
eski yerine yerlestirildi. Calismada sicanlar 7 gruba ayriimig
ve her bir grup 6 adet sicandan olusmaktadir. Gruplar
kontrol, overektomi (OV) ve overektomi + Alendronat (OV +
AL) olarak olusturuldu, alendronat uygulamasi 2, 4 ve
8 hafta periyodlarda gerceklestirildi. Alendronatin osteo-
poroz tedavisinde Onerilen giinlik dozu baz alinarak
sicanlara alendronat 0.3 mg/kg olacak sekilde intravenoz
olarak verildi. Ayni zamanda kontrol grubunu olusturan
saglikh ve overektomili sicanlara da placebo olarak serum
fizyolojik verilerek ayni kosullarda bekletildi.

Kan ve Doku Ornekleri

Bitlin gruplardaki hayvanlar, son uygulamadan 24
saat sonra genel anestezi altinda 40 mg/kg ketamin
hidroklorid (Ketasol*, Richter Pharma, Avusturya) AG ve
10 mg/kg xylazine hidroklorid (Rompun* Bayer, istanbul,
Turkiye) kullanilarak kardiyak delme islemi ile sakrifiye
edildikten sonra kan ve bobrek dokusu ornekleri alindi.
Kan ornekleri +4°C'de 2.500 rpm'de 5 dak. santrifij

edilerek serum ayrildi. Serumda kreatinin ve Urik asit sevi-
yelerine bakildi. Bobrek dokulari tiim homojenatta 1:10
(w/v) bulunacak sekilde homojenizatérde %1.15 KCl iceren
tampon ile buz icerisinde homojenize edildi. Homojenattan
5000 rpm'de, +4°C'de 15 dak. santrifiij yapilarak siiper-
natant elde edildi. MDA, GSH diizeyleri ile MPO, SOD ve
CAT aktiviteleri belirlendi.

Serumda Kreatinin ve Urik Asit Olciimii

Serumda kreatinin 6lcimu alkali kosullarda kreatinin
ve pikrik asitin kompleks olusturmasina dayanan Jaffe @
metoduna gore yapildi. Kompleksin renk yogunlugunun
absorbansi 520 nm'de spektrofotometrede 6lciildd, sonuglar
kreatinin standart grafigi kullanilarak hesaplandi. Urik asitin
Urikaz enziminin katalizorliginde allantoin ve hidrojen
peroksite donilismesi sonrasinda olusan kromojen bilesigin
rengin 520 nm de 6lctilmesine dayanan Urik asit ticari kiti
(URI-10100, BT) kullanilarak spektrofotometrede (Shimadzu
UV 1800, Japan) tespit edildi.

Oksidatif Stres ve Antioksidan
Parametrelerin Ol¢iimii

- MDA ve GSH Ol¢iimii: Dokuda MDA icin Beuge
yontemine gore yapildi ®. 1:10 doku homejenati iizerine
esit hacimde %15 w/v trikoloroasetik asit, %0.375 w/v
tiyobarbutirik asit ve 0.25 mol/L hidroklorik asit iceren
¢ozeltisi eklendi ve karistirildi. Karisim 30 dak. kaynar su
banyosunda bekletildikten sonra 10 dakika 3000 rpm'de
santriflij edildikten sonra 535 nm de okundu. GSH tayini
icin modifiye Ellman yontemi kullanildi . Homojenattan
elde edilen 0.5 ml siipernatant lzerinde 2 ml of Ellman
ayiraci eklenerek absorbansi 412 nm de olculdd.

- MPO, CAT ve SOD Aktivite Olciimii: MPO aktivitesi icin
Hillegass yontemi kullanildi ', Doku 6rnekleri %0.5 HETAB
iceren 50 mM fosfat tamponunda homojenize edildi.
Ornekler 20 mg/ml o-dianisidin hidrokloriir ve 20 mM H,0,
iceren tampon ile karnstirildiktan 3 dak. sonra 460 nm'de
Olciim yapildi. CAT aktivitesi Aebi yontemi kullanilarak
UV/visible spektrofotometrede (Shimadzu UV 1800, Japan)
olctlda "2, Bu yonteme gore H,0,'nin H,0 ve O,'ye donu-
simini sirasinda olusan absorbans azalmasi 240 nm
de takip edildi. SOD aktivitesi Mylroie yontemine gore
yapildi '3, 50 pl 6rnek tizerine 2 ml tampon (50 mM fosfat
tamponu icerisinde 0.1 mM EDTA, 0.39 mM riboflavin,
6 mM o-dianisidin) eklenir. 20W floresan isik 6niinde
37°C'de 8 dakikadaki absorbansi 460 nm'de ELISA oku-
yucusunda (Epoch Biotek, USA) &lclldi. Protein tayini icin
Bradford yontemi kullanildi 1,

istatistiksel Analizler

istatistiksel hesaplamalar SPSS 13.0 (SPSS Inc., Chicago,
IL, ABD) yazilimi kullanilarak yapildi. Tek drneklemeli
Kolmogorov-Smirnov testi ile verilerin normal dagilima
uyup uymadigi incelendi. Tum gruplarda normal dagilim
olmasi durumunda, grup ici degerlendirmeler one-way
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Anova testi kullanilarak yapildi. istatistiksel anlamlilik siniri
P<0.05 olarak kabul edildi. Degerler ortalamazstandart
sapma (ort.+SS) olarak verildi.

BULGULAR

Serum kreatinin diizeylerinin zamana bagli olarak OV
grubunda kontrol grubuna goére yukseldigi gorulmus
fakat bu artis anlamli bulunamamistir (Sekil 1A). 8 haftalik
sonuglara bakildigi zaman OV+AL grubunda kreatinin
dizeylerinin OV grubuna gore anlamli olarak azaldigi
gorilmektedir (P<0.05). Sekil 1Bde gorildigi gibi serum
urik asit dlizeyleri zamana bagl olarak 4 hafta (P<0.05) ve

8 haftalik (P<0.001) OV gruplarinda kontrol grubuna gore
anlamli olarak artis gostermistir. 8 haftalik alendronat uygu-
lamasi olan OV+AL grubu ile OV grubu karsilastirldiginda
serum (Urik asit seviyeleri anlamli derecede azalmistir
(P<0.001).

Oksidatif stres gostergelerinden biri olan MDA seviyeleri
bobreklerde 2 ve 4 haftalik OV gruplarinda kontrol grubuna
gore artis gostermistir (P<0.001). Alendronat uygulamasi
ile 2, 4 ve 8 haftalik biitiin OV+AL gruplar kendi OV grubu
ile karsilastirildiginda MDA seviyelerinin anlaml derecede
arttigi gorilmektedir (Sekil 2A, P<0.001). Ayni zamanda
MPO dizeylerine bakildiginda 2 ve 4 haftalik OV grup-
larinda kontrol grubuna gore anlamli derecede artis gorul-

A B
10- 75- i Sekil 1. Serum parametrelerindeki degisiklik-
ler, A) Serum kreatinin seviyeleri, B) Serum
=) g urik asit seviyeleri (+: kontrol grubu ile
En '§, 504 karsilastirildiginda, *: OV grubu ile karsilasti-
E 54 < . rildiginda)
£ B
Tﬁ ; 254 | Fig 1. Changes in serum parameters, A) Serum
x S =+  creatinine levels,B) Serum uric acid levels (+:
o compared to control group, *: compared to
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Sekil 3. Bobrek dokusu antioksidan kapasite
degisiklikleri, A) Bobrek GSH seviyeleri, B)
B&brek SOD seviyeleri, C) Bobrek CAT diizey-
leri (+: kontrol grubu ile karsilastirildigina, *:

Rhwin OV grubuile karsilastirildiginda)
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Fig 3. Antioxidant capacity changes in kidney
tissue, A) Kidney GSH levels, B) Kidney SOD
levels, C) Kidney CAT levels (+: compared to
control group, *: compared to OV group)
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mektedir (P<0.001). OV+AL gruplarinda da alendronat
tedavisinin ardindan OV gruplarina gore 2, 4 ve 8 haftalik
gruplarda anlamli bir artis gorilmektedir (Sekil 2B,
P<0.001).

Antioksidan durumun belirtecleri GSH, SOD ve CAT
aktivitesi Sekil 3'te gosterilmektedir. Bobrek GSH duizeyleri her
Uc grubun OV gruplarinda kontrol grubuna gore anlaml
bir duisiis gostermektedir (P<0.001). Bu GSH duizeylerindeki
disis alendronat uygulanmasi ile her t¢ grubun OV+AL
gruplarinda OV gruplarina goére artis gostermektedir (Sekil
3A, P<0.001). SOD aktivite seviyelerinin OV gruplari ile
kontrol grubu karsilastirildiginda 2 haftalik grupta azaldig
(P<0.01), 4 ve 8 haftalik grupta bu azalisin daha fazla
oldugu gorilmektedir (P<0.001). Alendronat uygulanan
gruplarda bobrek SOD diizeylerinin 8 haftalik uygulamada
OV+AL grubu ile OV grubu karsilastirildiginda yukseldigi
gorilmektedir. SOD diizeylerinde 2 ve 4 haftalik alendronat
uygulanan gruplarda anlaml degisiklikler gézlenmemistir
(Sekil 3B, P<0.05). CAT aktivite diizeylerinin OV gruplarinda
kontrol grubuna gore azaldigi fakat 4 haftalik OV grubun-
da anlamli olarak degistigi gortlmektedir (P<0.001).
Alendronat uygulanmasi ile OV+AL gruplar OV gruplari
ile karsilastirildiginda CAT aktivitesinde artis gorilmekle
birlikte 2 hafta (P<0.05) ve 4 haftalik (P<0.05) uygulamalarda
anlamli degisiklik bulunmustur (Sekil 3C).

TARTISMA ve SONUC

Alendronat 6zellikle postmenopozal dénemde goriilen
osteoporozun tedavisinde kullanilan osteoklasta bagimli
kemik rezorpsiyonunun selektif inhibitori olan bir
aminobifosfonattir M. Bifosfonatlar insan viicudunda bob-
rekler tarafindan elimine edilir. Hayvanlarda yiksek doz-
larda verilen bifosfonatlarin renal fonksiyonlar tizerinde
cesitli yan etkilerinin oldugu bildirilir. Bifosfonatlarin post-
menopozal osteoporozda bobrek fonksiyonlari tizerinde
yan etkisinin olmadigi ile ilgili goriislerde mevcuttur .

Alendronat uygulamasinin serumda bazi parametreler-
de degisiklik yarattigi yapilan ¢alismalarla gosterilmistir 7,
Galismamizda renal fonksiyonlardaki degisikligi gormek
icin serum kreatinin ve serum Urik asit degerlerini inceledik.
Galismamizda 8 hafta alendronat uygulanmasi ile serum
kreatinin dizeylerinin azaldigi gorilmektedir. Serum
kalsiyum/kreatinin diizeyleri bodbrek fonksiyon testlerinin
yani sira osteoporoz tanisinda kullanilan belirteclerdir.
Kovac ve ark.l'¥, bobrek transplantasyonu yapilan hasta-
larda kemik kaybinin dnlenmesinde alendronatin etkili
oldugunu ve alendronatin serum kreatinin duzeylerini
uzun sireli tedavide azalttigini bildirmislerdir. Buna karsin
Shahbazian ve ark.', postmenopozlu hastalarla yaptiklari
calismada oral olarak kullanilan giinliik 10 mg alendronatin
serum kreatinin ve kalsiyum diizeyleri tizerinde etkili olma-
digini gostermislerdir. Postmenopoz déneminde serum
urik asit seviyelerinin arttigi ve renal fonksiyonlar (izerinde
olumsuz etkileri oldugu yapilan calismalarla bildirilmek-

tedir. Postmenaopoz dénemde uygulanan hormon replas-
man tedavisi ile bu etkinin azaldigi 6ne siirliimektedir 2021,
Galismamizda overektomili sicanlarda serum urik asit
dizeylerinin arttigini ve alendronat tedavisi ile dustigini
gozlemledik. Jamal ve ark.??, alendronat kullaniminin
ileri yaslardaki kadinlarda renal fonksiyonlar Gzerine
yaptiklari ¢calismada kreatinin klirensi ve serum kreatinin
dizeyleri ile ilgili olumlu bulgular elde etmislerdir. Post
menopozda azalan kreatinin klirensinin ve artan serum
kreatinin diizeylerinin alendronat tedavisi ile diizeldigini
ve alendronat tedavisinin glivenli ve yan etkisinin az
oldugunu 6ne stirmektedirler

Bifosfanatlarin oksidatif stres lizerinde etkili oldugu
ve antioksidan sistemler Uzerinde farkli etkiler gosterdigi
bildirilmektedir 7). Reaktif oksijen tirleri (ROT) bircok
biyolojik reaksiyonlarda yer almakla birlikte bazi hasta-
liklarin patogenezinde dnemli rol oynamaktadirlar 23, ROT’
lar hiicre membrani, genetik materyaller ve enzimatik yollar
Uzerine etki ederek doku hasarina neden olabilirler. Serbest
radikaller ile antioksidan dengenin bozulmasi durumunda
hicreler oksidatif hasara karsi birtakim enzimatik ve
enzimatik olmayan sistemleri harekete gecirirler 24251,
Serbest radikaller araciiginda hiicre membraninin stabili-
tesinin bozulmasi ile lipid peroksidasyonun gerceklesmesi
sonucu meydana gelen MDA, oksidatif stresin belirlen-
mesinde 6nemli bir belirteg olarak kullanilir. MPO nétro-
fillerden salinan bir enzim olup, nétrofil infiltrasyonunun
gostergesi olarak kabul edilir. Notrofiller serbest oksijen
radikallerinin potansiyel bir kaynagidir ve 6zellikle infla-
matuar hastaliklarda meydana gelen doku hasarinda
rol oynarlar 2%, Hiicreler icin SOD, CAT ve GSH onemli
savunma mekanizmalarinin temelini olustururlar. Hiicre
icinde mitokondride yer alan SOD superoksit radikalini
hidrojen peroksite donistiiren antioksidan bir enzimdir.
CAT ise hiicrelerde peroksizomlarda bulunan hidroksil
radikallerinin olusumunu 6nleyerek hidrojen peroksiti
suya ayristiran bir enzimidir. Glutamik asit, sistein ve glisin
aminoasitlerinden meydana gelen suda ¢6zlnur bir anti-
oksidan ve indirgeyici ajan olan GSH serbest radikaller ve
peroksitlerle reaksiyona girerek hiicreleri oksidatif hasara
karsi korur. GSH hiicresel savunma sistemlerinde rol
oynayarak oksidatif hasarlarda baslica koruyucu mekaniz-
may! olusturur. Cesitli uyarilarla olusan doku hasarlarinda
GSH duzeylerinde azalma oldugu bildirilmektedir 2527,

Postmenopoz doneminde oksidatif streste artis oldugu
ve antioksidan denge Uzerinde buiyiik degisikliklerin oldugu
klinik calismalarda bildirilmektedir 3. Yapilan calismalarda
postmenopoz doneminin taklit edildigi overektomi olus-
turulan sicanlarda oksidatif stresin arttigi SOD, CAT, GPx
gibi antioksidan enzimlerin azaldi§i gosterilmistir 2839,
Calismamizda overektomide SOD ve CAT aktivitesinin
dustigund uzun siure alendronat uygulamasi ile bu
aktivitenin arttigini goézlemledik. Muthusami ve ark.BY,
overektomili sicanlarin femur dokusunda MDA seviyele-
rinin normal sicanlara gore arttigini, SOD ve GPx seviye-
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lerinin dustugunu gostermiglerdir. Biz ¢calismamizda over-
ektomide ve alendronat uygulanmasinin MDA ve MPO
dizeylerinin arttirdigini belirledik. Alendronatin yiiksek
dozlarda toksik etki yaratarak oksidatif stresi arttirdigi da
ayrica bildirilmistir 32, Yalin ve ark., overektomili
sicanlarda alendronat uygulamasinin hepatik antioksidan
enzimler Uzerine etkisi konusunda yaptiklari ¢alismada
alendronat uygulanmasi ile karaciger MDA ve SOD
seviyelerini yukseldigini bildirmislerdir. Alendronat uygu-
lamasinin antioksidan sistemler lzerindeki etkisi ile ilgili
cok fazla calismaya rastlanamamistir. Konyalioglu ve ark.®4,
overektomize sicanlarda beyin, kalp ve karaciger doku-
sunda GSH duizeylerinin azaldigini gostermislerdir. Calisma-
mizda overektomi gruplarinda GSH duzeylerinin azaldigini
ve alendronat tedavisi ile arttigini bulduk. Literatilrle
bu konuda paralellik gostermekle birlikte alendronatin
GSH duzeyleri tizerinde etkili oldugu ile ilgili yapilan ilk
calismadir. Benghuzzi ve ark. tarafindan overektomili
sicanlarda 4 hafta alendronat tedavisi ile renal fonksiyon-
larda meydana gelen hasarin diizeltilebilecegi vurgulan-
mistir B3, Zinnuroglu ve ark.”, postmenopozal osteo-
porozda gorilen oksidatif strese karsi bifosfonat kullani-
minin etkili oldugunu bildirmislerdir.

Sonug olarak, overektomi ile meydana gelen kemik
rezorbsiyonunda bobrek dokusu Uzerinde bazi oksidatif
degisiklikler Gzerinde alendronat tedavisinin zamana bagli
olarak antioksidan kapasiteyi arttirdigi tespit edilmistir.
Klinik agidan post menopozal dénemde alendronat kulla-
nimi osteoporoz riskini azaltabilecegi gibi bobrek fonksi-
yonlarinin korunmasinda da énemlidir.
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Summary

The effect of short photoperiod on some growth traits in outbred Sprague Dawley rats was examined. The pups were assigned to two
photoperiod groups: long/routin (12 h light/dark: control) and short (9 h light/15 h dark: experiment) lighting, since, in nature, photoperiod
may decrease to 9 hours in winters, in subtropical regions. At 15 weeks of ages, body weight, weight of heart, liver, spleen, lungs, kidneys,
gastear, adrenal glands, testis and ovaries of the rats from experimental group were compared to those in control group. Body growth, weight
of heart, liver and spleen and large intestine length in control and experimental rats were not significantly different (P>0.05). No differences
were observed in testis and ovary weights between control and experiment groups, statistically. Rats exposed to short photoperiod had lower
lung, kidney, gastear, adrenal gland and intestine weight than those of control rats (P<0.01 and P<0.05). In outbred Sprague Dawley rats,
short photoperiod had no effect on body growth and reproduction organs and it is concluded that, there may be a chance for some strains of
outbred Sprague Dawley rats to be kept under short photoperiod conditions, without reducing body weight and reproductive organ growth.

Keywords: Sprague dawley, Photoperiod, Growth

Sprague Dawley Ratlarda Kisaltilmis Isik Siiresinin
Bazi Biiyiime Ozelliklerine Etkisi

Ozet

Outbred Sprague Dawley ratlarda, kisaltiimis isik siiresinin bazi buylme &zelliklerine etkisi incelendi. Yavrular 12 sa aydinlhk/karanlik
(kontrol) ve dogal sartlarda, kis mevsiminde, subtropik bdlgelerde gerceklesen kisa isik stiresi kadar (9 sa aydinlik/15 sa karanlik: muamele)
olmak Uzere iki fotoperyot sartina maruz birakildilar. Muamele grubu ratlarda, 15 haftalik yasta, canli agirlik, kalp, karaciger, dalak, akciger,
bdbrek, mide, adren, testis, ovaryum, kalin ve ince bagirsaklarin él¢timleri, kontrol grubuile karsilastirildi. Viicut agirhigr artisi ile kalp, karaciger,
dalak agirlik ve kalin bagirsak uzunluklari, kontrol ve muamele gruplari arasinda farklilik géstermedi (P>0.05). Kontrol ve muamele gruplari
arasinda testis ve ovaryum agirliklar arasinda da istatistiksel olarak bir farklilik gézlenmedi. Kisa fotoperyota maruz birakilan ratlarin akciger,
bobrek, mide, adren ve ince bagirsaklari, kontrol grubuna goére daha dusik agirliklarda belirlendi (P<0.01 ve P<0.05). Kisa fotoperiyodun,
outbred Sprague Dawley ratlarda, viicut ve lreme organlarinin agirhgr izerinde etkisi bulunmadi ve bazi outbred Sprague Dawley rat
soylarinin, viicut ve Greme organlarinda agirlik kaybi olmaksizin kisa fotoperyot sartlarinda da yetistirilebilme sansi olabildigi sonucuna varildi.

Anahtar sozciikler: : Sprague Dawley, Fotoperyot, Biiyiime

INTRODUCTION

Laboratory rats are bred in micro environments, where
physiological needs are optimally supplied. Photoperiod is
one of the biological needs of rats, and in common, 12 h
light: 12 h dark lighting regime is used. However, in natural
conditions, it is known that, even the light period is less
than 9 h, rats continue their biological activities, including
reproduction ",

Photoperiod regulates melatonin level, epiphysis gland
and organ development @ and the respond varies according
to breed, family and strain of the rats . In Fischer (F344)
rats, which are exposed to short photoperiod, puberta
longened, feed intake and cellular growth decreased .
Feed intake did not differ in Zucker rats in both short and
long photoperiod ¥,
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It is reported that, youngers are more sensitive to photo-
period than olders, in most rodent species . Pups, exposed
to short lighting (6 h, daily) had less growth rate but similar
feed intake, when compared to those, subjected to long
(12 h) photoperiod .,

In F344 rats that exposed to short lighting after birth, had
similar feed intake and body growth but less testis volume
than the animals, kept in 12 h lighting conditions .,

In scientific literature, very limited number of researchs,
related to organ development of rodents, which were
subjected to various lighting environments, is available.
Short photoperiod did not effect spleen weight but inhibited
testis and uterus growth in the Marsh rats ! and short
lighting regime also had a suppressive effect on adrenal
growth in Wistar rats 1'%, In Mongolian gerbil, uterus, testis
and body weight, as weel as, feed intake were significantly
affected by various environmental factors, including
lighting ', In the male deer mice (Peromyscus maniculatus),
short photoperiod significantly inhibited reproduction
organ growth "4, Reproduction organs of Prairie voles
males were negatively affected by short lighting period,
and females had lower uterus and ovarium weights when
compared to those, kept in long photoperiod condition I3,

In mice, it is noticed that gonads were reduced in
weight, when exposed to short lighting ™, but according to
another research, body and testis weight were not affected
by lighting methods .. Short photoperiod (8 h) resulted
in a decrease of testis measures, feed intake, body weight,
puberta period in F344 rats ®©.,

To the best of the authors knowledge, there is scarce
knowledge in scientific literature, on the the relation
between photoperiod and growth in Sprague dawley rats,
one of the common used rat breed.

Energy sources of the World are not enough to meet
the demands of the humanity. Energy saving methods
have been in the news of both developed and developing
countries, in recent years. For scientific aims, billions of
rodents are still kept in artificial lighted environments, by
using a serious amount of electrical energy.

The aim of present study was to compare the effect of
short (9 h) and long/routin photoperiod (12 h) lighting on
the growth traits of Sprague dawley pups from birth to the
weeks that they reached to 200 g body weight and examine
the possibility of keeping Sprague dawley rats during
shortened photoperiod, just as in ‘natural‘conditions, in
winters of subtropical regions and so the possibility of
energy saving.

MATERIAL and METHODS

The trial protocol was approved by the ethics committee
of Ataturk University, Turkey, (number: ATA-28.11.2008 /84).

Twenty out bred Sprague dawley females, 6 months of
ages, in the second partrition, specific patogen free, at
similar weights were divided into 2 groups. Mean weight
of females were 224.1£14.6 gr for control (long/routin
photoperiod: 12 h light: 12 h dark) group, 232+12.6 gr for
experiment (short photoperiod: 9 h light: 15 h dark) and the
females were mated and kept in individual cages (47x35x20
cm), 21£2°C and 55+5% relative humidity room conditions.
White color lighting was supplied, the light intensity was
150 lux, and equally distibuted on the cage floor .

Pups were weighed after birth, 7, 14 and 215 of
birth day, and after preweaned on 21 day, the pups were
seperated according to sex and transferred to the cages.
The cages were 50x30x30 cm, 10 pups/cage. Feed consump-
tion were recorded, weekly. At the end of 15% week, 10
females-10 males were randomly chosen from control and
experiment cages and were starved for 12 h, anaesthetised
and the abdomens were incised, Aorta abdominalis was
cut and bleeded. The ventricles of heart were palped the
residual blood was removed and the heart was weighed.
The spleen, liver, kidney, ovary, testis, adrenal gland, gastear
and lung were removed and weighted (CAS, Model: ME-
410). Content of the large and small intestines were removed,
intestines were weighed and length of the intestines were
measured by a ruler. The statistical methods were:

Model was used to analyse of birth-preweaned period,
0-3 weeks

Model was used for 4-15. weeks

Model was for organs, ovary-testis analyse
I. Model yij = pu + C + bi + eij

IIl. Model yijk = p + bi + sj + (bs)ij + eijk

I1I. Model yij = u + bi + eij

C: Kovariance (numbers of pups),

bi: Effect of experiment (photoperiod),

sj: Effect of sex,

(bs)ij: Interaction (experiment and sex),

SPSS 9.0 statistical programme, General Linear Model
(GLM) procedure was performed.

RESULTS

Mean weight values and variance analyse results for
birth-preweaning period are presented in Table 1. Short
photoperiod had not significant effect on body weight
in pups, until preweaning at the end of 3. weeks of ages
(P>0.05).

Control group (37 rats) consumed 52.32 kg; experiment
group (39 rats) 53.12 kg, after preweaned period (4-15.
weeks). Body weight were similar in both groups between
4. and 9. weeks (P>0.05), (Table 2a). Body weight of the male
and female rats was significantly different between 10-15
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weeks (P<0.01), (Table 2b).

At the end of trial, at 15™ week, both groups were
statistically similar in weight (P>0.05), (Table 3). The weight
of spleen, heart, liver and length of large intestine were
also similar in control and experiment groups (P>0.05),
(Table 3).

The mean weight of gastear, kidneys, adrenal glands,
intestines and length of small intestines of long photoperiod
group were significantly higher than those of exposed to
short photoperiod (P<0.05 and P<0.01), (Table 3). At the
end of trial, at 15" week, both groups were statistically
equal in testis and ovary weight (P>0.05), (Table 4).

Table 1. Mean and standard error (X£Sx) and variance analyse results of
body weight between birth-preweaned [0-3 weeks] periods of pups

Tablo 1. Dogum-siitten kesim arasi [0-3 hafta] yavrularin canli adirlik
ortalamalari ve standart hatalari (X£Sx) ile varyans analiz sonuglari

Weeks Group N X+Sx P
Control 78 6.18+0.43

1 NS
Experiment 61 7.33+x0.43
Control 55 13.86+1.01

2 NS
Experiment 51 14.56+0.93
Control 41 26.52+2.01

3 NS
Experiment 50 23.68+1.87

NS: Non-significant

DISCUSSION

Short photoperiod inhibited growth in hamsters 117
but stimulated in Prairie voles 3. In wistar pups, exposed
to 6 h lighting, body weight was lower than those of
controls 7, Six hours lighting is not natural for the World’s
photoperiod system and it may not be appropriate for the
growth of the wistars.

F344 rats did not reduced body weight and feed intake
when exposed to short lighting . Similar result is obtained
in the present research and the body weight of Sprague
dawley rats, until 15 week and the growth was not affected
by the 9 h lighting regime. Some rodent strains were
recorded not to be very sensitive to photoperiod '®, however,
some researchers declared that the photoperiod had a
significant effect on growth of the laboratory rodents "),

F344 and Brown Norway rats reacted to 8 h lighting
by reducing feed intake and body weight, where as body
weight of Harlan Sprague dawleys decreased about 5-10% E.
It is recorded that, if F344 rats, which were exposed to short
photoperiod after a long photoperiod term, their growth
traits were negatively effected, but if they were exposed to
short lighting regime just after birth, the lighting time had
no negative effect on the growth traits "%

In present study, growth traits of Sprague Dawley
rats were not affected by experiment but sex (P<0.05 ve

Table 2a. Mean and standard error (X+5x) and variance analyse results of body weight after preweaned [4-9 weeks] period of rats

Tablo 2a. Siitten kesim sonrasi [4-9. hafta] ratlarin canli agirlik ortalamalari ve standart hatalari (X+Sx) ile varyans analiz sonuglari

Groups Sex 4. Weeks 5. Weeks 6. Weeks 7. Weeks 8. Weeks 9. Weeks
M 44.19+1.4 64.00+5.0 95.53+6.8 136.97+8.1 161.83+£10.6 179.88+11.0

Control E 41.52+1.4 57.95+5.0 84.97+6.8 108.76+8.1 119.23+10.6 130.60+11.0

Experiment M 41.73£1.7 59.93+6.1 87.05+8.3 118.08+9.9 136.63+12.9 150.51£13.4
F 40.24+1.6 62.86+5.5 87.55+7.4 111.77+£8.8 131.17£11.6 140.82+12.0

Sex NS NS NS NS NS *

Experiment NS NS NS NS NS NS

Sex x Experiment NS NS NS NS NS NS

NS: Non-significant, * P<0.05

Table 2b. Mean and standard error (X+Sx) and variance analyse results of body weight after preweaned [10-15 weeks] periods of rats

Table 2b. Siitten kesim sonrasi [10-15. hafta] ratlarin canli agirlik ortalamalarn ve standart hatalari (X£Sx) ile varyans analiz sonuglari

Experiment Groups Sex 10. Weeks 11. Weeks 12. Weeks 13. Weeks 14. Weeks 15. Weeks
F 190.53+13.3 211.92+11.2 230.29+12.7 241.39+13.2 256.86+15.4 278.06+16.1
Control M 157.50£11.9 160.30+£10.0 169.70+£11.3 175.11£11.8 180.59+13.7 184.07£14.4
F 190.53+13.3 211.92£11.2 230.29+12.7 241.39+13.2 256.86+15.4 278.06+16.1
Experiment
M 157.50+11.9 160.30+10.0 169.70+11.3 175.11+£11.8 180.59+13.7 184.07+14.4
Sex *% *% *% *x% *% *%
Experiment NS NS NS NS NS NS
Sex x Experiment NS NS NS NS NS NS
NS: Non-significant, * P<0.05
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Table 3. Mean and standard error (X£Sx) and variance analyse results of
body weight and organ weight

Tablo 3. Canli agirlik, organ adirlik ortalamalari ve standart hatalari
(X+Sx) ile varyans analiz sonuglari

Traits Control Experiment P
Body weight (g) 223.84+2.84 215.90+2.84 NS
Spleen (g) 0.50+0.02 0.44+0.02 NS
Heart (g) 0.87+0.04 0.78+0.04 NS
Liver (g) 7.21+0.25 7.79+0.25 NS
Kidneys (g) 2.07+0.05 1.90+0.05 *
Adrenal glands (g) 0.13+0.01 0.0940.01 **
Gastear (9) 1.74+0.08 1.49+0.08 *
Large intestine (cm) 15.40+0.47 13.95+0.47 NS
Small intestine (cm) 99.00+1.50 91.05+1.50 **
Intestine total (g) 14.18+0.43 13.17+£0.43 **
Lungs (9) 1.78+0.08 1.44+0.08 **
NS: Non-significant, * P<0.05, ** P<0.01

Table 4. Mean and standard error (X£Sx) and variance analyse results of
ovary and testis weight

Tablo 4. Ovaryum ve testis agirlik ortalamalarn, standart hatalari (X+Sx)
ile varyans analiz sonuglari

Reproductive e N X+Sx P
Organ
Control 10 0.10+0.01
Ovary (9) NS
Experiment 10 0.25+0.08
Control 10 2.57+0.09
Testis (g) NS
Experiment 10 2.47+0.09
NS: Non-significant

P<0.01). Males had significantly higher weight than females
and the result was previously confirmed by Poyraz .

In the marsh rice rat (Oryzomys palustris) and Siberian
hamsters, short photoperiod was reported to be ineffective
on spleen growth 2%, In the present study, spleen, heart
and liver weight of rats, also length of large intestines were
not affected by 9 h lighting regime. Rats, subjected to 12
h light: 12 h dark photoperiod, had higher adrenal glands
than those exposed to 9 h lighting, the present results
were in accordance with those reported for Wistar rats "%
Adrenal glands were noticed to be most sentisitive tissue
to the photoperiod in Sprague dawley and Wistar rats ',

In scientific literature the researches, examining the
relation between photoperiod and organ weight are very
limited. It is thought that, the results may be present the
reference values, for better understanding the photoperiodic
response of Sprague dawley out bred rats.

Testis and ovary weight of rats were not affected
significantly by short photoperiod lighting (P>0.05), (Table
4), including pubertal period. It is reported that, 12, 14
and 16 h lighting were not effected the ovary weights of
Oryzomys palustris 2.

In mice, it is declared that testis weight was not effected
by short photoperiod ™ but another research determined
a reduction in gonads of females . In marsh rice rats,
testis, ovary and uterus growth were significantly and
negativelyl affected by short photoperiod ©. Similar results
were declared for also deer mice (Peromyscus maniculatus)
and some hamster strains ['22",

Reproductive organ growth were inhibited by short
photoperiod in Prairie voles males, but fertilization was not
impressed both in males and females .. Before puberta,
F344 rats, subjected to short (8 h) had similar reproduction
organ weight when compared to the ones, kept in long
photoperiod regime (16 h) ©. Presents results stated that,
weights of testis and ovary in Sprague Dawley rats were
not impressed by 9 h photoperiod, however, some of the
strains of Harlan Sprague dawleys, like ACl, BUF and PVG
males had lower (5-20%) testis weight than those kept in
long photoperiod lighting B

When compared to previous results, it is noticed that
reaction of the rodents to photoperiod may significantly
differ, according to the species, breed, strain, family of the
animals. It is conluded that, there may be a possibility for
reducing routin the artificial lighting (12 L: 12 D) up to 25%
in rat breeding systems, without a decrease in body, testis and
ovary weight. If supported by advance researches, lighting
periods may be reduced/adapted to the flocks, species,
strains of the animals, so that there will be a chance to save
the electrical energy of the World.

It is also thought that, breeding/keeping procedures of
the laboratory animals should be re-arranged according to
the breed, strains and family of the animals and lighting
needs of rodents should be discussed for each species.
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Summary

Anesthesia often involves administration of several drugs from different classes. Drug-drug interactions may affect the duration of
action of anesthetic agents. The purpose of this research was to investigate interaction between phenylbutazone and thiopental sodium
in dogs. Twenty-six female stray dogs were randomly divided into two groups. Each group subdivided into two subgroups <18kg and
>18kg. Equivalent doses of thiopental sodium were intravenously administered following the injection of 0.9% normal saline in control
group and phenylbutazone via the same route in experimental group. After anesthesia, time intervals needed for the return of palpebral
reflex, opening of eyes, tongue movement, stretching of limbs, head and neck movements, sitting position, trying to stand, imbalanced
walking and normal walking were recorded. Results showed the average time periods in the experimental group were generally more
than those in the control group. It was shown the duration of the above chronological parameters were significantly higher in heavier
dogs compared to the lighter. Females generally have a larger proportion of body fat content than males. This may cause a higher volume
of distribution and a longer elimination half-life for thiopental in female dogs. This interaction with phenylbutazone may be due to an
increase in the unbound form of thiopental sodium and its quicker distribution into the brain and a longer duration of anesthesia.

Keywords: Drug interaction, Thiopental sodium, Phenylbutazone, Anesthesia, Dog

Kisirlastirilmis Disi Kopeklerde Fenilbutazon ve
Thiopental Sodyum Etkilesimi: Anesteziden Cikisa Etkisi

Ozet

Aneztezi cogu zaman birden fazla degisik siniftan ilaclarin uygulanmasiniicerir. ilaclar arasi etkilesim anestezik maddenin etki siiresini
etkileyebilir. Bu calismanin amaci képeklerde fenilbutazon ve thiopental sodyumun etkilesimini arastirmaktir. Yirmi alti kisirlastiriimig disi
kopek rastgele iki gruba ayrildi. Her bir grup <18kg ve >18kg olmak lizere iki altgruba ayrildi. Esit dozlarda olmak lizere thiopental sodyum
control grubundakilere intraven6z %0.9 tuzlu su verilmesinin ardindan, calisma grubundakilere ise ayni yolla fenilbutazon verilmesini
takiben intravenoz olarak uygulandi. Anesteziyi takiben g6z kapadi refleksi, goziini agma, dilini hareket ettirme, ayaklarini uzatma, kafa
ve boyunu hareket ettirme oturma pozisyonunu saglama, kalkmaya calisma, dengesiz yirime ve norma yirime icin gecen siireler
kaydedildi. Sonuclar calisma grubundaki hayvanlarda kaydedilen ortalama siirelerin genel olarak control grubundaki hayvanlardan daha
uzun oldugu gosterdi. Yukarida belirtilen parametrelerde sirelerin daha agir kopeklerde hafif olanlara oranla 6nemli derecede daha
uzun oldugu goézlemlendi. Disiler genellikle erkeklere oranla daha fazla viicut yagina sahiptir. Bu durum, disilerde daha fazla miktarda
yayllmaya ve thiopentalin yarilanma émri icin daha uzun zamana ihtiya¢ dogurabilir. Fenilbutazon ile etkilesim, thiopental sodyumun
bagsiz formundaki artisa ve onun daha hizl olarak beyine yayilmasina ve daha uzun anestezi stiresine bagl olabilir.

Anabhtar sézciikler: ilac etkilesimi, Thiopental sodyum, Fenilbutazon, Anestezi, Kbpek
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INTRODUCTION

Anesthesiaisan important subject in veterinary medicine
and is used for a wide range of circumstances in animals
due to animals’ unwillingness to cooperate with certain
diagnostic or therapeutic procedures ™. Amonganimals,
cats and dogs are frequently anesthetized for surgical
procedures . Anesthesia often involves administration of
several agents belonging to different classes of drugs ™.
In addition, many patients should take a number of drugs
related to their surgical condition or for other medical
situations "3, Unexpected events may occur when the
drugs are administered simultaneously. Thus, there is a
considerable potential for drug interactions to occur, some
of which may be potentially harmful to the patients. This
may be accompanied by cardiovascular and respiratory
depression and a delay in recovery for hours or even days 23,

Sleep may be prolonged in patients with increased
central nervous system responses to depressant drugs,
e.g., patients who are hypothermic; or factors affecting
redistribution and metabolism of drugs, e.g., patients who
have hepatic or renal dysfunction ™. Patient’s gender, age,
weight and drug interaction may be important factors
influencing recovery from general anesthesia . Nowadays,
medications having minimal side effects and with short
recovery period are mostly used to induce anesthesia ..

Animal studies and controlled studies in human
volunteers suggest that there are differences in the speed
of recovery from various anesthetics . Thiopental sodium
is an intravenous short-acting thiobarbiturate with rapid
onset of action 7.,

Phenylbutazone is indicated for the relief of musculo-
skeletal inflammation and mild to moderate somatic or
visceral pain particularly in post-operative pain in dogs,
horses, and cattle ®. In certain situations, thiopental may
be used concurrently with phenylbutazone. Therefore,
the aim of the present study was to examine the possible
interactions between phenylbutazone and thiopental in
dogs as it may change various post-anesthetic signs.

MATERIAL and METHODS

Thiopental sodium (0.5 g vials; Sanduz, Austria, Lot No.
150566), phenylbutazone (Vetanyl 20%, RayhanDaroo,
Tehran, Iran), normal saline (sodium chloride 0.9%, Martyr
Judge Serum Company, Tabriz, Iran) were purchased
from local suppliers. Twenty-six female stray dogs of one
to two year old weighing 8 to 23 kg were used. Twenty
six dogs were divided into two groups (control and
experimental) and divided into two subgroups (6 dogs
< 18 kg and 7 dogs = 18 kg). After a physical check-up of
all animals,blood samples were taken and were tested for
CBC, Hb and PCV and for several biochemical parameters
(total protein, ALT and AST) in order to ensure about their

health. The first group received 0.1 ml/kg normal saline
five minutes before administration of thiopental sodium
(5%) with a dosage of 17 mg/kg. Dogs in the second group
were injected phenylbutazone (20%, 0.1 ml/kg) five
minutes prior to anesthesia (induced by the same dosage
of sodium thiopental). After injection of sodium thiopental,
the times required for the return of various parameters
such as palpebral reflex (PR), tongue movement (TM),
stretching of limbs (SL), opening of eyes (OE), head and
neck movement (HNM), sitting position (SP), trying to
stand (TTS), imbalanced walking (IW), and normal walking
(NW) were recorded.

Analysis of Data

All results are expressed as mean + SEM and were
analyzed using one-way ANOVA followed by Tukey’s test. P
value of < 0.05 was considered statistically significant.

The study was approved by the AnimalEthics Committee
of the Iranian laboratory animal ethic frameworks under
the referencecode IAEC 1-12/2.

RESULTS

Biochemical and hematological parameters were
depicted in Table 1. Mostly, the measured values are within
the normal ranges reported so far ®'". The durations for
various chronological parameters following anesthesia
induced by thiopental in female subjects in both control and
experimental groups are illustrated in Table 2. The average
times for the return of PR and OE in the control group were
around 4 and 12 min, respectively. The corresponding
valuesin the experimental group were approximately 15
and 25 min (Table 2). The average times required for the TM
and SL in the control group were around 12 and 12 min,
but were recorded to be approximately 24 and 24 min in
the experimental group (Table 2). The average times for
HNM and SP were found to be approximately 15 and 21
min in the control group, while corresponding values of
31 and 41 min were recorded in the experimental group
(Table 2). Times required for TTS and IW in the control

Table 1. Hematology and blood biochemical parameters of female dogs

Tablo 1. Disi képeklerin hematoloji ve kan biyokimyasi parametreleri

Observed Values

Parameters

Meanzs.e.m. (n=26) Range
Body weights (kg) 16.7+£0.7 12-30
WBC (x 103 cells/pL) 12.5+0.8 4.8-15.4
RBC (x 10° cells/uL) 6.9£0.5 4.2-12.3
Hb (g/dL) 11.0+0.4 8.6-14.3
PCV (%) 352425 21-60
Total Protein (g/dL) 5.7+0.2 43-69
ALT (IU/L) 23.5+1.4 12.9-39.1
AST (IU/L) 20.3+1.3 10.8-30.5
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group were around 24 and 32 min, but were found to be
around 43 and 50 min in the other group (Table 2). Finally,
the average time required for NW was about 52 and 67
min in the control and experimental groups, respectively
(Table 2). Various parameters related to the return of the
anesthesia in female dogs in control and experimental
groups with respect to their body weights are shown in
Table 3. Average times for various parameters including
PR, OE, SL, TM, HNM, SP, TTS, IW and NW were around
4, 11, 10, 10, 13, 18, 20, 27 and 58 min in the control
group weighting less than 18 kg body weight, but the
corresponding values in the experimental group were

Table 2. Comparison of times (minutes) required for the return of various
parameters following anesthesia induced by sodium thiopental in female
dogs

Tablo 2. Sodyum thiopental ile anestezi edilen disi kpeklerde kaydedilen
(dakika olarak) cesitli parametrelerin karsilastiriimasi

Groups (body weight)
Parameters
1'(17.3+1.2 kg) 112 (16.2+0.7 kg)

Palpebral reflex 4.2+0.6 15.2+3.8*

Opening of eyes 11.5+2.0 25.0+3.9*
Tongue movement 12.2+1.8 24.5+3.5%

Stretching of limbs 12.5+1.7 24.3+3.4*%

= ClcL 14917 31.244.6*

neck movement

Sitting position 21.7%£2.1 41.4+5.0%

Trying to stand 23.9+2.7 43.0+5.5%

Imbalanced walking 32.8+5.4 50.3+5.6*

Normal walking 52.3+6.0 67.1+£6.4
"Normal saline (0.1 ml kg’') 5 min before the injection of sodium thiopental
(17 mg kg™), 2 Phenylbutazone (20 mg kg™') 5 min before the injection of
sodium thiopental (17 mg kg’'), > Mean + s.em. (n=13), * Statistically
different (P<0.05) from the corresponding value in the control group

obtained to be 11, 23, 23, 21, 28, 42, 43, 49 and 67 min
(Table 3). The above values for dogs weighing >18 kg were
respectively found to be 4, 11, 13, 13, 16, 24, 26, 36 and
47 min in the control group. However, the corresponding
values in the experimental group were recorded to be 19,
26, 25,27, 34,40,43, 51 and 66 min, respectively (Table 3).

DISCUSSION

Anesthesia is used for a wider range of circumstances
in animals than in people, due to animals’ unwillingness
to cooperate with certain diagnostic or therapeutic
procedures. Selection of an anesthetic protocol with
minimum complications is quite necessary and should
be based on scientific evidences. For example, drug-
drug interaction can lead to an increase or a decrease
in the anesthetic requirement or may prolong duration
of action of anesthetic agents '>"3l. Non-steroidal anti-
inflammatory drugs (NSAIDs) have the potential for both
pharmacokinetic and pharmacodynamic interactions with
several anesthetic agents through interfering with their
plasma protein binding and/or their analgesic effects M.
The interaction between thiopental sodium (a drug that is
used for the induction of general anesthesia) and phenyl-
butazone (among NSAIDs) was studied in the present study.

Ghoneim et al.® showed in a study that uremic and
sulfonamide-pretreated rats had significantly higher levels
of C in their brain and heart and more free thiopental
was present in their plasma at each time than did control
animals. They concluded that reduced protein binding of
thiopental sodium leads to accelerated distribution and
increased drug concentrations in the brain and heart.
According to our study, dogs in the control group had faster

Table 3. Comparison of times (minutes) required for the return of various parameters following anesthesia induced by sodium thiopental in female dogs

weighing <18 kg or =18 kg
Tablo 3. Sodyum thiopental ile anestezi edilen <18 kg veya =18 kg disi kbpeklerde kaydedilen (dakika olarak) cesitli parametrelerin karsilastirimasi
Groups
I 112
Parameters
Body Weights (kg) Body Weights (kg)
<18 14.3+0.6° (n=6) 218 19.2+1.7 (n=7) <18 14.2+0.5 (n=6) =218 18.4+0.8 +(n=7)

Palpebral reflex 4.6+0.8 3.9+0.9 11.4+3.1% 19.5+7.3%*
Opening of eyes 11.0£0.6 11.8+£3.2 23.7£5.2* 26.5+£6.3**
Tongue movement 10.0+1.2 13.6+2.8 21.7+4.6* 27.8+£5.3*
Stretching of limbs 10.6+0.9 13.8+2.7 23.6+5.1% 25.2+4.9*
Head and neck movement 13.0£1.2 16.1£2.7 28.6+6.9% 34.2+6.3%
Sitting position 18.2+1.2 23.9+3.1 42.4+8.2*% 40.2+6.0*
Trying to stand 20.6+3.4 26.3+3.6 42.9+8.4* 43.2+7.6*
Imbalanced walking 27.8+3.8 36.4+8.2 49.0+8.8* 51.8+7.4*
Normal walking 58.0+7.8 47.5+8.5 67.6+11.0 66.5+6.7*

"Normal saline 5 min before the injection of sodium thiopental (n=13), 2 Phenylbutazone 5 min before the injection of sodium thiopental (n=13), > Mean +
s.e.m. (n=13), Statistically different (* P<0.05; ** P<0.01) from the corresponding values in the control group
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recovery times than dogs in the experimental group and
the differences in the chronological parameters measured
were mostly significant (P<0.05). This may lead to drug
interaction between thiopental and phenylbutazone and
cause to increase free-form of thiopental.The increased
concentration of thiopental can be attributed to the
interaction between phenylbutazon and thiopental.

Yu et al." claim that sulfadimethoxine causes
displacement of thiopental from plasma proteins which
significantly increases the free fraction of thiopental.
This result may explain the significant increase in V
and the decrease of both beta and intrinsic clearances.
Phenylbutazone given during the pre-surgical period has
been reported to increase the intensity and duration of
thiamylal anesthesia in horses . A possible mechanism of
competitive plasma protein binding has been suggested
in this respect.

In obese patients, thiopental has an increased V, and
a longer elimination half-life (t,,), but Cl values are un-
changed. It was stated in as long ago as 1969 that thiopental
dosage should be based on lean body mass (LBM) 7, For
lipid-soluble drugs, such as opioids and benzodiazepines,
the volume of distribution is generally larger in women,
but for water-soluble drugs, such as muscle relaxants, it is
smaller 18,

On the basis of the above evidences and findings of
the present study (the average times required for various
chronological parameters were mostly less when thiopental
was injected alone compared to those anesthetized
following phenylbutazone administration, and the fact
that this variation is more pronounced in the heavier dogs)
may support this hypothesis that the interaction between
these two drugs is most probably due to competition
for protein binding sites. A higher concentration of the
unbound form of thiopental will increase distribution
of the drug to the tissues, particularly to the fat deposits
and brain due to the lipid soluble nature of barbiturates.
Redistribution of thiopental will extend the duration of
action of the drug and, therefore, the duration for recovery
period will increase in dogs receiving phenylbutazone
before induction of anesthesia by sodium thiopental. This
is in contrast to the usual expectation of similar interactions
between less lipid soluble drugs which leads to increased
unbound form of drug. The consequence of itis greater
pharmacological activity andless duration of action.

In conclusion, interaction between phenylbutazone
and thiopental sodium can increase the unbound form
of thiopental which has pharmacokinetics impact on the
duration of action of the anesthetic drug. Considering
the drug interaction can increase free form and Vdof
thiopentalwhich is a slower redistribution phase when the
drug is taken up by body fat and partitioned out of the
CNS. Multitude of factors that may influence recovery, body
weight effect appears to be strong one. Female dogs have

generally a larger proportion of body fat, redistribution of
the drug from adipose tissue to brain will take longer and
recovery time will be higher in the heavier female dogs.
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Summary

Effects of gemfibrozil and ovariectomy on Peroxisome Proliferator Activated Receptors (PPARs) activity were studied in obese mice. Ovariectomised and
sham operated mice were fed with high fat diet and low fat diet for 15 weeks. Furthermore, gemfibrozil (100 mg/kg) was orally with high fat and low fat diets
to the ovariectomised and sham operated mice. Body weights significantly increased in ovariectomised mice compared to sham operated mice (P<0.001)
while gemfibrozil supplementation prevented such increase. Steatosis was as well more pronounced in the livers of ovariectomised mice fed with high fat diet
compared to sham operated mice. However, liver steatosis was not seen in gemfibrozil supplemented high fat diet fed mice. On the other hand gemfibrozil
supplementation slightly increased the liver weights. High fat diet significantly increased liver AST and ALT enzyme levels and serum total cholesterol, triglyceride
and VLDL levels while gemfibrozil lowered these parameters. Immunohistochemically, while tissue PPAR-a and PPAR-y expressions were affected by ovariectomy,
diet and gemfibrozil, PPAR-B expression unchanged. While high fat diet incremented liver PPAR-a and PPAR-y expressions their levels were reduced following
ovariectomy operation. Only high fat diet and only gemfibrozil application increased PPAR-a expression level. PPAR-a expression levels were higher in gemfibrozil
and high fat diet combined groups compared to all other groups. In conclusion, gemfibrozil reduced abdominal and hepatic fat deposition in mice with high fat
diet and ovariectomy.

Keywords: Gemfibrozil, Ovariectomy, PPAR-a, PPAR-B, PPAR-y, High fat diet

Deneysel Obezite Olusturulan Farelerde Ovarioektomi Operasyonu
ve Gemfibrozilin Peroksizom Proliferatorleri ile Aktive Olan
Reseptorler (PPARs) ve Obezite Uzerine Etkilerinin Arastiriimasi

Ozet

Ovarioektomi uygulanan farelerde deneysel olarak olusturulan obezitenin peroksizom proliferatorleri ile aktive olan reseptorler (PPARs) lizerine etkisi
arastinlmistir. Bu amagla ovarioektomi ve sham uygulanan fareler yaglh diyet ve dustik yagh diyetle 15 hafta sure ile beslendi. Ayrica, ovarioektomi ve sham
uygulanan farelere farkl diyetlerle beraber 100 mg/kg dozunda oral gemfibrozil uygulandi. Calisma sonunda ovarioektomi operasyonu uygulanan farelerde
sham uygulanan farelere gore istatistiksel olarak anlamli (P<0.001) canli agirlik artisi sekillenirken gemfibrozil uygulamasi bu canli agirlik artisini engelledi. Yuiksek
yagh diyet uygulanan farelerde, ovarioektomi uygulanan grupta, sham uygulanan farelerin karacigerlerine gore daha belirgin bir steatozis tablosu gorildi.
Diger yandan yuksek yagh diyet ve gemfibrozil uygulanan gruptaki fare karacigerlerinde steatozis goriilmedi. Buna karsin gemfibrozil uygulamasi karaciger
agirhginda hafif siddette artisa neden oldu. Yiiksek yagl diyet uygulamasi karaciger AST ve ALT enzim seviyeleri ile plazma toplam kolesterol, trigliserid ve VLDL
seviyelerinde artisa neden olurken gemfibrozil uygulamasi bu parametrelerde iyilesme ile sonuclandi. immunohistokimyasal olarak dokulardaki PPAR-a ve PPAR-y
ekspresyonu ovarioektomi operasyonu, diyet ve gemfibrozil uygulamasindan etkilenirken PPAR-B ekspresyonu etkilenmedi. Yagl diyet uygulamasinda PPAR-a
ve PPAR-y ekspresyonu artarken ovarioektomi operasyonunda azaldl. Yalnizca yagli diyet ve yalnizca gemfibrozil uygulanan gruplarda PPAR-a ekspresyonunda
artis sekillendi. Yagl diyet ile gemfibrozilin beraber uygulandigi gruplarda ise PPAR-a ekspresyonu diger tiim gruplara gore daha fazla artti. Calisma sonunda
gemfibrozil uygulamasinin yiiksek yagl diyet ve ovarioektomi olusturulan farelerde abdominal ve hepatik yaglanmanin azalmasinda olumlu etkileri oldugu
goruldi.

Anahtar sozciikler: Gemfibrozil, Ovarioektomi, PPAR-a, PPAR-3, PPAR-y, Yagh diyet
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INTRODUCTION

Peroxisome proliferator-activated receptors (PPARs)
are transcription factors belonging to the family of ligand-
inducible nuclear receptors. Three isotypes called PPAR-q,
-B, and - y have been identified in lower vertebrates and
mammials 2, While PPAR-a is expressed in the liver, heart
and kidneys PPAR-(3 is mainly present in the adipose tissue,
skin and brain, and PPAR-y is present in adipose tissue,
large intestines, heart, kidneys, pancreas and spleen B,
PPAR-y is activated by prostaglandin J, whereas PPAR-a
is activated by leucotrien B, 7, PPARs are known to
regulate glucose metabolism, energy balance and
body weight. These effects are partially related to beta-
oxidation of fatty acids leading to fatty acid degradation
in the liver &9,

Activation of PPAR-a can occur as a result of treatment
with hypolipidemic fibrate class of drugs (fenofibrate,
gem-fibrozil etc) 3. Fibrates organize a series of
genes responsible for lipid and lipoprotein synthesis.
Activated PPAR ligands induce heterodimerization with
retinoid X receptor, and the subsequent interaction with
steroid receptor co-activators, followed by binding to
PPAR response elements B9, Fibrates regulate energy
homeostasis. A diet rich in energy results elevated plasma
triglyceride and cholesterol levels. Consequently, high
levels of triglycerides present in the circulation cause
lipocyte hypertrophy and hyperplasia '3, Therefore, it
was suggested that obesity could be prevented by fibrates
that have the ability to reduce plasma triglyceride and
fatty acids levels 12,

Studies in humans and laboratory animals indicate
that estrogen has a significant role in the adipose tissue
regulation "1, It has been reported that ovariectomy
increases adiposity in rodents, and administration of
estrogen derivatives reduce fat deposition in these
animals "¢, Similarly, following menopause total body fat
increases in women and of estrogen-replacement therapy
attenuates the accumulation of fat in postmenopausal
woman "%, D'Eon et al.'"” reported in their ovariectomized
mice model of menopause, estrogen replacement up-
regulates PPAR-6 mRNA expression. Estrogen replacement
also up-regulates PPAR-a gene expression '8l and
increases lipid peroxidation in genetically PPAR-a
deficient mice [,

In the present study, the effects of gemfibrozil
administration for the treatment of lipid metabolism
disorders due to decreased estrogen levels was
investigated in ovariectomized rodent model of
menopause. Furthermore, the effects of various treatment
and intervention methodologies including high fat
diet, gemfibrozil treatment and ovariectomy in the
tissue distribution and expression levels of PPARs were
investigated by immunohistochemistry.

MATERIAL and METHODS

Animals and Husbandry

The experiment and study design were approved by
the Experimental Ethics Committee, Kafkas University,
Kars, Turkey. All animals were maintained in accordance
to university policies. The material was consisted of 80
female (12-14 weeks old, 27+£2.33 g bw) Swiss albino
mice supplied from Ataturk University. The animals were
housed in a well-ventilated, temperature-controlled room
(23+2°C), at 55% relative humidity under a 12 h light/dark
cycle until the end of experiment, which lasted 15 weeks.

Eighty mice were initially divided equally into two
main groups. Fourty mice in the first group were further
subdivided into four groups (Group 1, 2, 3 and 4; n=10).
Mice in these groups were ovariectomized by surgery
performed from the median line. Mice from other main part
were also subdivided into four groups (Group 5, 6, 7 and
8; n=10) and they were only sham operated from the
median line.

Diet Preparation

Low fat diet (2.500 Kcal metabolic energy and 4.5%
crude fat) were given ad libitum to the groups 3, 4, 7, and 8
througout the experiment. High fat diet (16.03 g margarine
containing 80% vegetable fat melted at 50°C and mixed
with 83.97 g rodent chow containing 4.5% crude fat)
were given ad libitum to the groups 1, 2, 5, and 6. The final
composition of the high fat diet was calculated to posses
3109 Kcal metabolic energy and 15% fat.

Experimental Design and pathological examinations

Following 20 days of convalescence period, ovari-
ectomized mice were divided into 4 groups (n=10; Group 1,
2, 3, and 4). Mice in Group 1 were given only high fat diet
(15% fat) for 15 weeks. Group 2 received high fat diet plus
gemfibrozil (Lopid®, Pfizer). Group 3 was fed with low fat
diet (4.5% fat) plus gemfibrozil. Mice in the Group 4 were
fed only with low fat diet (4.5% fat) for 15 weeks. Sham
operated mice were also allocated in 4 groups (n=10;
Group 5, 6, 7, and 8) and these groups were also received
high fat diet, high fat diet plus gemfibrozil, low fat diet plus
gemfibrozil and only low fat diet, respectively. Gemfibrozil
was given orally (100 mg/kg). During the experimental
period, animals were monitored three times a day, 30
minutes each and, weighed weekly.

At the end of the 15™, week mice were euthanized by
cervical dislocation. Before sacrifice blood samples were
collected from the abdominal aorta and necropsy was
performed. Tissue samples were fixed in 10% neutral buffered
formalin. After fixation, the sections were embedded
in paraffin wax, sectioned at 4-6 um, and stained with
haematoxylin-eosin (H&E). Toluidine blue was stained in
semi thin sections of liver to demonstrate fat globules.
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Immunohistochemistry and Evaluation
of Inmunostaining

Tissue sections were labelled immunohistochemically
by the streptavidin-biotin-peroxidase complex (ABC)
technique for detection of the polyclonal rabbit anti-
PPAR-a (1/100; sc-9000; Santa Cruz, California, USA), poly-
clonal goat anti-PPAR-B (1/100; sc-1987; Santa Cruz), and
monoclonal mouse anti PPAR-y (1/100; sc-7273; Santa
Cruz) markers.

PPAR-q, - and -y immunoreactivities were evaluated on
a semiquantitative grading scheme on which the number
of positive cells in a certain area were counted. All sections
were scanned at low magnification and analysis was
commenced from the area where the staining intensity
was the highest. Every sample was analysed under a light
microscope with a 10x ocular (10x10 grid mounted) and an
x 40 objective from a total of 10 different area (area of total
analysis 0.025 mm?). Furthermore, the staining intensity of
relevant markers was also assessed as follows: (0) none; (1)
weak; (2) moderate; (3) intense immunolabelling.

Serum Assays

Serum aspartat aminotransferase (AST) and alanine
aminotransferase activities and total cholesterol, triglyceride
and very low density lipoprotein (VLDL) concentrations
were measured spectrophotometrically (Spectramax®; Plus
384) with use of commercial kits (Spinreact®, Spain).

Statistical Analysis

For the statistical analysis, differences between

the groups were tested by analysis of variance
(ANOVA) and the Tukey test using SPSS for Windows
version 10.0.

RESULTS

Body Weight Changes and Gross Pathological Findings

Weekly average body weight changes were shown
in detail in Table 1. Ovariectomy, the feed consumption
and gemfibrozil administration were effective for body
weight changes. Group 1 and 5, significant increases in
body weight (mean; Group 1 and Group 5 was 30.74%:
21.92%) were observed. In Group 3 and 7, body weights
were significantly decreased (median, Group 3: - 12.63%,
and Group 7: -14.36%). In Group 2 and 6 body weight gain
was 1.02%, and 0.28%, respectively. The body weight gain
rate in sham operated mice in Group 4 was 2.74% while it
was 6.5% in ovariectomized mice in Group 8.

Most remarkable gross finding was an evident increase
of abdominal adipose tissue in the only high fat diet given
groups (Group 1 and 5). On the other hand gemfibrozil
administration significantly reduced abdominal fat content
in groups 2, 3, 6, and 7. Differences between organ weights
and their statistical significance were summarised in Table
2. Organ weight to body weight ratio showed that high fat
diet and gemfibrozil administration significantly increased
liver weights. Abdominal adipose tissue significantly
increased in ovariectomy and high fat diet groups. Gem-
fibrozil administration significantly reduced abdominal fat
contents of mice.

Table 1. Weekly average body weights (g) changes and statistical significance between the groups

Tablo 1. Haftalik canli agirlik degisimleri ve gruplar arasi istatistiksel farkliliklar

Groups
Weeks P
1 2 3 4 5 6 7 8
1 26.6+1.8 27.9+1.6 27.6%3.1 26.9+2.0 26.9+2.8 26.3+1.8 26.9+2.5 26.9+2.2 NS
2 27.5+1.8 28.7+1.7 28.4+3.3 27.6+2.3 28.1+2.8 28.4+2.1 28.1+2.8 27.8+1.9 NS
3 28.2+£2.0 28.4+1.5 27.3%¥3.3 28.1£2.4 28.3+3.2 27.9+1.7 27.0£3.0 27.9+1.8 NS
4 28.8+2.0 27.6+1.1 27.0+3.5 27.6+2.9 28.9+3.3 27.0+2.1 27.9+4.4 27.4+1.9 NS
5 28.8+1.6 27.1+1.2 26.2+3.1 26.8+2,8 29.3+3.6 26.8+1.9 26.3+3.1 27.6x1.7 NS
6 29.9+1.94 207/ (0] B 2523 DAGEHIN 29.9+3.64 27120 7 24.6+2.7¢ 277 B P<0.001
7 30.4+1.94 27.2+1.45¢ 26.2+3.3¢ 27.8+2.8"8¢ 29.8+4.1%8 27.4+1.9%8¢ 26.4+3.0¢ 26.6+1.65¢ P<0.017
8 31.1+1.64 27.4+1.18¢ 24.6+3.5¢ 27.5+2.45¢ 30.0+3.9%8 27.3+1.8% 25.3+2.9¢ 26.5+2.0¢ P<0.001
9 32.141,74 27.3+1.35P 25.8+3,1C 27.7+2.7% 30.5+3.2%8 27.2+1.85P 25.0£3.0° 26.8+2.20 P<0.001
10 3234224 27.7 £1.3% 24.0+£3.1° 27.9+2.8% 30.8+3.4%8 27.4+2 .85 25.4+3.0 27.4+2.3% P<0.001
11 33.3+2.14 27.5+1.38 24.3+2.8¢ 27.7+2.7® 31.3+3.54 27.4+2.58 24.4+3.0¢ 27.9+2.1® P<0.001
12 34.0+£2.14 27.0+£1.4¢ 24.3+2.8° 27.242.6¢ 31.6+3.18 26.9+1.9¢ 23 23,11 27.3+2.4¢ P<0.001
13 34.7+1.4° 27.7+1.6 233+24° 27.8+2.5¢ 32.0+2.8% 26.8+2.2¢ 23.5+2.8° 27.6+£2.4¢ P<0.001
14 34.7+2.17 27.9+1.8° 24.2+2.6° 28.3+3.1¢ 32.4+3.2° 26.4+1.4¢ 23.2+2.7° 28.0+2.5¢ P<0.001
15 34.8+2.3A 27.9+1.9¢ 24.1+2.2% 28.6+3.1¢ 32.8+2.8° 26.5+2.1P 23.0+2.8 27.6+2.4¢ P<0.001
Values were presented as mean + SE. Means denoted with different superscripts within the same column are statistically significant, NS: Not Significant
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Table 2. Between the groups organ weights (g) and the statistical significance of the differences

Tablo 2. Gruplar arasinda, organ agirliklarindaki (g) farkliliklar ve istatistiksel Gnemi

1.910+0.36% 0.422+0.09 0.198+0.08* 0.145+0.03 0.351+0.05%® 0.452+0.03* 0.882+0.158"

1.658+0.235¢ 0.400+0.12 0.165+0.05* 0.153+0.05 0.383+0.165 0.457+0.02* 0.187+0.051F

1.520£0.11P 0.360+0.03 0.122+0.03®% 0.130+0.02 0.278+0.05¢ 0.396+0.04° 0.731+0.200%

1.360+0.18%* 0.378+0.06 0.129+0.05% 0.133+£0.03 0.295+0.09% 0.435+0.02"5¢ 0.178+0.052°

0.001 0.010

0.003 0.001 0.001

Values were presented as mean + SE. Means denoted with different superscripts within the same column are statistically significant, NS: Not Significant

Histopathological Findings

The hepatic accumulation of lipid was evident in
the high fat diet group (Group 1 and 2). Macro and micro-
vesicular type lipid vacuoles were clearly seen by light
microscopy. Semi-thin sections also revealed lipid globules
present in hepatocyte cytoplasms (Fig. 1). Lipid vacuoles
were more prominent in the periacinar area and it was
mostly macrovesicular type. Hepatic accumulation of
lipid was considerably higher in the ovariectomised
and the high fat diet-fed mice than in the low fat diet
controls. However, gemfibrozil supplemented high fat diet

inhibited fat accumulation in the liver of mice. Gemfibrozil
supplemented diet-fed mice exhibited signs of mild
hydropic degeneration in the hepatocytes accompanied
by dilated central veins and mild anisocytosis.

Mild hyperplasia was seen in the Langerhans islets of the
pancreas in the high fat diet-fed mice. Size of Langerhans
islets increased with irregular contours, in some cases islets
were expanding into surrounding exocrine pancreatic
tissue. Acinar cells were vacuolated in the high fat diet-
fed mice (Group 1 and 5) while no acinar vacuolization
was detected in the other groups. Cytoplasmic basophilia

Fig 1. The histological appearance of
fatty liver in the high fat diet groups.
In Group 1 (a), and (b) 5 are showing
sharply bounded fat vacuoles
in hepatocytes in mice (arrows).
(H & E x 260). In (c) Group 1, and
(d) 5 are semi-thin sections lipid
globules (arrows) present in hepato-
cyte cytoplasms (toluidine blue x
750)

Sekil 1. Yiksek yagli diyet uygulanan
farelerde sekillenen karaciger yaglan-
masinin histopatolojik gértinimda.
(@) Grup 1'deki ve (b) 5'teki farelerde
hepatositlerdeki keskin sinirh yag
vakuolleri (oklar). (H&E x 260). (c)
Grup 1'deki ve (d) 5'teki farelerde
yari ince kesitlerde hepatositlerdeki
yag globdilleri (oklar) (Toluidin mavisi
X 750)
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increased in the pancreatic acinar cells of the gemfibrozil
supplemented groups (Groups 2, 3, 6, and 7).

Lipocytes in ommental fat tissue, fat layer covering
the outer surface of the kidneys and inguinal fat were
microscopically hypertrophied in the high fat diet-fed
mice. Adipose tissue was highly vascularised in the high
fat diet-fed mice than in the other groups.

Immunohistochemistry

Ovariectomy, high fat diet and gemfibrozil

supplementation altered tissue PPAR-a and -y expression
levels and reaction densities. However, PPAR-{3 signals were
not affected by ovariectomy, high fat diet and gemfibrozil
supplementation. PPAR-q, -3, and -y positive cells (%) and
their statistical significances were summarised in Table 3.
PPAR-a signals were pronounced particularly in the liver,
kidney and heart of the mice.

PPAR-a levels were significantly increased following
high fat diet and gemfibrozil supplementation. However,
ovariectomy reduced tissue PPAR-a expression levels.
PPAR-a positive signals were detected in both hepatocyte
cytoplasm and nuclei. PPAR-a staining intensity and
distribution differed between groups.

PPAR-a positive cell numbers and staining intensity
were higher in the livers of mice in Group 2 compared
to that of Group 1 (Fig. 2). In Groups 1, 2, 5, and 6 PPAR-a
positive hepatocyte numbers and staining intensities
were higher than remaining Groups of 3, 4, 7 and 8. In
Group 3, PPAR-a positive signals were mostly present in
the periacinar area. In contrast to this finding, high fat
diet caused a partial shift of staining from periacinar area to
periacinar and midzonal region and partly towards hepato-
cytes located in the periportal area. Hepatocytes in high
fat diet plus gemfibrozil given groups revealed that almost
all hepatocytesin liver parenchyma stained positively.

Fig 2. Figures are showing PPAR-a
immunoreactivitiy in the liver of mice
with the high fat diet (a, b, c and d),
low fat diet (e and f), gemfibrozil (b
and f), ovariectomised (a and c) and
sham operated (b and d). Avidine
biotine peroxidase complex (ABC).
PPAR-a staining intensity and the
number of positively stained cells
were greater in gemfibrozil treated
mice compared to the mice with no
gemfibrozil treatment (b>a, d>c, e>f),
and also in the high fat diet fed mice
. compared to the low fat diet fed mice
(a, b, ¢, and d>e and f). Ovariectomy
% application in the high fat diet fed
mice reduced the PPAR- a expression
in liver (c>a, d>b). Magnification: a,c
and f: x180; b and d: x260; e: x90)

Sekil 2. Sekillerde yiiksek yagli diyet
(a, b, c ve d), dustik yagli diyet (e ve
f), gemfibrozil (b ve f), ovariektomi (a
ve ¢) ve sham operasyonu uygulanan
(b ve d d) farelerin karacigerindeki
PPAR-a immunoreaktivitesi gorili-
yor. Avidin biotin peroksidaz Komp-
leks (ABC). PPAR-a boyanma yo-
gunlugu ve pozitif boyanan hucre
sayisi gemfibrozil uygulananlarda
(b>a, d>c, e>f) gemfibrozil uygulan-
mayanlara gore, yliksek yagh diyet ile
beslenenlerde (a, b, ¢, d>e,f) dusuk
yagli diyetle beslenenlere gore daha
fazla. Yuksek yagh diyetle beslenen
| farelere (ab,c,d) ovariektomi uygu-
lamasi karacigerde PPAR-a ekspres-
yonunu azaltti (c>a, d>b). (Blyltme:
a,c ve f: 180; b ve d: x260; e: x 90)
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In kidneys, PPAR-a positive signals were detected
mainly in the proximal tubular epithelial cells. In all groups,
almost all proximal tubular epithelial cells were stained for
the PPAR-a antibody. Gemfibrozil supplemented high fat
diet extended PPAR-a staining to distal tubular epithelial
cells.

PPAR-a positive signals were also detected in the

stomach and intestinal epithelial cells, adreno-cortical
cells, heart muscle and smooth muscle cells, adipocytes
and macrophages.

No significant difference was detected for PPAR-B
expression amon the groups. PPAR- immunoreactivity
was seen in almost all tissue samples. Both cytoplasmic
and nuclear, granular type PPAR-B signals were mostly

Table 3. PPAR-o, -B, and -y positive cells (%) in the liver and their statistical significances

Tablo 3. Karacigerde PPAR-a, PPAR-3 ve PPAR-y primer antikorlariyla pozitif boyanan hiicre yiizdesi ve gruplar arasi istatistiksel farkliliklar

PPAR-a 28.4+3.1° 55.542.28 37.245.2¢ 6.1+1.6" 48.7+4.5¢ 66.8+5.3* 44.4+5.1° 11.5+2.3¢ m

PPAR-y 8.2+0.95¢ 8.8+0.7° 5.8+0.7°

5.2+1.0°

10.941.54 11.0+1.8% 8.1£1.35 7.3£1.0¢ 0.001

Values were presented as mean + SE. Means denoted with different superscripts within the same line are statistically significant, NS: Not Significant

- Fig 3. PPAR- expression in the
liver and kidneys. Avidin-biotin per-
. oxidase complex (ABC).Following
ovariectomy (a, ¢, d), sham (b, d,
f), high fat diet (a, b, d, e, f) and
gemfibrozil (b and d) administration
(@, b, ¢, d) hepatocytes mostly
revealed granular cytoplasmic and
positive immunoreaction while in
kidneys the staining was (e, and f
both cytoplasmic and nuclear. There
is no difference between groups in
terms of staining intensity and the
number of positively stained cells
(Magnification: a, b, ¢, d and f: x 260)

Sekil 3. Karaciger ve bobreklerdeki
PPAR-B ekspresyonu. Avidin Biotin
. Peroksidaz Kompleks (ABC). Ovario-
ektomi (a, ¢, d), sham (b, d, f), yuksek
yagh diyet (a, b, d, e, f) ve gemfibro-
zil (b ve d) uygulamalari sonunda
karacigerde (a, b, ¢, d) cogunlukla
sitoplazmik ve grantler tarzda pozitif
reaksiyon gorilirken bobreklerde (e
ve f) hem sitoplazmik hem nikleer
pozitif reaksiyon gorilmekte. Pozitif
boyanan hiicre sayisi ve boyanma
'} yogunlugu agisindan ise gruplar arasi
farklilik yok (Blyutme: a, b, ¢, d ve f:
X 260)
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Fig 4. PPAR-y expression in the liver.
Avidin-biotin peroxidase complex
(ABC). While there is no difference
for the positively stained cells and
staining intensity of PPAR-y in the
ovarioectomised (a, ¢, e), sham
(b, d, f), high fat diet (a and b) and
high fat diet plus gemfibrozil (c and
d) applied mice groups staining
intensity is elevated in the low
fat diet and gemfibrozil (e and f)
administered groups (Magnification:
a, b, ¢, d, eandf: 260)

Sekil 4. Karacigerde PPAR-y eks-
presyonu. Avidin Biotin Peroksidaz
Kompleks (ABC). Ovarioektomi (a, c,
e), sham (b,d,f), ylksek yagl diyet
(ave b) ile yiiksek yagl diyet ve gem-
fibrozil (c ve d) uygulanan fareler-
de pozitif boyanan hiicre sayisi ve
boyanma yogunlugu agisindan fark
gorilmezken disik yagh diyet ve
gemfibrozil (e ve f) uygulanan
farelere goére PPAR-y ekspresyonu
daha fazla (Buyltme: a, b, ¢, d, e ve
f: 260)

Table 4. Biochemical alterations in the serum of treatment groups and their statistical significance

Tablo 4. Calisma da kullanilan farelerin serum Grneklerindeki biyokimyasal degisiklikler ve gruplar arasi istatistiksel farkhiliklar

280.62+10.05* 86.21+6.09" 131.81+£8.71% 178.17+20.67* 30.84+5.81*

86.79+15.80° 50.01£10.57°¢ 80.00£13.06 69.38+14.06° 16.45+1.88¢
275.60+22.16" 70.80+7.738 107.50+£11.918 176.70+13.12* 30.20+4.16"
87.46+16.89° 48.31+12.96°% 94.08+12.74 94.46+17.71¢ 18.77+5.73¢

P 0.001 0.001 0.001 0.001 0.001

Values presented as mean + SE. Means denoted with different superscripts are within the same column are statistically significant, AST: aspartate amino
transferase, ALT: alanine aminotransferase, VLDL: very low density lipoprotein
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localised in the periacinar hepatocytes (Fig. 3).

Diffuse and granular type PPAR-f staining was observed
in the cardiac myocytes and adrenal cortical cells. Both
cytoplasmic and nuclear PPAR-B immunopositivity were
also recorded in the stomach and intestinal epithelial cells
and adipocytes.

B cells of islets of Langerhans revealed weak cyto-
plasmic immunoreactivity againt PPAR-§ antibody while a
cells located at the periphery of the islets exhibited rather
dense cytoplasmic and nuclear reaction. Nuclear PPAR-3
staining was detected in the acinar cells from the exocrine
component of the pancreas.

PPAR-( reaction was detected in the central nervous
system particularly in the dentate gyrus, hippocampus,
thalamic nuclei, cerebellum and telencephalic cortical
neurons.

PPAR-y staining was detected in the capillary endo-
thelial cells, macrophages, adipocytes, Kupffer cells and
hepatocytes. PPAR-y staining was mostly observed in
the periacinar hepatocytes and to less extend in the
cytoplasm of hepatocytes present in the midzonal and
periportal areas, Kupffer cells and vascular endothelial
cells (Fig. 4).While gemfibrozil supplementation did not
alter PPAR-y immunoreactivity ovariectomy and high fat
diet ameliorated PPAR-y expression levels. The number
of PPAR-y positive hepatocytes and staining intensities
were higher in the high fat gemfibrozil supplemented diet
group (Group 2) and only high fat diet group (Group 1)
compared to only high fat diet applied group (Group 1) and
low fat diet group (Group 3), respectively. PPAR-y positive
hepatocytes were generally localised in the periacinar
region. However, individual hepatocytes present in the
midzonal and periportal areas were reacted positively for
the PPAR-y antibody.

PPAR-y immunoreactivity was detected in other organs
including submucosally located macrophages present
in the stomach and intestines, alveolar macrophages,
glomerular parietal and visceral epithelial cells, adipocytes
and vascular endothelial cells of all the organs subjected
to this study.

Serum Assay Results

Serum AST, ALT, total cholesterol, triglyceride, and
VLDL levels were higher in the high fat diet fed groups
compared to low fat diet fed groups. However, gemfibrozil
supplementation to high fat diet significantly reduced
serum AST, ALT, total cholesterol, triglyceride, and VLDL
concentrations, compared to only high fat diet fed mice.
Ovariectomy and sham operated mice serum AST and
ALT levels were not significantly altered. However, serum
cholesterol, triglyceride and VLDL levels were higher than
that of the sham operated mice. Serum assay results and
their statistical significance were summarised in Table 4.

DISCUSSION

It has long been known that estrogen has an effect on
adiposity in humans, rodents and other species. Decrease
of estrogen levels upon senescence or ovariectomy in
humans and rodents alter metabolic processes and cause
an increase in adiposity . In the present study, body
weights of ovariectomised mice from Groups 1 and 4
increased 30.4% and 6.5%, respectively. Increased body
weight following ovariectomy could be explained by
direct effects of the estrogen on lipid metabolism and
energy homeostasis 6202, Elevated food consumption
of ovariectomised mice versus sham operated mice of
the present study supports this hypothesis. PPAR-a like
estrogen, also plays significant role in the B-oxidation of
fatty acids %4, Long chain fatty acid catabolism capacities
of PPAR-a null mice are rather low and consequently
dyslipidemia occur 2*?Y and in the long term body fat
content elevates . In the present study, gemfibrozil
supplementation prevented mice from weight gain despite
high fat diet continued for 15 weeks. Gemfibrozil effectively
prevented weight gain due to estrogen deficiency which
occurred following ovariectomy. Moreover, gemfibrozil
supplemented low fat diet reduced body weights in Group
3 (12.7%) and Group 7 (14.4%). It was suggested that
PPAR-a agonists reduce food intake and thus contribute
to weight loss 2. However, in our study gemfibrozil
supplementation, instead of reducing feed consumption,
increased feed intake in the gemfibrozil supplemented
high fat diet group (Group 6) compared to only high fat
diet applied group (Group 5). However, there was no
difference between gemfibrozil supplemented low fat diet
group (Group 3) and only low fat diet group (Group 4) in
terms of feed consumption. Gemfibrozil supplementation
reduced abdominal fat content regardless ovariectomy
operation. Present study showed that abdominal adiposity
which could occur as a result of hypoestrogenism could be
prevented by gemfibrozil, a well-known exogenous ligand
for PPAR-a.

Estrogen inhibits lipogenesis and adiposity by reducing
lipoprotein lipase enzyme activity which regulates lipid
storage in the adipocytes. However, ovariectomy induces
lipoprotein lipase enzyme activity and consequently
increases lipid storage in the adipocytes and adiposity #7..
Hormone replacement therapy in the post-menopausal
women reduces the incidence of cardiovascular disease 2627,
Moreover, in women hormone replacement therapy
reduces circulating LDL levels while increasing HDL and as
a result of this cardiovascular disease possibility decreases
significantly . In our study, ovariectomy partly increased
plasma triglycerides, total cholesterol and VLDL levels. This
increase was most prevalent in the high fat diet fed group.
However, gemfibrozil regulated plasma lipid profile.

Implementation of the high fat diet for the 15 weeks led
to mild to moderate liver steatosis in these animals. Hepatic
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steatosis was more prominent in the ovariectomised mice.
This was associated with increased PPAR-a and y expression
levels while PPAR-B expression level did not alter. High
fat diet associated with elevated PPAR-a expression levels
is probably related to the increase in the density of fatty acids
in hepatocytes ?“. PPAR-a target genes are related to the
mitochondrial and peroxisomal oxidation of fatty acids and
intracellular other lipid metabolisms “2%4, |n this context,
it could be suggested that free fatty acids could induce
PPAR-a expression and consequently increase oxidation
of fatty acids in the liver ®#. Unsaturated fatty acids are
natural ligands of the PPAR-y as in PPAR-a 3%, PPAR-y
target genes are in charge of adipocyte differentiation,
lipid storage and glucose metabolism B%3Y, PPAR-y is very
important for adipocyte differentiation both in vitro and in
vivo B%32, |n the present study, high fat diet increased the
weight of abdominal fat tissue was possibly associated with
increased expression of PPAR-y. In the study, in contrast
to PPAR-a and PPAR-y PPAR-f3 expression level did not
change following high fat diet although it has significant
role in the oxidation of fatty acids. These findings possibly
indicate that PPAR-(3 is not activated by fatty acids.

Interestingly, ovariectomy reduced PPAR-a and-y
expression levels. Various mechanisms could be put
forward to explain this finding. Because estrogen alone, is
not a ligand of PPAR-a and -y 5% also they do not form in
heterodimers of PPAR and estrogen in vivo 34, Therefore,
the relationship between estrogen and PPARs could be
explained by indirect mechanisms. For example, PPAR-y
is activated by prostaglandins, and especially the J2 series
of prostaglandins %, Estrogen regulates the synthesis
of prostaglandins in the target tissues such as uterus .
Estradiol increases arachidonate which is one of precursor
of the prostaglandins 57, PPAR-y expression decreased
with ovariectomy could be related to reduced effects of
estrogen on the prostaglandin synthesis in target tissues.
On the other hand, changes in the PPAR-y and -a expression
levels could also be related to estrogen receptors.

In this study gemfibrozil which is an exogenous ligand
for PPAR-q, induced PPAR-a expression more potently
than that of high fat diet. Gemfibrozil supplemented high
fat diet increased PPAR-a expression more significantly
in comparison with gemfibrozil alone. This finding was
supported by our previous study in which Wistar-Albino
rats were fed high fat diet plus clofibrate and we reported
that clofibrate alone increased PPAR-a expression more
effectively in comparison with high fat diet alone ®.
However, in the previous study ®, there was no significant
difference in between clofibrate plus high fat diet and
control diet supplemented with clofibrate which is differed
from our present findings. This difference could originate
either from species specific difference of ligand-mediated
activation of PPAR-a or gemfibrozil application and
implementation of high fat diet could create a synergism
to activate PPAR-a more potently.

In the present study, gemfibrozil administration
ameliorated hepatic steatosis in ovariectomised and high
fat diet fed mice as well as sham operated and high fat
diet fed mice. Although, hepatic steatosis is not yet fully
elucidated, the beneficial effects of PPAR-a ligands were
attributed to enhanced oxidation of fatty acids by inducing
enzymatic activities of rate-limiting peroxisomal (AOX)
and mitochondrial (ACD) B-oxidation in the hepatocyte
mitochondria and peroxisomes 43,

In conclusion, the high fat diet and ovariectomy
induced fatty liver model of mice showed that gemfibrozil
supplementation was effectively ameliorated hepatic
steatosis and abdominal adiposity. Our ovariectomised
mice model suggests that gemfibrozil potently activates
PPAR-a whereas it does not effect the expression of PPAR-3
and -y. Furthermore, high fat diet induced the expression and
activation of PPAR-a and -y whereas it was ineffective for the
PPAR-B. On contrary, ovariectomy reduced the expression
of PPAR-a and -y. And also gemfibrozil administration
effectively prevented liver steatosis in mice.
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Ozet

Bu calisma, in vitro kosullarda kadmiyum, bakir ve kursunun follikller ve luteal evredeki izole inek uterus kasilmalari izerine olan etkilerinin
belirlenmesi amaci ile yapildi. Calismada; Kirikkale mezbahasinda kesilen saglikli Holstein irki ineklerin myometrial seritleri kullanildi. Bu seritler,
izole organ banyosuna 2 g 6n gerimle asildi. Spontan, 2.5 mIU/ml oksitosin ve 10 M prostaglandin F, alfa (PGF, alfa) ile olusturulan kasiimalar
Uzerine 10° M kadmiyum, 10*M bakir ve 10* M kursunun etkileri degerlendirildi. Kadmiyum, folliktler evrede oksitosin ve PGF, alfa'nin, luteal
evrede ise spontan, oksitosin ve PGF, alfa’ nin olusturdugu kasilmalarin tiim parametrelerini (maksimum ve ortalama amplitiid, frekans degerleri)
anlamli olarak azaltti. Bakir; follikller evrede spontan kasilmalarin ortalama ve maksimum amplitid degerlerini, oksitosin kasiimalarinin tim
parametrelerini, PGF, alfa kasiimalarinin frekans ve maksimum amplitiid dederlerini diistird. Luteal evrede bakir, spontan kasilmalarin maksimum
amplitidiing, oksitosin kasilmalarinin frekans ve maksimum amplittidiind, PGF, alfa kasilmalarinin ortalama ve maksimumum amplitiid degerlerini
disurdi. Kursun, follikiller ve luteal evrede PGF, alfa ve oksitosin kasilmalarinin frekans degerini azaltirken, luteal evrede spontan kasilmalarin
ortalama amplitiid degerini artirdi. Sonug olarak; kadmiyum, bakir ve kursunun inek uterusunun kasilma yanitlarini degistirdigi ve buna bagh olarak
fertiliteyi etkileyebilecegi kanisina varildi.

Anahtar sézciikler: inek uterusu, In vitro, Kadmiyum, Bakir, Kursun

The Effects of Cadmium, Copper and Lead on In Vitro
Bovine Uterine Contractility

Summary

The aim of this study was to investigate in vitro effects of cadmium, copper and lead on isolated bovine uterus contractions at follicular and
luteal stage. In this study myometrial strips obtained from healthy Holstein cows slaughtered in Kirikkale slaughterhouse were used. The strips were
mounted to isolated organ bath under a basal tension of 2 g. The effects of 10° M cadmium, 10* M copper and 10* M lead on the spontaneous,
2.5 mlU/ml oxytocin and 10° M PGF, alpha induced contractions were examined. At follicular stage, all contractility parameters (maximum and
mean amplitudes and frequency) of uterine induced by oxytocin and prostaglandin F, alpha (PGF, alpha), and at the luteal stage all contractility
parameters of spontaneous, oxytocin and PGF, alpha induced contractions were decreased significantly by cadmium. At follicular stage the
maximum and mean amplitude of spontaneous contractions, all contractility parameters induced by oxytocin, the frequency and maximum
amplitude caused by PGF, alpha and, at the luteal stage the maximum amplitude of spontaneous contractions, the frequency and maximum
amplitude of uterine contractions induced by oxytocin, and maximum-mean amplitude of contractions induced by PGF, alpha were decreased by
copper. While lead decreased the frequency of uterine contractions induced by PGF, alpha and oxytocin at folicular and luteal stage, at luteal stage
itincreased the mean amplitude of spontaneous contractions. It was suggested that cadmium, copper and lead changed the contractility of bovine
uterine; therefore this may be effect the fertility in cattles.

Keywords: Bovine uterus, In vitro, Cadmium, Copper, Lead
GiRiS

Ciftlesme sirasinda uyarilan serviks, uterus ve ovidukt  ve 6strus siklusu @ ile puerperal donemde uterusun
kasilmalari; spermatozoalarin fertilizasyon boélgesine ulas-  involisyonunda ®ve erken postpartum dénemde uterus
masina yardim eder ™. Ayrica, uterus kasiimalarinin dogum  lumenindeki fazla sivi ve kalintinin atilmasinda rol oynadigi ¥
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bildirilmistir. Ostrusta ve &strusun hemen ardindan
kasilmalarin frekansinin en yiiksek seviyeye ulastigi, luteal
donemde ise azaldigi kaydedilmistir . Follikiler ve luteal
dénemler arasinda hormonel farklar bulunmaktadir. Folli-
kiler donemde progesteron bazal seviyenin altina inerken
Ostrojen seviyesi artar. Luteal donemde ise progesteron
seviyesi yuksektir ©,

Ciftlik hayvanlarinda uterus kasilmalar (izerine yapilan
calismalarin, (1) ostrus siklusu ile uterotonik etkinlik arasin-
daki iliski, (2) dogum sirasindaki uterotonik etkinlik, (3)
uterusu uyaran maddelerin etkisi lGzerine odaklandigi
belirtilmistir @. Uterus kasilmalari, herhangi bir ila¢ ya da
yabanci maddeden etkilenebilmektedir 7. Cevresel kirletici
olarak bilinen kadmiyum, bakir ve kursunun uterus kasil-
malari tizerine etkisinin arastirilmasi bu agcidan énemlidir.

Kadmiyum, bakir ve kursuna maruziyet bircok yolla
olmaktadir. Bu yollar; hatali olarak yeme katiimalari, bu
metalleri fazla miktarda ihtiva eden bitkilerin alinmasi,
meralarin ya da hayvan yemi olarak kullanilacak bitki ve
yemlerin herbisid, insektisid ve funguside maruz kalmasi
seklinde siralanabilir. Endistriyel atiklarin kazara cevreye
bulagmasi da sebepler arasinda yer alir ©,

Kadmiyum, bakir ve kursunun farkli dokular Gzerine
etkilerini gosteren calismalar bulunmaktadir *'7. Kadmiyum,
insan myometriumunda kalsiyum kanallarini inhibe
etmektedir ¥, Sican, kedi ve gebe sigir uterusunda kasil-
malari tamamen engellendigi saptanmistir 1%, insan ve
degisik hayvan tirlerinde bakirin uterus lzerine etkisi
cahsiimis "'ve bakirin in vivo ve in vitro olarak uterusun
etkinligini degistirebilecedi ortaya konmustur. Schild ",
depolarize rat uterusunda, S-S polipeptidlerin kasiima
potensini bakir (ll) sulfat icin sifir olarak bildirmistir. Bakir
klorir tavsan myometriumunun kasilmalarini derisime
bagli bir sekilde artirmistir "2, Kursun asetatin ise derisime
baglh olarak sican trakea halkalarinda " ve tavsan
aortasinda " kasilma olusturdugu gozlemlenmistir. Santos
ve ark."? kursun asetat verilen sicanlarin izole gastrik
fundusunda, kursunun adrenerjik ve kolinerjik olmayan
gevsemeleri 6nledigini ortaya koymuglardir. Ancak; yapilan
literatur taramalarinda, hem follikiiler hem de luteal evrede
bu metallerin izole inek uterusu lzerine etkilerini arastiran
bir calismaya rastlanmamistir.

Bu calismanin amaci; hayvanlarda dogrudan veya
cevre ve besin kirliligi seklinde akut, subakut, kronik
zehirlenmelere yol acabilen kadmiyum, bakir ve kursunun,
follikiiler ve luteal donemde inek uterus kasilmalari tizerine
olan etkilerini arastirmaktir.

MATERYAL ve METOT

Hayvan Materyali

Calisma materyali olarak follikller ve luteal evredeki
ineklerden alinan uterusa ait myometrial seritler kullanildi.

Bu seritler, Kirikkale Belediyesi'ne ait mezbahada veteriner
hekim kontroliinde kesilen saglikli Holstein irki ineklerden
elde edildi. Hasta ve postpartum dénemdeki inekler
calismada kullanilmadi. Her bir metal ve dénem icin farkli
uterus myometriumu kullanildi.

Cihazlar

GCalismada elde edilen veriler force displacement
transducer (FDT 05 MAY, Commat, Tirkiye) ile olcilup,
Biopac System (MP35, ABD) ile kayit altina alindi.

Kimyasal Madde ve Cozeltiler

Tirod ¢ozeltisi her deneyde taze olarak, ¢ozelti icerigin-
de; mM cinsinden 136.9 NaCl, 2.68 KCl, 1.05 MgCl,, 0.42
NaH,PO,, 5.5 glukoz, 1.8 CaCIZ, 11.9 NaHCO, ve pH: 7.4 olacak
sekilde distile suda ¢ozdirilerek hazirlandi. Kadmiyum
klorGr hemipenta hidrat, ACS reagent (Kodu: 239208) ve
kursun 1l kloriir %98'lik (Kodu: 268690) Aldrich'den, bakir
(I1) klortir hidrat (Kodu: C3279), oksitosin liyofilize toz (Kodu:
03251) ve prostaglandin F, alfa tris tuzu %99 saflikta (Kodu:
P0424) Sigmadan saglandi. Tum kimyasal maddeler distile
suda ¢ozdirulerek -20°C'de muhafaza edildi ve deneyler
sirasinda kullanild.

Deney Protokolii

Saglikli ineklerin 6ncelikle hangi evrede oldugu tespit
edildi. Bu amacla her iki ovaryumun makroskobik morfo-
lojisi degerlendirildi. Regrese korpus luteum olsun veya
olmasin 10 mm'den biyik follikili olan hayvanlarin
follikuler, aktif korpus luteumu olan hayvanlarin ise luteal
donemde olduklar kabul edildi. Aktif yapinin bulundugu
taraftaki kornu uterinin st 1/3'lik kismi kesilerek ayrildi ['®
ve ovaryum tarafinin karistirlmamasi icin cerrahi ipek
iplikle dikis atilarak isaret konuldu. Alinan bu kismin ¢evre
yapilar temizlendikten sonra, soguk zincirde (+4°C), %95
oksijen %5 karbondioksit ile 6nceden gazlanmis Tirod
¢Ozeltisi icerisinde, yaklasik 15-20 dk/da laboratuvara
getirildi. Uterus dokusundan yaklasik 1.5-2 cm boyunda, 0.5
c¢m eninde serit izole edildi ve cerrahi ipek iplikle ovaryuma
bakan kismi trandusere gelecek sekilde izole organ
banyosuna asildi. Deneyler boyunca dokular 10 ml Tirod
¢Ozeltisi icinde devamli olarak %95 oksijen %5 karbon
dioksit ile gazlandi. Sicaklik 37°C'de sabitlendi.

Her bir metal icin uygulanan deney protokolii: Myometrial
seritlere 2 g 6n gerim verildi. Kas bu gerime uyum
saglayana kadar en az 1 saat beklendi. Bu esnada dokular 15
dk araliklarla spontan kasilmalar baslayana kadar taze Tirod
¢Ozeltisi ile en az 4 kez yikandi. Bekleme siresi sonunda
dokularin canliligina oksitosinle bakilarak, tekrar 5 dk.
ara ile en az 3 kez yikama yapildi. Ardindan kadmiyum
(10° M), bakir (10* M) ve kursun (10 M)'un hayvanlarin
hem follikiiler hem de luteal evrede spontan, oksitosin
ve PGF, alfa’nin olusturdugu uterus kasilmalari tzerine
etkilerine bakildi. Kadmiyum derisimi Kara ve ark/nin %,
bakirin derisimi Laudanski ve ark/nin "3, kursunun derisimi
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ise Sopi ve ark/nin ™ calismalarindan secildi. Her bir
metal icin ayr uterus dokusu kullanildi. Kontrol olarak 10
dk. boyunca spontan kasilmalar alindi, ardindan yikama
yapilmadan metal uygulanarak, 10 dk. boyunca beklendi.
Doku 5 dk. araliklarla Tirod ¢ozeltisi ile en az 3 kez, normale
donene kadar yikandi ve kontrol olarak 2.5 mIU/ml
oksitosin uygulandi. On dk. bekleme periyodunun ardin-
dan metal uygulandi, ayni protokol 10°M PGF, alfa icin
de tekrarlandi. Oksitosin ve PGF, alfa’nin inek myo-
metriumunda kasilma olusturan derisimleri secildi 2.
Deneyler sirasinda uterusun spontan, oksitosin ve PGF,
alfa ile olusturulan kasilmalarinin frekanslari, ortalama
amplitudleri ve maksimum amplitiidleri degerlendirildi.
Butlin uygulamalarda 10 dk/lik zaman periyodu icinde
sekillenen degisimler dikkate alindi. Bazal ¢izgiye gore
olusan kasilmalarin amplittdleri Slctlerek ortalamalar ve
ulagilan en yiiksek kasilma maksimum amplitiid degerleri
mg cinsinden belirlendi. Ayrica bu sire icinde olusan
kasilmalarin tepe noktalar sayilarak frekans degerleri adet
cinsinden tespit edildi.

istatistiksel Analizler

istatistiksel hesaplamalarda SPSS 15 for Windows paket
programi kullanildi. Normal dagilim gdsteren parametre-
lerde esli gruplar t testi, normal dagilmayanlarda Wilcoxon
Signed Ranks non parametrik testi kullanildi. P<0.05 degeri
istatistiksel olarak anlamli kabul edildi. Veriler ortalama +
standart hata seklinde verildi.

BULGULAR

Kadmiyumun inek uterusuna etkileri Tablo 1 ve 2'de

verilmistir. Follikiiler evrede kadmiyum uygulamasi ile
spontan kasilmalarin frekansinin uygulama 6ncesine gore
istatistiksel olarak daha disik cikma egiliminde oldugu
bulundu (P=0.054). Oksitosin ve prostaglandinin olustur-
dugu kasilmalarin ise tim parametrelerini (ortalama
amplitid (P<0.05), frekans, maksimum amplitid (P<0.01)
anlamh olarak distirdu. Luteal evredeki inek uterusunda
kadmiyum spontan kasiimalarin ortalama amplitiid ve
frekansini (P<0.01), maksimum amplitidini (P<0.001),
oksitosin ve prostaglandinin olusturdugu kasilmalarin
tim parametrelerini (P<0.001) anlamh olarak azaltti
(Sekil 1).

Bakirin inek uterusuna etkileri Tablo 3 ve 4'te Ozet-
lenmistir. Follikller evredeki inek uterusunda bakir; oksi-
tosin yanitlarinin tim parametrelerini (ortalama ampli-
tid ve frekans (P<0.01), maksimum amplitiid (P<0.05)),
prostaglandin yanitlarinin frekans ve maksimum amplitiid
yanitlarini (P<0.05) azaltti. Spontan kasiimalarin amplittd
yanitlari bakir tarafindan duasurildiu (P<0.01). Luteal
evredeki inek uterusunda bakir oksitosin yanitlarinin ise
frekans ve maksimum amplitidini (P<0.01) dusdrda.
Prostaglandin yanitlarinin ise ortalama (P<0.05) ve maksi-
mumum amplitiid (P<0.01) degerlerini azaltti (Sekil 2).

Kursunun inek uterusu Uzerindeki etkileri Tablo 5 ve 6'da
sunulmustur. Follikiler evredeki inek uterusunda kursun,
oksitosin ve prostaglandin kasiimalarinda frekanslari (sira-
siyla P<0.05, P<0.01) azaltti. Luteal evredeki inek uterusun-
da kursun spontan kasilmalarin ortalama amplitlid degerini
artirirken (P<0.01), oksitosin ve PGF, alfa ile olusturulan
kasilmalarin ise frekansini (sirasiyla P<0.01, P<0.05) azaltti
(Sekil 3).

Tablo 1. Follikiler evredeki inek uterusunda kadmiyumun spontan, oksitosin ve PGF, alfa ile olusturulmus kasilmalar tizerine etkisi

Table 1. The effect of cadmium on the spontaneous, oxytocin and PGF, alpha induced contractions on bovine uterus at follicular stage

10°M 2.5 mlU/ml 10°M . 10°M

Parametreler n Kontrol Kadmiyum P Oksitosin Kadmiyum P 10°M PGF2a Kadmiyim P
Ortalama

e 11 | 989.00+194.41 | 617.18+214.44 | AD | 1160.73+£152.92 | 816.91+£153.52 * 11176.55+128.47 | 791.82+207.73 *
Amplitiid (mg)
Frekans (adet) | 11 5.55+0.94 3.55+0.94 AD 17.82+2.75 7.73£1.26 ** 12.91£2.59 5.00+0.93 **
Maksimum e .
et i) 11 | 1355.27+283.11 | 984.55+371.37 | AD | 2023.45+267.04 | 1266.45+246.39 1816.82+210.31 | 1097.82+248.22

*P<0.05, ** P<0.01, n: izole inek uterusu sayisi, AD: Anlamli degil

Tablo 2. Luteal evredeki inek uterusunda kadmiyumun spontan, oksitosin ve PGF, alfa ile olusturulmus kasilmalar tizerine etkisi

Table 2. The effect of cadmium on the spontaneous, oxytocin and PGF, alpha induced contractions on bovine uterus at luteal stage

10°M 2.5 miU/ml 10°M 9 10°M

Parametreler n Kontrol Kadmiyum P Oksitosin Kadmiyum P 10°M PGF2a Kadmiyum P
Ortalama

e 21 | 630.81+218.24 | 444.14+£212.55 | ** | 881.19+123.24 | 561.19£106.89 | *** | 981.57+194.51 | 595.76+110.24 | ***
Amplittid (mg)
Frekans (adet) 21 5.29+1.31 3.57+1.35 ** 9.43+1.39 5.52+0.79 HxE 8.67+1.22 5.14+0.98 HEE
MaksPnjum 21 | 1020.52+281.14 | 546.00+217.54 | *** | 1325.86+157.14 | 742.19+132.04 | *** | 1480.57+£215.19 730.05£121.19 1 s
amplitid (mg)

** P<0.01, *** P<0.001, n: izole inek uterusu sayisi
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Kadmiyum A
uygulamasi
|

|
|
\
|
|
v

10 dk. Spontan kasilma 10 dk. 10{-5)M Kadmiyum

Kadmiyum B
uygulamasi

Bakir
uygulamasi

10 dk Spontan kasilma 10 dk 10(-4) M Cu

Bakir B
uygulamasi

10 dk. 2.5mlUfml Oksitosin 10 dk. 10(-5) M Kadmiyum

Kadmiyum C
uygulamasi

10 dk. 10(-6) M PGF2 alfa 10 dk. 10(-5) M Kadmiyum

Sekil 1. Kadmiyum kloririn izole inek uterus kasilmalari tizerine etkileri.
(A) Kadmiyumun luteal evrede spontan kasilmalar Uzerine etkisi, (B)
Kadmiyumun follikiiler evrede oksitosin ile baslatilan kasilmalar Gzerine
etkisi, (C) Kadmiyumun luteal evrede PGF, alfa ile baslatilan kasilmalar
lizerine etkisi

Fig 1. The effects of cadmium chloride on isolated bovine uterus
contractility (A) The effect of cadmium on spontaneous contractions at
luteal stage, (B) The effect of cadmium on oxytocin induced contractions
at follicular stage, (C) The effect of cadmium on PGF, alpha induced
contractions at luteal stage

TARTISMA ve SONUC

Myometriyel kasilmalar, in vivo olarak hormonel
degisikliklerden etkilenmektedir. Ostrus siklusunun cesitli
donemlerinde, farkli hormonlar baskin durumdadir. Folli-
kiler donemde 6strojen, luteal donemde progesteron
hormonu yiiksek seviyede salgilanmaktadir. Ostrojenler,
Ostrojen ve progesteron reseptorlerini up regiile ederek,
oksitosin reseptor sayisinda artisa sebep olur. Progesteron
yeni Ostrojen reseptorlerinin olusmasini bloke eder ve

10 dk 2.5 mlUiml Oksitosin 10 dk 10(-4) M Cu

Bakir C
uygulamasi

|

'

10 dk 10(-6) M PGF2 alfa 10 dk 10(-4) M Cu

Sekil 2. Bakir klorliriin izole inek uterus kasiimalari lzerine etkileri.
(A) Bakirin luteal evrede spontan kasilmalar Uzerine etkisi, (B) Bakirin
follikiiler evrede oksitosin ile baslatilan kasilmalar Uzerine etkisi, (C)
Bakirin follikuler evrede PGF, alfa ile baslatilan kasilmalar tizerine etkisi

Fig 2.The effects of copper chloride onisolated bovine uterus contractility
(A) The effect of copper on spontaneous contractions at luteal stage, (B)
The effect of copper on oxytocin induced contractions at follicular stage,
(C) The effect of copper on PGF, alpha induced contractions at follicular
stage

Ostrojen seviyesinin diismesine neden olur. Bdylece proges-
teron oksitosin reseptorlerini down regiile eder. Sonug
olarak, ostrojenler oksitosinin myometrium Uzerine etkisini
artirirken, progesteron onler 2%, Calismada donemsel
olarak uterusun reseptdr seviyelerinde farklik olabilecegi
g6z online alinarak, kadmiyum, bakir ve kursunun etki-
leri follikiiler ve luteal dénemde kendi iclerinde deger-
lendirilmistir.

Kadmiyum, hem follikiiler hem de luteal evredeki inek
uterusunda oksitosin ve prostaglandinin olusturdugu kasil-
malarin tim parametrelerini (frekans, ortalama amplitid
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Tablo 3. Follikiiler evredeki inek uterusunda bakirin spontan, oksitosin ve PGF, alfa ile olusturulmus kasilmalar lizerine etkisi

Table 3. The effect of copper on the spontaneous, oxytocin and PGF, alpha induced contractions on bovine uterus at follicular stage

Parametreler n Kontrol 10*M Bakir P e ".“UI.m : 10*M Bakir P 10°M PGF2a 10*M Bakir P
Oksitosin
Ortalama
11 | 1023.64+232.60 | 507.55+217.32 | ** | 1117.91+£398.93 | 796.82+281.98 | ** 422.72+86.36 270.64+95.08 | AD
Amplitiid (mg)
Frekans (adet) 11 7.82+1.72 5.64+1.85 AD 10.55+1.97 5.73+1.07 *x 6.18+1.29 4.64+1.03 *
Maksimum
11 | 1536.64+415.45 | 659.82+273.76 | ** | 1639.18+527.52 | 1128.27+£384.14 | * 679.73+151.19 | 361.28+119.58 *
amplitiid (mg)
*P<0.05, ** P<0.01, n: izole inek uterusu sayisi, AD: Anlamli degil

Tablo 4. Luteal evredeki inek uterusunda bakirin spontan, oksitosin ve PGF, alfa ile olusturulmus kasilmalar lizerine etkisi

Table 4. The effect of copper on the spontaneous, oxytocin and PGF, alpha induced contractions on bovine uterus at luteal stage

Parametreler n Kontrol 10“M Bakir P 22 n.1IU/.m s 10“M Bakir P n | 10°MPGF2a | 10“*M Bakir P
Oksitosin

Ortalama

14 | 445.14+119.08 | 286.29+120.38 | AD | 576.57+88.67 | 404.79+96.74 | AD | 13 | 544.46+95.68 | 350.08+169.26 | *
Amplitiid (mg)
Frekans (adet) | 14 4.21+0.72 3.43+0.63 AD 6.29+0.56 4.36+0.46 ** 113 3.69+0.51 3.08+0.72 AD
Maksimum

14 | 661.00+162.83 | 358.79+141.06 | * | 1069.00+149.51 | 560.43+118.20 | ** 13 | 868.69+157.28 | 418.85+183.85 | **
amplitid (mg)
*P<0.05, ** P<0.01, n: izole inek uterusu sayisi, AD: Anlamli degil

Tablo 5. Follikiiler evredeki inek uterusunda kursunun spontan, oksitosin ve PGF, alfa ile olusturulmus kasilmalar lizerine etkisi

Table 5. The effect of lead on the spontaneous, oxytocin and PGF, alpha induced contractions on bovine uterus at follicular stage

Parametreler n Kontrol 10“M Kursun P

2.5 mlU/ml
Oksitosin

10*M Kursun | P 10°MPGF2a | 10“*M Kursun | P

2437.56+584.58 | 2092.89+507.74 | AD

2354.67+521.28 | 1664.11+441.73 | AD

11.89+2.21

7.67+1.19 * 8+1.35 6.33+1.29 **

QiR 9 |1901.11+484.20 | 1933+602.11 | AD
Amplitiid (mg)
Frekans (adet) 9 7.67+2.27 6.56+1.94 AD
EL i) 9 | 2877.00+750.39 | 2773.00+877.05 | AD
amplitid (mg)

3249.78+781.29 | 3297.11+£798.41 | AD

3385.00+781.46 | 2480.67+686.42 | AD

*P<0.05, ** P<0.01, n: izole inek uterusu sayisi, AD: Anlamli degil

Tablo 6. Luteal evredeki inek uterusunda kursunun spontan, oksitosin ve PGF, alfa ile olusturulmus kasilmalar (izerine etkisi

Table 6. The effect of lead on the spontaneous, oxytocin and PGF, alpha induced contractions on bovine uterus at luteal stage

Parametreler n Kontrol 10*M Kursun P zosk:::::sl::l 10*M Kursun P 10°M PGF2a 10*M Kursun P
Ortalama

L 12 11393.92+400.23 | 1566.17+404.75 | ** | 2337.92+298.84 | 2362.50+290.40 | AD | 2026.83+332.61 | 1919.33+342.31 | AD
Amplitiid (mg)
Frekans (adet) 12 10.75£1.70 10.17+£1.54 AD 13.75+1.29 10.50+0.66 ** 12.42+1.03 10.17£0.99 *
Maksimum
amplitid (mg) 12 | 2162.67+371.10 | 2056.08+389.03 | AD | 2984.33+337.22 | 3009.42+331.67 | AD | 3123.58+412.43 | 2863.75+357.33 | AD

*P<0.05, ** P<0.01, n: izole inek uterusu sayisi, AD: Anlamli degil

ve maksimum amplitlid) azaltmistir. Benzer sekilde Kara
ve ark." da yaptiklar arastirmada, 0.01 mM kadmiyumun
gebe sigir, gebe olmayan sican ve kedi uterusunda 0.01
mM oksitosin ile olusturulan kasilmalarin hem maksimum
amplitid hem de frekans yanitlarinin azaldigini goster-
mislerdir. Spowicz ve ark.’, gebe insan myometriumunda
kadmiyumun 10°-103 M derisimlerde spontan kasilmalari
bloke ettigini, disik derisimlerde (10° ve 108 M) ise
kalsiyum ve oksitosin yanitlarini artirirken, daha yuksek
derisimlerde azalttigini belirlemislerdir. Baska bir calismada

kadmiyumun in vitro sican ekstraokuler kas kasilmasinda da
azalmalara sebep oldugu belirtilmistir 22, icme suyuna 1 ve
2 ay boyunca giinlik 15 ppm kadmiyum verilen sicanlardan
izole edilen duodenum seritlerinde, asetilkolinin kasiima
yanitlarinin azaldigi tespit edilmistir 3. Beyazit ve ark.¥,
3 ay boyunca kadmiyum verilen sicanlarda, idrar kesesinin
detrusor kasinda hem nérojenik hem de myojenik kasil-
malarin bozuldugunu goéstermislerdir. Kadmiyumun bu
etkisi, dokularda kalsiyum kanallarini bloke etmesi ve hiicre
ici uyarilma-kasilma mekanizmalariyla iliskili olmasindan
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Kurgun uygulamasi A
10 dk. Spontan kasiima 10 dk 10 (-4) M Pb
B
Kurgun uygulamast
10 dk. 2.5 mlUiml Oksitosin 10 dk. 10 (-4) M Pb
C

Kurgun uygulamas:

10 dk. 10 (-6) M PGF2 alfa 10 dk. 10 (-4) M Pb

Sekil 3. Kursun kloriiriin izole inek uterus kasilmalari Gizerine etkileri. (A)
Kursunun follikiiler evrede spontan kasilmalar tzerine etkisi, (B) Kursunun
luteal evrede oksitosin ile baglatilan kasilmalar tzerine etkisi, (C) Kursunun
luteal evrede PGF, alfa ile baslatilan kasilmalar tzerine etkisi

Fig 3. The effect of lead chloride on isolated bovine uterus contractility
(A) The effect of lead on spontaneous contractions at follicular stage, (B)
The effect of lead on oxytocin induced contractions at luteal stage, (C)
The effect of lead on PGF,alpha induced contractions at luteal stage

kaynaklanmaktadir. Kadmiyum dogrudan ya da dolayli
yoldan hiicresel kalsiyum girisini azaltir 2,

Bakir, folliktiler evredeki inek uterusunda oksitosin
yanitlarinin hepsini azaltirken, PGF, alfa yanitlarinda frekans
ve maksimum amplitiid, spontan kasiimalarin ise amplitiid
yanitlarini azaltmistir. Luteal evredeki inek uterusunda ise
spontan kasilmalarin ortalama amplittid ve frekanslarini
degistirmemis, oksitosin yanitlarinin frekans ve maksi-
mum amplitidind distrmistir. Ayrica PGF, alfa yanit-
larinin frekans degerini degistirmezken, ortalama ve
maksimumum amplitiid degerlerini azaltmistir. Verdugo

ve ark.”, 2x10° M bakirin sican myometriumunun kasil-
masinda artisa, 8x10°> M derisimin lzerinde ise spazmodik
kasilmaya yol actigini ortaya koymuslardir. Laundanski ve
ark.'?, bakirin tavsan myometriumunun kasilmasinda artisa
neden oldugunu gdstermislerdir. Bu sonuglar, sunulan
calismada elde edilen bulgulardan farkhidir. Farkliligin
sebebi; calisilan hayvanin tirtine ya da kullanilan bakir
derisimine (10 M) baglanabilir. Nitekim Laudanski ve ark.l',
10* M bakir kloririin insan myometriyal kasilmalarini
inhibe ettigini gostermislerdir. Bu calismada da bakir klor(r,
myometriumun PGF, alfa'ya verdigi yanitlar azaltmistir.
Bakir iyonlari myometriyel etkinligi yuksek derisimlerde
azaltirken, dusik derisimlerde olusan uyarici etkisini endo-
metriyel PG sentezi ve salinimina bagli olarak gercek-
lestirmektedir '3,

Kursunun dokular Uzerine etkilerini arastirmak amaciyla
yapilan bircok calisma olmasina ragmen uterusta yapilan
bir calismaya rastlanilamamistir. Valencia-Hernandez ve
ark.”¥, sican ve tavsan aortasinda 0.1-3.1 mM kursun
asetatin derisime bagimli kasilma yaptigini, bu kasilmalarin
tavsan aortasinda ¢ok daha gliclii oldugunu saptamiglardir.
Sopi ve ark.!™, kursun asetatin trakea halkalarinda kasilma
yaptigini, epiteli alinmig halkalarda bu kasilmanin arttigini
saptamislardir. Gupta ve Fahim U, 102 M-10* M kursun
asetatin derisime bagl olarak sican trakea halkalarinda,
Tomera ve Harakal " jse tavsan aortasinda kasilma
olusturdugunu goézlemlemislerdir. Kursun asetat (107'° M-103
M) mezenterik tavsan arterlerinde de kasilmalara neden
olmustur 7., Sunulan c¢alismada kursun, luteal evredeki
uterusun spontan kasilmalarinin ortalama amplittd
degerini artirmistir. Santos ve ark."”], icme suyu ile 15, 30,
120 gilin %0.0008 kursun asetat alan sicanlarin izole gastrik
fundusunda, kursunun adrenerjik ve kolinerjik olmayan
gevsemeleri 6nledigini ortaya koymuslardir. Zhang ve
ark.”®, 24 ve 48 saat boyunca 1 ppm kursun ile kiltlre
edilen sican aortasinin serotonin yanitlarini artirdigini
saptamislardir. Zhang ve ark.?%, 24 saat boyunca 1 ppm
kursun ile birlikte edilen sican aortalarinda asetilkolin
gevsemelerinin de azaldigini saptamiglardir. Kursun damar
diz kaslari Uzerine etkisini dogrudan gostermektedir, bu
etki hiicre ici kalsiyum dilizeyinin artmasina ve protein
kinaz C ile etkilesimine baglanmaktadir 12739 Uterus
kasiimalarinda da kalsiyumun hiicre disindan hiicre icine
girisi en 6nemli mekanizma olarak dustnulmektedir B,
GCalismada spontan kasiimalarin ortalama amplitiid dege-
rinin artmasi hiicre ici kalsiyum diizeyinin artmasi ile iligkili
olabilir.

ineklerde dél veriminin fertilite parametreleri sinirlarinda
yer almasi bliylik 6nem arz etmektedir. Uterus kasiimalari;
fertilizasyon, gebelik, dogum ve postpartum siireg icin
cok onemlidir ve agir metallerden etkilenebilmektedir.
Hayvanlar kadmiyum, bakir ve kursuna hatali olarak yeme
katilmalari, bu metalleri fazla miktarda ihtiva eden bitkilerin
alinmasi, meralarin pestisidlerle ilaglanmasi yoluyla maruz
kalmaktadir. Sonug olarak; kadmiyum, bakir ve kursunun
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uterusunun kasilma yanitlarini degistirdigi ve bu degisimin
fertiliteyi etkileyebilecegi kanisina varilmistir. Bu bulgularin
in vivo ¢alismalarin degerlendirilmesinde de g6z oniine
alinmasinin uygun olacagi sonucuna ulagiimistir.

KAYNAKLAR

1. Bearden HJ, Fuquay JW: Ovigenesis and fertilization. In, Bearden HJ,
Fuguay JW (Eds): Applied Animal Reproduction. p.82-92, Prentice-Hall, Inc
New Jersey, 2000.

2. Toriumi H, Kuwahara Y, Ichikawa Y, Takagi K, Tsumagari S, Takeishi
M: Uterine contraction in sows during oestrus and puerperium, and in
sows with multiple follicular cysts. J Reprod Dev, 46 (1): 9-14, 2000.

3. Gier HT, Marion GB: Uterus of the cow after parturation: Involutional
changes. Am J Vet Res, 29 (1): 83-96, 1968.

4. Bajcsy AC, Szenci O, Doornenbal A, van der Weijden GC, Csorba
C, Kocsis L, Szucs |, Ostgard S, Taverne MAM: Characteristic of bovine
early puerperal uterine contractility recorded under farm conditions.
Theriogenology, 64 (1): 99-111, 2005.

5. Hafez ESE: Anatomy of female reproduction. In, Hafez ESE (Ed):
Reproduction in Farm Animals. p.20-55, Lea and Febiger, USA, 1993.

6. Kalkan C, Ocal H: Ureme fizyolojisi. In, Semacan A, Kaymaz M, Findik
M, Risvanli A, Koker A (Eds): Ciftlik Hayvanlarinda Dogum ve Jinekoloji.
s.15-57, Medipres, Malatya, 2012.

7. Adebiyi A, Adaikan G, Prasad RNV: Effect of benzyl isothiocyonate
on spontaneous and induced force of rat uterine contractions. Pharm Res,
49, 415-422,2004.

8. Reis LSLS, Pardo PE, Camargos AS, Oba E: Mineral element and
heavy metal poisoning in animals. JMMS, 1 (12): 560-579, 2010.

9. Sipowicz M, Koastrzewska A, Laudanski T, Akerlund M: Effects of
cadmium on myometrial activity of the nonpregnant human. Interactions
with calcium and oxytocin. Acta Obstet Gynecol Scand, 74 (2): 93-96, 1995.

10. Kara H, Servi K, Akar Y: Farkli tirlerde in vitro uterus kontraksiyonlari
Uzerine kadmiyumun etkisi. Turk J Vet Anim Sci, 27, 529-534, 2003.

11. Schild HO: The effect of metals on the S-S polypeptide receptor in
depolarized rat uterus. BrJ Pharmac, 36, 329-349, 1969.

12. Laundanski T, Kobylec E, Akerlund M: Influence of copper ion on
uterine activity. Contraception, 24 (2): 195-202, 1981.

13. Laudanski T, Kostrzewska A, Akerlund M: Involvement of
prostaglandins in the effect of cupric ions on the human uterus.
Prostaglandins, 32 (1): 33-41, 1986.

14. Kleszczewski T, Modzelewska B, Bal W, Sipowicz M, Kostrzewska
A: Cu (Il) complexation potentiates arginine vasopressin action on
nonpregnant human myometrium in vitro. Contraception, 67 (6): 477-483,
2003.

15. Gupta N, Fahim M: Lead acetate induced contraction in rat tracheal
smooth muscle is independent epithelium. Indian J Physiol Pharmacol, 51

(1): 49-54, 2007.
16. Tomera JF, Harakal C: Mercury and lead induced contractions of

aortic smooth muscle in vitro. Arch Int Pharmacodyn Ther, 283 (2): 295-
302, 1986.

17. Santos MR, Marchioro M, Antoniolli AR: Lead effects on non-
adrenergic, non-cholinergic relaxations in rat gastric fundus. Toxicol In
Vitro, 20 (1): 38-42, 2006.

18. Ko JCH, Hsu WH, Evans LE: The effects of xylazine and alpha
adrenoreceptor antagonists on bovine uterine contractility in vitro.
Theriogenology, 33 (3): 601-611, 1990.

19. Sopi RB, Bislimi K, Halili F, Sopjani M, Neziri B, Jakupi M: Lead
acetate induces epithelium-dependent contraction of airway smooth
muscle. J Int Environ Appl & Sci, 4 (2): 146-151, 2009.

20. Ocal H, Yiiksel M, Ayar A: Effects of gentamicin sulfate on the
contractility of myometrium isolated from non-pregnant cows. Anim
Reprod Sci, 84, 269-277,2004.

21. Bearden HJ, Fuquay JW: Neuroendocrine regulators of reproduction.
In, Bearden HJ, Fuguay JW (Eds): Applied Animal Reproduction. p.35-52,
Prentice-Hall, Inc New Jersey, 2000.

22, Breinin GM, Sadovnikoff N, Pfeffer R, Davidowitz J, Chiarandini
DJ: Cadmium reduces extraocular muscle contractility in vitro and in vivo.
Invest Ophthalmol Vis Sci, 26, 1639-1642, 1985.

23. Kog E, Kocak M, Akgil E: Cadmium reduces contractile responses of
rat duodenum in vitro. Biol Trace Elem Res, 123 (1-3): 154-160, 2008.

24. Beyazit Y, Ertug PU, Uriinsak M, Gogmen C, Aridogan IA, Turung T,
Singirik E: Effects of chronic cadmium exposure on contractility of the rat
detrusor. Urol Res, 30 (1): 21-25, 2002.

25. Verdugo P, Latorre R, Alvarez O, Medel M, Benos D: Effects of
copper and zinc on rat uterine muscle contraction and rabbit blastocyst
fluid accumulation. Biol Reprod, 25, 502-510, 1981.

26. Valencia-Hernandez |, Bobadilla-Lugo RA, Castillo-Henkel C:
Differences of lead induced contraction in rat and rabbit aorta. Pros West
Pharmacol Soc, 44, 167-168, 2001.

27. Watts SW, Chai S, Webb RC: Lead acetate- induced contraction in
rabbit mesenteric artery: interaction with calcium and protein kinase C.
Toxicology. 99 (1-2): 55-65, 1995.

28. Zhang LF, Peng SQ, Wang S: Influence of lead (Pb?*) on the reactions

of in vitro cultured rat aorta to 5-hydroxytryptamine. Toxicol Lett, 159 (1):
71-82,2005.

29. Zhang LF, Peng SQ, Wang S, Li BL, Han G, Dong YS: Direct effects of
lead (Pb?*) on the relaxation of in vitro cultured rat aorta to acetylcholine.
Toxicol Lett, 170 (2): 104-110, 2007.

30. Hwang KY, Schwartz BS, Lee BK, Strickland PT, Todd AC,Bressler
JP: Associations of lead exposure and dose measures with erythrocyte
protein kinase C activity in 212 current Korean lead workers. Toxicol Sci,
62 (2): 280-288, 2001.

31. Matthew A, Shmygol A, Wray S: Ca? entry, efflux and release in
smooth muscle. Biol Res, 37 (4): 617-624, 2004.



Kafkas Univ Vet Fak Derg

JournAL Home-PacE: http://vetdergi.kafkas.edu.tr
19 (5): 801-806, 2013 ONLINE Susmission: http://vetdergikafkas.org RESEARCH ARTICLE
DOI: 10.9775/kvfd.2013.8807

Comparison of Different Methods for the Detection of
Salmonella spp. in Minced Meat Samples "112153!

Didem OZER'  Ayten KIMIRAN-ERDEM 1,67

[1] This study are summarized from thesis of the first the author
[2] This study was funded by Istanbul University Scientific Research Projects (2792)
[3] This study presented at 20. biology congress 21+-23% June Denizli, TURKEY, 2010

! Istanbul University, Faculty of Science, Department of Biology, Section of Fundamental and Industrial Microbiology,
TR-34134 Vezneciler, Istanbul - TURKEY

Makale Kodu (Article Code): KVFD-2013-8807

Summary

The presence of Salmonella spp.in minced meat thatis consumed in nine different sites of Istanbul is evaluated by using conventional
culture (ISO 6579:2002), immunomagnetic separation (IMS) and fluorescent in situ hybridization (FISH) methods. Salmonella spp. was
isolated from five of 50 (20%) minced meat with ISO 6579 method, and three of 50 (6%) minced meat using IMS method. Bacteria
isolated from both I1SO and IMS methods were identified as Salmonella choleraesuis ssp. arizonae and Salmonella spp. The presence
of Salmonella spp. was determined from 37 of 50 (74%) minced meat by using FISH method. In the current study, it has been shown
that ISO 6579 method was found more to be susceptible than IMS method for determining presence of Salmonella spp., FISH method
is the best method to determine the presence of Salmonella spp. Even if the quick determination of the epidemics of international
importance occured as a result of the contamination by pathogens derivated from foods, the results of the use of new methods should
be supported by the conventional culture method.

Keywords: Conventional culture method (ISO 6579 reference method), Fluorescent in situ hybridization (FISH) method,
Immunomagnetic separation method, Minced meat, Salmonella

Kiyma Orneklerinde Salmonella spp. Tespitinde
Farkli Yontemlerin Karsilastiriimasi

Ozet

istanbul’'un dokuz farkli semtinde tiiketime sunulan kiyma érneklerinde geleneksel kiiltiir ydntemi (ISO), immiinomanyetik ayirma
(iMA) ve floresanli yerinde hibritleme (FISH) ydntemleri kullanilarak Salmonella cinsi bakterilerin varligi tespit edilmistir. incelenen 50
kiyma 8rneginin, geleneksel kiiltiir ydntemi ile 5’ inden (20%), IMA yéntemi ile 3’ inden (6%) Salmonella cinsi bakteri izole edilmistir.
Gerek geleneksel kiiltiir ydntemi gerekse de IMA ydnteminde besiyeri (izerinde tireyen kolonilerden elde edilen izolatlar Salmonella
choleraesuis ssp. arizonae ve Salmonella spp. olarak tanimlanmustir. incelenen 50 kiyma érneginin 37’sinde (74%) ise FISH yéntemi
ile Salmonella cinsi bakterilerin varligi tespit edilmistir. Caismamizda Salmonella cinsi bakterilerin varligini belirlemede geleneksel
kiiltir yénteminin, IMA ydntemine gére daha duyarl bir ydntem oldugu, FISH ydnteminin ise Salmonella cinsi bakterilerin varhgini
belirlemede en iyi ydontem oldugu tespit edilmistir. Gida kaynakli patojenlerle kontaminasyon sonucunda ortaya cikan uluslararasi
onemdeki salginlarin hizli tespiti ne kadar 6nemli olsa da, uygulanan yeni yéntemlerin sonuclarinin geleneksel kiltir yontemi ile
desteklenmesi gerekmektedir.

Anahtar sozciikler: Geleneksel kiiltiir metodu (ISO 6579 referans yontemi), Floresanli yerinde hibritleme yontemi (FISH),
Immiinomanyetik ayirma yéntemi, Kiyma, Salmonella

INTRODUCTION

Foods contaminated with microorganisms like cause great problems concerning the public health ™.
pathogenic bacteria, parasitic helmints and protozoons  Another food type which bears great risk regarding the
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public health is meat and meat products. Under normal
conditions, meat is sterile; however, it is contaminated
according to cutting methods, cleanness of the knife used
in the cutting process, water used in the cleaning process
and to the preserving conditions and becomes dangerous
regarding the microbial growth 24,

Salmonella bacteria are generally spread with food,
contaminated with feces and are the primary factor for the
food infection known as salmonellosis . It is determined
that in developed and developing countries, the main
portion of salmonellosis cases, which are rated first in food
infection and intoxication cases, involves consumption
of contaminated animal originated food. For this reason,
all stages of food production and consumption must
be monitored and the food must be safe. Especially, in
developed countries, the presence of Salmonella bacteria
and serotype distribution in animal products such as
minced meat containing the risk group are regularly
monitored. Thus, a healthy database about proliferation of
bacteria has been produced, and it has shed light on the
epidemiological studies ¥,

Generally, in order to determine the presence of
Salmonella bacteria in foods, conventional culture method
is used. With this method, results are obtained in nearly one
week ©. In food microbiology, new methods are needed to
determine the specific bacteria and to confirm the lifeness
of bacteria and known metabolic activities. Conventional
culture methods which are used to examine water and
food are deprived of the sensibility which is needed in
direct determination of food pathogens. For this reason,
before verification tests are applied, enrichment cultures
are used to increase the number of pathogens which are
in low number and identification of bacteria is performed
after enrichment process .,

Immunomagnetic separation (IMS) method is generally
used in great efficiency in acquisition of damaged cells after
enrichment process or in isolation of specific pathogen
bacteria from heterogeneous cell suspensions 7", Although
IMS method takes the place of enrichment media, when it is
used in combination with pre-enrichment and enrichment
media, positive results are increased >4, The first
applications of IMS method in food microbiology are
known to be performed in Brie (a salty and soft cheese
type produced in Northern France), milk powder, yoghurt,
meat, and vegetables ['%,

For food microbiologists, direct monitoring of microbial
populations in food products is an important issue.
This is especially important when compared with trad
conventional microbiological methods, which give results
after a long time. In food samples, pathogen bacteria
which are in a very low number might be under stress or
be damaged. Therefore, bacteria might not proliferate in
selective media, causing false results. Molecular methods
like FISH method are used frequently in order to show

the presence of viable but nonculturable bacteria ™. FISH
method is a fast and specific tool in determination of
complex microbial population in not only food products,
but also in environment like soil and mud ',

In this study, it was aimed that 50 minced meat
specimens obtained from 27 butchers and 23 supermarkets
in nine different towns in Istanbul were investigated for the
presence of Salmonella bacteria by conventional culture
method (ISO 6579 reference method), immunomagnetic
separation method and fluorescent in situ hybridization
(FISH) method.

MATERIAL and METHODS

Sampling

In the current study, a total of fifty minced meat samples
were purchased from a variety of retail outlets and
supermarkets. Samples were transported to the laboratory
inarefrigerated containerand stored at4°C until examined.

The Detection of Salmonella spp.

Under aseptic conditions, 25 g samples were taken, homo-
genised in 225 mL of Buffered Peptone Water (HiMedia,
India) in a Stomacher (IUL Instrument, Spain) for 1 min and
incubated at 37°C for 24 h "% for pre-enrichment. Each
culture was used for further testing with the three methods.

After incubation, three different methods were used
to determine Salmonella bacteria. These methods were
conventional culture (ISO 6579), immunomagnetc separation
(IMS) and fluorescent in situ hybridization (FISH) methods.

Conventional Culture Method

Conventional culture method procedures for isolation
of Salmonella were performed according to the Inter-
national Organization for Standardization (ISO 6579) 317,
An aliquot of 0.1 mL BPW pre-enriched samples was in-
oculated to 9.9 mL Rappaport-Vasiliadis (RV) broth
(HiMedia, India) and incubated at 42°C for 24 h '8, After
24 h incubation, enriched broth (RV broth) was diluted
from 107" to 10 25 uL of enriched broth was streaked
on to Salmonella Shigella (SS) agar (HiMedia, India) and
brilliant green phenol red lactose sucrose (BPLS) agar
(HiMedia, India) and incubated at 37°C for 24 h. Following
24 h incubation, plates were examined for typical colonies,
picking at least one colony of each typical colonial
type from each of the plates for identification. Colonies
of presumptive Salmonella are subcultured, and are
confirmed by using API 20E. Serological verification of
the Salmonella bacteria was made by using commercially
available test kits (RTA Laboratories, Gebze).

Immunomagnetic Separation Method (IMS)

In the current study, Dynabeads anti-Salmonella
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conjugates (Dynal®, Norway) and Dynal® MX3 sample
mixer were used . Anti-Salmonella paramagnetic beads
are anti-Salmonella antibodies that bound covalently
bacteria surface. The immunomagnetic separation was
accomplished starting from 1 mL the pre-enrichment
broth was transferred to an Eppendorf tube containing
20 uL of the immunomagnetic microbeads coated with
anti-Salmonella 2°?1, The tubes were shaken on a Dynal®
MX3 sample mixer (Dynal®, Norway) at room temperature
for 10 min. Following 10 min. incubation, they placed
to a magnetic separator (Dynal®, Norway) "®, and the
supernatant was removed from the tubes by Pasteur
pipette. T mL of phosphate buffer saline (PBS) containing
0.05% of Tween 20 was added to the tube containing the
microbeads, the tube was shaken on a Dynal® MX3 sample
mixer (Dynal®, Norway) at room temperature for another 3
min. The tubes were placed back in a magnetic separator
(Dynal®, Norway). This washing process was repeated 3
times. After washing procedure, 0.1 mL PBS was added to
sample and sample was diluted from 107 to 10*. Aliquots
(25 pL) were streaked on SS agar and BPLS agar. After this
step, the procedure was continued as described above, the
conventional culture method.

Fluorescent in situ Hybridization (FISH) Method

FISH analysis was carried out to identify Salmonella
spp. using the VIT-Salmonella kit (Vermicon, Munich,
Germany). FISH method was applied according to the
instructions of manufacturer company as follows:

0.1 mL pre-enrichment sample was transferred to 9.9
mL Rappaport Vassiliadis (RV) broth. After incubation at
42°C for 4-6 h, 2 mL sample was centrifuged at 2.700-4.000
g for 5 min. Then supernatant fluid was removed and 4
drops of ‘B2 solution’ were added on the sediment. Then
5-10 pL of the prepared sample was added to each well of
the slide and the slide was dried horizontally at 46°C for 15-
30 min. After incubation, one drop ‘Solution B2’ was added
to each well and it was dried again horizontally at 46°C for
15-30 min. The tank was inserted a small way into the VIT-
Reactor. 25 drops of ‘Solution C6' was placed around in the
tank and then the slide it fully into the VIT-Reactor. 1 drop
of ‘negative control’ (brown), 1 drop of ‘VIT (Sal)’ (green) and
1 drop of ‘positive control’ (red) were added to wells. The
slide was inserted into the VIT-Reactor carefully and it was
dried horizontally at 46°C for 90 min. After incubation VIT
Reactor was opened and the slide was removed carefully.
‘Solution D6’ (washing solution) that was diluted twenty-
fold with distilled water, was preheated at 46°C for 30 min.
VIT-Reactor was filled with the preheated washing solution.
The slide was inserted carefully into the VIT-Reactor and
it was closed. The drops were let run into each other and
it was incubated at 46°C for 15 min. After 15 incubation,
VIT-Reactor was opened and slide and washing solution
were removed. VIT-Reactor was filled with distilled water
and the slide was inserted into the distilled water and then
slide was removed immediately. The slide was dried 46°C

for 15 min. A small drop of ‘Finisher’ was placed between
the wells on the slide. The slides were examined under
epifluorescent green under the blue light (EX-465-495),
and also fluorescent red under the green light (EX-510-560)
were evaluated as Salmonella and photographs were taken.

Determination of Sensitivities of Conventional
Culture and Inmunomagnetic Separation Methods

The sensitivities of conventional culture (ISO) and
immunomagnetic separation (IMS) method, which are
used to detect Salmonella bacteria, are calculated by using
the formula described in Boer and Beumer @2

Number of positive samples (P)

Sensitivity = x 100

P + Number of negative samples (FN)

If Salmonella bacteria can be isolated from the sample, P is
the number of true positive samples. If Salmonella can not
beisolated fromthe sample, Nis the number of true negative
samples. When Salmonella bacteria can be isolated with at
least one method, if the method can not isolate Salmonella
bacteria, false negative is present and shown with FN.

RESULTS

In the current study, Salmonella bacteria in minced
meat samples were detected by using conventional culture
method, IMS and FISH methods. By using conventional
culture method, five of fifty minced meat samples showed
Salmonella bacteria, while IMS method showed three and
FISH showed thirty-seven. 12 out of 50 (24%) minced meat
samples did not show any presence of Salmonella bacteria
with three methods used. Only one sample (sample 30)
showed Salmonella bacteria by using three methods.
Salmonella bacteria were detected, by FISH method, in 37
of 50 minced meat samples (Table 1, Fig. 1).

As seen in Table 1, conventional culture and immuno-
magnetic separation methods helped isolation of Salmonella
bacteria in seven samples. According to the formula
described in Boer and Beumer 2", the sensivities of the
methods used are found to be as 71.4% for conventional
culture method, and 42.8% for IMS. Based on the data and
calculations given above, conventional culture method was
found to be 28.6% more sensitive than immunomagnetic
separation method.

DISCUSSION

With conventional culture method, five of fifty minced
meat samples showed the presence of Salmonella bacteria.
Tekinsen et al.”®! reported that no samples out of 20
ready to use minced meat samples sold in supermarkets
in Ankara had Salmonella bacteria. The reason why
Salmonella bacteria did not show in these types of food
products is thought to be the presence of some organisms
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Table 1. Comparison of methods used for the isolation of Salmonella bacteria

Tablo 1. Salmonella cinsi bakterilerin tespitinde kullanilan yontemlerin karsilastiniimasi

Sample Conventional IMS FISH Sample Conventional IMS FISH
Number Culture Method Method Method Number Culture Method Method Method
1 - - + 26 - - +
2 - - + 27 - - +
3 - - & 28 3 - &
4 - + + 29 + - +
5 - - + 30 + + +
6 = = = 31 = = 4
7 - - & 32 - - &
8 - - + 33 - - +
9 - - & 34 - - &
10 - - + 35 - - +
11 - - & 36 - - &
12 - - - 37 - - -
13 - - + 38 - - +
14 - - + 39 - + +
15 - - + 40 - - -
16 - - + 41 - - -
17 - - + 42 - - +
18 + - - 43 - - -
19 - - + 44 - - +
20 = = A 45 = = =
21 + - + 46 - - -
22 = = A 47 = = =
23 - - - 48 - - +
24 = = A 49 = = -
25 - - 50 - - -

producing lactic acid, which hampers the production of
Gram-negative bacteria dramatically 4. In another study
by Sarigol ), one of twenty minced meat samples obtained
from butchers in Elazi§ showed the presence of Salmonella
bacteria, and another study by Gokalp et al.?® yielded
that one of forty-eight samples in Erzurum (obtained from
butchers and Meat and Fish Institution) had Salmonella
bacteria. Aabo et al.?”? found Salmonella bacteria in only
one specimen out of forty-eight cattle minced meat
samples, by using the conventional culture method. Erol &
reported the isolation of Salmonella bacteria from only
four of one-hundred-and-twenty samples (3.3%).

Fig 1. Salmonella positive sample by FISH method

Sekil 1. FISH yontemiyle Salmonella pozitif 6rnek

Detailed literature surveys showed that the presence of
Salmonella bacteria examined by IMS method is generally
found in chicken "8 and pork, cacao, powdered milk and
sausage ®; however, minced meat samples are found to be
investigated in a very low number of publications. In the
current study, as an alternative to the conventional culture
method, IMS method showed that only three samples out
of fifty samples examined had Salmonella bacteria. Cudjoe
and Krona [ investigated the presence of Salmonella
bacteria by conventional culture and IMS methods, and
they reported that the cultures obtained with conventional
culture method had a more dense growth of competitive



805
OZER, KIMIRAN-ERDEM

flora. For this reason, it was suggested that the use of
IMS method can prevent largely the competitive flora
development and this will speed up the selection of
suspicious Salmonella colonies from selective solid
media 3?8, Although some researchers '*?° reported
that IMS method gave better results than conventional
culture method, our study shows that conventional culture
method is more effective than IMS method. Jenikova et
al.™ published an article which investigated the use of
IMS method for detecting the presence of Salmonella
bacteria in minced meat samples, and reported that foods
with high fat content were not suitable for IMS. They
also reported that in a food like minced meat, which has
a high fat content, magnetic beads will be lost in food
matrix and therefore cannot be acquired by magnetic
field, so IMS method is not successful. In such a case,
because of competitive microflora (especially, bacteria
of Enterobacteriaceae family) yield cross-reactions and
other bacteria than Salmonella can bind to the anti-
Salmonella Dynabeads. These factors lead to the decrease
in sensitivity for IMS method, used to detect Salmonella
bacteria . Some researchers conclude this failure as
both immunomagnetic particles are lost in meat with
high fat content and as not using a medium with better
selectivity ">'®, In a study published by Mercanoglu et
al.?%, it was determined that anti-Salmonella globules
could capture Enterobacter aerogenes, Escherichia coli and
Klebsiella pneumoniae bacteria. It was observed that the
bindings which are not specific to anti-Salmonella globules
of these bacteria did not prevent Salmonella bacteria to
bind to globules and after IMS application, different type of
bacteria can develop with these bacteria in selective solid
media 1"**% In addition, it is thought that the cross reactions
might be caused from bacterial strain and environmental
conditions B, Our study supported the study carried out
by Jenikova et al.™ in which cross-reactions caused by
competitive microflora was detected. After the use of IMS
method, on the selective medium, Salmonella bacteria
along with bacteria belonging to Enterobacteriaceae
family such as Proteus vulgaris, Proteus mirabilis, Citrobacter
freundii, Citrobacter youngea and E. coli were found. In our
study, on the contrary to the study by Mercanoglu et al.”®,
as a result of cultivation on BPLS agar after IMS application,
it was determined that anti-Salmonella globules captured
P. vulgaris and growth of this bacteria determined on
the medium. With conventional culture method and IMS
method, it is thought that isolated erroneous positive
strains like C. freundii, Citrobacter brakii, C. youngeae, P.
vulgaris, P. mirabilis, Morganella morganii, and Hafnia alvei
suppress the growth of Salmonella bacteria. Especially, it
is considered that bacteria out of Salmonella, captured by
magnetic particles by IMS method, cause diminisment of
the sensitivity of the method.

With IMS method, it is reported that when detergents
like Tween 20 or protamin are added to PBS solution, which
is used as a washing solution in IMS method, there are

reductions in the numbers of non-specific bindings 193233,
In our study, it was found that Tween 20, added in a
concentration of 0.05 mL/100 mL, to the washing solution
(PBS solution) in IMS method could not prevent cross
reactions and that along with Salmonella bacteria, other
bacteria belonging to the Enterobacteriaceae family could
grow in the medium. With IMS method, another reason
for low recovery percentages of Salmonella bacteria might
be the first washing procedure which might remove
Salmonella bacteria with other bacteria 3%, [f the
number of Salmonella bacteria is greater than anti-
Salmonella globules, Salmonella bacteria might not
be captured by globules and with the first washing
procedure, bacteria which did not bind to the globules
might be washed out. However, even if there is only one
Salmonella bacterium in the sample, this bacterium can
be captured by anti-Salmonella globule. Literature survey
shows that there is a few number of publications about
investigation of Salmonella bacteria in minced meat. Erol
reported that Salmonella anatum, Salmonella telaviv,
Salmonella typhimurium were isolated from minced meat
samples, whereas Fratamico % reports that Salmonella
cerro, S. typhimurium, S. anatum and Salmonella infantis
were isolated from minced meat samples. In the study by
Gokmen and Alisarli ®, Salmonella spp. were isolated from
minced meat samples in Van. In our study, conventional
culture method yielded Salmonella spp. and S. choleraesuis
ssp. arizonae to be isolated in five of fifty samples.

In our study, the presence of Salmonella bacteria was
searched by conventional, IMS, and also by FISH method.
Our study showed that conventional culture method
yielded Salmonella bacteria in 5 samples out of 50 total
while FISH method found this bacteria in 37 samples out of
50 total. Literature survey showed that with FISH method,
Salmonella bacteria were searched generally in pork 1736,
In a publication by Vieira - Pinto et al.2%, 16 out of 47
samples yielded the presence of Salmonella-type bacteria
in pork samples. In another study it was determined that
FISH method gave better results than conventional culture
method 7. The reason why FISH method gives better
results than conventional culture method is considered to
be due to the presence of actually dead or viable but non-
culturable Salmonella bacteria for several stress factors 737,
In FISH method, these viable but non-culturable cells
can show metabolic activities with their ribozomes in
low number. However, FISH method is not affected from
physical and chemical properties of food (temperature,
salt concentration and pH), which cause Salmonella cells
to undergo stress and cause bacteria not to be cultured.
FISH method is more advantageous because a) it is not
affected from inhibitory factors, b) it uses less material
than conventional culture method and c) it is faster.

FISH method can detect Salmonella bacteria among high
number of competitive microflora. However, in sample18,
conventional culture method was successful in detecting
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Salmonella bacteria but FISH method failed. The possible
cause being the presence of a low amount of bacteria within
the scanned area by microscope “%, In addition, erroneous
negative result might be due to experimental errors.

Time is a very important factor in detecting the
pathogens in foods and for this reason, it is needed
to use new methods which can give results in a short
time. However, fast detection of epidemics due to food
contaminated with pathogens is important, but sources
of bacteria and obtaining bacterial isolates are more
important. For this reason, the results obtained with new
methods in short time must be compared with and
supported by the gold standard, that is, conventional
culture method.
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Summary

The protective effect of an aqueous extract of the shoots and leaves of Smilax excelsa L. against acute carbon tetrachloride (CCl,)-
induced toxicity and the changes in antioxidative defense activities in kidney of rats were investigated. Female Wistar rats were
supplied with S. excelsa shoots and leaves aqueous extract once a day for 9 days (orally at a dose of 100, 200 and 400 mg/kg of body
weight) prior to renal injury induction through intraperitoneal injection with a single dose of CCl, (1 ml/kg body wt, in a 20 % v/v olive
oil solution) on the 10th day. 24 h after CCl, intoxication serum and tissue biochemical and hispathological analyses were undertaken
after sacrification under anesthesia. Administration of the extract reversed the antioxidant parameters which were impaired in CCl,
group, in a dose dependent manner and at a dose of 400 mg/kg of body weight the levels of almost all the parameters were almost
back to normal Control group. Nevertheless, the extract did not completely improve the CCl,-induced degenerative changes observed
microscopically in kidney tissue. The results of this study suggest that S. excelsa could protect the kidney tissue against CCl,-induced
nephrotoxicity in rats, probably by increasing antioxidative defense activities.

Keywords: Smilax excelsa, Renal damage, Carbon tetrachloride, Antioxidant effect, Nephrotoxicity

Deneysel Olarak Olusturulmus Bébrek Hasari1 Uzerine
Smilax excelsa L. Kullaniminin Degerlendirilmesi

Ozet

Bu calismada Smilax excelsa L'nin geng slirglin ve yapraklarinin sulu ekstresinin sicanlarda karbon tetraklorir (CCl,) ile deneysel
olarak olusturulmus bobrek hasarina olan etkisi ve antioksidan savunma sistemindeki degisiklikleri incelendi. Wistar albino disi
sicanlara, 9 glin siire ile, S. excelsa extresinin 100, 200 ve 400 mg/kg dozunda oral olarak uygulanmasinin ardindan, 10. glintinde CCl,’tin
%20'lik zeytin yagindaki sollisyonunun Tml/kg intraperitoneal verilmesiyle bobrek harabiyeti olusturuldu. CCl, uygulanmasindan 24
saat sonra, sicanlar anestezi altinda 6ldirdldi, ardindan serum ve bébrek dokusunda biyokimyasal ve histopatolojik analizler yapildi.
CCl, grubunda bozulan tiim degerlerin, ekstrenin verilmesiyle doza bagli olarak diizeldigi ve 400 mg/kg dozunda asagi yukari normal
Kontrol grubu degerlerine ulastigi gézlemlendi. Buna karsin, ekstre CCl, ile olusturulan, bobrek dokusunda mikroskobik olarak
gozlenen dejeneratif degisiklikleri tam olarak iyilestirmedi. Bu calismanin sonucunda, S. excelsa'nin sicanlarda bobrek dokusunu CCl,
ile olusturulan hasardan korudugu ve bu etkisini organizmanin antioksidan savunma sistemlerini arttirarak gosterdigi ileri stirtlebilir.

Anahtar sézclikler: Smilax excelsa, Bobrek hasari, Karbon tetraklortir, Antioksidan etki, Nefrotoksisite

INTRODUCTION

Traditional medicines and extracts from medicinal medicine for better control and management of kidney
plants have been extensively used as alternative diseases.
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Plants from the genus Smilax are used to treat syphilis,
acute bacillary dysentery, acute and chronic nephritis,
eczema, dermatitis, cystitis, and mercury and silver
poisoning M. Rhizomes of several Smilax species from this
genus possess a variety of bioactivities including anti-
cancer 3, anticonvulsant ¥, antiinflammatory and anti-
nociceptive ®7), hepatoprotective ®'%, antihyperuricemic
and nephroprotective " actions. A survey of the literature
showed that several Smilax species contain phenyl-
propanoid glycosides "%, anthocyanins ¥, flavonoid
glucosides > and steroid saponins ', The antioxidant
potential of Smilax species has predominantly been
derived from in vitro and in vivo studies on the rhizomes of
the plant 719,

Smilax excelsa L. (sarsaparilla, Liliaceae) is a climbing
scrub up to 20 m, known as “Melocan, Melvocan, Silcan,
Diken otu, Mamula (Rize), Melevcen, Siraca (Mersin), Kircan
and Citirgl” in Turkey. It occurs in the deciduous forests,
the scrubs and the roadsides. The shoots of the plant are
consumed as vegetables % and it is known as a medical
and economic plant, as well 2, Smilax excelsa is used in
folk medicine for the treatment of breast cancer, stomach
pain and bloating 2. The plant used here has no scientific
proof of its use in renal disorders.

As the evidence of earlier studies shows that the
leaves and shoots of Smilax excelsa possess flavonoids and
anthocyanins, which are the major chemical constituents
responsible for exhibiting antioxidant activity 3! the
present study has been undertaken to evaluate the
protective effects of water extract of the shoots and
leaves of Smilax excelsa in kidney tissues in CCl,-induced
oxidative stress.

MATERIAL and METHODS

Plant Material

S. excelsa L. shoots and leaves were collected in
September from Istanbul, Turkey and identified by Prof.
Dr. Kerim Alpinar from the Faculty of Pharmacy, Istanbul
University. The shoots and leaves were separated from
the other parts, washed in running tap water and dried
at room temperature. Voucher specimens were deposited
in the Herbarium of the Faculty of Pharmacy, Istanbul
University (ISTE); Herbarium code number: ISTE 81928.
The dried leaves were manually ground to a fine powder
before extraction.

Preparation of the Extract

80 g of ground dried shoots and leaves were
extracted with boiling water (2.000 ml) for 15 min while
stirring. The extracts were filtered and evaporated to
dryness under reduced pressure at 40°C. The yield was
25 g. Appropriate dilutions were made before each
experiment.

Animals

The experimental protocol described in the present
study was approved on 19.06.2007 by the Animal Assays
Ethics Comittee of Istanbul University. Female Wistar
rats weighing 200-240 g were supplied from Istanbul
University, Institute of Experimental Medicine (DETAE).
Animals were acclimatized to their environment for one
week prior to experimentation. The animals were housed
in a room with a 12 h light/dark cycle at about 22°C and fed
on standard diet with ad libitum access to drinking water.

Induction of Renal Injury

The animals were divided into 5 groups each containing
6 animals. The treatment was as follows:

Group 1 (Control), which served as normal control,
received water and basal diet for 10 days.

Group 2 (CCl,) which served as toxin control, received
water and basal diet for 10 days and was treated i.p. with
Cdl, (1 ml/kg body weight in 20% olive oil, v/v) on the 10*" day.

Group 3, 4 and 5 (S;y.ccr Saorccis AN Sygp,cc) Were
separately treated with 100, 200 and 400 mg/kg body
weight of the extract of S. excelsa shoots and leaves
once daily for 9 days 24 h prior to CCl, intraperitoneal
administration on the 10* day.

24 h after CCl, intoxication, the rats were lightly
anesthetized and sacrificed. Blood samples were taken
from each rat through direct intracardiac intervention and
centrifuged at 3.000 x g for 10 min to separate the sera. Urea,
creatinine levels, paraoxonase/aryl esterase (ARE) activity
and the extent of LPO measured as MDA were determined
in serum. Immediately after collecting the blood samples,
the kidneys were excised, rinsed in ice-cold normal saline
solution followed by ice-cold 0.15 M potassium phosphate
buffer, pH 7.4, blotted, dried, and weighed. Part of kidney
tissues were used for histopathological examination. With
another part of kidney tissues, 10% w/v homogenates were
prepared in ice-cold 0.15 M potassium phosphate buffer
using Art-MICCRA D-1 homogenator and centrifuged at
13.000 rpm for 5 min at 4°C (Megafuge Hereaus 1.0R). The
supernatants, thus obtained were used for the estimation
of antioxidant parameters like catalase (CAT), superoxide
dismutase (SOD), glutathione peroxidase (GPx), glutathione
reductase (GR), glutathione S-transferase (GST), myelo-
peroxidase (MPO). Lipid peroxidation (LPO) reduced (GSH)
and oxidized (GSSG) glutathione, GSSG/GSH, protein
carbonyl content (PCC), carbonic anhydrase (CA) activity,
were also estimated. All biochemical assays were done in
triplicate using different homogenates. Serum and kidney
samples were aliquoted and stored in a freezer (-80°C) for
use in biochemical analyses.

Biochemical Assays

Shimadzu Spectrophotometer UV-(1800) was used for
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all spectrophotometric measurements.

Assessment of serum biochemical parameters: Serum
creatinine and urea levels were evaluated by Jaffe reaction 4,
and diacetylmonooxime method ), respectively.

Serum samples were assayed for paraoxonase/
arylesterase activity using 1.0 mM phenylacetate as
substrate and 0.9 mM CaCl, in 20 mM Tris/HCI, pH 8.0. The
reaction was initiated by the addition of the serum sample,
and the increase in the absorbance at 270 nm was recorded
over a 90-s period. Enzymatic activity was calculated from
the molar extinction coefficient 0.00131 mM'cm™. A unit of
arylesterase activity was defined as 1umol phenylacetate
hydrolyzed per min under the above assay conditions 2,

Assessment of antioxidant status via antioxidant enzymes
in kidney homogenates: CAT activity was measured by the
ethod of Aebi ?” and expressed as mmol H,0,/mg protein.

SOD activity was assayed by the method described by
Aruoma et al.?®, Results were expressed as U/mg protein.
One unit of SOD inhibits the rate of increase in absorbance
at 560 nm by 50% under the conditions of the assay.

The activity of glutathione peroxidase (GPx) was
measured using a coupled enzyme assay system linked
with glutathione reductase (GR) as described by Lawrence
and Burk 1,

GR activity was determined by following the oxidation of
NADPH at 340 nm as described by Carlberg and Mannervik &9,
GR and GPx activities were expressed as mmol NADPH
oxidized/min/mg protein using the molar extinction
coefficient for NADPH at 340 nm of 6.22 mM™"/ cm.

GST activity using 1-chloro-2,4-dinitrobenzene as sub-
strate was assayed spectrophotometrically as described
by Habig and Jakoby 1", Specific activity was expressed
as mmol conjugate formed/min/mg protein using a molar
extinction coefficient of 9.6 mM”'cm™.

Tissue MPO levels were measured according to Hillegass
et al.*%. Results were expressed as units of MPO per gram of
protein of supernatant as determined by method of Lowry.

The formation of LPO products was assayed by the
measurement of thiobarbituric acid reactive substances
(TBARS) levels on the basis of MDA reaction with thio-
barbituric acid at 532 nm according to Buege and Aust 3.,
The values of TBARS were calculated using an extinction
coefficient of 1.56 x 10° M"' cm™ and expressed as nmol of
MDA/g wet weight.

The levels of GSH and GSSG were measured in kidney
tissue by the enzymic recycling procedure using 5,5'-
dithiobis-(2-nitrobenzoic acid) (DTNB) and glutathione
reductase (DTNB-GSSG reductase recycling assay) as
described by Anderson B4,

The PCC was assayed by the modification of the procedure
described by Reznick & Packer 8%, using dinitrophenyl-
hydrazine (DNPH) dissolved in HCl, accompanied by blanks
in HCI alone. Results were expressed as nmol of protein
carbonyl per mg of protein (determined on the HCI blank
pellets using a BSA standard curve in 6 M guanidine-HCl
and reading the absorbance at 280 nm) using a molar
extinction coefficient of 22.000 M'cm™' for DNPH.

The p-nitrophenylacetate esterase activity of CA was
measured by the method of Verpoorte et al.B%., One unit
of enzyme activity was expressed as mmol nitrophenol
formed per minute at 0°C using a molar extinction
coefficient of 5 MM/ cm™.

Histopathological Assay

Dissected kidney tissues were taken immediately and
fixed in Bouin’s solution for histopathological examinations.
The tissues were dehydrated and embedded in paraffin.
The paraffin sections of 5 um thickness were stained with
Masson'’s trichrome stain (Masson) and Periodic Acid-Schiff
stain (PAS). All sections were examined under Olympus-CX
41 light microscope.

Statistical Analysis

Biochemical results were evaluated using an unpaired
t-test and ANOVA variance analysis using the NCSS
statistical computer package. The values were expressed
as mean * SD. Analysis between control and experimental
groups was performed using the Mann-Whitney test.
P<0.05 was considered as significant.

RESULTS

Assessment of Serum Biochemical Parameters

Serum urea levels were significantly raised in the CCl,
group compared to the control group (P<0.005). Treatment
with S. excelsa leaf extract at 400 mg/kg dose only,
restored urea levels to control values (P,,,,=0.0001). Thus,
pretreatment of rats with aqueous extract of S. excelsa
attenuated the CCl,-induced rise in serum urea level
confirming the protective effect of the extract on serum
kidney parameters. Nevertheless no significant change in
serum creatinine levels was observed (P, o,»=0.487; Table 7).

The serum TBARS (expressed as MDA) concentration in
the CCl, treated group was significantly higher (P<0.0001)
than that of the normal controls. Treatment with S. excelsa
aqueous extract with 100, 200 and 400 mg/kg doses,
prior to the CCl, administration decreased the enchanced
MDA level significantly (P<0.005, P<0.05 and P<0.0001
respectively compared to CCl, group). Reduction in the
levels of MDA in the group treated with 400 mg/kg aqueous
extract was almost close to normal group (P,yo,=0.0001;
Table 1).
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CCl, did not produce a significant change in serum ARE
levels (Table 1). Whereas treatment with S. excelsa extracts at
200 (P<0.005 versus Control group) and 400 mg/kg (P<0.05
versus Control group) increased significantly serum ARE
activity (Pyyoua=0.001).

Assessment of Antioxidant Status in
Kidney Homogenates

Antioxidant enzyme activities (CAT, SOD, GPx, GR,

Table 1. Effect of pretreatment with Smilax excelsa L. aqueous extract
after CCl, intoxication, on serum urea, creatinine and MDA levels and aryl
esterase (ARE) activity in rats

Tablo 1. Sicanlarda CCl,ile olusturulmus bébrek hasarinda Smilax excelsa
L. sulu ekstresinin serum Ure, kreatinin ve MDA dlizeyleri ile arilesteraz (ARE)
aktivitesi izerine etkisi

Group Urea Creatinine MDA ARE
mg/dl mg/dl mmol/Il ku/I
Control 25.2+4.3 0.76+0.4 1.4+0.3 29.6+£9.4
cal, 44.2+13.52 1.00+0.4 3.4+0.4¢ 29.7+£194
S 100+ccl, 43.3+11.4° 0.78+0.4 2.5+0.4% 36.1+£27.6
S 200+ccl, 44,3+9.3° 0.81+0.2 2.7+0.6% 79.7£25.2°9
S a00+ccl, 28.6+7.9¢ 0.77+0.2 1.6+0.4f 64.3+21.8%
I e 0.000 0.487 0.0001 0.001
9P<0.005 vs. Control; ® P<0.001 vs. Control; <P<0.05 vs. CCl,; 4P<0.0001 vs.
Control; ¢P<0.05 vs. Control; fP<0.0001 vs. CCl,; 9P<0.005 vs. CCl,

GST and MPO) in kidney of Control and tested groups are
shown in Table 2.

No significant change in CAT activity of all the
experimental groups (P>0.05) was recorded (P ,you.=0.647).

SOD activity was significantly decreased in the
CCl, group (P<0.05 versus Control group), administration
of the extracts at the three doses reversed this effect
(P anova= 0.002).

Although no significant difference was seen in the CCl,
group, the activities of GPx, GR, and GST were significantly
enhanced by pre-treatment of CCl,-intoxicated rats with
S. excelsa extracts at 100 mg/kg, 200 mg/kg, 400 mg/kg
doses compared with those of CCl, group (P,yo,=0.0001,
0.002, 0.008 respectively).

In the control CCl, treated group and the group
pretreated with 100, 200 and 400 mg/kg aqueous extract
of S. excelsa renal MPO levels were significantly (P<0.05)
higher than those of the normal Control group. A
significant (P<0.05) reduction was observed in the group
treated with 400 mg/kg of aqueous extract of Smilax
excelsa in comparison with those observed in the control
CCl, treated group and the group pretreated with 100 and
200 mg/kg. However, MPO levels remained greater than
control (P yyova=0.011; Table 2).

Table 2. Effect of pretreatment with Smilax excelsa L. aqueous extract after CCl, intoxication, on activies of catalase (CAT), superoxide dismutase (SOD),
glutathione peroxidase (GPx), glutathione reductase (GR), glutathione-S-transferase (GST) and myeloperoxidase (MPO) in kidney tissue of rats

Tablo 2. Sicanlarda CCl,ile olusturulmus bébrek dokusu hasarinda Smilax excelsa L. sulu ekstresinin katalaz (CAT), siiperoksit dismutaz (SOD), glutatyon
peroksidaz (GPx), glutatyon redliktaz (GR), glutatyon peroksidaz (GST) ve miyeloperoksidaz (MPO)aktiviteleri iizerine etkisi

Gronn CAT : SOD : GPx : GR : GST : MI.>0

U/mg protein U/mg protein U/mg protein U/mg protein U/mg protein U/g tissue
Control 81.7+14.8 2.5+0.2 523.9+71.6 90.6+14.6 92.1+23.4 0.18+0.1
cal, 76.9+14.1 2.1+0.3° 553.7+31.8 86.0+10.0 89.2+24.9 0.99+0.5¢
e, 88.3+10.6 2.620.3 723.8+53.9¢ 106.0+27.0 124.8+9.3 0.76+0.2
Sa00scal, 85.0+13.9 3.0+0.5° 759.3+£97.5¢ 124.0+24.3° 133.9+£37.5° 1.22+0.3¢
S 86.0+£14.2 2.5+0.0 759.5+23.5¢ 124.4+11.1¢ 128.7+20.5° 0.50+0.1¢b
[P e 0.647 0.002 0.0001 0.002 0.008 0.0001

9P< 0.0 5 vs. Control; ®P< 0.05 vs. CCl,; <P< 0.001 vs Control; ¢ P< 0.005 vs. Control

Table 3. Effect of pretreatment with Smilax excelsa L. aqueous extract after CCl, intoxication, on lipid peroxidation (LPO), reduced (GSH) and oxidized
glutathione (GSSG) levels, GSSG/GSH ratio, protein carbonyl content (PCC), carbonic anhydrase (CA) activity in kidney tissue of rats.

Tablo 3. Sicanlarda CCl, ile olusturulmus bébrek dokusu toksisinde Smilax excelsa L. sulu ekstresinin lipit peroksidasyonu (LPO), indirgenmis (GSH) ve

oksitlenmis (GSSG) glutatyon diizeyleri, GSSG/GSH orani, protein karbonil miktari (PCC), ve karbonik anhidraz (CA) aktivitesi lizerine etkisi.

Group LPO GSH. GS5G GSSG/ GSH pec A
nmol MDA/g tissue mmol/g tissue mmol/g tissue nmol/mg protein U/mg protein
Control 24.1+7.2 0.58+0.1 0.05+0.01 0.10£0.01 1.1+£0.4 168.8+24.5
cdl, 38.6+9.4° 0.31+0.1° 0.06+0.04 0.18+0.072 2.9+0.3f 230.3+£21.7°
S,oo+cc,4 36.0+£9.5° 0.58+0.1¢ 0.05+0.03 0.11+0.02¢ 2.9+1.4° 216.7£29.1°
Sm,,cc,‘ 38.9+8.4° 0.53+0.1¢ 0.09+0.032 0.18+0.08* 2.6x1.7° 238.3+24.6°
S4,,o+cc,4 27.1£6.9° 0.67+0.2¢ 0.04+0.01 0.09+0.01¢ 1.5+0.69 176.5+£22.0¢
P e 0.011 0.003 0.046 0.004 0.002 0.0001
9P< 0.05 vs. Control; ®P< 0.005 vs. Control; <P< 0.05 vs. CCl,; P< 0.001 vs CCl,; ¢ P< 0.005 vs CCl,;fP< 0.0001 vs. Control; 9 P< 0.0001 vs CCl,
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The content of GSH was significantly decreased in the
CCl,-treated rats compared with normal control (P<0.005).
In the group of rats pretreated with 100, 200 and 400
mg/kg aqueous extract of S. excelsa, GSH levels were
comparable to those of normal Control group (P>0.05). The
differences between all the groups was found significant
(Panova=0.003). There was no significant difference between
the kidney GSSG levels of all the experimental groups
(P anova=0.046; Table 3). The GSSG/GSH ratio which was
significantly increased in the CCl, group (P<0.05 versus
Control group), was decreased to normal Control group
levels by administration of S. excelsa extract at 400 mg/kg
dose (P \yova=0.004; Table 3).

The significant raise in the PCC content, in the kidney
of CCl, treated group was only significantly reduced with
pretreatment with S. excelsa leaf extract at 400 mg/kg
(P<0.05 versus CCl, group), thus restoring it back to the
controls range (P ,youa=0.002; Table 3).

The CA activity in the CCl, treated group and the
group pretreated with 100 and 200 mg/kg aqueous
extract of S. excelsa was also observed to be highly
significant (P<0.005, P<0.05 and P<0.005 respectively)
as compared to that in the normal Control group. Pre-
treatment with 400 mg/kg S. excelsa brought the activity
near to that of the Control rats (P<0.05 versus CCl, group;
P aova=0.0001; Table 3).

Histopathological Assessment

Under light microscope, the cortex in the kidneys of
Control group animals has a large number of glomeruli
that proximal and distal tubules located around them (Fig. 1
A). CCl, caused moderate degenerative changes primarily
in proximal tubules, in addition to less in distal tubules in
the renal tissues of rats. The renal injury induced by CCl,
consisted of histopathological changes such as cytoplasmic
debris and desquamated nuclei in the widened lumens of
proximal and distal tubules, shortening and rupturing at
the brush border of proximal tubular cells, vacuolisation
and hypertrophy in the proximal and distal tubular cells,
hyperemia in the interstitial vascular areas. Besides these
histopathological changes, necrotic areas were observed
in the kidney tissues of some animals given CCl, (Fig. 1 B).
However, the degenerative changes were partially
apparent in the kidneys of rats received Smilax excelsa
extract at the 100 mg/kg (Fig. 1 C), 200 mg/kg (Fig. 1 D) and
400 mg/kg (Fig 1. E) dose together with CCl,. PAS positive
reaction in brush border and basal membrane of proximal
tubular cells in the kidney tissue of allgroups were similar.

DISCUSSION

In recent years, the search for herbal and natural drugs
with antioxidant activity has gained importance as the

Fig 1. Light microscopic appearance of kidney tissue of a control animal (A). The kidney section of rats given CCl,
(B), light micrographs of S. excelsa (100 mg/kg)-treated CCl, group (C), of S. excelsa (200 mg/kg)-treated CCl, group
(D), and of S. excelsa (400 mg/kg)-treated CCl, group (E). Proximal tubule (P), distal tubule (D) and glomerulus
(G). Cytoplasmic debris and desquamated nuclei (%) in the widened lumens of proximal and distal tubules,
shortening (—) and the rupturing (») at the brush border of proximal tubular cells, hypertrophy (=) in tubular
cells, hyperemia (h), necrotic area (B). Masson. Original magnification x400

Sekil 1. Kontrol hayvanin bébrek dokusunun isik mikroskobik gortinimi (A). CCl, verilen sicana ait bdbrek
kesiti (B), S. excelsa (100 mg/kg) verilen CCl, grubuna ait (C), S. excelsa (200 mg/kg) verilen CCl, grubuna ait (D)
ve S. excelsa (400 mg/kg) verilen CCl, grubuna ait (E) 1sik mikrograflari. Proksimal ttbul (P), distal tibul (D) ve
glomerulus (G). Proksimal ve distal tiibillerin genislemis limeninde sitoplazma artiklari ve dékilmus nukleuslar
(), proksimal tiibl hiicrelerinin firca kenarlarinda kisalma (—) ve kopma (»), tibul hiicrelerinde hipertrofi (=),
hiperemi (h), nekrotik alan (®). Masson. Orijinal biyiitme x400
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dietary intake of antioxidants obtained from natural
sources is considered to be relatively safe and involves no
side effects. Smilax excelsa shoots and leaves constitutes a
particularly interesting source of biologically active phyto-
chemicals as it contains a variety of phenolic compounds
with substantial in vitro antioxidant activity ™. However,
until recently, there have been few studies about the
pharmacological effects of the leaves of Smilax excelsa. In
vitro antioxidant properties of leaf extracts were shown
in one study on Smilax china B after our research 3,
Nephroptotective activity of extracts obtained from S. china
rhizomes in hyperuricemic animals was demonstrated
in a recent study without histopathological observation 8,
Despite the many beneficial biological properties of
Smilax excelsa, its protective effect against CCl, nephro-
toxicity has not so far been explored. The current study
was aimed at identifying biochemical and renal histo-
pathological abnormalities that occur with the evolution
of nephrotoxicity in rats and to appreciate their possible
reversal after the treatment with the water extract of
Smilax excelsa shoots and leaves.

Nephrotoxicity is one of the most common kidney
problems and occurs when body is exposed to drugs or
chemical reagents. Several medicinal plants are reviewed
for their nephroprotective activities &%. CCl, is commonly
used in rat experimental models to investigate the oxidative
stress induced in various organs. In addition to its hepatic
toxicity, it was reported that CCl, also causes disorders in
kidneys.

The elevation in blood urea, and the observed histo-
pathological alterations recorded in this work indicated
that CCl, caused moderate impairment in renal function
along with significant oxidative stress in the kidneys which
is consistent with other studies %,

Because, generally, the effect of CCl, is observed after
24 h of its administration and withdrawal of blood and
excising of kidneys were carried out after 24 h of CCl,
intoxication, serum creatinine levels remained normal 24
h after the induction of renal toxicity in rats, which is in
accordance with the observation reported by Tirkey at
al.*" who failed to observe any increase in BUN nor serum
creatinine levels after CCl,administration.

Our histopathological findings were in agreement with
the degenerative structural changes reported to occur in
kidney tissues after the application of CCl, >, Our results
showed that CCl, leads to moderate degenerative changes
mainly necrosis, hyperemia, and vacuolar degeneration
in the kidney of rats. It was observed that pretreatment
with the aqueous extracts of Smilax excelsa leaves did not
completely diminish CCl,-induced degenerative injury in
kidney tissue, morphologically. Thus, the improvement in
antioxidant enzymes system seem to have been incapable
of neutralizing increased CCl, toxicity seen in the histo-
pathology of kidney cells.

There was a significant increase in serum MDA levels,
which is an indirect measure of lipid peroxidation that
suggests the posibility of enhanced production of free
radicals as reported by Manna et al* and Tirkey at al.*".
In recent years paraoxonase/arylesterase activities have
been used as oxidative stress markers. It has been suggested
that they may play a protective role under oxidative
stress. Paraoxonase was found to use efficiently not only
lipoprotein-associated peroxides (including cholesteryl
linoleate hydro-peroxides), but also hydrogen peroxide
(H,0,) ¥ In this study the induction of paraoxonase/
arylesterase activity may merely be a manifest of anti-
oxidant response to the increased oxidative stress. It was
reported that flavonoids can act as potent inhibitors of LDL
oxidation via preserving or increasing serum paraoxonase/
arylesterase activity thus promoting hydrolisis of LDL-
associated lipid peroxides . The presence of high quantity
of flavonoids in Smilax excelsa leaves could be responsible
for the protective effect against the oxidative stress of CCl,
in kidneys of rat.

CAT, SOD, GR, GPx, GST and GSH were evaluated as
an index of antioxidant status of kidney tissues. SOD
generates hydrogen peroxide as a metabolite, which
must be scavenged by catalase or GPx. In this study the
small degree of changes in renal CAT and SOD activities
did not attain statistical significance between CCl, treated
control and groups pretreated with S. excelsa. May be CAT
and SOD are easily inactivated by lipid peroxides, which
are scavenged by GPx. GPx faciliate the conjugation of
hydrogen peroxide to reduced glutathione (GSH) leading
to generation of water and oxidized glutathione (GSSG),
which is then reduced to GSH by the NADPH-dependent
GR. The increase in GR and GPx activities may be due to the
elevated GSH content. Some of the changes in glutathione
antioxidant system may possibly reflect an inter-organ
antioxidant response to a generalized increase in tissue
oxidative stress associated with intoxication, possibly
through the export of hepatic glutathione for the sub-
sequent uptake by extrahepatic tissues. The absence of a
change in the GSSG/GSH ratio, a potent inhibitor of tissue
oxidative stress in the group pre-treated with 400 mg kg
of S. excelsa leaves is in accordance with the suggestion that
free radical damage is attenuated. The increase in GST
activity which is involved in the detoxification of the lipid
peroxidation products may also be an early adaptive response
to oxidative stress. It may be concluded that administration
of Smilax excelsa leaves protected the antioxidant status of
the kidney as revealed by the enhanced level of GR, GPx, GST
and GSH in this experiment. Earlier studies have also shown
that different plant extracts comprehensively ameliorated
the renal injuries induced through CCl, intoxication by
increasing antioxidant enzyme activities 1041,

In the present study, the administration of CCl,
resulted in a significant elevation in renal PCC and MDA
levels, indicating increased protein and lipid oxidation,
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respectively, leading to tissue damage and failure of the
antioxidant mechanisms to prevent the production of
excessive free radicals. Interestingly, pretreatment of 400
mg/kg S. excelsa leaves markedly reduced the extent of
protein and lipid oxidation by decreasing the PCC and
MDA levels, which confirms the nephroprotective effect of
S. excelsa leaves against the renal protein oxidation and lipid
peroxidation induced by CCl,.

Increased MPO enzyme activity is an indicator of
inflammation. This enzyme is highly enriched in the
azurophilic granules of polymorphonuclear leukocytes
(PMNs) recruited to injured tissue to mediate the acute
phase of the inflammatory response . Reduced MPO
levels in the group pretreated with 400 mg/kg S. excelsa
extract indicate that the extract may cause significant
supression of neutrophil infiltration. These results were in
accordance with those of Tsumbu et al.*” who reported
that plant polyphenols could decrease the MPO activity
released by the neutrophils.

Carbonic anhydrases (CAs) are key enzymes that
regulate acid-base homeostasis in both normal and
pathological conditions. The fact that CA Ill in humans as
well as in other species is abundantly expressed in skeletal
muscle and some other tissues & make it a physiologically
significant pool of reactive sulfhydryls that function as
oxyradical scavengers. The concentration of CA Il in
these cells could reach the same order of magnitude as
that of glutathione. Thus it may provide an important
physiological mechanism of protecting tissues against
oxidative damage ™. Increased CA activity in the CCl,
treated group and the group pretreated with 100 and 200
mg/kg aqueous extract of S. excelsa observed in this study
indicate that CA may have a direct role in cellular response
to oxidative damage.

The present study confirmed and extended the results
of other studies showing that oxidative stress occurs
depending on the increase of reactive oxygen species
production in different diseases. The administration of
antioxidants could conceivably protect tissues from the
effects of free radicals and lipid peroxidation and thereby
retard the progress of many diseases #5052,

The biochemical findings of the present study revealed
that pretreatment with 400 mg/kg of body weight S. excelsa
leaves of CCl,-treated rats ameliorated the toxic effects of
CCl, by restoring the markers mentioned above to normal
levels.

In conclusion, our results indicated the protective role
of S. excelsa leaves against CCl,-induced nephrotoxicity.
The mechanisms of protection include the inhibition of
protein and lipid oxidation processes and the increase
in antioxidant enzymes activities, which results in the
recovery only of biological parameters but not contribute
to the integrity of kidney histological aspects.
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Summary

The objective of this research is to determine the effects of factors on the death rate in the Broiler farms in Mersin province, Turkey.
The data of this study is obtained in the 87 Broiler farms in 2012. The chi-square test has been applied to the acquired data. The results
have shown that the fewer death rates of animals are observed while the budget for the production period increases. Besides, it is also
found out that the enlargement on the field of the management, 7 days long of curtain opening procedure and selection of the chicks
regarding average weight as 40 g are among the factors, reducing the death rate of the animals. Moreover, usage of the fully equipped
vehicles determined by the EU standards for the transportation of animals, heating the coops and 21 days of relaxation period of the
coops would have statically significant effects on the decrease of the death rates. The average death rate has been found as 9.68. With
the possibility 7% reducing, the average production increase 508 kg/period for each management.

Keywords: Broiler farms, Death rate, Chi square test, Mersin

Broiler isletmelerinde Oliim Orani Uzerine Etkili Olan Faktorler

Ozet

Bu calisma Broiler isletmelerinde, hayvanlarin 6liim oranini etkileyen Uretici ve isletmeye ait faktorlerin belirlenmesi amaciyla
yapilmistir. Calismanin verileri 2012 yilinda 87 Broiler isletmesinden elde edilmistir. Elde edilen verilere Ki kare testi uygulanmistir.
Yapilan test sonucunda bir tiretim dénemine ayrilan biitce artikca kiimeslerdeki 61im oraninin azaldigi tespit edilmistir. Bunun yani sira
isletmenin alaninin genislemesi, perde agma siiresinin yaklasik 7 gin olmasi, isletmeye gelen civcivlerde ortalama 40 g agirh@in tercih
edilmesinin de 6lim oranini azalttigi belirlenmistir. Ayrica civcivlerin tasinmasinda tam donanimli AB mevzuatina uygun araclarin
kullaniimasi, otomatik sobalarla kiimesin isitilmasi ve kiimes dinlenme sirelerinin en az 21 glin olmasinin 6liim oranlarini azaltici
yonde etki yapacagi tespit edilmistir. isletmelerde ortalama &liim orani 9.68 olarak bulunmustur. Bu oran %7'ye diisiriildigiinde
isletme basina Uretim ortalama 508 kg/d6nem artacaktir.

Anabhtar sézciikler: Broiler isletmeleri, Oliim oran, Ki-kare testi, Mersin

INTRODUCTION

All people need protein, carbohydrate, vitamin and
mineral, so that they can live a healthy life. Animal originated
foods are one of the main elements of the balanced
nutrition. People compensate their needs for these foods
through meat, milk and egg. Among these proteins, with
its high level of nutrition rate and lower rates of fat and
cholesterol, and comparing to the red meat its cheapness
and easy digestibility, the consumption of chicken meat is
increasing regularly. This makes the poultry an important
sector among the other meat producing sectors. The
poultry is still an important economic activity and a source
of food in developing countries ™,

With 35-45 days of production period, intensive
producing opportunity in unit area, high rate of
transformation of animal feeds into the meat and lower
need of workforce comparing to the other agricultural
managements, broiler production has a special place in
the animal production 23,

Besides the advantages mentioned above for the
producer, broiler has also several disadvantages. The
poorly modernized conditions for chick transportation,
inappropriate set up of the coops ™ and the other
circumstances of the coop such as temperature, lightning,
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ventilation and noise ! could be the counted reasons of
these disadvantages.

The poultry production in Turkey has begun in 1930
with the establishment of the Ankara Central Poultry
Institution. In 1963, the imported hybrid broiler and layer
type of chickens, which were kept for breeding, have been
delivered to the commercial managements. After the
1980s, poultry production has become a really important
sector 19 which meets the national demand for the
chicken meat. The broiler institutions have tried to enlarge
their market shares by modern farms. However, some
external factors have affected the sector negatively. For
instance, the bird flu also known as influenza or bird
plague has quite large negative effects starting with 2005.
In the city of Mersin, in which 14.74% (23 million number)
of Turkey'’s yearly broiler poultry production (162 million
number) have been supplied, because of the spreading
bird influenza there has been detected 20 million of
decrease on the production. Later that year, broiler
consumption have started to increase slowly again and in
2011 in Turkey 3.40% (5 million number) of the production
were performed in Mersin ', Not only in the world but
also in Turkey, many studies have been carried out to
increase the broiler production. The usage of pads on
the effectiveness of broiler production "%, poultry place
preference and its effects '¥, free breeding system and
its effects ', the cost of production ™, the density of the
poultry (population) "%, the death incidents during the
transportation of the chickens 78, the economic analysis
of the broiler institutions "%, factors affecting profits of
broiler enterprises % financial effects of avian influenza 2"
and the factors on the performance of the producers
have been surveyed 1?2, Yet, about the factors for the
broiler death rate there has not been any research has
been conducted. This study attempts to fill this void by
analyzing the effects of factors on the death rate in the
broiler farms in Mersin.

MATERIAL and METHODS

The primary findings of the study have been acquired
by the questionnaire with the broiler farms in Mersin. The
secondary findings have been obtained by the research on
the records in the Province Municipality of Mersin.

The number of the questionnaires has been decided
with the Proportional Sampling Method. The formula for
the finite population there is an example below on the
known or estimated rate. On the occasions, on which P is
unfamiliar, it would be better to work with the maximum
sample volume by approving the P=0.5, so that we can
reduce the possible mistake 12324,

- N*p*(-p)
(N-D*o, +p*(1-p)

According to the formula; n: Sample Size, N: Operating
number in the population, 0%;: Variance of the rate, r:
Deviation from the average (10%), p: The rate of the
operations to the population.

> 0.1

o, =——=0.051
" 1.96

. 896 *0.5*0.5
895%(0.051)* +0.5*%0.5

=86.89 =87

In this formula the sample consumer for the survey
has been determined as 87 with the 95% of confidence
parameters (z=1.96) and 10% of average deviation.

Chi Square Test

Chi square test is a nonparametric statistical analyzing
method often used in experimental work where the data
consist in frequencies or counts as distinct from quantitative
data optained from measurement of continuous variables
such as age, income, budget, and so on. The most common
use of the test is to assess the probability of association or
independence of facts. Managements have been divided
into 2 by the death rates, which have been decided by the
companies as 7% regarding whether they are below or
above the death rate. In this study, for the determination of
the effects belonging to the producer in broiler farms, the
Chi-square test has been applied to the work. Chi-square
test is being used for the exact determination between the
relations of intermittent variables and also the systematic
relations among the frequency based variables, which
are pictured on a cross-table. The chi-square test is based
mainly on the resolving of the difference between the
estimated and observed frequencies regarding if they are
expressive or not °,

RESULTS

The 92% of the broiler producers participating in the
questionnaire are male. The age of the participants is varied
from 22 to 70 years and the average has been calculated as
45.39. The education years of the participants are varying
from 5 to 15 years and the average is 6.16 years. This shows
that approximately 72% of the broiler producers have been
graduated from only primary school. Averagely, there are
4.03 individuals living in the producer’s household and
the helping individuals are detected as 1.53. The duration
of stay or in other words, aging until the poultry time for
the chicks can differ 35 to 45 days. Average cutting age of
the chicken is calculated as 42.69 days. The producers have
produced from 4 to 7 times a year and the average is 5.53
times. The average income of the producers is conducted
as 6979,31 Turkish liras (TL) and their average budgets are
1922,41TL (Table 1).

In over populated coops, the best capacity for
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Table 1. Descriptive statistics
Tablo 1. Tanimlayici istatistikler

Variables Min. Max. XS,
Gender (female:0, male:1) 0 1 0.92+0.27
Age (year) 22 70 45.39+9.79
Education (year) 5 15 6.16+2.22
The number of household members 1 6 4.03+1.07
Household members helping the broiler production 1 3 1.53+0.52
Cutting Age (days) 35 45 42.69+1.08
The number of yearly periods 4 7 5.53+0.59
Income (TL/period) 1.000 20.000 6979.31+4891.74
Budget (TL/period) 250 8.000 1922.41+1704.18
Coop area (m?) 180 1.600 768.10+377.94
Capacity of the coop (number) 2.000 25.000 11318.39+6154.85
The number of chickens for each m? 11 17 14.47+1.55
The distance of chick transportation (km) 20 950 349.63+331.09
Species of the chick (Hubbard: 0, Ross: 1) 0 1 0.86+0.35
Curtain opening time (day) 4 11 6.72+2.26
Heating system (Classical stove: 0, Automatic stove:1) 0 1 0.22+0.42
The weight of the chick in the broiler man. (g) 35 43 38.75+1.85
Live chicken weight for cutting (g) 2.000 2.700 2391.72+131.15
Provender transformation rate (FCR) 1.06 2.86 1.67+0.23
Coop relaxation time (day) 10 36 23.57+4.29
Death rate of the management (%) 3 20 9.68+3.60
Preferred death rate by the comp. (%) 5 7 6.76+0.61

preventing the deceleration and increment of the death
rates is decided as 14-18 chicken per m?in the coop .
The average production area of the participants is 768.10
m? and the 11318.39 chickens for each farm. The average
chicken number for each m? is 14.47. The chicks cover
349.63 km distances until they have been brought to
the management. In the 86% of the managements is
breeding the Ross type and 14% of them is breeding the
Hubbard kind of chicks. In order to make the heating
easier, the coops have been divided into by the curtains.
These curtains have been opened up, when the chicks
have grown adequately. The average curtain opening time
is calculated as 6.72 days. For the providing the heating
in the coops, classical and automatic stoves have been
used. The 22% of these managements have chosen the
automatic stoves. The average weight of the chicks is 38.75
g and averagely after 43 days of growing up they weigh
2391.72 g and ready to be cut and to be eaten. The coops
relaxation period has been described as the time between
the cleaning of the units and the interval of the period for
each unit. The coops relaxation time could vary between
10 to 36 days and the average calculated is 23.57 days
(Table 1). By splitting the average weight of chick until
they are ready to be cut and the amount of the provender,
the Feeding Change Ratio hereafter FCR is calculated 728,
FCR could vary from 1.60 to 1.75 and the average is 1.67.

The death rate in the managements is changing from 3%
to 20% and the average is 9.68%, on the other hand the
wished or desired death rate is 6.36%, also among the
other companies around the death rate is limited max 7%
(Table 1). With the possibility 7% reducing, the average
production increase 508 kg/period for each management.

The socioeconomic and demographic factors of the
producers on production have quite a big role for the
decreasing of the death rate. The chi-square test results
have been shown in the Table 2. The budget for one
producing period (P<0.01), transportation of the chicks to
the facility (P<0.01), the coop area (P<0.05), coop relaxation
time (P<0.05), curtain opening time (P<0.05), the weight
of the chicks(P<0.10), the age of the producer (P<0.10), the
number of the family members helping the production
process (P<0.10) and the heating system (P<0.10) have
been found statically important.

There has been a positive oriented relation between
the age of the producer and the death rate. Usually the
producer, who are more than 50 years old, do not pay mostly
any attention for modernizing the coops and produce
through the old classical methods. Just as in the producers
under the age of 50 years there has been lower death
rate observed. There has been also a negative oriented
relation between the helping family members and the
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Table 2. The results of Chi Square Test
Tablo 2. Ki kare test sonuglari

Death Rate
Variables Chi-square P-value
Less than %7 %7 or more

<50 26.15 73.85 2.803 0.094
Age

50+ 9.09 90.91

Primary 25.40 74.60 1.710 0.425
Education Jun. High 13.33 86.67

High school 11.11 88.89
Household members helping No 14.29 85.71 2.714 0.099
the broiler prod. Yes 28.89 71.11

<5000 14.71 85.29 1.906 0.386
Income (TL/term) 5000-9500 2424 7576

10000+ 30.00 70.00

<1000 5.00 95.00 10.845 0.004
Budget (TL/term) 1000-2500 18.75 81.25

3000+ 47.37 52.63

<550 12.12 87.88 6.340 0.042
Coop area (m?) 550-1000 21.05 78.95

1050+ 43.75 56.25

Stove 17.65 82.35 3.206 0.073
Heating system

Automatic stove 36.84 63.16

<21 days 8.82 91.18 5.539 0.019
Coop relaxation period (day)

21+ 30.19 69.81

<6 36.67 63.33 5.928 0.052
Curtain opening time 6-9 14.63 85.37

10+ 12.50 87.50

Haverd 25.00 75.00 0.081 0.775
The kind of the chicks

Ross 21.33 78.67
The average weight <40 15.09 84.91 3.614 0.057
of the chicks (9) 40+ 32.35 67.65
The transportation distance of <70 T 88.89 6.285 0.012
the chicks (km) 70+ 3333 66.67

death rate. The more the family members help with the
producing process; the lower becomes the death rate
in broiler farms. There has been also a negative oriented
compound between the death rate and the producer’s
budget. The more budget means the more quality and
amount of chicken baits and also a better maintenance.
It covers producing labor, disinfection, pad, lime, chicken
feed or bait, medication, heating and lightning. Another
negative relation has been observed between the coop
area and the death rate. The larger the coop becomes, the
less chicken on every m? locate, which decreases the death
rate. Just as the relation between the heating system of the
coop and the death rate.

The death rate in the coops with automatic heating
system has been less than the ones with the classical stove

system. The automatic systems are sensible to the heating
changes and work precisely, that is why they protect the
coop against the sudden temperature alterations. The
coop relaxation period covers the cleaning-disinfection
period and the time for the relaxation and lasts 3 weeks
averagely. In this time (21 days) the fertilizer is removed
from the coop and the curbs and mangers are washed and
disinfected. After the coop is washed and dried off, it is
disinfected and conducted the liming process . There is
a negative oriented relation between the relaxation period
and the death rate as well. In the coops with the relaxation
period of 21 days or more, the death rate has been detected
less than the other coops. Relaxation period enables the
coop and its equipment to be cleaned and disinfected for
a longer time. The curtain opening time has affected the
death rate also negatively. The longer the curtain opening
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time has been, the chicks have grown and their range of
motion has been narrowed down and this results with the
more death rates. Another negative oriented relation has
occurred between the weight of the chicks and the death
rate. If the chicks weigh are 40 g or more, it is not likely to
encounter the death incidents. The chicks weighing 40 g
or more, could accommodate themselves more easily to a
new living circumstances than the others and their survival
rate has increased (Table 2).

According to the EU regulations or legislations, it is
required that all the containers and their equipment must
protect the animals from suffering and wounding and
provide their security against the harsh weather conditions
such as extreme cold or hot and other climate conditions.
They must be also easy to be cleaned and disinfected 7.
The transportation distance has also effects on the death
rate of the chicks. If the transportation distance is more than
70 km, the death rate decreases since such transportation
has been provided with the high equipped vehicles, which
enables the chick comfort. For lower distances most of the
time old or downgraded vehicles have been used for the
transportations (Table 2).

DISCUSSION

The poultry, as a sub-branch of livestock, has an
increasing importance on the national economy regarding
the procurement for the protein deficiency, due to the lack
of production in the red meat sector, which has minor
share in the agriculture production of Turkey. The
objective of this study is to determine the factors which
have effects on the death rate in the broiler farms.
According to the results of the survey, there has been an
average 5.53 production periods in a year. This results
resemble the findings in istanbul (5-6 periods/year) 3%
and in South Georgia, USA (6 periods/year) . However,
the average production periods have been found high in
Czechoslovakia (3.6-4.7 periods/year) 52,

The number of chickens in the coops for a square
meter has a vital importance in terms of productivity. In
crowded coops the development decreases and the death
rate increases. The most suitable amount is decided as
the 14-18 chickens in a square meter during the cutting
ages 9, In this research the average number of chicken
has been decided as 14.47 chicken/m? There is a parallel
relation between the density and the death rate in the
coops. In the farms, where the density is around 13, 15
and 17 chicken/m? the bait consumption and utilization
has been conveyed more useful and the death rate has
been detected as less than 1% 3. The similar results have
occurred in the surveys in Saudi Arabia B4 and Turkey 5%
as well.

In broiler farms the death is a really vital factor, which
affects the success and the income of the manufacturer

directly. In these researched farms, the death rate has been
found as 9.68% but the desired rate by the firms is 6.76%.
The results of the high death rate in the farms could be lined
up basically as the weight of the chick, the transportation
and the heating of the coops. In a management the death
rate is 8.86% B9, in another between 6.2% to 8.2% B7.
According to a research made in Bangladesh, the death
has the third place among the important problems 32,

According to the results of the Chi-square test; the
age of the producer, the number of the family members
helping the producing, the budget for a producing term, the
area of the management, heating system, coop relaxation
time, curtain opening time, weight of the chicks in the
broiler and the transportation distance have been found
statistically significant.

The broilers need a certain budget provide for their
expenditures such as heating, lightening and work-labor.
In the research area, it has been observed that the more
the budget increases, the less the death rates become.
According to the research in Bangladesh, the improvement
regarding the yearly income of the families in broiler farms,
have affected the performance of the manufacturers
positively 38,

In the previous researches, the sudden altering on the
temperatures has raised the death rates obviously 394,
According to the analysis results of this research, in the
broiler farms with the automatic heating system the death
rate is relatively less in comparison to the other farms. The
automatic heaters are sensible to the temperature in the
coop and as they function sensitively they prevent and
obstruct the temperature changes. This is the reason of
the necessity for building modern coops with automatic
closed heating systems in Turkey.

The research shows us that if the transportation
distance of the chicks is less than 70 km away, the death
rate decreases in the coops. The research in the Czech
Republic claims that the transportation distance of over
50 km increases the death rate among the chicks 2. The
reason of that are the deficiencies in the transportation
trucks, which should protect the chicks against the
harsh climate conditions, be eligible to be cleaned and
disinfected. The regulations should be implemented in
regards to the European Union for the transportation of
the animals in general.

As a result, the decreasing of the death rates
and increasing of the productivity provide for the
manufacturers with the higher incomes, better life
standards and contribution on the national economy.
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Summary

The aim of this study was to evaluate the effect of diet supplemented with L-arginine (L-Arg)on growth performance, some serum biochemical
parameters and duodenal motility of broilers during three time periods: 0 to 10, 11 to 28 and 29 to 42 days old. A total of 500, mixed sex, one-day-
old Ross-308 broiler chicks were divided into five groups as follows: Arg deficient group and four experimental groups. Each group was then divided
into five subgroups of 20 chicks each. Arg deficient group for all time periods was fed by basal diet which contained 10% less L-Arg than optimum
Arg requirement recommended by the breeder. Experimental groups were fed by basal diet supplemented with L-Arg which was progressively 10%
increased in groups. The highest body weight gain (BWG) was observed on days 11-28 and 0-42 in experimental group fed by basal diet supplemented
with 110% L-Arg, whereas the lowest feed conversion ratio (FCR) was determined on days 29-42 and 0-42 in the same experimental group. Feed intake
did not change in all three periods, while serum urea nitrogen level in the experimental group in which diet supplemented with 10% L-Arg, was lower
than other groups on day 0-10. On contractility studies, it was observed that L-Arg inhibited the amplitude of contractions in duodenum in a dose-
dependent manner in vitro. These results suggest that the basal diet formulated with 90-130% Arg is not effective on growth performance of chicks
on days 0-10, whereas the diet supplemented with 10% L-Arg more than optimum Arg requirement is adequate during the days 11-28 and 29-42.
Moreover, although the L-Arg decreased the duodenal contractility in vitro, it is suggested that the diet supplemented with 10% L-Arg more than
optimum Arg requirement may be negatively affected the FCR in broilers.

Keywords: Broiler, L-arginine, Growth performance, Duodenal contractility

L-Arjininin Broylerlerde Biiyiime Performansi, Bazi Biyokimyasal
Parametreler ve Duodenal Motilite Uzerine Etkisi

Ozet

Bu arastirma 0-10., 11-28. ve 29-42. glinler arasinda broylerlerde L-arjinin (L-Arj)nin rasyonlara katilmasinin biiylime performansi, bazi biyokimyasal
parametreler ve duodenal motilite lzerine etkisini belirlemek amaciyla yapilmistir. Arastirmada toplam 500 adet, bir glinliik yasta, karisik cinsiyette
Ross 308 broyler civciv: Arj yetersiz grup ve dért deneme grubu olmak lizere bes gruba ayrilmistir. Her bir grup da 20’ser civcivden olusan 5 alt
gruba ayrilmistir. Arjinince yetersiz grup tiim deneme boyunca Uretici tarafindan 6nerilen optimum Arj gereksiniminin %10'undan diisiik L-Arj iceren
temel rasyon ile beslenmistir. Deneme gruplari ise, temel rasyona %10 progresif artan diizeylerde L-Arj ilave edilen rasyonlarla beslenmistir. Arastirma
sonunda ihtiyacin %110 diizeyinde Arj bulunan diyetle beslenen grupta 11-28 ve 0-42. (P<0.01) glinlerde en yiiksek canli agirlik artisi (CAA), buna
karsin ayni deneme grubunda 29-42. ve 0-42. glinlerde en dusiik yemden yararlanma orani (YYO) bulunmustur. Her ¢ donemde YT gruplarda
degismezken serum Ure azot diizeyi optimum Arj gereksiniminin %10 Arj ilaveli rasyondan olusan deneme grubunda 10. glinde diger gruplara
gore dlismistir. in vitro ortamda ise L-arjininin doza bagh olarak duodenumda kasilimlari baskiladigi gériilmustir. Sonug olarak, broylerlerde arjinin
gereksiniminin %90-130'unu karsilayacak sekilde hazirlanan rasyonlarin 0-10. giinler arasinda bliyiime performansi tizerinde etkili olmadigi, ancak
11-28. ve 29-42. guinler arasi donemlerde optimum Arj gereksiniminden %10 daha fazla L-Arj iceren rasyonun yeterli oldugu belirlenmistir. Bununla
birlikte, L-arjininin in vitro duodenum kasilimlari azalttigi, bu baglamda optimum L-Arj gereksinimin %10'nun daha fazla L-arjininli rasyonla beslenen
broylerlerde YYO'nun olumsuz etkilenecegdi 6ngoriilmektedir.

Anahtar sozciikler: Broyler, L-arjinin, Biiylime performansi, Duodenal kasilim

& lletisim (Correspondence)
+90 272 2281312
D4 tbulbul@aku.edu.tr
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INTRODUCTION

It is important to add a balanced amount of Arg
to poultry diets for growth development 3], nitrogen
balance B and protein metabolism *. However, a decrease
in body weight (BW) and BW gain (BWG), as well as in
feed intake (FI) and feed conversion ratio (FCR), due
to supplementation of Arg more than optimum Arg
requirement of diet of broilers, has been reported ©.
Nitric oxide (NO) is synthesized from L-Arg in a two-
step enzyme reaction by nitric oxide synthase (NOS) ©.
Nitric oxide is involved in the intestinal water transport
by acting directly on the epithelium and blood flow or
indirectly by stimulating neuronal reflexes. Noncholinergic
nonadrenergic neural mechanisms involving nerves
containing NO have been shown to modulate smooth
muscle in the gastrointestinal tract and therefore NO
may be important in the regulation of cyclical small
intestinal motility .. Moreover, the nicotinamide adenine
dinucleotide phosphate diaphorase activity in nerve fibres
of jejunum in chickens has been reported ®. It has been
also well documented that the presence of neuronal NOS
enzyme in nerve fibres of proventriculus in chickens ¥,

Previous studies in broiler chickens have demonstrated
the effect of adequate or higher Arg levels on growth
performance 5%, However, to the authors’ knowledge,
there have been no reports performed to investigate the
effect of diet formulated with decreased and progressively
increased Arg on growth performance during three
time periods, as well as on intestinal motility and NO
metabolism. Therefore, the present study was designed
to evaluate the effect of different levels of Arg on growth
performance, serum biochemical parameters and duodenal
motility in 0-10, 11-28 and 29-42 days old broilers.

MATERIAL and METHODS

Animals, Housing and Experimental Desing

This study was carried out at the Animal Research Center
of Afyon Kocatepe University, after approval by the local
ethical committee (B.30.2.AKU.09.Z.010). Five hundred, one-
day old, mixed sex chicks (Ross-308) were obtained from
a commercial hatchery, weighed and randomly separated
into five groups. Each group was then divided into five
subgroups that consisted of 20 birds each. Experiments
were carried out for 42 days. Feed and water were provided
ad libitum and the daily lighting regimen was 23 h of light
and 1 hour of dark throughout the study.

The chicks were reared on the floor of pens in a curtain-
sided broiler house. Pine wood shavings were used as
litter material. The pens were 2 m? in size and the stocking
density was 12 chicks per square meter. The temperature
was 34+1°C during the first week of the study and was
gradually reduced to 26+1°C by the third week. Thereafter,

the study was maintained at a room temperature of 24°C.

Dietary responses to L-Arg (Sigma A5131 powder) were
evaluated from 0 to 10, 11 to 28 and 29 to 42 day old. The
diet of Arg deficient group for all time periods was consisted
of basal diet which was formulated 10% less L-Arg than
optimum Arg requirement recommended by the breeder.
The Arg-deficient diet contained 1.35, 1.14 and 0.99%
Arg for all time periods, respectively. All nutrients met or
exceeded the nutrient requirements for broiler chickens "2,
The levels of crude protein (CP) and Arg of the basal diet,
including corn, corn gluten, soybean meal, full-fat soybean
and meat and bone meal, were analysed before being
used in formulation (Table 1). Experimental groups were
fed basal diet which included progressive increments of
10% L-Arg thereby; Arg requirement was achieved with
the rate of 100%, 110%, 120% and 130% in groups.

The levels of CP and amino acids of the feed ingredients,
including corn, corn gluten, soybean meal, full-fat soy-
bean and meat and bone meal, were calculated before
being used in the design of the diet formulations. The CP
levels in the diets and raw feed materials was analysed
using methods of AOAC "3, L-Arg levels in the diet were
determined by LC-MS-MS (Applied Biosystems API-3200)
in a laboratory (ANT Technical Devices Lab.) (Table 1).

Growth Performance

The mortality rate of broilers was recorded daily. Body
weights were recorded by pen on days 0, 10, 28, and 42.
Feed intake and BWG per pen was recorded 0-10, 11-28
and 29-42 days. Feed conversion rations were calculated
by dividing the cumulative feed intake per pen by the live
body mass per pen at the end of the measurement periods.

Biochemical Parameters

Blood samples were collected into non-heparinized
tubes from 10 birds from each group (2 birds/replicate)
on days 10, 28 and 42 during sacrifying and serum was
collected by centrifugation. Serum was harvested and
stored (—20°C) before analysis. Sera were analysed for
concentrations of alkaline phosphatase (ALP), alanine
aminotranspherase (ALT), aspartate aminotranspherase
(AST), creatinine, urea nitrogen (BUN)in an autoanalyzer
(Tokyo Boeki Prestige 24i, Japan).

The Preparation of Isolated Smooth Muscle Strips of
Duodenum for Contractility Experiments

Duodenum was collected about 15 min after
exsanguinations and transported on ice to the laboratory
within 30 min. Then, samples were put into a dissecting
Petri dish containing Krebs’ solution (KS: NaCl 118 mmol/I
KCl 4.7 mmol/I, CaCl, 2.5 mmol/I, MgSO, T mmol/Il, KH,PO,
1 mmol/l, glucose 11 mmol/l, NaHCO, 25 mmol/l), which
were continuously ventilated with a gas mixture (95% O,
and 5% CO,). Five mm-long ring strips of samples were
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Table 1. Composition of the Arg deficient diets in different periods (%)

Tablo 1. Farkli dénemlerde Arj yetersizligi olusturulan diyetlerin bilesimi (%)

Phase (days)
Ingredients
Oto10d 11to28d 29to42d
Corn 53.53 55.38 57.22
Corn gluten meal 6.60 9.00 9.00
Boncalite = = 5.00
Soybean meal 14.75 3.20 043
Full fat soybean 17.14 24.00 19.63
Meat bone meal 4.00 4.00 4.50
Vegetable oil 1.50 2.00 2.50
Calcium carbonate 0.64 0.60 0.28
Dicalcium phosphate 0.62 0.55 0.25
Salt 0.19 0.20 0.20
DL-Methionine 0.22 0.20 0.07
L-Lysine HCI 0.31 0.37 0.27
Sodium bicarbonate 0.20 0.20 0.20
Vitamin premix* 0.20 0.20 0.30
Mineral premix** 0.10 0.10 0.15
Calculated composition, %
ME, kcal/kg 3023 3159 3173
Crude protein 22.20 20.80 19.00
Calcium 0.97 0.92 0.80
Available phosphorus 0.46 0.44 0.42
Methionine + Cystine 0.99 0.96 0.80
Lysine 1.31 1.24 1.04
Arginine 1.38 1.21 1.01
Analyzed composition, %
Crude protein 22.14 21.57 19.65
Arginine 1.35 1.14 0.99
* Vitamin premix provides per 2.5 kilogram of diets: 12.000.000 IU vitamin A, 2.500.000 IU vitamin Ds, 40.000 mg vitamin E, 5.000 mg
vitamin K, 3.000 mg vitamin B;, 6.000 mg vitamin B;, 5.000 mg vitamin Bs, 20 mg vitamin B, 25.000 mg niacin, 12.000 mg pentatonic
acid, 1.000 mg folic acid, 50 mg biotin, 10.000 mg BHT, ** Mineral premix provides per 2.5 kilogram of diets: 100.000 mg calcium, 100.000
mg magnesium, 70.000 mg manganese, 150 mg cobalt, 400 mg iota, 150 mg selenium, 25.000 mg ferric, 5.000 mg cupper, 60.000 mg ZnO

dissected from the middle point of related tissue and
incised longitudinally. Thereafter, longitudinal smooth
muscle strips were carefully isolated and one edge
of each tissue preparation was fixed to platinum ring
electrodes. The opposite edge of the tissue was connected
to a force-displacement transducer (model 10-A; MAY,
Commat, Ankara, Turkey). Isolated strips were placed in a
four chambers organ baths (IOBS 99 Isolated Tissue Bath
Stand Set, Commat) filled with 20 ml KS (pH 7.4), which
were continuously oxygenated (95% O, and 5% CO,) at
37°C. The isometric smooth muscle activity of duodenum
were monitored and recorded by computer via the force
transducer and an acquisition system (model MP30 WSW
with Biopac Student Lab, PRO Software, Biopac Systems,
Commat).

Recording of Isometric Duodenum Contractility

Duodenum in organ baths were kept in KS for at least
1 h before the recordings to enable the tissues to adapt to
the environment and the solution was refreshed at 15 min
intervals. The appropriate resting tension for the strips was
determined in initial experiments. The strips were placed
under progressive increments of tension. Optimal tension
relationships were achieved with resting tensions of 1 g
for the strips. After the completion of the 30 min baseline
period, contractions of longitudinal strips of duodenum
for each animal were visualized and recorded to determine
normal spontaneous contractions. Thereafter, the strips
were treated with Arg (Sigma, Cat # A8094) at increasing
concentration (10° - 10 M) to determine endogenous NO
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activity. The mean tension of spontaneous contractions
for each strip calculated for a 10-min period before
administration of examined substances was set as 100%
(control period). Thereafter, changes in contractions
caused by the examined substances were recorded and
compared to the control period '+,

Statistical Analysis: Data from treatment means were
analyzed as a completely randomized design using the
General Linear Models procedure of the SPSS for windows.
When differences (P<0.05) among means were found,
means were separated using Tukey's Studentized range
test. Linear and Quadratic Arg dose response curves were
plotted using the GLM procedure of SPSS.

RESULTS

Broilers fed graded levels of Arg had showed quadratic
responses for BWG in 11 to 28 and 0 to 42 d of age, FCR in
the 29 to 42 and 0 to 42 d of age.

It was observed that BWG on days 11-28 (P<0.05) and
0-42 (P<0.01) in experimental group which chicks were fed
with diet contained 110% Arg increased when compared
to experimental diet groups contained 90 and 130% Arg.
Similarly, FCR was more adequate in the same groups on
days 29-42 and 0-42 (P<0.001). Feed intake did not show
any significant difference between groups in all time
periods (Table 2).

It was determined that the levels of serum ALP, ALT,
AST and CRE did not differ between groups, while BUN
in the experimental group in which diet supplemented
with 10% L-Arg, was lower than other groups on day 0-10
(Table 3).

The amplitude of spontaneous contractility of duodenum
in groups did not show any significant difference during the
days 0-10, 11-28 and 29-42 (Table 4). However, increasing
concentrations of Arg from 10° to 10° M decreased the
amplitude of duodenal contractility in all time periods
(P<0.001). Moreover, the most effective level of Arg
in decreasing the amplitude of duodenal contractility
was 102 M (Fig. 1A, B, C). The percentage of inhibition of
contractility analysis showed no significant differences in
all groups in the days 0-10, 11-28 and 29-42 (Table 4).

DISCUSSION

The present study was performed in three time periods.
Arg requirement of broilers was provided by the diet which
was 10% less than optimum Arg level recommended by the
breeder and 10% progressive increments of Arg for each
experimental group. Consequently, Arg requirement was
accomplished with the rate of 90-130% on days 0-10, 11-28
and 29-42 in broilers. It has been reported that Arg in diet
is required for optimum BWG 2417 however the level of
Arg below requirement ¢ or 25% higher than requirement
in diet > decreases BWG. Burton and Waldrop ", Cuca
and Jensen ™ and NRC ™ (1994) have suggested that the
sufficient Arg level in diet is 1.25-1.40% until the day 28,
1.24 to 1.28% in first three weeks and 1.25% between days
0-21, 1.1% between days 22-42, respectively. In the present
study, we observed that BWG increased in experimental
group which the Arg requirement corresponded to 110%
Arg on days 11-28 and 0-42 when compared to other
experimental groups (P<0.01).

In the current study, FI did not differ in groups in each
time periods. This result was consistent with Kidd et al.”?
and Corzo et al®! who suggested that various levels of L-Arg

Table 2. The growth performance of broilers fed by the diet which consisted of 90, 100, 110, 120 and 130% of Arg requirement

Tablo 2. Arjihtiyacinin %90, 100, 110, 120 ve 130’'unun karsilandigi diyet ile beslenen broylerlerin biiyiime performansi

20 100 110 120 130 Linear Quadretic
0to 10 2253 227.6 230.7 2254 220.2 1.56 0.263 0.316
Body weight 11to 28 983.3b 1029ab 1060a 1015ab 998.1b 8.49 0.763 0.014*
gain, g 29to 42 965.0 1004 1032 1008 949.8 11.49 0.723 0.078
0to 42 2173b 2267ab 2322a 2248ab 2168b 17.03 0.803 0.004**
0to 10 297.7 294.8 2915 296.7 300.3 3.17 0.829 0.856
Feed intake, g 11to 28 1662 1781 1731 1747 1739 15.14 0.250 0.140
29to 42 2938 2708 2646 2697 2745 30.86 0.107 0.133
0to 42 4896 4785 4669 4741 4785 38.76 0.329 0.453
0to 10 1.32 1.29 1.26 1.31 1.36 0.012 0.237 0.102
Feed conversion | 111028 1.69 1.73 1.63 1.72 1.74 0.013 0.254 0.062
ratio, 9/g 29to 42 3.05a 2.69¢ 2.56¢ 2.67¢ 2.89b 0.04 0.061 0.000***
0to 42 2.25a 2.11bc 2.01c 2.10bc 2.20ab 0.02 0.340 0.000%**
Letters (a, b, ¢) indicate significant differences between them in each column, * P<0.05, ** P<0.01, *** P<0.001
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Table 3. Effects of Arg on levels of serum alkaline phosphatase (ALP), alanin aminotranspherase (ALT), aspartat aminotranspherase (AST), creatinin, urea

nitrogen (BUN) on days 10", 28" and 42"

Tablo 3. Serum alkalen fosfataz (ALP), alanin aminotransferaz (ALT), aspartat aminotransferaz (AST), kreatinin ve tre azot (BUN) dlizeyi tizerine 10., 28. ve

42. glinlerde Arj'in etkisi

Treatment P
Parameters Day SEM
20 100 110 120 130 Linear Quadretic
10 21.21 18.50 10.51 11.12 13.21 6.33 0.458 0433
ALP, U/L 28 631.3 765.5 443.0 634.2 773.6 121.3 0.919 0.128
42 976.4 1253 1388 1360 1335 87.33 0.574 0.314
10 4.87 2.75 2.50 3.50 3.50 0.87 0.157 0.98
ALT, U/L 28 3.00 1.75 2.50 237 2.14 0.12 0.357 0.210
42 2.80 3.00 2.28 2.12 2.71 0.22 0.709 0.460
10 159.8 182.0 154.1 170.4 148.5 15.43 0.293 0.356
AST, U/L 28 194.3 152.2 168.0 151.5 153.3 7.22 0.062 0.376
42 210.6 249.3 238.9 283.2 308.8 12.74 0.128 0.783
10 0.10 0.12 0.07 0.11 0.12 0.01 0.742 0.567
Creatinin, mg/d| 28 0.061 0.03 0.07 0.03 0.04 0.01 0.156 0.098
42 0.14 0.12 0.12 0.12 0.13 0.04 0.316 0.060
10 5.73a 6.37a 4.16b 6.60a 5.71a 0.28 0.019* 0.021*
BUN, mg/dl 28 3.50 2.50 3.71 3.12 271 0.44 0.238 0.567
42 4.50 3.75 442 4.00 3.71 0.33 0.068 0.256
Letters (a, b) indicate significant differences between them in each column, * P<0.05

Table 4. The amplitude of spontaneous contractility of duodenum on days 10%, 28" and 42

Tablo 4. Spontan duodenum kasilimlarinin 10., 28. ve 42. gtinlerde amplitiid(i (g)

The amplitude of Spontaneous Treatment SEM p
Contractility (g) 90 100 110 120 130
10 0.50 0.52 0.48 0.53 0.50 0.022 0.975
Day 28 0.62 0.68 0.69 0.61 0.56 0.028 0.589
42 0.70 0.76 0.71 0.63 0.64 0.026 0.685

supplementation did not show any effect on Fl in broilers.
In contrast to our finding, it has been reported that Arg-
deficient diet "% or high level of Arg in diet ®* decreased
the Fl in broilers. However, Skalan and Plavnik ?® reported
that the effect of Arg on Fl and BWG was related to protein
level in diet. Therefore, it is suggested that discrepancy in
FI and BWG in above-mentioned reports may be different
CP levels in diet.

We clearly demonstrated that the level of Arg
corresponded to 90-130% of Arg requirement did not
alter FCR on days 11-28 and 0-10 however, FCR was more
adequate in the experimental group which the diet
contained 110% Arg on days 29-42 and 0-42. This finding
supports the previous observations that either Arg
deficiency 2% or high level of Arg in diet ®?" decreases
the FCR level. Moreover, it has been emphasised that the
Arg:lysine ratio in diet should be balanced between days
21 and 42 and FCR may be negatively affected by the
changes of Arg:lysine ratio ?2. In the present study, the
discrepancies of FCR in Arg deficient group and the diet

group which contained 130% Arg during the 29 to 42 day
period may be explained by the occurrence of alteration in
the Arg:Lysine ratio in diet.

In the present study, serum ALP, ALT and AST levels
did not show any significant difference between groups.
Besides the serum concentrations of ALP, ALT and AST are
valuable indicators to detect any abnormality of liver 22, it is
suggested that the presence of Arg in diet corresponded to
90-130% of Arg requirement is ineffective on liver enzymes.

Creatinine is mainly released from liver and pancreas
and excreted from the body via glomerular filtration and
tubular secretion. Therefore, creatinine is a gold standard
for kidney damage, when compared to BUN 3, There was
statistically significant difference in BUN concentration
in the current study (if it is not 2 fold higher than normal
value) 2, Arginine did not produce important difference
in terms of kidney function test (Table 3). In the current
study, a significant difference was observed in the
concentrations of BUN levels between groups on day 0-10,
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Fig 1. Percentage inhibition of spontaneous contractions in duodenum on 10%, 28 and 42" days by application of Arg at doses

of 10%,10%and 10> M

Letters (a,b,c) indicate significant differences between them in each column. P-value was <0.001 in groups determined by
ANOVA. 1A) 0 to 10 d of age, 1B) 11 to 28 d of age 1C) 29 to 42 d of age

Sekil 1. Duodenumda 10., 28. ve 42. giinlerde Arj'in 10%, 10“ and 103 M dozlarinin spontan kasilimlarda olusturdugu yiizde

inhibisyon

Her bir kolonda farkli harfler (a,b,c) istatistiksel 6nemi gosterir. P-degeri ANOVA tarafindan gruplarda < 0.001 belirlendi. 1A) 0-10

glnliik yas, 1B) 11-28 glinliik yas,1C) 29-42 giinlik yas

Table 5. Percentage inhibition spontaneous contractions in groups in the presence of Arg (107, 10* 107 M) on isolated strips of duodenum on day

10%, 28* and 42

Tablo 5. Gruplarda 10., 28. ve 42. glinlerde izole duodenum 6rneklerinde Arj (107, 107, 10° M) spontan kasilimlarda olusturdugu ytiizde inhibisyon

Inhibition Spontaneous Treatment SEM p
DA 90 100 110 120 130
10t day
Arg10° M 240 349 2.02 1.84 1.55 0.48 0.784
Arg10* M 11.30 8.55 11.57 10.24 11.24 0.62 0.570
Arg10° M 30.86 23.38 28.28 23.44 28.12 1.13 0.140
28t day
Arg10° M 2.87 3.00 2.28 3.21 2.94 0,49 0.987
Arg10*M 2.86 10.28 10.78 9.83 10.12 0.76 0.440
Arg103M 31.97 2541 25.20 30.17 35.20 1.69 0.280
42" day
Arg10° M 1.90 2.14 217 2.86 2.86 0.61 0.967
Arg10*M 7.7 5.56 733 7.60 8.32 0.98 0.946
Arg10° M 21.56 21.14 24.59 23.83 31.17 1.51 0.220

whereas creatinine did not show any significant difference
between groups. It has reported that if these enzymes
does not increase two fold higher as compared to their
normal values, no kidney damage would be expected 23,
Therefore, it is suggested that no changes in kidney
function occurs due to Arg in diet.

Nitric oxide was reported to be an important regulator
of gastrointestinal motility 2+2., It has been reported that
NO is an inhibitor neurotransmitter in canine isolated
ileocolonic junction and longitudinal smooth muscle of
duodenum ! and rat gastric fundus 2%, It has been also
reported that oral administered Arg have a regulatory
role in esophageal and gall bladder motility 2728, More-
over, it has been demonstrated that intravenous or
intragastric administration of large amounts of Arg delays
gastric emptying in humans 3% and dogs B'\. Therefore,
the present study also focused on the effect of Arg

supplemented to diet on motility of duodenum of chickens
throughout three time periods. In the present study,
spontaneous contractions of duodenum did not change
on days 0-10, 11-28 and 29-42 (Table 4). It is suggested that
this may be attributed to the metabolisation of Arg before
reaching the duodenum or to the absence of NO in these
tissues due to short half-life of NO itself.

Arginine shows its relaxing effect on smooth muscles
via self-conversion to NO by using NO synthase in these
tissues 7, It has been observed that L-Arg completely
inhibits smooth muscle contractility at doses of 0.01-1
mM, in vitro B2, Bulbul et al." demonstrated that the most
effective dose of L-Arg was 10° M in rat intestinum. In the
present study, Arg inhibited the spontaneous contractions
of duodenum and this finding is consistent with above-
mentioned reports. However, it was observed the inhibition
rate did not show any significant difference between
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groups. The tissue or serum NO concentrations are changed
by the alteration of NO synthase expression B3, Similarly, it
has already been reported that SNP, a exogenous NO donor
and L-NAME, a selective NOS inhibitor changes the nNOS
expression in jejunum but not in duodenum and ileum in
broilers B4, In this study, no difference was observed in the
inhibition of duodenum contractility between groups, in
vitro. Therefore, it is suggested that oral administration of
Arg may not be affected by intestinal NOS enzymes.

In conclusion, in agreement with the contractility data
that dietary Arg affected the motility in the duodenum
by decreasing the amplitude of contraction, it is indicated
that the diet supplemented with 110% Arg is found to be
satisfactory between days 11-42 in broiler nutrition.
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Summary

The effect of laser on wound healing has been approved but the role of Low Red (LR) and Infrared Low Level Laser (ILLL) on
unmeshed full-thickness free skin autograft (UFFSA) is not clear yet. The aim of the present experimental study is to determine the
effectiveness of LR and ILLL in UFFSA in rabbits. The study was conducted on 15 New-Zealand white rabbits were divided into three
groups, Control (C), Low Red (LR), Low Infrared (LIR). A 5x5 cm UFFSA was obtained then rotated 90 degrees and repositioned on its
own bed and sutured. The rabbits in LR and LIR received LR and ILLL for 6 days post-operatively. On days 3, 5, 7, 14, and 30 skin biopsies
were obtained. Graft size was measured. There were significant differences in epitheliazition, polymorphonuclears, fibroblast, and
collagen among groups on days 3 and 5 and new vessels on day 3. LR and LIR had similar role in new vessels till day 5 and collagen
synthesis on day 3 for group C. There was no significant difference in epithelialization in groups on days 7, 14, and 30. LIR showed
significant differences of length, area, peripheral, and diameter during study and of width on day 7. We concluded LIR played the more
effective role on early phase (on day 5) of healing and more acceptable appearance to LR and C groups on quantitative measures.

Keywords: Unmeshed full-thickness free skin autograft, Low red laser, Infrared low level laser, Rabbit

Diistik Yogunluklu Kirmizi ve Kizilotesi Lazer Isin Tedavisinin
Tavsanlarda Birbirine Ge¢gmeyen Tam Kalinlikh Serbest Deri
Otogrefti Uzerine Etkisi: Bir Hayvan Modeli

Ozet

Lazer isinlarinin yara iyilesmesi lzerine etkisi kanitlanmis olmasina ragmen Dustk Yogunluklu Kirmizi (LR) ve Kizildtesi Diigiik
Yogunluklu Lazer (ILLL)'in birbirine ge¢meyen tam kalinlikli serbest deri otogrefti (UFFSA) lizerine etkisi agikca bilinmemembktedir. Bu
deneysel calismanin amaci tavsanlardaki UFFSA Uzerine LR ve ILLL'nin etkililigini belirlemektir. Calisma Kontrol (C), Distik Kirmizi (LR),
Dusuk Kizilétesi (LIR) olma Uzere G¢ gruba ayrilan 15 Yeni Zelanda beyaz tavsani lizerinde gergeklestirildi. Besxbes cm’lik UFFSA elde
edilip daha sonra 90 derece dondiiriildu ve kendi yataginda yeniden konumlandirilip ve dikildi. LR ve LIR icindeki tavsanlar operasyon
sonrasi 6 giin boyunca LR ve ILLL uygulamasi aldi. Uciinci, 5., 7., 14. ve 30. Giinlerde deri biyopsileri elde edildi. Greft boyutlar élciildi.
Gruplararasi 6nemli farkhliklar 3. ve 5. giinlerde epitelizasyon, polimorfniikleer hiicreler, fibroblast ve kollajen tizerine g6zlemlenirken
3. glin yeni damarlar tzerinde belirlendi. Grup C icin, LR ve LIR'nin 5. gline kadar yeni damarlar Gzerine ve 3. glin kollajen sentezi
Uzerine benzer rol oynadidi belirlendi. Giin 7, 14, ve 30'da gruplar arasinad epitelizasyon agisindan anlamli bir fark bulunmadi. LIR
uzunluk, alan, cevre ve ¢ap Uzerine calisma siresince, genislik lGzerine ise 7. glinde 6nemli farklilik gosterdi. LIR'In erken dénem (5.
glin) iyilesme asamasinda daha etkin rol oynadigi ve LR ve C gruplarinnin kantitatif 6lclimler Gzerine daha kabul edilebilir gériinimde
oldugu sonucuna varildi.

Anahtar sozciikler: Birbirine gecmeyen tam kalinlikh serbest deri otogrefti, Kirmizi diisiik yogunluklu lazer,
Kizilétesi diistik yogunluklu lazer, Tavsan
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INTRODUCTION

Skin grafts are indicated when there is major loss of
skin from trauma particularly on limbs, tumor removal,
and resurfacing full thickness burns after major thermal
injuries 13, A skin graft (unmeshed full-thickness free skin
autograft) is one choice for complicated wound therapy 2.
The main advantages of UFFSA include as pliable,
movable, resistant to trauma, normal skin appearance,
minimum contraction, increase the size and adequate
protection and with no immune response 2. Presence
of seroma formation between donor and recipient sites
prevents graft adherence . So fluid accumulation within
or under the graft and movement of the graft prevent
good vascular connection from developing between the
graft and the bed 23, Therefore this type of graft used in
spite of admitted post-surgical appearance especially in
burns, contaminated bed and improper granulation bed &,
Moreover survival time of this type of graft is not survive as
well as meshed full-thickness autograft B. Regarding of the
problem, UFFSA is not sometimes taken to the wound bed
that it is not seen in meshed full-thickness autograft '3
It is worthy that the latter technique does not meet
cosmetic criteria, so for better appearance; UFFSA is
suggested Bl According to the struggle, unmeshed graft
is not used for the reason of probable consequences.
During the three last decades, many reports showed that
monochromatic light sources and photomedicine were
used for acceleration treatment of skin wound healing ™.
Many researchers also have indicated that the low-
power laser light has therapeutic role to promote the
repair processes of connective tissues as skin, ligaments,
tendons, nerve, pulp of tooth, bone and cartilage in variety
of animal models and as well as ulcers of a wide range of
etiologies in humans 59, Few studies supported the effect
of low level laser and other monochromatic light sources
in UFFSA and increasing its success. Therefore beneficial
role of laser on “taken” and appearance of this type of graft
is underquestion. As there was lack of information and few
investigations deal with effect of low red and low infrared
lasers and dose of them on UFFSA and on its survival time
and success, so the purpose of this study was to clarify the
effect of red and infrared of the low level laser therapy on
UFFSA of rabbit skin.

MATERIAL and METHODS

The study was approved by the Animal Ethics Committee
of the Iranian laboratory animal ethic frameworks under
the reference code IAEC 1-12.

For this study, 15 mature New Zealand white rabbits
of both genders were exposed to in the same light,
temperature, humidity and diet for two weeks. All rabbits
were then randomly allocated into three equal groups,
Control (C), Low Red (LR) and Low Infrared (LIR).

First stage

On the day of the operation, left side of all rabbits was
prepared for operation and clipping and aseptic surgical
techniques were employed. A combination of Xylazine HCI
(5 mg/kg, IM) and Ketamine HCI (40 mg/kg, IM) was given
for anesthesia. All rabbits of three groups were then placed
in the right lateral position and the left thoracoabdominal
region was scrubbed with 1% povidone-iodine solution.
After preparation of rabbits and surgical team, a 5x5 cm
full-thickness skin graft was obtained and separated from
the region, and then the graft was rotated 90 degrees
repositioned and sutured to the surrounding skin with
simple interrupted suture by 4-0 monofilamet polyamide
(Fig. 1). For this purpose, firstly, sutures were placed of
the four corners of grafted skin and secured in bed and
continued to oppose the two other borders of skin in
each groups (Fig. 2). Post-operatively, animals were given
penicillin procaine (60.000 IU/kg, deeply SC, three days)
and Gentamicin (2 mg/kg, SC, three days). Analgesic agent
was not prescribed post-operatively. Every rabbit kept in
solitary cage for 30 days and all of them took the same diet
during study.

Second stage

The irradiation protocol established in rabbits of group
LR and LIR using 1 J/cm?using red light (wavelength 635

Fig 1. Skin removed, inner side, the vessels of skin are visible
Sekil 1. Serbestlestirilen derinin i¢ yuzi ve damarlari gorilmektedir

Fig 2. The skin after suturing

Sekil 2. Dikis sonrasi derinin gortinim
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nm) and infrared light (wave length 850 nm) by laser
(Mustang 2000, Russia) equipment. Time of irradiation was
60 sec centripetally once a daily for 6 days, with the first
application immediately after surgical procedures. Rabbits
in group C did not receive any laser irradiation. On days 3,
5,7, 14, and 30 skin biopsies were obtained using scalpel
blade No. 11 from the cranial end of the ventral side on day
3, from the middle of caudal side on day 5, from the middle
of dorsal side on day 7, from the middle of cranial side on
day 14 and from the caudal end of ventral side on day
30 of the junction of square shaped graft and skin. The
sample was fixed in formalin and embedded in paraffin
for sectioning. The samples were sent to laboratory and 6
micrometers section was done and stained by haemato-
xylin and Eosin dye for microscopic study. The evaluation
of qualitative histopathologic data was scaled based of
Table 1. Length, width, area, perimeter and diameter of
graft sides were measured in each rabbit on the same days
and record.

Statistical Analysis

The histologic evaluation of grafts was done qualitatively
and quantitatively. Statistical data were analyzed by SPSS
software version 16.0. One-way ANOVA, Tukey Post-Hoc
test and repeated measures analysis with 95% confidence
interval was done by General Linear Model (GLM). This
procedure was used of continuous variables with normal

distribution. The Kruskal-Wallis and Friedman tests were
used to evaluate the ordinal variables. A P-value of less
than 0.05 was considered statistically significant.

RESULTS

Immediately after excision of graft because of the
tension lines, the area of the graft expanded and after
transplanting, the shrinking process of the graft is seen
simultaneously. The wound dehiscence wasn’t occurred
in animals of all groups during study. All rabbits tolerated
surgery and survive during study. Qualitative data were
as follows:

Epithelialization

Based on microscopic study, there were significant
differences in epithelialization among groups (C, LR, and
LIR) on days 3 and 5 and LR and LIR were similar and
showed significant differences to group C. There was no
difference in epithelialization in all groups days 7, 14, and
30 (Table 2, Fig. 3-14).

Polymorphonuclears (PMNs)

The number of PMNs showed significant differences
on days 3, 5, and 14. There were no significant differences
on days 7 and 30 among groups (Table 2, Fig. 3-14).

Table 1. Explanation of used scale in the semi-quantitative evaluation of histological sections

Tablo 1. Histolojik kesitlerin yari kantitatif degerlendirmesinde kullanilan 6lcekler

Scale Epithelization PMNL Fibroblasts New Vessels Collagen
0 thickness of cut edges absent absent absent absent
1 migration of cells (<50%) mild ST mild-ST mild-SCT minimal-GT
2 migration of cells (=50%) mild DL/GT mild-GT mild-GT mild-GT
3 Bridging the excision moderate DL/GT moderate_GT moderate_GT moderate_GT
4 keratinization marked DL/GT marked-GT marked-GT marked-GT

(ST - surrounding tissue, i.e. tissue out of GT; DL - demarcation line; SCT - subcutaneous tissue; GT - granulation tissue)

Table 2. Mean + SE of quantitative meaures (length, width, area, perimeter and diameter) in different days +

Tablo 2. Farkli glinlerde ortalamaSH'nin kantitatif degerleri (Uzunluk, genislik, alan, cevre ve ¢ap)

Day 0 3 5 7 14 30
Group C LR LIR C LR LIR C LR LIR C LR LIR C LR LIR C LR LIR
L 5+ 5+ 5+ 445+ | 422+ | 354+ | 410+ | 3.62+ | 3.05+ | 3.50+ | 3.24+ | 255+ | 3.56+ | 3.05+ | 2.74% | 3.04+ | 1.92+ | 2.25¢
0.00 0.00 0.00 0.07 0.0 0.13 0.10 0.19 0.09 0.10 0.17 0.09 0.12 0.12 0.05 0.05 0.10 0.14
w 5+ 5+ 5+ 4.5+ | 470+ | 4.65+ | 445+ | 445+ | 440 | 416+ | 4.24+ | 3.82+ | 390+ | 3.90+ | 3.64+ | 3.14% | 256+ | 3.14+
0.00 0.00 0.00 0.04 0.0 0.06 0.04 0.09 0.14 0.05 0.10 0.07 0.04 0.10 0.05 0.12 0.22 0.05
A 25+ 25+ 25+ | 21.51+ | 19.54+ | 16.57+ | 18.37+ | 16.27+ | 13.47+ | 15.77+ | 13.79+ | 11.01% | 13.55+ | 11.99+ | 9.97+ | 9.56+ | 496+ | 7.17+
0.00 0.00 0.00 047 047 0.69 0.52 1.15 0.64 0.63 1.06 0.45 0.50 0.68 0.29 0.50 0.58 0.49
PM 20+ 20+ 20+ | 15.52+ | 17.54% | 16.44+ | 17.16% | 16.40+ | 14.55% | 15.92+ | 15.12% | 13.40+ | 14.92% | 13.92+ | 12.76% | 12.36% | 13.92+ | 10.55+
0.00 0.00 0.00 | 0.021 0.2 0.31 0.23 0.68 0.36 0.29 0.52 0.26 0.26 035 0.19 0.33 0.38 0.35
D 7.07+ | 7.07« | 7.07+ | 656+ | 6.32+ | 587+ | 6.07+ | 576 | 53+ | 563+ | 534+ | 479+ | 525+ | 496+ | 456+ | 437+ | 3.21+ | 3.55%
0.00 0.00 0.00 0.07 0.07 0.10 0.08 0.18 0.13 0.10 0.18 0.89 0.08 0.13 0.07 0.12 0.21 0.10
In each raw, the heterogeneous letters show the statistical differences among groups in each day (P<0.05), L=Length, W=Width, A=Area, PM=Perimeter, D=Diameter
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Fibroblast

Similar to epithelialization, there were significant
differences among groups (C, LR, LIR) on days 3 and 5.
There was no significant difference among groups on days
7,14, and 30 (Table 2, Fig 3-14).

New vessels (Neovascularization)

Formation of vessels was significant on day 3, 14, and
30, but there were no significantly differences on days 5
and 7 (Table 2, Fig. 3-14).

Collagen synthesis

Regeneration of new collagen showed significant
differences among groups (C, LR, LIR) on days 3 and 5.
There was no significant difference among groups on days
7, 14, and 30. Another interesting result was the separation
of epidermal from dermal layer in all groups in the third

Fig 3. Re-epithelialization (arrow head) and necrotic epidermis (arrow) in
C, H&E x 64

Sekil 3. C'de re-epitelizasyon (ok basi) ve nekrotik epidermis (ok), H&E x
64

Fig 4. Re-epithelialization (arrow head) and necrotic epidermis (arrow)
in LIR, H&E x 64

Sekil 4. LIRde re-epitelizasyon (ok basi) ve nekrotik epidermis (ok), H&E
X 64

day. Histopathologic image showed that in group LIR, re-
epithelialization is formed faster (on day 5) than another
groups (Table 2, Fig. 3-14).

”

So, finally all of results indicated successful “taken
of graft with acceptable appearance in group LR and
particularly group LIR and efficient adhesion between bed
and donor with no gap and fluid accumulation and seroma
formation in all groups (Fig. 15-17).

Quantitative data

The analysis of quantitative data of diameter, perimeter,
length and area showed the differences among groups on
day 3, 5, 7 and 14 (P<0.05, Table 2). In group LR, differences
were seen in diameter, width and area on day 30 (P<0.05,
Table 2). The appearance of graft of LIR and LR were
more acceptable to control group and healing rate was
more rapidly in former groups, so was significant in LIR
particularly on day 3 and 5 (Fig. 6-8).

Fig 5. Re-epithelialization (arrow head) and necrotic epidermis (arrow) in
LR, H&E x 64

Sekil 5. LR'de re-epitelizasyon (ok basi) ve nekrotik epidermis (ok), H&E
X 64

Fig 6. Re-epithelialization (arrow head), collagen fiber (arrow) and
necrotic epidermis (N) in C, H&E x 64

Sekil 6. C'de re-epitelizasyon (ok basi), kollajen lif (ok) ve nekrotik
epidermis (N) H&E x 64
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Fig 7. Re-epithelialization (arrow head) and necrotic epidermis (N) in LIR, Fig 10. Collagen fibers (arrow) and fibroblasts (arrow head) in LIR, H&E
H&E x 64 X 640

Sekil 7. LIRde re-epitelizasyon (ok basi) ve nekrotik epidermis (N) H&E x 64 Sekil 10. LIR'de kollajen lif (ok) ve fibroblast (ok basi) H&E x 64

Fig 8. Re-epithelialization (arrow head), collagen fiber (arrow) and
necrotic epidermis (N) in LR, H&E x 64

Sekil 8. LR'de re-epitelizasyon (ok basi), kollajen lif (ok) ve nekrotik
epidermis (N) H&E x 64

Fig 11. Collagen fibers (arrow) and fibroblasts (arrow head) in LR, H&E
X 640

Sekil 11. LR'de kollajen lif (ok) ve fibroblast (ok basi) H&E x 64

Fig 9. New vessels (V), collagen fiber (arrow head) and fibroblast (arrow)
in C, H&E x 64

Sekil 9. C'de yeni damarlar (V), kollajen lif (ok basi) ve fibroblast (ok) H&E Fig 12. New epidermis (arrow head) and necrotic tissue (N) in C, H&E x 64
X 64 Sekil 12. C'de yeni epidermis (ok basi) ve nekrotik doku (N) H&E x 64
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Fig 13. New epidermis (arrow head) and cornified in LIR, H&E x 64
Sekil 13. LIRde yeni epidermis (ok basi) ve boynuzsu hali, H&E x 64

Fig 14. New epidermis (arrow head) and cornified in LR, H&E x 64
Sekil 14. LR'de yeni epidermis (ok basi) ve boynuzsu hali, H & Ex64

Fig 15. Appearance of a rabbit skin in control group at day 30

Sekil 15. Otuzuncu gilinde kontrol grubunda bir tavsan derisinin
gorinimi

&

Fig 16. Appearance of a rabbit skin in LIR group at day 30
Sekil 16. Otuzuncu giinde LIR grubunda bir tavsan derisinin gértinimi

Fig 17. Appearance of a rabbit skin in LR group at day 30

Sekil 17. Otuzuncu giinde LR grubunda bir tavsan derisinin gériinimi

DISCUSSION

The closure and repair of large defect of skin is one of
the main concerns of patients, clinicians and investigators
for years 2. The unmeshed full-thickness free skin
autograft is one of the choices for this purpose with
maximum acceptable appearance, but the success rate
of graft taken depends on establishment of arterial and
venous connections with less fluid accumulation and
seroma formation between them 33, Hence some plastic
surgeons bypass the latter consequence with meshed
pattern for diminishing seroma formation and resolving
postoperative complication related to UFFSA, but it meets
less cosmetic appearance 3. Many investigations were
done on the laser role on wound healing process but there
was lack of information deal with effect of low level red
and low level infrared and dose of them on unmeshed full-
thickness skin autograft and “taking” graft. So the role of
low level laser on unmeshed full-thickness free skin auto-
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graft is unknown. Although, using low level laser therapy
(LLLT) in health care has been documented in the literature
for more than three decades . Many researchers have
demonstrated that LLLT reduces pain and has effective role
in wound healing (initial, second, and final phases; pro-
inflammatory, proliferation, and remodeling, respectively),
and can evoke vaso-dailation, early epithelialization increased
fibroblastic reaction (gingival fibroblast in vitro), lukocytic
infiltration, encouraging the formation of type | and type
Il procollagen specific pools of MRNA, enhancement of
ATP synthesis within the mitochondria, activating lympho-
cytes, and increasing their ability to bind pathogens,
reduction of nicotine side effects on graft, and neo-
vascularization '*'?, Moreover, it was revealed that using
LLLT for months or years accelerates formation of bone 29,
Regarding to above effects the time required for complete
graft closure will reduced 2. The work of Karu also
showed bio-stimulation effects of the rate DNA synthesis
of blue (404 and 454), red (620 nm), and near infrared
(760 and 830 nm) wavelengths in vitro . Moore and his
colleagues demonstrated that maximum cell proliferation
occurred with 665 and 675 nm light, whereas 810 nm light
was inhibitory to fibroblast 7. Rodrigo’s study showed
that local and systemic effects using combination red
and infrared laser on the repair of back wound of rats in
control and other experimental groups earlier on the 7t
postoperative day 2. Current study was showed that
significant effect of low red and low infrared laser on
epithelialization, polymorphonuclears (PMNs), fibroblast,
new vessels (angiogenesis), and collagen synthesis in
UFFSA of LIR group. Significant changes on day 3 and 5
on are related to shortening the inflammatory phase of
repair and enhancing release of factors stimulating the
proliferative stage of repair and increasing vaso-dailation
and lukocytic infiltration in inflammatory phase by Low
Infrared Laser P8, So these findings indicate LIR (850 nm)
had significant effect to the other groups in early phase of
graft taking particularly on day 3 and less effective on day
5 and the remaining days of study. As it was mentioned,
former finding does not agree with Moors's study that
demonstrated inhibitory effect of the wavelength and
agrees with some investigators 7?3, Walsh and et al
showed that infrared (830 nm) enhances vaso-active
effects by its actions on mast cells and facilitates entry
of leukocyte ', Therefore, vaso-dilation, with increased
local blood flow and shortening of pro- and inflammatory
phase caused by laser in LIR and even LR groups &', Fluid
accumulation mechanically separates the grafts from their
bed, impairing nutrition and revascularization B, We also
did not find any fluid accumulation and seroma formation
between recipient and donor. The absence of seroma
accumulation in the experimental and even control groups
can be because of the healthy, free of debris, irregularities
and non-infectious wound bed.

The wave-length, power, power density, energy density,
treatment duration, treatment intervention time post-

injury, and method of application are the causative factors
of response of tissue to laser '#2, Woodruff's study revealed
that energy density was the only treatment parameter with
predictable dose dependent treatment effects in out-
come 24, They revealed that energy densities ranging
from 19 to 24 J/cm? had the largest average effect size 24,
Walsh and et al and the other related researches have
demonstrated a range of bio-stimulation effects at dose
from 2 to 10 J/cm?in red and infrared wavelengths B
Although deciding about the right dosage to obtain best
result for the healing has not been the main concern of this
study, we managed to achieve positive results by applying
dose 1 J/cm? with 850 nm wavelength. These results
(positive bio-stimulation effects) were in accordance with
of results of Walsh’s study with different dosage from 2 to
10 J/cm?. Therefore it can be drawn that in our study using
dosage 1 J/cm? brings about positive results and agree
with Walsh’s study.

The other finding was contraction of graft on its bed
that started on day 3 and continued till day 30. As was
mentioned, the shrinkage of graft size in group LIR was
more significant. The previous studies had revealed
contraction in thin and split-thickness grafts by the time.
Few reports indicated contraction of unmeshed full-
thickness free skin grafts. The main reason of shrinkage
in LIR could be the presence of numerous myofibroblasts
especially in LIR group on day 3 to the two groups and
maturity of collagen between graft and its bed. So our
results agreed with results of other investigations.

Finally, the significant results of our study could
represent the beginning of a paradigm of laser therapy
(red and especially infrared) and its role on graft (UFFSA)
and diminished well known post-operative complications.
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Summary

The purpose of this study is to determine the distribution and expression of nNOS, eNOS and iNOS and to evaluate the role of
ovarian steroids in NOS expressions in the duodenum tissues of rats. Rats in the control group (Ov group) were injected intramuscularly
with sesame oil for 10 days, whereas rats in the first, second, and third experimental groups received intramuscular administration of
progesterone (P group), 17B-estradiol (E2group) and 17beta-estradiol and progesterone (E2 + P group), respectively. According to
the results of an immunohistochemical evaluation, a severe nNOS expression was observed in both the crypts and nerve fibers of the
duodenum in the Ov, P and E2 groups but decreased in the E2 + P group. It was determined that iNOS expression increased in the surface
epithelial cells and crypts of P group while it only decreased in crypts of E2 group. There was severe eNOS expression in crypts in all
treatment groups, while it only increased in the surface epithelial cells in the E2 group. The results of the current experiment suggest that
the effect of ovarian steroids on duodenum absorbtion and microvascular protection can be mediated by crypt and epithelial NNOS, iNOS
and eNOS expressions in rats. Besides the estradiol and progesterone administration together inhibit nNOS activitiy in the duodenum.

Keywords: Ovarion steroids, nNOS, iNOS, eNOS, Duodenum, Inmunohistochemistry

Duodenumda Ovaryum Steroidlerinin Etkisinde Nitrik Oksidin Rolli

Ozet

Bu calismanin amaci rat duodenum dokularinda NOS ekspresyonlari lizerinde ovaryum steroidlerinin roliinii degerlendirmek ve
nNOS, eNOS ve iNOS ekspresyon ve dagilimlarini belirlemektir. Kontrol grubu ratlara (Ov grup) intramdskuiler olarak 10 glin susam yagi
enjekte edildi. Bunun yaninda birinci, ikinci ve liciincli deney gruplarina sirasiyla progesteron (P grup), 17p-estradiol (E2group) ve 17beta-
estradiol ve progesteron (E2 + P group) uygulandi. immunohistokimyasal degerlendirme sonuglarina gére, Ov, P ve E2 gruplarinda
duodenumun hem kriptlerinde ve hem de sinir fibrillerinde siddetli NANOS ekspresyonu gézlendi, E2 + P grubunda ise reaksiyon siddeti
azaldi. P grubunda kriptlerde ve ylizey epitel hiicrelerinde iNOS ekspresyonu artarken, E2 grubunda sadece kriptlerde reaksiyonun azaldigi
belirlendi. Tim gruplarda kriptlerde siddetli eNOS ekspresyonu bulunurken, E2 grubunda sadece ytizey epitel hiicrelerinde reaksiyon
siddetinin arttigi belirlendi. Yapilan ¢alismanin sonucu, ovaryum steroidlerinin etkisinde duodenumda absorbsiyon ve mikrovaskdler
korumanin, sicanlarda kript ve epitellerde nNOS, iNOS ve eNOS ekspresyonu araciligiyla olabildigini, bunun yaninda duodenumda
Ostrojen ve progesteronun birlikte uygulanmasinin nNOS aktivitesini inhibe ettigini gostermektedir.

Anahtar sozciikler: Ovaryum steroidleri, nNOS, iNOS, eNOS, Duodenum, immunohistokimya

INTRODUCTION

Nitric oxide (NO) is an intercellular and endocellular signal ~ process of the intestines. NO can regulate muscular
molecule, and has an important role in the physiological  contraction and blood circulation in the intestine 2.
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Endogenous nitric oxide is derived from L-Arginine by the
enzyme called nitric oxide synthase (NOS) . NOS is widely
distributed in the intestine, and has several isoforms, such
as constitutive nitric oxide synthase (hnNOS and eNOS) and
inducible NOS (iNOS) #4. iNOS is the NOS isoform most
broadly implicated in the processes of inflammation and
carcinogenesis in the Gl system . Neuronal NOS (nNOS)
constitutes the predominant source of NO in neurons; once
nitric oxide diffuses into smooth muscle cells, it inhibits the
contractibility of smooth muscles by activating guanylate
cyclase V. Endothelial NOS (eNOS) is the predominant
source in the endothelium ®°, eNOS expression most
prominent in endothelial cells lining vascular channels %"
throughout the gut, liver, and pancreas "". eNOS also
regulates a number of cellular and physiologic functions
within the Gl and hepatic systems including vasodilation
and protection of the mucosal barrier function.

The precise mechanism by which sex steroids modulate
changes in gastrointestinal motility is also not known. NO
is known to mediate relaxation of gastrointestinal smooth
muscle "> and to be involved in the pregnancy associated
decrease of gastrointestinal motility '\ Besides, there is
increased NOS expression in the gastrointestinal tissues
during pregnancy '®, and NOS expression also increased
by estradiol in various tissues '*'”, including the gastro-
intestinal tract and neuronal tissues .

Therefore, the aim of this study was to determine
the effects of ovarian steroids on the distribution of NOS
protein expression in rat duodenum.

MATERIAL and METHODS

Animals and Experimental Design

Duodenum tissues were obtained from animals used in
TUBITAK project (Project No. VHAG-2097). In this project,
female Sprague-Dawley rats were bought from the Gulhane
Military Medical Academy Research Center Department
of Laboratory Animals. The experimental protocols were
approved by the Animal Care and Use Committee at
Afyon Kocatepe University (15.09.2004; B.030.2.AKU.0.8Z.
00.00/115) and are in accordance with the National
Institute of Health Guide for the Care and Use of Laboratory
Animals.

The rats in all groups were fed ad libitum with a
commercial rat diet. A total of 40 rats were anesthetized
by intraperitoneal ketamine (21.2 mg/kg) and xylazine
(4.2 mg/kg) and ovariectomized bilaterally. Two weeks
after the operation, the rats were randomly assigned to 4
groups of 10 rats each. Rats in Ov group received daily 0.2
ml intramuscular administrations of sesame oil. Rats in P
and E2 groups were administrated with progesterone
(2 mg/rat/day; i.m.) and 17B-estradiol (10 mg/rat/day;
i.m.) respectively. Rats in E2 + P group were injected with

both progesterone and 17 B -estradiol at the same
dosages. The hormone treatments were continued for
10 days. After the treatments, rats were killed by cervical
dislocation.

Determination of Distribution of nNOS, iNOS and
eNOS in Duodenal Tissues

The duodenal samples were removed immediately after
sacrifice and fixed in 10% buffered formol-saline solution
and processed routinely for embedding in paraffin.
Immunohistochemistry for nNOS, iNOS and eNOS (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) was performed
using Universal LSAB Kits (Zymed Histostain Plus Broad
Spectrum, South San Francisco, CA, US) according to
manufacturer’s protocol. Briefly, paraffin sections (5u)
were treated with nNOS (1:1000 dilution), iNOS (1:1000
dilution) and eNOS (1: 1000 dilution) primary antibody for
30 min at 37°C. Paraffin sections were washed three times
in phosphate buffered saline (PBS), and incubated with
the biotinylated secondary antibody for 30 min at room
temperature (RT). The samples were then washed three
times in PBS and incubated in Streptavidin-HRP for 30 min
at RT. Following rinsing in PBS for 3X5 min, the sections were
rinsed in distilled water, and incubated in DAB (Zymed, 00-
2020) for 5 min to reveal peroxidase. Counterstaining was
carried out with haematoxylin. Sections were cleared in
xylene and mounted with Entellan. Negative controls were
processed using antibody diluent reagent solution instead
of the primary antibody. Relative immunreaction of positive
cells was evaluated by two independent observers in
a blinded fashion and given a score as followed: 0- no
reaction; 1- weak reaction; 2- moderate reaction 3- strong
reaction, 4- very strong reaction '8,

Statistics

Statistical analysis of results was performed by a one-
way analysis of variance (ANOVA) followed by Duncan tests.
Values are presented as means * SE. Group differences
were declared significant at P<0.05.

RESULTS

NOS expressions in duodenal tissue sections are shown
in Fig. 1, 2 and 3. nNOS, iNOS and eNOS immunoreactions
were identified on the epithelial layers of the villi and crypts.
The staining pattern was very similar along the length of
the villi. Moreover, nNOS expression was also present in
nerve fibers. Because nNOS and eNOS expression were
faint in the Brunner glands we did not statistically evaluate
this expression in the table. Besides we did not find any
iNOS immunoreaction in the Brunner glands.

Immunohistochemistry Scoring Results
(Semiquantitative)

Semiquantitative observations of the nNOS, eNOS and
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iNOS expressions in the duodenum are presented in Table
1,2and 3.

Neuronal NOS Expression

nNOS expression on the surface epithelium of the
villi was moderate in all treatment groups, although the
intensity of immunreaction on crypt epithelium was strong
in the Ov, P and E2 groups and moderate in the E2 + P
group. The intensity of immunostaining on the surface
epithelium of the villi was weaker than that of the crypts
(Fig. 1). There was no significant difference between nNOS
expression in the surface epithelium of the villi among

Fig 2. eNOS expression in surface
epithelium of the villi (arrows) and
crypts (arrow head). A- Ov group, B- =
P group, C- E2 group, D- E2+P group, |
Bar 50 um

Sekil 2. Villus yiizey epiteli (ok) ve
kriptlerde (ok basi) eNOS ekspres-
yonu. A- Ov grubu, B- P grubu, C- E2
grubu, D- E2+P grubu, Bar 50 um

the groups and in the crypts in the Ov, P and E2 groups,
whereas the expression significantly decreased in the E2 +
P groups (P<0.001). nNOS expression was strong in nerve
fibers among the groups. But the expression (P<0.05) were
significantly lower in E2 + P group compared with the Ov,
P and E2 groups.

Endothelial NOS Expression

eNOS expression on the surface epithelium was
moderate in the Ov, P and E2 + P groups and strong in the
E2 group. The intensity of immunreaction was strong in
the crypt region in all groups. The intensity of immuno-

epithelium of the villi (arrows) and
crypts (arrow head) and nerve fibers
~ (*). A- Ov group, B- P group, C- E2
group, D- E2+P group, Bar 50 pm

Sekil 1. Villus ylzey epiteli (ok),

kriptler (ok basi) ve sinir fibrillerinde

(*) nNOS ekspresyonu. A- Ov grubu,

| B- P grubuy, C- E2 grubu, D- E2+P
| grubu, Bar 50 pm
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Fig 3. iNOS expression in surface
epithelium of the villi (arrows) and
cripts (arrow head). A- Ov group, B- P
group, C- E2 group, D- E2+P group,
Bar 50 um

Sekil 3. Villus ylzey epiteli (ok) ve

~ kriptlerde (ok basi) INOS ekspresyonu.

A- Ov grubu, B- P grubu, C- E2 grubu,
D- E2+P grubu, Bar 50 um

Table 1. nNOS expression scores in duodenal surface epithelium and crypts and nerve fibers, in all groups

Tablo 1. Gruplarda duodenum yiizey epiteli, kriptler ve sinir fibrillerinde nNOS enzim skorlari

Surface epithelium 1.30+0.15 1.80+0.13 1.70+0.15 1.60+0.16

Nerve fibers 3.00+0.21ab 3.50+0.17a 3.30+0.15a 2.70+0.15b 0.013*

Letters (a, b, ¢) in the same line indicate significant differences between different letters, * P<0.05, *** P<0.001

Table 2. eNOS expression scores in duodenal surface epithelium and crypts in all groups
Tablo 2. Gruplarda duodenum yiizey epiteli ve kriptlerde eNOS enzim skorlari

Surface epithelium 1.60+0.22b 1.70+£0.21b 2.70+0.26a 1.70+£0.21b 0.004**

Letters (a, b, ¢) in the same line indicate significant differences between different letters, NS: not significant, ** P<0.01

Table 3. iNOS expression scores in duodenal surface epithelium and crypts in all groups
Tablo 3. Gruplarda duodenum yiizey epiteli ve kriptlerde iNOS enzim skorlari

Surface epithelium 0.50+0.17bc 1.10+0.10a 0.20+0.13c 0.80+0.13ab 0.000%**

Letters (a, b, ¢) in the same line indicate significant differences between different letters, *** P<0.001

staining on the surface epithelium of the villi was Inducible NOS Expression
weaker than that of the crypts (Fig. 2). The intensity of ' . o
eNOS expression on the surface epithelium was higher in iNOS expression was weak on the surface epithelium

the E2 group than in the Ov, P and E2 + P groups (P<0.01)  in all groups. The intensity of immunreaction in crypts was
and no differences were observed in crypts among weak in the Ov, E2 and E2 + P groups, but strong in the
groups. P group (Fig. 3). The intensity of iNOS expression in the
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surface epithelium did not change among the Ov and E2
and E2 + P groups. It was greater in the P group compared
with the Ov and E2 groups (P<0.001). iINOS expression in
the crypt region was significantly increased in the P group
compared with the Ov, E2 and E2 + P groups (P<0.001).

DISCUSSION

Recent studies showed that NO was a neurotransmitter
in the non-adrenergic non-cholinergic (NANC) inhibitory
nerves of the gut '>2, During nerve stimulation, NO
generated by nNOS in nerve terminals regulates the release
of vasoactive intestinal polypeptide (VIP), which diffuses
to muscle cells to participate in muscle relaxation 2223, Our
study showed that nNOS was localized in the nerve fibers,
and this expression of nNOS in the nerve fibers correlated
with other researches %2427,

Previous studies indicated that the release of NO by
NANC nerves was an important factor controlling gut
motility in vivo® and in vitro 2%, Some research indicated
that the nNOS protein " and nitrergic activity ' were
increased in nerve fibers in the gastric fundus and colon
but not in the ileum in late pregnancy. We observed strong
nNOS protein expression in nerve fibers but it did not
increase with estrogene or progesterone. Conversely, in
our study, a combination of estrogene and progesterone
decreased the nNOS reaction, this decrease may be
associated with longer (10 day) progesterone treatment.
We also observed strong nNOS expression in crypts. The
expressions decreased in the E2 + P group. Furthermore,
nNOS localized weakly in the Brunner’s glands in all groups.

In the present study, eNOS localizations were identified
on the epithelial layers of the villi and crypts in the
duodenum. The crypts showed a stronger immunoreaction
than that of the epithelial layer of the villi but there were
no differences between groups. eNOS is the key NOS
isoform responsible for NO-regulated vasodilation in the
Gl system and eNOS-derived NO is produced under basal
conditions 28, eNOS expression is found throughout the
gut " and lamina propria of villi "%, Previous research has
shown that gastrointestinal smooth muscle cells are able
to generate NO by a Ca21-dependent constitutive NOS 2%,
And myogenic NO is responsible for the regulation of
smooth muscle contractility % Some research claims
that NOS isoforms are not expressed by intestinal smooth
muscle cells B Bani at al.?”! showed that eNOS and iNOS
immunoreactions occur in the circular and longitudinal
smooth muscle layers of the ileum in mice, and also found
eNOS protein in intestinal smooth muscle cells B2, In the
current study, we did not find any eNOS immunoreaction
in duodenum smooth muscle cells. Our results are not
consistent with Vannucchi et al.?? because the technique
and antibodies they used differ from ours. Research
indicated that inhibition of basal NO production enhanced
epithelial mucosal permeability, thus implicating

constitutive NO production in the protection of the Gl
mucosal barrier function B3, In this study there was also
a strong expression in the surface epithelium in the E2
group. NO generated by those cells may play an important
role in absorption and the protection of microvasculature.
Estrogen may have an important role in the duodenal
mucosal system and for epithelial function. Furthermore,
we observed strong eNOS expression in the crypts and
weak immunostaining in the Brunner glands in all groups.
It may have a function in stimulating the high rate of
macromolecular synthesis in this active secretory tissue.

The intestinal epithelial cells expressed iNOS in a large
amount B4, Previous research detected a strong iNOS
reactivity in the basal and apical side of enterocytes in villi
epithelium, in duodenal crypts, in connective tissue cells
and in the endothelial cells of lamina propria vessels in
human duodenum B3, iNOS expression in intestinal cells
indicates that the isoform of the enzyme is expressed in
the small intestine without inflammation. In our study,
similarly, an iNOS reaction was found in surface epthelium
and duodenal crypts. And these immunoreactions were
significantly greater in the surface epithelium and crypts
in the P group and it decreased in the crypts in E2 group
compared to the Ov group. Crypts represent regions of rapid
mitosis and differentiation, providing a continual turnover
of cells that differentiate into columnar and goblet cells as
they migrate from the crypts towards the luminal end of
the villi B%37), Previous studies also revealed the presence of
iNOS immunoreactivity in myenteric neurons, in smooth
muscle cells, and in endothelium of the rat duodenum
with postembedding immunoelectronmicroscopy 9. These
findings are different from our result. This difference may
be a function of the techniques used.

In conclusion, ovarian steroids may cause some
alterations mediated by nNOS, iINOS and eNOS expression
on the duodenal mucosal system, differentiation, mucosal
barrier function, and on the absorption and protection of
microvasculature.
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Summary

In this study, 75 Pasteurella multocida isolates from different animal species of cattle, sheep, goat and rabbit isolated during 2001-2012
were identified and characterized by multiplex PCR for 5 capsular types of A, B, D, E, and F. Thirty six of isolates were isolated from cattle
(19 lungs, 12 nasal swabs and 5 milk samples), 33 from sheep lungs, 3 from goat lungs and 3 from rabbit lungs. Each isolates was obtained
from different herds/flocks except 9 bovine nasal swab isolates (6 and 3), which were from two herds. All P. multocida isolates identified
by conventional methods were confirmed by multiplex PCR. Thirty three (91.6%) of 36 bovine isolates were serogroup A; 11 (33.3%) of 33
sheep isolates were serogroup D, 2 (6.0%) were serogroup A, 1 (3.0%) was serogroup F and 19 (57.5%) were untypable; 2 of 3 goat isolates
were serogroup D. All of 3 rabbit isolates were untypable. Overall 26 (34.6%) isolates were untypable. No strain was detected from serogroup
B and E. Antimicrobial susceptibility test results of 50 P. multocida strains using disk diffusion test showed that all strains were susceptible
to ceftiofur, enrofloxacin, florfenicol and trimethoprim-sulfamethoxazole. Six (12.0%) strains were resistant to spectinomycin, 6 (12.0%) to
tetracycline, 3 (6.0%) to tilmicosin and 3 (6.0%) to erythromycin. Multiple resistance was detected in 7 (4 tetracycline+spectinomycin, 2
tilmicosin+erythromycin, 1 tetracycline + tilmicosin + erythromycin) of 11 resistant strains isolated from 10 cattle and 1 sheep.

Keywords: Pasteurella multocida, Capsular typing, PCR, Antimicrobial susceptibility, Cattle, Sheep

Farkli Hayvan Tiirlerinden izole Edilen Pasteurella multocida
Suslarinin Kapsiiler Tiplendirilmesi ve
Antimikrobiyal Duyarhliklar

Ozet

Bu calismada 2001-2012 yillari arasinda sigir, koyun, kegi ve tavsan gibi degisik hayvan tirlerinden izole edilen Pasteurella multocida
suslarinin multipleks PCRile identifikasyonu ve kapsiiler serogruplari (A, B, D, E ve F) arastirildi. Toplam 75 susun 36's1 (19 akciger, 12 burun
svabi, 5 siit) sigir, 33'G koyun, 3’0 keci ve 3'l de tavsan akcigerlerinden izole edildi. iki isletmeden alinan 9 (6 ve 3'er adet) sigir burun svabi
disindaki 6rneklerin her biri farkli isletmelerden gelen hayvanlara aitti. Konvansiyonel yontemlerle P. multocida olarak identifiye edilen
suslarin timd multipleks PCR ile dogrulandi. Kapsdler tiplendirme sonucu 36 sigir susunun 33 (%91.6)'U serogroup A; 33 koyun susunun
11 (%33.3)'i serogrup D, 2 (%6.0)'si A, 1(%3.0)'i F olarak belirlendi ve 19 (%57.5)"u tiplendirilemedi; 3 keci susunun 2'si serogrup D olarak
tiplendirildi; 3 tavsan susunun hicbiri tiplendirilemedi. Toplam 26 (%34.6) sus tiplendirilemedi. Serogrup B ve E'ye ait sus tespit edilmedi.
Disk diflizyon yontemiyle 50 susa yapilan antimikrobiyal duyarllik test sonucunda suslarin timi ceftiofur, enrofloxacin, florfenicol
ve trimethoprim-sulfamethoxazole’e duyarli bulundu. Spectinomycin ve tetracycline’e 6 (%12.0)'sar sus, tilmicosin ve erythromycin'e 3
(%6.0)'er, sus direncli bulundu. Direncli 11 (10 sigir, 1 koyun) susun 7'sinde coklu direng (4 susta tetracycline + spectinomycin, 2 susta
tilmicosin + erythromycin, 1 susta tetracycline + tilmicosin + erythromycin) tespit edildi.

Anahtar sozciikler: Pasteurella multocida, Kapstiler tiplendirme, PCR, Antimikrobiyal duyarlilik, Sigir, Koyun

INTRODUCTION

Pasteurella multocida causes important diseases as  wild mammalian and avian hosts. Major diseases include
primary or secondary pathogen in many domestic or haemorrhagic septicaemia in cattle and buffaloes, atrophic
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rhinitis in swine, snuffles in rabbit and pneumonias in cattle
and sheep and, fowl cholera in poultry "2, Occasionally,
it can cause mastitis, localized infections and abortion
in cattle B. P. multocida is also commonly found in the
upper respiratory tract flora of many animal species ¥\
Capsule and lipopolysaccaride (LPS) are the major
components of P multocida cell surface 7. P multocida are
classified into 5 serogroups as A, B, D, E, and F based on
capsule structures and further 16 serotypes based on LPS
composition M, Capsule is considered as one of important
virulence determinants that allow P. multocida to avoid
innate host defense systems ©“39, All P. multocida capsules
are carbohydrate polymers, but composition of capsule
is different in each serogroup. It was shown that, capsular
material of serogroup A strains contains hyaluronic acid,
serogroup D heparine, serogroup F chondroitin sulfate,
serogroup B was composed of arabinose, mannose (or
N-acetyl mannosaminuronic acid) and galactose [7#19,
Conflicting reports exist on capsular polysaccharides
of P. multocida as protective antigen. Although pure
polysaccharides are nonimmunogenic, antigens
responsible for the capsule specific reactions are
not completely understood [ It was suggested
that immunogenicity of capsule is associated with LPS
and purified capsule antigens behave as haptens in
certain animals ™.

Capsular serogrouping is frequently used for typing
of P. multocida, and capsular types generally correlate
with particular disease and host “®, The original and
most common method for capsular serogrouping is
indirect haemagglutination test. One of the limitations of
the test is difficulties in preparation of high titer specific
capsule antisera and their commercially unavailability ™.
In addition, inagglutinability of some capsulated fresh
cultures with homolog capsular antiserum or reduced
capsular material by serial subculture often renders such
strains untypable in this method 4. These problems of
indirect haemagglutination test caused to attempts to
devise non-serological tests. Non-serological tests such as
hyaluronidase for serogroup A and acriflavin flocculation
test for serogroup D were shown to be unreliable in a
comparative study with PCR ', Multiplex PCR facilitates
capsular serogrouping and provides fast, reliable and
inexpensive typing .

Respiratory diseases including P. multocida infections
in livestock are one of the most common causes of anti-
microbial use for prophylaxis, metaphylaxis and treatment.
However, imprudent use of antimicrobials creates a high
risk of selecting resistance "2'3, Continuous monitoring of
antimicrobial susceptibilities of important animal pathogens
with standard methods provides useful information on
trends in resistance development ", In practice, in the
case of respiratory problems veterinarians prefer to start
antimicrobial treatment immediately, before disease does
not progress. Therefore national or regional antimicrobial

susceptibility data can help practitioners in their initial
antibiotic choice.

Little is known about the serotype and antimicrobial
susceptibility profiles of P. multocida isolates in Turkey.
Except very few studies in cattle performed by conventional
serological methods ">'%, no study is present about
capsular types of P. multocida from animal species using
molecular methods. In other countries most of studies
were carried out with bovine isolates and little is known
about serogroups and antimicrobial susceptibilities of
P. multocida isolated from small ruminants. The aim of
this study was to investigate capsular serogroups of P.
multocida isolated from different animal species during
2001-2012, by multiplex PCR and to determine their
antimicrobial susceptibility profiles.

MATERIAL and METHODS

Samples

A total of 75 P. multocida isolated from cattle, sheep,
goat and rabbit submitted to diagnostic laboratory of
Konya Veterinary Control Institute during 2001-2012 were
tested (Table 7). Among 75 isolates, 36 were from cattle (19
lung, 12 nasal swab, and 5 milk samples), 33 from sheep
lungs, 3 from goat lungs and 3 from rabbit lungs. Except 6
and 3 nasal swab samples of calves taken from per herd,
each isolate was belonging to animals from different
herds. All lungs and nasal swab samples were from animals
(aged 1-7 months) with respiratory problems as evidenced
by clinical, macroscopic and microscopic findings after
necropsy and, milk samples from animals with mastitis.
Samples submitted mainly from Konya province in Central

Table 1. Distribution of P. multocida isolates according to hosts species and
years

Tablo 1. P. multocida suslarinin konakgi tiirleri ve yillara gére dagilimi

o Animal Species Total Number
Cattle Sheep Goat Rabbit of Isolates

2001 1 2 3
2002 2 1 3
2003 2 1 3 6
2004 3 6 1 10
2005 3 5 p
2006 5 2 7
2007 2 1 3
2008 1 4 5
2009 10 14 24
2010 2 5
2011 3 1 4
2012 2 1 :
Total 36 33 3 3 75
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Anatolia, however, in recent years bovine herds are
enlarging and animals from other provinces are gathered
into herds, because of the widespread animal movements,
origin of some animals may belong to other provinces. No
reliable information was available for previous antibiotic
use in animals.

Isolation and Identification

Swab and organ specimens were plated onto blood agar
base No.2 (Oxoid) with 5% sheep blood. Agar plates were
incubated at 37°C overnight. Presumptive identification
of isolates as P multocida was made on the basis of colony
characteristics, no haemolysis on blood agar, no growth
on MacConkey agar, Gram staining and microscopic
morphology, positive catalase and oxidase tests "7l
Following presumptive identification, isolates were stored
at -85°C in Microbank (Pro-Lab Diagnostics) tubes.

PCR for Identification and Capsular Typing

For the confirmation of isolates and determination of
their capsular types, a multiplex PCR using primers specific
for P. multocida " and for 5 capsular serogroups " based
on capsule biosynthesis genes were used. To perform PCR,
isolates were recovered from stocked cultures by streaking
on blood agar, after overnight incubation at 37°C several
colonies were suspended in PCR grade water and used as
template following incubation at 100°C for 10 min.

PCR mixture contained 2 mM MgCl,, 200 uM dNTPs,
3.2 pmol of each primers (CapA, B, D, E and F; KMT1T7,
KMT1SP6), 1.25 U Taq DNA polymerase (Bioron), 5 pl
template DNA in total volume of 50 pl. Cycling parameters
were as follows: initial denaturation at 95°C for 5 min; 30
cycles of 95°C for 30 sec, 55°C for 30 sec, 72°C for 90 sec.
Products were electrophoresed on 1.5% agarose gel in TBE
containing 0.5 pg/ml ethidium bromide for 1 h at 90 V,
with 100 bp DNA ladder. All isolates were also tested

second time without P. multocida-specific primers
(KMT1T7, KMT1SP6) using only capsular primers to get
clear amplicon bands for capsular serogroups. The vaccine
strain of serogroup B provided from Pendik Veterinary
Control Institute, istanbul was used as control strain.

Antimicrobial Susceptibility Testing

A total of 50 P. multocida strains from 24 cattle, 20
sheep, 3 goats and 3 rabbits were tested by disc diffusion
test in Mueller-Hinton agar (Oxoid) supplemented with
5% defibrinated sheep blood according to Performance
Standards for Antimicrobial Disk and Dilution Susceptibility
Tests for Bacteria Isolated from Animals, CLSI: M31-A3 19,
S. aureus ATCC 25923 was used as quality control
strain. Following antimicrobial discs (Oxoid) were used:
spectinomycin, ceftiofur, enrofloxacin, trimethoprim-
sulfamethoxazole, tilmicosin, florfenicol, tetracycline,
erythromycin and penicillin. To interpret results zone
diameters described in CLSI: M31-A3 were used (Table 2).

RESULTS

All isolates were confirmed as P. multocida which
produced about 460 bp P. multocida-specific fragment in
multiplex PCR (Fig. 1). In capsular typing, 33 of 36 bovine
isolates were determined as serogroup A. Among bovine
isolates, only 2 milk and 1 nasal swab samples were
untypable. Of 33 sheep isolates 11 (33.3%) were serogroup
D, 2 (6.0%) serogroup A, 1 (3.0%) serogroup F and 19
(57.5%) was untypable (Table 3). Two of 3 goat isolates
were serogroup D. All of 3 rabbit isolates were untypable.
Serogroup B and E were not determined. An amplified
product of about 1044 bp, 657 bp, 851 bp and 760 bp for
serogroup A, D and F strains, and for serogroup B of the
control strain were obtained respectively (Fig. 1, 2 and 3).
When samples were tested without P. multocida specific

Table 2. Zone diameters and interpretation criteria of tested antimicrobial agents according to CLSI Standard M31-A3 (2008) used in the study

Tablo 2. Test edilen antimikrobiyal etkenlerin CLSI Standardi M31-A3 (2008)de belirtilen zon ¢aplari ve degerlendirme kriterleri

CLSI Zone Diameter (mm)
Antimicrobial Agent Disk Content
Susceptible Intermediate Resistant

Spectinomycin 100 pg >14 11-13 <10
Ceftiofur 30 ug >21 18-20 <17
Enrofloxacin 5ug =21 17-20 <16
Trimethoprim-sulfamethoxazole* 1.25/23.75 pg >16 11-15 <10
Tilmicosin 15 ug =11 - <10
Florfenicol 30 pg >19 15-18 <14
Tetracycline® 30 ug >19 15-18 <14
Erythromycin* 15 ug >23 14-22 <13
& e
* Because no zone diameter was determined specifically for P. multocida in CLSI Standard, zone diameters defined for other bacteria were used
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760 bp

S00 bp 460 bp

Fig 1. Multiplex PCR for P. multocida. M: 100 bp marker; Lane 1-2: Positive
control (capsular type B), P. multocida specific 460 bp+760 bp bands;
Lane 3-6: Untypable isolates, only P. multocida specific 460 bp bands

Sekil 1. P multocida multipleks PCR. M: 100 bp marker; 1-2: Pozitif
kontrol (kapsuler tip B), P. multocida spesifik 460 bp+760 bp bandlar; 3-6:
Tiplendirilemeyen P. multocida suslar, sadece P. multocida spesifik 460 bp
bandlar

M 123456789 101112

851

657 tp
;'oogg —480 tp

Fig 2. Multiplex PCR with P. multocida isolated from sheep. M: 100 bp
marker; Lane 1-12: P. multocida specific 460 bp band; Lane 1: 460 bp+851
bp bands (capsular type F); Lane 8: 460 bp+657 bp bands (capsular type D)

Sekil 2. Koyunlardan izole edilen P. multocida suslar ile multipleks PCR.
M: 100 bp marker; 1-12: P. multocida spesifik 460 bp band; 1: 460 bp+851
bp bandlar (kapsdler tip F); 8: 460 bp+657 bp bandlar (kapsuler tip D)

primers (only by capsular primers) in multiplex PCR, number
of serogroup A positive samples increased from 1 to 33
(Fig. 3) and number of serogroup D and F positive samples
did not changed.

In 9 (9/75) cases (in 5 sheep, 3 calf and 1 kid lung samples)
P. multocida was isolated together with Mannheimia
haemolytica and in 4 cases (in 2 sheep, 1 calf and 1 kid lung
samples) it was isolated with Arcanobacterium (Trueperella)
pyogenes.

3. 9 'Sl G 8 9

Fig 3. Multiplex and capsular PCR for P. multocida. M: 100 bp marker; Lane
1-2: Products of multiplex PCR including primers specific for P. multocida
and for 5 capsular types (only 460 bp bands); Lane 3-9: Products of
PCR with primers for capsular serogroups without P. multocida specific
primers (capsular type A specific 1044 bp bands)

Sekil 3. P multocida multipleks ve kapsuler PCR. M: 100 bp marker; 1-2:
P. multocida spesifik ve 5 kapstler primeri iceren multipleks PCR triinleri
(sadece P. multocida spesifik 460 bp bandlar); 3-9: Sadece 5 kapstiler
serogrup primerleri ile yapilan PCR Urinleri (kapsdler tip A spesifik 1044
bp bandlar)

Antimicrobial susceptibility test results of 50 P.
multocida strains from 24 cattle, 20 sheep, 3 goats and 3
rabbits are shown in Table 4. All isolates were susceptible
to ceftiofur, enrofloxacin, florfenicol and trimethoprim-
sulfamethoxazole. All isolates had > 20 mm zone diameter
for penicillin. In total, 11 strains were resistant to anti-
microbial agents and 7 of them were multiresistant (Table 5).

DISCUSSION

Studies indicate that P. multocida is one of the most
common bacterial pathogens of bovine respiratory disease
complex in different countries 2! and even in some
studies its isolation from calf pneumonia appear to be
increasing 2%, In a previous study carried out in Konya
province ), and in other studies from Turkey 25?7, isolation
rate of P. multocida from pneumonic cattle and sheep
lungs was found higher than that of M. haemolytica. In
the present study, in 12% (9/75) of cases P. multocida was

Table 3. Multiplex capsular PCR results of P. multocida isolates from different animal species

Tablo 3. Farkli hayvan tiirlerinden izole edilen P. multocida suslarinin multipleks kapstiler PCR sonuglari

Capsular PCR Typed Isolates Untypable Isolates
Animal Species No. of Isolates Isolated Samples
No % No %
19 Lung 19 serogroup A 100 =
Cattle 36 12 Nasal swab 11 serogroup A 91.6 1 8.3
5 Milk 3 serogroup A 60.0 2
11 serogroup D
Sheep 33 Lung 2 serogroup A 424 19 57.5
1 serogroup F
Goat 3 Lung 2 serogroup D 66.6 1 333
Rabbit 3 Lung - - 8 100
Total 75 49 65.3 26 34.6
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Table 4. Antimicrobial susceptibility test results of 50 P. multocida strains
isolated from cattle (24), sheep (20), goat (3) and rabbit (3) during 2001-
2012

Tablo 4. 2001-2012 yillarinda sigir (24), koyun (20), keci (3) ve tavsan
(3)'lardan izole edilen 50 P. multocida susunun antimikrobiyal duyarlilik
test sonuglari

Antimicrobial Number of Strains

Agent Susceptible | Intermediate Resistant
Spectinomycin 44 (88%) - 6 (12%)
Ceftiofur 50 (100%) = =
Enrofloxacin 50 (100%) - -
e e | 000 |- -
Tilmicosin 38 (76%) 9(18%) 3 (6%)
Florfenicol 50 (100%) - -
Tetracycline 42 (84%) 2 (4%) 6 (12%)
Erythromycin 7 (14%) 40 (80%) 3 (6%)
Penicillin 50 strains: = 20 mm (22: 20-24 mm, 28: = 25 mm)

however, no such an interference was occurred with the
other serogroups.

In the study, 91.6% (100% of lung isolates) of bovine
isolates were capsular type A and only 3 isolates from 2
milk and 1 nasal swab samples were untypable. Similarly,
studies from different countries showed that most of P,
multocida isolates from cattle with respiratory disease
complex including neonatal calf pneumonia and shipping
fever were capsular type A and occasionally other capsular
types have been isolated 2831,

Contrary to previous studies ' in Turkey which were
carried out by conventional methods, capsular type B
strains were not detected in this study. Serogroup B and
E strains reported to cause haemorrhagic septicaemia
generally in Asian and African countries respectively. An
inactivated vaccine with Robert type 1 strain (serogroup
B) was produced in Pendik Veterinary Control Institute,
istanbul until recently. As far as we know, in cattle no case

Table 5. Properties and resistance profiles of P. multocida strains found resistant in antimicrobial susceptibility testing

Tablo 5. Antimikrobiyal duyarlilik testinde direncli bulunan P. multocida suslarinin 6zellikleri ve direng profilleri

Resistant Strains | Isolation Year | Isolated Animal Species Samples | Capsular Serogroup | Resistance Profile
1 2002 Cattle Nasal svab A Tetracycline
2 2003 Cattle Milk A Tetracycline + Spectinomycin
3 2003 Cattle Lung A Tetracycline + Spectinomycin
4 2004 Cattle Lung A Spectinomycin
6 2006 Cattle Lung A Tilmicosin + Erythromycin
7 2007 Cattle Lung A Tetracycline + Spectinomycin
8 2007 Cattle Lung A Tetracycline + Spectinomycin
9 2008 Cattle Milk A Spectinomycin
10 2011 Cattle Lung A Tetracycline + Tilmicosin + Erythromycin
1 2006 Sheep Lung Untypable Tilmicosin + Erythromycin

isolated together with M. haemolytica and in 4 cases it was
isolated with A. (Trueperella) pyogenes. Results indicated
that in majority (62/75) of samples P. multocida was
isolated alone.

In this study, P. multocida isolates previously identified
by phenotypic properties were confirmed by multiplex
PCR. Capsular PCR method reported to be used reliably
determining capsular serogroups of bovine, ovine, porcine
and avian P. multocida isolates . Results showed that
in the multiplex PCR, P. multocida specific primers can be
used in combination with 5 set of capsular primers except
with serogroup A strains. P. multocida specific primers
interfered with serogroup A primers and resulted in no or
weak band. When all isolates were tested one more time
using only capsular set of primers, serogroup A specific
bands appeared in previously negative bovine isolates,

related with haemorrhagic septicemia symptoms was
observed for a long time in Turkey and the vaccine is not
produced anymore. Capsular typing provides helpful
information about distribution of isolates in different host
with different disease conditions. It has been observed that
haemorrhagic septicemia and pneumonic pasteurellosis
are frequently confused. Use of reliable methods for
capsular typing is quite important to determine real
disease conditions in animal species. In this respect PCR is
quite helpful.

In the study, 11 (33.3%) of 33 sheep isolates were sero-
group D, 2 (6%) serogroup A, 1 (3%) serogroup F and
majority of them (57.5%) were untypable. Similar to sheep
isolates, 2 of 3 goat isolates were serogroup D. Little
information is present worldwide about capsular sero-
groups of P. multocida from sheep and goats. In several
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studies in Turkey, P. multocida was the most commonly
isolated bacterial agent from sheep pneumonias 732,
Nevertheless, no study is present about capsular types of
P. multocida from small ruminants in Turkey. Few studies
examining limited number of isolates showed that in
small ruminants, serogroup D " and A %3 were commonly
detected capsular types. Capsular type D so far most
frequently isolated from porcine atrophic rhinitis. Sheep
and goat isolates of capsular type D should be further
characterized for differentiation from porcine isolates.

Antimicrobial susceptibility test with commonly used
antimicrobial agents for the therapy of respiratory diseases
of livestock animals, such as enrofloxacin, florfenicol,
ceftiofur, oxytetracycline, trimethoprim-sulfamethoxazole,
tilmicosin, spectinomycin and erythromycin showed
that resistance development among P. multocida isolates
was generally low. Resistance was determined against
spectinomycin, tetracycline, tilmicosin and erythromycin.
Other studies 2*3*3 also pointed out that, tetracycline,
tilmicosin and spectinomycin were less susceptible anti-
microbial agents for P. multocida strains. In the study,
majority of isolates (76%) were intermediately susceptible
to erythromycin according to taken criteria (Table 2).
Similarly, in other studies 233¢, high rate of intermediate
strains was reported among P. multocida strains. In other
studies in Turkey, in sheep ?"and in cattle B resistance
development was not high and erythromycin was less
susceptible antimicrobial agent. This is not surprising,
because erythromycin is an antimicrobial agent susceptible
mostly for Gram positive microorganisms.

It is known that occurrence of antimicrobial resistance
varies between countries and regions. Antimicrobial
susceptibility data of P. multocida isolated from cattle over
a three year period (2002-2004) in different European
countries showed that resistance against P. multocida
isolates were generally low and most common resistance
observed against tetracycline which was 24% in Italy, 20%
in Holland, 12% in Denmark and France in some years ",
In a monitoring study 7 in Germany in 2002-2003, only
1.5% of 132 bovine P. multocida isolates were found
resistant against ceftiofur and enrofloxacin. In a 4 year
survey B in the USA including 318 P. multocida from cattle,
similar to our study, it was reported that all strains were
susceptible ceftiofur, highest resistance were detected
against erythromycin (84%) followed by tilmicosin (41.1%),
tetracycline (28.9%) and spectinomycin (23.6%). In the
Netherland study B9, in agreement with this study, no
resistance to ceftiofur and florfenicol but higher resistance
to tetracycline was reported. In this study, while no
resistance was detected against enrofloxacin and ceftiofur,
tetracycline resistance was not as high as in other countries.
High resistance rates against some antimicrobial agents
may be due to intensive production systems and common
use of antimicrobial in these types of productions. There
is limited study on small ruminants. In a study “®all of 28 P

multocida isolated from sheep and goats was reported to
be susceptible to ceftiofur and florfenicol.

In the study, 11 (22%) of 50 isolates were resistant at
least one antimicrobial agent. Among these resistant
isolates, majority (10/11) were from cattle 24 strains and
only 1 was from sheep 20 strains. This may be related to
more antimicrobial use in cattle populations than in sheep
populations, generally. While 10 of all bovine strains were
serogroup A, one sheep strain was untypable. Resistant
strains were not cumulated in any specific year.

In conclusion, results of the study provide information
about capsular types of P. multocida isolates mainly from
pneumonic cattle and sheep by using PCR method in
Turkey. In cattle, majority (33/36) of isolates was capsular
type A and 8.3% was untypable. In sheep and goat, capsular
type D was predominant (13/36) and 55.5% was untypable.
In general, antimicrobial resistance development to
commonly used antimicrobial agents for respiratory
diseases was not high among P. multocida isolates.
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Ozet

Bu calismada, hazir gidalarda yapay renklendirici olarak kullanilan sunset yellow'un (E110) tavuk embriyosu dermal ve mukozal mast
hucrelerindeki degraniilasyon etkisi histolojik yonden incelenmistir. Sunset yellow (2.5 mg/kg) inklibasyonun 15. gliniinde vitellusa enjekte
edilmistir. Enjeksiyonundan 6, 12 ve 24 saat sonra dermal ve mukozal mast hiicrelerindeki degraniilasyon etkisi incelenmistir. Dermal mast
hucrelerinde (deri) en fazla kismi degranilasyon sunset yellow enjeksiyondan 12 saat, mukozal mast hicrelerinde (barsak) 6 saat sonra, en
fazla ileri diizeyde degranilasyon ise deride enjeksiyondan 24 saat, barsakta 12 saat sonra gozlenmistir. Barsaktaki mukozal mast hiicrelerinde
ileri degraniilasyonun enjeksiyondan 24 saat sonra da devam ettigi belirlenmistir. Her iki dokuda kismi degrantiile mast hiicresi granillerinin
gevsek ve kaba grantiller olusturdugu, ileri degraniilasyon gdsteren mast hiicrelerinin ise daha az graniil icerdiklerinden dolayi daha aydinhk
sitoplazmaya sahip olduklari géralmustdr.

Anahtar sozciikler: Sunset yellow, Tavuk embriyosu, Mast hiicresi, Deri, Barsak

Degranulation Effects of Sunset Yellow-FCF on Dermal and
Intestinal Mast Cells of Chicken Embryo

Summary

In this study, the degranulation effect of sunset yellow (E110) which is used as artificial coloring agent in ready food was histologically
examined on dermal and mucosal mast cells of chicken embryo. Sunset yellow (2.5 mg/kg) was injected into vitellus of eggs on the 15" day of
incubation. Degranulation of dermal and mucosal mast cells were evaluated 6, 12, 24 h after injection. The most of partial degranulated in dermal
mast cells (skin) was observed after 12 h from injection of sunset yellow, and after 6 h in mucosal mast cells (intestine). High level degranulation
in skin was showed after 24 h from injection, and after 12 h in intestine. Also, it was seen that high level degranulation in the mucosal mast cells
of intestine were continued after 24 h from injection. In both types of tissues, it was found that partially degranulated mast cells formed loose
and coarse granules while mast cells showing high level of degranulation have brighter cytoplasm since they contain less granuless.

Keywords: Sunset yellow, Chicken embryo, Mast cell, Skin, Intestine

GiRiS

Gida boyalari, gida katki maddeleri icerisinde onemli
bir grubu olusturmakta ve gidalarin cazibesinin artisinda
onemli bir rol oynamaktadir M. Sunset yellow hazir gida-
larda renklendirici olarak kullanilan ve E kodu 110 ile
taninan gida renk maddelerinden biridir. Olduk¢a kompleks
kimyasal yapiya sahip bir azo boyasidir. Monoazo sinifindan
olan sunset yellow'un, Cl Food Yellow 3, Orange Yellow S,
Cl (1975) no. 15985. INS No.110 isimleri de bulunmaktadir.
Kimyasal adi ise Disodium 6-hydroxy-5-(4-sulfonato-
phenylazo)-2-naphthalene-sulfonate'dir. Kimyasal formli

C,¢H,,N,Na,0,S,, molekil agirhgr 452.38 g/mol’ diir .
Sunset yellowun kullanildigi gidalar arasinda portakal
suyu, jel sekerlemeler, tahil, pasta, tath, cerez, dondurma
ve konserve balik bulunur. Ayrica Berocca, Polaramine ve
Ventolin surup gibi ilaclarin Gretiminde kullanilir 54, Kabul
edilebilir giinliik alim miktari: viicut agirhdi tzerinden 2.5
mg/kg'dir 2,

Gidalarda renk maddelerinin arastinldigi cesitli cals-
malarda, kullanimina izin verilen renk maddelerinin yiksek
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miktarda kullanildidi ve ayrica izin verilmeyen renk
maddelerine de rastlanildigi rapor edilmistir 57\, Sokakta
satilan tlketime hazir gidalarda tip, boyut ve kullanilan
renkler Gzerine yapilan bir arastirmada incelenen 545
numunenin biylk bir kisminda izin verilen oranlarin
asildigini, en ¢ok kullanilan gida boyasinin da tartrazin ve
sunset yellow oldugunu saptanmistir .,

Azo boyalar ve diger katki maddelerinin sebep oldugu
rahatsizliklar arasinda Urtiker, astim, rhinitis, angioedema,
purpura ve nadir olarak da anaflaktik sok, bas agrisi ve
gastrointestinal bozukluklar sayilmaktadir ©19. Urtikerli
veya anjioedema’li hastalarin Allura Red AC, Amaranth,
Sunset Yellow FCF, Ponceau 4R ve tartrazine hassasiyetleri
rapor edilmistir ", Bagka bir calismada kronik veya
kroniklesmenin niksettigi Urtikerli hastalarin %4'Unde
intolerans tanimlanmis ve bunun gida katki maddelerinden
(benzoatlar, sorbik asit, tartrazine, sunset yellow) kaynak-
landigi aciklanmistir 2. Uc yasindaki hiperaktif cocuklar
Uzerinde yapilan bir arastirmada, diyetten yapay renklen-
diriciler (tartrazin, azorubin, sunset yellow, ponceau-4R)
ve koruyucu maddelerden sodyum benzoat cikarildiginda,
hiperaktivitenin diizeldigi, bu maddeleri iceren iceceklerin
verilmesiyle davranis bozukluklarinin tekrar ortaya ¢iktig
belirlenmistir 31,

Mast hicreleri, salgi grandllerinin icerdikleri histamin
ve serotonin gibi biyolojik aminler, heparin gibi proteo-
glikanlar, enzimler, prostaglandinler ve |6kotrienler gibi
arasidonik asit Urtinleri ve bir ¢ok interlokin igerikli sitokin-
ler ile bagisiklik sisteminin diizenlenmesi ve viicut savun-
masinda 6nemli rol oynarlar ", Bu hucreler dogal ve
kazanilmis bagisiklikta viicudun ihtiyacina gore rol almakta,
cevre sartlarina bagh olarak kendini goreve hazirlayabil-
mektedir. Aralarinda katki maddelerinin de bulundugu
bircok etken, yangida rol oynayan medyatérlerin sali-
verilmesini uyarabilmektedir. Katki maddelerine karsi
gelisen allerjik reaksiyonlarda birincil araci madde, mast
hicrelerinden salinan histamindir ">, Histaminin yani
sira prostaglandinler, leukotrienler, bradikininler ve Iokosit
inhibitor faktoriin de (LIF) katki maddelerine karsi meydana
gelen reaksiyonlarda payinin olabilecegini gosteren calis-
malar bulunmaktadir 719,

Bu calisma; sunset yellow’un allerjik reaksiyonlarda
onemli rol oynayan mast hicrelerinin degranilasyonu
Uzerindeki etkisinin arastirilmasi ve s6z konusu katki
maddesini iceren gidalarin 6zellikle alerjik blnyeli ve
gebelik gibi hassas donemlerdeki tiketiciler tarafindan
daha bilingli kullaniimasi hususunda 6n bilgiler saglayacagdi
dislincesi ile gerceklestirilmistir.

MATERYAL ve METOT

Bu calisma, Adnan Menderes Universitesi Hayvan Deney-
leri Yerel Etik Kurulu'nun onayiyla gerceklestirilmistir (Onay
No: 2011-009). Calismada kullanilan SPF (specific pathogen

free) yumurtalar (Leghorn irki), T.C. Tarim ve Koy isleri
Bakanligi Bornova/iZMIR Veteriner Kontrol ve Arastirma
Enstitiisii Mudiirligi'inden temin edilmistir. inkiibasyonun
15. glinlinde enstitiden alinan dolli tavuk yumurtalan
laboratuvara getirildikten ve agirliklari belirlendikten
sonra kulucka makinesine yerlestirilmis, ortama adapte
olmalariicin yaklasik iki saat beklenmistir.

Kontrol grubu ikiye ayrilmstir. I. grup hic¢ agilmayan ve
6, 12, 24 saat icin 5%er adetten toplam 15 yumurtadan, Il.
grup ise sunset yellow icin ¢oziicl olarak kullanilan distile
su enjeksiyonu yapilan ve 6, 12, 24 saat icin 10ar adetten
toplam 30 yumurtadan olusturulmustur. Distile su kontrol
grubunda yumurtalar acildiktan sonra 0.1 ml distile su G27
igne ile enjekte edildikten sonra parafilmle kapatiimistir.
Daha sonra hig acilmayan kontrol grubu ve distile kontrol
grubu yumurtalari kulucka makinesine (37.5°C, %60-80
nem) (Brinsea Octagon-40DX) yerlestirilmistir.

Deney gruplarini olusturan gelisiminin 15. glintiindeki
embriyolu tavuk yumurtalarina (6, 12, 24 saat igin 15er
adetten toplam 45 yumurta), sunset yellow (Aldrich, CAS
No: 2783-94-0) Turk Gida Kodeksin'de 2% ¢nerilen doz olan
2.5 mg/kg olarak uygulanmistir. Bu uygulama i¢in 6nce
yumurtalar tartilarak ortalama agirhiklari belirlenmistir.
Daha sonra sunset yellow ¢ozeltisi 0.1 ml de 2.5 mg/kg
olacak sekilde distile su ile hazirlanmistir. Hazirlanan bu
¢ozeltiden 0.1 ml alinarak G27 igne ile vitellus kesesine
enjekte edilmistir ve parafilmle kapatiimistir. Maddenin
uygulanmasindan 6, 12 ve 24 saat sonra yumurtalar
acilarak cikarilan embriyolar serum fizyolojik (%0.9 NaCl,)
ile vitellustan arindiriimistir.

Histolojik preparasyon icin embriyolardan alinan
deri ve barsak 6rnekleri Saint-Marie tespit ¢ozeltisi (99 ml
%95 alkol + 1 ml glasial asetik asit) ile 4°C'de 24 saat tespit
edildikten sonra rutin histolojik preparasyon islemleri
(dehidrasyon, bloklama, kesit alma) yapilmistir. Kesitler
rotary mikrotomda 5 pm kalinliginda alinmis ve mast
hiicre proteoglikanlarini (histamin, heparin, serotonin)
belirlemek icin toluidin mavisi, metilen mavisi ve modifiye
giemsa ile boyanmistir @', Deri ve barsak doku ornek-
lerinden hazirlanan preparatlar 151tk mikroskobuyla
(Olympus BX51) incelenerek farkli blylUtmelerde fotog-
raflari (Olympus E-330 digital kamera) cekilmistir. Ayrica
tim gruplarin doku kesitlerine ait preparatlar kor yon-
temi ile incelenmis ve mast hiicrelerindeki degranilas-
yon (+); daha az, (++), az, (+++); orta, (++++); ¢ok,
(+++++); cok fazla seklinde semi-kantitatif olarak analiz
edilmistir.

BULGULAR

Yapilan incelemeler sonucunda, normal-kontrol ve
distile su-kontrol grubu arasinda histolojik agidan farkhhk
bulunmamistir. Bu nedenle kontrol grubu olarak normal-
kontrol grubu temel alinmis ve bu dogrultuda histolojik



853
GULER, BASIMOGLU KOCA

degerlendirmeler yapilmistir. Gozlenebilen dermal mast
hicrelerinin siki paketlenmis granullere sahip oldugu
ve degranilasyon gostermedigi tespit edilmistir (Sekil
1A/B). Kontrol grubu ile karsilastirildiginda sunset yellow’a
6 saat maruz kalan grupta embriyonik dermal mast
hicrelerinin daha fazla oldugu, pek ¢ok mast hiicresinin
siki paketlenmis ve yogun boyanmis graniller icerdigi
dikkati cekmistir (Sekil 1C, Tablo 1). Bu grupta ileri diizeyde
degranile mast hicrelerine orta diizeyde rastlanmistir
(Sekil 1C/D, Tablo 1). Sunset yellow’a 12 saat maruz kalan
gruba ait doku 6rneklerinde ¢ok sayida dermal mast hicre-
sine rastlanmis olup, cogu mast hiicresinde kismi ve ileri
diizeyde degraniilasyon gozlenmistir (Sekil 1E/F, Tablo 1).

Kismi degraniile mast hiicresi granullerinin ¢6ziilmeye
basladig, gevsek ve kaba graniiller olusturdugu saptanmistir
(Sekil 1E/F). ileri derecede degraniilasyon gésteren mast
hicre-lerinin ise daha az granul icerdiklerinden dolayi
daha soluk sitoplazmaya sahip olduklar dikkati ¢ekmistir.
Bu grupta siki paketlenmis graniil iceren mast hiicrelerine az
rastlanmustir (Sekil 1E, Tablo 1). Sunset yellow’a 24 saat maruz
kalan grupta ise sayica cok fazla oldugu gozlenen dermal
mast hucrelerinde ileri diizeyde degraniilasyon tespit
edilmistir (Tablo 1). Ayrica bu grupta siki paketlenmis grantile
sahip mast hiicresine daha az, kismi degranulasyona sahip
mast hucrelerine ise orta diizeyde rastlanmistir (Sekil
1G/H, Tablo 1).

Sekil 1. A/B: Kontrol grubuna ait 15
glinlik tavuk embriyosu derisinde
siki paketlenmis, yogun grandller ice-
ren dermal mast htcreleri (kavisli
ok), C: 6 saatlik deney grubuna ait
tavuk embriyosu deri kesitinde kil
folikult (kf) etrafinda toplanmis siki
paketlenmis grandl iceren mast hiic-

releri (siyah ok), D: Enjeksiyonundan
6 saat sonra dermal mast hicrele-
rinde meydana gelen kismi (kirik ok)
veileridlizeydedegrantlasyon (beyaz
ok), E/F: Sunset yellow’ un enjeksi-
yonundan 12 saat sonra kismi (kirik
ok) ve ileri (beyaz ok) diizeyde degra-
nllasyon gosteren mast hicreleri,
G/H: SY’un enjeksiyonundan 24 saat
sonra kismi (kirik ok) ve ileri (beyaz ok)
diizeyde degraniile mast hiicreleri.
Epidermis (e), dermis (d), Boyama;
A,F,H metilen mavisi, B,C,D,E,G modi-
fiye giemsa. Buyutme; A,B 80x; C 40x,

D,H 100x; E,F,G 160x

Fig 1. A/B: Dermal mast cells with
tightly packed granule of control
group of 15-day chicken embryo
skin (curved arrow), C: 6 h after
injection of sunset yellow, mast cells
with tightly packed granule around
the hair follicles (kf) in skin tissues
(black arrow), D: 6 h after injection,
partial (broken arrow) and high level
degranulation (whitearrow)in dermal
mast cells, E/F: 12 h after injection of

sunset yellow, partial (broken arrow)
and high level degranulation (white
arrow), G/H: partial (broken arrow)
and high level degranulated (white
arrow) mast cells after 24 h treatment.
Epidermis (e), dermis (d), Staining;
A,FH methylene blue, B,C,D,EG
modified giemsa. Magnification; A,B
80x; C 40x, D,H 100x; E,F,G 160x
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Sekil 2. A/B: Kontrol grubu tavuk
embriyosu barsak dokusunda siki
paketlenmis grandl iceren mukozal
mast hicreleri (kavisli ok), C/D: SY'un
enjeksiyonundan 6 saat sonra siki
paketlenmis granil iceren (siyah ok),

kismi (kirik ok) ve ileri (beyaz ok)
diizeyde degrantilasyon gosteren ¢cok
sayida mukozal mast hiicresi. Modi-

- fiye giemsa, 160x, E/F: SY'un enjek-
. % siyonundan 12 saat sonra kismi
(kirik ok) ve ileri (beyaz ok) diizeyde
degranilasyon gosteren cok sayida
mast hicresi izlenmektedir, G/H:
SY'un enjeksiyonundan 24 saat sonra
ileri diizeyde degranilasyon goste-
ren ¢ok sayida mast hicresi (beyaz
ok). Boyama; A,C,G metilen mavisi;
B,D,F modifiye giemsa; EH toluidin

¥
e 4
’ M
) ‘t

mavisi. Blyltme; A,B 80x; C,F 100x,
D,E,G,H 160x

Fig 2. A/B: Mucosal mast cells with
tightly packed granule of control
group of chicken embryo skin (curved
arrow), C/D: 6 hours after injection,
non-degranule (black arrow), mucosal
mast cells of showing partial (broken
arrow) and high level degranulation
(white arrow), E/F: 12 h after injection,
partial (broken arrow) and high
level degranulation (white arrow)
of mast cells, G/H: 24 h after

Kontrol grubunun barsak kesitlerinde goézlenebilen
mukozal mast hticrelerinin siki paketlenmis graniillere sahip
oldugu ve degraniilasyon gostermedigi tespit edilmistir
(Sekil 2A/B). Sunset yellow’a 6 saat maruz kalan gruba
ait embriyolarin barsak dokusunda mast hiicrelerine
kontrol grubuna gore daha sik rastlanmistir (Sekil 2).
Siki paketlenmis graniller iceren bircok mast hiicresine
rastlanmakla birlikte (Sekil 2C, Tablo 1) bazilarinin kismi
ve ileri diizeyde degranilasyon gosterdigi tespit edilmistir
(Sekil 2D, Tablo 1). Sunset yellow’a 12 saat maruz kalan grupta
¢ogu mukozal mast hiicresinde kismi ve ileri diizeyde
degraniilasyon gozlenmistir. Bu grupta siki paketlenmis
granil iceren mast hicrelerine daha az rastlanmistir (Sekil

injection of sunset yellow, high level
degranulation (white arrow) of mast
cells. Staining; A,C,G methylene blue,
B,D,F modified giemsa, EH toluidin
blue, Magnification; A,B 80x; CF
100x; D,E,G,H 160x

2E/F, Tablo 1).Sunsetyellow’a 24 saat maruz kalan grubun
mukozal mast hiicrelerinde genellikle ileri diizeyde de-
granulasyon tespit edilmistir. Ayrica bu grupta ileri de-
granille mast hicrelerine siki paketlenmis granile ve kismi
degraniilasyona sahip mast hicrelerinden daha cok rast-
lanmistir (Sekil 2G/H, Tablo 1).

TARTISMA ve SONUC

Gida maddelerinin Uretimi sirasinda kullanilan boyalar,
istenilen kalitenin elde edilmesini saglayarak tiketimi
arttirdigi icin gida endistrisinde 6nemli bir yere sahiptir.
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Tablo 1. Sunset yellow uygulamasi sonrasinda mukozal ve dermal mast
hiicrelerinin stireye bagli degrantilasyon yogunlugu, (+: daha az, ++: az
,+++: orta, ++++: ¢ok,+++++: ok fazla)

Table 1. Degranulation density depending on time of mucosal and dermal
mast cells after treatment of sunset yellow, (+: weaker, ++: weak ,+++:
medium,++++: strong,+++++: very strong)

Siire
Doku
6 saat ‘ 12 saat ‘ 24 saat

DERI (dermal mast hiicresi)

Siki paketlenmis grandl iceren

mast hiicresi bR ++ 3

Kismi diizeyde degrandilasyon

gosteren mast hiicresi ++++ +++++ +++

ileri diizeyde degraniilasyon

gosteren mast hiicresi SFarar AFR R SRR
BARSAK (mukozal mast hiicresi)

Siki paketlenmis granil iceren

mast hiicresi +++ + +

Kismi diizeyde degraniilasyon

gOsteren mast hiicresi R e B

ileri diizeyde degraniilasyon i

gOsteren mast hiicresi SRR SRR

Gida boyalar ve koruyuculari ile yapilan arastirmalar genel-
likle klinik, biyokimyasal ve fizyolojik calismalardir. Mast
hiicrelerindeki yapisal degisikliklerden ziyade organiz-
manin genel reaksiyonunu ele alan bu calismalara gore;
gidalarda ve ilaclarda yaygin olarak kullanilan katki madde-
leri, insanlarda allerjik reaksiyonlara neden olmakta ya
da bu rahatsizliklar arttirmaktadir ?2, Gida katki madde-
lerinin bagisikhk mekanizmasina etki edip etmedigini
belirleyebilmek icin, alerjik reaksiyonlarda énemli islevi
olan mast hiicreleri Uizerine yapilan calismalar bulunmakta-
dir 2428 Bu calismada ise diger yapilan calismalarin
disinda sunset yellow’un embriyonik dokulardaki mast
hiicrelerinde degranilasyona sebep olup olmadigi ortaya
konulmustur.

Mast hicrelerinin orijinleri, yerlesim yerleri, kullanilan
tespit sollisyonuna verilen cevap, tasidigi farkliliklar, fonksi-
yonel kriterler ve hiicrelerin morfolojik ozellikleri gibi
unsurlar g6z 6niine alindiginda mukozal (MMC) ve bag
dokusu mast hiicreleri (CTMC) olarak iki temel mast hiicresi
tipi oldugu bilinmektedir . Bu iki farkl tip mast hiicresinin
karsilastirmasini yapabilmek amaciyla ¢alismamizda CTMCle
ornek olarak deri, MMC'e 6rnek olarak barsak dokusu tercih
edilmistir.

Deride mast hicrelerinin yerlesimi tirler arasinda genel
olarak benzerlik gostermektedir. Koyun, kedi ve kopek
derisinde mast huicrelerinin dermisin ylzeysel katmaninda
kan damari, kil follikiil, yag ve ter bezlerinin ¢evresinde
yerlestigi bildirilmistir 2539, Yaptigimiz ¢alismada da deri
dokusundaki dermal mast hicrelerinin dizensiz siki
bag dokusu (dermis) icerisinde genellikle kil follikili ve
kan damari cevrelerine yerlesim gosterdigi gozlenmistir.

Barsaktaki mast hicreleri de mukozal gevsek bag dokusu
icerisinde kan damarlarina yakin yerlesim gostermektedir.
Mast hucrelerinin deride bu bolgelerde bulunmalarinin
nedeni, savunma mekanizmalarinin disinda, kan akiminda
diizenleyici rol oynadigi ve damar gecirgenligini artirarak
ya da htcreler arasi maddenin sivi durumunu ayarlayarak
epidermise ait hicrelerin ve lokalize olduklar bolgelerde
bulunan diger htcrelerin beslenmesini kolaylastirmak
olabilir. Erginlerde oldugu gibi fétal deride de mast
hicrelerinin perivaskuler yerlesimi dolasim diizenlenmesi
ile yakin iliskisini gostermektedir. Gelismekte olan follikil-
lerin ¢evresinde bulunmasi ise gerek bag dokunun yapilan-
masinda gerekse ¢ogalan folliklil hiicrelerinin beslenme-
sinde rolii oldugunu distindiirmektedir.

MMC'lerin heparin icermedigi ve boyutlarinin daha
kiicuk oldugu; CTMC'lerin ise temel olarak heparin icer-
dikleri ve daha buyUk olduklar séylenmektedir B'32, Calis-
mamizda da deri ve barsakta incelenen mast hucrelerinin
boyut olarak birbirinden farkli olduklari tespit edilmistir.
Ancak yukarida sozii edilen calismalarin aksine, bizim calis-
mamizda boyut bakimindan karsilastirildiklarinda deride
bulunan CTMC'lerin, barsaktaki MMC'lere nazaran daha
kiicik boyutta olduklari gorilmastir. Bu farkhlik, ince-
ledigimiz dokularin gelisimini henliz tamamlamamis
embriyonik doku olmasindan kaynaklanabilecegini disin-
dirmektedir. Calismamizda dermal mast hiicrelerinin
mekik seklinde, mukozal mast hiicrelerinin ise daha oval/
yuvarlak sekilde olduklar dikkati ¢ekmistir. Bu morfolojik
farklilgin derideki mast hicrelerinin genellikle kas dokuya
yakin ve siki bag dokuda lokalize olmalari sonucu ortaya
ctkmis olabilecegini diisinmekteyiz.

Fareler ile yapilan bir calismada gida ve ilag sanayinde
kullanilan tartrazinin enjeksiyonundan 1 ve 12 saat sonra
mast hiicrelerinde hafif derecede degranilasyon, 6 saat
sonra oldukca fazla i¢ degranilasyon gozlenmistir. Enjek-
siyondan 24 saat sonra ise ¢ok belirgin bir degraniilasyon
tespit edilememistir 29, Bizim calismamizda ise deride en
fazla kismi degraniilasyon enjeksiyondan 12 saat sonra,
barsakta 6 saat sonra, en fazla degrantlasyon (ileri diizeyde)
deride enjeksiyondan 24 saat, barsakta ise 12 saat sonra
go6zlenmistir. Barsaktaki mukozal mast hiicrelerinde ileri
degranilasyonun enjeksiyondan 24 saat sonra da devam
ettigi belirlenmistir. Mast hiicre morfolojisi ile ilgili bulgu-
larimiz, fareler ile yapilan calismaya “® benzerlik gdstermekle
birlikte enjeksiyonda 24 saat sonra ileri degraniilasyonun
gorilmesi bakimindan farkhilik bulunmaktadir. Bu farklilk
kullanilan maddeden dolayi olabilecegdi gibi deney hayva-
nina ve dokuya da bagli olabilir.

Bu calismada sunset yellow enjeksiyonu sonrasinda
embriyonik deri ve barsak dokularinda mast hiicrelerinin
sayica arttigi gozlenmistir. Degraniilasyon 6ncesi graniilize
olmus bu mast hiicre yogunlugundan, mast hiicrelerinin
sunset yellow'u antijen olarak algiladiklarini ve aktivasyon
gostererek histamin mediatori yardimiyla immuinolojik bir
reaksiyon baslattigi kararina variimistir.
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Sonug olarak; katki maddesi olarak kullanilan ve allerjik
reaksiyonlara yol actigi ileri strllen sunset yellow’un, tavuk
embriyosu dokularindaki mast hiicrelerinde degranulas-
yona sebep oldugu tespit edilmistir. Son yillarda insanlarda
artis gosteren allerjik rahatsizliklar da g6zoniine alinirsa,
adi gecen maddenin gidalarda renk maddesi olarak kulla-
niminin kontrol altina alinmasi, ytksek dozlarda uzun
streli tuketilmemesi, 6zellikle gebelik doneminde kullanil-
mamasi ve hatta besinlere ilave edilmesinin yasaklanmasi
gerektigi gortsindeyiz.
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Summary

The aim of this study was to investigate the effect of in ovo ghrelin administration on serum thyroid hormones levels and serum
total cholesterol, triglyceride, calcium (Ca), phosphate (P) concentrations and alkaline phosphatase (ALP) activity in newly-hatched
chicks. Fertilized eggs were divided into 5 groups; group G1 as control (intact or without injection), group G2 (50 ng ghrelin/egg at
day 5), group G3 (100 ng ghrelin/egg at day 5), group G4 (50 ng ghrelin/egg at day 10), and group G5 (100 ng ghrelin/egg at day 10).
Data obtained from serum analysis showed that 100ng/egg ghrelin administration caused T, elevation, whereas there were no any
significant changes when ghrelin was administrated in 50ng/ egg dosage. There was no any significant difference for T, level between
experimental groups. Serum triglyceride concentration was lower in all injected groups than control group, but only the differences
between control group and G2 and G4 groups were statistically significant (P<0.01). Serum Ca concentration was higher in G2 and G3
compared with control group. No significant differences were observed in total cholesterol, P concentrations and ALP activity among
experimental groups. The present results indicate that appropriate timing of in ovo injection of ghrelin has considerable effects on
serum Ca levels of newly-hatched chicks. Also, higher dosage of in ovo administrated ghrelin can elevate serumT, level.

Keywords: Chicken, Ghrelin, in ovo administration, Thyroid hormones, Serum biochemical measures

Yumurtadan Yeni Cikmis Civcivlerin Tiroid Hormonlariile
Bazi Serum Biyokimyasal Degerleri Uzerine in ovo
Ghrelin Enjeksiyonunun Etkisi

Ozet

Bu calismanin amaci; yumurtadan yeni ¢ikmis civcivlerde in ovo ghrelin uygulamasinin serum tiroid hormonlari seviyeleri ile
serum total kolesterol, trigliserid, kalsiyum, fosfat konsantrasyonlari ve alkalin fosfataz (ALP) aktivitesindeki etkilerinin arastiriimasidir.
Déllenmis yumurtalar G1-G5 olmak Uzere 5 gruba ayrildilar; G1: kontrol (enjeksiyon uygulanmayan), G2: 5. glinde 50 ng ghrelin/
yumurta enjeksiyonu, G3: 5. giinde 100 ng ghrelin/yumurta enjeksiyonu, G4: 10. glinde 50 ng ghrelin/yumurta enjeksiyonu, G5: 10.
glinde 100 ng ghrelin/yumurta enjeksiyonu. Serum analiz sonuglari 100 ng ghrelin/yumurta uygulamasinin T, seviyesinde artisa neden
olurken 50 ng ghrelin/yumurta uygulamasinin herhangi bir degisiklige neden olmadigini gosterdi. Deneme gruplari arasinda T, seviyesi
bakimindan herhangi bir degisiklige rastlanmadi. Serum trigliserid konsantrasyonu kontrol grubu ile kiyaslandiginda enjeksiyon
uygulanan tiim gruplarda daha diisiik olarak tespit edilmesine ragmen sadece G2 ve G4 gruplari istatistiksel olarak fark gostermekteydi
(P<0.01). Kontrol ile kiyaslandiginda, G2 ve G3 gruplarinda serum Ca konsantrasyonu daha yuksek olarak belirlendi. Total kolesterol,
fosfat konsantrasyonu ve ALP aktivitesi yoniinden deney gruplari arasinda bir fark gézlemlenmedi. Bu sonuclar uygun zamanda in ovo
ghrelin uygulamasinin yumurtadan yeni ¢ikmis civcivlerde serum Ca miktarinda 6nemli bir etkisinin oldugunu géstermektedir. Ayrica,
yuksek doz in ovo ghrelin uygulamasi serum T, seviyesini artirabilir.

Anahtar sozciikler: Tavuk, Ghrelin, in ovo uygulama, Tiroid hormonlari, Serum biyokimyasal degerler
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INTRODUCTION

Ghrelin is a multifunctional regulatory peptide that was
discovered in the rat stomach by Kojima et al". Researches
on avian ghrelin are less than those of mammalian ghrelin,
but the findings have demonstrated a similarity on GH-
releasing activity, and a difference in appetite regulation
between mammals and birds, especially in chicken 2,
Chicken ghrelin includes 26 amino acids and is shorter
than human or rat ghrelin with 28 amino acids &. In vivo
and in vitro investigations showed that GH-releasing
action of ghrelin has a dose-depended manner and is
similar to growth hormone releasing hormone (GHRH)
with a stimulatory effect on somatotrophs in chicken .
Regarding metabolic aspects of chicken ghrelin, anti-lipo-
genic effect of administrated ghrelin in neonatal broiler
chicks has been reported by Buyse et al.”!,

Human ghrelin is expressed in fetal thyroid, but not
in adult ©, There is no available evidence for ghrelin
expression in chicken thyroid. Onset of chicken thyroid
activity is on second week of embryonic development. The
first appearance of colloid droplets is on d 7 but it is not
until about days 10-13 that the adenohypophysis thyroid
interactions become established, while the growth of
the embryo, as measured by body weight, skeletal size,
muscle growth and growth of cartilages and bones, is
greatly influenced by thyroid hormones in late embryonic
development 79,

Khazali " with ventricle infusion of ghrelin in goats
reported that ghrelin may increase the mean plasma
concentration of T, and T,. In human, the effect of ghrelin
on hypothalamus-pituitary-thyroid axis and circulated
T, was documented. In this regard, Kluge et al."" had
stated, early fT4 increases following ghrelin infusion was
possibly induced by direct action of ghrelin on the thyroid
gland where ghrelin receptors have been identified. In
other hand, a study conducted via intracerebroventricular
administration (another injection method) of ghrelin
had different result with reducing the plasma TSH and
T,0U2. Regarding metabolic aspects of chicken ghrelin,
anti-lipogenic effect of administrated ghrelin in neonatal
broiler chicks has been reported by Buyse et al.®.

In ovo ghrelin has been identified in alboumen and
yolk of fertile chicken egg " and its gene expression was
observed during embryonic life, especially after 5-day of
incubation . Also, ghrelin mRNA and expression have
been identified in follicles ', pancreatic cells of chicken I'®
and oviduct of quail ',

Regardless to ghrelin’s effects on plasma concentration
of GH B, Insulin '® and prolactin ", many effects of chicken
ghrelin on serum biochemical measures such as plasma
lipids, calcium (Ca) and phosphorus (P) concentrations
are unclear. The aim of present study was investigate
the effects of in ovo ghrelin administration on thyroid

hormones level and some of serum indices include total
cholesterol, triglyceride, Ca and P concentrations and
alkaline phosphatase (ALP) activity in newly-hatched chicks.

MATERIAL and METHODS

In this study, 250 fertilized eggs were collected from
commercial broiler breeder flock (Ross 308). The eggs
were divided into five groups; group G1 (control or intact),
group G2 (in ovo injected with 50 ng ghrelin/egg at day 5),
group G3 (in ovo injected with 100 ng ghrelin/egg at day 5),
group G4 (in ovo injected with 50 ng ghrelin/egg at day 10)
and group G5 (in ovo injected with 100 ng ghrelin/egg at
day 10). Eggs were incubated with normal hatchery (37.8°C
and 60%: RH). The lyophilized Ghrelin was obtained from
Sigma-Aldrich® (Rat Ghrelin - USA), dissolved in 1% acetic
acid solvent and proposed concentrations of ghrelin were
prepared. At day 5 and day 10 of incubation, in ovo
injections were conducted in hygiene room at 37°C.
Before injection, egg shells were marked with marker
for identification of air cell position and detection of
optimum injection point. At this experiment, 22G needles
were used for safe in albumin injection. After hatching,
the blood samples were collected from 75 hatched chicks
(15 individual samples from 15 hatched-chicks for each
group), immediately following chick decapitation. Blood
samples were centrifuged and serum was obtained for
determination of T, and T, level with Electrochemilumine-
scence immunoassay method on a Modular Analytics
E170 analyzer %, and serum biochemical analysis with
Alcyon 300 auto analyzer (Abbott Park, IL., USA) and its
commercial kits.

Data obtained by 15 individual samples from 15
hatched-chicks for each group (in total 75 samples) were
analyzed (one-way analysis of variance) with SAS software
(Ver. 9.1) by and the differences between groups were
evaluated with Duncan multiple range test. Differences
were considered to be significant at P < 0.05.

RESULTS

Table 1 shows T, and T, concentrations in newly-hatched
chicks following in ovo injection of exogenous ghrelin. In
this study, ghrelin administration in 100 ng/egg caused
T, elevation in G3 and G5 compared with control group,
whereas there was no significant change when ghrelin was
administered at 50 ng/egg dosage (G2 and G4). There was
no any significant change for T, level between experimental
groups. Table 2 shows serum total cholesterol, triglyceride,
Ca, P and ALP level in experimental groups following in
ovo injection of exogenous ghrelin. Exogenous ghrelin
administration (50 and 100 ng/egqg) at embryonic day
5 or 10 has no significant effect on total cholesterol
concentration. however, triglyceride level declined in G2
and G4 (57.3 and 70.6 mg/d|, respectively) compared with
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Table1. Serum T, and T, concentrations in newly-hatched chicks following

in ovo injection of exogenous ghrelin

Tablo 1. in ovo ghrelin uygulanan yumurtadan yeni ¢ikmis civcivlerde
serum T, ve Te, konsantrasyonlari

. Injected | Injection Day
Experimental 5
Groups Dosage (Incubation T, T,
(ng/egg) Day)

G1 0 - 10.10 4.08°

G2 50 5 9.83 4.20°

G3 100 5 9.96 4.96°

G4 50 10 9.80 4.2°

G5 100 10 10.6 4.47%

Pvalue 0.0572 0.0303

SEM! 0.6899 0.5773
* Different letters (a, b or c) show significant difference, ' SEM, based on
pooled estimate of variance

level of T3 in experimental groups (Table 2) may be indicator
of high thyroid activity for releasing sufficient level of T,
and T, for possible successful hatching process. Possible
mechanism for increased plasma T, level following 100 ng
ghrelin administration may be due to TRH-releasing effect
of ghrelin as currently identified by Pekary and Sattin 4.

In present study, serum total cholesterol was not
affected significantly by in ovo ghrelin administration
although there were slight decline in G2, G3 and G4
groups (Table 2). Triglyceride concentration was lower
in G2, G3, G4 and G5 groups compared with control or
solution injected groups (Table 2). It has been reported that
circulating human ghrelin can decrease blood lipids and it
is a key factor for prevention of hyperlipidemia after dietary
fat intake 21, The high cholesterol or arthrosclerosis cause
higher concentration of circulating ghrelin in comparison

Table 2. Serum total cholesterol, triglyceride, Ca, P and ALP levels in in newly-hatched chicks following in ovo injection of exogenous ghrelin

Tablo 2. in ovo ghrelin uygulanan yumurtadan yeni ¢cikmis civcivlerde serum total kolesterol, trigiliserid, Ca, P ve ALP degerleri

Experimental Injected Dosage Injection Day Total Cholesterol Triglyceride Ca P ALP
Groups (ng/egg) (Incubation Day) (mg/dl) (mg/dl) (mg/dl) (mg/dl) n
G1 0 = 577.7 2120.0 (lONTES 6.3 2166.7
G2 50 5 417.7 b57.3 11.4% 5.7 2565.0
G3 100 5 514.1 *87.6 12.3° 5.8 2328.7
G4 50 10 506.3 70.6 10.0%¢ 49 2640.0
G5 100 10 618.0 ®81.3 8.6° 6.1 2903.3
Pvalue 0.3597 0.0079 0.0029 0.0797 0.8732
SEM' 80.473 12.488 0.521 12.488 500.556
* Different letters (a, b or c) show significant difference, ' SEM, based on pooled estimate of variance

G1 (120 mg/dl). There were no significant differences in P
concentrations and ALP activity rates among experimental
groups. Ca concentration was significantly higher in G3
(100 ng ghrelin/egg injection at day 5: 12.3 mg/dl), and
was slightly lower in G5 (100 ng ghrelin injection at day 1
0: 8.6 mg/dl) compared with G1 (10.1 mg/dl).

DISCUSSION

The reports about ghrelin effects on thyroid activity
are different, due to experimental animal, dosages and
duration. However, the effect was not investigated in
chicken.

Park et all?"! observed that Ghrelin enhances the pro-
liferating effect of thyroid stimulating hormone in thyroid
cells. Gjedde et al??, and Caminos et al.?® reported that
circulating ghrelin levels were increased in hypo-thyroid
condition. Their finding that shows negative correlation of
plasma ghrelin and T, levels are in contrast with findings
of present study (Table 1). In present study, ghrelin
administration in high concentration (100 ng) caused
subsequent elevation in T, level (Table 1) that this result is
in according to Khazali "findings. In other hand, constant

with healthy condition 9. Buyse et al.’! have reported
that fatty acid synthesis decreased and there is anti-
lipo-genic effect of ghrelin following ghrelin injection to
chickens. Results of the present study are similar to the
findings of Buyse et al®, and partially are in agreement
with the report by Egecioglu et al.*® on human. It is
suggested that the ghrelin has a regulatory effect for lipid
metabolism even in embryonic life of chickens.

The effect of ghrelin on serum Ca, P and ALP activity
has not been studied in early embryonic development.
In the present study in ovo administrated ghrelin had
no significant effect on ALP activity (Table 2). The role of
ghrelin in ALP activity limited with some information
obtained in mammalian species. Fukushima et al.?”
stated that ghrelin causes osteogenesis by stimulation
of ALP. Maccarinelli et al?® observed high ALP activity in
mice with injection of ghrelin. With attention to lack of
findings in relation to the ghrelin acts in ALP activity in
birds, the present data show that in ovo exogenous ghrelin
administration had no effect on serum ALP activity in any
of ghrelin-administrated groups. Our findings are different
from the report of Maccarinelli et al®® on ghrelin function
to ALP activity in mammalian model. G3 group (100 ng/
egg ghrelin at day 5) had significantly higher Ca rate
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than control group (G1) (P<0.01). However, there was no
significant difference between control group and G2, G4
and G5 groups in terms of serum Ca concentrations when
compared with control (T1) (Table 2). Pérez-Castrillén et
al?? declared that ghrelin has not any important role in Ca
metabolism and serum Ca has not significant correlation
with circulation ghrelin level in human. Increasing serum
Ca in group G3 is opposite to ghrelin osteogenic effect and
osteogenic-related Ca decreases 2%, In ovo administrated
100 ng/egg ghrelin at d 5 might stimulate uptake of in
ovo Ca from extra-embryonic sources (yolk and eggshell),
and it may divert to embryonic circulation B for cartilage
and bone formation may occurred mainly eight day after
incubation, such as tibia formation B2, Similarly, serum P
concentration had not any significant differences in any of
experimental groups.

In ovo administration of 100 ng ghrelin/egg has
considerable effect on serum T, and triglyceride levels,
but minor effect on serum Ca levels, whereas it didn't
affect serum total cholesterol, P and ALP of newly-hatched
chickens. Further studies with different methods of in
ovo injection and in yolk injection, also administration at
different incubation days (pre-incubation or at third week
of incubation) in further experiments can be useful to
clarify an effect of maternal or in ovo ghrelin in avian species.
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Summary

In this study, it was aimed to determine the internal and external quality traits of the Guinea fowl eggs as well as the phenotypic
correlation among the these traits. Totally 100 Guinea fowl eggs were collected in three sequential days were used for this study. The
birds were housed at Poultry Research Unit of the Department of Animal Science, Faculty of Agriculture, University of Akdeniz. Values
of egg weight, egg length, egg width, eggshape index, eggshell weight, eggshell ratio, eggshell thickness, eggshell surface area, unit
surface area and egg volume were determined as 40.14 g, 49.47 mm, 37.89 mm, 0.76%, 6.48 g, 16%, 0.54 mm, 65.69 cm? 0.11 g/cm?
and 38.21 cm?, respectively. In addition, values of yolk weight, yolk height, yolk width, yolk index, yolk ratio, albumen height, albumen
width, albumen length, albumen weight, albumen index, yolk/albumen ratio and haugh unit were found as 13.58 g, 14.99 mm, 40.64
mm, 37%, 33%, 4.77 mm, 62.97 mm, 80.07 mm, 21.62 g, 6.7%, 68% and 74.97%, respectively. According to the results determined in this
study, all most all external quality traits of the egg were changed at the significant levels depending on the change occurred in the egg
weight. The results indicated that egg weight influences external egg quality traits of quinea fowl. The positive correlations obtained
among the egg quality traits indicated that they can be improved phenotypically through selection.

Keywords: Guinea fowl, Egg weight, Egg quality, Phenotypic correlation

Bec Tavugu Yumurtalarinda i¢ ve Dis Kalite Ozellikleri Arasindaki
Fenotipik Korelasyonlarin Belirlenmesi

Ozet

Bu calismada Be¢ tavugu yumurtalarinda i¢ ve dis kalite 6zellikleri ile bu 6zellikler arasindaki fenotipik korelasyonlarin belirlenmesi
amaclanmistir. Bu amacla toplam 100 adet Be¢ tavugu yumurtasi kullanilmistir. Arastirma Akdeniz Universitesi Ziraat Fakiiltesi Zootekni
Bolimu Hayvancilik Birimi‘inde yuritilmustir. Yumurta agirligi, yumurta uzunlugu, yumurta eni, sekil indeksi, kabuk agirhgi, kabuk
orani, kabuk kalinligi, kabuk yiizey alani, birim yiizey alani ve yumurta hacmi sirasiyla 40.14 g, 49.47 mm, 37.89 mm, %0.76, 6.48 g, %16,
0.54 mm, 65.69 cm?,0.11 g/cm? ve 38.21 cm? olarak bulunmustur. Ayrica, sari agirhg, sari yksekligi, sari genisligi, sari indeksi, sari orani,
ak yuksekligi, ak genisligi, ak uzunlugu, ak agirlig, ak indeksi, sari/ak orani ve haugh birimi de sirasiyla 13.58 g, 14.99 mm, 40.64 mm,
%37, %33,4.77 mm, 62.97 mm, 80.07 mm, 21.62 g, %6.7, %68 ve %74.97 olarak hesaplanmistir. Yumurta agirligindaki degismeye bagl
olarak yumurtanin dis kalite 6zellikleri 5nemli derecede degismis ve yumurta agirligi dis kalite 6zelliklerini etkilemistir. Yumurta kalite
ozellikleri arasinda ortaya ¢ikan 6nemli korelasyonlar bu 6zelliklerin fenotipik olarak seleksiyonla iyilestirilebilecegini gostermistir.

Anahtar sozciikler: Be¢ tavugu, Yumurta agirligi, Yumurta kalitesi, Fenotipik korelasyon

INTRODUCTION

Avian egg is not only a tool for reproduction but is also  of nutrients, numerous studies describing biological
a valuable food source for human. Moreover, avian eggs  properties potentially exploitable by pharmaceutical,
are culturally accepted worldwide and are not submitted food-processing and cosmetic industries "2, The egg size
to any religious nor traditional interdiction. Nowadays, and internal quality of eggs are important for both table
it is widely recognized that eggs are more than a source  and hatching eggs. The nutrient content and composition

& lletisim (Correspondence)
+90 242 3102486
DA sezaialkan@akdeniz.edu.tr



862

Determination of Phenotypic ...

of an egg can thus greatly influence the development
of the embryo contained within as well as its success as
a hatchling. Variation in the composition of avian eggs
occurs among species B¢,

Eggs from species that are more precocial at hatching
tend to have a higher proportion of yolk in the egg and a
corresponding lower proportion of albumen, a composition
which is perhaps necessary to ensure that eggs are
provisioned with enough nutrients for the prolonged
incubation and development of the embryos of precocial
species °l. The major constituent of aloumen is water
amounting to 88% of total weight. The most important trait
of egg composition, linked to egg dry matter, is the yolk/
albumen ratio 79\, Beside the yolk/albumen ratio, eggshell
resistance to shocks is an economically primordial trait as it
determines the ability of eggs to withstand transportation
from producers to consumers "%, Moreover, an intact
eggshell is also necessary to impede bacterial invasions of
eggs and to reduce food poisining risks %', In the future
egg quality studies about egg yolk, albumen and eggshell
quality will continue to increase. Parcularly, most of the
studies will be investigated to reduce the cholesterol level
in the egg yolk ['? and to increase the yolk/albumen ratio in
the eggs . Although the albumen is a major indicator of
internal egg quality; air cell size, albumen and yolk quality
and the presence of blood or meat spots in the eggs are the
parameters, which determines the internal egg quality (',
Egg yolk is still an important source for nutrients, and also
used in non-food purposes like leather processing and a
source of biologically active substances ",

Chicken egg has been very well studied for its internal
and external qualities as well as for its compositions,
however such information are not so abundantly
documented in other poultry species. So, this study are
conducted to investigate egg quality traits and phenotypic
correlations between internal and external quality traits of
Guinea fowl eggs.

MATERIAL and METHODS

Totally 100 Guinea fowl eggs were randomly selected
and evaluated in this study. The Guinea birds were housed
at Research Unit of Animal Science Deparment, Faculty
of Agriculture, Akdeniz University. Evaluated eggs were
collected from the guinea fowl hens, reared in a floor
system. The hens were at about 40 weeks of age. The birds
were fed a diet containing 21% crude protein and 2.900
kcal/kg metabolic energy and provided with fresh water
ad libitum during the laying period. In order to determine
egg quality traits, eggs were stored at room temperature
for 24 h before quality measurement. The eggs were
numbered first and then measured with an electronic
balance to the nearest 0.01 g. Subsequently, egg length
and width were measured by slide calipers sensitive to
0.01 mm. After this process, the eggs were broken on

a table with a glass cover in order to measure the yolk
height, yolk diameter, albumen height, alboumen length
and albumen width by a 3-legged micrometer with an
accuracy of 0.01 mm. Later on, the yolk was seperated
from the albumen with the help of a spoon and weighed
while the albumen weight was calculated by subtracting
yolk weight and shell weight from the gross egg weight.
The eggshells were washed under slightly flowing water
so that the albumen remains were removed. The washed
eggshells were left to dry in the open air for 24 h. Then,
all eggshells were balanced together with the shell
membrane. Finally eggshell samples were taken from
sharp region, blunt region and equatorial parts of each
egg were measured with micrometer with an accuracy of
0.01 mm, and the average eggshell thickness was obtained
from the average values of these three parts I'®l. The other
quality traits were evaluated by methods described 172",
Data were subjected to analysis using SPSS 17.0 122,

Shape Index (%)=100%(Egg width/Egg height)
Shell Surface Area (cm?)=3.9782*Egg weight®750%

Unit Surface Shell Weight (g/cm?)=Shell weight/Shell
surface area

Shell Ratio (%)=100*(Shell weight/Egg weight)

Albumen Index (%)=100*{Albumen height/[(Albumen
length+Albumen width)/2]}

Albumen Weight (g)=Egg weight-(Yolk weight+Shell weight)

Albumen Ratio (%)=100*(Albumen weight/Egg weight)

Yolk Index (%)=100%(Yolk height/Yolk diameter)

Yolk Ratio (%)=100%(Yolk weight/Egg weight)

Yolk/Albumen Ratio (%)=100*(Yolk weight/Albumen
weight)

Haugh Unit=100 log [Albumen height-(1.7*Egg
weight®¥)+7.57]

Egg Volume (cm?)=[0.6057-(0.0018*Egg width)]*Egg
length*(Egg width)?

RESULTS

Descriptive statistics of internal and external egg
qualities and phenotypic correlations among the internal
and external egg traits are presented in Table 1, 2 and 3,
respectively. There was found significant correlations
among the internal and external egg quality traits.

DISCUSSION

The egg weights were ranged from 34.03 g to 45.7 g and
average egg weight was determined as 40.14+0.235g. The
average egg weight determined in this study was similar to
that found in studies carried out by Oke et al.2*?%; Singh et
al?; Nahashon et al.*5?7, But, the egg weight was found
lower than those of reported by Tebesi et al.?®; Dudusola #%;
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Table 1. External quality traits of Guinea fowl eggs
Tablo 1. Be¢ tavugu yumurtalarinin dis kalite 6zellikleri

Traits N Min Max Mean*SE

Egg weight (g) 100 34.03 45.70 40.14+0.235
Egg length (mm) 100 46.44 52.68 49.47+0.107
Egg width (mm) 100 36.40 40.02 37.89+0.087
Shell weight (g) 97 3.01 8.97 6.48+0.080
Shell ratio (%) 97 9.00 20.00 16.10+0.162
Sharp region thickness (mm) 95 0.44 0.71 0.55+0.005

Blunt region thickness (mm) 95 0.41 0.69 0.53+0.004
Equatorial region thickness (mm) 95 043 0.69 0.54+0.004
Average shell thickness (mm) 95 0.43 0.70 0.54+0.004
Shell surface area (cm?) 100 49,94 60.71 55.69+0.216
Unit surface shell weight (g/cm?) 97 0.06 0.15 0.11+0.001

Shape index (%) 100 72.00 81.00 76.60+0.191
Egg volume (cm?) 100 34.26 43.25 38.21+0.214

Table 2. Internal quality traits of Guinea fowl eggs

Tablo 2. Be¢ tavugu yumurtalarinin i¢ kalite ozellikleri

Traits N Min Max Mean*SE

Yolk weight (g) 90 11.69 15.87 13.58+0.107
Yolk height (mm) 90 12.04 17.09 14.99+0.110
Yolk width (mm) 90 36.51 45.13 40.64+0.170
Yolk index (%) 90 28.00 44.00 37.02+0.347
Yolk ratio (%) 90 30.00 38.00 33.81+0.235
Albumen height (mm) 90 3.09 6.93 4.77+0.086
Albumen width (mm) 90 51.54 71.54 62.97+0.480
Albumen length (mm) 90 65.23 91.34 80.07+0.563
Albumen weight (g) 100 16.67 41.89 21.62+0.491
Albumen index (%) 90 4.00 10.00 6.79+0.143
Albumen ratio (%) 90 44.00 57.00 50.03+0.315
Yolk/Albumen ratio (%) 90 54.00 85.00 68.10+0.858
Haugh unit 90 60.57 87.80 74.97+0.651

Nowaczewski et al.B% Song et al.BV whereas was found
higher than those reported by Obike et al.*2. The difference
between the egg weights reported in the various studies,
it might be due to variations in strain, stocking density,
seasonal factors, feeding system and age of birds Nagarajan
et al.B%; Tanabe and Ogawa B%. Generally eggs of birds
have oval shape with small differences among the species.
Despite its small differences, egg shape is considered as an
important factor in characterizing bird species. In this study
egg shape index ranged from 0.72 to 0.81% and average
egg shape index was calculated as 0.76%, indicating that
the eggs had normal shape. The average egg shape in in
this study was similar to that reported in studies carried
out by Tebesi et al.”¥; Nowaczewski et al*%, whereas was
found lower than those reported by Dudusola *; Oke

et al.”? and Singh et al.”, The results of investigations
concerning the relationship of egg weight with egg shape
index are ambiguous. However, in many studies carried
out on chickens researchers reported a negative, although
not always significant, correlation between the egg shape
index and its weight Rozycka and Wezyk B%; Kul and Seker 56
Tebesi et al.’®;, Nowaczewski et al.B% Begli et al.?” which
would mean that heavier eggs are more elongated. In
contrast, in their experiments on quinea fowls Bernacki
and Heller B8 found that heavier eggs were characterized
by greater shape index, these eggs were more ball-shaped.
These results are further corroborated by research result
obtained by Kuzniacka et al.®*¥in Guinea fowls, who found
a significant positive correlation between the shape of
eggs and their weight (0.317).
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In this study average egg length and width was found
as 49.47 and 37.89 mm, respectively. The egg length and
width values in this study were similar to that found in
studies carried out by Tebesi et al?®; Singh et al.”* and
Song et al.B", The egg weight showed significant and
positive correlation with egg length and egg width, and
the values of correlations was determines as 0.569 and
0.859 for egg length and egg width, respectively. The
significant and positive correlation indicates that the
longer length of the egg, the higher the egg weight. Egg
length had also been reported to significantly affect egg
weight Momira et al.“. However, the association between
egg weight and egg width was significant. This may be
attributed to the fact that the yolk of the egg occupies
the width area, thereby translating to heavier weight for
eggs. This result corroborated the report of Abanikannda
et al.*, These authors reported a phenotypic correlation
of 0.78 and 0.84 between egg weight with egg length
and egg width, respectively. Based on the correlations,
they concluded that egg length and egg width were
beter predictors of egg weight when compared to egg
shape index. The findings determined in this study are
also in agrement with the reports of Nwagu et al.*?; Obike
and Azu B2%; Tebesi et al.”® they found highly significant
correlations between the egg weight with egg length and
egg width. Also, Apuno et al.**! reported that significant
correlations between the egg weight with egg length and
egg width.

The eggshell weights were ranged from 3.01 to 8.97 g,
and and average eggshell weight was calculated as 6.48 g.
The averege eggshell weight of quinea fowls in this study
was similar to that reported by Bernacki and Heller 5,
Kuzniacka et al.?%; Dudusola »; Nowaczewski et al.>”; Oke
et al.?Y, The greater eggshell weight of the quinea fowls
could have been affected not only by their greater surface
area resulting from the egg size but also its thickness.
The authors found a significant positive correlation
between the egg weight and the thickness of its eggshell
Nowaczewski et al.’% Tebesi et al.?®. In this research,
also found a significant positive correlation between
the egg weight and eggshell weight (0,658). According
to Nordstrom and Ousterhout “¥, eggshell weight was
significantly influenced by egg weight. These workers
found that 47% of variation in eggshell weight was due
egg weight. On the other hand, no such correlations were
reported by Kuzniacka et al.®%; Oke et al.?* and Nahashon
et al.?*?!in quinea fowls.

The eggshell thickness was ranged from 0.43 to 0.70
mm, and average eggshell thickness was determined
as 0.54mm. Also, average eggshell thickness was found
higher at sharp region (0.55mm) and lower at the blunt
region (0.53mm) implying that mineralizion was higher
at sharp region. The finding on eggshell thickness was
in disagrement with Song et al.", Dudusola ?; Tebesi et
al?® and Nowaczewski et al.®” and the average eggshell

value in this study was higher than the reported by these
authors. The egg weight has an indirect relation with the
shell quality of the egg. Thus, it has been stated by most
of the researchers that the eggshell thickness has direct
relation with the egg weight Choi et al.*; Stadelman 4,
Some researchers have mentioned a positive correlations
between the egg weight and the eggshell thickness
Stadelman ¥ Nowaczewski et al.>”; Kul and Seker B9, Also,
Moreki et al.*”! who found a positive correlation between
egg weight and eggshell thickness of Ross broiler breeder
eggs. This implies that eggshell thickness increases with
increased egg weight of broiler chicken. In this study, there
was found significant correlation between the egg weight
and eggshell thickness (0.462). In this study, eggshell
surface area was ranged from 49.94 to 60.71 cm? and
average eggshell surface area was calculated as 65,69 cm?.
The average eggshell surface area was lower than those of
reported by Dudusola ' and Nowaczewski et al.?%. Also,
eggshell ratio was ranged from 0.09 to 0.20% and average
eggshell ratio was determined as 16%. The average
eggshell ratio determined in this study was similar to that
found in studies carried out by Nowaczewski et al.? but,
was found higher than those of reported by Tebesi et al.*®
and Song et al.B",

There was found a moderate phenotypic correlation
between egg weight and albumen weight (0.201) and a
highly significant corelation between egg weight and yolk
weight (0.569) in this study. The findings determined in
this study are in agrement with the reports of Obike and
Azu B2; Tebesi et al.?®; Kul and Seker 59 they found highly
significant correlations between the egg weight with
albumen weight and yolk weight. These results suggest
that the heavier weight of the albumen and the yolk, the
larger egg weight which in turn leads to increase in egg
weight. So, selecting for egg weight will invariably select
eggs with larger albumen and yolk weight, which is
needed for embryo development.

Yolk weight had a significant correlation with yolk
width (0.574). The yolk width possibly constitutes the
yolk portion which may have influenced the yolk weight
positively. Non-significant and negative correlation was
found between yolk weight and yolk index. This result is
in consonance with the report of Obike and Azu 52 and
Nwagu et al*Z. There was found a negative but significant
relationship (-0.656) between yolk index and yolk diameter.
This result is an expected situation, because yolk diameter
is the very important factor in the determination of yolk
index. Inversely, the association between yolk index and
yolk height was highly significant (0.889). Also, yolk index
was found positively and significant correlated with
albumen height (0.570). This means that improvement of
yolk diameter, yolk height and albumen height will result
to a beter yolk index. Depending on the this result, egg
freshness will be improved since yolk index determines
egg freshness.
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Highly significant and positive correlation was
determined between albumen index with albumen height
(0.933), albumen weight (0.257) and albumen ratio (0.724),
but there was found significant and negatively correlation
between albumen index and albumen width (-0.484)
in this study. According to Ozcelik 8, albumen index,
albumen height, aloumen weight and albumen ratio gives
indication of the dense albumen quality anda are used in
the estimation of haugh unit, which is an important factor
the internal quality of the egg.

The correlation between albumen height and yolk
height was found positive and significant (0.677). This
observation implies that as albumen height increased,
yolk height increased and albumen quality becomes
beter. Similar result was determined by Obike and Azu B%;
Nwagu et al.“?. Similarly, there was found positive and
significant relationship between albumen index and yolk
index (0.543). This result is in corformity with the research
findings of Obike and Azu ©2%; Ozcelik ¥&; Kul and Seker 16,
In this study, haugh unit was not significant, but negatively
correlated with eggshell thickness (-0.003), eggshell weight
(-0.048) and eggshell ratio (-0.077). However, also non-
significant and positive correlation was found between
haugh unit with egg weight (0.043), egg width (0.052), egg
length (0.027) and egg shape index (0.043). Similar result
reported by Zhang et al.*?,

As a result, the study revealed that egg weight of
quinea fowl is an important factor that influences external
egg quality characteristics. Thus, it was possible to use
egg weight in determining the eggshell weight, eggshell
thickness and eggshell ratio instead of using these traits
that are the determinants of the eggshell quality of
the quinea fowl. It should therefore be considered in
any breeding and management programme aimed at
improving these traits. In additon, egg length and egg
width were stronly and positively correlated with egg
weight as 0.569 and 0.859, respectively. Hence, selection
for egg length and egg width will invariably select eggs
with heavier phenotypic weight. Based on this result, the
traits should be employed as selection criteria to improve
egg weight. Also, the correlations determined among the
internal egg quality traits indicate that the parameters can
be improved through selection. Poultry researchers will
study on egg quality traits as well as the activities of the
breeders who deal with the Guinea fowl eggs breeding
and improvement.
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Summary

The aim of this study was to investigate the presence of Bacillus cereus and to detect enterotoxigenic genes in dairy dessert samples
utilising a multiplex PCR technique. A total of 100 samples, 25 keskul, 12 tavuk gogsu, 12 kazandibi, 30 supangle, 4 profiteroles and 17
sutlac were analysed. B. cereus contamination was found in 7 of 100 (7.0%) samples including 3 (25%) tavuk gogsu, 2 (6.6%) supangle, 1
(4%) keskul and 1 (5.8%) sutlac. The average number of B. cereus was between 2.0x10" - 5.0x10? cfu/g in these dairy dessert samples. A
total of 20 isolates were collected from the 7 positive samples. The results indicated that 30% (6/20) of B. cereus isolates contain three
enterotoxic HBL complex encoding genes hblA, hbIC and hbID, whereas 70% (14/20) had no hbl genes. In addition, all three enterotoxic
NHE complex encoding genes, nheA, nheB and nheC, were detected in 40% (8/20), two nhe genes (nheA and nheB) were found in 45%
(9/20) and one nhe gene (two nheA and one nheB) was found in 15% (3/20) of the isolates. The ctyKT gene was not detected in any
sample. The presence of B. cereus and their enterotoxigenic genes in dairy desserts may be a potential risk for public health.

Keywords: B.cereus, Dairy dessert, Enterotoxin genes

Siitlii Tathilardan izole Edilen Bacillus cereus Suslarinin
Enterotoksijenik Gen Profillerinin Multipleks PCR ile Belirlenmesi

Ozet

Bu calismanin amaci sitla tathlarda Bacillus cereus varligini arastirmak ve enterotoksijenik genleri multipleks PCR teknigiyle
belirlemektir. Bu amagla 25 keskdil, 12 tavuk gogsu, 12 kazandibi, 30 supangle, 4 profiterol ve 17 sitlag olmak tzere toplamda 100
ornek analiz edilmistir. 3'0 tavuk gogsi (%25), 2'si supangle (%6.6), 1'i keskil (%4) ve 1'i siitlag (%5.8) olmak Uzere toplamda 7 6rnek
(%7.0) B. cereus varligi acisindan pozitif bulunmustur. Analiz edilen sttli tath 6rneklerinde ortalama B. cereus sayisi 2.0x10" - 5.0x 102
kob/g olarak tespit edilmistir. 7 pozitif ornekten toplamda 20 izolat elde edilmistir. Sonucta, B. cereus izolatlarinin %70'inin (14/20)
hbl geni tasimadigi, %30'unun (6/20) li¢ enterotoksik HBL kompleksi kodlayici geni (hblA, hblC ve hbID) bulundurdugu saptanmistir.
Ayrica yapilan incelemede, izolatlarin %40'inin (8/20) tG¢ NHE kompleksi kodlayici geni (nheA, nheB ve nheC), %45'inin (9/20) iki
nhe geni (nheA ve nheB) ve %15'inin (3/20) bir adet nhe geni (ikisi nheA ve biri nheB) icerdidi saptanmistir. ctyKT geni hicbir érnekte
belirlenememistir. Stitl tatlilarda B. cereus varliginin gida zehirlenmelerine yol acgarak halk sagligi acisindan potansiyel bir tehlike
olabilecegi dustinilmektedir.

Anahtar sozciikler: B. cereus, Siitlii tatli, Enterotoksin genleri

INTRODUCTION

The B. cereus group consists of six different species:  frequently isolated from meat, eggs and dairy products Bl
B. cereus, B. mycoides, B. thuringiensis, B. anthracis, B. ~ An ubiquitous, spore-forming bacterium, B. cereus causes
weihenstephanensis and B. pseudomycoides 2. B. cereus is a  food spoilage and can produce two distinct types of toxins
Gram-positive bacteria inhabiting numerous environments,  that differ in the main symptoms induced in humans. B.
including soil, plant materials and many types of foods, cereus is the etiologic agent of two types of food-borne
especially those of plant origin; however, it is also disease, resulting in an infection causing vomiting and
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diarrhoea as the major clinical symptoms.

Both B. cereus-derived diseases are caused by toxins:
the diarrhoeal type occurs due to protein toxins formed
in the intestinal tract by growing organisms (enterotoxins)
and the emetic toxin type results from a peptide that
is preformed in the food (emetic toxin or cereulide) ®.
Within 12 h of food consumption, the enterotoxin disease
type is characterised by diarrhoea. The emetic disease type
is characterised by vomiting and nausea within two hours
after consumption of the suspected food. For both types
of the disease, clinical signs last approximately 24 h B,

B. cereus produces at least three different proteins,
referred to as enterotoxins, that may cause foodborne
illness. The haemolysin BL (Hbl), nonhaemolytic enterotoxin
(NHE) and cytotoxin K (CytK) proteins are considered the
primary virulence factors in B. cereus. The HBL complex is
composed of three proteins, B, L1 and L2 7, transcribed
from the genes hblIC (encoding L2), hbID (encoding L1),
and hblA (encoding B). The NHE complex is composed
of three proteins, NheA, NheB and NheC encoded by the
three genes nheA, nheB and nheC, respectively .,

B. cereus is a common contaminant of milk ®. Some
investigations have examined the occurrence of toxin
genes and toxin producing strains in milk and dairy
products %", Exclusion of Bacillus spp. from the food chain
is not possible, and the only recognised control method
involves maintaining a cold temperature throughout the
processing, manufacture and storage stages. It had been
reported that toxogenic B. cereus strains could affect the
constituents in dairy desserts during toxin formation 2.
B. cereus causes problems by degrading dairy products,
creating off-flavours, sweet curdling and bitter cream
because of the production of proteinase, lipase and
phospholipases, and it endangers public health through
food contamination 134,

In dairy products, the presence of Bacillus spp. is
inevitable, and the spore-formation ability of this organism
allows it to survive pasteurisation easily . In milk and
dairy products, the presence of B. cereus decomposes
casein peptides into amino acids and free fatty acids into
milk fat, thus degrading the quality of milk products and
shortening shelf life 9. The occurrence of B. cereus was
previously reported as a contaminant of cheese 718,

The objective of this study was to investigate the
presence of B. cereus and its associated toxins in dairy
dessert samples utilising an mPCR technique for special
emphasis on their enterotoxigenic potential.

MATERIAL and METHODS

Materials

From June through August 2010, 100 dairy dessert

samples were analysed, consisting of 25 keskul (a milk
pudding containing coconut), 12 tavuk gogsu (a milk
pudding containing chicken breast meat), 12 kazandibi
(@ milk pudding slightly burned on the bottom), 30 supangle
(@ milk pudding containing chocolate), 4 profiteroles and
17 sutlac (milk puddings containing rice). The samples were
collected from 16 different small patisseries in Samsun.
Dairy dessert samples were immediately transported to
the laboratory in a refrigerated box and examined within
1-2 h of sampling for the presence of B. cereus.

Method
- Isolation and Identification of B. cereus

B. cereus count was determined according to ISO
7932/2004 by the surface plating method with mannitol
egg yolk polymyxin (MYP) agar (Oxoid CM0929), and the
plates were incubated at 30°C for 24 h. Rough and bright
pink colonies with a zone of egg yolk precipitation were then
transferred to nutrient agar slants, and identification was
confirmed by microscopic and biochemical characterisation
that included Gram stain, anaerobic utilisation of glucose,
reduction of nitrate, Voges-Proskauer test, motility, oxidase
production, catalase production, endospore formation
and haemolysis, as suggested by other authors 92",

- Detection of B. cereus Enterotoxins Production and
Toxin Type

The multiplex PCR technique was used to detect
the presence of the hblA, hbIC, hbID, nheA, nheB, nheC
and ctyK1 genes of B. cereus according to the procedure
provided by Wehrle et al??. For our study, the analysis was
a combination of two multiplex PCRs and a general PCR
(PCR 1-3). PCR 1 and 2 each included three primer pairs for
hblA, hblC, hbID and nheA, nheB and nheC. PCR 3 included
a primer pair for ctyK7 alone. All primer pairs used in this
study and corresponding multiplex PCR systems (PCR 1-3)
are listed in Table 1.

The strains NTCC 11145 (Hbl, Nhe), and NVH 391/98
(ctyK1) were used as reference strains.

The template DNA was initially obtained using the
boiling method. Two colonies were chosen and inoculated
into a microcentrifuge tube containing 500 pl sterile
distilled water, suspended in a water bath (Memert,
Germany), and boiled for 10 min at 95°C. The tubes
were centrifuged at 9500 x g for 10 min at 4°C (Hettich-
Universal-320R, Germany), after which the supernatant
containing DNA was transferred into Dnase/Rnase-free
microcentrifuge tubes and stored at -20°C for use as the
template DNA.

The PCR reaction was performed in a reaction mixture
of 50 pl final volume containing 0.2 mM of each dNTP, 2
mM MgCl,, 0.5 pM of forward and reverse primers, 1.5 U
Taq polymerase in 10 mM Tris—HCI (pH 8.3), 50 mM KCl, 5
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Table 1. Characteristics of PCR primers used for multiplex detection of B.
cereus toxin genes

Tablo 1. B. cereus toksin genlerinin tespiti icin kullanilan PCR primerlerinin
ozellikleri

i s Product
Primer | Sequence (5’-3’) size (bp) Reference
hbICF | CGAAAATTAGGTGCGCAATC 411 -
hbICR | TAATATGCCTTGCGCAGTTG
hbIDF | AGGTCAACAGGCAACGATTC 205 .
hbIDR | CGAGAGTCCACCAACAACAG
hblAF | ATTAATACAGGGGATGGAGAAACTT 237 40]
hblAR | TGATCCTAATACTTCTTCTAGACGCTT
nheAF | GAGGGGCAAACAGAAGTGAA 186 &
nheAR | TGCGAACTTTTGATGATTCG
nheBF | CCGCTTCTGCAAAATCAAAT 281 o
nheBR | TGCGCAGTTGTAACTTGTCC
nheCF | ACATCCTTTTGCAGCAGAAC 618 il
nheCR | CCACCAGCAATGACCATATC
cytK1 F | AACAGATATCGGTCAAAATGC 623 o
cytK1 R | CGTGCATCTGTTTCATGAGG

pL 10x reaction buffer and 2 L template DNA for PCR 1
and 2. The final reaction mixture for PCR 3 contained 0.1
mM of each dNTP, 1 mM MgCl,, 0.3 uM of forward and
reverse primers, 1 UTaq polymerase in 10 mM Tris—HCI (pH
8.3), 50 mM KCl, 5 pL 10x polymerase buffer and 2 uL of
template DNA. A negative control without template DNA
was included in each experiment. The mixture was then
processed in a thermocycler as explained below (Bio Rad-
MJ Mini-PTC-1148, Singapore).

The PCR samples were subjected to amplification
according to the following program: initial denaturation
at 95°C for 5 min, followed by 30 cycles comprising
denaturation at 94°C for 1 min, annealing at 55°C for 1 min
(PCR 1) and 49°C for 1 min (PCR 2 and 3) and an extension

Fig 1. Demonstration of hblA, hbIC, and hbID genes of B. cereus
strains by multiplex PCR technique. M: Marker; 1: positive
control; 2: negative control; 3-5: B. cereus isolates

Sekil 1. B. cereus izolatlarinda hblA, hblC ve hbID genlerinin
multipleks PCR teknigi ile gosterilmesi. M: Marker; 1: pozitif
control; 2: negative control; 3-5: B. cereus izolatlar

at 72°C for 1 min. A final extension was carried out at 72°C
for 10 min.

- Gel Electrophoresis

The PCR products were detected from a 20 pl volume of
the amplification mixture (supplemented with 4 pl loading
dye), loaded onto a 2.0% agarose gel containing ethidium
bromide (Gene Choice), and electrophoresis (BioRad,
Power Pac-Basic, Singapore, BioRAD, electrophoresis tank,
WideMini, Singapore) was carried out at 90 V for 1.5 h. A
1000-100 bp DNA ladder molecular weight marker was
used to identify the amplified products. The PCR products
were visualised under UV illumination (Wise-UV-Wuv-L50,
Korea).

RESULTS

The numbers of B. cereus, enterotoxigenic B. cereus, and
enterotoxin types isolated from 100 dairy dessert samples
are presented in Table 2.

B. cereus were detected in 7 (7.0%) of the total 100 dairy
dessert samples. Three of tavuk gogsu (25%), 2 of supangle
(6.6%), 1 of keskul (4%) and 1 of sutlac (5.8%) samples were
positive. The average number of B. cereus isolated from
dairy dessert samples was 5.0x10%and 2.0x10'cfu/g.

A total of 20 B. cereus isolates from 7 positive dairy
desserts samples were analyzed for the presence of seven
enterotoxic gens by PCR. The results showed that 30%
(6/20) of B. cereus isolates contained three enterotoxic HBL
complex encoding genes hblA, hblC and hbID, whereas
70% (14/20) had no hbl genes. All three enterotoxic NHE
complex encoding genes nheA, nheB and nheC were
detected in 40% of isolates (8/20), whereas two nhe genes
(nheA and nheB) were found in 45% (9/20) of the isolates

500 B

400
300

200

100

<«—— 411bp (hbIC)

<«—— 237bp (hblA)
<«—— 205bp (hbID)
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<«—— 618bp (nheC)

Fig 2. Demonstration of nheA, nheB, and nheC genes of B. cereus
strains by multiplex PCR technique. M: Marker; 1: positive
control; 2: negative control; 3: B. cereus isolate

Sekil 2. B. cereus izolatlarinda nheA, nheB, and nheC genlerinin
multipleks PCR teknigi ile gosterilmesi. M: Marker; 1: pozitif
control; 2: negative control; 3: B. cereus izolati

281bp (nheB)

<«—— 186bp (nheA)

Table 2. Prevalence of enterotoxin genes of B. cereus isolates
Tablo 2. B. cereus izolatlarinin enterotoksin gen dagilimi

Samples Positive/Total No. of Haemolytic BL Complex Non-Haemolytic Enterotoxin Complex | Cytotoxin K
3 Erlm hbl A hbl D hbi C nhe A nhe B nhe C itk
Keskul 1/25 (4%) 2 - - - 2 (100%) 2 (100%) - -
Tavuk gogsu3/12 (25%) 9 6 (66.6%) 6 (66.6%) 6 (66.6%) 9 (100%) 7 (77.7%) - -
Kazandibi 0/12 = - - - - - - -
Supangle 2/30 (6.6%) 4 - - - 3 (75%) 4 (100%) 3 (75%) -
Profiterole 0/4 = - - - = = = -
Sutlac 1/17 (5.8%) 5 - - - 5 (100%) 5(100%) 5 (100%) -
Total7/100 (7%) 20 6 (30%) 6 (30%) 6 (30%) 19 (95%) 18 (90%) 8 (40%) -

and one nhe gene (two nheA and one nheB) was found in
15% (3/20) of the isolates. The ctyKT gene was not detected
in any sample (Fig. 1, Fig. 2 and Table 2).

DISCUSSION

High numbers of B. cereus result in food poisoning due
to the presence of toxins and their subsequent production
of toxins, presenting a potential risk to the consumer 123,
In addition to causing food-borne illness, B. cereus is
responsible for the spoilage of various food products. Borge
et al?¥, reported that psychrotolerant micro-organisms such
as B. cereus, contaminate refrigerated foods and continue
to be a safety problem. Under normal circumstances, B.
cereus concentrations found in food are <10%/g and, for the
most part, <10%g. The minimum level required to cause

disease from food consumption is estimated at >10°/g %,
unfortunately, a small dose (<10%/g) may cause disease in
susceptible individuals 12,

In this study, B. cereus was detected in 7.0% of dairy
dessert samples which is in agreement with that of Ahmed
et al.?”!, who examined the presence of B. cereus in 400
milk and dairy products and isolated B. cereus strains from
9%, 14%, 35%, and 48% of raw milk, cheese, pasteurised
milk and ice cream samples, respectively. Te Giffel et al.l?¥,
analyzed 334 pasteurised milk samples from household
refrigerators in the Netherlands and isolated B. cereus
from 133 (40%) of the samples. Larsen and Jgrgensen @9,
examined 458 pasteurised milk samples in Denmark,
and the occurrence of B. cereus in Danish pasteurised
milk was 56%. This rate of contamination is higher than
pasteurised milk from Iran and the Netherlands. In Turkey,
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B. cereus contamination has been determined previously
by Ozdemir B% in pasteurised milk samples and was
isolated from 56 (46.6%) of the samples. Molva et al.®", also
detected B. cereus from 6% of cheese samples.

B. cereus produces four enterotoxins, called HBL, NHE,
cytK and enterotoxin-T 282, HBL is considered one of the
most important virulence factor of B. cereus . NHE is a
three component (nheA, nheB and nheC), enterotoxin
responsible for the diarrheal food poisoning syndrome ©24,
Cytotoxin K is responsible of diarrheal syndrome with
necrotic, hemolytic and cytotoxic effects on the intestinal
ephithelium ',

The presence of diarrhoeal enterotoxin genes in the
isolated strains was screened by mPCR as described by
Gaviria et al.®?, Hansen and Hendriksen 2% and Zahner et
al¥, In the detection of enterotoxin genes, 30% of B. cereus
strains were found to carry the three hbl genes. Molva et
alBY, found that all detected strains contained hbID gene.
Hansen and Hendriksen B3, reported that 64% of B. cereus
strains contained this gene. Médntynen and Lindstrom 5%,
detected the hblA gene in 52% of their B. cereus strains.
Conversely, Hansen and Hendriksen 3, reported the high
prevalence of the hblA gene in 13/22 (59%) of the B. cereus
strains. They also reported that 16 B. cereus (73%) strains
contained the hbIC gene. In our study, it was determined
that nhe enterotoxins contained a gene distribution of
19 (95%) nheA, 18 (90%) nheB and 8 (40%) nheC. Nduhiu
et al.B®, detected 3.9% nheA, 19.6% nheB and 3.9% nheC
genes from milk and 3.9% nheA, 11.8% nheB and 3.9% nheC
genes from cheese from their B. cereus strains. However,
several authors have also reported that almost all B. cereus
strains contain nhe genes 131333738,

In conclusion, B. cereus strains isolated from dairy
dessert samples should be regarded as potential
enterotoxin producers according to the PCR results.
Therefore, improving product quality and safety should
be achieved by applying good manufacturing practice
and implementing the hazard analysis and critical control
point system. To minimise risk, better hygiene practices are
required in the production of the foods.
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Summary

The aim of this study is to exhibit the presence of Capnocytophaga species in Turkey and to determine the regional risks of these
bacteria for the people in dogs. Totally 200 oral swab samples were taken from owned dogs which have had dental plaque problems.
The diagnosis of Capnocytophaga infections were done by PCR using Cal2, AS1, CaR and CyR gene sequence primers. The first PCR
was carried out to samples using by Cal2 and AST primers and results were estimated as Capnocytophaga species. The second PCR
was applied to samples using CaR and CyR reverse primers and results were also interpreted as being Capnocytophaga canimorsus
and Capnocytophaga cynodegmi. At the end of the first PCR, Capnocytophaga spp. was detected from 11 (5.5%) out of 200 samples.
CaR and CyR gene were investigated in samples which were detected as Capnocytophaga spp. It was determined that 2 (18.2%) of
the samples were positive for CaR gene which were identified as C. canimorsus and 9 (81.8%) of the samples were positive for both
CaR and CyR gene which were identified as C. canimorsus and C. cynodegmi. C. canimorsus and C. cynodegmi species are concluded for
generating risk for human health and due to the lacking of information about the disease it was also difficult to diagnosis these agents.

Keywords: Capnocytophaga canimorsus, Capnocytophaga cynodegmi, Dog, Identification, PCR

Bati Tuirkiye’de Kopeklerde Capnocytophaga canimorsus ve
Capnocytophaga cynodegmi Tiirlerinin Kiiltiirel ve
Molekiiler Yontemlerle Arastirilmasi

Ozet

Bu calisma ile Capnocytophaga tirlerinin Turkiye'deki varliginin ortaya cikarilmasi ve kdpeklerde bulunan bu bakterilerin insanlar
icin bolgesel risklerinin belirlenmesi amaclanmistir. Calismada distasi olan sahipli kdpeklerden 200 adet oral svap 6rnegi toplandi.
Capnocytophaga infeksiyonlarinin tanisi icin Cal2, AS1, CaR ve CyR gen sekans primerleri kullanilarak PCR uyguland. ilk PCR islemi
Cal2 ve AST primerleri kullanilarak yapildi ve sonucta Capnocytophaga spp. identifikasyonlar gerceklestirildi. ikinci PCR isleminde
CaR ve CyR reverse primerleri kullanildi ve sonucunda Capnocytophaga canimorsus ve Capnocytophaga cynodegmi identifikasyonlari
gerceklestirildi. ilk PCR isleminden sonra, 200 érnegin 11 (%5.5)'inden Capnocytophaga spp. identifiye edildi. Capnocytophaga
spp. olarak identifiye edilen 6rneklerde CaR ve CyR gen bdlgeleri arastirildi. Bu 6rneklerin 2 (%18.2)'sinde CaR geni pozitif bulundu
ve érnekler C. canimorsus olarak identifiye edildi. Orneklerin 9 (%81.8)'unda CaR ve CyR genleri pozitif bulundu ve bu érnekler C.
canimorsus ve C. cynodegmi olarak identifiye edildi. C. canimorsus ve C. cynodegmi tiirleri insan saghd icin risk olusturmaktadir. Bu
infeksiyonlar hakkindaki yetersiz bilgi, infeksiyonlarin tanisini ve bu bakterilerin identifikasyonlarini zorlagtirmaktadir.

Anahtar sézciikler: Capnocytophaga canimorsus, Capnocytophaga cynodegmi, Kpek, identifikasyon, PCR

INTRODUCTION

Millions of people are somehow bitten by animals ranging from mild injuries to serious infections. These
every year in the world. Bite wounds cause complications infections may be related to the mouth flora of the animal
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and/or pathogens available on the skin flora of bitten
person. The most frequently seen bacterial zoonotic
agents, transmitted to the humans by animal bite, are
Pasteurella multocida, Bartonella henselae, Spirillum minus,
Streptobacillus moniliformis, Francisella tularensis and
Capnocytophaga canimorsus (C. canimorsus) ',

C. canimorsus, formerly designated Dysgonic fermenter
2 (DF-2) was first described in 1976; it is a commensal
bacterium of dogs and cats saliva, which can be transmitted
to man by bite (54% of cases), scratch (8.5%), or mere
exposure to animals (27%) Bl The infection distribution
with dogs and cats are 24% and 10%, respectively ™.
Capnocytophaga gingivalis, Capnocytophaga ochracea
and Capnocytophaga sputigena species caused localized
juvenile periodontitis on the immunocompetent hosts
and could be isolated from other regions as part of
polymicrobial infections I,

C. canimorsus and C. cynodegmi have regularly been
isolated from the oral cavities of dogs. These two species are
very similar in morphology and in small subunit ribosomal
RNA gene (16S rRNA) sequence with a 97% similarity ©.

C. canimorsus infections were found to occur worldwide
and have been reported from the United States, Canada,
Europe, Australia and South Africa ., Australia has a canine
population of about 3.75-4 million. It is estimated that
around 63% of Australian households own some type of
pet, with 53% owning a cat or a dog. It has been projected
that each year more than 100.000 Australians are attacked
by dogs, causing injuries of varying degrees of severity. The
Emergency Department of Australia’s public hospitals treat
between 12.000 and 14.000 people for dog bite injuries
and almost 1400 of those have injuries that are serious
enough to warrant hospitalization. Between 4% and 25%
of dog bite wounds become infected. Bacteria also caused
to cellulitis, fatal sepsis, organ failure, meningitis and
endocarditis 7.

Dilegge et al.® showed that 49.2% of canine samples
(59 positive out of the total 120) carried a species of
Capnocytophaga spp. Of the total number of canines
sampled, 21.7% of which (26 positive) carried C. canimorsus,
and 11.7% (14 positive) carried C. cynodegmi. Four canines
carried C. ochracea, one canine carried C. haemolytica,
and one carried an isolate that was either C. gingivalis
or C. granulose, C. canimorsus was characterized by very
mild symptoms or lead to fatal infections such as sepsis
with showing severe symptoms. C. cynodegmi has a
low possibility of creating systemic infection. Therefore
most of the Capnocytophaga infections that have been
reported were contiguous with the oropharynx, including
periodontal diseases, ophthalmic lesions, respiratory tract
infections, traumatic pericarditis, mediastinal or cervical
abscesses and local wound infections 1%,

Genetic and biochemical similarities between C.

canimorsus and C. cynodegmi make it rather difficult to
identify these species and thus there is a need for specific
and enhanced molecular methods for both species
identification. Reports about the presence of C. canimorsus
strains showed that this bacteri is hardly distinguished
from C. cynodegmi by the comparison of the 16S rRNA
sequences. Therefore, to develop more convenient and
specific PCR systems to identify the Capnocytophaga spp.
is required 1",

The aim of this study is to exhibit the presence of
Capnocytophaga species in Western of Turkey and to point
out a risk by these bacteria for the human population in
the region.

MATERIAL and METHODS

Isolation of Capnocytophaga spp.

A number of 200 oral swabs were taken by the
convenient technique from domestic dogs having tartar in
Mugla provinces in Western of Turkey the dates between
January and April 2012. Samples were delivered to Adnan
Menderes University Veterinary Faculty of Microbiology
Department in cold chain. Of the 200 swabs samples, 77
(38.5%) were from male dogs and 123 (61.5%) were from
female dogs. This study was conducted according to
the Ethical Committee regulations of Adnan Menderes
University (document ID 2009/54). The distribution of the
samples with year and sex were shown on the Table 1.

It was aimed to obtain pure culture of Capnocytophaga
spp. from oral swab samples arrived to the laboratory. For
the purpose preventing the other flora bacteria growth,
oral swab samples were inoculated onto sheep blood
agar including gentamicin. The cultivated agar plates
were incubated in 5% CO, atmosphere for 5 days. After
the incubation Gram staining method were applied to
suspected colonies. Biochemical tests were applied to the
strains for the identification of Capnocytophaga spp.'?.

Extraction of DNA from Oral Swabs

Samples were collected using sterile swabs from 200
dogs gingival tissues (BD BBL culture swab plus) and these
samples were suspended with Brain-Heart Infusion Broth
and were incubated at 5% CO, microaerophilic atmosphere

Table 1. The distribution of swab samples taken from dogs by year and sex

Tablo 1. Képeklerden alinan svap 6rneklerinin yas ve cinsiyete gore
dagilimlan

Dogs Groups Number of Number of Total Number
by Years Male Dogs Female Dogs of Dogs
0-5 63 107 170
6-9 13 15 28

10 and over 1 1 2
Total 77 123 200
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for 24 h at 35°C. Bacterial cells were harvested from
broth culture and passed to DNA extraction application.
DNAs were extracted from swab samples with Ultraclean
Microbial DNA Isolation Kit® (MO BIO Laboratories, Inc.) as
recommended by the manufacturer. DNA extracts were
stored in cryo-tubes at -20°C until PCR studies 3.

Primers and PCR

Cal2, AS1, CaR, and CyR primers were designed for the
determination for Capnocytophaga spp which informed as
Suzuki et al.l'?,

In order to obtain positive control DNAs for the PCR
assays, two strains of C. canimorsus and C. cynodegmi
were kindly provided by Michio SUZUKI (1-23-1 Toyama
Shinjuku-ku Tokyo, Japan).

In the first PCR protocol we used, total volume of 50
for a sample in PCR amplification were adjusted as follows
for identification of Capnocytophaga spp.; ViBuffer A
(Vivantis®) 10x enzyme buffer solution 1x, magnesium
chloride (MgCl,) 50 mM, 10x dNTP, primer (for CalL2-AS1
primer pair) 10 pmol, Pfu DNA polymerase 5U (Vivantis®) ',

The second PCR amplifications were performed to
in the same conditions using by Cal2-CaR and Cal2-CyR
primers to identify C. canimorsus and C. cynodegmi 2.

PCR conditions were as follows; an initial denaturation
at 95°C for 5 min, followed by 35 cycles of denaturation
at 95°C for 30 s, annealing at 58°C for 1 min, extension at
72°C for 1 min, and a final extension at 72°C for 7 min "2,
PCR was performed in an Eppendorf Master Cycler with
a capacity of 25 samples thermal cycling.

Detection of the Amplified Products

The 10 pl amplified products were detected by staining
with 0.5 pg/ml ethidium bromide after electrophoresis at
80 V for 40 min in 2% agarose gels. PCR products of 124 bp
for Capnocytophaga spp. and 427 bp for C. canimorsus and
C. cynodegmi were considered evidence for identification.

M1 2 3

Fig 1. Capnocytophaga spp. PCR results (using Cal2-AS1
primers), M: 100bp DNA ladder, 1: Capnocytophaga canimorsus
Positive Control, 2: Capnocytophaga cynodegmi Positive
Control 3: Negative Control, 4-14: Capnocytophaga spp. PCR
Positive Samples

Sekil 1. Capnocytophaga spp. Cal2-AS1 primerleri kulla-
nilarak elde edilen PCR sonuclari, M: 100bp DNA isaret-
leyicisi, 1: Capnocytophaga canimorsus Pozitif Kontrol, 2:
Capnocytophaga cynodegmi Pozitif Kontrol 3: Negatif Kontrol,
4-14: Capnocytophaga spp. PCR Pozitif Ornekler

RESULTS

Isolation of Capnocytophaga spp.

The Capnocytophaga spp. was not identified from all
oral samples by conventional and biochemical tests.

PCR

By this work as a part of a postgraduate thesis, the
diagnosis of Capnocytophaga infections which could not
be made as routinely, were shown to be done by using
Cal2, AS1, CaR and CyR gene sequence primers. In this
study, 200 oral swab samples were taken from owned
dogs which have dental plaque and at the end of first
PCR, Cal2 and AST gene were detected from 11 (5.5%)
out of 200 samples. So, these samples were evaluated
as Capnocytophaga spp. After the DNAs of the agent
identified as Capnocytophaga spp. they were evaluated for
being positive for C. canimorsus or C. cynodegmi using CaR
and CyR gene nucleotide sequences at second PCR. It was
also determined that 2 (18.2%) of the samples were positive
for CaR gene which were identified as C. canimorsus and
9 (81.8%) of the samples were positive for both CaR and
CyR gene which were identified as C. canimorsus and C.
cynodegmi. Apmlified PCR products were shown at Fig.
1 and 2 which were positive for Capnocytophaga spp. and
C. canimorsus and C. cynodegmi, respectively.

As the result of this study, 2 (22.2%) positive samples
were detected as C. canimorsus and C. cynodegmi from male
dogs and 7 (78.2%) from females. Only 2 positive samples
were detected as C. canimorsus (100.0%) from female dogs
totally. Rates for C. canimorsus and C. cynodegmi positive
according to year were shown on the Table 2.

The distribution of positivity by year is examined and
the results are as follows; out of the 11 dogs were detected
as Capnocytophaga spp. one (9.1%) was from 6-9 year
group and . ten (90.9%) were from 0-5 year group dogs.
Out of nine that found as C. canimorsus and C. cynodegmi
eight were (88.8%) from 0-5 year group and1 (11.2%) was

4 567 8 91011121314
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Fig 2. Capnocytophaga canimorsus and Capnocytophaga cynodegmi PCR
results

A) Capnocytophaga canimorsus PCR results using Cal2-CaR primers,
M: 100bp DNA ladder, 1: Capnocytophaga canimorsus positive control,
2: Negative Control 3-13: Capnocytophaga canimorsus PCR positive
samples B) Capnocytophaga cynodegmi PCR results using Cal2-CyR
primers, M: 100bp DNA ladder, 1: Capnocytophaga cynodegmi positive
control, 2: Negative Control 3-5: Capnocytophaga cynodegmi PCR positive
samples 6: Capnocytophaga cynodegmi PCR negative samples 7-10:
Capnocytophaga cynodegmi PCR positive samples 11: Capnocytophaga
cynodegmi PCR negative sample 12-13: Capnocytophaga cynodegmi PCR
positive samples

Sekil 2. Capnocytophaga canimorsus ve Capnocytophaga cynodegmi PCR
sonuglari

A) Capnocytophaga canimorsus Cal2-CaR primerleri kullanilarak elde
edilen PCR sonuglari, M: 100bp DNA isaretleyicisi, 1: Capnocytophaga
canimorsus Pozitif Kontrol, 2: Negatif Kontrol 3-13: Capnocytophaga
canimorsus PCR pozitif 6rnekler B) Capnocytophaga cynodegmi Cal2-
CyR primerleri kullanilarak elde edilen PCR sonuclar, M: 100bp DNA
isaretleyicisi, 1: Capnocytophaga cynodegmi Pozitif Kontrol, 2: Negatif
Kontrol 3-5: Capnocytophaga cynodegmi PCR pozitif ornekler 6:
Capnocytophaga cynodegmi PCR negative 6rnek 7-10: Capnocytophaga
cynodegmi PCR pozitif 6rnekler 11: Capnocytophaga cynodegmi PCR
negative 6rnek 12-13: Capnocytophaga cynodegmi PCR pozitif rnekler

Table 2. C. canimorsus and C. cynodegmi positive rates by year

Tablo 2. Yaslara gore C. canimorsus ve C. cynodegmi pozitiflik oranl/an

PCR Positive 0-5 6-9 10 Year | Total Number of
Samples Years | Years |and over | Positive Samples
C. canimorsus 2 - - 2
C. cynodegmi - - - 0
C. canimorsus and

. 8 1 - 9
C. cynodegmi

from a 6 years old dog. Two samples were detected as C.
canimorsus from the 0-5 year group dogs.

DISCUSSION

In 1976, C. canimorsus was reported as a commensal
bacterium in the oral flora of dogs and isolated from the
blood and spinal fluid of a patient caused by an unidentified
Gram negative bacillus, after a recent dog bite was first
described ¥, Five Capnocytophaga species (C. gingivalis,
C. ochracea, C. sputigena, C. granulosa and C. haemolytica)
have been reported to be found in the human oral cavity
and been associated with peridontitis. It is now clear that
C. cynodegmi and C. canimorsus are part of the commensal
oral microbiota of canines and more rarely of cats 9],

In the first study for C. canimorsus ", the researchers
examined 50 dogs samples and found C. canimorsus
prevalence at 8%. In the latter reports C. canimorsus
infections are associated with dog bites or close animal
contact such as licking of human wounds. In a study done
with the conventional culture method C. canimorsus and
C. cynodegmi were detected in 74% and in 86% of dogs,
respectively [,

In another report including the culture and PCR results
of C. canimorsus detection, 26% of the dogs tested were
positive by both culture and PCR '8,

Currently, PCR based detection system is described
which discriminates between C. canimorsus and C. cynodegmi
and using this method the prevalence of both bacteria was
determined in the dogs and cats '2.

The same study reported that on the basis of purely
molecular screening of oral swabs using PCR amplification
of a fragment of the small subunit ribosomal RNA gene (16S
rRNA), that 74% of canines sampled (out of 325 canines)
harbored C. canimorsus. The researcher determined the
specificity and sensitivity of the PCR performed with
different combinations of primers for discriminatory
amplification of the 16S rRNA gene of C. canimorsus and
C. cynodegmi. The Cal2-AS1 primer pair could amplify
the target sequences from the DNA derived from both C.
canimorsus and C. cynodegmi. Specific amplification of C.
canimorsus DNA but not C. cynodegmi DNA was achieved
by the Cal2-CaR, whereas the DNA fragment of C.
cynodegmi alone was amplified by the PCR using the Cal2-
CyR primer pair 12,

The samples of the dogs and cats were, therefore,
examined by PCR with these primers for the presence of
specific sequence of C. canimorsus and C. cynodegmi. 240
of 325 (74%) dogs and 66 of 115 (57%) cats were tested
positive for C. canimorsus, while C. cynodegmi was detected
in 279 of 325 (86%) dogs and 97 of 115 (84%) cats. Both of
these species were detected in 219 (67%) of 325 dogs and
64 (56%) of 115 cats ['2.
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Isolation of C. canimorsus (DF-2) from sheep and cattle
(25-30% of the animals tested) but not from pigs was
reported 1'%,

In this study, 200 oral swap samples which were taken
from owned dogs which have had dental plaque, were
examined and at the end of first PCR, Cal2 and AST gene
were detected from 11 (5.5%) out of samples. Therefore,
these samples were evaluated as Capnocytophaga spp.
positive. After identifying the DNAs of the agent as
Capnocytophaga spp. the strains were verified for being
positive of C. canimorsus and C. cynodegmi using CaR and
CyR gene nucleotide sequences by a second PCR. After
the second PCR using the specific CaR and CyR primers,
CaR and CyR gene regions were investigated in samples
already detected as Capnocytophaga spp. positive. It was
determined that 2 (18.2%) of the samples were positive
for CaR gene which were identified as C. canimorsus and
9 (81.8%) of the samples were positive for both CaR and
CyR gene which were identified as C. canimorsus and C.
cynodegmi. As a result of this study, there were no positive
samples detected for only CyR gene sequence.

Lavy et al.?® reported that, Capnocytophaga species
were found in 3 out of 17 dogs which were under 6 months
of year. This year range is of a particular concern since
puppies begin to lose their first teeth around 4 months of
year and the teeth are completely replaced by their adult
canines by 6 months.

In another study, the researcher reported that
Capnocytophaga species were carried 72.7% in toy dog
breeds. These results must be interpreted with caution
that transmitted from dogs to human .

In this study when the result of positivity range is
analyzed by year, 10 (90.9%) of the samples were detected in
0-5 years animals, and 1 (9.1%) of the sample were detected
in 6 years animal out of 11 Capnocytophaga spp. positive
samples. Eight (88.8%) of the samples were detected in 0-5
years animals and 1 (11.2%) of the sample was detected
in 6 years animal out of 9 C. canimorsus and C. cynodegmi
positive samples. Two (100%) samples which were only C.
canimorsus positive, were detected in 0-5 years animals.
In males, 2 (22.2%) C. canimorsus/C. cynodegmi positivity
were detected while in females the corresponding figure
was 7 (78.2%). Only 2 (100%) samples were detected as C.
canimorsus positive in female animals. According to our
data, female dogs were sensitive Capnocytophaga spp.
infections.

C. canimorsus and C. cynodegmi species are considered
for generating risk for human health and these agents
hard to determine. The difficulty in diagnosis also causes
the ignorance of these infections. These strains isolated
from oral flora of dogs, the most common pet animal of our
country, can be transmitted from dogs to human. Therefore,
dogs can take an important part of Capnocytophaga spp.

infections dissemination to human via oral excrections,
such as saliva, and direct contact with mouth and tongue.
Beside Capnocytophaga infections) these bacteria are
associated with serious diseases such as meningitis, acute
organ failures, intravascular coagulopathy, etc. in humans
especially in immunodeficient patients. Capnocytophaga
infections can likely be transmitted from dogs to humans
by means of especially oral ways and even by kissing.
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Summary

In present study, effects of heat stress due to variations in indoor temperature and relative humidity on egg yield and mortality rates
of hens in caged poultry houses were investigated between the months April and August (5 months). The experimental poultry house has
automated feeder and waterer and operates at 90% capacity. Each cage has 5 hens and there were a total of 9900 Isa Brown hens in the
poultry house before the experiments. Hens were 27" weeks old in the beginnings of the experiment. During the experiments, indoor and
outdoor climate parameters such as temperature and relative humidity, daily egg production and mortalities were continuously recorded.
Structural characteristics of the poultry house were also determined. Heat and moisture gains/losses, temperature humidity index (THI),
egg production rates (EPR) and mortality rates (MR) were calculated. Results revealed significantly increasing and strong relationships
between indoor temperature and THI — MR and significantly decreasing relationships between indoor temperature and EPR (P<0.01). Indoor
temperature increased from 20.7°C in April to 29.4°C in August, THI values increased from 66.1 to 77.0 during the same period. Therefore,
mortality rates increased from 0.36% in April to 1.59% in August. While EPR was 88.7% in April, the value decreased to 79.4% in August.
Without sufficient wall and roof insulation, it was found to be impossible to provide an indoor temperature of neither 18°C to keep EPR at
high levels nor 21°C to keep MR<%o00.1.

Keywords: Poultry house, Temperature, Humidity, Heat stress, Egg production rate, Mortality rate

Kafesli Kiimeste Sicaklik Stresinin Yumurta Verimi ve
Mortalite Uzerine Etkileri

Ozet

Bu arastirmada Nisan-Agustos doneminde (5 ay) kafesli tip yumurta tavugu kiimesinde kiimes ici sicaklik ve bagil nem degisimine bagh
olarak si stresinin tavuklarda yumurta verimi ve mortalite Uizerine etkisi incelenmistir. Otomatik yemleme ve sulama sistemiyle donatilan, %90
kapasite kullanim oranina sahip olan kiimeste her kafese 5 tavuk yerlestirilmis olup, deneme baslangicinda kiimeste 27 haftalik yasta 9900
adet Isa Brown irki tavuk bulunmaktadir. Arastirma boyunca kiimes ici ve dis ortam sicaklik ve bagil nemi, kiimeste glinliik yumurta tretimi,
glinliik 6len tavuk sayisi stirekli kaydedilmistir. Ayrica, kiimese ait yapisal 6zellikler 6l¢cilmustlr. Kiimese ait 1si ve nem dengeleri, Sicaklik Nem
indeksi (THI), Yumurta Verimi (EPR) ve Olim Orani (MR) hesaplanmustir. Arastirma sonuclarina gére; kiimes ic sicakligi ile THI ve MR arasinda
artan, kiimes i¢ sicakhgi ile EPR arasinda ise azalan istatistik yonden ¢cok 6nemli (P<0.01) ve kuvvetli iliskiler tespit edilmistir. Bu iliskilere gore
Nisan ayindan Agustos ayina dogru kiimes sicakliginin 20.7°C'den 29.4°C'ye ve THI'nin 66.1'den 77.0'a artisi sonucu aylik MR Nisanda %0.36
iken aylara gore artarak Agustosta %1.59'a kadar ¢ikmistir. EPR ise ayni donemde aylik olarak Nisan'da %88.7 iken Agustos ayinda %79.4'e
kadar gerilemistir. Bu nedenle ¢ati ve duvarda yeterli izolasyon olmadan ve serinletme yapmadan kiimes sicakligini ne yiksek EPR icin
gerekli olan optimum 18°C sicakliklarda, ne de giinlik MR<%00.1 oldugu 21°C kiimes ici sicaklik bandinda tutmanin mimkin olmadigi
gorulmustar.

Anabhtar sézciikler: Kiimes, Sicaklik, Bagil nem, Sicaklik stresi, Yumurta verim randimani, Oliim orani

INTRODUCTION

In poultry facilities, beside sufficient feeding and proper  be kept at optimum levels to provide “animal welfare” and
genotypes, indoor environmental conditions should also  consequently optimize the operation and thus maximize
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the income. It is not possible to reach the desired yield levels
only by selecting high-yield genotypes and implementing
the best feeding programs. Improper indoor environmental
conditions definitely hinder the expected outcomes from
the facility.

Environmental conditions play a significant role in
laying hen facilities to provide desired productivity levels.
Especially indoor temperature and relative humidity have
direct impacts on physiological activities of hens. Hens are
able to keep body temperatures and some mechanisms
only within certain temperature intervals and they can
not adapt to high temperatures. Their higher production
performance and feed conversion efficiency make today’s
chickens more susceptible to heat stress than ever before ",

High temperatures create some health effects on hens
such as vaso-dilatation, decrease in blood flow rates toward
glands forming the shell, increase in respiration rates,
respiratory alkalosis, decrease in blood ionic Ca level,
decrease in carbonic anhydrate enzyme activities in kidney
and egg-shell glands, decrease in Ca mobilization from bone-
deposits. All these health-effects decrease egg yields 2.,

Researches to determine upper (18-32.2°C) and lower
(7.2-19°C) limits of proper indoor temperatures and to
determine optimum growth temperatures vary based on
the region where the poultry house is located, type of
housing, animal species and growing periods ', In case
of exceeding lower and upper heats, different effects and
following physical changes can be observed on chickens: i)
decrease in egg weight with heat stress ©}; ii)heat stress
increases with increasing temperature and relative
humidity, egg yield and feed consumption decrease 7}
iii) decrease Egg Yield Rate and increase Mortality Rate
with increasing inside temperature and/or with increasing
Temperature Humidity Index ®'%; iv) distinctive negative
effects of heat stress on yield and mortality rates "} v)
strains in metabolism, ultimate changes in sensible heat
and latent moisture production "%; vi) a 44% decrease in
egg vyield at 21°C poultry house "”; and vii) decrease trend
in egg production "'®,

Hens perform better at constant temperatures (21-
22°C) than varying temperatures (17-35°C) and health
problems are less in constant temperatures 8. Each 1°C
increase in temperatures between 25-30°C results in 1.5%
decrease in egg yield ™,

Relative humidity generally does not have significant
impacts on hens at temperatures between 15.6-26.6°C,
but relative humidity above 50% at temperatures between
26.6-37.7°C endangers the life of hens. High temperatures
together with 70-75% relative humidity speed up the
growth of microorganism populations. Therefore, relative
humidity of poultry houses should always be kept below
80% 2%, Optimum relative humidity ranges for laying hen
poultry houses are recommended as between 50-75% Y,

50-80% 1?2 and 60-80% .

Combined effect of temperature and relative humidity
on poultry houses is explained by Temperature-Humidity
Index (THI). A growing atmospheres with a THI value <70
is defined as “comfort zone”, a value between 75-78 is
defined as “stress zone” a value =78 is classified as “extreme
stress zone" %3,

There are some laboratory studies about the negative
impacts of temperature and relative humidity on animals.
However, in-situ researches are not preferred due to
population sizes, difficulties in control of animals, higher
labor needs and similar reasons. Therefore, evaluations
about the effects of heat stress on animal performance and
yield are mostly depend on limited data. In present study,
indoor and outdoor climate factors (temperature and
relative humidity) of a caged poultry house were regularly
measured and effects of heat stress on EPR and MR were
investigated under actual conditions. Furthermore effects
of aging on EPR and MR are also included to the regression
models and compared to ISA Brown commercial layer
production recording chart.

MATERIAL and METHODS

Caged poultry house, selected for experimental
purposes, is located in Tokat Province (39°51' N and 40°55'
E) of Middle Black Sea Region of Turkey. It has a capacity
of 11.000 hens with automated feeder and waterer and
operated at 90% capacity. Each cage has 5 hens and there
were a total of 9900 Isa Brown hens aged 189 days aged
(27 weeks) in the poultry house before the initiation of
experiments. Although EPR and MR values are usually
calculated via “age in weeks”; in this study, statistic analyses
were done using “age in days” Thus

Long term average temperatures are 12.5, 16.4, 19.8,
22.4 and 22.3°C, and relative humidities are 60.0, 61.0,
59.0, 57.0 and 58.0 for April-August period (1961-2011)
in the research region according to the Turkish State
Meteorological Service 242,

Experimental poultry house is oriented along east-west
direction and it is 40 m long, 11 m wide and 2.75 m high.
The house is operated with natural ventilation system with
6 air outlets and 22 windows along the long axes.

Walls were constructed with 19 x 19 x 13.5 cm hallow
tiles, 2 cm inner and 3 cm outer lime-cement plaster were
applied over the walls. The roof was insulated by 3 cm
Styrofoam over wood siding and covered by corrugated
asbestos-cement roofing.

During the experimental period, daily feed
consumptions, lighting and ventilation levels were kept
constant. EPR and MR values were recorded daily. Indoor
and outdoor temperature and relative humidity values of
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April - August period were periodically measured with a
“Datalogger” (HOBO RH/Temp, Type: HO8-003-02, USA)
as to have 1 data/h and variations in temperature and
relative humidity were monitored. Heat - moisture balance
calculations were performed by using hourly and daily
averages of measured data.

Criteria specified by NIH (National Institute of Health
Guide for the Care and Use of Laboratory Animals) were
obeyed during the experiments carried on animals.

Heat transfer coefficients of constructional members,
heat - moisture balance and ventilation capacities heat
and moisture production of hens were all determined by
using relevant calculation procedures 1315222426-28]

According to pentant principle, minimum design
outdoor temperature of Tokat Province is -15°C ' and
placed into the 2™ Climate Zone. Calculated heat transfer
coefficients by using these assumptions benchmarked
with the recommended values for roofs and walls based
on climate zone and type of housing B%3",

Sensible heat production (SHP) and moisture
production rate (MPR) of the poultry house were calculated
as follows 32331,

SHP = pXVXCPX(Te _Tout) +U (Tin - Tout) - qup - QEquip (1 )

Where;

SHP :Sensible heat production rate, W
p  :Density of inlet air, kg/m?

V  :Ventilation rate, m*/s

Cp
T Touw Tin : Exhaust, outdoor and indoor air temperature,

out’ i

respectively, °C
U  :Building heat transfer coefficient, W/K

Qs Qequip - Heat from supplementary heaters and other
internal equipment, respectively, W

MP = pxVx (W, -W,)
Where;
MPR

: Specific heat of inlet air, J/ (kg.K)

()

: Moisture production rate, kg/s

W, W, : Humidity ratio of exhaust and outdoor,
respectively, kg/kg

Temperature-Humidity Index (THI) was calculated by 2%,
THI =1.8xT,, — (1-j,)x(T,, —14.3) + 32 (3)
Where;

THI :Temperature-Humidity Index
Tin
jin

: Poultry house indoor temperature, °C
: Poultry house indoor relative humidity

Descriptive statistics, correlation analysis, principle
components and factorial analysis, single and multiple
regression analyses were performed between treatments
by using SPSS 18 statistical analysis package B4. Further-
more effects of aging on EPR and MR also included to the
model regression analyses.

RESULTS

Unit heat gains/losses were calculated by using surface
areas of constructional members and their heat transfer
coefficients. Results revealed the roof and walls as the
largest winter/summer heat gain/loss sources (Table 1).

Indoor and outdoor hourly temperature and relative
humidity values for the experimental period are provided
in Table 2.

By taking heat losses and heat production of hens into
consideration, irradiative heat-up (Q,,4), maximum natural

Table 1. Area, heat transfer coefficient and unit heat loses for constructional
members

Tablo 1. Kiimes yapi elemanlarina iliskin alan, isi gegirme katsayisi ve birim
1st kayiplan

Construction Member Wall | Windows | Doors | Roof
Area (m?) 260.0 16.2 42 | 495.0
Coefficient of Heat Transfer

(W/m2K) 1.60 5.88 6.04 | 0.99

Building heat transfer coefficient

(W/K) 416.0 95.3 254 | 490.1

Table 2. Variation of hourly outdoor and indoor temperature and relative humidity values between April and August period

Tablo 2. Nisan-Adustos déneminde i¢ ve dis sicaklik ve nispi nem degisimi

Outdoor Temperature (°C) Outdoor RH (%) Indoor Temperature (°C) Indoor RH (%)

Honth Min Max Average Min Max Average Min Max Average Min Max Average
April -2.9 30.8 13.3 22 96 55 12.3 26.5 20.7 23 81 50
May 11.2 31.0 16.6 24 97 64 17.6 27.6 228 32 72 52
June 12.8 324 19.9 29 99 67 17.9 304 239 21 76 52
July 16.8 34.8 23.8 22 93 56 18.3 337 26.0 23 79 49
August 215 38.8 25.1 33 97 61 21.8 385 294 18 78 48
Apr-Aug -2.9 38.8 19.8 22 99 60.8 12.3 385 24.6 18 81 49.9




884
FEffects of Heat Stress on ...

Table 3. Irradiative heat-up, natural ventilation capacity, ventilation capacity provided per hen and THI, EPR and MR as monthly average values

Tablo 3. Aylara gére kiimeste radyasyonla isi artisi, saglanan dogal havalandirma kapasitesi, tavuk basina saglanan havalandirma kapasitesi, THI, EPR ve
MR ortalama degerleri

Month Q.4 (W) V.o (M?/h) V,.../hen (m3/h.hen) THI EPR (%) MR (%o)
Apr 8393 52361 5.29 67.3 88.7 3.6
May 9711 58959 5.96 68.8 85.7 7.5
Jun 10185 64310 6.50 70.6 83.9 8.9
Jul 11289 91353 9.23 72,5 81.8 13.1
Aug 12948 98500 9.95 76.0 79.5 15.9

Average 71.1 83.9 9.7

Total 49.0

Table 4. Pearson correlation coefficients between daily average values of parameters and significance levels (Probability: P-Value)

Tablo 4. Arastirma parametrelerine iliskin giinliik ortalama degerlerin “Pearson Correlation” katsayilari ve istatistik 6nem diizeyleri (Olasilik: P-degeri)

=& Inside Temperature =¥=MR —@=EPR ——THI —+—Entalpy

Fig 1. Variation of indoor air temperature, enthalpy, THI, EPR and MR for
April-August period

Sekil 1. Arastirma kiimesinde Nisan-Agustos donemi kiimes ici sicaklik,
entalpi, THI, EPR ve MR degisimi

ventilation capacity (V,,,,), and maximum ventilation
capacity per hen (V,,/hen) were calculated. THI was found

to be as 71.1 (67.3-76.0), EPR as 83.9 (88.7-79.5) and MR as
9.5 (3.6-15.9) in monthly average values (Table 3 and Fig 1).

Indoor temperature during the experimental period
was >20°C at 91.1% of total time, =25°C at 40.9%, >27°C
at 25.0%, =30°C at 10.6% and >33°C at 3% of the total time.
Average indoor relative humidity was >50% at 51.4% and
>%60 at 16.4% of the total time.

Parameters T;, (°C) Jin (%) Tou (°C) Jout (%) MR (%o0) EPR (%)
i -0.189 (P<0.05) 0.116 (NS)
Tou 0.786 (P<0.01) -0.119 (NS)
Jout 0.118 (NS) 0.031 (NS) -0.134 (NS)
MR 0.793 (P<0.01) -0.160 (P<0.05) 0.658 (P<0.01)
EPR -0.688 (P<0.01) 0.065 (NS) -0.594 (P<0.01) -0.127 (NS) -0.613 (P<0.01)
THI 0.987 (P<0.01) -0.034 (NS) 0.781 (P<0.01) 0.128 (NS) 0.779 (P<0.01) -0.687 (P<0.01)
NS: Non-Significant
35 100 About 56% of THI values during the experimental
period were above the threshold value of =70. Monthly
_ 5 evaluations revealed that 11.0, 40.3, 61.3, 85.4 and 99.9%
& ~a5 §i of THI values respectively of the months April, May, June,
53 E £ #| Julyand August were above 70.
g 520 g E =
Egls 15 _E Daily values were used to see the variations in indoor
& r; E g E and outdoor air temperatures, RH, THI, EPR and MR values.
E =10 % - Average daily indoor air temperature was 24.60°C, indoor
2 5 =) E RH was 49.97%, THI was 71.10, EPR was 83.87% and MR
was %00.32.
0 . : ; ; 0
April May June July  August Pearson correlation coefficients between investigated
Mounth

parameters were calculated and significance levels were
determined. The highest correlation (0.987) was observed
between indoor temperature and THI (Table 4).

Principal component analysis and factor analysis were
performed and corresponding factor loadings were
determined. Results revealed that the first 3 factors were
able to explain 86.5% of the total variation. Factor 1
explained 57.1%, factor 2 explained 15.5% and factor 3
explained 13.9% of the total variation. Single evaluation of
factor 1 revealed the loadings as 0.965 for daily average
indoor temperature, 0.955 for THI, 0.867 for MR, 0.853 for
daily average outdoor temperature and -0.796 for EPR. In
factor 2, daily average outdoor relative humidity was the
parameter with a loading (-0.882) value over 0.5. In factor 3,
only daily average indoor relative humidity had a loading
value (-0.861) of over 0.5 (Table 5).
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Table 5. Unrotated factor loadings and communalities on principal
component factor analysis of the correlation matrix

Tablo 5. Korelasyon matris faktor analizi yapilan degisken parametreler ve
ylikleri

Source of Variation Factor 1 | Factor2 | Factor3
?:;L’;’e\;etﬁie&:‘)m” Al 0965 | 0005 | 0034
Daily Average Indoor RH (j;,) -0.168 -0.476 -0.861
;lzié:'l'll}; ﬁq":éfiig‘z;d‘:;’ ' 0853 | 0247 | -0.168
Daily Average Outdoor RH (j,.,) 0.106 -0.882 0.431
MR (%o) 0.867 -0.025 0.060
EPR (%) -0.796 0.115 0.045
THI 0.955 -0.083 -0.101
Variance 3.9949 1.0866 0.9727
% Variance 0.571 0.155 0.139
Total Variance (%) 0.865 (86.5%)

equations were calculated and probability significance
levels were determined (Table 6). Results revealed the
highest hit as R? 97.4% between THI and inside temperature
(T,) (P<0.01) (Table 6 and Fig. 2).

Multiple regression analysis performed to estimate EPR
revealed a hit rating of 50.3% when the entire parameters
are included into the model. The hit rating was observed
as 47.3% when the daily average indoor temperature was
included into the model and as 47.2 when THI included
into the model (Table 6; Fig. 3, Fig. 4).

Standard characteristic values of EPR vs Age was
reported as 96% for 189 days (27 weeks) aged layers
and 91% for 329 days aged layers (47 weeks) in standard
performance characteristic chart from breeder company 5%,
Thus it can be observed that at optimum conditions, aging
of layers between 27" to 47" weeks affects EPR at 5%
decreasing level. However EPR at 27" week and 47t week

Table 6. The single and multiple regression equations hit ratings (R?) and probabilities (P)

Tablo 6.ikili ve coklu regresyon esitliklerinin isabet oranlari (R%) ve olasiliklari (P)

Regression Equation

THI=40.1+1.26T,,

EPR=73.8-145T,-0.163j,- 0.105T,,, - 0.0365 j, - 3.12 MR + 1.00THI -0.0439Age

EPR=67.7-238 T, - j,— 0.148 T, - 0.0386 ), — 41.4 MR+ 1.34THI
EPR= 116-0.256 THI - 0.0528Age

EPR =105 - 0.254 T,, - 0.0574 Age

EPR=109-1.03T,

EPR =141 - 0.804 THI

MR = 0.124 + 0.00933 T, + 0.000418 j,, + 0.000346 T, + 0.000082 j,,, - 0.000428 EPR- 0.00448 THI

MR%o = - 0.784 + 0.0449 T,
MR%o = - 2.14 + 0.0346 THI

el
w

THI=40.101+1.2598 T,, ¢*®
R2=0.9738

~1 ~] =2}
o L o

Temperature Humidity Index
(=)
Ln

(=23
(=1

20 25 30 35
Inside Temperature (°C)

[y
wn

Fig 2. Relationship between THI and indoor temperature (T,,)
Sekil 2. THI ile kiimes ici sicakhk (T,,) iliskisi ve regresyon denklemi

Single and multiple regression analyses were performed
between the parameters and regression equations were
determined. Hit ratings of estimations made by regression

R? P
97.4 % <0.01
51.4 % <0.01
50.3 % <0.01
49.8 % <0.01
48.5 % <0.01
47.3 % <0.01
47.2% <0.01
64.3 % <0.01
62.8 % <0.01
60.6 % <0.01

was recorded as 91% and 76% respectively. Thus regression
analyses were done to determine which factors are related
to this catastrophic decrease on EPR. Analyses results
revealed that; when regression model includes T,, ji, Tow
jouw MR, THI and Age hit rating was 51.4 while Age factor
excluded from model hit rating decreased to 50.3% (Table
6). Similarly, when model includes T,, and Age factors, hit
rating value was determined as 48.5 whereas the model
includes only T;, R? value was calculated as 47.3%.

Multiple regression analysis performed to estimate MR
revealed a hit rating of 64.3% when the entire parameters
are included into the model. The hit rating was observed
as 62.8% when the daily average indoor temperature was
included into the model and as 60.6% when THI included
into the model (Table 6, Fig. 3, Fig. 4).

DISCUSSION

Heat balance calculations of the poultry house were
performed by taking the climate zone of Tokat Province
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Fig 3. Relationship between EPR and MR based on variations in daily
average indoor temperatures

Sekil 3. Ortalama guinliik kiimes ici sicaklik degisimine goére EPR ve MR
iliskisi

100 1.0
EPR = 141.02 - 0.8039 THI?®

R2=0472 ¢ L 08
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Temperature Humidity Index
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Fig 4. Relationships between THI and EPR-MR
Sekil 4. THI ile yumurta verim randimani ve 6lim orani arasindaki iligki

into consideration and heat transfer coefficients of walls
and roof were respectively determined as 1.60 W/m?2K
and 0.99 W/mZK. The ideal values should be 0.91 W/m?K
and 0.33 W/mZK. Therefore, walls were found to be 78%
insufficient and roof was found to be 300% insufficient
compared to ideal values. Such deficiencies result in
excessive heat loss during the winter months and heat
gain in summer months. Supplementary insulation over
the outer wall surfaces and additional roof insulation may
bring the wall heat transfer coefficients to ideal values.
Proper insulation and consequent heat gain/loss balance
may prevent excessive THI values and fluctuations during
summer/winter months. Such a case may also prevent
undesired decreases in EPR and increases in MR.

Each 1°C increase in indoor temperatures between
25-30°C results in 1.5% decrease in egg yield "%, While
daily EPR of the present study was over 90% when the
indoor temperatures were < 20°C, the value decreased to
82.5% at 25°C and to 75% at 30°C with a 1.5% decrease

corresponding to each unit increase in temperature.

A growing atmosphere for poultry houses with a THI
value of <70 is defined as “comfort zone’, a value between
75-78 is defined as “stress zone” and a value =78 is
classified as “extreme stress zone” 23, While EPR was >90%
when the THI was <70, the value decreased to 80% when
the THI increased to 75. Similarly, EPR rapidly decreased
to 73% when the THI increased to 83. A unit increase in
THI or poultry house indoor temperature may result in
1-1.5% decrease in EPR. Since the hens subjected to heat
stress are not able to consume sufficient feed to present
optimum performance, a decrease in egg yield is evident.
Hence, EPR values over 90% in “comfort zone” (THI 60-65)
decreased to 70% by moving away from comfort zone (THI
80-85), corresponding about 20% decrease in egg yield.

While daily MR was around 0.2%o0 under THI values
of 65-70, the value reached to 0.6-0.8%o levels under THI
value of 85 over the threshold value. If such a high THI
value is persistent in poultry house, daily MR may reach to
1%o level.

The positive high correlation (0.793) between indoor
temperature and MR of present study was found to be
significant (P<0.01) and indicated increased mortalities
parallel to increasing temperatures.

The correlation between T, and T,, (0.786) was also
found to be significant (P<0.01). This correlation indicates
insufficient acclimatization and increase or decrease of
indoor temperatures with increasing or decreasing out-
door temperatures.

Positive correlations between T, and THI (0.781)
(P<0.01), between THI and MR (0.779) (P<0.01) and
negative correlation between T, and EPR (-0.688) (P<0.01)
indicated that increasing THI values moved the growing
atmosphere away from the “comfort zone” and decreased
EPR accordingly.

The negative correlation between THI and EPR (-0.687)
was found to be significant (P<0.01). Similar relationship
between THI and EPR and between T,, and EPR (-0.688)
(P<0.01) was an expected case and considered as the result
of psychrometric relation between indoor temperature
and THI. A 65.8% correlation (P<0.01) was observed
between outdoor temperature and MR. Indoor temperature
was mostly depend on outdoor temperature because of
insufficient acclimatization and ventilation. Increasing out-
door temperatures rapidly increase indoor temperatures
and move the growing atmosphere away from the
“comfort zone"” and consequently increase the mortality
rates. A decreasing relationship was observed between
egg yield and outdoor temperatures (59.4%) (P<0.01).
Such a relationship again indicates the negative impacts of
outdoor temperature on animal comfort and consequent
egg vyields for poultry houses without sufficient climate
control.
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Furthermore, it is well known fact that EPR performance
losses down to 75% is an economic break-even point.
According to genetic company performance charts 5, EPR
values at week 27 and 47 are 96% and 91% respectively.
In addition 75% EPR value occurs at week 80 for ISA Brown
layers. However the results of this study showed that
exceeding optimum conditions can cause more adverse
effects than aging resulting an EPR value of 91% at week
27 and 76% at week 47.

Heat stress is the most significant factor to be considered
in laying hen poultry houses. Beside the construction and
equipments, climate-related environmental factors play a
critical role in performance and yields of hens. Therefore,
heat transfer coefficients of constructional members,
especially of walls and roof, should be kept as low as
possible to prevent excessive cooling in winter months
and heat-up in summer months. Measures should be taken
not only against cold stress but also against heat stress.

Indoor temperatures should be prevented not only
against seasonal changes in temperatures but also against
daily sudden changes in temperatures. Since it is impossible
to totally eliminate heat stress-related economic losses
due to physiological and metabolic changes, some kind
of measures may be taken for constructional members,
indoor production techniques and/or feeding practices to
minimize such losses.
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Summary

The essential oil from bark of Cinnamomum zeylanicum Lauraceae was analyzed by GC and GC-MS systems in this research. The essential oil was
obtained by hydrodistillation, in 0.7 (v/w) oil yields. Twelve constituents representing 99.2% of the cinnamon oil were identified. The major compounds
in the oil were cinnamaldehyde (88.2%), benzyl alcohol (8.0%) and eugenol (1.0%). To determine antioxidant activity of the cinnamon oil, a total of
180 quiails, fifteen-days-old, were allocated into 6 groups consisting of 10 birds of 3 replicates according to balanced gender and inital live weight.
The birds were kept in wire cages in a temperature controlled room at 22°C for 24 h/d in thermo-neutral (TN) groups. For heat-stress (HS) groups, the
birds were exposed to 34°C for 8 h/d (from 9:00 to 17:00), and later 22°C 16 h/d was performed. Relative humidity was approximately 60-65%. Basal
diet was given to control groups in both TN and HS. The birds were fed with the basal diet supplemented 250 or 500 ppm cinnamon oil in the other
experimental groups. Heat stress increased the malondialdehyde (MDA) levels of liver (P<0.001), heart (P<0.01) and kidney (P<0.05). It also induced
superoxide dismutase (SOD) production of liver (P<0.001) and kidney (P<0.05). Glutathione peroxidase (GSH-Px) activity and glutathione (GSH) level of
liver (P<0.001, P<0.05) and heart (P<0.001, P<0.05) were found lower under HS condition. Cinnamon oil supplementation to diet significantly increased
antioxidant enzyme activity and GSH level of the tissues in both enviromental conditions (P<0.01). Dose of 500 ppm cinnamon oil had strong effect on
antioxidant activity of the internal organs (P<0.01). In conclusion, cinnamon oil supplementation to diet reduced the adverse effects of heat stress and
resulted the protective effect on the internal organs by activating antioxidant mechanism.

Keywords: GC-MS, Cinnamon oil, Lipid peroxidation, Antioxidant activity, Quail, Heat stress

Termo-Notral ve Sicaklik Stresi Kosullarindaki Japon
Bildircinlarinda Tar¢in Kabugu Yaginin
(Cinnamomum zeylanicum L.) Antioksidan Aktivitesi

Ozet

Bu arastirmada, tarcin (Cinnamomum zeylanicum Lauraceae) kabugundan elde edilen ugucu yag GC and GC-MS sistemleri ile analiz edilmistir.
Ucucu yagin elde edilmesinde hidrodistilayon 0.7 (v/w) metodu kullaniimistir. Elde edilen yagin %99. 2 sini olusturan oniki bilesen tanimlanmistir. Targin
yaginin dnemli bilesenlerini sinamaldehid (%88.2), benzil alkol (%8.0) ve djenol (%1.0) olusturmaktadir. Tar¢in yaginin antioksidan aktivitesini belirlemek
icin toplam 180 adet on bes giinliik bildircin, alti alt gruba ayrilmistir. Her grup on bildircin iceren tig tekerriirden olusturulmus, gruplar baslangig canli
agirhigr ve cinsiyet bakimindan dengelenmistir. Bildircinlar sicaklik konttirollii odalarda tel kafeslerde, termo-nétral (TN) grupta 22°C'de 24 saat/giin
seklinde barindiriimislardir. Sicaklik stresi (HS) gruplari glinde 8 saat stresince (9:00'dan 17:00'ye/tiim arastirma) 34°C’ye ve daha sonra 22°C’ye 16 saat/
gun sicakliga maruz birakilmislardir. Bagil nem yaklasik %60-65 dir. TN ve HS sartlarinda kontrol grubundaki bildircinlara temel yem verilmistir. Diger
deneme gruplari temel yeme 250 ve 500 ppm tar¢in yadi ilave edilen yemle beslenmislerdir. Sicaklik stresi karaciger (P<0.001), kalp (P<0.01) ve b&brek
(P<0.05) dokularinda malondialdehit (MDA) diizeyini yikseltmistir. Stres karaciger (P<0.001) ve bobrek (P<0.05) dokularinda stiperoksit dismutaz (SOD)
aktivitesini artirirken, karaciger (P<0.001, P<0.05) ve kalp dokularinda (P<0.001, P<0.05) sirasiyla glutatyon peroksidaz (GSH-Px) aktivitesi ile glutatyon
(GSH) seviyesini azaltmistir. Yeme ilave edilen tarcin yadi her iki cevre sartinda dokularin antioksidan enzim aktiviteleri ile GSH diizeyini dnemli dlglide
ylkseltmistir (P<0.01). Tar¢in yaginin 500 ppm diizeyindeki dozu gii¢lii antioksidan 6zellik géstermistir (P<0.01). Sonug olarak, yeme katilan tarcin yagi
sicaklik stresinin olumsuz etkilerini azaltmis ve antioksidan metabolizmayi aktive ederek i¢ organlar tizerinde koruyucu etki gdstermistir.

Anahtar sozciikler: GC-MS, Tarcin yadi, Oksidatif stres, Antioksidan aktivite, Bildircin, Sicaklik stresi

& lletisim (Correspondence)
+90 424 2370000/3952
D4 gsimsek@firat.edu.tr
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INTRODUCTION

Heat stress (HS) is a very serious situation for poultry and
can be described as difficulty achieving a balance between
body heat production and heat loss. Air temperature,
humidity, radiant heat and air speed are important factors
causing acute or chronic HS in poultry. Acute HS refers
to short and sudden periods of the extremely conditons,
whereas chronic HS refers to extended periods of elevated
the conditions "2, Under the long term stress condition
or repeated stress, birds start to fatigue and weak 231,
Long-term regulation of body in chronic stress conditions
are characterized by adrenal cortical hypertrophy and
increased synthesis and release of adrenal glucocorticoids,
known as corticosterone (CORT) in bird . Administration of
CORT may initially induce the formation of reactive oxygen
species (ROS) as indirectly reflected by an increase in lipid
peroxidation (LP) ©7. The ROS including hydrogen peroxide
(H,0,), hypochlorous acid (HCIO) and free radicals such
as the hydroxyl radical (-OH) and the superoxide anion
(O,") are produced in cells. ROS is a natural by-product of
the routine metabolism of oxygen, however under the
environmental stress (e.g., heat stress), levels of ROS can
increase dramatically. This may resulted with significant
damage in the cell structure. Cumulatively, this is known as
oxidative stress . Malondialdehyde (MDA) is one of the final
products of polyunsaturated fatty acids peroxidation in the
cells. An increase in ROS causes overproduction of MDA,
it is a reactive aldehyde and is one of the many reactive
electrophile species that cause toxic stress for the cells .
Superoxide dismutase (SOD) is a group of metalloenzymes
whose function appears to be protection of cells from the
toxic effects of the endogenously generated superoxide
radicals ®. Glutathione (GSH) is an antioxidant that play
a major role in a redox potential regulation, detoxication
of ROS, and also serves as a store and transport form of
cysteine as well ", Glutathione peroxidase enzyme (GSH-
Px) provides a mechanism for detoxification of peroxides
(e.g. H,0,) and a wide variety of organic peroxides (R-OOH)
to alcohols (R-OH) and water using cellular glutathione
in living cells . External antioxidants can directly react
with free oxygen radicals, genotoxic susbtances or
carcinogenics, by chelating complexes with transition
metals, act as reducing agents, induce the production of
antioxidative enzymes 112,

Cinnamon (Cinnamomum zeylanicum L.) is native to
tropical Asia, especially Sri Lanka and India. Cinnamon
bark is used as spices and for the production of essential
oil. It has lots of medical properties ¥ and antioxidant
activity M. Plant tissue of cinnamon has a wide variety
of phenolic compounds such as flavonoids, isoflavones,
flavones, catechin and other phenolics. The phenolic
compounds are dominant antioxidants that exhibit
scavenging efficiency on ROS. The plant tissue has also
strong antioxidant capacity because of richness from some
antioxidant vitamins and minerals 1>,

The objective of the present study is to determine
antioxidant property of Cinnamomum zeylanicum bark oil
in Japanese quails reared under thermo neutral and heat
stressed condition.

MATERIAL and METHODS

Experimental Design

A total of 180 Japanese (Coturnix coturnix Japonica) quails,
fifteen-days-old, obtained from a commercial company
were used for the experiment. This study was undertaken
after ethical approval of Firat University (Official form date
and number: 20.01.2011 and 2011/15). The experiment was
conducted at the Poultry Unit of Firat University. The birds
were assigned to experimental groups at the beginning of
the study with a balanced gender and inital live weight.
The experimental design were performed according to 2
(thermo neutral-TN, high ambient temperature-HS) x 3
(cinnamon oil levels: 0, 250, 500 ppm) factorial design, 6
treatment groups consisting of 10 birds with 3 replicates. The
birds were kept in wire cages in a temperature controlled
room at 22°C for 24 h/d in TN groups. For HS groups, the
birds were exposed to 34°C for 8 h/d (from 9:00 to 17:00),
and later 22°C 16 h/d was performed. Relative humidity
was approximately 60-65%. Basal diet was given to control
groups of both TN and HS. The birds were fed with the
basal diet supplemented 250 or 500 ppm cinnamon oil
in the other experimental groups. The cinnamon oil was
mixed in a carrier (zeolite), then added to the basal diet
at a level of 1 kg/ton. The concentration of the volatile
components in cinnamon oil was shown at Figure 1 (shown
as percentage peak areas of GC-MS). Diets and fresh water
were given ad libitum. Light was provided continuously (24
h) throughout the experiment. Ingredients and chemical
composition of the basal diet were shown at Table 1.

At the end of the study (43 day) six male and six
female quails from each experimental group whose body
weight near the group average were slaughtered. After
slaughtering process, liver, heart and kidney tissues were
obtained from the carcasses and wrapped with aluminum
foil and stored at -20°C until analysis.

Chemical Analysis

Chemical composition of feed ingredients (dry matter,
crude protein, ash and ether extract) were analyzed
according to the AOAC " procedures and crude fibre was
determined by the method of CRAMPTON and MAYNARD '8,

Gas Chromatographic (GC) Analysis

The essential oil was analyzed using HP 6890 GC
equipped with and FID detector and an HP- 5 MS (30 m x
0.25 mm i.d., film tickness 0.25 um) capillary column was
used. The column and analysis conditions were the same as
in GC-MS. The percentage composition of the essential oil
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Table 1. Ingredients and chemical composition of basal mix diet

Tablo 1. Bazal karma yemin bilesimi ve kimyasal kompozisyonu

Feed . % Nutritior.la_l %

Ingredients Composition

Maize 29.03 Dry matter 88.25

Wheat 25.00 | Crude protein 23.87

Soybean meal (48 CP) 34.29 Crude fibre 2.55

Corn Gluten 4.10 Ether extract 4.75

Vegetable oil 2.92 Ash 5.45

Dicalcium phosphate 2.02 Calcium **** 1.00

Ground limestone 0.87 Total phosphorus**** 0.79

NaHCO, 0.12 ME, kcal/kg**** 2897

Salt 0.28

DL-Metiyonin 0.02

Vitamin mix * 0.25

Mineral mix** 0.10

Additive*** 1.00
* Vitamin premix supplied per 2.5 kg; Vitamin A 12.000.000 IU; vitamin D,
2.000.000 IU; vitamin E 35.000 mg; vitamin K; 4.000 mg; vitamin B, 3.000
mg; vitamin B, 7.000 mg; Niacine 20.000 mg; Calcium D-pantotenat 10.000
mg; vitamin By 5.000 mg; vitamin B,, 15 mg; Folik Asit 1.000 mg; D-Biotin
45 mg; vitamin C 50.000 mg; Choline chloride 125.000 mg; Canthaxanthin
2.500 mg; Apo Karotenoik Acid Ester 500 mg , ** Mineral premix supplied
per kg; Mn 80.000 mg; Fe 60.000 mg; Zn 60.000 mg; Cu 5.000 mg; Co 200
mg; | 1.000 mg; Se 150 mg, *** Group Cinnamon 0 (1000 g zeolit); Group
Cinnamon 250 (25 g cinnamon 0il+975 g zeolit); Group Cinnamon 500 (50
g cinnamon oil + 950 g zeolit), **** Calculated

was computed from GC - FID peak areas without correction
factors.

Gas Chromatography/Mass Spectrometry
(GC-MS) Analysis

The oils were analyzed by GC-MS, using a Hewlett
Packard system. HP- Agilent 5973 N GC-MS system with
6890 GC in Plant Products and Biotechnology Res. Lab. in
Firat University. HP-5 MS column (30 m x 0.25 mm i.d,, film
tickness 0.25 um) was used with helium as the carrier gas.
Injector temperature was 250°C, split flow was 1 ml/min.
The GC oven temperature was kept at 70°C for 2 min and
programmed to 150°C at a rate of 10°C/min and then kept
constant at 150°C for 15 min to 240°C at a rate of 5°C/min.
Alkanes were used as reference points in the calculation of
relative retention indices (RRI). MS were taken at 70 eV and a
mass range of 35-425. Component identification was carried
out using spectrometric electronic libraries (Wiley, Nist).

Lipid Peroxidation

The malondialdehyde (MDA) level was measured in
serum using the thiobarbituric acid reaction described
by PLACER et al.'®. The quantification of thiobarbituric
acid reactive substances was determined by comparing
the absorption to the standard curve of MDA equivalents
generated by acid catalyzed hydrolysis of 1,1,3,3 tetra-
methoxypropane. Each sample was assayed in duplicate, and
the assay coefficients of variation for MDA were less than 3%.

Superoxide Dismutase (SOD)

The plasma SOD activity was measured using xanthine
and xanthine oxidases to generate superoxide radicals
which react with nitroblue tetrazolium (NBT) 9, Briefly, each
sample was diluted 1:10 with phosphate buffer (50 mM,
pH 7.5). The assay solution containing sodium-carbonate
buffer (50 mM, pH 10), 0.1 mM xanthine, 0.025 mM NBT,
0.1 mM EDTA, xanthine oxidase (0.1 U/mL in ammonium
sulfate 2 M) and sample were mixed in a cuvette. One unit
of SOD activity was defined as the amount of enzyme
required to cause inhibition of NBT. SOD activity was then
measured at 560 nm by the degree of inhibition of this
reaction on a spectrophotometer and expressed as U/mL.

Glutathione Peroxidase (GSH-Px)

The GSH-Px activity was determined according to
LAWRENCE and BURK 2!, The reaction mixture consisted of
50 mM potassium phosphate buffer (pH 7.0), 1 mM ethylene
diamine tetra acetic acid (EDTA), T mM sodium azide (NaN3),
0.2 mM reduced nicotinamide adenine dinucleotide
phosphate (NADPH), 1 1U/ml oxidized glutathione (GSSG)-
reductase, T mM GSH, and 0.25 mM hydrogen peroxide
(H,0,). Enzyme source (0.1 ml) was added to 0.8 ml
of the above mixture and incubated at 25°C for 5 min
before initiation of the reaction with the addition of 0.1
ml of peroxide solution. The absorbance at 340 nm was
recorded for 5 min on a spectrophotometer. The activity
was calculated from the slope of the lines as micromoles of
NADPH oxidized per minute. The blank value (the enzyme
was replaced with distilled water) was subtracted from
each value.

Reduced Glutathione (GSH)

The GSH content of the serum was measured at 412 nm
by the method of SEDLAK and LINDSAY 22, The samples
were precipitated with 50% trichloroacetic acid and then
centrifuged at 1000 x g for 5 min. The reaction mixture
contained 0.5 ml of supernatant, 2.0 ml of Tris-EDTA
buffer (0.2 M; pH 8.9) and 0.1 ml of 0.01 M 5,5'-dithio-
bis-2-nitrobenzoic acid. The solution was kept at room
temperature for 5 min, and then read at 412 nm on the
spectrophotometer.

Statistical Analysis

Data were evaluated by using GLM (General Linear
Model) procedure (2x3 factorial design), significant
differences were further subjected to Duncan’s multiple
range test (SPSS) . The results were considered significant
when P values were lower than 0.05.

RESULTS

Twelve compounds were identified by GS-MS in C.
zeylanicum bark oil representing 99.2% of the total oil (Fig. 1
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Fig 1. Total ion chromatogram of
Cinnamon (Cinnamomum zeylanicum
L.) bark volatile oil.

Sekil 1. Tar¢cin (Cinnamomum
zeylanicum L.) kabugu ucucu yaginin
toplam iyon kromotogrami

a@n

"

T ey
nm 15mM

Table 2. Chemical composition of cinnamon (Cinnamomum zeylanicum
L.) bark volatile oil

Tablo 2. Tarcin (Cinnamomum zeylanicum L.) kabugu ugucu yaginin

kimyasal kompozisyonu

Peak | RT RRI | Compounds Peak Area | Identification
No | (min) - (%) Method
1 579 | 976 | p-Xylene 0.2
2 8.86 | 1044 | Benzaldehyde 0.3
3 11.50 | 1102 | Benzyl Alcohol 8.1
4 12.84 | 1131 | Formicacid 0.2
5 13.62 | 1148 | a-Terpinolene 0.1
6 15.63 | 1192 | Benzenepropanol 0.1
7 16. 121 -Terpi | 1
6.69 6 | a-Terpineo 0 GC, GC-MS
8 |19.87 | 1286 | Cinnamaldehyde 88.2
9 [2241 | 1341 | Eugenol 1.0
Cinnamaldehyde
10 |28.86 | 1483 | propylene glycol 0.5
acetal
11 | 2956 | 1493 | H-Cycloprople] 0.1
azulene
12 | 42.71 | 1788 | Benzyl cinnamate 0.3
Total 99.2
RT:Retention Time, RRI: Relative Retention Indices, RRI=((RT*100)+3865)/4.55

and Table 2). Three of them are major compounds including
cinnamaldehyde (88.2%), benzyl alcohol (8.0%) and eugenol
(1.0%). Other nine compounds are minor containing in
amounts less than 1%, including cinnamaldehyde propylene
glycol acetal (0.5%), benzaldehyde (0.3%), benzyl cinnamate
(0.3%), p-xylene (0.2%) formic acid (0.2%), a-terpinolene
(0.1%), benzenepropanol (0.1%), a-terpineol (0.1%), 1H-
cycloprople]azulene (0.1%).

Heat stress increased the MDA levels of liver (P<0.001),
heart (P<0.01) and kidney (P<0.05) tissues (Table 3). SOD
production of liver (P<0.001) and kidney (P<0.05) were
found higher, however GSH-Px activity and GSH production
of liver (P<0.001, P<0.05) and heart (P<0.001, P<0.05) were
found lower under the HS condition. Cinnamon oil addition

to diet decreased MDA levels of liver (P<0.05), heart
(P<0.001) and kidney (P<0.05) tissues under HS condition,
the current dose of cinnamon oil did not have significant
effect in that condition. MDA level of heart was decreased
(P<0.001) with the dose of cinnamon oil in TN condition
even 500 ppm level had better effect. SOD activity of liver
(P<0.001) and heart (P<0.05) increased in cinnamon oil
groups in both enviromental conditions. GSH-Px activity of
heart (P<0.05) in thermo-neutral condition and GSH level
of heart (P<0.01) and kidney (P<0.01) were found to be
higher in cinnamon groups in the both conditions.

DISCUSSION

The results of the current study show that twelve
compounds representing 99.2% of the total essential oil of
C. zeylanicum bark were identified. The major compounds
in the essential oil were cinnamaldehyde (88.2%), benzyl
alcohol (8.0%) and eugenol (1.0%). Other components
analyzed in the oil were less than 1%. The composition of
the essential oil of C. zeylanicum is quite variable, depending
on the locality of growth and different part of the plant.
However, eugenol is main component of the oil from leaf
and cinnamaldehyde for the oil from bark 2+, WANG et al.*®!
reported that twenty one volatile compounds identified
from the essential oil of C. zeylanicum leaf, including
aldehydes, alcohols, alkanes, ketones, ethers and sulfides.
Eugenol (79.75%) was the major volatile component
instead of trans-cinnamaldehyde (16.25%). FICHI et al.l?”!
stressed that eugenol (76.1%), caryophyllene (6.7%) and
linalool (3.7%) were the major components in the chemical
composition of the essential oil of C. zeylanicum leaves.
Similar to the current study, UNLU et al.?® analyzed the
essential oil from the bark of C. zeylanicum by using GC-
MS. Nine constituents representing 99.24% of the total
oil were identified. The major compounds in the oil were
cinnamaldehyde (68.95%), benzaldehyde (9.94%) and
cinnamyl acetate (7.44%). YANG et al.?! showed that C.
zeylanicum bark essential oil was composed of three
major [cinnamaldehyde (58.1%), benzaldehyde (12.2%) and
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Table 3. Malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and glutathione (GSH) levels ofinner organs in experimental

groups
Tablo 3. Deneme gruplarinda i¢ organlarin malondialdehit (MDA), siiperoksit dismutaz (SOD), glutatyon peroksidaz (GSH-Px) ve glutatyon (GSH) diizeyleri
HS-Heat Stress TN- Thermo Neutral P- Statistical Significance
Traits Cinnamon Oil, ppm Cinnamon Oil, ppm SEM Main Effects
o | mo s | o | m0 | so
MDA (nmol/mL)
Liver 12.29° 8.21° 8.25P 6.134 5.89% 5.74* 0.46 HxX * NS
Heart 191.332 | 129.53° | 129.93° | 13149 | 123.32% | 97.96° 5.39 ** e NS
Kidney 62.82° 51.95° 47.92° 51.43* 45.50 46.26" 1.59 * * NS
SOD (U/Hb/mL)
Liver 1.24° 2.06%° 237° 1.288 1.35%8 1.58% 0.08 *xx e **
Heart 6.60° 8.26° 7.63% 6.738 8.20% 8.15% 0.21 NS ** NS
Kidney 2.92 3.17 3.34 2.77 2.95 2.64 0.08 * NS NS
GSH-Px (U/g Hb)
Liver 0.05 0.06 0.06 0.07 0.08 0.06 0.00 *xE NS NS
Heart 0.29° 0.32° 0.29° 0.358 0.33% 0.44* 0.01 FEE * NS
Kidney 0.10 0.11 0.09 0.10 0.11 0.10 0.00 NS NS NS
GSH (nmol/mL)
Liver 0.011 0.010 0.010 0.012 0.012 0.015 0.00 * NS NS
Heart 0.030° 0.040° 0.029° 0.0258 0.034* 0.030%® 0.00 * *x NS
Kidney 0.018° 0.013° 0.024° 0.0208 0.016% 0.036% 0.00 NS ** NS
CO*EC: Interaction between main effects, SEM: Standart Error of Mean, NS: P>0.05, * P<0.05, **P<0.01, ***P<0.001, “b<andA8<: Meas with different superscripts
in a sub group significantly differ

eugenol (5.1%)] and six minor constituents by GC-MS. The
essential oil of cinnamon bark is known to be a unique
aromatic monoterpene-rich natural source, with trans-
cinnamaldehyde (45.62%) as the major constituents. It
contains relatively high amounts of phenolic compounds
(18.2% of the oil), their phenolic group plays an important
role in antioxidant activity, which act as hydrogen donor 037,
VARALAKSHMI et al.B? reported that bark of C. zeylanicum
was a potential source of natural antioxidants, and could
be used in any preparations for combating free radical
mediated damage to the body. MATHEW and ABRAHAM B3I
showed that cinnamon exracts contain a number of anti-
oxidant compounds which could effectively scavenge
reactive oxygen species including superoxide anions and
hydroxyl radicals as well as other free radicals. CIFTCI et
al.B¥% suggested that cinnamon oil might play an important
role as an endogenous antioxidant metabolism and could
also be applicable as a protective agent against tissue
damage. Increasing MDA levels of liver, heart and kidney in
the current study might be due to the heat stress condition.
The liver tissue was quite affected from HS force compared
to heart and kidney. HS induced SOD production in liver
and kidney. It decreased the GSH-Px and GSH production
of liver and heart. Similarly, YANG et al.B*! mentioned
about heat stress induced a significant production of
ROS, function of the mitochondrial respiratory chain, anti-
oxidative enzymes such as SOD, CAT, GSH-Px activity
and formation of MDA. Supplementation of cinnamon oil

of both doses to diet reduced MDA production in liver,
heart and kidney, especially under HS condition. SCHMIDT
et al.*® mentioned about among all oxygen radicals the
hydroxyl radical (OH-) was the most reactive and damages
diverse biomolecules, and cinnamon oil showed high
hydroxyl radical-scavenging activity because of its
phenolic structure. FAIX et al®”! observed that 0.1% level
C. zeylanicum essential oil significantly decreased the
concentration of MDA in plasma and duodenal mucosa,
however it had no significant effect on the concentration of
MDA in the liver and kidney tissues. The dose of cinnamon
oil induced the SOD production in liver and heart tissues.
Moreover, there was significant interaction between
enviromental condition and dose of cinnamon oil in the
liver tissue. GSH levels of heart and kidney and GSH-Px
activity of heart were also found higher in cinnamon
supplemented groups under different enviromental
condition. These findings indicated that cinnamon oil had
protective effects on liver, heart and kidney by activating
antioxidant mechanism in the cells. In agree with these
results, MOSELHY and JUNBI B# reported that cinnamon
contained high level of phenolic groups had a potent
hepatoprotective activity by inhibiting the chain reaction
of lipid peroxidation resulting decrease in MDA level and
elevate in SOD activities. ULLAH et al.?¥ showed that C.
zeylanicum had strong nephroprotective effect, especially
against aminoglycosides induced nephrotoxicity due to its
strong antioxidant property. NOORI et al.*® reported that
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cinnamon markedly showed antioxidant activity in liver,
kidney and heart tissues. In addition, cinnamon is rich from
lots of vitamins and minerals "%, These contents could
be effective on antioxidant mechanism of cinnamon and
cause well-being of the birds.

The results obtained from this study have given some
clues on the chemotaxonomy of this plants. Cinnamaldehyde
is predominant compound in essential oil of Cinnamomum
zeylanicum bark. Chronic heat stress increased oxidative
stress in hepatic, heart and renal tissues, which is
characterized by reduction of the antioxidant enzyme
activities and glutathione levels, and it resulted with the
elevation of MDA level. Both doses of C. zeylanicum bark oil
exhibited significant antioxidant activity in growing quails
through the activation of antioxidant enzymes, especially
under heat stress condition.
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Ozet

Bu calisma, sigirlarda Babesia bovis ve Babesia bigemina’'nin molekiler teshisinde Reverse Line Blotting (RLB), Nested PCR ve
Real Time PCR tekniklerinin kiyaslanmasi amaciyla planlanmistir. Tirkiye'nin farkl illerindeki sigirlardan daha 6nce farkli projelerde
kullanilmak tizere toplanmis ve laboratuarda muhafaza edilen 400 adet kan 6rneginden genomik DNA ekstraksiyonu yapilmistir. Elde
edilen genomik DNA'larin konsantrasyonlari NanoDrop spektrofotometrede 6l¢tilmiis ve uygun konsantrasyonlari hazirlandiktan sonra
RLB, Nested PCR ve Real Time PCR teknikleri ile analiz edilmistir. RLB sonuglarina gore incelenen 6rneklerin toplam 18'inin (%4.50) B.
bovis, 59'unun (%14.75) B. bigemina, 16'sinin (%4.00) Babesia spp. ve 2'sinin (%0.50) B. bovis + B. bigemina; Nested PCRile 23'linlin (%5.75)
B.bovis, 71'inin (%17.75) B. bigemina ve 7'sinin (%1.75) B. bovis + B. bigemina; Real Time PCRiile 23'linlin (%5.75) B. bovis, 75'inin (%18.75)
B. bigemina ve 9'unun (%2.00) ise B. bovis + B. bigemina ile miks enfekte oldugu belirlenmistir. Real Time PCR teknigi ile kiyaslanmasi
sonucu Nested PCR tekniginin %94.4 sensitivite ve %100.0 spesifite gosterdigi; RLB tekniginin ise %88.8 sensitivite ve %100.0
spesifiteye sahip oldugu belirlenmistir. RLB testinde Babesia spp. belirlenen 16 6rnegin hem Real Time PCR hem de Nested PCR'da 5'inin
B. bigemina, 9'unun B. bovis, 2'sinin ise B. bovis + B. bigemina ile miks enfekte oldugu saptanmistir. Sonug olarak bu ¢calismaile sigirlarda
B. bovis ve B. bigemina'nin arastiriimasinda Real Time PCR yonteminin Nested PCR ve RLB tekniklerine oranla daha duyarli oldugu
belirlenmistir.

Anahtar sozciikler: Babesia bovis, Babesia bigemina, Sigir, Nested PCR, Revers Line Blotting, Real Time PCR

Comparative Diagnosis of Babesia bovis and Babesia bigemina
in Cattle by Reverse Line Blotting, Nested PCR and Real Time
PCR Techniques

Summary

This study was carried out to compare Reverse Line Blotting (RLB), Nested PCR and Real Time PCR techniques in the molecular
diagnosis of Babesia bovis and Babesia bigemina in cattle. Genomic DNA extractions were performed on 400 blood samples which
were previously collected from cattle in various provinces of Turkey and stored in the laboratory with respect to use in different project
studies. The concentrations of the DNAs were measured in NanoDrop spectrophotometer and analyzed by RLB, Nested PCR and Real
Time PCR techniques after preparing the suitable concentrations. Totally 18 (4.50%), 59 (14.75%), 16 (4.00%) and 2 (0.50%) of examined
samples were found to be infected with B. bovis, B. bigemina, Babesia spp. and B. bovis + B. bigemina mix, respectively by RLB. 23
(5.75%), 71 (17.75%), 7 (1.75%) and 23 (5.75%), 75 (18.75%), 9 (2.00%) of the examined samples were found to be infected with B. bovis,
B. bigemina and B. bovis + B. bigemina mix by Nested PCR and Real Time PCR, respectively. When comparing the Nested PCR and RLB
results with Real Time PCR assay, 94.4% and 88.8% sensitivity and both 100.0% specificity were determined, respectively. 5, 9 and 2
out of the total 16 Babesia spp. positivity’s in RLB test were determined as B. bigemina, B. bovis, B. bovis + B. bigemina mix, respectively
by both Real Time and Nested PCR. In conclusion, Real Time PCR was found to be more sensitive than Nested PCR and RLB in the
investigation of B. bovis and B. bigemina in cattle with this study.

Keywords: Babesia bovis, Babesia bigemina, Cattle, Nested PCR, Revers Line Blotting, Real Time PCR
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GiRiS

Babesiosis; Apicomplexa anag altindaki Babesia tirle-
rinin meydana getirdigi, tropik ve subtropik bolgelerdeki
evcil ve yabani hayvanlar ile insanlarda da gorilen,
zoonotik karekterli protozoer bir hastaliktir. Bu hastaliga
neden olan Babesia tiirleri, Ixodidae ailesine bagh vektor
kene tirleri tarafindan transovarial ve transstadial olarak
nakledilmektedir M. Babesia bigemina ve B. bovis Afrika
Asya, Avustralya, Gliney Avrupa, Orta ve Glney Amerika
ile Turkiye'de de yayginlik gosteren sigir babesiosis etken-
lerinin basinda gelmektedir [,

Sigirlarda babesiosis'in Turkiye'deki durumu hakkinda
yapilan calismalarin blylk bir cogunlugunu mikroskobik
ve serolojik calismalarin olusturdugu gorilmekte olup
molekiler calismalarin sayisinin oldukga sinirh oldugu,
Real Time PCR ile ilgili calismalarin ise bu gline kadar
bulunmadigi dikkati cekmektedir &, Tiirkiye'nin cesitli bolge-
lerinde sigirlarda mikroskobik teshis tabanli calismalara
gore B. bovis'in %0.5-%34.8, B. bigeminanin %0.5-%32.2 ¢,
serolojik calismalara gore B. bovis'in %1.3-%51.4, B.
bigemina'nin %0.9-%100.0 3467, sinirh sayidaki molekiler
tabanh calismalara gore ise B. bovis'in %1.8-12.7, B.
bigemina'nin %0.77-%14.0 2 arasinda prevalans goster-
digi belirlenmistir.

Bu calisma, Turkiye'nin cesitli yorelerindeki sigirlardan
daha onceki cesitli proje calismalarinda kullanilmak (izere
toplanmis ve Parazitoloji Anabilim Dali laboratuarinda
muhafaza edilen EDTA'I kanlarda sigir babesiosis'inin en
yaygin ve énemli iki tiiri olan B. bovis ve B. bigemina’nin
molekiiler teshisinde Nested PCR, Reverse Line Blotting (RLB)
ve Real Time PCR ydntemlerinin kiyaslanmalari amaciyla
planlanmistir.

MATERYAL ve METOT

Hayvan Materyali ve Kan Ornekleri

Bu arastirma icin gerekli etik kurul onayi Erciyes
Universitesi Deney Hayvanlari Etik Kurul Baskanhgrndan
alinmistir (11.11.2009 tarih ve 09/65 sayili onay belgesi).
Galismanin materyalini, 2007-2009 yillar arasinda, TSA-09-
943 kodlu ve “Kayseri Yoresinde Ruminantlarda Theileria
Tirlerinin Filogenetik Analizleri” bagshkli; TSD-08-346 kodlu
ve “Karadeniz Bolgesindeki Sigirlardan Elde Edilen Babesia
bovis Suslarinin Molekiiler Karakterizasyonu” baslikli; TSD-
09-700 kodlu ve “Marmara ve Ege Bodlgesindeki Sigir-
lardan Elde Edilen Babesia bovis Suslarinin Molekiler
Karakterizasyonu” bashkl; 02-50-1 kodlu ve “Kayseri
Yoresinde Sigirlarda Bazi Babesia Turlerinin RLB ve IFA
Testi ile Karsilastirmali Tanisi Uzerine Arastirmalar” bashkl
proje calismalarinda kullanilmak Gzere Tarkiye'nin farkli
illerindeki sigirlardan toplanmis ve Erciyes Universitesi
Veteriner Fakultesi Parazitoloji Anabilim Dali cryobankinda
muhafaza edilen 400 adet EDTA'li kan 6rnegi olusturmustur.

Genomik DNA Ekstraksiyonu

EDTA'li kan 6rneklerinden genomik DNA ekstraksiyonu,
tam otomatik DNA/RNA ekstraksiyon cihazi (Bioneer
ExiprepTM 16) kullanilarak yapilmistir. Final eltisyon 50pl
olacak sekilde ayarlanmis ve elde edilen DNA miktarlari
Nanodrop spektrofotometre (ACT Gene ASP-3700) kulla-
nilarak olctlmdstir. Genomik DNA ekstraktlar kullanilana
dek -20°C'de muhafaza edilmistir.

Reverse Line Blotting (RLB)

On asamada gerekli olan PCR reaksiyonunda, Theileria
ve Babesia soylarindaki parazitlerin 185 rRNA geninin
degisken V4 bolgesinden, blyukligu yaklasik 390 ile 430
bp arasinda degisen bir bolgeyi amplifiye eden genel
primerler (RLB-F2 ve RLB-R2) kullaniimistir. PCR protokolii
ilgili referansa gore ayarlanmigtir 4. PCR sonucu elde edilen
amplikonlar jel dokiimentasyon sistemi (Gen Genuis)
ile agaroz jel lizerinde goruntilendikten sonra her bir
ornekten 40 pl amplikon alinarak RLB hibridizasyonunda
kullanilmistir. RLB icin piroplasm turleri [Catch All (Theileria/
Babesia)]l, Babesia spp., B. bovis, B. bigemina, B. divergens
ve B. major spesifik problarla uygun membran hazirlan-
diktan sonra hibridizasyon basamagina gecilmistir. RLB
sonuclarinin degerlendirilmesinde hiperfilmler lizerinde
prob ve PCR drinlerinin dokuldigi siralarin kesistigi
yerlerde meydana gelen siyah lekeler pozitif olarak kabul
edilmistir 12,

Nested-PCR

Sigir kanlarindan elde edilen DNA ekstraktlari ilk PCR
reaksiyonunda B. bovis ve B. bigemina’'nin 185 rRNA gen
bolgesinden yaklasik 582 bp'lik bolgeyi amplifiye eden KB-
16 ve KB-17 primerleri ile analize tabii tutulmustur. ilk
PCR'dan sonra elde edilen amplikonlardan 0.5 pl alinarak
B. bigemina icin 262 bp'lik bolgeyi amplifiye eden KB-18 ve
KB-19, B. bovis icin ise 217 bp'lik bolgeyi amplifiye eden KB-
24 ve KB-25 tir spesifik primerleri ile Nested PCR analizleri
gerceklestirilmistir. PCR protokolleri ilgili referansa gore
belirlenmistir 1. Amplifikasyon sonunda elde edilen PCR
Urtnleri (10 pl) %1.5'lik agaroz jelde elektoforeze tabi
tutularak, CLP Jel Dékiimantasyon Sistemi ve Gene Snap
from Syngene analiz programi (UVP INC Uplant, CA ) ile
goruntilenip analiz edilmistir.

Real Time-PCR

Kan 6rneklerinde B. bovis ve B. bigemina turlerinin
Real Time PCR ile arastirilmasinda sirasi ile Sybergreen ve
TagMan prob bazli gPCR kullaniimistir. Sybergreen tabanl
gPCR'da FastStart Universal SYBR Green Master (Rox)
Mix (Roche Diagnostics, Germany) kullanilarak B. bovis'in
Msa2c gen bdlgesinden 97-bp’lik bolgeyi amplifiye eden
Msa2c 2F, Msa2c 2R primerleri ile 6rneklerin Real Time PCR
analizleri gerceklestirilmistir 4. Analizlerde pozitif kontrol
olarak anabilim dalindaki referans B. bovis izolatlari, negatif
kontrol olarak ise steril deiyonize su kullaniimistir. PCR
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master mix Ureticinin agiklamalarina gore toplam 25 pl
hacimde hazirlanmis ve termal profil ilgili referansa gore
belirlenmistir 14,

TagMan prob bazli gPCR'da Brilliant Il QPCR Master
Mix (Stratagene, Agilent Technologies, USA) kullanilarak
B. bigemina'nin RAP-1 gen bdlgesinden dizayn ettigimiz
95-bp'lik bolgeyi amplifiye eden Rap1 F (5-TCAGCGACTAC
GTCCATTTG-3") ve Rap1 R (5'- AATCAACT TGGCAGGGT CAG-3))
orijinal primerleri ve ayni gen boélgesinden Rap1 P orijinal
probu (5-HEX-CCGCGTACAAGAGGTGGTACAGGAA- BHQ1-
3’) ile 6rneklerin Real Time PCR analizleri gerceklestiril-
mistir. Dizayn edilen primerler ve probun spesifiteleri
blastn ve Primer Blast (http://www.ncbi.nlm.nih.gov/
pubmed) analizleri ve ¢esitli genetik yazilimlarla kontrol
edilmis, ayrica anabilim dalindaki B. bigemina, B. bovis,
T. orientalis ve T. annulata referans izolatlari kullani-
larak etkinlik ve 6zgiinlik acisindan degerlendirilmistir.
Orneklerin islenmesinde pozitif kontrol olarak anabilim
dalindaki referans B. bigemina izolati, negatif kontrol
olarak ise steril deiyonize su kullanilmistir. PCR master
mix Ureticinin aciklamalarina gore toplam 25 pl hacim-
de; master mix 12.5 pl, Rap1 F (10 pmol) 1.0 ul, Rap1 R
(10 pmol) 1.0 upl, Rap1 P (10 pmol) 1.0 ul, genomik
DNA 50 ng pl ve steril deiyonize su 8.5 pl olacak
sekilde ayarlanmistir. Real Time PCR'da termal protokol
50°C'de 2 dk; 95°C'de 10 dk; 45 siklus, denaturation:
95°C'de 20 sn, annealing: 55°C'de 1 dk, olacak sekilde
programlanmistir.

istatistiksel Analiz

Sigirda B. bovis ve B. bigemina enfeksiyonlarinin tes-
hisinde kullanilan yontemlerin istatistiksel olarak sen-
sitivite ve spesifiteleri ilgili referansa gore belirlen-
mistir L. Testler arasindaki uyumun belirlenmesinde
Kappa testi kullaniimistir.

BULGULAR

RLB Sonuglari

RLB analizi sonucu pozitif belirlenen bazi 6rneklerin
hiperfilm Gzerindeki goruntisi Sekil 1'de verilmistir. RLB
sonuclarina gore 400 sigirdan toplam 18'inin (%4.50)
B. bovis, 59’unun (%14.75) B. bigemina, 16'sinin (%4.00)
Babesia spp. ve 2'sinin (%0.50) B. bovis ve B. bigemina miks
enfekte oldugu saptanmistir. Babesia soy ve tir spesifik
problarla pozitiflik veren tim 6rneklerin Catch-all probla
da pozitif reaksiyon verdigi goértlmastdr. Ayrica incelenen
orneklerde Catch-all (Theileria/Babesia) proba sinyal verip
Babesia soy ve tir spesifik problara sinyal alinamayan
toplam 48 6rnek (Theileria soyunda) belirlenmistir.

Nested PCR Sonuclari

Nested PCR'In 2. PCR basamadinda B. bigemina icin 185
rRNA gen bolgesinden 262 bp'lik bélgeyi amplifiye eden
KB-18 ve KB-19 primerleriyle ve B. bovis icin ise 18S rRNA
gen bolgesinden 217 bp'lik bolgeyi amplifiye eden KB-24
ve KB-25 primerler ile analiz sonucu pozitif belirlenen baz
izolatlarin jel agarozdaki goriiniimleri Sekil 2'de verilmistir.
Nested PCR sonuclarina gore 400 sigirdan toplam 23’
Unde (%5.75) B. bovis, 71'inde (%17.75) B. bigemina ve 7’
sinde (%1.75) ise B. bovis + B. bigemina miks enfeksiyon
saptanmistir.

Real Time PCR Sonuglari

Sybergreen tabanli gPCR'da, B. bovis'in Msa2c gen bol-
gesinden 97-bp'lik bolgeyi amplifiye eden Msa2c 2F, Msa2c
2R primerleri ile 6rneklerin analizi sonucu pozitif belirlenen
bazi orneklerin amplifikasyon ve melting egrileri Sekil
3'te goOsterilmistir. Pozitif orneklerde ortalama ¢éziinme
sicakhgr (Tm) 78.1°C (+0,2°C) olarak saptanmistir. Pozitif

Sekil 1. Bazi pozitif 6rneklerde RLB sonug-
larinin gorintisi

Fig 1. The image of RLB results in some
positive samples .

* &
- ' B. bigemina
Babesia sp.
‘ Catch-all

B. maior
B. divergens
B. bovis

— W iy G — —

Sekil 2. Nested PCR analizinin 2. PCR basamaginda B. bovis
ve B. bigemina pozitif belirlenen bazi 6rneklerin agaroz
jel Gzerindeki gorinimi. M: Marker (100bp), 1-7: Pozitif
ornekler, 8: Pozitif kontrol, 9: No DNA

Fig 2. Some B. bovis and B. bigemina positive samples on
agarose gel at the 2" step of the Nested PCR analyses.
M: Marker (100bp), 1-7: Positive samples, 8: Positive control,
9:No DNA
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orneklerde parazitemi acisindan belirlenen Ct (dR) (Esik
deger siklusu) degerleri ortalama 33.2 (22.3-41.8) olarak
belirlenmistir.

TagMan prob tabanli gPCR'da B. bigemina’'nin RAP-1
gen bolgesinden 95-bp'lik bolgeyi amplifiye eden Rap1 F
ve Rap1 R primerleri ve ayni gen bélgesinden dizayn edilen
Rap1 P probunun kullaniimasiyla belirlenen bazi pozitif
orneklerin amplifikasyon egrileri Sekil 4'te verilmistir.

Pozitif 6rneklerde parazitemi acisindan belirlenen Ct (dR)
degerleri ortalama 36.3 (15.7-44.0) olarak saptanmistir.

Babesia bigemina'nin Rap1 gen bdlgesinden dizayn
ettigimiz primer ve problarin GenBank’a kayitl tim B.
bigemina Rap1 izolatlari ile alignmentlari Sekil 5'te gos-
terilmistir. Rap1F primerinin M85186 izolati ile %95, diger
tim izolatlar ile %100; Rap1R primerinin ise AF017284
ve AF017294 izolatlari ile %95, diger tim izolatlar ile

AMPLIFICATION PLOTS

MELT CURVE

Sekil 3. Sybergreen Real Time PCR analizleri
sonucu B. bovis pozitif saptanan bazi 6rneklerin
amplifikasyon grafikleri (A) ve erime egrileri
(melting curve); Tm=78.1 (B). a: B. bovis pozitif
kontrol DNA; b,c,d,e: B. bovis pozitif 6rnekler; f: No
DNA, B. bigemina, T. annulata, T. orientalis

Fig 3. Amplification plots (A) and melting curves
Tm=78.1 (B) of some B. bovis positive samples in
Sybergreen Real Time PCR assay. a: B. bovis positive
control DNA; b,c,d,e: B. bovis positive samples; f: No
DNA, B. bigemina, T. annulata, T. orientalis

Sekil 4. TagMan Prob bazli Real Time PCR analizleri
sonucu B. bigemina pozitif saptanan bazi 6rneklerin
amplifikasyon egrileri. a: B. bigemina pozitif kontrol
DNA; b,c,d,e: B. bigemina pozitif 6rnekler; f: No DNA,
B. bovis, T. annulata, T. orientalis

Fig 4. Amplification curves of some B. bigemina
positive samples in TagMan Prob based Real Time
PCR assay. a: B. bigemina positive control DNA;
b,c,d,e: B. bigemina positive samples; f: No DNA, B.
bovis, T. annulata, T. orientalis




899

YILDIRIM, DUZLU, INCI
ONDER, CILOGLU

%100 identik oldugu belirlenmistir. Rap1P probu ise tim
izolatlarla %100 identiklik gdstermistir. Yapilan Blastn
ve Primer Blast (http://www.ncbi.nlm.nih.gov/pubmed)
analizleri sonucu dizayn edilen primerler ve probun B.
bigemina spesifik oldugu teyit edilmistir. Bunun yaninda
laboratuarda mevcut B. bovis, T. orientalis ve T. annulata
referans izolatlarlyla yapilan analizlerde de s6z konusu
izolatlar ile herhangi bir amplifikasyon olmadigi gorl-
mustir (Sekil 4).

Real Time PCR sonuclarina gore 400 sigirdan toplam
23'lnde (%5.75) B. bovis, 75'inde (%18.75) B. bigemina ve
9'unda ise (%2.00) B. bovis + B. bigemina miks enfeksiyon
saptanmistir.

RLB, Nested PCR ve Real Time PCR Sonuclarinin
istatistiksel Analizi

Sigirlarda Babesia enfeksiyonlarinin teshisinde RLB,
Nested PCR ve Real Time PCR tekniklerinin etkinlikleri
acisindan yapilan istatistiksel analiz Tablo 1'de verilmistir.
Bu degerlendirmede gold test Real Time PCR olarak alin-
mistir. Nested PCR tekniginin Real Time PCR teknigi ile
kiyaslanmasi sonucu %94.4 sensitivite (%88.3-97.4; %95

Glven aralidi) ve %100.0 spesifite (%98.7-100.0; %95 Gliven
araligi) gosterdigi belirlenmistir.RLB tekniginin Real Time PCR
teknigi ile kiyaslanmasi sonucu ise %88.8 sensitivite (%81.4-
93.5; %95 Given araligi) ve %100.0 spesifite (%98.7-100.0;
%95 Guven araligi) gosterdigi saptanmistir. Kappa testi ile
Real Time PCR ve Nested PCR arasinda %96.1 (P<0.05), Real
Time PCR ve RLB arasinda %92.1 (P<0.05) ve Nested PCR
ile RLB arasinda ise %95.9 (P<0.05) oraninda uyum oldugu
belirlenmistir. RLB testinde Babesia spp. olarak belirlenen
16 6rnegin hem Real Time hem de Nested PCR'da 5'inin B.
bigemina, 9'unun B. bovis, 2'sinin ise B. bovis + B.bigemina
miks oldugu ortaya konmustur. Nested PCR'da negatif
belirlenen 6 drnegin Real Time PCRda Ct (dR) degerlerinin
40'tan blylk oldugu gorilmastar.

TARTISMA ve SONUC

Molekiler tabanl teshis yontemleri son yillarda bircok
paraziter enfeksiyonun yaninda sigir Babesia tirlerinin
spesifik teshisinde ve genotiplendirilmesinde de yaygin
olarak kullanilmaktadir. Bunlar arasinda RLB yontemi, PCR
Urlnlerinin bir membranda ayr siralara baglanmis 6zgiin
problara hibridizasyonu esasiyla calismaktadir. Teknik,

Primerler ve Prob
AB586126
AF014486
AF017284
AF017285
AF017286
AF017287
AF017288
AF017289
AF017290
AF017291
AF017292
AF017293
AF017294
AF017295
AF017296
AF017297
AF017298
M60878
185184
M85185
MB5186
M85187

Primerler ve Prob 1 = -—=—=--
AB586126 644
AF014486 299
AF017284 299
AF017285 299
AF017286 299
AF017287 299
AF017288 299
AF017289 299
AF017290 299
AF017291 299
AF017292 299
AF017293 299
AF017294 299
AF017295 299
AF017296 299
AF017297 299
AF017298 299
M60878 1021
1485184 1021
MB85185 1021
M85186 1021
M85187 1021

Rap1if
1040

Rap1p
1060

1070}
o ST R R cmsfssaiJosvia)invalsoenlobionassa]
CAGCGACTACGTCCATTTGCCGCGTACAAGAGGT GCTACAGGAA
TACCGTCAGCGACTACGTCCATTTGCCCGCETACAAGAGGTGGTACACGAAGTTCAAGE
TTACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG
TACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGE
TTACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG)
TTACCGTCAGCGACTACGTCCATTTGCCCGCGT ACARGAGGTGGTACAGGAAGTTCAAGG)
TACCGTCAGCGACT ACGTCCATTTGCCCGCGT ACAAGAGGTGGTACAGGARGTTCAAGG
TACCGTCAGCGACTACCTCCAT TTGCCCGCCTACAAGAGGTGGTACAGGAAGTTCAAGE
TACCETCAGCGACTACGTCCATTTGCCCGCETACAAGAGGTGGTACAGGAAGTTCAAGE
TTACCGTCAGCGACTACGTCCAT TTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG,
TACCETCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGETACAGGAAGTTCAAGE

TTACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG
TTACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG
TTACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG
TACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG
TACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG)
TTACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG
TACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG
TTACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG!
TACCGTCAGCGACTACGTCCATTTGCCCGCGT ACAAGAGGTGGTACAGGAAGTTCAAGG
TTACCGTCAGCGACTACGTCCATTTGCCCGCGCTACAAGAGGTGGTACAGGAAGTTCAAGG
TACCGTC!GCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG
TACCGTCAGCGACTACGTCCATTTGCCCGCGTACAAGAGGTGGTACAGGAAGTTCAAGG

Rap1r
1220 1120
L8
AGTTCATTGTGAACTTCTTTACTGACCCTGCCARGTTGATTATGARGCACETCTCT CAGC)
AGTTCATTGTGAACTTCTTTACTGACCCTGCCARGTTGATTATGARGCACGTCTCTCAGC
AGTTCATTGTGAACTTCTITTACTGACCCTGCCARGT TGATTATGAAGCACGTCTCTCAGC)
AGTTCATTGTGAACTTCTTTACTGACCCTGCCARGTTGATTATGARGCACGTCTCTCAGC)
AGTTCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGAAGCACCTCTCTCAGC
AGTTCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGARGCACGTCTCTCAGC)
AGTTCATTGTGAACITCTTTACTGACCCTGCCAAGTTGATTATGARGCACGTCTCTCAGC)
AGTTCATTGTGAACTTCTTTACTGACCCTGCCARGTTGATTATGARGCACGTCTCTCAGC)
AGTTCATTGTGAACTTCTTTACTGACCCTGCCARGTTGATTATGARGCACETCTCTCAGE
AGTTCATTGTGAACTTCTTTACTGACCCTGCCARGTTGATTATGARGCACCTCTCTCAGC

AGTTCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGAAGCACGTCTCTCAGC)

AGTTCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGAAGCACGTCTCTCAGC)
'GTTCATTGTGAACTTCTTTACTG!CCCTGCCARGITGATTATGAAGCACGTCTCTCAGC
GTTCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGAAGCACGTCTCTCAGC
AGTTCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGAAGCACGTCTCTCAGC
AGTTCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGAAGCACGTCTCTCAGC
AGTTCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGAAGCACGTCTCTCAGC
B TCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGAAGCACGTCTCTCAGC
AGTTCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGAAGCACGTCTCTCAGC)
AGTTCATTGTGAACTTCTTTACTGACCCTGCCAAGTTGATTATGAAGCACGTCTCTCAGC
AT TCATTGTGAACTTCT TTACTGACCCTGCCAAGTTGATTATGAAGCACGTCTCTCAGC
aTTCATTGTGA}\C']‘TCTTTF\CTGACCCTG(J(JIU\CT'I'GATTATGI\ACCACGT(ITCT(,‘)\GC

Sekil 5. B. bigemina'nin Rap1 gen bdlge-
sinden dizayn edilen primerler ve probun,
GenBank'a kayitl diger B. bigemina se-
kanslariyla multiple alignmentlari

Fig 5. Multiple alignments of the primers
and probe designed from Rap1 gene
region of B. bigemina with the other B.
bigemina sequences from GenBank
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Tablo 1. Babesisosis'in teshisinde kullanilan tekniklerin Gold Teste gére sensitivite ve spesifiteleri

Table 1. Sensitivity and specificities of the techniques used in the diagnosis of babesiosis according to the Gold Test

Véntem Real Time PCR (Gold Test) Sensitivite Spesifite
o _ Toplam (%95 Giiven Araligi) (%95 Giiven Araligi)

+ 95 0 95

RLB = 12 293 305 0.888 (0.814-0.935) 1.000 (0.987-1.000)
Toplam 107 293 400
+ 101 0 101

Nested PCR - 6 293 299 0.944 (0.883-0.974) 1.000 (0.987-1.000)

Toplam 107 293

bircok etkeninin es zamanl teshisine imkan sagladigindan
oldukca pratik ve kullanighdir. Bu yéntemin kan proto-
zoonlarinin teshisinde kullaniimasi, ilk kez Gubbels ve ark.®
tarafindan gerceklestirilmis olup, calismada 18S rRNA
geninin V4 degisken bolgesini amplifiye eden primerler ile
PCRda c¢ogaltilan amplikonlar RLB tekniginde kullanarak
sigirlarda gorllen Theileria annulata, T. parva, T. mutans, T.
taurotragi, T. velifera, B. bovis, B. bigemina ve B. divergens'in es
zamanlh 6zgul teshislerinin yapilabilecedi belirlenmistir. Bu
calismada, sahip oldugu avantajlarla son yillarda diinyada
ve Turkiye'de sigir babesiosisinin teshisinde yaygin olarak
kullanilan RLB teknigiyle, Real Time PCR ve Nested PCR
yontemlerinin B. bovis ve B. bigemina'nin teshisindeki
etkinlikleri karsilastirmali olarak degerlendirilmistir. Real
Time PCR ile pozitif belirlenen 12 6rnek RLB testi ile
negatif belirlenmis, 16 6rnegin ise Babesia sp. dlizeyinde
pozitiflik verdigi goruliirken, tiir diizeyinde reaksiyon ver-
medigi saptanmistir. RLB testinde Babesia sp. probla sinyal
verip Babesia tur spesifik problara sinyal alinamamasi,
kullanilan problarin sensitivitesinin disik olabilecegini
gOsterebilecedi gibi, membranin yikanmasi ve tekrar
kullaniimasi esnasinda problarin membrandan uzaklas-
tinlmis olmasi ile de iliskili olabilir. Nitekim RLB tekniginin,
spesifik olmayan PCR ve akabinde hibridizasyon proseddiri
olmak Uzere iki basamakli bir prosese sahip olmasi
sebebiyle PCR reaksiyonlarinda substrat icin kompetisyon
ve RLB testi stresince amplifiye DNA icin farkli hibridizasyon
isilart gibi cesitli degiskenlerin her basamakta sensitiviteyi
disirebilecedi kaydedilmistir 7. Bu sonuclarla RLB
testinin, Real Time PCR testine godre sensitivitesi %88.8
olarak belirlenmistir. Saptanan bu sensitivite degeri
Nested PCR ve Real Time PCR ydntemlerine oranla disuk
olmasina karsin genel cercevede yiiksek goziikmektedir.
Bunun yaninda RLB testinin spesifitesi ise %100 olarak
belirlenmistir. Bu sonuglar s6z konusu testin sigirlarda B.
bovis ve B. bigemina enfeksiyonlarinin teshisinde guvenilir
bir sekilde kullanilabilecegini gostermektedir. Georges ve
ark.l"”), evcil kedilerde haemoplasmalarin Real Time PCR
ve RLB teknikleri ile karsilastirmali tanisi tzerine yaptiklar
calismada benzer sonuclar bildirmislerdir. Arastiricilar "7,
RLB ve Real Time PCR ile incelenen toplam 152 kedi
kanindan ekstrakte edilmis genomik DNA 6rneklerinde
Candidatus Mycoplasma haemominutum’u sirasiyla 40

ve 48; Mycoplasma haemofelis’i 11 ve 47; Candidatus
Mycoplasma turicensis'i ise yalnizca Real Time PCR'da 3
ornekte pozitif belirlemisler, ayrica miks haemoplasma
enfeksiyonlarini RLB ile 5, Real Time PCR ile 19 Ornekte
saptamislardir. Calismada " Real Time PCR teknigi gold
standart alinarak yapilan istatistiksel hesaplamalarda RLB
tekniginin %64.7 sensitivite ve %100 spesifite gosterdigi
de kaydedilmistir.

Nested PCR yontemi, standart PCR’a farkli primerle
ikinci bir amplifikasyon uygulanmasi esasina dayanan
molekiiler bir tekniktir. ilk amplifikasyonda elde edilen
Uriin ikinci PCR asamasinda kalip olarak kullanilir. Kullanilan
ikinci primer takimi hedef diziye 6zguldir. Kompleks
mikrobiyal poptilasyonlara ait hedef dizilerin spesifik bir
sekilde amplifikasyonu klasik PCR yontemleriyle bazen
mimkin olmadigi gérilmekte ve olusan non-spesifik
fragmentlerin amplifikasyonu sonucu yanhs pozitiflikler
ortaya cikabilmektedir. Nested PCR ile s6z konusu bu
olumsuzluk giderilmekte, ayni zamanda dusik DNA'ya
sahip orneklerde ikinci kez PCR uygulamasi ile teshisteki
sensitivite artinlabilmektedir "', Son yillarda ruminant ve
vektor kenelerde babesiosis'in spesifik teshisinde nested
PCR yonteminin siklikla uygulandidi gorilmektedir 11319201,
Kene ve sigirlarda Babesia tirlerinin Nested-PCR ile aras-
tinlmasi amaciyla 18S rRNA gen bolgesini hedef alan cesitli
primer dizileri dizayn edilmistir 323, Ancak bu primer
ciftlerinin cogunun 22 blastn analizi sonucu B. bigemina
ve B. bovis teshisi icin GenBank'ta mevcut bazi izolatlara
ait dizilimlerle uyumsuzluk gosterdigi ve bu durumun da
teshis zorluklarina ve yanlis negatifliklere yol acabilecegi
belirtilmistir "3, Bu calismada kullanilan ve Guerrero ve
ark.'¥ tarafindan dizayn edilen Nested primerlerinin,
arastiricilarin belirttigi gibi blastn analizi sonucu yiksek
spesifite gosterdigi ve dizilimlerin GenBank’a kayith tim
B. bovis ve B. bigemina 18S rRNA dizilimleri ile uyumluluk
gosterdigi gorulmustir. Nested PCR yonteminin sigir
babesiosis'inin teshisindeki sensitivitesi Real Time PCRa
gore %94.4, spesifitesi ise %100 belirlenmistir. RLB testinde
negatif belirlenen 6 6rnek Nested PCR ile pozitif belirlenmis,
ayrica soy diizeyinde RLB ile pozitif belirlenen 16 6rnegin
bu test ile tir bazli pozitiflik verdigi saptanmistir. Nested
PCR yonteminin gdstermis oldugu sensitivite ve spesifite



901

YILDIRIM, DUZLU, INCI
ONDER, CILOGLU

ile sigirlarda B. bovis ve B. bigemina enfeksiyonlarinin
teshisinde glivenilir bir sekilde kullanilabilecedi goril-
mektedir.

Real-time PCR teknigi, hizi, sensitivite ve spesifitesi,
seciciligi, hedef patojen veya gen bolgesinin kantitatif
olarak belirlenebilmesi ve otomasyona uygun olmasi gibi
nedenlerle son yillarda 6ne ¢ikan tekniklerin basinda
gelmektedir. Ayrica s6z konusu teknik ile mutasyon
analizleri ve gen ekspresyonlari da hassas bir sekilde belir-
lenebilmektedir. Son yillarda sigir babesiosis'inin spesifik
teshisinde de kullaniimaya baglayan 18S rRNA, mitokondrial
cytochrome b ve msa2c gibi farkli gen bdlgeleri hedef
alinarak dizayn edilen spesifik primer ve problar ile Real
Time PCR arastirmalarinin yapildigi goérilmektedir 0142425,
Criado-Fornelio ve ark.?, iki farkli gPCR yonteminin sigir
babesiosis'inin teshisindeki etkinligini arastirmislar, hem
TagMan prob hem de FRET prob bazli gPCR denemelerinde
yiksek sensitivite ve spesifite belirlemislerdir. Her iki teknik
icin de saptama limiti (linear kalibrasyon egrileri) 0.1 fg/
pl-0.01 ng/pl olarak bildirilmistir. Saha ornekleri Gzerinde
iki teknigin uygulanmasi sonucu, spesifitelerinin %100
olmasina karsin sensitivitenin TagMan prob bazli gPCR
yonteminde daha yiiksek belirlediklerini kaydetmislerdir 21,
Ramos ve ark.'", B. bovis'in msa2c gen bolgesini hedef
alarak dizayn ettikleri sybergreen tabanli gPCR teknigi-
nin teshisteki etkinligini ortaya koyma amaci ile yaptik-
lart calismada, blastn analizleri ve B. bigemina, A. marginale
ve Bos taurus referans DNA'larini kontrol olarak kulla-
narak, dizayn ettikleri primerlerin tir spesifik oldugunu
kaydetmislerdir. Calismada ™ gPCR tekniginin enfeksi-
yonu saptama limiti, msa2c kopya sayisi ve esik deger
siklusu arasindaki linear korelasyona gére ml kanda
1000 kopya olarak saptamis, ortalama ¢oéziinme sicaklig
(Tm) da 77.41+0.25°C belirlenmistir. Arastinicilar ™ qPCR’
In sensitivitesini konvansiyonel PCR'a gore yiiksek belirle-
misler ve iki teknik arasindaki uyumu %88.8 (Kappa
indeks=0.75) bulmuslardir. Bu calismada ise Real Time
PCR teknikleri ile RLB testine gore 12, Nested PCR testine
gore ise 6 ornek pozitif belirlenmis olup RLB testinde
soy dizeyinde pozitiflik veren drneklerin hepsinin tar
identifikasyonlari yapilmistir. Ayrica Nested PCRda negatif
belirlenen 6 6rnedin Real Time PCRda Ct (dR) (Esik deger
siklusu) degerlerinin yilksek oldugu (>40) belirlenmis
ve neticede bu Orneklerde paraziteminin olduk¢a dusik
oldugu sonucuna varilmistir. Calismada elde edilen verilere
ve diger arastirmalarin ™21 sonuglarina gore sensitivite ve
spesifite hesaplamalarinda Real Time PCR teknigi standart
gold test olarak alinmistir. Kappa testi ile Real Time PCR ve
Nested PCR arasinda %96.1 (P<0.05), Real Time PCR ve RLB
arasinda %92.1 (P<0.05) ve Nested PCR ile RLB arasinda ise
%95.9 (P<0.05) oraninda uyum saptanmistir. Elde edilen
sonuclarin arastiricilarin 142423 bulgulari ile uyum gosterdigi
belirlenmistir. Bununla birlikte Ramos ve ark.'¥ tarafindan
dizayn edilen syber green tabanli gPCR primerlerinin
spesifiteleri blastn analizleri ve Anabilim Dali cryobankinda
mevcut olan B. bigemina, T. annulata ve T. orientalis referans

DNA’lari kullanilarak konfirme edilmistir. Calismada B.
bovis icin bulunan 78.1+0.2°C Tm degeri Ramos ve ark.'¥
tarafindan bildirilen Tm degeri ile uyum gostermistir.
Apicomplexan protozoonlarin apikal organellerinden salgi-
lanan proteinler, parazitin konak hcresi icerisine invaze
olmasinda ve hiicre icinde kalmasinda ¢ok 6nemli rol
oynamaktadir 9. Bu proteinler arasinda rhoptry-associated
protein-1 (Rap-1) gen familyasinin molekdler karakteri, B.
bovis ve B. bigemina tlrlerinde tam olarak ortaya konmus
olmakla birlikte, bu genin diger tim Babesia tirlerinde
de bulundugu kaydedilmistir 272!, Rap-1 gen familyasi
proteinleri, sahip oldugu ¢esitli immunolojik epitoplarla
spesifik antikorlarin olusumuna yol a¢gmaktadir. Olusan
antikorlarin da merazoitlerin saglam eritrositlere invaze
olmasini engelledigi gosterilmistir 23", Bu yilizden s6z
konusu proteine ait Rap-1 gen bolgesi B. bovis ve B.
bigemina tirlerinin molekdler tiplendiriimesinde ve cesitli
asl calismalarinda temeli teskil etmistir. Bu ¢alismada B.
bigemina’'nin Rap-1 gen bdlgesi hedef alinarak primer ve
prob dizayni yapilmis ve dizilimlerin GenBank’a kayitli
tim B. bigemina Rap-1 izolatlari ile alignmentlari gercek-
lestirilmistir. Blastn ve Primer Blast analizleri sonucu dizayn
edilen primer ve problarin B. bigemina spesifik oldugu
tespit edilmistir. Ayrica laboratuarda mevcut B. bovis, T.
orientalis ve T. annulata referans izolatlari ile yapilan Real
Time PCR analizinde de s6z konusu izolatlar ile herhangi
bir amplifikasyon olmadigi saptanmistir. Elde edilen bu
sonuglar, dizayn edilen primerler ve probun B. bigemina
enfeksiyonlarinin Real Time PCR ile kantitatif spesifik
teshisinde glivenle kullanilabilecedini gdstermistir.

Sonug olarak bu calisma ile sigirlarda B. bovis ve B.
bigemina'nin arastirimasinda Real Time PCR ydnteminin
Nested PCR ve RLB tekniklerine oranla daha duyarli
oldugu, ozellikle diisiik parazitemili rezervuar hayvanlarin
belirlenmesi, kantitasyona olanak saglamasi ve dolayisiyla
tedavi etkinliginin tur bazli takibi gibi ¢alismalarda sahip
oldugu avantajlarla 6ne ciktigi gorilmastir. Bunun yanin-
da her (g teknigin de bu enfeksiyonlarin teshisinde yliksek
spesifiteye sahip oldugu ve sigirlarda B. bovis ve B.
bigemina'nin teshisinde ve molekiler epidemiyolojik
calismalarda glvenli bir sekilde kullanilabilecekleri be-
lirlenmistir.
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Summary

This experiment was conducted to evaluate the effects of dietary supplementation of live yeast Saccharomyces cerevisiae
(SC) and butyric acid glycerides (BAG) on broiler performance and serum lipid composition. One-day-old ROSS 308 female chicks
(n=378) were randomly distributed in a 3x3 factorial arrangement with three replicates for each increasing levels of (0, 0.002,
and 0.004 g/g) BAG and (0, 0.003, and 0.006 g/g) SC respectively. The experiment lasted 42 d, consisting of starter (1-21 d) and
grower (22-42 d) periods. Body weight (BW), feed intake (Fl), and feed conversion ratio (FCR) were determined by the period for
each treatment. On d 42, serum concentrations of triglycerides, cholesterol, and HDL were determined. Saccharomyces cerevisiae
had no effect on performance in the starter period. However, chicks fed 0, 0.002, and 0.004 g/g BAG had higher BW and better
FCR than control diet (P<0.05). In the grower period BW of chicks fed 0.006 g/g SC was higher than other treatments (P<0.05). For
BAG both levels improved (P<0.05) BW and FCR. In serum composition, both BAG and SC decreased cholesterol concentrations
(P<0.05), but the HDL levels were higher (P<0.05) only in 0.006g/g SC fed chicks. There were no significant effects in triglyceride
levels among treatments. There were no SC and BAG interaction effect on response variables. In conclusion, dietary BAG improves
growth performance in starter and grower periods but SC was only effective in grower period. Moreover, both BAG and SC had
positive effect on serum lipid composition.

Keywords: Saccharomyces cerevisiae, Butyric acid glycerides, Performance, Lipid composition, Broiler

Broiler Tavuklarda Saccharomyces cerevisiae ve
Butrik Asit Gliseridlerinin Performans ve
Serum Lipid Degerleri Uzerine Etkileri

Ozet

Bu calisma; diyete canli maya Saccharomyces cerevisiae (SC) ve butrik asit gliseridleri (BAG) ilavesinin broilerlerde
performans ve serum lipid dederleri Gizerindeki etkisini degerlendirmek amaciyla yapilmistir. Bir giinlik ROSS 308 disi
hayvanlar (n=378) her bir grup 3 kez tekrarlanacak sekilde rastgele dagitildiktan sonra faktériyel olarak 0, 0.002, 0.004 g/g BAG
ve 0, 0.003, 0.006 g/g SC verildi. Deneme siireci srater (1-21 giin) ve blylime/22-42 giin) olmak Uzere toplam 42 gin strdu.
Vicut agirlhigr (VA), yem tiketimi (YT) ve yem konversiyon orani (YKO) her bir deneme icin belirlendi. 42. giinde trigliserit,
kolesterol ve HDL konsantrasyonlari tespit edildi. Saccharomyces cerevisiae starter doneminde performans tizerine herhangi
bir etki gostermedi. Ancak, 0, 0.002 ve 0.004 g/g BAG ile beslenen tavuklar kontrol grubundakilere oranla daha yiiksek VA
ve daha iyi YKO degerlerine sahipti (P<0.05). Biylime déneminde 0.006 g/g SC ile beslenen tavuklarin VA degerleri diger
gruplarinkinden daha yiiksek idi (P<0.05). BAG verilen hayvanlarda hem VA hem de YKO degerleri gelisme gosterdi (P<0.05).
Hem BAG hem de SC verilen hayvanlarda serum kolesterol konsantrasyonlari diisme go&sterirken (P<0.05) HDL seviyeleri
sadece 0.006g/g seviyesinde SC verilenlerde daha yliksek idi (P<0.05). Gruplar arasinda triglisert degerleri ydoniinden herhangi
bir fark tespit edilmedi. Sonuc olarak; diyette BAG verilmesi starter ve bliylime donemlerinde blylme performansi Gizerinde
olumlu etki gosterirken SC verilmesi sadece buylime devresinde olumlu etki gostermektedir. Hem BAG hem de SC serum lipid
degerlerinde pozitif etkiye neden olmaktadir.

Anahtar sozciikler: Saccharomyces cerevisiae, Butrik asit gliseridleri, Performans, Lipid Degerleri, Broiler
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INTRODUCTION

Antibiotics benefit animal growth, performance and
health. However it has been increasing pressure to reduce
or even eliminate antibiotic usage in poultry due to the
development of antibiotic resistance in consumers ™.
Thus, there is an increasing interest in finding other anti-
biotic replacements such as prebiotics, probiotics, aromatic
oils and organic acids in poultry production 2. A probiotic
was defined as a live microbial feed supplement that
beneficially affects the host animal by improving its
intestinal microbial balance Bl. Effects of yeast products on
production and their mode of action in monogastrics have
been reported in poultry ¥, Saccharomyces cerevisiae yeast
has biologically valuable proteins, vitamin B-complex,
important trace minerals and other plus factors .. Some
studies have confirmed the effects of yeast products
in increasing concentration of commensal microbes or
suppressing pathogenic bacteria .. However, these effects
were not reported by Van Heugten et al.”.,

Reduction in circulating levels of cholesterol and
LDL with supplemental yeast was reported by other
researchers % who stated that probiotics could contribute
to the regulation of serum cholesterol concentrations by
deconjugating bile salts.

Organic acids, including butyric acid are also considered
potential alternations to antibiotics growth promoter 1o,
Butyric acid has been widely reported as the major
development promoter of the gut wall tissues and an
important growth modulator of symbiotic intestinal
microflora %1, Also, butyric acid is known the main
energy source for enterocytes. Kwon and Ricke "? showed
butyrate and valerate to have the greatest efficacy.
Moreover, Lesson et all" and Antongiovanni et al.l'
reported positive beneficial effects of butyric acid on
performance traits of broilers. It has been also reported
that dietary inclusion by BAG had significant reducing
effect on serum compositions of total cholesterol and LDL
levels ', Effects of SC and BAG on the performance and
lipid serum composition of broiler chickens are similar.
Therefore, the objective of this study was to evaluate the
SC by BAG interaction effects on performance and lipid
composition in broilers.

MATERIAL and METHODS

Experimental Animals and Management

Three hundred and seventy eight day-old female chicks
(ROSS 308) were randomly assigned into 9 treatments,
each composed of 42 birds. Birds in each treatment were
placed in 3 pens, each containing 14 birds. All birds were
raised on floored pen (1.2x1.8 m) and had access to feed
and water ad libitum.

Experimental Design and Diets

Birds were distributed in a completely randomized
design with 3x3 factorial arrangement with pen as the
experimental unit. The composition and nutrient analysis
of basal diet are shown in Table 1 and Table 2. The basal diet
was a typical corn-soybean meal diet as mash form that
increasing amount of BAG (0, 0.002 and 0.0044 g/g) and SC (0,
0.0033 and 0.0066 g/g) were added to basal diet.

The chicks were fed the starter diet until d 21 and
grower diet from d 22 until 42 based on NRC ™ nutrient
requirements of chicken. The used BAG (product of BABY-C4.
Silo Company, Italy) contained 25-35% monoglycerides
in the 1 or 3 positions, 50-55% diglycerides in the 1 or 3
positions and 15-25% triglycerides. Unlike butyric acid,

Table 1. The chemical composition of Saccharomyces cerevisiae

Tablo 1. Saccharomyces cerevisiae'nin kimyasal kompozisyonu

Composition Saccharomyces cerevisiae
Dry matter, % 93

ME, kcal/kg 1990

Crude protein, % 44.4

Crude fat, % 1

Crude fiber, % 2.7

Ca, % 0.12

AP, % 14

Table 2. Composition of the basal diet fed in broilers (%)
Table 2. Broilerlere verilen bazal diyetin kompozisyonu (%)

Ingredients Starter Grower
Corn 54.5 61
Soybean meal (44% CP) 38 32.5
Soy oil 35 3
Dicalcum phosphate 1.8 1.15
Oyster shell 13 1.45
Salt (NaCl) 0.2 0.3
DL-Methionine 0.2 0.1
Vitamin Permix’ 0.25 0.25
Mineral Permix? 0.25 0.25

Calculated Composition
ME, Kcal/kg 2990 3032
CP, % 21.45 19.48
Ca, % 1 0.9
Available P, % 0.48 0.35
Lys, % 1.1 1
Met, % 0.5 0.4

! Vitamin premix contained the following per kilogram of diet: vitamin A,
1100 1U; vitamin D,, 240 IU; vitamin E, 6 IU; vitamin B,,0.004 ug; biotin,
0.15 mg; folic acid, 0.2 mg; nicotinic acid, 50 mg; D-pantothenic acid, 5
mg; pyridoxine hydrocholesteroloride, 1.2 mg; riboflavin, 2.2 mg; thiamine
mononitrate, 1.6 mg.?Mineral premix contained the following per kilogram
of diet: Fe, 80 g; Cu, 8 mg; Mn, 60 mg; Zn, 40 mg; I, 0.4 mg; Se, 0.2 mg
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the butyrate glycerides used in this study had only a mild
buttery type odor and not the rancid odor often associated
with butyric acid. The live yeast SC (containing 1x10°
CFU/g) was provided from Klar Maya (powdery form, Iran)
and chemical composition of SC is presented in Table 1.
No antibiotics and any coccidiostate were included in the
experimental diets.

Growth Performance Traits

Body weights (BW) were recorded for each replicate on
days 1, 21, and 42 of age and feed intake (FI) was measured
in order to calculate feed conversion ratio (FCR) for each
feeding periods. Mortality ratio was recorded daily and
FCR was corrected for mortality by adding body weights
to the total pen weight at the end of each period.

Blood Collection and Analysis

Blood was collected at 42 day old from wing vein of
9 birds per treatment (3 birds/ replicate) and serum was
separated at 5000xg for 10 min. The serum concentrations
of total triglycerides, cholesterol and high-density lipo-
protein (HDL) were analyzed by an automatic biochemical
analyzer (Technicon RA-1000, Spain), following the
instructions of the corresponding reagent kit (Pars Azmon
Co., Iran).

Statistical Analysis

All data were analyzed by ANOVA using the SAS ¢,
GLM program. Treatment means portioned by LSMEAN
analysis. The mode is:

X,=p+a,+p +(p),+3,

Where X is the observed response. u is the overall
mean, o, is the effect of BAG, B, is the effect of CS, ap,; is
an interaction between BAG and SC and &ij is the error.
The level of statistical significance was present at P<0.05.

RESULTS

Growth Performance

Performance data are detailed in Table 3. In starter
period, performance of birds were not affected by increasing
levels of SC (P>0.05). However chicks fed 0.002 or 0.004
g/9 BAG had higher BW and better FCR than control diet
(P<0.05). Also there were no differences (P>0.05) between
0.002 and 0.004 g/g BAG fed chicks on broiler performance
in starter period. In grower period BW of chicks fed 0.006
g/g SC was than control and 0.003 g/g SC fed chicks
higher (P<0.05). However, increasing levels of SC had no
effect on Fl and FCR. For BAG both levels of 0.002 or 0.004
g/g increased BW (P<0.05) and decreased FCR (P<0.05)
compared with control diet. There was no BAG by SC
interaction on Fl, BWG, and FCR in both starter and grower
periods. There was no significant difference in mortality of
all treatments.

Serum Lipids

The effects of dietary BAG and SC supplementation
on serum lipid composition are shown in Table 4. Chicks

Table 3. Performance of broiler chickens fed diets containing butyric acid glyceride (BAG) and Saccharomyces cerevisiae (SC)

Table 3. Butrik asit gliserid (BAG) ve Saccharomyces cerevisiae (SC) iceren diyetlerle beslenen broiler tavuklarin performans dederleri

Starter (1-21 d) Grower (22-42 d)
Groups
Fl (g/bird) BWG (g/bird) FCR Fl (g/bird) BWG (g/bird) FCR
BAG, g/g
0 628.89 477.56° 1.31° 2575.78 1120.22° 2.30°
0.002 648.33 537.89° 1.20° 2628.78 1211.672 2.16*
0.004 663.11 553.44° 1.20° 2626.00 1211.00* 2.17°
SEM 21.75 20.51 0.02 47.72 28.45 0.03
P-Value 0.563 0.030 0.022 0.639 0.037 0.011
SC, g/g
0 677.67 555.00 1.23 2581.78 1147.22° 2.24
0.003 633.89 509.78 1.24 2596.22 1163.22* 2.24
0.006 628.78 504.11 1.23 2652.56 1232.44° 2.15
SEM 20.84 22.08 0.03 48.37 29.09 0.03
P-Value 0.260 0.157 0.093 0.500 0.043 0.093
BAGXSC
P-Value 0.624 0.181 0.449 0.070 0.424 0.865
@b Within the same row, means with different superscripts are significantly different (P<0.05)
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Table 4. Effects of butyric acid glyceride (BAG) and Saccharomyces
cerevisiae (SC) on blood serum lipids of broiler chicken at 42 d age (mg/dl)

Tablo 4. Butrik asit gliserid (BAG) ve Saccharomyces cerevisiae (SC)'nin 42.
glinde broiler tavuklarin serum lipid degerleri (mg/dl) iizerine etkisi

Groups Cholesterol Triglyceride HDL
BAG g/g
0 127.44° 87.50 90.42
0.002 120.38° 88.88 87.84
0.004 117.22° 86.33 90.26
SEM 2.70 5.26 1.94
P-Value 0.016 0.943 0.555
SC, g/9
0 127.22° 94.33 88.52°
0.003 121.55% 85.38 86.13°
0.006 116.27° 83.00 93.87°
SEM 2,61 4.91 1.83
P-Value 0.011 0.292 0.016
BAGxSC
P-value 0.202 0.571 0.437
ab Within the same row, means with different superscripts are significantly
different (P<0.05)

fed 0.002 or 0.004 g/g BAG had the lower cholesterol
concentrations compared with control diet (P<0.05).
However there were no differences between 0.002 and
0.004 g/g BAG fed diets on cholesterol concentrations. The
cholesterol concentration was lower only 0.006 g/g SC fed
chicks (P<0.05). There were no differences between 0.003
g/g SC and control diet on cholesterol concentrations. HDL
level was higher (P<0.05) only 0.006 g/g SC fed chicks. There
were no differences between 0.003 g/g SC and control diet
on serum HDL levels. Also BAG had no significant effect
on serum HDL concentrations in any levels. There were no
significant effects in triglyceride concentrations among
treatments. There was no interaction effect of SC and BAG
on cholesterol, triglyceride and LDL concentrations.

DISCUSSION

The primary role of a diet is not only to provide
enough nutrients to fulfill metabolic requirements of
the body but also to modulate various functions of the
body. Probiotics, prebiotics, and organic acids are either
beneficial microorganisms or substrates that facilitate
the growth of beneficial microorganisms, which can be
suitably harnessed by the food manufacturers and hold
considerable promise for health care industry. Results of
the present study showed that the inclusion of 0.006 g/g
yeast Saccharomyces cerevisiae had positive effect on broiler
BW gain only in grower period. Although dietary SC had
no significant effects on broiler performance in starter
period. These results are in agreement with Gao et al.l'”,
who reported positive effects of SC on broiler average

daily gain and FCR during grower period. It seems that
a period of adaptation is needed before the effects of
SC inclusion can be significant because the changes in
intestinal morphology and immune responses take time ['7),
Saccharomyces cerevisiae contains live yeast as well as
metabolites such as peptides, oligosaccharides, amino
acids, flavor and aroma substances, and possibly some
unidentified growth factors which have been proposed
to produce beneficial performance responses in animal
production by maintenance of beneficial microbial
population B, improving Fl and digestion "8 and altering
bacterial metabolism "%, Other studies, however reported
that SC had no effect on performance in poultry ™.
Differences in animal response may be related to
differences in products formulations; yeast products are
interchangeably classified as active dried yeast, live yeast
or fermented yeast, making comparisons difficult among
studies. Growth performance of birds was positively affected
by dietary supplementation of BAG both in starter and
grower periods. However, there were no significant
differences in BWG, Fl and FCR between 0.002 and 0.004
g/g fed chicks in both periods. Also Fl in groups fed BAG
were not significantly differences from control diet. These
results are agreement with those 12022,

Organic acids like butyric acid maintained a better micro-
bial environment in digestive tract of birds by reducing
the number of pathogenic microbes. These enhanced
digestion, absorption and efficiency of utilization of feed 2,
Bolton and Dewar % indicate that free butyric acid is
absorbed very quickly in the upper digestive tract, and will
likely be of limited effective. By inference, butyrate needs
to be stabilized, and hence the testing of butyric acid
glycerides used in this study.

The present results showed that broiler chicks fed diet
containing BAG or SC had significantly the lower plasma
cholesterol concentrations. Similar cholesterol depressing
effect due to probiotic and organic acids supplementation
in broiler chicken was observed by "% The findings of
our study and previous studies indicated that feeding of
probiotics like SC and organic acids such as butyric acid
has a cholesterol depressing effect in broiler chicken.
Besides, it is reported that some of the microorganisms
present in the probiotic preparation could utilize the
cholesterol present in the gastro intestinal tract for their
own metabolism, thus reduce to absorption the amount
cholesterol 2, Lactobacillus which better survive in low
pH environment of intestinal tract specially when organic
acids used to decrease pH of intestine has a high bile salt
hydrolylic activity, is responsible for deconjugation of the
bile salts " Deconjucated bile acids are less soluble at low
pH and less absorb in the intestine and are more likely to be
excreted in feces 2, Since the excretion of deconjucated
bile acids is enhanced and cholesterol is its precursor, more
molecules are spent for recovery of bile acids . As a result
of increased synthesis of this acids, it is expected the level
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of serum cholesterol to be reduced. In addition, probiotic
microorganisms inhibit hydroxymthyl-glutaryl-coenzyme
A, an enzyme involved in the cholesterol synthesis .

In practical term, dietary addition of 2 g BAG per kg
diet improved BWG and FCR of broiler chicks in both
starter and grower periods. Supplemental SC did not affect
performance during the starter period. In the grower
period only 6 g SC per kg increased BW. Both agents
decreased plasma cholesterol concentration. Their effects
were not additive. Each of these agents might be promising
alternatives for antibiotic growth promoters. The butyric
acid glycerid offers a good alternative to improve poultry
production.
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Ozet

Calismamizin amaci Plasmodium berghei'nin kisa donem kdltliriinde uygulanacak ila¢ direng testlerinin laboratuarimizda
yerlestirilmesi olmustur. ilk asamada P. bergheimin genc trofozoitlerini barindiran enfekte fare kanlarinin in vitro olarak, 24 saatlik
eritrosit ici evrim déngiisiiniin tamamlanmasi gerceklestirilmistir. ikinci asamada klorokin ve artesunat ilag konsantrasyonlarinin
parazitin eritrosit ici gelisimini inhibe etme oranlari tespit edilmistir. Sonuglarimiza gére, kisa dénem in vitro kiiltiir testlerinde P. berghei
parazitleri eritrositer sizogoni evrelerini tamamlamis, enfekte eritrositlerde merozoit olusumlari gézlenmistir. Klorokin ve artesunat ile
yapilan ilag direng testlerinde ise artesunat ilacinin antipasmodiyal etkisinin daha fazla oldugu saptanmistir.

Anahtar sozciikler: Plasmodium berghei, in vitro, Antiplasmodiyal ilac direng testleri

In Vitro Cultivation of Plasmodium berghei: Application of
Drug Resistance Tests with Chloroquine and Artesunate

Summary

The aim of this study is to assess the drug resistance testing of Plasmodium berghei after short-term culture in vitro. First stage, the
life cycle of the malaria parasites was completed in an average of 24 h inside the red blood cells in vitro. Second stage, the inhibition
rates of Chloroquine and Artesunate on the infected erythrocytes were determined. The results showed that P. berghei parasites were
completed their erythrocytic schizogony in short term in vitro cultivation. In the drug resistance tests with Chloroquine and Artesunate,

antiplasmodial resistance did not occur with both drugs and the effect of Artesunate is higher than Chloroquine.

Keywords: Plasmodium berghei, in vitro, Antiplasmodial drug resistance tests

GiRIS

Sitma etkeni Plasmodium’lann olusturdugu ilag direnci,
in vivo ve in vitro ortamlarda bu parazitler tzerine yeni
antimalarial/antiplasmodiyal maddelerin etkisini arastir-
maya yonelik calismalarin artmasina neden olmustur.
insani enfekte etmeyen kemirgen sitma parazitleriyle in
vitro ortamda yapilan calismalar antiplasmodiyal etki
gosteren maddelerin belirlenmesi agisindan dnem tasimak-
tadir. Yeni ilag calismalarinda sentez edilen veya dogal
kaynaklardan izole edilen kimyasal maddelerin, klinik
denemelere tabi tutulabilmeleri icin dncelikle in vitro

tarama ve toksisite deneyleri yapilmaktadir M. Sitma
ilaglarinin etki mekanizmalari arasinda farkliliklar oldugu
gibi ayni tiiriin suslari arasinda da farkliliklar bulunmak-
tadir @, Dinyanin bir cok bolgesinde, basta P. falciparum
olmak Uzere sitma turlerinin ilaglara karsi direng goster-
digi bilinmektedir 4. Direncg, genellikle ila¢ ya da ilag
gruplarinin sensitivitelerinin azalmasina neden olan
spontan mutasyonlarin tek nokta ya da ¢oklu nokta
mutasyonlari sonucu olarak gelismektedir 7., Artemisia
annua bitkisinden elde edilen Artemisinin ve tlrevlerinin
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ozellikle P. falciparum tedavisinde uzun slre basariyla
kullanilmasinin ardindan, bu ilaca karsi da olusan direng
bulgularindan s6z edilmege baslanmistir ®4, Bu calis-
manin amaci, insan sitma etkenlerinden en agir klinik
tabloya neden olan P. falciparum'a yakin yasam dongu
ozellikleri oldugu bilinen kemirgen sitma etkeni P.
berghei'nin in vitro yasatilip ¢ogdaltilmasini saglamak ve
klorokin ve artesunat ilag direng testlerini in vitro olarak
uygulamaktir. Calismamiz in vitro ortamda P. berghei Gizerine
uygulanan ilac¢ direng testleri konusunda Ulkemizdeki ilk
calismalardan biridir.

MATERYAL ve METOT

Galismamizda MR4-ATCC (American Type Culture
Collection) Wirginia, USA firmasindan temin edilen P. berghei
MRA-311-Anka susu kullanilmistir. ilk asamada, -80°C'de
muhafaza edilen P. berghei geng trofozoitli eritrositleri
tastyan fare kan sollsyonu ¢ozdirillp, santrifijlenerek
elde edilen eritrosit ¢okeltisi RPMI-1640 besiyeri (%10 FCS
eklenmis) ile %10 oraninda sulandiriimistir. Kiltir kaplari
icindeki eritrosit slispansiyonu mikrobiyolojik jar icine
koyulmus, %5 CO,, %5 O,, %90 N, karisimindan gaz verilerek
calkalamali etiive (37°C) yerlestirilmistir. Cam kavanozun
icine yanar mumlar yerlestirilerek, CO, oraninin artmasi
O, seviyesinin dismesi saglanmistir. 24 saat boyunca
kiltivasyon takip edilmistir. Kultlirlin 22-24 saatleri arasinda
olgun sizont ve merozoitleri tasiyan eritrositler tespit
edilmistir. ikinci asamada, kiiltiir plaklarina 0.5 ml enfekte
eritrosit solusyonu ile 0.5'er ml klorokin (Sigma-C6628)
ve artesunat (Sigma-A3731) ilaglarinin RPMI-1640 besiyeri
ile hazirlanmis sulandinmlarindan, son diliisyonlar; 0.1,
0.4, 0.8, 1.6, 6.4 ve 12.8 pugr/ml olacak sekilde eklenmistir.
Kontrol icin ayrilan cukurlardaki enfekte eritrosit siispan-
siyonu uzerine RPMI-1640 besiyeri koyulmustur. Kaltiir
plaklar mikrobiyolojik jar icinde calkalamali etlive yerles-
tirilmis ve kiiltivasyon baslatilmistir U9, islemler farkli

zamanlarda 3 kez tekrarlanmistir. Sonuclar; Calcusyn
version 2.1 programi ile degerlendirilmistir.

BULGULAR

Plasmodium bergheinin kisa dénem in vitro kiltlriinde;
inklibasyon siiresinin basinda enfekte eritrositlerin tama-
minda trofozoitler bulunurken, 20-22. saatte sizontlar, 24.
saatte ise merozoitler tespit edilmistir (Sekil 1, 2).

ilag direng testlerinde, klorokin ve artesunat ilaglarinin
her ikisinde de 0.8 pg/ml dozda enfekte eritrositlerin
%100'Unde trofozoit evresi bulunmus, sizont evresine gegis
engellenmistir. En dusuk ilag dozlar olan 0.1 ve 0.4 pg/ml
dozlarinda, artesunat ile sirasiyla %81 ve %70 oranlarinda
sizont evresi tespit edilmis, ayni dozlarda klorokin ile
siraslyla %81 ve %80 oranlarinda sizont evresine gecis
olmustur.

Klorokin ve artesunat ilag¢ direng test sonuclari deger-
lendirildiginde, her iki ilag ile doz ve etki iliskisi anlamli
bulunmus (P<0.05), ED., (%50'sini etkileyen doz) degerleri
klorokin icin 0.68431, artesunat icin 0.45582 olarak hesap-
lanmistir. Klorokin ve artesunat ilag direng testlerindeki
doz etki egrileri Calcusyn version 2.1 programi ile deger-
lendirilmistir (Sekil 3).

TARTISMA ve SONUC

Parazitin eritrositer dénemlerinin in vitro kulturleri
Trager ve Jensen'in calismalariyla baslamis ve sitmanin cok
yonli arastirmalarindaki 6nemi siklikla vurgulanmigtir 1112,
Kisa donem in vitro Plasmodium kdilturleri, ilag direnci
gelistirmis suslarin ayirt edilmesi amaciyla klinik izolatlara
uygulanabilme kolayligi saglamaktadir. In vitro yontemler
ile yapilan Plasmodium calismalari; farkl boélgelerden
izole edilen suslarin ayni ilaglara farkli direnc seviyeleri

Sekil 1. Kisa dénem in vitro kiltlrin baslangicinda (0. saat) P.
bergheiile enfekte eritrositlerde trofozoit evrelerinin gérinimu

Fig 1. Appearance of trophozoite stages in erythrocytes
« infected with P. berghei at the beginning of the short-term
cultivation (0. h)
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Sekil 2. Kisa dénem in vitro kiltiirlin 24. saatinde P. berghei ile
enfekte eritrositlerde merozoit evresinin gorinimu

Fig 2. Appearance of merozoite stages in erythrocytes infected
with P. berghei at 24. h of the short-term cultivation

Dose-effect curve
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testing (Calcusyn version 2.1)
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gosterebildigini ve bolgesel tedavi protokollerinin belir-
lenmesinde bu yontemle uygulanan ila¢ direng testlerinin
onemli rol oynadigini géstermektedir '*'4. Calismamizda
P. berghei parazitleri in vitro kisa donem kiiltlirde eritrositer
sizogoni gelistirerek 24 saatlik inkiibasyon dénemi sonunda
enfekte eritrositlerde %80 oraninda sizont evresi olustur-
mustur. Klorokin ve artesunat ilag direng testleri sonucunda
ise elimizdeki P. berghei susunun her iki ilaca karsi direncinin
olmadig tespit edilmistir. Elde ettigimiz ED,, degerleri
artesunat ile 0.45582, klorokin ile 0.68431'dir. Bu sonuclar
kullandigimiz P. berghei susu (lizerinde artesunat’in in vitro
ortamda antiplasmodiyal etkisinin daha yuksek oldugunu
gostermektedir. Bu calisma in vitro Uretilen Plasmodium
parazitlerinde uygulanan ila¢ direng testleri konusunda
Ulkemizde yapilan ilk calismalardan biridir.
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Ozet

Hayvancilik isletmelerinde ciddi ekonomik kayiplarla seyreden ve 6nemli bir zoonoz olan paratiiberkuilozis'in Turkiye'de ve Kars yoresinde
prevelansina yonelik calismalar sinirli sayidadir. Sunulan ¢alismada Kars yoresindeki sigirlarda subklinik paratiberkilozis'in prevalansinin
belirlenmesi amaclandi. Mycobacterium avium subsp. paratuberculosis serum 6rneklerinde ELISA yontemi kullanilarak tespit edildi. Bu amagla
rastgele secilen 13 odak ve bu odaklardaki 24 isletmeden 2 yas ve Uzeri toplam 400 sigir kullanildi. Kars yéresinde subklinik parattiberkiiloz'un
seroprevalansi %3.5 (14/400), ciftlik prevelansi ise %41.6 (10/24) olarak belirlendi. Yaglari =2-<5, =5-<7 ve =7 olarak gruplandirilan sigirlarda
paratlberkiilozun seroprevalansi sirasiyla %1.7, %3.8 ve %5.1 olarak belirlendi. Hayvanlarin yasi arttikca pTB’a yakalanma riskinin arttig
belirlendi. Sonug olarak, parattiberkiilozun her iki odaktan birinde tespit edilmesi, enfeksiyonunun yayilma hizi, baska bolgelere bulasma riski ve
ekonomik kaybi distinilduglinde dikkate alinmasi gerekir.

Anahtar sozciikler: Johne’s Hastaligi, Mycobacterium Paratuberculosis, ELISA, Seroprevalans

Seroprevalence of Subclinical Paratuberculosis
in Cattle in Kars Region

Summary

Studies on prevalence of Paratuberculosis, an important zoonosis and cause of major economic losses to farms, are limited in Kars and
Turkey as a whole. This study was therefore aimed at determining the prevalence of subclinical paratubercolos in Kars district. Mycobacterium
avium subsp. paratuberculosis was determined using ELISA. For this purpose, 400 cattle above 2 years old from 24 farms located in 13 different
localities were blood sampled. The seroprevalence of subclinical paratubercolos was 3.5% (14/400) and farm prevalence was 41.6% (10/24) in
Kars district. Age distribution of seroprevalence of paratubercolos was 1.7% in cattle aged >2-<5 years old, 3.8% in >5-<7 years old and 5.1% in >7
old. The rate increased age of cattle get older. In conclusion, paratubercolos was determined in half of the localities and its incidence may pose
risk of transmission to other parts of the country and of great economical losses and therefore the disease should be taken into consideration.

Keywords: Johne’s disease, Mycobacterium paratuberculosis, ELISA, Seroprevalence
GiRiS

Johne's Disease ve Hohnesche Krankheit olarak da  tiiberkiiloz (pTB) hayvanlarda ishal ve kilo kaybr sonucu

bilinen Sigir parattiberkiilozu Mycobacterium avium subsp.
paratuberculosis (MAP) etkeninin neden oldugu, bagirsak
cidarinin kalinlagmasi ve tedaviye cevap vermeyen kronik
bir enteritisle karakterize bulasici bir enfeksiyondur.
Enfeksiyon Crohn hastaliginin etiyolojisinde rolii nedeniyle
onemli bir zoonoz olarak da bilinmektedir .. Hayvanlar
neonatal dénem dahil ¢cok erken yaslarda enfekte olabil-
mekle birlikte hastaliga ait klinik belirtiler 6zellikle 2-6
yas arasindaki hayvanlarda gozlenmektedir . Para-

kaseksiye kadar zayiflama, siit veriminde disme, kisirlik,
mastitis, 6limlere neden olmasi ve teshis, tedavi ve kontrol
programi giderlerinden dolayi ciddi ekonomik kayiplara
yol acmaktadir U7, Ornegin Amerika'da enfeksiyon yillik
200-250 milyon dolar ekonomik kayba yol agmaktadir .
Etkili bir tedavi ve asisi bulunmayan enfeksiyonda etkenin
stit, diski ve kolostrumla buzagilara, isletmedeki hayvanlara
ve diger ciftliklere ve en 6nemlisi insanlara bulagmasinin
onlenmesinde eradikasyon gibi tedbirlerin alinmasi gerek-
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mektedir 557, Bu nedenle enfeksiyonun 6zellikle sub-
klinik donemde teshisi 6nemlidir ', Hastalhgin sero-
prevalansi ve teshisinde kultir, polimeraz zincir reaksi-
yonu (PZR) teknigi ve immunolojik olarak agar jel immiino-
difflizyon test (AGID), komplement fikzasyon (KF) ve enzim
linked immunosorbent assay (ELISA) yontemleri kullanil-
maktadir #6211,

Kars yoresi, tlkenin farkl boélgelerine yogun hayvan
nakillerinin yapilmasindan dolayi paratiiberkiiloz gibi
bulasici enfeksiy6z hastaliklarin tespiti, hem yayilmasini
engellenmesi hem de ekonomik kayiplarin édnlenmesi,
acgisindan 6nemlidir. Turkiye'de pTB ile ilgili calismalarin
sinirli oldugu ve Kars yoresinde ise konuyla ilgili herhangi bir
verinin bulunmadigi bilinmektedir. Dolayisiyla bu hastaligin
bolgemiz ve Ulkemiz hayvanciligi agisindan olusturdugu
riskin boyutlari tam olarak bilinmemektedir. Sunulan aras-
tirmada Kars ve cevresindeki sigir popilasyonunda sub-
klinik paratuberkiilozun seroprevalansi ve ciftlik pre-
valansinin belirlenmesi yaninda yas ve irka gére dagiliminin
tespiti amaciyla gerceklestirildi.

MATERYAL ve METOT

Kars merkez ve ilcelerinden rastgele secilen 13 odak
ve bu odaklardaki 24 isletmeden alinan toplam 400
sigir calismanin materyalini olusturdu. Her isletmeden 2
yasindan buyik, paratuberkiloz yéniinden asilanmamis
hayvanlarin yaklasik olarak %15-25'i kadarindan rastgele
serum Ornegdi alindi. Cahisilan hayvan irklari simental
melezleri (n=156), montofon melezleri (n=190) ve yerli irk
melezlerinden (n=54) olustu. Hayvanlarin yaslar =2 - <5
(n=116), =5 - <7 (n=206), =7 (n=78) olarak gruplandirildi. Irk
ve yasin paratliberkiiloz Gizerine etkisinin belirlenmesinde
X? for trend testi kullanildi (EPI INFO 6). MAP etkenine
karsi sekillenen antikorlarin belirlemesinde ticari ELISA kiti
kullanildi (IDEXX Paratuberculosis Screening Ab Test).

BULGULAR

Kars yoresindeki sigirlarda subklinik parattberkiilozun
seroprevalansi %3.5 (14/400) ve ciftlik prevalansi ise %41.6
(10/24) olarak belirlendi. Paratiiberkiiloz pozitif bulunan
vakalarin odak ve ciftliklere gére dagihmi Tablo 1'de sunul-
mustur. isletmelerden 7'sinde yalniz bir sigirda, 3'iinde
ise 2 veya daha fazla sigirda paratiiberkiiloz pozitif olarak
belirlendi. Paratiiberkilozun prevalans orani Simental veya
melezlerinde %3.20 (5/156), Montafon veya melezlerinde
%3.68 (7/190), Yerli irk veya melezlerinde %3.70 (2/54)
olarak tespit edildi (Tablo 2). Pozitif 14 vakanin yas grup-
larina gore; 2'si <5, 81 =5 - <7 ve 4’4 >7 yasinda olarak
dagildi. Ayni yas gruplarinda paratliberkiiloz prevalans
oranlari sirasiyla %1.72 (2/116), %3.88 (8/206) ve %5.12
(4/78) olarak belirlendi (Tablo 2). Sigirlarin yasi arttikca
pTB prevalans oranlarinin arttigr gorilmekle birlikte bu
istatistiksel olarak anlamli bulunmadi.

Tablo 1. Subklinik Paratiiberkiiloz pozitif vakalarin odak ve ciftliklerde gére
dagilimi

Table 1. Distribution of subclinical paratuberculose positive cattle according to
locality and farms

Odak Ciftlik No N1 N2
Kars Merkez 1 29 0
Sarikamis 2 15 2
3 12 0

4 16 1

Selim

5 14 0

6 17 3

7 20 0

Bulanik

8 20 0

9 10 0

Cavlak

10 11 0

Vel 1 12 1

esiltepe

sHiep 12 16 1
13 15 0

Kirkpinar 14 13 1
15 13 1

Yalmagh 16 7 0
17 31 0

Halefoglu

18 34 1

Soylu 19 15 2
Arpacay 20 16 1
21 13 0

Mezra 22 21 0
23 14 0

Digor 24 16 0
Toplam 24 400 14

N1: Orneklenen Hayvan Sayisi, N2: Paratiiberkiiloz pozitif Hayvan Sayisi

Tablo 2. Irk ve Yasa gore subklinik paratiiberkiiloz prevalansi

Tablo 2. Breed and age distribution of subclinical paratuberculose positive
cattle

Parametre Ornek Pozitif Oran OR
Sayisi | Hayvan Sayisi (%)
simental veya 156 5 320 | 1.00
Melezi
Montafonveya | 4, 7 368 | 1.16
Irk | Melezi
RN 54 2 370 | 1.6
Melezi
Istatistiks X2=0.05, P=0.82
>2-<5 116 2 1.72 1.00
>5-<7 206 8 3.88 2.30
Yas
>7 78 4 5.12 3.08
istatistik X?=1.7,P=0.2
TARTISMA ve SONUC

Paratuiberkiilozisin seroprevalansinin subklinik siirecte
belirlenmesi ciftlikteki hayvanlar arasinda ve ciftlikten
ciftlige, enfeksiyonun yayilmasinin énlenmesinde kritik
bir 6neme sahiptir *>, Buzagilara dogumdan hemen
sonra veya neonatal donemde bulasik meme, ekipman ve
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kolostrum veya siitle etkeni alabildikleri ve bu dénemin
enfeksiyona en duyarli zaman oldugunun bilinmesi,
etkenin 1s1 ve pastdrizasyona direncli olmasi nedeniyle siit
ve s(t Urlnleri ile insanlara bulasma ihtimalinin bulunmasi,
subklinik donemde teshisin dnemini artirmaktadir 64,
Turkiye'de varligi uzun siiredir bilinmesine ragmen pTB’la
ilgili calismalarin sinirl oldugu goériilmektedir #6°1274, Orta
Anadolu Bolgesinde farkh yillarda yapilan ¢alismalarda
mikro ve tlp komplement fikzasyon yontemleri ile pTB’
un sidirlardaki seroprevalansi sirasiyla %2.3 ve %2.7 112
ve ELISA yodntemiyle %4.6 B olarak tespit edilmistir.
Elazig yoresinde © sit orneklerinde pTB'un prevalansini
PZR ve bakteriyel kultir yontemleri ile sirasiyla %5 ve 3.4
olarak belirlenmistir. Usak yoresinde © digski érneklerinde
pTB prevelansi Ziehl-Neelsen (ZN) boyama, Outer PZR,
Nested PZR ve bakteriyolojik kiiltlir yontemlerine gore
sirastyla %17, %9.5, %20 ve %4 ve siit orneklerinde ise
yine ayni yontemlerle sirasiyla %15.5, %5.5, %17.5 ve %2.5
olarak tespit edilmistir. ELISA testi ile pTB seroprevelansi
Burdur yoresinde %6.2 “ olarak tespit edilmistir. Trakya
Bolgesinde ise PZR yontemi ile diski 6rneklerinde pTB
etkeni saptamadiklarini bildirmislerdir . Calismamizda
ELISA yontemiyle pTB’un seroprevelansi %3.5 olarak tespit
edildi. Calismamizda dahil genel olarak pTB Tirkiye'deki
prevalansini %0 ile %20 arasinda degismesi Avrupa'daki
prevalans aralidi (%0-%24) ile paraleldir 51>, Turkiye'de
pTB’la ilgili calismalarda ciftlik prevalansinin dikkate
alinmadigi gorilmektedir. Fakat paratiiberkiluz bir islet-
mede tek bir sigirda bile tespit edilmesi bulusma riskinin
yuksek ve kolay olmasi nedeniyle 6nem arz etmektedir.
Ulkemizde sadece Burdur ili ve cevresinde yapilan calis-
mada ® pTB'un ciftlik prevalansi degerlendirilmis ve %58
(14/24) olarak tespit edilmistir. Calismamizda da ciftlik
prevalans orani %46.1 olarak diger calismaya yakin bulundu.
Bu iki calisma verileri yaklasik olarak her iki isletmeden
birinde pTB’un bulundugunu goéstermektedir. Avrupa
Ulkelerinde pTB'un siirli prevalansinin %0 ile %75 arasinda
degistigi bildirilmistir 1519, Ciftlikteki hayvan sayisi arttikca
ve Ozellikle >100 olanlarda pTB'un prevalansinin da arttig
belirtilmistir #1571, Kars ve cevresinde ciftlikler genellikle
hayvan sayisi <50 olan kiiglk aile isletmeleri seklindedir %,
Bu yorede buzagilar dogumdan sonra anneleri ile birlikte
barindiriimasi ve ilk 3 ay anne situ ile beslendirilmesi
enfeksiyonun vertikal bulagmasina neden olabilir 548,

Prevalans oranlar arasindaki farkliliklar, calismalara gore
degisen iklim ve cografik sartlar, beslenme ve barindirma
kosullari ve teshis icin kullanilan materyal ve yontemlerden
kaynaklanabilir #>, Nitekim ELISA yontemi ve serum ornek-
lerinin kullanilmadigi bir arastirmada ! pTB'un prevalans
oraninin kullanilan 6rnek (diski ve sit) ve ydntemlere
gore (farkh iki PZR, kiltir ve ZN boyama) goére oldukca
degistigi (%4-%20) gorulmektedir. Ayrica hastaligin done-
mine gore de prevalans oranlari degisebilmektedir.
Ornegin ingiltere’de klinik pTB'un prevalansi %1, mezbaha-
larda ve klinik bulgu gostermeyen hayvanlarda ise %3.5
olarak belirlenmistir ©. Ayrica, KFT yalnizca klinik pTB’un

teshisinde etkili oldugu icin yalnizca bu ydntemin
kullanildigi calismalarda subklinik veya asamptomatik
tasiyicilar dogru belirlenemeyecedi icin prevalans oranlari
ayni bolgelerde dusiik ¢ikabilmektedir ©. pTB'un subklinik
dénemde teshis dnemli bir problemdir. Enfeksiyonun
subklinik teshisinde serolojik olarak spesifik antikorlarin
belirlenmesi ve nekropsi esnasinda doku veya diskidan
MAP'In kaltard en etkili yontemlerdir U Kiltir yontemi
ylksek spesifiteye sahip olmakla beraber uzun inkiibasyon
stresi kullanimini sinirlandirmaktadir ©. Ayrica selektif vasat
gereksinimi, kontaminasyon problemi ve pahali olmasi
bu yontemin diger dezavantajlaridir. Son yillarda mélekdler
biyolojide yapilan ilerlemeler sonucu gelistirilen PZR
teknigi, kaltlr yontemine gore daha ylksek sensitivite
ile etkeni belirleyebilmektedir ©'°. PZR yontemi kiltlr
yontemine gore daha basit, hizl, givenilir ve yiksek
spesifite ile sonuclar verebilmektedir. Fakat ozellikle ELISA
gibi immunolojik teknikler kiltir ve PCR ydntemlerine
gore daha ekonomik ve hizli olmasinin yaninda ¢ok sayida
analizin birlikte yapilmasi ve kolay uygulanabilir olmasi gibi
avantajlar sunmaktadir #5191, Ayrica yapilan son glincel bir
calismada ™ ELISA testinin siirlide enfekte hayvanlari da
subkutan reaksiyon testi (Avian PPD kullanilarak), diskida
kaltar (ZN boyama), PZR ydntemlerine yakin dogrulukla
belirleyebildigi bildirilmistir. Yine, pTB'la ilgili herhangi
bir calismanin yapilmadigr bolgelerde 6ncelikle ylksek
spesifitesinden dolayr ELISA'nin tercih edilmesi gerektigi
rapor edilmistir '™, Son yillarda yliksek sensitivite ve spesifite
ile 6zellikle seroprevalans calismalarinda ELISA hemen
hemen kullanilan tek yontem gibi goriinmektedir #6111,
Yapilan calismalarda ELISA'nin sensitivite degeri %30.2-
%51.0, spesifite degeri ise %95 ile %99 arasinda degistigi
belirtilmistir “>171920 Fakat son yillarda gelistirilen ticari
kitlerde sensitivitenin %74.1'e kadar ciktigi ve spesifite
oraninin ise %99'un Ustiinde oldugu bildirilmistir ©#17.19.20,
Prospektiise gore, arastirmamizda kullanilan ELISA kitinin
sensitivite ve spesifite oranlar sirasiyla %64.7 ve %99.2
olarak belirtilmistir. Bu nedenle pTB'un prevalansinin belir-
lenmesinde c¢ogunlukla ELISA ydnteminin kullaniimasi,
kiltur ve PCR yontemlerinin ise dogrulayici yontemler olarak
kullanilmasi daha dogru bir yaklasim olarak goriilmektedir.

Cetinkaya ve ark.”}, Jersey ve Guernsey irklarinda
Johne's hastaligi’'nin Friesian veya diger tiirlere gére daha
yaygin oldugunu bildirmislerdir. Yapilan bagka bir aras-
tirmada ise pTB'un Bos indicus veya melez tur sigirlarda,
Bos taurus tirlerine gore 3.5 ile 17 kat daha yuksek ola-
bilecegi bildirlmistir. Tirlere gore sonuclarin degiskenlik
gOstermesi tlire 6zgu duyarlik ve kros reaksiyonla iliskilen-
dirilmekle birlikte nedeni tam olarak bilinmemektedir I'2",
Burdur yoresinde pTB'nin prevalansi Holstayn irki sigirlarda
%6.2 olarak belirlenmistir ™. Pozitif vakalarin cogunlukla
montofon veya melezlerinde ortaya ¢iktigi belirlenmekle
birlikte calismamizda irklara arasinda pTB seroprevalan-
sinin dnemli degisiklik gostermedigi belirlendi.

Uzun siire ¢cevrede canlh kalabilen MAP glcli bir hiicre
ici patojendir. Alinan MAP etkenleri savunma sisteminde
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makrofaj hiicreleri icerisinde uzun siire canl kalabilmektedir.
Baslangicta etkenin proliferasyonu bu sekilde immun sistem
tarafindan kontrol edilmesi inkiibasyonun uzun siirmesine
(1.5-2 yil) neden olmaktadir. Kandaki antikor seviyesi direkt
enfeksiyonun gelismesiyle verilen cevaba bagli olarak artar
ve buda uzun zaman alr. Bu durum genellikle iki yasin
altinda sigirlarda pTB'un teshisini zorlastirmaktadir ve
ozellikle serumun kullanildigi prevalans calismalarinda iki
yasindan kiiciik hayvanlar tercih edilmemektedir. Nitekim
yasl <2 olan sidirlarda pTB’un seroprevalansini disik
¢tkmasi da bu verileri desteklemektedir 24, Ayrica yasi <2
sigirlarda bu nedenlerden dolayi ELISA testinin sensitivite
ve spesifitesinin disitk oldugu bildirilmistir #1016 By
nedenle calismamizda ornekleme yapilirken inkiibasyon
stiresi dikkate alinarak hedef poptilasyon olan iki veya daha
bulyuk yastaki sigirlar secildi. Calismamizda paratiiberkiloz
belirlenen 14 vakanin ¢ogunlukla 5 ve 6 yasinda oldugu
(n=8) belirlenmekle birlikte pTB’un seroprevalansi yasi >7
olarak gruplandirilan sigirlarda (%5.1), yasi =2 - <5 (%1.7)
ve =5 - <7(%3.8) olarak gruplandirilan sigirlara gére daha
yiksek oldugu tespit edildi. Calismamizda elde edilen
veriler hayvanlarin yasi arttikca pTB’un seroprevalansinin
da arttigini bildiren calismalari dogrulamaktadir 2419,
Cahsmamizda yasi 2, 3 ve 4 olan sigir grubunda pTB’un
prevalansinin en disiik diizeyde belirlenmesi 2 yasindaki
hayvanlarda negatif oraninin yiiksek ¢ikmasindan kaynak-
lanabilir ¥, Oztiirk ve ark.™, calismalarinda yasi =7 olan
sigirlarda belirledikleri paratiiberkilozun yayginlik orani
(%6.6) calismamiza belirlenen orana (%5.1) yakin bulundu.
Fakat Oztiirk ve ark."¥, en yiiksek pTB seroprevalans oranini
3 yasindaki sigirlarda (%19.7) belirlemislerdir.

Sonu¢ olarak yapilan calismada, hastalikla ilgili
ekonomik kayiplarin tahmin edilmesi ve Tirkiye'deki
prevalansinin belirlenmesine katkida bulunmasi amaciyla
Kars yoresindeki subklinik paratiiberkiilozun prevalansi
ilk kez belirlendi. Kars yoresi kendi icinde ve diger yorelere
sik hayvan gegisi olmasi nedeniyle enfeksiyonu ait ylksek
ciftlik prevalansi (%46.1) hastaligin yayilma potansiyeli
acisindan onemli risk olusturabilir. Elde edilen veriler Kars ili
ve gevresinde dnemli ekonomik kayiplara yol agabilecek bir
enfeksiyon olarak paratiiberkiilozun g6z 6niinde tutul-
masi gerektigini gostermektedir. MAP etkeninin sitle
ciddi oranda yayilmasi veya tasinmasi, insan saglidi agisin
-dan da 6nemli risk olusturmasi uygun teshis edilmesinin
Onemini arttirmaktadir. Turkiye'de bu alanda yapilan
calismalar genel olarak degerlendirildiginde paratiiber-
kiilozun ruminantlarda yayginligi, tlke ekonomisine zarari
ve insan saghgini icin tasidigi riskin belirlenebilmesi
icin ulusal diizeyde bir ¢calisma yapilmasi gerekmektedir.
Ancak bu dizeyde bir calisma hastaliga karsi etkili kontrol
stratejilerinin gelistirilmesine 151k tutacaktir.
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