ISSN 1300 - 6045
e-ISSN 1309 - 2251

KAFKAS UNIVERSITES

L LJ

VETERINER FAKULTESI DERGISI

Journal of theiFaculty of leterinary Medicine; Kafkas University

http://vetdergi.kafkas.edu.tr

Volume: 21
Online Submission Issue: 4 (July - August)
http://submit.vetdergikafkas.org Year: 2021






KAFKAS UNIVERSITEST
VETERINER FAKULTESI DERGISI

Journal of the Faculty'of Veteninary Medicing, laflas University

( )

kPuinshed Bi-montthJ

Volume: 27
Issue: 4 (July - August)
Year: 2021




ISSN (Print): 1300-6045 ISSN (Electronic): 1309-2251

This journal is published bi-monthly, by the Faculty of Veterinary Medicine, University of
Kafkas, Kars - Turkey

This journal is indexed and abstracted in:

* Web of Science Core Collection: Science Citation Index Expanded (since 2007)
¢ Additional Web of Science Indexes: Essential Science Indicators - Zoological Record
e CABI - Veterinary Science Database

e DOAJ

® EBSCO - Academic Search Premier

e Elsevier - SCOPUS

e Elsevier - EMBASE

¢ Index Copernicus

* SOBIAD Atf Dizini

e TUBITAK/ULAKBIM TR-Dizin

e Tlirkiye Atif Dizini

PRINT

ESER OFSET MATBAACILIK
BOSNAHERSEK CAD. ALTUNALEM YAPI KOOP. ZEMIN KAT - ERZURUM
Tel: 490 442 2334667 E-mail: eserofset25@hotmail.com




OFFICIAL OWNER

Dr. Mete CIHAN - Dean of the Faculty of Veterinary Medicine, Kafkas University
E-mail: vetfak@kafkas.edu.tr; ORCID: 0000-0001-9883-2347

EDITOR-IN-CHIEF

Dr. isa OZAYDIN - Kafkas University, Faculty of Veterinary Medicine
E-mail: iozaydin@kafkas.edu.tr; aras_isa@hotmail.com; ORCID: 0000-0003-4652-6377
MANAGING EDITOR

Dr. Ozgiir AKSOY - Kafkas University, Faculty of Veterinary Medicine
E-mail: drozguraksoy@hotmail.com; ORCID: 0000-0002-4800-6079
LANGUAGE EDITOR

Dr. Hasan OZEN - Balikesir University, Faculty of Veterinary Medicine
E-mail: hasanozen@hotmail.com; ORCID: 0000-0002-6820-2536
STATISTICS EDITOR

Dr. i. Safa GURCAN - Ankara University, Faculty of Veterinary Medicine
E-mail: sgurcan@ankara.edu.tr; ORCID: 0000-0002-0738-1518
ASSOCIATE EDITORS

Dr. Duygu KAYA - Kafkas University, Faculty of Veterinary Medicine
E-mail: dygkaya@gmail.com; ORCID: 0000-0001-9052-5924

Dr. Fatih BUYUK - Kafkas University, Faculty of Veterinary Medicine
E-mail: fatihbykO8@hotmail.com; ORCID: 0000-0003-3278-4834

Dr. Erol AYDIN - Kafkas University, Faculty of Veterinary Medicine
E-mail: dr-erolaydin@hotmail.com; ORCID: 0000-0001-8427-5658

Dr. Ali YiGIT - Kafkas University, Faculty of Veterinary Medicine
E-mail: aliyigit@kafkas.edu.tr; ORCID: 0000-0002-1180-3517

Dr. Serap KORAL TASCI - Kafkas University, Faculty of Veterinary Medicine
E-mail: serapkoral@hotmail.com; ORCID: 0000-0001-8025-7137

Dr. Ekin Emre ERKILIC - Kafkas University, Faculty of Veterinary Medicine
E-mail: ekin_emre_24@hotmail.com; ORCID: 0000-0003-2461-5598

ASSOCIATE MANAGING EDITOR

Dr. Ozlem DURNA AYDIN - Kafkas University, Faculty of Veterinary Medicine
E-mail: odurna36é@gmail.com; ORCID: 0000-0003-4532-6795

ADDRESS FOR CORRESPONDENCE

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

ELECTRONIC EDITION http://vetdergikafkas.org
ONLINE SUBMISSION http://submit.vetdergikafkas.org




Editorial Board

Dr. Harun AKSU, istanbul University-Cerrahpasa, TURKEY

Dr. Feray ALKAN, Ankara University, TURKEY

Dr. Kemal ALTUNATMAZ, istanbul University-Cerrahpasa, TURKEY
Dr. Divakar AMBROSE, University of Alberta, CANADA

Dr. Mustafa ARICAN, Selcuk University, TURKEY

Dr. Selim ASLAN, Near East University, NORTHERN CYPRUS

Dr. Sevil ATALAY VURAL, Ankara University, TURKEY

Dr. Tamer ATAOGLU, istinye University, TURKEY

Dr. Levent AYDIN, Bursa Uludag University, TURKEY

Dr. Les BAILLIE, Cardiff School of Pharmacy & Pharmaceutical Sciences, UK
Dr. K. Paige CARMICHAEL, The University of Georgia, USA

Dr. Burhan CETiNKAYA, Firat University, TURKEY

Dr. Recep CIBIK, Bursa Uludag University, TURKEY

Dr. Omer Orkun DEMIRAL, Erciyes University, TURKEY

Dr. ibrahim DEMIRKAN, Afyon Kocatepe University, TURKEY

Dr. Hasan Huiiseyin DONMEZ, Selcuk University, TURKEY

Dr. Nazir DUMANLI, Firat University, TURKEY

Dr. Emrullah EKEN, Selcuk University, TURKEY

Dr. Marcia I. ENDRES, University of Minnesota, CFANS, USA

Dr. Ayhan FILAZI, Ankara University, TURKEY

Dr. Bahadir GONENC, Ankara University, TURKEY

Dr. Aytekin GUNLU, Selcuk University, TURKEY

Dr. i. Safa GURCAN, Ankara University, TURKEY

Dr. Johannes HANDLER, Freie Universitat Berlin, GERMANY

Dr. Armagan HAYIRLI, Atatirk University, TURKEY

Dr. Ali ISMEN, Canakkale Onsekiz Mart University, TURKEY

Dr. M. Miifit KAHRAMAN, Bursa Uludag University, TURKEY

Dr. Mehmet Cagri KARAKURUM, Burdur Mehmet Akif Ersoy University, TURKEY
Dr. Mehmet KAYA, Ondokuz Mayis University, TURKEY

Dr. Miikerrem KAYA, Atattirk University, TURKEY

Dr. Servet KILIC, Tekirdag Namik Kemal University, TURKEY

Dr. Omiir KOCAK, istanbul University-Cerrahpasa, TURKEY

Dr. Marycz KRZYSZTOF, European Institute of Technology, POLAND
Dr. Ercan KURAR, Necmettin Erbakan University, TURKEY

Dr. Arif KURTDEDE, Ankara University, TURKEY

Dr. Hasan Rustu KUTLU, Cukurova University, TURKEY

Dr. Erdogan KUCUKONER, Siileyman Demirel University, TURKEY
Dr. Levan MAKARADZE, Georgian State Agrarian University, GEORGIA
Dr. Erdal MATUR, istanbul University-Cerrahpasa, TURKEY

Dr. Mehmet NIZAMLIOGLU, Selcuk University, TURKEY

Dr. Vedat ONAR, istanbul University-Cerrahpasa, TURKEY

Dr. Abdullah OZEN, Firat University, TURKEY

Dr. Zeynep PEKCAN, Kirikkale University, TURKEY

Dr. Alessandra PELAGALLI, University of Naples Federico I, ITALY
Dr. Michael ROCKEN, Justus-Liebeg University, GERMANY

Dr. Berrin SALMANOGLU, Ankara University, TURKEY

Dr. Sabine SCHAFER-SOMI, University of Veterinary Medicine Vienna, AUSTRIA
Dr. Cigdem TAKMA, Ege University, TURKEY

Dr. Fotina TAYANA, Sumy National Agrarian University, UKRAINE
Dr. Zafer ULUTAS, Ondokuz Mayis University, TURKEY

Dr. Cemal UN, Ege University, TURKEY

Dr. Oya USTUNER AYDAL, istanbul University-Cerrahpasa, TURKEY
Dr. Axel WEHREND, Justus-Liebig-Universitat Gielen, GERMANY
Dr. Thomas WITTEK, Vetmeduni Vienna, AUSTRIA

Dr. Rifat VURAL, Ankara University, TURKEY

Dr. Alparslan YILDIRIM, Erciyes University, TURKEY

Dr. Hiiseyin YILMAZ, istanbul University-Cerrahpasa, TURKEY




The Referees List of This Issue (in alphabetical order)

Abdullah YALCIN

Akin KIRBAS

Ali BUMIN

Alkan KAMILOGLU
Ash AKILLI

Asli SAKMANOGLU
Ayse Merve KOSE
Basak HANEDAN
Beran YOKUS

Burcak ASLAN CELIK
Celal Sahin ERMUTLU
Cevat NiSBET

Cagatay Ekrem COLAKOGLU
Deniz SEYREK INTAS
Deniz YENI

Elcin GUNAYDIN

Elif CELIK

Elif DOGAN

Ender BUYUKGUZEL
Eser OZGENCIL

Ezgi ERGEN

Fatih BUYUK

H. Turan AKKOYUN
Hakan SALCI

Hasan BATMAZ

Hasan Hiiseyin HADIMLI
ismail KESKIN

M. Onder KARAYIGIT
Mehmet Borga TIRPAN
Mehmet Nuri ACIK
Mehmet Zeki Yilmaz DEVECi
Mevlut ARSLAN
Muhterem AYDIN
Murat YILDIRIM
Nadide Nabil KAMILOGLU
Nazli ERCAN

Necati Emre GUR
Nilgiin AYDIN

Ozgiir CELEBI

Perran GOKCE
Stileyman CILEK

Sinasi UMUR

Yiicel MERAL

Zeynep BOZKAN TATLI

Bursa Uludag Universitesi Veteriner Fakiiltesi
Yozgat Bozok Universitesi Veteriner Fakiiltesi
Ankara Universitesi Veteriner Fakdiltesi

Kafkas Universitesi Veteriner Fakdiltesi

Kirsehir Ahi Evran Universitesi Ziraat Fakdiltesi
Selcuk Universitesi Veteriner Fakiiltesi

Hatay Mustafa Kemal Universitesi Veteriner Fakdiltesi
Atatiirk Universitesi Veteriner Fakiiltesi

Dicle Universitesi Veteriner Fakiiltesi

Siirt Universitesi Veteriner Fakdiltesi

Kafkas Universitesi Veteriner Fakdiltesi

Ondokuz Mayis Universitesi Veteriner Fakdiltesi
Ankara Universitesi Veteriner Fakiiltesi

Yakin Dogu Universitesi Veteriner Fakiiltesi

Afyon Kocatepe Universitesi Veteriner Fakiiltesi
Kastamonu Universitesi Veteriner Fakiiltesi

Kafkas Universitesi Veteriner Fakdiltesi

Kastamonu Universitesi Veteriner Fakiiltesi
Zonguldak Biilent Ecevit Universitesi Fen Fakdiltesi
Yakin Dogu Universitesi Veteriner Fakiiltesi
istanbul Universitesi-Cerrahpasa Veteriner Fakdiltesi
Kafkas Universitesi Veteriner Fakdiltesi

Siirt Universitesi Veteriner Fakdiltesi

Bursa Uludag Universitesi Veteriner Fakiiltesi
Bursa Uludag Universitesi Veteriner Fakiiltesi
Selcuk Universitesi Veteriner Fakiiltesi

Selcuk Universitesi Ziraat Fakiiltesi

Sivas Cumhuriyet Universitesi Veteriner Fakiiltesi
Ankara Universitesi Veteriner Fakiiltesi

Bingél Universitesi Veteriner Fakiiltesi

Mustafa Kemal Universitesi Veteriner Fakdiltesi
Van Yiiziinci Y1l Universitesi Veteriner Fakdiltesi
Firat Universitesi Veteriner Fakiiltesi

istanbul Universitesi-Cerrahpasa Veteriner Fakdiltesi
Kafkas Universitesi Veteriner Fakdiltesi

Sivas Cumhuriyet Universitesi Veteriner Fakdiltesi
Mugla Sitki Kogman Universitesi Milas Veteriner Fakiiltesi
Kafkas Universitesi Veteriner Fakiiltesi

Kafkas Universitesi Veteriner Fakiiltesi

Yakin Dogu Universitesi Veteriner Fakiiltesi
Kirikkale Universitesi Veteriner Fakdiltesi

Ondokuz Mayis Universitesi Veteriner Fakdiltesi
Ondokuz Mayis Universitesi Veteriner Fakdiltesi
Adnan Menderes Universitesi Veteriner Fakdiltesi







ICINDEKILER (Conrenrs)

. Sayfa
ARASTIRMA MAKALELERI (RESEARCH ARTICLES) y
(Page)
Role and Importance of Cardiac Biomarkers in Diagnosis and Prognosis of Feline Arterial Thromboembolism (Feline
Arteriyel Tromboembolizm Tanisi ve Prognozunda Kardiyak Biyobelirteclerin Rolli ve Onemi) 409
BAKIREL U, ULGEN SAKA S, YILDIZ K (DOI: 10.9775/kvfd.2020.25073)
Protective Effects of Chrysin in Rats with Ovarian Torsion (Ovaryum Torsiyonu Uygulanmis Ratlarda Chrisinin Koruyucu
Etkisi) 417
DIRIK D, KOMUROGLU AU, KOSAL V, BASBUGAN Y, OZDEK U, KOLUSARI P, KELES OF (DOI: 10.9775/kvfd.2021.25357)
The Effects of Different Mydriatics on Intraocular Pressure and Central Corneal Thickness in New Zealand White
Rabbits (Beyaz Yeni Zelanda Tavsanlarinda Farkli Midriyatiklerin Goz ici Basinci ve Merkezi Kornea Kalinhigi Uzerine Etkileri) | 425
YANMAZ LE, OKUR S, ERSOZ U, SENOCAK MG, DOGAN E, OKUMUS Z (DOI: 10.9775/kvfd.2021.25402)
Predicting The Growth Curve of Body Weight in Madura Cattle (Madura Sigirlarinda Viicut Agirhgi Biytime Egrisinin
Tahmini) 431
HARTATI H, PINTAKA BAYU PUTRA W (DOI: 10.9775/kvfd.2021.25448
Comparison of the Focused Assessment with Sonography for Trauma Protocol and Animal Trauma Triage Scoring
System in Traumatized Dogs (Travmali Képeklerde Travma icin Sonografi ile Odakli Degerlendirme Protokolii ve Hayvan 439
Travma Triyaji Skorlama Sisteminin Karsilastiriimasi)
PARLAK K, ZAMIRBEKOVA N, UZUNLU EO, AKYOL ET, YAVRU N (DOI: 10.9775/kvfd.2021.25457)
Effects of Gossypin on Fracture Healing in Experimental Femur Fractured Mouse Mechano-Bioregulatory Model
(Gossypin'in Fare Mekano-Biyoregiilatér Modeli Deneysel Femur Kiriklarinda Kirik lyilesmesi Uzerine Etkileri) 445
YILDIZ K, TURALIOGLU MF, TAHIROGLU V, BOY F, YIGIT S (DOI: 10.9775/kvfd.2021.25516)
Comparative Analysis of the Heart Tissue Transcriptomes Between Low-altitude Reared and High-altitude Reared
Bar-headed Geese (Anser indicus) (Dusiik ve Yiiksek irtifali Alanlarda Yetistirilen Cubuk Bash Kazlarda [Anser indicus] Kalp 455
Dokusu Transkriptomlarinin Karsilastirmali Analizi [Anser indicus])
LI'Y, WANG F, GAO X, ZHU L, WANG W, SHARSHOV K (DOI: 10.9775/kvfd.2021.25704)
Cytotoxic and Apoptotic Effects of Curcumin on D-17 Canine Osteosarcoma Cell Line (Kurkuminin D-17 Kopek
Osteosarkom Hiicre Hatti Uzerindeki Sitotoksik ve Apoptotik Etkileri) 465
EKREN ASICI GS, KIRAL F, BAYAR i, BILDIK A, ALKIM ULUTAS P (DOI: 10.9775/kvfd.2021.25728)
Preparation and Evaluation of Alum Precipitate and Oil Adjuvant Multivalent Vaccines Against Clostridium perfringens
(Clostridium perfringens'e Karsi Alum Presipite ve Yag Adjuvanl Multivalan Asilarin Hazirlanmasi ve Degerlendirilmesi) 475
TARIQ M, ANJUM AA, SHEIKH AA, AWAN AR, ALI MA, SATTAR MMK, HUSSAIN S, ALIT (DOI: 10.9775/kvfd.2021.25732)
Determinate of ECG, Oxidative Stress, and Angiogenesis in APAP-Induced Toxicity in Rats (Sicanlarda APAP Kaynakli
Toksisitede EKG, Oksidatif Stres ve Anjiyogenezin Belirlenmesi) 483
MAKAV M, DOLANBAY T, GUL HF, KARAKURT E (DOI: 10.9775/kvfd.2021.25733)
L-Carnitine Supplemented Extenders Improve Post-Thawing Quality of Honey Bee Drone (Apis mellifera) Spermatozoa
(L-Karnitin ilave Edilmis Sulandiricilar Bal Arisi [Apis mellifera] Spermatozoasi’nin Cézdiirme Sonrasi Kalitesini Arttirir) 48
ALCAY S, CAKMAK' S, CAKMAK I, AKTAR A, YILMAZ M, USTUNER B, AKKASOGLU M, TASKIRAN S, AYAZ E, SAGIRKAYA H, NUR Z g
(DOI: 10.9775/kvfd.2021.25756)
Activity of Disinfecting Biocides and Enzymes of Proteases and Amylases on Bacteria in Biofilms (Dezenfektan
Biyositler ve Proteaz ve Amilaz Enzimlerinin Biyofilmlerdeki Bakteriler Uzerine Aktivitesi) 495
KUKHTYN M, KOZHYN V, HORIUK V, MALIMON Z, HORIUKY, YASHCHUK T, KERNYCHNY!I S (DOI: 10.9775/kvfd.2021.25770)
Evaluation of the Analytical Efficiency of a Real-Time PCR in the Diagnosis of Brucellosis in Cattle and Sheep (Sigir ve
Koyunlarda Brusellozisin Tanisinda Real-Time PCR'nin Analitik Yeterliliginin Degerlendirilmesi) 503
KARATAS YENI D, AKCA D (DOI: 10.9775/kvfd.2021.25776)
Effect of Exercise on Electrocardiography and Stress Behavior of Kangal Shepherd Dogs with Ankyloglossia
(Ankloglossia Olan Kangal Coban Képeklerinde Egzersizin Elektrokardiyografi ve Stres Davranisi Uzerine Etkisi) 511
KOCKAYA M (DOI: 10.9775/kvfd.2021.25797)
Presence and Importance of Oxidative Stress Parameters in Malignant Mammary Gland Tumors in Dogs (Kopeklerde
Malign Meme Bezi Tiimérlerinde Oksidatif Stres Parametrelerinin Varligi ve Onemi) 517
KARAKURT E, KURU M, DAG S, BEYTUT E, ORAL H, NUHOGLU H, YILDIZ A (DOI: 10.9775/kvfd.2021.25919)
Determination of Hemato-Biochemical Biomarkers, Associated Risk Factors and Therapeutic Protocols for Pregnancy
Toxemia in Beetal Goats (Beetal Kecilerinde Gebelik Toksemisi Icin Hemato-Biyokimyasal Biyobelirteclerin, ilgili Risk e
Faktorlerinin ve Terapotik Protokollerin Belirlenmesi)
KHAN YR, DURRANI AZ, IJAZ M, ALI A, KHAN RL, HUSSAIN K, RABBANI AH (DOI: 10.9775/kvfd.2021.25931)
KISA BILDIRI (SHorT CommuNICATION)
Diagnostic Efficacy of Copro-ELISA for Detection of Fasciolosis in Cattle and Buffaloes in Punjab Province, Pakistan
(Pakistan'in Pencap Eyaletinde Sigir ve Mandalarda Fasciolozis'in Tespitinde Copro-ELISA'nin Tanisal Etkinligi) 533

AFSHAN K, AHMAD |, KOMAL M, FIRASAT S, KHAN IA, QAYYUM M (DOI: 10.9775/kvfd.2021.25530)







Kafkas Universitesi Veteriner Fakultesi Dergisi Kafkas Univ Vet Fak Derg

ISSN: 1300-6045 e-ISSN: 1309-2251 27 (4): 409-415, 2021
Journal Home-Page: http://vetdergikafkas.org DOI: 10.9775/kvfd.2020.25073

RESEARCH ARTICLE
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Abstract

Feline arterial thromboembolism (FATE) is a common complication of myocardial disease, often having poor prognosis. The purpose
of this study is to evaluate the diagnostic and prognostic value of serum levels of cardiac biomarkers (N-terminal prohormone of brain
natriuretic peptide [NT- proBNP], creatine kinase isoenzyme-MB [CK-MB], and cardiac troponins [cTnl and cTnT] in cats with hypertrophic
cardiomyopathy (HCM) that was complicated by FATE. Two groups were constituted in the study. Cats with a diagnosis of HCM were included
in group | (n=10) and cats with HCM having acute episodes of FATE were included in group Il (n=10). Results of cardiac biomarkers and
echocardiographic measurements of left ventricle related parameters were compared between groups. The ratio of left atrium to aorta
(P<0.05), fractional shortening (P<0.05), left ventricular dimensions (P<0.05), and stroke volume (P<0.01) were found statistically significant
between groups. Serum CK-MB and cTnl levels in group Il were higher (P<0.001 and P<0.05 respectively)) than those in group I. Serum levels
of cTnl and cTnT were found respectively under 3.0 ng/mL and 0.1 ng/mL in the cats (n=3) which have survived. Our data demonstrate that
remarkably elevated serum levels of cardiac biomarkers could be associated with the diagnosis of HCM with acute onset of FATE in cats,
however cTnl and CK_MB might have a role in the risk assessment.

Keywords: Cardiac troponins, CK-MB, Feline arterial thromboembolism, Hypertrophic cardiomyopathy, NT-proBNP

Feline Arteriyel Tromboembolizm Tanisi ve Prognozunda Kardiyak
Biyobelirteclerin Rolii ve Onemi

Oz

Feline arteriyel tromboembolizm (FATE), miyokardiyal hastaliklarin en sik gorilen ve genellikle kétu bir prognoza sahip olan bir
komplikasyonudur. Bu calismanin amaci, FATE gelismis kedilerde, N-terminal prohormon beyin natritiretik peptid (NT-proBNP), kreatinin kinaz
(CK_MB) ve cTnl, cTnT serum seviyelerinin diyagnostik ve prognostik dnemini belirlemektir. Calisma icin iki grup (I ve Il) olusturuldu. HCM
teshisi almis kediler grup I'e (n=10) dahil edildi. Akut FATE gelisimi olan HCM'li kediler ise grup Il'e (n=10) dahil edildi. cTnl, cTnT, NT-proBNP,
CK-MB seviyeleri tim grupta analiz edildi ve kardiyak belirteclerin sonuglari ile sol ventrikil 6lciimleri gruplar arasinda Mann-Whitney U
non-parametrik test ile karsilastirildi. Kardiyak belirteclerin seviyesi, ekokardiyografik dl¢ciimler ve yasam siireleri Pearson korrelasyon testiile
karsilstirildi. Gruplar arasinda sol atriyum ¢api (P<0,05), sol atriyum aorta oraninda (P<0.05), fraksiyonel kisalma (P<0.001), sol ventrikil capi
(P<0.01) ve atim hacmi (P<0.01) dlctimlerinde istatistiksel farklilik saptandi. Grup II'e ait CK-MB (P<0.001), ve cTnl (P<0.05) 6l¢timlerinde anlamli
artis bulundu. Yasamakta olan kedilerde (n=3), cTnl ve cTnT seviyeleri sirasiyla 3.0 ng/mL ve 0.1 ng/mLnin altinda bulundu. Calisma verileri,
belirgin sekilde artis gosteren kardiyak belirteglerin akut olarak FATE gelisen HCM'li kedilerin tanisinda 6nemli oldugunu gostermektedir.
FATE icin kardiyak biyobelirteglerin diagnostik faydasi bulunmaktadir, bununla birlikte cTnl ve CK_MB FATE'ye bagl risk degerlendiriimesinde
onemli bir role sahip olabilir.

Anahtar sézciikler: CK-MB, Feline arteriyel tromboembolizm, Hipertrofik kardiyomiyopati, Kardiyak troponinler, NT-proBNP

INTRODUCTION tically and therapeutically challenging for veterinarians 2.

It is reported that feline arterial thromboembolism (FATE)
Hypertrophic cardiomyopathy (HCM) is the most commonly is a common complication of myocardial disease, often
diagnosed disease of the cardiac sarcomere and is diagnos-  having poor prognosis 2. Besides there is more interest in
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feline HCM, as it constitutes a model for study of human
HCM 13,

For detection of myocardial damage, the cardiac biomarkers
are useful parameters. Cardiac troponin | and T (cTnl and
cTnT, respectively) are also highly sensitive and specific
for myocardial damage ?#%., It was shown that especially
an increase in cTnl was also a reliable method for
differentiating cats with moderate to severe HCM from
normal cats with a sensitivity of 85% and specificity of
97% ™. In another study it was reported that cTnl has a
sensitivity of 62.0% and specificity of 100% when used
to distinguish healthy cats from asymptomatic cats with
HCM but without left atrial dilatation and high sensitivity
and specifity (95% and 77.8%, respectively) for assessing
heart failure . It was determined that NT-proBNP is
reliable on differentiating cardiac and respiratory causes of
respiratory distress but it appears to be inadequate when
it comes to prognostic information . Also, it is known that
creatine kinase isoenzyme-MB (CK-MB) is a useful cardiac
biomarker to detect myocardial injury in cats although
it is less sensitive than cTnl 2. However, diagnostic and
prognostic utility of troponin, NT-proBNP and CK-MB
measurements in FATE remains unknown. Therefore, the
purpose of this study was to evaluate the diagnostic and
prognostic values of serum levels of cardiac biomarkers;
N-terminal prohormone of brain natriuretic peptide (NT-
proBNP), CK-MB, cTnl and cTnT in cats with HCM that was
complicated by FATE. Although there are other cardiac
biomarkers suitable for assessing myocardial status, this
study focused on these biomarkers which are the most
common and accessible cardiac biomarkers to evaluate
myocardial stress and injury.

MATERIAL AND METHODS

Ethical Statement

Ethical approval of this study was obtained from Istanbul
University-Cerrahpasa Faculty of Veterinary Ethical Committee
(2021/17). The animals were treated in compliance with
ethical standards.

Animal Selection and Groups

Two groups (I and Il) were constituted in the study; cats
with HCM (n=9) in group |, and that was complicated by
acute episodes of FATE (n=24) in group Il. Average age of
group | was 6.9 and group Il was 5.5. Approximately 70%
of both groups were male cats. A diagnosis of HCM was
established based on echocardiographic examination. Cats
have an end-diastolic left ventricular wall (LVWd) thickness
>6 mm, considered as HCM. Cats in group | were subclinical
and classified as cardiomyopathy stage B1 and group Il
were classified as cardiomyopathy stage C according to
ACVIM classification criteria "%, The cats in group | were
classified as stage B1 according to their LA size. All the cats

that included in group | had normal or mild LA dilatation
with =6 mm LVWd "% (Table 1).

All the cats have been evaluated for some other diseases
or conditions that can cause a HCM phenotype such as
anemia, systemic hypertension, hyperthyroidism, viral
diseases, hydration status, kidney and liver function, blood
glucose level, and recently used medications. Cats that
have abnormal or inadmissible data in terms of these
diseases and conditions have been excluded from this
study.

Diagnosis of FATE was based on the presence of dysfunction
in one or two limbs and clinical evidence of decreased
perfusion (paresis, coldness, lack of palpable arterial pulses,
pallor of the nail beds) in the affected limb(s). Cats with
FATE were accepted in case they were brought to clinic
within 12 h after the start of the episode. Presence of
dilated, restrictive or unclassified cardiomyopathy and
FATE diagnosis more than 12 h later constituted the
exclusion criteria of the study. Survival time and affected
limbs were recorded.

Radiography and Echocardiography

Radiographic evaluations were performed in all animals.
The heart size was measured by vertebral heart score
system in radiographs ',

Echocardiography was performed in all groups using
a micro convex probe running at 7-9.3 mHz. The cats
were restrained in right lateral recumbency for echo-
cardiographic examination which was performed from
right chest wall using the parasternal long and short axis
view. Interventricular septal end diastolic dimension (IVSd),
interventricular septal end systolic dimension (IVSs), left
ventricular diastolic diameter (LVd), left ventricular systolic
diameter (LVs), left ventricular posterior wall end-diastolic
diameter (LVWd), left ventricular posterior wall end-systolic
diameter (LVWs), left atrium (LA), fractional shortening
(FS), left ventricular outflow tract (LVOT), the ratio of left
atrium to aorta (LA/AO) were measured ', HCM was
defined in case of left ventricular wall and septal wall
thickness with normal or elevated left ventricular fractional
shortening. Symmetrical (concentric) or asymmetrical
(eccentric) enlargements were noted.

Cardiac Biomarker Analysis

Cardiac biomarkers (cTnl, cTnT, NT-proBNP, and CK-MB)
were analyzed in the serum samples of animals of two
groups. CK-MB was analyzed by kits from Spinreact (Spain).
For determination of cTnl and cTnT, Immulite 2000 Systems
(TPI, TPT, Siemens, UK) were used following manufacturer’s
instructions. NT-proBNP was also measured in plasma
lithium heparin using Immulite 2000 (Siemens, UK).
Human reagents were used in the assays. Several human
immunoassays cross-react to canine and feline samples
and have appropriate sensitivity for the diagnosis of heart
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diseases common to veterinary medicine. There is a
great deal of homology between human and nonhuman
cardiac troponin isoforms '3, It was also reported that
the interspecies homology of proANP is much greater
than that of proBNP ['“'. However, while evaluating, the
differences among the groups were considered.

Treatment

Atenolol (6.25mg/cat) was started totwo groups.Treatment
with enoxaparin sodium (1 mg/kg subcutaneously géh)
was performed in cats of group Il. Prothrombin time
(PT) and activated partial thromboplastin time (aPTT)
were measured weekly. After 10 days of treatment with
enoxaparin sodium, low dose aspirin (5 mg/cat q72h)
was administered for prophylaxis. For supportive therapy,
heat sources, physical therapy, oxygen supplement and
analgesics (chlorpromazine hydrochloride with a dose of
0.4 mg/kg intravenously g6h) were also used. Amputation
was performed when necrosis and erosions were occurred
in those cases.

Statistical Analysis

The results of serum cardiac biomarkers and echocardio-
graphic measurements of left ventricle were compared
between the groups by Student’s T test. Echocardiographic
measurements and serum levels of cardiac biomarkers
were compared within a group by Pearson correlation test.

REesuLTs

The vertebral heart score was more than 8 vertebral bodies
in all animals. Eccentric hypertrophy was found in 2 cats of
group | and 7 cats of group Il. Concentric hypertrophy was
detected in 7 cats of group | and 15 cats of group Il and
echocardiographic examination couldn't be performed
on one of the cats from group Il (Fig. 1). The results of
echocardiographic measurements and cardiac biomarkers
were given in Table 1. The ratio of left atrium to aorta
(P<0.05), fractional shortening (P<0.001), left ventricular
dimension (P<0.01) and left atrium diameter (P<0.05)
between the groups were found statistically significant.
Significant increases were determined in CK-MB (P<0.001)
and cTnl (P<0.01) in group Il, compared with those in
group . Difference in cTnT and NT-proBNP levels between
two groups was not statistically significant.

The cats included in the study were predominantly male
(24/33). Only nine cats of group Il survived of which two of
them were known to be alive for more than one year. The
other cats were followed for more than 3 months. Survival
time and cardiac biomarker results of group Il were given
in Table 2. Serum levels of cTnl were found under 3.0 ng/
mL in the cats (n=9) which have survived and serum levels
of cTnT were found under 0.1 ng/mL in 5 survival cats.
However, NT-proBNP couldn’t be analyzed in two cats of
group Il and also cTnT couldn’t be measured in one cat of

Fig 1. X-ray and echocardiographic images. A- Right lateral thoracic radiography of 4 years old short haired cat (case 5) of group
II. Generalized cardiomegaly (vertebral heart score >11), peribronchial pattern and pulmonary congestion are present, B- Right
parasternal long axis view of 3 years old long haired cat (case 7) of group Il. Left atrial dilation (18.1 mm) and smoky view of the
thrombus (marked by star), left ventricular outflow tract obstruction, hypertrophy in septum and left ventricular posterior wall
are visualized, C- Right parasternal long axis view of 5 years old cat of group I. Left atrial dilation in 2-D image and concentric
hypertrophy in septum and left ventricular posterior wall are seen in M-Mode image, D- Right parasternal short axis view of 7
years old short haired cat (case 1) of group Il showing eccentric septal hypertrophy in 2-D and M-Mode echocardiogram
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Table 1. Comparison of echocardiographic measurements, cardiac biomarkers and age

Group | (ACVIM Stage B1) (n=9) Group Il (ACVIM Stage C) (n=20)
Parameters Meanz=Std. Error Mean Meanz=Std. Error Mean Significance

Age (years) 6.9+1.206 5.50+0.778 NS
IVSd (cm) 0.775%0.0529 0.904+0.0730 NS
IVSs (cm) 1.218+0.0409 1.321+0.1109 NS

Lvd (cm) 0.796+0.0379 1.160+0.1626 P<0.01

LVs (cm) 0.441+0.0308 0.669+0.1043 P<0,05
LVWd (cm) 0.877+0.0582 0.957+0.0786 NS
LVWs (cm) 1.225+0.1041 1.444+0.1149 NS

FS (%) 76.20+3.463 63.10+4.691 P<0.001
LVOT (m/sn) 0.672+0.0434 0.598+0.0459 NS

LA (cm) 1.538+0.0844 1.826+0.1301 P<0,05

LA/AO 1.649+0.12525 2.1278+0.1282 P<0.05

cTnl (hg/mL) 0.559:0.3229 13.860+64.203 P<0.05
cTnT(ng/mL) 0.1505+0.1188 1.695+10.657 NS

CK-MB (U/L) 45.67+7.269 2490.20+1204.601 P<0.001
NT-proBNP (pg/mL) 33.33+10.953 99.13+15.099 NS

NS: not significant

Table 2. Levels of carciac biomarkers, survival time and number of affected limbs in cats of group Il

Cats of Age cTnl cTnT CK-MB NT-proBNP Survival Number of
Group Il (years) (ng/mL) (ng/mL) (U/L) (pg/mL) Time Affected Limbs
1 10 9 NA 12310 NA 5 days 2
2 8 8.8 13 1202 NA 4 days 2
3 7 1.7 0.092 1020 130 Alive 2
4 3 326 0.28 1050 40 3 days 2
5 4 11.8 0.14 1050 58 10 days 2
6 3 0.95 0.057 1050 71 Alive 1
7 4 10 0.25 380 80 7 days 2
8 6 5.9 2.1 990 20 5 days 1
9 3 65 1.2 1510 62 2 days 2
10 7 2.6 0.094 810 32 Alive 1
1 4 1.1 0.86 120 20 Alive 1
12 5 1.3 0.092 277 25 Alive 1
13 13 0.57 0.41 53 10 Alive 1
14 4 0.43 0.075 380 20 6 months 1
15 2 0.87 041 159 19 Alive 1
16 3 0.87 0.13 149 29 Alive 1
17 10 0.27 0.044 215 10 Alive 1
18 6 43 1.14 470 35 5 days 2
19 4 14.7 0.15 498 34 1.5 days 2
20 7 3.7 0.071 175 18 18 days 2
21 11 24 0.12 1245 24 11 months 2
22 5 18 0.17 155 31 1 day 2
23 6 10.3 0.14 1729 28 1 day 2
24 5 175 2 418 37 8 days 2
NA: not available
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group II. As an adverse effect of enoxaparin sodium, gastric
bleeding was occurred in one cat. It was managed by
classic treatment and prolonged intervals of enoxaparin
sodium treatment. Amputation was performed to 4 cats
at 4™, 5%, 11* and 14" days of treatment. Three of them
survived. The one amputated at 4" day died at the day
after.

Left atrial thrombus was visualized in echocardiographic
examinations of 3 cats (Fig. 1-B). According to statistical
analysis of all data with Pearson correlation test, positive
correlation was found between IVSs and LVWs (P<0.05),
FS and IVSs (P<0.01), LVs and LVd (P<0.01), LA and LVd
(P<0.05), LVWd and LVWs (P<0.01), LVWs and FS (P<0.01)
and negative correlation was found between FS and Lvd
(P<0.01), LVd and LVWs (P<0.05), LVs and LVWd (P<0.05),
LVs and LVWs (P<0.01) FS and LVs (P<0.01), LVWd and LVd
(P<0.05), FS and LA (P<0.05). Also, positive correlation
was found between CK-MB and LVd (P<0.01), cTnl and
LA/AO (P<0.05), LA and CK_MB (P<0.01), LA and NT-
proBNP (P<0.05), cTnl and CK-MB (P<0.05) and a negative
correlation was found between LVOT and NT-proBNP
(P<0.05) in all animals. Depending on the statistical analysis
of group Il by Pearson correlation test, positive correlation
was detected between IVSs and IVSd (P<0.05), LVs and
Lvd (P<0.01), LVWd (P<0.01), FS and LVWs (P<0.05), LVOT
and FS (P<0.05, CK_MB and IVSd (P<0.05), CK-MB and
FS (P<0.05), NT-proBNP and IVSs (P<0.05), and negative
correlation was found between LVWs and LVd (P<0.01),
LVWs and LVs (P<0.05), LA and LVOT (P<0.01).

Discussion

Feline arterial thromboembolism is a considerable
complication of feline cardiomyopathy which is having a
poor prognosis ¢, Thromboembolism was seen in 20-
50% of cats with cardiomyopathy "7'%. It is known that the
blood serum levels of cardiac biomarkers such as CK-MB,
Tnl, TnT and NT-proBNP are being elevated in cats with
cardiomyopathies ?>#%8. One of the cats (no: 4 in group II)
involved in the current study was brought 6 h before the
acute onset of FATE, and the obviously elevated laboratory
results in this study depended on the prior examination.
This case also inspired the creation of the current study
to investigate the role of cardiac biomarkers in FATE by
comparing the data of cats with HCM that didn’t develop
FATE.

The gender of the animals was predominantly male (24/33).
Compatible with our results, most of the cats with FATE
and HCM were found to be male in many studies and it
indicates that males are at increased risk for FATE 18161820221,

The echocardiographic examinations are important in
feline medicine. As no auscultable abnormalities suggesting
of an underlying cardiac disease could be detected in more
than 40% of the cats diagnosed with FATE ['8. Severe left

atrial enlargement and identification of smoke contrast
or thrombus inside the left atrium are known to be
considerablerisk factors of FATE 8. In one study conducted
on cats with FATE, LA/AO was measured as 2.06+0.52 in 30
cats. However, no difference was found in survival based
on LA/AO (P=0.780) """\, It was reported that most of the
cats with FATE were having LA enlargement while 45%
had a LADs greater than 2.0 ®. In our study, the mean
result of LA/AO of group Il was measured as 2.158 (1.47-
2.50) cm and significance was found between the groups
(P<0.05). It was considered that a correlation between
left atrial dilation and thrombus formation was existent.
Compatibly, Fuentes "% reported that the blood stasis in
left atrium results in local platelet activation and thrombus
formation.

The survival rate was known to be between 20% and
50% independently from the type of the treatment
used. The treatment protocol depends on supportive
care and antithrombotic, surgical thrombolectomy or
administration of thrombolytic agents 1'%\, Streptokinase,
which is an expensive prescription and not easily available
in our country, is one of the preferred choices in the
treatment '), However, 100% mortality rate was reported
in 8 streptokinase treated cats %, Short term survival rate
of 33% was found in the cats treated with streptokinase
in another study "% In recent years, low molecular weight
heparin is suggested for treatment. However; in brief,
survival rates differ through 35%-39% in conservative
therapy or 33% in thrombolytic therapy; whereas natural
death rates show similarity to euthanasia with the rates of
28-40%, 25-35%, respectively 1. Also, tissue plasminogen
activator is a new drug used in human medicine, whereas
high rate of side effects occurred in administration to
cats ", It is observed that complications related to TPA
are fever (33%), minor hemorrhage (50%) and reperfusion
injury (33%) . The survival rate is not much different
from these studies; however only antithrombotic agents
were used. Also, it is reported that there is no statistically
different results in terms of treatment outcomes and
complications between the cases that treated with and
without TPA 7, Recently, some researchers recommended
the antithrombotic drugs as a first-treatment choice, as
the thrombolytic therapy could lead to adverse effects
and high mortality rates '¢.. Additionally, in one study, cats
with FATE and HCM had a mean survival time of 61 days %,
Cats with single limb episodes had a better prognosis than
bilateral involvement ', In our study; bilateral involvement
was observed in 16 of 24 cats. Also in one study, cats that
died between 24 h and 7 days had a median age of 11
years (2-19) and 73.6% of them had two or more limbs
affected whereas 33.3% of them had one limb effected.
In our study; the median age of cats that died between
24 h and 7 days was 5.66 years (3-10) and it was similar to
median age of cats that survived for 7 days and more (5.93
years, 2-13). However, there were fewer cats that had one
limb affected in the group of animals that died between
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24 h and 7 days (11% versus 40%) . According to those
information, it is deliberated that the high mortality rate
in our study also could be depended on the number of
the affected limbs.

Hertzsch et al.B% have reported that cTnl is a sensitive
and specific indicator for asymptomatic cats and a cutoff
of >0,06 ng/ml for cTnl can be used as a screening test to
detect the cats that have asymptomatic HCM. Langhorn et
al.®’have found thatcTnland especially cTnT are remarkably
sensitive and specific indicators for detecting myocardial
damage in cats with HCM, however their sensitivity and
specificity can be changed between individual cases.
However, non-survival cats (17 of 36) that suffering from
HCM has shown remarkably higher concentrations of
cTnl and cTnT, the cTnl and cTnT concentrations have not
been elevated in survival cats as much as non-survivals
but difference between healthy cats and cats with HCM
was greater for cTnT. Two of the non-survival cats were
euthanized from development of FATE. Similarly, in our
study, serum levels of cTnl and cTnT were remarkably high
in non-survival cats. Also, in our study; although cTnl levels
were under 3.0 ng/mL in all survival cats (n=9), that kind
of identity couldn't be observed on serum cTnT levels.
Serum cTnT levels were higher than 0.1ng/mL in some of
the survival cats (4 of 9) which was below in the rest of the
cats. This information may indicate that serum cTnl and
cTnT levels can be minimally variable on cats with FATE
that has better prognosis and serum levels of cTnl and cTnT
may help to determine the severity of the disease beside
complete cardiac examination. Since the mentioned study
was performed on cats with HCM (only 2 of them was
developed ATE during the study) more studies with more
cats with FATE must be performed to support this study.

In one study conducted on the cats with HCM, no
correlation was found between cTnl and echocardiographic
parameters. But only weak correlation was detected
between cTnl and LVWd . Ironside et al.®" have reported
that cats having a LA:Ao >1.5 are approximately four times
more at risk of a cardiac-related event such as congestive
heart failure and FATE. Also, the risk level is the same for
the cats with =700 pmol/l NT-proBNP concentrations. A
week correlation was found on cTnl with LA/AO (P<0.05)
in the current study. However, positive correlation was
found between CK-MB and LVD and LA (P<0.01). Similar
but weaker correlation was also valid between NT-proBNP
and LA. These correlations of CK-MB and NT-proBNP with
LA might indicate the possible damage that occurred by
dilation in the left atrial wall due to HCM. Also, negative
correlation was found between NT-proBNP and LVOT and
positive correlation between NT-proBNP and LA (P<0.05).
As NT-proBNP is substantially known to be produced in
atrial myocardiocytes 52, our findings are consistent and
significant.

Herndon et al.”? found an extreme increase in cTnl in two
cats with HCM and FATE (10.93 ng/ml and 2.98 ng/mL).

No macroscopic evidence of myocardial infarction was
detected in postmortem examination of one of these
cats. The researchers offered two explanations for these
apparent increases. One was the possible cross-reaction.
Although cTnlwas a highly specificindicator for myocardial
damage, it was not clear in animals. The second opinion
depended on the formation of an additional small thrombi
that embolized to the coronary vessels 2. The other
hypothesis might be depended on left ventricular damage
due to increased pressure in left ventricle occurred by the
thrombus in distal aorta. In the present study, however,
lowest value of cTnl was detected in three cats which had
survived. Also, an extreme result of cTnl was detected in
the cat no: 4 of group ll, 6 h before the acute onset in this
study. These findings may lead to possible diagnostic and
prognostic value of cTnl. In our study, positive correlation
was also found between CK-MB and cTnl (P<0.05).
Significant increases were detected in NT-proBNP and cTnl
in human patients with pulmonary thromboembolism 53341,
As a prognostic value, it was found that the patients with
elevated cTnl levels had more serious vital parameters 4,

In conclusion; our data demonstrate that remarkably
elevated serum levels of cardiac biomarkers (CK-MB, cTnl,
cTnT and NT-proBNP) are associated with the cats diagnosed
ashavingacute onset of FATEwith HCM. Especially, detection
of extremely high results of cTnl and cTnT in one case 6
hours before acute onset of FATE indicates the diagnostic
utility of cardiac biomarkers for FATE. cTnl and cTnT may
also play a role for the risk assessment of cats with FATE.
Although serum cTnl and cTnT levels can be variable on
cats with FATE that has better prognosis, remarkably high
levels of both cTnl and cTnT can indicate poor diagnosis. It
is considered that the cats with remarkably high levels of
cTnl (>3.0 ng/mL) and cTnT (>0.1 ng/mL) may have poor
prognosis with survival days shorter than 10 days despite
antithrombotic treatment.

LimiTATIONS

Since it is known that interspecies homology is much
greater for proANP than pro BNP %' assessing the
samples with human reagents for NT-proBNP must be
considered as a limitation for this study. Although only
the difference between the groups have been evaluated
for NT-proBNP, it must be compared with the data that
acquired by assessing the same samples on animal and/or
cat reagents. In future studies, comparison of NT-proBNP
levels that assessed with human and animal reagents
between similar groups may also be considered.
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Abstract

The objective of this study is to assess the protective effect of chrysin (CH) against ovarian torsion-detorsion injury. Thirty-two female albino rats
were divided into 4 groups as Control, Torsion/Detorsion (T/D), TD-CH, and CH. Ovarian torsion was done for 3 hours on TD and TD-CH groups
and then detorsion was performed. 50 mg/kg of CH was administered to the TD-CH group via oral gavage half an hour before the detorsion.
Subsequently, 50 mg/kg of CH was administered via oral gavage to TD-CH and CH groups for 14 days. At the end of the experiment, blood
samples were collected and ovarian tissue were taken. SOD and GPx activities and GSH and 8-OHdG levels were studied in serum and ovarian
tissue. Also, IL-18, KIM-1, NGAL, Cys-C levels were studied in serum samples. GSH levels and GPx, SOD activities in both serum and ovarian tissue
were significantly lower in TD group compared to the control and TD-CH groups (P<0.05), whereas the 8-OHdG level was significantly higher
(P<0.05). Treatment with CH resulted in a decrease in 8-OHdG level and an increase in GSH level, GPx and SOD activities in both serum and
ovarian tissue in the TD-CH group compared to TD group (P<0.05). Chrysin could ameliorate ovarian injury. Essentially, this outcome is thanks to
the antioxidant, anti-inflammatory, and antiapoptotic effects of chrysin. Furthermore, it also has significant effects on DNA oxidative damage.

Keywords: Ovary torsion, Chrysin, 8-OHdG, Antioxidant
Ovaryum Torsiyonu Uygulanmis Ratlarda Chrisinin Koruyucu Etkisi

Oz

Bu calismadaki amacimiz ovaryum torsiyon detorsiyon hasarina karsi chrysinin (CH) koruyucu etkisini degerlendirmektir. Otuz iki adet disi wistar
albino rat 4 gruba ayrildi. Grup 1. Kontrol grubu, grup 2: TD grubu; grup 3: TD-CH grubu; grup 4: CH grubu. TD ve TD- CH gruplarina 3 saat torsiyon
uygulandi ve 3 saatin sonunda detorsiyon yapildi. TD-CH grubuna detorsiyondan yarim saat dnce 50 mg/kg CH oral gavaj ile verildi. Daha sonra
TD-CH ve CH gruplarina 14 giin boyunca 50 mg/kg CH oral gavaj ile verildi. Deneme sonunda ratlar sakrifiye edilerek kan 6rnekleri ve ovaryum
dokusu alindi. Serum ve ovaryum dokusunda SOD ve GPx aktiviteleri, GSH ve 8-OHdG seviyeleri, serum 6rneklerinde ise 8-OHdG, IL-18, KIM-1,
NGAL, Cys-C seviyeleri calsildi. TD grubunda hem serum hem de ovaryum dokusunda, GSH seviyeleri, GPx ve SOD aktiviteleri kontrol ve TD-CH
gruplarindan anlamli olarak distikken (P<0.05), 8-OHdG seviyesi anlamli olarak ylksekti (P<0.05). TD-CH grubunda, CH uygulamasi TD grubu ile
karsilastirildiginda hem serum hem de ovaryum dokusunda 8-OHdG seviyesini anlamli olarak dustriirken, GSH seviyesi, GPx ve SOD aktivitelerini
anlamli olarak arttirmistir (P<0.05). Chrysin ovaryum hasarini diizeltebilir. Bu sonug esas olarak chrysinin antioksidant, antiinflammatuvar ve
antiapoptotik etkilerinden kaynaklanmaktadir. Dahasi DNA hasari Gizerinde de 6nemli etkileri vardir.

Anahtar sézciikler: Ovaryum torsiyon, Chrysin, 8-OHdG, Antioksidant

INTRODUCTION ligament, accounts for 3% of all gynecological emergencies ™.

Albeit ovarian torsion occurs in all women and primarily in
Ovarian torsion, which is defined as the twisting of the ~ women of reproductive age . Depending on the degree
ovary and vascular stem around the axis of the suspensory  of torsion, venous return to the ovarian tissue decreases, and
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subsequently, stromal edema and internal bleeding occur.
If arterial blood flow stops, ischemic and necrotic processes
begin in the tissue. Early diagnosis and management is
indispensable to preserve ovarian function . Due to non-
specific symptoms such as vomiting, nausea, and pelvic
pain, a delay is experienced in diagnosis almost always.
Diagnostic difficulty in ovarian torsion leads to loss of
ovarian tissue and function . Ovarian torsion/detorsion
(T/D) or ischemia/reperfusion (I/R) is a pathophysiological
incident in which histological damage, which is associated
with decreased perfusion following the lack of oxygen in
the ovarian, occurs P\

It releases reperfusion in the tissue following ischemia,
and subsequent reactive oxygen species . As a result of
the reperfusion process, an excessive amount of molecular
oxygen supplementation occurs in the ovary tissue. These
reactive oxygen species (ROS) attack the cell membrane
through the peroxidation of polyunsaturated fatty acids
and lead to cellular damage .

Thus, oxidation has devastating effects on the ovarian
tissue PL In healthy state, the ROS level is kept under control
by antioxidants such as glutathione (GSH), glutathione
peroxidase (GPx),and superoxide dismutase (SOD).However,
in the event of oxidative stress, uncontrolled production of
ROS damages biomolecules such as proteins, DNA, RNA
and lipids, and cellular structure . It has been revealed
that I/R causes DNA strand breaks, oxidative DNA damage,
and mutations . 8-hydroxy-2' deoxyguanosine (8-OHdG)
is a marker used to assess oxidative DNA damage and is
a risk factor for various diseases .,

Several antioxidants have been found to be effective
in preventing oxidative damage and inflammation in
ovarian tissue, which is exposed to I/R injury "%, Chrysin is
a natural flavonoid, found in honey, propolis, and various
plant extracts. Antioxidant, anti-inflammatory, and anti-
diabetogenic effects of chrysin have been reported in
numerous studies '"'2, |t has been also revealed that it has
protective effects in testicular/IR injury 13

Kidney injury molecule-1 (KIM-1), cystatin C (Cys-C), and
Neutrophil gelatinase-associated lipocalin (NGAL) have
emerged as a sensitive marker in the early diagnosis of
glomerular damage . KIM-1 is a type 1 transmembrane
glycoproteinandis significantly upregulated from proximal
tubular cells following renal stress such as ischemia or
nephrotoxicity '*.. Neutrophil gelatinase-associated lipocalin
(NGAL) is a stress protein released from damaged tubular
cells following various damaging stimuli, and it is known as
one of the promising biomarkers of acute kidney injury [,
Cys-C is eliminated only by the kidneys, and early-stage
renal lesions might lead to a change in serum Cyc-C level ',

Interleukin-18 (IL-18) is the proinflammatory cytokine of
the IL-1 superfamily and mediates the proinflammatory
response and ischemic proximal tubular damage ", Chrysin

alleviates renal impairment and morphological anomalies
caused by ischemic reperfusion injury. Chrysin suppresses
tubular apoptosis and inflammation in renal I/R injury 18,

Thus, to reveal these effects, we aimed in this study to
investigate the effects of CH on oxidant and oxidant enzymes,
in the event of ovarian T/D.

MATERIAL AND METHODS
Ethical Statement

This study was approved by the Van Yuzuncu Yil University
Animal Experiments Local Ethics Committee (YUHAD-YEK,
Date: 17/06.2020; Decision number: 2020/06-15).

Animal and Experimental Design

Thirty-two non-pregnant female Wistar albino rats, aged
between 8 to 10 weeks, weighing between 150 and 200 g
were used in the study. Animals were kept in polypropylene
cages at 21°C with a 12-h light and 12-h dark cycle. Food
and water were provided to the animals via ad libitum
intake.

Rats were divided into 4 groups, with 8 rats in each group.

Control group (C group): No treatment was performed on
the rats in this group.

Torsion/Detorsion (TD) group: Torsion was performed on
ovaries of the rats in this group for 3 h, and subsequently,
detorsion was performed.

Torsion/Detorsion-Chrysin (TD-CH) group: Torsion was
performed on ovaries of the rats in this group for 3 h,
and then 50 mg/kg of Chrysin was administered via oral
gavage for 14 days 2.

Chrysin (CH) group: 50 mg/kg of Chrysin was administered
to this group via oral gavage for 14 days .

The rats were sacrificed following the 14-day study.
Surgical Procedure

All surgical interventions were performed in a sterile
setting and under appropriate laboratory conditions.
Ketamine HCl (50 mg/kg) and xylazine HCI (10 mg/kg) were
administered intraperitoneal for anesthesia. The abdomen
was entered through a 2 cm longitudinal incision in the
lower abdominal region of the rats. The vascular clip was
applied approximately 1 cm above and below the left ovary,
and reperfusion was achieved via relaparotomy 3 h later ",
Half an hour before reperfusion, 50 mg/kg of chrysin was
administered via oral gavage, and they were kept at 4°C for
15 min to coagulate. Subsequently, they were centrifuged
at 3000 RPM for 15 min. Serums were stored at -20°C until
the study day. The ovary was removed meticulously and
stored at -20°C for biochemical assessment.
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Collection of Samples

At the end of the study, in order to assess biochemical and
pathological parameters, blood and ovary samples were
taken 24 h after the administration of the last dose. Blood
samples were taken into tubes without anticoagulant by
cardiac route.

Biochemical Analysis

Following the surgical procedure, ovary tissue was removed
and used for biochemical analysis. For biochemical analysis,
ovary tissue was homogenized. The obtained supernatant
and serum were stored at -20°C until they were studied.
Ovary tissue SOD (Catalog No: SG-20188; Sinogeneclon
Co., Hangzhou, China), GPx (Catalog No: SG-20976;
Sinogeneclon Co., Hangzhou, China) , 8-OHdG (Catalog
No: YLAOO61RA, YL Biotech Co. Ltd. Shamghai, China) and
GSH (Catalog No: SG-20391; Sinogeneclon Co., Hangzhou,
China), serum IL-18 (Catalog No: SG-20281, Sinogeneclon
Co., Hangzhou, China), 8-OhdG (Catalog No: YLAOO61RA,
YL Biotech Co. Ltd. Shamghai, China), GSH (Catalog No:
S$G-20391; Sinogeneclon Co., Hangzhou, China), GPx
(Catalog No: SG-20976; Sinogeneclon Co., Hangzhou,
China), SOD (Catalog No: SG 20188; Sinogeneclon
Co., Hangzhou, China), KIM-1 (Catalog No: SG 20751;
Sinogeneclon Co.,Hangzhou, China), NGAL (Catalog No:
SG-20801; Sinogeneclon Co., Hangzhou, China), Cys-c
(Catalog No: SG-20197; Sinogeneclon Co., Hangzhou,
China) levels were measured using ELISA kits via following
the instructions of the manufacturer.

Histopathological Examination

Necropsy of rats was performed at the end of the trial.
Ovarian tissue samples were taken and fixed in 10%
buffered formaldehyde solution. The routine follow-ups
of the tissues were performed. They were embedded
in paraffin blocks and 4 um sections were taken with a
microtome. The sections were stained with hematoxylin-
eosin (H&E), examined under a light microscope (Nikon
80i-DS-RI2), and photographed.

Statistical Analysis

The software of SPSS 20.0 (SPSS for Windows Chicago, IL,
USA) was used for statistical analysis. All data was presented

as mean and standard deviation. The Kolmogorov-Smirnov
test was used to determine whether the data were
normally distributed or not. One-way ANOVA was used
for comparison of biochemical parameters between
groups, and different groups were compared with post
hoc Tukey’s test. The results were considered statistically
significant at P<0.05.

REesuLTs

Ovariantissue SOD and GPX activities and GSH and 8-OHdG
levels are presented in Table 1. It was determined that in TD
Group, whereas ovarian tissue GPx and SOD activity and
GSH levels were significantly lower compared to TD-CH
and the control group, the 8-OHdG level was significantly
higher (P<0.05). Whereas the TD-CH group ovarian tissue
GSH and 8-OHdG levels were significantly higher than the
control group, SOD activity was found to be lower (P<0.05).
The ovarian tissue GPx activity was similar in the control
group and TD-CH groups (P>0.05).

It was found out that serum 8-OHdG and IL-18 levels of TD
group were significantly higher compared to the control,
TD-CH, and CH groups (P<0.05) (Table 2). Serum GSH level,
GPx, and SOD activities were significantly lower in TD group
compared to TD-CH, control, and CH groups (P<0.05).
Serum KIM-1 level was determined to be significantly
lower in CH group compared to the other groups (P<0.05).
It was found out that serum NGAL level was significantly
higher in TD group compared to C, TD-CH, and CH groups
(P<0.05). It was determined that serum CYC-C level was
significantly higher in TD and TD-CH groups compared to
C and CH groups (P<0.05).

As a result of the examinations, a normal histological
appearance was observed in the ovary tissues of the
control group (Fig. 1-A,B). However, venous congestion
and interstitial edema in the cortex of the ovary, capillary
hyperemia in the secondary follicle, degenerative-necrotic
changes in the luteal cells in the corpus luteum, and
accumulation of hemosiderin pigment were detected in
TD group (Fig. 1-C,D,E). Besides, a lesser venous congestion,
degenerative and necrotic cells in the corpus luteum, and
accumulation of hemosiderin pigment in macrophages
were detected in ovarian tissues in D-CH group compared

Table 1. Ovary tissue SOD, GPx, activities and GSH and 8-OhdG levels

Grops
Parameters
Control D TD-CH CH
8-OHdG (ng/mL) 2.01£0.02¢ 2.5+0.07° 2.31+0.05° 1.73+0.9¢
GPx (IU/mL) 27.28+1.4° 24.83+1.1° 28.39+0.8° 27.17+0.1°
SOD (ng/mL) 204.54+12.32 150.54+6.5¢ 179.11+10.7° 168.8+7.2°
GSH (ng/mL) 123.03+4.9° 100.11£3.2¢ 148.83+4.8° 128.04+8.5°

abead \/alues within a row with different superscripts differ significantly at P<0.05; TD: Torsion/Detorsion; TD-CH: Torsion/Detorsion-Chrysin; CH:
Chrysin; GPx: Glutathione peroxidase; SOD: superoxide dismutase:. GSH: Glutathione
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Table 2. Serum biochemical parameters of the groups

Grops
Parameters
Control D TD-CH CH

8-OHdG (ng/mL) 1.63+0.1¢ 2.09+0.07° 1.87+0.06° 1.77+0.06°
GPx (IU/mL) 29.25+1.4° 18.93+1.2¢ 21.52+0.8¢ 22.92+0.1°
SOD (ng/mL) 252.43+9.0° 226.31+5.9° 251.74+5.7° 242.33+6.4°
GSH (ng/mL) 125.49+5.0° 95.16+4.7¢ 135.87+8.3° 119.10£4.1°
IL-18 (pg/mL) 121.31£7.1° 141.35+7.2° 108.35+3.85¢ 99.26+29.0¢
KIM-1 (pg/mL) 87.36+3.0° 87.65+2.5° 88.53+3.6° 86.20+5.22°
NGAL (ng/mL) 1.43+0.07° 1.32+0.05¢ 1.52+0.05* 1.51+0.07°
CYS-C (ng/mL) 16.15£1.1° 18.87+0.4° 18.85+0.4° 13.95+0.6°

abad Values within a row with different superscripts differ significantly at P<0.05; TD: Torsion/Detorsion; DT-CH: Torsion/Detorsion-Chrysin; CH: Chrysin;
GPx: Glutathione peroxidase; GSH: Glutathione; SOD: superoxide dismutase; IL-18: interleukin-18; KIM-1: Kidney Injure molecule; NGAL: Neutrophile
gelatinase-associated lipocalin; CYC-C: Cystatin-C.

Fig 1. Histopathological assessment of the rat ovaries among
the groups. Control group (Group I): (A) Secondary follicle
(1), corpus luteum (*) and cumulus oophorus cells (—); (B)
Primary oocyte (¥*), granulated cells (x), theca interna (>),
and theca externa (') in the ovary with histopathologically
normal appearance. TD group (Group II): (C) Venous
congestion (1) and interstitial edema (x) in the cortex of the
ovary. Capillary hyperemia in the theca interna and externa
in the secondary follicle (—), (D) Degenerative and necrotic
changes in the luteal cells in the corpus luteum (—), (E)
Accumulation of hemosiderin pigment in macrophages in
the corpus luteum (—). TD-CH group (Group lI): (F) Less
venous congestion (—) is seen compared to Group I, (G)
Lesser degenerative and necrotic cells (—) and hemosiderin
pigment accumulation in macrophages (1) are seen in the
corpus luteum compared to Group Il. CH group (Group
1IV): (H) Normal histological appearance of the follicle and
corpus luteum is seen in the ovary; H&E
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to TD group (Fig. 1-F,G). The normal histological appearance
of the ovaries was observed in CH group similar to the
control group (Fig. 1-H). As a result of all findings, it was
concluded that the pathological findings significantly
decreased in the ovaries of the rats which were administered
with Chrysin by oral route following the torsion-detorsion
procedure.

Discussion

Ischemia-reperfusion injury is explained by the hypothesis
that the accumulation of neutrophils and platelets occurs
around the inflammation site due to activated complement
and other inflammatory components. This accumulation
of inflammatory cells increases the production of reactive
oxygen species. Moreover, glycolysis, increased lactic acid
concentration, and accumulation of intracellular Ca lower
the intracellular pH and ends up with acidosis. This results
in an increase in the intracytoplasmic lysosomal enzymes,
which leads to injury in protein and cell membranes .
Antioxidant and oxidant balance is disturbed in the
event of ischemia-reperfusion injury. Hence, it has been
suggested that it might be beneficial to use antioxidant
pharmacological agents during or before reperfusion to
prevent I/R injury 29,

Ovarian detorsion without ovariectomy may preserve
ovarian function, yet prophylactic measures against
subsequent I/R injury are required. Thus, animal models
have focused on antioxidant and anti-inflammatory
pharmacological agents for protecting the ovary in the
event of I/R injury 22", One of these agents is Chrysin (CH).
The antioxidative property of Chrysin has been attributed
to the inhibition of inducible nitric oxide synthase and
cyclooxygenase-2 expression, and the inhibition of
nuclear factor kappa B activity has been suggested to be
CH antioxidative and anti-inflammatory 2. It has been
demonstrated that CH protects rat ovaries from I/R injury
through improving histopathological scores, increasing
antioxidative activity, and decreasing lipid peroxidation .

Glutathione is an abundant non-thiol protein that plays
a key role in the coordination of antioxidant defense
mechanisms. GSH acts as a substrate for several enzymes
containing glutathione peroxidase and can capture reactive
oxygen species directly. Decreased GSH level in tissue not
only deteriorates cellular defense but also ends up with
increased oxidative damage . It has been revealed that
Chrysin could increase GSH concentration by upregulating
the gene transcription of glutamate-cysteine ligase (GCL),
which catalyzes the rate-limiting step in glutathione
synthesis, via ERK2/Nrf2 signaling ?*. In line with our
study, Oral et al.”*! demonstrated in their study that the
GSH level of the ovary tissue decreased significantly in
torsion group compared with the control groups. It has
been revealed that the decrease in GSH level following
detorsion in rats with ovarian torsion might be stemming

from the consumption during oxidative stress . In the
current study, while GSH level of ovarian tissue in TD group
was determined to be significantly lower compared to the
control group, CH administration caused an increase in
GSH level.

The increase in GSH level and increase in SOD, CAT, and GPx
activities indicate tissue healing after oxidative damage .,
It has been revealed that 75 mg/kg/day CH administration
protects against focal cerebral I/R injury effectively; also,
SOD, GPx activities, and GSH levels significantly increased
in the treatment group upon the administration of CH
following the I/R injury 8. It has been revealed that
compared to I/R group a significant increase was detected
in SOD activity in I/R-CH group, which were administered
with a single dose of 50 mg/kg CH 2.,

The antioxidant property of GSH has been attributed to
its ability to increase antioxidant enzyme activities as
well as its powerful feature of free radical capture 2%, In
the current study, while GSH level of ovarian tissue in TD
group was found to be significantly lower compared to
the control group, CH administration caused an increase
in GSH level.

Enzymatic antioxidants play a crucial role in protecting
cells from oxidative damage % SOD is the most significant
enzyme that catalyzes superoxide radicals (O,") into
molecular oxygen (O,) and hydrogen peroxide (H,0,). GPX
is an enzyme that catalyzes H,0, and lipid peroxides into
water B% It has been shown in the ovarian torsion studies
that SOD and GPX activities decreased in serum 3" and
ovarian tissue B In the current study, GPx and SOD
activities in ovarian tissue and serum were determined
to be significantly lower in TD group compared to C, CH,
and TD-CH groups. CH administration caused decreasing
SOD and GPx activities to increase. This mechanism of
action is considered to stem from the hydroxyl groups in
the 5" and 7* positions of the CH molecule, which directly
eliminates free radicals *2. It has also been determined that
CH inhibits oxidative stress indirectly through regulating
antioxidant enzyme activities B3\, It has been revealed in
various studies that CH medication protects tissues against
oxidative stress and induces an increase in antioxidant
enzyme activities >34,

Reactive oxygen species cause deformation of DNA-
protein bonds and changes in bases . Biologically, I/R
has been found to induce DNA strand breaks, oxidative
DNA damage, and mutations %7, 8-OHdG is one of
the most stable DNA bases and is a well-established
biomarker of oxidative damage in DNA B, 8-OHdG has
been shown to be immunoreactive in ovarian I/R injury ®.
It has been revealed that ovarian tissue concentration of
8-OHdG significantly reduced in rats treated with 3-h torsion
and 24-h detorsion compared to the control group B°.
Eken et al.®® revealed in their study that ovary 8-OHdG
concentration increased significantly in T/D group compared
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to the control group. In the current study, serum and ovarian
tissue 8-OHdG levels were determined to be significantly
higher in TD group compared to TD-CH and CH groups. CH
treatment significantly decreased both serum and ovarian
8-OHdG levels. CH antioxidant activity might reduce tissue
damage, leading to a decrease in 8-OHdG level.

IL-18 is a pro-inflammatory cytokine and is also known
as the interferon-gamma inducing factor. IL-18 is crucial
in supporting host defense 39 IL-18 is involved in the
pathophysiology of various inflammatory diseases including
I/Rinjury, transplant rejection, and autoimmune diseases ..
It has been revealed that IL-18 whose expression is
stimulated in cardiomyocytes by ROS could play a crucial
role in myocardial I/R injury “. Administration of IL-18
binding proteins to human myocardiocytes improves
cardiac function “2. and has been shown to play a role
in the cardiac inflammatory response to I/R injury in
mice “%. It was found out that IL-18 knockout mice with
simulated kidney I/R injury were highly protected against
I/Rinjury, and tubular damage was reduced . CH displays
various biological effects on the immune system. CH
suppresses the inflammatory response and displays an anti-
inflammatory response %, Pro-inflammatory cytokines
are modulators of host responses in trauma and immune
response; hence, the anti-inflammatory response serves to
reduce inflammation and promote healing while acting to
exacerbate the disease 4. CH with a double bond at C2-3
and a hydrogen group at R3 could inhibit pro-inflammatory
cytokines ¥ In the current study, serum IL-18 level was
found to be significantly higher in TD group compared to
TD-CH, CH, and control groups. CH administration caused
serum IL-18 level to decrease. The decrease in serum IL-
18 level upon the CH administration might be due to the
inhibition of CH proinflammatory cytokines.

Neutrophil Gelatinase-Associated Lipocalin (NGAL) induces
epithelial protection and epithelial development following
ischemia ., It has been demonstrated that NGAL expression
increases following renal ischemia .. NGAL is commonly
found in numerous biological fluids and various cell types
in humans. It serves to protect against bacterial infections
in normal tissue and to modulate the oxidative system “&l.
Kidney Injury Molecule-1 (KIM-1) has been suggested to
play a significant role in removing damaged epithelial cells
and dead cells via phagocytosis . It has been revealed that
ovarian tissue and serum NGAL levels in ovarian torsion
are higher in T/D group compared to the control group,
but this elevation is not significant “?, It has been reported
that the concentrations of KIM-1 and NGAL in urine are
increased compared to the control group in the event of
kidney I/R injury ®%. In the current study, serum KIM-1 level
in TD group was akin to the control and TD-CH groups.
Serum NGAL level was determined to be significantly
higher in TD group compared to C, TD-CH, and CH groups.
Serum Cyc-C level was found to be significantly higher in
TD and TD-CH groups compared to C and CH groups. It

has been revealed that NGAL uses the BCL2/BAX signaling
pathway in renal tubular epithelial cell apoptosis ®'.
It has been demonstrated that NGAL is reduced in
apoptotic tubular cells, and this renoprotective effect is
thanks to the inhibition effect of caspase-3 activation 52,
Thus, the fact that the serum NGAL level in the presented
study was significantly lower in TD group compared to the
other groups may be due to ovarian torsion increasing
apoptosis in the kidney, and it can be stated that CH in TD-
CH group has a protective effect on the kidney, since the
serum NGAL level is significantly higher than TD group.

In TD group, venous congestion and interstitial edema in
the ovarium cortex, capillary hyperemia in the secondary
follicle, and degenerative necrotic cells in luteal cells in
the corpus luteum were detected when we evaluated the
histopathologic findings and compared them with the
control group. In the TD-CH group, lesser venous congestion,
lesser degenerative and necrotic cells in the corpus luteum
were detected in ovarium tissues compared to TD group.
Turkoz et al.?® found that vascular congestion, hemorrhage,
and edema in the ovarium tissue increased in the torsion
detorsion group compared to the control group. When the
I/R process occurs, inflammatory cells cause an increase
in free oxygen radicals that lead to tissue damage by the
mechanism of inflammation 3, Compression of ovarian
vessels due to stromal edema and ovarian enlargement
prevents lymphatic and venous outflow first and sub-
sequently arterial inflow. Ovarian arterial pressure is then
blocked due to stromal pressure, resulting in infarction
and necrosis in addition to microscopic bleeding in the
ovarian tissue 2, Consistent with our study, Hortu et al."
revealed a higher incidence of histopathological scars such
as vascular congestion and hemorrhage and increased
cellular damage in the torsion group compared to the
control group. It has been demonstrated that Chrysin
improves histological changes such as vascular congestion,
hemorrhage, edema, and inflammatory cell infiltration in
ovarian tissue, which underwent ovarian torsion . In the
current study, chrysin treatment significantly reduced the
pathological findings in the ovaries. Anti-inflammatory
and antioxidant properties of Chrysin could prevent the
effects of I/R injury

In conclusion, it is considered in this study that CH
administration could be effective in reducing ovarian
injury during the TD procedure. The antioxidant and anti-
inflammatory properties of CH could protect the ovary and
lower injury during torsion-detorsion. Furthermore, CH
has considerable effects on oxidative DNA damage.

FINANCIAL SUPPORT
None.
CONFLICT OF INTEREST

The authors declared that there is no conflict of interest.



Research Article

423

DIRIK, KOMUROGLU, KOSAL
BASBUGAN, OZDEK, KOLUSARI, KELES

AuTHOR CONTRIBUTIONS

DD, AUK, UQ, VK, YB, PK and OFK experimental Study, AUK
and UO laboratory study, OFK pathological examination,
AUK statistic, DD, AUK, UO, VK, YB, PK and OFK literature
search and article writing.

REFERENCES

1. Huchon C, Fauconnier A: Adnexal torsion: A literature review.
Eur J Obstet Gynecol Reprod Biol, 150 (1): 8-12, 2010. DOI: 10.1016/j.
ejogrb.2010.02.006

2. Melekoglu R, Ciftci O, Eraslan S, Alan S, Basak N: The protective
effects of glycyrrhetinic acid and chrysin against ischemia-reperfusion
Injury in rat ovaries. Biomed Res Int, 2018:5421308, 2018. DOI: 10.1155/
2018/5421308

3. Harkins G: Ovarian torsion treated with untwisting: Second look 36
hours after untwisting. J Minim Invasive Gynecol, 14 (3): 270, 2007. DOI:
10.1016/j.jmig.2006.10.006

4. Karakas S, Kaya C, Giiraslan H, Sakiz D, Siizen Caypinar S, Cengiz H,
Ekin M, Yasar L: Effect of metformin and detorsion treatment on serum
anti-Mullerian hormonelevels and ovarian histopathology in a rat ovarian
torsion model. Turk J Med Sci, 50 (2): 455-463, 2020. DOI: 10.3906/sag-
1803-196

5. Soltani M, Moghimian M, Abtahi H, Shokoohi M: The protective
effect of Matricaria chamomilla extract on histological damage and
oxidative stress induced by Torsion/Detorsion in adult rat ovary. JWHRS,
5(3):187-192,2017. DOI: 10.15296/ijwhr.2017.34

6. Li C, Jackson RM: Reactive species mechanisms of cellular hypoxia-
reoxygenation injury. Am J Physiol Cell Physiol, 282 (2): C227-C241, 2002.
DOI: 10.1152/ajpcell.00112.2001

7. Ugurel V, Cicek AC, Cemek M, Demirtas S, Kocaman AT, Karaca T:
Antioxidant and antiapoptotic effects of erdosteine in a rat model of
ovarian ischemia-reperfusion injury. Iran J Basic Med Sci, 20 (1): 53-58,
2017.DOI: 10.22038/ijbms.2017.8093

8. Geyikoglu F, Koc K, Erol HS, Colak S, Ayer H, Jama S, Eser G,
Dortbudak MB, Saglam YS: The propolis and boric acid can be highly
suitable, alone/or as a combinatory approach on ovary ischemia-
reperfusion injury. Arch Gynecol Obstet, 300 (5): 1405-1412, 2019. DOI:
10.1007/s00404-019-05303-9

9. Varodi C, Pogacean F, Coros M, Rosu MC, Stefan-van Staden RI,
Gal E, Tudoran LB, Pruneanu S, Mirel S: Detection of 8-Hydroxy-2'-
Deoxyguanosine Biomarker with a Screen-Printed Electrode Modified
with Graphene. Sensors, 19:4297,2019. DOI: 10.3390/519194297

10. Prieto-Moure B, Lloris-Carsi JM, Barrios-Pitarque C, Toledo-
Pereyra L-H, Lajara-Romance JM, Berda-Antoli M, Lloris-Cejalvo J,
Cejalvo-Lapeiia D: Pharmacology of ischemia-reperfusion. translational
research considerations. J Invest Surg, 29 (4): 234-249, 2016. DOI: 10.3109/
08941939.2015.1119219

11. Khan R, Khan AQ, Qamar W, Lateef A, Tahir M, Rehman MU, Ali F,
Sultana S: Chrysin protects against cisplatin-induced colon. toxicity via
amelioration of oxidative stress and apoptosis: probable role of p38MAPK
and p53. Toxicol Appl Pharmacol, 258 (3): 315-329, 2012. DOI: 10.1016/j.
taap.2011.11.013

12. Belhan S, Ozkaraca M, Ozdek U, Kémiiroglu AU: Protective role of
chrysin on doxorubicin-induced oxidative stress and DNA damage in rat
testes. Andrologia, 52 (9): e13747,2020. DOI: 10.1111/and.13747

13.Belhans, Yildirim S, Karasu A, Komiiroglu AU, Ozdek U: Investigation
of the protective role of chrysin within the framework of oxidative and
inflammatory markers in experimental testicular ischaemia/reperfusion
injury in rats. Andrologia, 52 (9): 13714, 2020. DOI: 10.1111/and.13714

14.Leil, LiLP, Zeng Z, Mu JX, Yang X, Zhou C, Wang ZL, Zhang H: Value
of urinary KIM-1 and NGAL combined with serum Cys C for predicting
acute kidney injury secondary to decompensated cirrhosis. Sci Rep, 8 (1):
7962,2018.DOI: 10.1038/541598-018-26226-6

15. Westhoff JH, Seibert FS, Waldherr S, Bauer F, Tonshoff B, Fichtner
A, Westhoff TH: Urinary calprotectin, kidney injury molecule-1, and
neutrophil gelatinase-associated lipocalin for the prediction of adverse
outcome in pediatric acute kidney injury. Eur J Pediatr, 176 (6): 745-755,
2017.DOI: 10.1007/500431-017-2907-y

16. Bolignano D, Coppolino G, Lacquaniti A, Buemi M: From kidney
to cardiovascular diseases: NGAL as a biomarker beyond the confines of
nephrology. Eur J Clin Invest, 40 (3): 273-276, 2010. DOI: 10.1111/j.1365-
2362.2010.02258.x

17. Liu Y, Guo W, Zhang J, Xu C, Yu S, Mao Z, Wu J, Ye C, Mei C, Dai
B: Urinary interleukin 18 for detection of acute kidney injury: A meta-
analysis. Am J Kidney Dis, 62 (6): 1058-1067, 2013. DOI: 10.1053/j.ajkd.
2013.05.014

18. Xu M, Shi H, Liu D: Chrysin protects against renal ischemia reperfusion
induced tubular cell apoptosis and inflammation in mice. Exp Ther Med,
17 (3): 2256-2262, 2019. DOI: 10.3892/etm.2019.7189

19. Hortu |, ligen O, Sahin C, Akdemir A, Yigitturk G, Erbas O:
Losartan ameliorates ovarian ischaemia/reperfusion injury in rats: an
experimental study. J Obstet Gynaecol, 40 (8): 1148-1154, 2020. DOI:
10.1080/01443615.2019.1701639

20.KiligA, Uyanikoglu H, incebiyik A: Protective effect of N-acetylcystein
and resveratrol on ischemia-reperfusion injury in rat ovary. Dicle Med J, 43
(2): 229-236, 2016.

21. Kurt RK, Dogan AC, Dogan M, Albayrak A, Kurt SN, Eren F, Okyay
AG, Karateke A, Duru M, Fadillioglu E: Protective effect of colchicine on
ovarian ischemia-reperfusion injury: an experimental study. Reprod Sci,
22 (5): 545-550, 2015. DOI: 10.1177/1933719114553065

22, Ha SK, Moon E, Kim SY: Chrysin suppresses LPS-stimulated
proinflammatory responses by blocking NF-kB and JNK activations in
microglia cells. Neurosci Lett, 485 (3): 143-147,2010. DOI: 10.1016/j.neulet.
2010.08.064

23. Pushpavalli G, Kalaiarasi P, Veeramani C, Pugalendi KV: Effect of
chrysin on hepatoprotective and antioxidant status in D-galactosamine-
induced hepatitis in rats. Eur J Pharmacol, 631 (1-3): 36-41, 2010. DOI:
10.1016/j.ejphar.2009.12.031

24. Huang C§, Lii CK, Lin AH, Yeh YW, Yao HT, Li CC, Wang TS, Chen
HW: Protection by chrysin, apigenin, and luteolin against oxidative stress
is mediated by the Nrf2-dependent up-regulation of heme oxygenase
1 and glutamate cysteine ligase in rat primary hepatocytes. Arch Toxicol,
87 (1):167-178,2013. DOI: 10.1007/500204-012-0913-4

25. Oral A, Odabasoglu F, Halici Z, Keles ON, Unal B, Coskun AK, Kilic
C, Surer I, Salman AB: Protective effects of montelukast on ischemia-
reperfusion injury in rat ovaries subjected to torsion and detorsion:
biochemical and histopathologic evaluation. Fertil Steril, 95 (4): 1360-
1366, 2011. DOI: 10.1016/j.fertnstert.2010.08.017

26. Turkoz Y, Celik O, Hascalik S, Cigremis Y, Hascalik M, Mizrak B,
Yologlu S: Melatonin reduces torsion-detorsion injury in rat ovary:
biochemical and histopathologic evaluation. J Pineal Res, 37 (2): 137-141,
2004.DOI: 10.1111/j.1600-079X.2004.00146.x

27.Carden DL, Granger DN: Pathophysiology of ischaemia-reperfusion
injury. J Pathol, 190 (3): 255-266, 2000. DOI: 10.1002/(SICI)1096-9896
(200002)190:3<255::AID-PATH526>3.0.CO;2-6

28. Yao Y, Chen L, Xiao J, Wang C, Jiang W, Zhang R, Hao J: Chrysin
protects against focal cerebral ischemia/reperfusion injury in mice
through attenuation of oxidative stress and inflammation. Int J Mol Sci, 15
(11): 20913-20926, 2014. DOI: 10.3390/ijms151120913

29. Pietta PG: Flavonoids as antioxidants. J Nat Prod, 63 (7): 1035-1042,
2000. DOI: 10.1021/np9904509

30. Kandemir FM, Kucukler S, Eldutar E, Caglayan C, Giilgin i:
Chrysin protects rat kidney from paracetamol-induced oxidative stress,
Inflammation, apoptosis, and autophagy: a multi-biomarker approach.
Sci Pharm, 85:4,2017. DOI: 10.3390/scipharm85010004

31. Erdem AO, Ozkisacik S, Coskun OD, Dogan S, Culhaci N, Yazici M:
The long-term protective effect of hypothermia and gradual detorsion on
ovarian tissue in adnexal torsion/detorsion model in rats. J Pediatr Surg,
55 (8): 1639-1644, 2020. DOI: 10.1016/j.jpedsurg.2019.10.022


https://www.sciencedirect.com/science/article/pii/S0301211510000503?via%3Dihub
https://www.hindawi.com/journals/bmri/2018/5421308/
https://www.clinicalkey.com/#!/content/playContent/1-s2.0-S1553465006005486?returnurl=https:%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1553465006005486%3Fshowall%3Dtrue&referrer=https:%2F%2Fwww.doi.org%2F
https://journals.tubitak.gov.tr/medical/issues/sag-20-50-2/sag-50-2-24-1803-196.pdf
http://ijwhr.net/text.php?id=246
https://journals.physiology.org/doi/full/10.1152/ajpcell.00112.2001
https://ijbms.mums.ac.ir/article_8093.html
https://link.springer.com/article/10.1007%2Fs00404-019-05303-9
https://www.mdpi.com/1424-8220/19/19/4297
https://www.tandfonline.com/doi/full/10.3109/08941939.2015.1119219
https://www.sciencedirect.com/science/article/pii/S0041008X11004492?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1111/and.13747
https://onlinelibrary.wiley.com/doi/10.1111/and.13714
https://www.nature.com/articles/s41598-018-26226-6
https://link.springer.com/article/10.1007%2Fs00431-017-2907-y
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2362.2010.02258.x
https://www.clinicalkey.com/#!/content/playContent/1-s2.0-S0272638613009098?returnurl=https:%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0272638613009098%3Fshowall%3Dtrue&referrer=https:%2F%2Fwww.doi.org%2F
https://www.spandidos-publications.com/10.3892/etm.2019.7189
https://www.tandfonline.com/doi/full/10.1080/01443615.2019.1701639
https://dergipark.org.tr/tr/download/article-file/602813
https://journals.sagepub.com/doi/10.1177/1933719114553065
https://www.sciencedirect.com/science/article/pii/S0304394010011444?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0014299909011522?via%3Dihub
https://link.springer.com/article/10.1007%2Fs00204-012-0913-4
https://www.clinicalkey.com/#!/content/playContent/1-s2.0-S0015028210024052?returnurl=https:%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0015028210024052%3Fshowall%3Dtrue&referrer=https:%2F%2Fwww.doi.org%2F
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-079X.2004.00146.x
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1096-9896(200002)190:3%3C255::AID-PATH526%3E3.0.CO;2-6
https://www.mdpi.com/1422-0067/15/11/20913
https://pubs.acs.org/doi/10.1021/np9904509
https://www.mdpi.com/2218-0532/85/1/4
https://www.sciencedirect.com/science/article/pii/S0022346819307572?via%3Dihub

424

Chrysin Effect on Ovarian Torsion

Research Article

32. Mantawy EM, El-Bakly WM, Esmat A, Badr AM, El-Demerdash E:
Chrysin alleviates acute doxorubicin cardiotoxicity in rats via suppression
of oxidative stress, inflammation and apoptosis. Eur J Pharmacol, 728,
107-118,2014. DOI: 10.1016/j.ejphar.2014.01.065

33. Rehman MU, Tahir M, Khan AQ, Khan R, Lateef A, Oday OH,
Qamar W, Ali F, Sultana S: Chrysin suppresses renal carcinogenesis via
amelioration of hyperproliferation, oxidative stress and inflammation:
plausible role of NF-kB. Toxicol Lett, 216 (2-3): 146-158, 2013. DOI:
10.1016/j.toxlet.2012.11.013

34. Pushpavalli G, Veeramani C, Pugalendi KV: Influence of chrysin
on hepatic marker enzymes and lipid profile against D-galactosamine-
induced hepatotoxicity rats. Food Chem Toxicol, 48 (6): 1654-1659, 2010.
DOI: 10.1016/j.fct.2010.03.040

35. Sahin Ersoy G, Eken M, Tal R, Oztekin D, Devranoglu B, Isik
Kaygusuz E, Cevik O: N-acetylcysteine leads to greater ovarian
protection than enoxaparin sodium in a rat ovarian torsion model. Reprod
Biomed Online, 33 (1): 93-101, 2016. DOI: 10.1016/j.rbm0.2016.03.009

36. Pressly JD, Park F: DNA repair in ischemic acute kidney injury.
Am J Physiol Renal Physiol, 312 (4): F551-F555, 2017. DOI: 10.1152/
ajprenal.00492.2016

37. Demiryilmaz |, Turan MI, Kisaoglu A, Gulapoglu M, Yilmaz I,
Suleyman H: Protective effect of nimesulide against hepatic ischemia/
reperfusion injury in rats: effects on oxidant/antioxidants, DNA mutation
and COX-1/COX-2 levels. Pharmacol Rep, 66 (4): 647-652, 2014. DOI:
10.1016/j.pharep.2014.02.015

38. Eken MK, Ersoy GS, Kaygusuz El, Devranoglu B, Takir M, Cilingir
O T, Gevik O: Etanercept protects ovarian reserve against ischemia/
reperfusion injury in a rat model. Arch Med Sci, 15 (4): 1104-1112, 2019.
DOI: 10.5114/aoms.2017.72406

39. Roy U: Insight into the structures of Interleukin-18 systems. Comput
Biol Chem, 88:107353, 2020. DOI: 10.1016/j.compbiolchem.2020.107353

40. Gu H, Xie M, Xu L, Zheng X, Yang Y, Lv X: The protective role of
interleukin-18 binding protein in a murine model of cardiac ischemia/
reperfusion injury. Transpl Int, 28 (12): 1436-1444, 2015. DOI: 10.1111/
tri.12683

41.Venkatachalam K, Prabhu SD, Reddy VS, Boylston WH, Valente AJ,
Chandrasekar B: Neutralization of interleukin-18 ameliorates ischemia/
reperfusion-induced myocardial injury. J Biol Chem, 284 (12): 7853-7865,
2009. DOI: 10.1074/jbc.M808824200

42. Pomerantz BJ, Reznikov LL, Harken AH, Dinarello CA: Inhibition of
caspase 1 reduces human myocardial ischemic dysfunction via inhibition
of IL-18 and IL-1f. Proc Natl Acad Sci U S A, 98 (5): 2871-2876, 2001. DOI:
10.1073/pnas.041611398

43. Wu H, Craft ML, Wang P, Wyburn KR, Chen G, Ma J, Hambly B,

Chadban SJ: IL-18 contributes to renal damage after ischemia-reperfusion.
JAm Soc Nephrol, 19 (12): 2331-2341,2008.DOI: 10.1681/ASN.2008020170

44, Zeinali M, Rezaee SA, Hosseinzadeh H: An overview on
immunoregulatory and anti-inflammatory properties of chrysin and
flavonoids substances. Biomed Pharmacother, 92, 998-1009, 2017. DOI:
10.1016/j.biopha.2017.06.003

45. Hougee S, Sanders A, Faber J, Graus YM, van den Berg WB,
Garssen J, Smit HF, Hoijer MA: Decreased pro-inflammatory cytokine
production by LPS-stimulated PBMC upon in vitro incubation with the
flavonoids apigenin, luteolin or chrysin, due to selective elimination of
monocytes/macrophages. Biochemical Pharmacol, 69 (2): 241-248, 2005.
DOI: 10.1016/j.bcp.2004.10.002

46. Andreucci M, FagaT, Pisani A, Perticone M, Michael A: The ischemic/
nephrotoxic acute kidney injury and the use of renal biomarkers in clinical
practice. Eur J Intern Med, 39, 1-8,2017. DOI: 10.1016/j.ejim.2016.12.001

47.Zhao C, Ozaeta P, Fishpaugh J, Rupprecht K, Workman R, Grenier
F, Ramsay C: Structural characterization of glycoprotein NGAL, an early
predictive biomarker for acute kidney injury. Carbohydr Res, 345 (15):
2252-2261,2010. DOI: 10.1016/j.carres.2010.07.024

48. Bauvois B, Pramil E, Jondreville L, Chapiro E, Quiney C, Maloum K,
Susin SA, Nguyen-Khac F: Relation of neutrophil gelatinase-associated
lipocalin overexpression to the resistance to apoptosis of tumor B Cells in
chronic lymphocytic leukemia. Cancers, 12 (8): 2124, 2020. DOI: 10.3390/
cancers12082124

49. Giileg Baser B, islimye Tagkin M, Adali E, Oztiirk E, Hismiogullar
AA, Yay A: Does progesterone have protective effects on ovarian
ischemia-reperfusion injury? J Turk Ger Gynecol Assoc, 19 (2): 87-93, 2018.
DOI: 10.4274/jtgga.2017.0047

50. Impellizzeri D, Bruschetta G, Ahmad A, Crupi R, Siracusa R, Di
Paola R, Paterniti I, Prosdocimi M, Esposito E, Cuzzocrea S: Effects
of palmitoylethanolamide and silymarin combination treatment in an
animal model of kidney ischemia and reperfusion. Eur J Pharmacol, 762,
136-149, 2015. DOI: 10.1016/j.ejphar.2015.05.010

51. Gong L, Yu H, ZhuGe Y, Yu Q: Neutrophil gelatinase-associated
lipocalin protects renal tubular epithelial cell in ischemic/reperfusion
injury rats via apoptosis-regulating proteins. Ren Fail, 34 (6): 777-783,
2012.DOI: 10.3109/0886022x.2012.678173

52. Zang XJ, An SX, Feng Z, Xia YP, Song Y, Yu Q: In vivo mechanism
study of NGAL in rat renal ischemia-reperfusion injury. Genet Mol Res, 13
(4): 8740-8748,2014. DOI: 10.4238/2014.0ctober.27.15

53. Liou KT, Shen YC, Chen CF, Tsao CM, Tsai SK: Honokiol protects
rat brain from focal cerebral ischemia-reperfusion injury by inhibiting

neutrophil infiltration and reactive oxygen species production. Brain Res,
992 (2): 159-166, 2003. DOI: 10.1016/j.brainres.2003.08.026


https://www.sciencedirect.com/science/article/pii/S0014299914001010?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378427412013860?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0278691510001894?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1472648316300360?via%3Dihub
https://journals.physiology.org/doi/full/10.1152/ajprenal.00492.2016
https://www.sciencedirect.com/science/article/abs/pii/S1734114014000784?via%3Dihub
https://www.archivesofmedicalscience.com/Etanercept-protects-ovarian-reserve-against-ischemia-reperfusion-injury-in-a-rat,70005,0,2.html
https://www.sciencedirect.com/science/article/pii/S1476927120302486?via%3Dihub
https://onlinelibrary.wiley.com/doi/full/10.1111/tri.12683
https://www.sciencedirect.com/science/article/pii/S0021925820324972?via%3Dihub
https://www.pnas.org/content/98/5/2871
https://jasn.asnjournals.org/content/19/12/2331
https://www.sciencedirect.com/science/article/pii/S0753332217304973?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S000629520400704X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0953620516304307?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0008621510003095?via%3Dihub
https://www.mdpi.com/2072-6694/12/8/2124
http://cms.galenos.com.tr/Uploads/Article_16803/JTGGA-19-87-En.pdf
https://www.sciencedirect.com/science/article/pii/S0014299915300066?via%3Dihub
https://www.tandfonline.com/doi/full/10.3109/0886022X.2012.678173
http://www.funpecrp.com.br/gmr/year2014/vol13-4/pdf/gmr4068.pdf
https://www.sciencedirect.com/science/article/pii/S0006899303036023?via%3Dihub

Kafkas Universitesi Veteriner Fakultesi Dergisi Kafkas Univ Vet Fak Derg

ISSN: 1300-6045 e-ISSN: 1309-2251 27 (4): 425-429, 2021
Journal Home-Page: http://vetdergikafkas.org DOI: 10.9775/kvfd.2021.25402

RESEARCH ARTICLE

The Effects of Different Mydriatics on Intraocular Pressure and
Central Corneal Thickness in New Zealand White Rabbits '

Latif Emrah YANMAZ %2 Sitkican OKUR **®) Ugur ERSOZ <
Miimin Gékhan SENOCAK ¢ Elif DOGAN 2¢ Zafer OKUMUS *f

[IThe preliminary essay of this study was presented as a poster presentation at the 2nd International Veterinary Surgery
Congress, September 2018 Cyprus, Turkey
' Department of Surgery, Faculty of Veterinary Medicine, Ataturk University, TR-25240 Erzurum - TURKEY

2 Department of Surgery, Faculty of Veterinary Medicine, Kastamonu University, TR-37150 Kastamonu - TURKEY
ORCIDs: » 0000-0001-5890-8271; ® 0000-0003-2620-897X; < 0000-0002-1687-2327; ¢ 0000-0002-8855-8847; ¢ 0000-0002-3321-8116
£0000-0001-5880-1415

Article ID: KVFD-2021-25402 Received: 12.01.2021 Accepted: 11.06.2021 Published Online: 11.06.2021

Abstract

This study was aimed to compare the effect of 1% atropine, 1% cyclopentolate, 0.5% tropicamide, and 10% phenylephrine eye drops on
intraocular pressure (IOP) and central corneal thickness (CCT) in New Zealand White rabbits. Adult male, eight, New Zealand White rabbits were
randomly received each of four mydriatic eye drops separately on left eye at a one-week washout period. Each rabbit received all of five different
treatments (sterile saline solution, four mydriatic drugs) on the left eye, whereas no measurements were performed on the right eyes during the
experiment. The IOP and CCT recordings of rabbits were performed until the pupil returned to normal diameter. The mean CCT values of sterile
saline, 1% atropine, 0.5% tropicamide, 1% cyclopentolate, and 10% phenylephrine were 370+15, 368+17, 372+15, 364+18, and 360+17 pum,
respectively, and no statistically significant differences (P>0.05) were observed among groups. The mean IOP values of control (sterile saline), 1%
atropine, 0.5% tropicamide, 1% cyclopentolate, and 10% phenylephrine as, 9.7+£2.1,10.4+1.8, 10.3+2.1, 11.0+2.1, and 10+1.8 mmHg, respectively,
and these were not statistically significant among groups (P>0.05). In conclusion, topical 1% atropine, 0.5% tropicamide 1% cyclopentolate, and
10% phenylephrine do not have significantly effect on IOP and CCT in New Zealand white rabbits.

Keywords: Central corneal thickness, Intraocular pressure, Mydriatic, New Zealand white rabbit, Tropicamide

Beyaz Yeni Zelanda Tavsanlarinda Farkli Midriyatiklerin G6z ici
Basinci ve Merkezi Kornea Kalinhigi Uzerine Etkileri

Oz

Bu calisma, Beyaz Yeni Zelanda tavsanlarinda %1 atropin, %1 siklopentolat, %0.5 tropikamid ve %10 fenilefrin g6z damlasinin géz ici basinci (GiB)
ve merkezi kornea kalinligi (MKK) tizerindeki etkilerini karsilastirmayr amacladi. Sekiz, yetiskin erkek Beyaz Yeni Zelanda tavsaninin sol géziine
dort ayr midriyatik goz damlasi bir haftalik arinma periyoduyla rastgele uygulandi. Her tavsanin sol goziine bes farkli tedavinin (steril serum
fizyolojik, dért midriyatik ilag) tamami uygulanirken, sag gézlerde ise deney boyunca &lclim yapilmadi. Tavsanlarin GIiB ve MKK verileri pupil
normal capa dénene kadar alindi. Steril salin, %1 atropin, %0.5 tropikamid, %1 siklopentolat ve %10 fenilefrinin ortalama MKK degerleri sirasiyla
370+15, 368+17, 372415, 364+18 ve 360+17 pum idi ve gruplar arasinda istatistiksel olarak anlamli farklilik (P>0.05) g6zlenmedi. Kontrol (steril
salin), %1 atropin, %0.5 tropikamid, %1 siklopentolat ve %10 fenilefrinin ortalama GIB degerleri sirasiyla 9.7+2.1, 10.4+1.8, 10.3%2.1, 11.0£2.1 ve
10+1.8 mmHg'idi ve gruplar arasinda istatistiksel olarak 6nem yoktu (P>0.05). Sonug olarak, Beyaz Yeni Zelanda tavsanlarinda topikal %1 atropin,
%0.5 tropikamid, %1 siklopentolat ve %10 fenilefrinin GIB ve MKK {izerinde anlamli bir etkisi yoktur.

Anahtar sézciikler: Beyaz Yeni Zelanda tavsani, Goz i¢i basinci, Merkezi kornea kalinligi, Midriatik, Tropikamid

INTRODUCTION ophthalmology to examine the posterior segment and
treat uveitis and corneal ulceration by providing pupil
Mydriatics are commonly used in human and veterinary  dilation ['2.
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Mydriatics may alter the intraocular pressure (IOP) by
obstructing the iridocorneal angle ® or decreasing traction
on trabecular meshwork that effects aqueous outflow
drainage or widening on anterior chamber angle . So
many researches have been conducted to find the relation-
ship between mydriatics and IOP in different species such as
sheep B, monkeys ©), horses [, goats /), dogs 1", cats ['”)
and rabbits ',

Measuring the central corneal thickness (CCT) is important
for laser corneal refractive surgery for the maximum safety
of performance "". Mydriatic drugs are commonly used
for ocular surgery and they may elevate the CCT because
of the impairment of corneal physiological metabolism
or function of epithelial barrier ' Several studies have
investigated the relationship between IOP and CCT in
humans ">, cats " and dogs 1"®.. It has been reported that
low CCT may lead to underestimation of IOP '],

This study was aimed to compare the effects of 1%
atropine, 1% cyclopentolate, 0.5% tropicamide, and 10%
phenylephrine on CCT and IOP values of New Zealand
White rabbits.

MATERIAL AND METHODS

Ethical Statement

Atatlrk University Local Board of Ethics Committee for
Animal Experiments has approved the study protocol of
this research (HADYEK decision no: 2021/22).

Animals

Eight, adult New Zealand white rabbits with average weights
of 2.9 kg were used. The animals were housed in individual
cages (60x50x60 cm height) without bedding material
and received water and a standard pellet diet ad libitum.
The humidity ranged between 40 and 60%. A uniform
temperature of 22+2°C was maintained throughout with a
12:12 h light: dark cycle.

Study Design

The rabbits were checked for pre-existing ocular disorders
by measuring the IOP (Tonovet®, Icare, Finland), Schirmer
tear test - | (STT-1; Eye Care Product Manufacturing LLC,
Tucson, USA), fluorescein staining (Flu-Glo® ophthalmic strips
USP 1.0 mg, Akorn, USA), and indirect ophthalmoscopy
(Aesculap AC-635 C, Braun, Germany).

The treatment procedure was randomized, and each
animal received all of five treatments on the left eye (sterile
saline solution, four mydriatic drugs) with a minimum one-
week washout period. No measurements were performed
on the right eyes during the experiment.

The treatment protocols were one drop of sterile saline
solution, 1% atropine ophthalmic solution (Atrosol® %1,

Sanovel, Turkey), 0.5% tropicamide ophthalmic solution
(Mydriaticum Stulln®0.5%, Pharma Stulln GmbH, Germany),
1% cyclopentolate ophthalmic solution (Sikloplejin® %1,
Abdi Ibrahim, Turkey), and 10% phenylephrine ophthalmic
solution (Fenilefrin® 10%, Sanovel, Turkey). All mydriatics
were administered by the same person who was unaware
of the experimental design.

During the each IOP measurement, the rabbits were gently
handled to prevent any pressure on the animal’s neck
which might effect IOP '8, All measurements were recorded
at predefined time points . No anesthetic eye drops were
used throughout the experiment. Before the experiment,
the rabbits were adapted to the study for two weeks
period to prevent false recordings.

Measurement

Intraocular pressure and CCT measurements were dis-
continued until the two independent researchers were
not able to examine posterior segment of the eye by direct
ophthalmoscopy. The IOP and CCT measurements were
recorded in an examination room with the same light
circumstances. The IOP and CCT recordings were collected
by rebound tonometer (Tonovet, Icare, Vantaa, Finland)
and ultrasound pachymetry (Ipac, Reichert, NY, USA),
respectively.

All'lOP and CCT measurements were performed by the same
person at the predefined time points (32 h for 1% atropine,
14 h for 0.5% tropicamide, 40 h for 1% cyclopentolate, 6
h for 10% phenylephrine, 40 h for saline group. IOP and
CCT measurements of sterile saline, 1% atropine, 0.5%
tropicamide, 1% cyclopentolate and 10% phenylephrine
were recorded 19, 17, 12, 19 and 8 times, respectively. On
the first day, IOP and CCT were measured at 8 a.m., 8.30
a.m,9am.,9.30am, 10am., 11 am, 12 p.m,, 2 p.m., 4
p.m., 6 p.m., 8p.m., 10 p.m., 12 a.m. On the second day, IOP
and CCT were measured at 4 a.m., 8 a.m., 12 p.m., 4 p.m,,
8 p.m., 12 a.m. The time point of 30 min after mydriatic
administration was chosen based on the previous study ..

Statistical Analysis

All data were analyzed using the SPSS 19.0 (IBM, SPSS
Inc, USA, 2010) statistical package. Data are reported as
meanzstandard deviation. To evaluate the differences in
IOP levels among groups, a Repeated Measures-ANOVA
followed by Bonferroni multiple comparisons Post-Hoc
test was performed. A P-value of <0.05 was considered
statistically significant.

REesuLTs

No signs of ocular irritation or pain were encountered
during the experiment. The mean CCT values of sterile
saline, 1% atropine, 0.5% tropicamide, 1% cyclopentolate,
and 10% phenylephrine were 370+15, 368+17, 372+15,
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Fig 2. The effect of mean intraocular pressure values

Central corneal thickness (um)

—a— Control group
e —e— 1% cyclopentolate
—A—0.5% tropicamide
1% atropine
Ly 10% phenylephrine
=) —"
o
c 12 1 \ ° u
\E/ ./. "\ ./ \
o 114 A ® . .
= \ / \ / ¥ - Fig 1. The effect of mean central corneal thickness
n ® | S values during the predefined time points after the
g y A m topical sterile saline, 1% atropine, 0.5% tropicamide 1%,
= 10 /f / / cyclopentolate, and 10% phenylephrine administrations
= k\ /-
% 9 / . || \.
3 91 u /
8 N
E 81
T T T T T T T T T T T T T
0 2 46 810121416 20 24 28 32 36 40
Time (h)
—n— Control group
390 — —e— 1% cyclopentolate
—A— 0.5% tropicamide
1% atropine
[ B 10% phenylephrine
380 - Z‘

during the predefined time points after the topical 370 4 i | 4 .\ |
sterile saline, 1% atropine, 0.5% tropicamide 1%, / \_ M ® PY
cyclopentolate, and 10% phenylephrine administrations ./ Na N \
% N
360 L
" \' \‘\ /\ u
®
0T T T T T T T T T T T T
0 2 46 810121416 20 24 28 32 36 40
Time (h)

364+18, and 36017 pum, respectively, and no statistically
significant differences (P>0.05) were observed among
groups (Fig. 1).

The mean values of IOP in sterile saline, 1% atropine, 0.5%
tropicamide, 1% cyclopentolate, and 10% phenylephrine
as, 9.7+£2.1,10.4+1.8,10.3£2.1,11.0 2.1, and 10+1.8 mmHg,
respectively and no significant differences (P>0.05) were
observed among groups. No significant differences were
observed on IOP levels in all groups at all-time intervals
except for at the 4™ h and 20*" h (Fig. 2). The IOP level was

significantly increased (P<0.05) in 1% cyclopentolate group
(11.4+£1.8 mmHg) at 4" h compared to the 10% phenylephrine
(9£1.2 mmHg). And also, 1% cyclopentolate (12.4+2.0
mmHg) resulted with a significant increase in IOP at 20%"
h compared to the control group (9.6+1.7 mmHg, P<0.05).

Discussion

Mydriatics are regularly administered to the eye to assist
the clinician in the routine evaluation of ocular structures
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located in the posterior segment of the eye 2% In our
study, 1% atropine, 0.5% tropicamide, 1% cyclopentolate
and 10% phenylephrine were used for mydriatic effect.
Atropine, tropicamide, and cyclopentolate are a para-
sympatolitic agents that have anti-muscarinic activity,
which causes pupillary dilatation followed by ciliary
paralysis 2. However, phenylephrine shows its mydriatic
effect by activating sympathetic receptors on the iris
dilator muscle by inhibiting iris sphincter muscle action 22,
A previous study has reported that 1% atropine ointment
may reduce the IOP in horses, possibly due to the large
capacity of aqueous humor outflow . However, in this
study, 1% atropine did not cause any significant effect on
IOP and CCT values of New Zealand white rabbits. Similar
results were previously reported in sheep B and horses 23,
In the current study, no significant differences were
observed in IOP and CCT levels between cyclopentolate
and atropine groups. This may occur due to similar
pharmacological effect of both drugs "#. We observed
an increase in IOP levels at some time points in the
1% cyclopentolate group compared to the saline and
phenylephrine group. This finding was consistent with a
previous report 1'%, Therefore, 1% cyclopentolate must be
used carefully in rabbits especially when the higher IOP
levels are suspected.

Tropicamide is a commonly used ophthalmic solution to
inhibit the action of acetylcholine on the iris sphincter 24,
It has been stated that tropicamide-induced mydriasis
may cause an increase in IOP recordings of dogs "' cats
and humans ", We observed an insignificant increase in
IOP level after the 0.5% tropicamide application compared
to the saline group, however, this was clinically acceptable.
Because phenylephrine is sympathomimetic drug that
causes less humor aqueous production and thereby lower
IOP levels. However, in this study phenylephrine did not
cause a significant effect on IOP. Similar results were also
reported in cats ), monkeys ?°, and humans ¢,

In this experiment, no topical anesthetics were used, which
may affect the IOP ' and CCT 282, The IOP is dynamic so
it changes during the day %", Environmental changes
and stress-related factors may increase IOP B2, Based on
these premises, IOP and CCT measurements of the current
study were recorded at the same time of the day with two
weeks acclimation period. In our study, we did not serve
the right eyes as a control because previous studies have
shown that unilateral application of mydriatic drugs may
affect both eyes .,

Intraocular pressure values of healthy rabbit with Tonovet
is ranged between 9.51+2.62 mmHg B2. In the current
study, the mean IOP recordings of the saline group were
within the reference values. CCT measurements were easily
obtained from rabbits’ eyes’ using an ultrasound pachy-
meter; however, it involves contact with the surface of the
cornea epithelium 3. Chan et al.*? reported that CCT values
of New Zealand white rabbits with ultrasound pachymeters

were 407420 pm. In this study, the mean CCT value was
370+15 pm, and the results were consistent with Wang et
al.®s report, which used optical coherence tomography
for measuring the CCT.

In conclusion, topical application of 1% atropine, 0.5%
tropicamide, 1% cyclopentolate, and 10% phenylephrine
do not have a significant effect on IOP and CCT values
of New Zealand white rabbits. 10% phenylephrine is less
likely to affect IOP in rabbits among the mydriatics used
in this study. Moreover, future studies that focus on the
relationship between CCT and IOP levels of glaucomatous
eyes may reveal the possible interactions of both para-
meters.
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Abstract

The growth curve of livestock animals is important to evaluate the biological development managed with a farming management system.
This study aimed to estimate the growth curve of body weight (BW) in Madura cattle (Bos indicus) kept at the breeding management. Three
non-linear models of Logistic (L), Gompertz (G) and Von Bertalanffy (B) were performed in this study using 186 records data and computed
with SPSS 16.0 package. Research showed that the asymptotic weight (male/female) was reached of 220.80/218.02 kg (L), 277.72/274.13
kg (G) and 333.92/329.83 kg (B). The weight of inflection (male/female) was reached of 110.40/109.01 kg (L), 102.10/100.78 kg (G) and
98.94/97.73 kg (B). The time of inflection (male/female) was reached of 10.89/10.47 months (L), 10.09/10.23 months (G) and 9.80 months
(B). Moreover, the coefficient of determination (R2) in all models included of high category i.e. 0.68 (male) and 0.70 (female). However, three
goodness-of-fit parameters of root mean squared error (RMSE), Akaike's (AIC) and Beyesian (BIC) values revealed that G and B models were
more accurate than the other models for male and female, respectively. It can be concluded that about 68-70% of body weight of animals in
a study can be explained by non-linear models of L, G and B.

Keywords: Body weight, Growth curve, Inflection, Madura cattle, Non-linear models

Madura Sigirlarinda Viicut Agirhgi Biliyiime Egrisinin Tahmini

Oz

Ciftlik hayvanlarinin biylime egrisi, bir ciftlik ydnetim sisteminde biyolojik gelisimin degerlendirilmesi icin Snemlidir. Bu calismada, damizlik
amacli yetistirilen Madura sigirlarinda (Bos indicus) viicut agirliginin (BW) blylme egrisinin tahmin edilmesi amaglanmistir. Bu calismada, 186
veri kaydi ve SPSS 16.0 paket programi esliginde dogrusal olmayan li¢ model, Lojistik (L), Gompertz (G) ve Von Bertalanffy (B), kullaniimistir.
Calisma, asimptotik agirligin (erkek/disi), 220.80/218.02 kg (L), 277.72/274.13 kg (G) ve 333.92/329.83 kg (B)'a ulastigini gdstermistir. Biikim
agirhgi (erkek/disi), 110.40/109.01 kg (L), 102.10/100.78 kg (G) ve 98.94/97.73 kg (B)'a ulasmistir. Bikiim zamani (erkek/disi), 10.89/10.47 ay (L),
10.09/10.23 ay (G) ve 9.80 ay (B) olarak belirlenmistir. Ayrica, tiim modellerde determinasyon katsayisi (R2), yiiksek, 0.68 (erkeklerde) ve 0.70
(disilerde) saptanmistir. Bununla birlikte, Hata Kareler Ortalamasinin Karekdki (RMSE), Akaike Bilgi Kriteri (AIC) ve Bayesci Bilgi Kriteri (BIC) tG¢lu
uyum indeks analiz degerleri, G ve B modellerinin sirasiyla erkek ve disiler icin diger modellere gére daha dogru oldugunu ortaya koymustur.
Hayvanlarin viicut agirhginin yaklasik %68-70'inin dogrusal olmayan L, G ve B modelleri ile tahmin edilebilecedi sonucuna varilabilir.

Anahtar sézciikler: Viicut agirhdi, Blylime egrisi, Biikim, Madura sigiri, Dogrusal olmayan modeller

INTRODUCTION functions: sonok, karapan and commercial Madura cattle.
Sonok cattle are female Madura cows that have beautiful
body shape, coat color, conformation and skills which
are the result of selection and specific maintenance from
generation to generation. Karapan cattle is a bull that has
the ability to run fast and has a lighter and smaller body.
Karapan cattle are widely used for the traditional arts of
the Madura community .

Madura cattle is one of Indonesian native cattle that
originated from Madura Island and is a composite breed
that has undergone hundreds of years of selection and
domestication. Based on its history, Madura cattle were
formed from product cross mating between Bos javanicus
(wild banteng) and Bos indicus that occurred thousands
of years ago. Until now, Madura cattle had diverged into 3 The Madura cattle was kept for meat production and
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drought by smallholders. The weaning weight (205 days of
age) and yearling weight (365 days of age) of Madura cattle
were 97.00+13.77 kg and 120.00+10.86 kg, respectively 2.
Despite the slaughter weight, carcass weight and carcass per-
centage of Madura bull were 248.00+71.00 kg; 128.90+45.16
kg and 51.08+4.50%, respectively B. In addition, the
reproductive traits of Madura cow such as service per
conception, conception rate and gestation length were
1.46 time, 58.80%, and 283.35+17.15 days, respectively .
According to Cytochrome Oxidase | (COI) gene (mtDNA),
the Madura cattle had similar genetic characterization
with Zebu (Bos indicus) cattle P,

Madura cattle had good of genetic potency as the beef
cattle in Indonesia. The genetic improvement in these
cattle is being carried out through a selection program.
The early selection in Madura cattle can be performed with
growth curve of body weight. The growth curve of body
weight was used to evaluate the growth performance in
several Indonesian cattle breeds i.e. Friesian Holstein 62,
Bali!"®, Brahman cross "*, Madura 1">'®, Aceh "7 and Ongole
grade "%, In addition, the growth curve was also used in
many cattle breeds such as Belgian Blue "%, N'Dama 29,
Nellore 222 Dhofari *¥, Parda de Montana ¥, Aberdeen
Angus ?°, Podolica ? and Friesian Holstein 1228/ to evaluate
the growth performance in the world.

The growth in livestock can be defined as an increase of
body size per time unit .. Growth is a continuous function
during the animal’s life from embryonic stages up to
adult age and it is mathematically explained by growth
curve models. Growth curve for poultry generally have
the characteristics: an accelerating phase of growth from
hatching, a point of inflection in the growth curve at which
the growth rate is maximum, a phase where growth rate
is decelerating and a limiting value (asymptote) mature
weight B% In addition, the growth curve is to describe the
regular change generated by the live weight or some part
of the animal with the age increasing, which commonly is
a S-shaped (sigmoid) curve B,

The application of mathematical model on growth curve
will provide a set of parameters that could be used to
describe growth pattern overtime. Furthermore, it will
enable the breeders to expect the weight of animals at a
specific age and to detect the stage that associated with
the reduction in growth rate 2. Moreover, growth curves
of livestock have been used to dynamically observe the
growth course, to forecast the poultry growth law and
to instruct the feeding and management programs to
improve the selection and breeding effects 3.

The growth curve of livestock can be estimated with several
nonlinear regression model of Brody, Von Bertalanffly,
Gompertz, Logistic, Richards and Weibull. However, the
Logistic, Gompertz and Von Bertalanffy models have fixed
growth forms with point of inflection at about 50%, 30%
and 30% of the asymptote in animals, respectively B%.

Moreover, many models were used to obtain the growth
curve model in cattle "2, Unfortunately, the study of
growth curve estimation in Madura cattle using non-linear
models so far is not reported. This study was aimed to
estimate the growth curve of body weight with non-linear
model of Logistic, Gompertz and Von Bertalanffy. The
result of this study can be used as the basic information to
keep Madura cattle for breeding or feedlot purposes.

MATERIAL AND METHODS
Ethical Approval

The following experiment was conducted under the
guidelines of the Indonesian Code of Practice for the
Care and Use of Animals for Scientific Purposes and was
approved by the Indonesian Ministry of Agriculture Animal
Ethics Committee (Balitbangtan/Lolitsapi/Rm/14/2019).

Animals Data and Research Site

The records of body weight (BW) in Madura cattle (Bos
indicus) were collected from 186 animals (95 males and 91
females) between the year 2014 t0 2019.The weighing time
of each animal was performed every month from birth to
20 month of age using electronic digital weight scale. The
animals were kept in the colony stall at Indonesian Beef
Cattle Research Station (Loka Penelitian Sapi Potong Grati).
This station located at longitude112°33'55"to 113°30'37"E
and latitude 70°32'34" to 80°30'20” S. This area located at 2
to 2770 m above the sea level with air temperature of 24-
32°C and rainfall of 0.2-30.9 mm/year.

Animals Management

The animals were kept in the colony stall with natural
mating system. Each stall consisted of 1 bull and 15 to 20
cows. The forages feed consisted of 97.98% of Elephant
grass (Pennisetum purpureum)and 2.02% of rice straw.Thus,
the concentrate feed consisted of chalk (1.89%), salt
(1.89%), rice bran (24.75%), slamper corn (20.51%), coffee
peel (4.98%), palm kernel cake (9.70%), copra cake (10.16%),
cassava flour (10.16%), destillers dried grains with soluble
(7.98%) and corn gluten feed (7.98%). Thus, the standard
nutritional content of feed for Madura cattle was presented
in Table 1. Moreover, the fresh water was given ad libitum
with regular medical examination and vaccination.

Data Analysis

The individual BW data in male (1.876 datasets) and female

Table 1. The standard nutritional content (DM) of feed for Madura cattle

Physiological Status CP (%) TDN (%) CF (%)
Birth to weaning 9-10 58-60 19-22
Weaning to adult 10-11 58-60 17-19

DM: dry matter; CP: crute protein; TDN: total digestible nutrient; CF: crude
fiber
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(1.737 datasets) cattle were used to estimate the growth
curve with Logistic (L), Gompertz (G) and Von Bertalanffy
(B) models using SPSS 16.0 software. The non-linear
regression equations that used in the present study were
presented in Table 2.The goodness-of-fitmodelin this study
was selected based on coefficient of determination (R?)
and mean root squared error (RMSE), Akaike's information
criterion (AIC) and Beyesian information criterion (BIC)
using the mathematical formula as follow B°%

RZ = 1 (SSE)
B SST
RMSE = SSE
n-p-1

SSE
AIC = NLn (T) +2p

REesuLTs

The average of body weight in Madura cattle from birth
to adult ages were presented in Table 3 (male) and Table
4 (female). Mostly, the CV value in each age group were
included of high category (>20%). Therefore, the growth
parameters in Madura cattle were presented in Table 5.
According to Table 5, the A value in B model was higher
than the other models in both sexes. Thus, the highest
of W, and t; values were reached by L model. Meanwhile,
the lowest of W;and t; values were reached by B model.
In addition, A, W; and t; values in male were higher than
female animals. In general, the A value in animals in the
study was 218.02-333.92 kg. The W, value in animals in the
study was 97.73-110.40 kg. While, the t;value in animals

Table 2. The growth curve function of Logistic, Gompertz and Von
Bertalanffy models (24)

SSE Model Ye Wi ti
BIC = NLn (T) + pLn(n) Logistic A(1+Bey A2 (Ln.B)/k
Gompertz A exp(-Be™) Ale (Ln.B)/k
where, R2 is the coefficient of determination; SSE is the  |Von Bertalanffy A(1-Be)? A(8/27) (Ln.3B)/k
sum of square error; SST is the total sum of square; AIC = Y« body weight (kg) of cattle at t week of age; A: the asymptotic weight (kg)
Akaike's information criterion; BIC = Beyesian information when times goes to infinity; B: scaling parameters (constant of integration);
criterion; N is number of observations (data points); pisthe | k: maturing rate (kg/month); e: constanta (2.72); t: time (month);
number of parameters. Wi: weight of inflection (kg); ti: time of inflection (month)
Age (month) N Mean (kg) SD CV (%) Min Max.
0 (birth) 95 16.81 3.51 20.88 11.00 25.00
1 95 25.86 4.52 17.48 16.80 33.62
2 95 34.93 7.08 20.27 20.72 50.85
3 94 43.99 10.07 22.89 24.58 68.27
4 91 53.00 13.26 25.02 28.44 85.69
5 91 61.08 15.82 25.90 32.30 103.12
6 89 69.94 18.92 27.06 36.00 120.54
7 87 78.36 22.05 28.14 39.10 137.96
8 87 86.90 2541 29.25 41.25 155.38
9 87 95.67 28.59 29.88 43.41 172.81
10 87 104.43 31.77 3042 45.57 190.23
11 87 113.20 34.96 30.88 47.73 207.65
12 87 121.97 38.15 31.27 49.88 225.08
13 87 130.74 41.34 31.62 52.04 242.50
14 87 139.51 44.53 31.92 54.20 259.92
15 87 148.27 47.72 32.19 56.35 277.35
16 87 157.04 50.92 32.42 58.51 294.77
17 87 165.81 54.12 32.64 60.67 312.19
18 87 174.58 57.32 32.83 62.82 329.62
19 87 183.35 60.51 33.01 64.98 347.04
20 87 192.11 63.71 33.16 67.14 364.46
N: number of animals; SD: standard deviation; CV: coefficient of variation; Min.: minimum; Max.: maximum
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Table 4. The descriptive statistics of body weight in female Madura cattle at different ages

Age (month) N Mean (kg) SD CV (%) Min. Max.
0 (birth) 91 15.85 2.92 18.43 11.00 25.00
1 91 24.74 4.41 17.83 15.97 37.53

2 91 33.74 7.04 20.87 20.91 51.25

3 91 42.74 9.95 23.29 23.87 66.87

4 91 51.74 12.96 25.04 26.82 82.49

5 86 59.82 15.75 26.33 29.78 98.12
6 85 68.34 18.67 27.32 32.73 113.74
7 84 76.89 21.72 28.25 35.69 129.36
8 79 85.53 24.76 28.95 38.64 144.99

9 79 94.28 27.79 29.47 41.60 160.61

10 79 103.04 30.82 29.92 44.55 176.23

11 79 111.79 33.86 30.29 47.51 191.86

12 79 120.54 36.90 30.61 50.46 207.62

13 79 129.30 39.94 30.89 53.42 223.92

14 79 138.05 42.98 31.13 56.37 240.22

15 79 146.80 46.02 31.35 59.33 256.52

16 79 155.56 49.07 31.54 62.28 272.82

17 79 164.31 52.11 31.71 65.24 289.12
18 79 173.06 55.15 31.87 68.19 305.42

19 79 181.81 58.20 32.01 71.15 321.73
20 79 190.57 61.24 32.14 74.10 338.03

N: number of animals; SD: standard deviation; CV: coefficient of variation; Min.: minimum; Max.: maximum

Table 5. The growth curve parameters for body weight of Madura cattle

Model Sex A B k w; ti Iteration
Male 220.80+8.12 7.10+0.33 0.18+0.01 110.40 10.89 6
Logistic
Female 218.02+7.92 7.31+0.34 0.19+0.01 109.01 10.47 6
Male 277.72+18.85 2.48+0.05 0.09+0.01 102.10 10.09 5
Gompertz
Female 274.13+18.40 2.51+0.05 0.09+0.01 100.78 10.23 5
Male 333.92+33.08 0.60+0.01 0.06+0.01 98.94 9.80 5
Bertalanffy
Female 329.83+32.35 0.60+0.01 0.06+0.01 97.73 9.80 5
A: the asymptotic weight (kg) when times goes to infinity; B: scaling parameters (constant of integration); k: maturing rate (kg/month); t: time
(month); Wi: weight of inflection (kg); ti: time of inflection (month)

Table 6. The goodness-of-fit criteria for the studied growth models

Sex Model R? RMSE AIC BIC
Logistic 0.68 36.80 13.531.09 13.547.70
Male Gompertz 0.70 35.23 13.518.02 13.534.63
Bertalanffy 0.68 36.67 13.514.44 13.531.05
Logistic 0.70 35.09 12.376.97 13.393.35
Female Gompertz 0.68 36.64 12.363.37 12.379.75
Bertalanffy 0.70 35.05 12.359.64 12.376.02

R?: coefficient of determination; RMSE: root mean squared error; AIC: Akaike’s information criterion; BIC: Beyesian information criterion
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‘ Fig 2. The growth rate of body weight in Madura cattle. A- male, B- female

in the study was 9.80-10.89 months. The R? value in each
model included of high category (0.60<R?<0.80). However,
the goodness-of-fit criteria showed that the G model
(R?>=0.70) can be selected as the best function to describe
growth of male Madura cattle with the lowest of RMSE,
AIC and BIC values (Table 6). Meanwhile, the B model as
the best function to describe growth of female Madura
cattle with the lowest of RMSE, AIC and BIC values. The
growth curve and the growth rate of BW in Madura cattle
were presented in Fig. 1 and Fig. 2, respectively. According
to the growth curve and the growth rate illustration, both
sexes have similar growth characteristics. In addition, the
number of iterations in the estimated non-linear model
were reached of 5 (L) to 6 (G and B),

Discussion

The A values (L/G/B) in dairy cows (Bos taurus) were
343.60/354.50/369.90kg®,213.00/543.40/1084.00 kg *"and
672.94/986.44/1565.60 kg %, In addition, the A values
(L/G/B) in several Bos taurus cattle breeds were 431.00/
481.00/517.00 kg in Belgian Blue '); 437.10/444.70/448.90
kg in Angus *'and 778.50/936.90/1098.00 kg in Podolica 2°!.
Meanwhile, the A values (L/G/B) in some Bos indicus cattle
breeds were 306.60/311.52/314.04 kg in Brahman cross 1'%
and 317.00/319.00/322.00 kg in Dhofari 2. In general,
the A value of L model in Madura and Turkish Holstein
(TH) cows 2" were under similar range (218.02 vs 213.00).
Therefore, the A value of B model in Madura and Dhofari

cattle ' were under similar range (329.83 vs 322.00 kg).
The mature weight of cattle can be influenced by farming
system and genetics factor.

The W, value (L/G/B) in Indonesian Holstein (IH) and
TH cows were 145.45/130.41/109.60 kg ® and 336.47/
362.89/463.88 kg *®, respectively. Hence, the W, value in
observed Madura cattle was lower than IH and TH cows.
Moreover, the W, values (L/G/B) in several Bos taurus
cattle breeds were 215.50/176.84/153.19 kg in Belgian
Blue "); 218.55/163.49/133.01 kg in Angus *'and 389.30/
344.70/325.30 kg in Podolica %, Therefore, the W, values
(L/G/B) in some Bos indicus cattle breeds were 153.30/
143.03/93.05 kg in Brahman cross "; 174.00/132.00/108
kg in Ongole grade " and 158.00/117.00/95.40 kg in
Dhofari 3. The W;value of B model in Madura and Dhofari
cattle ' were under similar range (98.84/97.73 vs 85.40).
The W, value in cattle can be influenced by farming system
and genetics factor.

The t; values (L/G/B) in IH and TH cows were 7.55/6.45/4.99
months ®'and 10.92/10.23/13.22 months 2%, respectively.
Therefore, the t; value (L/G/B) in some Bos taurus cattle
breeds were 8.25/6.61/5.56 months in Belgian Blue I'%;
13.24/7.36/19.57 months in Angus and 13.87/12.39/11.70
in Podolica ?°. Therefore, the t; values (L/G/B) in some
Bos indicus cattle breeds were 7.81/6.57/2.33 months in
Brahman cross '%; 10.90/6.32/7.26 months in Ongole grade
and 7.00/5.00/9.00 months in Dhofari 3. The t;value of L
modelin Madura, TH 28 and Ongole grade "8 were under
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similar range (10.89/10.47vs 10.90 vs10.92). The inflection
point indicates several things of the presence of maximum
growth of livestock, age at puberty and the lowest point
in mortality.

The t, value in observed Madura cattle reveals that the
puberty age of Madura cattle was reached at about 11
months (L) or about 10 months (G). A previous study
reported that the puberty age in cattle was reached at
8-12 months B¢, Puberty age in cattle indicates that the
sexual organs of cattle developed and signed by sexual
behaviors of estrous (female) and flehmen libido (male).
In addition, cattle at 11 months of age were mentioned
as yearling age and used as the selection criteria for
breeding cow and bull. Hence, the heritability (h?) value
of yearling weight (YW) in Madura cattle was 0.54+0.18
(high category) and suggested that the YW trait can be
increased with selection program 57\, In cattle, the body
weight at puberty age was about 40% of adult weight =8,
Commonly, the puberty age in Bos indicus cattle was
higher than Bos taurus cattle 9. Puberty age can be
affected by genetic (breed) and environmental (climate,
nutrition, season) factors “%. However, the puberty age in
cattle can be increased by selection, crossbreeding, and
feed (nutrition) improvement ",

The G and B models are able to describe the growth of
observed male and female Madura cattle accurately with
high R?value (0.70) and lowest of RMSE, AIC and BIC. A
similar finding has been reported in Brahman cross cows
with B model as the best function rather than L and G
models ', In conclusion, the non-linear G and B models
can be used to predict the body weight of male and female
Madura cattle.
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Abstract

FAST (focused assessment with sonography for trauma) is an ultrasound protocol developed to assess conditions such as pneumothorax,
hemothorax, hemoabdomen, bladder rupture, and organ damage due to trauma. It is performed at the time of presentation of a trauma patient
for rapid diagnosis. The aim of this study is to compare the results of FAST and ATT (Animal Trauma Triage) scoring system, which are among the
first triage examinations, and to determine whether they support each other. Material of the study consisted of 50 dogs (different breed, sex
and age) presented in years between 2019-2020 to Selcuk University, Faculty of Veterinary Medicine, Department of Surgery Clinics with trauma
history within 24 h. FAST and ATT scoring system were performed for each dog. ATT score of 50 traumatized dogs was evaluated by dividing
into 3 categories; ATT scores of 21 dogs were good (0-5), 19 dogs were moderate (6-11), and 10 dogs were poor (12-18). Thoracic and abdominal
abnormal findings were detected by T-FAST in 12 dogs (24%) and by A-FAST in 10 dogs (20%). Spearman correlation analysis showed there was
no significant association between ATT score and A-FAST (r=0.04, P=0.75), and ATT score and T-FAST (r=0.140, P=0.33) in traumatized dogs.
In conclusion, FAST should be performed for urgent diagnosis of possible thoracic or abdominal pathological findings in traumatized dogs,
regardless of ATT score.

Keywords: Dog, FAST, Focussed sonography, Trauma, ATT

Travmali Kopeklerde Travma icin Sonografi ile Odakli Degerlendirme
Protokolii ve Hayvan Travma Triyaji Skorlama Sisteminin Karsilastirilmasi

Oz

FAST (travma icin odaklanilmis sonografi) travmaya bagli pnémotoraks, hemotoraks, hemoabdomen, idrar kesesi rupturu, organ hasari gibi
durumlarin degerlendirilmesi icin gelistirilmis bir ultrasonografi protokoltdir. Hizli teshis icin travma hastasinin sunumu sirasinda uygulanir.
Calismada travmatize olmus kopeklerde ilk triyaj muayenelerinden FAST ve ATT (Animal Trauma Triage) skorlama sistemi sonugclari karsilastirilarak,
bu 6nemli triyaj muayene yontemlerinin birbirlerini destekleyip desteklemediklerinin belirlenmesi amaglanmaktadir. Calisma materyalini;
2019-2020 yillari arasinda Selcuk Universitesi Veteriner Fakiiltesi Cerrahi Klinigi'ne travma sikayeti ile getirilmis farkli irk, cinsiyet ve yastaki 50
kopek olusturdu. Travma sonrasi tizerinden 24 saat gegmemis kopekler calismaya dahil edildi. FAST ve ATT skorlama sistemi her bir hayvan icin
uygulandi. Travma geciren 50 kdpegin ATT skorlamasi 3 kategoriye ayrilarak degerlendirildi; 21 kdpegin ATT skoru iyi (0-5), 19 kdpedin ATT skoru
orta (6-11) ve 10 kdpegin ATT skoru koti (12-18) bulundu. 12 képekte (%24) T-FAST muayenesinde toraks bolgesinde, 10 kdpekte (%20) A-FAST
muayenesinde abdominal bélgede anormal bulgular belirlendi. Spearman korelasyon analizi, travmali képeklerde ATT skoru ve A-FAST (r=0.04,
P=0.75) ile ATT skoru ve T-FAST (r=0.140, P=0.33) arasinda 6nemli bir iliski olmadigini gésterdi. Sonug olarak, travma geciren kdpeklerde ATT
skoru ne olursa olsun, olasi torasik veya abdominal patolojik durumlarin acil olarak saptanmasi icin FAST uygulanmasi gerektigi sonucuna varildi.

Anahtar sézciikler: FAST, Képek, Odakli sonografi, Travma, ATT

INTRODUCTION screening technique in many algorithms for both blunt

and penetrating trauma in humans 4, FAST aims to
Since the 1990s, focused assessment with sonography for  diagnose the lesions that require urgent intervention such
trauma (FAST) has been the primary care, standard careand  as pneumothorax, hemothorax, hemoabdomen, bladder
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rupture and organ damage due to trauma 29, The
advantage of FAST is a rapid diagnosis with minimal
manipulation. Previous studies have shown clinical utility
in diagnosing and managing intraabdominal and intr-
apleural injuries due to trauma in dogs and cats 2>610-14,
The increasing range of critical care qualifications available
and expectations of patient owners have led to the use
of FAST in animals as well as in humans .. In veterinary
medicine, the term “T-FAST"is used for the thoracic region,
and “A-FAST” for the abdominal region ',

Animal trauma triage (ATT) score is used to measure illness
severity that numerically classifies the degree of trauma
in an attempt to quantify mortality risk probability in
veterinary medicine 7. ATT has been widely utilized in
veterinary medicine, both clinically and in clinical research
settings ¥, ATT score is based on a 0-3 scale (0 being slight
ornoinjury, 3indicating severe injury) with assessment of 6
independent components (perfusion, cardiac, respiratory,
eye/muscle/skin, skeletal, and neurologic) that contribute
equally to the overall predictive score I'".,

In veterinary medicine, FAST and ATT scoring system are
performed during thefirst triage at the time of presentation
of a trauma patient and provide information about the
prognosis 92% The aim of this study is to compare the
results of FAST and ATT scoring system, which are among
the first triage examinations, and to determine whether
they support each other.

MATERIAL AND METHODS

Ethical Statement

This study was approved by Selcuk University, Faculty of
Veterinary Medicine, Laboratory Animal Production and
Research Center Ethics Committee (SUVDAMEK) (2019/43).
Patient owners of all cases signed an informed consent
form.

Animals and Examinations

Material of the study consisted of 50 dogs (different breed, sex
and age) presented in years between 2019-2020 to Selcuk
University, Faculty of Veterinary Medicine, Department of
Surgery Clinics with a trauma history within 24 h.

Initially, traumatized dogs were scored with ATT 2
Appropriate stabilization was provided in order to ensure
the care of the patient. Six independent components
(perfusion, cardiac, respiratory, eye/muscle/skin, skeletal,
and neurologic) were evaluated in ATT for each patient 72",
Scores between 0 and 3 are given for each category.
According to the urgency of their clinical condition,
following intravenous catheter insertion, one-fourth of the
shock dose (20-30 mL/kg/h) intravenous (IV) fluid lactated
Ringer’s solution (over 15 min), methylprednisolone (4 mg/
kg, IV) (Prednol-L®, Mustafa Nevzat, Turkey) administered

for the initial medical management and patient reassessed.
O, therapy (5 L/min flow rate) was performed to patients
via facemask and cefazolin (25 mg/kg, IV) (lespor®, Ibrahim
Etem, Turkey) was administered as antibiotic therapy.
Also, tightly fitting mask was switched out periodically to
prevent rebreathing of carbon dioxide. Normalized patients
were moved for radiographic examination. According to
performed examinations; thoracocentesis, thoracostomy
tube insertion or surgery was performed 2223,

FAST (A-FAST, T-FAST) Procedure

During these therapies, sonographic examination (EDAN
DUS 60/USA) was performed for A-FAST and T-FAST of
the traumatized dog in lateral recumbency. Left or right
lateral recumbency was determined depending on rib or
vertebral fractures 2%, For A-FAST, the ultrasound probe
was set to 5-7.5 megahertz (MHz) and the transducer
depth to 5-10 cm depending on the size of the patient. For
T-FAST, the probe was set to 7.5 MHz and the transducer
depth to 4-6 cm 24, In the sonographic examination, the
imaging areas were opened by separating the hair only
and using alcohol. However, the area was clipped in cases
where the animal’s coat was impairing the imaging.

A-FAST examination started from the diaphragmatico-
hepatic (DH) site by placing the ultrasound probe on the
subxiphoid area and possible evaluations were made.
Following DH site, the splenorenal (SR) view was examined
by placing the probe on the left side of the dog under the
last rib, cysto-colic (CC) view was examined by placing
the probe on the bladder and hepato-renal (HR) view
was examined by placing the probe close to the umbilical
region on the right side. In all these views, the probe was
oriented in several directions at different angles until
the target organs were identified. Right and left kidneys,
spleen, intestine, bladder rupture and peritoneal free fluid
(intra-abdominal hemorrhage) were evaluated and noted
in the sonographic examination of these views.

In T-FAST examination, bilateral chest tube site (CTS)
(both sides of the chest between 7-9* intercostal spaces),
bilateral pericardial chest site (PCS) (bilaterally on the
heart between 5-6™ intercostal space) and DH site (from
subxiphoid area) were examined. The probe was moved
between every few centimeters on the intercostal spaces
to increase the chance of detection of pericardial and
pleural fluid. The short and long axes of the heart were
visualized by directing the probe “towards the elbow” and
“towards the spine”. Pneumothorax, hemothorax, pulmonary
contusion and hemopericardium were evaluated in T-FAST.

Radiographic Examination

Normalized dogs were moved to radiographic examination
after the IV fluid and O, therapies. Examinations (Konica
Minolta, Regius 110, JAPAN) were performed for abdomen
and thorax in the latero-lateral, dorso-ventral and ventro-
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dorsal positions according to the clinical conditions of
the dog.

Statistical Analysis

Statistical analysis was performed using the statistical
package (SPSS 25.0, IBM Corp. 2017). ATT scoring was
divided into 3 categories (good 0-5, moderate 6-11, poor
12-18) in terms of prognosis. The Spearman correlation
test was used for detection of correlation between A-FAST,
T-FAST and ATT. Statistical significance was considered
as P<0.05.

REesuLTs

In the study, 50 traumatized dogs of different breeds,
ages (mean age 12+1 months) and gender (29 males-21
females) were evaluated. All dogs had trauma due to a
motor vehicle accident. A-FAST and T-FAST procedures
were generally performed in 10-25 min. The fastest and
easiest examination areas were the diaphragmatico-hepatic,
cysto-colic and chest tube sites in the FAST procedures.

The sign of abdominal effusion was observed in 10 dogs
by A-FAST of 50 traumatized dogs. In the remaining 40
dogs, the sign of effusion was not established. However,

€1]254/256

Fig 2. Loss of serous detail (white arrow) in abdominal organs
in radiographic image

€ |245/256

because of reduced abdominal serous detail in radiographic
examination, development of effusion was suspected in
15 dogs (Fig. 1, Fig. 2). Also, no rupture was detected, and
normal anatomical structure of the bladder was seen in
the A-FAST of 50 dogs.

According to the T-FAST examinations of 50 traumatized
dogs; B-Line (interstitial-alveolar pulmonary pathology)
was detected in 9 dogs. There was no glide sign (pneumo-
thorax positive) in 2 dogs. The step sign (partial PTX,
hemothorax, rib fractures, intercostal muscle tear, pulmonary
contusions) was detected in 1 dog (Fig. 3). In the radio-
graphic examination of the thorax; pneumothorax in 10
dogs, pleural effusion in 1 dog and pulmonary contusion
(Fig.4) in 7 dogs were diagnosed. In a patient with multiple
pathological findings, the step sign was also detected
by FAST examination (Table 1). The step sign, which is
observed in pulmonary contusion, was confirmed by the
observation of pathology in the lungs during necropsy
(Fig. 5).

The ATT scores of the 50 traumatized dogs were divided
into 3 categories and evaluated. Results of ATT scoring
system for 21 dogs were good (0-5), 19 dogs were moderate
(6-11) and 10 dogs were poor (12-18). A Spearman correlation
analysis demonstrated that there was no significant

Fig 1. Abdominal effusion in A-FAST.
Free fluid (red arrows) image above
the gallbladder (white short arrow)
and left kidney (white long arrow)
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association between ATT score and A-FAST (r=0.04, P=0.75),
and ATT score and T-FAST (r=0.140, P=0.33) in traumatized
dogs.

Discussion

In recent years, motor vehicle accidents cause high
mortality rates for both people and animals due to excessive
urbanization and advancing technology. Particularly dogs,
that live on the street and can establish close relationships
with people, are highly affected #2521, For this reason,
traumatized animals with motor vehicle accident history in
the emergency clinics are increasing day by day. Therefore,
it is not surprising that all traumatized dogs, which were
evaluated in our study, had a “motor vehicle accident”
D= 68mm history. The fact that post-traumatic A-FAST and T-FAST
procedures can be performed in 10-25 min indicates
that the diagnosis of pathologies can be made rapidly
in order to begin the correct treatment as soon as

‘ Fig 4. Radiographic view in case of pulmonary contusion (white arrow) ‘ ‘ Fig 5. Pulmonary contusion (red arrow) during the necropsy ‘

Table 1. Examination results by FAST, Radiography and ATT scores in 50 dogs following motor vehicle accident trauma

Procedures (n=50) Results
A-FAST Abdominal effusion (n=10, 20%)
Abdominal Radiography Loss of serous detail (n=15, 30%)

Interstitial-alveolar pulmonary pathology (B-Line) (n=9, 18%)
T-FAST Pneumothorax (No glide sign) (n=2, 4%)
Pulmonary contusion (step sign) (n=1, 2%)

Pneumothorax (n=10, 20%)
Thorax Radiography Pleural effusion (n=1, 2%)
Pulmonary contusion (n=7, 14%)

Good (0-5) (n=21, 42%)
ATT Score Moderate (6-11) (n=19, 38%)
Poor (12-18) (n=10, 20%)

A-FAST: Abdominal focused assessment with sonography for trauma; T-FAST: Thoracic focused assessment with sonography for
trauma; ATT: Animal trauma triage
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possible ®41627 In addition, unlike humans, dogs have a dense
hair coat, which requires clipping for the FAST procedures.
In the study, although the examination time of the FAST
procedures took a long time at the beginning, with
increasing experience, the procedure shortened. However,
independent from experience, it has been observed that
dogs with complex, long and dirty hair absolutely need
shaving for proper FAST procedure.

Veterinary studies have also confirmed the applicability
of the FAST procedure in the diagnosis of abdominal
and pleural free fluid due to blunt trauma in dogs "". In
the evaluation of A-FAST of traumatized dogs, intra-
abdominal damage, specifically hemoabdomen, was
reported more frequently ®¢. In addition, the high
sensitivity rate of T-FAST in traumatized dogs has shown
that T-FAST can be used as the first screening method
in blunt and penetrating traumas. It has been shown in
previous studies to have a sensitivity of more than 75% in
detecting pneumothorax in dogs after blunt trauma 282,
However, it has been reported that this sensitivity rate may
be higher when performed by a specialist physicians ©.
The A-FAST examination requires more attention and
experience in terms of fluid presence, according to our
study. It is thought that determination of free fluid is more
possible to interpretation since the presence of free fluid
in thoracic radiographs conceals the apex of the heart
due to gravity. In addition, radiography is one of the
frequently used imaging methods in the diagnosis of
pathologies that are common in dogs with trauma such as
pneumothorax and pulmonary contusion.

The use of A-FAST has also been helpful in determining
the integrity of the bladder. In FAST studies, it was
stated that the probability of rupture is quite low when
the bladder is viewed with a normal contour ®¢. In the
subsequent radiographic examinations, the integrity of
the bladder was confirmed, and this was supported by the
literature data ¢,

Observation of a step sign referred to pleuropulmonary
line continuity pathologies, such as intercostal tears, rib
fractures, and subcostal hematoma 1®2#), According to our
study, allowed the confirmation of multiple pathologies,
which were diagnosed with FAST procedures, by necropsy
and showed that FAST procedures could be used
significantly in complicated cases. In the FAST procedures,
examination of the diaphragmatico-hepatic and chest
tube sites was encountered as the most comfortable
examination areas.

In the veterinary medicine, the “T” in “FAST” not only
“Trauma”, but also stands for “Triage” and “Tracking” "'l For
this reason, it was investigated the ATT scoring system and
FAST protocols, which are triage methods in veterinary
emergency, whether superior to each other or whether
complement each other. Many retrospective studies have
been conducted on the ATT scoring system, and positive

prognostic data have been reported in the evaluation of
dogs after trauma (survival rate, diagnosis and treatment
protocols) 17212530 Ash et al.?"? 599 dogs with complete
data entries recruited into the Veterinary Committee on
Trauma patient registry. Interventions: None. Measurements
and Main Results: We compared the predictive power
(area under receiver operating characteristic [AUROC]
reported that each 1-point increase in ATT score was
associated with 2.07 increase in mortality rates. The
observation of life-threatening multiple pathologyfindings
in animals with high ATT scores in our study is consistent
with the literature data. Rapid diagnosis and treatment of
these pathologies can be achieved with FAST, and positive
responses can even be obtained in animals with low
probability of survival. However, in the ATT scoring system,
only perfusion, respiratory and neurologic categories can
show an equivalent performance. The findings obtained
in our study are also similar to the literature, and it is
recommended examining only the perfusion, respiratory
and cardiac categories. Because the basic pathological
signs (abdominal effusion, pleural effusion, pulmonary
contusion, pneumothorax) determined in the FAST protocol
are directly related to the respiratory, perfusion and cardiac
systems.

Fastis thought to be a procedure that should be performed
before radiography in determining rapid diagnosis and
intervention methods (such as thoracocentesis, abdomino-
centesis) in dogs with trauma. It is important to gain
experience by performing multiple abdominal and thoracic
sonographies for successful FAST results. In addition,
FAST does not prevent emergency interventions such as
fluid-electrolyte therapy, administration of respiratory
and circulatory analeptics to the traumatized dog during
examination. This is especially important in emergency
medicine for teamwork and rapid response.

As a result, in order for the FAST examination to be
evaluated with ATT, it is thought that only respiratory,
cardiac and perfusion categories should be considered
and examined in the ATT scoring system for the traumatized
dogs. Although FAST and ATT are considered as first triage
examinations in emergency, FAST should be performed to
determine the possible thoracic orabdominal pathological
conditions, regardless of the ATT score.
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Abstract

This paper aimed to research the possible effects of gossypin in a mechano-bio-regulatory mouse model for bone fracture healing. A total of
28 male Mus musculus BALB/c mice were randomly selected. Four groups were created. Each group consisted of 7 mice. The Control group
was called Group 1. Group 2 was a femur fractured group of mice without any medication. Group 3 was the dose group of 5 mg/kg gossypin
to mouse with femur fractures. Group 4 was the dose group of 10 mg/kg gossypin to mouse with femur fractures. An open fracture model
was created in the right femur of the animals in Groups 2, 3, and 4. The radiological views for all groups were taken on postoperative 1st day,
6th week, and 12th week. All samples were obtained, collected, and prepared for biomechanical features, histopathological examinations,
biochemical tests, and PCR tests. In terms of radiological and histological results, gossypin showed a significant difference depending on the
dose in Group 4 to Group 3. Gossypin had sufficient antioxidant and anti-inflammatory effects in mice with femur fracture in bone healing in
Groups 3 and 4. Biomechanical tests showed enough hardness levels and high thresholds in braking forces.

Keywords: Femur fracture, Mouse, Gossypin, Antioxidant, Anti-inflammatory

Gossypin’in Fare Mekano-Biyoregiilator Modeli Deneysel Femur
Kiriklarinda Kirik iyilesmesi Uzerine Etkileri

Oz

Bu calisma, gossypin'in kemik kirik iyilesmesi icin fare mekano-bioregilator modelinde olast iyilestirici etkilerini arastirmayr amacladi. Toplam
28 erkek Mus musculus BALB/c faresi rastgele secildi. Dort grup olusturuldu. Her grup 7 fare icermekteydi. Kontrol grubu Grup 1 olarak
adlandirldi. Grup 2 herhangi bir ilag uygulamasi yapilmayan femur kirikh fare grubuydu. Grup 3, 5 mg/kg gossypin uygulanan femur kirikli
fare doz grubuydu. Grup 4, 10 mg/kg gossypin uygulanan femur kirikl fare doz grubuydu. Grup 2, 3 ve 4'teki hayvanlarin sag femurlarinda
acik kirtk modeli olusturuldu. Postoperatif birinci gtin, altinci ve onikinci hafta sonunda tiim gruplar icin radyolojik tetkikler yapildi. Tim
ornekler alindi, toplandi ve biyomekanik testler, histopatolojik incelemeler, biyokimyasal testler, PCR testleri icin hazirlandi. Radyolojik ve
histolojik sonuglar agisindan gossypin, doza bagli olarak 6nemli bir farkllik géstermistir. Gossypin, kemik iyilesmesinde femur kirigi olan
farelerde yeterli antioksidan ve antiinflamatuar etkilere sahipti. Biyomekanik testler, yeterli kemik sertlik dereceleri ve kirlma kuvvetlerinde
yuksek esik degerleri gosterdi.

Anahtar sézciikler: Femur kirigi, Fare, Gossypin, Antioksidan, Anti-inflamatuar

INTRODUCTION in studies. These effects can be listed as antioxidant, anti-

inflammatory, and analgesic effects. In an earlier study,
Gossypin is a bioflavonoid that is found naturally in plants  gossypin was evaluated to establish analgesic effects in
(Malvaceae, Hibiscus vitifolius). It has some protective  mice . In rats, the neuroprotective effects were shown
effects against various diseases that have been declared in-vivo studies 3. In an experimental sepsis model of
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rats, the effects of gossypin against acute lung injury
were demonstrated “. Similarly, gossypin was found
effective in the treatment of rats with gentamicin-induced
nephrotoxicity . Similarly in rats, Tanyeli et al.’ defended
that gossypin had protective effects in the renal ischemia.
However, gossypin had ameliorative effects in rats with
the formation of galactose-induced cataracts .. The anti-
oxidant effects were shown in a study in beta-amyloid-
induced toxicity .

As a flavonoid, gossypin had potent antioxidant and free
radical scavenging effects on different in-vitro systems.
Ganapaty et al.”» demonstrated in their study as an in-vitro
evaluation. Reactive oxygen species (ROS) are products of
the normal oxidation process. ROS is counted as singlet
oxygen, hydroxyl radical, superoxide anion, free oxygen
radicals (FOR), hydroperoxyl radical, and hydrogen peroxide.
FORs cause cell damage in the ischemic limb such as nitric
oxide (NO) overproduction and their participation in the
bloodstream causes. FORs accumulation during fracture
healing reaches the maximum level on the 15" day. At the
same time, the inflammatory process is on the summit
point.The increase of FORs levels negatively affects fracture
healing . As known as literature knowledge, gossypin
protects many tissues from the effects of FORs ', On
the other hand, gossypin may be important because of
the abrogation of osteoclastogenesis in the bone fracture
healing process 2.

In rat and mouse fracture models, many studies were
performedto study outthe healing processin bonefracture
healing '%. Recently, mice and rats have become popular as
transgenic models for bone fracture healing studies. These
models have the available tools for molecular analysis . In
the literature, there are some studies about bone fracture
healing in rats and rabbits related to biocompatibility and
experimental bone defects ['3'%, But, there is no study
about the effects of gossypin in mice with femur fracture
as a mechano-bioregulatory model.

In our study, mice were the correct choice as a mechano-
bioregulatory model to investigate the effects of gossypin on
the bone fracture healing process. This paper aims to search
the possible effects of gossypin as a new alternative agent
for bone fracture healing because of its antioxidant, anti-
inflammatory, analgesic effects. We used radiological, bio-
mechanical, histopathological, and biochemical examination
methods to detect the healing effects of gossypin in the
experimental femur fracture model of mice.

MATERIAL AND METHODS

Ethical Approval

The study with Kafkas University Animal Experiments
Local Ethics Committee approval (dated 25.06.2019, with
the decision no: 2019/96) was conducted at the Kafkas
University Experimental Animal Production and Research

Center. All steps of experimental procedures in this study
were performed in line with the ethics committee protocols.

Experimental Animals and Creating Groups

A total of 28 male Mus musculus BALB/c mice (10-12 weeks,
31.743.4 g) were used in the study. During the experiment,
mice were conserved in light and dark cycle (12 h/12 h; at
20-22°C), and the ad libitum feeding standard chow and
normal tap water was performed in mice.

Four groups with 7 mice in each were randomly formed.
Group 1 was the control group without any surgical or
medical treatment. Group 2 was the femur fractured
group of mice without any medical administration. Group
3 was the dose group of 5 mg/kg gossypin to mouse with
femur fractures. Group 4 was the dose group of 10 mg/kg
gossypin to mouse with femur fractures.

Chemicals

Gossypin (Biovision, USA) was dissolved in dimethyl-
sulfoxide (DMSO, Amresco, Canada) and administered intra-
peritoneally. A 4.5 mg gossypin was dissolved with 16 mL
DMSO (Dimethyl sulfoxide, Reagent Plus®, >99.5%, Sigma
Aldrich).

Operative Technique

Anesthesia protocol was performed by intraperitoneal
injection of 2% Xylazine (Rompun®, Bayer AG, Leverkusen,
Germany) and 10% Ketamine (Ketalar®, Pfizer Inc., NY,
USA) which provided approximately 20 min of deep
anesthesia in mice. The surgical anesthesia of mice with
3-10 mg/kg Xylazine and 80-100 mg/kg Ketamine by
using the intraperitoneal route of administration was
performed ', The right femurs were scrubbed with a 10%
povidone-iodine solution to prepare them for open femur
fracture surgery. The dose adjustment for anesthesia and
treatment was performed to pharmacological guidelines
and studies about gossypin >'¢., This group was opened
with the help of a bistoury, and the all-right femur fracture
was created with a bone cutter. A modification of the
method by Manigrasso et al.'”'with a 3-point bending, the
device was used for the experimental model. Antibiotic
prophylaxis from surgery 30 min ago intramuscular 5 mg/
kg cefazolin sodium and an additional dose at the 8" h
postoperatively antibiotic prophylaxis was terminated.
An open fracture model was created in the right femur of
the animals with a 3 cm incision in Groups 2, 3, and 4. The
medullary femoral channel was carved and reamerized
with a 21 gauge needle. 0.8 mm stainless steel wire (TST,
Turkey) was inserted into the canal to obtain a reduction
of the fracture. All fractured femurs were reducted by
intramedullary methods. By bending the wire proximal
part was cut and the patella was reducted and the
incisions were sutured. The mice were kept in the supine
position at 24°C room temperature in the heating blanket.
After the operation, 1-2 mL 0.9% NaCl isotonic solution was
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given to animals intraperitoneally to prevent dehydration.
Intramuscular narcotics (Buprenorphine 1 mg/kg) were
given for controlling the postoperative pain. Desai et al.'®
showed that buprenorphine did not affect bone fracture
healing.

Postoperative Period

For mice in all groups, X-rays were taken on the 1¢*day and
the end of 6™ and 12 weeks after osteotomy and bone
formation in the osteotomy area was evaluated by Lane
and Sandhu " radiological evaluation system. It is shown
in Table 1.

Gossypin Application

The basic solution was given by gavage with 18-22 gauge
tubes generally in mice from Group 3 and Group 4, with
smaller tubes (higher gauge) used for smaller mice with
doses. After the operation, gossypin was given to each
group for 4 weeks by the doses in the literature. At the end
of the study, femur bone tissues in all groups were taken
for necessary analyses.

Sample Collection

The mice sacrification was a continued method of euthanasia,
such as cervical dislocation. After the scarification blood
samples were obtained from all mice for biochemical and
PCR tests. Biomechanical tests were performed as soon as
the animals were sacrificed. All operated right femurs were
cleared from soft tissues and they were stored at -20°C.
Tissue sampling was then performed for histo-pathological
examinations. The femur bone tissues were placedina 10%
formaldehyde solution for histo-pathological examinations
and the other was preserved at -80°C. The samples of right
femurs were collected with fixation in 10% formaldehyde

Table 1. Radiological Evaluation System for mechano-bioregulatory femur

fracture healing model of mouse

Evaluation Score
Bone Formation

Bone formation loss 0
Bone formation (filling of 25% in defect) 1
Bone formation (filling of 50% in defect) 2
Bone formation (filling of 75% in defect) 3
Bone formation (filling of 100% in defect) 4
Bone Union

Bone non-union 0
Bone union (initiation) 1
Complete radiological bone union 2
Remodeling

Lack of remodeling 0
Intramedullary canal formation 1
Cortical formation 2

in neutral buffered formalin for 48 h, 10% formic in 0.1 M
citrate for decalcification kept in acid for 12 h. After the
decalcification process longitudinal sections were taken
from the femur. Paraffin blocks of samples were created.
5 um sections were taken. The deparaffinization and then
rehydration procedures were performed. Hematoxylin-
Eosin (H&E) staining protocol was used for all sections. And
these sections were examined by blinded two histologists
by the light microscope (Olympus Bx43). The histo-
pathological images were taken using a digital camera
(Olympus DP21). Grading of Femur Bone Fracture Healing
[size of chondrocytes (mm?) values, trabecular area (percent)
values, and trabecular thickness (um) values] were made.

Determination of Biomechanical Features

Biomechanical evaluations were made with three points
bending machine (Hounsfield H50KM Surrey, UK). Femur
samples, after the removal of intramedullary wires, were
placed on the tip of the applicator of the machine. Two
mm/min constant speed fracture healing site, to form a
fracture again force applied. The broken force as Newton/
m? was recorded as a unit. After intramedullary wires were
removed, femur specimens were placed on the machine
towards the end of the force applicator. 2 mm/min constant
speed was applied to the fracture healing area to re-form
a new fracture. The level for re-fracture force was recorded
as a Newton unit. Hardness grade scores were created
based on breaking strength (N) and hardness (N/mm).

Histo-pathological Examination

Histo-pathological examination obtained from the fracture
line callus area 5 um thick paraffin sections were prepared.
It was stained using the H&E staining protocol for
histological examinations. Light microscopy was used for
evaluation. Histological evaluation was made according
to the histologic evaluation system of Huddlestone et
al's method %, The H&E staining method was used to
determine the damage levels. According to this method,
some criteria were used: Size of Chondrocytes (SOC) (mm?)
is a definition based on measuring the area occupied
by fibrocyte cells at the fracture site. The definition of
Trabecular Area (TA) (percent) values described the
trabecular microstructure formed during callus tissue
formation in the union region. The definition of Trabecular
Thickness (TT) (um) values define the measurable thickness
of the trabecular microstructure formed during callus tissue
formation at the union site. The number of chondrocytes
(NOCQ) definition signed the measurable number of the
chondrocytes formed during callus tissue formation at the
union site.

Biochemical Tests

Superoxide dismutase (SOD), Glutathione (GSH), and
Malondialdehyde (MDA) levels were measured with blood
serum samples of mice. The linear GSH, MDA, and SOD
concentrations were determined according to the standard
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equation as expressed in nmol/mg, nmol/mg, and U/mg,
respectively. The values of meanzstandard deviation (SD)
were obtained. The analytical grade from Sigma-Aldrich
(Germany) was used for all measurements.

PCR Tests for TNF-a and IL-1f3

TNF-a and IL-1{3 analyses were performed (Step One Plus
Real-Time PCR System, Applied Biosystems; Primer Design
Ltd., Southampton, UK). The relative expression analyses of
TNF-a and IL-13 were performed using cDNA synthesized
from the blood serum of mice. The plates were heated in
suitable conditions.

Statistical Analysis

Statistical studies were performed by SPSS 22.0 program
(Windows). Using the One-Way ANOVA method for statistical
analysis, p values under 0.05 were considered statistically
significant. Databases were expressed as values in mean +
standard deviation. Continuous variables used in the study
Kolmogorov Since it shows normal distribution according
to the Smirnov test one-way comparisons between 4
groups variance analysis (ANOVA) was used. Between
groups in binary comparisons, variance homogeneity
Sheffe and Tamhane tests were used. Continuous variables
with arithmetic mean and the standard deviation was
expressed. Less than 0.05 in statistical evaluation p values
were considered significant. SPSS (Windows, IL, USA)
software package was used. The statistical analyzes for
the histological examination, Descriptive statistics for
numeric variables median, minimum-maximum values were
measured. Due to the sample number being less than 30,
normality analysis was not performed and non-parametric
test procedures were conducted directly. In this context,
Kruskal-Wallis Variance Analysis, which is a nonparametric
alternative to One-Way Variance Analysis was used to
determine relationships between parameters. Dunn'’s test
was used in post hoc analysis. The statistical results were
interpreted in a 95% confidence interval. P values were
considered as statistically significant under 0.05.

REesuLts

This experimental study was completed with a total of
28 mice. Radiographic, biomechanical, histopathological,
biochemical, molecular results were collected.

Radiographic Results

In the radiological evaluation on the postoperative 1%
day, 6" week, and 12 week, all bones in four groups were
evaluated according to the radiologic evaluation system
of Lane and Sandhu. In the 6™ week, average radiologic
evaluation scores performed between groups showed
significant differences as statistically (P<0.05). Scheffe test
was used to determine significance between Groups 3 and
4.1t had a higher statistical difference between these dose

groups (P<0.05). Between the other two groups (Group
2 and 3; Group 2 and 4), there was a difference (P<0.05
and P<0.05). They were shown in Table 2 and Fig. 1, Fig. 2,
Fig. 3.

Biomechanical Tests and Results

When the maximum braking forces were comparing, the
peak values were detected in Group 1. The deep values
were detected in Group 2. The braking force levels from
the lowest to the highest were put in order. The order was
as follows: Group 2 < Group 3 < Group 4 < Group 1. The
differences in groups were significant (P<0.05). Hardness
grade scores were higher in Group 3 and 4 than Group 2
(P<0.001). The lowest level of Hardness grade scores was
detected in Group 2, and the highest level in Group 1. It
was shown in Table 3.

Histo-pathological Results

In the histopathological examination of Groups 2, 3, 4;

Table 2. Radiological Evaluation scores of mechano-bioregulatory femur
fracture healing model of mouse

Groups Radiology Score (mean+SD)
Group 2 (*ff+*abs. of med.) 6.6+0.43

Group 3 (5 mg/kg gossypin) 8.9+0.69

Group 4 (10 mg/kg gossypin) 9.1+0.48

p 0.036

ANOVA test p<0.05

*ff: femur fracture, abs. of med.: absence of medication

‘ Fig 1. Postoperative 1°tday X-rays of right femurs of mice in study groups ‘
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Fig 2. Postoperative 6™ week X-rays of right femurs of mice in study groups ‘

‘ Fig 3. Postoperative 12" week X-rays of right femurs of mice in study groups ‘

Table 3. Biomechanical tests results of mechano-bioregulatory femur fracture healing model of mouse

Group 1 (control group) 22.1+12.3 51.8+74.8

Group 3 (5 mg/kg gossypin) 18.3£9.6 47.2+£19.7

Significance

P<0.05 P<0.001

*ff: femur fracture, abs. of med.: absence of medication

the fracture lines were rich with osteoblasts, common neo-
vascularization images, and mature compact bone islets.
In Groups 3 and 4, the predominance of the fracture site
hyaline cartilage tissue rich healing tissue, mature compact
in areas adjacent to hyaline cartilage bone tissue sites were
located. The osteoblastic activity was observed to be more
intense in Groups 3, 4 comparing to Group 2. In Group 2,
compact bone healing was watched in which osteo-blastic
activity is weaker. They were shown in Table 4. In Fig. 4, it is
shown that the staining of the groups by the H&E method.
Differences and similarities between the groups have been
expressed in various symbols.

In the histological examination, groups were found significant
differences statistically in the sixth week in terms of scores,
in favor of Group 3 and 4 (P<0.05). From which group of
differences Scheffe test was used to determine if it was
caused. The mean scores of Group 3 and Group 4 were
higher than Group 1 and Group 2 statistically (P=0.001,
P=0.002, P=0.21, P=0.34).

Since the sample size was below 28, nonparametric Kruskal-

Wallis Variance analysis was used. The relationship between
the SOCvalue and the groups and whether this relationship
was significant or not was examined. According to the test
results, there is a significant relationship between the SOC
value and the Groups (0.022<0.05). “Dunn’s Test” was used
to examine the parameters of this significant relationship.
According to this; there is a significant difference in terms
of SOC values between Group 2 and Group 3 in favor of
Group 3 (0.017<0.05). There is a significant difference in
terms of SOC values between Group 2 and Group 4 in favor
of Group 4 (0.012<0.05). A significant difference was not
found in terms of SOC values between Group 3 and Group
4 (0.608=0.05).

The relationship between the groups with TA per value
and whether this relationship was significant or not
was examined. According to the test results, there is a
significant relationship between the TA per value and the
Groups (0.003<0.05). “Dunn’s Test” was used to examine
the parameters of this significant relationship. According
to this; there is a significant difference in terms of TA per
values between Group 2 and Group 3 in favor of Group 3
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‘ Fig 4. Histological samples from groups on femur fracture healing of mice ‘

Table 4. Histological evaluation score results of mechano-bioregulatory
femur fracture healing model of mouse

Groups 6'-week Histological Score
Group 2 (*ff+*abs. of med.) 6.3+0.47

Group 3 (5 mg/kg gossypin) 7.6x0.53

Group 4 (10 mg/kg gossypin) 8.1+0.23

P 0.001

ANOVA test P<0.001

*ff: femur fracture, abs. of med.: absence of medication

(0.003<0.05). There is a significant difference in terms of TT
values between Group 2 and Group 4 in favor of Group 4
(0.03<0.05). A significant difference was not found in terms
of TT values between Group 3 and Group 4 (0.537>0.05).

Biochemical Test Results

In Group 3 and 4, at both dose groups, GSH had higher
levels (P<0.05). GSH levels were lesser in Group 2 than in
Group 1 (P<0.05). MDA levels were higher in three groups
with femur fractures than in the control group. MDA levels
were detected low in Groups 3 and 4 (P<0.05). SOD levels
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(0.013<0.05). There is a significant difference in terms of
TA per values between Group 2 and Group 4 in favor of
Group 4 (0.002<0.05). A significant difference was not
found in terms of TA per values between Group 3 and
Group 4 (0.169=0.05).

The relationship between the values and the groups with
TT per value and whether this relationship was significant
or not was examined. According to the test results, there
is a significant relationship between the values and the
groups (0.004<0.05). “Dunn’s Test” was used to examine
the parameters of this significant relationship. According
to this; there is a significant difference in terms of TT
values between Group 2 and Group 3 in favor of Group 3

were in a dose-dependent manner. SOD activity was lower
in Group 1 comparing to the control group (P<0.05). It was
shown in Fig. 5.

Results of PCR Tests

TNF-a and IL-18 mRNA expressions were found to increase
in Group 2 comparing to Group 1 (P<0.05). In Group 3 and
4, gossypin reduced TNF-a and IL-13 mRNA expressions in
comparison to Group 2 (P<0.05). It was shown in Fig. 6.

DiscussioN

The orthopedic researches to find the optimal model for
human bone diseases determined that the reproducible
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animal models were an effective choice ?". Lu et al.??
researched the tibia fractures in rats. The study was aimed
to detect the fracture healing process in non-stabilized and
stabilized conditions. 10-14 weeks-old, male rats were used
in the study. The ischemia was induced by femoral artery
resection in mice. They found three important results: i)
ischemic conditions in fractures led to a delayed union or a
nonunion, ii) formation of cartilage over bone is not related
to this condition, iii) this model was suitable to test new
therapeutic regimens in fracture healing ©??. Terjesen 3
studied a rabbit tibia fracture model to evaluate bone
healing after external fixation of rabbit tibial osteotomies.
The various groups were created according to different
periods for removal of external fixation and sacrifice.
The optimum time for removal of external fixation was
found as 6 weeks . Recently, the small animal models
are becoming favorable to make a study in some clinical
conditions like vascularization and ischemia on fracture
healing. Mouse models, one of the small animals, are
special for studying metaphyseal bone fracture healing
in osteoporotic conditions . As the number of animal
species studied in bone fracture models increases, the
chance of testing environmental and internal factors
affecting the fracture increases accordingly ?%. The mice
have some advantages for the animal bone fracture
modeling as listed: 1) easy handling, 2) low husbandry
costs, 3) short reproductive cycle, 4) transgenic features, 5)
specific analytic tools; monoclonal antibodies, antigens 1.
Also, human and mouse genomes have similar orthologs/
homologs genes. This feature makes this animal model
is appropriate for the process of human bone fracture
healing. However, the bone structure and remodeling
process are different from humans 2, To obtain the most
appropriate approach to the physio-pathological process
of bone fracture healing in orthopedic practice, we used
mice as the most appropriate model.

The mechano-regulatory models, bioregulatory models,
and coupled mechano-bioregulatory models were studied
in some papers to search the simulation of fracture healing
outcomes #1. Exploring the new models of the bone fracture
healing process may help us to find new therapeutic
drugs/agents that effective on this complex process. The
mesenchymal progenitors and their accumulation in the
fracture gap is the first step of the bone fracture healing.
And then, the proliferation and differentiation into the
osteoblastic cell lineage are the basic processes 8. In the
general view, ischemia, the impaired vascularization,
osteoporosis, and complications with soft tissue injuries
are real factors for the bone fracture healing process 12"
In the fracturing method, the classifications of the fracture
line (metaphyseal or diaphyseal) affect the results of the
union in some health problems (ovariectomized/estrogen
depleted animal models) ?%. Our mechano-bioregulatory
model was in full compliance to research the possible
effects of gossypin in the bone fracture healing process of
mice as a mechano-bioregulatory model.

In 2014, Erdem et al.?? performed an experimental study
on a rat bone fracture model to investigate the effects
of melatonin and caffeic acid phenethyl ester (CAPE)
antioxidant molecules against ischemic factors. At the
end of the 6™ week, two blinded observers evaluated
the radiological parameters of rats and the mean in
radiological scores. All radiological images were evaluated
according to the rating system Lane and Sandhu
Radiological findings of bone fracture union were detected
in all experimental groups. The mean radiological scores
had significant differences at the end of 6 weeks between
groups statistically (P<0.05). To determine the difference
the score of the CAPE-ischemia group comparing to the
ischemia-fracture group Scheffe test was statistically
different significantly higher (P<0.05). Other groups
had no statistically significant differences between
each other (P>0.05) . In our radiologic evaluation, on
the postoperative 1% day, 6" week, and 12" week, all
bones in four groups were evaluated according to the
radiological evaluation system of Lane and Sandhu ", At
the end of the 6™ week, average radiological evaluation
scores performed between groups showed significant
differences statistically (P<0.05). Scheffe test was used to
determine significance between Groups 3 and 4. It had a
higher statistical difference between these dose groups
(P<0.05). Between the other two groups (Group 2 and 3;
Group 2 and 4), there was a difference (P<0.05 and P<0.05).
In terms of radiological and histological results, gossypin
showed a significant difference depending on the dose.

To gain an orthopedic approach, the biomechanical
evaluation is made by some measurement components
as stress, strain, loading, forcing, displacement, ultimate
strength, fracture stiffness, and healing time. The three-
point bending test (TTPT) is applied to measure bio-
mechanical features of fracture healing 5°. Wang et al. made
an overview of current computational healing models
in a study. They discussed the limitations, solutions, and
potentials of animal bone models. They presented three
kinds of animal bone fracture models (mechano-regulatory
models, bioregulatory models, and coupled mechano-
bioregulatory models). They emphasized the multiscale
models and the coupled mechano-bioregulatory models
as new investigations on bone fracture healing. All these
experimental studies will conduct optimum treatment
strategies 2729, In our study, all biomechanical tests were
started with TTPT. All biomechanical components as stress,
strain, loading, forcing, displacement, ultimate strength,
fracture stiffness, and healing time were evaluated for mice
of all groups. Hardness grade scale was the highest level in
groups with gossypin administration. The lowest level was
in Group 2 without any gossypin medication. According
to biomechanical tests, gossypin yielded significant
results depending on the dose. Biomechanical tests in
this mechano-bioregulatory model showed that gossypin
provided enough hardness levels, and high thresholds in
braking forces.
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Erdem et al.”” used the method of Huddlestone et al.* as
a histological evaluation system in their rat bone fracture
model. At the end of 6 weeks, in terms of scores, a statistically
significant difference was found between groups (P<0.05).
They performed Scheffe test to determine which group
differs from others. The mean in scores of fracture group
(p=0.002), melatonin-ischemia group (P=0.021), CAPE-
ischemia group (P=0.001) was found statistically higher
than the mean score of the ischemia-fracture group. At
the fracture line of these groups, there are full images
of the osteoblasts and neo-vascularity with the mature
bone islets. In the fracture-ischemia group, the fracture
site is predominantly full of healing tissues rich in hyaline
cartilage tissue and mature compact in areas adjacent
to the hyaline cartilage bone tissue areas. Especially, the
fracture group and the CAPE-ischemia group had more
intense osteoblastic activity. In the fracture-ischemia group,
compact bone with weaker osteoblastic activity recovery
was observed . As the result of our histo-pathological
studies, there is a significant relationship between the
SOC values and groups. There is a significant relationship
between the groups with TA per value. There is a significant
relationship between the values of the TT and groups. A
significant difference was not found between groups in
terms of NOC values. There is a significant relationship
between the SOC value and groups. There is a significant
relationship between the groups with TA per value. There is
a significant relationship between the values of the TT and
groups. A significant difference was not found between
groups in terms of NOC values. At the evaluation of SOC,
TA, and TT; gossypin showed a healing effect in a dose-
dependent manner. There were no statistical differences
between groups in terms of the NOC.

The antioxidant effects of gossypin have been demon-
strated in publications published in 1998 B", 2004 @,
2007 ©, 2017 B4, and 2020 . In 1998 BY, Jornot et al.B"
showed potent antioxidant and free radical scavenging
effects of gossypin in different in-vitro studies. According
to Yoon et al.¥, gossypin inhibited oxidative stress- and AB
(25-35)-induced toxicity. Also, it inhibited lipid peroxidation
and scavenge DPPH radicals. Gossypin inhibited the
toxicity induced by X/XO, in this study ©. Ganapaty et al.®!
demonstrated gossypin and BHT inhibited free radical-
mediated deoxyribose damage. Antioxidant activity of
gossypin was investigated as good antioxidant activity
levels at the tested concentrations. Also, gossypin had
enough in-vitro lipid peroxidation inhibitory potential 2.
The oxidative stress-induced hydrogen peroxide (H,0,) is
used commonly to show the antioxidant activity in cells. In
the L929 cells, the oxidative stress levels induced by H,0,
were evaluated for gossypin. The antioxidative capacity
was decreased, increased levels of MDA, and the lower
levels of SOD were determined. The doses groups of 25
ve 50 pg/mL gossypin increased the antioxidative activity
but decreased the levels of MDA. Especially, the levels of
SOD in the 50 pg/mL dose group were higher than in the

H.,O, group. These effects may be related to the alterations
of ROS (reactive oxygen species) by gossypin in L929
cells. Gossypin’s protective effects include two factors:
free radical scavenging activities and some signals by the
genes related to antioxidant and anti-inflammatory bio-
molecules ", In our study, Groups 3 and 4, at both dose
groups, GSH had higher levels (P<0.05). GSH levels were
lesser in Group 2 than in Group 1 (P<0.05). MDA levels
were higher in three groups with femur fractures than in
the control group. MDA levels were detected low in Groups
3 and 4 (P<0.05). SOD levels were in a dose-dependent
manner. SOD activity was lower in Group 1 comparing to
the control group (P<0.05). Considering the SOD, MDA,
and GSH values, we found that gossypin showed an
antioxidant effect depending on the dose. Gossypin had
sufficient antioxidant and anti-inflammatory effects in mice
with femur fracture in bone healing.

As an injury, bone fracture creates an inflammatory
response. It reaches to peak on the first day B34, At
this time, neutrophils reached the inflammatory area.
Acute inflammation and hematoma have critical roles
in fracture healing 2> The hematoma followed acute
inflammation 333738 Suppressed or dysregulated response
elicits chronic inflammation that may be detrimental
to fracture healing. TNF-a, IL-1f3, IL-6, and CCL2 are
pro-inflammatory cytokines and they were secreted
by macrophages. The alterations in the levels of pro-
inflammatory molecules have major effects. After the
bone fracture, TNF-a and IL-13 reach two times to peaks
(at 24 h and 3<week) following the injury 5%. They promote
bone resorption by some activities of osteoclasts and/
or osteoblasts. Chronic inflammation has an imbalance
related to the formation and resorption of bone 1%,
TNF1 acts a pro-inflammatory and apoptotic role “42,
Generally, TNF-a suppresses osteoblasts and stimulates
osteoclast proliferation and differentiation “**I, On the
regulation of bone metabolism, TNF-a has some roles.
TNF-a follows a biphasic pattern with its receptors, TNFR1
and TNFR2. By the functions of TNFR1 and TNFR2, TNF-a
regulates osteogenic cells. TNFR1 is seen in the bone.
The expression of TNFR2 followed the bone injury. TNF-a
has some paradoxical effects on osteogenesis and bone
formation-related MSCs. By the way, as an acute-phase
protein after trauma, TNF-a can initiate blood clotting ..
As a pro-inflammatory cytokine, IL1b takes charge in cell
proliferation, differentiation, and apoptosis. IL-1 has similar
effects with TNF-a. IL-1 gets a role in the callogenesis and
angiogenesis with roles of IL-6 in osteoblasts. Even if |L-1
exists, fracture healing is not affected adversely. IL-1 has a
biphasic pattern in the expression phase and its source is
macrophages, like TNF-a. In a study, TNF-a and IL-1f inhibit
NaBu-induced IAP (intestinal alkaline phosphatase) gene
expression. Pro-inflammatory molecules have infamous
features with high circulating levels of TNF-a and IL-1
is linked to joint and bone destruction ““® In our
experimental study, the results had compliance with the
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literature. When looking at IL-1 and TNF-a levels, gossypin
affected the recovery with its anti-inflammatory effects by
inhibiting the chronic inflammation procedure.

The new pharmaceutical agents can develop the regimen
for the healing process of human bone. Klontzas et al.?”
searched some keywords as fracture, drugs, bone, and
healing in Medline and Scopus databases between 2010
and 2016. 5310 results were found. Investigational drugs
for fracture healing can be listed as anti-osteoporotic drugs
(Bi-phosphonates), parathyroid hormone (PTH), strontium
ranelate, estrogens and selective estrogen receptor
modulators(SERMS),sclerostin Ab&DKK-1Ab,bonemorpho-
genetic proteins (BMPs), statins, antihypertensive drugs,
lithium, proteasomeinhibitors, melatonin, botulinum toxin,
erythropoietin (EPO), sildenafil, sphingosine 1-phosphate
receptor-targeted drugs, G-CSF (Granulocyte Colony
Stimulating Factor), FGF (Fibroblast Growth Factor), VEGF
(Vascular Endothelial Growth Factor), local vanadium. The
TGF-b superfamily members as G-CSF, VEGF, FGF, BMPs,
and other substances such as EPO were used to evaluate
bone regeneration widely in the preclinical and clinical
tests 451,

The drugs used in the treatment of bone fracture healing
aim to provide this in three ways as i) osteoblastic activity
increasing, (indirectly progenitor cells that will mature to
osteoblasts), ii) inhibiting of osteoclastic activity (favoring
osteoblastic aspect of the process), or iii) by stimulating
the vascularization of tissue. According to the results of
our study, besides its antioxidant and anti-inflammatory
effects, we can state that gossypin had therapeutic effects
on bone fracture healing in the latter two ways, although
the exact level of its effect on osteoblastic activity is not
known, yet.

The mice have some advantages for animal bone fracture
modeling as a mechano-bioregulatory model in full
compliance with the human bone fracture healing model.
The studies in mechano-bioregulatory models may
be performed with mice. We recommended the use of
gossypin in the treatment of bone fracture healing with
its antioxidant, analgesic, and anti-inflammatory effects
with the trinity effects of osteoblastic activity, inhibiting
of osteoclastic activity, stimulating the vascularization as
bone fracture healer agents.
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Abstract

The bar-headed geese (Anser indicus) are renowned for high-altitude migratory flights and they must fly over the Qinghai-Tibetan Plateau
for their annual migration. Through comparing the high-altitude bar-headed geese with the other closely related low-altitude species, many
efforts have been made to reveal the unique adaptations at physiological, biochemical, and behavioral levels that help bar-headed geese
living and flying in high-altitude conditions. Nonetheless, little is known about the transcriptome level changes of the bar-headed geese
adaptation to low-altitude environment. To explore the variations of gene expression that were induced by low-altitude environment in
the bar-headed geese, we conducted the first comparative transcriptomic analysis of heart tissues between bar-headed geese reared in
high-altitude regions (~3000 m), and the bar-headed geese reared at the low-altitude regions (~30 m) for nearly three years. A total of 76
differentially expressed genes (DEGs) were detected in the low-altitude bar-headed geese compared with the high-altitude bar-headed
geese. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis showed that these DEGs were mainly involved
in the focal adhesion, extracellular matrix (ECM) - receptor interaction, the mammalian target of rapamycin (mTOR) signaling pathway,
wingless-type (Wnt) signaling pathway, and glycosaminoglycan degradation etc. The results will be useful for understanding the divergent
adaptation of the bar-headed geese to different altitude environment, and the transcriptome data provides a valuable resource for future
functional studies.

Keywords: Anser indicus, Transcriptome, Adaptation, Altitude, Heart

Diisiik ve Yiiksek irtifali Alanlarda Yetistirilen Cubuk Bash Kazlarda

(Anser indicus) Kalp Dokusu Transkriptomlarinin Karsilastirmali Analizi
Oz

Cubuk basl kazlar (Anser indicus), yiksek irtifada go¢men ucguslariyla Gnlidiir ve yillik gocleri icin Tibet Platosu lzerinden ugmalari gerekir.
Yuksek irtifaya adapte cubuk bash kazlari, diger yakindan iliskili alcak irtifali tiirlerle karsilastirarak, bu kazlarin yiksek irtifa kosullarinda
yasamasina ve u¢gmasina yardimci olan fizyolojik, biyokimyasal ve davranigsal seviyelerde benzersiz adaptasyonlarini ortaya ¢ikaracak bircok
calisma yapilmistir. Bununla birlikte, cubuk basli kazlarin algak irtifali ortamlara adaptasyonlarinin transkriptom seviyesi degisiklikleri ile
ilgili cok az sey bilinmektedir. Cubuk basli kazlarda dustik irtifa ortami tarafindan indiklenen gen ekspresyon varyasyonlarini arastirmak
icin, ylksek irtifa bolgelerinde (~3000 m) yetistirilen ¢ubuk bash kazlar arasindaki kalp dokularinin ilk karsilastirmali transkriptomik
analizini gerceklestirdik ve bu kazlar yaklasik ti¢ yil boyunca alcak irtifali bélgelerde (~30 m) yetistirildi. Yiiksek irtifali cubuk basli kazlarla
karsilastirildiginda, alcak irtifali cubuk basli kazlarda farkl eksprese edilmis (DEG) toplam 76 gen tespit edildi. Gen ontolojisi (GO) ve Kyoto
Genler ve Genom Ansiklopedisi (KEGG) analizi, bu DEG'lerin temel olarak fokal adezyon, ekstraselliler matris (ECM) - reseptdr etkilesimi,
rapamisin protein kompleksinin memeli hedefi (mTOR) sinyal yolu, wingless-tip (Wnt) sinyal yolu ve glikozaminoglikan degredasyonu vb.

ile iliskili odugunu gostermistir. Calisma sonuglari, cubuk basli kazlarin farkli irtifa ortamlarina farkli adaptasyonlarini anlamak icin faydali
olacaktir ve elde edilen transkriptom verileri gelecekteki fonksiyonel calismalar icin degerli bir kaynak imkani sunacaktir.
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INTRODUCTION

The bar-headed goose (Anser indicus) is endemic to Asia,
breeding in the high-altitude plateau wetlands of central
Asia U, wintering mainly in the south-central Tibet
(approximately 56.88% of the world populations) and India
(around 27.84% of the world populations) ', This species
is famous for extremely high-altitude flying over the
Himalayan Mountains twice a year on the Central Asian
flyway between the wintering areas in India subcontinent
and the summering grounds on the Qinghai-Tibetan
Plateau ©\. The bar-headed geese were tracked flying as
high as 7.290 meters up , and mountaineers even reported
seeing them fly over the summit of Mount Everest (8.850
meters above sea level) 7. At these heights, the partial
pressure of oxygen is one-third that of sea level. Incredibly,
bar-headed geese are able to maintain the high metabolic
and oxygen consumption rates necessary for flapping
flight under severe hypoxia conditions . Not surprisingly,
there has been increasing interest among researchers in
understanding the physiological, molecular, and behavioral
adaptations of bar-headed geese that allow for the
exceptional high-altitude flight performances %,

Through comparing the high-altitude bar-headed geese
with the other closely related low-altitude species, a
growing body of literature has identified several unique
adaptations that help bar-headed geese flying in low
oxygen conditions. For example, physiological adaptations
have evolved at every step in the oxygen transport cascade
of bar-headed geese to help them accomplish the high-
altitude success. Such adaptations include an effective
breathing pattern ', larger lungs "%, an enhanced
hypoxic ventilatory response ¥, hemoglobin (Hb) with a
higher oxygen affinity ', an increase in flight and cardiac
muscle capillarity ', and subcellular redistribution of the
mitochondrial reducing oxygen diffusion distances I'*.. The
increased affinity between Hb and O, plays a critical role
in adaptation of bar-headed geese to hypoxia through
enhancing pulmonary O, loading. A few studies have
found that in the bar-headed goose the major isoform
of Hb has significantly higher O,-affinity than that of the
closely related low-altitude species due to the single and
large-effect substitutions in the hemoglobin gene %7, In
addition, a roller coaster strategy was reported to take by
bar-headed geese, rising and falling with the relief of the
terrain, to minimize energy expenditure during their trans-
Himalayan flights 8. Overall, these studies have greatly
improved our understanding of the adaptive mechanism
of bar-headed goose for high-altitude conditions.

Recent advances in genomics have opened a huge
opportunity to study the genetic basis of high-altitude
adaptation characteristics "*?%, In our previous study, we
reported the first de novo whole genome sequencing,
assembly, gene prediction and annotation of the bar-
headed goose Y. Transcriptome is a useful tool to analyze

changes in gene expression, and has been widely used to
explore high-altitude adaptations in a group of birds 2.
Therefore, in this study, we aimed to compare the trans-
criptome profiles of heart tissues between bar-headed
geese reared in low- and high-altitude environment. Unlike
previous studies that compared high-altitude bar-headed
geese with the other lower-altitude birds, our current study
focused on comparison between the low-altitude reared
bar-headed geese, where these geese were transported
to and there is no distribution of wild bar-headed geese,
with the high-altitude reared bar-headed geese. The major
advantage of this experimental setup is that the genetic
backgrounds of the subjects being compared are the same.
The results will enrich the transcriptomic resources of bar-
headed geese and laid a foundation for the functional
study of genes related to low altitude adaptation in this
species.

MATERIAL AND METHODS
Ethics Statement

This study conformed to the guidelines for the care and
use of experimental animals established by the Ministry
of Science and Technology of the People’s Republic of
China (Approval number: 2006-398). The research protocol
was reviewed and approved by the Ethical Committee of
Qinghai University.

Animal Sample Collection

Eggs of wild bar-headed geese were collected and hatched
at the Fei Yan specialized breeding and rearing farming
cooperative (elevation 3.000 meter) in Huangzhong
District, Xi'ning City, Qinghai Province, China. After hatch,
three individuals were reared at this cooperative for three
years until the experiment began and labeled as high-
altitude group (HA group, n=3) (Fig. 1). Another three
individuals were transported to and reared at the He Ming
breeding Co., LTD. (elevation 30 meter) in Hengshui City,
Hebei Province, China. The latter three individuals were
also reared for three years until the experiment began and
labeled as low-altitude group (LA group, n=3) (Fig. 1).

These bar-headed geese lived freely in both wild and
artificially reared environments. These birds were healthy
during experimental period. The heart tissues were
sampled rapidly from each carcass, and immediately
frozen in the liquid nitrogen. All heart samples were stored
at-80°C until used.

RNA Extraction and Transcriptome Sequencing

For each sample, total RNA was isolated using Trizol reagent
(Invitrogen, California, USA) following the manufacturer’s
instructions. Residual genomic DNA was digested by
RNase-free DNase (Qiagen, Germany). The RNA concentration
and overall quality were assessed using a Qubit 2.0 Fluoro-
meter (Invitrogen, California, USA), and an Agilent 2100
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Fig 1. The schematic diagram of our experiment

bioanalyser (Agilent Technologies, USA), respectively. The
RNA integrity number threshold was set at 7.0 for the
construction of library. mRNA was further purified using
poly-T oligo-attached magnetic beads. Finally, six libraries
with 350 bp insert sizes were constructed using the
NEBNext Ultra™ RNA Library Prep Kit for lllumina (NEB,
USA). The constructed libraries were then sequenced
by the lllumina NovaSeq 6000 platform at Novogene
Bioinformatics Technology Co. Ltd (Beijing, China). The
whole process followed a standardized procedure and was
monitored by Novogene’s Quality Control System.

Data Accessibility

The raw sequencing data has been deposited in the
National Center for Biotechnology Information (NCBI)
sequence read archive (SRA) with the bioproject number
PRINA612653.

Bioinformatics Analyses
- Quality Control

To produce the high-quality clean reads, raw reads were
assessed for quality using FastQC v.0.11.9 (https://www.
bioinformatics.babraham.ac.uk/projects/fastqc/) and filtered
for low-quality reads according to the following rules:
1) removing the reads with adapter contamination;
2) removing the reads with unknown nucleobases;
3) removing the low-quality reads (reads with a Qpygep <=
20 base number accounting for more than 50% of the total
read length). At the same time, Q20, Q30 and GC content
of the clean reads were counted. The clean reads with high
quality were used for further analysis.

- Genome Mapping
The bar-headed goose reference genome (DDBJ/ENA/

GenBank under the accession VDDG01000000) 2" was
used as the reference genome for our transcriptome
sequencing data. Genome mapping was conducted using
HISAT2 v2.0.5 software 2,

- Quantification of Gene Expression Level

FeatureCounts v1.5.0-p3 ¥ was used to calculate the
number of mapped reads to each gene, which were then
normalized for the gene length and library size. FPKM
(Fragments Per Kilobase of transcript per Million fragments
mapped) of each gene was counted based on the length
of the gene and reads count mapped to this gene.

- Differential Expression Analysis

Genes with very low expression levels were filtered out
of the dataset. Then, differentially expressed genes were
analyzed using DESeq2 R package (1.16.1) ° between
HA and LA groups. The DEGs were identified using the
thresholds of |log2 fold change| =1.0 and Padj <0.05.
Clustering analysis of the identified DEGs was implemented
by the heatmaps in R software.

- GO Function and KEGG Pathway Enrichment Analysis

GO functional enrichment and KEGG pathway analysis of
DEGs was conducted by the clusterProfiler R package ¢, in
which gene length bias was corrected. GO terms or KEGG
pathways with P<0.05 were significantly enriched.

- Real-time Quantitative PCR (RT-qPCR) Verification

To verify the repeatability of DEGs derived from trans-
criptome data, 16 DEGs were selected randomly for RT-
gPCR validation. The primer sequences were shown in
Table 1. RNAiso Pure RNA Isolation Kit (TaKaRa, Dalian,
China) was used to extract RNA. A PrimeScript RT reagent
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Table 1. Primers used in this study for real-time quantitative PCR (RT-qgPCR)

Gene Regulation Primer Sequences (5’-3') Amplicon Size (bp)
Forward: CGATGGAGGAAGGGTGTTTG
DUSP1 Up 152
Reverse: TGAAGTTTGGGGAGATGATGC
Forward: CCCTCCAAGCCCAAGCA
NR4A1 Up 238
Reverse: CGGCGAAGCCCTGAATC
Forward: TTCTATGCGTCGGACTGGG
FOS Up 113
Reverse: AAGGTGGAGGTGTAGGTGCTG
Forward: GGAAAAGGAAGTTGGAAAGGAT
JUN Up 155
Reverse: CTGGCACCCGCTGTTGA
Forward: AGCGTAACACCACCATTCCC
HSP70 Up 94
Reverse: TCACCCTCATACACCTGGACC
Forward: CCAAGCCCAATGTAACTATCAGC
FABP Up 237
Reverse: CGACCAGGTTCCCATCCAC
Forward: GACCCTCGCCCTGCTCTT
APOA1 Up 209
Reverse: GCGTGTCCAGGTTGTCGG
Forward: TCAACCCACGGGAGAACC
SCD Up 213
Reverse: TCCGCATTTTCCGAGCC
Forward: TGAGGTGGGGATGGTTGC
ACACB Down 96
Reverse: TTGTGCGTGATGTCGTTGC
Forward: CCAAGGGGCACCAAACAA
TNC Down 103
Reverse: CGGAAGCCGTCTGGAGTAGC
Forward: ACAAGGCAATGAAAGAGCACA
COL4A1 Down 150
Reverse: GGCGTTGACAGCCAGTAGG
Forward: CGCCTACCAGCCCGATAA
MYLK Down 177
Reverse: CAGGGTCAGGATAGCCTTCAA
Forward: CATCAAGAACGACAACGACACC
FLNC Down 108
Reverse: AACGGGCTGCTGGGGAT
Forward: ATGTAACCAATGCCAGTAGAACG
GK Down 185
Reverse: GTCACCCAAGCACCCAGAA
Forward: TGGATGCTGGGTGGCTGAC
GPCPD1 Down 193
Reverse: TTCTGAGGAACTGTAGGGGATGT
Forward: GCAGTCGCCAGAGTCCGT
SLCOA1 Down 110
Reverse: GCTCCTTCACCCGCATCA
) Forward: ATCAGGTGGTCCCCAAGAGC
TUBULIN 143
Reverse: GGTGATGAGATGGCGGAGG
DUSP1: Dual Specificity Phosphatase 1; NR4A1: Nuclear Receptor Subfamily 4 Group A Member 1; FOS: Fos Proto-Oncogene, AP-1 Transcription Factor
Subunit; JUN: Jun Proto-Oncogene, AP-1 Transcription Factor Subunit; HSP70: Heat Shock Protein 70; FABP: Fatty Acid Binding Protein; APOA1: Apolipoprotein
Al; SCD: Stearoyl-CoA Desaturase; ACACB: Acetyl-CoA Carboxylase Beta; TNC: Tenascin C; COL4A1: Collagen Type IV Alpha 1 Chain; MYLK: Myosin Light
Chain Kinase; FLNC: Filamin C; GK: Glycerol Kinase; GPCPD1: Glycerophosphocholine Phosphodiesterase 1; SLC9A1: Solute Carrier Family 9 Member A1

kit (TaKaRa, Dalian, China) was used to synthesize the
single stranded cDNA. gPCR was conducted on Gene9600
RT-PCR detection system (Hangzhou Bioer Technology
Co. Ltd., Hangzhou, China) and TB Green Fast gPCR Mix
(TaKaRa, Dalian, China). The 6 samples were runin triplicate
for the 16 genes. TUBULIN was used as an internal control
in this study. The method of 2-22°T 271 was used to count the
relative expression of the 16 genes.

RESULTS

Overview of Transcriptome Sequencing Data

Six sequencing libraries from the two distinct groups
(high- and low-altitude) were constructed and sequenced
using the Illumina HiSeq platform. The overall sequencing
results were shown in Table 2. A total of 391,970,972 raw
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Table 2. Summary of read statistics from the transcriptome sequencing

Samples Raw Reads Clean Reads Clean Bases (Gb) Error Rate (%) Q20 (%) Q30 (%) GC (%)
HA_h1 59,914,010 58,248,934 8.74 0.03 96.34 90.93 50.84
HA_h2 64,648,766 62,867,252 9.43 0.03 96.62 91.39 50.56
HA_h3 67,105,524 65,327,764 9.80 0.03 96.05 90.13 50.42
LA_h1 68,834,484 67,275,492 10.09 0.03 96.76 91.65 50.20
LA_h2 66,169,684 64,443,694 9.67 0.03 96.29 90.65 50.56
LA_h3 65,298,504 63,595,928 9.54 0.03 96.49 91.15 50.46

Table 3. Reads coverage mapping to the reference genome of bar-headed goose

Samples

Total Reads

Total Map

Unique Map

Multiple Map

Exon

Intron

Intergenic

HA_h1

58,248,934

36,857,118(63.28%)

36,275,462(62.28%)

581,656(1.0%)

3,699,777,153(67.2575%)

571,953,754(10.3974%)

1,229,188,619(22.3451%)

HA_h2

62,867,252

40,369,734(64.21%)

39,737,652(63.21%)

632,082(1.01%)

4,014,112,346(66.5661%)

614,605,303(10.192%)

1,401,548,436(23.2419%)

HA_h3

65,327,764

40,977,873(62.73%)

40,401,956(61.85%)

575,917(0.88%)

4,066,706,910(66.433%)

654,328,150(10.689%)

1,400,487,751(22.8781%)

LA_h1

67,275,492

41,840,766(62.19%)

41,197,140(61.24%)

643,626(0.96%)

4,245,606,572(67.9315%)

648,989,314(10.3841%)

1,355,233,098(21.6843%)

LA_h2

64,443,694

40,178,319(62.35%)

39,525,864(61.33%)

652,455(1.01%)

4,097,059,115(68.2738%)

607,198,221(10.1184%)

1,296,665,508(21.6078%)

LA_h3

63,595,928

39,515,638(62.14%)

38,940,133(61.23%)

575,505(0.9%)

3,805,155,967(64.4771%)

696,974,108(11.81%)

1,399,431,085(23.7129%)

reads were generated and were deposited in the NCBI
SRA database (accession number SRP252835). All error
rates were less than 0.04%, and the quality of the base
values were Q20 > 96% and Q30 > 90% in the six samples,
suggesting that the transcriptome data were technically
qualified. After filtering the adapter sequences, the
ambiguous N nucleotides, and the low-quality reads, we
got a total of 381,759,064 clean reads. These clean reads
were then used for subsequent analysis. The percentage
of clean reads among raw reads ranged from 97.22% to
97.74% in each sample. The guanine + cytosine (GC) values
ranged from 50.20% to 50.84%.

The mapping results showed that more than 62% of the clean
reads (total mapped reads) matched to the bar-headed
goose reference genome (Table 3). Among the mapped
reads, more than 61% of the clean reads were matched
to a unique genomic location, and less than 1% of the
clean reads were matched to multiple genomic locations
(Table 3). For the high-altitude group and low-altitude
group, 66.75% and 66.89% were mapping to the exon
region, 10.43% and 10.77% belonged to the intron region,
and 22.82% and 22.34% were in the intergenic sequence
respectively (Table 3). These results suggested that the
transcriptome data were good enough for further analyses.

DEGs Analysis and RT-qPCR Validation

DEGs between the low- and high-altitude bar-headed
geese hearts were analyzed by the DESeq2 package, with
the criteria of |log2 fold change| = 1.0 and Padj < 0.05. A
total of 76 DEGs were identified, of which 34 showed up-
regulation, and 42 showed down-regulation in the low-
altitude group compared with the high-altitude group (Fig. 2).

A heat map of the DEGs between the low- and high-altitude

LAvsHA
25

15
group
- UP34
+ DOWN 42
+ NO 16851

-log10(padj)

10

-20 -10 0 10
log2FoldChange

Fig 2. Differentially expressed genes (DEGs) in low-altitude hearts
(LA_h) versus high-altitude hearts (HA_h). Red indicates up regulated
genes, green indicates down regulated genes, and blue indicates genes
with unchanged expression

groups was shown with hierarchical clustering of the
samples and genes in Fig. 3. Hierarchical clustering result
clearly separated the high- and low-altitude groups, while
samples within each group showed strong correlations
(Fig. 4).

In order to verify the reliability of the candidate DEGs,
we selected and quantified the expression levels for 16
DEGs (8 up-regulated DEGs and 8 down-regulated DEGs)
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by using the RT-qPCR technique (Fig. 5). We successfully
confirmed the differential expression for all the selected
DEGs (Fig. 5). The results revealed the tendency of gene
expression was in line with the transcriptome results,

suggesting the transcriptome sequencing results were
reliable for following functional analysis.

Functional Analysis for DEGs

To further explore the possible biological functions and
metabolic pathways of the identified DEGs, GO and KEGG
enrichment analyses were performed.

The DEGs in the comparison group (LA_h vs. HA_h) were
first annotated by the GO function database. The DEGs were
significantly enriched in 1 terms of BP (biological process),
1 terms of CC (cellular component), and 11 terms of MF
(molecular function) (Fig. 6). Under the molecular function
category, the genes mainly enriched in the functions
involved in “extracellular matrix structural constituent”,
“GTPase activity”, “hydrolase activity”, and “nucleotide/

nucleoside binding” (Fig. 6).

We then performed a KEGG analysis of the DEGs. In our
study, 76 DEGs were mapped to 32 KEGG pathways. A total

Pearson correlation between samples

LA _h3- 0.875 0.877 0.849 0.879 0.876

LA_h2-
R?

1.00
0.95
0.90

HA_h3-
0.85

HA_h2-

HA_ht-

®
X7

& &
& N4

Fig 3. Heat map of the 76 differentially expressed genes (DEGs) in the
two groups. Colors represent the normalized gene expression values
of DEGs

Fig 4. Hierarchical clustering (Pearson correlation) of transcriptome
sequencing results of low-altitude hearts (LA_h, n=3) and high-altitude
hearts (HA_h, n=3)
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Fig 5. Validation of RNA-seq results by Real-time quantitative PCR (RT-gPCR). (A) validation of up-regulated differentially expressed
genes (DEGs) by RT-gPCR, (B) validation of down-regulated differentially expressed genes (DEGs) by RT-gPCR. The RT-qPCR results are
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Table 4. Differentially expressed genes for the six significant KEGG signal pathways

KEGG Signal Pathway

Up_regulated Genes

Down_regulated Genes

ECM-receptor interaction -

TNC, COL4A1, COL4A2, THBST, COL4A5

Focal adhesion =

TNC, COL4A1, MYLK, COL4A2, THBS1, COL4A5

AGE-RAGE signaling pathway in diabetic complications EGR1 COL4A1, COL4A2, COL4AS
Glycosaminoglycan degradation - HYAL2

mTOR signaling pathway FZD8, FZD2 ULK2, ATP6V1C2

Whnt signaling pathway FZD8, FZD2, AXIN2 -

of 6 statistically significant pathways were identified when
comparing LA_h group with HA_h group, including three
in environmental information processing, one in cellular
processes, one in human diseases, and one in metabolism
categories, respectively (Table 4). Within the upregulated
DEGs, the most enriched pathway term was “Wnt signaling
pathway” (Table 4). For the downregulated DEGs, the
dominant pathways were as follows: “focal adhesion’,
“ECM-receptorinteraction’,"Advanced glycation end-product
(AGE) - role of receptor for advanced glycation end-product
(RAGE) signaling pathway in diabetic complications’, and
“glycosaminoglycan degradation” (Table 4).

Discussion

The bar-headed goose provides an extraordinary
opportunity to investigate the mechanism of high-altitude
adaptation for their migratory flight at extreme altitude,
and attracted many experts from various fields 5°1012,
However, the adaptive mechanism of bar-headed geese
migrating to low altitude environment has not been

reported. We newly sequenced a bar-headed goose
genome to provide a useful resource for detection of
genomic adaptive changes at the DNA sequence level
associated with this species 2", Transcriptome intermediate
between DNA sequences and physiological traits can
extend the genomic information by concentrate on gene
expression and molecular pathways involved in different
altitude adaptation. Here, for the first time, we performed
transcriptome analysis in bar-headed geese reared in
both high-altitude and low-altitude environment for one
hypoxia-sensitive tissue, heart. In this study, bar-headed
geese were transported to low-altitude areas for artificial
rearing, and then comparative transcriptome analysis was
conducted with high-altitude bar-headed geese. This kind
of comparison, rather than comparing high-altitude bar-
headed geese with the relative geese species living at low-
altitude, will better explore the adaptability of bar-headed
geese to low-altitude environment.

In this study, each sample obtained more than 8.74 GB of
high-quality clean sequencing data, and the base quality
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value (error rate, Q20, and Q30) indicating good quality and
high reliability. Eight up-regulated DEGs and 8 down-
regulated DEGs were chosen for RT-qPCR test to confirm
the expression levels calculated by FPKM values. The
similar changing trends were found between RT-qPCR
validation and transcriptome sequencing. Overall, these
results indicate that the results of our transcriptome data
are reliable.

In this work, GO annotation results showed that most DEGs
were found to be related to cell surface receptor signaling
pathway, extracellular matrix structural constituent, GTPase
and hydrolase activity,and nucleotide / nucleoside binding.
This suggests that when bar-headed geese migrate from
high altitude to low altitude, the interactions between
membrane receptors and extracellular ligands of the heart
were changed. The results were similar to those of Qi et
al. in the study of yak heart transcriptome 8. The effects
of these changes on the health status of low-altitude
bar-headed geese need to be studied and determined
with the help of more morphological, physiological, and
pathological data in the future. The annotation analysis
of metabolic pathways of DEGs is helpful for further
interpretation of gene function. KEGG database is the
main public database on metabolic pathways, and six
KEGG pathways were significantly enriched in this study.
“Wnt signaling pathway” (FZD8, FZD2, AXIN2) was the
only upregulated KEGG pathways in the hearts of low-
altitude bar-headed geese. A large body of evidence
shows that the Wnt signaling pathway plays an important
role in various stages of heart development %, While this
pathway is quiescent in adult hearts, and activation occurs
upon pathological stress B%. In the future, it is necessary
to further study the correlation between the activation of
this signaling pathway and heart disease of bar-headed
geese reared at low altitude. “focal adhesion” and “ECM-
receptor interaction” were found to be downregulated in
the hearts of low-altitude bar-headed geese. Collagens
that encode cell-ECM (including downregulated COL4AT,
COL4A2, and COL4A5) are the major structural components
of the basement membrane and are important during
cardiac morphogenesis by promoting cardiomyocyte
proliferation BY, We also identified three DEGs in focal
adhesion pathways (including TNC, MYLK, and THBST)
with significantly downregulated in the hearts of low-
altitude bar-headed geese. Those genes usually provide
a force-transmitting physical link between the EMC and
cytoskeleton, and are helpful for the species to adapt to
high altitude %, But we hypothesized that the expression
ofthese genes was suppressed in low-altitude environment
where oxygen was abundant.

Glycosaminoglycans are a class of anionic linear periodic
polysaccharides, which play a key role in tissue homeostasis
not only by providing mechanical load resistance but also
signaling mediators that play an important physiological
function in cell proliferation, differentiation, metastasis,

and recognition B2, The glycosaminoglycan degradation
pathway in the hearts of low-altitude bar-headed geese
is involved in the regulation of the structure and function
of glycosaminoglycans in the hearts. The down-regulated
expression of HYAL2 in this pathway was detected by
transcriptome data. Hyaluronidase is an endogenous
glycosidase that can degrade glycosidic bonds in hyaluronic
acid polymers (one form of glycosaminoglycans). We
hypothesized that high-altitude bar-headed geese need
hyaluronidase and other hyaluronidase to maintain the
permeability of extracellular matrix of heart, so as to
facilitate oxygen exchange and transportation in anoxic
environment.However, when high-altitude bar-head geese
migrate to low-altitude environment for growth, oxygen
supply is sufficient, and hyaluronic acid in the extracellular
matrix of heart does not need to be greatly degraded, so
the glycosaminoglycan degradation pathway is inhibited.
All these differentially expressed signal pathways and
metabolic pathways in the hearts of bar-head geese
intercrossed with each other, and thus forming a huge and
complex network. The specific regulatory mechanism and
biological effects of these differentially expressed signaling
pathways remain to be further studied. Our study has a
limitation that also suggests direction for further research.
We did not do biochemical, physiological, and histological
tests, and how these observed differently expressed genes
and pathways may translate into functional and phenotypic
changes remains unclear. However, the transcriptome data
obtained in this study provides us with a useful candidate
pathway and gene resource for future functional studies of
altitude adaptation.

In conclusion, this study lays the first foundations for
comparative analysis of transcriptional and signaling
pathway changes in bar-headed geese heart tissue under
low-altitude environment. A total of 76 DEGs were
identified, of which 34 showed up-regulation and 42
showed down-regulation in the low-altitude bar-headed
geese compared with the high-altitude bar-headed geese.
Nine KEGG pathways and 13 GO terms were significantly
enriched in low-altitude bar-headed geese. Further studies
are required to confirm the functions of these different
pathways and genes reported here between low-altitude
bar-headed geese and high-altitude bar-headed geese,
and the extent to which these differences may contribute
to the low-altitude adaptation.
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Abstract

Cancerisamajor health problem in dogs. Types of cancer seen in dogs include melanoma, Non-Hodgkin lymphoma, osteosarcoma, soft tissue
sarcomas and prostate, breast, lung and colorectal carcinomas. Osteosarcoma (OSA) is the most common malignant primary bone tumor in
domestic dogs. It constitutes 85% of skeletal tumors. It is derived from primitive bone cells that occur in both the appendicular (~75%) and
axial (~25%) skeleton. The present study was intended to determine the cytotoxic and apoptotic effects of curcumin administration at certain
doses and in certain periods on D-17 canine osteosarcoma cells. Canine osteosarcoma cells were treated with curcumin and the effects of
it on proliferation were determined by WST-1, apoptosis by caspase 3/7 activity (MuseCaspase 3/7) and the ratio of proapoptotic Bax gene
to antiapoptotic Bcl-2 gene expression level by qRT-PCR. Our data demonstrated that curcumin decreased cell proliferation and viability,
ultimately inducing caspase 3/7 mediated apoptosis in treated D-17 canine osteosarcoma cells. Furthermore, the application of curcumin
on canine osteosarcoma cells downregulated the expression of Bcl-2 and upregulated the expression of proapoptotic gene Bax. Thus, these
results may provide a basis for further study of curcumin in the treatment of canine osteosarcoma.

Keywords: Apoptozis, bax/bcl-2, Canine osteosarcoma, Caspase 3/7, Curcumin

Kurkuminin D-17 Kopek Osteosarkom Hiicre Hatti Uzerindeki
Sitotoksik ve Apoptotik Etkileri

Oz

Kanser, kopeklerde btk bir saglik sorunudur. Képeklerde gorilen kanser tirleri arasinda melanom, Non-Hodgkin lenfoma, osteosarkom,
yumusak doku sarkomlari ve prostat, meme, akciger ve kolorektal karsinomlar bulunur. Osteosarkom (OSA) evcil képeklerde en sik goriilen
kéti huylu birincil kemik tiimériidiir. skelet tiimérlerinin %85'ini olusturur. Hem apendikiiler (~%75) hem de aksiyal (~%25) iskelette meydana
gelen ilkel kemik hiicrelerinden tiiremektedir. Bu calismanin amaci, belirli dozlarda ve belirli periyotlarda kurkumin uygulamasinin ardindan
D-17 kopek osteosarkom hiicreleri tzerindeki sitotoksik ve apoptotik etkilerini saptamaktir. Kurkumin uygulanan képek osteosarkom
hiicrelerinde proliferasyon tizerindeki etkileri WST-1 analiziyle, apoptotik etkileri ise kaspaz 3/7 aktivitesi (MuseCaspase 3/7) ve proapoptotik
Bax geninin antiapoptotik Bcl-2 gen ekspresyon diizeyine orani ile belirlendi. Verilerimiz kurkuminin D-17 kopek osteosarkom hticrelerinde
hiicre proliferasyonunu ve canliligini azalttigini, kazpaz 3/7 araciligiyla apoptozu indiikledigini géstermektedir. Bunun yaninda kurkuminin
kopek osteosarkom hiicrelerine uygulanmasi Bcl-2'nin ekspresyonunu azaltti ve proapoptotik gen Bax ekspresyonunu arttirdi. Bu nedenle,
bu sonuglar, képek osteosarkoma tedavisinde kurkumin ile ilgili daha fazla ¢alisma icin bir temel saglayabilir.

Anahtar sézciikler: Apoptoz, bax/bcl-2, Kbpek osteosarkom, Kaspaz 3/7, Kurkumin

INTRODUCTION approximately 85% of primary canine bone tumors, arises

from mesenchymal cells and is mostly seen in long bones
Osteosarcoma (OSA) is the most common type of malignant  such as knee, hip and shoulder 23, The tumor grows
bone cancer found in dogs, and is about 10-50 times more  rapidly inside the bone and becomes more painful as
common in dogs than in humans . OSA, which constitutes it grows outward ™. In humans, it is predominantly seen
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in adolescents and young adults and the most common
incidence is between the ages of 10-15. Unlike human
OSA, canine OSA is more common in older dogs ® and
it accounts for 80-85% of bone tumors in dogs 2 to 15
years old ©. It is locally invasive and highly metastatic
and this case makes it difficult to treat . While it usually
metastasizes to the lungs, it also spreads to other bones.
In dogs, tumors spread hematogenously into the lungs
earlier than in humans and they begin to develop micro-
metastases .. While lower than 45% of the affected dogs
can survive only in the first year despite appropriate
surgical and chemotherapeutic protocols ¥, less than 20%
of them can survive more than 2 years after diagnosis .

Treatment of OSA is very difficult both in humans and
in dogs. For this reason, despite the advanced cancer
treatment methods, the annual survival rate in dogs is
around 45%, while this rate in people with OSA has not
changed lately "%, The low survival rate in dogs with OSA
highlights the need for new therapeutic approaches "2,
Today, osteosarcoma is usually treated with the preoperative
chemotherapy, with the amputation or tumor resection for
limb salvage and with the postoperative chemotherapy &
However, the use of chemotherapeutic agents is limited
due to severe toxicity. Therefore, the ultimate goal of
this study is to demonstrate the need for new studies to
discover effective chemotherapeutics with appropriate and
minimal toxicity.

Apoptosis is a physiological process responsible for the
elimination of cells that have completed certain functions
or that damage the growth and development of the
organism. Cell apoptosis plays a central role in the control
of cell proliferation and therefore has a significant role in
preventing tumor growth '3, Two characteristic apoptotic
pathways, called as extrinsic and intrinsic pathways, have
been identified "%, The intrinsic pathway is activated as a
result of death signals that may occur due to DNA damage,
growth factor deficiency and oxidative stress, and these
signals are carried to the mitochondria by two proapoptotic
members of the Bcl-2 family (Bax, Bad), creating a large pore
formation on the surface of the mitochondria ">'. Thus,
there is a large increase in mitochondrial outer membrane
permeability and cytochrome-c release is performed by
breaking the mitochondrial outer membrane. The Bcl-2
family contains some pro-apoptotic (eg: BAK and BAX)
and some anti-apoptotic proteins (eg: BCL-2, Bcl-xl) 11718,
Among these, Bcl-2 and Bax are key proteins for apoptosis
or survival %,

Curcumin, [(1E, 6E) -1, 7-bis (4-hydroxy-3-methoxyphenyl)
-1,6-heptadiene-3,5-dione or diferuloylmethane] is a yellow
-orange phenolic compound obtained from the ribosomes
of the turmeric plant (CurcumalongaL.) ?%. This compound
has anti-inflammatory, antioxidant, and chemopreventive
properties, and chemotherapeutic potential with no
obvious side effects 2?2, It exhibits beneficial effects on
numerous diseases such as diabetes, allergies, asthma,

hepatic diseases, arthritis, Alzheimer’s disease, cardio-
vascular diseases and cancer %1, Curcumin has been shown
to modulate multiple cell signaling pathways such as
apoptosis, proliferation, angiogenesis, and inflammation ",

Preclinical studies have proven that curcumin inhibits
cell proliferation in various cancer cell lines, including
breast, cervical and pancreatic cancers "?. In addition,
recent studies have shown that curcumin, alone or in
combination with other anticancer agents, can effectively
induce apoptosis ¢, Curcumin has been proven to display
antitumoral effects on a wide variety of human cancer cell
lines and to induce apoptotic cell death 2729,

Chemotherapeutic agents used in veterinary oncology
are generally applied by making use of the information
obtained in human medicine. However, this practice
is controversial due to the interspecies differences in
pharmacokinetic parameters and the sensitivity of tumor
cells to cancer therapeutic compounds 2% Consequently,
for the treatment of canine osteosarcoma, it is of great
importance to develop and/or discover low cost, less
toxic and highly efficient therapeutic agents that increase
survival rates. Although the antiproliferative effect of
curcumin has been shown in many cell lines, our study
will contribute to the literature since it is a specific dose
study that can be used in veterinary oncology, since it was
performed with a dog cell line.

In our study, we were going to explore that curcumin
exhibits antineoplastic potency in a metastatic canine
osteosarcoma cell line (D-17) in vitro. To assess this
hypothesis we exposed canine OSA cell lines to curcumin
and determined in vitro measures of proliferation.
Furthermore Bax/Bcl-2 expression ratio was determined
by qRT-PCR as an indicator of apoptosis, and apoptosis was
confirmed by determination of caspase 3/7 activity.

MATERIAL AND METHODS

Cell Culture and Treatment

The canine osteosarcoma cell line D-17 was purchased from
the American Type Culture Collection (ATCC, Manassas, VA).
Osteosarcoma cells were cultured in Minimum Essential
Medium Eagle medium (MEM; Sigma, M4655) supplemented
with 10% heat in-activated fetal bovine serum (FBS, Sigma,
F0804),0.1% 10.000 U/mL penicillin/ streptomycin (Gibco),
1% nonessential amino acids, 0.11 g/L pyruvic acid (sodium
salt) and incubated at 37°C in a humidified atmosphere of
5% CO,in air. The medium was refreshed every 2-3 days.
After about 90% of confluence, the cultured cells were
detached with 0.25% trypsin-EDTA (Sigma T4049) and sub-
cultured.

Curcumin (Sigma, C1386) was dissolved in culture medium
with 1% DMSO, the solution was added to the culture
medium to reach final concentrations of 2.5, 5, 10, 25,
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40, 50, 75, 100 uM. Control group (concentration 0) were
cultured without curcumin and medium containing 1%
DMSO.

Cell Proliferation Assay

The effect of curcumin on D-17 canine OSA cell proliferation
was initially determined by cell proliferation analysis
using commercial cell proliferation kit 2-(4-iodofenil)-3-(4-
nitrofenil)-5-(2,4-distlfofenil)-2H-tetrazolyum or WST-1
which is one of the proliferation tests based on metabolic
activity. Cells (1x10* cells per 200 uL medium per well)
were seeded in 96-well plates and allowed to attach for
24 h. There after, medium was changed and cells of the
experimental groups were treatment with 2.5-5-10-25-
40-50-75 or 100 uM curcumin whereas the control group
was treated with DMSO (1%). After 24, 48, and 72 h
incubation, 100 uL WST-1 solution was added to each well
and the cell was incubated for 3 h at 37°C in a humidified
atmosphere of 5% CO,in air. After incubation and mixing
gently for one minute on an orbital shaker, the absorbance
of each well was measured using a microplate-reader
(Multiskan™ FC Microplate Photometer, Thermo Fisher,
Finland) in absorbance mode at a wavelength of 450
nm. The mean absorbance of the four-time repeated
measurements per curcumin concentration was related to
the mean absorbance of the control and expressed as the
percentage of control. Dose-response curves and ICs, (The
half maximal inhibitory concentration) were established
with Graphpad Prism.

RNA Isolation and cDNA Synthesis

Total RNA isolation was performed according to the
manufacturer’s instructions with a Hybrid-RTM RNA
Isolation kit (GeneAll R Biotechnology, South Korea) after
24 and 48 h incubation times from canine OSA D-17 cells
treated with curcumin at specified concentrations (0, 10,
25, 40 and 50 pM). cDNA synthesis was achieved using 2
pg total RNA using the HyperScript First Strand Syntesis Kit
(GeneAll Biotechnology, South Korea). Then, 1/20 of the
resultant cDNA was used for each PCR reaction in a total
volume of 20 pL.

Real-Time Quantitative Polymerase Chain Reaction
(RT-PCR)

Gene expression was evaluated by Quantitative real-time
PCR (gPCR). qRT-PCR was carried out using SYBR® Green PCR
Master Mix (Applied Biosystems kit) and LigthCycler®480
(Roche Diagnostics GmbH, Mannheim, Germany). Specific
primer sets designed and utilized for canine bax, bcl-
2 and house keeping gene gapdh were listed in Table 1.
The annealing temperature for this primer was 60°C.
Fluorescence was determined by Step One Plus (Applied
Biosystems) at each ampilification cycle and analyzed by
Step One Software 2.1 (AppliedBiosystems). C, values
representing the number of amplification cycles were
obtained for all samples. The expression levels for all the

Table 1. Primers for RT-PCR

Amplicon Length

Gene (bp)

Primer Base Sequences (5—=3’)

Bax F: TTCCGAGTGGCAGCTGAGATGTTT 79
R: GCTGGCAAAGTAGAAGAGGGCAA

Bcl-2 F:CATGCCAAGAGGGAAACACCAGAA -
R: GTGCTTTGCATTCTTGGATGAGGG

Gapdh F: AGTCAAGGCTGAGAACGGGAAA 114
P R: TCCACAACATACTCAGCACCAGC

genes analyzed were normalized to GAPDH. The protocol
was performed in triplicate.

Caspase 3/7 Activity Assay

Canine OSA D-17 cells were seeded in 12-well plates at a
density of 2.5x10° cells/well and incubated overnight. Cells
were treated with various curcumin concentrations (5,
10, 25, 40, 50 pM) for 24 and 48 h. Wells with media only
were included as controls. All experiment were done in
triplicates for each dose treatment. Apoptotic and necrotic
cell ratios in the cell suspension obtained after incubation
were determined by Muse Cell Analyzer (Merck Millipore)
using the MuseCaspase 3/7 (MCH100108) kit according to
the manufacturer’s protocol.

Statistical Analysis

All experiments were done in triplicates for each dose
treatment. All data were presented as mean values +
standard error (SE). A P value of <0.05 was considered as
significant. A Shapiro-Wilk test was used for evaluation
of the normality of distributions. The one-way analysis of
variance (ANOVA) test (for Windows Release 22.0 Standart
Version Copyright© SPSS Inc. Chicago, IL, USA) was used
for evaluating the differences in the data. Statistical
significance (P<0.05) was established by the post hoc
Tukey'’s pairwise comparison.

The 1Cs, values were calculated by four-parameter non-
linear regression using GraphPad Prism v.5.0 software
(GraphPad Software, Inc., La Jolla, CA, USA). The data
were performed replication in four-time for each dose in
cell proliferation assay, and data are presented as mean *
standard error (SE).

REesuLTs

Curcumin Inhibits Population Growth in Canine OSA Cells

Effect of curcumin on canine OSA cell viability was evaluated
by WST-1 method. Canine OSA D-17 cells exposed to
curcumin resulted in a significant decrease in viable cells
in a time and dose-dependent manner (Fig. 1-A,B,C). A
dose-effect curve was created using the GraphPad Prism
5 program with the dose-dependent viability results
obtained by WST-1 viability analysis (Fig. 2-A,B,C). 1Cs, values
of canine OSA D-17 cells were 61.51, 47.80 and 39.41 uM
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at 24, 48 and 72 h, respectively. There was observed no
significant effect on cell proliferation at 0-10 uM curcumin
concentration during the 24 h incubation period (P>0.05).
After 48 and 72 h incubation times, there was a decrease
in cell viability in low doses (2.5, 5 and 10 uM) compared
to the control group, but no statistically significant difference
was found between the doses. Curcumin caused significant
decreases in cell viability due to dose and time in increasing
doses, and this decrease was found to be statistically
significant (P<0.001).

Curcumin Increases the bax/Bcl2 Ratio in Canine OSA
D-17 Cells

Expression of Bax (proapoptotic) and Bcl-2 (antiapoptotic)
proteins were determined by RT-PCR method to investigate

the apoptotic effect of curcumin on canine OSA D-17 cells
and thus bax/bcl-2 ratios were evaluated. Canine OSA
D-17 cells were treated with different concentrations of
curcumin (0, 10, 25, 40, 50 uM) for 24 and 48 h. There was
no significant change in Bax/Bcl-2 ratios compared to the
control (0 uM) in 24-h incubation period (P>0.05), (Data
not shown). End of 48 h incubation with curcumin, bax/
bcl-2 ratio was found to be 1.79, 3.10 and 5.6 fold increase
compared with the control cells for 25, 40 and 50 uM
curcumin doses, respectively (P<0.05), (Fig. 3).

Curcumin Toxicity is Associated with Caspase Activation
in Canine OSA D-17 Cells

Cell viability in canine OSA D-17 cells treated with 5, 10
and 25 pM curcumin during 24 h was not significantly
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Table 2. Live/apoptotic/necrotic cell ratios in canine D-17 OSA cells treated for 24 h with 5, 10, 25, 40 and 50 uM of curcumin and in control group cells

Group % Live % Apoptotic % Dead
Control 95.45+1.26° 3.25+0.74° 0.68+0.19

5uM 97.25+1.61° 2.58+0.87° 0.43+0.13
10 pM 96.27+1.43° 3.60+0.52° 0.25+0.048
25 uM 96.65+0.41° 2.77+0.81° 0.32+0.062
40 pM 87.25+0.89° 12.48+1.15° 0.36+0.14
50 uM 83.56+2.56° 15.76+2.03 0.10£0.011

abe Statistical difference between groups with different letters in the same column is significant

Table 3. Live/apoptotic/necrotic cell ratios in canine D-17 OSA cells treated for 48 h with 5, 10, 25, 40 and 50 uM of curcumin and in control group cells

Group % Live % Apoptotic % Dead
Control 95.00+1.16° 4.95+1.24° 0.10+0.007

5uM 94.65+1.23° 5.28+1.27° 0.13+0.013
10 pM 94.27+1.78° 5.60+1.50° 0.15+0.008
25 uM 93.65+0.91° 6.17+0.21° 0.12+0.043
40 uM 79.15£1.19° 20.62+1.15° 0.33+0.13
50 uM 47.16+1.56¢ 53.8+1.12¢ 0.15+0.03

abe Statistical difference between groups with different letters in the same column is significant

result of the analysis based on the measurement principle
of caspase 3/7 activity, it was observed that 40 and 50
MM curcumin application decreased viability and caused
apoptosis in proportion according to total apoptotic
ranges as 12.48% and 15.76% for 24 h and 20.62% and
53.8% for 48 h (P<0.05) (Fig. 4, Fig. 5; Table 2, Table 3).

Discussion

Today, veterinarians’ current options in the treatment of
osteosarcoma are palliative therapy, limb-sparing anti-
cancer therapy, preparation for surgery by reducing the
size of the tumor to remove it, or prevent metastasis to
other tissues. In addition, post-operative treatments prevent
recurrence of the tumor ©'"1231, The purpose of chemo-
therapy and radiation treatments among these applied
cancer therapies is to kill tumor cells because these cells are
more sensitive to the effects of these drugs and methods,
atleastin adults, since they grow at a much faster rate than
healthy cells 2. However, losses occurring in healthy cells
as well as tumor cells are a disadvantage of the treatments
applied. For this reason, new treatment searches are
required for healthy cells in the treatment of cancer that
provide the induction of apoptosis by targeting molecules
that have less toxicity but are located on apoptotic
pathways in cancer cells %3, It has been proven in many
studies that phytochemicals affect gene expression of
many different target molecules that modulate the signal
transduction pathway, cell cycle, cell metabolism and
apoptosis, and have antitumor effects. Therefore, more
emphasis has been placed on phytochemicals and their
antitumor effects in recent years 3334,

Turmeric (Curcuma longa) is a plant that has medicinal
value in both human and animal health =%, Curcumin is
a phytochemical compound in the class of flavonoids
with various pharmacological properties and is obtained
from the roots of the Curcuma longa plant that is used
as a herbal diet and medicine 3. Curcumin has a wide
pharmacological action and low toxicity and is well
tolerated by humans 3¢, Curcumin is a highly pleiotropic
molecule that modulates the activation of transcription
factors, kinases, cytokines, various enzymes (eg, MMP,
iNOS, GST, and ATPase), cell cycle (Cyclin D1 and cyclin E),
growthfactors (eg, EGF, NGF, HGF, and PDGF) and numerous
targets involved in invasion, migration, angiogenesis, and
apoptosis 5739, Curcumin can affect the skeletal system as
many of the mentioned curcumin targets participate in the
regulation of bone remodeling 2%,

The effects of curcumin on osteoarcoma have been
investigated in human osteosarcoma cell lines such as
MG63, U20S, MNNG/HOS, SAOS-2 and KHOS, and it has
been determined that it has antiproliferative and apoptotic
effects 3204043 However, studies on canine osteosarcoma
and specifically the D-17 cell line are limited. When our
data is evaluated, it will be seen that curcumin inhibits the
proliferation of canine OSA D-17 cells in a dose and time
dependent manner.

It was found that D-17 canine OSA cells treated with
curcumin had an ICs, value of 61.51 uM in the first 24 h
and in short-term exposure to curcumin, cytotoxic activity
increased at high doses. At 48 and 72 h, ICs, values were
determined as 47.80 and 39.41 pM, respectively, and it was
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concluded that the cells were more sensitive to long-term
curcumin exposure. Our results are in line with the results
of some studies based on the antiproliferative efficacy of
curcumin with human and canine OSA cells. Lee et al.*"
reported that when they treated human osteosarcoma
(HOS) cells with 0-20 pug/mL curcumin for 48 h, a dose-
dependent reduction in cell proliferation occurred. Fossey
et al.* investigated the anti-proliferative and apoptotic
effects of FLLL32 compound obtained by modification of
curcumin in order to improve the potential and biochemical
properties of curcumin and after administration of FLLL32
particularly at concentrations above 0.75 pm (2.5 and 7.5
um), there were significant reductions in the proliferation
of both canine (OSA-8, 16 and D-17) and human (SJSA and
U20S) OSA cell lines. Canine cell lines have been found to
be somewhat resistant, while human cell lines are more
sensitive to curcumin treatment. Yu et al.*! found that
the proliferation of MG-63 cells, which were incubated
with curcumin for 24 h, 36 h and 48 h in the range of
0-40 uM and at different concentrations, were inhibited
significantly in a dose and time dependent manner. In
another study comparing the effects of curcumin on the
viability of MG-63 osteosarcoma cells and healthy human
osteoblasts on different concentrations, when exposed
to 5 and 10 pM curcumin, no statistical difference was
observed in the density of healthy osteoblast cells, while
the density of osteosarcoma cells decreased 0.6 and 5.3
times, respectively, compared to the control group “2.
The effect of Lipocurc™ formulation, designed to enhance
the bioavailability of curcumin, on cell viability in canine
OSA, melanoma and mammary carcinoma cell lines was
investigated. A concentration-dependent decrease in cell
viability was determined in all cell lines at concentrations
above 2000 ng/mL, and the D-17 cell line was found to be
significantly less sensitive to Lipocurc™ than both MG-63
and U20S cell lines .,

Induction of apoptosis, an actively regulated cellular
process that causes cell death after specific stimuli are
received in tumor cells, without cytotoxic effect in healthy
cells in cancer therapy 7, is an approach on which
many studies have been conducted in recent years ['>2¢),
Regulation of the level of some pro-apoptotic and anti-
apoptotic proteins involved in the apoptotic process
or activation of apoptotic enzymes causes apoptosis to
occur in cells. This is achieved by the Bcl-2/Bax gene family
and the activation of caspases “®49, While proapoptotic
Bax protein interacts with membrane pore proteins to
increase cytochrome c release, antiapoptotic Bcl-2 inhibits
apoptotic signals by restricting proapoptotic Bax and thus
the cytochrome c release ', Cells having a high Bax/Bcl-
2 ratio are more sensitive to certain apoptotic stimuli %,
Therefore, changes in Bax and Bcl-2 levels are important
in determining whether cells will undergo apoptosis. The
effects of apoptosis induction are more dependent on
the ratio between these two proteins (Bax/Bcl-2) rather
than the amount of Bcl-2 or Bax ®'. In our study, a dose-

dependent increase in the Bax/Bcl-2 ratio was observed 24
h after treatment with curcumin in canine OSA D-17 cells.
However, after 48 h of incubation, a significant increase in
Bax/Bcl-2 ratio was detected, especially at 40 and 50 uM
concentrations. Our results show that the strong anticancer
activity of curcumin is associated with the concordant
modulation of the expression rate (Bax/Bcl-2) of two major
proteins that play a critical role for apoptosis induction
by the intrinsic pathway. Curcumin has been reported to
cause a decrease in cellular levels of Bcl-2 and an increase
in cellular levels of Bax in various cancer cells 533, Shankar
et al.®? and Anto et al.*¥ determined that the regulation
of Bcl-2 and Bax proteins by curcumin administration is
a major factor for apoptosis caused by curcumin. Jin et
al." showed that curcumin can induce apoptosis in U20S
cells by increasing mitochondrial membrane permeability
by downregulation of Bcl-2 and upregulation of Bax,
Bak and p-Bad, and the treatment of U20S cells with
curcumin resulted in a significant inhibition of cell growth.
Curcumin has been proven to induce apoptosis associated
with the regulation of Bax/Bcl-2 protein expression in
human hepatoma cells (SMMC7721) ©3I. In addition, Jun
et al.”! found that there was a significant increase in Bax/
Bcl-2 ratios depending on the dose after the human
osteosarcoma cell line U20S and MG-63 had been exposed
to curcumin for 24 h.

Effector caspases (caspase 3, 7) also act on a range of
different target proteins that play important roles in
mediating the apoptotic response ©°l. The results we
obtained show that high doses of curcumin (40-50 uM)
can induce apoptosis based on Caspase 3/7 activation.
The highest apoptotic rates were determined for a dose
of 50 uM curcumin in 48 h, indicating the long incubation
time and high dose caspase-induced apoptotic pathway.
Subramaniam et al.*® found that the activation of
effector caspase 3 and caspase 7 increased within 24 h in
esophageal adenocarcinoma TE-7 cell line treated with
curcumin. Another study showed that curcumin could
activate caspase 3/7 in a dose-dependent manner (0, 10,
20, 30 umol/L) within 24 h, thereby inducing apoptosis in
human colon cancerHCT116 and SW480 cell lines ™. Levine
et al.’® determined that caspase 3/7 activation was also
induced in 3 different canine cell lines (C2 mastocytoma,
CMT-12 mammary carcinoma and D-17 OSA) to which they
applied turmeric root, which is the source of curcuminoids.
They determined that there was a significant increase in 2
and 2.5 times in apoptotic cells, especially in C2 and CMT-12
cell lines. McNally et al.®* determined that when doses of
curcumin above 25 um were administered to human liver
cancer HUH7 cells, it reduced vitality depending on the
increased concentration within 24 h. Furthermore, it was
detected that caspase 3/7 activity increased at doses of 50
UM and above, and the decrease in survival was associated
with caspase activation. In a study, it was observed that
caspase-3, JNK and AMPK molecules were activated
as a result of the application of curcumin at various
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concentrations (20, 50 and 100 uM) to D-17 OSA cells, and
the extrinsic apoptosis pathway mediated by caspase, JNK
and cAMP/AMPK was induced %, The conducted studies
reveal that curcumin exhibits an effective antitumoral
potential by inducing the apoptotic pathways.

As a result, we demonstrated that canine OSA D-17 cells
treated with curcumin decreased cell proliferation in a
dose and time dependent manner, inducing apoptosis
by increasing Bax/Bcl-2 protein expression and caspase
3/7 activation. Although various treatments are available,
curcumin is predicted to be a candidate with a promising
chemorherapeutic effect by inducing apoptosis for canine
osteosarcoma with poor clinical results.
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Abstract

Enterotoxaemia is one of the hazardous diseases of the livestock. In Pakistan prophylaxis failure is due to the vaccination with type D monovalent
vaccine. There is a need to develop a cost effective multivalent vaccine against enterotoxaemia using characterized toxinotypes isolated from
field. Indigenously (Punjab, Pakistan) characterized Clostridium perfringens toxinotypes A (MW551947.1), B (MW332247.1) and D (MW332258.1)
(n=1 each) were used. These toxinotypes were used to produce higher amount of alpha, beta and epsilon toxin units under culture conditions.
Colony forming units (CFU) of each bacterium was determined through the standard plate count method and 10°CFU/mL bacteria were used
for vaccine dose. Monovalent, bivalent and multivalent oil adjuvant and alum precipitate vaccines were prepared. Formulated vaccines were
passed the stability, sterility and safety test. Bacterin plus toxoid oil adjuvant vaccine produced higher (868.25+3.54 |U/mL) antibody titer at 28th
day post vaccination in rabbits and 100% protection was observed after challenge. Multivalent bacterin plus toxoid oil adjuvant vaccine was
used in field trials. Increased antibody response was detected after 4 months in sheep (1294.81+1.90 IU/mL) and goats (1091.85+2.51 IU/mL).
During the experimental and field trials commercial vaccine did not produced higher antibody titer. Multivalent bacterin plus toxoid oil adjuvant
vaccine proved as an excellent candidate for vaccination of animals against C. perfringens diseases, and it produced specific and efficientimmune
response to be used in field.

Keywords: Alpha, Bacterin, Beta, Epsilon, Toxoid, Vaccine

Clostridium perfringens’e Karsi Alum Presipite ve Yag Adjuvanli
Multivalan Asilarin Hazirlanmasi ve Degerlendirilmesi

Oz

Enterotoksemi, ciftlikhayvanlariicintehlikelihastaliklardan birisidir. Pakistan'daki profilaksinin basarisizligi tip D monovalan asidan kaynaklanmaktadir.
Sahadan izole edilen ve karakterize edilmis toksinotipler kullanilarak enterotoksemiye karsi uygun maliyetli bir multivalan asi gelistirmeye
ihtiyag vardir. Yoreye 6zgli (Punjab, Pakistan) karakterize edilmis Clostridium perfringens toksinotipleri, A (MW551947.1), B (MW332247.1) ve D
(MW332258.1) (n=1 her biri icin) kullanildi. Bu toksinotipler, kiltiir ortaminda ylksek miktarda alfa, beta ve epsilon toksinlerinin tretiminde
kullanildi. Her bakterinin koloni olusturan birimleri (KOB) standart plak sayim yontemiyle belirlendi ve asi dozu olarak 10¢ CFU/mL kullanildi. Yag
adjuvanli ve alum presipite monovalan, bivalan ve multivalan asilar hazirlandi. Formiile edilen asilar stabilite, sterilite ve giivenlik testlerinden
gegcirildi. Bakterin + toksoid yag adjuvanl asi, tavsanlarda asilamadan sonraki 28. giinde yiiksek (868.25+3.54 IU/mL) antikor titresine yol acti ve
epriivasyon sonrasi %100 koruma gozlendi. Saha ¢alismalarinda multivalan bakterin + toksoid yag adjuvanli asi kullanildi. Asilamadan 4 ay sonra
koyun (1294.81+1.90 IU/mL) ve kecilerde (1091.85+2.51 IU/mL) antikor yanitinda artis saptandi. Deneysel ve saha calismalari sirasinda ticari asinin
daha yuksek antikor titresi iretmedigi g6zlendi. Hayvanlarin C. perfringens enfeksiyonlarina karsi asilanmasinda multivalan bakterin + toksoid yag
adjuvanli asinin miikemmel bir aday oldugu kanitlandi ve bu asi sahada kullanilmak tizere spesifik ve etkili bir bagisiklik yaniti Gretti.
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INTRODUCTION

Clostridium perfringens is a Gram positive, rod shaped,
nonmotile, spore forming pathogenic anaerobic bacteria
of human and domestic animals ™. C. perfringens is divided
into 5 types as A, B, C, D and E on the basis of major toxins
(a, b, e, i) and minor toxins 2, Gas gangrene, necrotic
enteritis and enterotoxaemia are the most common
symptoms of alpha toxin, which causes hemolysis, platelet
aggregation, blood vessels contractions, superoxide
generation, cytokine storm and ultimately cause death Fl.
Lethal dose 50 (LDs,) of the alpha toxin per kilogram of
mouse after intravenous injection was 3 mg “. Epsilon
toxin of C. perfringens is the third most dangerous toxin
among the clostridial toxins. Its 50% lethal dose (LDs)
was 50-110 ng per kg in mice . The epsilon toxin was
classified as the potential bio war and bioterrorism agent
by the Center of Disease Control and Prevention (CDC) of
theUnited States . In sheep and goats, the epsilon toxin
is a causative agent of enterotoxaemia . Beta toxin is
an etiological agent in necrotizing enterocolitis and also
involves in enterotoxaemia ©. It was reported that this
toxin had a LDsy as 310 ng/kg .

Enteric infections caused by C. perfringens in sheep, goats
and other ruminants are called enterotoxaemia because
of the absorption of the toxins via intestine into the
circulation. It is a frequent disease of sheep and goats
and its prevalence rates are between 24.13 and 100% 1%,
Enterotoxaemia is distributed worldwide and endemic
in Pakistan as well ", Bacteria are normally present in
intestinesin low concentration, however dietary changes
(diet rich in carbohydrate) may lead to proliferation of the
microorganism and ultimately toxin production ',

Enterotoxaemia is one of the dangerous infectious diseases
of the livestock. This disease has 2-8% incidence rates and
100% case fatality rate "> Most of the factors are responsible
for the disease outbreak e.g. improper vaccination, change
in diet and poor feed management "%, Vaccination with
accurate antigens and improvements on feed management
are the only ways to struggle with the disease ""°. At present
the disease is being handled by treatment of animals using
antibacterial drugs but prognosis is poor. A monovalent
clostridial vaccine is being practiced in the country for
prophylaxis. This vaccine is prepared using type D which is
not providing complete cover.There are genetic differences
between field types and vaccine type of Clostridia, the
major reason for prophylaxis failure in Pakistan. Dealing
with the high economic impact of clostridiosis, prevention
of it, is a big challenge for farmers '3,

The development and production of conventional clostridial
vaccines involves expensive, time consuming and
dangerous processes of detoxification, purification and
antigen concentration steps "', Furthermore, the continued
selection of the toxigenic strains that produce high titers
of toxin is necessary ' There is a need to develop a cost

effective vaccine using indigenously characterized toxino-
types isolates from field. The production of vaccine will help
to combat enterotoxaemia in Pakistan. For vaccination of
huge number of animals in Pakistan there is need for the
development of new production units. Currently existing
units are insufficient to fulfill the requirements "#. An effort
was done for preparation of a cost effective multivalent
vaccine using prevailing toxinotypes of C. perfringens in
sheep and goats in Pakistan. An effective vaccine from
indigenous C. perfringens isolates will be available for sheep
and goats to protect them against C. perfringens diseases.

MATERIAL AND METHODS

Indigenously characterized C. perfringens (field isolates
from Punjab, Pakistan) toxinotypes, A (MW551947.1),
B (MW332247.1) and D (MW332258.1) (n=1 each) were
procured under the project TDF 02-028, from the Institute
of Microbiology University of Veterinary and Animal
Sciences (UVAS), Lahore, Pakistan. These toxinotypes were
used for preparation of multivalent toxoid and bacterin
+ toxoid clostridia vaccine(s). Type A, B and D isolates
were previously confirmed on the basis of the 16SrRNA
gene polymerase chain reaction (PCR) after sequence
analysis and sequence submission to GenBank NCBI, these
(MW551947.1, MW332247.1 and MW332258.1) accession
numbers were received.

Vaccine Preparation

Vaccine was prepared by following the method described
by Saadh et al."® with minor modifications. One Liter
reinforced clostridial medium (RCM) broth (6.5 pH) was
inoculated separately with bacterial inoculum (10%
v/v) (concentration was adjusted as McFarland No. 1)
of C. perfringens type A, B and D. The RCM broth was
supplemented with glucose (0.2%), vitamin mixtures,
mineral mixture (0.2%), tween 80 (0.3%) along with sodium
chloride (0.75%) and sodium acetate (0.3%). Inoculated
culture flasks were incubated at 37°C for 24 h in an CO2
incubator with ~80-90% COa2. Following the incubation,
representative (100 mL) volumes were taken from broth
culture. It was centrifuged at 8000 rpm for 10 min.
Supernatant was separated and purified trypsin (10 ug
per milliliter) was added for epsilon toxin activation and
incubated for 60 min at 37°C. After the incubation, it was
stored at 4°C. Alpha and epsilon toxins hemolytic units per
milliliter (HU/mL) were quantified through a hemolytic
system by using washed 1% sheep RBCs ¥ and beta toxin
cytotoxic units per milliliter (CU/mL) were estimated on
BHK 21 cell line following the method of Nagahama et
al?, Bacteria colony forming units (CFU) were counted
by the standard total plate count method ?'’. Bacteria and
toxins were inactivated using formaldehyde (0.4% v/v).
After 2 weeks of incubation, inactivation was checked by
inoculating the bacteria on blood agar and injecting 0.5
mL of each toxin into a healthy rabbit. Oil (Montanide ISA
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70) and alum adjuvant (20% stock solution) was added
into the inactivated culture and toxins up to 50% and 3%
concentration, respectively. After proper mixing, vaccine
mixtures were filled in sterile labelled bottles and stored
at 4°C. Each vaccine was prepared with standard CFU
per mL of bacterin and toxins units quantified through
assays. Toxin units and bacterial CFU per vaccine dose is
represented in Table 1-A and B.

Evaluation of Vaccine

Vaccine(s) were evaluated for sterility, safety and stability
according to the OIE manual of diagnostic tests and
vaccines for terrestrial animals (chapter 1.01.08, 2018) 2,
For sterility testing fluid thioglycolate medium (FTM) with
0.5% beef extract and soybean casein digest medium
(SCDM) were used for bacterial (37°C) and fungal (25°C)
growth, respectively and the media were incubated for 14
days. At intervals during the incubation and after 14 days
of incubation, inoculated media tubes were examined for
the evidence of microbial growth. For safety testing of
vaccine, recommended dose of vaccines was administered
intramuscularly (IM) and subcutaneously (SC) to rabbits.
For adverse localized reaction, the rabbits were observed
for 30 days. For stability testing, vaccine vials were stored
at 4°C. Emulsions were stored for 6 months without any
significant loss of potency. Efficacy testing was conducted
in rabbits following the method of Saadh et al."®. Oil and
alum adjuvant vaccines were injected to rabbits (n=5 for
each vaccine) intramuscularly (IM) and subcutaneously (SC),
respectively.

Experimental Trials in Rabbits

All animals experiments were approved by the institutional
Ethical Review Committee for the Animals, University of
Veterinary and Animal Sciences, Lahore, Pakistan and
carried out according to the International Ethics Law and
Regulations. All efforts were made to minimize the animal
sufferance.

Experimental trials were conducted in rabbits (n=70,
1 kg) according to the report of Saadh et al."® with
some modifications. A total of 14 groups of rabbits were
constituted according to the type of vaccine and control
(Table 2). Each group contained 5 rabbits. One mL of each
vaccine was injected to rabbits and blood was collected at
day 0 before the vaccination, 14", 215t and 28" day after the
vaccination. Serum was separated and anti-toxin (antibody)
titer (IU/mL) was determined by an indirect enzyme linked
immune sorbent assay (ELISA). Commercially available
imported vaccine and sterile saline solution was injected to
positive control and negative control groups, respectively.
Grouping of rabbits for vaccine experimental trials was
represented in Table 2.

Challenge Test

The immunized rabbits were challenged with a particular

toxinotype of C. perfringens broth culture containing
toxin (having double amount of toxin without formalin
inactivation) post vaccination at 28" day and they were
kept under observation for three days for mortality.
Multivalent bacterin and toxoid oil adjuvant vaccine found
to be the most effective in this experiment and selected for
field trials in sheep and goat.

Field Trials in Sheep and Goats

Field trials were conducted in sheep and goats (n=80,
40/each). These sheep and goats were screened for the
presence of any parasitic infestation and each of them was
divided into two groups (Goats A, Goats B, Sheep A and
Sheep B). One mL of vaccine was injected subcutaneously
to Goat A and Sheep A group (n=20 each). Similarly a
commercially available imported vaccine was injected
to Goat B and Sheep B group (n=20 each) by the same
route. Blood of the animals was collected before and after
the vaccination. Anti-toxin (antibody) titer was measured
by ELISA and continuously monitored till the 6-9 months
with an interval of one month "8, Indirect ELISA for anti-
bodies detection was performed following the method
of Bentancor et al.”®. Optical density (OD) was measured
immediately after the addition of the stop solution at
450 nm.

Statistical Analysis

Data obtained from antibody titer was analyzed through
one way analysis of variance (ANOVA) followed by Duncan’s
multiple range test (DMR) using statistical package for the
social sciences (SPSS) version 20.0.

REesuLTs

Titers of toxins (in culture supernatant) produced under
culture conditions (as mentioned above) were 2048.22+0.11
HU/mL (alpha toxin) (MW551947.1), 1052.46+0.18 CU/mL
(beta toxin) (MW332247.1) and 512.25+0.06 HU/mL (epsilon)
(MW332258.1) observed. These toxins titers were used in
vaccine formulation. Toxins units per vaccine dose were
presented in Table 1-A and B. Alpha toxin inactivation test
result represented that toxin titer was 64.89 HU/mL after
one week. Epsilon toxin inactivation result represented that
toxintiterdecreased to35.54 HU/mL. After 14 days, titers of
the alpha and epsilon toxins were observed zero. For the
beta toxin inactivation, cytotoxicity assay represented
that the beta toxin titer after 1 week was 45.67 CU/mL and
zero at 14 days post inactivation. Colony forming units of C.
perfringens types A, B and D were calculated by anaerobic
plate count. Bacterial CFU was adjusted to 10°CFU/mL.
Bacteria were inactivated by 0.4% formalin (v/v) and after
36 h of the incubation the inactivated bacterial culture
was inoculated on Perfringens agar base. No growth was
observed indicating complete inactivation of the bacteria
by formalin. C. perfringens toxoid and bacterin plus toxoid
vaccines were prepared using formulations as already
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Table 1 A. Formulation of toxoid vaccines (oil adjuvant and alum precipitate)

sr. Antigen | Toxins Units/ Volume of Antigen Volume of Oil | Volume of Alum | Volume of PBS (uL) | Volume of
° | Vaccines 9 . Containing CFS(pL)/ | Adjuvant (uL)/ Adjuvant (pL)/ in Alum Vaccine/ | Single Dose
No (toxins) | Vaccine Dose . . . A
Vaccine Dose Vaccine Dose Vaccine Dose Vaccine Dose (L)

Monovalent Toxoid (oil
1 ) X 500 - -

adjuvant vaccine) Alpha

1024.11+0.05 500

5 Monp\{alentToxgld (alum . 150 350

precipitate vaccine)
3 Bivalent Toxoid (oil 500 _ _

adjuvant vaccine) Alpha 1024.11+0.05

+ + 500 1000

4 | BivalentToxoid (alum Epsilon | 256.12+0.03 - 150 350

precipitate vaccine)

Multivalent Toxoid (oil Alpha 1024.11+0.05
5 ; : 500 - -

adjuvant vaccine) + +

Beta 256.12+0.03 500

6 Mult‘lv.alentToxgld (alum o S . 150 350

precipitate vaccine) Epsilon 526.23+0.09

CFS: cell free supernatant; PBS: phosphate buffer saline

Table 1 B. Formulation of bacterin plus toxoid vaccines (oil adjuvant and alum precipitate)

St Antigen Volume of | Volume of Oil | Volume of Alum | Volume of PBS (uL) | Volume
No Vaccines Toxin Units/Vaccine | Bacteria CFU/ An'tlgen/ Adju\!ant (uL)/ Adju\fant (uL)/ | in Alur.n Vaccine/ | of Single
. Vaccine Dose| Vaccine Dose | Vaccine Dose Vaccine Dose Dose (pL)
Dose Vaccine Dose
Monovalent Bacterin and Toxoid
1 o . 500 = =
(oil adjuvant vaccine)
Alpha | 1024.11+0.05 | Type A | 10°
5 Monovaler?t ?actenn apd Toxoid 500 _ 150 350
(alum precipitate vaccine)
3 Bivalent Bacterin and Toxoid (oil 500 ~ _
adjuvant vaccine) Alpha | 1024.11£0.05 | Type A | 10°
+ + + + 1000
Bivalent Bacterin and Toxoid Epsilon | 256.12+0.03 | TypeD | 10° 500
4 - . = 150 350
(alum precipitate vaccine)
5 Multivalent Bacterin and Toxoid | Alpha | 1024.11+0.05 | Type A | 10° 500 _ _
(oil adjuvant vaccine) + + + +
Beta 256.124+0.03 | TypeB | 10°
6 Multivalent Bacterin and Toxoid + + + + 500 . 150 350
(alum precipitate vaccine) Epsilon | 526.23+0.09 | TypeD | 10°

CFU: colony forming units; CFS: cell free supernatant; PBS: phosphate buffer saline

described (Table 1B). Vaccines were proved to safe as
there was no localized reaction observed at site of the
injection in rabbits. Vaccines remained stable after storage
at 4°C. Vaccines were pure, white, and stick to glass like
paint. Emulsions did not display the signs of cracking. All
vaccines passed the sterility test. No growth of bacteria
and fungi was observed in fluid thioglycolate broth and
soya bean casein digest medium, respectively after 14
days of incubation at 37°C and 25°C.

Vaccine experimental trial was conducted in groups of
rabbits and serum samples were collected as already
described in materials and methods section. The cutoff
OD value of antibody detected by ELISA was calculated
0.124+0.03. Optical density values greater and less than
this cutoff value were considered positive and negative,
respectively. The anti-toxin titer in rabbit sera at day 0
was lower and ranged from 2.67+1.08 to 5.89+1.02 1U/
mL. Non-significant differences (P>0.05) were observed

among the anti-toxin titer of all groups at day 0 of the
experimental trial. At day 14" of the experimental trial,
a higher anti-toxin titer (75.86+2.95 IlU/mL) was observed
in multivalent toxoid vaccine (alum based) followed by
(71.86%2.29 IU/mL) of monovalent toxoid vaccine (alum
based).There were significant differences (P<0.05) observed
among the anti-toxin titers of different groups at day 14 of
the experimental trial. At day 21 of the experimental trial,
a higher anti-toxin titer (181.97+4.57 IU/mL) was observed
in multivalent toxoid vaccine (oil based). Meanwhile, the
positive control depicted (8.71+1.63 IU/mL) anti-toxin
titer. There were significant differences (P<0.05) observed
among the anti-toxin titers of different groups at day
21% of experimental trial. At day 28" of the experimental
trial, a higher anti-toxin titer (868.25+3.54 1U/mL) was
observed in multivalent bacterin and toxoid vaccine (oil
based) followed by (851.14+3.72 IU/mL) of multivalent
toxoid vaccine (oil based). There were nonsignificant
differences (P>0.05) observed among the anti-toxin titers
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Table 2. Humoral immune response in different experimental groups of rabbits at different time intervals measured by ELISA

. Anti-Toxin (Antibody) Titer (IU/mL)
Rabb(lts_i;oups Type of Vaccine Adjuvant
S Day 0 Day 14 Day 21+ Day 28t

A Alum 3.39+1.022 71.86+2.29¢ 6.76+1.38° 7.41+1.62°
Monovalent Toxoid

B Qil 3.89+1.01° 28.18+2.09° 30.90+2.69¢ 457.09+6.16°

C Alum 5.89+1.022 64.56+2.45¢ 17.37+3.16° 9.33+1.352
Bivalent Toxoid

D Qil 4.68+1.01° 57.54+1.86° 109.65+4.17¢ 776.25+3.09°

E Alum 4.57+1.01° 75.86+2.954 32.36+2.82¢ 17.78+3.022
Multivalent Toxoid

P Oil 4.57+1.01° 37.15+2.75° 181.97+4.57¢ 851.14+3.72¢

G Monovalent Bacterin plus Alum 2.69+1.02° 60.26+2.04¢ 11.48+2.29° 5.89+1.542

H Toxoid oil 3.24+1.00° 20.42+1.99 87.54+2.51¢ 363.08+5.62°

| Alum 5.13+£1.012 51.28+2.29¢ 13.80+2.95° 7.41+1.312
Bivalent Bacterin plus Toxoid

G Oil 2.95+1.00° 29.51+2.63° 93.32+3.98¢ 616.59+2.81°

K Alum 3.63+1.00° 58.88+2.81°¢ 25.70+2.63¢ 14.12+2.812
Multivalent Bacterin plus Toxoid

L Oil 2.88+1.012 45.71+£1.77° 144.54+4.36° 868.25+3.54¢

M Positive Control Alum 4.57+1.01° 17.15+1.61° 8.71+1.63° 5.48+2.95°

N Negative Control - 2.67+1.08° 2.37+1.09° 2.32+1.04° 2.29+1.01°

abade \/alues with these different superscripts in column differ significantly (P<0.05) and with same differ non-significantly (P>0.05); IU/mL: international
units per milli liter

of multivalent toxoid and monovalent bacterin plus toxoid
oil adjuvant vaccines at day 28™ of the experimental trial.
Positive control revealed 5.48+2.95 IU/mL anti-toxin titer.
There were significant differences (P<0.05) observed
among the anti-toxin titers of different groups at day 28"
of the experimental trial. Humoral immune responses in
different experimental groups of rabbits were presented
in Table 2.

There was a 100% protection in rabbits (multivalent toxoid
and bacterin plus toxoid vaccines groups) after the
challenge. In case of multivalent, bivalent and monovalent
oil adjuvant vaccines 98%, 95% and 85% protection was
observed, respectively.

Multivalent bacterin plus toxoid vaccine (oil based)
produced a higher anti-toxin titer in experimental trial
thus selected for the field trial in sheep and goats. The
anti-toxin titer was determined by indirect ELISA (Table 3).
The anti-toxin titer in sheep and goats at day 0 was lower
and ranged from 39.98+2.43 to 47.01+2.93 IU/mL. Non-
significant differences (P>0.05) were observed among the
anti-toxin titer of all groups at day 0 of the field trial. At one
month, a higher anti-toxin titer (654.59+3.12 IU/mL) was
demonstrated by the sheep A group. A slightly decreased
anti-toxin titer (642.23+3.01 IlU/mL) was observed in the
goat A group. The goat B and sheep B groups produced
relatively lower anti-toxin titer (474.76+1.23, 577.91+2.44
IU/mL). There were significant differences (P<0.05) observed
among the anti-toxin titers of different groups at one
month of the field trial. At two months, a higher anti-toxin
titer (887.07+£4.03 1U/mL) was demonstrated by the sheep
A group. A slightly decreased anti-toxin titer (859.84+1.81

IU/mL) was observed in the goat A group. The goat B
and sheep B groups produced relatively lower anti-toxin
titer (589.76+1.30, 741.20+1.35 IU/mL). A higher anti-
toxin titer was observed in the Sheep A (1294.81+£1.90
IU/mL) at four) months of the field trial followed by the
sheep A (1192.54+1.79 IU/mL) at five ) months of the field
trial. A lower anti-toxin titer was observed in the goat A
(445.32+0.72 IU/mL) at nine months of the field trial. The
anti-toxin titer of the commercial vaccine under study
was higher (948.70+1.59 IU/mL) at three months of the
field trial in the sheep B whereas, the lower anti-toxin titer
(131.54+1.32 IU/mL) was observed in the goat A at nine
months of the field trial. There were significant differences
(P<0.05) among the anti-toxin titers of different groups
throughout the course of the field trial (Table 3).

Discussion

C. perfringens is an anaerobic bacterium that produces
several toxins. Of these, alpha, beta, and epsilon toxins
are responsible for causing the most severe C. perfringens-
related diseases in farm animals. The best way to control
these diseases is through the vaccination 2%, Entero-
toxaemia is an important disease of sheep, and this disease
causes severe economic losses to sheep farmers !, The
development and production of conventional clostridial
vaccines involves expensive, time consuming and
dangerous processes of detoxification, purification and
antigen concentration steps "%l Alternatively, the use of
recombinant vaccines against the clostridial infections
has yielded promising results in other animal species 2.
Furthermore, the continued selection of the toxigenic
strains that produce high titers of toxin is necessary '\,
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Table 3. Humoral immune response in different experimental groups of sheep and goat at different time intervals measured by ELISA

Anti-Toxin Antibody Titer (IlU/mL)
Time Period Multivalent Bacterin and Toxoid Vaccine (Oil Based) Commercial Vaccine
Goat A Sheep A GoatB Sheep B
Day 0 45.49+2.64° 47.01£2.93° 42.99+1.58° 39.98+2.43°

Month1 642.23+3.01¢ 654.59+3.12°¢ 474.76%1.23° 577.91+2.44°

Month2 859.84+1.81¢ 887.07+4.03¢ 589.76+1.30° 741.20+1.35°

Month3 943.83+3.17° 987.20+1.25° 886.87+1.01° 948.70+1.59°

Month4 1091.85+2.51° 1294.81+1.90¢ 601.91+1.79° 633.51+1.16°

Month5 1014.87+2.13° 1192.54+1.79¢ 435.03%£1.712 474.92+1.36°

Month6é 826.83+2.55P 928.11+1.19¢ 324.55+2.44° 386.28+1.232

Month7 674.56+1.85° 776.67+2.87¢ 201.42+2.10° 212.66+1.83°

Month8 587.33+£1.27° 623.74+3.05¢ 165.34+1.10° 178.45+1.34°

Month9 445.32+0.72° 457.50+1.77° 131.54+1.32° 142.65+1.24°
abade \/alues with these different superscripts in column differ significantly (P<0.05) and with same differ non-significantly (P>0.05); IlU/mL: international
units per milli liter

In the present study, toxoid and bacterin + toxoid oil and
alum adjuvanted vaccines were prepared. Experimental
and field trials were performed on rabbits, sheep and
goats, respectively. 0.2 mg of C. perfringens type D epsilon
toxoid expressed by Escherichia coli, was administered to
rabbits, goats, sheep, and cattle to evaluate the potency
of the vaccine 7., Higher antibody titers in rabbits were
776.25+3.09 and 616.59+2.81 IU/mL in the bivalent toxoid
and bacterin plus toxoid oil adjuvant vaccines, containing
epsilon toxin respectively. These antibody titers were
higher than that of evaluated by Morcrette et al.?”! in the
rabbit (40 IU/mL) serum pools. The Type B bacterin plus
toxoid vaccine potency titer in sheep (1294.81+1.90 U/
mL) and goat (1091.85+2.51 IU/mL) was higher than as
reported by Morcrette et al.?”? in goat, sheep, and cattle
serum pools, 14.3, 26 IU/mL respectively. In vaccinated
ewes, titer was peaked at 1°t week with 15 IU/mL. The titer
was dropped after lambing ®. Commercial enterotoxaemia
vaccine evaluation was done in goats and a great majority
of the vaccinated animals had titers below the protective
level, arbitrarily set at 0.25 IU/mL, by day 98 . In the
present study, antibody titers at 28" day post vaccination
in rabbits and after 4 months post vaccination in sheep
and goats were observed to be higher than as observed
by de la Rosa et al.”® and Uzal et al.?”’ among rabbits,
sheep and goats. The serological response to monovalent
epsilon toxoid alum hydroxide adjuvant vaccine against
C. perfringens type D enterotoxaemia was evaluated in
goats. Mean antibody titers was 0.6 and 1.1 IU/ mL at 40t
day after the first vaccination, 1.8 IU/mL at 40" day after
the booster dose, respectively 5% These titers were not in
agreement with the titer observed in goats after 1t and
2" month post vaccination with multivalent bacterin plus
toxoid vaccine. The potency value of the recombinant
epsilon toxoid with aluminum hydroxide as an adjuvant
in sheep was determined >5 IU being protective. Further,

the use of this construct in a combination vaccine against
sheep pox resulted in the sheep being protected against
enterotoxaemia . Epsilon -beta fusion toxin was used
as vaccine candidate to evaluate potency in rabbits.
There was 6 and 10 IU/mL epsilon and beta antitoxin
titer observed in rabbits . ELISA test represented that
antibody titer against multivalent toxoid vaccine was
observed greater than titers observed by Langroudi et
al.?", Recombinant trivalent vaccine (alpha, beta and
epsilon) given to cattle, sheep, and goats and generated
respectively, 5.19+0.48, 4.34+0.43, and 4.70+0.58 U/
mL against alpha toxin, 13.71£1.17 IU/mL (for all three
species) against beta toxin, and 12.74+1.70, 7.66+1.69, and
8.91+2.14 IU/mL against epsilon toxin. These levels were
above the minimum recommended by the international
protocols. Vaccines represent an interesting alternative
for the prevention of C. perfringens related intoxications
in farm animals 24, Moreira and colleagues study results
were in contrast to the present study that there were
increase in antibody titer in sheep and goats up to 4
months post vaccination. Recombinant monovalent alpha
toxoid (200 mg/dose) vaccine potency evaluated against
the yellow lamb disease in rabbit and sheep. This vaccine
induced 13.82 IU/mL antitoxin in rabbits. In sheep, anti-
body titer was 4 IU/mL after 56 days of the vaccination 32,
In the present study, monovalent toxoid alum and oil
adjuvant vaccine antibody titers in rabbits were observed
higher at 14" and 28" day post vaccination, respectively,
in contrast to titers observed by Ferreira et al.5%, The
rTA and rTB proteins produced and tested, induced an
immune response (9.6 and 20.4 1U/mL, respectively) and
can be regarded as candidates for the development of a
commercial vaccine against C. perfringens type A and C
induced diarrhea in pigs "%, Present study observations
were in agreement with that Montanide vaccinated groups
exhibited a highest protection percentage (100%) post
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challenge 8, At 31 day post vaccination experimental
units, rabbits were challenged with double dose of antigen
and there was 100% protection against multivalent toxoid
and bacterin plus toxoid oil adjuvant vaccines. Antibody
titers of the bivalent and trivalent oil adjuvant vaccine
(Montanide ISA 70 oil adjuvant) were in contrast to Saadh
et all'® observations because at 28" day antibody titer
was observed higher. In the present study, antibody
titers results post vaccination at 28" days were also not in
agreement with the results observed by by Hu et al."” and
Moreira et al.*.

For effective vaccine production against C. perfringens
diseases, selection of toxigenic strains that produce high
titers of toxin is necessary. C. perfringens toxinotype A, B
and D produced higher amount of a, b and e toxins can be
used at industrial scale for antigen production. Multivalent
bacterin plus toxoid oil adjuvant vaccines produced a specific
and efficient immune response during the experimental
and field trials; proved an excellent candidate to use in the
field to vaccinate animals to protect against C. perfringens
diseases.
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Abstract

This study was aimed to evaluate the effects of N-acetyl-p-aminophenol (APAP) toxicity on the cardiovascular system as there exist relatively
a few studies on this matter. The study included 14 female Wistar rats divided into two groups having 7 rats in each (control-APAP). Control
group received no medication and APAP group was given single oral dose of 1g/kg APAP. ECG measurements of each animal in either group
were obtained before the administration of APAP (0 h) and at the 1%, 6™, 12" and 24" h after the APAP administration. All animals were
sacrificed at the end of the study. Heart tissue samples were obtained for biochemical and histopathological analyses. The levels of MDA,
GSH, Apelin, Elabela, Meteorin, Endoglin, Keap1, and Nrf2 were measured in the tissue samples. Results revealed a statistically significantly
prolonged QTc and QRS intervals and increased heart in the APAP group. A notable increase in MDA and Endoglin, and a significant decrease
in GSH, Elabela, and Nrf2 levels occurred in the APAP group. Histopathologically, necrotic lesions were found in the APAP group. The use of
high doses of APAP as an analgesic may cause permanent damage in the cardiovascular system.
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Sicanlarda APAP Kaynakli Toksisitede EKG, Oksidatif Stres ve
Anjiyogenezin Belirlenmesi

0z

Bu calisma, N-acetyl-p-aminophenol (APAP) toksisitesinin kardiyovaskdler sistem tzerindeki etkilerini degerlendirmeyi amaclamistir ciinki
bu konuda nispeten az sayida calisma bulunmaktadir. Calisma kapsaminda her grupta 7 rat (kontrol ve APAP) olacak sekilde 14 adet disi
wistar rat kullanildi. Kontrol grubuna herhangi bir uygulama yapilmazken APAP grubuna tek doz 1 g/kg N-acetyl-p-aminophenol oral olarak
verilmistir. Apap uygulamasi dncesi 0. saat ve uygulama sonrasi 1. saat 6. saat 12. saat ve 24. saatte iki gruptaki tim hayvanlara EKG dl¢iimi
yapildi. Calisma sonunda tiim hayvanlar sakrifiye edildi. Biyokimyasal ve histopatolojik analizler icin kalp dokusu ornekleri alindi. Doku
orneklerinden MDA, GSH, Apelin, Elabela, Meteorin, Endoglin, Keap1 ve Nrf2 dlctimleri yapildi. Yapilan analizlere gére ekg verilerinde QTc,
kalp atim sayisi ve QRS'de APAP grubunda istatistiksel anlamda artis belirlendi. Biyokimyasal verilerde ise APAP grubunda MDA ve Endoglinde
anlamliartis bulunurken GSH, Elabela ve Nrf2'de ise anlamli bir azalma belirlenmistir. Histopatolojik olarak APAP grubunda nekroze lezyonlara
rastlanmistir. Sonuc olarak analjezi olarak kullanilan APAP yiiksek doz alimlarinda kardiyovaskdler sistemde kalici hasarlara yol acabilmektedir.

Anahtar sézciikler: N-acetyl-p-aminophenol, EKG, Apelin, Elabela, Meteorin, Endoglin

INTRODUCTION quantity of paracetamol is conjugated with glucuronic

acid and sulphate, and the remaining small quantity is
Acetaminophen (paracetamol) is a commonly used analgesic-  converted to the N-acetyl-p-benzoquinoneimine (NAPQI)
antipyretic drug in the US since 1955. Paracetamol overdose  metabolite by hepatic cytochrome P-450 dependent
accounts for a significant number of emergency service  mixed-function oxidases in the liver 4. Under normal
admission "2, When taken in therapeutic doses, the major  circumstances, NAPQI is rapidly converted to its non-toxic
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metabolites by glutathione (GSH). However, under GSH-
deficient conditions NAPQI cannot be converted to non-
toxic metabolites leading to liver damage. Paracetamol
overdose can clinically manifest by metabolic acidosis,
elevated lactate, hypoglycaemia, and acute nephrotoxicity
and hepatotoxicity. There exist few studies on paracetamol
cardiotoxicity. Several studies have focused on the direct
toxic effects of acetaminophen on the heart I'l,

Apelin, a cardiovascular system associated hormone, is
particularly effective in regulating the blood flow and
lowering the blood pressure. Elabela and Apelin antagonize
the renin-angiotensin system; thus, playing a role in
preventing the development and slowing the progression
of cardiovascular diseases. Furthermore, apelin and related
peptide receptors have also cardioprotective effects in
atherosclerosis, myocardial infarction, heart failure, and
pulmonary arterial hypertension .

Meteorin-like (Metrnl) is a recently discovered adipokine
that acts on insulin sensitivity favourably. Adipokines
actively take part in lipid metabolism and inflammation.
Adipokines are involved in cardiometabolic diseases
including coronary diseases. The most important cause of
coronary diseases is atherosclerosis. In such cases, Metrnl
causes increased levels of anti-inflammatory cytokines .

Endoglin is an essential co-receptor for transforming
growth factor 3 (TGF-B) family, playing an important role
in angiogenesis. Increased levels of circulating endoglin
have been found in hypertensive or diabetic patients, in
early stages of preeclampsia, and in some cancer patients.
These suggest that endoglin can be a predictive biomarker
in these pathological conditions ',

The nuclear factor erythroid 2-related factor 2 (Nrf2) and
Kelch-like ECH-associated protein 1 (Keap1) are proteins
that play an active role in apoptosis. Simultaneous depletion
of Nrf2 and Keap1 is known to prevent apoptosis. Nrf2 and
Keap1 are also reported to have a protective effect against
oxidative stress ¥,

In this study, we aimed to find out whether cardiotoxic
damage and cardiac rhythm disturbances develop in
paracetamol toxicity, and to identify new biomarkers that
could be used for early diagnosis.

MATERIAL AND METHODS

This study was approved by Kafkas University Animal
Experiments Local Ethics Committee (Approval No: KAU-
HADYEK 2019/122) Kars, Turkey. The study included 14
female, 4-6-month-old Wistar-Albino rats with an average
weight of 190-250 g. All animals were fed ad-libitum,
maintained at a room temperature of approximately
25°C, and kept under 12-h light-dark cycles. Animals were
divided into two equal groups (7 rats in each). Paracetamol
was obtained from Atabay Pharmaceuticals Inc.

The Experimental Groups

Group | (Control): Rats were administered only 0.9% NaCl
orally.

Group Il (Toxicity): Toxicity was induced in rats by
administering a single oral dose of Paracetamol (1 g/kg) "%

Electrocardiography (ECG) measurements were obtained
from each animal in the experiment under anaesthesia
[ketamine HCI (75 mg/kg) (Ketalar, Pfizer®), and xylazine
HCI (10 mg/kg) (Rompun, 2%, Bayer®) intramuscular] "
before the induction of toxicity (0 h) and at 1%, 6™, 12, and
24t h after inducing toxicity using Nihon Kohden cardiofax S
ECG-1250 device. Digital ECG records were obtained using
the leads |, II, Ill, aVR, aVL, and aVF at a velocity of 50 mm/s,
at a calibration of T mV=10 mm, and using a 50-Hz filter
(Fig. 1). The device calculates the QTc data automatically;
therefore, no further calculations were performed "%,

At the end of the study, animals were not fed overnight
and cardiac tissue samples were collected after sacrificing
via cervical dislocation under anaesthesia " in compliance
with ethical principles.

Biochemical Measurements

The tissue samples were homogenized in phosphate buffer
(pH 7.4) and centrifuged at 3000 rpm for 5 min.The obtained
homogenates were kept at -20°C until analysis. Apelin,
Elabela, Meteorin, Endoglin, Keap1, and Nrf2 levels were
determined in the cardiac tissue by using commercially
available Enzyme-Linked Immunosorbent Assay (ELISA-
YL Biotech Company, Shanghai) kits in compliance with
the manufacturer’s instructions. The GSH and MDA levels
in the cardiac tissue were analysed applying the methods
described by Beutler et al.l'¥! and Yoshioka et al.'¥,
respectively.

Histological Analysis

The cardiac tissues were fixed in 10% buffered form-
aldehyde solution. The tissues were subjected to tissue
processing in an automated device (Leica TP 1020).
Sections of 5-um thickness were taken from the tissues
that were manually embedded in paraffin and the sections
were stained with Hematoxylin & Eosin. The sections were
examined and photographed under a light microscope
(Olympus BX46) ',

Statistical Analyses

Before the study, power analysis was performed using
G-Power 3.1.9.7. According to the analysis, the sample
size was decided according to the test power of 0.95 and
the significance level of 0.05. Analysis of independent
samples t-test was conducted for all the biochemical and
ECG parameters to test if there is a difference between the
two groups. Analysis of repeated-measures ANOVA was
conducted for ECG parameters obtained on different time.
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A P-value of <0.05 was accepted as significant. GraphPad
8.1 (San Diego, CA, USA) was used for statistical analyses.

ResuLts
ECG Results

The QTc interval (Fig. 2-A) significantly increased at the
15t h in the APAP group compared to 0 hour (P<0.01) and
to that of the control group at the 1** h (P<0.001).

The heart rate (Fig. 2-B) significantly increased both at
the 1% (P<0.01) and the 6™ h (P<0.05) in the APAP group
compared to 0 h. When the APAP group was compared
with the control group, a significant increase in the heart
rate was observed in the APAP group at the 15 compared
to the control group.

The PR interval (Fig. 2-C) did not change throughout the
study between and within the groups.

A significant difference in the QRS complex (Fig. 2-D)
was detected in the APAP group between the values
at 0 h and the 12" h (P<0.05). Similarly, a significant
difference was determined between the APAP group and
the control group in terms of QRS complex at the 12" h
(P<0.05).

Biochemical Results

Malondialdehyde levels significantly increased in the APAP
group compared to the control group (P<0.05) while GSH
levels markedly decreased between the groups (P<0.01,
Fig. 3-A,B).

The analysis of Apelin, Meteorin, and Keap1 levels revealed
no differences between the APAP and the control groups
(Fig. 3-C,D,E,F,G,H). However, a statistically significant
decrease in Elabela (P<0.001) and Nrf2 (P<0.05) levels,
and a notable increase in Endoglin (P<0.05) levels were
noted between APAP and control groups.
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Histological Results has been shown histopathologically. The development of

On histopathological examinations, cardiac tissue was
normal had no pathological changes in control group. In
APAP group, muscle fibers were swollen and homogeneous
in pink color, the transverse striation of the muscle fibers
disappeared and in addition to degenerative changes,
the presence of necrotic cells with pycnotic nuclei was
remarkable (Fig. 4).

Discussion

Raising awareness about recognizing new and early
symptoms, signs, and biochemical markers in paracetamol
overdose isimportant in the early diagnosis and treatment
in order to reduce mortality and morbidity.

Cardiac autonomic dysfunction can be detected by various
tests and some ECG findings (PR, QT interval, QTc, QRS
complex). The relationship between a prolonged QT interval
and sudden cardiac death in various diseases such as
coronary artery disease and heart failure is known "¢, In
our study, the increase in the length of the QTc interval
and the heart rate has been demonstrated at the 1t h after
paracetamol overdose compared to the control group.
Furthermore, cardiac tissue damage in paracetamol overdose

thesefindingsafter paracetamol overdose can be explained
by the degeneration of cardiac cells leading to delays in
cardiac conduction and changes in cardiac conduction
pathways resulting in delayed action potentials.

N-acetyl-p-benzoquinoneimine formed in paracetamol
overdose cases causes cellular injury and cell death by
binding to cellular proteins M. We expect that the under-
lying mechanism of cardiac injury in paracetamol overdose
is the cardiac cell damage resulting from the transport of
NAPQI to the cardiac blood supply by the venous system.

An intraventricular conduction delay or a bundle branch
block is considered in depolarization disorders of the
cardiovascular system "7l Afshari et al."® conducted a
study and found out that paracetamol overdose was
associated with a prolonged QRS complex detected via
ECG monitoring.

This study found significant prolonged QRS complex
at the 12" h compared to the zero h in the APAP group,
suggesting a conduction delay consistent with previous
studies. We assumed that the underlying reason was the
impairment in the signal transduction pathway; affected
by secondary to cardiac tissue damage. This condition is
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supported by the levels of the inflammatory, oxidant, and
antioxidant parameters determined in our study.

N-acetyl-p-benzoquinoneimine, induced by high-dose
paracetamol, causes the formation of reactive oxygen
species in cells resulting in lipid peroxidation. Lipid per-
oxidation leads to GSH deficiency and protein synthesis
in hepatocytes, finally resulting in intracellular calcium
(Ca*?) imbalance in liver cells . The GSH levels in our
study significantly reduced in the APAP group compared
to the control group. This may be attributed to high NAPQI
causing reduction in GSH levels in cardiac cell injury
resulting from impaired protein synthesis and changes in
intracellular Ca levels. Another indicator of tissue damage
is the increased MDA levels caused by lipid peroxidation 2%
as was the case in the cardiac tissue in our study consistent
with earlier studies where paracetamol induced increased
MDA levels and reduced GSH levels 2. Zhao et al.’??
reported elevated MDA levels and reduced GSH levels in
doxorubicin-induced cardiotoxicity similar to the results of
our study.

Both Apelin and Elabela are suggested to have cardio-
protective, vasodilator, hypotensive, and strong positive
inotropiceffects®®. In our study, the changesin apelin levels
were not statistically significant but a notable decrease in
Elabela levels was found in the paracetamol group. Elabela
is heavily expressed in the cardiovascular endothelium.
Elabela is required for normal heart development and
angiogenesis and is available in the heart tissue more
abundantly compared to apelin 24, The reduction in
Elabela levels may suggest the occurrence of damaged
cells. Furthermore, Elabela and Apelin are reported to play
an active role in preventing cardiovascular diseases by
antagonizing the renin-angiotensin system . Considering
this feature, the numerical reduction in Apelin levels and
the statistically significant reduction in Elabela levels in our
study may represent a challenge to eliminate the effects of
paracetamol toxicity.

Dadmanesh et al.”’ reported that coronary artery patients
had significantly reduced Meteorin levels compared to the
control group in their study. However, a numerical decrease
in Meteorin levels was found in the cardiac tissue of the
rats in the toxicity group in our study but no statistically
significant differences were observed.

Endoglin is a transmembrane co-receptor involved in the
transformation of the growth factor-f (TGF-B) expressed
predominantly on proliferating endothelial cells. Endoglin-
knockout mice die of cardiovascular defects at mid-
gestation. Endoglin is expressed at low levels in cells of
normal endothelial tissue, but its over activity can be
observed in infected tissue during embryogenesis . In
our study, we expect that the Endoglin levels were found to
be significantly high due to histopathologically confirmed
cardiac cell damage. Jacob et al.?® reported focal necrosis
in myocard due to APAP as was the case in our study. Kapur

et al.” investigated endoglin levels in cardiac fibrosis and
reported the isolation of very high levels of endoglin in the
fibrosis group. We found statistically high Endoglin levelsin
the toxicity group of our study consistent with the findings
of the study reported by Kapur et al.?”. Considering the
effective role of endoglin in angiogenesis, the high levels
of endoglin in the toxicity group in our study support the
toxic effect of paracetamol on the heart. This finding also
suggests that endoglin levels can potentially be used as a
marker of the effects of paracetamol intoxication on the
heart tissue.

The radicals produced in a variety of physiological
conditions are neutralized by antioxidative defence
mechanisms 28, Free oxygen radicals are also reported to
playanactiveroleinapoptosis.Nrf2 and Keap1 areinvolved
in cell regenerating processes together. However, their
levels are significantly reduced during these processes .
Under the light of this information, the respectively
numerical and statistical reductions in the Nrf2 and Keap1
levels in the toxicity group indicate the activation of
apoptotic mechanisms in response to cellular injury. Zhao
et al.?? found a significant reduction in Nrf2 levels in the
toxicity group, similar to the results of our study.

Itis veryimportant to detect early tissue and organ damage
in paracetamol overdose. Our study shows the importance
of the early recognition of ECG changes including the
lengths of QTcintervaland QRS complex, and the heartrate,
especially at the first hours of intoxication. Paracetamol
overdose induced heart injury might be associated with
some novel biomarkers as such studied here.
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Abstract

The study aimed to evaluate the effects of L-carnitine on honey bee (Apis mellifera) drone spermatozoon at post-thaw. Semen samples obtained
from sexually mature drones were pooled. Then, pooled semen was diluted with different concentrations of L-carnitine (2.5 mM/ 5 mM/ 10
mM) and without L-carnitine (control) supplemented extenders. Motility, plasma membrane functional integrity, acrosomal integrity and
mitochondrial function were negatively affected by the cryopreservation process but DNA integrity was not affected. Malondialdehyde (MIDA)
concentration was used for analyzing the membrane lipid peroxidation status and a better result was obtained in the LC5 group compared
with the control group at post-thaw. L-carnitine groups had a positive effect on sperm motility, plasma membrane integrity, and mitochondrial
function compared to the control group (P<0.05). Acrosomal integrity was better preserved in the LC5 group compared to the control group. The
study shows that LC supplemented extenders have beneficial effects on honey bee drone sperm parameters. The results of the present study
demonstrated the beneficial effect of using a 5 mMol LC supplemented extender.

Keywords: Apis mellifera, Cryopreservation, Drone semen, Honey bee, L-carnitine

L-Karnitin ilave Edilmis Sulandiricilar Bal Arisi (Apis mellifera)
Spermatozoasi’'nin Cozdiirme Sonrasi Kalitesini Arttirir

Oz

Bu calismada, L-karnitinin eritme sonrasi bal arisi (Apis mellifera) spermatozoonu Uzerindeki etkilerini degerlendirme amaglandi. Cinsel olarak
olgun erkek arilardan elde edilen sperm &rnekleri birlestirildi. Daha sonra birlestirilen semen, farkli konsantrasyonlarda L-karnitin iceren (2.5
mM/5 mM/10 mM) ve icermeyen (kontrol) sulandiricilar ile seyreltildi. Motilite, plazma membrani fonksiyonel buttinlig, akrozomal buttinlik
ve mitokondriyal fonksiyon kriyoprezervasyon siirecinden olumsuz etkilenmis, ancak DNA butiinligu etkilenmemistir. Malondialdehit (MDA)
konsantrasyonu, membran lipid peroksidasyon durumunu analiz etmek icin kullanildi ve ¢dzdiirme sonrasi kontrol grubuna kiyasla LC5 grubunda
daha iyi bir sonug elde edildi. L-karnitin gruplari, kontrol grubuna kiyasla sperm moatilitesi, plazma membran bitinligu ve mitokondriyal
fonksiyon tizerinde olumlu bir etkiye sahipti (P<0.05). Akrozomal biittinliik, kontrol grubuna kiyasla LC5 grubunda daha iyi korunmustur. Calisma,
LC takviyeli sulandiricilarin bal arisi sperm parametreleri Gzerinde faydali etkilere sahip oldugunu géstermektedir. Mevcut ¢alismanin sonuglari, 5
mMol LC takviyeli sulandirict kullanmanin faydali etkisini gosterdi.

Anahtar sézciikler: Apis mellifera, Bal arisi, Erkek ari semen, Kriyoprezervasyon, L-karnitin

INTRODUCTION better understanding of the contribution of honey and

other bee products (royal jelly, propolis, pollen, beeswax,
Beekeeping is indispensable in ensuring the integration  and bee venom) to human health in recent years, the areas
of animal and plant production models. As a result of a  of use for food, treatment, and cosmetic purposes have
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expanded M. Increasing honey production in the world can
be achieved through productive and genetically improved
colonies 3. [t is known that drones have an important
effect on colony productivity in terms of genetic potential
as well as that of the queen. Queen bees that cannot mate
with a sufficient number of qualified drones will not be
able to store enough sperm, so their economic use will be
shorter ¥. Therefore, colony productivity can be increased
by artificial insemination of queens with the genetically
superior drone semen.

The genetic diversity within colony populations can be
increased with cryopreservation of drone semen 57,
Although drone spermatozoon has been successfully cryo-
preserved in recent years, this process has a detrimental
effect on spermatozoon because of temperature change
and cold shock ?#. These undesirable effects cause a
decrease in the fertilizing ability of spermatozoon 1,
Besides, during the freezing-thawing process, reactive
oxygen species (ROS) emerge as a result of lipid per-
oxidation in the cytoplasm membrane. Excessive ROS
formation can induce oxidative stress, leading to cell
damage that can reduce motility and fertilizing ability.
Therefore, antioxidants have been used to get rid of these
undesirable effects of cryopreservation in recent years ©'2,

L-Carnitine (LC) is an endogenous compound maintaining
cellular homeostasis, limiting the $-oxidation pathway, and
acting in the transport of fatty acids to mitochondria 34,
Moreover, antioxidant characteristics and anti-apoptotic
activities of LC may protect the mitochondrial membrane
and DNA structure against ROS U'“'31, The use of L-carnitine
in the extenders for buffalo, sheep, goat, rabbit, and
rooster semen cryopreservation enhanced post-thawing
sperm quality.

The cryopreservation of drone spermatozoon without losing
its ability of fertilization contributes to the conservation of
gene lines. Our hypothesis was that LC supplementation
in the semen extender could improve the post-thawing
drone sperm viability and its longevity. Hence, the present
study was designed to compare different concentrations
of LC supplemented extenders for the cryopreservation of
drone sperm using quality tests.

MATERIAL AND METHODS

Chemicals

The chemicals used in the study were obtained from Sigma
(St. Louis, MO, USA) and Merck (Darmstadt, Germany).

Experimental Design

In the design of this study, the efficiency of LC supple-
mentation extenders for drone semen cryopreservation
was evaluated. For this purpose, we used various
concentrations of LC (0 mM, 2.5 mM, 5 mM, and 10 mM)

supplemented extenders for post-thaw quality of drone
spermatozoon.

Extender Preparation

According to the experimental design, various LC
concentrations were added in certain proportions to each
extender group. We prepared the experimental groups as
LC 2.5 (with 2.5 mM LC), LC5 (with 5 mM LC), LC10 (with
10 mM LC), and control (non-LC). Extenders contained
Na citrate (82.21 mMol), catalase (1.59 mMol), KCl (5.34
mMol), NaHCO3 (24.87 mMol), amoxicillin (0.82 mMol),
and DMSO (10%). The pH value of the diluents prepared
was scaled to be 8.1.

Production of Drones

Healthy and strong honey bee colonies reared in Bursa
Uludag University, Beekeeping-Development-Application
and Research Center (artificial insemination of queens
have been performed over 10 years and drones are also
reared as part of the breeding studies) were used for
semen collection.

Semen Collection and Dilution

Sexually mature drones (16 days and older) were selected
for semen collection and at least five colonies were used
for this research. Drone semen was collected five times
every other day and at least 250 bees were used in each
application. During the sperm collection, pressure was
applied to the thorax to induce ejaculation, and then the
abdominal area was gently squeezed. Approximately 1
pL semen was collected from per drone using the Schley
syringe under a stereo microscope. Besides, to eliminate
individual differences all semen was pooled. The volume
of each pooled semen was portioned into four equal
volumes. Each group of the extender was individually
diluted with control or LC supplemented extenders to a
final concentration of about 150x10° (spermatozoa/mL).

Semen Freezing and Thawing

The method of cryopreservation and thawing was based
on Alcay et al."™?. According to this method, equilibrated
drone sperm was filled into 0.25 mL straws. After the filling
process, straws were frozen in a programmable freezing
device (Air Liquide, Marne-la-Vallée Cedex 3, France). Then
the sperm-filled straws were immersed in liquid nitrogen
and then stored in a liquid nitrogen tank. In each group,
three straws were used for post-thaw semen parameters.

Semen Evaluation

In the evaluation of post-thaw semen, plasma membrane
integrity, acrosome integrity sperm motility, and DNA
integrity parameters were examined. A hypoosmotic swelling
test (HOST) was used for plasma membrane integrity.
FITC-Pisum sativum agglutinin (PSA-FITC) was used for
acrosome integrity. Terminal deoxynucleotidyl transferase-
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mediated dUTP nick-end labeling (TUNEL) is used to assess
DNA integrity. Evaluations were made by the same person
during the study.

- Motility

Drone semen motility assessment was performed using a
phase-contrast microscope (Olympus BX51-TF - Olympus
Optical Co., Ltd., Japan) with the slide heated to 37°C.

- Membrane Functionality

For the assessment of the plasma membrane integrity,
the hypo osmotic swelling test method is used, which was
previously described by Alcay "'?. Following this method,
the membrane integrity of the drone sperm was evaluated
by observing the frizzled tails.

- Acrosomal Integrity

For this evaluation, a sample of 10 uL spermatozoa was
added into 100 mL of PBS and centrifuged for 5 min. The
sperm pellet obtained after centrifugation was suspended
againin 100 mL PBS.The spermatozoa obtained after these
procedures were smeared. Smeared-slides were allowed
to dry after being smeared. After the drying process is over,
the smears were left in acetone fixation at 4°C for 15 min
in a glass chalet (vertical, Hellendahl type). After fixation,
smears were stained with FITC PSA solution for 1 h at
37°Cin a light-proof sample kit. After the staining process
was completed, at least 200 drone spermatozoa emitting
fluorescent light were evaluated under a fluorescent
attachment microscope ¢l

- Mitochondrial Activity

Fluorescent stains, Pl, and Rhodamine (R123) combination
were used to examine mitochondrial integrity. For this
analysis, Fareser’s method was used """\, Results are expressed
as a percentage.

- DNA Fragmentation

DNA fragmentation was evaluated by the TUNEL technique
using In Situ Cell Death Detection Kit with fluorescein
(Roche Diagnostics GmbH, Mannheim, Germany) according
to the manufacturer’s protocol with slight modifications ['®.

- Malondialdehyde (MDA) concentrations

For the assessment of MDA concentrations, the method
described by Sharafi is used ', As per the method, 0.25 mL
of diluted semen sample was treated with 0.25 mL of cold
20% (w/v) trichloro aceticacid to precipitate the protein.
During the centrifugation, the precipitated protein was
pelleted and the supernatant was incubated with (w/v)
thiobarbituric acid for 10 min in a 100°C boiling water bath.
After the incubation in the hot water bath, the sample
was allowed to cool. Absorbance was determined using a
spectrophotometer (Mannheim Boehringer Photometer
4010). MDA concentrations were expressed as nmol/mL.

Statistical Analysis

All data were analyzed using IBM SPSS version 23 (Chicago,
IL, USA). Shapiro Wilk test was used as normality test. Data
were represented as mean * standard deviation (SD).
Statistical significance of differences between subdivided
groups were analyzed with one-way ANOVA followed
by Tukey.

REesuLTs

The percentages of motility, plasma membrane functional
integrity, acrosomal integrity, mitochondrial function,
and DNA fragmentation rates of pooled semen samples
were 89.00+2.24,93.80+1.30, 95.40+0.89, 93.00+2.00, and
0.40+0.89, respectively. In the study, sperm quality were
negatively affected the cryopreservation process compared
with the fresh pooled semen (P<0.05). The Table 1 shows
the effects of different concentrations of LC on drone
sperm parameters at post-thawed.

The sperm motility and plasma membrane functional
integrity was better-preserved in LC groups compared
with the control group at post-thaw (P<0.05). Besides, the
highest percentage of motility and membrane integrity
rates were obtained from the LC5 group (P<0.05). The
better acrosomal integrity was obtained in the LC5 group
compared to the control group (P<0.05). The percentage
of acrosomal integrity was not found significantly different
among other groups (P>0.05). Mitochondrial function rate
was higher in the LC5 group compared with the other

Table 1. The mean of studied sperm post-thawing parameters on different extender groups

L-Carnitine Concentrations (mM)

Variable

(1] 2.5 5 10
Motility (%) 49.67+2.96° 52.67+2.58° 62.00+2.54¢ 57.66+2.58¢
HOST (%) 59.33+3.62° 63.40+2.53° 70.13+2.07¢ 66.27+1.62¢
Acrosomal Integrity (%) 80.67+3.67° 81.27+2.96° 84.27+2.60° 82.47+2.83®
Mitochondrial function (%) 58.00£3.05° 61.80+2.48° 67.93£3.10¢ 64.73+£2.49¢
DNA fragmentation (%) 0.33+0.62° 0.40+0.63° 0.40+0.63° 0.47+0.64°
Data is presented in Meanz S.D.; Different letters within the same rows show significant differences among the groups (P<0.05)
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Table 2. Malondialdehiyde (MDA) levels in frozen-thawed drone sperm

Groups

Parameter
Control

LC2.5

LC5 LC10

MDA (nmol/mL) 3.22+0.67°

3.00£0.712°

2.33+0.50° 2.78+0.67%

Data is presented in Mean+ S.D.; Different superscripts (a and b) in the same line indicate significant differences (P<0.05)

LC and control groups (P>0.05). The percentage of DNA
damaged spermatozoa were not significantly different in
all groups at post-thaw (P>0.05).

As shown in Table 2, it was found that MDA levels in the
LC5 groups were lower than the control group (P<0.05).
Also, there were no significant differences among the
LC groups.

Discussion

Cryopreservation of spermatozoa ensures that genetic
material is preserved for a long time. However, it is
known that the freezing-thawing process has negative
effects on the fertilization ability of spermatozoa 162,
These undesired effects decrease viability, motility, plasma
membrane, and acrosomal integrities of spermatozoa "%,
Besides, poor sperm quality generates poorer quality of
queens which is one of the main causes of colony loss 2",

LCis a water-soluble amino acid that has a beneficial effect
on spermatozoa during the freeze-thaw process because
of antioxidant characteristics and anti-apoptotic activities.
In the study, we evaluated the effect of exogenous addition
of LC in extender on drone sperm quality at post-thaw 1'%,

Motility is essential for sperm migration to the queen’s
spermathecal and subsequent egg fertilization. Therefore,
it is one of the most widely used spermatological para-
meters to evaluate sperm quality in drone sperm similar
to mammals 2. In the study, the presence of LC in the
extenders increased drone sperm motility compared to
the control group at post-thaw (P<0.05). LC facilitates
the transport of fatty acids across the inner membrane
of mitochondria for ATP production. Therefore, this
characteristic of LC may be responsible for improving
the motility of drone sperm. Also, the motility values of
drone spermatozoa cryopreserved with various semen
extenders ranged between 25% and 62% in the different
studies (111223 Qur study shows that post-thaw motilities
in the LC groups are in good agreement with the findings
of the previous studies.

Plasma membrane integrity is one of the most frequently
evaluated sperm quality parameters for semen analysis in
the honey bee because the loss of membrane integrity is
considered incompatible with sperm viability *4. However,
cold shock, ice crystallization, osmotic stress, and lipid
peroxidation have negative effect on membrane permeability
and integrity during cryopreservation 7%, Therefore, it is

crucial to keep the integrity during the cryopreservation
process to avoid cellular damage. HOST is the optimized
test for detecting the subtle changes of spermatozoon
membrane functionality #®?7. In the study, the plasma
membrane functional integrity values in the LC5 group
was higher than those of in the other groups at post-
thaw (P<0.05). The HOST values are in agreement with the
previous studies 101216281,

During oviposition, the queen releases few spermatozoa
from the spermatheca, and then the acrosome reaction
releases lytic enzymes that aid in the penetration of
the vitelline membrane to fertilize the egg. Therefore,
acrosomal integrity is crucial for the fertility of spermato-
zoon at post-thawed %%, In the honey bee, the acrosomal
integrity could be evaluated by Pisum sativum agglutinin
(PSA) lectin staining method 2. In the study, there was no
statistical difference among LC2.5, LC10, and the control
groups. LC5 group preserved acrosomal integrity better
than LC2.5 and the control groups. These results are in
agreement with the previous researches '2,

Spermatozoon needs energy to carry out its functions
and it can mostly obtain ATP through the glycolytic and
oxidative phosphorylation pathways **%. Mitochondria
play an essential role in regulating sperm function @2,
Therefore, it is important to investigate the mitochondrial
function for spermatozoon quality. In the study, mito-
chondrial function was better preserved in LC groups
compared to the control group (P<0.05). Only one study
is present evaluating the mitochondrial function of honey
bee drone spermatozoa 3", Similar results were obtained
in our study.

During cryopreservation, protecting the DNA integrity also
has great importance not to disrupt the early development
of the embryo "8, In this study, it was observed that drone
spermatozoa were resistant to the freeze-thaw process.
Besides, our DNA integrity rates statistically the same at
post-thaw for all groups (P>0.05).

Oxidative damage may be evaluated by MDA levels which is
a key product of polyunsaturated fatty acid’s peroxidation
in the cells. In our study, MDA levels in the LC5 group were
lower than that of the control group (P<0.05).

The results of this study indicated that the 5 mM LC
supplemented extender was the optimal for the drone
semen cryopreservation process. However, the fertilizing
ability of spermatozoon is crucial, and further studies must
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be focusing on the effect of LC on reproductive success
(viable off spring) when used to fertilize the queens.
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Abstract

The presence of microbial biofilms on the surfaces of medical instruments, operating equipment, prostheses, catheters, technological lines in
the food industry is a fact that contributes to the infection of the macroorganism and contamination of raw materials and products. The aim of
the work was to investigate the effect of disinfecting substances Vantocilu TG and Catamine AB and their combination with enzymes on bacteria
in biofilms. In the experiments, we used disinfecting substances Vantocil TG (Arch Biocides LTD, Great Britain) and Catamine AB (Intersintez,
Ukraine). Enzymes: Everlase 16 L and Termamyl 300 L (Novozymes, Denmark). It was found that bacteria in biofilms withstood the minimum
bactericidal concentration of Vantocil and Catamine, which was set on their planktonic forms. From one mL of wash from the biofilm after
exposure to Vantocil were isolated from 1.9x103 to 4.3x10% microbial cells, and after treatment with Catamine from 5.6x10° to 1.7x10% At the
same time, after treatment of biofilms with Vantocil and Catamine together with enzymes, a decrease in the number of Staphylococcus aureus,
Escherichia coli and Pseudomonas aeruginosa cells was observed, on average by two orders up to 10" CFU/mL, compared with treatment with
biocides only. That is, there is a clear synergy of enzymes and biocides, which ultimately has a more detrimental effect on bacteria in biofilms.

Keywords: Vantocil TG, Catamine AB, Enzymes, Biofilm degradation

Dezenfektan Biyositler ve Proteaz ve Amilaz Enzimlerinin
Biyofilmlerdeki Bakteriler Uzerine Aktivitesi

Oz

Gida endustrisinde tibbi cihazlarin, ameliyat ekipmanlarinin, protezlerin, kateterlerin, teknolojik alanlarin yiizeylerinde mikrobiyal biyofilmlerin
varligi, makroorganizma enfeksiyonlarina ve hammadde ve Uriinlerin kontaminasyonuna katkida bulunan bir gercektir. Bu ¢alismanin amaci,
dezenfektan maddeler Vantocilu TG ve Catamine AB'nin ve bunlarin enzimlerle kombinasyonlarinin biyofilmlerdeki bakteriler Gzerine etkisini
arastirmaktir. Deneylerde, Vantocil TG (Arch Biocides LTD, ingiltere) ve Catamine AB (Intersintez, Ukrayna) dezenfektan maddeleri ile Everlase
16 L ve Termamyl 300 L (Novozymes, Danimarka) enzimlerini kullandik. Biyofilmlerdeki bakterilerin, planktonik formlarina karsi uygulanan
Vantocil ve Catamine’nin minimum bakterisidal konsantrasyonlarina dayaniklilik gésterdigi saptandi. Vantocil ile sagaltimdan sonra bir mL
biyofilm yikantisindan 1.9x10% ile 4.3x10% arasi mikroorganizma ve Catamin ile sagaltimdan sonra 5.6x10% ile 1.7x10* arasi mikroorganizma izole
edildi. Ayni zamanda, biyofilmlerin enzimlerle birlikte Vantocil ve Catamine ile sagaltimindan sonra, Staphylococcus aureus, Escherichia coli ve
Pseudomonas aeruginosa bakteri sayilarinda sadece biyositlerin kullanildigi sagaltim ile kiyaslandiginda ortalama olarak 10" CFU/mL’ye kadar iki
kat bir azalma gozlendi. Sonucta, biyofilmlerdeki bakteriler tizerine daha hasar verici bir etkiye sahip acik bir enzim ve biyosit sinerjisi mevcuttu.

Anahtar sézciikler: Vantocil TG, Catamine AB, Enzimler, Biyofilm degradasyonu
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INTRODUCTION

Disinfection, as a component of all hygienic measures, in
medical, veterinary and food industries is aimed at the
destruction of opportunistic and infectious pathogen
microorganisms to prevent infection of humans, animals
and to produce safe food. Therefore, the pharmaceutical
industry is constantly working to create ideal disinfectants
that have a wide range of antimicrobial action in minimal
concentrations, and not cause resistance in bacteria, are
non-toxic, non-corrosive, non-allergenic, cheap, etc. ',
However, despite the large number of disinfectants on the
market, an ideal drug does not exist, as microorganisms
adapt quite quickly to new antibacterial substances 57,

Bacterial resistance to biocides may be associated with
their presence in the biofilm ©'¢. The modern generalized
term “biofilm” is used to define the set of bacteria and
products of their metabolism at the interface between
solid and liquid phases attached to the surface in an
aqueous or water-saturated medium "*'71, Today, most
scientists recognize that a significant number of micro-
organisms in natural and artificial environments exist in
the form of structured, attached to the surface formations-
biofilms 1829, Bacteria in the biofilm are surrounded by
their own producing matrix (EPS), which consists of poly-
saccharides, proteins, uranium acid and humic sub-
stances ?'23, It is due to the matrix, which acts as a barrier
that protects bacterial cells inside, many antimicrobial
agents cannot penetrate the biofilm 182425,

The presence of bacteria in the biofilm creates serious
problems with infection of various surfaces in human and
veterinary medicine and the food industry 2627 Bacteria
in biofilms are much more difficult to destroy with
antimicrobial drugs, which can potentially lead to the
accumulation and spread of dangerous pathogens.
It is reported that the concentration of biocide, which is
necessary to kill microbial cells in the biofilm, should be
several times higher than the working for this agent 2529,
Therefore, efforts are constantly being made to improve
the performance of existing disinfectants or to develop
new ones to affect microorganisms in the biofilm state.

Studies found that disinfection with chlorine dioxide
and chlorine-containing agents reduced the number of
planktonic bacteria in a good way, but had little effect on
the content of bacteria in biofilms 839, Perumal et al.B"
found that disinfectants based on hydrogen peroxide in
working concentrations did not affect clinical isolates of
Acinetobacter spp., Klebsiella pneumoniae and Pseudomonas
aeruginosa, which were in biofilms and were isolated in
medical institutions. However, planktonic forms of these
bacteria were sensitive to these biocides. The authors
argue the need to test the effectiveness of disinfectants
on biofilm bacteria, rather than planktonic, as this poses
a threat for the use of such agents to control the spread
of these pathogens.

Therefore, given the role of the matrix in protecting
microbial cells from the action of biocides, researchers
are looking for different methods for its destruction #2331,
One such method is the use of enzymes to destroy the
extracellular matrix of the biofilm. Studies have shown
that enzymes have been significantly effective in reducing
the density of P. aeruginosa biofilm and its degradation
from various surfaces 34, In particular, there were used
synthetic polysaccharides to destroy the matrix of biofilms
formed by pseudomonads 2+*”), used microbial amylase
and proteases for destruction of biofilms of gram-positive
and gram-negative bacteria. However, researchers are
inclined to the opinion that due to the heterogenicity of
the composition of the biofilm matrix, the use of mono-
enzymes has a limiting potential.

Therefore, for the effective use of enzyme agentsin practice,
it is necessary to comprehensively study the process of
growth and development of biofilm in a particular object
with knowledge of the approximate composition of
possible microflora. In addition, it is advisable to combine
different classes of enzymes with biocidal substances for
better contact of the latter with bacterial cells. Therefore,
the use of enzymes in combination with antibacterial
substances to degrade the biofilm and reduce the content
of microorganisms is promising and important in many
sectors of the economy. The purpose of the study was
to investigate the effect of disinfectants Vantocil TG and
Catamine AB and their combination with enzymes on
bacteria in biofilms.

MATERIAL AND METHODS

The study contained disinfectants Vantocil TG-20%-an
aqueous solution of polyhexamethylenebiguanidine hydro-
chloride (ArchBiocidesLTD, UK) and Catamine AB-asolution
containing 49-51% of alkyldimethylbenzylammonium
chloride (Intersynthesis, Ukraine), proteolytic enzyme-
Everlase 16 L and amylolytic enzyme-Termamyl 300 L
(Novozymes, Denmark), strains of test cultures of Escherichia
coli (055K59 No0.3912/41), Staphylococcus aureus (ATCC
25923) and P. aeruginosa (27/99). Stainless steel plates of
the AISI 321 brand in the size of 30x30 mm for cultivation
of biofilms.

The minimum bactericidal concentration of disinfectants
was determined by the standard suspension method &,

The density of microbial biofilms and the effect of
disinfectants and enzymes on them were determined
according to the guidelines 1" Briefly: Biofilms of bacterial
test cultures were grown on sterile stainless-steel plates
in petri dishes for 24 h in plain broth with 1% glucose
concentration. The plates with biofilms were then washed
three times with sterile phosphate buffer to remove
planktonic cells and the plates were dried. Disinfectants
or enzymes were added to petri dishes with plates and
kept for 15 min. The plates were removed, washed with
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phosphate buffer and the biofilms were fixed with 96°
ethyl alcohol for 10 min. Then the biofilms were stained
with a solution of crystalline violet for 10 min. After that,
the plates with biofilms were washed three times with
phosphate buffer to remove paint residues. Then 5.0
cm® of 96° ethyl alcohol was added to a petri dish with
a plate and left for 20-30 min, shaking periodically. The
optical density of the alcohol solution was measured
spectrophotometrically at a wavelength of 570 nm. At
the optical density of the washing solution up to 0.5 units,
the density of the formed biofilm was considered low,
from 0.5 to 1.0 units -average and at a density of solution
more than 1.0 units the density of the formed biofilm was
considered high ™,

To determine the number of bacteria in the biofilm after
exposure to biocides and enzymes, washes were removed
from the plates using a sterile swab. Ten-fold dilutions of
the wash were then prepared and 1.0 cm? of each dilution
was sown in petri dishes, plated with plain broth and
incubated at 37°C for 24-48 h. Before use, the enzymes
were dissolved in 0.1 M phosphate buffer, pH 8.3.

Statistical Analysis

Statistical processing of the results was carried out using
methods of variation statistics using the program Statistica
9.0 (StatSoft Inc., USA). Non-parametric methods of research
were used (Wilcoxon-Mann-Whitney test). The arithmetic
mean (x) and the standard error of the mean (SE) were
determined. The difference between the comparable values
was considered to be significant for P<0.05.

REesuLTs

At the first stage of the study, we determined the
minimum bactericidal concentration of Vantocil TG and
Catamine AB in the suspension method on planktonic
forms of bacteria during 15 min of action at a solution
temperature of 20+1°C. It was found (Table 1) that Vantocil
TG showed a better antimicrobial effect on gram-negative
bacteria (E. coli and P. aeruginosa), compared with gram-
positive bacteria (S. aureus). In particular, the minimum
bactericidal concentration of Vantocil against S. aureus was
4.5 times higher, compared with test cultures of E. coli and
P. aeruginosa.

At the same time, Catamine AB had a better effect on gram-
positive microflora than on gram-negative. The minimum
bactericidal concentration of Catamine relative to test
cultures of S. aureus was 2.0 times lower compared to the
cultures of E. coli and 4.0 times compared to P. aeruginosa.

It was also found that Vantocil TG acts bactericidal in much
lower concentrations compared to Catamine. In particular,
the minimum bactericidal concentration of Vantocil relative
to test cultures of S. aureus was 6.9 times lower than that
of Catamine. To inhibit E. coli and P. aeruginosa cells, the

minimum bactericidal concentration of Vantocil was 62
and 125 times lower, respectively, than the concentration
of Catamine.

Itis believed that the planktonic state of bacteria is intended
for the colonization of other surfaces or substrates, and
microorganisms are mainly in the biofilm state in the
synthesized matrix, which performs a protective function.
In fact, the presence of bacteria in the peptide glycolytic
matrix of the biofilm and in the depressions of the surface
roughness prevents the penetration of disinfectants into
the cells "¢'8l, Therefore, for effective antimicrobial action
of biocides, it is necessary to destroy the bacterial biofilm
and ensure maximum contact of the microbial cell with
the disinfectant °, Given this phenomenon, the next step
in our work was to investigate the effect of disinfectants
Vantocil TG and Catamine AB in combination with enzymes
on bacteria in biofilms. Vantocil TG and Catamine AB were
used in concentrations that provided a bactericidal effect
on planktonic bacteria (Table 7). Enzymes were used at a
concentration that provided maximum proteolytic and
amylolytic activity at a temperature of +20+1°C for 15 min
of exposure.

The results of studies of the effect of Vantocil TG and
enzymes on biofilms formed by S. aureus are shown in Fig. 1.

It was found that under the action of Vantocil the matrix
of the S. aureus biofilm was destroyed, which is indicated
by a 1.5-fold decrease (P<0.05) in the optical density of
the biofilm washing solutions. However, the biofilm was
still of high density - more than 1.0 unit. Treatment of the
biofilm with the proteolytic enzyme Everlase 16 L more
intensively destroyed the matrix compared to Vantocil, as
the density decreased by 2.4 times (P<0.05), i.e. to medium
density. This indicates the presence in the matrix of the
biofilm of a significant number of peptide components.
The effect on biofilms with amylase Termamyl 300 L also
significantly destroyed the matrix, its density decreased by
2.1 times (P<0.05) relative to the average density. However,
the degradation of the biofilm under the influence of
Vantocil in combination with the enzymes Everlase 16 L
and Termamyl 300 L was the most intensive - the optical
density of the washing solutions decreased 4.1 times
(P<0.05) and the biofilm was considered of low density
(less than 0.5 units).

Table 1. Minimum bactericidal concentration of Vantocil TG and Catamine

AB on test cultures of S. aureus, E. coli, P. aeruginosa at an exposure of 15
min and a solution temperature of 20+1°C

Concentration of Solutions, %
Test Cultures
Vantocil TG Catamine AB
S. aureus 0.009 0.062
E. coli 0.002 0.125
P. aeruginosa 0.002 0.250

n=15
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Fig 1. The effect of Vantocil TG and enzymes on
biofilms formed by S. aureus (action for 15 min at a
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Fig 2. The effect of Vantocil TG and enzymes on biofilms
formed by E. coli (action for 15 min at a solution
temperature of 20+1°C)
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Fig 3. The effect of Vantocil TG and enzymes on
biofilms formed by P. aeruginosa (action for 15 min at
a solution temperature of 20+1°C)

The study of the effect of Vantocil TG and enzymes on
biofilms formed by E. coli is shown in Fig. 2.

A more intensive degradation process of E. coli biofilm
under the influence of Vantocil and enzymes than
S. aureus biofilm was revealed. In particular, under the
action of Vantocil, the optical density of the biofilm
decreased 1.6 times (P<0.05), and under the influence of
enzymes Everlase 16 L and Termamyl 300 L 2.8 and 2.4
times (P<0.05), respectively. In this case, after the action
of enzymes, the biofilms became of medium density.
However, the greatest degradation of the matrix of the
biofilm of E. coli was observed under the simultaneous
influence of Vantocil and enzymes - the optical density of

solutions from the biofilm decreased by 4.8 times (P<0.05)
and the biofilms became of low density.

The effect of Vantocil TG and enzymes on biofilms formed
by P. aeruginosa (Fig. 3) showed a similar pattern as the
effect on biofilms of S. aureus and E. coli. However, the
matrix of the biofilm of P. aeruginosa was more susceptible
to destruction than S. aureus and E. coli. In particular, under
the influence of Vantocil, the optical density of biofilm
solutionsdecreased 1.7 times (P<0.05),and undertheaction
of proteolytic and amylolytic enzymes 3.0 and 2.8 times
(P<0.05), respectively. However, biofilms of P. aeruginosa
became of low density only when simultaneously treated
with Vantocil and enzymes - 0.34+0.2 units.



Research Article

499

KUKHTYN , KOZHYN, HORIUK, MALIMON
HORIUK, YASHCHUK, KERNYCHNYI

® Catamine AB

05 I
0

before processing

7z Catamine AB and enzymes

= 0
n ¥} n

Optical density of solutions with biofilms (density), units

after processing

Fig 4. The effect of Catamine AB and its combination
with enzymes on biofilms formed by S. aureus (action
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Therefore, the obtained experimental data indicate that
the disinfectant Vantocil TG weakly destroys the matrix
of biofilms formed by bacteria S. aureus, E. coli and P.
aeruginosa. At the same time, the simultaneous use of
Vantocil with proteolytic and glycolytic enzymes leads
to significant degradation of the biofilm in the studied
bacteria.

In addition to disinfectants based on polyhexamethylen-
ebiguanide hydrochloride, drugs, containing quaternary
ammonium compounds, in particular Catamine AB, are
widely used in Ukraine and abroad. Therefore, the next

part of the work was to determine the effect of Catamine
and its action with enzymes on microbial biofilms. The
results of the study are shown in Fig. 4, 5, 6.

It was found that Catamine in the minimum bactericidal
concentration for planktonic cultures to a lesser extent
destroyed the biofilms of S. aureus, E. coliand P. aeruginosa,
compared with Vantocil. It was found that biofilms of S.
aureus were more intensively degraded by Catamine than
biofilms of E. coliand P. aeruginosa. In particular, the optical
density of solutions from S. aureus biofilms after Catamine
treatment decreased 1.4 times (P<0.05), and in E. coli
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Table 2. Influence of disinfectants and enzymes on the quantitative content of microbial cells in biofilm (action for 15 min at a solution temperature

0f 20+1°C)
Bacterial Count in 1 cm?® Suspension from Biofilm, CFU
Studied Bacteria Bacterial Status P . .
Control Vantocil Vantocil with Catamine AB Catamine AB with
Enzymes Enzymes
plankton 1.1£0.1x107 0 0 0 0
S. aureus
biofilm 5.24+0.2x108 4.3%x10*" 5.1x10" 5.6x10%" 4.4x10""
plankton 3.4+0.2x107 0 0 0 0
E. coli
biofilm 4.9+0.1x108 2.5x10%" 1.7x10" 8.2x103 7.8x10"
P. aeruginosa plankton 2.84+0.1x107 0 0 0 0
* — P< 0.05 - concerning control

and P. aeruginosa biofilms 1.3 and 1.2 times, respectively.
In addition, the biofilms of all bacteria sampled after
Catamine treatment remained of high density.

The combination of the action of Catamine with enzymes
Everlase 16 L and Termamyl 300 L significantly increased
the degradation of the biofilm in both gram-positive and
gram-negative bacteria. In particular, under this effect on
the biofilms of S. aureus, the optical density of the washing
solutions decreased 4.1 times (P<0.05) and the biofilms
became of low density (0.47+0.2 units). Biofilms of gram-
negative bacteria E. coli and P. aeruginosa degraded less
even under the influence of Catamine with enzymes than
biofilms of S. aureus. The decrease in the optical density of
solutions from biofilms in these bacteria was 3.7 and 3.4
times, respectively (P<0.05). The density of biofilms was
on the border between low and medium - 0.54-0.57 units,
respectively.

In general, the obtained data show that Catamine has a
weaker effect on the matrix of the biofilm of S. aureus, E.
coli and P. aeruginosa, compared with Vantocil. However,
when combining disinfectants Vantocil TG, Catamine AB
with proteolytic and glycolytic enzymes, synergism is
manifested in more intensive degradation of biofilms of
gram-positive and gram-negative bacteria, their density
decreases from high to low.

It is believed that the concentration of antibacterial
substance, required for the destruction of bacteria in the
biofilm, should be several times higher than the minimum
bactericidal value determined on planktonic bacteria. It
was important to investigate the effect of disinfectants
at the minimum bactericidal concentration found on
planktonic bacteria and in combination with enzymes on
the quantitative content of microorganisms in the biofilm.
The research results are given in Table 2.

It was found that bacteria in biofilms withstood the
minimum bactericidal concentration of Vantocil and
Catamine, which was established on their planktonic forms.
From 1.9%10° to 4.3x10° microbial cells were isolated from
one ml of biofilm wash after exposure to Vantocil, which
is almost five orders less than in the control. At the same

time, after the action of Vantocil with enzymes, a decrease
in the number of S. aureus, E. coliand P. aeruginosa cells was
observed, on average by two orders up to 5.1x10' CFU/mL,
compared with treatment with Vantocil alone.

After treatment of biofilms with Catamine, slightly more
bacteria were isolated than after treatment with Vantocil,
in particular, the content of S. aureus cells was 1.3 times
higher (P<0.05), E. coli 3.3 times (P<0.05), and P. aeruginosa
by almost one order (1.7x10* CFU/mL of wash). The
simultaneous action of Catamine with enzymes caused
a decrease in the number of bacteria in the biofilm
by two orders, compared with the action of Catamine
alone. However, 10" microbial cells were isolated from
S. aureus and E. coli biofilms and 10% from P. aeruginosa
biofilms, indicating less destruction of the biofilm matrix
by disinfectant and enzymes and protection of cells from
contact with the biocide.

Discussion

The presence of microbial biofilms on the surfaces of
medical instruments, operating equipment, prostheses,
catheters, production lines in the food industry is an
obvious fact that contributes to microorganism infection
and contamination of raw materials and products 192627,
Therefore, the use of biocides is aimed at the destruction
of planktonic and biofilm forms of microorganisms on
various surfaces 348, However, successful control of
microorganisms, present in biofilms, is possible with the use
of disinfectants that destroy the exopolysaccharide matrix
and promote closer contact of bacteria with the biocide 54,
Among the significant range of disinfectants, a significant
part of them contains as active substances - biguanides
and quaternary ammonium compounds. In this study,
we determined the effect of disinfectants Vantocil TG and
Catamine AB and enzymes Everlase 16 L and Termamyl 300
L on the degradation of biofilm matrix. It was found that
Vantocil TG in the minimum bactericidal concentration,
which was determined on planktonic bacteria, reduced
the density of the biofilm of S. aureus by 1.5 times, E.
coli-1.6 times and P. aeruginosa-1.7 times, comparing
with the control before processing. This indicates that the
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exopolysaccharide matrix of biofilms contains components
that are poorly degraded by this biocide. At the same
time, treatment of biofilms with proteolytic and amylolytic
enzymes significantly reduced their density. In particular,
after treatment with enzyme Everlase 16 L, the density
of the biofilm of S. aureus decreased 2.4 times, E. coli - 2.8
times and P. aeruginosa - 3.0 times. Matrix degradation
was less effective with Termamyl 300 L biofilms than with
Everlase 16 L. In particular, the density of S. aureus, E. coli,
and P. aeruginosa biofilms decreased 2.1, 2.4, and 2.8 times,
respectively. This indicates the heterogeneous chemical
composition of the biofilm in different bacteria and for
their destruction it is necessary to use enzymes of different
classes B*3. According to %7223 the composition of the
biofilm matrix depends on many factors, the availability
of nutrients, species composition of microflora, pH of the
medium, type of surface, etc. Due to this, the protective
function of even one species of bacteria in the biofilm
will be different. In addition, a study 5° reported that the
degradation of the biofilm of P. aeruginosa by the Savinase
enzyme was stronger than with Alphamylase treatment,
with better proteolytic enzyme matrix destruction. When
treating biofilms with Vantocil with enzymes revealed a
synergism of action, in particular, the optical density of
solutions from biofilms of S. aureus, E. coliand P. aeruginosa
decreased by 4.1, 4.8, 5.6 times compared with the control,
and the biofilms became of low density. Synergism of
different enzymes in the fight against heterogeneous
biofilms was reported 2234, Despite the fact that
Catamine in the minimum bactericidal concentration for
planktonic cultures destroyed the biofilms of S. aureus, E.
coli and P. aeruginosa to a lesser extent, compared with
Vantocil, the general patterns of exposure to biofilms of
Catamine with enzymes were the same as for treatment
with Vantocil.

During the study of the effect of disinfectants on the
quantitative content of microorganisms in the biofilm,
it was found that from one mL of wash from the biofilm
after exposure to Vantocil were isolated from 1.9x10° to
4.3x10°microbial cells, and after treatment with Catamine-
from 5.6x10°to 1.7x10% The results confirm the data of
many researchers 182531 that the determined minimum
bactericidal concentration on planktonic bacteria does
not have a bactericidal effect on biofilm forms. At the
same time, after treatment of biofilms with Vantocil and
Cataminetogether with enzymes, adecreasein the number
of S. aureus, E. coli and P. aeruginosa cells was observed,
on average by two orders to 10" CFU/mL, compared with
treatment with biocides only.

There is a clear synergy of enzymes and biocides, which
ultimately has a more detrimental effect on bacteria in
biofilms. In this case, it can be argued that enzymes destroy
the matrix of the biofilm, which promotes better contact
of antibacterial substances with target cells. Therefore, we
believe that the combination of antibacterial substances

with enzymes is a good prospect in the fight against
bacteria in biofilms on the surfaces of various materials.
When choosing a disinfectant, it is necessary to evaluate its
effectiveness against bacteria in biofilms under conditions
close to production.
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Abstract

Brucellosis is an important infectious disease that affects animal and public health in many developing countries, including Turkey. The
control and eradication of brucellosis are contingent upon methods that provide a fast and reliable diagnosis. In this context, molecular
methods which enable the enzymatic amplification of bacterial conserved gene regions are advantageous. In this study, samples of cattle
and sheep blood serum sent to our laboratory from enterprises at risk of brucellosis in different settlements of the Central Anatolia and the
Black Sea Regions of Turkey were analyzed. In our study, we aimed to investigate brucellosis using serological methods and Real-Time PCR
(RT-PCR), and to analyze these methods comparatively. To this end, RBPT, SAT and CFT tests, as well as the Brucella RT-PCR, which enables
the amplification of the BCSP31 gene found in all Brucella species, were used. In the 368 serum samples analyzed, Brucella positivity was
determined as 11.41%, 10.05% and 9.8% by RBPT, SAT and CFT, respectively, while the RT-PCR gave the same rate of positivity (9.8%) as CFT.
When CFT is taken as a reference test, the sensitivity, specificity, positive and negative predictive value and diagnostic accuracy of the RT-
PCR were determined as 100%; and it was found to be perfectly compatible with CFT, with a kappa value of 1.000. The number of bacterial
genomes that could be detected by the RT-PCR in the presence of DNA of the Brucella melitensis biotype 3 (Ether) reference strain was
determined as 3.94x103 copies. Linear regression analysis revealed that the amplification efficiency (92.71%) of the RT-PCR was within the
desired limits (90-110%) and that the RT-PCR was repeatable (CV 2.9%) and reproducible (CV 1.8%). This study indicates that the RT-PCR is a
useful method for application in the diagnosis of bovine and sheep brucellosis thanks to its high analytical efficiency; it also emphasizes the
importance of blood serum samples as preferable clinical materials in this context.

Keywords: Brucella spp., Brucellosis, Cattle, Sheep, Real-Time PCR, Analytical competence

Si1gir ve Koyunlarda Brusellozisin Tanisinda Real-Time PCR’nin
Analitik Yeterliliginin Degerlendirilmesi

Oz

Brusellozis, tilkemizle birlikte gelismekte olan bircok llkede hayvanlarda ve halk sagligi agisindan 6nem arzeden infeksiyoz bir hastaliktir.
Brusellozisin, kontrol ve eradikasyonunda hizli ve glvenilir teshis imkani sunan yontemlere her zaman ihtiya¢ duyulmaktadir. Bu kapsamda,
bakterilerin korunakli gen bélgelerinin enzimatik amplifikasyonunu saglayan molekiiler yéntemler avantaj saglamaktadir. Bu calismada, i¢
Anadolu ve Karadeniz Bolgelerine ait farkli yerlesim birimlerindeki brusellozis riski tasiyan isletmelerden laboratuvarimiza génderilen sigir ve
koyunlara ait kan serum érnekleri incelenmistir. Calismamizda, brusellozisin serolojik yontemler ve Real-Time PCR (RT-PCR) ile arastiriimasi ve
bu yontemlerin karsilastirmali analizi amaglanmistir. Bu amacla, RBPT, SAT ve KFT testleri ile birlikte tim Brucella tirlerinde bulunan BCSP31
geninin amplifikasyonunu saglayan Brusella RT-PCR metodu kullanilmistir. incelenen 368 serum érneginde RBPT, SAT ve KFT ile Brucella
pozitifligi sirayla %11.41, %10.05 ve %9.8 belirlenirken, RT-PCR analizi sonucu, KFT ile ayni oranda (%9.8) pozitiflik elde edilmistir. KFT referans
test olarak dikkate alindiginda, RT-PCR'nin sensitivite, spesifite, pozitif ve negatif prediktif degerleri ve tani dogrulugu %100 ve 1.000’hk
kappa degeri ile KFT ile mikemmel derecede uyumlu oldugu saptanmistir. Brucella melitensis biyotip 3 (Ether) referans susuna ait DNA
esliginde RT-PCR ile saptanabilen bakteriyel genom sayisi 3.94x103 kopya olarak belirlenmistir. Gerceklestirilen linear regresyon analizi ile RT-
PCR'nin amplifikasyon verimliligi, istenen sinirlar (%90-110) arasinda (%92.71) yer almis ve tekrarlanabilir (CV %2.9) ve uretilebilir (CV %1.8)
oldugu belirlenmistir. Bu calisma ile yliksek analitik verimliligi sayesinde RT-PCR'nin sigir ve koyun brusellozisin teshisinde bagvurulabilir bir
yontem oldugu 6ngorilmus ve bu kapsamda kan serum 6rneklerinin tercih edilebilir klinik materyaller olarak 6Gnemi vurgulanmistir.
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INTRODUCTION

Brucellosis, caused by bacteria of the Brucella genus, is a
disease that affects many animal species such as ruminants,
pigs, dogs, foxes, and some marine mammals. Capable
of being transmitted directly or indirectly to humans,
it poses a risk to public health and is known as the most
common zoonotic disease in the world. The predominant
Brucella species in cattle is Brucella abortus, and in sheep
Brucella melitensis . These agents mostly settle in the
uterus, placenta, fetus, and breast tissue in animals, and
cause necrotic and inflammatory infections which lead
to abortion, infertility and mastitis in affected animals.
In addition to causing significant economic losses in the
livestock industry through reduced fertility, decreased
animal product and quality, and expensive protection and
control practices?.

Definitive diagnosis is important for the control of Brucella
infection in animals and humans. Clinical diagnosis is
generally based on the presence of reproductive system
infections in livestock. However, this hypothetical diagnosis
must be confirmed by laboratory methods. In this context,
culture methods have been reported as the “gold standard”
in the diagnosis of brucellosis. However, since the culture
method is time-consuming and the Brucella agents have
to be studied in biosafety level 3 laboratories, culture
procedures are not always available. Serological tests
are frequently used in the implementation of control
and eradication programs of brucellosis. Some of them
(Rose Bengal Plate Test (RBPT), Serum Agglutination
Test (SAT), etc.) are used as screening tests, while others
(2-Mercaptoethanol, Complement Fixation Test (CFT) and
ELISA) are used as confirmation tests. With its high diagnostic
accuracy, CFT is used to confirm the diagnosis of B. abortus
and B. melitensis infections and is recommended by the
World Animal Health Organization (OIE) as a reference
test for international animal mobility . Although they
have been continuously improved in terms of sensitivity
and specificity, these tests have some disadvantages, such
as their high cost, the need for special equipment and
expert personnel, and the inability to distinguish between

vaccinated and naturally infected animals. Molecular
techniques are advantageous tools for the direct diagnosis
of brucellosis and for the verification of agents identified
by conventional methods, and can also be used in the
investigation of bacterial variants and vaccine candidates,
and to perform virulence assessment and epidemiological
analysis . Recently, several PCR methods have been
reported that enable the amplification of conserved gene
regions of Brucella agents, such as the 31-kDa surface
protein (BCSP371), 16S rRNA, and the insertion sequence
1S711%¢. Among these, Real-Time PCR (RT-PCR) method,
which provides results simultaneous with the enzymatic
amplification cycle of the target gene region, offers a
more advantageous diagnosis with features such as high
sensitivity and amplification efficiency, a short turnaround
time, and no need for electrophoresis imaging *”.,

This study aimed to evaluate the analytical efficiency of an
in-house RT-PCR for the rapid and sensitive diagnosis of the
Brucella genome in bovine and sheep blood sera. In this
context, a comparative analysis was carried out between
the test and the RBPT, SAT and CFT methods.

MATERIAL AND METHODS
Ethical Permission

The ethical permission of the study was ensured by the
decision of The Republic of Turkey Ministry of Agriculture
and Forestry, Veterinary Control Central Research Institute,
Animal Experiments Local Ethics Committee with the code
of“2021-01"

Study Material and Sampling

Thisstudywas carried outonblood serum samplesfrom 368
animals, 311 cattle and 57 sheep, sent to the laboratories
of the Veterinary Control Central Research Institute from
enterprises with a recent history of abortion in the Central
Anatolia and Black Sea Regions of Turkey (Table 1). There
was no history of vaccination against Brucella agents in the
cattle and sheep whose blood samples were taken in the
study. Abortion cases usually correspond to the last few

Table 1. DNA concentrations and predicted genome numbers of positive control subdilutions

Dilution dsDNA (Cnoncentration The I:lulleer of The I:lurf\ber of Average Ct (+SD) Coefficient of Variation (CV, %)
g/pL) Copiesin 1 pL Copiesin 2 pL Intra-assay Inter-assay

Stock 19.2 5.4x10° 1.08x107 20.79+0.14 0.4 0.3
10" 13 3.66x10° 7.32x10° 21.88+1.21 6.4 6.4
107 0.9 2.53x10° 5.06x10° 27.44+0.56 2.7 0.7
10° 0.1 2.81x10* 5.62x10* 31.26+0.26 0.8 1.2
10* 0.01 2.81x1°3 5.62x10° 33.82+0.35 1.2 1.1
10° 0.007 1.97x10° 3.94x10% 35.83+0.93 3.6 1.1
10° 0.0004 1.12x10? 2.24x10? ND* = =

* Not determined: Ct value was taken as =36 in regression analysis for samples that do not form an amplification curve and are considered negative
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months of pregnancy in animals, and blood samples were
taken at 2 to 4 weeks following the abortion. The blood
samples were centrifuged at 3.000 rpm for 10 min; one
aliquot of the obtained serum samples was stored at -80°C
for serological analysis and another for the RT-PCR.

RT-PCR Analysis

DNA extraction from samples: DNA extraction from serum
samples was carried out using a commercially available
nucleic acid purification kit (QIAampDNA Mini Kit, Qiagen,
Germany) in accordance with the manufacturer’s instructions.
DNA concentrations were determined by measuring at
260 and 280 nm wavelengths with a NanoDrop (ND-1000
spectrophotometer, Marshall Scientific, USA).

Analysis of samples: The RT-PCR analysis of the serum
samples was performed on a RT-PCR Detection System
(CFX96, BioRad, USA). A RT-PCR test (Bioeksen Ar-Ge
Teknolojileri Ltd.® Istanbul) that enables the amplification
of the BCSP31 gene region of Brucella species was used.
The reaction mixture prepared in a volume of 11 yL for
each sample was composed of 5 uL RT-PCR master mix,
3 uL Brucella spp. oligo mix, 1 uL internal control DNA and
2 uL template DNA components. The thermal cycle was set
as 5 min pre-denaturation at 95°C, 45 cycles consisting of
denaturationat 95°Cfor 15 sec,and binding and elongation
at 60°C for 40 sec. In the RT-PCR, FAM-labeled Brucella spp.
targeted oligonucleotides and HEX-labeled internal control
(IC), which provides sample-based inhibition control and
kit reagent control, were used. Thus, two amplification
curves were obtained for each positive sample and only
IC results for negative samples. All positive and negative
serum samples were studied in duplicate. The RT-PCR was
performed in the presence of negative control (RNAse/
DNAse free water) and positive control (in the kit). Samples
with no amplification or a cycling threshold (Ct) of 36 or
greater were considered negative.

Analytical capability of the RT-PCR: The Brucella melitensis
biotype 3 (Ether) reference strain (NCTC 10505) was used
to test the analytical ability of the RT-PCR. Bacterial DNA
extraction was performed with a commercially available
nucleic acid purification kit (QIAampDNA Mini Kit, Qiagen,
Germany). The total amount of double-stranded DNA
(dsDNA) was determined using a NanoDrop ND-1000
spectrophotometer and the total number of DNA copies
was then calculated using an interactive program ® with
the formula: DNA copy number=(DNA amount (ng) x
6.022x10%)/(DNA length (bp) x 1x10° x 650 Dalton). In
this calculation, the DNA length of B. melitensis was taken
as 3.294.931 bp . Intra-assay repeatability was tested
by calculating Ct values following three amplifications
of stock and 10° DNA copies of the B. melitensis biotype
3 (Ether) by the RT-PCR. Inter-assay reproducibility was
determined by the Ct values obtained as a result of the
amplification of positive control DNA and its sub-dilutions
on two different days by the RT-PCR.

Serological Analysis

Rose Bengal Plate Test (RBPT): The RBPT was conducted
according to the method reported by Alton et al."?. The test
was carried out using the Brucella RBPT antigen produced
at the istanbul Pendik Veterinary Control Institute of the
Ministry of Agriculture and Forestry of Turkey. The antigen
was used to detect IgG specific for Smooth Brucella species
(B. abortus, B. melitensis and B. suis). 15 uL of the RBPT test
antigen was dropped on a clean slide. 15 uL of the serum
sample to be tested was taken and dropped next to the
antigen. After mixing the antigen and serum samples, the
reaction that occurred within 4-5 min on the slide was
evaluated with the naked eye. Large/small precipitate
(agglutination) like sand grains formed on the slide was
evaluated as positive. The absence of any agglutination on
the slide with the serum-antigen mixture remaining as a
homogeneous suspension was evaluated as negative.

Serum Agglutination Test (SAT): The SAT was performed
according to the method reported by Alton et al."? In the
test, Brucella Tube Agglutination Test Antigen, produced
at the istanbul Pendik Veterinary Control Institute of the
Ministry of Agriculture and Forestry of Turkey, was used.
The antigen was used to detect IgM and IgG in blood
serum for smooth Brucella species (B. abortus, B. melitensis
and B. suis). The SAT was performed in the presence of
positive and negative control sera. The lace-like precipitate
(agglutination) formed at the bottom of the glass tubes was
evaluated as positive. Dilution in the last tube in which the
precipitate was seen was considered the serum antibody
titer. During the evaluation, the degree of agglutination
was expressed in U and a serum sample containing 30 or
more IU was considered positive.

Complement Fixation Test (CFT): The CFT was conducted
according to the method reported by Alton et al.'%. After
preparing a 5-fold sub-dilution of the serum samples to be
tested in strip tubes with Veronal buffer (VB), the samples
were inactivated for 50 min in a 58°C water bath. 25 uL of
VB was added to the wells on the microplate and 25 pL
of serum samples were added to the wells. 25 uL of test
antigen (CFT antigen, Istanbul Pendik Veterinary Control
Institute of the Ministry of Agriculture and Forestry of
Turkey) wasaddedtowellsfrom Ato G.50 uL of complement
(Freeze-dried Guinea Pig Complement ID. Vet, France) was
added to the wells from A to H. After incubation, 50 uL
hemolytic system consisting of sheep erythrocytes (2%)
and amboceptor (Virion/Serion 1: 1500 AMB) was added to
the wells. The test limit titer was determined by observing
the lysis occurring in the microplate wells. Serum dilutions
containing 20 or more International Complement Fixation
Units (ICFTU) per milliliter were accepted as positive ',

Statistical Analysis

Programs enabling interactive calculation were used in the
statistical analysis of the data. The sensitivity, specificity and
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‘ Fig 1. Amplification curves and linear regression analysis of the DNA dilutions of B. melitensis biotype 3 (Ether) strain ‘

Table 2. Distribution of samples according to settlements

RT-PCR Positivity
Province Number of Samples P-Value
n %
Cankiri 48 6 12.5%
Ankara 189 19 10.05%
Corum 31 3 9.68%
Kirsehir 12 0 0%
Yozgat 37 3 8.11%
Kastamonu 21 3 14.29% >0.05
Karabtik 5 1 20%
Bartin 9 0 0%
Nevsehir 7 0 0%
Kirikkale 9 1 11.11%
Total 368 36 9.78%

diagnostic accuracy analyzes of the tests were performed
with the reported program 2. Linear regression analysis
was carried out with the qPCR Library Quantification
program 3. The coefficients of variation for the test
repetitions (CV) were calculated with the reported
program 4. The Chi-square test was carried out with the
reported program ',

ResuLts
RT-PCR Findings and Analytical Capability

The results of the RT-PCR revealed that 36 (9.78%) of 368
serum samples contained Brucella spp. DNA (Fig. 1). The
amount of template DNA (2 uL) used in the RT-PCR, the
gene copy number of the B. melitensis biotype 3 (Ether)
DNA dilutions between the stock and 10 varied 1.08x10’
to 2.24x102 Thus, the number of bacterial genomes
detectable (in other words limit of detection (LOD)) by the
RT-PCR was calculated as 3.94x10° copies, with a standard
deviation of 0.93 and a variation coefficient of 0.026. In
the linear regression analysis performed, the amplification
efficiency (92.71%) of the RT-PCR was determined to be
within the desired amplification efficiency limits (90-110%)
with a y-cutpoint of 25.81 and a determination coefficient

(R?) of 0.862 (Fig. 1). The intra-assay repeatability of the RT-
PCR was determined by calculating the average coefficient
of variation (CV), obtained by amplifying the B. melitensis
biotype 3 (Ether) strain three times using different DNA
dilutions between the stock and 107; the average CV was
determined as 2.9%. The inter-assay reproducibility of
the RT-PCR was determined by calculating the average
coefficient of variation (CV), obtained by amplifying the
B. melitensis biotype 3 (Ether) strain two times on two
different days with the stock to 10-° sub-dilutions of control
DNA; the average CV was determined as 1.8% (Table 1).

Serological Analysis Findings

In this study, 42 (11.41%) of 368 blood serum samples were
found to be positive in terms of Brucella spp. by RBPT, 37
(10.05%) by SAT and 36 (9.78%) by CFT (Table 2). It was
found that there was no significant difference between
the serological tests in determining Brucella antibodies in
cattle and sheep blood serum samples (Chi-square=0.602
and P=0.740). All samples that were found to be positive
with CFT were also found positive by the RT-PCR. When CFT
was taken as the reference test, the sensitivity, specificity,
positive predictive value, negative predictive value and
diagnostic accuracy of the RT-PCR were determined as
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Table 3. Diagnostic values of tests for cattle and sheep sera

Serological Tests Analytic Diagnostic Values
Test Sensitivity Specifity PPD NPD Diagnostic Accuracy Kappa
Positive | Negative
% %95 ClI % ‘ %95 ClI % ‘ %95 Cl % ‘ %95 ClI % ‘ %95 ClI % %95 ClI ‘ SE
RBPT
Positive 36 0 L _ " " L
85.71 LS 100 S 100 98.19 8z 98.37 EE 0914 WY 0.035
P —— 5 326 94.57 100 99.13 99.40 0.982
SAT
RT-PCR | Positive 36 0 N . a "
97.30 S 100 S 100 99.70 TEE 99.73 pesy 0.985 | 0.955-1 | 0.015
Negative 1 331 99.93 100 99.96 99.99
CFT
Positive 36 0 L L
100 9?()206 100 9?09(? 100 100 100 99-100 1.000
Negative 0 332
PPD: positive predictive value, NPD: negative predictive value, Cl: confidence interval, SE: standard error

100%. It was observed that a perfect match was achieved,
with a kappa value of 1.000, between the RT-PCR and CFT,
which is used as a reference test in the detection of Brucella
infections (Table 3).

Discussion

Brucellosis is a zoonotic disease that is endemic in many
parts of the world, including Turkey, and adversely affects
animal production and public health. Brucellosis, which
is rarely fatal, is highly contagious. In this respect, there is
always a need for fast and reliable diagnostic methods to
be used in the follow-up and eradication of the disease.
Although the culture method that allows isolation of
the agent is still known as the “gold standard” in the
diagnosis of brucellosis, it is not widely used due to the
time-consuming and biohazardous characteristics. The
practical diagnosis of brucellosis in animals is mainly
based on antibody-based serological methods. However,
these methods have many negative features such as cross-
reactions, which caused by vaccinated animals or close
bacteria harbouring the same antigenic structures, restrict
their use in routine diagnosis as mentioned """, The 31-
kDa surface protein (BCSP31) gene is the most protected
gene region among the Brucella members and has found
widespread use in molecular diagnosis of infection in
humans and animals ', In this study, an in-house RT-PCR
kit was found to be lower (3.94x10% copies) than in the
other studies 7'%'7, This can be interpreted with reference
to the use of low cut-off values of the RT-PCR that allows
the detection of DNA with a lower copy number as well
as the kit differences. The average coefficients of variation
(CV) of the intra-assay repeatability and the inter-assay
reproducibility of the RT-PCR were determined as 2.9%
and 1.8%, respectively, and these values are below the
acceptable level (<10%) for the RT-PCR "8, This indicates
that the test repetitions are consistent, hence the method
is reproducible. In an optimized RT-PCR, it is desirable
that the coefficient of detection is greater than 0.980, the

amplification efficiency ranges between 90% and 110%,
and the reaction repeats are consistent 1'%, In this study, a
value (0.862) close to the ideal determination coefficient (R?)
was observed and the amplification efficiency (92.71%) of
the RT-PCR was found to lie within the acceptable limits ',
Moreover, the amplification efficiency of the test is very
similar to those high efficacy was reported for the BCSP31
gene region of B. melitensis bacteria 2022,

Many studies have been reported on the diagnostic
capability of the RT-PCR, which enables amplification of
the BCSP31 gene. In these studies, performed in humans
and animals, analytical calculations such as diagnostic
sensitivity and specificity were performed and compared
with cultural and/or serological methods 223, In this study,
the diagnostic efficiency, sensitivity, specificity, positive
predictive value, negative predictive value and diagnostic
accuracy of the RT-PCR were determined as 100%, when
compared with the sample-focused approach and CFT. A
perfect agreement (kappa was 1.000) was found between
CFTand RT-PCR. Although there are some small proportional
differences in diagnostic competence, it is generally similar
to the other studies 22", When compared to the RBPT and
SAT, the diagnostic competence values of the RT-PCR PCR
are slightly lower, except for the specificity and positive
predictive value. However, the agreement between the RT-
PCR and these tests is still close to the perfect agreement
(kappa was 0.914 and 0.985, respectively).

Brucella spp. are facultative intracellular microorganisms
and they settle in macrophages. After completing replications
in these cells, they migrate to the lymphoid tissues of the
reproductive system as a result of a primary bacteremia.
The agent causes a secondary bacteremia from these
tissues, which subsequently leads to a generalized
infection and then abortion. Therefore, these persistent
bacteremia phases, which almost always contain the
microorganisms in the bloodstream, are repeated in the
next gestational period ?¥. Modern PCR methods are
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capable of detecting both living bacteria and bacteria
that have been phagocyted or killed by macrophages in
different compartments of the blood during the periods
of bacteremia %, Also, PCR techniques have the ability
to determine the course of the infection. In this context,
blood in which bacteria-laden macrophages are constantly
circulating is a useful clinical material that can be used for
diagnosis as a source of DNA belonging to the infectious
agent %, Different diagnostic advantages of different
blood compartments such as whole blood or serum
have been reported. Although the use of a whole blood
compartment containing leukocytes is essential for the
obligate intracellular agents, there is no such requirement
for the facultative intracellular bacteria such as Brucella
species. In addition, the analytical sensitivity of the serum
in the diagnosis of brucellosis in humans and animals is
comparable with the whole blood phase. Blood serum
is the preferred DNA source in PCR because it provides
quick test results and simplifies the method, and does
not contain inhibitory structures such as anticoagulants
and hemoglobin 2>2%, |n this respect, the use of samples
of blood serum from animals at risk of brucellosis in this
study has once again confirmed it as an evaluable clinical
material in the diagnosis of brucellosis. Based on the
above-mentioned high diagnostic characteristics of the
RT-PCR and the usability of the blood serum samples as
a diagnostic clinical material, Brucella positivity in cattle
and sheep was found to be 9.78% for the region studied.
Due to the heterogeneous sample distribution, there was
no statistical relationship between the disease prevalence
and the provinces sampled (P>0.05). Nevertheless, the
positivity for Brucella obtained on the provincial basis is
similar to that " reported by the Veterinary Control Central
Research Institute between 2007 and 2011, and values
close to 2011 seropositivity were obtained in particular.

The control and eradication of brucellosis in animals in
Turkey is based on the vaccination of susceptible animals
and the slaughtering of infected animals "', In this respect,
it is important to use reliable and validated test methods
that provide rapid laboratory diagnosis. In this study, the
analytical competence of an in-house RT-PCR was tested
and it was determined that this method with its high
diagnostic efficiency can be of benefit in the diagnosis of
brucellosis in cattle and sheep populations. In addition, the
importance of blood serum as a preferable clinical material
in the molecular diagnosis of brucellosis in animals was
reinforced.
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Abstract

Effect of exercise has been studied on electrocardiography and stress behavioral parameters of 12 male Kangal shepherd dogs with
ankyloglossia and 15 male Kangal shepherd dogs without ankyloglossia were compared. In this study, electrocardiography recordings were
obtained from Kangal shepherd dogs with the holter device at resting state and during 15-min exercise. All data collection were conducted
in the same environmental conditation. In addition, behavioral parameters captured with a video camera during resting state and the end of
15-min exercise period. While no statistical difference was detected in two groups in terms of all electrocardiographic parameters at resting
state, statistical differences were detected in both groups in the P wave amplitude, T wave amplitude, duration of PR interval, duration
of QT interval and heart rate parameters during exercise. Following 15-min of exercise, all stress parameters were observed in dogs with
ankyloglossia, while only two parameters were observed at resting state. Following a 15-min exercise, without ankyloglossia dogs showed
only two stress parameters, while no parameters were observed at resting state. This study will have an important area in the literature in
terms of examining the electrocardiographic data and stress behavioral parameters of Kangal shepherd dogs with ankyloglossia.

Keywords: Ankyloglossia, Behavior, Exercise, Holter, Kangal shepherd dog

Ankloglossia Olan Kangal Coban Kopeklerinde Egzersizin
Elektrokardiyografi ve Stres Davranisi Uzerine Etkisi

Oz

Ankyloglossia olan 12 adet erkek Kangal kdpegi ve ankyloglossia olmayan 15 adet erkek Kangal kdpeginde elektorkardiyografi ve stress
davranis parametreleri lizerine egzersizin etkisi karsilastinlmistir. Bu ¢alismada elektrokardiyografi kayitlari Kangal coban kdpeklerinden
ayni cevre sartlarinda dinlenim ve 15 dakikalik egzersiz sirasinda holter cihazi ile alinmistir. Ayrica dinlenim ve 15 dakikalik egzersiz
sonundaki davranis parametreleri video kamera ile kayit edilmistir. iki grupta dinlenme durumunda elektrokardiyografik parametrelerin
tamaninda istatistiksel olarak fark bulunmazken, egzersiz sirasinda P dalgasi amplittidd, T dalgasi amplitiiddi, PR arahdi stiresi, QT araligi
sliresi ve dakika kalp atimi sayisi parametrelerinde istatistiksel olarak farklilik bulundu. Ankyloglossiali kdpeklerde dinlenme durumunda
sadece iki stres parametresi gozlenirken 15 dakikalik egzersizi takiben tim stres parametreleri gézlendi. Ankyloglossia olmayan kopeklerde
dinlenme durumunda stres parametreleri gdzlemlenmezken 15 dakikalik egzersizi takiben sadece iki stres parametresi gézlendi. Bu calisma
ankyloglossiali Kangal ¢coban kdpeklerinin elektrokardiyografik verilerini ve stres davranis parametrelerini incelemesi yondyle literattirde
onemli bir yere sahip olacaktir.

Anahtar sézciikler: Ankyloglossia, Davranis, Egzersiz, Holter, Kangal coban képegi

INTRODUCTION valued as guard dogs because they are loyal to their owners

and harmless and well-disposed toward children and
Kangal shepherd dogs are highly valued as livestock guard ~ weaker animals . As guard and shepherd dogs, Kangal
dogs because of their large size, agility, imposing appearance  Shepherd dog breed is present in variety of different
and the fact that they are brave enough to confront greater ~ countries in the world and, in some countries like in the US,
savage animals than themselves. Moreover, they are highly ~ Belgium, and France, breeding is also present 2. Due to their
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loyalty and excellent awareness the Kangal Shepherd Dog
breed is thoroughly preferred as guard dogs. This breed is
known to have a profound adaptability to various climatic
changes by their excellent thermoregulatory mechanisms.
The tongue is of particular importance as a sensory organ
for this breed, which primarily takes key roles in regulation
of the body temperature. Also the tongue plays a majorrole
in eating, sucking, making sounds and adjusting the body
temperature in dogs . Congenital and acquired diseases
of the tongue include aglossia, microglossia, ankyloglossia,
and lingua bifida. Of these, the most common congenital
disease is ankyloglossia . Ankyloglossia is a rare condition
observed in humans and Kangal dogs . The frenulum
linguae, a small fold of mucous membrane that connects
the tongue to the base of the mouth, cannot be completely
separated from the base of the mouth or it cannot be
thickened by cell proliferation, and this, prevents the
separation of the tongue .. Electrocardiography (ECG) is
a method that includes the recording and interpretation
of action potentials during cardiac activity and provides
information on the current electrical activity of the heart,
and to some extent, its functional status ®. The ECG
method can be used in dogs to obtain information about
many physiological conditions related to the heart ©%,

Therefore, the aim of this study was to compare ECG data
and stress behavioral parameters during resting state
and exercise periods in Kangal shepherd dogs with and
without ankyloglossia.

MATERIAL AND METHODS

Ethical Statement

This study was approved by the Sivas Cumhuriyet University
Animal Experiments Local Ethics Committee (Approval no:
65202830-050.04.04-226 and date 06.12.2018).

Animal Materials

The animal material of the study was composed of 27
healthy male Kangal shepherd dogs; 12 of which had
ankyloglossia (Fig. 1) and 15 did not have ankyloglossia.
The dogs used in the study, total to 27, of which 24
were in the Kangal Shepherd Dog Breeding Center and
3 were in the hands of independent breeders. Among
the 24 dogs in the center, 15 were without ankyloglossia
and 9 with it, whereas the 3 dogs from breeders were all
with ankyloglossia. All dogs were older than 18 months
of age.

Exercise Program

Dogs were run with their owners at a pace of 3.2 km/h in
average for 15 min during the air temperature was 24°C ",

Electrocardiographical Parameters

In this study, ECG recordings were obtained with a Holter

Fig 1. A Kangal shepherd dog with ankyloglossia ‘

device (Televet Il) from the Kangal shepherd dogs during
resting state and during a 15-min exercise at the same
environmental condition (temperature (24°C), altitude
(5050 ft=1540 m), standard dog diet and ad libitum
watering). In ECG recordings of all dogs, the last 1 min
of the 15-min exercise was considered to determine the
effect of the exercise. The ECG data were recorded in
resting state dogs for 5 min and the last 1 min was taken
into evaluation. The Holter device and electrodes were fixed
with net bandages, and a test was conducted to prevent
stress in the dogs.

Aqua-wet gel electrodes and a recording device (KRUUSE
ECG-HOLTER) were placed in the thorax of the animals
by the procedure proposed by the manufacturer and
fixed with net bandages, and standard derivations |, II, Il
were printed. Second derivation of the obtained electro-
cardiograms, P wave duration and amplitude, QRS complex
duration, Q and R wave amplitudes, T wave time and
amplitude, the duration of PR, QT and ST intervals and
heart rate were determined.

Stress Behavioral Parameters

Both the resting state and at the end of the 15-min
exercise periods, stress behavioral parameters of all dogs
were captured with a video camera. Subsequently, these
recordings were analyzed and evaluated using an ethogram
that described stress behavioral parameters in dogs . In
the study, the “focal animal sampling” method was used 2.
The method was based on following a particular dog for a
certain period of time and counting the behavior shown.
Both the ECG and video recordings of the dogs were taken
at the same environmental condition while the Kangal
shepherd dogs followed their daily routines.

Statistical Analysis

For the statistical analyses of study parameters the Mann-
Whitney U test was used. Also the summary statistics was
calculated. All tests were calculated by SPSS v.15 package
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program 3, Observed stress behavioral parameters in
each group were expressed as a percentage of the number
of animals.

REesuLTs

The difference between the resting state ECG data of
Kangal shepherd dogs with ankyloglossia and without
ankyloglossia was shown in Table 1. No statistically
significant difference was detected in the resting state
ECG data of Kangal shepherd dogs with ankyloglossia
or without ankyloglossia. The difference between the
ECG data during exercise status of Kangal shepherd
dogs with and without ankyloglossia was demonstrated
in Table 1. When the ECG data during exercise of Kangal
shepherd dogs with and without ankyloglossia were
compared; statistically significant differences were found
in the P wave amplitude, T wave amplitude, duration of
PR interval, duration of QT interval and min heart rate. It
was determined that P wave amplitude was significantly

increased in Kangal shepherd dogs with ankyloglossia
(P<0.001). It was detected the T wave amplitude was
significantly increased more in Kangal shepherd dogs
without ankyloglossia (P<0.05). It was verified the duration
of PR interval was significantly shorter in Kangal shepherd
dogs with ankyloglossia (P<0.01). It was also determined
the duration of QT interval was significantly shorter in
dogs with ankyloglossia (P<0.01). It was determined that
in dogs with ankyloglossia the increase in heartbeats per
minute was statistically significant compared to without
ankyloglossia (P<0.001).

Stress behavioral parameters at resting state of Kangal
shepherd dogs in both groups at resting state were shown
in Table 2. Some of the stress behavioral parameters that
included hind between legs, lowering the body position
were observed in Kangal shepherd dogs with ankyloglossia.
However, no stress behavioral parameters were observed
in Kangal shepherd dogs without ankyloglossia. Stress
behavioral parameters exhibited by Kangal shepherd dogs
in both groups at the end of 15-min exercise duration were

Table 1. Effect of resting state and exercise on ECG findings of Kangal shepherd dogs with and without ankyloglossia

Resting ECG Exercise ECG
Re_sting ECG With Ankyloglossia Without With Without With
(n=12) Ankyloglossia Ankyloglossia Ankyloglossia Ankyloglossia
(n=15) (n=12) (n=15) (n=12)
P wave duration (ms) 0.03807+0.00043 0.03767+0.00035 0.03800+0.00042 0.03758+0.00036
P wave amplitude (mV) 0.1760+0.00321 0.1767+0.00355 0.2013+0.00350 0.2383+0.00386***
QRS complex duration (ms) 0.0500+0.00324 0.0492+0.00229 0.0507+0.00330 0.0508+0.00313

R wave amplitude (mV)

1.6000+0.05024

1.6292+0.04240

1.6033+0.04987

1.6625+0.03899

Q wave amplitude (mV) 0.2680+0.01079 0.2692+0.00484 0.2713+0.01041 0.2692+0.00484
T wave duration (ms) 0.0500+0.00324 0.0500+0.00302 0.0500+0.00324 0.0508+0.00313
T wave amplitude (mV) 0.3487+0.02070 0.3375+0.02863 0.3560+0.01997 0.3083+0.00944*
PR intervals duration (ms) 0.1207+0.00316 0.1200+0.00302 0.1000+0.00378 0.0792+0.00288**
QT intervals duration (ms) 0.2067+0.01436 0.2058+0.00783 0.1840+0.01013 0.1425+0.00566**
ST intervals duration (ms) 0.1400+0.00239 0.1392+0.00336 0.1407+0.00248 0.1383+0.00271
Heart rate (BPM) 114.80+0.863 114.92+0.543 120.67+0.826 125.58+0.763***

Mean=SEM; Mann-Whitney U test * P<0.05, ** P<0.01, *** P<0.001; mV: millivolt; ms: milliseconds

Table 2.Stress behavioral parameters during resting state and exercise (at the end of 15 min exercise) on Kangal shepherd dogs with and without
ankyloglossia

Resting Phase Exercise for 15 min
Stres Behavior Without With Without With
Ankyloglossia Ankyloglossia Ankyloglossia Ankyloglossia

(n, %) (n, %) (n, %) (n, %)
Tail between hind legs 0 1(8.33) 2(13.33) 5 (41.66)
Lowering the body position 0 1(8.33) 3(20) 6 (50)
Yawning 0 0 0 3(25)
Groovy appearance below the eyes 0 0 0 2(16.66)
Strained lips 0 0 0 3(25)
Avoidance 0 0 0 2(16.66)
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Fig 2. Some stress behaviour parameters in Kangal shepherd dogs with
ankyloglossia after exercise

shown in Table 2. Stress related behavior was observed as
increased in both groups at the end of 15-min exercise
period. Notably, stress behavioral parameters (strained
lips, avoidance, yawning, lowering the body position, tail
between hind legs and groovy appearance below the
eyes) increased in dogs with ankyloglossia at the end of
15-min exercise (Fig. 2). In addition, it was determined that
the number of Kangal shepherd dogs with ankyloglossia
exhibiting the behavior in the same stress behavioral
parameter is higher than the number of Kangal shepherd
dogs without ankyloglossia.

Discussion

This work will have an important area in the literature in
terms of examining the electrocardiographic data and
stress behavioral parameters of Kangal shepherd dogs
with ankyloglossia.

The data obtained from the resting and exercise periods
in our study were found to be inside the normal range,
which is similar to the data from other researches '%#17,
It can be stated that having ankyloglossia did not have
a pronounced effect on heart parameters during resting
state as both groups did not provide significant changes
in parameters. In this study, P wave amplitude and
the count of heart beats per minute were significantly
increased in dogs with ankyloglossia compared to the
dogs without ankyloglossia during the exercise period.
The duration of the PR interval, the duration of the QT
interval, and T wave amplitude were significantly lower
and this indicated that the workload in the heart was
higher in dogs with ankyloglossia during exercise. In this
case, dogs with ankyloglossia were insufficient to set the
thermoregulation, thus suggesting that the workload on
the heart increased. As in other studies, the increase in
the number of heartbeat per minute caused the amplitude
of the P wave to increase, and the duration of the PR
interval and the duration of the QT interval were both
shortened 618191,

The type and intensity of exercise can cause stress in
dogs 1222, While conducting research for the investigation
of stress behavioral parameters, there are debates on
whether behavior data should be coupled with the
physiological parameters. Certain researchers support
that the data should be evaluated altogether 2; however
some researchers insist that these two data would not
comply with each other in case of acute stress conditions,
and therefore the behavior should get the priority 4%,
In this study, ECG parameters and stress behavioral
parameters are evaluated together. At the end of a 15-
min exercise, strained lips, avoidance, yawning, lowering
the body position, tail between hind legs and groovy
appearance below the eyes behaviors were observed in
dogs with ankyloglossia. At the end of a 15-min exercise,
lowering the body position and tail between hind legs
behaviors were observed in dogs without ankyloglossia.

Body position lowering and keeping tail between hind
legs were reported to be associated with stress in behavioral
changes for dogs as stated in recent studies 2627,
In a study, it was stated that dogs would have changed
behaviors under stress conditions 8. By the notion of
changed behaviors, independent activities exhibited during
the behavioral incident and by the motivation is being
referred ?°. Yawning behavior was detected in dogs
included to our study thus can be considered as one
of the stress associated changed behavior in dogs with
ankyloglossia.

In a study, it was stated that avoidance, groovy appearance
below the eyes were behaviors that emerged when
the animal was under stress . Similarly, in the present
study, avoidance and groovy appearance below the eyes
were observed in dogs with ankyloglossia. In a study, it
was stated that strained lips could be observed in dogs
when they were under stress B% Similarly, in the current
study, strained lips behavior were observed in dogs with
ankyloglossia.

Ankyloglossia is a cause of increased workload on the heart
during exercise in Kangal shepherd dogs and detection
of all stress behavioral parameters during exercise of
Kangal shepherd dogs with ankyloglossia suggest that
these dogs are under stress. It is recommended that these
data should be evaluated in clinical, surgical and exercise
studies on dogs with ankyloglossia.
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Abstract

This study aimed to evaluate the presence of oxidative stress based on lipid peroxidation and the DNA damage markers malondialdehyde
(MDA) and 8-hydroxy-2'-deoxyguanosine (8-OHdG) in canine mammary gland carcinomas using immunohistochemistry techniques. A total
of ten malignant and six normal canine mammary tissue samples were evaluated. The specimens were fixed in 10% buffered formaldehyde
solution, processed routinely, embedded in paraffin wax, sectioned at 5 um, stained with hematoxylin and eosin, examined under a light
microscope, and photographed to detect histopathological changes. For immunohistochemistry, the avidin-biotin-peroxidase method was
performed. All canine mammary gland tumors were immunopositive for MDA and 8-OHdG expression. There was a statistically significant
increase in MDA and 8-OHdG expressions in the tumor group compared to the control group. Based on this study data, in the context of
oxidative stress, it is proposed that lipid peroxidation and reactive oxygen species (ROS)-induced DNA damage are significantly associated
with canine mammary gland tumor development. In addition, antioxidants may be useful in the treatment of canine mammary gland tumors.

Keywords: Canine, Carcinoma, Mammary gland, Oxidative stress

Kopeklerde Malign Meme Bezi Tiimorlerinde Oksidatif Stres
Parametrelerinin Varligi ve Onemi

Oz

Bu calismada, kanin meme bezi karsinomlarinda lipid peroksidasyonuna dayali oksidatif stres varliginin ve DNA hasar belirtecleri malondialdehit
(MDA) ve 8-hidroksi-2'-deoksiguanozin (8-OHdG)'nin immiinohistokimya teknikleri kullanilarak degerlendirilmesi amaclanmistir. Toplam
on malign ve alti normal képek meme dokusu &rnegi degerlendirildi. Ornekler %10’luk tamponlu formaldehit soliisyonunda tespit edildi,
rutin olarak islendi, parafin blok icine gomildd, 5 pm kalinhginda kesitler alindi, Hematoksilen ve Eozin ile boyand, 15tk mikroskobu altinda
incelendi ve histopatolojik degisiklikleri saptamak icin fotograflandi. immiinhistokimya icin Avidin-Biotin-Peroksidaz yéntemi uygulandi.
Tum képek meme bezi timorleri, MDA ve 8-OHdG ekspresyonu yoniinden imminopozitifti. Kontrol grubuna gore timér grubunda MDA
ve 8-OHdG ekspresyonlarinda istatistiksel olarak anlamli bir artis vardi. Bu calisma verilerine dayanarak, oksidatif stres baglaminda, lipid
peroksidasyonu ve reaktif oksijen turleri (ROT) kaynakli DNA hasarinin kdpek meme bezi timori gelisimi ile nemli lctide iliskili oldugu
onerilmektedir. Ek olarak, kopek meme bezi tiimérlerinin tedavisinde antioksidanlar faydali olabilir.

Anahtar sézciikler: Képek, Karsinom, Meme bezi, Oksidatif stres

INTRODUCTION clinical problems ", The incidence of tumors, found

primarily in adult female dogs, increases with age (average
Mammary gland tumors are very common in female 8-11 years) *°l. Malignant mammary gland tumors have
dogs as well as women; however, the prevalence rate in  been reported more often in Poodles, English Springer
dogs is three times higher. The majority of these canine  Spaniels, Brittany Spaniels, Cocker Spaniels, English Setters,
mammary tumors are malignant and cause significant  Pointers, Maltese, Yorkshire Terriers, and Dachshunds
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compared to other breeds . The most common histo-
pathological tumor types found in dogs are tubular,
papillary, solid, and complex carcinomas and carcino-
sarcomas 7#; whereas, the most common type of breast
tumors seen in humans are invasive ductal carcinomas ©.
Prominent mammary gland regions such as the fourth
(caudal abdominal) and fifth (inguinal) glands are more
predisposed to tumor formation, with the incidence of
tumors in these areas ranging between 65% and 70% ¢,
Generally, pet owners become aware of tumors when
macroscopic changes in the mammary glands become
apparent . Canine mammary tumors tend to metastasize
to nearby lymph nodes and lungs, while metastases to
bones, adrenal glands, kidneys, heart, liver, brain, and
skin are extremely rare . Death is primarily attributable
to lung metastasis . These tumors have a wide range of
clinical behaviors. A definitive diagnosis based on a tumor
classification and grade is essential for developing optimal
individualized treatment plans "%, In controversial cases,
immunohistochemical markers can also be evaluated for
a more accurate diagnosis “. Risk factors such as ovario-
hysterectomy performed after 2.5 years of age, an intact
reproductive status, treatment with progesterone and
estrogen, and early obesity are known to play important
roles in tumor formation "2, The primary treatment for
canine mammary tumors is mastectomy, but chemotherapy
is also a complementary method for more aggressive or
recurrent and metastasizing tumors ',

The etiology of canine mammary tumors is multifactorial.
Xeno-estrogens present in water, food, and air are known
to accumulate in mammary tissue due to prolonged
and continuous exposure "', Mammary epithelial cells
convert xeno-estrogens to highly toxic reactive oxygen
species (ROS) "I known to cause serious structural changes
in proteins, lipids, and DNA. These changes can result
in cell degeneration and aging "®'”\. In addition, these
changes may lead to suppression or activation of some
signaling pathways and gene expression, thus leading to
cell death (apoptosis) or activation of protooncogenes
and/or activation/inactivation of tumor suppressor genes.
These events can be important in the initiation and
promotion of carcinogenesis '®'%, An imbalance between
oxidative and antioxidative reactions causes excessive
ROS production, also called oxidative stress, known to play a
significant role in the pathogenesis of many illnesses such
as cardiovascular diseases, neuropathies, inflammatory
diseases, AIDS, diabetes mellitus, renal disorders, and various
cancer types, including breast cancer 71921 Oxidative
stress is also associated with carcinogenesis in dogs 15?2,
The primary target of ROS is polyunsaturated fatty acids
in cell membranes, causing lipid peroxidation ¥, which
in turn cause nuclear damage and consequently muta-
genesis and carcinogenesis 4. Malondialdehyde (MDA)
is an end product of lipid peroxidation and an important
marker for determining oxidative stress %2>, Increased
lipid peroxidation and MDA-DNA adducts have been found

in canine mammary tumors and human breast cancers 2"
An increase in the production rate of ROS leads to various
modifications in the nucleotide base of DNA. As a crucial risk
factor for many pathological conditions, including breast
cancer, the ROS product 8-hydroxy-2’-deoxyguanosine
(8-OHdG) is a biomarker widely used to detect DNA
damage due to oxidative stress 272,

This study aimed to evaluate the presence of oxidative
stress parameteres with lipid peroxidation and the DNA
damage markers MDA and 8-OHdG in canine mammary
gland carcinomas.

MATERIAL AND METHODS

Ethical Approval

The ethics committee approval for this study was obtained
from Kafkas University Animal Experimentals Local Ethics
Committee (No: KAU-HADYEK-2020/076).

Animals

Malignant mammary gland carcinoma samples taken
from ten female dogs (Kangal, n=6; Setter, n=4; average
age: 8.3 years) brought to Pathology Department
for routine diagnosis, and six normal canine mammary
tissues (Crossbreed, n=6, average age: 5.5 years) were
evaluated.

Histopathology

Mammary tissue samples were fixed in 10% buffered
formaldehyde solution, processed routinely, embedded in
paraffin wax, sectioned at 5 um, stained with hematoxylin &
eosin (H&E), examined under a light microscope (Olympus
Bx53), and photographed via the CellAP program (Olympus
Soft Imaging Solutions GmbH, 3,4) to detect histo-
pathological changes. Tumor sections were classified
according to the modified World Health Organization
classification of canine mammary tumors =% The malignancy
grade of the tumors was determined according to the
Nottingham method B". Accordingly, tubule formation,
nuclear polymorphism, and mitotic cell counts were
evaluated and scored from 1-3. Tumor grades were defined
as follows: 3-5 points = well-differentiated (Stage 1), 6-7
points = moderately differentiated (Stage 2), 8-9 points =
poorly differentiated (Stage 3).

Immunohistochemistry

The Avidin-Biotin-Peroxidase method was used for immuno-
histochemistry. Slides were deparaffinized and rehydrated
in graded alcohols. The sections were treated with 3%
hydrogen peroxide solution in phosphate-buffered saline
(PBS) for 15 min to prevent endogenous peroxidase activity,
then boiled in citrate buffer solution (pH 6) for 25 min in
an 800-watt microwave oven for antigen retrieval. The
sections were incubated for ten min with non-immune
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serum (Thermo Scientific Histostain-Plus IHC Kit, HRP,
broad-spectrum, REF: TP-125-HL) at room temperature
to prevent nonspecific staining. Diluted antibodies (8-
OHAdG: Bioss Antibodies, bs-1278R, dilution:1/800; MDA:
Abcam, ab6463, dilution:1/250) were incubated overnight
in a refrigerator at 4°C after which the sections were
washed three times in PBS for three min. The biotinylated
secondary antibody (Thermo Scientific, Histostain-Plus
IHC Kit, HRP, broad-spectrum, REF: TP-125-HL) was applied
at room temperature for ten min. After washing in PBS for
three min, all sections were incubated with peroxidase-
bound streptavidin (Thermo Scientific, Histostain-Plus IHC
Kit, HRP, broad-spectrum, REF: TP-125-HL) for ten min at
room temperature. A solution of 3,3’-diaminobenzidine
(DAB) tetrahydrochloride (Thermo Scientific, REF: TA-125-
HD) was used as a chromogen for 15 min. The sections
were treated with Mayer’s Hematoxylin for 30 second and
washed in running water for 5 min, dehydrated in graded
alcohols, cleared in xylene and coated with entellan.
Primary antibodies were omitted from the negative control
sections and were treated with diluted normal serum. The
prepared slides were examined under a light microscope
(Olympus Bx53) and photographed via the CellAP program
(Olympus Soft Imaging Solutions GmbH, 3,4). Analyses of
the images were accomplished with the Image J Program
(1.51j8).

Immunopositivity was evaluated with a 20x objective
using a semiquantitative grading scheme based on
the determination of 8-OHdG and MDA markers in five
representative fields as (+) mild labeling of 1%-10% of
cells, (++) moderate labeling of 11%-59% of cells, or (+++)
severe labeling of >60% of cells 52,

Statistical Analysis

Before the study, a power analysis was performed using
G-Power 3.1.9.7. As a result, the sample size was based on
a test power of 0.8 and a significance level of 0.05. A Mann-
Whitney U test was used to compare mammary tumor and
control groups according to immune-positive cell scoring.
The obtained results were given as mean =+ standard error
(SE) and median. Statistical analyses were performed
using the SPSS® program (Version 26.0, Chicago, IL, USA).
Differences between groups were considered significant
at the P<0.05 level.

Fig 1. a-b: Macroscopic view of tumor masses

ResuLts
Macroscopic Results

Lobular single or multiple tumor masses with hemorrhagic
and ulcerative surfaces were observed. The generally
round and oval-shaped masses were grayish-white in
color. While the incision faces of some masses had soft
and spongy areas, others were quite hard and difficult to
cut due to the formation of bone and cartilage tissue (Fig.
1-a,b). Metastases to regional lymph nodes and lungs were
observed in only two cases.

Microscopic Results

Histological classification and grade information of all cases
are provided in Table 1. In the histopathological examination
of 10 mammary gland tumor samples, 1 tubular carcinoma
(10%), 1 solid carcinoma (10%), 4 intraductal papillary
carcinomas (25%), and 4 mix carcinoma variants (25%) were
identified. Of the 10 cases, 5 were Grade 1 (50%), 3 were
Grade 2 (30%), and 2 were Grade 3 (20%). In the tubular
carcinoma variant, one or two cell thick tubular formations,
pleomorphism, pronounced hyperchromasia, and an
increase in mitotic figures were remarkable. In the solid
carcinoma variant, neoplastic cells in the form of solid
layers/clumps separated by thin fibrous capsules were
detected. The increase in the ratio of nuclei to cytoplasm
in these neoplastic cells in favor of the nucleus was
remarkable. Mitotic figures were rare in some areas and
quite numerous in others. In the intraductal papillary
carcinoma variant, finger-like projections, formed by neo-
plastic cells extending towards the lumen and supported by
a fibrovascular layer, were prominent. In addition to these
findings, nuclear pleomorphism and increased mitotic
activity were detected similar to the other variants. In the
mixed carcinoma variant, neoplastic epithelial cells, spindle
-shaped myoepithelial cells, as well as cartilage and bone
tissue formations in the tumor area were observed. Other
significant histopathological findings included disorganized
glandular structures formed by neoplastic epithelial cells,
mitotic figures, and pleomorphism (Fig. 2-ab,c,d,e,f,g,h).

Immunohistochemical Results

All canine mammary gland tumors (CMGT) were immuno-
positive for MDA and 8-OHdG expression. Mean + SE values
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Table 1. Breed, age information and tumor characteristics of dogs in CMGT and control groups

Groups Case No Breed Age Histological Classification Grade
CMGT 1 Kangal 4 years Mix carcinoma 1
CMGT 2 Kangal 15 years Intraductal papillary carcinoma 3
CMGT 3 Setter 4 years Intraductal papillary carcinoma 2
CMGT 4 Setter 17 years Solid carcinoma 3
CMGT 5 Kangal 6 years Tubular carcinoma 2
CMGT 6 Kangal 8 years Mix carcinoma 3
CMGT 7 Kangal 7 years Mix carcinoma 2
CMGT 8 Setter 5 years Intraductal papillary carcinoma 1
CMGT 9 Setter 7 years Intraductal papillary carcinoma 1
CMGT 10 Kangal 10 years Mix carcinoma 1

Control 1 Cross breed 4 years - -

Control 12 Cross breed 6 years - -

Control 13 Cross breed 5 years = =

Control 14 Cross breed 6 years - -

Control 15 Cross breed 4 years - -

Control 16 Cross breed 8 years = =

Fig 2. Histological classifications, H&E staining, a-b: Tubular carcinoma, tubular formations (arrowheads); c-d: Solid carcinoma, clusters of solid cells
separated by a thin fibrous capsule (arrowhead), mitotic figures (arrows); e-f: Intraductal papillary carcinoma, finger-like extensions towards the
lumen (arrows); g-h: Mixed carcinoma, epithelial tumor cells (arrows), bone (star), and cartilage formations (arrowhead)

Table 2. Mean + SE values of all groups

MDA 8-OHDG
Groups Mean+SE Mean+SE
(Median) (Median)
2.00+0.30° 2.10+0.23°
CMGT
(2) ()]
0+0° 0+0°
|
Control ©) )

ab Different letters in each column show the statistical differences of
the groups, P<0.001; Mean + standard error and median values of
cell scoring are given; MDA: Malondialdehyde, 8-OHDG: 8-Hydroxy-2'-
deoxyguanosine

of all groups are provided in Table 2. No MDA or 8-OHdG
immunoreactivity was found in the healthy mammary gland
tissues of control animals. It was found that a statistically
significantincrease in MDA and 8-OHdG expressions in the
tumor group compared to the control group. MDA positive
reactions were particularly strong in intraductal papillary
carcinomas and tubular carcinomas. The MDA expression
intensity increased in Grades 2 and 3 compared to Grade 1.
Intracytoplasmic yellow-brownish MDA immune reactivity
was apparent in tubular carcinomas, especially in tubular
structures formed by tumor cells and in areas where pleo-
morphism was evident. Intracytoplasmic MDA expression
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| 100)x

Fig 3. MDA, IHC, a-b: Tubular carcinoma, intracytoplasmic MDA immunopositive expressions (arrow); c-d: Solid carcinoma, MDA expressions in the
cytoplasm of tumor cells (arrow); e-f: Intraductal papillary carcinoma, severe MDA reactions in the cytoplasm of neoplastic cells forming finger-like
extensions (arrow); g-h: Mixed carcinoma, intracytoplasmic MDA immunoreactivity in tumor cells forming glandular structures (arrow)

Fig 4. 8-OHdG, IHC, a-b: Tubular carcinoma, intranuclear and intracytoplasmic 8-OHdG immunopositive reactions (arrow); c-d: Solid carcinoma,
8-OHdG expression in both the cytoplasm and nucleus of tumor cells (arrow); e-f: Intraductal papillary carcinoma, intracytoplasmic and intranuclear
dark-brown 8-OHdG positive reactions in cells located at the periphery of the finger-like projections extending towards the lumen (arrow); g-h: Mixed
carcinoma, 8-OHdG immunopositive expression in the cytoplasm of neoplastic epithelial cells forming glandular structures (arrow)

occurred especially in tumor cells localized as clusters in
solid carcinomas. The reaction was much more severe in
the cells located in the periphery of these clusters. Intra-
cytoplasmic dark-brown MDA positive reactions were
apparent in papillary structures extending towards the
lumen in intraductal papillary carcinomas. MDA immun-
oreactivity was determined in the cytoplasm of tumor
cells forming glandular structures in mixed carcinomas.
There was no positive reaction in bone or cartilage tissue
formations (Fig. 3-a,b,c,d,e,f,g,h). Solid carcinomas and tubular
carcinomas had particularly strong 8-OHdG immune
positive reactions. The intensity of 8-OHdG expressions
was increased in Grades 2 and 3 compared to Grade 1.
Expression of 8-OHdG was also localized similarly to foci
where MDA expression was observed in the different
tumor variants. In addition to dark-brown intracytoplasmic

reactions, positive immune reactions in the nucleus were
also observed (Fig. 4-a,b,c,d,e,h,g,h).

DiscussioN

High ROS levels or failure to remove ROS results in oxidative
stress, which causes severe metabolic disturbances and
damage to biological macromolecules such as lipids,
proteins, and DNA 8331, Excessive ROS production causes
cytotoxicity, membrane damage, lipid peroxidation, and
mutagenesis, as well as initiation and promotion of multi-
stage carcinogenesis 34, Lipids are macromolecules
most susceptible to the toxic effects of ROS. Products such
as MDA are formed as a result of ROS-induced lipid per-
oxidation ", The determination of the amount of MDA
in biological systems is an important parameter used to
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evaluate cellular oxidative stress 52, Various researchers
have concluded that MDA is highly cytotoxic and genotoxic
and that oxidative damage should be seen as more than
a biomarker due to its interaction with DNA and other
proteins ¢, Controversial results exist as to whether there
is any significant difference in lipid peroxidation values
between clinically healthy dogs and dogs with malignant
tumors. Some researchers noted that there was no significant
difference when comparing lipid peroxidation levels (MDA,
thiobarbituric acid reactive substances [TBARS]) between
healthy animals and those with tumors '>?%. Contrary to
these reports, there are also those that indicate significant
differences in lipid peroxidation values between normal
tissues and canine mammary tumors 131416172124 Present
study revealed a significant increase in lipid peroxidation
values between dogs with malignant tumors and dogs
in the control group. It is attributed that the increase in
MDA expression in the tumor group to the overproduction
of ROS.

Reactive oxygen species production can lead to DNA
damage, double-strand breaks, rearrangements resulting
in point mutations and deletions, and gene amplification
in the early stage of carcinogenesis !'”.. Oxidative damage
of DNA induced by ROS causes the production of 8-OHdG,
an oxidized form of deoxyguanosine nucleoside 3434,
Although there are more than 20 oxidative DNA damage
products, 8-OHdG has been concentrated on due to
its sensitivity and mutagenicity potential. A serious
association between 8-OHdG and carcinogenesis has been
reported 122!, and 8-OHdG is known to cause GC to TA
transversions. Measurement of 8-OHdG levels is used
to detect oxidative stress-mediated DNA damage 2839,
Various researchers have noted that 8-OHdG levels are
significantly increased in various types of cancer, such as
gastric cancer, epithelial ovarian carcinoma, colorectal
carcinoma, and esophageal cancer, and may be associated
with a poor prognosis 57, A literature search failed to
find any studies in which 8-OHdG levels were used to
evaluate canine mammary tumors or different types
of cancer. However, similar to human cancers, it was
found that 8-OHdG expression was more severe in tubular
and solid carcinomas, which have a worse prognosis
among canine mammary tumors and advanced Grades
2 and 3 137,

In conclusion, based on these results, in the context of
oxidative stress, lipid peroxidation and ROS-induced
DNA damage are significantly associated with tumor
development. The use of antioxidants in the treatment of
these tumors may be beneficial. Since there are no reports
in the literature detailing the evaluation of oxidative stress
markers MDA and 8-OHdG in canine mammary tumors
by immunohistochemical methods, this study represents
novel data. Additional studies are needed to determine
the value of incorporating oxidative markers in the grading
and prognosis of CGMTS.
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Abstract

This study was aimed at evaluating the risk factors, alterations in blood 3-hydroxybutyrate (BHB), hemato-biochemical biomarkers for earlier detection
of pregnancy toxemia (PT) and comparative efficacy of therapeutic protocols in Beetal goats. A total of (N=100) goats between 120-150 days of
gestation were examined. Goats having BHB >3 mmol/L were considered positive for PT by employing Freestyle™ Optium Kit. Risk factors parity, age,
body weight, number of fetuses, grazing and housing, were significantly (P<0.05) associated with incidence of PT. Packed cell volume (PCV), WBCs,
neutrophils, monocytes and lymphocytes were significantly higher in affected animals. Total protein and albumin were low while ALT, AST, ALP, GGT
creatinine and BUN were significantly elevated. Twenty-four diseased goats were divided into two groups. Animals in group A were administered
with 10% dextrose and propylene glycol orally, twice a day (BID) for three days. Whereas, in group B aforementioned treatment was supplemented
with 0.15 mg/kg/SC recombinant bovine somatotropin (rbST), once a day (OID). Treatment efficacy was 75% and 83.3% in group A and B, respectively.
Significant improvement in BHB, hemato-biochemical parameters were observed in goats receiving rbST. This study highlighted the significance of
risk factors and hemato-biochemical biomarkers for earlier diagnosis of PT. Treatment with rbST, 10% dextrose and propylene glycol had significant
effect on improvement of hemato-biochemical parameters in PT in Beetal goats.

Keywords: Beetal goats, Hemato-biochemical biomarkers, Pregnancy toxemia, Recombinant bovine somatotropin, rbST, B-hydroxybutyrate

Beetal Kecilerinde Gebelik Toksemisi icin Hemato-Biyokimyasal
Biyobelirteclerin, ilgili Risk Faktorlerinin ve Terapotik Protokollerin
Belirlenmesi

Oz

Bu calismada, Beetal kegilerinde gebelik toksemisinin (PT) erken teshisi icin risk faktorlerinin, kan B-hidroksibutirattaki (BHB) degisikliklerin ve hemato-
biyokimyasal biyobelirteclerin degerlendirilmesi ve terapotik protokollerin karsilagtirmali etkinliginin analizi amaclandi. Calismada, 120-150 guinliik
gebe toplam (N=100) keci incelendi. Freestyle™ Optium Kit kullanilarak gerceklestirilen analizde B-hidroksibutirat (BHB) seviyesi >3 mmol/L olan
keciler, PT icin pozitif kabul edildi. Risk faktorleri paritesi, yas, viicut agirligi, fetlis sayisi, otlatma ve barindirma, PT insidansi ile anlamli (P<0.05) iliskili
saptandi. Hematokrit deger (PCV), beyaz kan hiicreleri (WBCs), nétrofiller, monositler ve lenfositler, hasta hayvanlarda 6nemli 6lctide daha yiiksekti.
ALT, AST, ALP, GGT kreatinin ve BUN 6nemli 6lclide yuiksek iken, toplam protein ve albtimin dustiktd. Yirmi dort hasta kegi iki gruba ayrildi. Grup A'daki
hayvanlara, t¢ glin boyunca gtinde iki kez (BID) %10 dekstroz ve propilen glikol oral yoldan uygulandi. Grup B'de ise yukarida bahsedilen tedaviye,
glinde bir kez (OID) 0.15 mg/kg/SC rekombinant sigir somatotropini (rbST) ilave edildi. Tedavi etkinligi grup A ve grup B icin sirasiyla %75 ve %83.3
olarak saptandi. rbST uygulanan kecilerde BHB ve hemato-biyokimyasal parametrelerde dnemli iyilesme gozlendi. Bu calisma, PT'nin erken teshisi icin
risk faktorlerinin ve hemato-biyokimyasal biyobelirteclerin dnemini vurguladi. Beetal kecilerinde rbST, %10 dekstroz ve propilen glikol tedavisi, PT'de
hemato-biyokimyasal parametrelerin iyilestirilmesinde 6nemli etkiye sahipti.

Anahtar sézciikler: Beetal kegisi, Hemato-biyokimyasal biyobelirtecler, Gebelik toksemisi, Rekombinant sigir somatotropini, rbST, B-hidroksiblitirat
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INTRODUCTION

Pregnancy toxemia known as gestational ketosis is quite
common in ewes and goats during last trimester, due to
ever-growing negative energy balance . Small ruminants
become extremely susceptible to various metabolic diseases
as they come closer to parturition 2. Pregnancy toxemia
often develops during last 4 to 6 weeks of gestation, mainly
in pregnancies with more than one fetus ®.. About 60% of
fetal growth takes place in last days of gestation period .
During this time approximately 33 to 36% of the circulating
glucose is directed towards feto-placental unit to satisfy
its energy demands ©. Enormous glucose demand of
growing fetuses during pregnancy is fulfilled by the dam.
Disparity in fetal glucose demands and supply by dams
occurs either due to reduced dietary intake of mother or
exponential increase in glucose demands by developing
fetuses usually in last trimester, which create negative
energy balance and ultimately severe hypoglycemia . Older
animals carrying multiple fetuses and having high production
under severe stress are most frequently prone to develop
pregnancy toxemia .. Hyperketonemia and hypoglycemia
are the most common biochemical manifestations of this
disease. However, biochemical investigations have revealed
a marked impact on the functionality of liver and kidney as
well ©, Pregnancy toxemic goats have B-hydroxybutyrate
persistently high in the blood, as most of acetoacetate
produced in liver cells is consistently reduced to B-hydroxy-
butyrate by the enzyme hydroxybutyrate dehydrogenase ..
Unfortunately, PT is endemic amongst all species of
goats across the world, causing high morbidities and high
mortalities "%, Absence of the early detection of the
disease due to the insufficient information about its patho-
genesis and the lack of efficient diagnostic tools are
the foremost obstacles in improving our prophylactic
as well as therapeutic policies against this disease ",
Biochemical parameters are integral to early diagnosis
of pregnancy toxemia in goats ['?. Affected animals are
generally recumbent in 3-4 days, and frequently manifest
clinical complications "3l The glucose, propylene glycol
and rbST are being commonly used in treatment therapies
of the pregnancy toxemia "+'%, Whereas, in advance cases
the augmentation of treatment therapy with some other
compound such as insulin may also be required 1'% Despite
vigorous treatment prognosis is generally poor and mortality
rates are high in affected animals. Approximately, up to
20% decline in health has been observed in individuals
birthed by affected mothers "'l There is always undue
delay in diagnosis of pregnancy toxemia in early stages
due to an absence of reliable detection biomarkers of
pregnancy toxemia in goats'”.. So, this study was designed,
aiming to evaluate the risk factors associated with PT and
identify hemato-biochemical biomarkers for early disease
detection, alteration in B-hydroxybutyrate (BHB) levels in
the blood. A comparative efficacy of rbST supplementation
to pregnancy toxemia treatment involving administration
of 10% dextrose and propylene glycol was evaluated as well.

MATERIAL AND METHODS

Ethical Considerations

The designed study was submitted to and approved by
animal ethics committee and departmental board of studies
(BOS) of Department of Veterinary Medicine, University of
Veterinary and Animal Sciences, Lahore.

Experimental Animals

Atotal of 100 pregnant (N=100) Beetal goats aged between
1-6 years, weighing around 35-55 kg body weight and
gestational duration ranging from 120 to 150 days were
inducted into this study. Animals showing signs of illness
were examined and sampled for pregnancy toxemia from
different villages.

Ultrasonography

The pregnant does were subjected to ultrasonography to
confirm the stage of gestation and assess the viability of
the fetuses. The estimated gestational age of the fetus in
weeks was calculated using the formula:

Y=4.712+0.445 X

where Y=Gestational age (wks) and X=Fetal parameter
(cm) in case of crown rump length and Y=2.675+3.229 X
where Y=Gestational age (wks) and X=Fetal parameter
(cm) in case of bi-parietal diameter "'®.,

Blood Sampling and Parameters Measured

Blood samples (3 mL) were aseptically collected in EDTA and
non- EDTA coated vacutainers by jugular vein puncture for
screening of PT.The blood samples were subjected to analysis
of BHB (B-hydroxybutyrate) level in mmol/L via automated
Freestyle™ Optium kit for BHBA (Abbot Pharma, Neo-H) 1'%,
Goats with BHB>3.0 mmol/L were considered as positive
for pregnancy toxemia %, Hematological parameters were
determined from whole blood by using auto hematology
analyzer (Rayto, RT-7600™). Whereas, serum samples
were obtained from blood collected in non EDTA coated
vacutainers and analyzed for serum biochemical para-
meters by clinical chemistry analyzer (Seamaty, SD1
Sichuan™). Pregnancy toxemic group consisted (N=24)
and hemato-biochemical parameters were measured in
these animals’ pre-treatment. These pregnancy toxemic
animals were then subjected to treatment trials for the
improvement of clinical signs, increase in fetus’s livability
and life of dam before and after parturition.

Treatment Trials

Total twenty-four (N=24) pregnancy toxemic goats were
equally divided into two groups A and B. Goats in group
A were injected with 10% dextrose 500 mL IV, 60 mL
propylene glycol orally twice a day, for three consecutive
days and while in group B recombinant bovine somatotropin
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(rbST) was given additionally at the dose rate of 0.15 mg/
kg sc, once daily for three consecutive days "*'°. Blood
samples were taken again from both groups after three
consecutive days of treatment and efficacy of treatment
was determined on the basis of reduction in BHB in
blood and improvement of hematologic and biochemical
parameters.

Statistical Analysis

Data regarding prevalence of pregnancy toxemia (PT) was
subjected to chi-square analysis with significance level
(P<0.05). Data regarding hemato-biochemical changes
was analyzed through One-Way ANOVA whereas, data
regarding comparative therapeutics efficacies was analyzed
using paired t-Test, keeping level of significance (P<0.05).
All the statistical analyses were carried at SPSS version 26.0
(version 26, IBM, Chicago, IL).

REesuLTs

Correlation of Risk Factors Associated with Pregnancy
Toxemia

Goats with higher parity and multiple fetuses had more
tendency to develop pregnancy toxemia. Goats with
3 and 4" parity while carrying 3 fetuses experienced
highest incidence of pregnancy toxemia at 60.71% and
68.29%, respectively. Similarly, age’ was also significantly
associated (P<0.05) with pregnancy toxemia. Therefore,
highest percentage 80.0% was seen in goats of age <5
years. Higher body weight was positively associated with
the development of pregnancy toxemia whereby 41.17%
of affected dams weighed between 46-55 kg. In present
study, 63.6% goats with pregnancy toxemia were mal-
nourished. Whereas, incidence of PT in goats with other
concurrent infections was 61.20%. Similarly, 57.80% PT
affected animals were self- medicated by the farmers. The
46.20% pregnancy toxemic animals were reared in tethered
systems and not allowed to graze. Improper housing
played a pivotal role in development of this ailment hence,
57.1% animals positive for pregnancy toxemia were with
improper housing. Importance of good sanitary measures
was reinforced when 68.7% animals reared in abominable
conditions were affected with pregnancy toxemia (Table 1).

Correlation of Hemato-biochemical Changes Pre- and
Post-treatment

- Hematological parameters

Values of total WBCs, packed cell volume, neutrophils,
lymphocytes, and monocytes, were significantly (P<0.05)
higher in pregnancy toxemic goats whereas, red blood
cells count (RBCs), hemoglobin (Hb) were significantly
(P<0.05) lower in pregnancy toxemic animals depicting
the hematological disturbances. However, treatment had a
positive effect on these parameters leading to normalization

of hematological. Whereas, no significant discrepancies
were found in other measured hematological parameters
as shown (Table 2, Fig. 1).

- Biochemical parameters

In regard to the biochemical analysis, values of AST,
ALT, ALP, and GGT were significantly (P<0.05) higher
in pregnancy toxemia reflecting the hepatic damages.
However, there was considerable improvement in these
parameters and were in normal ranges after implication
of treatment (Table 3). On the other hand, total protein
(TP) and albumin, were also significantly (P<0.05) lower
in pregnancy toxemic goats. Similarly, BUN and creatinine
was considerably higher in the animals suffering from PT
which was considerably (P<0.05) reduced after treatment
(Table 3).

- BHBA (B-hydroxybutyrate)

In both group A and B, mean value of BHB was significantly
declined after treatment. The findings declared, additional
use of rbST with 10% Dextrose 500 mL IV and 60 mL
propylene glycol is more effective than only dextrose
and propylene glycol. However, comparison of treatment
groups using t-independent test revealed insignificant
difference (P>0.05) between both groups. Chi-square
analysis of survival rates of dam in both treatment groups
revealed insignificant difference (P>0.05), which indicated
almost equal efficacy of both treatments approaches
against pregnancy toxemia in Beetal goats (Table 4).

Discussion

Pregnancy toxemia is inability of dams to fulfill glucose
requirements of developing fetuses ?"! Caprine pregnancy
toxemia is diagnosed based upon the stage of gestation,
number of fetus dam carried, physical signs and hemato-
biochemical indices. Current study revealed considerable
35% prevalence of pregnancy toxemia in Beetal goats
which was close to 40% B! whereas, contrary to 88.9% 2,
Association of number of fetuses with pregnancy toxemia
was in agreement with previous findings .. Failure to cope
energy drain in higher number of fetuses stimulated fats
metabolism leading to hyperketonemia and pregnancy
toxemia !, Age of animal corroborates earlier findings 24
that reported older animals to be more susceptible to PT
thantheyoungdams.Theolderanimalshave comparatively
less active basal metabolic rate (BMR) to provide the
sufficient energy to developing fetuses °.. Similarly, as
in current study it has been previously established that
animals with higher body weight are more prone to PT 2.,
Poor feeding and lack of sustained grazing have proven
to be significant risk factors for pregnancy toxemia 7.
Malnourishement in pregnant dams produces ketone
bodies. These ketone bodies reduce the ruminal motility
thereby causing reduced intake and ruminal contractions
which further deteriorate body condition ', Stress factors
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Table 1. Chi-square analysis of associated risk factors of pregnancy toxemia

Variables Variables Level Positive/Total Prevalence% P-Value
1-2 08/52 15.38
Parity number E 17728 6071 0.001
5-6 10/20 50.00
Total 35/100 35.00
2 04/51 07.84
No. of fetuses carrying > 28741 0829 0.001
4 03/8 375
Total 35/100 35.00
<2 01/08 12.50
<3 09/55 16.36
Agelyears <4 10/17 58.82 A
<5 12/15 80.00
<6 03/05 60.00
Total 35/100 35.00
35-45 kg 28/83 33.73
Body weight 46-55 kg 07/17 41.17 0.001
Total 35/100 35.00
1-2 15/56 26.79
Onset of clinical signs/days 3-4 20/44 45.45 0.052
Total 35/100 35.00
Infection 19/31 61.29
Concurrent infection No infection 16/69 23.19 0.001
Total 35/100 35.00
Medicated 24/81 29.63
Self-medication by farmers Not medicated 11/19 57.89 0.020
Total 35/100 35.00
Abortion 03/04 75.00
Abortion history No abortion 32/96 3333 0.087
Total 35/100 35.00
Winter 31/82 37.80
Season Summer 04/16 25.00 0.209
Total 35/100 35.00
Stall feeding 29/73 39.73
Stall feeding/restricted feeding No stall feeding 06/27 2222 0.103
Total 35/100 35.00
Grazing 04/33 12.12
Grazing Non- grazing 31/67 46.27 0.001
Total 35/100 35.00
Confined 23/79 29.11
Housing Open 12/21 57.14 0.017
Total 35/100 35.00
Good 07/56 12.50
Feeding quality Poor 28/44 63.64 0.001
Total 35/100 35.00
Enough 09/18 50.00
Space availability Overcrowded 26/82 31.71 0.141
Total 35/100 35.00
Good 13/68 19.12
Sanitation Poor 22/32 68.75 0.001
Total 35/100 35.00
Fresh/tap water 26/84 30.95
Water quality Canal/pond 09/16 56.25 0.052
Total 35/100 35.00
P<0.05 indicates significant difference
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Table 2. Hematological analysis of different parameters

Before Treatment After Treatment
Parameters Pregnancy Toxemia Group A Group B
(Mean%SD) (Mean=SD) (Mean=SD)
(n=24) (n=12) (n=12)
RBCs (x10°/pL) 13.90%0.12° 14.49+0.13" 14.40+0.25°
Hb (g/dL) 9.83+0.29° 9.83+0.31° 10.25+0.62°
PCV (%) 44.41£0.112 38.58+0.19° 28.16+0.62¢
MCV (fL) 25.00+0.16° 24.83+0.172 24.83+0.29%
MCH (pg) 7.50£0.07° 7.56+0.09° 7.48+0.11°
MCHC (g/dL) 34.50+0.63° 34.64+0.56° 34.79+0.54°
WBCs (x10°/uL) 16.90+0.24° 15.154+0.23° 7.31£0.13¢
Neutrophils (x10%/pL) 8.96+0.20° 8.21+0.07° 7.46%0.10¢
Monocytes (x10°%/uL) 0.28+0.02* 0.28+0.01° 0.15+0.02¢
Lymphocytes (x103/pL) 8.30+0.17° 8.12+0.22° 7.21+0.15¢
Eosinophils (x10%/pL) 0.23+0.01° 0.20£0.01° 0.18+0.008*
Thrombocytes (x10°/pL) 433+11.54° 436%13.30* 423+16.06*
Fibrinogen (g/L) 5.25+0.18° 4.87+0.14° 5.34+0.11°
abe Different superscripts shows significant variation in the same row
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Fig 1. Interleaved Box and Whisker plot (Graph Pad Prism Ver.8.4.3) depicting comparative mean=SD values for hematological parameters, whereby
significance between pre-treatment (Pregnancy toxemia, PT group) and (post-treatment) group A (10% dextrose 500 mL IV+ 60 mL propylene glycol)
and group B (10% dextrose 500 mL IV+ 60 mL propylene glycol + recombinant bovine somatotropin (rbST) at 0.15 mg/kg s/c) are indicated by

including concurrent infections, open housing and poor
sanitary conditions have also cause decline in feed intake
amongst goats leading to a failure in coping with energy
requirements of fetuses 28,

Decrease in RBCs and Hb whereas, elevation in PCV in
pregnancy toxemic goats indicated electrolyte imbalance

which was attributed to stress of starvation, dehydration
andkidneyfailure.These symptomshave been concurrently
associated with pathogenesis of caprine pregnancy
toxemia 123%, In present study decrease in number of RBCs
and Hb concentration corroborated previous reports 2°3"
while a sharp decline in hemoglobin (Hb) concentration
refuted previously published findings in goats. Elevation
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Table 3. Biochemical analysis of different parameters

Before Treatment After Treatment

Parameters Pregnancy Toxemia Group A Group B

(Mean=SD) (Mean=SD) (Mean=SD)

(n=24) (n=12) (n=12)

Total Proteins (g/dL) 4.83+0.25° 6.04+0.23 7.20+0.22¢
Albumin (g/dL) 1.98+0.06° 2.43+0.18° 2.85+0.10¢
ALT (IU/L) 55.75%1.20° 45.91+0.80° 30.08+0.85¢
AST (IU/L) 306.33%1.35° 246.16+2.13° 153.00+1.71¢
ALP (IU/L) 414.9£3.46° 349.00+3.23° 173.08+2.99¢
GGT (IU/L) 65.08+0.93° 39.58+1.01° 29.33+0.54¢
BUN (mg/dL) 24.58+1.01° 23.16+0.73° 13.54+0.61°
Creatinine (mg/dL) 3.93+0.41° 2.92+0.34> 1.69+0.33¢
abe The different superscripts show significant variation in the same row

Table 4. Efficacy of treatment in group A and B

Before Treatment After Treatment
Groups BHBA (mmol/L) BHBA (mmol/L) P-Value Survival (%)
(n=12) (n=12)
A 5.008+1.41 2.875+1.62 0.00019 75
B 5.1£1.33 2.08+1.62 0.0000008 83.33
p-value (between treated groups) 0.185 - 0.615
P<0.05 indicates significant difference

in PCV (hematocrit) observed by authors was similar to
the descriptions of previous studies ?°3°32 but contrary to
the findings of Tharwat and Al-Sobayil . MCH, MCV and
MCHC varied insignificantly in this study which agreed
with the findings of previous study B".

Leukocytosis and lymphocytosis in pregnancy toxemia
could be attributed to the presence of acute and chronic
inflammations %, Increases in WBCs, neutrophils, monocytes,
eosinophils and lymphocytes are in agreement with results
as described previously by Abba et al.”® and Tharwat and
Al-Sobayil B who postulated that this increase was due
to metabolic acidosis (ketoacidosis), infection, localized
inflammatory process and tissue necrosis of liver. Neutrophilia
could be due to hepatic lipidosis in which exposure of
hepatocytes to fatty acids elicits inflammation, increase in
oxidative stress, and production of fibrogenic cytokines 2.
Neutrophilia in present findings was in agreement with
the description of Smith and Sherman 52 but was contrary
to the Tharwat and Al-Sobayil . Lymphocytosis in the
present study was similar as described by the previous
study B'. Whereas, lymphopenia in pregnancy toxemic
goats was also determined by Abba et al.?” and Smith and
Sherman B2, Thrombocytes did not show any significant
variation in current findings which is similar to the previous
study &3, Similarly, fibrinogen was not affected by pregnancy
toxemia and corroborated by the previous findings 54,

Decrease in total protein and albumin recorded was similar
as described by the previous study >3¢., It clearly indicates

that adequate quantity of proteins is not being produced
by the hepatic system or being lost from the body of
diseased animals. This is might be due to increased protein
catabolism, decomposing fetuses or terminal kidney
failure which causes the decrease in the total protein
and albumin %3¢, The higher levels of AST, ALT, and GGT
activities in the pregnancy toxemic, may be attributed to
hepatic damage or hepatic lipidosis due to fat mobiliza-
tion 13935371 These elevated levels of AST, ALT, and GGT are
similar to the descriptions of previous studies 5°35383% who
found a significantly higher and positive correlation with
the rise of ketonemia. In current study the higher GGT level
in blood was same as reported by ¢ which is an indicator
of liver damage in PT in goats °\. An elevation in the release
of alkaline phosphate (ALP) in the circulation from the
epithelium of the bile ducts is associated with severe liver
damage ", In this study elevated level of ALP was similar to
the descriptions of previous studies 2%, However, current
results were contrary to the descriptions of previous
studies #>42 who did not find any changes in blood ALP
activity. Higher concentrations of BUN and creatinine may
be considered as indicator of involvement of the kidney
in caprine pregnancy toxemia due to increased catabolism
and severe kidney dysfunction 3, The increase in BUN
and creatinine was similar as reported previously 353644
whereas these findings were not in line with Tharwat and
Al-Sobayil B\, After treatment results show improvement
in liver and kidney functioning to prevent the organs from
further damages.
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Treatment protocols for PT consisted using glucose and
other products that trigger glucose utilization . The
administration of the i.v. glucose infusion, propylene
glycol causes the glycaemia in the blood " whereas, rbST
triggers glucose utilization via the gluconeogenesis. In
current study the therapeutic efficacy of 75%, and 83.3%
in both groups was similar to survival rate of 73%, 75%,
and 86.7% as described by the previous studies 144
where i.v. glucose infusion, propylene glycol and rbST
was given as treatment protocol “”. Pregnancy toxemia
sometimes might not respond well to a glucose challenge
in the advance cases probably due to glucose intolerance
caused by decreased insulin levels 8, However, in animals
at the early stages of pregnancy toxemia, treatment with i.v.
glucose is useful to reverse the process 164461 Treatment
protocols showed better response in the current study
probably because of diagnosis of the disease at the early
stages and initiation of treatment with dextrose along
with propylene glycol and rbST in both groups, which is
similar to the descriptions of previous studies 4164245461,
Furthermore, propylene glycol treatment was repeated
twice daily in this study which subsequently improved
the treatment response 2, Whereas, in the advance cases
the supplementation with insulin would be required to
enhance the glucose utilization 14,

In present study the comparative efficacy of treatment
was higher in animals receiving rbST, which is similar to
the findings of Anoushepour et al.**. Difference in results
in both groups indicated that rbST has beneficial effects
in the treatment of pregnancy toxemia in goats. So the
findings of this study declared that, rbST should preferably
be used with dextrose and propylene glycol while treating
pregnancy toxemia in goats “*.. However, the treatments
regimens may be studied more intensely with other protocols
in the Beetal goats to get an ultimate conclusion.

Animals suffering from pregnancy toxemia showed various
hemato-biochemical changes which can be used as
biomarkers in early detection. Risk factors parity, age,
fetuses carried, grazing, housing, were significantly (P<0.05)
associated. Animals suffering from pregnancy toxemia
treated with dextrose, propylene glycol and recombinant
bovine somatotropin presented significant decrease in beta
hydroxybutyric acid and improvement in other hemato-
biochemical parameters which is an indication of successful
therapy. Treatment of group A with 10% dextrose 500
mL and 60 mL propylene glycol bid orally for three days
expressed survival rate of 75% while group B treated
additionally with rbST (0.15 mg/kg) S/C expressed survival
rate of 83.3%. Comparison of treatment A and B was non-
significant but with higher survival rate of both dams and
fetuses in group B. Assumed risk factors have positive
association with pregnancy toxemia.
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Abstract

Fasciolosis is a food borne zoonotic trematode disease that causes liver damage in ruminants and humans. The information recorded on the
prepatent diagnostic methods is limited with low sensitivity. The study aimed to investigate the diagnostic efficacy of coproantigens by using
in house developed indirect enzyme linked immunosorbent assay (ELISA). Adult helminths were collected from the bile duct of buffaloes for
the extraction of excretory secretory (ES) and somatic (SA) antigens. The polyclonal antibodies were produced by immunization of rabbits with
SA and ES antigens of Fasciola. Kappa value of developed ELISA was calculated to check the diagnostic performance of the test. The mean
absorbance values at different concentrations of coproantigens were significantly different (P<0.001) from controls. However, the difference
was not significant among the concentrations of coproantigen. A positive linear relationship was observed to the concentration of antigens
used in fecal supernatant and the absorbance values. The sensitivity and specificity of diagnostic test with ES-polyclonal antibodies were 100%
(95% Cl: 89.42%-100.00%) and 76.19% (95% Cl: 52.83.30%-91.78%), respectively. Kappa value revealed that the strength of agreement is almost
substantial. The SA-polyclonal antibodies showed the specificity and sensitivity of diagnostic test were 100% (95% Cl: 89.42%-100.00%) and
90.00% (95% Cl: 68.30%-98.77%), respectively. However, Kappa value of the test revealed that the strength of agreement is perfect. The result
provides information that will add sensitive diagnostic methods for the detection of fasciolosis.

Keywords: Copro-ELISA, Fascioliasis, Ruminants, SA antigens, ES antigens

Pakistan’in Pencap Eyaletinde Sigir ve Mandalarda Fasciolozis'in
Tespitinde Copro-ELISA’nin Tanisal Etkinligi

Oz

Fasciolozis, gevis getiren hayvanlarda ve insanlarda karaciger hasarina neden olan gida kaynakli zoonotik bir trematod hastaligidir. Prepatent
tani yontemleri ile elde edilen diagnostik bilgiler disik hassasiyetli ve sinirhdir. Bu calisma, in house gelistirilen indirekt Enzyme Linked
Immunosorbent Assay (ELISA) kullanilarak koproantijenlerin tanisal etkinliginin arastirilmasini amaglamistir. Ekskretuar sekretuar (ES) ve somatik
(SA) antijenlerin ekstraksiyonu icin kullanilacak eriskin helmintler bufalolarin safra kanallarindan toplandi. Fasciola'nin SA ve ES antijenleri ile
tavsanlarin immunizasyonunu takiben poliklonal antikorlar tretildi. Gelistirilen ELISA testinin tanisal performansini kontrol etmek icin Kappa
degeri hesaplandi. Koproantijenlerin farkli konsantrasyonlardaki ortalama absorbans degerleri, kontrollerden 6nemli 6l¢tide farkli saptandi
(P<0.001). Fakat, koproantijen konsantrasyonlari arasindaki fark dnemli degildi. Fekal stipernatanda kullanilan antijenlerin konsantrasyonu ile
absorbans degerleri arasinda pozitif linear bir iliski gézlemlendi. ES-poliklonal antikorlarla yapilan diagnostik testin duyarliligi %100 (%95 Cl:
%89.42-100.00) ve 6zgilligi %76.19 (%95 Cl: %52.83-91.78) saptandi. Kappa dederi, uyum giiciiniin neredeyse 6nemli derecede oldugunu
ortaya koydu. SA-poliklonal antikorlarlarla yapilan diagnostik testin 6zgulligi %100 (%95 Cl: %89.42-100.00) ve duyarhligi %90.00 (%95 CU:
%68.30-98.77) saptandi. Ancak, testin Kappa degeri, uyum gliciniin mikemmel oldugunu ortaya koydu. Bulgular, fasciolozisin tespiti icin hassas
tani yontemlerine ek bilgi saglayacak niteliktedir.

Anahtar sézciikler: Copro-ELISA, Fasioliazis, Ruminant, SA antijenleri, ES antijenleri
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INTRODUCTION

Fascioliasis is a food-born zoonotic infection having
etiological agent Fasciola species, commonly acquired by
eating metacercaria encysted on vegetation . Fasciolosis
is a critical problem to the livestock population, having
high morbidity, considerable mortality, and tremendous
economic losses to the livestock sector 27,

The fecal egg counting (FEC) techniques with zinc sulfate
floatation and sedimentation methods are most frequently
used for the diagnosis of chronic fasciolosis . The
limitations of FEC reduction tests (FECRT) includes the
long pre-patent period, low worm burden, and irregular
egg shedding of adult Fasciola spp. . In live animals, for
the detection of early-stage infection and precautionary
control, preventive measures appropriate diagnostic
methods are very pivotal. Various molecular, biochemical,
and metabolic processes are necessary for these diagnostic
tools ., The diagnostic tools like immunological and
coprological methods not only detect the circulating
antibodies and antigens but also help in quantifying the
coproantigens. A highly sensitive antibody specific test
is critical to help reduce the losses caused by fasciolosis
in the livestock sector in different regions of the globe V.
ELISA and immunoblots based on antibody detection are
the preferred techniques for the diagnosis of fasciolosis
on account of their relative simplicity and detection of
seroconversion in primary infection. Serological and
coprological detection of fasciolosis in live animals has
an advantage over other techniques due to its low cost
and high specificity . Nevertheless, collecting sera is a
tough routine with a large population of animals, and
methods like these are of less diagnostic value in areas
where the disease is highly prevalent because antibody
concentration remained at high even after animals have
been treated .. On the other hand, active fasciolosis can
be diagnosed by the detection of eggs shed into feces. It
is conclusive that the collection of feces at the herd level
is a comparatively easier process than the collection of
blood samples. Studies had centralized the idea of the
establishment of ELISA tests for the diagnosis of trematode
antigens in feces, i.e., coproantigens 1'% The present study
aimed to evaluate the suitability of coproantigen ELISA
established for the detection of fasciolosis.

MATERIAL AND METHODS

Adult Helminths and Feces Collection

Adult helminths were collected from the bile duct of cattle
and buffaloes which were brought to the local abattoirs
to slaughter. The study was conducted by following the
ethical guideline approved by the Ethical Committee of
Quaid-i-Azam University Islamabad, Pakistan. Slaughtered
animals (n=252) were examined for confirmation of the
Fasciola helminths among which thirty-three were found

positive. Collected helminths were subjected to 0.01M
Phosphate buffer saline (pH-7.2) washed several times
to clear any contaminated material. Fecal samples from
animals positive (n=33) and negative i.e. no history of prior
infection or infected with other helminths (h=21) were
collected.

Extraction of Excretory Secretory and Somatic Antigens

Fasciola excretory secretory (ES) antigen was prepared
according to the method described by Mezo et al.l'".
Briefly, mature live helminths were kept in 0.01M PBS (1
helminth/5 mL) for 24 h. The medium containing the flukes
was removed and centrifuged for 20 min at 10000 g and
4°C by adding protease inhibitors. To obtain somatic (SA)
extract, the fluke was homogenized in chilled tissue lysis
buffer, added according to the weight of tissue in a ratio
of (1000 pL buffer/100 mg of tissue). The homogenate
was centrifuged at 10.000g and the resultant pellet was
removed, and the supernatant refrigerated at -70°C. The
protein concentrations of the ES and SA products were
calculated by the method described by Bradford ',

Generation of Polyclonal Antibodies in Rabbits

Four New Zealand white rabbits were injected by Fasciola
SA and ES extracts to produce polyclonal IgG antibodies.
The rabbits were given four doses of 200 mg of Fasciola
ES and SA antigens at a 3-week interval by subcutaneous,
parenteral route. Freund’s complete adjuvant was used
as an immune stimulator and sera were collected from all
four rabbits a week after the last booster dose and stored
at -20°C for further analysis.

Extracting Antigens from Fecal Samples

To detect the Fasciola coproantigens, the collected fecal
samples were mixed individually with distilled water at
1:1 (3 mL water containing 3 g of faces) and subjected to
centrifugation for 15 min at 1000 g. Then supernatants
were collected from each sample and maintained at -20°C
until further investigation by ELISA.

Coproantigen ELISA

The assay was performed according to the method
described by Ahmad and Nizami 31, Briefly, 50 uL/well of
fecal supernatant in coating buffer were added in microtiter
plates and left overnight at 4°C. The plates were washed
with PBS 0.1% Tween and blocked with bovine serum
albumin (100 pL/well) for 2 h at room temperature. In the
next step, plates were washed again and serially diluted
100 pL/well rabbit anti-Fasciola sera generated against ES
and SA antigens (1: 2000) were incubated for 1 h at room
temperature. The plates were washed three times and 100
pL/well goat anti-bovine IgG secondary antibodies (1:10.000),
conjugated with alkaline phosphatase (Invitrogen™ Cat.
nos. WP20006, WP20007) was incubated for 1 h at room
temperature. Afterwashing the plates 100 uL of the substrate
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para-Nitrophenyle Phosphate (PNPP) (Thermo Scientific™
Cat. No.37621) was incubated at room temperature for 20
min. Finally, the reaction was stopped by the addition of 50
pL of 3N NaOH solution, and OD was recorded at 405 nm
on an ELISA reader.

Statistical Analysis

The online software ‘QuickCalcs (https://www.graphpad.
com/quickcalcs/) was used to calculate the Kappa value of
developed ELISA. The sensitivity and specificity of indirect
ELISA was computed by using Online Statistical Software
MedCalc (https://www.medcalc.org/calc/diagnostic_test.php).
Univariate analysis was performed between concentration
and absorbance values and the level of significance was
set at P=0.001. The relationship between coproantigen
concentration and absorbance values was calculated with
a regression equation.

REesuLTs

The detectable level of coproantigens (OD value 0.2) by
using indirect ELISA was observed in a total of 33 samples

out of 252. The cut-off point >0.22 was considered positive
for Fasciola coproantigens. The ELISA O.D. value for the
buffalo population tested for the coproantigens of Fasciola
was high with increasing the antigen concentrations,
indicating a high level of coproantigens. From the 50 pL
of fecal supernatant, the mean absorbance values were
significantly different (P<0.001) from controls (Table 1).
However, the difference was not significant among the
animals tested positive along with different concentrations
of coproantigen (Fig. 1-a,b). A positive linear relationship
was observed to the concentration of antigens used in
fecal supernatant and the absorbance values (Fig. 2-a,b).

Coproantigen ELISA with ES Polyclonal Antibodies

The cut-off point was calculated by the average optical
density (OD) of the negative reference feces, plus three
times standard deviations (0.045+3%*0.0168=0.095). The
specificity of the assay was determined by using Fasciola
negative feces from 21 buffaloes, although some of the
buffaloes (7/20) harbored other gastrointestinal parasites.
The cross-reactivity was observed with helminths parasitizing
these domesticated animals.

Table 1. OD values obtained with the Copro- ELISA testing fecal samples from animals infected with Fasciola species and controls. The

absorbance values are presented a Mean+ SD of different concentrations of coproantigens

Different concentrations of coproantigen detected with ES
hyperimmune sera

ES Polyclonal Antibodies SA Polyclonal Antibodies
Concentration of
Coproantigens Meanz SD 95% CL Mean+SD 95% CL
50 pL 0.42+0.08° 0.40+0.44 0.46+0.07° 0.44+0.48
80 L 0.45+0.072° 0.43+0.48 0.46+0.06° 0.44+0.48
100 pL 0.44+0.08%° 0.42+0.47 nc*
120 pL 0.46+0.06%° 0.43+0.48 nc
140 pL 0.48+0.05° 0.46+0.51 nc
Cross reactive 0.11+0.04¢ 0.05%0.18 0.11+0.04° 0.05+0.17
Negative Controls 0.6+0.04¢ 0.03%0.09 0.08+0.04° 0.06£0.11
P-value >0.001 >0.001
F calculated 107.500 217.800
*nc: not calculated
0.7 0.7
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animals infected with Fasciola species. Cut-off point was set at 0.2

Fig 1. Detectability of Copro ELISA performed with A) ES polyclonal antibodies B) and SA polyclonal antibodies raised in rabbits from
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Fig 2. Correlation between absorbance values and different concentrations of coproantigens with Copro ELISA testing fecal samples A)
with ES B) and SA polyclonal antibodies raised in rabbits from animals infected with Fasciola species

Table 2. Diagnostic efficacy of copro-ELISA using hyperimmune sera of Fasciola ES antigens

Diagnostic Methods ELISA Test Sensitivity Specificity
KAPPA Value
Fecall.Pos?mortem Positive Negative Total 95% Cl 95% Cl
Examination
Kappa =0.796
. 100.00 76.19 SE of Kappa = 0.085
Positive 3 0 3 (89.42-100.00) | (52.83-91.78) | 95% Confidence interval: 0630
to0 0.963
Negative 5 16 21
Total 38 16 54

Table 3. Diagnostic efficacy of copro-ELISA using hyperimmune sera of Fasciola somatic antigens

Diagnostic Methods ELISA Test Sensitivity Specificity
KAPPA Value
el R snene Positive | Negative | Total 95% Cl 95% Cl
Examination
Kappa =0.918
.. 100 90 SE of kappa = 0.057
Positive 33 0 33 (89.42-100.00) | (68.30-98.77) 95% confidence interval:
0.807 to 1.00.
Negative 2 18 20
Total 35 18 53

The sensitivity and specificity of diagnostic test were 100%
(95% Cl: 89.42%-100.00%) and 76.19% (95% Cl: 52.83.30%-
91.78%), respectively (Table 2). Kappa value of the test
calculated that the strength of agreement is almost sub-
stantial.

Coproantigen ELISA with SA Polyclonal Antibodies

The cut-off point was calculated by the mean optical
density (OD) of the negative reference feces, plus three
times standard deviations (0.083+3%0.044=0.22).

The specificity and sensitivity of diagnostic test were 100%
(95% Cl: 89.42%-100.00%) and 90.00% (95% CI: 68.30%-
98.77%), respectively (Table 3). The results of Kappa value

showed that the strength of agreement is approaching
to perfect. A total of 20 negative control sera were used
and two of the fecal samples showed cross-reactivity with
Fasciola SA antigen polyclonal antibodies.

Discussion

In the present study, the efficacy of coproantigens
ELISA based on polyclonal antibodies against SA and ES
antigens was tested for the diagnosis of fasciolosis. The
Fasciola coproantigens ELISA was found highly sensitive,
which may reflect the stability of the antigens being
excreted out along the feces. Several studies have been
conducted on the detection of coproantigen in feces for a
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number of helminths "', Monoclonal antibodies based
coproantigen ELISA method was reported several times for
detection of fasciolosis, which may compromise sensitivity
due to high variability in the concentration of cathepsins
in feces of infected animals '8,

In the present study 50 pL of fecal supernatant was used
for detection of fasciolosis, the values containing 10 ng/
mL of coproantigen in feces. The detection values in feces
were found lower than reported previously 2%, These
differences may be due to the capture antibody used since
in our work a polyclonal serum was used whereas in the
two other studies two different monoclonal antibodies
were used.

The detection limits were different in the current study
for the somatic and ES polyclonal antibodies based
coproantigen ELISA, which may attribute to components
present in the feces which resulted in an elevation of
the non-specific limit of the assay ". The difference in
detection limit as compared to previous studies may be
because of diluting fecal samples in PBS containing BSA ['7.,

The cross-reaction occurred with other helminths when
detected in the assay. However, the possibility of false
positives would be very low, thus making the test highly
specific. Similarly, 100% specificity was recorded by Espino
et al.??, however, Deplazes et al.*®! observed that a poly-
clonal antibody against ES antigen of tapeworms can
detect different parasites of the same genus. The limitation
of the current assay was, did not use helminth species i.e.
Schistosoma and Dicrocoelium to check the cross-reactivity
of the assay. Previous work had reported that Fasciola
spp. shares antigens with these trematode parasites i.e.
Schistosoma and Dicrocoelium "''324, Therefore, possible
cross-reactions with antigens of these trematodes probably
are not a factor that would affect the use of this test to
diagnose fasciolosis in Pakistan.

In conclusion, the developed coproantigen detection
methods are a good alternative to the conventional
fecal examination microscopic techniques for fasciolosis
detection in ruminants. However, further studies are
required for field implementation of this indigenous
coproantigen ELISA to detect fasciolosis and the cross-
reactivity with other helminths species which may shares
antigens with Fasciola.
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Abstract

Maggot debridement therapy (MDT), which is an ancient remedy, has been reintroduced and commonly used to promote wound
healing in humans. However, its use in the veterinary field has still remained limited. The aim of this case study was to evaluate the
effectiveness of MDT on a non-healing post-operative infected wound covering the abdominal and inguinal regions of a 3-year-old
male cat. For MDT, sterile first and second stage larvae of Lucilia sericata were applied to the infected wound for the first time on
the 10th day after laparotomy. A total of five larva applications were performed during the MDT process. From the first to the last
MDT application, the large and infected wound gradually shrank and healed. Sterile L. sericata larvae were successfully used in the
treatment of a chronic and infected wound that did not respond to antibiotics in a cat in this case study. It is considered that the use
of MDT for promoting healing in chronic necrotic and infected wounds will increase because of supplying effective, cost-efficient and
simple wound care in future.

Keywords: Biotherapy, Cat, Lucilia sericata, Maggot, Wound

Maggot Debridman Tedavi ile Bir Kedinin Post-operatif Enfekte
Yarasinin Sagaltimi

Oz

Eskiden tedavi amaciyla kullanilan maggot debridman tedavi (MDT) yeniden glindeme gelmis ve insanlarda yara iyilesmesini tesvik
etmek amaciyla kullanilmaya baslanmistir. Ancak, bu yéntemin veteriner hekimlik alaninda kullanimi sinirhdir. Bu vaka sunumu, 3
yasindaki erkek bir kedinin abdominal ve inguinal bolgelerini kapsayan, iyilesmeyen postoperatif enfekte bir yarada MDT'nin etkinligini
degerlendirmek amaciyla hazirlandi. MDT igin ilk uygulama laparotomiden sonraki 10. glinde yapildi. Bu amacla Lucilia sericata
tlirl sineklerin steril birinci ve ikinci dénem larvalari kullanildi. MDT siirecinde toplam bes adet larva uygulamasi yapildi. ilk MDT
uygulamasindan son MDT uygulamasina kadar, bliylik ve enfekte olmus yara yavas yavas kiculerek iyilesti. Steril L. sericata larvalari
ile bir kedinin antibiyotiklere yanit vermeyen kronik ve enfekte yarasi basarili bir sekilde sagaltildi. Gelecekte etkili, uygun maliyetli ve
basit yara bakimi saglamasi nedeniyle kronik, nekrotik ve enfekte yaralarda iyilesmeyi tesvik etmek amaciyla MDT kullaniminin artacagi
dustnulmektedir.

Anahtar sézciikler: Biyoterapi, Kedi, Lucilia sericata, Larva, Yara

INTRODUCTION of chronic wounds is known as larval treatment, maggot

debridement therapy (MDT), biosurgery or biotherapy 2.
Lucilia sericata (Phaenicia sericata) (Diptera: Calliphoridae)  Lucilia sericata flies can be grown in special laboratories
fly larvae have been known to remove necrotic tissues  where appropriate space, temperature and humidity are
from wounds and accelerate wound healing for many  provided, and sterile maggots can be obtained when
years. The use of calliphorid fly larvae for the treatment  necessary .
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Medicinal maggots have various beneficial effects on
wounds. These can be listed as debridement, disinfection
of the wound through microbial killing and promotion
of wound healing 24,

Maggot debridement therapy was firstly used successfully
in a patient with chronic osteomyelitis in 1931 ©/. Although
MDT was used frequently in those times, the number of
MDT applications decreased due to the widespread use
of antibiotics and intensive surgical treatments. However,
MDT has been started to reapply in countries such as the
USA, Germany, Austria, England, Israel and Sweden to treat
non-healing chronic wounds and has become popular
again from the late 20" century . Although MDT has
been used to treat chronic wounds in humans for many
years ", its use in veterinary medicine is limited. However,
it has also been widely applied in the field of veterinary
medicine in recent years, and different types of wounds
can be treated by MDT in animals "],

This case study was conducted to evaluate the effectiveness
of MDT in the treatment of a non-healing post-operative
infected wound in a cat, despite an antibiotic treatment for
a long time. Maggot debridement therapy has been used
in the wound of humans for many years, but there is no
study on the application of MDT in animals in Turkey.

CAasEe HisTorY

The material of this case study consisted of a 3-year-old
male cat with a post-operative infected wound covering
the abdominal and inguinal region as a result of laparotomy
performed for cryptorchitis. Systemic antibiotics such as
ceftriaxone (Unacefin® 1 g IM Flakon, Yavuz ilag San. Tic. A.S,
istanbul, Turkey) and enrofloxacin (Baytril-K® 5% 50 mL,
Injectable solution Bayer) were used for wound care, but
no improvement was observed. Thereupon, it was decided
to benefit from MDT, which has commonly been used in
human medicine in recent years. For this purpose, the
approval of the owner of the cat was also obtained. Sterile
I. and Il instars of L. sericata used in the case study (Fig. 1)
were supplied from Selcuk University, Faculty of Veterinary
Medicine, Maggot Production Unit.

On the 10 day after laparotomy, the first application of
sterile I. and Il. instars of L. sericata was applied to the
infected wound. A light surgical debridement to prepare
the wound was used before application. The size of the
wound was determined (7-8 x 10-12 cm), and the wound
edges were demarcated after shaving and disinfecting.
The wound was washed with physiological saline solution
and a total of almost 1000 sterile I. and Il. instars of L. sericata
were left on the wound. Approximately 8 to 10 maggots
per square centimeter were used. Then, the wound was
covered with a gauze patch, and the edges of the wound
were pasted to prevent the escape of maggots from the
wound. The second and third maggot applications were
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Fig 1. First and second stage larvae of L. sericata

made by repeating the same procedures at the 24
and 48t h after the first maggot application. Later, the
MDT application was paused for a week, and the fourth
and fifth maggot applications were made at one-day
intervals. Systemic antibiotic (ceftriaxone and enrofloxacin)
administrations continued during the MDT procedures.
The large and infective wound of the cat gradually shrank
and healed during the process of MDT applications. After
the last MDT application, there was a tiny opening in
the wound, and this opening completely closed after
one and a half months. During the treatment, the cat was
supported every day with liquid electrolytes and vitamin,
mineral and amino acid complexes. Moreover, some sprays
such as Dr. Animal (Farmaso ila¢ San. Tic. A.S., istanbul/
Turkey) and Acto® Vet Solution (Acto Pharma Hijyen San.
Tic. A.S., istanbul/Turkey) were daily used for wound care.
The status of the wound and the maggot applications are
indicated in Fig. 2.

Discussion

The fly larvae have been used to debride necrotic tissues
since the beginning of civilisation. For this purpose,
facultative calliphorids'larvae are the most commonly used
fly larvae, with the sterile larvae of L. sericata, colloquially
known as green bottle blowfly, being the most widely
used fly species ..

Freshly emerged germ-free maggots of L. sericata can be
applied to a necrotic wound in two different ways: direct
and indirect contact techniques. Free-range maggots (.
or ll. instars of L. sericata) are deposited directly onto the
wound'’s surface in the direct contact technique. In this
technique, after the larvae are placed onto the surface of
the wound, the wound is restricted with a nylon retention
net or gauze bandage to prevent the escape of larvae
from the wound. On the other hand, maggots are applied
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of the wound area after MDT

Fig 2. A: The status of the wound before MDT, B and C: The appearance of the wound after the First and second maggot application,
D and E: Steps of third maggot application, F: The appearance of the wound after the third maggot application, G: The appearance of the
wound after the fourth maggot application, H: The appearance of the wound after the fifth maggot application, I and J: The appearance

on the wound’s surface within a bio bag in the indirect
contact technique "%, Mumucuoglu and Taylan Ozkan "
noted that the maggots within the bio bags could not
thoroughly debride the necrotic tissues. Therefore, the
direct contact technique was preferred considering the
size of the wound and the condition of the necrotic tissues
in the current case study.

Maggot debridement therapy is widely used in human
medicine. Chan et al.'”! listed the types of wounds or
lesions for which maggot therapy may be used in humans
as follows; arterial/ischaemic ulcers, diabetic ulcers, neuro-
pathic ulcers, venous ulcers, mixed arterial-venous ulcers,
burns, excised abscess on malleolus, grossly infected toe,
infected wound after forearm replantation, infected gun-
shot wound, infected wounds after breast surgery, osteo-
myelitis, malignant wounds, non-healing surgical wounds,
subacute mastoiditis, Methicillin resistant Staphylococcus
aureus-infected wounds, necrotising fasciitis, pilonidal
sinus, pyoderma gangrenosum, post traumatic wounds/
ulcers, pressure sores, thromboangiitis obliterans, wound
of exposed knee prostheses. MDT has been used in the
treatment of various types of wounds, especially chronic
wounds caused by diabetes in humans in Turkey 78, MDT
has also successfully been applied in veterinary medicine,
but the number of MDTs applied in veterinary medicine is
lower thanthat of human medicine"?. Inthe veterinaryfield,
studies have reported that MDT has been used for the
treatment of panniculitis in donkeys "%, laceration of the
limbs, soft tissue abscess and wounds, fistulous withers,
dehiscence of linea alba, and other musculoskeletal

infections, laminitis and other foot pathology in horses 121415,
foot root and foot scald in sheep """, pressure ulcer and
gunshot wound in dogs "%, necrotic tumour and multiple
bite wound in cats 3. As a result of the literature search,
MDT application in animals has not been encountered in
Turkey. In the present study, MDT was used in a cat with
a post-operative infected wound covering the abdominal
and inguinal region, and the wound almost completely
healed after five maggot applications. Sherman et al.l'?!
stated that MDT provides debridement of wounds of
cats and dogs, which are expected to be amputated or
euthanized, and these animals regained their health. This
case study demonstrates once again that the cat with a
chronic infected wound can be successfully treated with
MDT. It should not be forgotten that MDT is an important
alternative treatment option to be used to treat such
wounds in the veterinary field.

Maggot debridement therapy can be supported with
different additional applications by different researchers.
Arshadniya et al.?” stated that the combination of MDT
with topical or oral antibiotics effectively provided the
elimination of infected tissues and the regeneration of
new tissues. Therefore, antibiotics and various supportive
treatments were used to contribute to the healing process
of the infected wound in the present study.

In conclusion, maggot debridement therapy is an effective,
fast, and safe method for the debridement of wounds.
Considering the increase in antibiotic resistance to infections,
MDT is one of the most important and cost-effective
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treatment options. It is thought that MDT will be used
more for the treatment of non-healing chronic wounds of
animals in Turkey in the future.
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4- In the interests of brevity and standalone readability, Kafkas Universitesi Veteriner Fakultesi Dergisi strongly
discourages the submission of multi-part manuscripts. Authors who feel that their topic requires an exception
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fields. The title and summary of these articles should be written in the format of full-length original articles and
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SUBMISSION CHECKLIST
Please use below list to carry out a final check of your submission before you send it to the journal for review.
Ensure that the following items are present in your submission:
- Cover letter

e Importance and acceptability of the submitted work for the journal have been discussed (Please avoid
repeating information that is already present in the abstract and introduction).

e Other information has been added that should be known by the editorial board (e.g.; the manuscript (or
any part of it) has not been published previously or is not under consideration for publication elsewher.

- Title page

e Title, running title (should be a brief version of the title of your paper, no exceed 50 characters)
e The author’s name, institutional affiliation, Open Researcher and Contributor ID (ORCID)
e Congress-symposium, project, thesis etc. information of the manuscript (if any)

e Corresponding author’s address, phone, fax, and e-mail information

- Manuscript

e Title, abstract, keywords and main text

e All figures (include relevant captions)

e All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided

¢ Indicate clearly if color should be used for any figures in print

Further considerations

¢ Journal policies detailed in this guide have been reviewed

e The manuscript has been “spell checked” and “grammar checked”

e Relevant declarations of interest have been made

e Acknowledgment and conflicts of interest statement provided
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