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ONSOZ

Ill. Uluslararasi ve VIII. Ulusal Veteriner Farmakoloji ve Toksikoloji Kongresi 11-13 Eylul
2025 tarihlerinde Ankara’da ATO Meclis Salonu’'nda basariyla gerceklestirilmistir. Kongre 06
Subat 2023 tarihinde meydana gelen depremde hayatini kaybeden Hatay Mustafa Kemal
Universitesi Veteriner Fakiiltesi Farmakoloji ve Toksikoloji Anabilim Dali Ogretim Uyesi Dog.Dr.
ibrahim Ozan TEKELI’'nin anisina olacak sekilde diizenlenmistir.

Kongre Acilis Programina Universitelerimizden, Kamu Kurum ve Kuruluslarindan, Meslek
Orgiitlerimizden, Sivil Toplum Kurumlanndan, Ozel Sektorden, Kamudan, Serbest Calisan
Meslektaslanmizdan ve Ogrencilerimizden olacak sekilde yaklasik 185 Kisilik bir katiim
olmustur.

Kongre programi cercevesinde “Ulusal ve Uluslararasi Boyutuyla Tek Saghk Yaklasimi”
baslikli bir Konferans sunumu, bununla birlikte VISAD destegiyle gerceklestirilen Uydu Oturumu
kapsaminda “Tek Saglik Yaklasimi Kapsaminda Veteriner ilaglan ve Akilci Kullanimi” konulu
bir Panel duzenlenmistir. Bunun yani sira, MSD firmasi tarafindan gerceklestirilen Uydu
Oturumu’nda ise “Akilci ilag Kullaniminda Siirii Takip Teknolojilerinin Rolii” ele alinmistir.

Kongre kapsaminda 48 sozli sunum ve 24 poster bildirisi paylasiimis; so6zlu ve poster
bildirileri arasinda yapilan degerlendirmeler sonucunda Birincilik, ikincilik ve Uglinculiik édilleri
takdim edilmistir. Kongre, dilek ve temennilerin ifade edilmesiyle ve genel degerlendirmelerin
yapilmasiyla tamamlanmistir.

Kongrenin son glini olan 13 Eylil Cumartesi guni sosyal program cercevesinde Polath
gezisi diizenlenmistir. Bu kapsamda, Sakarya Meydan Muharebesi'nin yagsandig tarihi cografya
ve zafer giuni ile ortiisecek sekilde planlanan gezide; Alagéz Karargah Miizesi, Kartaltepe,
Gordion, Duatepe ve Sakarya Sehitligi ziyaret edilmistir.

Bu vesileyle, Kongre'nin diizenlenmesinde emegi gecen tum kisi, kurum ve kuruluslara;
destek veren sponsor firmalara, katki ve katilimlanyla bizleri onurlandiran tim

meslektaslarimiza en i¢ten tesekkurlerimizi sunarz.

Prof.Dr. Ender YARSAN

Kongre Dluzenleme Kurulu Baskan



PREFACE

The 31 International and 8t National Congress of Veterinary Pharmacology and
Toxicology was successfully held on 11-13 September 2025 at the ATO Assembly Hall in
Ankara, Tiirkiye. The congress was dedicated to the memory of Assoc.Prof.Dr. ibrahim Ozan
TEKELI, a distinguished faculty member of the Department of Pharmacology and Toxicology,
Faculty of Veterinary Medicine, Hatay Mustafa Kemal University, who tragically passed away in
the earthquake of 6 February 2023.

The Opening Ceremony was attended by approximately 185 participants representing
universities, governmental institutions, professional organizations, non-governmental
associations, the private sector, freelance practitioners, and students.

The scientific program featured a Keynote lecture entitled “The One Health Approach in
National and International Context”. In addition, a panel discussion on “Veterinary Drugs and
Their Rational Use within the Scope of the One Health Approach” was organized as part of a
Satellite Session supported by VISAD. Another Satellite Session, hosted by MSD, addressed
“The Role of Herd Monitoring Technologies in Rational Drug Use.”

A total of 48 oral presentations and 24 poster presentations were delivered. Following
evaluation of the contributions, awards for first, second, and third place were presented to
outstanding oral and poster presentations. The congress concluded with a general assessment
session, accompanied by expressions of appreciation and closing remarks.

On the final day, Saturday, 13 September, a social program was organized with an
excursion to Polath. This cultural visit, symbolically scheduled to coincide with the
commemoration of the Battle of Sakarya, included tours of the Alagéz Headquarters Museum,
Kartaltepe, Gordion, Duatepe, and the Sakarya Martyrs’ Cemetery.

On this occasion, we would like to extend our profound gratitude to all individuals,
institutions, and organizations who contributed to the organization of the congress, to the
sponsoring companies for their invaluable support, and to all colleagues whose participation

and contributions honored us.

Prof.Dr. Ender YARSAN

Chair, Organizing Committee
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ORGANIZING COMMITTEE / DUZENLEME KURULU

Honorary Presidents / Onursal Baskanlar
Prof.Dr. Necdet UNUVAR (Rector of Ankara University)
Prof.Dr. Veysel EREN (Rector of Hatay Mustafa Kemal University)

Ali EROGLU (President of the Turkish Veterinary Medical Association)

Head of The Committee / Kongre Bagkani

Prof.Dr. Ender YARSAN (President of the Veterinary Pharmacology and Toxicology Association

Ankara University Faculty of Veterinary Medicine)
Sclentific Secretariat / Bilimsel Sekretarya

Prof.Dr. Levent ALTINTAS (Ankara University Faculty of Veterinary Medicine)

Prof.Dr. Mustafa YIPEL (Mustafa Kemal University Faculty of Veterinary Medicine)

VFTK Treasurer / Kongre Saymani

Prof.Dr. Hiisamettin EKICI (Kinkkale University Faculty of Veterinary Medicine)

Members of Organizing Committee / Diizenleme Kuruiu Uyeleri
Prof.Dr. Fatih SAKIN (Mustafa Kemal University Faculty of Veterinary Medicine)
Prof.Dr. Begiim YURDAKOK DIKMEN (Ankara University Faculty of Veterinary Medicine)
Doc.Dr. Orhan CORUM (Mustafa Kemal University Faculty of Veterinary Medicine)
Do¢.Dr. Duygu Durna CORUM (Mustafa Kemal University Faculty of Veterinary Medicine)

Doc.Dr. Erding TURK (Mustafa Kemal University Faculty of Veterinary Medicine)

Dr.0gr.Uyesi Seydi Ahmet SENGUL (Mustafa Kemal University Faculty of Veterinary Medicine)
Aras.Gor.Dr. Fatma Ceren KIRGIZ (Mustafa Kemal University Faculty of Veterinary Medicine)

Aras.Gor. Semi Sertac BAGIRSAKQI (Ankara University Faculty of Veterinary Medicine)
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SCIENTIFIC COMMITTEE / BiLiM KURULU

Dr. Abdessamad AGLAGANE (Ibn Zohr University, MOROCCO)

Prof.Dr
Prof.Dr
Prof.Dr
Prof.Dr

Assoc.Prof.Dr. Norasmah BASARI (Universiti Malaysia Terengganu, MALAYSIA)

Prof.Dr

. Abdurrahman AKSOY (Ondokuz Mayis University, TURKIYE)
. Ahmet ATESSAHIN (Firat University, TURKIYE)

. Tlilay BAKIREL (istanbul-Cerrahpasa University, TURKIYE)

. Andrea BARBAROSSA (Bologna University, ITALY)

. Yavuz Osman BIRDANE (Afyon Kocatepe University, TURKIYE)

Dr. Cristina BOTIAS (Universidad de Alcala, SPAIN)

Prof.Dr

. Abdullah DOGAN (Kafkas University, TURKIYE)

Assoc.Prof.Dr. Hatemm Ahmed SHARAF EL-DIN (Cairo University, EGYPT)

Prof.Dr

Prof.Dr.
Prof.Dr.
Prof.Dr.
Prof.Dr.
Prof.Dr.
Prof.Dr.
Prof.Dr.
Prof.Dr.
Prof.Dr.
Prof.Dr.
Prof.Dr.

Prof.Dr.

. Gokhan ERASLAN (Erciyes University, TURKIYE)

Ayhan FILAZi (Ankara University, TURKIYE)

Haki KARA (Sivas Cumhuriyet University, TURKIYE)
Izzet KARAHAN (Balikesir University, TURKIYE)

Asim KART (Mehmet Akif Ersoy University, TURKIYE)
Marta MENDEL (SGGW, POLAND)

Aneliya MILANOVA (Stara Zagora Trakia University, BULGARIA)
Hasan Hiiseyin ORUC (Uludag University, TURKIYE)
Nurullah OZDEMIR (Namik Kemal University, TURKIYE)
Fatih SAKIN (Mustafa Kemal University, TURKIYE)
Selim SEKKIN (Adnan Menderes University, TURKIYE)
Flisun TEMAMOGULLARI (Harran University, TURKIYE)

Renaud TISSIER (The National Veterinary School of Alfort, FRANCE)

Dr. A-Tai TRUONG (Thai Nguyen University of Sciences, VIETNAM)

Prof.Dr
Prof.Dr

Prof.Dr

. Halis UGUZ (Selguk University, TURKIYE)
. 0guzhan YAVUZ (Cukurova University, TURKIYE)

. Ebru YILDIRIM (Kirikkale University, TURKIYE)
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SCIENTIFIC AWARDS / BILIMSEL ODULLER

e BEST ORAL PRESENTATION / EN iYi SOZLU SUNUM

1) Sunum Sahibi: Zeyno NUHOGLU

Sunum Adi: “Investigation of the Effects of Gold Nanoparticles and Nanoemulsion
Synthesized from CBD Oil Extracted from the Cannabis Plant on Uterine

Contraction”

Ortak Yazarlar: Cigdem DIKBAS, Miiberra ANDAC, Gassan H. MATAR, Yavuz Kiirsad
DAS, Hikmet Ozgiin ISCAN, Abdurrahman AKSOY

2) Sunum Sahibi: Hasan SUSAR

Sunum Adi: “Pharmacokinetics of Oral and Subcutaneous Administration of Free

and Liposomal Levamisole in Goats”

Ortak Yazarlar: Murat CELEBI, Mehmet OZUICLi, Cagla CELEBI, Aybek YIGIT, izzet
KARAHAN

3) Sunum Sahibl: Muhammed Hasan SiRIN

Sunum Adri: “Optimization of Ultrasound-Assisted Extraction of Thymbra Spicata

Using Response Surface Metrology: Polyphenol Profile and Antibacterial Activity”

Ortak Yazarlar Muhammet Miikerrem KAYA, Melike Sultan DEMIRAG, Erhan
KEYVAN, Murat BAYEZIT, Hidayet TUTUN
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SCIENTIFIC AWARDS / BILIMSEL ODULLER

o BEST POSTER PRESENTATION / EN iYi POSTER SUNUM

1) Sunum Sahibi: Kerem GUZELAYDIN

Sunum Adi: “Pharmacokinetics and Oral Bioavailability of Ampicillin and Bacampicillin

in Chickens and Turkeys”

Ortak Yazarlar: Yigit GUNES, Ceren ANLAS, Murat YILDIRIM

2) Sunum Sahibl: Sinan INCE

Sunum Adi: “Investigation of The Presence of Nitroimidazole Group Drug Residues
Using LC/MS/MS in Raw Milk Consumed Around Ankara”

Ortak Yazarlar: Ebru DILEK, Ozgen OZDEMIR

3) Sunum Sahibi: Alper Serhat KUMRU

Sunum Adr: “Streptozosin ile Olusturulan Diyabete Bagh Sekillenen Karaciger Hasarina

Karsi Morus Alba’nin Etanolik Ekstraktinin Etkinliginin incelenmesi”

Ortak Yazarlar: Burcu YESILTEPE, Haki KARA, Mahmut SAHIN
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ll. ULUSLARARASI VIII. ULUSAL

VETERINER FARMAKOLOJi ve TOKSIKOLOJi KONGRESI
11-13 EYLUL 2025 - ANKARA

KONGRE PROGRAMI

11 EYLUL 2025 PERSEMBE
9.30
- KAYIT
10.00 .
SAYGI DURUSU ve ISTIKLAL MARSI
ACIS KONUSMALARI
10:00 KONFERANS
- ULUSAL VE ULUSLARARASI BOYUTUYLA TEK SAGLIK YAKLASIMI
11:00 PROF. DR. HAKAN YARDIMCI
ANKARA UNIVERSITESI, VETERINER FAKULTESI, MiIKROBIYOLOJi AD.
PLAKET TAKDIM TORENI ve KONGRE FOTOGRAF CEKIMI
11:00
- ARA
11:30
VISAD - UYDU OTURUMU
11:30 PANEL: “TEK SAGLIK YAKLASIMI KAPSAMINDA VETERINER ILACLARI VE AKIITQI {KULL&NIMI”
’ MODERATOR: PROF.DR. ABDURRAHMAN AKSOY (ONDOKUZ MAYIS UNIVERSITESI)
12;30 KONUSMACILAR: DR. RE_CEP TOLG'A K.!VANG (TARIM VE ORMAN BAKANLIGI)
VETERINER HEKIM ONDER YILDIZ (TVHB)
DR. TANER ONCEL (VISAD)
12:30
- OGLE ARASI / POSTER BILDIRILERI
13:30
13:30 1. OTURUM . . .
OTURUM BASKANLARI: PROF.DR. IZZET KARAHAN / PROF.DR. SINAN INCE
S01 - Protective Effects of Cannabis sativa Seed Oil on FGF-1 Expression and Migration in H,0,-
Induced L929 Fibroblasts Cell
13:30
- irfan CINAR?, Sedat GOKMEN?
13:40 y
1 Kastamonu University, Faculty of Medicine, Department of Pharmacology, Kastamonu, TURKIYE
2 Kastamonu University, Faculty of Veterinary, Department of Pharmacology and Toxicology, Kastamonu, TURKIYE
S02 - Comparative Cytotoxicity Evaluation of Aerial and Root Extracts of Five Eryngium Species on HepG2 Cells
Seml Sertac BAGIR&KQIL% Arzu Asll BASARAN2, Sinem Aslan-ERDEMZ2, Sevcan YANGIN4
13:40 Ayhan FILAZI3, Beglim YURDAKOK-DIKMEN3
13:50 iAnkara University, Graduate School of Health Sciences, TURKIYE

2Ankara University, Faculty of Pharmacy, Department of Pharmacognosy, TURKIYE
3Ankara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, TURKIYE
4Ankara University, Graduate School of Natural and Applied Sciences, TURKIYE
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S03 - Antioxidant and Antiproliferative Effects of Propofol, Ketamine, and Their Combination Against
Hydrogen Peroxide-Induced Oxidative Stress in A549 Cells

13:50
- Zeyno NUHOGLU, Abdurrahman AKSOY
14:00
Department of Veterinary Pharmacology and Toxicology, Faculty of Veterinary Medicine, Ondokuz
Mayis University, Samsun, TURKIYE
S04 - Blueberry Seed Qil Suppresses NF-kB, TNF-a, and Caspase-3 Expression in Doxorubicin-Induced
Cardiotoxicity Model in H9¢c2 Cell
14:00
- Sedat GOKMEN?, Dilek GUVENG?2
14:10
1Kastamonu University, Faculty of Veterinary, Department of Pharmacology and Toxicology, Kastamonu, TURKIYE
20ndokuz Mayis University, Faculty of Veterinary, Department of Pharmacology and Toxicology, Samsun, TURKIYE
S05 - GLP Requirements and Applications in Cytotoxicity Tests
14:10 . .
) Yasemin SEZGIN?, Begiim YURDAKOK DIKMEN2
14:20 1Kirikkale University, Faculty of Veterinary, Department of Pharmacology and Toxicology, Kirikkale, TURKIYE
2Ankara University, Faculty of Veterinary, Department of Pharmacology and Toxicology, Ankara, TURKIYE
S06 - Choline as Essential Nutrient and Neurotoxicity
14:20 Bilge Su SARI, Hiseyin GUNGOR2
) 1Sivas Cumhuriyet University, Institute of Health Sciences, Department of Veterinary Pharmacology and
1430 1oxicology, Sivas, TURKIYE
2Dokuz Eylal University, Faculty of Veterinary Medicine, Department of Veterinary Pharmacology and
Toxicology, Izmir, TURKIYE
14:30
- ARA
14:50
14:50 2. OTURUM
' OTURUM BASKANLARI: PROF. DR. HALIS UGUZ / PROF. DR. SELIM SEKKIN
S07 - Combating Amr in Animals in Macedonia: The Role of Vaccines and Herbal Veterinary Medicines
14:50 Romel VELEV
15:00 University “St. Cyril and Methodius”, Faculty of Veterinary Medicine - Skopje, Department of
Pharmacology and Toxicology, Skopje, Republic of North MACEDONIA
S08 - Exploring the “in vitro” bioactive potential of cricket (Acheta domesticus) meal for gut health
Muhammad Adnan ARIF?, Talal HASSANZ1, Simona BAVARO2, Muhammad Irfan MALIK2
15:00 Stefano BAGATELLA1, [rene FERRARAL, Massimiliano TURSI4, Giovanni PERONA1, Zaira LOIOTINE3
- Vladimiro CARDENIAS3, llaria BIASATOS, llario FERROCINO3, Maria Teresa CAPUCCHIO!
15:10

iDepartment of Veterinary Sciences, University of Turin, ITALY
2|nstitute of Science of Food Production, National Research Council, Turin, ITALY
3Department of Agricultural, Forestry and Food Sciences, University of Turin, ITALY
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S09 - Discovery of Novel NLRP3 Inhibitors via the Virtual Screening Approach

Fehmi Metehan BENLI!, Agnieszka K. BRONOWSKA?2

15:10
15:20 10ndokuz Mayis University, Faculty of Veterinary Medicine, Department of Veterinary Pharmacology
\ and Toxicology, Samsun, TURKIYE
2Newcastle University, Faculty of Science, Agriculture & Engineering, Department of Chemistry,
Newcastle upon Tyne, UK
$10 - Tracking Systems in Zebrafish: Current Trends in Pharmacology and Toxicology
15:20 Farah Goniil AYDIN?, Yasin PAK2, Furkan KUTLU3
15:30 iAnkara University, Faculty of Veterinary Medicine, Department of Veterinary Pharmacology and Toxicology, Ankara, TURKIYE
2Ankara University, Graduate School of Health Sciences, Veterinary Pharmacology and Toxicology, Ankara, TURKIYE
3Ankara University, Graduate School of Health Sciences, Veterinary Genetics, Ankara, TURKIYE
$11 - Invisible Threat: Neurotoxic Effects of Nanoparticle
15:30 .
) Ece GOZUPERKY, Tilay BAKIRELL
15:40 o : o :
istanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology,
Istanbul, TURKIYE
15:40
- ARA
16:00
16:00 3. OTURUM
' OTURUM BASKANLARI: PROF. DR. MURAT YILDIRIM / PROF. DR. YAVUZ OSMAN BIRDANE
$12 - Antioxidant and Antiinflammatory Effects of Carvacrol in Rats with Colistin-Induced Nephrotoxicity
16:00 Yavuz Osman BIRDANE?, Orkun ATIK?, Hiilya DEMIRKAPI ATIK2, Ruhi TURKMEN1
16:10 1Afyon Kocatepe University, Faculty of Veterinary Medicine, Department of Pharmacology and
Toxicology, Afyonkarahisar, TURKIYE
2Afyon Kocatepe University, Faculty of Veterinary Medicine, Department of Physiology, Afyonkarahisar, TURKIYE
S13 - Protective role of antioxidants against gentamici n-induced nephrotoxicity
. Salih DAG?, Pinar PORTAKAL2
16:20 . . : . . oy
1Cankirnt Karatekin University, Graduate Education Institute, Cankiri, TURKIYE
2Cankiri Karatekin University, Food and Agriculture Vocational School, Cankiri, TURKIYE
S$14 - The Effect of Infliximab on Oxidative Stress Markers in the Temporal Cortex in a Propionic Acid-
Induced Experimental Autism Model
16:20 .
) Ahmet ATESSAHINL, Nur AKMAN?2
16:30

1Firat University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Elazig, TURKIYE
2Van Yizinci Yil University, Faculty of Health Sciences, Department of Midwifery, Van, TURKIYE
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16:30

16:40

$15 - Vanillic acid attenuates pyraclostrobin-induced oxidative stress in Drosophila melanogaster
Sinan INCE?, Fahriye ZEMHERI NAVRUZ2, Ali TUREYENS, Gamze ATAMAN#

1Afyon Kocatepe University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology,
Afyonkarahisar, TURKIYE

2Bartin University, Faculty of Science, Department of Molecular Biology and Genetics, Bartin, TURKIYE
3Republic of TURKIYE Ministry of Health Eskisehir City Hospital, Department of Gastroenterology, Eskisehir, TURKIYE
4Bartin University, Institute of Science, Department of Molecular Biology and Genetics, Bartin, TURKIYE

16:40

16:50

S16 - Evaluation of the genotoxicity potential of Verbena officinalis L. extract on Drosophila
melanogaster by Somatic Mutation and Recombination Test (SMART)

Yigit GUNES?, Selenay UREY2, Ece GOZUPERK?, Nurgin YILMAZ1, Ceren ANLASL, Oya USTUNER?
Tiilay BAKIREL!

listanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Department of Pharmacology and
Toxicology, Istanbul, TURKIYE
2lstanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Istanbul, TURKIYE

16:50

17:10

ARA

17:10

4. OTURUM
OTURUM BASKANLARI: PROF. DR. HAKI KARA / PROF. DR. YAVUZ KURSAD DAS

17:10

17:20

517 - Pharmacokinetics of Oral and Subcutaneous Administration of Free and Liposomal Levamisole in
Goats

Hasan SUSAR?, Murat GELEBI2, Mehmet OZUiGLi3, GaZla GELEBIt, Aybek YiGiT?, izzet KARAHAN?

1Balikesir University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Balikesir, TURKIYE
2Balikesir University, Savastepe Vocational School, Department of Laboratory and Veterinary Health, Balikesir, TURKIYE
3Balikesir University, Faculty of Veterinary Medicine, Department of Parasitology, Balikesir, TURKIYE
413dir University, Tuzluca Vocational School, Department of Pharmacy Services, Igdir, TURKIYE

17:20

17:30

$18 - Pharmacokinetics of levamisole at various periods of pregnancy in sheep

Kamil UNEY?, Pedro MARIN2, Murat YUKSEL2, Duygu Durna CORUM4, Erdinc TURK#
Devran COSKUNS, Hatice Rumeysa CEYHANS, Elena BADILLOZ, Orhan CORUM#

ISelcuk University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Konya, TURKIYE
2Murcia University, Faculty of Veterinary Medicine, Department of Pharmacology, Murcia, SPAIN
3Hatay Mustafa Kemal University, Faculty of Veterinary Medicine, Department of Obstetrics and
Gyneacology, Hatay, TURKIYE

4Hatay Mustafa Kemal University, Faculty of Veterinary Medicine, Department of Pharmacology and
Toxicology, Hatay, TURKIYE

5Siirt University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Siirt, TURKIYE
60smaniye Korkut Ata University, Health Services Vocational School, Department of Veterinary
Medicine, Osmaniye, TURKIYE
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$19 - Effects of feed intake and water hardness on fluralaner pharmacokinetics in layer chickens

Ataman Bilge SARIY, Yigit GUNES?, Ceren ANLAS?, Fulya Ustiin ALKAN?, Enes GUNCUM?

oo Oya USTUNER?, Tilay BAKIREL®
17:40 ) . , o , "
Department of Pharmacology and Toxicology, Faculty of Veterinary Medicine, Istanbul University-
Cerrahpasa, Istanbul, TURKIYE
2Department of Pharmacology and Toxicology, Faculty of Veterinary Medicine, Kirikkale University, Kirikkale, TURKIYE
$20 - Pharmacokinetics and effects of tolfenamic acid after dehorning with lidocaine or xylazine in
calves
Orhan CORUM?, Murat YUKSEL2, Duygu DURNA CORUM4, Devran COSKUNS3, Fatma AKIN3
Mustafa CELLAT4, Mustafa HITITS, Kamil UNEY®
17:40 iHatay Mustafa Kemal University, Faculty of Veterinary Medicine, Department of Pharmacology and
) Toxicology, Hatay, TURKIYE
17:50 2Hatay Mustafa Kemal University, Faculty of Veterinary Medicine, Department of Obstetrics and
Gyneacology, Hatay, TURKIYE
3Siirt University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Siirt, TURKIYE
1Hatay Mustafa Kemal University, Faculty of Veterinary Medicine, Department of Physiology, Hatay,
TURKIYE
5Prairie View A&M University, College of Agriculture, Food and Natural Resources, Cooperative
Agricultural Research Center, Texsas, UNITED STATES
6Selcuk University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Konya, TURKIYE
§21 - Artificial Intelligence-Assisted Physiologically Based Pharmacokinetic (PBPK) Modelling in
Veterinary Pharmacology and Toxicology
17:50
- Hikmet Ozgiin ISCAN, Abdurrahman AKSOY
18:00
Department of Veterinary Pharmacology and Toxicology, Faculty of Veterinary Medicine, Ondokuz
Mayis University, Samsun, TURKIYE
20100 GALA YEMEGI (ANKARA KONAGI)
. Adres: Camlica Mahallesi 137. Cadde No: 2 Yenimahalle/ANKARA Tel: 0312 5170606 - Gsm: 0501 3170694
12 EYLUL 2025 CUMA
09:30 1. OTURUM
) OTURUM BASKANLARI: PROF. DR. FUSUN TEMAMOGULLARI / PROF. DR. ENES ATMACA
$22 - Investigation of some neonicotinoids in honey by LC-MS/MS
09:30 Halil ERGUN?, Levent ALTINTAS?
09:40 1Republic of TURKIYE Ministry of Agriculture and Forestry, Veterinary Control Central Research

Institute, Department of Toxicology, Ankara, TURKIYE
2Ankara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, TURKIYE
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S$23 - Determination of Certain Heavy Metals (Al, As, Cd, Cu, and Zn) in Commercial Fish Feed Samples

by ICP-OES
09:40 y
i m TEKE
09:50 Ade
District Directorate of Agriculture and Forestry, Kozlu, TURKIYE
S24 - Assessment of Heavy Metal Contamination and Associated Health Risks in Honey, Pollen,
Propolis, Bee Bread, and Honeybees
09:50 Pinar ERDEMY, Fatih AYDIN 2, Yagar ALUGS, Mustafa YIPEL4, Hiisamettin EKICit
10:00 1Kirikkale University, Faculty of Veterinary, Department of Pharmacology and Toxicology, Kirikkale, TURKIYE
' 2Kirikkale University, Health Sciences Institute, Department of Pathology, Kirikkale, TURKIYE
3Kinkkale University, Directorate of the Application and Research Centre for Scientifc and
Technological Research, Kirikkale, TURKIYE
“Hatay Mustafa Kemal University, Faculty of Veterinary, Department of Pharmacology and Toxicology, Hatay, TURKIYE
S25 - Persistent Organic Pollutants in Raw Milk (2015-2025): An International Comparative Literature Review
10:00
- Gil Banu GiGEK BIDECI
10:10
Ministry of Agriculture and Forestry, Kastamonu, TURKIYE
$26 - Molecular Mechanisms of Pesticide Sensitivity in Honey Bees (Apis mellifera L.)
10:1 .
0_ 0 Eneshan SARIKAYA?, Nafiye KOG INAK2
10:20 . ) . .
iGraduate School of Health Science, Ankara University, Ankara, TURKIYE
2Department of Parasitology, Faculty of Veterinary Medicine, Ankara University, Ankara, TURKIYE
10:20
- ARA
10:40
10:40 2. OTURUM
) OTURUM BASKANLARI: PROF. DR. HASAN HUSEYIN ORUG / PROF. DR. MURSEL KARABACAK
S§27 - Investigation of the Potential Uterotonic Effects of Anastatica hierochuntica L. Extract on Isolated
Bovine Uterine Smooth Muscle
10:40 N x . .
i Simeyye BALY, Zeyno NUHOGLUZ2, Emine KOC?, Yavuz Kirgad DAS?, Abdurrahman AKSQY2
10:50 ) . . S -
10ndokuz Mayis University, Faculty of Health Sciences, Department of Midwifery, Samsun, TURKIYE
20ndokuz Mayis University, Faculty of Veterinary Medicine, Department of Veterinary Pharmacology
and Toxicology, Samsun, TURKIYE
$28 - Evaluation of the Promotion and Sale of Veterinary Medicinal Products via the Internet and Social
Media in Terms of Veterinary Legislation
10:50
- Pinar Ece YORULMAZ1, Farah Gondl AYDIN2
11:00

1Ankara University Veterinary Faculty, Department of Veterinary History and Deontology, Ankara, TURKIYE
2Ankara University Veterinary Faculty, Department of Veterinary Pharmacology and Toxicology, Ankara, TURKIYE
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S$29 - Investigation of the Effects of Gold Nanoparticles and Nanoemulsion Synthesized from CBD Qil
Extracted from the Cannabis Plant on Uterine Contraction

Zeyno NUHOGLU!, Cigdem DIKBAS2, Miberra ANDAG2, Gassan H. MATAR?, Yavuz Kirsad DAS!

11:00 Hikmet Ozgiin ISCANZ, Abdurrahman AKSOY
1110 Department of Veterinary Pharmacology and Toxicology, Faculty of Veterinary Medicine, Ondokuz
Mayis University, Samsun, TURKIYE
2Department of Analytical Chemistry, Department of Chemistry, Faculty of Science, Ondokuz Mayis
University, Samsun, TURKIYE
S30 - Model Organism in Pain Research: Zebrafish
11:10 . -
i Semi Serta¢ BAGIRSAKCI*2, Ender YARSAN2
11:20 1A . . . "L
nkara University, Graduate School of Health Sciences, TURKIYE
2Ankara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, TURKIYE
S31 - Evaluation of the Effects of Oxytetracycline and Flunixin Meglumine on the Non-Pregnant Bovine
Myometrium Using an Isolated Organ Bath System
11:20
- Aylin PEHLIVAN ALKAN, Enes ATMACA
11:30
Ondokuz Mayis University, Faculty of Veterinary Medicine, Department of Veterinary Pharmacology and
Toxicology, Samsun, TURKIYE
11:30
- ARA
11:40
11:40 MSD - UYDU OTURUMU
- KONU: AKILICI ILAC KULLANIMINDA SURU TAKIP TEKNOLOJILERININ ROLU
12:10 KONUSMACI: ALPARSLAN UZUN (MSD HAYVAN SAGLIGI RUMINANT TEKNIK MUDURU)
12:10
. OGLE ARASI / POSTER BILDIRILERI
13:30 B
) 3. OTURUM
13:30 . ; .
OTURUM BASKANLARI: PROF. DR. TULAY BAKIREL / PROF. DR. DILEK AKSIT
§32 - Rising Benzimidazole Resistance in Ancylostoma caninum: Implications for Dog Health
13:30 Hande irem SONMEZ12, Elif MADAK?, Mina Cansu KARAERS, Hifsi Oguz SARIMEHMETOGLU?2
13:40 1Graduate School of Health Science, Ankara University, Ankara, TURKIYE
2Department of Parasitology, Faculty of Veterinary Medicine, Ankara University, Ankara, TURKIYE
3Institute of Preclinical Sciences, Veterinary Faculty, University of Ljubljana, SLOVENIA
S33 -
13:40
- The presentation was withdrawn from the conference program because the researchers did not attend.
13:50
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S$34 - A Retrospective Analysis of Antimicrobial Prescribing Trends in Veterinary Clinical Practice

Azizahan TURSUNOVA?, Murat CENGIZ2

13:50
B 1Bursa Uludag University, Institute of Health Sciences, Department of Veterinary Pharmacology and
14:00 Toxicology, Niliifer, Bursa, TURKIYE
2Bursa Uludag University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology,
Niltifer, Bursa, TURKIYE
S35 - The Growing Threat of Antibiotic Resistance and Alternative Strategies
14:00 -
) Meryem KARAPINAR?, Enes GUNCUM?
14:10 1Kirikkale University, Kirkkale Vocational School, Horse Breeding and Training Program, Kirikkale, TURKIYE
2Kinkkale University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Kirikkale, TURKIYE
1410 836 - Contributions of Veterinary Pharmacology to Sustainable Development and the One Health Approach
- Pinar SAHINTURK BOSTANCI
14:20 . .
Zoetis Animal Health, Istanbul, TURKIYE
S$37 - Mechanisms of Chlorine Dioxide Effects Against Infectious Agents nnd One-Health Applications
14:20 Hasan Huseyin UNAL?, Erol KABIL%, Hasan AYDIN2, Namik BILICI3, Andreas L. KALCKER*
- tMinistry of Agriculture and Forestry, Pendik Veterinary Control Institute, istanbul, TURKIYE
14:30 2Adiyaman University, Faculty of Pharmacy, Department of Pharmaceutical Toxicology, Adiyaman, TURKIYE
3Karabuk University, Faculty of Medicine, Department of Medical Pharmacology, Karabiik, TURKIYE
4Kalcker Institute, Biophysical expert, SWITZERLAND
14:30
- ARA
14:40
14:40 4. OTURUM
' OTURUM BASKANLARI: PROF. DR. OYA USTUNER / PROF. DR. MURAT KANBUR
S38 - The Histopathological Effectiveness of Ellagic Acid Against Nickel Induced Testicular Damage
Zozan GARIP?, Nihat YUMUSAK2, Cigdem GEBI3, Fiisun TEMAMOGULLARIY, Hakim GELIK#
14:40 1Harran University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Sanliurfa, TURKIYE
- 2Harran University, Faculty of Veterinary Medicine, Department of Pathology, Sanhurfa, TURKIYE
14:50 3Harran University, Faculty of Veterinary Medicine, Department of Artificial Insemination and Artificial
Fertilisation, Sanlurfa, TURKIYE
4Harran University, Faculty of Medicine, Department of Basic Medical Sciences, Department of
Physiology, Sanhurfa, TURKIYE
S39 - Methyl Palmitate Attenuates Methotrexate-induced Hepatotoxicity via Regulating Bax/Caspase-3
Signaling Pathway
14:50 — . : . .
i Ruhi TURKMEN?, Yavuz Osman BIRDANE?, Orkun ATIK?, Hasan Huseyin DEMIREL?2
15:00

‘Afyon Kocatepe University Faculty of Veterinary Medicine, Departman of Pharmacology and
Toxicology, Afyonkarahisar, TURKIYE

_ 2Afyon Kocatepe University Bayat Vocational School, Afyonkarahisar, TURKIYE
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S$40 - Puerarin Nanoparticles in Liver and Kidney Toxicity: Comparison with Free Form in Diclofenac Model

Zeliha KESKIN ALKAG!, Fatin Ahmet KORKAK2, Semra DURAKS, irem Solmaz AYHAN4
Pervin KARABULUTS, Canan HASGIGEKS

15:00
~ Firat University, Faculty of Pharmacy, Department of Pharmaceutical Toxicology, Elazig, TURKIYE
15:10 2Firat University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Elazig, TURKIYE
3Firat University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Elazig, TURKIYE
4Firat University, Faculty of Pharmacy, Elazig, TURKIYE
5Fethi Sekin City Hospital, Medical Pathology, Elazig, TURKIYE
6Ankara University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Ankara, TURKIYE
541 - Protective Role of Rifampicin and Boswellia serrata Against Damage Caused by Aflatoxin B1 Inhibitor
Fatih Ahmet KORKAK?, Zeliha KESKIN ALKAC?, Gézde ARKALI3, Sadettin TANYILDIZIt
15:10 Yesari EROKSUZ4, Giirdal DAGOGLU
15:20 IFirat University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Elazig, TURKIYE
2Firat University, Faculty of Pharmacy, Department of Pharmaceutical Toxicology, Elazig, TURKIYE
3Firat University, Faculty of Veterinary Medicine, Department of Physiology, Elazig, TURKIYE
4Firat University, Faculty of Veterinary Medicine, Department of Pathology, Elazig, TURKIYE
S42 - Comparison of the Effects of Melatonin and Tryptophan-Containing Feeds Added to the Off-
15:20 Season Ration and Regulin (Melatonin) Application on Estrus in Karacabey Merino Sheep
] Muharrem SATILMIS, Murat ER
15:30 &
Izmir Bakir¢ay University, Menemen Vocational School, Department of Veterinary, izmir, TURKIYE
$43 - Investigation of the embryotoxic Effects of Prunus amygdalus var. Amara Seed in Fertile Chicken Eggs
15:30 Biisra SEN1, Hasan AYDIN2
15:40 : . “ o
IFaculty of Pharmacy, Adiyaman University, Adiyaman, TURKIYE
2Department of Pharmaceutical Toxicology, Faculty of Pharmacy, Adiyaman University, Adiyaman, TURKIYE
15:40
- ARA
16:00
16:00 5. OTURUM
) OTURUM BASKANLARI: PROF. DR. BILAL CEM LIMAN / PROF. DR. SONGUL SONAL
S44 - Phytochemical Composition of Sweet flag (Acorus calamus) and Potential Use in Animal Diseases
Yasin OZTURK?, Merve OZTURK2, Fulya ALTINOK YiPEL2
16:00
= INecmettin Erbakan University, Faculty of Veterinary Medicine, Department of Pharmacology and
16:10

Toxicology, Eregli, Konya, TURKIYE

2Necmettin Erbakan University, Faculty of Veterinary Medicine, Department of Internal Medicine, Eregli, Konya,
TURKIYE

3Hatay Mustafa Kemal University, Samandag Vocational School, Department of Veterinary Science, Hatay, TURKIYE
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$45 - Determination of Antibacterial Properties of Nigella sativa Qil and Comparison with Some Antibiotics

16:10 Ayse KANICI TARHANE!?, Serdal TARHANE?2
1620 iKafkas University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Kars, TURKIYE
2Cankiri Karatekin University, Eldivan Vocational School of Health Services, Veterinary Department,
Laborant and Veterinary Health Program, Cankiri, TURKIYE
S46 - Dose-Dependent Preference and Acute Safety Assessment of Thymbra spicata Infusion in
Honeybees (Apis meilifera)
Muhammed Hasan SIRIN%2, Muhammet Miikerrem KAYAS3, Melike Sultan DEMIRAGS3
16:20 Murat BAYEZIT3, Hidayet TUTUNS3
) 1Siirt University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Siirt, TURKIYE
16:30 2Ankara University, Institute of Health Sciences, Department of Pharmacology and Toxicology, Ankara, TURKIYE
3Burdur Mehmet Akif Ersoy University, Faculty of Veterinary Medicine, Department of Pharmacology
and Toxicology, Burdur, TURKIYE
4Burdur Mehmet Akif Ersoy University, Faculty of Veterinary Medicine, Department of Food Hygiene
and Technology, Burdur, TURKIYE
$47 - Ethnoveterinary Medicinal Potentlal of Alcea Specles and Phytochemical Composition of Alcea
acaulis from Flora of Diyarbakir, TURKIYE
Sara Busra YARDIMCI, Fatma Ceren KIRGIZ2, Aysun ILHAN3, Doga Can, NALBANTOGLU#
16:30 Mustafa YIPEL?
16:40 1Dicle University, Faculty of Veterinary, Department of Pharmacology and Toxicology, Divarbakir, TURKIYE
?Hatay Mustafa Kemal University, Faculty of of Veterinary, Department of Pharmacology and Toxicology, Hatay,
TURKIYE
3Pilimir Food, Agriculture and Forestry Department, Tunceli, TURKIYE
4Eskisehir Food Control Laboratory, Eskisehir, TURKIYE
S48 - The Importance of Stability-Indicating Analytical Methods in the Quality Control of Veterinary
Medicinal Products, and Recommendations for Planning Forced Degradation Studies
16:40
- Onur DEMIR, Erdim Ozan CAKIR
16:50 o
Republic of TURKIYE Ministry of Agriculture and Forestry, Pendik Veterinary Control Institute,
Pharmaceutical Quality Control Laboratory, Istanbul, TURKIYE
S49 - Optimization of Ultrasound-Assisted Extraction of Thymbra Spicata Using Response Surface
Metrology: Polyphenol Profile and Antibacterial Activity
Muhammed Hasan SIRIN%.2, Muhammet Miikerrem KAYA3, Melike Sultan DEMIRAG2
16:50 Erhan KEYVAN4, Murat BAYEZIT3, Hidayet TUTUN3
17:00 1Siirt University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Siirt, TURKIYE

2Ankara University, Institute of Health Sciences, Department of Pharmacology and Toxicology, Ankara, TURKIYE
3Burdur Mehmet Akif Ersoy University, Faculty of Veterinary Medicine, Department of Pharmacology
and Toxicology, Burdur, TURKIYE

4Burdur Mehmet Akif Ersoy University, Faculty of Veterinary Medicine, Department of Food Hygiene
and Technology, Burdur, TURKIYE
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ODUL TORENI

17:00 SONRAKI KONGRE YERININ BELIRLENMES|
DILEK ve TEMENNILER
AKSAM YEMEGI (TARIM VE ORMAN BAKANLIGI ANADOLU SOFRASI)
12:30 Adres: T.C. Tanm ve Orman Bakanligi Universiteler Mah. Dumlupinar Bulvari, No: 161, 06800, Cankaya/ANKARA.
Telefon: 0312 2873360
13 EYLUL 2025 CUMARTESI
10:00 5osvAL PROGRAM - POLATLI GEZIS
18:00 Hareket Yeri: Ankara Universitesi Veteriner Fakiltesi (Diskapi Yerleskesi) - Hareket Saati: 10:00
POSTER BILDIRILERI
Biological Significance and Potential Pharmacological Effects of Uteroverdin
POL Tugrul Zeki KESKIN?, Begiim YURDAKOK DIKMEN2
LAnkara University, Graduate School of Health Sciences, Veterinary Pharmacology and Toxicology, Ankara, TURKIYE
2Ankara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, TURKIYE
Monitoring The Safety of Meat from Slaughtered Animals Using a Microbiological Express Method
Kateryna RODIONOVAL, Mariia KHIMYCH2, Nina DANKEVYCH?
P02 10desa State Agrarian University, Faculty of Veterinary Medicine, Department of infectious
pathology, Odesa, UKRAINE
2Odesa State Agrarian University, Faculty of Veterinary Medicine, Department of infectious
pathology, Odesa, UKRAINE
30desa State Agrarian University, Faculty of Veterinary Medicine, Department of Surgery,
Obstetrics and Small Animal Diseases, Odesa - UKRAINE
Pharmacological Management of a Behavioral Disorder in a Cat Using Paroxetine, Trazodone, and Buspirone
PO3 Aleyna PATIR
Ankara University, Graduate School of Health Sciences, Department of Pharmacology and Toxicology, Ankara, TURKIYE
A Rapid and Sensitive HPLC Method for The Determination of Aflatoxin (AFB1, AFB2, AFG1, AFG2,
AFM1) Residues in Chicken Muscle, Liver and Eggs
PO4 Kubra DELIKLITAS?, Cengiz GOKBULUT?, Biigra Aslan AKYOL?

1Balikesir University, Institute of Health Sciences, Department of Veterinary Pharmacology and
Toxicology, Balikesir, TURKIYE
2Balikesir University, Faculty of Medicine, Department of Medical Pharmacology, Balikesir, TURKIYE
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PO5

Investigation of The Effect of Ursodeoxycholic Acid Against Liver Damage Induced by Imidacloprid in Rats

Yunus Emre BASAR?, Ebru YILDIRIM2, Emine BAYDAN3, Miyase GINAR4, Tugce ANTEPLIOGLUS

1Kinkkale University, Health Scineces Institude, Kirikkale, TURKIYE

2Kirikkale University Veterinary Faculty Pharmacology and Toxicology Department ABD, Kirikkale, TURKIYE
3Ankara Universitesi Veterinary Facuity Pharmacology and Toxicology Department, Ankara, TURKIYE
4Kirikkale University Veterinary Faculty Biochenistry Department, Kirtkkale, TURKIYE

5Kirikkale University Veterinary Faculty Pathology Department, Kirikkale, TURKIYE

PO6

Endocrine Disrupters: In Vitro and In Vivo Models

Hikmet Ozgiin ISCAN, Abdurrahman AKSQY

Department of Veterinary Pharmacology and Toxicology, Faculty of Veterinary Medicine, Ondokuz
Mayis University, Samsun, TURKIYE

PO7

Local and Systemic Mechanisms of Action of Probiotics

Arda SAGIR?, Zehra Kelime KASAKOLU1, Ayhan FiLAZi2

Lankara University, Graduate School of Health Sciences, Veterinary Pharmacology and Toxicology, Ankara, TURKIYE
2Ankara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, TURKIYE

PO8

Toxicity of Bisphenol A and It's Analogs

Zehra Kelime KASAKOLU?, Arda SAGIR?, Ayhan FILAZI2

IAnkara University, Graduate School of Health Sciences, Veterinary Pharmacology and Toxicology, Ankara, TURKIYE
2Ankara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, TURKIYE

P09

Pharmacokinetics and Oral Bioavailability of Ampicillin and Bacampicillin in Chickens and Turkeys

Kerem GUZELAYDIN?, Yigit GUNES2?, Ceren ANLASZ, Murat YILDIRIM?2

Yistanbul University-Cerrahpasa, Institute of Graduate Studies, Istanbul, TURKIYE
2lstanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Department of Pharmacology and
Toxicology, Istanbul, TURKIYE

P10

Overview of Immunomodulators in Veterinary Medicine
Nurcin YILMAZ, Yigit GUNES, Ceren ANLAS, Oya USTUNER, Tulay BAKIREL

Istanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Department of Pharmacology and
Toxicology, Istanbul, TURKIYE

P11

Use of Synthetic Cannabinoids in Turkey and the World
Dilek AKSIT

Kltahya Health Sciences University, Faculty of Engineering and Natural Sciences, Department of
Forensic Sciences, Kiitahya, TURKIYE
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Investigation of The Presence of Nitroimidazole Group Drug Residues Using LC/MS/MS in Raw Milk
Consumed Around Ankara

Ebru DILEK?, Ozgen OZDEMIR2, Sinan INCE!

P12 1Afyon Kocatepe University, Institute of Health Science, Department of Pharmacology and
Toxicology, Afyonkarahisar, TURKIYE
2Republic of Turkey Ministry of Agriculture and Forestry, Pendik Veterinary Control Institute,
Toxicology Laboratory, Istanbul, TURKIYE
1Afyon Kocatepe University, Faculty of Veterinary Medicine, Department of Pharmacology and
Toxicology, Afyonkarahisar, TURKIYE

P13 The presentation was withdrawn from the conference program because the researchers did not attend.
Streptozosin ile Olusturulan Diyabete Bagh Sekillenen Karaciger Hasarina Karsi Morus Alba'nin
Etanolik Ekstraktinin Etkinliginin incelenmesi

P14 : . :
Burcu YESILTEPE, Haki KARA, Alper Serhat KUMRU, Mahmut $SAHIN
Sivas Cumhuriyet Universitesi, Veteriner Fakiiltesi, Farmakoloji ve Toksikoloji ABD, Sivas, TURKIYE
Henna and Hemolysis: The Invisible Risk of GBPD Deficiency

P15 Enes Melih AKAT, Ahmet ATESSAHIN
Firat University Faculty of Veterinary Medicine Department of Pharmacology and Toxicology Merkez/Elazig, TURKIYE
Physiologically-Based Pharmacokinetic Studies in Drug Discovery and Development: The Zebrafish
(Danio Rerio) Model

P16
Sultan Nurhan AYIKOL, Ender YARSAN
Ankara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, TURKIYE
Evaluation of The Pharmacological Activities of Bioactive Compounds in Medicinal and Wild Mushrooms

P17 Melike Betiil TAN
Kinkkale University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Kirtkkale, TURK IYE
Mitochondrial Pharmacotherapy

P18 Gizem Erdogan DURAN?, Begiim YURDAKOK DIKMEN2

1Ankara University, Graduate School of Health Sciences, Veterinary Pharmacology and Toxicology, Ankara, TURKIYE
2Ankara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, TURKIYE
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Searching for Future Solutions in The Past: Analysis of Medicinal Plants in Veterinary Pharmacology
Textbook of Prof. Nurettin Mazhar OKTEL

Serra Berin CANDIR?, Cigdem BILGI2, Begiim YURDAKOK-DIKMENS, Alvaro Fdez-Blanco B SANAS4
Liliana Susy Vargas MURGAS, Theresa SCHLITTENLACHER®, Marta MENDEL?, Michael WALKENHORST®

1Ankara University Institute of Health Sciences, Ankara, TURKIYE

P19 2[zmir Institute of Technology, Department of Bioengineering, izmir, TURKIYE
3Ankara University Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, TURKIYE
4University of Seville, Sevilla, SPAIN
SUniversity of Girona, Agri-Food Technology Department, Girona, SPAIN
6Research Institute of Organic Agriculture (FiBL), Frick, SWITZERLAND
"Warsaw University of Life Sciences, Faculty of Veterinary Medicine, Department of Pharmacology
and Toxicology, Warsaw, POLAND
Olive Bioactive Compounds in Circular Feed Systems: In Vitro Evaluation within The Oliwa Project
Begum YURDAKOK DIKMEN1, Muhammad Adnan ARIF2, Talal HASSANZ, Stefano BAGATELLA?
Lucia Simona BAVARQ?3, Emilia IFANOVA#, Salome Robbert PRIETO4, Jesus De la Osada GARCIAS
El Akrem HAYOUNI®, Maria Teresa CAPUCCHIO2

P20 iFaculty of Veterinary Medicine, Ankara University, TURKIYE
2Department of Veterinary Sciences, University of Turin, ITALY
3Institute of Science of Food Production, National Research Council, Turin, ITALY
4Natac Biotech, Madrid, SPAIN
SVeterinary School, Universidad de Zaragoza, SPAIN
6Center of Biotechnology of Borj-Cédria, TUNISIA
Pharmacological and Supplementary Agents Use in Aquarium Fish: Current Trends
Farah Gonul AYDIN?®, Cemre CELEP2, Suveyda PAK3

P21
tAnkara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, TURKIYE
2Ankara University, Graduate School of Health Sciences, Veterinary Pharmacology and Toxicology, Ankara, TURKIYE
3Ankara University, Graduate School of Health Sciences, Laboratory Animal Unit, Ankara, TURKIYE
Zebrafish-Based In Vitro Systems
Farah Gonul AYDIN?, Ugur AYDIN2

P22
IAnkara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, TURKIYE
2Ankara University, Graduate School of Health Sciences, Veterinary Pharmacology and Toxicology, Ankara, TURKIYE
Beyond Smell: Ectopic Olfactory Receptors in Veterinary Pharmacology

P23 Rana MOLLAMAHMUTOGLU
Ankara University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Ankara, TURKIYE
Postbiotics

P24 ilker SIMSEK

Cankir Karatekin University, Sabandzi Vocational School, Cankiri, TURKIYE
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ORAL PRESENTATION / TAM METIN SOzL0 SUNUM

The Effect of Infliximab on Oxidative Stress Markers in the Temporal Cortex
in a Propionic Acid-Induced Experimental Autism Model

Ahmet ATESSAHIN! Nur AKMAN2*
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Abstract

In this study, the effects of infliximab administration on oxidative stress parameters
in the temporal cortex of rats were investigated using an experimental autism model
induced by propionic acid (PPA). A total of 32 Wistar albino rats aged 3-5 weeks were
randomly divided into four groups: control, PPA (autism), PPA + infliximab, and infliximab.
The autism model was established by oral administration of PPA at a dose of 250 mg/kg
for three consecutive days. Infliximab was administered intraperitoneally at a dose of 5
mg/kg for five weeks. At the end of the experiment, temporal cortex tissues were
dissected and analyzed for malondialdehyde (MDA), glutathione (GSH), catalase (CAT),
glutathione peroxidase (GPx), and advanced oxidation protein products (AOPP) levels
using the ELISA method. The results showed a significant increase in MDA and AOPP
levels in the PPA group compared to the control group (P<0.05), while GSH, GPx1, and
CAT levels were significantly decreased (P<0.05). In the PPA + infliximab group, oxidative
stress was further elevated, and in the infliximab-only group, MDA and AOPP levels were
highest, whereas antioxidant parameters were lowest (P<0.05). These findings indicate
that a marked oxidative stress develops in the PPA-induced autism model and that
infliximab treatment exerts adverse effects on certain antioxidant parameters in the
temporal cortex. Based on these results, it is suggested that TNF-a inhibitors may disrupt
oxidative balance in neurodevelopmental disorders by contributing to mitochondrial
dysfunction through Tumor Necrosis Factor Receptor 2 (TNFR2) signaling.
Keywords: Antioxidant Enzymes, Experimental Autism Model, Infliximab, Oxidative Stress,

Temporal Cortex.
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Propiyonik Asit ile indiiklenen Deneysel Otizm Modelinde infliksimabin
Temporal Korteksteki Oksidatif Stres Belirtegleri Uzerine Etkisi

Bu calismada, propiyonik asit (PPA) ile olusturulan deneysel otizm modelinde,
sicanlarin temporal korteksinde infliksimab uygulamasinin oksidatif stres parametreleri
lizerindeki etkileri arastiriimistir. Uc-bes haftalik toplam 32 Wistar albino sican rastgele
olarak dort gruba ayriimistir: Kontrol, PPA (otizm), PPA + infliksimab ve infliksimab. Otizm
modeli, u¢ ardisik gun boyunca oral yolla 250 mg/kg dozunda PPA uygulanarak
olusturulmustur. infliksimab, bes hafta boyunca 5 mg/kg dozunda intraperitoneal yolla
verilmistir. Deney sonunda, temporal korteks dokulan disseke edilerek malondialdehit
(MDA), glutatyon (GSH), katalaz (CAT), glutatyon peroksidaz (GPx) ve ileri oksidasyon
protein Urinleri (AOPP) duzeyleri ELISA yontemiyle analiz edilmistir. Bulgular, PPA
grubunda kontrol grubuna kiyasla MDA ve AOPP duzeylerinde anlamh bir artis (P<0,05),
GSH, GPx1 ve CAT diizeylerinde ise anlamli bir azalma (P<0,05) oldugunu gostermistir.
PPA + infliksimab grubunda oksidatif stres daha da artarken, yalnizca infliksimab verilen
grupta MDA ve AOPP duzeylerinin en yuksek, antioksidan parametrelerin ise en dusuk
diizeyde oldugu saptanmistir (P<0,05). Bu bulgular, PPA ile indiiklenen otizm modelinde
belirgin bir oksidatif stres gelistigini ve infliksimab tedavisinin temporal korteksteki bazi
antioksidan parametreler lizerinde olumsuz etkiler olusturdugunu géstermektedir. Elde
edilen sonuclara gore, TNF-a inhibitorlerinin, Timor Nekroz Faktoriu Reseptéru 2 (TNFR2)
sinyal yolu araciliglyla mitokondriyal disfonksiyona katkida bulunarak nérogelisimsel
bozukluklarda oksidatif dengeyi bozabilecegi diisiiniilmektedir.

Anahtar Kelimeler: Antioksidan enzimler, Deneysel otizm modeli, infliksimab, Oksidatif
stres, Temporal korteks.

INTRODUCTION

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by
communication deficits, repetitive behaviors, restricted interests, intermittent self-
injurious behaviors, hyperactivity, and sensory sensitivities (Alacabey et al., 2025).
According to the World Health Organization, approximately 1 in every 100 children is
diagnosed with ASD. Despite the rapid increase in the prevalence of autism, there is still
limited knowledge regarding its etiology, risk factors, and disease progression (Tadas et
al., 2025). Although genetic predisposition plays a significant role in the etiology of ASD,
the pathogenesis process is also substantially influenced by various environmental
factors during prenatal and postnatal periods, which may be associated with the

increasing prevalence of ASD (Rajabi et al., 2024). The pathophysiology of ASD is not yet
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fully understood; however, oxidative stress, neuroinflammation, mitochondrial
dysfunction, and disruptions in GABA, glutamate, dopamine, and oxytocin levels have
been reported as influential factors (Mehan et al., 2025). The temporal cortex plays a
critical role in ASD pathophysiology because it is responsible for cognitive functions
directly related to core symptoms of ASD, such as auditory processing, language
development, and social perception (Tang et al., 2013). Brodmann Area 21 (BA21) in the
lateral temporal lobe is associated with auditory perception, language production, and
neural bases of social cognitive processes, and this area has been shown to correlate with
behaviors associated with ASD (Bigler et al., 2007; Jou et al., 2010). Postmortem brain
studies indicate significant mitochondrial dysfunction in the temporal cortex of individuals
with ASD, particularly reductions in the enzymatic activities of Complex | and IV of the
electron transport chain (Chauhan et al., 2011). Furthermore, decreased levels of the
mitochondrial antioxidant enzyme superoxide dismutase 2 (SOD2) and increased
mitochondrial DNA (mtDNA) damage have been reported in the temporal cortex of
children with ASD (Giulivi et al., 2010). Significant increases in lipid hydroperoxide levels,
a marker of oxidative stress, were observed in the temporal cortex and cerebellum regions
of individuals with ASD. Chauhan and colleagues (2011) suggested that this increase
leads to decreased expression of electron transport chain complexes and results in
abnormal energy metabolism and elevated oxidative stress levels.

Propionic acid (PPA), found in cheese, dairy products, and refined wheat, is also
used as a preservative in various foods (El-Ansary et al., 2016). PPA is a weak organic
acid capable of easily crossing the blood-brain barrier (gut — blood — brain) (Bhandari
and Kuhad, 2015; Mirza and Sharma, 2018). Increased PPA levels in organs cause
intracellular acidification and trigger systemic inflammation through increased pro-
inflammatory cytokine concentrations (Shultz et al.,, 2015; El-Ansary et al.,, 2016).
Elevated PPA in neuronal cells can cause propionic acidemia and disrupt neuronal
development (Xu et al.,, 2012; Khalil et al., 2015). PPA administration induces various
pathophysiological processes seen in ASD, such as behavioral impairments, oxidative
stress, and neuroinflammation, making it a widely used effective preclinical model to
investigate underlying mechanisms and potential treatment options for ASD (Tiwari,
2021; Alabdali et al., 2025). Currently, there are no validated biomarkers for ASD
diagnosis, nor is there a specific pharmacological treatment available for the disorder

(Alacabey et al., 2025). Existing therapeutic interventions only provide limited relief of
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symptoms such as anxiety, depression, attention deficit hyperactivity disorder, and
irritability associated with ASD (Hellings, 2023).

Infliximab, a chimeric monoclonal antibody targeting tumor necrosis factor-alpha
(TNF-a), is used to treat various pathological conditions, especially inflammatory diseases
(Alacabey et al., 2022). Recent studies have demonstrated that infliximab possesses not
only anti-inflammatory but also antioxidative properties. By blocking TNF-«, infliximab
reduces reactive oxygen species (ROS) production, thereby limiting oxidative stress-
induced cellular damage (Zhou et al., 2021). Widely used in the treatment of rheumatoid
arthritis, psoriatic arthritis, ankylosing spondylitis, spondyloarthropathies, Crohn’s
disease, and ulcerative colitis, infliximab has recently been reported to alleviate cognitive
impairment, depression, and anxiety symptoms secondary to various diseases and
improve quality of life (Rahmati-Dehkordi et al., 2025).

The present study aims to investigate the effects of infliximab administration on
oxidative stress parameters in the temporal cortex of a propionic acid-induced
experimental autism model. We hypothesize that infliximab treatment may modulate
oxidative stress markers in this model, potentially influencing antioxidant defense

mechanisms and inflammatory pathways associated with ASD pathophysiology.

MATERIAL AND METHODS

This study was conducted in accordance with the ethical approval granted by the
Van Yuziuncu Yil University Local Animal Experiments Ethics Committee, dated
26.06.2025, decision number 719521. A total of 32 male Wistar Albino rats, aged 3-5
weeks and weighing approximately 125-175 g, were randomly divided into four groups,
with 8 rats per group. The animals were obtained from the Experimental Medicine
Application and Research Center of Yiiziincii Yil University (YUDETAM) and housed under
standard laboratory conditions (12 h light:12 h dark cycle, 24+3°C), with ad libitum
access to standard pellet feed and water. The experimental period lasted for 35 days.

The groups were as follows:

1. Control group: Rats received 0.5 ml phosphate buffer (0.2 M, pH 7.2) via oral
gavage for 3 consecutive days. From day 4 onwards, they were administered 0.1 ml saline
intraperitoneally once weekly for 5 weeks.

2. Autism group: To induce the experimental ASD model, rats were administered 0.5
ml of 250 mg/kg propionic acid (PPA) dissolved in phosphate buffer (0.2 M, pH 7.2) via oral
gavage for 3 consecutive days (El-Ansary et al., 2018; Mirza and Sharma, 2018; Alsubaiei et
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al., 2022). Starting from day 4, 0.1 ml saline was administered intraperitoneally once weekly
for 5 weeks.

3. Autism + Infliximab group: Following the same protocol as the autism group, rats
received 0.1 ml infliximab at a dose of 5 mg/kg intraperitoneally once weekly for 5 weeks,
starting on day 4 (Mohamad et al., 2022; Nageeb et al., 2023).

4. Infliximab group: Rats received 0.5 ml phosphate buffer (0.2 M, pH 7.2) orally for 3
days, followed by weekly intraperitoneal injections of 0.1 ml infliximab (5 mg/kg) for 5 weeks
starting on day 4 (Mohamad et al., 2022; Nageeb et al., 2023).

On day 38, rats were euthanized and their brains were rapidly extracted via
craniotomy using microsurgical scissors and forceps, and placed on ice. Using a scalpel,
olfactory connections, brainstem, and cerebellum were separated. Each brain
hemisphere was divided into right and left hemispheres, and the temporal cortex, located
in the lateral cortical region, was dissected and isolated according to anatomical
boundaries. To prepare 10% tissue homogenates, temporal cortex samples were
homogenized with 0.1 M phosphate buffer (pH 7.4) at 1200 rpm for 2 minutes on ice
using a Bullet Blender Storm (USA). The homogenates were centrifuged at 4000 rpm and
+4 °C for 10 minutes, and supernatants were collected and stored for biochemical
analyses.

Oxidative stress markers including malondiaidehyde (MDA), glutathione (GSH),
catalase (CAT), glutathione peroxidase (GPx), and advanced oxidation protein products
(AOPP) were quantified in tissue supernatants using ELISA. The following ELISA kits (ELK
Biotechnology, China) were used: MDA (ELK8612), GSH (ELK8577), CAT (ELK5986), GPx
(ELK2222), and AOPP (ELK0784). Samples and reagents were prepared according to the
manufacturer’s instructions, and optical densities were measured at 450 nm using a
Multiskan SKY Microplate Spectrophotometer (UV/VIS).

Statistical Analysis: All statistical analyses were peformed using SPSS software
(version 20.0, SPSS Inc., Chicago, IL, USA). Data are expressed as mean * standard
deviation (SD). Differences between groups were analyzed by one-way analysis of
variance (ANOVA) followed by Duncan’s multiple range test for post hoc comparisons. A

P-value of £ 0.05 was considered statistically significant.

RESULTS
In the study, statistically significant differences were observed between the groups

for all biochemical parameters evaluated (P<0.05) (Table 1).
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AOPP levels were significantly increased in the autism group compared to the
control group (P<0.05). In the autism + infliximab group, AOPP levels were significantly
higher than in the autism group (P<0.05); however, the highest AOPP level was detected
in the infliximab-only group, which was significantly higher than all other groups (P<0.05)
(Table 1).

Similarly, MDA levels were significantly elevated in the autism group compared to
the control group (P<0.05). In the infliximab group, MDA levels were significantly higher
than those in the autism group (P<0.05), while the autism + infliximab group
demonstrated the highest MDA levels, which were statistically significant compared to all
other groups (P<0.05) (Table 1).

Conversely, CAT, GPX1, and GSH levels were significantly reduced in the autism
group compared to the control group (P<0.05). In the autism + infliximab group, a further
significant decrease was observed compared to the autism group (P<0.05), with the most

pronounced reduction recorded in the infliximab-only group (P<0.05) (Table 1).

Table 1. Comparison of oxidative stress markers AOPP, MDA, CAT, GPX1, and GSH level in the

temporal cortex among Control, Autism, Autism + Infliximab, and Infliximab groups.

Parameter Control Autism Autism + Infliximab Infliximab
AOPP 89.67 + 12.02¢ 147.54 £ 5.92¢ 177.87 + 5.65P 197.37 + 8.69=
MDA 191.25 + 12.72¢ 259.04 + 19.25¢° 560.85 t 32,472 350.28 + 32.68°
CAT 642.93 + 23.152 587.09 + 11.15° 477.81 + 10.46¢ 382.61 £ 9.78¢
GPX1 544.24 + 15.32a 478.44 1 13.49¢° 348.37 + 14.26¢ 303.64 £ 10.67¢
GSH 456.95 + 18.992 339.28 + 13.130 27931+ 7.17¢ ;45.82 +10.244

Note: Data are presented as mean * standard deviation (SD). Values in the same row with different letters
indicate statistically significant differences (P<0.05).

DISCUSSION AND CONCLUSION
This section should include the interpretation of present study results with other
studies which were indicated in the reference list. The conclusions of the study should be
stated in the last paragraph. Autism Spectrum Disorder (ASD) is considered a
multifactorial neurodevelopmental disorder where environmental factors may play a
triggering role in genetically predisposed individuals. In this context, oxidative stress has
been suggested as a common mechanism mediating the interaction between genetic

makeup and environmental factors (Chauhan et al., 2012). Oxidative stress in ASD is
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evaluated both at the cellular membrane level and by measuring lipid peroxidation
products and antioxidants involved in the defense system against reactive oxygen species
(ROS) (Manivasagam et al., 2020).

Glutathione (GSH) is one of the major intracellular antioxidants, acting as a reducing
agent and protecting cells by neutralizing the harmful effects of ROS (Khaliulin et al.,
2025). Glutathione peroxidase (GPx) is an enzyme that detoxifies peroxides using GSH
and protects cells from oxidative stress (Bjgrklund et al., 2020). According to studies by
Meguid et al. (2011) and Frustaci et al. (2012), GPx levels were reported to be lower in
children with ASD compared to control groups. Chauhan et al. (2012) and Rose et al.
(2012) reported impaired GSH homeostasis and decreased GSH antioxidant levels in the
temporal cortex and cerebellum of individuals with ASD. The reduction in GSH levels in
these brain regions was attributed to increased lipid peroxidation and deficiencies in
mitochondrial electron transport chain (ETC) complexes, indicating increased oxidative
damage and mitochondrial dysfunction in autism (Chauhan et al.,, 2012). Rose et al.
(2012) further suggested that GSH level disturbances in the temporal cortex arise from
increased mitochondrial superoxide production and chronic inflammation. Decreased
GSH availability in the brains of individuals with autism suggests disrupted mitochondrial
redox balance, which may promote mitochondrial damage via elevated ROS, negatively
affecting cellular energy production and leading to cell death (Ayer et al., 2010). In the
present study, decreased GSH and GPX1 levels in the autism group compared to controls
parallel these previous findings.

Malondialdehyde (MDA) is the end product of polyunsaturated fatty acid
peroxidation and serves as a biomarker for lipid peroxidation. Measurement of MDA levels
is one of the most commonly used methods to assess lipid peroxidation (Yui et al., 2020).
Various studies on children diagnosed with ASD have reported increased MDA levels in
plasma (Meguid et al., 2011, Essa et al., 2012; Altun et al., 2018; Yui et al., 2020) and
brain tissue (Bhat et al., 2023). Altun et al. (2018) reported a positive correlation between
elevated MDA levels and the severity of ASD symptoms, suggesting that individuals with
higher MDA may have more severe forms of the disorder (Altun et al.,, 2018). In the
present study, a significant increase in MDA levels was observed in ASD, consistent with
the literature.

Catalase (CAT) reduces the toxicity of hydrogen peroxide (H,0;) by converting it into
water and oxygen, whereas glutathione peroxidase (GPx) reduces hydrogen peroxide and

organic hydroperoxides to water or corresponding alcohols using glutathione (GSH) as an
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electron donor. In individuals with ASD, CAT levels have been reported to be decreased in
erythrocytes, unchanged in plasma, and increased in serum (Altun et al., 2018).
Significant decreases in CAT levels have been found in the brain tissue (Bhat et al., 2023)
and serum (El-Ansary et al., 2017) of children with ASD. Al-Amin et al. (2015) reported
decreased CAT levels in the brain tissue of rat models of ASD, while Ornoy et al. (2019)
found increased CAT levels in the prefrontal cortex of such rat models (Ornoy et al., 2019).
In the present study, decreased CAT levels were detected in the autism group compared
to controls.

Advanced oxidation protein products (AOPP), formed during oxidative stress via
myeloperoxidase activation, are considered markers of oxidative protein damage
(Campara et al., 2025). Yenkoyan et al. (2018) found no changes in serum AOPP levels
in children with ASD, whereas Jasenovec et al. (2023) reported increased AOPP levels in
the serum of ASD individuals. Similarly, Al-Amin et al. (2015) observed significant
increases in AOPP levels in the brain tissue of rat ASD models. AOPP may contribute to
ASD pathogenesis by increasing pro-inflammatory cytokine production through monocyte
activation (Nasrallah and Alzeer, 2022). Ahmad et al. (2013) reported significantly higher
AOQPP levels in severely autistic individuals compared to those with mild to moderate ASD
and healthy controls. Nasrallah and Alzeer (2022) also found a positive correlation
between AOPP levels and ASD severity. These findings suggest that AOPP may not only
be a marker of oxidative stress but also a potential biomarker reflecting ASD severity. In
the present study, AOPP levels were significantly elevated in the autism group compared
to controls, supporting increased oxidative stress in autism.

Mitochondria are both the primary source of ROS production and responsible for
their neutralization. Mitochondrial dysfunction observed in ASD leads to excessive ROS
production, resulting in oxidative stress (Wen et al., 2021). Studies have shown increased
mitochondrial activity in autistic children, making them more susceptible to oxidative
stress (Khaliulin et al., 2025). Mitochondrial dysfunction in ASD may lead to oxidative
stress and cellular damage. As mitochondria play a crucial role in cellular repair,
mitochondrial impairment may increase brain cells’ susceptibility to oxidative damage,
potentially affecting ASD development and severity (Dtugosz et al., 2025).

In the present study, an experimental autism model induced by propionic acid (PPA)
demonstrated significantly increased oxidative stress in the temporal cortex of the autism
group, characterized by decreased GSH, GPX1, and CAT levels alongside elevated MDA
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and AOPP levels. We consider that the increased oxidative stress in the autism group
arises from mitochondrial dysfunction in the temporal cortex.

Infliximab is a monoclonal antibody belonging to the anti-TNF-a agent class,
specifically binding tumor necrosis factor-alpha (TNF-a) (Hoshiyama et al., 2018). Its
biological effects include suppression of inflammation, reduction of oxidative stress, and
inhibition of apoptosis through various cellular protective mechanisms (Zhou et al., 2021).
While infliximab is widely used to treat inflammatory diseases such as ulcerative colitis,
Crohn’s disease, and rheumatoid arthritis, recent studies have reported its
neuroprotective effects (Dehkordi et al.,, 2025). Specifically, it has demonstrated
therapeutic benefits in Alzheimer’'s disease by targeting metabolic signaling pathways
(Clarke et al., 2025), inhibited oxidative stress and inflammation improving depressive
and anxiety-like behaviors in animal models of depression (Sahin et al., 2020), and
reduced anxiety-like behaviors, improved cognitive dysfunction, and increased brain-
derived neurotrophic factor (BDNF) expression in juvenile arthritis rat models (Poutoglidou
et al., 2021). Additionally, infliximab infusion has been shown to alleviate fatigue and
depressive symptoms, enhancing quality of life (Imabayashi et al., 2021).

However, Kalinowska et al. (2020) reported that infliximab treatment can induce
demyelination through a T cell-independent mechanism, causing oligodendrocyte
damage via toxicity. This mechanism may lead to inflammatory demyelination in the
central nervous system (CNS), potentially resulting in multiple sclerosis (MS). Yu et al.
(2021) found that lesions associated with MS demyelinating disorders related to
infliximab treatment are indistinguishable from MS lesions. According to Psarelis et al.
(2017), anti-TNF-a therapy can induce demyelination and subsequent neurological
disorders, particularly Guillain-Barré syndrome. Several studies have linked anti-TNF
agents to MS (Avasarala et al., 2021).

The underlying pathophysiological mechanism of CNS lesions developing after
infliximab therapy remains unclear (Yu et al., 2021; Avasarala et al., 2021). It has been
suggested that this may be explained through the interaction of TNF-a with its two
receptor types, TNFR1 and TNFR2. TNFR1 is a transmembrane protein, while TNFR2 is a
soluble cytokine receptor. The current literature reports TNFR1 mediates demyelination
processes, whereas TNFR2 facilitates remyelination. Moreover, inhibition of TNFR2 has
been shown to adversely affect local repair processes related to axonal damage and
myelin loss (Psarelis et al., 2017). Experimental studies by Bruce et al. (1996) showed

that mice deficient in TNFR1 and TNFR2 genes exhibited increased susceptibility to focal

44




ORAL PRESENTATION / TAM METIN SOzL0 SUNUM

cerebral ischemia and epileptiform seizures, suggesting protective roles of TNF receptors
against neuronal damage.

Infliximab has been reported to exhibit antioxidant effects by reducing increased
oxidative stress in various tissues (Ozer et al., 2017; Dirik et al., 2021; Habib et al., 2019).
Habib et al. (2019) showed that infliximab decreased elevated MDA levels and increased
CAT and GSH levels, demonstrating antioxidant properties in testicular tissue exposed to
toxicity. Dirik et al. (2021) reported that infliximab reduced MDA and AOPP levels while
increasing CAT levels in rats with ovarian torsion. Infliximab prevented increases in MDA
levels in septic liver, lung, spleen, and Kidney tissues and also prevented decreases in
GSH levels in septic liver, spleen, and kidney tissues (Ozer et al., 2017). In stressed rats,
infliximab attenuated decreases in GSH and superoxide dismutase (SOD) levels in the vas
deferens and inhibited increases in malondialdehyde (MDA) levels (Sahin et al., 2020).

No literature was found regarding the effects of infliximab in ASD. In the present
study, infliximab treatment further increased oxidative stress and disrupted antioxidant
balance in the temporal cortex of ASD. TNF-a has been reported to exert a protective
effect on the CNS, with its presence necessary for remyelination via TNFR2 activation
(Tristano et al., 2010). TNF-a signaling through TNFR2 enhances the expression of
enzymes detoxifying ROS, thereby contributing to intracellular oxidative balance
maintenance. This mechanism is supported by in vitro studies on oligodendrocyte
progenitor cells (Candel et al., 2014). According to Al-Azab et al. (2020), the TL1A/TNFR2
axis causes mitochondrial dysfunction and increases ROS production.

While TNF-a inhibitors like infliximab suppress inflammation by blocking TNF-c('s
biological effects, they may also induce mitochondrial dysfunction via TNFR2, increasing
ROS production and disrupting antioxidant balance. This can elevate the risk of cellular
damage in tissues where TNF-a plays a critical role in oxidative stress management, such
as the CNS, intestinal mucosa, and skin. The disruption of oxidative balance by infliximab
in ASD observed in this study may be due to increased TNFR2-mediated signaling linked
to mitochondrial dysfunction in ASD, leading to elevated ROS production via TNFR2
activation and increased cellular oxidative stress.

In this study, significant changes in oxidative stress markers were observed in the
temporal cortex of an experimental autism model induced by propionic acid. Levels of
MDA and AOPP, indicators of lipid peroxidation and protein oxidation respectively, were

increased in the autism group, while there was a marked decrease in key antioxidant
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defense enzymes CAT, GPX1, and GSH. These findings support the critical role of oxidative
stress in the pathophysiology of autism.

Contrary to expectations, infliximab administration did not have a beneficial effect
on oxidative stress markers; rather, it led to an increase in some parameters. This
suggests that infliximab may have potentially adverse effects on oxidative stress in the
temporal cortex within the experimental autism model. Further comprehensive studies
are warranted to more thoroughly investigate the effects of infliximab on autism

spectrum disorder and oxidative stress.
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Abstract

In recent years, artificial intelligence (Al) and machine learning (ML) have been increasingly
applied in veterinary medicine for diagnosis, treatment planning, and data analysis. Drug research
and development also benefit from the predictive power and efficiency of these technologies.
Physiologically based pharmacokinetic (PBPK) models mathematically simulate the absorption,
distribution, metabolism, and excretion (ADME) of drugs based on species-specific anatomical
and physiological characteristics. These models are valuable tools for dose adjustment,
interspecies extrapolation, evaluation of drug-drug interactions, and toxicological risk
assessment. Widely used PBPK software platforms include GastroPlus™, PK-Sim®, and Simcyp
Animal. Such models facilitate the prediction of key pharmacokinetic parameters such as volume
of distribution and clearance, support model calibration, and enable dose simulations. Al-assisted
PBPK approaches not only accelerate experimental workflows but also align with the 3Rs
principle, offering an ethical alternative that reduces animal use. The inclination to minimize
animal use, motivated by ethical and economic considerations, has substantially enhanced the
appeal of these methods. Although PBPK modelling is well established in human medicine, its
application in veterinary medicine remains limited. This is largely due to the scarcity of species-
specific physiological data, incomplete databases on transporter proteins and enzyme expression,
and challenges in model validation. Limited datasets for less-studied species, such as goats or
exotic animals, further constrain model reliability. In conclusion, Al-assisted PBPK modelling
represents an innovative, ethical, and scientifically robust approach for veterinary drug
development, dose optimisation, and toxicological risk assessment. This methodology holds
substantial potential to facilitate the design of individualised treatment strategies and to promote
safe and effective drug use in veterinary practice.
Keywords: Pharmacokinetics; drug development; machine learning; veterinary; artificial

intelligence.
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Veteriner Farmakolojl ve Tokslkolojide Yapay Zeka Destekli
Fizyolojik Tabanl Farmakokinetik (PBPK) Modelleme

Ozet

Yapay zeka (Al) ve makine ogrenmesi (ML) son yillarda veteriner hekimlikte tani,
tedavi planlama ve veri analizi gibi bircok alanda kullanilmaya baslanmistir. ilag
arastirma/gelistirme sirecleri de bu teknolojilerin sagladigi hiz ve 6ngorii gliciinden
yararlanmaktadir. Fizyolojik tabanli farmakokinetik (PBPK) modeller, ilaclarin emilim,
dagilim, metabolizma ve atiim (ADME) siireclerini, organizmanin anatomik ve fizyolojik
ozellikleri temelinde matematiksel olarak simiile eden araclardir. Bu modeller; doz
ayarlamasi, tiirler arasi ekstrapolasyon, ilac-ilac etkilesimlerinin degerlendiriimesi ve
toksikolojik risk analizleri gibi alanlarda degerli bilgiler sunar. GastroPlus™, PK-Sim® ve
Simcyp Animal, PBPK modelleme calismalarinda yaygin kullanilan yazihmlar arasinda
yer alir. Modelleme; dagihm hacmi ve klerens gibi kritik farmakokinetik parametrelerin
ongorilmesinde, model kalibrasyonunda ve doz simulasyonlarinda etkili sonuclar verir.
Yapay zeka ile desteklenen PBPK yaklasimlan, deneysel sireci hizlandirmanin yani sira
3R ilkelerine uyum acisindan da etik bir secenek sunar. Etik ve ekonomik kaygilar
nedeniyle hayvan kullaniminin azaltiimasina yonelik egilim, bu yontemlere olan ilgiyi
artirmistir. Beseri hekimlikte yayginlasan PBPK modelleri, veteriner hekimlikte hentiz
sinirh dlgiide uygulanmaktadir. Turlere 6zgl fizyolojik verilerin azlig), tasiyici protein ve
enzim ekspresyonu hakkinda yeterli veritabaninin bulunmamasi ve model dogrulama
asamalarindaki guclukler bu durumun baslica nedenleridir. Keci veya egzotik hayvan
tarleri gibi az calsilmis tirlerde verinin siirli olmasi da model glvenilirligini
kisitlamaktadir. Sonu¢ olarak, yapay zeka destekli PBPK modelleme; veteriner ilac
gelistirme, doz optimizasyonu ve toksikolojik risk degerlendirme siireclerinde yenilikei,
etik ve bilimsel olarak gugli bir yontemdir. Bu yaklagim, bireysellestirilmis tedavi
planlarinin olusturulmasina ve giivenli ila¢ kullaniminin saglanmasina katki saglayacak
onemli bir potansiyel tasimaktadir.
Anahtar Kelimeler: Farmakokinetik; ilac gelistirme; makine 6grenmesi; veteriner; yapay

zeka.
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GiRIS
Yapay zeka (Al), veteriner hekimliginde goriintileme sistemleri basta olmak uzere
bircok alanda kullanilmaya baslanmistir. Hayvan saghgl alaninda yapay zeka
uygulamalarn; epidemiyolojik tahminler, hayvan ve insanlar icin bireysellestirilmis tedavi
yaklasimlari, konak-patojen etkilesimlerinin analizi ve hastalik tanisinda hata payinin
azaltilmasi gibi bircok alanda kullaniimaktadir (Akinsulie vd., 2024).

Gunumizde ilac gelistirme sureclerinde de yapay zeka modellemelerinden
yararlanilmaktadir. Geleneksel ila¢ gelistirme siirecleriyle karsilastirildiginda, yapay zeka
(Al) tabanh algoritmalar, bliylik biyolojik veri kiimelerini analiz ederek hedef molekillerin
tanimlanmas, toksisite testleri, farmakokinetik modellemeler ve klinik deney tasarimi
gibi alanlarda daha dogru ve hizli sonuclar sunmaktadir (Ali vd., 2025).

Al destekli farmakokinetik yazihmlar, molekuler ozellik (Seometrik yapi, fonksiyonel
gruplar vb.), baglanma afinitesi ve biyoyararlanim gibi parametreleri in silico ortamda
tahmin ederek aday ilag sec¢im suirecini kolaylastirmakta ve bu durum, maliyet ve hayvan
deneyi sayisini azaltarak ilag gelistirme surecini hizlandirmaktadir (Sarvepalli &
Vadarevu, 2025). Ayrica, Al destekli ve fizyolojik tabanl farmakokinetik (PBPK) modeller,
insan ve/veya hayvan fizyolojisine 0zgli degiskenleri temel alarak kisisellestirilmis doz
onerileri (bireysel tedavi) saglar (Raghuvanshi vd., 2025).

Farmakokinetik, bir ksenobiyotigin viicuda alinmasini takiben emilim, dagihm,
metabolizma ve atilim (ADME) siireclerini nicel olarak inceleyen farmakoloji alt dahdir.
Diger bir deyisle farmakokinetik, viicudun ilaca etkisi olarak tanimlanabilir (Benet & Zia-
Amirhosseini, 1995; Goodman, 1996). Farmakokinetik modeller, ilaclarin doz ve doz
araliklarinin belirlenmesi ve ilac-ilac etkilesimlerinin degerlendiriimesi icin temel
araclardan biridir (U.S. Food and Drug Administration, 2020).

Klasik farmakokinetik modellerin basinda gelen kompartmanl ve kompartmansiz
modeller, ilacin viicuttaki dagiim hizina bagh olarak viicudun homojen bir kompartman
ve/veya kompartmanlarla temsil edildigi bir yaklasimdir. ila¢ dagiima siirecinde viicudun
tim bolgelerinde hizli bir sekilde dengeye ulasiyorsa, viicut tek bir kompartman olarak
modellenir ve bu model tek kompartmanh farmakokinetik model olarak adlandirilir.
Ancak, ilacin bazi organlara veya dokulara dagihmi digerlerine gore daha hizl
gerceklesiyorsa, vucut iki farkli kompartmanla (merkezi ve periferik) temsil edilir. Bu
durumda ilacin, iki kompartmanh farmakokinetik modele gore dagilim gosterdigi kabui
edilir (Hedaya, 2023). Yagda c¢oziinirligi yiksek ilaclann dagiliminin incelendigi cok

kompartmali modelde ise, viicut iic ve iizeri kompartmanda ele alinir. Ornegin;
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gentamisinin, tek doz intravenéz (IV) uygulama sonrasi viicutta dagiimi bu modelle
aciklanabilir. Kompartman modellemesi, plazma/serum ilac diizeylerinden temel alir. Bu
modellerde ila¢ uygulamasini takiben belirli araliklarda alinan kan orneklerinden elde
edilen ila¢c konsantrasyon-zaman verileri, ilacin farmakokinetik davranisini en uygun
sekilde tanimlayabilecek kompartman modelini secmek icin kullanithr (Dhillon & Gill,
2006).

Klasik kompartman modelleri ile karsilastinldiginda fizyolojik tabanh
farmakokinetik modeller, organizmayl anatomik ve fizyolojik 6zelliklerini temel alarak
daha detayh sonuclar sunmaktadir. PBPK modellerde her organ veya doku bir
kompartman olarak ele alinir ve her biri icin kan akimi, doku hacmi, membran
gecirgenligi gibi ozglin parametreler kullanilir. PBPK modeller kompartman modellerine
kiyasla organizmayla daha uyumlu sonuclar saglar. Bu modeller, popiilasyonlar arasi
degiskenligi (populasyon kinetigini) degerlendirmede 6nem arz eder. PBPK modeller
ilaclarin yas, cinsiyet, genetik yapi ve hastalik durumlan gibi bireyler arasi farkhliklara
gore simiilasyonuna olanak saglar (Jones vd., 2015; Shebley vd., 2018). Sonuc olarak,
klasik kompartman modelleri basit ve pratik tahminler i¢in uygunken, PBPK modelleri
daha karmasik analizler icin tercih edilir. Giincel literatiir 1siginda degerlendirildiginde,
klasik kompartman modelleri ile fizyolojik tabanh farmakokinetik (PBPK) modeller
arasindaki temel fark modelleme yaklasiminin biyolojik gerceklikle olan uyumudur
(Khalil & Laer, 2011).

Fizyolojik tabanli farmakokinetik (PBPK) modeller

PBPK temel olarak, ilaclarn viicutta ugradigi degisiklikleri simiile etmek amaciyla
belirli veritabanlan (bireysel veya popiilasyon temelli calismalardan elde edilen) ve
organizmanin anatomik, fizyolojik, biyokimyasal ve molekiiler 6zelliklerinin kullanildig
matematiksel bir modellemedir (Zhou vd., 2021).

Son yillarda, ila¢c gelistirme arastirmalarinda in silico modellerin kullanimi hiz
kazanmistir. Buradaki temel amac¢ etik yonden onemli bir unsur olan hayvan deneyi
sayisinl azaltmak ve bu sayede ila¢ gelistirme siirecini hizlandirmaktir. Perry ve ark.
(2020) yaptiklan arastirmada; 2012-2018 yillari arasinda PBPK uUzerine yayimlanan
calisma sayisinda yaklasik 13 katlik bir artis gozlemlenmistir (Perry vd., 2020).

PBPK model kullanimi, Avrupa ila¢ Ajansi (EMA) ve Amerika Birlesik Devletleri Gida
ve ila¢ Dairesi (FDA) tarafindan 2012 yilinda alinan karara gére resmi bir yéntem olarak
kabul edilmistir. iki kurum da 2018 yilinda yayimladiklari rehberler (guideline) ile PBPK
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similasyon programlarinin sahip olmasi gereken temel kriterleri ortaya koymuslardir
(European Medicines Agency, 2018; U.S. Food and Drug Administration, 2018).

Fizyolojik tabanh farmakokinetik (PBPK) ve makine 6grenimini (ML) bir arada
kullanan modeller, ila¢ kesfinde ila¢ 6zelliklerini tahmin etmek i¢in son 5 yilda, 6zellikle
insan hekimliginde yaygin olarak kullanilmaktadir. Klasik PBPK modelleri, molekiile 6zgu
cok sayida in vitro ve in vivo arastirma verisine ihtiya¢c duyar (Naga vd., 2022; Wu vd.,
2024). Ancak bu arastirmalar, zaman alici ve pahali olmanin yani sira hayvan refahi
acisindan etik endiseler icermektedir. Bu durum farkh kimyasal maddeler icin in vitro ve
in vivo calisma yiritmenin gercekci olmadigini ortaya koymaktadir. Bu nedenle,
gunumuzde Al ve ML yaklasimlaninin PBPK modellerine entegrasyonuna yonelik
calismalar giderek artmaktadir. Bu yeni yaklasim, ila¢ ve diger kimyasal maddeler i¢in
PBPK modellerinin hizli, verimli ve diisiik maliyetli sonuc vermesini saglar (Chou & Lin,
2023). Al destekli PBPK modellerinde, ilac molekiilinin SMILES (Simplified Molecular
Input Line Entry System) formatinda yapisi Al modeline girilerek, ¢cozunurlik (LogS), pKa
degerleri, kristal yogunlugu, intrinsik ¢éziinme hizi (IDR), goriinir gecirgenlik (LogPapp),
protein serbest fraksiyonu (Fu), plazma klerensi (CLbw) ve organ/doku dagilim katsayilan
gibi temel ozelliklerin tahmini (zerine egitilmis (ML) bir sistem kullanilir. Al modelleri
tarafindan tahmin edilen bu o6zellikler, PBPK modeline girdi olarak verilir. Al destekli
PBPK modelleri, molekiiler grafikleri (MPNN algoritmasi ile) veya genisletilmis baglanti
parmak izleri (ECFP), cesitli makine o6grenimi algoritmalan (LightGBM, k-Nearest
Neighbors (KNN), Support Vector Machine (SVM) ve Neural Networks (NN) gibi) ile
egitilmistir. (Wang vd., 2025).

PBPK modellerinde hedef doku ozelliklerine gore iki farkli metottan biri tercih

edilmektedir.

e Perfuzyon temelli PBPK model: Hedef dokuda biyolojik bariyer yoksa tercih
edilir. Bu modelde ilacin dokuya ulasmasini takiben hizlica ve homojen bir
sekilde dokuda dagildigl kabul edilir. Bu modelde dokunun kan akis hizi temel
kriterdir (Gong vd., 2025).

e Sinirh gecirgenlige dayall PBPK model: Hedef doku bir bariyer (Kan-beyin, kan-
testis ve kan -meme bariyeri vb.) ile korunuyorsa tercih edilir. Bu tur dokularda
ilac gecirgenliginin daha yavas olmasi sebebiyle homojen veya ona yakin bir
dagilima ulasma siiresi de daha uzundur (Gaohua vd., 2016).

Fizyolojik tabanl farmakokinetik modeller;

o HKlinik ilac gelistirme fazlarinda (Faz I-1V),
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¢ Doz ve doz araligi belirlemede,

¢ llac-ilac ve ilac-gida etkilesimlerinin 6ngériilmesinde,

¢ Toksisite degerlendirmelerinde,

¢ Turler arasi ekstrapolasyonda (hayvanlardan insana veri aktarimi)
kullanilarak ilac gelistirme siireclerine biyiik katkilar saglamaktadir (Zhou vd., 2021).

Bu modellerin veteriner ilaglarinin gelistiriimesinde buyuk bir potansiyele sahip
oldugu ve arastirma siireclerini daha pratik hale getirecegi dngorilmektedir. Buna
ragmen veteriner ila¢ gelistirme slreclerinde PBPK modellemeye dair literatur hala
sinirhdir (Zhou vd., 2021).

Son vyillarda fizyolojik tabanh farmakokinetik (PBPK) modellerin veteriner
farmakoloji ve toksikolojide, 6zellikle hayvan saghgi risk degerlendirmelerinde ve kalinti
limitlerinin belirlenmesi amaciyla kullanilmaya baslandigl goérilmektedir. Lautz ve ark.
(2020), sigir, koyun ve domuz tiirlerinde farkli organlara yonelik kimyasal
konsantrasyonlar tahmin etmek uzere gelistirilen bir PBPK modelini basanl sekilde
uygulamistir. Model, tirler arasi fizyolojik farklihklan hesaba katarak doku diizeyinde
guvenilir doz tahminleri sunmustur (Lautz, Hoeks, vd., 2020).

Bununla birlikte, veteriner hekimligi alaninda, PBPK uygulamalan halen cesitli
sinirliliklara sahiptir. Oncelikle, tiir-spesifik fizyolojik verilerin eksikligi, 6zellikle daha az
calisiimis hayvan tirlerinde (6rnegin keci veya egzotik hayvanlar) modelin dogruluk ve
guvenilirligini kisitlamaktadir (Dekker, 2020; Lautz vd., 2019). Ayrica, hayvanlara 6zgu
tasit protein ve enzim ekspresyon verileri gibi fizyolojik parametrelerin eksikligi nedeniyle,
deneysel verilerin cogu insan verisine dayanmaktadir. Bu durum da ilgili deneysel
modellerin biyolojik gerceklikle celistigini goéstermektedir (Lin vd., 2016). Tum bu
etkenler, veteriner alanda PBPK modellerinin yaygin kullanimini engellemektedir. Acik
erisimli fizyolojik veri havuzlarinin gelistirilmesi ve hayvana 6zgu IVIVE (in vitro-in vivo
extrapolation) stratejilerinin yayginlastirlmasi, bu alandaki ilerlemeyi hizlandiracaktir
(Lautz, Hoeks, vd., 2020).

PBPK modelleri; "yukandan-asagi/timden gelim" (Top-down), "ortadan disa"
(Middle-out) ve "asagidan-yukari/time varim" (Bottom-up) olmak iizere ii¢c yaklasimdan
yararlanir. “Top-down” yaklasimi, agirhkl olarak gézlemlenen klinik verilere dayanirken,
“Middle-out” yaklasim, modelin bilinmeyen veya belirsiz parametrelerini belirlemek icin
hem in vitro hem de in vivo calisma verilerini degerlendirmeye alir. “Bottom-up” yaklasimi
ise, yalnizca in vitro verilere dayandigindan, hayvan calismalarini en aza indirme amaci

tasir (Tylutki vd., 2016).
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PBPK modellerinin gelistirilebilmesi icin cok sayida veriye ihtiyac vardir. Bu veriler
uc bashga aynilabilir:

e Calisilacak canlinin anatomik ve fizyolojik ozellikleri:

Organ hacmi, kan akis hizi, ylizey alani, doku yapisi, canli agirlik, cinsiyet, yas vb.
(Lautz, Dorne, vd., 2020).
¢ ilac veya kimyasal maddenin ézellikleri:
Yagda coziinlirlik, molekil biyiikligl, pKa, ilacin ¢coziinme yetenegi, dagihm
katsayisi, serbest ve bagli ilac miktarn (Kuepfer vd., 2016).

e Calisma protokoli ve formiilasyon
Uygulama yolu, doz, doz araligl, formiilasyon, yardimci madde tiirii (Allegaert vd.,
2024).

Li ve ark. (2024) barsak gecirgenligini degerlendirmek amaciyla yaptiklar
arastirmada, ML-PBPK modelinin konsantrasyon-zaman egrisi altinda kalan alani (AUC)
%65,0 dogrulukla tahmin ettigini, bu nedenle %47,5 dogruluk saglayan geleneksel
yaklasima gore tahmin dogrulugunun daha yiiksek oldugunu ortaya koymuslardir. Bu
calismada, ML-PBPK modelinin geleneksel PBPK yaklasimlarina kiyasla deney sayisini ve
gerekli siireyi azalttigi vurgulanmistir (Li vd., 2024).

PBPK Simiilasyon Programlarn

PBPK yaziimlari, ADME verilerine dayanarak bilesiklerin fizikokimyasal 6zelliklerini
tahmin eder. Bu temelde elde edilen verilerle farkhh formiilasyonlarin ve dozajlarin
farmakokinetik profillerini dngorir. Elde edilen veriler ile, In vitro veriler veya tiirler arasi
verl aktarimi yoluyla, hayvanlar uzerinde yapilan In vivo deneylerin maliyetinin onemli
olclide azaltilmasi mimkiin hale gelir (Zhou vd., 2021).

Gunumuzde bu alanda kullanilabilecek ¢cok sayida yazilim gelistirilmistir. Bunlar
arasinda en yaygin kullanilanlari; PK-Sim, Simcyp, MATLAB, GastroPlus ve Simbiology’dir.
Yazilim secimi, calisilacak popiilasyonlara (6rnegin, bobrek yetmezligi, gebelik, yas, irk
vb.) ve elde edilmek istenen farmakokinetik tahminlere (6rnegin, farmakogenetik,
biyoesdegerlik, doku dagilimi, gida etkileri) bagh olarak degisiklik géstermektedir. Yaygin
olarak kullanilmaya baslanan simulasyon yazilimlannin 6zellikleri Tablo 1'de verilmistir
(Perry vd., 2020).

Veritabanlan
PBPK modellemenin basarisi biiyiik dl¢lide kullanilan veritabanlarinin dogrulugu ve

kapsami ile iligkilidir,
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Veritabani kategorileri temelde dort grupta incelenir; fizyolojik 6zellik, popiilasyon, enzim
ve tasiyici protein turl ve ilag 6zelligi. Mevcut veritbanlarinin biiyiik bir kismi insanlara ait
verileri kapsamaktadir.

Veritaban| Kategorileri

A. Fizyolojik Veritabanlan

Bu veritabanlari; organ hacmi, kan akim orani, plazma dagilim katsayisi gibi bireyin
fizyolojik yapisina iliskin parametreleri icerir. PK-Sim, fizyolojik bilgileri acik erisimli
kaynaklardan ceker ve kullaniciya tim organ sistemlerini manuel olarak 6zellestirme
olanagi tanir (Henriot vd., 2025). Simcyp, NHANES ve UK Census (Birlesik Krallik Nufus
Sayimi verileri) gibi populasyon kaynaklarindan alinan ve bilimsel arastirmalardan elde
edilen verileri kullanir. Simcyp, fizyolojik verileri yas ve cinsiyet gibi faktorlere gore detayl
ozellestirme imkanlarn sunar (T’jollyn vd., 2019). GastroPlus, ozellikle gastrointestinal
sistem Uzerindeki arastirmalar icin 6zel veriler icerir (farkh pH duzeyleri, cozunurluk ve
gecis sureleri vb.) (Al-Tabakha & Alomar, 2020).

B. Popiilasyon Veritabaniari

Bu veritabanlan yas, cinsiyet, etnik kéken, hastalik durumu gibi faktorleri icerir.
Simcyp; yash, pediatrik, obez, hamile vb. 50'nin lizerinde sanal populasyon modeli sunar
(Zhou vd., 2023). GastroPlus, kullanici tarafindan yapilan degisiklikleri destekler ancak
hazir modeller sinirhdir (Demeester vd., 2023). PK-Sim, yasa ve kiloya gore farkh topluluk
modelleri sunar (T’jollyn vd., 2019).

C. Enzim ve Transporter Veritabanlan

Metabolizma ve tasima sureclerini yoneten enzimler ile tasiyici proteinlerin, dokuya
gore yogunluk ve aktivite diizeylerine iliskin verileri icerir. Simcyp, Sitokrom P450
ailesinin tiim alt tipleri ile P-glikoprotein(P-gp), Goglis Kanseri Direnc Proteini (BCRP) gibi
tasiyicilar icin yasla degisen ekspresyon verilerini icerir (Zhang vd., 2023). GastroPlus,
enzim/tasima sireclerini islemeye olanak tanir. PK-Sim, enzim ve tasiyici proteinlerin
kinetik ozelliklerini kullanici tarafindan manuel olarak tanimlamaya izin verir (Prieto
Garcia vd., 2022).

D. ilag-Spesifik Veritabanlar

Bu veritabanlan ilaclarin molekiler, farmasotik ve biyokimyasal ozellikleri olan;
LogP/LogD, pKa, coziniirlik, permeabilite, klirens, proteinlere baglanma orani gibi
verileri icermektedir. Simcyp’in Datastore veritabani, 57 bilesik icin literatir ve deneysel
verilere dayall hazir parametre setleri icerir (Jamei vd., 2009; Ning vd., 2025). GastroPlus,

daha yaygin olarak c¢oziiniirliik ve emilim (pH-bagimli ¢oziiniirliik ve IVIVE modellemesi

57




ORAL PRESENTATION / TAM METIN SOzL0 SUNUM

vb.) temelli arastirmalarda tercih edilen bir programdir (Al-Tabakha & Alomar, 2020). PK-
Sim, tim parametrelerin manuel olarak girilebildigi acik kaynakli bir yapi sunar; topluluk
bloglarinda (github vb.) yayinlanan veriler ile guincellenebilir (Prieto Garcia vd., 2022).

Avantaj ve Sinirhiliklar:

Avantajlar

einsan ve Hayvan Fizyolojisine Uygun Tahmin

PBPK modeller, insan ve hayvan fizyolojisini detayli bir sekilde taklit edebilir. Bu
sayede ilacin viicutta izledigi yolun dogru bir sekilde tahmin edilmesine olanak tanir. Bu
modeller, o6zellikle cocuk, yaslhi ve organ yetmezligi olan hastalar gibi 6zel
poptilasyonlarda doz ayarlamalari icin bliylik bir potansiyele sahiptir (Sun vd., 2024).

¢ Hayvan Deneylerinin Azaltilmasi

PBPK modelleme, ilaclarin insan viicudundaki etkilerini simile edebildigi icin,
hayvan deneylerine olan ihtiyaci azaltabilir. Bu, etik ve ekonomik acidan énemli bir
avantajdir (Sarvepalli & Vadarevu, 2025).

eilac-ilac Etkilesimlerinin Ongériilmesi

« PBPK modelleri, birden fazla ilacin birlikte kullaniimasi durumunda organizmada
nasil bir etkilesimle sonuc¢lanacaginin tahmin edilmesine yardimci olur (Foti, 2024).

e Uluslararasi Kurulus Rehberleri

Avrupa ila¢ Ajansi (EMA) ve ABD Gida ve ilac Dairesi (FDA), PBPK modellerinin ila¢
onay sureclerinde kullanilmasi icin rehberler yayinlamislardir. Bu, modellemenin
glivenilirligini ve onemini gostermektedir (Paul vd., 2025; Sun vd., 2024).

e Kisiye Ozgii Tedavi Secenegi Sunmasi

Al destekli PBPK modelleri, kisisel fizyolojik verilerden yararlanarak bireylerin
yapisal farkliklarina uygun ilag, doz ve doz araligl gibi parametrelerin belirlenmesini
kolaylastinr. Bu modeller, 6zellikle infant, geriatrik, gebe ve/veya organ yetmezligi
bulunan bireylerde tedavinin etkinligini artinr (Hartmanshenn vd., 2016).

Sinirhiliklar

o Veri Kalitesi

PBPK modellerin dogrulugu, kullanilan fizyolojik ve biyokimyasal kullanilan veri
kaynaklarina baghidir. Eksik veya hatali veriler, modelin glivenilirligini azaltabilir (Cheng
vd., 2025).

e Uzmanlik Gereksinimi
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PBPK modelleme, karmasik matematiksel ve biyolojik bilgileri icerdiginden, bu
alanda uzmanhk gerektirir. Bu durum da modelin gelistiriimesini ve yorumlanmasini
zorlastirabilir (Paini vd., 2019).

*Model Validasyon Zorluklari

PBPK modellerin yetkili otoriteler (FDA, EMA) tarafindan kabul edilmesi icin
kapsamli dogrulama siireclerinden gecmesi gerekir. Bu siiregler zaman alici ve maliyetli
olabilir (Paul vd., 2025).

Gelecek Perspektifi

PBPK modellerinin, gelecekte kati dispersiyon ve nanoparcacik teknolojileri gibi
yenilikci formulasyon yontemlerinin veteriner ila¢ gelistirme sureclerinde uygulanmasini
kolaylastiracagi ve boylece daha yiiksek etkinlige sahip ilaclarin elde edilmesini mimkiin
kilacag belirtilmistir (Zhou vd., 2021).

Son yirmi yildaki gelismeler, PBPK modellerin ilac-ilac etkilesimlerinin (DDI)
degerlendirilmesinde biiyiik bir potansiyele sahip oldugunu gostermektedir. Her ne kadar
bildirilen DDI'larin cogu yalnizca iki ila¢ arasindaki etkilesimi kapsasa da yasli bireylerde
coklu ila¢c kullanimi (polifarmasi) oldukca yaygindir. PBPK analizi, polifarmasinin
olusturdugu riskleri ele almak icin potansiyel bir ¢c6ziim sunmaktadir. Tastyici aracili bir
PBPK modeli, karaciger ve bobrek gibi doku diizeyindeki DDI'lari da ongorebilir.
Gelecekte, uzmanlar tarafindan gelistirilen giicli PBPK modellerinin kullanici dostu hale
getirilmesiyle, hekimlerin ve hastalarin bir ilacin belirli bir hastaya 6zgu glivenlik ve
etkinligini degerlendirmesi miimkiin olacaktir (Lin vd., 2022).

PBPK ile ilgili engellerin anlasilmasi bu modellerden dogru bir sekilde veri elde
edilmesi acisindan 6nemlidir; paydaslar is birligi icerisinde hareket ederek bu eksiklikleri
giderebilir ve PBPK kullanimina yonelik giiveni artirabilirler. Bu eksiklikler arasinda; in
vitro ¢ozunme (dissolution) verilerinin in vivo verilere donusturulmesindeki bilgi
yetersizligi, gastrointestinal (Gl) sistemde ilacin in vivo ¢6ziinme kinetigine iliskin kavrayis
eksikligi ve her bir tipik PBPK uygulamasi icin model riskinin belirlenmesi yer almaktadir.
Risk belirleme siireci, model gelistirme ve dogrulama faaliyetleri acisindan 6nem arz
eder. ilac endiistrisi ile diizenleyici kuruluslar arasinda yapilacak degerlendirme ve séz
konusu eksiklikleri gidermeye yonelik is birligine dayali arastirmalarin baslatiimasi, ilac

gelistirme sureclerinde PBPK'nin rutin kullanimina zemin hazirlayacaktir (Wu & Li, 2023).
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SimBiology
PK-Sim Simcyp PBPK Simulator MATLAB GastroPlus (MATLAB eklentisl)
Ticari (MATLAB li il

Lisans Tiiri Acik kaynak (licretsiz) Ticari (lisansh) Ticari (lisansh) Ticari (lisansh) q:lzllr; SRSLES
Kullanim Amac: | o' PK/PD PBPK, IVIVE, DDI tahminleri Matematiksel modelleme | PBPK, ADME tahmini | 0" PK/PD, sistem

modelleme biyolojisi
Veritabani Genis organ/fizyoloji Zengin poPuIasyon \,re e Veritabani icermez (manuel Zerfgm Populasyon Veritabani icermez (manuel
Desteg veritabani ierir siniflarini iceren veritabani giris gerekin) veritabani siniflarini giris gerekir

' mevcuttur. ' icerir. ’
Popiilasyon Mevcut (yas, cinsiyet, Mevcut (farkh yas gruplan, hasta IS olarel meveutir = N Histnl.clafeds Meveuttis
Modelleme genetik varyantiar) popiilasyonlan) (manuel olarak Mevcut (6zellestirilebilir) | (manuel olarak
modellenebilir). modellenebilir).

Kiinik Uyum FDA ve EMA tarafindan | FDA ve EMA tarafindan kabul Klinik arastirmalarda FDA ve EMA tarafindan | Klinik arastirmalarda

kabul gormektedir. gormektedir. Kkullanimi sinirhidir. kabul gormektedir. kullanimi sinirhdir.
Kullanici , , ] , . . , , y
Araylizd Grafik tabanl, rehberli Grafik tabanh, rehberli Kodlama temelli Grafik tabanli, rehberli Grafik + kodlamali arayliz
Otomasyon / . Kapsaml kod destegi (Simcyp Genis kapsamli MATLAB Genis kapsamli MATLAB
Kodlama Python ve R destegi Population) kod destegi - kod destegi
Egitim ve Ucretsiz eglFlm Sertifikali egitimler mevcuttur. Genis teknik rehber Ticari egitimler Genis teknik rehber
Kaynaklar materyalleri mevcuttur. mevcuttur. mevcuttur. mevcuttur.
Simulasyon . S Kullanilan modele bhagh
Siires| Orta Hizli (optimize edilmis) degisiklik gostermektedir. Hizh Orta-hizli
[ORIBNI Aktif (OSP toplulugy) | o' (sadece kurumsal Genis (WATLAB forumlary) | oM (sadece kurumsal | o .o (MATLAB forumlan)
Forum kullanicilar igin) kullanicilar igin)
Kaynak (PK-Sim, 2025) (Simcyp PBPK Simulator, 2025) | (MATLAB, 2025) (Gastroplus, 2025) (Simbiology, 2025)

IVIVE: In Vitro-In Vivo Ekstrapolasyon.

60




ORAL PRESENTATION / TAM METIN SOZLU SUNUM

SONUC
Fizyolojik tabanli farmakokinetik modelleme, veteriner farmakoloji ve toksikoloji
alaninda etik, bilimsel ve ekonomik avantajlariyla giderek 6nem kazanmaktadir. Yapay zeka
ve makine 6grenmesi teknolojileriyle desteklenen bu modeller, ézellikle hayvanlarda doz
optimizasyonu, toksikolojik risk tahmini ve bireysel tedavi uygulamalarinda onemli bir
potansiyele sahiptir (Raghuvanshi vd., 2025; Zhou vd., 2021). Ancak, tire 6zgl fizyolojik
verilerin eksikligi, deneysel verilerin insan agirhikh olmasi ve tasiyici protein/enzim
veritabanlannin yetersizligi gibi yapisal sinirliliklar, veteriner sahada bu modellerin genis
olcekli kullanimini zorlastirmaktadir (Lautz vd., 2019; Lin vd., 2016). Bu nedenle, veteriner
odakli acik erisimli veri tabanlarinin olusturulmasi ve IVIVE (in vitro-in vivo ekstrapolasyon)
stratejilerinin hayvan tirlerine 6zgii uyarlanmasi, gelecekteki uygulamalarin basarisi igin
kritik 6nem tasimaktadir (Dekker, 2020).
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Abstract

Gentamicin is a potent aminoglycoside antibiotic widely used in the treatment of Gram-
negative bacterial infections. However, despite its therapeutic efficacy, the potential for
renal damage associated with its use is considered a significant limiting factor in clinical
practice. This toxicity is particularly associated with cellular and molecular mechanisms such
as oxidative stress, inflammation, and apoptosis. Recent experimental studies have shown
that various natural and synthetic antioxidants have the potential to reduce these harmful
effects. Agents such as quercetin, curcumin, gallic acid, chrysin, naringenin, and ZnO
nanoparticles have been reported to support antioxidant defence systems, suppress
inflammatory signals, and reduce cell death processes. In particular, studies have
emphasised that the combination of 10-HDA and ZnONP reduces kidney damage through a
synergistic effect. This study aims to elucidate the fundamental pathophysiological
mechanisms of gentamicin nephrotoxicity and evaluate the therapeutic potential of
antioxidant agents in this process. The findings suggest that integrating antioxidants into
gentamicin treatment may be an effective strategy for preventing kidney damage.
Keywords: Antioxidants, apoptosis, gentamicin, inflammation, nephrotoxicity, oxidative

stress.
Gentamisin Kaynakli Nefrotoksisiteye Karsl Antloksidanlarin Koruyucu Rolii

Ozet

Gentamisin, Gram-negatif bakteriyel enfeksiyonlarin tedavisinde yaygin olarak
kullanilan giiclii bir aminoglikozid antibiyotiktir. Ancak terapétik etkinligine ragmen,
kullanimina bagh gelisebilecek bobrek hasar klinik uygulamada 6nemli bir sinirlayici faktor
olarak degerlendirilmektedir. Bu toksisite, 6zellikle oksidatif stres, inflamasyon ve apoptoz
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gibi hicresel ve molekiller mekanizmalarla iliskilidir. Son donemde yapilan deneysé
calismalar, cesitli dogal ve sentetik antioksidanlarin bu zararh etkileri azaltma potansiyeline
sahip oldugunu gostermektedir. Quercetin, kurkumin, gallik asit, chrysin, naringenin ve Zn0O
nanoparcaciklar gibi ajanlarin, antioksidan savunma sistemlerini destekledigi; inflamatuar
sinyalleri baskiladig| ve hiicre 6liimii siireclerini azalttigi rapor edilmistir. Ozellikle 10-HDA
ve ZnONP kombinasyonunun sinerjik etkiyle bobrek hasarini azalttigl calismalarda
vurgulanmaktadir. Bu calisma, gentamisin nefrotoksisitesinin temel patofizyolojik
mekanizmalarini aciklamayi ve antioksidan ajanlarin bu siirecteki terapotik potansiyelini
degerlendirmeyi amaclamaktadir. Bulgular, antioksidanlarin gentamisin tedavisine entegre
edilmesinin bobrek hasarini 6nleme acisindan etkili bir strateji olabilecegini géstermektedir.

Anahtar Kelimeler: Antioksidanlar, apoptoz, gentamisin, inflamasyon, nefrotoksisite,

oksidatif stress.

GIRIS

Gentamisin ozellikle ciddi Gram-negatif bakteriyel enfeksiyonlarin tedavisi icin yaygin
olarak Kullanilan bir aminoglikozid antibiyotiktir. Ancak klinik kullanimini sinirlayan en
onemli faktorlerden biri, tedavi edilen hastalarin %10-25’inde rapor edilen nefrotoksisite
gelisimidir (Ahmadvand et al., 2020; Althunibat et al., 2022). Gentamisin kaynakli bébrek
hasarinin patogenezinde baslica oksidatif stres, inflamasyon ve apaptotik yolaklar rol
oynamaktadir (Tavafi et al., 2012; Amir et al., 2024). Bu yan etkilerin 6nlenmesine yonelik
olarak antioksidan tedavi yaklasimlarinin hem deneysel hem de klinik calismalarda ilgi
cektigi bildirilmektedir.

Oksidatif stres, gentamisin kaynakli nefrotoksisitenin é6nemli bir mekanizmasi olup,
reaktif oksijen trlerinin (ROS) artisi ve bobregin endojen antioksidan savunma sistemlerinin
tikenmesi ile karakterizedir. Calismalar, quercetin, curcumin ve melatonin gibi antioksidan
bilesiklerin, antioksidan enzim aktivitelerini artirarak ve oksidatif stres ve inflamasyon
belirteclerini azaltarak bobrek hasarina karsi koruyucu etkiler gosterebilecegini ortaya
koymustur (Patel Manali et al., 2011). Bu bulgular, antioksidanlarin gentamisin tedavisiyle
iliskili bobrek risklerini en aza indirme potansiyelini ortaya koymaktadir (Ahmadvand et al.,
2020; Althunibat et al., 2022).

Bununla birlikte, gentamisin nefrotoksisitesinin patofizyolojik slireci heniiz tam olarak

aydinlatilamamis olmakla birlikte, bobrek yetmezligi olan veya uzun siireli/yiiksek doz
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tasimaktadir (Dwyer et al., 2014; Park et al., 2017; Althunibat et al., 2022). Gentamisin
tedavisinin kesilmesiyle bazi nefrotoksik etkiler gerileyebilse de, kalici yapisal ve fonksiyonel
hasar riski devam etmektedir. Bu nedenle, antioksidanlarin nefrotoksisite riskini
azaltmadaki koruyucu potansiyeli, mevcut bilimsel veriler isiginda 6nemli bir strateji olarak
degerlendiriimektedir (Abouzed et al., 2021; Sarwar et al., 2022).

Antioksidan tedavilerin etkinligi ve glvenligi lizerine tartismalar siirmekte olup, etki
mekanizmalarinin daha net anlasilmasi ve terapotik uygulamalarin optimize edilmesi icin
ileri arastirmalara ihtiya¢ duyulmaktadir. Antioksidanlarin gentamisin tedavisiyle birlikte
etkin bir sekilde nasil kullanilabileceginin belirlenmesi, nefrotoksisite yonetimini énemli
olciide gelistirebilir ve antibiyotik tedavilerinin glvenilirligini artirabilir (Ahmadvand et al.,
2020; Gumbar et al., 2023).

Bu calismanin amaci, gentamisin ile iliskili nefrotoksisite gelisiminde antioksidanlarin
olasi koruyucu etkilerini degerlendirmek ve bu etkilerin altinda yatan mekanizmalari
literatiir 1s1ginda tartismaktir. Hipotezimiz, gentamisin tedavisine ek olarak uygulanan
antioksidanlarin, oksidatif stres ve inflamasyonu azaltarak bobrek hasarin
hafifletebilecegidir.

GENTAMISIN NEFROTOKSISITESININ MEKANIZMALARI

Gentamisin, nefrotoksik etkisi, bobrek hiicrelerinde serbest radikal olusumunun
artmasi sonucu ortaya cikan oksidatif stres ile baslar. Bu oksidatif hasar, hiicre yapilarinin
bozulmasina zemin hazirlarken, pro-inflamatuar sinyal yolaklarinin aktivasyonu da
inflamasyon sirecini tetikler. Bu durum, renal hasan siddetlendiren sitokinlerin ve biiyiime
faktorlerinin yukan yonlu regllasyonu ile devam eder. Ayrica, gentamisin toksisitesi
sirasinda hiicrelerde programli hiicre 6limu yani apoptozis mekanizmasi aktive olarak
bobrek hiicrelerinin kaybina katkida bulunur. Gentamisinin nefrotoksik etkileri genel olarak
oksidatif stres, inflamasyon ve apoptozis mekanizmalan uzerinden gerceklesir ve bu ¢
suire¢ tedavi ve koruyucu stratejilerin temelini olusturur (Ali, 2001; Tavafi, 2012; Ahmadvand
et al., 2020).

Oksidatif Stres: Oksidatif stres, gentamisin kaynakli renal hasarnn patogenezinde
merkezi bir rol oynar. Gentamisin bobrek proksimal tibul hiicrelerinde birikir ve burada
reaktif oksijen tlrlerinin (ROS) lretimini artinr. Bu artisa bagh olarak glutatyon (GSH),
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siiperoksit dismutaz (SOD) ve katalaz (CAT) gibi endojen antioksidan savunma.

mekanizmalarinin dizeylerinde azalma gozlenir. Sonuc olarak, malondialdehit (MDA) gibi
lipid peroksidasyon Uriinlerinin seviyesi artar ve hucresel yapilar zarar gorir (Walker et al.,
1999; Althunibat et al., 2022).
fnﬂamasyon: Gentamisin, inflamatuar yaniti aktive ederek bobrek dokusunda hasar
artinr. Ozellikle IL-1B, IL-6 ve TNF-a gibi pro-inflamatuar sitokinlerin diizeylerinde artis
bildirilmistir. Bu siirecte, nikleer faktor kappa B (NF-kB) sinyal yolunun aktivasyonu merkezi
bir rol oynar. NF-kB, bircok inflamatuar genin transkripsiyonunu uyararak hiicre ici
inflamasyon yanitini siddetlendirir. Antioksidan tedavilerin, NF-kB yolunu inhibe ederek bu
inflamatuar sirecleri hafifletici etkileri oldugu goésterilmistir (Abouzed et al., 2021; Mishra
et al., 2021).
Apoptoz: Apoptoz, gentamisin kaynakh hiicre 6limi mekanizmalan icinde Kritik
oneme sahiptir ve iki ana yolak lizerinden gerceklesir:
> intrinsik (mitokondriyal) yolak: ROS birikimi mitokondriyal membran potansiyelinin
bozulmasina, Bax/Bcl-2 oraninin artmasina ve sitokrom ¢ salinimina neden olur. Bu
da kaspaz-9 ve kaspaz-3'lin aktivasyonu ile sonuglanir.
» Ekstrinsik (0liim reseptorii aracili) yolak: TNF-oo veya Fas ligand gibi faktorlerin
baglanmasi ile kaspaz-8 araciliglyla apoptoz baslatilir (Sarwar et al., 2022; Gumbar
et al., 2023).
Bu yollarla tetiklenen hicre olumu, ozellikle proksimal tubil hicrelerinde belirgin
kayiplara yol acarak bobrek fonksiyonlarini bozar. Antioksidan bilesiklerin bu siirecte
mitokondriyal stabiliteyi korudugu ve kaspaz aktivasyonunu baskilayarak apoptoz oranini

azalttig gosterilmistir (Ahmadvand et al., 2020; Amir et al., 2024).

ANTIOKSIDANLARIN KORUYUCU ROLU
Gentamisin kaynakli nefrotoksisiteye karsi antioksidan ajanlar 6nemli bir koruyucu rol
ustlenmektedir. Quercetin, likopen, kurkumin ve gallik asit gibi dogal antioksidanlar,
oksidatif stres belirteclerini azaltma ve antioksidan enzim aktivitelerini artirma kapasitesine
sahiptir (Noack et al., 2017; Althunibat et al.,, 2022). Bu ajanlarin etki mekanizmalar
arasinda reaktif oksijen tirlerinin (ROS) temizlenmesi, metal iyonlarinin selatlanmasi ve

singlet oksijenin nétralize edilmesi gibi temel yollar yer alir.
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modulasyonu ile iligkilidir. Nrf2'nin aktive edilmesi, antioksidan yanitin artmasina ve
inflamasyonun baskilanmasina neden olurken; NF-kB yolunun inhibisyonu, pro-inflamatuar
sitokinlerin uretimini azaltir. Bu da gentamisin kaynakh bobrek hasarina karsi hiicresel
dizeyde koruma saglar. Ayrica, chrysin, naringenin, hinokitiol ve diosgenin gibi bilesiklerin
gentamisin kaynakli bobrek hasarina karsi antioksidan, antiinflamatuar ve antiapoptotik
etkiler sagladigi giincel calismalarla gosterilmistir (Mishra et al., 2021; Karunakar et al.,
2024; Albukhari et al., 2025; Bwambale et al., 2025). Bu ajanlarin Nrf2/HO-1, NF-kB, p38
MAPK gibi sinyal yolaklan iizerinden etkilerini gosterdigi, oksidatif stres belirteclerini
azalttig ve bobrek histolojisini korudugu rapor edilmistir (Ayza et al., 2022; Attiyah, 2024).

Deneysel calismalar, 10-HDA ve ZnONP gibi ajanlarin sinerjik etkiler olusturdugunu ve
bu etkilerin apoptotik belirteclerin (drnegin Bax, caspaz-3) inhibisyonu, anti-apoptotik
proteinlerin (6rnegin Bcl-2) aktivasyonu ile desteklendigini gostermektedir (Saleh et al.,
2025). Ayrica MDA ve NO diizeylerinde azalma ile birlikte histopatolojik olarak da bobrek

dokusunda iyilesme gozlenmistir.

KLINIK CIKARIMLAR ve GELECEK PERSPEKTIFLER

Antioksidanlarin gentamisin nefrotoksisitesine karsi klinik kullanim potansiyeli,
antibiyotik tedavilerinin giivenligini artirmak acisindan biiyilk 6nem tasimaktadir. Oksidatif
stres ve inflamasyonu azaltmayi hedefleyen tedavi yaklasimlan, 6zellikle uzun sireli veya
yiksek doz gentamisin tedavisi goren hastalarda nefrotoksisite riskini azaltabilir.
Antioksidanlarin gentamisin ile birlikte uygulanmasi, bobrek fonksiyonlarinin korunmasina
katki saglayarak renal komplikasyonlarin onlenmesinde etkili bir strateji sunar (Ahmadvand
et al., 2020; Gumbar et al., 2023). Son veriler, cesitli antioksidanlarin yalnizca gentamisin
degil, ayni zamanda siklofosfamid (Ayza et al., 2022) ve asetaminofen (Attiyah, 2024) gibi
diger nefrotoksik ajanlara karsi da koruyucu etki gosterebildigini ortaya koymustur. Ayrica,
naringenin gibi dogal bilesiklerin antioksidan savunma sistemlerini aktive ederek bébrek
hasarini engelleyebilecegi hem deneysel hem de klinik bazli literatiirde belirtiimistir
(Ranasinghe et al., 2023; Bwambale et al., 2025). Bununla birlikte, klinik kullanima gecis
icin uygun antioksidan ajanlarn se¢imi, dozaj optimizasyonu ve tedavi siresi gibi konularn
netlestiriimesine yonelik ileri diizey klinik arastirmalara ihtiyac vardir. Ayrica, kursun asetat
kaynakli toksisite modelinde 10-HDA ve ZnONP kombinasyonunun sinetrjik etkiler gosterdigi
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ve bu etkinin oksidatif stres ve inflamasyon belirtecleri lizerinden saglandig Iiterati]rde.
bildirilmistir (Saleh et al., 2025). Bu veriler, bu kombinasyonun gentamisin gibi diger
nefrotoksik ajanlara karsi da uygulanabilir olabilecegini diisiindiirmektedir.

Gelecekte, antioksidanlarin kombinasyon tedavileri ile birlikte kullanildigl
bireysellestirilmis klinik protokollerin gelistirilmesi, nefrotoksisitenin yonetiminde standart
yaklagsimlarin otesine gecebilir. Ayrica, antioksidanlarin diger oksidatif stresle iligkili

hastaliklardaki potansiyel rolleri de kapsamli bir sekilde arastiriimahdir.

SONUC

Gentamisin, guclu bir antibiyotik olmasina karsin 6nemli oranda nefrotoksisite riski
tasimaktadir. Oksidatif stres, inflamasyon ve apoptoz bu hasarin temel patofizyolojik
mekanizmalarini olusturmaktadir. Antioksidan bilesikler, bu surecleri hedef alarak
gentamisin kaynakl bobrek hasarinin 6nlenmesinde veya azaltiimasinda umut verici
sonuclar sunmaktadir. Literatirden elde edilen deneysel veriler, ozellikle dogal
antioksidanlarnn ve nanoparcacik destekli ajanlarin, renal fonksiyonlan koruyarak terapotik
fayda saglayabilecegini gostermektedir. Bununla birlikte, klinik alana entegre edilebilmeleri
icin dozaj, uygulama zamani, ilag-etkilesimleri ve uzun vadeli guvenlik acisindan daha fazla
arastirmaya ihtiyac duyulmaktadir. Sonuc olarak, antioksidanlarin gentamisin ile birlikte
kullaniminin klinik protokollere entegrasyonu, nefrotoksisitenin énlenmesinde onemli bir

adim olabilir ve antibiyotik tedavisinin glivenilirligini artirabilir.
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Abstract

Herbal products have been used in traditional medicines worldwide for thousands of
years. These remedies have gained popularity as alternatives to conventional
pharmaceuticals. Many herbal products provide health benefits, with fewer side effects than
synthetic drugs. Phytotherapy may mitigate xenobiotic-induced cardiac-damage by
modulating inflammation and apoptosis. In this study, we investigated the protective effects
of European Blueberry (Vaccinium myrtillus L.) seed oil (BSO) in an H9c2 cell doxorubicin-
induced cardiotoxicity model. The experimental groups were desighed as follows. The control
group received no treatments. For doxorubicin-exposure, H9¢2 cells were exposed to 5 uM
doxorubicin for 24 h. In BSO groups, cells were pretreated with BSO (10, 20, and 40 pug/ml)
for 30 min before 5 yM doxorubicin for 24 h. Cell viability was determined using the MTT
assay. The expression levels of the inflammatory markers NF-kB and TNF-a, and the
apoptotic marker caspase-3 were quantified using Real-Time Polymerase Chain Reaction.
BSO inhibited H9¢c2 cell proliferation at concentrations 280 ug/mL (1 to 640 pg/mL), with
IC5, of 147 pg/mL. Therefore, concentrations of 10, 20, and 40 pg/mL were selected for the
experiments. The findings indicated that doxorubicin treatment significantly increased the
mMRNA expression levels of NF-kB, TNF-a, and caspase-3 in H9c¢2 cells (P<0.01, P<0.001,
and P<0.001, respectively). However, BSO significantly decreased the expression of both NF-
KB and TNF-a at 20 and 40 pg/mL compared to the doxorubicin group (NF-kB: P<0.01,
P<0.05; TNF-a: P<0.001, P<0.01, respectively). Similarly, caspase-3 expression was reduced
at these concentrations (P<0.001 and P<0.01). Notably, BSO at a concentration of 40
Hg/mL reinstated the mRNA expression levels of NF-kB, TNF-&, and caspase-3 to those
observed in the control group (P>0.05). Overall, these findings indicate that blueberry seed
oil has the potential to serve as a natural therapeutic agent for mitigating doxorubicin-
induced cardiotoxicity by attenuating inflammation and apoptosis. Further research is
needed to fully elucidate the mechanisms by which blueberry seed oil exerts cardioprotective
effects.

Keywords: Antiinflammatory, apoptosis, Blueberry Seed Oil, cardioprotective, H9c2.

73



ORAL PRESENTATION / TAM METIN SOZLU SUNUM

Yaban Mersinl Tohum Yaginin H9¢2 Hiicrelerinde Doksorubisinle indiiklenen
Kardlyotoksisite Modelinde NF-kB, TNF-x ve Kaspaz-3 Ekspresyonunu Baskilayici Etkisl

Ozet

Bitkisel uriinler binlerce vyildir dinya genelinde geleneksel tip alaninda
kullaniimaktadir. Bitkisel Urtinlerle yapilan tedaviler geleneksel farmasotik ilaclara alternatif
olarak giderek daha fazla ilgi gormektedir. Bitkisel kaynakl urunler, sentetik ilaclara kiyasla
daha disiik yan etki profili ile 6nemli saglik faydalar saglayabilmektedir. Cok sayida bitkisel
urdn, sentetik ilaclara gore daha diisiik yan etki profili ile saghk lzerinde faydah etkiler
gostermektedir. Bu ¢calismada, yaban mersini (Vaccinium myrtillus L.) tohum yaginin (BSO)
H9c¢2 hiicrelerinde doksorubisinle indiiklenen kardiyotoksisite modelinde koruyucu etkileri
arastirlmistir. Deneysel gruplar asagidaki sekilde tasarlanmistir: Kontrol grubuna herhangi
bir uygulama yapilmamistir. Doksorubisin grubu, H9c2 hucrelerinin 24 saat suireyle 5 yM
doksorubisine maruz birakilmistir. BSO gruplarinda ise hiicreler, doksorubisin
uygulanmadan once 30 dakika siireyle sirasiyla 10, 20 ve 40 pg/mL BSO uygulanmistir.
Hiicre canlilhigi MTT testiyle degerlendirilmistir. inflamatuar belirteclerden olan NF-kB ve TNF-
o ile apoptotik belirteclerden olan kaspaz-3'in ekspresyon duzeyleri Gercek Zamanl
Polimeraz Zincir Reaksiyonu (qPCR) ile belirlenmistir. BSO, H9¢2 hiicre proliferasyonunu
280 pug/mL konsantrasyonlarinda inhibe etmis olup (1-640 ug/mL araliginda), ICs, degeri
147 pg/mL olarak belirlenmistir. Bu nedenle ileri deneylerde BSO’nun 10, 20 ve 40 pg/mL
konsantrasyonlar secilmistir. Bulgular, doksorubisinin H9c2 hiicrelerinde NF-kB, TNF-o ve
kaspaz-3 mRNA ekspresyon diizeylerini anlamli sekilde artirdigini gostermistir (sirasiyla
P<0,01; P<0,001; P<0,001). Bununla birlikte, BSO'nun 20 ve 40 pg/mL
konsantrasyonlarinda NF-kB ve TNF-a ekspresyonunu doksorubisin grubuna kiyasla anlamli
sekilde azaltmistir (NF-kB: P<0,01; P<0,05; TNF-a: P<0,001; P<0,01). Benzer sekilde,
kaspaz-3 ekspresyonu da azalmistir (P<0,001; P<0,01). Ozellikle, BSO'nun 40 pg/mL
konsantrasyonu, NF-kB, TNF-a ve kaspaz-3 mRNA ekspresyon dizeylerini kontrol grubunda
gozlemlenen seviyelere geri dondiurmustiur (P>0,05). Genel olarak, bu bulgular yaban
mersini tohum yaginin, inflamasyon ve apoptozu azaltarak doksorubisin kaynakl
kardiyotoksisiteyi azaltmada potansiyel bir dogal terapotik ajan olabilecegini
gostermektedir. Yaban mersini tohum yaginin kardiyoprotektif etkilerini ortaya cikaran
mekanizmalarin tam olarak aydinlatilmasi i¢in ileri arastirmalara ihtiyac vardir.

Anahtar Kelimeler: Antiinflamatuar, apoptoz, Yaban Mersini Tohum Yag), kardiyoprotektif,
HO9c2.
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INTRODUCTION

Cardiotoxicity is a term used to describe deleterious effects on the heart that may lead
to cardiomyopathies, including arrhythmia, myocardial infarction, and myocardial
hypertrophy. In animals, cardiotoxicity may result from exposure to various xenobiotic
compounds including cardiotoxic plant constituents, biotoxins, and mycotoxins. Additionally,
envenomation through bites or stings from other animals (e.g., shake envenomation or
arachnid toxins); chemotherapeutic agents, including antineoplastic drugs (such as
doxorubicin and cisplatin) and NSAIDs; and environmental contaminants, such as heavy
metals and persistent organic pollutants, have also been implicated as contributing factors
(Zoltani, 2018). Experimental evidence indicates that cardiomyocyte death or injury occurs
concurrently with the progression of cardiotoxicity, suggesting that xenobiotic-induced
cardiomyocyte loss may represent a central mechanism this pathology. The mechanisms by
which xenobiotics impair cardiac function are diverse, ranging from direct cytotoxic effects
on cardiomyocytes to alterations in ion channel activity and disruption of intracellular
signaling pathways. Therefore, targeting the specific molecular mechanisms and pathways
involved in xenobiotic-induced cardiotoxicity is essential to develop preventive strategies and
therapeutic interventions (Costa et al., 2013; Ma et al., 2020; Morelli et al., 2022).

Doxorubicin (DOX), a member of the anthracycline class of chemotherapeutic agents,
is highly effective against a wide range of cancers, including lung, breast, bladder, and
hematologic malighancies such as lymphomas and leukemia. Conversely, DOX can harm
healthy cells through mechanisms similar to those by which it exerts its cytotoxic effects on
cancer cells. However, its clinical application is limited by its well-documented cardiotoxicity
(Jones and Dass, 2022). The pathophysiology of DOX-induced cardiotoxicity involves various
factors and mechanisms, including oxidative stress, free radical formation, inflammatory
cytokine release, mitochondrial damage, intracellular iron accumuiation, cellular calcium
overload, DNA and myocyte membrane injury, cell necrosis and apoptosis, and myofibrillar
disarray (Wang et al., 2021). This cardiotoxicity ultimately progresses to cardiomyopathy and
cardiac dysfunction. Therefore, enhancing antioxidant, anti-inflammatory, and anti-apoptotic
defenses may represent an effective strategy to mitigate DOX-induced cardiotoxicity (Tanwar

et al., 2025). Doxorubicin (5 pM) is widely used to establish a cardiotoxicity model in H9c2
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cells (Liu et al., 2016). The primary ways doxorubicin leads to cardiotoxicity is inflammatiorhl.
and apoptosis (El-Refaiy et al., 2025).

In recent years, extensive research has been conducted to investigate the effects of
various phytochemical compounds. A promising approach to mitigate cardiotoxicity is the
use of phytochemicals, which are plant-derived small molecules with antioxidant, anti-
inflammatory, and anti-apoptotic properties. These natural agents have shown considerable
therapeutic potential in the management of cardiovascular diseases. A wide range of
phytoconstituents have been investigated, with accumulating data supporting their efficacy
in attenuating cardiotoxicity (Birdal et al., 2024). Moreover herbal extracts—administered
either alone or in combination with conventional chemotherapeutic agents, have been
reported to alleviate inflammation and cellular injury induced by xenobiotics or synthetic
drugs such as doxorubicin (El-Refaiy et al., 2025).

Blueberry seed oil is a valuable component utilized in the nutraceutical, food, and
cosmetic industries. Its richness in essential polyunsaturated fatty acids offers significant
potential health benefits to consumers. The fatty acid composition includes palmitic (C16:0),
stearic (C18:0), oleic (C18:1), linoleic (C18:2n-6), and a-linolenic (C18:3n-3, ALA) acids.
These constituents contribute to the oil’'s antioxidant properties. In particular, a-linolenic acid
is an essential omega-3 fatty acid that cannot be synthesized by the human body and must
be obtained through diet. ALA has been reported to reduce the risk of cardiovascular
diseases, cancer, hypertension, and autoimmune disorders. Furthermore, a low n-6/n-3 ratio
is considered an important advantage for cardiovascular health. Therefore, blueberry seed
oil, with its high o-linolenic acid content and balanced fatty acid profile, represents a
functional oil source with the potential to support cardiovascular health (Li et al., 2016; Parry
et al., 2005).

Cardiac tissue response to toxic compounds is mediated by two interrelated pathways.
The activation of nuclear factor-kB (NF-kB) induces the transcription of proinflammatory
cytokines, particularly tumor necrosis factor alpha (TNF-a), thereby driving inflammatory
responses. Moreover, xenobiotic-induced signaling promotes caspase activation, with
caspase-3 serving as a key executioner of the apoptotic cascade. Collectively, xenobiotic-
induced NF-kB and TNF-a signaling in cardiomyocytes may lead to inflammation, whereas
caspase-3 activation triggers apoptosis, thereby contributing to cardiotoxic effects (Luo et
al., 2019; Zha et al., 2023).
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Therefore, we hypothesized that European Blueberry (Vaccinium myrtillus L.) seed oi .
(BSO) exerts cardioprotective effects via potential anti-inflammatory and anti-apoptotic

mechanisms in an H9¢c2 cell model of doxorubicin-induced cardiotoxicity.

MATERIAL AND METHODS

Essential OQils: European Blueberry (Vaccinium myrtillus L.) seed oil and its
compositional analysis were supplied by Art de Huile (Istanbul, Turkey).

H9¢2 Cell Cufture: The H9c2 (Rat, Heart, myoblast) cell line was obtained from the
American Type Culture Collection (ATCC, USA). The cryotubes containing the cell lines stored
in liquid nitrogen were taken out of the tank and briefly thawed in a 37 °C water bath. The
cells were then transferred to T75 cm?2 flasks. After 48 h, H9¢2 cells were counted at a
concentration of 2 x 105 cells per well in DMEM with 10% FBS, seeded into a 96-well plate,
and maintained at 37 °C in a humidified environment with 5% CO.. After 24 h, the cells were
exposed to varying concentrations of BSO (1-640 pg/ml) dissolved in 0.1% dimethyl
sulfoxide (DMSO).

Cell viability assay: The anti-proliferative effect of BSO on H9c2 cells was evaluated
using the 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) assay after
culturing at a density of 2 x 10° cells/well in 96-well plates for 24 h. The absorbance values
at 570 nm were measured three times using a microplate reader spectrophotometer (Epoch
Microplate Spectrophotometer, BioTek, USA), following the manufacturer’'s instructions
(Roche, Germany). A total of 10 ul (5 mg/ml) of MTT solution was added to each well, and
which the plate was incubated at 37 °C for 4 h. To each well of the plate, 100 pL of
solubilization buffer (DMSO) was carefully added and the plate was then incubated at 37°C
for 10 min. This formula was used to determine the suppression of cell proliferation.

o 0D (test sample) — 0D (blank)
% Growth inhibition = 100 — 0D (control) — OD (blank) x 100

Treatment Groups: The experimental groups were designed as follows.

= Control group: no treatment.

= DOX group: H9c2 cells exposed to 5 uM doxorubicin for 24 h

= BSO 10 + DOX: Cells were pretreated with 10 ug/ml BSO for 30 min and then treated
with 5 uM doxorubicin for 24 h.

77



ORAL PRESENTATION / TAM METIN SOZLU SUNUM

= BSO 20 + DOX: Cells were pretreated with 20 pg/ml BSO for 30 min and then treate.

with 5 yM doxorubicin for 24 h.
= BSO 40 + DOX: Cells were pretreated with 40 ug/ml BSO for 30 min and then treated

with 5 uM doxorubicin for 24 h.
Real-Time PCR- Analyzing gene expression in cell lines: After seeded in a 6-well plate at
2 x 1068 cells/mi, the cells were treated with DOX (5 uM) or BSO (10, 20, and 40 pg/ml) +
DOX (5 uM), followed by 24 h. The cells were harvested from the wells using a scraper and
then homogenized in a Tissue Lyser Il device (Qiagen, Germany) (400 pL Lysis Binding Buffer
solution was added to all groups). Total RNA was extracted from the cells using an RNA
isolation Kit (EcoPURE total RNA kit, EcoTech, Turkiye) according to the manufacturer's
instructions. Complementary DNA (cDNA) synthesis was performed using a High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems, CA, USA). A Veriti 96 Well Thermal
Cycler (Applied Biosystems) was used for synthesis. The resulting cDNA was stored at -20
°C. The experiment was performed using the SYBR Green Master Mix Kit to quantify the
MRNA expression levels of NF-kB, TNF-o, and caspase-3. Amplification and quantification
were performed using RT-PCR (StepOnePlus RT-PCR, Applied Biosystems). B-Actin was used
as the reference gene. SYBR Green® Gene Expression modifies the PCR program according
to the manufacturer’s instructions and initiates the process. All results are expressed as fold-
change in expression relative to groups using the 2-8ACt method.

Statistical analysis: Statistical analyses were conducted using SPSS software (v23.0, IBM
Corp.), and results are presented as the mean % standard deviation. Analysis of variance
(ANOVA) was used to examine the data, followed by Duncan's test. Statistical significance

was set at P<0.05.

RESULTS
The cytotoxic effects of varying concentrations of BSO (1-640 pg/mL) on H9c2 cells
were evaluated using the MTT assay over a 24-h period. BSO inhibited the proliferation of
H9c2 cells after 280 pg/mL. Analysis of the MTT assay data revealed that the ICso value for
BSO in H9¢2 cells was 147 yg/mL. Consequently, concentrations of 10, 20, and 40 ug/ml
were selected for subsequent real-time PCR analysis.
The chemical composition of (%) the blueberry seed oil is presented in Table 1.
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Table 1. Chemical compositions of BSO.

Fatty acid C-Chain Cas No Specifications (%)
Palmitic Acid Cci6:0 57-10-3 49

Stearic Acid Cc18:0 57-11-4 0.6-6

Oleic Acid C18:1 (n-9) 112-80-1 15-30

Linoleic Acid C18:2 (n-6) 60-33-3 40-57

The anti-inflammatory activity of BSO at concentrations of 10, 20, and 40 ug/ml were
assessed by analyzing the expression of NF-kB and TNF-a using RT-PCR (Figure 1). Compared
to the control group, doxorubicin markedly elevated the mRNA expression levels of NF-kB
and TNF-a (P<0.01 and P<0.001, respectively). Conversely, administration of BSO at doses
of 20 and 40 pg/mil significantly attenuated the doxorubicin-induced expression of NF-kB
and TNF-a mRNA (NF-kB: P<0.01, P<0.05; TNF-a: P<0.001, P<0.01, respectively). The most
significant decrease in expression was noted in the cohort exposed to the highest
concentration of BSO (40 pg/ml), which was comparable to the levels observed in the control
group. In contrast, treatment with a low concentration of BSO (10 pg/mL) significantly affect

NF-kB and TNF-a mRNA expression compared to the doxorubicin group.
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Figure 1. BSO reduced doxorubicin-induced NF-kB and TNF-a mRNA expression in H9c2 cells.
Statistical comparisons were performed using one-way analysis of variance (ANOVA) followed by Duncan’s
multiple range test. Results are presented as means + SD. Compared with control group, ¥P<0.05, ##P<0.01,
###P<0.001; Compared with DOX group, *P<0.05, **P<0.01, ***P<0.004. C: Control, DOX: doxorubicin, BSO:

Blueberry seed oil.
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assessed by analyzing the expression of the apoptosis-associated gene, caspase-3, using RT-
PCR (Figure 2). Compared with the control group, doxorubicin treatment markedly elevated
the mRNA expression levels of caspase-3 (P<0.001). Conversely, administration of 20 and
40 pg/ml BSO significantly attenuated doxorubicin-induced caspase-3 mRNA expression
(P<0.001 and P<0.01, respectively). The most pronounced reduction in expression was
observed in the cohort that received the highest BSO concentration (40 pg/ml), which was
comparable to that in the control group. In contrast, administration of a low dose of BSO (10
pg/ml) did not significantly alter caspase-3 mRNA expression compared to the doxorubicin

group.

DISCUSSION AND CONCLUSION
In this study, we demonstrated that BSO exerts notable cardioprotective effects in a
DOX-induced cardiotoxicity model using H9c2 cells. Pretreatment with BSO attenuated the
inflammatory response by reducing the expression of TNF-a and NF-kB and inhibited
apoptosis by suppressing caspase-3 mRNA expression. The findings indicate that the
protective effects of BSO is mediated through the modulation of inflammatory and apoptotic
pathways. To our knowledge, this study is the first to demonstrate that blueberry seed oil

confers cardioprotective benefits by inhibiting NF-kB, TNF-a, and caspase-3.

Caspase-3 mRNA Expression

Figure 2. BSO reduces doxorubicin-induced caspase-3 mRNA expression in H9c2 cells.
Statistical comparisons were performed using one-way analysis of variance (ANOVA) followed by Duncan's
multiple range test. Results are presented as means + SD. Compared with control group, #P<0.05, ##P<0.01,
###P<0,001; Compared with DOX group, *P<0.05, **P<0.01, ***P<0.001. C: Control, DOX: doxorubicin, BSO:
Blueberry seed oil.
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Herbal medicines derived from various plant parts have been reported to possess
antioxidant, anti-inflammatory, anti-apoptotic, immunomodulatory, and cardioprotective
properties (Chen et al.,, 2022). In animals, cardiotoxicity has been linked not only to
phytochemicals present in certain feeds but also to pharmacological and environmental
agents, such as chemotherapeutics, anesthetics, pesticides, and heavy metals, that
adversely affect myocardial cells (Kong et al., 2022; Yurdakok-Dikmen & Filazi, 2025).

NF-kB is a ubiquitous transcription factor that plays a pivotal role in regulating
inflammation. Upon activation, NF-kB induces the expression of multiple pro-inflammatory
cytokines, including TNF-a, IL-1B, and IL-6, contributing to myocardial inflammation,
ischemia/reperfusion injury, hypertrophy, and apoptosis (Gu et al., 2024). Exposure to
cardiotoxic agents, such as lipopolysaccharide, doxorubicin, and cisplatin, activates NF-kB
signaling in cardiac cells, leading to the upregulation of TNF-a¢ and other inflammatory
mediators, which subsequently promote cellular injury and cardiac dysfunction (Shi et al.,
2023; Xia et al., 2022; Zhang & Zhang, 2018).

Substantial evidence indicates that NF-kB is critically involved in the release of
inflammatory mediators during DOX-induced inflammation in myoblasts. Elevated TNF-a
levels promote apoptosis and inflammation in cardiomyocytes, and sustained elevation is
associated with myocardial damage, heart failure, and ventricular dysfunction (Bergmann et
al., 2001; Guo et al., 2013). In this study, we demonstrated that exposure to doxorubicin
significantly increased NF-kB mRNA expression in H9c2 cells, which subsequently led to a
marked upregulation of TNF-a expression. Several studies have demonstrated that
doxorubicin-induced H9c2 cells exhibit increased levels of proinflammatory cytokines such
as TNF-a, IL-13, and IL-6. Consistent with prior research, our results indicated that treatment
with 5 yM resulted in an upregulation of NF-kB and TNF-aa mRNA expression, thereby
confirming the successful establishment of a cardiotoxicity model in H9c2 cells.
Pretreatment with 20 and 40 pg/ml BSO effectively diminished doxorubicin-induced NF-kB
expression, thereby reducing TNF-a expression. Significantly, 40 pg/ml BSO effectively
suppressed NF-kB expression to levels similar to those observed in the control group. This
indicated that the anti-inflammatory properties of BSO are closely linked to the suppression
of NF-kB signaling.
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The effects of saffron and black cumin (Nigella sativa) on inflammatory cytokines and
oxidative stress have been investigated, revealing that both substances exhibited
therapeutic benefits by lowering TNF-a levels owing to their anti-inflammatory, antioxidant,
and immunomodulatory characteristics (Vafaeipour et al., 2023).

Caspase-3, the terminal effector enzyme of the apoptotic cascade, mediates
programmed cell death through DNA fragmentation and the proteolytic cleavage of
structural proteins. Activation of caspase-3 can occur directly in response to toxic
compounds or indirectly through TNF-a signalling xenobiotic exposure to cardiomyocyte
injury. In our study, doxorubicin exposure increased caspase-3 mRNA expression, whereas
pretreatment with BSO (20 and 40 pg/ml) significantly suppressed its expression in a
doxorubicin-induced cardiotoxicity model. Previous studies have similarly reported that plant
extracts such as saffron (Crocus sativus), wild blueberry, and black blueberry extract reduce
doxorubicin- or norepinephrine-induced caspase-3 activation in H9c2 cells (Chahine et al.,
2016; Sun et al., 2019; Turck et al., 2022).

These findings suggest that BSO offers cardioprotective benefits mainly by reducing
NF-kB- and TNF-o-mediated inflammatory signaling and curbing apoptosis through the
downregulation of caspase-3. This mechanistic understanding highlights BSO's role in
modulating key molecular pathways involved in doxorubicin-induced cardiotoxicity and lays

the groundwork for further exploration of its molecular targets and signaling networks.
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Abstract

Streptozotocin (STZ) is a compound with antimicrobial properties that is commonly
used to experimentally induce diabetes. In this study, it was aimed to evaluate the
protective effect of the ethanolic extract of Morus alba (MA) against liver damage induced
by diabetes in male Wistar albino rats, following a single intraperitoneal (i.p.)
administration of STZ at a dose of 55 mg/kg. A total of 24 rats were used and divided into
four groups: control, STZ-only group, STZ + 2 mg/kg/day MA group, and STZ + 4
mg/kg/day MA group. Treatment with Morus alba was continued for 15 consecutive days.
At the end of the 15! day, the rats were euthanized via decapitation, and liver samples
were collected. Portions of the liver tissues were reserved for histopathological
examination, while the remaining samples were used to assess serum levels of ALT, AST,
and ALP. Biochemical analysis revealed increased levels of ALT, AST, and ALP in the STZ
group, whereas both MA-treated groups exhibited reductions in these enzyme levels. The
reduction was more pronounced in the group treated with 4 mg/kg MA. Histopathological
evaluation showed severe necrotic and moderate hydropic degeneration of hepatocytes in
the STZ-only group, while these alterations were observed to be mild in the group treated
with 4 mg/kg MA. According to immunohistochemical findings, strong immunopositivity
was observed in the STZ group, whereas moderate and mild immunopositivity were
detected in the 2 mg/kg and 4 mg/kg MA-treated groups, respectively.

In conclusion, the ethanolic extract of Morus alba demonstrated a protective and
restorative effect against STZ-induced liver damage associated with diabetes, with a more
prominent efficacy observed at the 4 mg/kg dosage.

Keywords: Streptozotocin, liver damage, Morus alba.
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Streptozosin lle Olusturulan Diyabete Bagh Sekillenen Karaciger Hasarina
Kars1 Morus Alba’nin Etanolik Ekstraktinin Etkinliginin incelenmesi

Ozet

Streptozosin (STZ), antimikrobiyal etkisi olan bir madde olup deneysel olarak diyabet
olusturmak amaciyla kullanilimaktadir. Bu calismada, Wistar albino cinsi erkek ratlara 55
mg/kg i.p. tek doz STZ verilerek olusturalan diyabete bagh olarak sekillenen karaciger
hasarina karsi Morus alba’nin (MA) etanolik ekstrakti verilerek korucyucu etkinligin
belirlenmesi amaclanmistir. Toplam 24 ratin kullanildigl calismadan kontrol, STZ verilen
grup ve STZ+2 mg/kg/gun MA ve STZ+4 mg/kg/gun verilen gruplar olusturuldu. MA ile
tedavi 15 giin boyunca devam etti. 15. giiniin sonunda ratlar dekapite edilip karaciger
ornekleri alinarak bir kismi histopatolojik incelemeler icin aynidi, diger kisminda ise ALT,
AST, ve ALP diizeylerine bakildi. STZ verilen gruplarda ALT, AST ve ALP dlzeyleri artis
gosterirken, MA verilen her iki gruptada azalma oldugu ancak 4mg/kg MA verilen 4 grupta
daha belirgin iyilesmenin oldugu gozlendi. STZ grubunda hepatositlerde siddetli diizeyde
nekrotik ve orta duzeyde hidropik dejenererasyon gorulurken 4 mg/kg MA uygulanan
grupta her ikisi de hafif diizeyde gézlemlenmistir. Immunuhistokimyasal sonuclara gore ise
STZ uygulanan grupta siddetli immunpozitiflik gozlenirken 2 mg/kg MA uygulananda orta
4 mg/ kg uygulananda ise hafif diizeyde gorlulmustiir.

Sonu¢ olarak, STZ uygulamasiyla sekillenen diyabete baglh olarak ortaya cikan
karaciger hasarina karsi Morus alba’'nin etanol ekstraktinin iyilestirici etkisinin oldugu ve 4
mg/kg verilen dozlarda bu etkinin daha belirgin oldugu kanaatine varildi.

Anahtar Kelimeler; Streptozosin, karaciger hasari, Morus alba.
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GIRIS

Streptozosin (STZ), dogal olarak Streptomyces kiifleri tarafindan iiretilen cok reaktif
bir grup olan nitrosourea parcasina sahip bir maddedir. STZ antimikrobiyal etkisi olan bir
madde ve ayni zamanda diyabetojenik etkinliginden dolayl kemoterapétik alkilleyici olarak
da kullaniimaktadir. Ozellikle deneysel diyabet olusturmak amaciyla cok fazla tercih
edilmektedir (1). STZ uygulamasi sonrasi inflamatuvar ve oksidan aktiviteye bagh olarak
diyabetik durumu ortaya cikar. Olusan hipergliseminin antioksidan sistemi ve karbonhidrat,
lipit ve protein metabolizmasi Uzerinde bozucu bir etkisi vardir (2). Diyabette karbonhidrat,
protein ve yag metabolizmasinda bozukluklar meydana gelir ve buna bagh olarak karaciger
hasan meydana getirir Karacigerde enzim diizeyleri alanin transaminaz (ALT), aspartat
Aminotransferaz (AST), alkalin fosfataz (ALP) gibi enzim diizeylerini artirarak karacigerde
hucre dejenerasyomnuna yol acar (3). Morus alba (MA) halk arasinda beyaz dut olarak
bilinen cok yillik bir meyvedir (4). Bu bitkinin ihtiva ettigi steroidler, glikozidler, terpenoidler,
saponinler, alkaloidler, flavonoidler, tanninler, antosiyaninler gibi etken maddeler
antienflamatuar, antioksidan, antikarsinojenik, antihiperlipidemik, antimikrobiyal,
antidiabetik, antiobezite, deri beyazlatici, hepatoprotektif ve kardio-protektif etkilere yol
actigl bildiriimektedir.dair bilgiler literatiirde yer almaktadir (3,4,5,6). Bu calismada STZ
verilerek olusturulan diyabete bagh sekillenmesi muhtemel karaciger hasarina karsi Morus

alba’nin etanolik ekstrakti verilerek koruyucu etkisinin belirlenmesi amaclanmistir.

MATERYAL VE METOD

Calismada ortalama 220-250 g agirliginda 24 adet Wistar albino cinsi erkek sican
kullanilmistir. Her grupta 6 hayvan olacak sekilde 4 grup olusturulmus olup gruplar su
sekildedir:

1.Kontrol,

2. Streptozosin (STZ)(55 mg/kg i.p. tek doz),

3.STZ (55 mg/kg ip )+ MA (2 mg/kg/gun oral),

4. STZ (55 mg/Kg i.p.)+ MA (4 mg/kg/giin oral).

Dut meyvesi, 10 mL etanol/1 g dut olacak seklinde c6ziilmeye birakildi. Elde edilen
cozelti su banyosunda farkh sicakliklarda 24 saat bekletildi. Daha sonra rotary

evaporatorden gecirilerek etanol uzaklastirildi. Elde edilen ekstrakt calismada kullanildi.
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15 ginlilkk uygulama sonunda kan ornekleri alinarak karaciger enzimleri otoanalizo
cihazinda olciildii. Karaciger dokularn alinarak gerekli analiz ve patolojik incelemeler

yapildu.

160
140
120

100
I

60
|
40 '
i 'l\ . | |
. | | | |

fontrol STZ STZ + Morus alba STZ + Morus alba
ekstrakti (2 mg/kg) ekstrakti (4 mg/kg)

WALT mALP mAST

Sekll 1. Gruplara gore ALT, ALP, AST degerleri.

BULGULAR VE TARTISMA

Calismadan elde edilen biyokimyasal sonuglar Sekil 1 de gosterilmistir. STZ
uygulamasi sonrasi artis gosteren ALT, AST, ALP enzimleri MA uygulanan gruplarda dusts
gostermis olup en cok iyilesmenin 4 mg/kg MA uygulanan grupta oldugu goriilmistir. Bu
bulgular patolojik incelemelerle de desteklenmistir. Histopatolojik inceleme sonuclari Sekil
2 de gosterilmis olup STZ grubunda hepatositlerde siddetli duzeyde nekrotik ve orta
diizeyde hidropik dejenererasyon goruliirken 4 mg/kg MA uygulanan grupta her ikisi de
hafif dilzeyde gdzlemlenmistir. immunuhistokimyasal sonuclara gore ise STZ uygulanan
grupta siddetli immunpozitiflik gozlenirken 2 mg/kg MA uygulananda orta 4 mg/ kg
uygulananda ise hafif dizeyde goraimustur (Sekil 3).

Bu sonuclara gore, STZ' nin olusturdugu karaciger hasarina karsi MA etanol
ekstaktinin iyilestirici 6zellikte oldugu ve elde edilen sonuclarin literatiir bilgileriyle paralel

oldugu gorilmektedir.
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orta diizeyde hidropik dejenerasyon (P ), (C) STZ+ MA(2 mg/kg). Siddetli dizeyde nekrotik hepatositler
(—) ile orta diizeyde hidropik dejenerasyon (P), (D) STZ+ MA(4 mg/kg). Hafif diizeyde nekrotik
hepatositler (—) ile hafif diizeyde hidropik dejenerasyon (»).

-o; f'..j‘
$ekil 3. (A) Kontrol. immun negatiflik, (B) STZ. Siddetli diizeyde, (C) STZ+ MA (2 mg/kg). Orta diizeyde
atrofi (—), (D) STZ+ MA(4 mg/kg) grubu. Hafif diizeyde 8-OhDG immunpozitifligi (—). Karaciger, IHC.
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Muhammad Adnan ARIFL* Talal HASSAN1 Simona BAVARO2 Muhammad Irfan MALIK®

Stefano BAGATELLA® Irene FERRARA1 Massimiliano TURSI*
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2|nstitute of Science of Food Production, National Research Council, Turin, ITALY
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*Correspound Author: muhammadadnan.arif@unito.it

Crickets (Acheta domesticus) are a sustainable, nutrient-rich source of high-quality
protein, essential amino acids, dietary fibres, and bioactive compounds, which may positively
influence gut health in humans and animals. While a more precise understanding of the
physiological mechanisms of gut health is increasing the contribution of insect-based diets,
particularly cricket meal (CM), the antioxidant and gut-protective effects remains
inadequately investigated.

This study aims to investigate the effects of CM on gut health, focusing on antioxidant
activity, cell viability, biochemical, and immunological responses in in-vitro models. CM
samples were subjected to static digestion, and antioxidant activity was evaluated by means
of DPPH assay. Preliminary results of digested CM concentration from 100 to 800 pg/ml
demonstrated a concentration-dependent effects. These findings suggest that CM exhibits
promising free radical scavenging capacity.

Ongoing work will expand on these findings by evaluating the effects of digested CM on
viability of intestinal epithelial cell lines, barrier integrity measured through TEER values and
anti-inflammatory gene expression analyzed by qRT-PCR.

Conclusion: The preliminary results highlight cricket meal as a promising functional
ingredient with significant antioxidant capacity in a concentration-dependent manner. This
supports the potential application of CM in mitigating oxidative stress and improving gut
health, thus contributing to the development of sustainable dietary strategies for animal
nutrition and welfare.

Keywords: Cricket meal, Antioxidant activity, In vitro digestion, Gut health, Oxidative stress.
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Combating AMR in Animals in Macedonia:
The Role of Vaccines and Herbal Veterinary Medicines

Romel VELEV
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*Correspound Author: viomel@fvm.ukim.edu.mk

Veterinary medicine stands at the intersection of animal health, food safety, and public
health, playing a central role in addressing the global challenge of antimicrobial resistance
(AMR). With the growing threat of a post-antibiotic era, there is urgent need for preventive
solutions to reduce antimicrobial use (AMU), particularly in livestock systems.

Vaccines represent an essential tool in reducing the need for antimicrobials by
preventing infectious diseases in animals, improving animal health and welfare, and limiting
zoonotic transmission. Despite their proven value, veterinary vaccines are often underutilized
in practice due to market access limitations and regulatory hurdles. In the Republic of North
Macedonia, similar to many other countries, the veterinary vaccine market remains limited
in scope, and antibiotics are still heavily used. Enhancing vaccine coverage can significantly
improve animal welfare, food security, and public health.

In addition to conventional tools, herbal veterinary medicinal products (HVMP) are
gaining attention for their potential to reduce AMU. Rooted in traditional practices and
backed increasingly by modern evidence, HYMP are sustainable, locally available, and
biodegradable. The MedPlants4Vet network advocates for greater recognition of HVMP,
calling for a simplified regulatory framework that enables access to diverse, high-quality, and
safe herbal veterinary medicines. This presentation explores the dual role of veterinary
vaccines and HVMP in combatting AMR and presents the case of North Macedonia as a
representative example of both the challenges and opportunities in the broader European
context.

Keywords: Antimicrobial resistance, veterinary vaccines, HVMP, North Macedonia,

MedPlants4Vet, animal health, sustainable solutions.
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Protective Effects of Cannabis sativa Seed Oil on FGF-1 Expression
and Migration in H,02-dnduced L929 Fibroblasts Cell
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Skin lesions pose a significant public health issue as they can greatly affect a patient’s
quality of life. Natural compounds may be cost-effective, widely accessible, and low-side-
effect alternatives for wound healing. This study evaluated the protective capacity of
Cannabis sativa seed oil (CSS0) in modulating Fibroblast Growth Factor 1 (FGF-1) activity and
promoting wound healing in mouse L929 fibroblast cells exposed to H,0,. The in vitro
cytotoxicity of CSSO (1-500 ug/mL) and H,0, (0.5 mM) was assessed using the CVDK-8
assay. Migration assays served as an in vitro wound healing model. The experimental groups
were designed as follows: The control group received no treatment. In the H202-exposed
group, L-929 cells were exposed to 0.5 mM H,0; for 24 h. In the CSSO treatment groups,
cells were pretreated with increasing concentrations of CSSO (10, 25, 50 and 100 ug/ml) for
3 h, followed by incubation with 0.5 mM H,0, for 24 h. FGF-1 expression was quantified using
Real-Time Polymerase Chain Reaction. The results demonstrated that exposure to H,0,
significantly decreased FGF-1 expression compared to that in the control group (P<0.01).
Treatment with 25 pg/mL CSSO significantly increased FGF-1 levels relative to those in the
control group (P<0.05). Notably, CSSO at concentrations of 50 and 100 pg/mL induced a
more pronounced elevation, restoring FGF-1 expression to levels comparable to those in the
control group (P>0.05). Migration assays showed that CSSO at 50 and 100 pg/mL
significantly promoted fibroblast migration into the wound area, with 100 pg/mL achieving
nearly complete wound closure. Our findings revealed that CSSO promoted cell migration
and triggers the expression of FGF-1. Together, these results provide evidence of CSSO's
regenerative potential of CSSO in tissue repair and set the stage for in vivo studies and
clinical trials to confirm in vitro findings.

Keywords: Cannabis sativa seed oil, cell migration, FGF-1, H,0,, L-929.
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Cannabls sativa Tohum Yaginin H,0, Kaynakli L929 Fibroblast
Hiicrelerinde FGF-1 Ekspresyonu ve Gogii Uzerindeki Koruyucu Etkileri

Ozet

Deri lezyonlari, hastalarin yasam kalitesini 6nemli élciide etkileyebilecegi i¢in ciddi bir
halk sagligl sorunu olusturmaktadir. Dogal bilesikler, ekonomik, yaygin olarak erisilebilir ve
dusiik yan etki profiline sahip olduklarindan yara iyilesmesi icin kullanilabilir. Bu calismada,
Cannabis sativa tohum yaginin (CSS0) H,0,'ye maruz birakilan L929 fibroblast hiicrelerinde
Fibroblast Buyume Faktoriu 1 (FGF-1) aktivitesini modiile etme ve yara iyilesmesini
destekleme potansiyeli degerlendirilmistir. CSSO (1-500 ug/mL) ve H,0, (0,5 mM) in vitro
sitotoksisitesi CVDK-8 testi ile belirlenmistir. Migrasyon testi in vitro yara iyilesme modeli
olarak kullaniimistir. Deneysel gruplar asagidaki sekilde tasarlanmistir: Kontrol grubuna
herhangi bir uygulama yapilmamistir. H,0, grubundaki L-929 hiicreleri 24 saat boyunca 0,5
mM H,0,'ye maruz birakilmistir. CSSO tedavi gruplarinda ise hiicreler, 3 saat boyunca artan
konsantrasyonlarda CSSO (10, 25, 50 ve 100 pyg/mL) uygulanmis ve ardindan 24 saat
boyunca 0,5 mM H,0, ile inkiibe edilmistir. FGF-1 ekspresyonu Ger¢cek Zamanl Polimeraz
Zincir Reaksiyonu (qPCR) ile kantitatif olarak élciilmiistiir. Bulgular, H,0, maruziyetinin
kontrol grubuna kiyasla FGF-1 ekspresyonunu anlamli sekilde azalttigim gostermistir
(P<0,01). CSSO’nun 25 pg/mL konsantrasyonu, kontrol grubuna kiyasla FGF-1 diizeylerinde
anlamh artis saglamistir (P<0,05). Ozellikle, CSSO’nun 50 ve 100 pg/mL konsantrasyonlar
daha belirgin bir artis saglamis ve FGF-1 ekspresyonunu kontrol grubuna esdeger seviyelerde
kalmasini  saglamistir (P>0,05). Goc¢ testleri CSSO'nun 50 ve 100 pg/mL
konsantrasyonlarinin fibroblastlarin yara boélgesine gocinii anlamh sekilde artirdigini
gostermis olup, 100 pg/mL konsantrasyonu neredeyse tam yara kapanmasi saglamistir.
Sonu¢ olarak, CSSO hiicre gocunl arttirmis ve FGF-1 ekspresyonunu indliiklemistir. Bu
bulgular, CSSO’'nun doku onariminda rejeneratif potansiyelini ortaya koymakta olup, in vitro
bulgularin dogrulanmasi icin in vivo calismalar ve klinik denemeler icin temel
olusturmaktadir.

Anahtar Kelimeler: Cannabis sativa tohum yagi; migrasyon; FGF-1; H,0,; L-929.
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NLRP3 (NOD-, LRR-, and pyrin domain-containing protein 3) inflammasome plays a
pivotal role in the innate immune system by regulating caspase-1 activation, the secretion of
IL-1B/1L-18, and gasdermin D-mediated pyroptotic cell death. Dysregulated activation of
NLRP3 has been implicated in the pathogenesis of chronic inflammatory, cardiovascular,
and neurodegenerative diseases, including Alzheimer’'s and Parkinson’s disease. The most
potent inhibitor reported, MCC950, was discontinued in phase Il clinical trials due to
hepatotoxicity. Here, we applied a structure-based drug discovery workflow combining large-
scale virtual screening and molecular dynamics simulations to identify novel NLRP3
inhibitors. The prioritized compounds represent unique chemotypes, devoid of indacene,
sulfonylurea, and carboxylic acid scaffolds, and are structurally distinct from previously
reported NLRP3 inhibitors. The inhibitory activity of the selected compounds was tested in
primary bone marrow-derived macrophages using a standard NLRP3 inflammasome
activation assay. Several compounds exhibited significant inhibition of IL-1[3 release at low
micromolar concentrations, whereas a subset showed moderate or partial inhibitory effects.
This study, based on both in silico and in vitro approaches, identified multiple promising lead
candidates with unique chemical novelty, which may offer new opportunities for
inflammasome inhibition.

Keywords: NLRP3 inflammasome, In Silico, Structure-Based Drug Discovery, Molecular
Docking, Molecular Dynamic Simulation.
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Yenl NLRP3 inhibitérlerinin Sanal Tarama Yontemi lle Kesfl

NLRP3 (NOD-, LRR- ve pyrin domaini iceren protein 3) inflamazomu, kaspaz-1
aktivasyonunu, IL-1B/IL-18 salinimini ve gasdermin D aracil piroptotik hicre olimiunu
dizenleyerek bagisiklik sisteminde kritik bir rol oynamaktadir. NLRP3’in dizensiz
aktivasyonu, Alzheimer ve Parkinson hastaliklan da dahil olmak lizere kronik inflamatuvar,
kardiyovaskiiler ve norodejeneratif hastaliklarin patogenezinde rol oynamaktadir.
Literaturde bildirilen en guclu inhibitor MCC950, hepatotoksisite nedeniyle Faz Il klinik
denemelerde sonlandinlmistir. Bu ¢calismada, yeni NLRP3 inhibitérlerini belirlemek amaciyla
genis Olcekli sanal tarama ve molekiiler dinamik simulasyonlarini birlestiren yapi temelli bir
ilac kesfi is akisi uyguladik. Onceliklendirilen bilesikler, indacene, siilfoniliire ve karboksilik
asit iskeletlerini icermeyen 6zglin kemotiplere sahip olup, onceki calismalarda bildirilen
NLRP3 inhibitorlerinden yapisal olarak ayrismaktadir. Secilen bilesiklerin inhibitor etkinligi,
standart bir NLRP3 inflamazom aktivasyon testi kullanilarak primer kemik iligi kokenli
makrofajlarda test edildi. Birka¢ bilesik, diisiik mikromolar konsantrasyonlarda IL-1p
salinimini anlamli sekilde inhibe ederken, bazilan ise orta diizeyde ya da kismi inhibitor etki
gosterdi. Bu hem in silico hem de in vitroya dayali calisma, 6zgun kimyasal yeniliklere sahip
cok sayida umut verici oncu bilesik ortaya koyarak inflammazom inhibisyonu igin yeni

firsatlar ortaya koyabilir.

Anahtar Kelimeler: NLRP3 inflamazom; in silico; yapi temelli ilac kesfi; molekdier yerlestirme

(docking); molekiiler dinamik simiilasyon.
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Medicinal plants, due to their biodiversity, economic and sustainable use, are preferred as
alternatives to conventional drugs in the treatment of many diseases in traditional medicine.
Despite the beneficial effects of medicinal plants, maintaining the balance between therapeutic
and toxicological effects is considered the most important factor for safe treatment. Recent
studies have revealed that many plant species used in traditional medicine for the treatment of
various diseases may have toxicity potential due to their cytotoxic/genotoxic active ingredients.
This has increased the importance of toxicological evaluation of herbal extracts, which are
believed to have low toxicity based on long-term use.

Verbena officinalis L. (vervain; family: Verbenaceae) is a medicinal plant widely grown in
the Mediterranean region and is currently used in folk medicine, particularly for the treatment of
anxiety, insomnia, and depression. In traditional medicine, it is also used for reproductive and
gynecological problems, as well as for stimulating uterine smooth muscle during pregnancy,
increasing milk secretion, and treating digestive problems such as chronic prostatitis, hematuria,
spasms, and stomach pain. In addition to its traditional uses, scientific studies have confirmed
the antioxidant, anti-inflammatory, and antifungal activities of V. officinalis. Despite its
widespread use in traditional medicine, studies on the toxicity potential of V. officinalis extracts
are quite limited. In this study, the genotoxic potential of a water extract from V. officinalis was
investigated in Drosophila melanogaster, an important model organism in genetic research.

In this study, the genotoxic effect of V. officinalis was investigated using the Somatic
Mutation and Recombination Test (SMART). The study used multiple wing hair (mwh) and flare
(fIr3) mutant strains of D. melanogaster, and clone induction frequency (CIF) values were used to
evaluate the results. When the data obtained from the SMART test were evaluated, the clone
induction frequency was 0.51 in the negative control group, 0.46 in the 15 mg/ml concentration
group, 1.02 in the 30 mg/ml concentration group, and 1.43 in the 60 mg/ml concentration
group. This increase in clone induction frequency suggests that V. officinalis, especially at high
concentrations, can induce somatic mutations and lead to genotoxic effects. Consequently, the
obtained data have the potential to contribute to the assessment of the safety of V. officinalis.
Furthermore, adapting the SMART test to herbal extracts may be beneficial in examining the
safety profiles of different herbal products.

Keywords: Drosophila melanogaster, Model organism, Genotoxicity, Somatic mutation, Verbena
officinalis L.
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Verbena officinalis L. Ekstresinin Genotoksisite Potansiyelinin Drosophila melanogaster
Uzerinde Somatik Mutasyon ve Rekombinasyon Testi (SMART) ile Degerlendirilmesi

Tibbi bitkiler, biyocesitliliginin yani sira ekonomik ve siirdiiriilebilir kullanimlarinin
bulunmasi nedeniyle de geleneksel tipta bircok hastaligin tedavisinde konvansiyonel ilaclara
alternatif olarak tercih edilmektedir. Tibbi bitkilerin faydali etkilerine ragmen, terapétik ve
toksikolojik etkiler arasindaki dengenin korunmasinin giivenli tedavi icin en 6nemli bir faktor
oldugu gorilmektedir. Son yillarda yapilan calismalar, geleneksel tedavide cesitli
hastaliklarin tedavisinde kullanilan bircok bitki turinun, icerdikleri sitotoksik/ genotoksik
etkili aktif bilesenlerin bir sonucu olarak toksisite potansiyeli tasiyabileceklerini ortaya
koymustur. Bu durum, uzun sdreli kullanimlarina dayanarak dusuk toksisiteye sahip
olduguna inanilan bitkisel ekstrelerin toksikolojik yonden degerlendiriimesinin dnemini
arttirmistir.

Verbena officinalis L. (mine cicegi; aile: Verbenaceae), Akdeniz bdlgesinde yaygin
olarak yetisen ve ginimuzde halk tibbinda 6zellikle anksiyete, uykusuzluk ve depresyon
tedavisinde kullanilan tibbi bir bitkidir. Geleneksel tipta ayrica ireme saghg! sorunlar ve
jinekolojik problemlerin yani sira gebelik sirasinda uterus diiz kasinin uyarilmasi, sit
salgisinin arttinlmasi, kronik prostatit, hematiri, spazm ve mide agrisi gibi sindirim
problemlerinin tedavisi amaciyla da kullanilmaktadir. Geleneksel kullaniminin yani sira V.
officinalis’in antioksidan, antiinflamatuar ve antifungal aktivite sergiledigi bilimsel
calismalarla dogrulanmistir. Geleneksel tedavide yaygin olarak kullanilmasina ragmen, V.
officinalis ekstrelerinin toksisite potansiyellerine iliskin ¢alismalar olduk¢a sinirlidir. Bu
dogrultuda planlanan calismada, V. officinalis bitkisinden elde edilen su ekstresinin
genotoksisite potansiyeli, genetik arastirmalarda onemli bir model organizma olarak kabul
edilen Drosophila melanogaster Uzerinde arastinimistir.

Calismada, V. officinalis’'in genotoksik etkisi Somatik Mutasyon ve Rekombinasyon
Testi (SMART) ile incelenmistir. D. melanogaster'in multiple wing hair (mwh) ve flare (fir3)
mutant soylarinin kullanildigl calismada, sonuclarin degerlendirilmesinde kion indiiksiyon
frekansi (KIF) degerleri esas alinmistir., SMART testinden elde edilen veriler
degerlendirildiginde, klon indiiksiyon frekansi negatif kontrol grubunda 0,51 iken, 15 mg/ml
konsantrasyon uygulanan grupta 0,46; 30 mg/ml konsantrasyon uygulanan grupta 1,02; 60
mg/ml konsantrasyon uygulanan grupta ise 1,43 olarak saptanmistir. Klon induksiyon
frekansindaki bu artis, V. officinalis’in o6zellikle yliksek konsantrasyonlarda somatik
mutasyonlari uyarabilecegini ve genotoksik etkiye yol acabilecegini gostermektedir. Sonug
olarak, elde edilen verilerin V. officinalis’in giivenilirliginin degerlendirilmesine katki saglama
potansiyeli vardir. Ayrica SMART testinin bitkisel ekstrelere adapte edilmesinin farklh bitkisel
urdinlerin giivenilirlik profillerinin incelenmesine fayda saglayabilecegi diisiiniilmektedir.
Anahtar Kelimeler: Drosophila melanogaster; Model organizma, Genotoksisite, Somatik
mutasyon, Verbena officinalis L.
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Comparison of the Effects of Melatonin and Tryptophan-Containing Feeds Added to the
Off-Season Ration and Regulin (Melatonin) Application on Estrus in Karacabey Merino
Sheep

Muharrem SATILMIS** Murat ER1
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In this study, the effects of dietary supplementation with melatonin- and tryptophan-
containing feeds and the administration of subcutaneous Regulin® (Melatonin) implants on
estrus induction and pregnancy rates were compared within the scope of the Karacabey
Merino sub-project of the National Small Ruminant Breeding Project conducted in Balikesir
Province, Tlrkiye. Reproductive performance records of 60 Karacabey Merino ewes, aged 3-
7 years, raised within the framework of the project, were used. The study evaluated
interventions applied during the non-breeding season (February-April) prior to ram
introduction in order to induce estrus. Animals that received no treatment other than grazing
and routine feeding practices were designated as the control group (Group K). In addition to
routine feeding, animals whose diet was supplemented with oats, soybean meal, wheat,
maize, and grape pomace were assigned to experimental group 1 (Group C1). Animals that,
similar to the control group, did not receive additional dietary supplementation but were
treated with Regulin implants were designated as experimental group 2 (Group C2).
According to the farm records, ewes in Group C1 were fed a concentrate mixture (25% barley
+ 20% maize + 25% oats + 20% soybean meal + 10% grape pomace) at 150-200 g per
head daily beginning one month prior to ram introduction, increasing to 500 g per head one
week later. Ewes in Group E2 received a subcutaneous Regulin implant containing 18 mg
melatonin. Thirty days after treatment, rams were introduced freely into the groups for 40
days. One month after ram withdrawal, pregnhancy was diagnhosed by ultrasonography, and
pregnancy rates were analyzed using the Least Squares method. Pregnancy rates in Groups
K, E1, and E2 were found to be 77.8%, 95.0%, and 90.9%, respectively (P>0.05). In
conclusion, although the differences between groups were not statistically significant, the
higher estrus response achieved through the melatonin- and tryptophan-enriched feeding
program compared to Regulin treatment is considered noteworthy.

Keywords: Estrus, Karacabey Merino, melatonin, regulin, tryptophan.
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Karacabey Merinosu Koyunlarda Sezon Digi Rasyona ilave Edilen Melatonin ve Triptofan igerikli
Yemler lle Regulin (Melatonin) Uygulamasinin Ostrus Uzerine Etkllerinin Kargilagtinimasi

Bu calismada Balikesir ilinde yiriitilen Halk Elinde Kiiciikbas Hayvan Islahi Projesi
kapsaminda Karacabey Merinosu alt projesinde sezon disi kizginligin indiiklenmesi amaciyla
rasyona melatonin ve triptofan icerikli yemlerin ilave edilmesi ile hayvanlara deri alti (SC)
Regulin® (Melatonin) implant uygulanmasinin éstrus ve gebe kalma oranlar lizerine etkileri
karsilastinldi. Arastirmada Halk Elinde Kucukbas Hayvan Islahi Projesi kapsaminda Balikesir
ilinde 3-7 yaslarinda 60 bas Karacabey Merinosu Koyunlara ait dol verimi kayitlari kullanildi.
Calismada sezon disi (Subat ve Nisan) ko¢ katimi oncesi kizginhgin indiiklenmesi amaciyla
yapilan uygulamalar degerlendirildi. Siirlide mera ve rutin besleme disinda hicbir uygulama
yapiimayan hayvanlar kontrol grubu (Grup K) olarak degerlendirildi. Kontrol grubundan farkh
olarak rasyonlarina yulaf, soya kuspesi, bugday, misir ve Gzim posasi ilave edilen grup
calisma grubu 1 (Grup C 1), kontrol grubunda oldugu gibi ekstra bir besleme programi
uygulanmaksizin regulin uygulanan hayvanlar ise calisma grubu 2 (Grup C2) olarak
degerlendirildi. isletme kayitlarinda Grup C1'deki hayvanlara ko¢ katimindan bir ay énce
hayvan basina glnlik 150-200 g, bir hafta sonra 500 g olarak yem karisimi (%25 Arpa +
%20 Misir + %25 Yulaf + %20 Soya fasulyesi kiispesi + %10 Uziim posasi) verildi. Grup G2
‘deki hayvanlara ise 18 mg melatonin iceren Regulin deri alti uygulandi. Uygulama sonrasi
30 gun sonra gruplara serbest usulde koclar katildi. Koclar suriiden aynidiktan bir ay sonra
yapilan ultrason muayene sonuglarina gore gruplar arasi gebelik oranlari En Kiiglik Kareler
yontemi ile incelendi. Grup K, Grup C 1 ve Grup C 2 sirasiyla gebelik oranlan % 77,8, %95,0
ve % 90,9 (P>0,05) bulundu. Grup K, C1 ve C2'de gebelik oranlar istatistiksel olarak anlamli
bulunmamakla birlikte, melatonin ve triptofanla zenginlestiriimis besleme programi ile
Regulin tedavisine gore daha yiiksek oOstrus yaniti elde edilmesinin onemli oldugu
degerlendiriimektedir.

Anahtar Kelimeler: Karacabey Merinosu, melatonin, regulin, triptofan, dstrus.

Tesekkilr: Bu calisma, Tarimsal Arastirmalar ve Politikalar Genel Mudurligiu tarafindan
desteklenen "Karacabey Merinosu Koyun Irkinin Halk Islahi Alt Projesi" kapsaminda
Balikesir'de yuratulmustur.
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Choline, which is necessary for methyl metabolism, neurotransmitter synthesis,
structural integrity of cell membranes and signal transduction functions, is a nutritional
source of both animal and plant origin. Choline serves three fundamental physiological roles:
it facilitates cholinergic neurotransmission, serves as a precursor for the biosynthesis of key
membrane phospholipids such as phosphatidylcholine and sphingomyelin, and functions as
a methyl group donor through its metabolite betaine, thereby contributing to essential
methylation processes.

The methyl donating function of choline is of great importance in maintaining the
balance of cellular antioxidant defense systems. Thus, the cell's struggle with oxidative stress
and its death (apoptosis) are controlled.

Many studies conducted since the 1980’s have revealed the accelerating effect of the
box on the synthesis and release of acetylcholine, an important neurotransmitter in nerve
cells. Following these findings, the Institute of Medicine (IOM) officially recognized choline as
an essential nutrient in 1998. Its prominent role in neurological functions has proven critical
in reducing memory loss and protecting the nervous system. A study examining postmortem
brain samples from Alzheimer's patients reported significantly reduced levels of
acetylcholine.

In addition, choline plays a vital role in preventing neural tube defects, which are among
the congenital anomalies, and in supporting protective mechanisms against neurotoxicity in
general. In this context, it is emphasized that choline supplementation is especially
important for the sustainability of nervous system development and functions.

Keywords: Alzheimer, Choline, Memory Development, Neurotoxicity.
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Temel Bir Besin Olarak Kolin ve Nérotoksisite

Metil metabolizmasi, norotransmitter sentezi, hiicre zarlarinin yapisal biitinligli ve
sinyal iletim islevleri icin gerekli olan kolin, hem hayvansal hem de bitkisel kaynakli bir besin
kaynagidir. Kolinin temelde li¢ islevi vardir: kolinerjik sinyallemeyi destekler, fosfatidilkolin
ve sfingomiyelin gibi membran fosfolipidlerinin sentezine yardimci olur ve metaboliti betain
yoluyla metil donérii olarak hareket ederek cesitli metilasyon reaksiyonlarina katkida
bulunur. Kolinin metil bagislama islevi, hiicresel antioksidan savunma sistemlerinin dengede
tutulmasinda bilyiik 6nem tasimaktadir. Boylece hiicrenin oksidatif stresle miicadelesi ve

olimi (apoptosis) kontrol altina alinmaktadir.

1980'li yillardan itibaren gerceklestirilen bircok calisma, kolinin sinir hiicrelerinde
onemli bir nérotransmitter olan asetilkolinin sentezi ve salinimini hizlandirici etkisini ortaya
koymustur. Bu bulgularin ardindan, 1998 yilinda Tip Enstitusi (Institute of Medicine, IOM)
kolini resmi olarak esansiyel bir besin 6gesi olarak tanimlamistir. Kolinin nérolojik islevler
uzerindeki bu belirgin rolii, hafiza kaybinin azaltiimasinda ve sinir sisteminin korunmasinda
kritik Gneme sahip olmustur. Yapilan bir calismada alzheimer hastalarindan alinan beyin
ornekleri Uzerinde yapilan otopsi calismalari, asetilkolin diizeylerinin daha diisiik oldugu
bildirilmistir.

Ayrica kolin, dogumsal anomaliler arasinda yer alan noral tiip defektlerinin 6nlenmesi
ve genel anlamda norotoksisiteye karsi koruyucu mekanizmalarin desteklenmesinde hayati
bir rol oynamaktadir. Bu baglamda, kolin takviyesinin 6zellikle sinir sistemi gelisimi ve

fonksiyonlarinin sirdiiriilebilirligi acisindan énemli oldugu vurgulanmaktadir.

Anahtar Kelimeler: Alzheimer, Kolin, Hafiza Gelisimi, Norotoksisite.
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Ethnoveterinary Medicinal Potential of Alcea Species and Phytochemical
Composition of Alcea acaulis from Flora of Diyarbakir, Tiirkiye
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Traditional practices used to increase productivity and welfare in animals, prevent and
treat diseases are defined as Ethnoveterinary Medicine (EVM). A significant part of these
practices consists of natural products (plants, animals, minerals, etc.) and varies according
to regional differences. Plants and their phytochemicals exhibit numerous medicinal
properties. As a result, plants and their products have been used in the treatment of various
diseases since ancient times. EVM practices have several advantages, including accessibility,
ease of preparation and application, natural sourcing, low cost, and environmental
friendliness. However, phytotherapy practices also have disadvantages, such as the inability
to accurately diagnose plants, difficulty in dosing, limited written records, and insufficient
scientific studies. Therefore, it is crucial to document the plants used in EVH and to
investigate the pharmacological and toxicological profiles of the phytochemicals they contain
through scientific studies, as this is important for their use and the development of new
therapeutic drugs. In this study, the aim was to determine the phytochemical composition of
Alcea acaulis from the flora of Diyarbakir, Turkiye, which is locally named as “picek, hiro,
hero,” and “hatmi”, and to provide information on the potential of medicinal effects and use
in EVH of Alcea species.

Keywords: Ethnoveterinary medicine, Veterinary phytotherapy, Phytochemical, Alcea sp., A.

acaulis.
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Alcea Tirlerinin Etnoveteriner Hekimlikte Kullanimi ve Tiirkiye, Diyarbakir

Florasinda Bulunan Alcea acaulls’In Fitokimyasal Kompozisyonu

Hayvanlarda verim ve refahin artinlmasi, hastaliklarin 6nlemesi ve tedavisi i¢in
kullanilan geleneksel uygulamalar Etnoveteriner Hekimlik (EVH) olarak tanimlanmaktadir.
Bu uygulamalarin énemli bir kismini dogal iriinler (bitki, hayvan, mineral vb.) olusturmakta
ve bolgesel farkliliklar gostermektedir. Bitkiler ve sahip olduklan fitokimyasallar bircok
medikal ozellik gostermektedir. Bu nedenle tarihin erken donemlerinden bu yana bitkiler ve
urtinleri bircok hastahgin tedavisinde kullanilmistir. EVH uygulamalarinin; ulasilabilirlik,
hazirlanma ve uygulama kolayligi, dogal kaynaklardan elde edilmesi, diisiik maliyet ve cevre
dostu olmasi gibi avantajlan bulunmaktadir. Ancak fitoterapi uygulamalarinda bitki
teshisinin dogru yapilamamasi, dozajlama zorlugu, yazih kayitlarin sinirli sayida olmasi ve
yeterli bilimsel calismalarin olmamasi gibi dezavantajlari da bulunmaktadir. Bu nedenle
EVH'te kullanilan bitkilerin kayit altina alinmasi ve bilimsel calismalarla bu bitkilerle
icerdikleri fitokimyasallarin farmakolojik ve toksikolojik profillerinin arastinimasi;
kullanimlan ve yeni terapétik ilaclanin gelistiriimesi acisindan olduk¢ca 6nemlidir. Bu
calismada Turkiye, Diyarbakir florasinda yer alan, halk arasinda “picek, hiro, hero” ve
“hatmi” gibi isimleri bulunan Alcea fitokimyasal kompozisyonun belirlenmesi ile Alcea
tirlerinin EVH'de kullanm ve medikal etki potansiyeli hakkinda bilgi verilmesi

amaclanmistir.

Anahtar Kelimeler: Etnoveteriner hekimlik, Veteriner fitoterapi, Fitokimyasal, Alcea sp., A.

acaulis.
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Pharmacokinetics of Oral and Subcutaneous Administration of Free
and Liposomal Levamisole in Goats
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This study aimed to determine the pharmacokinetics of free and liposomal levamisole in
goats after single oral and subcutaneous administrations at a dose of 7.5 mg/kg. The study
developed a levamisole liposome and investigated relevant parameters: particle size, zeta
potential, polydispersity index, encapsulation efficiency, pH, and morphology. Blood samples
were collected by jugular venipuncture in heparinized tubes immediately before each free and
liposomal levamisole treatment and at 0, 5, 10, 15, 30, 60, 90, 120, 240, and 480 min and 12,
18, and 24 h after oral and subcutan administration. Free and liposomal levamisole plasma
concentrations were measured using high-performance liquid chromatography ultraviolet
(HPLC-UV). Liposomal formulations showed significantly higher values than free formulations in
terms of Az, Cmax, Clast, AUC 0-t, AUCO-~, AUCExp, and OKSO0-=~ parameters (p<0.05). In terms
of route of administration, subcutaneous administration significantly increased Cmax, Clast, AUC
0-t, and AUCO-= values (p<0.05). In oral administration, the half-life and clearance of the drug
were higher in the free formulation. The interaction between formulation and route of
administration was found to be significant in the Az, t1/2, AUCExp, Vdalan, OKSO-~, and OKSO-t
parameters. Subcutaneous administration yielded better values than oral administration for the
liposomal formulation. As a result, it was concluded that liposomal levamisole may exhibit better
efficacy than free levamisole in goats. It was considered necessary to conduct studies in different
animal species to confirm this finding.

Keywords: Goat, levamisole, liposome, HPLC, pharmacokinetic parameters.
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Kegilerde Oral ve Deri Alt: Yolla Uygulanan Serbest

ve Lipozomal Levamizoliin Farmakokinetigi

Bu calisma, 7,5 mg/kg dozunda tek seferlik oral ve subkutan uygulamalar sonrasinda
kecilerde serbest ve lipozomal levamizoliin farmakokinetigini belirlemeyi amaclamistir.
Calismada bir levamizol lipozomu gelistirilmis ve ilgili parametreler incelenmistir: partikul
boyutu, zeta potansiyeli, polidispersite indeksi, kapsiilleme verimliligi, pH ve morfoloji. Kan
ornekleri, her bir serbest ve lipozomal levamizol tedavisinden hemen once ve oral ve
subkutan uygulamadan sonra 0, 5, 10, 15, 30, 60, 90, 120, 240 ve 480 dakika ile 12, 18 ve
24 saat sonra heparinize tuplere juguler ven ponksiyonu ile alindi. Serbest ve lipozomal
levamizol plazma konsantrasyonlar, yuksek performansh sivi kromatografi ultraviyole
(HPLC-UV) kullanilarak 6l¢uldi. Lipozomal formilasyonlar, Az, Cmax, Clast, AUC 0-t, AUCO-
=, AUCExp ve OKSO-~ parametrelerinde serbest formilasyonlara gore anlaml olarak daha
yiiksek degerler gostermistir (P<0,05). Oral uygulamada, ilacin yarilanma omrii ve klirensi
serbest formulasyonda daha yliksek olmustur. Uygulama yolu acisindan derialti uygulama,
Cmax, Clast, AUC 0-t ve AUCO-«, degerlerini anlamh sekilde artirmistir (P<0,05).
Formilasyon ve uygulama yolu arasindaki etkilesim, Az, t1/2, AUCExp, Vdalan, OKS0-- ve
OKSO-t parametrelerinde anlamli bulunmustur. Deri alti uygulamada degerler oral
uygulamaya gore lipozomal formiilasyon acisindan daha iyidir. Sonuc olarak lipozomal
levamizoliin, kecilerde serbest levamizole gore daha iyi etkinlik gosterebilecegi kanaatine
varilmistir. Bu durumu ortaya koyabilmek amaciyla farkh hayvan turlerinde de calismalarin

yapilmasi gerektigi diistiniimustr.

Anahtar Kelimeler: Keci, levamizol, lipozom, HPLC, farmakokinetik parametreler.
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GLP Requirements and Applications in Cytotoxicity Tests
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Good Laboratory Practice (GLP) principles provide a structured framework that
ensures reliability, reproducibility, and validity in preclinical safety studies, including
cytotoxicity tests. Compliance with GLP is of particular importance in veterinary drug
research, where candidate compounds must be comprehensively evaluated for safety before
moving on to clinical applications. Cytotoxicity tests conducted on cell lines or primary
cultures are one of the fundamental steps in preclinical toxicological evaluation. These tests
not only provide early information about the potential adverse effects of new molecules, but
also guide dose selection and further in vivo studies. However, if GLP standards are not
strictly adhered to, the results may lose their validity, inter-laboratory comparability, and
acceptability to regulatory authorities. In veterinary medicinal products, which are
compatible with human drug development standards while also taking into account species-
specific considerations, GLP-compliant cytotoxicity tests ensure data integrity, facilitate
international recognition, and reduce the unnecessary repetition of experiments.
Additionally, by improving data quality, GLP contributes to animal welfare in line with the 3R
(Replacement, Reduction, Refinement) principles. This review examines the role of GLP in
cytotoxicity testing and its implications for veterinary drug development.

Keywords: GLP, Cytotoxicity tests, Veterinary drugs.
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Sitotoksisite Testlerinde GLP Sartlan ve Uygulamalar

lyi Laboratuvar Uygulamalan (Good Laboratory Practice, GLP) ilkeleri, sitotoksisite
testleri de dahil olmak ilizere klinik o6ncesi glivenlik calismalannda givenilirlik,
tekrarlanabilirlik ve gecerliligi saglayan yapilandiriimis bir cerceve sunar. Aday bilesiklerin
klinik uygulamalara gecmeden once guvenlik acisindan kapsamh bir sekilde
degerlendiriimesi gereken veteriner ila¢ arastirmalarinda GLP’ye uyum 6zel bir 6nem tasir.
Hucre hatlarn veya primer kulturler uzerinde gerceklestirilen sitotoksisite testleri, klinik
oncesi toksikolojik degerlendirmenin temel basamaklarindan biridir. Bu testler, yeni
molekillerin olasi advers etkileri hakkinda erken bilgi sunmakla kalmaz, ayni zamanda doz
secimine ve ileri in vivo calismalara da yon verir. Ancak GLP standartlarina siki sikiya
uyulmadigi durumda elde edilen sonuclar gecerliligini, laboratuvarlar arasi
karsilastinlabilirligini ve diizenleyici otoriteler nezdinde kabul edilebilirligini kaybedebilir.
insanlarda ilac gelistirme standartlariyla uyumlu olmakla birlikte, tiirlere 6zgii hususlari da
dikkate alan veteriner tibbi Uriinlerde, GLP'ye uygun sitotoksisite testleri veri bitinlugini
glivence altina alir, uluslararasi diizeyde taninirhgl kolaylastinir ve deneylerin gereksiz
tekrarlanmasini azaltir. Ayrica, veri kalitesinin artiriimasi yoluyla GLP, 3R (Replacement,
Reduction, Refinement) prensipleriyle uyumlu olarak hayvan refahina da katkida bulunur. Bu
derlemede, sitotoksisite testlerinde GLP'nin roli ele alinarak; veteriner ilaclarin
gelistirilmesi, givenlik degerlendirmesi ve ruhsatlandirma sireclerindeki kritik onemi

vurgulanmaktadir.

Anahtar Kelimeler: GLP, Sitotoksisite testleri, Veteriner ilaclari.
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Pharmacokinetics and Effects of Tolfenamic Acid After
Dehorning with Lidocaine or Xylazine in Calves
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The aim of this study was to evaluate the pharmacokinetics and efficacy of tolfenamic
acid after administration alone or in combination with lidocaine and xylazine in dehorned
calves. The study was conducted on 36 horned Holstein calves. Calves were randomly divided
into 6 equal groups as healthy control (HC), healthy tolfenamic acid (TC), dehorning control
(DC), dehorning+tolfenamic acid (DT), dehorning+standard analgesia protocol (DXL), and
dehorning+standard analgesia protocol+tolfenamic acid (DXLT). Xylazine and lidocaine were
used as standard analgesic protocol. Tolfenamic acid was administered intramuscularly at a
dose of 4 mg/kg. Plasma levels of tolfenamic acid were measured by high-pressure liquid
chromatography, while cortisol and haptoglobin levels were measured by ELISA. In addition,
the respiration rate, heart rate, and eye temperature of the calves were recorded. Tolfenamic
acid was detected up to 72 hours in the TC and DT groups and up to 96 hours in the DXLT
group. In the TC group, t1/24z, AUCo-, Clt/F, Vdarea/F, Cmax, and Tmax values were 13.41 hours,
41.18 hours*pug/mL, 0.10 L/hour/kg, 1.88 L/kg, 3.02 ug/mL, and 0.74 hours, respectively.
Compared with the TC and DT groups, ti/24z, AUCo-, and Tmax values were found to be
increased, while Cli/F decreased, in the DXLT group. No differences were found between the
groups in Vgarea/F and Cmax values. Compared with the DC group, mean cortisol and
haptoglobin concentrations were significantly reduced in the DT, DXL, and DXLT groups, with
the lowest levels observed in the DXLT group. Heart rate was significantly lower in the DXL
group compared to the HC, TC, DC, and DT groups, and in the DXLT group compared to the
HC and TC groups. No difference was observed between the groups in respiratory rate and
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eye temperature. When pharmacokinetic and physiological parameters were evaluated, it
was concluded that xylazine+lidocaine+tolfenamic acid combined treatment could be
preferred for optimum analgesic effect in the dehorning procedure.

Keywords: Tolfenamic acid, Dehorning, Calf, Cortisol, Haptoglobulin, Pharmacokinetics.
Acknowledgement: This project supported by the Scientific and Technological Research
Council of Turkiye (Project No. 1230256).

Buzagilarda Lidokain veya Ksilazin lle Boynuz Kesme Igleminden
Sonra Tolfenamlik Asitin Farmakokinetigl ve Etkileri

Bu arastirmanin amaci boynuzsuzlastirma islemi yapilan buzagilarda tek veya lidokain
ve ksilazinin ile kombine kullanim sonrasi tolfenamik asitin farmakokinetigi ve etkinligini
degerlendirmektir. Arastirma 36 adet boynuzlu holstein irki buzag lizerinde gerceklestirildi.
Buzagilar saglikli kontrol (SK), saghkl tolfenamik asit (TK), dehorning kontrol (DK),
dehorning+tolfenamik asit (DT), dehorning+standart analjezi protokolii (DKL) ve
dehorning+standart analjezi protokoli+tolfenamik asit (DKLT) olmak lizere rastgele 6 esit
gruba ayrildi. Standart analjezi protokoli olarak ksilazin ve lidokain kullanildi. Tolfenamik
asit 4 mg/kg dozda kas ici yolla uygulandi. Tolfenamik asitin plazma duzeyleri yuksek
basinch sivi kromatografisinde, kortizol ve haptoglobulin dlizeyleri ise ELISA'da élculdi.
Ayrica buzagilarin solunum sayisi, kalp atimi ve g6z sicakliklan kayit altina alindi. Tolfenamik
asit TK ve DT gruplannda 72. saate kadar DKLT grubunda ise 96. saate kadar tespit edildi.
TK grubunda t1/24;, EAAo.c, Clt/F, Vdarea/F, Cmax Ve Tmax degerleri sirasiyla 13,41 saat, 41,18
saat*ug/mL, 0,10 L/saat/kg, 1,88 L/kg, 3,02 uyg/mL ve 0,74 saat idi. TK ve DT gruplan ile
karsilastirildiginda DKLT grubunda t1/24z, EAAo- ve Tmax degerlerinin arttigi ve Cly/F degerinin
azaldigi belirlendi. Vgarea/F ve Cmax degerlerinde gruplar arasinda herhangi bir farklihk
belirlenmedi. DK grubu ile karsilastirildiginda, DT, DKL ve DKLT gruplarinda ortalama kortizol
ve haptoglobulin konsantrasyonunun énemli oranda azaldigi ve en diisiik dizeyin DKLT
grubunda elde edildigi belirlendi. Kalp atimi DKL grubunda SK, TK, DK ve DT gruplarina gore,
DKLT grubunda ise SK ve TK gruplarina gore énemli oranda dusik idi. Solunum sayisi ve goz
sicakhginda gruplar arasinda herhangi bir farklilk goriilmedi. Farmakokinetik ve fizyolojik
parametreler degerlendirildiginde boznuzsuzlastirma isleminde optimum analjezik etki icin
ksilazin+lidokain+tolfenamik asit kombine uygulamasinin tercih edilebilecegi sonucuna
varildi.

Anahtar Kelimeler: Tolfenamik asit, Boynuzsuzlastirma, Buzagi, Kortizol, Haptoglonulin,
Farmakokinetik.

Tesekkiir: Bu proje Turkiye Bilimsel ve Teknolojik Arastirma Kurumu (Proje No: 1230256)
tarafindan desteklenmistir.
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Comparative Cytotoxicity Evaluation of Aerial
and Root Extracts of Five Eryngium Species on HepG2 Cells
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The genus Eryngium (Apiaceae) comprises over 250 species distributed worldwide,
many of which have been used in ethnomedicine for their diuretic, anti-inflammatory,
antimicrobial, and wound-healing properties. Despite their ethnobotanical relevance, the
cytotoxic potential of Eryngium species—particularly in the context of liver cancer—remains
underexplored. In this study, we investigated the cytotoxic effects of 70% ethanolic
lyophilized extracts from both aerial and root parts of five Eryngium species—E. campestre,
E. bithynicum, E. billardierei, E. creticum, and E. falcatum—on HepG2 human liver carcinoma
cells. These species were selected due to their phylogenetic proximity within the genus, yet
they exhibit distinct morphological characteristics and ecological adaptations, providing a
comparative framework to evaluate species-specific and organ-specific differences in
cytotoxic activity. Cell viability was assessed through standard cytotoxicity assays, and the
results were reported as mean values with standard deviations. Among the tested samples,
the root extract of E. billardierei exhibited the strongest cytotoxic activity with the lowest ICx,
value (0.081 + 0.004 mg/mL), suggesting significant potential for anticancer effects. In
contrast, the aerial extract of E. bithynicum showed the highest ICs, value
(2.507 + 0.852 mg/mL), indicating the weakest cytotoxic effect. Moderate cytotoxicity was
observed in the aerial extracts of E. billardierei (1.67 £0.718 mg/mL), E. creticum
(1.352+0.085mg/mL), and both root (1.341+0.093mg/mL) and aerial
(0.964 + 0.294 mg/mL) extracts of E. falcatum. E. campestre showed relatively low ICs,
(0.586 + 0.176 mg/mL) among aerial parts. Notably, none of the samples had ICs, values
below 0.03 mg/mL, the threshold commonly associated with strong anticancer potential,
though E. billardierei root extract comes closest and warrants further investigation. Root and
aerial part comparisons revealed that the root extract of E. billardierei exhibited markedly
higher cytotoxicity than its aerial counterpart, highlighting significant organ-specific
differences in bioactive compound distribution. These findings suggest that both species-
specific and organ-specific factors play critical roles in determining the cytotoxic potential of
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Eryngium extracts, and highlight E. billardierei root as a particularly promising candidate for
future phytochemical and anticancer investigations
Keywords: Anticancer, Cytotoxicity, Eryngium, HepG2, IC50.

Bes Eryngium Tiiriiniin Toprak Ustii ve K6k Ekstraktlannin
HepG2 Hiicrelerl Uzerindeki Karsilagtirmal Sitotoksisite Degerlendirmesi

Eryngium (Apiaceae) cinsi, diinya capinda dagilmis 250'den fazla tiire sahiptir ve
bunlarin ¢ogu, idrar soktirici, iltihap giderici, antimikrobiyal ve yara iyilestirici 6zellikleri
nedeniyle etnomedikal tipta kullanilmaktadir. Etnobotanik 6nemlerine ragmen, Eryngium
turlerinin sitotoksik potansiyeli, 6zellikle karaciger kanseri baglaminda, heniiz yeterince
arastinimamistir. Bu calismada, bes Eryngium turunun (E. campestre, E. bithynicum, E.
billardierei, E. creticum ve E. falcatum) hem toprak lstli hem de kék kisimlarindan elde
edilen %70 etanollii liyofilize 6zitlerin HepG2 insan karaciger karsinomu hiicreleri lizerindeki
sitotoksik etkilerini arastirdik. Bu tiirler, cins icindeki filogenetik yakinliklari nedeniyle
secilmis olmakla birlikte, farkh morfolojik 6zellikler ve ekolojik adaptasyonlar sergileyerek,
tirlere ve organlara 6zgi sitotoksik aktivite farkhliklarini degerlendirmek icin karsilastirmali
bir cerceve sunmaktadir. Hiicre canliligl, standart sitotoksisite analizleriyle degerlendirilmis
ve sonuglar standart sapmalarla birlikte ortalama degerler olarak bildirilmistir. Test edilen
ornekler arasinda, E. billardierei kok ekstresi en diisiik ICs, degeriyle (0,081 + 0,004 mg/mL)
en gicli sitotoksik aktiviteyi gosterdi ve bu da antikanser etki potansiyelinin 6nemli
oldugunu gosterdi. Buna karsilik, E. bithynicum'un toprak Ustii ekstresi en yilksek ICs,
degerini (2,507 + 0,852 mg/mL) gosterdi ve bu da en zayif sitotoksik etkiye isaret etti. E.
billardierei'nin (1,67 + 0,718 mg/mL), E. creticum'un (1,352 + 0,085 mg/mL) toprak lstu
ekstrelerinde ve E. falcatum'un hem kok (1,341 + 0,093 mg/mL) hem de toprak tistii (0,964
+ 0,294 mg/mL) ekstrelerinde orta diizeyde sitotoksisite gozlendi. E. campestre, toprak usti
kisimlarda nispeten diisiik ICs, (0,586 + 0,176 mg/mL) gosterdi. Ozellikle, 6rneklerin higbiri,
gliclii antikanser potansiyeli ile yaygin olarak iliskilendirilen esik deger olan 0,03 mg/mL'nin
altinda ICs, degerlerine sahip degildi; ancak E. billardierei kok ekstresi en yakin olaniydi ve
daha fazla arastirmayi gerektiriyordu. Kok ve toprak usti kisim karsilastirmalari, E.
billardierei kok ekstresinin toprak uOsti muadilinden belirgin sekilde daha yiksek
sitotoksisite sergiledigini ortaya koydu ve biyoaktif bilesik dagiliminda organa 6zgii 6nemli
farkliliklar1 vurguladi. Bu bulgular, tiire 6zgli ve organa 6zgii faktorlerin Eryngium ozitlerinin
sitotoksik potansiyelini belirlemede kritik roller oynadigini diisiindiirmekte ve E. billardierei
kokunin gelecekteki fitokimyasal ve antikanser arastirmalari icin 6zellikle umut vadeden bir
aday oldugunu vurgulamaktadir.

Anahtar Kelimeler: Antikanser, Sitotoksisite, Eryngium, HepG2, IC50.
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Phytochemical Composition of Sweet flag (Acorus calamus)
and Potential Use In Animal Diseases
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Despite advances in the pharmaceutical industry and the increasing use of synthetic
drugs, approximately 70% of the world's population still uses medicinal plants, of which there
are more than 10,000 types, to treat illnesses. In addition, the complex phytochemical
compositions of medicinal plants are being revealed using modern methods, continuing to
serve as an important resource and model for new drug research from an
ethnopharmacological perspective. Acorus calamus, locally called “Egir otu, Egir koki”,
universally called ‘Sweet flag’ is a medicinal aquatic plant found in northwestern and central
Anatolia in Turkiye, whose rhizomes have been used to treat illnesses since ancient times.
A. calamus possesses antibacterial, antiviral, antifungal, antitumor, anticancer, analgesic,
anti-inflammatory, antioxidant, neuroprotective, and cardioprotective effects due to its
phytochemicals (monoterpenes, sesquiterpenes, phenylpropanoids, flavonoids, etc.). The
phytochemical content, therapeutic potential, efficacy, and safety of alternative plants that
possibly used in the treatment of animal diseases are important parameters in the field of
animal health. The aim of this study was to determine the phytochemical composition of A.
calamus from the flora of Konya, Turkiye, by GC-MS analysis and to provide information on
its potential use in the treatment of animal diseases.

Keywords: Acorus calamus, Animal diseases, GC-MS, Ethnopharmacology, Phytochemical.
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Egirotu (Acorus calamus)’ nun Fitokimyasal Kompozisyonu

ve Hayvan Hastaliklarinda Kullanim Potanslyell

llag endistrisindeki gelismeler ve artan sentetik ilaclara ragmen diinya niifusunun
yaklasik %70'i hala hastaliklarin tedavisi icin 10.000'den fazla tiir(i bulunan tibbi bitkileri
kullanmaktadir. Ayrica giincel yontemlerle tibbi bitkilerin karmasik fitokimyasal
kompozisyonlari ortaya konularak etnofarmakolojik acidan yeni ila¢c arastirmalan icin
onemli bir kaynak ve model olmaya devam etmektedir. Tiirkiye'de kuzey bati ve orta Anadolu
da dagihm gosteren, yoresel olarak ‘Egir otu, Egir kokii’, evrensel olarak ‘Sweet flag’ olarak
adlandinlan Acorus calamus, 6zellikle rizomlar antik caglardan beri hastaliklarda kullanilan
tibbi su bitkisidir. A. calamus sahip oldugu fitokimyasal (monoterpenler, seskiterpenler,
fenilpropanoidler, flavonoidler gbh.) kaynakh antibakteriyel, antiviral, antifungal, antitiimor,
antikanser, analjezik, antienflamatuar, antioksidan, noroprotektif, kardiyoprotektif etkilere
sahiptir. Hayvan hastaliklarinin tedavisinde kullanilabilecek alternatif bitkilerin fitokimyasal
icerikleri, terapotik potansiyelleri, etkinlik ve giivenilirliklerinin degerlendirilmesi hayvan
saghg alani acisindan onemli parametrelerdir. Bu calismanin amaci Tiirkiye, Konya
florasinda yer alan A. calamus’un GC-MS analiziyle fitokimyasal kompozisyonun belirlenmesi

ve hayvan hastaliklarinin tedavisinde kullanim potansiyeli hakkinda bilgi verilmesidir.

Anahtar Kelimeler: Acorus calamus, Hayvan hastaliklan, GC-MS, Etnofarmakoloji,

Fitokimyasal.
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Invisible Threat: Neurotoxic Effects of Nanoparticles
Ece GOZUPERK1* Tilay BAKIREL!

1jstanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Department of
Pharmacology and Toxicology, Istanbul, TURKIYE

*Correspound Author: ece.gozuperk@iuc.edu.tr

Environmental toxicants can trigger neurodegenerative processes in living organisms,
raising significant concerns for both ecological and human health. Among numerous risk
factors, nanoparticles have attracted particular attention due to their microscopic size and
structural diversity. Notably, nanoparticles originating from vehicle emissions and industrial
activities are known to reach the central nervous system, where they may induce undesirable
effects such as inflammation and oxidative stress. Recent studies have demonstrated that
exposure to nanoparticles can impair cognitive functions, exerting pronounced effects on
memory and learning through alterations in synaptic plasticity and neuroinflammatory
processes within key brain regions, such as the hippocampus. At the molecular level,
nanoparticles have been found to trigger microglial activation, leading to chronic
inflammatory responses that contribute to neuronal cell death. Furthermore, these particles
can disrupt mitochondrial functions, adversely affecting cellular energy metabolism, and
may cause DNA damage. Despite the challenges in translating findings from experimental
studies to real-life conditions, understanding the mechanisms by which nanoparticles initiate
and exacerbate neurodegenerative diseases is critical for improving risk assessment and
guiding public health interventions. Many neurological disorders observed in companion
animals share clinical and morphological similarities with those in humans. Given that they
inhabit the same environmental conditions, companion animals exhibit parallel disease
spectra, offering valuable insights into the potential impacts of nanoparticle exposure. This
similarity underscores the significant potential of translating data obtained from animal
models to human health. The present review aims to highlight the effects of nanoparticles
on cognitive health in animals, providing an overview of current findings and recent research
trends.

Keywords: Nanoparticles, Neurotoxicity, Animal health.
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Goériinmez Tehlike: Nanopartikiillerin Norotoksik Etkileri

Cevresel toksikantlar canlilarda norodejeneratif surecleri tetikleyerek hem ekolojik
hem de insan sagligi acisindan 6nemli endiselere yol agmaktadir. Risk olusturan ¢cok sayida
etmen arasinda nanopartikiller, mikroskobik boyutlann ve cesitlilik arz eden yapilan
nedeniyle dikkat cekmektedir. Ozellikle arac emisyonlan ve endustriyel faliyetlerden koken
alan nanopartikillerin merkezi sinir sistemine ulasarak enflamasyon ve oksidatif stres gibi
istenmeyen etkilere sebep olabildigi bilinmektedir. Gilincel calismalar, nanopartikiillere
maruziyetin bilissel islevleri bozabilecegini ve hipokampus gibi anahtar beyin bélgelerindeki
sinaptik plastisite ile ndéroinflamatuvar sireclerdeki degisiklikler araciigiyla hafiza ve
o0grenme lizerinde belirgin etkileri olabilecegini gostermistir. Molekiller diizeyde
incelendiginde, nanopartikillerin mikroglial aktivasyonu tetikleyerek kronik inflamatuvar
yanit olusturdugu ve bu siirecin ndronal hiicre 6limiine katkida bulundugu belirlenmistir.
Ayrica bu partikillerin mitokondriyal fonksiyonlari bozarak hiicresel enerji metabolizmasini
olumsuz etkiledigi ve DNA hasarina yol acabilecegi gosterilmistir. Deneysel ¢calismalardan
elde edilen bulgularin gercek hayat kosullarina adaptasyonundaki zorluklara ragmen
nanopartikiillerin norodejeneratif hastaliklarn tetikleyici ve ilerletici mekanizmalarini
anlamak risk degerlendirmesini gelistirmek ve halk saglhigi girisimlerine rehberlik etmek icin
kritik oneme sahiptir. Evcil hayvanlarda goriilen bircok nérolojik bozukluk, klinik ve
morfolojik olarak insanlarla benzerlik tasimaktadir. insanlarla ortak cevresei kosullara sahip
olmalan nedeniyle paralel hastalik spektrumu gostermeleri, nanopartikil maruziyetinin
potansiyel etkilerini anlamamizda yol gosterici niteliktedir. Bu durum, hayvan modellerinden
elde edilen verilerin insan sagligina yansimalari agisindan biiyiik bir potansiyel tasimaktadir.
Sunulan derleme bildiride nanopartikiillerin hayvan bilissel saghgn uzerindeki etkilerine
odaklanarak, mevcut bulgular ve giincel arastirma yonelimleri hakkinda bilgi paylasilmasi

amaclanmaktadir.

Anahtar Kelimeler: Nanopartikiller, Norotoksisite, Hayvan saglg.
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Vanillic acid attenuates pyraclostrobin-induced oxidative stress in Drosophila melanogaster
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Pyraclostrobin, a strobilurin fungicide, is widely used in the world. In this study, the
protective effect of vanillic acid against pyraclostrobin-induced oxidative stress and its role
in the Nrf2/Keapl signaling pathway were investigated in Drosophila melanogaster. The
experimental groups were composed of control, pyraclostrobin (250 pg/L), and 0.1, 0.5, and
1 mg/L doses of vanillic acid alone and in combination with pyraclostrobin. Pyraclostrobin
treatment reduced the larval to pupal emergence and the emergence of male and female
adult flies. In addition, increased malondialdehyde levels, whereas glutathione levels and
activities of antioxidant enzymes (SOD and CAT) decreased in pyraclostrobin-treated flies.
Also, pyraclostrobin caused DNA damage in Drosophila melanogaster. In addition,
pyraclostrobin up-regulated the expression levels of oxidative stress-related genes (SOD, CAT,
gcle, Nrf2, Keapl, and hsp70). Vanillic acid treatment prevented larval toxicity and improved
biochemical and oxidative stress-related parameters in flies exposed to pyraclostrobin. In
conclusion, vanillic acid was effective in preventing pyraclostrobin toxicity in Drosophila
melanogaster by enhancing development and reducing oxidative stress via the Nrf2/Keapl
signaling pathway.

Keywords: Drosophila melanogaster, Nrf2/Keapl, oxidative stress, pyraclostrobin, vanillic
acid.
Acknowledgement: This study was financially supported by a grant from the Afyon Kocatepe
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Vanllik Asit Drosophila melanogaster'de Piraklostrobin Kaynakli Oksidatif Stresl Haflfletir

Pyraclostrobin strobilurin fungusit olarak diinyada yaygin bir kullanim alani
bulmaktadir. Bu calismada, vanillik asitin pyraclostrobin kaynakh oksidatif strese karsi
koruyucu etkisi ve Nrf2/Keapl sinyallemesindeki rolii Drosophila melanogaster’lerde
arastinildi. Deney gruplari; kontrol, pyraclostrobin (250 pg/L); grubu ve ek olarak vanillik
asitin 0,1, 0,5 ve 1 mg/L dozlarinin tek baslarina ve pyraclostrobin ile birlikte olan gruplan
seklinde olusturuldu. Pyraclostrobin uygulamasi larvadan pupaya olusu ile birlikte disi ve
erkek ergin sinek olusumlanni azaltti. Ayrica pyraclostrobin verilen sineklerde
malondialdehit seviyeleri artmis ve glutatyon ve antioksidan enzimlerin (SOD ve CAT)
aktiviteleri azaldi. Bununla birlikte pyraclostrobin Drosophila melanogaster’lerde DNA hasari
olusumuna neden oldu. Ek olarak pyraclostrobin oksidatif stresle iliskili genlerin ekspresyon
duzeylerini (SOD, CAT, gclc, Nrf2, Keapl ve hsp70) yukari regile etti. Vanillik asit uygulamasi
pyraclostrobine maruz birakilan sineklerde larval toksisteyi onledi ve biyokimyasal ve
oksidatif stresle iligkili parametreleri iyilestirdi. Sonu¢ olarak vanillik asit, Drosophila
melanogaster’lerde gelisimi artirarak ve oksidatif stresi Nrf2/Keap1 sinyal yolu ile azaltarak

pyraclostrobin toksisitesini 6nlemede etkKili oldu.

Keywords: Drosophila melanogaster, Nrf2/Keapl, oksidatif stress, pyraclostrobin, vanillik

asit.
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Mayis University, Samsun, Tiirkiye
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*Correspound Author: zeyno.nuhoglu@omu.edu.tr

The uterus is one of the most powerful muscular organs in the human body. It is composed of
multiple layers of smooth muscle tissue and plays a crucial role during childbirth. However, the
premature onset of uterine contractions leads to preterm birth, which is a significant cause of
neonatal mortality and morbidity. Reducing the incidence of preterm birth is important in minimizing
associated social, psychological, and economic burdens. Additionally, dysmenorrhea, characterized
by high levels of pain, is one of the most common gynecological conditions and can significantly
affect daily life, social activities, and work productivity.

Cannabidiol (CBD), a non-psychotropic phytocannabinoid derived from the cannabis plant, has
been reported to inhibit L-type calcium channels, thereby suppressing the contractility of smooth
muscle cells and interfering with excitation-contraction coupling in cardiomyocytes. Nanoparticles
(NPs) are currently utilized in various biomedical applications, including biosensors, biocompatible
materials, and targeted drug delivery systems. The ultra-small size of metal-based NPs and their high
reactivity with cellular proteins enhance their ability to penetrate biological structures, potentially
increasing the efficacy of therapeutic agents.

This study aimed to develop potential therapeutic agents for inhibiting uterine contractions,
particularly for use in tocolysis (prevention of preterm labor) and alleviation of dysmenorrhea. For this
purpose, gold nanoparticles (CBD_AuNPs) were synthesized using a biosynthesis method with 40%
pure CBD oil extracted from the cannabis plant, while a nanoemulsion formulation (CBD_0.8% EM)
was also prepared. Additionally, chemically synthesized AuNPs (CS_AuNPs) were obtained using the
citrate reduction method for comparative analysis. The synthesized nanoparticles were characterized
using advanced techniques, including UV-Vis spectroscopy, SEM, STEM, EDX, and XRD. Measurements
were carried out on both the average particle size and the zeta potential to determine the
physicochemical properties of the nanoformulations.

The relaxant effects of all formulations on oxytocin-induced uterine smooth muscle
contractions were evaluated using an isolated organ bath system. The results demonstrated that
nanoformulations—particularly CBD_AuNPs and CS_AuNPs—exhibited significantly superior effects
compared to pure CBD in both short- and long-term response profiles. The nanoemulsion formulation
(CBD_0.8% EM) showed a notable advantage in long-term efficacy. These findings indicate that the
therapeutic effectiveness of CBD depends not only on the active compound itself but also on the
structure of the delivery system. Therefore, nanoformulations are recommended for improved
bioavailability and efficacy, especially in anti-spasmodic applications. Future studies evaluating the
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in vivo efficacy and safety of these formulations may provide more comprehensive data to support
their clinical potential.

Keywords: Cannabidiol (CBD), uterine contractions, gold nanopaticles (AuNPs), nanoemulsion,
tocolytic.

Kenevir Bitkisinden Ekstrakte Edilen CBD Yagindan Sentezlenen
AuNP’lerin ve Nanoemiilsiyonun Uterus Kasilmalari Uzerine Etkisinin incelenmesi

Uterus, insan viicudundaki en gli¢lii diiz kas organlarindan biridir. Birden fazla katmandan
olusan diiz kas dokusundan meydana gelir ve dogum siirecinde hayati bir rol oynar. Ancak uterus
kasilmalarinin erken baslamasi, neonatal mortalite ve morbiditenin 6nemli bir nedeni olan preterm
doguma yol acar. Preterm dogum sikhiginin azaltilmasi, buna bagh sosyal, psikolojik ve ekonomik
yiklerin en aza indiriimesi acisindan biiyiik 6nem tasimaktadir. Ayrica, siddetli agn ile karakterize
edilen dismenore, en yaygin jinekolojik rahatsizliklardan biri olup ginliik yasami, sosyal aktiviteleri
ve is verimliligini ciddi sekilde etkileyebilmektedir.

Psikoaktif oimayan bir fitokanabinoid olan kannabidiol (CBD), kenevir bitkisinden elde edilir ve
L-tipi kalsiyum kanallanni inhibe ederek diiz kas hiicrelerinin kasilabilirligini baskiladig), ayrica
kardiyomiyositlerde uyarilma-kasiima baglantisini bozdugu bildirilmistir. Gliniimiizde nanopartikiller
(NP'ler), biyosensorler, biyouyumlu materyaller ve hedefe yoénelik ila¢c tagsima sistemleri dahil olmak
uzere cesitli biyomedikal uygulamalarda kullaniimaktadir. Metal bazli NP'lerin ultra kicik boyutlar
ve hiicresel proteinlerle yuksek etkilesim kabiliyeti, biyolojik yapilara nufuz etme yeteneklerini
artirmakta ve bu da terapétik ajanlann etkinligini potansiyel olarak ylikseltmektedir.

Bu calisma, ozellikle tokoliz (erken dogumun 6énlenmesi) ve dismenore semptomlarinin
hafifletiimesine yonelik olarak uterus kasilmalarini inhibe edebilecek potansiyel terapétik ajanlar
gelistirmeyi amaglamistir. Bu amag dogrultusunda, kenevir bitkisinden elde edilen %40 saf CBD yagi
kullanilarak biyosentetik bir ydontemle altin nanopartikuller (CBD_AuNP'ler) sentezlenmistir. Ayrica,
CBD iceren bir nanoemiilsiyon formiilasyonu (CBD_0.8% EM) hazirlanmis ve karsilastirmali analizicin
sodyum sitrat indirgeme yontemiyle kimyasal olarak sentezlenmis AuNP'ler (KS_AuNP'ler) elde
edilmistir. Sentezlenen nanopartikiiller, UV-Gériiniir spektroskopisi, Taramal Elektron Mikroskobu
(SEM), Taramal Transmisyon Elektron Mikroskobu (STEM), Enerji Dagihmh X-isim1 Spektroskopisi
(EDX) ve X-sini Difraksiyonu (XRD) gibi ileri dizey karakterizasyon teknikleriyle analiz edilmistir.
Nanoformiilasyonlarin fizikokimyasal 6zelliklerini belirlemek amaciyla ortalama partikiil biiyGkluga
ve zeta potansiyeli dlciimleri yapilmistir.

Tum formuilasyonlarin, oksitosin ile indiklenen izole uterus diiz kas kasilmalari Uzerindeki
gevsetici etkileri, izole organ banyosu sistemi kullanilarak degerlendirilmistir. Elde edilen sonuglar,
ozellikle CBD_AuNP ve KS_AuNP olmak lzere nanoformilasyonlarin, kisa ve uzun vadeli etki profilleri
acisindan saf CBD’ye kiyasla anlaml derecede lstin etkiler gosterdigini ortaya koymustur. CBD
iceren nanoemiilsiyon formiilasyonu (CBD_0.8% EM) ise 6zellikle uzun vadeli etkinlikte belirgin bir
avantaj sergilemistir. Bu bulgular, CBD’nin terapétik etkinliginin yalnizca etken maddeye degil, ayni
zamanda tasiyici sistemin yapisina da bagh oldugunu gostermektedir. Bu nedenle, biyoyararlanim ve
etkinligin artinimasi icin nanoformiilasyonlarin tercih edilmesi énerilmektedir. Gelecekte yapilacak
in vivo etkinlik ve glivenlik degerlendirmeleri, bu formiilasyonlarin klinik potansiyelini destekleyecek
daha kapsamli veriler saglayabilir.

Anahtar HKelimeler: Kannabidiol (CBD), uterus kasiimalan, altin nanopartikiiller (AuNP),
nanoemiilsiyon, tokolitik.
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Evaluation of the Effects of Oxytetracycline and Flunixin Meglumine
on the Non-Pregnant Bovine Myometrium Using an Isolated Organ Bath System

Aylin PEHLIVAN ALKAN®* Enes ATMACA1?

10ndokuz Mayis University, Faculty of Veterinary Medicine, Department of Veterinary
Pharmacology and Toxicology, Samsun, TURKIYE

*Correspound Author: aylinpalkan@gmail.com

The aim of this study was to evaluate the effects of oxytetracycline and flunixin meglumine
on non-pregnant bovine myometrium using an isolated organ bath system. The investigation of
the effects of these pharmacologic agents on uterine contractions aims to provide important
information to improve the efficacy of treatment protocols and contribute to the development of
more effective pharmacotherapeutic strategies for the treatment of postpartum uterine
diseases. In this study, the effects of oxytetracycline (1x10€ - 9x10+4 M) and flunixin meglumine
(1x106 -2x104 M) at different concentrations were examined on myometrial contractions using
an isolated organ bath system. Contractions were induced with 0.5 nM oxytocin and myometrial
activity was evaluated by area under the curve (AUC), beats per minute (BPM) and maksimum
peak amplitude (PMAX) parameters. The IC50 values of flunixin meglumine for AUC, BPM and
PMAX parameters were calculated as 3.17x105, 1.74x105 and 5.41x105 M, respectively, and
the IC50 values of flunixin meglumine and oxytetracycline for AUC, BPM and PMAX parameters
were calculated as 3.60x105, 2.03x105 and 7.54x105 M, respectively. According to these
findings, flunixin meglumine significantly inhibited myometrial contractility over all parameters,
oxytetracycline showed a dosedependent inhibition pattern in BPM and PMAX values while
leading to an increase in AUC value at high concentrations, but this effect was not statistically
significant. When a statistical comparison was made between the groups, it was determined that
flunixin meglumine alone inhibited myometrium activity more strongly at higher concentrations
for AUC (8x10°5 and 1x104 M) and PMAX (6x105, 8x105 and 1x104 M) parameters and at lower
concentrations for BPM (1x10%€ and 1x105 M), while the inhibition effect decreased when
applied in combination with oxytetracycline (P<0.05). However, IC50 values obtained from these
three parameters and statistical comparisons between the groups were consistent with each
other in terms of myometrial inhibition effect.

Keywords: Oxytetracycline, Flunixin meglumine, Isolated organ bath, Myometrial contractility,
IC50.
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Oksitetrasiklin ve Fluniksin Megluminin Gebe Olmayan Sigir Miyometrlyumu
Uzerine Etkllerinin izole Organ Banyosu Sistem| lle Degerlendiriimes|

Bu calismanin amaci, 6zellikle sit sigirlarinda postpartum dénemde sikca goriilen
uterus hastaliklarinin tedavisinde kullanilan oksitetrasiklin ve fluniksin megluminin, gebe
olmayan sigir miyometriyumu iizerindeki etkilerini izole organ banyosu sistemi kullanarak
degerlendirmektir. Bu farmakolojik ajanlann uterus kasiimalarn (izerindeki etkilerinin
incelenmesi, tedavi protokollerinin etkinligini artirmaya yonelik 6nemli bilgiler sunmayi ve
postpartum uterus hastaliklarinin tedavisinde daha etkin farmakoterapétik stratejiler
gelistiriimesine katki saglamayl amaclamaktadir. Calismada, oksitetrasiklin (1x10-6 - 9x10-
4 M) ve fluniksin megluminin (1x10- - 2x104 M) farkli konsantrasyonlarn kullanilarak izole
organ banyosu sistemi ile miyometriyal kasilmalar Uzerindeki etkileri incelendi. Kasiimalar,
0,5 nM oksitosin ile uyarildi ve miyometrium aktivitesi egri altinda kalan alan (AUC), dakika
basina pik sayisi (BPM) ve ortalama pik yiliksekligi (PMAKS) parametreleriyle degerlendirildi.
Fluniksin megluminin AUC, BPM ve PMAKS parametreleri icin IC50 degerleri sirasiyla
3,17%10%, 1,74x105 ve 5,41x105 M olarak, fluniksin meglumin ve oksitetrasiklin
kombinasyon uygulamasinda ise AUC, BPM ve PMAKS parametreleri icin IC50 degerleri
sirasiyla 3,60x105, 2,03x105 ve 7,54x105 M olarak hesaplandi. Bu bulgulara gore, fluniksin
meglumin miyometriyal kontraktiliteyi tum parametreler uzerinden anlaml sekilde inhibe
etti, oksitetrasiklin yiiksek konsantrasyonlarda AUC degerinde artisa neden olurken BPM ve
PMAKS degerlerinde doz bagimli inhibisyon egilimi gosterdi ancak bu etki istatistiksel olarak
anlamli bulunmadi. Gruplar arasinda istatistiksel karsilastirma yapildiginda AUC (8x10-5 ve
1x104 M) ve PMAKS (6x105 8x105 ve 1x104 M) parametreleri icin yuksek
konsantrasyonlarda, BPM icin ise (1x10% ve 1x105 M) diusuk konsantrasyonlarda fluniksin
megluminin tek basina miyometriyum aktivitesini daha giiclii bir sekilde inhibe ettigi,
oksitetrasiklinle kombinasyon halinde uygulandiginda ise inhibisyon etkisinin azaldig
belirlendi (P<0,05). Bununla birlikte, bu (¢ parametreden elde edilen IC50 degerleri ve
gruplar arasi istatistiksel karsilastirmalar miyometriyal inhibisyon etkisi bakimindan
birbiriyle uyumlu bulundu.

Anahtar Kelimeler: Oksitetrasiklin, Fluniksin meglumine, izole organ banyosu, Miyometriyal
kontraktilite, IC50.
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Optimization of Ultrasound-Assisted Extraction of Thymbra Spicata
Using Response Surface Metrology: Polyphenol Profile and Antibacterial Activity
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Thymbra spicata (Zahter) is an aromatic plant that grows naturally in Turkiye and is
widely used in traditional medicine. This study aimed to optimize ultrasound-assisted
extraction (UAE) conditions using Response Surface Methodology (RSM) to obtain total
phenolic content (TPC), total flavonoid content (TFC), and antioxidant activity (DPPH) from T.
spicata. The TPC, TFC, and DPPH scavenging capacity of the extract obtained under optimal
conditions, as well as its polyphenolic profile (LC-MS/MS) and antibacterial activity
(Microdilution), were determined. The determined optimum conditions were: solvent
concentration (methanol/water) 31.071%, temperature 63.467 °C, extraction time 48.423
minutes, and solvent/solid ratio 36.144 ml/g. TPC, TFC and DPPH values of the optimum
extract were found to be 145.77+2.256 mg GAE/g, 16.1910.196 mg QE/g and
97.794+1.784 mg AAE/g, respectively. In addition, a high level of positive correlation was
determined between the dependent variables (TPC-DPPH 0.73; TPC-TFC 0.92; TFC-DPPH
0.8). Among the polyphenols investigated in the optimum extract, the highest levels of
Gentisic acid and Salicylic acid were detected. The minimum inhibitory concentration (MIC)
for Salmonella Typhimurium and Listeria monocytogenes was found to be 5 mg/mL and the
minimum bactericidal concentration (MBC) was 10 mg/mL. MIC and MBC values for
Escherichia coli 0157:H7 were detected as >10 mg/mL. In conclusion, it was determined
that T. spicata is a rich source of bioactive compounds, and the polyphenolic-rich extract
optimized with RSM exhibited high concentrations of antibacterial activity.

Keywords: Antibacterial activity, Antioxidant activity, Thymbra spicata, Ultrasound-assisted
extraction, Response Surface Methodology.
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Thymbra spicata'nmin Ultrason Destekli Ekstraksiyonunun Tepki Yizey Metrolojisi

Kullanilarak Optimizasyonu: Polifenol Profil ve Antibakteriyel Aktivite

Thymbra spicata (Zahter), Tiirkiye’de dogal olarak yetisen ve geleneksel tipta yaygin
olarak kullanilan aromatik bir bitkidir. Bu calismada Thymbra spicata. bitkisinden total
fenolik madde (TPC), total flavonoid madde (TFC) ve antioksidan aktivitenin (DPPH) elde
edilmesi amaciyla ultrason destekli ekstraksiyon (UAE) kosullarinin Yanit Yiizeyi Metodolojisi
(RSM) ile optimize edilmesi amaclandi. Optimum kosullarda elde edilen ekstraktin TPC, TFC
ve DPPH yakalama kapasitesinin yani sira polifenolik profili (LC-MS/MS) ve antibakteriyal
aktivitesi (Mikrodilusyon) belirlendi. Belirlenen optimum Kkosullar Cézlucu Konsantrasyonu
(methanol/su) %31,071, Sicakhk 63,467 °C, ekstraksiyon sluresi 48,423 dakika ve
Coziicii/Kati orani 36,144 ml/g seklindedir. Optimum ekstraktin TPC, TFC ve DPPH degerleri
sirasiyla 145,77+2,256 mg GAE/g, 16,19+0,196 mg QE/g ve 97,794+1,784 mg AAE/g
olarak bulundu. Ayrica, bagiml degiskenler arasinda yiliksek diizeyde pozitif korelasyon
belirlendi (TPC-DPPH 0,73; TPC-TFC 0,92; TFC-DPPH 0,8). Optimum ozltte arastirilan
polifenoller arasinda en yuiksek diizeyde Gentisik asit ve Salisilik asit tespit edildi. Salmonella
Typhimurium ve Listeria monocytogenes icin minimum inhibitér konsantrasyon (MIC) 5
mg/mL ve minimum bakterisidal konsantrasyon (MBC) 10 mg/mL olarak bulundu.
Escherichia coli 0157:H7 icin MIC ve MBC degerleri >10 mg/mL olarak tespit edildi. Sonug
olarak, Thymbra spicata bitkisinin biyoaktif bilesikler acisindan zengin bir kaynak oldugu ve
RSM ile optimize edilen polifenolik zengin ekstraktin yiksek konsantrasyonlarda

antimikrobiyal aktivite gosterdigi belirlenmistir.

Anahtar Kelimeler: Antibakteriyal aktivite, Antioksidant aktivite, Thymbra spicata, Ultrason

destekli ekstraksiyon, Yanit Yiizeyi Metodolojisi.
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Determination of Certain Heavy Metals (Al, As, Cd, Cu, and Zn)
in Commercial Fish Feed Samples by ICP-OES
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Correspound Author: ademteke87@gmail.com

This monitoring study aimed to determine the concentrations of Aluminum (Al), Arsenic
(As), Cadmium (Cd), Copper (Cu), and Zinc (Zn) in commercial fish feed samples using the
ICP-OES (Inductively Coupled Plasma - Optical Emission Spectrometry) technique. For this
purpose, 21 feed samples from different batches and with varying particle sizes were
collected from commercial fish farms. The feeds were oven-dried and ground to obtain a
homogeneous mixture. The samples were digested with nitric acid (HNO;), followed by
quantitative analysis using the ICP-OES instrument. Calibration for each metal was
performed in the range of 0.5-7 ppm. The measurement results were evaluated both in
relation to the permissible limits stated in the relevant national legislation and from a
toxicological perspective. In all analyzed samples, the levels of As and Cd were found to be
below the acceptable limits set in the Regulation on Undesirable Substances in Animal Feed.
Although legal limits for Al, Cu, and Zn are not specified in the legislation, these metals were
detected at low concentrations. For all analyzed heavy metals, the concentrations in the
samples were within safe limits. Contamination of Al, As, and Cd in fish feed is generally
attributed to environmental and industrial sources. Cu and Zn, on the other hand, can also
originate from feed additives in addition to environmental and industrial inputs.
Accumulation of these metals in fish feed at toxic levels can adversely affect the growth and
reproduction of farmed fish. Moreover, they can enter the human food chain and pose health
risks. Therefore, large-scale monitoring studies are essential to track the levels of both toxic
and essential metals in fish feed.
Keywords: Fish Feed, Heavy Metals, Arsenic, Cadmium, Aluminum, Copper.
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Ticari Balik Yemi Orneklerinden ICP-OES ile

Bazi Agir Metallerin (Al, As, Cd, Cu ve Zn) Miktarlaninin Belirlenmesi

Bu izleme calismayla ticari balik yemi 6rneklerindeki Aliminyum (Al), Arsenik (As),
Kadmiyum (Cd), Bakir (Cu) ve Cinko (Zn) metallerinin ICP-OES (indiiktif Eslesmis Plazma -
Optik Emisyon Spektrometresi) yontemi ile miktarlarinin belirlenmesi amaclanmistir.
Calisma icin ticari balik ciftliklerinden degisik tanecik boyutlarinda 21 adet farkh partiye ait
balik yemi numunesi toplanmistir. Yemler etiivde kurutulmus ve o6gitilerek homojen hale
getirilmistir. Ornekler HNO; (nitrik asit) ile parcalanmis ve sonrasinda ICP-OES cihazi ile
analiz gerceklestirilmistir. Her bir metal icin 0,5-7 ppm arasinda kalibrasyon uygulanmistir.
Olgiim sonuclarn hem mevzuatta belirtilen kabul edilebilir limitlerle karsilastinimis hem de
toksikolojik agidan degerlendirilmistir. Olciim yapilan tim érneklerde As ve Cd degerleri
Yemlerde istenmeyen Maddeler Hakkinda Tebligde belirtilen kabul edilebilir limitlerin
altinda bulunmustur. Al, Cu ve Zn i¢in mevzuatta yasal limit belirtiimemesine ragmen
élcimlerde bu metaller disik seviyede bulunmustur. incelenen agir metaller icin tim
orneklerdeki dizeyler glivenli limitlerde tespit edilmistir. Al, As ve Cd gibi metallerin balik
yemlerine bulasmasi ¢evresel ve endustriyel kaynakhidir. Cu ve Zn ise ¢evresel ve endustriyel
kaynaklarin yani sira degisik formlarda yemlere katilan katki maddelerinde de
bulunmaktadir. Bu metallerin balik yemlerinde toksik seviyede birikimi ticari amach tretimi
yapilan baliklarn biylime ve Uremesini etkilemektedir. Ayrica gida zinciri yoluyla insanlara
gecerek saglik sorunlarina neden olabilmektedir. Bu nedenle daha genis olcekli calismalar
yapilarak balik yemlerindeki toksik ve temel metallerin dlizeylerinin izlenmesi kritik 6neme

sahiptir.

Anahtar Kelimeler: Balik Yemi, Agir Metal, Arsenik, Kadmiyum, Aliminyum, Bakir.
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Antioxidant and Antiproliferative Effects of Propofol, Ketamine, and
Their Combination Against Hydrogen Peroxide-Induced Oxidative Stress in A549 Cells

Zeyno NUHOGLUL* Abdurrahman AKSOY1
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This study aims to investigate the antiproliferative and antioxidant effects of ketamine,
propofol, and their combination in A549 lung cancer cells under oxidative stress induced by
hydrogen peroxide (H,0-).

Initially, the cytotoxic effects of propofol, ketamine and their combinations (10-2000
pMg/mL) were evaluated over 24-hours using the MTT assay following exposure to 100-2000
MM H,0,. Based on the results, the IC;, value of H,0, was determined to be 501 yM. For
propofol, ketamine, and the propofol-ketamine combination, the three most effective
concentrations (75, 125, and 250 pg/mL) were identified and used for subsequent
experimental treatments. Oxidative stress markers, including malondialdehyde (MDA), and
antioxidant parameters such as superoxide dismutase (SOD), total glutathione (tGSH), and
total antioxidant capacity (TAS) were measured in cell lysates following treatment with the
selected doses.

Both propofol and ketamine were found to suppress H,0,-induced cell proliferation and
reduce oxidative stress. Treatments with increasing concentrations significantly decreased
MDA levels while enhancing SOD, tGSH, and TAS levels. Notably, the combination therapy
demonstrated a stronger antioxidant effect. compared to individual treatments, suggesting
an additive or potentially synergistic interaction.

These findings suggest that ketamine and propofol may exert antiproliferative and
cytoprotective effects in lung cancer cells not only through their anesthetic properties but
also via modulation of oxidative stress. The observed reduction in reactive oxygen species
(ROS) and cytotoxicity supports the potential application of these agents as adjunctive
therapies in lung cancer treatment. Further molecular and in vivo studies are warranted to
elucidate the underlying mechanisms and assess their clinical relevance.

Keywords: A549 cells, anesthetics, cytotoxicity, oxidative stress, ketofol.
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Hidrojen Peroksit lle indiiklenen Oksidatif Strese Karsi Propofol, Ketamin ve

Propofol-Ketamin Kombinasyonunun A549 Hiicrelerindeki Antloksidan ve Antiproliferatif Etkilerl

Bu calisma, hidrojen peroksit (H,0,) ile induklenen oksidatif stres altindaki A549
akciger kanseri hiicrelerinde ketamin, propofol ve bu maddelerin kombinasyonunun

antiproliferatif ve antioksidan etkilerini arastirmayl amaclamaktadir.

ilk olarak, 100-2000 uM H,0, ile propofol, ketamin ve kombinasyonlarinin (10-2000
Mg/mL) 24 saatlik sitotoksik etkileri MTT testi ile degerlendirildi. Yapilan analizler
sonucunda, H,0; icin ICso degeri 501 uM olarak belirlendi. Propofol, ketamin ve propofol-
ketamin kombinasyon icin ise en etkili U¢ konsantrasyon (75, 125 ve 250 pg/mL)
saptanarak, deneysel uygulamalar bu dozlar kullanilarak gerceklestirildi. Belirlenen dozlarla
tedavi edilen hiicre lizatlarindaki oksidatif stres parametresi olarak malondialdehit (MDA);
antioksidan parametreleri olarak superoksit dismutaz (SOD), toplam glutatyon (tGSH) ve

total antioksidan kapasite (TAS) diizeyleri olculdi.

Propofol ve ketaminin, H,0, kaynakli hiicre proliferasyonunu baskiladigl ve oksidatif
stresi azalttigi gozlemlendi. Artan dozlaria yapilan tedaviler, MDA diizeylerinde anlamlh
azalma saglarken, SOD, tGSH ve TAS seviyelerinde belirgin artisa yol acti. Ozellikle
kombinasyon tedavisi, bireysel uygulamalara kiyasla daha belirgin antioksidan etki
olusturarak aditif ya da olasi sinerjik bir etki ortaya koymustur.

Elde edilen veriler, ketamin ve propofoliin yalnizca anestezik degil, ayni zamanda
oksidatif stresin modiilasyonu yoluyla akciger kanseri hiicrelerinde antiproliferatif ve
sitoprotektif etkilere sahip olabilecegini gostermektedir. Reaktif oksijen tirleri (ROS) ve
sitotoksisitedeki azalma, bu ajanlarin akciger kanseri tedavisinde yardimci tedavi olarak
potansiyel kullanimini desteklemektedir. Bu bulgular, mekanizmalarinin aydinlatilmasi ve
klinik uygulanabilirliklerinin degerlendirilmesi icin ileri molekiiler ve in vivo calismalara

ihtiyac oldugunu gostermektedir.

Anahtar Kelimeler: A549 hiicreleri, anestezikler, sitotoksisite, oksidatif stres, ketofol.
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Investigation of Some Neonicotinoids in Honey by LC-MS/MS
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Honey is a natural substance that is susceptible to contamination by environmental
pollutants. The presence of contaminants in honey is an indicator of environmental pollution.
Furthermore, it may pose risks to consumer health. This research aimed to optimise a
method for the detection of residual quantities of the pesticides acetamiprid (ACE),
clothianidin (CLO), imidacloprid (IMI), thiamethoxam (TMX) and thiacloprid (THI) in honey,
and subsequently to apply this optimised method to an investigation into the prevalence of
neonicotinoidal contamination. The QUEChERS (qguick, easy, cheap, effective, robust and
safe) method, in conjunction with liquid chromatography-mass spectrometry/mass
spectrometry (LC-MS/MS), was employed for the determination of five neonicotinoid in
honey. The method was optimized and validated in accordance with European Commission
guidelines (2002/657/EC). The method demonstrated a linear correlation with R2 values
exceeding 0.99 for all investigated compounds. Mean recoveries ranged between 70% and
110% (99% on average), and relative standard deviations (RSDs) were generally below 20%.
The method's CCa (decision limit) and CCB (detection capability) both ranged from 5 to 20
ng/g and 5-21 ng/g, respectively. Following method validation, the concentrations of IMI,
ACE, TMX, CLO, and THI in all honey samples (flower, pine, and chestnhut honey) available for
retail in Ankara, Tiirkiye were determined to be <LOD based on the analytical results. It was
concluded that the proposed method is usable and advantageous because it is effective,
reliable, sensitive, and reproducible and can be used for the simultaneous analysis of more
than one analyte in a short time using a few reagents.

Keywords: Honey, LC-MS/MS, Neonicotinoid, Residue, Validation.

132



ORAL PRESENTATION / SOZLU SUNUM

Baldaki Bazi Neonikotinoldlerin LC-MS/MS Ile incelenmesi

Bal, cevre Kkirleticilerinin kontaminasyonuna acik dogal bir maddedir. Balda
kirleticilerin varhg), cevre Kkirliliginin bir gostergesidir. Dahasi, tiiketici sagligl icin risk
olusturabilir. Bu arastirma, balda bulunan asetamiprid (ACE), klotianidin (CLO), imidakloprid
(IM1), tiametoksam (TMX) ve tiakloprid (THI) pestisitlerinin kalinti miktarlarinin tespiti icin bir
yontemi optimize etmeyi ve ardindan bu optimize edilmis yontemi neonikotinoid
kontaminasyonunun yayginligini arastirmak icin uygulamayl amaclamaktadir. QUEChERS
(mzh, kolay, ucuz, etkili, saglam ve givenli) yontemi, sivi kromatografisi-kitle
spektrometrisi/kiitle spektrometrisi (LC-MS/MS) ile birlikte, baldaki bes neonikotinoidin
tayini icin kullanilmistir. Yontem, Avrupa Komisyonu yonergelerine (2002/657/EC) uygun
olarak optimize edilmis ve dogrulanmistir. Yontem, arastinlan tiim bilesikler icin R2
degerlerinin 0,99'u astigl dogrusal bir korelasyon gostermistir. Ortalama geri kazanimlar
%70 ile %110 arasinda (ortalama %99) degismis ve bagil standart sapmalar (RSD'ler)
genellikle %20'nin altinda olmustur. Yéontemin CCa (karar limiti) ve CCP (tespit kabiliyeti)
degerleri sirasiyla 5 ile 20 ng/g ve 5-21 ng/g arasinda degismistir. Yontem validasyonunun
ardindan, Turkiye, Ankara'da perakende satisa sunulan tum bal érneklerindeki (cicek, cam
ve kestane bali) IMI, ACE, TMX, CLO ve THI konsantrasyonlari, analitik sonuclara dayanarak
<LOD olarak belirlenmistir. Onerilen yéntemin etkili, giivenilir, hassas ve tekrarlanabilir
olmasi ve birkac reaktif kullanilarak kisa siirede birden fazla analitin es zamanl analizinde

kullanilabilecegi icin kullanilabilir ve avantajli oldugu sonucuna varnlmistir.

Anahtar Kelimeler: Bal, LC-MS/MS, Neonikotinoid, Kalinti, Validasyon.
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Pharmacokinetics of Levamisole at Various Periods of Pregnancy in Sheep
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This study aimed to determine the pharmacokinetics of levamisole at various periods
of pregnancy in sheep. Pharmacokinetic assessments were performed on days 45, 90, and
135 of gestation to represent different physiological stages during pregnancy. The
experiment involved a total of 12 sheep: 6 controls and 6 pregnant animals. Levamisole was
administered via intramuscular injection at a dose of 7.5 mg/kg. Blood samples were
collected at 14 time points over a 72-hour period post-administration. Plasma levamisole
concentrations were analyzed using high-performance liquid chromatography with UV
detection, and pharmacokinetic parameters were calculated through non-compartmental
analysis. No significant differences in pharmacokinetic parameters were observed across
different time points in the control group. In pregnant sheep, pharmacokinetic parameters
were similar to controls on day 45 of pregnancy; however, significant alterations were
observed by day 90 and 135, including changes in t1/2Az (except at 90 days), AUCO-, CIT/F,
Vdarea/F, and Cmax. At various periods of pregnancy, pharmacokinetic parameters varied
across days 45, 90, and 135. Specifically, compared to day 45, days 90 and 135 showed
increased values of CIT/F and Vdarea/F, while AUCO-=, Cmax, and t1/2Az (except at 90 days)
decreased. There were no notable differences in Tmax between groups. These findings
suggest that, during late pregnancy, levamisole clearance increases, and systemic exposure
decreases in sheep. Pharmacodynamic studies are necessary to evaluate how these
pregnancy-related pharmacokinetic changes translate to clinical effects.

Keywords: Levamisole, Pregnancy, Pharmacokinetics, Sheep.
Acknowledgement: This project supported by The Coordination of Scientific Research
Projects, University of Selcuk, Turkiye (Project No: 24401133).
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Koyunlarda Gebeligin Cesitli Donemlerinde Levamizoliin Farmakokinetigi

Bu calismada, gebeligin farkli donemlerinde koyunlarda levamizoliin
farmakokinetiginin belirlenmesi amaclandi. Farmakokinetik degerlendirmeler, gebelik
sirasinda farkli fizyolojik evreleri temsil etmek lizere, gestasyonun 45, 90 ve 135. gunlerinde
gerceklestirildi. Calisma, 6 kontrol ve 6 gebe olmak uzere toplamda 12 koyun Uzerinde
gerceklestirildi. Levamizol, 7,5 mg/kg dozunda kas ic¢i enjeksiyon yoluyla uygulandi. Kan
ornekleri, uygulamadan sonraki 72 saatlik bir sure boyunca 14 farkli zaman noktasinda
toplandi. Plazma levamizol konsantrasyonlar, yiuksek performans sivi kromatografisi
kullanillarak analiz edildi ve farmakokinetik parametreler non-kompartmental analiz ile
hesaplandi. Kontrol grubunda farkh zaman noktalan arasinda farmakokinetik
parametrelerde anlamh bir fark gozlemlenmedi. Gebe koyunlarda, farmakokinetik
parametreler gebeligin 45. giiniinde kontrol grubu ile benzer bulundu; ancak, 90. ve 135.
glinlerde t1/2Az (90. giin haric), AUCO-», CIT/F, Vdarea/F ve Cdoruk'da 6nemli degisiklikler
goruldii. Gebeligin farkh periyotlarinda ise farmakokinetik parametreler 45, 90 ve 135.
giinler arasinda farkhliklar gosterdi. Ozellikle, 45. giine kiyasla, 90 ve 135. giinlerde CIT/F ve
Vdarea/F degerleri artarken, AUCO-=2, Cmax ve t1/2Az (90. giin hari¢) azaldi. Gruplar arasinda
Tmax acisindan onemli bir fark bulunmadi. Bu bulgular, gec gebelik sirasinda levamizoliin
klrensinin arttigini ve sistemik maruziyetin koyunlarda azaldigini gosterdi. Gebelikle ilgili
belirlenen bu farmakokinetik degisimlerin klinik etkilere nasil yansidigini degerlendirmek

icin farmakodinamik calismaya ihtiyac vardir.
Anahtar Kelimeler: Levamizol, Gebelik, Farmakokinetik, Koyun.
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Investigation of the Potential Uterotonic Effects of
Anastatica hlerochuntica L. Extract on Isolated Bovine Uterine Smooth Muscle
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Anastatica hierochuntica L., commonly known as Kaf Mariam (Mary’s Hand), is a medicinal
plant widely used in traditional folk medicine across the Middle East and North Africa, including
Tirkiye. It has traditionally been believed to facilitate, and induce labor. In customary practice, the
dried plant is placed in a bowl of water near a pregnant woman's bedside; as the plant unfurls in the
water, it is symbolically associated with the opening of the birth canal. Furthermore, the water in
which the plant has grown is administered orally to the woman, based on the belief that it may ease
the process of childbirth. Post-delivery, the plant is removed, dried, and then used with the belief that
it aids in controlling postpartum bleeding.

This study aimed to assess the potential labor-inducing (uterotonic) effects of A. hierochuntica
on isolated bovine uterine smooth muscle tissue. Uterine samples were obtained from female cattle
at a local slaughterhouse. Longitudinal strips of the tissue were mounted in an isolated organ bath
system. Contractions were induced using oxytocin, and the effects of cumulative doses of Atosiban
(used as a positive control) and A. hierochuntica extract on uterine contractility were recorded.

The ICs, values for Atosiban were calculated as follows: 2.558 x 10™° M for contraction
frequency (beats per minute, BPM), 8.114 x 107 M for maximum contraction force (PMAX), and
1.618 x 10°° M for the area under the curve (AUC). These values confirm that Atosiban effectively
inhibits both the frequency and duration of uterine contractions at low concentrations; however,
higher concentrations are required to suppress contraction amplitude. In contrast, the EC;, values for
A. hierochuntica extract were determined as: 3.213 x 107* g/mL (BPM), 2.904 x 1074 g/mL (PMAX),
and 3.453 x 1074 g/mL (AUC), indicating a dose-dependent stimulatory (echolic) effect on uterine
contractility. Notably, even the highest concentration of Atosiban (3 x 1074 M) failed to completely
inhibit the contractions induced by the plant extract.

These findings quantitatively support the strong tocolytic activity of Atosiban and the uterotonic
potential of A. hierochuntica. The fact that Atosiban, an oxytocin receptor antagonist, was unable to
fully block the contractile effects of A. hierochuntica suggests that the plant’s action may involve
alternative, non-oxytocin receptor-mediated pathways. Consequently, further investigations are
warranted to elucidate the molecular mechanisms, receptor interactions, and toxicological profiles
associated with both substances.

In conclusion, A. hierochuntica elicited contractile activity in uterine smooth muscle, providing
experimental support for its traditional use during childbirth. However, despite its historical
application, it should not be recommended for human use without validation through well-designed
clinical studies. Nonetheless, these findings offer a promising foundation for future research into
plant-derived agents that could potentially assist in labor induction safely and effectively.

Keywords: Labor, contractile effect, Kaf Mariam (Mary’s hand), cattle, uterine smooth muscle.

136



ORAL PRESENTATION / SOZLU SUNUM

Anastatica hierochuntica L. Ekstraktinin izole Sigir Uterus
Diiz Kasinda Olasi Uterotonik Etkilerinin Aragtinimasi

Anastatica hierochuntica L., halk arasinda "Kaf Mariam" (Meryem’in Eli) olarak da bilinen ve
Orta Dogu ile Kuzey Afrika'nin yani sira Tlrkiye'de de yaygin olarak geleneksel halk hekimliginde
kullanilan tibbi bir bitkidir. Bu bitkinin dogumu kolaylastirdigi ve indiikledigine dair geleneksel bir
inan¢ bulunmaktadir. Geleneksel uygulamalarda, kurutulmus bitki hamile kadinin yataginin yanina
su dolu bir kaba yerlestirilir; bitkinin suda agilmasi, dogum kanalinin agilmasiyla sembolik olarak
iliskilendirilir. Ayrica, bitkinin acildig1 suyun dogumu kolaylastiracag diisiincesiyle agiz yoluyla hamile
kadina verildigi de bilinmektedir. Dogum sonrasinda ise bitki sudan cikarilip kurutularak tekrar
kullanilir ve bu sefer de postpartum kanamayi durdurucu etkisi olduguna inanilir,

Bu calisma, A. hierochuntica bitkisinin izole sigir uterus diiz kasi lizerindeki olasi dogumu
baslatici (uterotonik) etkilerini arastirmayr amaclamistir. Uterus drnekleri, yerel bir mezbahadan elde
edilen disi sigirlarin uteruslarindan alinmistir. Boyuna seritler halinde hazirlanan uterus dokular izole
organ banyosu sistemine yerlestirilmistir. Kasilmalar oksitosin ile indiiklenmis; ardindan, pozitif
kontrol olarak kullanilan Atosiban ile A. hierochuntica ekstresinin kimdulatif dozlarinin uterus
kasilmalari Uzerindeki etkileri kaydediimistir.

Atosiban icin hesaplanan ICs, degerleri sirasiyla kasilma sikligi (BPM) igin 2,558 x 107% M,
maksimum kasiima kuvveti (PMAX) icin 8,114 x 10™° M ve egri alt1 alan (AUC) icin 1,618 x 10°° M
olarak bulunmustur. Bu degerler, Atosiban’in uterus kasilmalarinin sikligl ve siresini disik
konsantrasyonlarda etkili bir sekilde inhibe ettigini; ancak kasilma siddetini baskilamak icin daha
yiiksek konsantrasyonlarin gerektigini gostermektedir. Ote yandan, A. hierochuntica ekstresi icin elde
edilen ECs, degerleri ise BPM i¢gin 3,213 x 1074 g/mL, PMAX i¢in 2,904 x 1074 g/mL ve AUC igin
3,453 x 1074 g/mL olarak hesaplanmistir. Bu veriler, bitkinin uterus kasilmalan lizerinde doz bagiml
uyarici (ekbolik) bir etkisi oldugunu ortaya koymaktadir. Dikkat cekici olarak, en yiiksek Atosiban
konsantrasyonu (3 x 1074 M) dahi bitki ekstresi ile indiiklenen kasilmalan tamamen inhibe
edememistir.

Elde edilen bulgular, Atosiban'in giclii tokolitik aktivitesini ve A. hierochuntica’nin belirgin
uterotonik potansiyelini nicel verilerle desteklemektedir. Atosiban’in bir oksitosin reseptor
antagonisti olmasina ragmen bitki ekstraktinin kasilma etkilerini tamamen engelleyememesi, A.
hierochuntica’nin etkisinin oksitosin reseptorlerinden bagimsiz alternatif yollar araciligiyla
gerceklesebilecegini dusindirmektedir. Bu nedenle, her iki maddenin molekiiler etki
mekanizmalarinin, reseptor duzeyindeki etkilesimlerinin  ve  toksikolojik  profillerinin
detaylandirilmasi amaciyla ileri diizey arastirmalara ihtiyac¢ vardir.

Sonuc olarak, A. hierochuntica uterus diiz kas dokusundaki kasilmalari indiiklemis ve dogum
suirecinde geleneksel kullanimini destekleyen deneysel kanitlar sunmustur. Bununla birlikte, tarihsel
kullanim gecmisine ragmen, klinik olarak yeterli bilimsel dogrulama saglanmadan insanlarda
kullanimi énerilmemelidir. Yine de bu bulgular, dogumu indiikleyici 6zelliklere sahip bitki kaynakh
etken maddelerin giivenli ve etkili bir sekilde kullanilimasina yonelik ileri arastirmalar icin umut verici
bir temel olusturmaktadir.

Anahtar Kelimeler: Dogum, kasici etki, Meryem ana bitkisi, sigir, uterus diiz kasi.
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A Retrospective Analysis of Antimicrobial Prescribing Trends in Veterinary Clinical Practice
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Although antimicrobial agents remain essential therapeutic tools in the treatment of infectious
diseases in veterinary medicine, their inappropriate and widespread use contributes to therapeutic
failures in animals and increases the burden of zoonotic-origin antimicrobial resistance (AMR). As
emphasized by international authorities such as the World Health Organization (WHO) and the World
Organisation for Animal Health (WOAH), the prudent use of antimicrobials in the veterinary field has
become a public health priority within the One Health framework. In this context, identifying
prescribing patterns based on clinical data and analyzing current usage practices are crucial for
developing local guidelines and shaping national resistance surveillance strategies. This study aimed
to retrospectively evaluate systemic antimicrobial usage habits, the distribution of prescribed agents,
indications, and routes of administration in a veterinary teaching hospital in Tirkiye. This
retrospective study was conducted by examining medical records of 210 cases that received systemic
antimicrobial treatment at Bursa Uludag University Veterinary Teaching Hospital between 2023 and
2024. Standardized case forms were used to extract data, including animal species, systemic
diagnosis, prescribed antimicrobial agents (including combinations), administration routes, and
treatment durations. Antimicrobials were categorized as oral or parenteral based on their
pharmaceutical formulations. Descriptive statistics were used for data analysis. Of all prescriptions
reviewed, 54.6% involved oral administration, while 43.5% were administered parenterally,
predominantly via intravenous and intramuscular routes. The most frequently prescribed
antimicrobial agents were enrofloxacin (18.6%), amoxicillin-clavulanic acid (11.4%), clarithromycin
(11.4%), metronidazole (11.0%), cefixime (10.0%), cefovecin (7.1%), ampicillin-sulbactam (7.6%),
clindamycin (6.2%), and azithromycin (2.9%). In feline cases, the most common indications for
systemic antimicrobials were urinary tract infections (42.4%), followed by lower respiratory tract
diseases (23.1%) and systemic infections (22.4%). This distribution suggests that antimicrobial usage
in cats is primarily directed toward the management of urinary and respiratory tract infections. In
canines, the most frequent indication was skin and soft tissue infections (29.2%), followed by
gastrointestinal diseases (18.6%), indicating a preference for treating cutaneous and digestive
system infections. Notably, certain agents were prescribed empirically or for off-label use, and
multiple different antimicrobials were used for the same indication, reflecting a lack of standardized
clinical protocols. The study highlights that empirical antimicrobial use is common in veterinary
clinical practice and that broad-spectrum antibiotics are often selected as first-line therapy. This
practice may promote the selection of resistant bacterial populations and reduce treatment efficacy
over time. Particularly, the frequent use of fluoroquinolones, third-generation cephalosporins, and
macrolides, classified by WHO as Critically Important Antimicrobials (CIA), necessitates close
monitoring. Moreover, clinical decisions appeared to rely more on practitioner experience than on
laboratory confirmation, revealing a need for integrating rapid susceptibility testing into routine
practice. This study represents the first comprehensive analysis of antimicrobial prescribing in a
veterinary faculty hospital in Tiirkiye. The findings contribute valuable insights for promoting rational
antibiotic use in veterinary clinics and for informing national AMR mitigation strategies. Based on the
results, it is recommended that clinical usage guidelines, rapid sensitivity testing panels, and
electronic prescription tracking systems be developed to support evidence-based decision-making in
veterinary medicine.

Keywords: Veterinary prescribing patterns, antibiotic use, one health, antimicrobial resistance.
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Veteriner Antimikrobiyal Receteleme Egilimlerinin Retrospektif Analizi

Veteriner tipta antimikrobiyal ajanlar, enfeksiyéz hastaliklarin tedavisinde temel terapétik
araclardan biri olmasina karsin, uygunsuz ve yaygin kullanimlan, hem hayvan saghginda tedavi
basansizigina hem de zoonotik kokenli antimikrobiyal direng (AMR) yiikiiniin artmasina neden
olmaktadir. Diinya Saghk Orgiiti (DSO) ve Diinya Hayvan Saghg Orgiiti (WOAH) gibi uluslararasi
kuruluslar tarafindan da vurgulandig iizere, veteriner alanda antimikrobiyallerin akilci kullanimi, Tek
Saglik yaklasimi bakimindan halk sagligini dogrudan etkileyen bir 6ncelik haline gelmistir. Bu baglamda,
gercek uygulama verilerine dayali receteleme egilimlerinin belirlenmesi ve mevcut kullanim
sistematiginin analiz edilmesi, hem vyerel rehberlerin gelistiriimesi hem de ulusal diren¢ izleme
stratejilerinin sekillendirilmesi acisindan 6nemlidir. Bu calismanin amaci, Tirkiye'de bir veteriner fakiiltesi
hayvan hastanesinde sistemik antimikrobiyal kullamm aliskanliklarini, recete edilen ajanlarin dagihmini,
endikasyonlara gore tercihlerini ve uygulama vyollanni retrospektif olarak degerlendirmektir. Bu
retrospektif calisma, Bursa Uludag Universitesi Veteriner Fakiiltesi Hayvan Hastanesi'ne 2023-2024 yillan
arasinda basvuran ve sistemik antimikrobiyal tedavi uygulanan toplam 210 olguya ait tibbi kayitlarin
incelenmesiyle gerceklestirilmistir. Veriler, standardize edilmis vaka kayit formlarindan elde edilmis olup
her bir olgu icin hayvan tiri, sistemik tani, recete edilen antimikrobiyal ajan (kombinasyonlar dahil),
uygulama yolu ve tedavi siiresi gibi parametreler analiz edilmistir. Antimikrobiyal ajanlar, farmasotik
formlarn dikkate alinarak oral ve parenteral uygulama olarak aynstinlmistir. Verilerin analizinde
tanimlayici istatistik kullamlmistir. Calismada kapsamina alinan recetelerdeki antimikrobiyallerin
%54,6's1 oral, %43,5'i ise parenteral yolla uygulanmistir. Parenteral grup icinde intravendz ve
intramdiskiiler uygulamalar baskin olup, subkutan ve kombine formlar nadir kullaniimistir. En sik recete
edilen antimikrobiyal ajanlar arasinda enrofloksasin (%18,6), amoksisilin-klavulanik asit (%11,4),
klaritromisin (%11,4), metronidazol (%11,0), sefiksim (%10,0), sefovesin (%7,1), ampisilin-sulbaktam
(%7,6), klindamisin (%6,2) ve azitromisin (%2,9) yer almistir. Kedilere recetelenen sistemik
antimikrobiyallerin kendi icinde degerlendirilmesi sonucunda, en sik endikasyonun iiriner sistem
enfeksiyonlan (%42,4) oldugu belirlenmistir. Bunu, alt solunum yolu hastaliklan (%23,1) ve sistemik
enfeksiyonlar (%22,4) izlemistir. Bu dagihm, kedilerde antimikrobiyal kullaniminin biiyiik oranda idrar yolu
ve solunum sistemi enfeksiyonlarinin yénetimine yonelik oldugunu ortaya koymaktadir. Képeklerde ise
sistemik antimikrobiyal recetelerin tiire 6zel analizinde en sik endikasyon deri ve yumusak doku
enfeksiyonlan (%29,2) olurken, bunu gastrointestinal sistem hastaliklari (%18,6) takip etmistir. Bu durum,
kopeklerde antimikrobiyal tedavinin daha cok kutandz ve sindirim sistemi temelli enfeksiyonlara yonelik
tercih edildigini gostermektedir. Bu calismanin diger 6énemli bulgulan, bazi ajanlarin etiket disi veya
ampirik olarak tercih edilmesi ve ayni endikasyon icin farkli ajanlarin recetelenmesidir. Calisma, veteriner
klinik uygulamalarda ampirik antimikrobiyal kullanimin yaygin oldugunu ve genis spektrumiu
antibiyotiklerin ilk basamakta siklikla tercih edildigini ortaya koymustur. Bu durum, direng baskisi altinda
olan bakteriyel populasyonlarin seleksiyon riskini artirmakta ve tedavi etkinligini uzun vadede
azaltabilmektedir. Ozellikle kinolonlar, genis spektrumlu sefalosporinler ve makrolidlerin yaygin kullanimi,
WHO tarafindan kritik 6neme sahip antimikrobiyaller (CIA: Critically Important Antimicrobials) listesinde
yer almasi nedeniyle dikkatle izlenmelidir. Ayrica, klinik kararlann cok blyiik oranda laboratuvar
dogrulamasindan ziyade klinik deneyime dayandig gézlenmis olup, bu da hizli duyarlilik testlerinin saha
uygulamalarina entegrasyonunu gerektiren bir boslugu isaret etmektedir. Ayni endikasyon icgin farkh
antimikrobiyallerin recete edilmesi de, klinik diizeyde bir protokol standardizasyon eksikligi oldugunu
gostermektedir. Bu calisma, Tirkiye'de bir veteriner fakiiltesi hastanesinde yiiriitllen ilk kapsamli
antimikrobiyal receteleme analizi olmasi acisindan énemlidir. Bulgular, hem veteriner kliniklerde akilci
antibiyotik kullaniminin desteklenmesi hem de ulusal diizeyde antimikrobiyal direngle micadele
stratejilerine bilimsel veri saglanmasi agisindan degerlidir. Elde edilen veriler 1siginda, klinisyenlerin karar
siireclerine rehberlik edecek klinik kullanim kilavuzlarinin, hizli duyarhlik test panellerinin ve elektronik
recete izleme sistemlerinin gelistiriimesi onerilmektedir.

Anahtar Kelimeler: Veteriner receteleme egilimleri, antibiyotik kullanimi, tek saglik, antimikrobiyal direng.
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Dose-Dependent Preference and Acute Safety Assessment
of Thymbra spicata Infusion in Honeybees (Apis mellifera)
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This study investigated the preference behavior of honeybees for sugar syrups
containing Thymbra spicata infusion. Sugar syrup (feeding solution) containing five different
infusion concentrations (0.125%, 0.25%, 0.5%, 1%, and 2%) and a control of additive-free
sugar syrup (50% w/w) were added to honeybee cages. Consumption of both additive-free
sugar syrup and sugar syrup with additives was measured daily for three days. The average
consumption per bee for each feeding solution was calculated, and the results were analyzed
using repeated-measures ANOVA. The repeated-measures ANOVA determined that time had
a significant effect on feeding preference (P=0.001). This result indicates that the preference
behavior of honeybees changed over the observation period. Additionally, the time x
concentration interaction was found to be significant (P=0.03), indicating that bees changed
their preferences for feeding solutions containing different infusion concentrations over time.
This result suggests that the effect of concentration is not constant but varies over time.
However, the main effect of concentration was not significant (P=0.200), indicating that,
when averaged over all days, there was no significant difference in overall consumption for
different concentrations. Post-Hoc test results (Tukey) showed that consumption on day 1
was significantly different from both days 2 (P<0.001) and 3 (P<0.002), while there was no
difference between days 2 and 3 (P>0.629). This suggests that honey bees exhibited a
distinct feeding behavior on the first day, with no change in preference behavior on
subsequent days, possibly reflecting an adaptation to the plant infusion. Results of the Post-
Hoc test (Tukey) for concentration showed that consumption of the 0.125% concentration on
day 1 was significantly less than that of the 0.25% concentration on day 2 (P<0.007). No
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mortality was observed in any of the experimental groups over the three days. This result
indicates that T. spicata infusion has no toxic effects on honey bees at the tested
concentrations. In summary, the laboratory preference test generally indicates that the
addition of T. spicata infusion to sugar syrups has no significant effect on the feeding
preferences of honey bees. T. spicata infusion, which is non-toxic to bees, can be included as
a natural supplement in bees' diets and may have potential for developing alternative food
sources.

Keywords: Thymbra spicata, Honey Bee, Preference Test.

Bal Arilarinda (Apis mellifera) Thymbra spicata inflizyonunun
Doza Bagimh Tercihi ve Akut Giivenlik Degerlendirmesi

Bu calisma, bal anlarinin Thymbra spicata inflizyonu iceren seker suruplarini tercih
davranisi arastinldi. Bal arisi bulunan kafeslere bes farkl influzyon konsantrasyonu (%0,125,
%0,25, %0,5, %1 ve %2) iceren seker surubu ile kontrol amach katkisiz seker surubu (%50,
w/w) eklendi. U¢ giin boyunca her giin katkili ve katkisiz seker surubu tiiketimleri 6l¢iildil.
Her besleme soliisyonu icin ari basina ortalama tiiketim hesaplandi ve sonuglar tekrarlanan
olcimler ANOVA kullanilarak analiz edildi. Tekrarlanan olcimler ANOVA testi, zamanin
beslenme tercihi iizerinde onemli bir etkiye sahip oldugunu belirledi (P=0,001). Bu sonuc bal
anllarinin goézlem siireci boyunca tercih davranisinda degisim oldugunu gosterir. Ayrica,
zaman x konsantrasyon etkilesimi de onemli bulundu (P=0,03), yani anlar siirecte farkh
inflzyon konsantrasyonu iceren beslenme sollisyonlarina olan tercihlerini degistirdiler. Bu
sonu¢c ise konsantrasyonun etkisinin sabit olmadigini zamana goére degistigini
gostermektedir. Ancak, konsantrasyonun ana etkisi 6nemli degildi (P=0,200), bu da tim
ginlerin ortalamasi alindiginda farkli konsantrasyonlarin genel tilketimde onemli bir fark
olmadigi gosterir. Post-Hoc testinin sonuclari (Tukey), tliketimlerin 1. giinliniin hem 2.
glinden P<0,001) hem de 3. giinden (P<0,002) 6nemli diciide farkli oldugunu, 2. ve 3. giinler
arasinda ise fark olmadigini (P>0,629) gosterdi. Bu, bal arlarnin ilk giin belirgin bir
beslenme davranigi sergiledigini, bunun sonraki glinlerde tercih davraniginin degismedigi ve
muhtemelen bitki inflizyonuna bir adaptasyonu yansittigini gostermektedir. Konsantrasyon
icin yapilan Post-Hoc testinin sonuclan (Tukey), 1. gundeki %0,125'lik konsantrasyonun
tiketiminin 2. giindeki %0,25'lik konsantrasyondan onemli él¢iide daha az oldugunu
(P<0,007) gosterdi. Ug giin boyunca, deney gruplarindan hicbirinde 6liim gézlemlenmemistir.
Bu sonug, T. spicata inflizyonunun test edilen konsantrasyonlarinda bal arilan lizerinde toksik
etkisinin olmadigini géstermektedir. Ozetle, laboratuvar tercih testi, genel olarak T. spicata
infuzyonu seker suruplarina eklenmesi bal anlarinin beslenme tercihleri tizerine nemli
etkisinin olmadigini géstermektedir. Arlara toksik olmayan T. spicata inflizyonu, anlarin
diyetlerine dogal bir takviye olarak dahil edilebilir ve alternatif gida kaynaklan gelistirme
acisindan bir potansiyele sahip olabilir.

Anahtar Kelimeler: Thymbra spicata, Bal Ansi, Tercih Testi.
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The Histopathological Effectiveness of Ellagic Acid
Against Nickel Induced Testicular Damage
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Nickel is a toxic heavy metal widely used in many industries, including the automotive,
electronics and chemical sectors. Nickel toxicity in testicular tissue occurs through oxidative
stress, impaired mitochondrial and endoplasmic reticulum functions, and activation of
inflammation and apoptosis mechanisms. The aim of this study is to investigate the toxic
effects of nickel sulphate (NiSQ,) on testicular tissue obtained from male rats and the
therapeutic potential of ellagic acid on this toxicity. A total of 24 Wistar albino rats were
divided into four groups: control, NiSO,, ellagic acid, and NiSO, + ellagic acid. Group |
(Control) received daily intraperitoneal (i.p.) injections of physiological saline; Group Il
received NiSO, (5 mg/kg, i.p.) in 1 mL of physiological saline; Group lll received ellagic acid
(30 mg/kg dose orally via gavage); and Group IV received NiSO, (5 mg/kg, i.p.) followed by
ellagic acid (30 mg/kg dose orally via gavage). At the end of the experiment, testicular
tissues were removed via necropsy, fixed in 10% buffered formaldehyde solution, stained
with haematoxylin-eosin (H&E), and subjected to histopathological evaluation. Statistical
analysis of differences between groups was performed using One-Way ANOVA and Duncan's
multiple comparison tests. When data did not follow a normal distribution, the Kruskal-Wallis
and Mann-Whitney U tests were used. Germ cell loss, degeneration, necrosis, and
vacuolisation were scored semi-quantitatively. Spermatogenesis was evaluated using the
Johnsen score, a well-known histological index. According to histopathological examination
criteria, statistically significant (P<0.001) differences were determined between groups in
terms of the presence and severity of degeneration, necrosis, germ cell loss, intercelluiar
separation, hypospermatogenesis, and vacuolisation in the tubule epithelium. In the NiSO,
group, severe damage to the tubular epithelium, cellular degeneration, vacuolisation, and
marked separation between germ cells, along with severe hypospermatogenesis, were
observed; in the NiSO, + ellagic acid group, mild damage to the tubular epithelium,
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vacuolisation, and separation between germ cells were detected; but these changes were
found to be milder in severity compared to the NiSO, group. These results suggest that ellagic
acid may have therapeutic potential against nickel sulphate-induced testicular toxicity.
Keywords: Ellagic acid, Histopathology, Johnsen score, Nickel.

Acknowledgement: The TUBITAK 1002 Rapid Support-A Programme supported this study
under number 1240624.

Ellagik Asidin Nikel Kaynakl Testlkiiler Hasara Karsi Histopatolojlk Etkinligi

Nikel, otomotiv, elektronik ve kimya sektorleri de dahil olmak uUzere cok sayida
endistride yaygin olarak kullanilan toksik bir agir metaldir. Nikelin testis dokusundaki
toksisitesi oksidatif stres, bozulmus mitokondriyal ve endoplazmik retikulum fonksiyonlari,
inflamasyon ve apoptoz mekanizmalarinin aktivasyonu yoluyla ortaya cikarmaktadir. Bu
calismanin amaci, nikel siilfatin (NiSO,) erkek sicanlardan alinan testis dokusu tzerindeki
toksik etkilerini ve ellagik asidin bu toksisite Uzerinde tedavi edici potansiyelini
arastirmaktadir. Toplam 24 Wistar albino sican: kontrol, NiSO4, ellagik asit ve NiSO4 +
ellagik asit olarak dort gruba aynidi. Grup | Kontrol giunlik olarak serum fizyolojik
intraperitoneal (i.p.); Grup |l 1 mL serum fizyolojik icinde NiSO04 (5 mg/kg, i.p.); Grup lll ellagik
asit (30 mg/kg dozunda oral gavaj); Grup IV NiSO4+ ellagik asit grubunda ise NiSO, (5
mg/kg, i.p.) uygulamasini takiben ellagik asit (30 mg/kg dozunda oral gavaj) verilmistir.
Deneyin sonunda testis dokular nekropsi yoluyla cikanldi, %10'luk tamponlu formaldehit
solusyonunda fiksasyon isleminden sonra hematoksilen-eozin (H&E) ile boyandi ve
histopatolojik degerlendirmeye alindi. Gruplar arasindaki farkhliklarn istatistiksel analizi
One-Way ANOVA ve Duncan'in coklu karsilastirma testleri kullanilarak yapildi. Verilerin
normal dagilima uymadigi durumlarda Kruskal-Wallis ve Mann-Whitney U testleri kullanildi.
Germ hiicre kaybi, dejenerasyon, nekroz ve vakuolizasyonun varligi yari-kantitatif olarak
puanlandi. Spermatogenezin iyi bilinen bir histolojik indeksi olan Johnsen skoruyla
degerlendirildi. Histopatolojik inceleme kriterlerine gore, dejenerasyon, nekroz, germ hiicre
kaybi, hiicreler arasi ayrilma, hipospermatogenez ve tiibiil epitelinde vakuolizasyonun varlig
ve siddeti acisindan gruplar arasinda istatistiksel olarak anlamh (P<0,001) farkhliklar
belirlendi. NiSO, grubunda, tubul epitelinde siddetli hasar, hiicresel dejenerasyon,
vakuolizasyon ve germinal hucreler arasinda belirgin ayrilmalar ile ciddi diuzeyde
hipospermatogenezis; NiSO, + Ellagik asit grubunda, tubuler epitelde hafif hasar,
vakuolizasyon ve germinal hucreler arasinda ayriimalar tespit edilmis; ancak bu
degisikliklerin NiSO, grubuna gore daha hafif siddette oldugu belirlenmistir. Bu sonuglar,
ellagik asidin nikel silfat kaynakl testis toksisitesine karsi terapoétik potansiyele sahip
olabilecegini disiindiirmektedir.

Anahtar Kelimeler: Ellagik asit, Histopatoloji, Johnsen skoru, Nikel.
Tesekkiir: TUBITAK 1002 Hizh Destek-A Programi bu calismayl 1240624 numarasi ile
desteklemistir.
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The Growing Threat of Antibiotic Resistance and Alternative Strategies
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Antibiotics, one of the most important medical discoveries of the 20th century, played
a groundbreaking role in the treatment of infectious diseases. However, the rise of antibiotic
resistance in recent decades has become a global health crisis that threatens the
sustainability of this success. The indiscriminate use of antibiotics, widespread use in
livestock and agriculture, inadequate sewage systems, transmission through the food chain,
international travel, and environmental factors are causing resistance to transcend
microbiological boundaries and reach socioeconomic and ecological dimensions.
Furthermore, the stagnation in the discovery of new antibacterial agents, coupled with the
diminishing effectiveness of existing antibiotics, has created a serious therapeutic gap. This
situation is not only a microbiological problem but also a multifaceted crisis that creates an
economic burden on healthcare systems, causes treatment failures, and increases mortality
rates. Data on resistant infections in intensive care units and hospitals indicates that this
problem is exacerbated, especially in developing countries. Furthermore, studies
demonstrating that animal-derived pathogens transmit resistance mechanisms to humans
via the food chain reveal that this issue impacts a wide range of fields, from veterinary
medicine to human medicine. This report examines the historical development of antibiotic
resistance, its microbiological and environmental causes, its impact on health and the
economy, and various aspects of alternative treatment approaches such as bacteriophages,
CRISPR-Cas systems, herbal compounds, and nanotechnological strategies, all in light of
current literature.
Keywords: Antibiotic resistance, Alternative treatment strategies, Nanotechnology, Herbal

compounds.
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Antibiyotik Direncinin Artan Tehdidl ve Alternatif Stratejiler

Antibiyotikler, 20. yuzyihn en o6nemli tibbi kesiflerinden biri olarak, enfeksiyon
hastaliklarinin tedavisinde cigir acici bir rol oynamistir. Ancak son on yillarda artan
antibiyotik direnci, bu basarinin siirdirilebilirligini tehdit eden kiiresel bir saglik krizine
donusmustiir. Bilingsiz antibiyotik kullamimi, hayvancilik ve tanm sektorlerinde yaygin
uygulamalar, yetersiz kanalizasyon sistemleri, gida zinciri araciliglyla bulas, uluslararasi
seyahatler ve cevresel faktorler, direncin mikrobiyolojik sinirlari asarak sosyoekonomik ve
ekolojik boyutlara ulasmasina neden olmaktadir. Dahasi, yeni antibakteriyel ajanlarin
kesfindeki duraganiik, mevcut antibiyotiklerin etkinliginin azalmasiyla birlikte ciddi bir
terapotik bosluk dogurmustur. Bu durum yalnizca mikrobiyolojik bir problem degil, ayni
zamanda saglhk sistemleri lizerinde ekonomik yiik olusturan, tedavi basarisizliklarina neden
olan ve Olim oranlarim artiran cok boyutlu bir krizdir. Yogun bakim lniteleri ve
hastanelerdeki direncli enfeksiyonlara iliskin veriler, 6zellikle gelismekte olan ulkelerde bu
sorunun daha da derinlestigini gostermektedir. Ayrica, gida zinciri araciigiyla hayvansal
kaynakl patojenlerin diren¢ mekanizmalarni insanlara aktardigina dair calismalar, konunun
veteriner tiptan beseri tibba kadar uzanan genis bir alani etkiledigini ortaya koymaktadir. Bu
bildiride, antibiyotik direncinin tarihsel gelisimi, mikrobiyolojik ve cevresel nedenleri, saghk
ve ekonomi Uzerindeki etkileri ile birlikte bakteriyofajlar, CRISPR-Cas sistemleri, bitkisel
bilesikler ve nanoteknolojik stratejiler gibi alternatif tedavi yaklasimlan gilincel literatiir

isiginda cesitli yonleriyle ele ahinmaktadir.

Anahtar Kelimeler: Antibiyotik direnci, Alternatif tedavi stratejileri, Nanoteknoloji, Bitkisel

bilesikler.
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Zebrafish (Danio rerio) has increasingly become a widely used aquatic model organism
in pharmacology and toxicology research in recent years. Its genetic similarity to humans,
rapid developmental cycle, transparent embryos, and low maintenance cost have made it a
preferred species in experimental studies, particularly due to its advantages in behavioral
testing. However, observational methods alone are insufficient for obtaining reliable and
reproducible data, and therefore advanced tracking systems that allow behavioral
parameters to be digitized have gained importance. The present study was prepared with the
aim of systematically reviewing the current literature on zebrafish tracking technologies and
compiling the available findings. A review of the literature demonstrates a clear technological
progression in this field. In the early stages, simple two-dimensional camera systems were
employed to measure basic parameters such as swimming speed, distance, and orientation,
yet these approaches did not adequately capture vertical or depth-related behaviors.
Subsequently, stereo camera and mirror-based three-dimensional systems were developed,
which enabled more detailed assessments of vertical locomotion, particularly in paradigms
used to investigate anxiety, stress, or neurotoxicity, such as the novel tank diving test. More
recently, artificial intelligence-based algorithms have been integrated into these systems,
making it possible to automatically analyze multiple individuals simultaneously, thereby
allowing for the study of social interaction and shoaling behaviors. In addition, both open-
source software solutions (e.g., ZebraTrack) and commercial platforms (e.g., ZebraLab) have
been widely reported in the literature. While the former provide cost-effective and accessible
options for researchers, the latter offer enhanced efficiency and standardization in
experimental workflows. This trend indicates that tracking technologies have advanced in
terms of both accessibility and reproducibility. In conclusion, the literature review reveals that
zebrafish tracking systems have evolved from simple 2D approaches to advanced 3D
analyses and Al-assisted multi-individual monitoring platforms. The purpose of this review is
to present the principles, advantages, and limitations of these technologies in a comparative
manner, thereby serving as a bibliographic reference for researchers in the fields of
pharmacology and toxicology. The poster to be presented at the congress will illustrate these
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current trends with visual materials, aiming to provide participants with a comprehensive
overview of zebrafish tracking technologies.
Keywords: Zebrafish, behavioral analysis, tracking systems, pharmacology, toxicology.

Zebra Baliginda Takip Sistemleri: Farmakolo]l ve Tokslkolojide Giincel Egllimler

Zebra baligi (Danio rerio), farmakoloji ve toksikoloji arastirmalarinda son yillarda
giderek daha fazla kullanilan bir akuatik model organizmadir. Genetik benzerligi, hizli gelisim
dongiisi ve diisiik bakim maliyeti sayesinde tercih edilmekte; davranigsal testlerde sagladig)
avantajlarla one ¢ikmaktadir. Ancak, guvenilir ve tekrarlanabilir verilerin elde edilmesi icin
gozleme dayalh yontemler yeterli olmamakta, davranissal parametrelerin dijital olarak
Olclilmesine imkan veren gelismis takip sistemleri 6ne cikmaktadir. Bu calisma, zebra
baliginda kullanilan takip teknolojilerini ele alan gincel literatiriin sistematik olarak
taranmasi ve elde edilen bulgularin derlenmesi amaciyla hazirlanmistir. Literatiurdeki
calismalar incelendiginde, ilk donemlerde basit iki boyutlu kamera sistemleriyle hiz, mesafe
ve yonelim gibi temel parametrelerin ol¢ildiigi; ancak derinlik boyutunun yetersiz kaldig
gorulmektedir. Bunu takiben stereo kamera veya ayna tabanh (¢ boyutlu sistemler
gelistirilmis ve 6zellikle anksiyete, stres veya nérotoksisite testlerinde daha ayrintili davranis
verileri elde edilmistir. Daha yakin tarihlerde yapay zeka tabanli algoritmalarin entegrasyonu
sayesinde coklu bireylerin ayni anda takip edilebildigi, sosyal etkilesim ve siiri
davranislarinin analiz edilebildigi yeni nesil sistemler 6n plana ¢cikmistir. Ayrica literatiirde
hem acik kaynakli yazilmlar, hem de yiiksek verimlilik saglayan ticari platformlar yaygin
sekilde rapor edilmistir. Bu egilim, takip teknolojilerinin hem erisilebilirik hem de
standardizasyon acisindan belirgin bir ilerleme kaydettigini gostermektedir. Sonuc olarak
literatiir taramasi, zebra balig) takip sistemlerinin basit 2D yontemlerden 3D analizlere ve
yapay zeka destekli coklu birey sistemlerine dogru evrildigini ortaya koymaktadir. Bu
derlemenin amaci, mevcut teknolojilerin avantaj ve sinirhliklarini karsilastirmali bicimde
sunarak, farmakoloji ve toksikoloji alaninda calisan arastirmacilar icin bibliyografik bir
referans niteligi tasimaktir. Kongrede sunulacak posterin, giincel egilimleri gorsel
materyallerle destekleyerek aktaracagi ongoériilmektedir.

Anahtar Kelimeler: Zebra baligi, davranis analizi, takip sistemleri, farmakoloji, toksikoloji.
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Oxidative stress, inflammation, and apoptosis are the primary inducers of methotrexate
(MTX)-induced hepatotoxicity. Methyl palmitate (MP) has antioxidant and anti-inflammatory
properties. This study aimed to determine whether MP can provide protection against MTX-
induced hepatotoxicity. For this purpose, 24 female rats were divided into 4 different groups,
each consisting of six animais (n=6). The control group; MTX (20 mg/kg) group; MP (300 mg/kg)
group; and MP+MTX (300 mg/kg+20 mg/kg) group. On day 29, the rats were sacrificed, and
blood samples and liver tissue were collected. Blood and liver tissue were analyzed for certain
oxidant-antioxidant parameters, including malondialdehyde (MDA), reduced glutathione (GSH),
superoxide dismutase (SOD), and catalase (CAT). Liver tissue 8-hydroxy-2’-deoxyguanosine (8-
OhdG) levels were measured by ELISA. Serum samples were analyzed for certain liver function
parameters (aspartate aminotransferase (AST), alkaline phosphatase (ALP), alanine
aminotransferase (ALT), total bilirubin, albumin, lactate dehydrogenase (LDH), and total protein)
using commercial kits. Inflammation markers in liver tissue, including interleukin-10 (IL-10),
interleukin-6 (IL-6), B-cell lymphoma-3 (Bcl-3), cyclooxygenase-2/prostaglandin endoperoxide
synthase 2 (COX-2), and prostaglandin E2 (PGE2) levels were measured using ELISA. Western
blot analysis was performed to detect the protein expression of genes related to the Bax and
caspase-3 pathways in rat liver tissue, while structural damage was examined using light
microscopy. Compared to the control group, there was a significant increase in serum and liver
MDA levels and a significant decrease in GSH levels and SOD and CAT activities in the MTX group.
In addition, 8-OhdG levels were higher in the MTX group than in the control group. Serum AST,
ALP, ALT, total bilirubin, and LDH levels were significantly increased in MTX-treated rats
compared to the control group, while serum albumin and total protein levels were significantly
decreased compared to the control group. Compared to the control group, there was a significant
increase in Bcl-3, COX-2, PGE-2, and IL-6 levels in the liver tissue homogenate of rats given MTX,
and a significant decrease in IL-10 levels, an anti-inflammatory marker. It was determined that
MTX administration caused histopathological changes in rat liver tissues and led to a significant
increase in apoptotic protein (Bax and caspase-3) levels. It was found that MP applications
brought the above-mentioned parameters closer to control group levels. Our findings support the
potential use of MP to prevent and treat MTX-induced hepatotoxicity.

Keywords: Oxidative stress, Inflammation, Western Blot, 8-OhdG.
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Metil Palmitat, Bax/Caspase-3 Sinyal Yolunu Diizenleyerek
Metotreksatin Neden Oldugu Hepatotoksisiteyl Hafifletir

Oksidatif stres, inflamasyon ve apoptozis, metotreksat (MTX) kaynakh
hepatotoksisitenin birincil indikleyicileridir. Metil palmitat (MP), antioksidan ve
antiinflamatuvar ozelliklere sahiptir. Bu arastirma, MP'nin MTX kaynakli hepatotoksisiteye
karsi koruma saglayip saglayamayacagini belirlemeyi amaclamistir. Bu amac dogrultusunda
24 disi sican her biri alti hayvandan olusan 4 farkl gruba ayrildi (n=6). Kontrol grup; MTX (20
mg/kg) grup; MP (300 mg/kg) grup; ve MP+MTX (300 mg/kg+20 mg/kg). 29.gunde sicanlar
sakrifiye edilerek kan ornekleri ve karaciger dokusu alindi. Kan ve karaciger dokular
malondialdehid (MDA), indirgenmis glutatyon (GSH), superoksit dismutaz (SOD) ve katalaz
(CAT) gibi bazi oksidan-antioksidan parametreler yoniinden analiz edildi. Karaciger dokusu
8-hidroksi-2'-deoksiguanozin (8-OhdG) seviyeleri ELISA araciligiyla oOlciildi. Serum
orneklerinde bazi karaciger fonksiyon parametre seviyeleri (aspartat aminotransferaz (AST),
alkalen fosfataz (ALP), alanin aminotransferaz (ALT), total bilirubin, albimin, laktat
dehidrojenaz (LDH) ve total protein) ticari kitler kullanilarak belirlendi. Karaciger dokusunda
inflamasyon markirlari olan interlokin-10 (IL-10), interlokin-6 (IL-6), B-huicreli lenfoma-3 (Bcl-
3), siklooksijenaz-2/prostaglandin-endoperoksit sentaz 2 (COX-2) ve prostaglandin E2
(PGE2) seviyeleri ELISA araciligiyla ol¢ildii. Sican karaciger dokularinda Bax ve kaspas-3
yolagindaki ilgili genlerin protein ekspresyonlarini tespit etmek icin Western blot yapilirken,
yapisal hasar i1sik mikroskobu kullanilarak incelendi. Kontrol grubuyla karsilastirildiginda,
MTX grubunda serum ve karaciger MDA diizeylerinde anlaml bir artis; GSH diizeyleri ile SOD
ve CAT aktivitelerinde anlamli bir disiis géruldi. Ayrica 8-OhdG seviyeleri kontrol grubuna
gore MTX grubunda daha yuksekti. MTX verilen sicanlarin serum AST, ALP, ALT, total bilirubin
ve LDH seviyelerinde kontrol grubuna kiyasla anlamli bir artis; serum alblimin ve total protein
seviyelerinde ise kontrol grubuna kiyasla anlamhl bir azalma belirlendi. Kontrol grubu ile
karsilastirildiginda; MTX verilen sicanlarin karaciger doku homojenatinda Bcl-3, COX-2, PGE-
2 ve IL-6 seviyelerinde onemli bir artis, antiinflamatuvar bir belirtec olan IL-10 seviyelerinde
ise anlamli bir azalma tespit edildi. MTX uygulamasinin sican karaciger dokularinda
histopatolojik degisikliklere yol actigl ve apoptotik protein (Bax ve kaspas-3) seviyelerinde
onemli bir artisa neden oldugu belirlendi. MP uygulamalarinin yukanda belirtilen
parametreleri kontrol grubu seviyelerine yaklastirdigl tespit edildi. Bulgularimiz, MTX'in
neden oldugu hepatotoksisiteyi 6nlemek ve tedavi etmek icin MP'nin potansiyel kullanimini
desteklemektedir.

Anahtar Kelimeler: Oksidatif stres, inflamasyon, Western Blot, 8-OhdG.
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Mechanisms of Chlorine Dioxide Effects Against
Infectious Agents and One-Health Applications
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Chlorine dioxide (ClO,) is a highly potent oxidizing agent that differs from classical
chlorine compounds by existing as a dissolved gas in water. As the only biocide capable of
generating free radicals, it exeris exceptionally rapid and effective antimicrobial activity. Its
mechanism of action is based on a specific electron transfer process: it attacks electron-rich
centers of organic molecules, accepts one electron, and is reduced to chlorite while inducing
oxidative stress that rapidly inactivates microorganisms. The disruption of cell walls and
membranes, interactions with fatty acids, and the inhibition of protein synthesis represent
the key steps of this mechanism. Consequently, chlorine dioxide exhibits strong efficacy
against bacteria, viruses, fungi, and protozoa, and remains active even after microorganisms
become inactivated. In daily life, its most common application is drinking water disinfection.
Through this route, chlorine dioxide plays a crucial role in controlling waterborne pathogens.
Due to its potable characteristics, it can suppress pathogenic microorganisms without
significantly disturbing the intestinal microbiota when used at appropriate doses. However,
at higher concentrations or under uncontrolled application, it may also exert pressure on
beneficial microbial communities. Compared to conventional chlorine-based disinfectants,
chlorine dioxide demonstrates superior performance at lower concentrations, effectively
eliminates biofilm structures, and minimizes the formation of harmful by-products. Based on
mechanistic evidence and laboratory studies, chlorine dioxide emerges as an effective
biocide in One Health applications, encompassing human, animal, and environmental
health.

Keywords: Chlorine dioxide, Disinfectant, Effect mechanism, Infectious agent, One Health

applications.
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Klordioksitin Enfekslyon Etkenlerine Karsi Etki Mekanizmalan ve Tek Saglik Uygulamalari

Klordioksit (CI0-), klasik klor bilesiklerinden farkli olarak suda ¢6ziinmius gaz formunda
bulunan, yuksek oksidasyon potansiyeline sahip gucli bir ajandir. Serbest radikaller
olusturan tek biyosit olmasi, ona son derece hizli ve etkin bir antimikrobiyal etki
kazandirmaktadir. Etki mekanizmasi belirli bir elektron degisim siirecine dayanir: organik
molekiillerin elektronca zengin merkezlerine saldirir, bir elektron transfer ederek klorite
indirgenir ve oksidatif stres yoluyla mikroorganizmalari hizla inaktive eder. Hiicre duvari ve
zar yapilarinin bozulmasi, yag asitleriyle etkilesim ve protein sentezinin engellenmesi bu
mekanizmanin temel adimlarini olusturur. Bu sayede bakteriler, virisler, mantarlar ve
protozoonlar lizerinde yluiksek etki gosterir; hatta mikroorganizmalar inaktif hale geldikten
sonra dahi etkisini surdirur. Gunlik yasamda en yaygin kullanim alani icme suyu
dezenfeksiyonudur. Klordioksit bu yolla insanlara ulasmakta ve su kaynakli patojenlerin
kontroliinde 6nemli rol oynamaktadir. icilebilir 6zellikleri sayesinde, uygun dozlarda
kullanildiginda barsak florasi ve mikrobiyota lizerinde zararl etkiler gostermeden patojenleri
baskilayabilmektedir. Bununla birlikte, ylksek konsantrasyonlarda veya kontrolsiiz
kullanildiginda faydali mikroorganizmalar lzerinde de baski olusturabilecegi g6z oniinde
bulundurulmalidir.  Klasik klor bazh dezenfektanlardan farkh olarak dusuk
konsantrasyonlarda gucli etki goéstermesi, biyofilm yapilarinin ortadan kaldinimasinda
Ustlinliik saglamasi ve zararli yan lriin olusumunu sinirlamasi, onu su aritimi, gida givenligi,
tibbi ekipman dezenfeksiyonu ve saglhk kurumlarinda hijyenin saglanmasi acisindan degerli
bir segenek haline getirmektedir. Mekanizma kanitlari ve laboratuvar calismalan 1siginda,
klordioksit insan, hayvan ve cevre saghgini kapsayan Tek Saglik uygulamalarinda etkili bir

biyosit olarak éne cikmaktadir.

Anahtar Kelimeler: Dezenfektan, enfeksiyon etkenleri, klordioksit, miicadele mekanizmalari,

tek saglk uygulamalari.
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Evaluation of the Promotion and Sale of Veterinary Medicinal Products
via the Internet and Soclal Medla In Terms of Veterinary Legislation
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In recent years, with the increasing number of users, social media has become one of
the most important means of communication. The use of internet and social media platforms
by veterinarians not only facilitates communication with animal owners and colleagues but
also provides various conveniences in professional life, while at the same time bringing
certain ethical problems. The promotion and sale of veterinary medicinal products by clinical
veterinarians through online platforms and social media has become a significant topic of
debate. Primarily, the promotion and sale of medicines must be based on transparent,
scientific, and reliable information in terms of public health and animal welfare. According
to Law No. 5996, the sale and promotion of veterinary medicinal products can only be carried
out through pharmacies, veterinary practices, clinics, polyclinics, and animal hospitals; thus,
it is not legally permissible for clinical veterinarians to directly advertise or sell medicines via
social media. However, the commercializing tendencies of social media platforms may place
veterinarians in a dilemma between professional ethics and economic concerns. This
situation has the potential to undermine professional credibility, create unfair competition,
lead to misuse of medicines, and endanger public health. Furthermore, in line with veterinary
legislation and professional ethical principles, it is emphasized that treatment and drug
selection should be based solely on scientific grounds. Therefore, it is of great importance for
clinical veterinarians to observe their legal and ethical responsibilities when using digital and
social media platforms, to refrain from advertising and selling medicines, and to prevent
commercial interests from prevailing over patient health. This study evaluates the promotion
and sale of veterinary medicinal products in online environments from legal and ethical
perspectives, highlighting the necessity of strengthening the regulatory framework and
enhancing professional awareness.

Keywords: Drug sales; drug promotion; media; professional ethics; veterinary medicinal
products.
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Veteriner Saglik Uriinlerinin internet ve Sosyal Medya Uzerinden Tanitim

ve Satiginin Veteriner Hekimligi Mevzuati Acisindan Degerlendirilmesi

Son yillarda artan kullanici sayilan ile sosyal medya giinimuzin en dnemli iletisim
araclarindan biri olmustur. Veteriner hekimlerin internet ve sosyal medya platformlarini
kullanimi, hem hasta sahibi hem de meslektaslan ile bu ortamlar Uzerinden iletisim
kurmalarini hem de meslek yasaminda cesitli kolayliklar saglarken diger yandan da bazi etik
problemleri beraberinde getirmistir. Klinisyen veteriner hekimlerin ¢evrimici platformlar ve
sosyal medya lzerinden veteriner saglik trlinlerinin reklami ve satisini yapmalari 6nemli bir
tartisma konusu olmustur. Oncelikle, ilaclarin tanitimi ve satisinin kamu saghgi ve hayvan
refahi acisindan seffaf, bilimsel ve guvenilir bilgiye dayanmasi gerekmektedir. 5996 sayil
Kanun uyarinca veteriner saglik urlnlerinin satisi ve tanmtimi eczaneler, veteriner
muayenehane, klinik, poliklinik ve hayvan hastaneleri araciligiyla yapilabilmekte olup;
klinisyen veteriner hekimlerin sosyal medya iizerinden dogrudan ila¢ satis| gerceklestirmesi
ve reklamini yapmasi yasal olarak da mumkiin degildir. Ancak sosyal medya platformlarinin
ticarilesme egilimleri, veteriner hekimleri, meslek etigi ile ticari kaygilar arasinda bir
ikilemde birakabilmektedir. Bu durum, meslegin givenilirligini zedeleme, haksiz rekabet
yaratma, ilaclarin yanhs kullanimina yol agma ve halk sagligini riske atma potansiyeline
sahiptir. Ayrica, veteriner hekimligi mevzuati ve meslek etigi ilkeleri dogrultusunda, tedavi ve
ila¢ seciminin yalnizca bilimsel gerekcelere dayandiriimasi gerektigi vurgulanmaktadir. Bu
nedenle klinisyen veteriner hekimlerin dijital ve sosyal medya platformlarini kullanirken
hukuki ve etik sorumluluklarini gézetmeleri, ila¢ reklami ve satisindan kacinmalar ve ticari
cikarlarin hasta saghginin 6niine gecmesine izin vermemeleri biiyilk 6nem tasimaktadir.
Calisma, veteriner saglik Urlinlerinin ¢cevrimici ortamda reklam ve satisini hukuki ve etik
acidan ele almakta olup, diizenleyici cercevenin ve meslek i¢i farkindaligin gelistirilmesi

gerektigini ortaya koymaktadir.

Anahtar Kelimeler: ilac satisi, ila¢ tanitimi, media, meslek etigi, veteriner saglk trunleri.
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Puerarin Nanoparticles in Liver and Kidney Toxicity:
Comparison with Free Form in Diclofenac Model
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely used to control pain, fever, and
inflammation. NSAIDs affect prostaglandin synthesis by inhibiting the COX enzyme. Therefore,
despite their broad therapeutic effect, long-term and incorrect use of NSAIDs may lead to undesirable
effects in living beings. Diclofenac, an important member of the NSAID group, is widely distributed in
the body and has been reported to cause serious side effects in organs such as the liver and Kidney,
as well as the stomach, intestines, heart and lungs. Puerarin, an isoflavonoid isolated from the roots
of the Pueraria lobata plant, has been intensively investigated in recent years for its various
biochemical and physiological effects, including anti-diabetic, antioxidant, and anti-inflammatory
effects. Puerarin is a substance with very poor oral bioavailability due to its low solubility. This
situation limits its clinical use even though it is a good compound. Therefore, in this study, it was
aimed to improve the oral bioavailability of Puerarin by loading it into polycapralactone nanoparticles
to overcome the limitations of low stability and poor bioavailability and to evaluate its efficacy against
Diclofenac-induced liver and kidney toxicity.

Thirty-two male Sprague-Dawley rats were used in the study. Rats were divided into 1: Control,
2: Diclofenac, 3: Diclofenac+Puerarin and 4: Diclofenac+Puerarin nanoparticle groups, with 8
animals in each group, and drug application was performed for seven days. On the eighth day, all rats
were decapitated and blood, liver and kidney tissues were collected.

A significant increase was observed in the body weights, liver and kidney organ weights,
aspartate aminotransferase, alanine aminotransferase, urea and creatinine values, as well as
malondialdehyde levels, which are biomarkers of oxidative stress, and pro-inflammatory cytokines,
which are indicators of inflammation, of rats administered diclofenac. There was also a significant
decrease in antioxidant defense systems such as reduced glutathione and superoxide dismutase.
Histopathologically, there was mononuclear cell infiltration and hyperemic vascularization in the
interstitium of the kidney tissue; focal hepatocyte degeneration, central vein dilatation, and
mononuclear cell infiltration were present in the liver. However, the application of Puerarin as a
preventive measure reduced the toxic effects of Diclofenac on the liver and kidney tissues. Application
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of Puerarin-loaded nanoparticle drug showed more effective treatment efficacy compared to free
Puerarin. Our findings indicate that Puerarin nanoparticles are more effective than free Puerarin in
alleviating Diclofenac-induced liver and kidney injury. The bioavailability of Puerarin was increased by
nanoparticle formulation, which improved the protective effect of Puerarin against Diclofenac-
induced damage in liver and kidney tissues.

Keywords: Diclofenac, Liver, Kidney, Toxicity, Puerarin, Nanoparticle.

Karaciger ve Bobrek Toksisitesinde Puerarin Nanopartikiilleri:
Diklofenak Modelinde Serbest Form lle Karsilagtirma

Steroid olmayan anti-inflamatuar (NSAID) ilaclar agr, ates ve inflamasyonun kontrol altina
alinmasinda yaygin olarak kullanilirlar. NSAID’ lar COX enzimini inhibe ederek prostoglandin sentezini
etkiler. Bu nedenle genis terapotik etkisine ragmen NSAID'lerin uzun sireli ve yanlis Kullanimi
canlilarda istenmeyen etkilere yol agabilir. NSAID grubunun énemli bir liyesi olan Diklofenak, viicutta
genis bir dagilim gosterir ve karaciger, bobrek basta olmak lizere mide, bagirsak, kalp ve akciger gibi
organlarda ciddi yan etkilere yol actigi bildirilmistir. Pueraria lobata bitkisinin koklerinden izole edilen
bir izoflavonoid olan Puerarin, son yillarda anti-diyabetik, antioksidan ve anti-inflamatuar etkiler de
dahil olmak lizere cesitli biyokimyasal ve fizyolojik etkileri agisindan yogun olarak arastinimaktadir.
Bununla birlikte Puerarin diisiik coziinirliigh nedeniyle oral biyoyararlanimi oldukca zayif bir
maddedir. Bu durum onun iyi bir bilesik olmasina ragmen klinik kullanimini sinirlamaktadir. Bu
nedenle bu ¢calisma kapsaminda diisiik stabilite ve zayif biyoyararlanim sinirlamalannin istesinden
gelmek icin Puerarinin polikapralakton nanopartikillere yiiklenerek oral biyoyararlaniminin
iyilestirilmesi ve Diklofenak kaynakl karaciger ve bobrek toksisitesine karsi etkinliginin
degerlendirilmesi hedeflenmistir.

Calismada 32 adet Sprauge-Dawley erkek rat kullanilmistir. Ratlar her grupta 8 hayvan olacak
sekilde; 1: Kontrol, 2: Diklofenak, 3: Diklofenak+Puerarin ve 4: Diklofenak+Puerarin nanopartikul
grubuna bolinmiis ve yedi giin boyunca ila¢ uygulamasi yapiimistir. Sekizinci giinde tiim ratlar
dekapite edilerek kan, karaciger ve bobrek dokularn alinmistir.

Diklofenak uygulanan ratlann viicut agirhiklan, karaciger ve bobrek organ agirhiklar, aspartat
aminotransferaz, alanin aminotransferaz, lUre ve kreatinin degerleri ile birlikte oksidatif stresin
biyobelirteci olan malondialdehit dizeyi ve inflamasyonun godstergesi olan pro-inflamatuar
sitokinlerde onemli bir artis gozlendi. Ayrica redikte glutatyon ve slperoksit dismutaz gibi
antioksidan savunma sisteminde kayda deger bir azalma mevcuttu. Histopatolojik olarak bobrek
dokusunda interstisyumda mononiikleer hiicre infiltrasyonu ve hiperemik damarlanma; karacigerde
ise fokal hepatosit dejenerasyonu, santral ven dilatasyonu ve mononiikleer hiicre infiltrasyonu
mevcuttu. Ancak koruyucu olarak Puerarin uygulanmasi Diklofenakin karaciger ve bdbrek
dokularinda yol actig) toksik etkiyi azaltti. Puerarin yiklii nanopartikiil ila¢ uygulanmasi ise serbest
Puerarine kiyasla daha etkili bir tedavi etkinligi gosterdi.

Bulgulanmiz Diklofenak kaynakli karaciger ve bébrek hasarini hafifletmede Puerarin
nanopartikiillerinin serbest Puerarine gore daha etkili oldugunu goéstermektedir. Nanopartikiiler
formiilasyon ile Puerarinin biyoyararlanimi arttinlmis, bu da karaciger ve boébrek dokularinda
Diklofenak kaynakli hasara karsi Puerarinin koruyucu etkisini iyilestirmistir.

Anahtar Kelimeler: Diklofenak, Karaciger, Bobrek, Toksisite, Puerarin, Nanopartikiil.
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Determination of Antibacterial Properties of
Nigella sativa Oil and Comparison with Some Antibiotics

Ayse KANICI TARHANE?®* Serdal TARHANE2

1Kafkas University, Faculty of Veterinary Medicine, Department of Pharmacology and Toxicology, Kars, TURKIYE
2Cankin Karatekin University, Eldivan Vocational School of Health Services, Veterinary Department,
Laborant and Veterinary Health Program, Cankiri, TURKIYE

*Correspound Author: akanici@hotmail.com

Bacterial resistance to antibiotics is one of the major health problems faced today. As a result
of the uncontrolled use of antibiotics, disease agents (bacteria and microorganisms) may develop
resistance to antibiotics. The resistance of bacteria to antibiotics is increasing, and this is taking
humanity back to the age before the discovery of antibiotics. Therefore, researching alternative and
natural antibacterial substances is of great importance. Nigella sativa is a medicinal plant widely
used in Asia and the Middle East. Bioactive compounds such as thymoquinone contained in Nigella
sativa oil are known to have antioxidant, anti-inflammatory and antimicrobial effects. In this study, it
was aimed to determine the antibacterial effects of Nigella sativa oil on different bacterial species
under in vitro conditions and to compare its antibacterial effect with the effect of some antibiotics.

For this purpose, pure oil was obtained from Nigella sativa seeds by cold pressing method and
stored in colored sterile bottles before antibiogram testing. Disk diffusion method was used to
investigate the antibacterial effect of Nigella sativa oil. Field strains of Staphylococcus aureus,
Listeria monocytogenes, Bacillus cereus, Escherichia coli and Salmonella typhimirium were used in
the method. In order to determine the antibacterial effect of Nigella sativa oil and compare it with
the effect of some antibiotics, disks containing antibiotics such as Cloxacillin 5ug, Cefoperazone
75ug, Penicillin 40ug and Amoxicillin 25ug were used. In addition, empty antibiotic discs were
impregnated with 20 pl of black cumin oil and inoculated onto Mueller Hinton agar medium, and the
zones formed around the discs were evaluated by measuring with a ruler.

Nigella sativa oil has shown strong antibacterial effects, especially on gram-positive bacteria.
Inhibition zones on B. cereus and S. aureus were found to be wider than beta-lactam antibiotics such
as Cloxacillin and Penicillin. It also created a wider inhibition zone on L. monocytogenes than other
antibiotics. This can be explained by the cell wall-weakening effect of thymoquinone and other
phenolic compounds contained in Nigella sativa oil.

Although the effectiveness of black cumin oil against gram-negative bacteria is lower than
antibiotics, it has been observed to be more effective than Penicillin and Cloxacillin on E. coli.

Cefoperazone, a broad-spectrum third-generation cephalosporin, produced the highest zone of
inhibition against S. aureus. Although Cefoperazone and Amoxicillin were resistant to B. Cereus,
Nigella sativa oil produced the highest zone against B. Cereus. In general, it is clear that Nigella sativa
oil is effective enough to be an alternative to some antibiotics.

The data obtained in this study reveal that Nigella sativa oil may be a natural antimicrobial
agent, especially effective against gram-positive bacteria. With further studies on strains resistant to
beta-lactam antibiotics in particular, Nigella sativa oil can be evaluated as a natural antibacterial
agent for alternative treatment. For its use in clinical applications, it must be supported by
toxicological and pharmacokinetic analyses.

Keywords: Nigella sativa Qil, Antibacterial, Cloxacillin, Penicillin, Cefoperazone, Amoxicillin.
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Gorek Otu (Nigella sativa) Yaginin Antibakterlyel OzelligInin
Belirlenmesl ve Bazi Antiblyotiklerle Karsilastinimasi

Antibiyotiklere karsi gelisen bakteriyel direncg, giiniimiizde karsi karsiya kalinan 6nemli saglik
sorunlarindan biridir. Antibiyotiklerin kontrolsiizce kullanimlan sonucunda; hastalik etkenlerinin
(bakteri ve mikroorganizmalar) antibiyotiklere karsi diren¢ gelistirmesi de s6z konusu olmaktadir.
Bakterilerin antibiyotiklere karsi gelistirdigi direnc gittikce artmakta ve bu da insanligl antibiyotiklerin
kesfinden onceki caga dogru gotirmektedir. Bu nedenle, alternatif ve dogal antibakteriyel
maddelerin arastiriimasi biyik 6nem tasimaktadir. Corek otu (Nigella sativa), Asya ve Orta Dogu'da
yaygin olarak kullanilan tibbi bir bitkidir. Corek otu yaginin iceriginde bulunan thymoquinone gibi
biyoaktif bilesiklerin antioksidan, antienflamatuar ve antimikrobiyal etkileri oldugu bilinmektedir. Bu
calismada corek otu yaginin farkh bakteri tirleri iizerindeki antibakteriyel etkilerinin invitro
kosullarda belirlenmesi ve antibakteriyel etkisinin bazi antibiyotiklerin etkisi ile karsilastirimasi
amaclanmistir.

Bu amagcla corek otu tohumlarindan soguk pres yontemi ile saf yag eldesi gerceklestirildi ve
antibiyogram test oncesi renkli steril siselere doldurularak saklandi. Corek otu yaginin antibakteriyel
etkisini arastirmak amaci ile disk difflizyon yéontemi kullanildi. Yéntemde Staphylococcus aureus,
Listeria monocytogenes, Bacillus cereus, Escherichia coli ve Salmonella typhimirium saha suslan
kullanildi. Gorek otu yaginin antibakteriyel etkisini belirlemek ve bazi antibiyotiklerin etkisi ile
karsilastirmak amaci ile Kloksasilin 5pg, Sefoperazon 75 g, Penisilin 40 pg ve Amoksisilin 25 ng
antibiyotik iceren diskler kullanildi. Ayrica bos antibiyotik diklere 20 pl ¢orek otu yagl emdirilerek
mueller hinton agar besi yerine inokile edildi ve disklerin etrafinda olusan zonlar cetvelle dlgiilerek
degerlendirildi.

Corek otu yagi, 6zellikle gram-pozitif bakteriler lizerinde giiclii antibakteriyel etki gostermistir.
B. cereus ve S. aureus uzerindeki inhibisyon zonlarn, Kloksasilin ve Penisilin gibi beta-laktam
antibiyotiklerden daha genis bulundu. L. monocytogenes lzerinde de diger antibiyotiklerden daha
genis inhibisyon zonu olusturdu. Bu durum, ¢érek otu yaginin icerdigi thymoquinone ve diger fenolik
bilesiklerin hiicre duvarim zayiflatici etkisiyle agiklanabilir.

Gram-negatif bakterilere karsi ¢corek otu yaginin etkinligi, antibiyotiklere kiyasla daha duisiik
kalmakla birlikte, E. coli lizerinde Penisilin ve Kloksasilin’den daha etkili oldugu gozlenmistir.

Sefoperazon, genis spektrumlu lg¢ilincli kusak bir sefalosporin olarak S. aureus'a karsi en
yuksek inhibisyon zonunu tretmistir. Sefoperazon ve Amoksisilin; B. Cereus’a karsi direncli olmasina
karsin, corek otu yagi B. Cereus'a karsi en yiiksek zonu lretmistir. Genel olarak bakildiginda coérek
otu yaginin bazi antibiyotiklere alternatif olabilecek diizeyde etkili oldugu acik¢a goriilmektedir.

Bu ¢alismada elde edilen veriler, corek otu yaginin 6zellikle gram-pozitif bakterilere karsi etkili,
dogal bir antimikrobiyal ajan olabilecegini ortaya koymaktadir. Ozellikle beta-laktam grubu
antibiyotiklere direncli suslar iizerinde vyapilacak ileriki calismalarla corek otu yagl, dogal
antibakteriyel madde olarak alternatif tedavi i¢in degerlendirilebilir. Klinik uygulamalarda kullanimi
icin toksikolojik ve farmakokinetik analizlerle desteklenmesi gereklidir.

Anahtar Kelimeler: Cérek Otu (Nigella sativa) Yagi, Antibakteriyel, Kloksasilin, Penisilin, Sefoperazon,
Amoksisilin.
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Aflatoxin B1 (AFB1) is a toxic substance in many tissues, particularly the liver. It is carcinogenic,
mutagenic, teratogenic, and immunosuppressive, particularly through its effects on DNA. Rifampicin
(Rif) is an antibiotic that inhibits nucleic acid synthesis and is also an inducer of tissue transport
proteins. In the present study, it was used to reduce the absorption of AFB1, the substrate for these
proteins, and to increase its excretion. Boswellia serrata extract (BSE) has anti-inflammatory and
antioxidant properties. This study aimed to determine the potential therapeutic effects of Rif and BSE
on tissue damage in rats treated with AFB1.

A total of 63 male Sprauge-Dawley rats were used in the study. The animals were divided into
nine groups (n=7): Control, Corn oil, sodium carboxymethyl cellulose (CMC), Rif, BSE, AFB1, AFB1+Rif,
AFB1+BSE, and AFB1+Rif+BSE. The study duration was seven days, and the animals were
decapitated, and blood and liver tissues were collected. Aspartate aminotransferase (AST), alanine
aminotransferase (ALT), urea, and creatinine levels were determined in the blood. Malondialdehyde
(MDA), reduced glutathione (GSH), and superoxide dismutase (SOD) were analyzed in liver tissue.
Expression of carrier proteins was measured by Western blot. Additionally, blood and tissue AFB1
levels were analyzed by high-performance liquid chromatography (HPLC). Histopathological analyses
were performed on the collected tissues.

AFB1 was detected in blood and liver tissues analyzed by HPLC. Expression of p-glycoprotein
(P-gp) and breast cancer resistance protein (BCRP) in liver tissue decreased in the AFB1 group, while
significantly increased in the Rif-treated groups. Tissue AFB1 levels decreased in the groups treated
with both AFB1 and Rif and Rif+BSE due to an increase in these transporter proteins. AFB1 increased
blood AST, ALT, and creatinine levels, while significant improvements were observed in the group
treated with Rif+BSE concurrently with AFB1. MDA levels in liver tissue were observed to increase in
the AFB1-toxicity group, whereas these increased MDA levels were effectively reduced in the Rif+BSE
combined treatment group. Histopathological analysis of liver tissue revealed that AFB1 caused
degeneration, and this degeneration was significantly reduced by Rif, BSE, and Rif+BSE treatments.

As a result, it was concluded that AFB1 showed signs of acute toxicity in the applied dosage
regimen, however, Rif+BSE combined treatments may offer more effective treatment options against
the toxicity caused by AFB1.

Keywords: Aflatoxin B1, P-gp, BCRP, Rifampicin, Boswellia serrata extract.
Acknowledgement: This work was supported by TUBITAK project number 2210701.
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Aflatoksin B1'Iin Karacigerde Yarattig) Hasara Karsi

Rifamplsin ve Boswellla serrata’nin Koruyucu Rolii

Aflatoksin B1 (AFB1), basta karaciger olmak lizere bircok dokuda toksik olup 6zellikle
DNA uzerindeki etkisi ile karsinojen, mutajen, teratojen ve immunosipresifdir. Rifampisin
(Rif) nlikleik asit sentezini inhibe eden bir antibiyotik olup ayni zamanda dokulardaki tasiyici
proteinlerin bir uyaricisidir ve mevcut calismada bu proteinlerin substrati olan AFB1'in
emilimini azaltmak ve vicuttan atihmini arttirmak amaciyla kullanilmistir. Boswellia serrata
ekstrakti (BSE) antiflamatuvar ve antioksidan etkilidir. Bu ¢alismada AFB1 uygulanan
ratlarda karaciger hasarn lizerine Rif ve BSE'nin muhtemel tedavi edici etkilerinin
belirlenmesi amaclanmistir.

Arastirmada toplam 49 adet Sprauge-Dawley irki erkek rat kullanildi. Hayvanlar;
Kontrol, Rif, BSE, AFB1, AFB1+Rif, AFB1+BSE, AFB1+Rif+BSE olmak lzere 7 gruba ayrildi
(n=T7). Calisma suiresi yedi giin olarak belirlendi ve her glin uygulama yapildi. Sekizinci giinde
hayvanlar dekapite edilerek kan ve karaciger dokular alindi. Kanda aspartat
aminotransferaz, alanin aminotransferaz, lre ve kreatinin diizeyleri belirlendi. Karaciger
dokusunda malondialdehit, rediukte glutatyon ve superoksit dismutaz analizleri yapildi.
Western-blot teknigi ile tasiyici proteinlerin ekspresyonlar ol¢iildii. Ayrica kan ve karaciger
AFB1 dizeyleri yliksek performansh sivi kromatografisi (HPLC) ile analiz edildi. Alinan
dokularda histopatolojik analizler yapildi.

Karaciger dokusundaki p-glikoprotein (P-gp) ve meme kanseri diren¢ proteini (BCRP)
ekspresyonlari AFB1 grubunda azalirken Rif uygulanan gruplarda onemli dlcude artti. AFB1
ile birlikte Rif ve Rif+BSE uygulanan gruplarda bu tasiyici proteinlerin artisina bagh olarak
dokudaki AFB1 dlzeyleri azaldi. AFB1 kanda aspartat aminotransferaz, alanin
aminotransferaz ve kreatinin dlzeylerini artinrken AFB1 ile es zamanl Rif+BSE uygulanan
grupta onemli iyilesmeler tespit edildi. AFB1 toksisitesi olusturulan grupta karaciger
dokusunda malondialdehit diizeylerinin yiikseldigi, buna karsin artan malondialdehit
dizeylerinin Rif+BSE kombine tedavi grubunda etkili bir sekilde azaldigl gézlendi.
Histopatolojik olarak analiz edilen karaciger dokusunda AFB1’in dejenerasyona yol actigi ve
bu dejenerasyonun Rif, BSE ve Rif+BSE tedavileri ile 6nemli dlciide azaltildig belirlendi.

Sonuc olarak AFB1 maruziyetinin karacigerde akut toksisite bulgulan gosterdigi, buna
karsin Rif+BSE kombine tedavilerinin AFB1’in olusturdugu toksisiteye karsi etkili tedavi
secenekleri sunabilecegi kanaatine vanimstir.

Anahtar Kelimeler: Aflatoksin B4, P-gp, BCRP, Rifampisin, Boswellia serrata ekstrakti.
Acknowledgement: Bu calisma 2210701 numarali TUBITAK projesi ile desteklenmistir.
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Effects of Feed Intake and Water Hardness on
Fluralaner Pharmacokinetics in Layer Chickens
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Dermanyssus gallinae is an ectoparasite commonly found in layer farms. It causes
anemia, stress, and immunosuppression by sucking blood, leading to significant economic
losses through production/quality loss and the risk of zoonosis. Long-acting agents are
needed for sustainable control; the isoxazoline derivative fluralaner has been reported to
exhibit high long-term efficacy when administered via drinking water to laying hens. In this
study, which investigated for the first time the effects of feed intake status and water
hardness on the pharmacokinetic profile of Fluralaner, thirty-two hens were randomized into
four groups (n=8/group) and given feed+pure water, feed-restricted+pure water, feed-
restricted+hard water (400 mg/L CaCO5), and feed-restricted+soft water (40 mg/L CaCO,).
Blood samples were taken from minute O to day 21 after administration of Fluralaner (0.5
mg/kg) via drinking water, and plasma concentrations were determined by UHPLC-MS/MS.
Non-compartmental pharmacokinetic parameters were calculated and compared using one-
way ANOVA and Tukey post hoc test. Mean t.., was 1.32+0.37 days, C..x was
336.53+90.76 ng/ml, t;/, was 4.00+1.40 days and AUC,-,; was 1,582.65+374.14 ng/ml
* days. Although C,,.x was numerically highest in the fed+pure water group, no significant
difference was found between the groups in the parameters C,.x, tmax ti/2, AUC, MRT,-
inf_obs, Vz/F_obs and CI/F_obs (P>0.05).

Our research findings indicate that feed intake status and water hardness did not
significantly alter fluralaner pharmacokinetics or blood distribution; it shows that it supports
flexible application before/after feeding in different water hardness conditions when rearing
poultry.

Keywords: Isoxazoles, pharmacokinetics, fluralaner, poultry, water hardness, feed intake.
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Yumurta Tavuklarinda Yem Alimi ve Su Sertliginin

Fluralaner Farmakokinetigl Uzerine Etkileri

Dermanyssus gallinae, yumurtaci isletmelerde yaygin gorilen; kan emerek anemi,
stres ve immiuin baskilanma olusturan, verim/kalite kaybi ve zoonoz riskiyle ciddi ekonomik
zararlara yol acan bir ektoparazittir. Stirdurtlebilir kontrol icin uzun etkili ajanlara gereksinim
vardir; izoksazolin tirevi fluralaner, yumurtaci tavuklarda icme suyuyla uygulandiginda uzun
siireli yiksek etkinlik gosterdigi bildirilmistir. Fluralaner'in farmakokinetik profili Gizerinde
tavuklarin beslenme durumu ve su sertliginin etkisinin ilk kez incelendigi arastirmamizda
otuz iki tavuk dort gruba randomize edilerek aynldi (n=8/grup) ve yemli+saf su, yem
kisith+saf su, yem kisithi+sert su (400 mg/L CaCO;) ve yem kisitli+yumusak su (40 mg/L
CaCOs) verildi. Fluralaner (0,5 mg/kg) icme suyu yoluyla verildikten sonra 0. dakikadan 21.
gune kadar kan ornekleri alindi ve plazma konsantrasyonlan UHPLC-MS/MS ile tayin edildi.
Nonkompartmental farmakokinetik parametreler hesaplanarak tek yonliit ANOVA ve Tukey
post hoc testiyle karsilastinldi. Ortalama t,;,.x 1,32+0,37 gilin, C,,., 336,53+90,76 ng/ml, t,/>
4,00+1,40 gun ve AUCy-,,, 1.5682,65+374,14 ng/ml x giin bulundu. C,,,, sayisal olarak
yemli+saf su grubunda en yiuksek olmakla birlikte, C,,.x, tmax t1/2, AUC, MRT-inf_obs,
Vz/F_obs ve CI/F_obs parametrelerinde gruplar arasi anlamli fark saptanmadi (p>0,05).
Arastirmamiz sonucunda bulgular, beslenme durumu ve su sertliginin fluralaner
farmakokinetik veya kandaki dagihmini anlamh ol¢iide degistirmedigini; kanath
yetistirildiginde farkh su sertligi kosullarinda yemleme oncesi/sonrasi esnek uygulamayi

destekledigini gostermektedir.

Anahtar Kellmeler: izoksazolin; farmakokinetik; fluralaner; su sertligi; yem alim.
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Investigation of the embryotoxic Effects of
Prunus amygdalus var. Amara Seed In Fertile Chicken Eggs
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Prunus amygdalus var. Amara seeds (PAS), also known as bitter almonds, contain
amygdalin, a cyanide found in nature. Amygdalin is used in the treatment of anemia, asthma,
hypertension, arteriosclerosis, diabetes, migraine, and cancer. Furthermore, enzymatic
activity from amygdalin can produce toxic hydrogen cyanide. This study aimed to investigate
the embryotoxic effects of PAC in fertile chicken eggs morphometrically. To investigate the
embryotoxic effects of PAC in fertile eggs, five groups were formed: Group | (Control), Group
Il (Distilled Water), Group Il (PAC-2), Group IV (PAC-4), and Group V (PAC-8). Five eggs were
used for each group. A water extract of PAS was injected into the air chambers of fertile
chicken eggs weighing an average of 60-70 grams at doses of 2, 4, and 8 g/kg. Fertile
chicken eggs placed in the incubator were incubated for 14 days at 37.5 °C ambient
temperature and 55-60% humidity. Eggs in each group were hatched on day 14 of
incubation. All embryos were weighed using a precision scale. The crown-rump distances of
the embryos were measured, and a one-way analysis of variance was performed to evaluate
their effects on morphological parameters. The analysis of variance revealed no statistically
significant difference between the groups (P>0.05). PAS did not show significant toxicity on
the embryo in terms of morphological parameters. Further biochemical and

histopathological studies are needed to investigate the embryotoxic effects of PAS.

Keywords: Amygdalin, Embryotoxicity, Fertilized chicken eggs, Prunus Amygdalus var.

Amara.

162



ORAL PRESENTATION / SOZLU SUNUM

Prunus amygdalus var. Amara (Acibadem) Cekirdeginin

Embriyotoksik Etkilerinin D6llii Tavuk Yumurtasinda Arasgtinimasi

Aci badem olarak bilenen Prunus amygdalus var. Amara ¢ekirdeginde (PAC), dogada
sikhkla bulunan bir siyojenik asit olan amigdalin icermektedir. Amigdalin maddesi anemi,
astim, hipertansiyon, damar sertligi, seker hastaligl, migren ve kanser tedavisinde
kullaniimaktadir. Ayni zamanda amigladinden enzimatik aktivite sonucunda zehirli hidrojen
siyanir olusabilmektedir. Bu c¢alismada PAC'In embriyotoksik etkisini dolli tavuk
yumurtasinda morfometrik olarak incelemek amaclanmistir. PAC'In fertil yumurtalarda
embriyotoksik etkilerini incelemek i¢in Grup | (Kontrol), Grup Il (Distile su), Grup 11l (PAC -2),
Grup IV (PAC -4) ve Grup V (PAC -8) olmak lizere bes grup olusturuldu ve her grup icin 5
yumurta kullanildi. PAC’In su ekstraktindan ortalama 60-70 gram agirligindaki dollii tavuk
yumurtalarinin hava kamaralarina 2, 4 ve 8 g/kg dozlarinda enjekte edildi. Kulucka
makinesine yerlestirilen doélli tavuk yumurtalan 37,5 °C ortam sicakhgl ve %55-60 ortam
nemi sartlarindal4 giin sureyle inkilbasyonda tutuldu. Kuluckanin 14. giinunde, her gruptaki
yumurtalar acildi. Embriyolanin timi hassas terazi ile tartildi. Embriyolarin tepe-kic
mesafeleri ol¢iildii ve morfolojik parametreler iizerine yaptigi etkileri degerlendirmek icin tek
yonli varyans analizi yapildi. Yapilan varyans analizi sonucunda gruplar arasinda istatistiksel
olarak anlaml bir fark bulunamamistir (P>0,05). PAC'In embriyolu tavuk yumurtalarindaki
embryotoksisite testinde morfolojik parametreler lzerinde bir etki goriilmemistir. PAC'In
embriyotoksik etkilerini arastirmak icin biyokimyasal ve histopatolojik ileri calismalarin

yapilmasina ihtiya¢ bulunmaktadir.

Anahtar Kelimeler: Amigdalin, Embriyotoksisite, Fertil tavuk yumurtasi, Prunus amygdalus

var. Amara
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Antioxidant and Antiinflammatory Effects of Carvacrol in Rats
with Colistin-Induced Nephrotoxicity
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Colistin (COL) is a polypeptide antibiotic that exhibits bactericidal activity by disrupting
membrane stabilization in bacteria. However, its use is limited due to its nephrotoxic
properties. The spread of infections caused by multidrug-resistant bacteria and the lack and
inadequacy of new antibacterial agents that can be used against these pathogens have led
to the resurgence of COL use. Therefore, preventing the nephrotoxicity (NPT) caused by COL,
which has come back into focus, is a need that has not yet been fully addressed. Carvacrol
(CARV) is a monoterpenoid compound found in the essential oils of aromatic plants such as
thyme, pepper, and wild bergamot. Studies have reported that CARV has antioxidant and
antiinflammatory effects. The aim of this study is to investigate the protective efficacy of
CARV against NPT conditions that limit COL use. A total of 32 rats were used in the study in
four groups of eight rats each, namely, DMSO, COL, CARVY, and COL + CARV. COL (300.000
IU/kg/day, intraperitoneal) administered for six days elevated serum BUN, creatinine, uric
acid levels, and renal lipid peroxidation while decreasing renal GSH and the activity of the
antioxidant enzymes SOD, CAT, and GPx. COL also increased the levels of inflammatory
markers NF-kB, TNF-c, and IL-13, as well as iNOS and COX-2 activities. It increased levels of
KIM-1 and NGAL, markers of acute kidney injury. CARV (75 mg/kg/day, oral) treatment
ameliorated NPT by reducing oxidative stress and inflammation. The findings showed that
CARV attenuated COL-induced NPT.

Keywords: Carvacrol, Colistin, Inflammation, Nephrotoxicity, Oxidative Stress.
Acknowledgement: This work was supported by the Afyon Kocatepe University Scientific
Research Projects Coordination Unit 21.VF.09.
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Kolistin lle Nefrotoksisite Olusturulan Ratlarda Karvakroliin

Antioksidan ve Antiinflamatuar Etkileri

Kolistin (KOL), bakterilerde membran stabilizasyonunu bozarak bakterisidal aktivite
gosteren bir polipeptit antibiyotiktir. Ancak, nefrotoksik ozellikleri nedeniyle kullanimi
sinirhdir. Coklu ilaca direncli bakterilerin neden oldugu enfeksiyonlarin yayillmasi ve bu
patojenlere karsi kullanilabilecek yeni antibakteriyel ajanlarin eksikligi ve yetersizligi, KOL
kullaniminin yeniden artmasina neden olmustur. Bu nedenle, yeniden giindeme gelen
KOL'un neden oldugu nefrotoksisiteyi (NFT) dnlemek, heniiz tam olarak ele alinmamis bir
ihtiyactir. Karvakrol (KARV), kekik, biber ve yabani bergamot gibi aromatik bitkilerin ucucu
yaglarinda bulunan bir monoterpenoid bilesiktir. Calismalar, KARV'In antioksidan ve
antiinflamatuar etkileri oldugunu bildirmistir. Bu calismanin amaci, KOL kullanimini
sinirlayan NFT durumunda KARV'In koruyucu etkinligini arastirmaktir. Calismada DMSO,
KOL, KARV ve KOL + KARV olmak uizere her biri sekiz rattan olusan dért grup, toplam 32 adet
rat kullanilmistir. Alt1 giin boyunca uygulanan KOL (300.000 IU/kg/glin, intraperitoneal),
serum BUN, kreatinin, Urik asit duzeylerini ve bébrek lipid peroksidasyonunu artirirken,
bobrek GSH ve antioksidan enzimler olan SOD, CAT ve GPx'in aktivitesini azaltmistir. KOL
ayrica inflamatuar belirtecler NF-kB, TNF-a ve IL-1 duzeyleri ile iINOS ve COX-2 aktivitelerini
artirdi. Ayrica akut bobrek hasarinin belirtecleri olan KIM-1 ve NGAL duzeylerini de artirdi.
KARV (75 mg/kg/gln, oral) tedavisi, oksidatif stresi ve inflamasyonu azaltarak NFT'yi
iyilestirdi. Bulgular KARV'In, KOL'un neden oldugu NFT'yi hafiflettigini gosterdi.

Anahtar Kelimeler: Karvakrol, Kolistin, inflamasyon, Nefrotoksisite, Oksidatif Stres.

Tesekkiir: Bu calisma Afyon Kocatepe Universitesi Bilimsel Arastirma Projeleri Koordinasyon
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Assessment of Heavy Metal Contamination in
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Pinar ERDEM%*  Fatih AYDIN2 Yasar ALUG3 Mustafa YIPEL4 Hiisamettin EKiCit

IKirikkale University, Faculty of Veterinary, Department of Pharmacology and Toxicology,
Kirikkale, TURKIYE
2Kirikkale University, Health Sciences Institute, Department of Pathology, Kinkkale, TURKIYE
3Kirikkale University, Directorate of the Application and Research Centre for Scientifc and
Technological Research, Kirikkale, TURKIYE
4Hatay Mustafa Kemal University, Faculty of Veterinary, Department of Pharmacology and
Toxicology, Hatay, TURKIYE

*Correspound Author: pinarersoy@kku.edu.tr

The aim of this study was to determine the levels of heavy metal contamination in
honey, pollen, royal jelly, bee bread, and bee samples collected from beekeepers in Yozgat
Province.

A total of 100 samples were collected, including honey (n=18), pollen (n=17), propolis
(n=17), bee bread (n=11), and bees (n=16). All samples were stored in a dark environment
at room temperature until analysis. Sample preparation was carried out based on the
method described by Yiicel and Sultanoglu (2013). For each sample, 0.5 g was weighed, and
9 mL of 65% nitric acid (HNO3) and 1 mL of 30% hydrogen peroxide (H,0-) were added. The
samples were digested using a microwave digestion system (CEM MARS 6, USA) and
analyzed using inductively coupled plasma optical emission spectrometry (ICP-OES;
Spectroblue, Germany).

Studies on heavy metal levels in honey and other bee products in Turkiye are often
limited and conducted at a local scale. Bee products are recognized as effective biological
indicators of environmental pollution. This study is significant in that it represents the first
systematic analysis of heavy metal contamination in bee products from Yozgat Province.
Keywords: Heavy metal; Honeybees, Bee products, ICP-OES, Environmental pollution,

Biological indicator.
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Bal, Polen, Propolls ve Art Ekmeginde Agir Metal Kirliliginin Belirlenmesi

Bu calismanin amaci, Yozgat ili'nde aricilik yapan ureticilerden temin edilecek bal,

polen, propolis, ari ekmegi ve art numunelerinde agir metal dlizeylerinin belirlenmesidir.

Calismada bal (n=18), polen (n=17), propolis (n=17), an ekmegi (n=11) ve ar (n=16)
olmak lizere toplam 100 adet an Urini 6rnegi toplanmistir. Numuneler analiz edilinceye
kadar oda sicakliginda karanlik ortamda muhafaza edilmistir. Ornek hazirlama islemi Yiicel
ve Sultanoglu (2013)'nun yontemine gore yapilmistir. Her bir ornekten 0,5 g alinarak lizerine
9 mL %65 HNO; ve 1 mL %30 H,0; ilave edilecek; mikrodalga sindirimi (CEM MARS 6, USA)

ile yakilarak hazirlanan cozeltiler ICP-OES (Spectroblue, Germany) cihazinda analiz edilmistir.

Ulkemizde bal ve diger an iriinlerinde agir metal diizeylerinin belirlenmesine yénelik
calismalar cogunlukla sinirli ve yoresel diizeyde yapilmaktadir. Ari Giriinleri, cevresel kirliligin
biyolojik indikatorleri olarak degerlendirilebilecek 6nemli materyallerdir. Bu calisma ile

Yozgat ili'nde an iiriinlerinin agir metal iceriklerinin ilk kez sistematik olarak analiz edilmistir.

Keywords: Agir metal, Ari, An (irlinleri, ICP-OES, Cevresel kirlilik, Biyolojik indicator.
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Rising Benzimidazole Resistance in Ancylostoma caninum: Implications for Dog Health
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Ancylostoma caninum, a hookworm species of zoonotic importance, is a significant
gastrointestinal nematode commonly seen in dogs and capable of causing serious clinical
conditions. Benzimidazole group anthelmintics, which have been widely used for many years
in the control of this parasite, act by binding to the B-tubulin protein, thereby inhibiting
microtubule polymerization and disrupting the parasite’s cellular functions, ultimately
leading to its death. However, in recent years, the increasing number of cases in which
benzimidazole treatment fails to eliminate A. caninum infections has brought the issue of
drug resistance into focus. At the molecular level, resistance is primarily associated with
point mutations in the B-tubulin isotype-1 gene, which interfere with the drug's ability to bind
to its target protein, rendering the treatment ineffective. Resistance is reported more
frequently in dog populations exposed to frequent and repeated anthelmintic treatments,
such as shelter dogs and racing dogs.

This review focuses on global cases of benzimidazole resistance in A. caninum. In the
United States of America, benzimidazole resistance was first identified through a mutation
at codon 198 of the B-tubulin isotype-1 gene; in subsequent years, mutations associated with
codons 134 and 167 were also reported. In studies conducted in Australia, mutations related
to resistance have been detected at codons 134, 167, 198, and 200 of the same gene. In
Brazil, a mutation at codon 200 has been identified, and fenbendazole treatment in infected
dogs has shown insufficient efficacy. In Canada, mutations associated with resistance have
been detected at codon 167 in samples from various dog breeds, with reports indicating a
higher frequency of this mutation in some breeds.

The spread of resistance not only compromises parasite control but also increases the
persistence of infections and the risk of reinfection in dogs, posing serious health challenges.
Infections caused by resistant A. caninum strains in immunocompromised puppies and
environments with high animal density can result in severe clinical outcomes such as
anemia, weight loss, hypoproteinemia, and even death. Moreover, frequent and ineffective
treatments can lead to chronic parasitic carriage in dogs, thereby increasing the infection
pressure both at the individual and population level.

The emergence of benzimidazole resistance in A. caninum also poses a significant
threat to public health due to its zoonotic nature and potential for transmission to humans.
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Therefore, global monitoring of benzimidazole resistance is crucial not only for maintaining
effective parasite control strategies in veterinary medicine but also for protecting public
health.

Keywords: Benzimidazole, Anthelmintic resistance, Hookworm, Zoonotic infection.

Ancylostoma caninum’da Benzimidazol Direncinin Artigi ve Képek Saghg Uzerindekl Etkileri

Zoonotik oneme sahip bir kancali kurt tiirii olan Ancylostoma caninum, kopeklerde
siklikla goriilen ve ciddi klinik tablolara yol acabilen énemli bir gastrointestinal nematoddur.
Bu parazitin kontrolinde uzun vyillardir yaygin olarak kullanilan benzimidazol grubu
antelmintikler, B-tubulin proteinine baglanarak mikrotiibiil polimerizasyonunu engellemekte
ve parazitin hiuicresel fonksiyonlarini bozarak élimiine neden olmaktadir. Ancak son yillarda,
A. caninum enfeksiyonlarinda benzimidazol tedavisine yanit alinamayan vakalarin artmasi,
ila¢ direnci olgusunu gundeme tasimistir. Direncin molekuler temelinde, B-tubulin izotip-1
geninde meydana gelen nokta mutasyonlar yer almakta olup, bu degisimler benzimidazol
grubu ilaclarin hedef proteine baglanmasini engelleyerek tedaviyi etkisiz hale getirmektedir.
Direng, ozellikle sik ve tekrarlayan ilac uygulamalarina maruz Kkalan koépek
popiilasyonlarinda (6rnegin barninak kopekleri, yans kopekleri) daha fazla bildiriimektedir.
Bu derlemede, diinya genelinde A. caninum’da gelisen benzimidazol direnci olgulan ele
alinmistir. Amerika Birlesik Devletleri'nde benzimidazol direnci, ilk olarak B-tubulin izotip-1
geninin 198. kodonundaki degisimle tanimlanmis; takip eden yillarda 134. ve 167.
kodonlarla da iliskili mutasyonlar bildirilmistir. Avustralya’da yapilan ¢alismalarda ise ayni
genin 134., 167., 198. ve 200. kodonlarinda direncle iliskili degisimler tespit edilmistir.
Brezilya’da 200. kodonda mutasyon saptanmis; ayrica enfekte kopeklerde uygulanan
fenbendazol tedavisinin yetersiz etkinlik gosterdigi bildirilmistir. Kanada’'da ise farkl kopek
irklarina ait orneklerde 167. kodonda direncle iliskili mutasyon saptanmis ve bu mutasyonun
bazi irklarda daha yiiksek oranlarda géruldiugi rapor edilmistir.

Direncin yayginlasmasi, yalnizca parazit kontrolinii degil, ayn1 zamanda képeklerde
enfeksiyonlarin kaliciligini, yeniden bulas riskini artirarak hayvan saghgn ulzerinde ciddi
etkiler olusturmaktadir. Ozellikle bagisikhg zayf vyavrularda ve yogun hayvan
popilasyonlarinin bulundugu ortamlarda direncli A. caninum enfeksiyonlari, agir anemi, kilo
kaybi, hipoproteinemi ve hatta 6lim gibi ciddi klinik sonuclara yol acabilmektedir. Ayrica sik
ve basarisiz tedaviler, kopeklerde kronik parazit tasiyiciligina neden clarak hem bireysel
saglik hem de popiilasyon diizeyinde enfeksiyon baskisini artirmaktadir. A. caninum’da
gelisen benzimidazol direnci, zoonotik 6zelligi nedeniyle, insanlara bulasma potansiyeli
acisindan halk saghgi icin de onemli bir tehdit olusturmaktadir. Bu nedenle benzimidazol
direncinin kuresel olcekte izlenmesi, yalnizca veteriner hekimlikte etkili parazit kontrol
stratejilerinin siirdurilebilirligi acisindan degil, ayni zamanda toplum saghiginin korunmasi
acisindan da buyuk 6nem tasimaktadir.

Anahtar Kelimeler: Benzimidazol, Antelmintik direng¢, Kancalikurt, Zoonoz enfeksiyon.
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Persistent Organic Pollutants in Raw Milk (2015-2025):
An International Comparative Literature Review

Giil BANU CiCEK BiDECI

Ministry of Agriculture and Forestry, Kastamonu, TURKIYE

Correspound Author: gulbanu.cicekbideci@tarimorman.gov.tr

Persistent organic pollutants (POPs) are toxic compounds that can persist in the
environment for long periods, biocaccumulate through the food chain, and pose serious risks
to human health. Raw milk is a key food item in the transfer of these pollutants to humans.
This study aims to review field research conducted between 2015 and 2025 on POPs in raw
milk, present the current status, and compare the findings at an international level. A
literature search was performed in the Web of Science, PubMed, and Google Scholar
databases using the keywords “persistent organic pollutants” and “raw milk.” Inclusion
criteria were studies published between 2015 and 2025 that contained field data and were
conducted on raw milk samples. The findings were analyzed in terms of sample source,
analytical methods used, detection limits, concentration levels, and comparison with
regulatory limits. Among the most frequently reported POPs in the literature are
polychlorinated biphenyls (PCB-28, PCB-52, PCB-101) and organochlorine pesticides (DDT
derivatives, HCH isomers). While similar congener and pesticide profiles have been reported
in European Union countries, average levels are generally lower. In some neighboring
countries, levels were found to be similar or higher. GC-ECD and GC-MS/MS were the most
commonly used analytical methods, with detection limits and sample preparation
techniques varying across countries. The findings indicate that in some regions, pollutants
have been reported at levels that may pose a risk to public health. The international
comparison shows that some regions remain below EU standards and that methodological
differences make direct comparisons difficult. The adoption of standardized methods and
the implementation of regular national monitoring programs are of critical importance for
food safety and public health.

Keywords: Persistent organic pollutants, raw milk, food safety, public health.
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CIg Siitte Kalici Organik Kirleticller (2015-2025);

Uluslararasi Karsilagtirmali Bir Literatiir Degerlendirmesi

Kalici organik kirleticiler (Persistent Organic Pollutants, POPs), cevrede uzun siire
varhklarini siirdiirebilen, biyobirikim yoluyla besin zincirinde yogunlasan ve insan saghgi
Uzerinde ciddi riskler olusturabilen toksik bilesiklerdir. Cig siit, bu kirleticilerin insanlara
gecisinde onemli bir gida maddesidir. Bu calismanin amaci, 2015-2025 yillan arasinda ¢ig
siitte POP’lar Uzerine yurutlilmus saha arastirmalarini derleyerek mevcut durumu ortaya
koymak ve elde edilen bulgulan uluslararasi diuzeyde karsilastirmaktir. Web of Science,
PubMed ve Google Scholar veri tabanlarinda “persistent organic pollutants” ve “raw milk”
anahtar kelimeleri kullanilarak literatiir taramasi yapilmistir. Dahil edilme kriterleri; 2015-
2025 yillan arasinda yayimlanmis, saha verisi iceren ve ¢ig siit numuneleri Gzerinde
yluritilmus calismalardir. Bulgular; numune kaynagl, kullanilan analitik yontem, tespit
limitleri, konsantrasyon duzeyleri ve mevzuat limitleri acisindan analiz edilmistir. Literatlirde
en sik raporlanan POP’lar arasinda polikiorlu bifeniller (PCB-28, PCB-52, PCB-101) ve
organoklorlu pestisitler (DDT tirevleri, HCH izomerleri) yer almaktadir. Avrupa Birligi
tlkelerinde benzer kongener ve pestisit profilleri bildirilmis olsa da ortalama seviyeler
genellikle daha dusiktur. Bazi komsu ulkelerde ise dlzeyler benzer veya daha yuksek
bulunmustur. Analitik ydontemlerde GC-ECD ve GC-MS/MS yaygin olarak kullaniimis, tespit
limitleri ve 6rnek hazirlama teknikleri tlkeler arasinda farklilik géstermistir. Bulgular, bazi
bélgelerde halk sagligl acisindan risk olusturabilecek dizeylerde kirleticiler bildirildigini
ortaya koymaktadir. Uluslararasi karsilastirma, bazi bolgelerin AB standartlarinin gerisinde
kaldigini  ve metodolojik farkhiliklarin dogrudan karsilastirmalari  zorlastirdigini
gostermektedir. Standardize yontemlerin benimsenmesi ve dlizenli izleme programlarinin

uygulanmasi, gida giivenligi ve halk sagligi acisindan kritik oneme sahiptir.

Anahtar Kelimeler: Kalici organik kirleticiler, ¢ig sit,gida guvenligi, halk saghg..
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The Importance of Stability-Indicating Analytical Methods in the Quality Control of
Veterinary Medicinal Products, and Recommendations for Planning Forced Degradation
Studies

Onur DEMiR** Erdim Ozan GAKIR *

1Republic of Tiirkiye Ministry of Agriculture and Forestry, Pendik Veterinary Control
Institute, Pharmaceutical Quality Control Laboratory, Istanbul, TURKIYE

*Correspound Author: demir.onur@tarimorman.gov.tr

Veterinary medicinal products are indispensable for animal health and are also
particularly important for the One Health approach. Guaranteeing the quality, safety and
efficacy of veterinary medicinal products requires the stability of their active pharmaceutical
ingredients. Problems related to the stability of the active ingredient can lead to reduced
efficacy, toxicity and the formation of residues in food and the environment. Therefore, when
developing veterinary medicinal products, validated analytical methods with stability
indicating should be used to investigate degradation pathways, products and levels.

Forced degradation studies test the active ingredient and finished product under
conditions that are more severe than those of accelerated stability to assess worst-case
scenarios. These studies are necessary to demonstrate the specificity of analytical methods
and help elucidate the structure of degradation products. Based on the information obtained
from these studies, product formulation is developed, product spescifications are
established, storage and distribution requirements are determined. Stability-indicating
analytical methods, which are developed by desighing and evaluating forced degradation
conditions, are invaluable in the development of high-quality products. The aim of this
presentation is to share current information on the importance of stability-indicating
analytical methods in the quality control of veterinary medicinal products, as well as
strategies for planning forced degradation studies.

Keywords: Forced degradation, Stability-indicating analytical method, Quality control,
Veterinary medicinal products.
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Veteriner Tibbi Uriinlerin Kalite Kontroliinde Stabilite Gostergeli Analitik Yontemlerin

Onemi ve Zorla Bozundurma Calismalarinin Planlanmasi i¢in Oneriler

Veteriner tibbi Griinler hayvan saghg icin vazgecilmez olup, ayni zamanda tek saglhk
icin 6zel bir oneme sahiptir. Aktif farmasotik bilesenlerin stabilitesi, veteriner tibbi trtinlerin
kalitesini, guvenligini ve etkinligini garanti etmek i¢in cok 6nemlidir. Aktif maddenin
stabilitesi ile ilgili sorunlar, etkinligin azalmas, toksisite, gidalarda ve cevrede kalintilarin
olusmasi gibi sorunlara yol acabilir. Bu nedenle, veteriner tibbi trunlerin gelistiriimesinde,
aktif madde/maddelerin bozunma yollari, bozunma urinleri ve seviyeleri ile ilgili hususlan

arastirmak icin valide edilmis stabilite gostergeli analitik yontemler kullaniimahdir.

Zorla bozundurma calismalari, aktif maddenin ve bitmis triniin hizlandinlmis stabilite
kosullarindan daha agir stres kosullarinda olasi en kotii senaryolara karsi test edilmesini
saglayan calismalardir. Zorla bozundurma calismalar Analitik yontemlerinin 6zgiinlGgiini
gostermek icin gereklidir. Bozunma urdnlerinin yapisinin aydinlatiilmasina yardimci olur. Bu
calismalardan elde edilen bilgilere dayanarak, tiriin formilasyonu gelistirilir, Griin 6zellikleri
olusturulur, depolama ve dagitim gereksinimleri belirlenir. Zorunlu bozunma kosullan
tasarlanarak ve degerlendirilerek gelistirilen stabilite gostergeli analitik yontemlerin, yliksek
kaliteli driinlerin gelistiriimesinde ki katkisi ¢ok degerligidir. Bu sunum, veteriner tibbi
urinlerin kalite kontrolinde stabilite gostergeli analitik yontemlerin 6nemini ve zorla
bozundurma calismalarinin planlanmasi icin stratejiler hakkinda giincel bilgileri paylasmayi

amaclamaktadir.

Keywords: Kalite Kontrol, Stabilite gostergeli analitik metot, Veteriner tibbi uriin, Zorla

Bozundurma.
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Contributions of Veterinary Pharmacology to Sustainable
Development and the One Health Approach

Pinar SAHINTURK BOSTANCI
Zoetis Animal Health, istanbul, TURKIYE
Correspound Author: pinar.sahinturk@zoetis.com

The One Health approach is a global strategy emphasizing the interconnectedness of
human, animal, and environmental health and the necessity of interdisciplinary collaboration
across these fields. Veterinary pharmacology plays a critical role as a fundamental
component of this approach by protecting and improving animal health. In this context, it
contributes to environmental, social, and economic sustainability in alignment with the
Sustainable Development Goals (SDGs).

Veterinary pharmacology supports animal health through tools such as vaccination,
biosecurity, diagnostics, and responsible drug use in the prevention and treatment of
diseases. These practices reduce production losses caused by animal diseases, optimize
natural resource utilization, and contribute to the reduction of greenhouse gas emissions.
Moreover, pharmacological strategies are vital in combating antimicrobial resistance;
responsible antibiotic use and pharmacovigilance help prevent the spread of resistance,
thereby protecting both animal and human health.

From a social sustainability perspective, veterinary pharmacology enhances the safety
of animal-derived food production, supporting the reduction of hunger and malnutrition. It
also contributes to public health protection through the control of zoonotic diseases.
Economically, disease prevention and treatment increase animal production efficiency, raise
farmers' incomes, and support rural development.

In conclusion, veterinary pharmacology serves as a fundamental discipline in
implementing the One Health approach and achieving sustainable development goals,
offering significant contributions to the holistic protection of animal, human, and
environmental health. This presentation highlights the multifaceted role of veterinary
pharmacology and its integration with sustainability objectives.

Keywords: Veterinary Pharmacology, One Health, Antimicrobial Resistance, Sustainable
Development Goals.
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Monitoring the Safety of meat from Slaughtered Animals
Using a Microbiological Express Method

Kateryna RODIONOVA1 Marila KHIMYCH2  Nina DANKEVYCH?*

10desa State Agrarian University, Faculty of Veterinary Medicine, Department of infectious
pathology, biosafety and veterinary-sanitary inspection named after professor V.Ya. Atamas,
Odesa, UKRAINE
20desa State Agrarian University, Faculty of Veterinary Medicine, Department of infectious
pathology, biosafety and veterinary-sanitary inspection named after professor V.Ya. Atamas,
Odesa, UKRAINE
30desa State Agrarian University, Faculty of Veterinary Medicine, Department of Surgery,
Obstetrics and Small Animal Diseases, Odesa, UKRAINE

*Correspound Author: dankevych82@gmail.com

Ensuring the population’'s access to high-quality and safe food products is of exceptional
social and epidemiological importance. This is especially relevant for livestock products,
particularly meat, since under modern production conditions there are numerous factors
affecting its quality and safety. According to statistical data, about 15.0% of meat and meat
products entering the retail market are found, based on veterinary and sanitary inspections, to
have various defects. Food safety is determined by compliance with established requirements
for a range of indicators, including microbiological contamination, radionuclide content, and
xenobiotics. Determining these indicators involves specific methods that are often complex,
time-consuming, and, most importantly, do not allow for predicting the combined effect of
contaminants on the organism. In contrast, the express method developed by the authors for
determining overall toxicity through biotesting, using the ciliate Colpoda steinii as a test organism
(“Method for determining the toxicity of meat from slaughtered animals”, utility model patent of
Ukraine No. 149685, 48/2021), makes it possible to account for the effect of the tested sample
on the organism as a whole. In this study, we assessed the degree of freshness and overall toxicity
of meat sold in the retail network of Odesa. The research objects were beef samples (n = 25),
lamb samples (n = 15), and pork samples (n = 20). Freshness testing showed that, according to
organoleptic and biochemical indicators, 88.0% of beef samples, 86.67% of lamb samples, and
85.0% of pork samples were of good quality and fresh. The remaining tested samples were
classified as being of “questionable freshness”. The overall toxicity assessment showed that
100% of fresh pork and lamb samples did not exhibit any signs of toxicity, while one beef sample
demonstrated slight toxicity. All samples classified as “questionably fresh” showed varying
degrees of overall toxicity: slight toxicity was found in two beef samples, one lamb sample, and
one pork sample; moderate toxicity - in one lamb sample and two pork samples; and strong
toxicity - in one beef sample.The obtained results indicate that 16.0% of beef, 13.33% of lamb,
and 15.0% of pork entering the retail market exhibit overall toxicity and pose a potential hazard
to consumers.

Keywords: Beef, Colpoda steinii, lamb, pork, safety, toxicity.
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Olive Bioactive Compounds in Circular Feed Systems: In Vitro Evaluation within the OLIWA Project
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4 Natac Biotech, Madrid, SPAIN
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*Correspound Author: muhammadadnan.arif@unito.it

The transition towards sustainable and resilient food systems requires innovative approaches that
valorize agricultural by-products while safeguarding animal health. The PRIMA-supported OLIWA project
explores innovative strategies to promote sustainability in animal nutrition through the integration of olive-
derived by-products into circular feed systems. Olive pruning residues and extracts, particularly those rich
in phenolic compounds such as oleuropein and hydroxytyrosol, are introduced into insect-rearing
substrates. Insects, enriched with these bioactive molecules, serve as functional feed ingredients for
poultry and aquaculture species, closing the loop by subsequently using their manure and frass for biogas
production. This approach exemplifies a circular economy model, transforming agricultural waste into
value-added resources while enhancing feed sustainability and energy recovery. The mechanistic
evaluation of olive bioactive compounds are of great importance within this cycle. Prior to in vivo validation
in poultry and fish, in vitro assays will be conducted to assess the safety and functional potential of
oleuropein, hydroxytyrosol and olive extract nanoformulations. Caco-2 intestinal epithelial cells, along with
primary intestinal epithelial cells derived from chicken and fish, will be employed to evaluate cytotoxicity,
epithelial barrier function, nutrient transport, immunomodulatory responses and antioxidant stress
responses along with potential synergistic effects of olive bioactives when combined with insect-derived
nutrients. These systems allow for detailed mechanistic insights into host-feed interactions and the
capacity of olive bioactives to improve gut health.Oleuropein, hydroxytyrosol, and related phenolic
fractions are of particular interest due to their reported antioxidant, antimicrobial, and anti-inflammatory
properties. The outcomes of these in vitro evaluations will serve as a prerequisite for designing rational in
vivo experiments in poultry and aquaculture production systems. By integrating olive by-products into
insect-based feed chains and systematically evaluating their effects in vitro before in vivo application, the
OLIWA project provides a model for sustainable nutrition that enhances animal health, optimizes resource
utilization, and contributes to the principles of circular economy. This approach not only reduces reliance
on conventional feed sources, but also enhances animal gut health and contributes to energy self-
sufficiency through biogas recovery. Ultimately, the OLIWA model aims to demonstrate how agricultural
residues can be transformed into high-value inputs for feed, food security, and environmental
sustainability. This research is supported by the EU-PRIMA program - project OLIWA- Repurposing OLlve
WAste in circular economy solutions for feeds, additives, packaging, and biogas - GA 2432, Call 2024
Section 1 Food Value Chain in Nexus. This work is also supported by COST Action CA22109, Medicinal
plants for animal health care: Translating tradition into modern veterinary medicine, supported by COST
as YRIG.

Keywords: Olive by-products, oleuropein, hydroxytyrosol, insect meals, in vitro assays, cell culture.
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Molecular Mechanisms of Pesticide Sensitivity in Honey Bees (Apis mellifera L.)
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Beekeeping holds significant economic and ecological importance both globally and in
Tirkiye. In addition to producing high-value products such as honey, pollen, propolis,
beeswax, and royal jelly, bees contribute to increased seed and fruit yields by facilitating
plant pollination. Owing to its rich flora and the high genetic diversity of its bee fauna, Tiirkiye
ranks among the leading countries in apiculture. While foraging for nectar, pollen, water, and
propolis essential for colony survival, honey bees are exposed to both natural and synthetic
toxins in the environment. Although natural toxins are generally tolerated, synthetic
pesticides can exert severe adverse effects on bees. In particular, the direct application of
chemicals within hives for the control of Varroa destructor results in unavoidable exposure
for honey bees. This constant exposure has driven the evolution of advanced detoxification
mechanisms, enabling bees to transform these compounds into less toxic forms and
eliminate them from their bodies, thereby ensuring survival. Insects exhibit insecticide
tolerance through four primary mechanisms: detoxification enzymes, target-site mutations,
cuticular barriers, and microbiome-mediated effects. Metabolic detoxification represents a
defense strategy relying on enzymatic systems that neutralize pesticides and environmental
toxins and facilitate their excretion. Main enzyme groups involved in this process include
cytochrome P450 monooxygenases, glutathione S-transferases, and esterases. Target-site
mutations, on the other hand, reduce toxicity by preventing the binding of toxic compounds
to their respective receptors. The cuticle serves as a barrier that limits insecticide
penetration, while the microbiota has also been reported to possess the capacity to detoxify
such compounds. This presentation will provide a detailed examination of the molecular
mechanisms underlying insecticide tolerance in honey bees. Understanding the causes of
this selective effect may contribute to the development of host-specific control strategies
with minimal adverse impacts on bees.

Keywords: Honey bee, Toxicology, Pesticide, Detoxification.
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Bal Anlarinda (Apis Meliifera L.) Pestisit Duyarliliginin Molekiiler Mekanizmalari

Aricilik, diunya genelinde ve Tirkiye’de hem ekonomik hem de ekolojik acidan bliyuk
oneme sahip bir faaliyettir. Anlar bal, polen, propolis, balmumu ve ar siitii gibi yiiksek katma
degerli Uriinlerin dretiminin yani sira, bitkilerin tozlasmasini saglayarak tohum ve meyve
veriminde artisa katkida bulunmaktadir. Tirkiye, zengin florasi ve yiiksek genetik cesitlilige
sahip arn faunasi ile ariciik acisindan onde gelen Ulkelerden biridir. Bal arilan, koloni
yasaminin devami icin gerekli olan nektar, polen, su ve propolisi toplarken dogada dogal ve
sentetik toksinlere maruz kalmaktadir. Dogal toksinler genellikle tolere edilebilse de,
sentetik pestisitler arilar iizerinde ciddi olumsuz etkilere yol acabilmektedir. Ozellikle Varroa
destructor ile miicadelede kullanilan kimyasallarin dogrudan kovan icerisine uygulanmasi,
bal arilarinda zorunlu maruziyet durumunu ortaya cikarmaktadir. Bu silirekli maruziyet, bal
arilarinda gelismis detoksifikasyon mekanizmalarinin evrimlesmesine neden olmus ve bu
sayede arilar bu bilesikleri daha az toksik formlara doniisturerek viicutlarindan uzaklastirma
ve yasamlarini sirdirebilme yetenegi kazanmislardir. Boceklerde insektisit toleransi
detoksifikasyon enzimleri, hedef bolge mutasyonlari, kutikula bariyeri ve mikrobiyom etkKisi
olmak uzere dort temel mekanizma ile aciklanmaktadir. Metabolik detoksifikasyon,
pestisitler ve cevresel toksinlerin etkisiz hale getirilmesi ve viicuttan uzaklastirilmasi icin
gerceklesen enzimatik sistemlere dayanan bir savunma mekanizmasidir. Sitokrom P450
monooksijenazlar, glutatyon S transferazlar ve esterazlar bu mekanizmada rol oynayan
temel enzim gruplaridir. Hedef bolgelerdeki mutasyonlar, toksik bilesigin ilgili reseptére
baglanmasini engelleyerek toksikasyonu azaltmaktadir. Kitikula, insektisitlerin viicuda
girisini sinirlarken, mikrobiyotanin ise bu bilesikleri detoksifiye etme kapasitesine sahip
oldugu bildiriimektedir. Bu sunumda, bal arilarinda insektisit toleransinin altinda yatan
molekiler mekanizmalar aynntili olarak ele alinacaktir. Bu secici etkinin nedenlerinin
anlasilmasi, arnlar uzerinde yan etkisi dusik, konak spesifik micadele yontemlerinin

gelistiriimesine katki saglayacaktir.

Anahtar Kellmeler: Bal arisi, Toksikoloji, Pestisit, Detoksifikasyon.
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Model Organism in Pain Research: Zebrafish
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The zebrafish (Danio rerio) is an important model organism widely used in biological
research due to its genetic similarity to humans, transparent embryo, ease of breeding, and
low maintenance costs. lts 70% genetic similarity and 84% disease similarity to humans
make this species prominent in disease modeling, drug discovery, and toxicology studies. In
recent years, increasing evidence that nociception and pain mechanisms in fish function
similarly to those in mammals has made the zehrafish a valuable model for pain research.

Techniques used to create pain models in zebrafish include acetic acid, fin clipping,
allyl isothiocyanate, cinnamaldehyde, histamine, Freund's adjuvant, formalin test, and
temperature changes. As a result of these applications, behavioral responses such as
decreased locomotor activity, changes in swimming speed, and increased opercular beat
frequency can be observed in fish. Opioids, anesthetics, or non-steroidal anti-inflammatory
drugs are preferred to alleviate the resulting behavioral responses and prevent pain,
depending on the mechanism of action.

Advanced techniques such as behavioral tests (writhing test, locomotor activity
analysis), molecular markers (RT-PCR, Western blot, in situ hybridization), fluorescent
imaging, and optogenetics are used to detect pain. These methods contribute to the
understanding of the neurological and molecular basis of pain.

The presence of pain receptors in zebrafish that are similar to those in humans allows
this model to be used in the preclinical evaluation of new analgesics. The effective use of
zebrafish in pain studies has significant potential in terms of both animal welfare and the
development of new treatment approaches. Therefore, research on pain mechanisms and
assessment methods in zebrafish needs to be increased.

Keywords: Pain, Danio rerio, Model organism, Nociception, Zebrafish.
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Agn Calismalannda Model Canli: Zebra Balig

Zebra balig1 (Danio rerio), insan ile olan genetik benzerligi, seffaf embriyoya sahip
olmasi, kolay yetistirilebilmesi ve dlsik bakim maliyeti gibi avantajlarn sayesinde biyolojik
arastirmalarda yaygin olarak kullanilan énemli bir model organizmadir. insanlar ile %70
genetik benzerlik ve %84 hastalik benzerligine sahip olmasi, bu tiirii hastalik modellemesi,
ila¢ kesfi ve toksikoloji calismalarinda 6n plana ¢ikarir. Son yillarda, baliklarda nosisepsiyon
ve agri mekanizmalarinin memelilere benzer sekilde isledigine dair artan kanitlar, zebra

baligini agr arastirmalari icin degerli bir model haline getirmistir.

Zebra baliklarinda agrn modeli olusturmak i¢in kullanilan teknikler arasinda asetik asit,
yuzgec kirpma, alil izotiyosiyonat, sinamaldehit, histamin, Freund adjuvanti, formalin testi ve
sicaklik degisimleri yer alir. Bu uygulamalar sonucunda baliklarda; lokomotor aktivitede
azalma, ylizme hizinda degisim, operkiiler atim sayisinda artis gibi davranissal tepkiler
gozlemlenebilir. Olusan davranissal tepkilerin giderilmesi ve agrinin 6nlenmesi amaciyla etki
mekanizmalarina goére opioidler, anestezikler veya non-steroid antiinflamatuar ilaglar tercih

edilir.

Agn tespiti icin; davranis testleri (writhing testi, lokomotor aktivite analizi), molekiiler
belirtecler (RT-PCR, Western blot, yerinde hibridizasyon), floresan goruntileme ve
optogenetik gibi ileri tekniklerden yararlanilir. Bu yontemier, agrinin nérolojik ve molekiiler

temellerinin anlagiimasina katki saglamaktadir.

Zebra baliklarinda insanlara benzer agn reseptorlerinin bulunmasi, yeni analjeziklerin
on Klinik degerlendirmelerinde bu modelin kullanilmasina olanak tanir. Agn calismalarinda
zebra bahginin etkin bicimde kullanilmasi, hem hayvan refahi hem de yeni tedavi
yaklasimlarinin gelistirilmesi acisindan 6nemli bir potansiyel tasir. Bu nedenle zebra
baliklarinda agn mekanizmalarn ve degerlendirme yontemlerine yoénelik arastirmalarin

artirlmasi gerekmektedir.

Anahtar Kelimeler: Agn; Danio rerio; Model organizma; Nosisepsiyon; Zebra balig).
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Endocrine Disrupters: In Vitro and In Vivo Models
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Endocrine disruptors (EDs) are chemicals that can cause developmental, reproductive,
neurological, and immune system disorders by affecting hormonal systems. Chemicals such
as bisphenols, phthalates, dioxins, polybrominated flame retardants, pesticides, industrial
solvents, and polychlorinated biphenyls (PCBs), to which people are commonly exposed in
daily life, can have adverse effects on human, animal, and environmental health. EDs can
directly or indirectly influence processes such as the synthesis, secretion, transport, and
receptor interactions of endogenous hormones. Endocrine disruptors exert their effects
through various mechanisms, such as disrupting the function of thyroid hormone receptors,
inducing oxidative stress, causing neurological disorders, and leading to metabolic problems.
Widespread exposure to these chemicals is considered a significant risk factor for public
health. The undesirable effects of EDs are investigated using both in vivo and in vitro
methods. In vitro models primarily examine receptor and gene expression in cells, whereas
in vivo models investigate the effects of EDs on development, reproduction, and the nervous
system in animals such as mice, zebrafish, and amphibians. The data obtained from these
models enable a multidimensional understanding of the pathophysiological effects of EDs
on biological systems and facilitate realistic risk analyses for human health. Comprehensive
scientific studies are needed to better understand the long-term effects of endocrine
disruptors (EDs) on human health and ecosystems. In this presentation, the experimental in
vitro and in vivo models used to evaluate the toxicological and physiological effects of
endocrine disruptors, as well as the methods specific to these models, will be discussed in
detail.

Keywords: Experimental animal models, endocrine disruptors, endocrine system, in vitro
techniques.
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Endokrin Bozucular: In Vitro ve In Vivo Modeller

Endokrin bozucular (EB), hormonal sistemleri etkileyerek gelisimsel, ireme, nérolojik
ve bagisiklik sisteminde bozulmalara neden olabilen kimyasallardir. Bisfenoller, ftalatlar,
dioksinler, polibromlu alev geciktiriciler, pestisitler ve endustriyel solventler ve PCB
(Poliklorlu bifenil)'ler gibi kimyasallar, glinluk yasamda yaygin olarak maruz kalinan
maddeler, insan, hayvan ve cevre saghgl lzerinde olumsuz etkiler olusturabilmektedir.
EB’ler, endojen hormonlarin sentez, salgilanma, tasinma ve reseptorlerle etkilesimi gibi
siirecleri dogrudan veya dolayl olarak etkileyebilir. Endokrin bozucular; tiroid hormon
reseptorlerinin isleyisini bozma, oksidatif stres, norolojik bozukluklar ve metabolik sorunlar
gibi farkl mekanizmalarla etki gosterirler. Bu kimyasallara yaygin sekilde maruz kalinmasi,
toplum saghg acisindan 6nemli bir risk faktorii olarak degerlendiriimektedir. EB'lerin
istenmeyen etkileri in vivo ve in vitro yontemlerle incelenmektedir. In vitro modellerde, daha
cok hiicrelerdeki reseptor ve gen ifadesi incelenirken; In vivo modellerde ise fare, zebra balig
ve amfibiler gibi hayvanlarda gelisim, iireme ve sinir sistemi uzerindeki etkiler
arastirimaktadir. Bu modeller araciliglyla elde edilen veriler, EB’lerin biyolojik sistemler
uzerindeki patofizyolojik etkilerinin cok boyutlu olarak anlasiimasina ve insan saghgl
acisindan gercekci risk analizlerinin yapilmasina olanak tanimaktadir. Endokrin bozucularin
(EB’lerin) insan saghg ve ekosistemler Uzerindeki uzun vadeli etkilerinin daha iyi
anlasilabilmesi icin kapsaml bilimsel calismalara ihtiyac duyulmaktadir. Bu sunumda
endokrin bozucularin toksikolojik ve fizyolojik etkilerinin degeriendirilmesinde kullanilan in
vitro ve in vivo deneysel modeller ile bu modellere 6zgu yontemler aynntil olarak ele

alinacaktir.

Anahtar Kelimeler: Deneysel hayvan modelleri, endokrin bozucular, endokrin system, in vitro

teknikler.
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Zebrafish (Danio rerio) are increasingly being used as a complementary experimental
animal model in various stages of drug discovery and development, from disease modeling
and target validation to drug safety, toxicology, and target screening. They are highly
preferred by researchers due to their similarity to humans in morphological, molecular,
genetic, and pathological characteristics. Other advantages of zebrafish include their small
size, easy and inexpensive care, a large genetic database, the absence of ethical restrictions
in embryo testing, the optically clear appearance of embryos and larvae, which allows for
high-throughput imaging-based phenotypic screening, and their high reproductive capacity.

The selectivity and efficacy of new drug molecules should be evaluated using different
in vitro and in vivo approaches, especially in the preclinical phase. The robustness and
precision of preclinical findings play a crucial role in the targeted conduct of clinical trials. To
this end, during the drug discovery process, many drugs are examined for their ADME
(absorption, distribution, metabolism, and excretion) properties using both in vitro and in vivo
resources. Physiologically Based Pharmacokinetic Modeling (BPM), a frequently used
pharmacokinetic model in modern drug discovery and development, is defined as
mathematical modeling based on physiology. It combines information about a drug with
independent prior knowledge of its physiology and biology at the organismal level to generate
mechanistic representations of the drug, generating drug concentration-time profiles.
Overall, zebrafish models provide an innovative bridge between in vitro systems and
mammalian studies, accelerating drug development while also improving safety, cost-
effectiveness, and translational relevance.

Keywords: Zebrafish, drug discovery, pharmacokinetics, PBPK modelling, ADME.
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lla¢ Kesfl ve Gelistirlimesinde Flzyolojik Temelll

Farmakokinetik Calismalar: Zebra Baligi (Danlo rerio) Modell

Zebra baligi (Danio rerio), hastalik modelleme ve hedef dogrulamadan ilac gilivenligi,
toksikoloji ve hedef taramalarina kadar ila¢ kesfi ve gelistirmenin cesitli asamalarinda
tamamlayici deney hayvani modeli olarak giderek daha fazla kullaniimaktadir. Morfolojik,
molekiiler, genetik ve patolojik ozellikler acisindan insanlara benzerliklerinden dolayi
arastirmacilar tarafindan cokca tercih edilmektedir. Kiigik boyutlan, kolay ve ucuz
bakimlari, genis bir genetik veri tabanina sahip olusu, embriyo testlerinde etik sinirlamasinin
olmayisi, embriyolarin ve larvalarinin yiiksek verimli gorlintiileme tabanli fenotipik taramaya
izin veren optik olarak seffaf gorunume sahip olmasi ve lireme kapasitesinin yuksek olmasi

gibi sebepler zebra baliklarinin diger kullanim avantajlari arasindadir.

Yeni ila¢c molekiillerin seciciliginin ve etkinliginin 6zellikle klinik 6ncesi donemde farkli
in vitro ve in vivo yaklasimlar ile degerlendiriimesini gerekmektedir. Klinik 6ncesi elde edilen
bulgularin giiclii ve kesin olmasi, klinik calismalarin hedef dogrultusunda yiiriitilmesinde
onemli bir rol oynamaktadir. Bu amacla ilac kesif suirecinde, bircok ilac hem in vitro hem de
in vivo kaynaklar kullanilarak ADME (emilim, dagihm, metabolizm, atiim) ozellikleri
acisindan incelenmektedir. Modern ilac kesif ve gelistirilimesinde sikhkla kullanilan
farmakokinetik modellemelerden biri fizyolojiye dayali matematiksel modelleme olarak
tanimlanan Fizyolojik Temelli Farmakokinetik Modellemedir. Bu ilacin mekanik bir temsilini
elde etmek icin organizma diizeyindeki fizyoloji ve biyolojiye iliskin bagimsiz énceki bilgilerle
ilac hakkindaki bilgileri birlestirerek, ilac konsantrasyon-zaman profillerini olusturmaktadir.
Genel olarak zebra balig modelleri, in vitro sistemler ile memeli calismalan arasinda
yenilikgi bir kopri olusturarak ilag gelistirmeyi hizlandirirken giivenilirligi, maliyet etkinligini

ve translasyonel uygunlugu da artirmaktadir.

Anahtar Kelimeler: Zebra baligy, ilac kesfi, farmakokinetik, PBPK modellemesi, ADME.
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Nitroimidazoles are a group of drugs that are highly active against anaerobic bacteria
and against pathogens of protozoal infections. Their residues in animal products exhibit
mutagenic and carcinogenic effects on humans. In this study, it was aimed to analyze the
presence of residues of nitroimidazole group drugs in raw cow milk samples consumed in
Ankara province with method validation for the determination of nitroimidazole and its
metabolites by liquid-chromatography tandem mass spectrometry (LC/MS/MS) and to
determine the possible residue risk status for both animal health and consumers with the
findings obtained. Pretreatments with ethyl acetate and n-hexane were performed to extract
compounds from the milk samples before analysis. In the final step, the samples were
treated with a methanol-water mixture and injected into the LC/MS/MS system. Analytes
were separated on a C18 column and mobile phase treatment with acetonitrile and formic
acid in water. In the study, it was determined that the recoveries of nitroimidazole
compounds were between 100.5-101.7, detection and measurement limits were between
2.22-2.37 ug/L and 2.66-3.12 pg/L, respectively, and CC4 and CCg values were between
2.21-2.34 pg/L and 2.35-2.58 pg/L, respectively. In addition, 60 raw cow milk samples
collected from Ankara province were analyzed for the presence of nitroimidazole residues by
LC/MS/MS, and it was determined that the samples did not contain nitroimidazole residues
as a result of the data obtained. As a result, it was observed that the method used for the
determination of nitroimidazoles gave sensitive and accurate results, and that the raw milk
offered for consumption did not pose did not pose a health risk in terms of nitroimidazoles.

Keywords: Residue, LC/MS/MS, nitroimidazole, milk.
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Ankara ill Gevresinde Tiiketime Sunulan CIg Siitlerde Nitroimidazol Grubu ila¢ Kalinti
Varliginin LC/MS/MS ile Aragtinimasi

Nitroimidazoller anaerobik bakterilere ve protozoal enfeksiyonlarin patojenlerine karsi
oldukca aktif olan bir ilac grubudur. Bunlann hayvansal lrunlerindeki kalintilari insanlar
tzerinde mutajenik ve kanserojenik etkiler sergiler. Bu calismada, nitroimidazol ve
metabolitlerinin sivi  kromatografi-tandem kiitle spektrometrisi (LC/MS/MS) ile
belirlenmesine yénelik metot validasyonu ile birlikte Ankara ilinde tiilketime sunulan ¢ig inek
siti orneklerinde nitroimidazol grubu ilaclarin kalinti varhginin analiz edilmesi ve elde edilen
bulgular ile hayvan saghigl ve tiiketiciler icin olasi kalinti risk durumunun belirlenmesi
amaclanmistir. Analiz dncesi sut orneklerinden bilesiklerin eldesi icin etilasetat ve n-hekzan
ile on islemler gerceklestirildi ve son kisimda ornekler metanol-su karisimi ile muamele
edilerek LC/MS/MS’ye enjeksiyon islemi yapildi. Analitlerin ayriimasinda C18 kolon ve
asetonitril-suda formik asitli mobil faz islemi yapildi. Calismada, nitroimidazol bilesiklerinin
geri kazanimlannin 100,5-101,7 arasinda, tespit ve dl¢iim limitlerinin sirasiyla 2,22-2,37
ug/L ve 2,66-3,12 ng/L, CCq ve CCp degerlerinin sirasiyla 2,21-2,34 ug/L ve 2,35-2,58 pg/L
arasinda oldugu tespit edildi. Ayrica, calisma kapsaminda Ankara ilinden toplanan 60 adet
cig inek siit 6rnegi LC/MS/MS ile nitroimidazol kalinti varligi yoniinden analiz edildi ve elde
edilen veriler neticesinde orneklerin nitroimidazol kalintisi icermedigi belirlendi. Sonug¢
olarak, nitroimidazollerin belirlenmesi icin kullanilan yontemin hassas ve dogru sonug¢
verdigi, nitroimidazoller acisindan tiketime sunulan cig sitlerin saglik icin bir risk

olusturmadig) goriildii.
Anahtar kelimeler: Kalinti, LC/MS/MS, nitroimidazole, sit.
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Bisphenols (BPA, BPF, BPS) are chemical compounds derived from diphenylmethane,
where two phenol rings are linked by a bridging atom. They are widely used in industry. They
are widely used as antioxidants or monomers in the production of polycarbonate plastics,
epoxy resins, and PVC. They are also exposed to pets through food, water, toys, and medical
equipment. BPA's endocrine-disrupting chemical (EDC) properties are well-established and
have been shown to negatively affect reproductive development in the fetal and neonatal
period. BPF and BPS, produced as alternatives after the BPA ban, have been reported to
exhibit similar structural properties and toxic effects, and in some cases, are more persistent
and prone to bioaccumulation than BPA. Metabolically, BPA is well absorbed orally and
detoxified in the liver through glucuronidation and sulfation, while BPS has been found to
have a longer half-life and higher dermal penetration. Even at toxicologically low doses, it
binds to nuclear receptors, causing multiple disruptions in the reproductive, thyroid,
metabolic, neurological, and cardiovascular systems. Studies in domestic animals and
humans have demonstrated an association with obesity, insulin resistance, decreased
fertility, impaired sperm quality, fetal developmental abnormalities, neurodevelopmental
disorders, and hormone receptor signaling disorders. Findings of veterinary importance
indicate that bisphenols can also cause reproductive disorders, offspring developmental
abnormalities, and neurotoxic effects in animal populations. Therefore, reducing bisphenol
exposure, using alternative safe materials, and expanding biomonitoring methods in
veterinary field studies are recommended.

Keywords: Bisphenol A, BPF, BPS, endocrine disruptor, veterinary toxicology, reproductive

toxicity.
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Bisfenol A ve Analoglarnin Veteriner Tokslkositesl

Bisfenoller (BPA, BPF, BPS), endiistride genis kullanim alanina sahip, iki fenol
halkasinin koprii atomu ile baglandigl difenilmetan tirevi kimyasal bilesiklerdir.
Polikarbonat plastik, epoksi recine ve PVC uretiminde antioksidan veya monomer olarak
yaygin bicimde kullanilmakta olup, evcil hayvanlarda gida, su, oyuncak ve tibbi ekipman
yoluyla maruziyet soz konusudur. BPA'nin endokrin bozucu kimyasal (EDC) ozellikleri iyi
tanimlanmis, fetal ve neonatal donemde Ureme sistemi gelisimini olumsuz etkiledigi
gosterilmistir. BPA yasagi sonrasi alternatif olarak uretilen BPF ve BPS'nin de benzer yapisal
ozellikler ve toksik etkiler sergiledigi, bazi durumlarda BPA'dan daha direncli ve biyobirikime
yatkin oldugu rapor edilmistir. Metabolik olarak, BPA agiz yoluyla iyi absorbe edilip
karacigerde glukuronidasyon ve siilfatlama yoluyla detoksifiye edilirken, BPS'nin yan émri
daha uzun ve dermal penetrasyonu daha yilksek bulunmustur. Toksikolojik agidan disik
dozlarda dahi niikleer reseptorlere baglanarak iireme, tiroid, metabolik, nérolojik ve
kardiyovaskiiler sistemler lizerinde ¢ok yonlii bozuimalara yol agmaktadir. Evcil hayvan ve
insan calismalarinda obezite, insilin direnci, fertilite azalmasi, sperm kalitesinde bozulma,
fetal gelisim anomalileri, nérogelisimsel bozukluklar ve hormon reseptér sinyal bozukluklari
ile iliskisi ortaya konmustur. Veteriner hekimlik acisindan énem arz eden bulgular,
bisfenollerin hayvan popiilasyonlarinda da tireme bozukluklari, yavru gelisim anomalileri ve
norotoksik etkiler yaratabilecegini gostermektedir. Ayrica, hayvanlarda biyolojik birikimin
olusmasina neden olan bisfenoller, hayvanlardan elde edilen gida triinlerinin de maruziyetini
artirmaktadir. Bu nedenle, bisfenollerin maruziyetinin azaltilmasi icin alternatif guvenli
materyaller kullaniilmali ve veteriner saha calismalarinda biyoizleme yontemlerinin

yayginlastiriimasi onerilmektedir.
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The evolving paradigm of toxicology has shifted from observing adverse effects at the
level of whole organisms to evaluating cellular-level biological responses through rapid,
sensitive, and ethically alighed methods. In this context, the zebrafish (Danio rerio) has
emerged not only as a model organism in vivo but also as a valuable biological source for
cell-based analyses in aquatic toxicology. Reflecting the growing scientific interest since the
1990s, over 6,000 publications were indexed in 2023 alone using the keywords “zebrafish”
and “toxicology,” highlighting the model’s expanding significance in biomedical research. In
this framework, primary cell culture systems derived from embryonic and adult zebrafish
tissues have gained traction in toxicity assessment. These systems support the ethical
principles of the 3Rs (Replacement, Reduction, Refinement) by reducing reliance on animal
testing while enabling simultaneous and quantitative analysis of multiple biological
endpoints, including cell viability, gene expression, oxidative stress, and DNA damage.
Reporter gene systems linked to pathway-specific response elements (e.g., AHR, Nrf2, ER)
allow for precise tracking of cellular responses and offer insight into the causal mechanisms
of chemical toxicity. Applications of zebrafish primary cultures span key domains such as
hepatotoxicity (using metabolically active liver cells), gill permeability (measuring uptake
kinetics), and neurotoxicity (assessing phenotypic disruption in neuronal cells). Literature
indicates a progressive transition from 2D monolayer cultures to more physiologically
relevant 3D spheroid models. These advances are further supported by high-content imaging
and integration with multi-omics approaches. Additionally, improvements in parameters
such as medium composition, surface coatings, and cell density have strengthened the inter-
laboratory standardization potential of these systems. This poster aims to provide a
comprehensive overview of the role and advantages of zebrafish-derived primary cells in
experimental toxicity testing. It also introduces protocol structures, transfection techniques,
and application areas supported by recent literature, offering a conceptual and visual
resource particularly suited for doctoral-level research in toxicology and pharmacology.
Keywords: Aquatic toxicology; in vitro toxicity; primer cell line, spheroid models, 3R.
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Zebra Baligi Temelli In Vitro Sistemler

Gelisen toksikoloji yaklasimi, canl organizmalarin tamaminda gézlem yapmaktan ote;
hiicre diizeyinde biyolojik yanitlari hizli, hassas ve etik yontemlerle degerlendirebilecek
sistemlere yonelmektedir. Bu donilisiim, akuatik toksikolojide zebra baligini (Danio rerio)
yalnizca bir model organizma olarak degil, ayni zamanda hiicre temelli analizlerde kullanilan
biyolojik bir kaynak olarak da 6n plana cikarmistir. 1990’h yillardan bu yana artan arastirma
ilgisiyle birlikte, yalnizca 2023 yilinda zebra baligi ve toksikoloji anahtar sozciikleriyle
taranan akademik yayin sayisinin 6000’i asmasi, bu modelin bilimsel alandaki yerini acikca
ortaya koymaktadir. Bu baglamda zebra baligindan elde edilen embriyonik ve eriskin
dokulara 6zgi primer hiicre kiiltiir sistemleri, toksisite degerlendirmelerinde giderek daha
fazla kullanilmaktadir. Bu hiicre sistemleri, hayvan deneylerini azaltarak 3R ilkeleri
(Replacement, Reduction, Refinement) ile uyum saglamakta; ayni zamanda canlilik, gen
ekspresyonu, oksidatif stres, DNA hasar gibi coklu biyolojik parametrenin es zamanh ve
kantitatif olarak analizine imkan tamimaktadir. Ozellikle AHR, Nrf2 ve ER gibi yanit
elemanlarina bagh raporlayici gen sistemleri ile hedef biyolojik yollar takip edilebilmekte;
boylece kimyasallarin hiicre i¢i etkileri nedensel baglamda degerlendirilebilmektedir. Primer
kiltarlerin kullanim alanlan arasinda one c¢ikan uygulamalar; hepatotoksisite (karaciger
hiicrelerinde metabolik aktiviteye duyarl testler), solungac gecirgenligi (madde alim kinetigi)
ve norotoksisite (noronal hiicrelerde fenotipik bozulma) yer almaktadir. Literatiirde, bu
kiltirlerin 2B sistemlerden 3B sferoid modellere dogru evrildigi; ayni zamanda yiiksek
icerikli goriintileme ve coklu omik yaklasimlarla desteklenerek daha islevsel hale geldigi
raporlanmaktadir. Ayrica kiltiir ortami secimi, kaplama materyalleri ve hiicre yogunlugu gibi
teknik parametrelerde saglanan optimizasyonlar, sistemin laboratuvarlar arasi
standardizasyon potansiyelini guclendirmektedir.

Bu poster calismasi, zebra baligi primer hiicrelerinin deneysel toksisite testlerindeki
yerini ve avantajlarini butiincul bir yaklasimla 6zetlemeyi; ayni zamanda protokol yapilarina,
transfeksiyon tekniklerine ve literatiir destekli uygulama alanlarina yer vererek, ozellikle
doktora duzeyindeki arastirmacilar icin gorsel ve kavramsal bir kaynak sunmayi
amaclamaktadir.

Anahtar Kelimeler: Akuatik toksikoloji, in vitro toksisite; primer hiicre kultird, sferoid
modeller; 3R ilkeleri.

191



POSTER PRESENTATION / POSTER SUNUM

Pharmacokinetics and Oral Bioavailability of Ampicillin
and Bacampiclllin in Chickens and Turkeys

Kerem Guzelaydint* Yigit Gunes 2 Ceren Anlas? Murat Ylidirim2

1Istanbul University-Cerrahpasa, Institute of Graduate Studies, Istanbul, TURKIYE
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*Correspound Author: guzelaydinkerem@gmail.com

This study aimed to compare the pharmacokinetics of ampicillin (AMP) and its prodrug
bacampicillin (BAC) in poultry. Chickens and Turkeys were administered a single 25 mg/kg
dose of intravenous (i.v.) AMP, oral AMP, and oral BAC. A total of 30 animals from both
species were divided into three groups (n = 10). Blood samples were collected from the
subcutaneous ulnar vein at designated time points between 0 and 12 hours after
administration. Plasma AMP and BAC concentrations were analyzed by high-performance
liquid chromatography (HPLC) with a fluorescence detector, and data were evaluated using
non-compartmental pharmacokinetic methods.

The area under the curve from 0 to 12 h, apparent total systemic, the apparent volume
of distribution, and mean residence time differed significantly according to the
administration routes. The terminal elimination half-life values for the i.v. AMP, oral AMP,
and oral BAC routes were 1.81, 3.64, and 5.39 h (P=0.0249, P<0.05), respectively, in
chickens, and 2.44, 2,53, and 5.5 h (P<0.0001), respectively, in Turkeys. The bioavailability
for the oral AMP and oral BAC groups in chickens was 25.9% and 44.6%, respectively.
Similarly, in Turkeys, the bioavailability was 19.1% and 44.2% for the oral AMP and oral BAC
groups, respectively.

In conclusion, the oral bioavailability of BAC is significantly higher than that of AMP.
Therefore, BAC is considered preferable for the treatment of many infections caused by both
gram-positive and gram-negative microorganisms in poultry. However, further studies are
needed to determine the clinical efficacy of BAC in bacterial infections and its
pharmacokinetics and safety in repeated doses.

Keywords: Bioavailability, Pharmacokinetics, Ampicillin, Prodrug, Poultry.
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Tavuk ve Hindilerde Ampisilin lle Bakampisilinin Farmakokinetigl ve Oral Blyoyararlanimi

Bu calisma, kiimes hayvanlarinda ampisilin (AMP) ve on ilaci bakampisilinin (BAK)
farmakokinetik o6zelliklerini karsilastirmayr amaclamistir. Tavuk ve hindilere 25 mg/kg tek
doz intravenoz (i.v.) AMP, oral AMP ve oral BAK uygulanmistir. Her iki tiirde toplam 30 hayvan
uc gruba (n = 10) aynlmistir. Kan érnekleri, subkutan ulnhar venden, uygulamadan sonraki O-
12 saat araliginda belirlenmis zaman noktalarinda toplanmistir. Plazma AMP ve BAK
konsantrasyonlan floresan dedektorlii yiiksek performansh sivi kromatografisi (HPLC) ile
analiz edildikten sonra veriler non-kompartmental farmakokinetik yontemlerle

degerlendirilmistir.

Egri altinda kalan alan (AUC,.,3), toplam klirens, dagihm hacmi ve ortalama kalis
suresi uygulama yoluna gore anlamh farkhlik géstermistir (P<0,05). Tavuklarda terminal
eliminasyon yari o6mru i.v. AMP icin 1,81, oral AMP icin 3,64, oral BAK icin 5,39 saat
(P=0,0249, P<0,05) olarak bulunmustur. Hindilerde ise bu degerler sirasiyla 2,44, 2,53 ve
5,50 saat olup fark istatistiksel olarak anlamlidir (P<0,0001). Biyoyararlanim tavuklarda oral
AMP icin %25,9, oral BAK icin %44,6; hindilerde ise oral AMP igin %19,1 ve oral BAK i¢in
%44,2 olarak belirlenmistir.

Sonuc olarak, BAK'In oral biyoyararlaniminin AMP’ye kiyasla belirgin sekilde daha
yiiksek oldugu goriilmektedir. Bu nedenle, BAK'In da kiimes hayvanlarinda hem gram pozitif
hem gram negatif mikroorganizmalarin neden oldugu bircok enfeksiyonun tedavisinde tercih
edilebilecegi diisiiniilmektedir. Bununla birlikte, BAK'In bakteriyel enfeksiyonlardaki klinik
etkinligi ile tekrarlayan doz uygulamalarindaki farmakokinetigi ve giivenligi konusunda

kapsaml calismalara ihtiyac vardir.

Anahtar Kelimeler: Biyoyararlanim, farmakokinetik, ampisilin, 6n ilac, kanatli.
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Overview of Immunomodulators in Veterinary Medicine

Nur¢in YILMAZ* Yigit GUNES Ceren ANLAS
Oya USTUNER Tiilay BAKIREL

Istanbul University-Cerrahpasa, Faculty of Veterinary Medicine, Department of
Pharmacology and Toxicology, Istanbul, TURKIYE

*Correspound Author: nurcin.yilmaz@iuc.edu.tr

Immunomodulators are substances that exert stimulatory or suppressive effects on
the immune system, regulating the responses of this complex system. These substances can
be divided into two main groups: immunostimulators, which strengthen the immune system
weakened by pathologies such as chronic inflammation, infection, and cancer, and
immunosuppressives, which suppress uncontrolled or harmful immune responses.
Immunoadjuvants, which enhance antigen presentation and adaptive immune responses
when used in conjunction with vaccines, can also be included in this classification.
Immunomodulators can be classified not only according to their clinical effects but also
based on their mechanism of action and source-based axes. For example, some
immunomodulatory agents enhance innate (nonspecific) immunity, while others target
adaptive (specific) immunity. While pathogen-specific immunomodulators, including
vaccines and antibody reagents, are used in specific situations such as preventing acute
infections, nonspecific immunomodulators are frequently used in the veterinary field for the
treatment and prophylaxis of various diseases. Based on their sources, immunomodulators
can be divided into three main groups: (i) biologically derived immunomodulators, which are
naturally produced by the organism or obtained through recombinant/biotechnological
methods (including cytokines such as interferon and interleukin); (ii) pharmacologically
synthesized synthetic immunomodulators (steroid and nonsteroidal anti-inflammatories,
antibiotics, etc.); and (iii) natural immunomodulators of plant, animal, fungal, and
microorganism origin. This multi-axis classification supports the fact that
immunomodulators can be obtained from various sources and can induce targeted
responses. In veterinary medicine, immunomodulators are used as an alternative or
complement to conventional methods in combating various infectious diseases, managing
autoimmune and allergic diseases, cancer therapy, and improving vaccination practices.
However, currently, research on species-specific controlled immunomodulation in the
veterinary field remains more limited compared to human medicine. However, the volume
of studies on immunomodulation in the veterinary field is steadily increasing and is
anticipated to continue to be a dynamic field of research. In this context, our planned study
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aims to provide a general overview of immunomodulatory agents used in veterinary
therapeutics.

Keywords: Immunomodulator, immune response, immune system, veterinary therapy,
veterinary pharmacology.

Veteriner Sagaltimda immiinomodiilatérlere Genel Bakisg

immiinomodilatérler, bagisiklik sistemi lizerinde stimiile edici veya baskilayici etkiler
gostererek bu kompleks sistemin yanitlarini regiile eden maddelerdir. Bu maddeler, baslica
kronik enflamasyon, enfeksiyon ve kanser gibi patolojiler nedeniyle zayiflamis bagisiklik
sistemini giiclendiren immiinostimiilatorler ile kontrolsiiz veya zararl bagisiklik tepkilerini
baskilayan immunosupresifler olmak tzere iki ana gruba ayrilabilir. Ayrica, asilarla birlikte
kullanildiginda antijen sunumunu ve adaptif immiin yaniti kuvvetlendiren immiinoadjuvanlar
da bu siniflandirmaya dahil edilebilir. iImmiinomodiilatérlerin siniflandinimasi sadece klinik
etkilerine gore degil etki mekanizmalan ve kaynak temelli eksenlere gore de
yapilabilmektedir. Ornegin, bazi immiinomodiilatoér ajanlar dogal (nonspesifik) immiiniteyi
guclendirirken, bazilan ise adaptif (spesifik) immuniteyi hedef almaktadir. Asilar ve antikor
reaktiflerini iceren patojen spesifik immiinomodilatérler akut enfeksiyonlari 6nlemek gibi
o0zel durumlarda kullaniirken, nonspesifik immunomodulatorler cesitli hastaliklarn
sagaltimi ve profilaksisi amaciyla veteriner alanda oldukca sik kullaniimaktadir.
Kaynaklarina gore ise, (i) organizmanin dogal olarak Urettigi veya
rekombinant/biyoteknolojik yontemlerle eide edilebilen (interferon, interlokin gibi
sitokinlerin yer aldigl) biyolojik kokenli imminomodulatérler, (ii) farmakolojik olarak
sentezlenmis sentetik immiinomodulatoérler (steroid ve nonsteroid antiinflamatuvarlar,
antibiyotikler vb.) ve (iii) bitki, hayvan, mantar ve mikroorganizma kokenli dogal
immunomodilatorler olmak uzere U¢ ana gruba ayirmak mumkundir. Tum bu ¢ok eksenli
siniflandirma, immuinomodilatérlerin cesitli kaynaklardan elde edilebilecegini ve hedefe
yonelik yanitlar olusturabilecegini desteklemektedir. Veteriner  sagaltimda
immunomodaulatorler cesitli enfeksiyoz hastaliklarla micadelede, otoimmiun ve alerjik
hastaliklarin yonetiminde, kanser terapisinde ve asilama uygulamalarinin iyilestirilmesinde
konvansiyonel yontemlere alternatif veya tamamlayici olarak kullaniimaktadir. Bununla
birlikte, gunumuzde beseri tibba kiyasla veteriner alanda ture 0zgu kontrolli
immiinomodiilasyon arastirmalan daha kisith kalmaktadir. Ancak, veteriner alana yonelik
immunomodiilasyon konusundaki c¢alismalarin hacmi de dizenli olarak artmakta ve
dinamik bir arastirma sahasi o6zelligini korumaya devam edecegi ongoriilmektedir. Bu
dogrultuda yapilmasi planlanan calismamizda veteriner terapotikte kullanimi olan
immunomodulator ajanlara yonelik genel bir bakis acisi sunulmasi amaclanmaktadir.
Anahtar Kellmeler: immiinomodiilatér, immiin yanit, bagisiklik sistemi, veteriner sagaltim,
veteriner farmakoloji.
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Pharmacological Management of a Behavioral Disorder
In a Cat Using Paroxetine, Trazodone, and Buspirone

Aleyna PATIR

Ankara University, Graduate School of Health Sciences, Veterinary Pharmacology and
Toxicology, Ankara, TURKIYE

Correspound Author: aleyna.patr@gmail.com

Behavioral problems in cats are frequently observed as a result of trauma, stress,
environmental changes, or various diseases. This poster presents the pharmacological
management of aggression developed in a cat following trauma. The study subject was a 5-
year-old neutered male mixed-breed cat with a history of sudden-onset aggression. A detailed
examination was performed to rule out medical causes, and the cat was diagnosed with post-
traumatic stress disorder-related aggression. Treatment was initiated with paroxetine and
trazodone. Paroxetine was initiated at 1 mg/kg PO q24h, and trazodone at 50 mg/cat PO
q24h, resulting in decreased activity and calming from the first day. However, due to
progressively increasing ataxia and decreased responsiveness to the environment, trazodone
was discontinued after 6 days. Paroxetine was used alone for 30 days, but anxiety and
aggression persisted. Therefore, buspirone was added to the treatment at a dose of 0.5
mg/kg PO q24, and a marked reduction in anxiety was noted after 2 days. The cat appeared
more confident, social, and affectionate. Buspirone was continued for 100 days until
symptoms of fear and anxiety resolved. Following clinical improvement, treatment was
continued with paroxetine alone. Paroxetine resulted in a stable long-term improvement in
the cat’'s overall behavior. By the end of the seventh month, the cat’'s behavior had returned
to its pre-trauma state. Sudden behavioral changes following traumatic events may manifest
with signs of aggression and anxiety. The management of behavioral disorders can be
achieved through the use of pharmacological agents. In conclusion, a significant clinical
improvement was achieved in the cat with the combined and sequential use of paroxetine
and buspirone. The potential sedative effect of trazodone often leads to its use being limited
to short-term or single-event situations. In this case, the duration of use was limited due to
the pronounced sedation. The treatment of behavior disorders with psychological origins is
generally long-term; we believe that the effective management of behavioral problems seen
in cats can be achieved by using appropriate pharmacological agents, tailored according to
individual responses and closely monitored.

Keywords: Buspirone, Behavior disorder, Paroxetine, Trazodone.
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Bir Kedide Davranig Bozuklugunun Paroksetin,
Trazodon ve Buspiron lle Farmakolojik Yénetimi

Davranis problemleri travma, stres, cevresel degisiklikler veya cesitli hastaliklar
sonucunda kedilerde siklikla gorilmektedir. Bu poster sunumunda bir kedide travma sonrasi
gelisen saldirganhgin farmakolojik ajanlar kullanilarak sagaltimi bildiriimektedir. Calisma
materyalini ani baslayan saldirganlik éykusii ile 5 yasinda kisirlastiriimis erkek melez kedi
olusturdu. Detayll muayene yapilarak medikal sebepler dislandi ve hastaya travma sonrasi
stres bozukluguna bagh saldirganlik tanisi konuldu. Tedaviye paroksetin ve trazodon ile
baslandi. Paroksetin, 1 mg/kg PO q24h, trazodon 50 mg/kedi PO q24h dozunda baslandi
ve ilk glinden itibaren hareketlerde yavasiama, sakinlesme goriildii. Ancak ilerleyen glinlerde
giderek artan ataksi ve cevreye duyarsizlik sebebiyle 6 giin sonra trazodon kullanimina son
verildi. Otuz giin boyunca paroksetin tek basina kullanildi ve anksiyete ile agresyonun devam
ettigi goruldi. Bu sebeple tedaviye buspiron 0,5 mg/kg PO q24 dozunda eklendi ve 2 giin
sonra hastanin anksiyetesinde belirgin azalma goérildi. Daha 6zgiivenli oldugu, sosyal ve
sevecen oldugu goriildii. Buspiron kayg), korku semptomlan gerileyene kadar 100 giin
boyunca kullanildi. Klinik iyilesme sonrasi paroksetin ile tedaviye tek basina devam edildi.
Paroksetin uzun vadede kedinin genel davranislarinda istikrarh bir iyilesmeye neden oldu. 7.
ay sonunda ise kedinin davranislarinin travma oncesi diizeye dondigii goraldi. Travmatik
olaylar sonrasi gelisen ani davranis degisiklikleri saldirganhk ve anksiyete belirtileriyle
kendini gosterebilmektedir. Davranis bozukluklarinin yonetiminde, farmakolojik ajanlarin
kullanilimasiyla sagaltim miimkiindiir. Sonu¢ olarak, paroksetin ve buspironun kombine ve
ardisik kullanimiyla kedide anlamli bir klinik diizelme saglanmistir. Trazodonun olasi sedatif
etkisi, ilacin genellikle kisa sireli veya tek seferlik durumlarda tercih edilmesine yol
acmaktadir. Bu olguda da sedasyonun belirginlesmesi nedeniyle kullanim siresi sinirh
tutulmustur. Psikolojik kokenli davranis bozukluklarinin tedavisi genellikle uzun solukludur;
uygun farmakolojik ajanlarin kullaniminin, bireysel yanitlara goére sekillendirilip yakindan
takip edilmesiyle kedilerde gorilen davranis problemlerinin etkin bir sekilde

yonetilebilecegini diisiinmekteyiz.

Anahtar Kelimeler: Buspiron, Davranis bozuklugu, Paroksetin, Trazodon.
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Blologlcal Significance and Potentlal Pharmacological Effects of Uteroverdin
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Natural biopigments are compounds synthesized by living organisms that, in addition to
their color-giving propetrties, often exhibit various biological activities. Among these pigments,
biliverdin and its derivatives attract attention due to their linear tetrapyrrole structures formed
as a result of heme catabolism. Biliverdin is a biological intermediate primarily formed during
the breakdown of heme in vertebrates, which is subsequently reduced to bilirubin. However, in
some invertebrate species and under specific conditions, biliverdin derivatives can accumulate
and cause distinct coloration in tissues and secretions. One such derivative, thought to be
uteroverdin, is a green-toned pigment identified in egg membranes and placental tissues of
reptiles, birds, and some marine animals. The presence of uteroverdin is of scientific interest due
to its antioxidant properties, potential roles in iron metabolism, and possible functions in
microbial defense. Recent studies on the pharmacological effects of natural pigments have
shown that these compounds may possess antimicrobial, antioxidant, anticancer, and
immunomodulatory properties. This has led to increasing interest in natural product-based
agents as alternatives to traditional antibiotics and chemotherapeutics. In particular, the global
rise in antimicrobial resistance and the side effects associated with current chemotherapy drugs
have made the discovery of new bioactive molecules derived from nature a necessity. The
placenta, categorized as veterinary birth waste, is typically discarded after parturition. However,
it is a biochemically rich and renewable biological resource. Investigating the biological functions
of pigments present in the placenta is considered an innovative approach in both veterinary and
human medicine. Based on the hypothesis that placentas, often treated as postnatal waste, may
contain biologically valuable compounds, this study aims to evaluate veterinary-origin materials
from a biotechnological perspective. Uteroverdin is a green pigment found in the placentas of
female dogs, believed to be derived from hemoglobin and biliverdin. This pigment, formed in the
placenta during pregnancy, is expelled during delivery. Although many studies have investigated
the antimicrobial and anticancer activities of natural pigments, the potential of uteroverdin in
this field has not yet been explored. This study was inspired by placenta samples collected during
a TUBITAK-supported project (1195702), in which the presence and intensity of uteroverdin
pigment were observed. The primary aim of the current research is to compile and evaluate
existing information on the physicochemical properties, biological functions, and potential
pharmacological effects of uteroverdin.

Keywords: Anticancer, antimicrobial activity, canine placenta, pigment, uteroverdin.
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Uteroverdinin Blyolojik Oneml ve Potanslyel Farmakolojik Etkileri

Dogal biyopigmentler, canli organizmalar tarafindan sentezlenen ve genellikle renk
verici ozelliklerinin yani sira cesitli biyolojik aktiviteler gosteren bilesiklerdir. Bu pigmentler
arasinda biliverdin ve turevleri, hem katabolizmasi sonucunda olusan lineer tetrapirol yapilari
ile dikkat ceker. Biliverdin, 6zellikle omurgalilarda hem grubunun yikimi ile olusan ve daha
sonra bilirubine indirgenen biyolojik bir ara trlindiir. Bununla birlikte, bazi omurgasiz tirlerde
ve 0zel kosullarda, biliverdin tlrevleri birikerek doku ve salgilarda belirgin renklenmelere
neden olur. Bu tiirevierden biri oldugu disiniilen uteroverdin, basta siriingenler, kuslar ve
bazi deniz canlilarinda olmak lzere, yumurta zarlarinda ve plasental dokularda tespit edilen
yesil tonlarda bir pigmenttir. Uteroverdin’in varligl, antioksidan ozellikleri, demir
metabolizmasiyla iliskili islevieri ve olasi mikrobiyal savunma rolii nedeniyle bilimsel acidan
dikkat cekmektedir. Son yillarda dogal pigmentlerin farmakolojik etkileri lizerine yapilan
calismalar, bu bilesiklerin antimikrobiyal, antioksidan, antikanser ve immiunmodulator
ozellikler tasiyabilecegini gostermisti. Bu durum, geleneksel antibiyotiklere ve
kemoterapdotiklere alternatif olarak dogal uriin kaynakli ajanlara olan ilgiyi artirmistir.
Ozellikle antimikrobiyal direnc oranlannin kiiresel dlcekte artmasi ve mevcut kemoterapi
ilaclarinin yan etkileri, dogadan tiiretilen yeni biyoaktif molekiillerin kesfini zorunlu hale
getirmistir. Veteriner dogum atiklan arasinda yer alan plasenta, dogum sonrasi ¢cogunlukla
imha edilmekte olan, ancak biyokimyasal acidan zengin ve yenilenebilir bir biyolojik
kaynaktir. Plasentanin yapisinda bulunan pigmentlerin biyolojik islevlerinin arastiriimasi,
hem veteriner hem de insan tibbinda yenilikci yaklasim olarak degerlendirilmektedir. Dogum
sonrasi atik olarak degerlendirilen plasentalarin biyolojik ac¢idan degerli bilegikler
tasiyabilecegi hipotezi ile yola cikilarak, veteriner kaynakli materyallerin biyoteknolojik
acidan degerlendirilmesi hedeflenmektedir. Uteroverdin, disi kopeklerin plasentasinda
bulunan, yesil renkli, hemoglobin ve biliverdin tiirevlerinden kaynaklandig diisiintlen bir
pigmenttir. Gebelik siireci boyunca plasentada olusan bu pigment, dogum asamasinda
atilmaktadir. Dogal pigmentlerin antimikrobiyal ve antikanser etkinlikleri lizerine pek cok
arastirma yapilmis olmasina ragmen, uteroverdinin bu alandaki potansiyeli iizerine heniiz
herhangi bir calisma gerceklestiriimemistir. Laboratuvanmizda vyiiriitilmiis olan TUBITAK
projesi (119S702) calismasi sirasinda toplanilan plasenta orneklerinde uteroverdin
pigmentinin yogunlugu arastirma konusunun temelini olusturmustur. Bu calismada,
uteroverdin pigmenti, fizikokimyasal o6zellikleri, biyolojik fonksiyonlari ve potansiyel
farmakolojik etkisinin derlenmesi amaclanmistir.

Anahtar Kelimeler: Antikanser, antimikrobiyal aktivite, pigment, kopek plasentasi,
uteroverdin.
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A Rapid and Sensitive HPLC Method for the Determination of Aflatoxin
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Mycotoxins are secondary metabolites secreted by fungi such as Aspergillus spp. and
Penicillium spp. Depending on the type of mycotoxin, the amount and duration of exposure,
they have various adverse effects on health. In addition to direct adverse effects on health,
they also have indirect effects through residues in meat, milk and egg products from animals
fed contaminated feed. Among mycotoxins, aflatoxins (AFB1, AFB2, AFG1, AFG2, AFM1) are
classified as Group 1 carcinogens by the International Agency for Research on Cancer (IARC),
in addition to causing adverse health effects. In this study, the aim was to develop a quick,
easy, cheap, effective, rugged, and safe chromatographic analysis method using HPLC to
determine aflatoxin residues in chicken meat, chicken liver, and eggs, which are important
protein sources in daily food consumption. In this study, the aim was to develop a fast, easy,
and sensitive chromatographic analysis method using HPLC to determine aflatoxin residues
in chicken meat, chicken liver, and eggs. For this aim, chicken meat and liver samples and
eggs (yolk and white combination) with aflatoxin added at different concentrations (0, 0.1,
0.25, 0.5, 1, 2.5 ng/g) were extracted using the modified QUEChERS method and analysed
by combined HPLC with a post-column derivatisation using Kobra Cell. HPLC analysis was
performed using a C18 analytical column (Zorbax, Eclipse Plus, 250 mm % 4.6 mm, 5 ym) in
a gradient programme with potassium bromide-nitric acid water, acetonitrile:methanol:
water (37.5:37.5:25, v/v/v), flow rate 1 ml/min, and a fluorescence detector (358 nm-430
nm) in 19 minutes. The suitability of the method was evaluated based on recovery, accuracy,
intra-day and inter-day variation parameters. As a result, the detection limits for aflatoxins
were found to be in the range of 0.031-0.040 ng/g, and the quantification limits were in the
range of 0.93-0.12 ng/g. The recovery rates of all analysed species of aflatoxin were
determined as 87.65-90.85% for AFB1, 79.55-90.45% for AFB2, 89.15-97.92% for AFG1,
88.32-91.33% for AFG2, and 90.24-93. The inter-laboratory repeatability coefficient of
variation for AFB1 was calculated to be 4.84-8.61, for AFB2 2.46-5.17, for AFG1 2.82-
8.55, for AFG2 5.75-9.16, and for AFM1 2.87-7.53. The developed and validated method is
fast, easy and sensitive and can be used for the analysis of multiple residues of aflatoxins in
chicken meat, liver, and eggs.

Keywords: Aflatoxin, residue, mycotoxin, chicken, liver, egg, QUEChERS.
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Pili¢ Eti ve Karacigerl lle Yumurtada Aflatoksin (AFB1, AFB2, AFG1, AFG2, AFM1)

Kalintilarinin Bellrlenmesi i¢in Hizli ve Hassas Bir HPLC Yéntemi

Mikotoksinler, Aspergillus spp., Penicilium spp. mantar lreticileri tarafindan
salgilanan ikincil metabolitlerdir. Mikotoksinlerin cesidine, maruz kalma miktarina ve
siiresine bagh olmakla birlikte saghk lizerine cesitli olumsuz etkileri bulunmaktadir. Direkt
olarak saglik iizerine olumsuz etkiler olusabilmesinin yani sira indirekt olarak da kontamine
yemlerle beslenen hayvanlarin et, siit ve yumurta urinlerinin tiilketimi sonucunda kalinti
yoluyla etkisini surdirmektedir. Mikotoksinler arasinda aflatoksinler (AFB1, AFB2, AFG1,
AFG2, AFM1), saglk iizerine olusturduklar olumsuz etkilerin yani sira Uluslararasi Kanser
Arastirmalan Ajansi'na (IARC) gore Grup 1 kanserojen olarak belirlenmistir. Bu arastirmada
gunlik gida tiketimi yoniinden 6nemli protein kaynaklarindan olan pilic eti ve karacigeri ile
yumurtalarda aflatoksin kalintilarini belirlemek icin HPLC kullanarak hizli, kolay, ucuz, etkili,
saglam ve giivenli bir kromatografik analiz yontemi gelistirmek amaclanmistir. Bu
arastirmada, pilic eti ve karacigeri ile yumurta aflatoksin kalintilarini belirlemek icin HPLC
kullanarak hizli, kolay ve hassas bir kromatografik analiz yontemi gelistirmek amaclanmistir.
Bu amacla, farkh yogunluklarda (0, 0,1, 0,25, 0,5, 1, 2,5 ng/g) aflatoksin ilave edilen pili¢ eti
ve karacigeri ile yumurta (sarisi ve beyazi birlikte) érnekieri, modifiye QUEChERS yontemi ile
ekstraksiyonlarini takiben kolon sonrasi tiireviendirme diizenegi (Kobra Cell) ile kombine
HPLC’de analiz edildiler. HPLC analizi, bir C18 analitik kolon (Zorbax, Eclipse Plus, 250 mm
x 4,6 mm, 5y) araciiginda gradient programda, potasyum bromirlii nitrik asitli su ile
asetonitril: metanol: su (37,5:37,5:25, v/v/v), akis hizi 1 ml/dk ve flioresans detektor (358
nm-430 nm) ile 19 dakikada tamamlandi. Metodun uygunlugu % geri alim, dogruluk, giin
ici ve glinler arasi varyasyon parametreleriyle degerlendirildi. Sonu¢ olarak aflatoksinlerin
analiz tespit limitleri 0,031-0,040 ng/gr, belirleme limitleri 0,93-0,12 ng/g araliginda
bulundu. Analizi yapilan tiim aflatoksin tirlerinin geri alim oranlari AFB1 i¢in %87,65-90,85,
AFB2 icin %79,55-90,45, AFG1 icin %89,15-97,92, AFG2 icin %88,32-91,33, AFM1 icin
%90,24-93,44 olarak belirlendi. Gunler arasi laboratuvar tekrarlanabilirlik varyasyon
katsayisi AFB1 icin 4,84-8,61, AFB2 icin 2,46-5,17, AFG1 icin 2,82-8,55, AFG2 i¢in 5,75-
9,16, AFM1 icin 2,87-7,53 arasinda hesaplandi. Gelistirilen ve gecerli kilinan bu yontem hizli,
kolay ve duyarl olup pilic eti ve karacigeri ile yumurtada aflatoksinlerin coklu kalintilarinin
analizi icin kullanilabilir.

Anahtar Kelimeler: Aflatoksin, kalinti, mikotoksin, tavuk, karaciger, yumurta, QUEChERS.
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Investigation of The Effect of Ursodeoxycholic Acid
Against Liver Damage Induced by Imidacloprid in Rats
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In this study, the toxic effects of imidacloprid (IMD), a widely used neonicotinoid
insecticide, on rat liver were evaluated and the potential protective effect of ursodeoxycholic
acid (UDCA) against this toxicity was investigated in terms of biochemical, and
histopathological parameters. Forty male Wistar albino rats were used in the experiment.
The rats were randomly divided into four groups as the control group (corn oil and 1% gum
arabic administered orally by gavage), the UDCA only group (25 mg/kg/day, administered
orally by gavage), the IMD only group (45 mg/kg/day, administered orally by gavage), and
the combined group (25 mg/kg/day UDCA and 45 mg/kg IMD administered orally by
gavage). All treatments were performed for 30 days, and at the end of the treatments, blood
and liver tissue samples were collected for analysis. In serum biochemical analyses, a
statistically significant increase was observed in serum AST, ALT, GGT, triglyceride, urea, total
cholesterol and total bilirubin levels in the IMD group compared to the control group.
Additionally, a statistically significant decrease was detected in albumin levels of IMD
compared to control group (P<0.001). Statistically significant improvements were recorded
in serum ALT, total bilirubin, triglyceride and urea levels in the group administered with UDCA
(IMD+UDCA) compared to the IMD group. Histopathological evaluations revealed significant
pathological findings of liver injury, such as hepatocyte degeneration, sinusoidal congestion,
necrotic areas, and inflammatory cell infiltration, in the IMD treated group. In the IMD+UDCA
group, the severity of these findings was reduced, and tissue integrity was largely preserved.
In conclusion, it was determined that IMD caused biochemical and histopathological damage
in the liver, while UDCA exhibited a significant protective effect against this toxicity. These
findings suggest that UDCA may be used as a hepatoprotective agent in pesticide-induced
liver injury.

Keywords: Biochemistry, histopathology, imidacloprid, liver toxicity, rat, ursodeoxycholic acid
Acknowledgement: This study was supported by Kirikkale University Scientific Research
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Ratlarda imidakloprid ile Olugturulan Karaciger Hasarina
Karsi Ursodeokslkolik Asitin Etkisinin Arastiriimasi

Bu calismada imidaklopridin (IMD) sican karacigerinde olusturdugu toksik etkiler
degerlendiriimis ve bu toksisiteye karsi ursodeoksikolik asitin (UDCA) potansiyel koruyucu
etkisi biyokimyasal ve histopatolojik parametreler 1siginda incelenmistir. Deneyde 40 adet
erkek Wistar albino sigan kullaniimistir. Sicanlar rastgele kontrol grubu (misir yagi ve %1
arabistan zamki gavajla oral verilmistir), yalnizca UDCA uygulanan grup (25 mg/kg/gun,
gavajla oral verilmistir), yalnizca IMD uygulanan grup (45 mg/kg/giin, gavajla oral verilmistir)
ve her iki maddenin birlikte uygulandig grup (25 mg/kg/giin UDCA ve 45 mg/kg IMD, gavajla
oral verilmistir) olarak 4 gruba ayrnimigtir. Tum uygulamalar 30 gun suireyle gerceklestirilmis,
uygulama sonunda kan ve karaciger doku ornekleri alinarak analizlere tabi tutulmustur.
Serum biyokimyasal analizlerinde, iMD grubunda serum AST, ALT, GGT, trigliserid, iire, total
kolesterol ile total bilirubin diizeylerinde kontrol grubuna gore istatistiksel olarak anlaml bir
artis gozlenmistir. Ayrica kontrol grubuna kiyasla albumin diizeylerinde istatistiksel olarak
belirgin diisiis tespit edilmistir (P<0,001). IMD+UDCA grubunda serum ALT, total bilirubin,
trigliserid ve iire diizeylerinde iIMD grubuna gore istatistiksel olarak anlamh diizelme
kaydedilmistir. Histopatolojik degerlendirmelerde, IMD uygulanan grupta hepatosit
dejenerasyonu, siniizoidal konjesyon, nekrotik alanlar ve enflamatuar hucre infiltrasyonu gibi
karaciger hasarina dair belirgin patolojik bulgular izlenmistir. UDCA + IMD yapilan grupta ise
bu bulgularin siddetinin azaldigi ve doku butinliginin biyik olgiide korundugu
gozlenmistir. Sonuc olarak IMD’nin karacigerde biyokimyasal ve histopatolojik hasarlara yol
actig, UDCA'nin ise bu toksisiteye karsi anlamli diizeyde koruyucu etki gosterdigi tespit
edilmistir. Bu bulgular, UDCA'nin pestisit kaynakl karaciger hasarlarinda hepatoprotektif
ajan olarak kullanilabilecegine isaret etmektedir.

Anahtar Kelimeler: imidakloprid, ursodeoksikolik asit, karaciger toksisitesi, biyokimya,
histopatoloji, sican.
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Local and Systemic Mechanisms of Action of Probiotics
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Probiotics are defined as bacteria that, when administered correctly, have beneficial
effects on the host. The presence of significant beneficial effects in humans and animals, as
opposed to a few side effects, makes probiotics a promising tool in modern medical
treatment. It has been demonstrated that deterioration of the intestinal microbiota, or a shift
towards pathogenic microorganisms, can cause infectious diseases and autoimmune
problems in animals and humans. This demonstrates the relationship between the intestinal
microbiota and other organs, such as the liver and brain. Currently, alongside traditional
treatments for diseases caused by a disrupted microbiota or other factors, the symbiotic
relationships that probiotics establish with the body's systems are being utilized. While
initially used only to support treatment, recent studies show that probiotics are the main
element in treatment protocols called 'probiotherapy'. Additionally, they are commonly used
to prevent post-treatment complications. Due to their synergistic relationship with host
immunity, probiotics are actively used in clinics to treat autoimmune, infectious, cancerous
and genetically based diseases. However, the relationships between the probiotics used in
probiotherapy and the host's systems are complex and have not yet been fully elucidated.
Among the main mechanisms of probiotic action, it is known that they increase the mucosal
barrier, prevent the colonization of pathogenic bacteria by multiplying in the intestine, reduce
bacterial invasion of the intestinal epithelium, strengthen the immune system and regulate
the central nervous system. In addition to these known effects, it has been demonstrated
that probiotics also exert systemic effects alongside local effects through the metabolites
they produce. However, the molecular mechanisms underlying these effects remain unclear.
The purpose of this study is therefore to compile research on probiotics increasingly used in
current treatments, and to reveal gaps in our knowledge of the local and systemic
mechanisms of action of these probiotics.

Keywords: Probiotic, probiotherapy, therapy, medicine, mechanism of action.
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Problyotiklerin Yerel ve Sistemik Etki Mekanizmalan

Probiyotikler dogru yol ve dozlarda uygulandiklarinda konakgi icin yararli etkilere sebep
olan bakteriler olarak tanimlanirlar. insanlarda ve hayvanlarda az sayida yan etkilerinin
aksine ciddi yararh etkilerinin olmasi probiyotikleri gliinlimiiziin medikal tedavilerinde umut
vaad eden araclar haline getirmektedir. Hayvan ve insanlarda bagirsak mikrobiyotasinin
bozulmasinin veya patojen mikroorganizmalar lehine degismesinin cesitli enfeksiyoz
hastaliklara ve otoimmiin sorunlara sebep olacagl gosterilmistir. Bu durum bagirsak
mikrobiyotasinin diger organlarla (karaciger, beyin gibi) iliskisini gostermektedir.
Gunumizde mikrobiyotanin bozulmasi veya farkl sebeplerden kaynaklanan hastaliklarda
uygulanan geleneksel tedavilerin yaninda probiyotiklerin vicuttaki sistemlerle kurduklan
simbiyotik iliskilerden yararlaniimaktadir. Baslangicta sadece tedaviye destek amach
kullanilirken son yapilan arastirmalarda “probiyoterapi” olarak adlandinlan tedavi
protokollerinde probiyotiklerin tedavinin ana unsuru oldugu gorilmektedir. Ayrica tedavi
sonrasi komplikasyonlart onlemek amaciyla da kullaniimalan oldukca yaygindir.
Probiyotiklerin konak immiinitesi ile olan sinerjist iliskilerinden dolay: kliniklerde otoimmiin,
enfeksiyoz, kanser veya genetik kaynakli hastaliklarin tedavisinde de aktif olarak
kullanildiklan  belirtilmistir. Bununla beraber probiyoterapi amaciyla kullanilan
probiyotiklerin konaktaki sistemlerle olan iliskileri olduk¢a karmasik olup, ginumuzde bile
tam anlamiyla aydinlatilamamistir. Probiyotiklerin ana etki mekanizmalan arasinda
mukozal bariyeri arttirdigl, bagirsakta cogalarak patojen bakterilerin kolonizasyonunu
engelledigi, bagirsak epitelindeki bakteriyel invazyon kapasitesini azalttigl, bagisikhk
sistemini glclendirdigi ve merkezi sinir sistemini regiile ettikleri bilinmektedir. Bilinen
etkilerin haricinde olusturduklarn metabolitler araciligiyla yerel etkinin yaninda sistemik
etkilere de neden olduklarn gosterilmis ancak bu etkilerin molekiiler mekanizmalan tam
olarak aydinlatilamamistir. Boylece bu calismanin amaci gin gectikce giincel tedavilerde
daha sik kullanilan bazi probiyotikleri ve bu probiyotiklerin yerel ve sistemik etki
mekanizmalarina yonelik yapilan calismalari derlemek ve bu alandaki bosluklar ortaya
cikarmaktir.

Anahtar Kelimeler: Probiyotik, probiyoterapi, tedavi, ilac, etki mekanizmasi.
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Use of Synthetic Cannabinoids in Turkey and the World
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New-generation psychoactive substances include synthetic cannabinoids, synthetic
cathinones, tryptamines and their derivatives, as well as phenylethylamines and their
derivatives. Synthetic cannabinoids (SCs) are chemical compounds produced in laboratories
to mimic the effects of natural cannabinoids. These substances bind to the same receptors
in the body as cannabis, causing cannabis-like effects in users. Commonly referred to as
“bonzai,” “spice,” or “K2,” these substances have become an increasingly prevalent public
health issue worldwide. SCs are widely used, particularly among young people, by taking
advantage of legal loopholes and are often mistakenly perceived as harmless. Their low cost,
ease of accessibility, and initial exemption from legal control have facilitated their rapid
spread in society. However, their effects are significantly stronger and more unpredictable
than those of natural cannabis. The use of SCs has been associated with neuropsychiatric
disorders, cardiovascular problems, and sudden deaths. Globally, the use of SCs has
increased since the early 2000s. In Turkey, a notable rise was observed during the 2010s. In
2022, 246,237 incidents were reported, and in 2023, this number increased by 2.3% to
251,851 interventions. It was reported that 82.6% of these cases were related to drug use
for personal consumption. Following the implementation of legal controls on the production
of synthetic cannabinoids in China in 2021, the supply of these drugs to Europe was
disrupted. It is estimated that approximately 1.5% (4.3 million people) of adults in the
European Union are daily cannabis users. The potency of seized herbal cannabis remains
high compared to historical standards. According to the European Monitoring Centre for
Drugs and Drug Addiction’s 2024 report, over 950 new psychoactive substances were under
monitoring by the end of 2023, 26 of which were reported for the first time in Europe. In
conclusion, SCs pose significant risks to both individual health and public safety. Effective
response requires not only legal regulations but also the development of education, early
intervention, and treatment services. Furthermore, given the chemical diversity of SCs, there
is a continuous need for updated analysis and monitoring systems.

Keywords: Bonzai, cannabis, cannabinoid, psychoactive substances.
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Tirklye'de ve Diinyada Sentetik Kannabinoidlerin Kullanimi

Yeni nesil psikoaktif maddeler; sentetik kannabinoidler, sentetik katinonlar, triptamin
ve tirevleri, feniletilamin ve tiirevlerini icermektedir. Sentetik kannabinoidler (SK'ler), dogal
kannabinoidlerin etkilerini taklit etmek uzere laboratuvar ortaminda uretilen kimyasal
bilesiklerdir. Sentetik kannabinoidler viicutta esrar ile ayni reseptorlere baglanarak kiside
esrar benzeri etkilere neden olmaktadir. Genellikle "bonzai", "spice" veya "K2" gibi isimlerle
anilan bu maddeler, diinya genelinde giderek artan bir halk saghg problemi haline gelmistir.
SK'ler, ozellikle gencler arasinda yasal bosluklardan faydalanarak yaygin sekilde
kullaniimakta ve cogu zaman zararsiz olduklan disiinilmektedir. Ucuz olmalar, kolay temin
edilebilmeleri ve ilk etapta yasal olarak denetim disi kalmalar bu maddelerin hizla toplumda
yer edinmesini kolaylastirmistir. Ancak etkileri dogal kannabisten cok daha giiclii ve
ongoriilemezdir. Noropsikiyatrik bozukluklar, kalp-damar sistemi rahatsizliklarn ve ani
olumler SK kullanimiyla iligkilendirilmistir. Diinya genelinde SK kullanimi, 2000’li yillann
basindan itibaren artis gostermistir. Tirkiye'de ise 2010’lu yillarda ciddi bir artis
gozlenmistir. 2022 yilinda 246.237, 2023 yilinda ise %2,3 artisla 251.851 olaya midahale
edildigi bildirilmistir. Bu olaylarin %82,6’sinin kullanma amach uyusturucu madde oldugu
rapor edilmistir. 2021 yiinda Cin'de sentetik kanabinoidlerin Uretimine iliskin yasal
kontrollerin uygulanmasinin ardindan, bu uyusturucularin Avrupa’ya tedariki kesintiye
ugramistir. Avrupa Birligi'ndeki yetiskinlerin yaklasik %1,5’inin (4,3 milyon kisi) glinliik esrar
tiiketicisi oldugu tahmin edilmektedir. Ele gecirilen toz esrarin giicii tarihsel standartlara
gore cok yiiksek kalmaya devam etmektedir. Avrupa Uyusturucu ve Uyusturucu Bagimlilig
izleme Merkezi’'nin 2024 raporunda; 2023 yili sonunda 950'nin iizerinde yeni psikoaktif
maddenin izlemeye alindigi ve bunlarin 26’sinin ilk kez Avrupa’da rapor edildigi bildirilmistir.
Sonuc olarak, SK’ler hem bireysel saglik hem de toplumsal giivenlik acisindan dnemli riskler
tasimaktadir. Etkin miicadele icin yasal diizenlemelerin yani sira, egitim, erken midahale ve
tedavi hizmetlerinin gelistiriimesi gerekmektedir. Ayrica, SK’lerin kimyasal cesitliligi goz

oniine alindiginda, siirekli glincellenen analiz ve izleme sistemlerine ihtiyac vardir.

Anahtar Kelimeler: Bonzai, esrar, kannabinoid, psikoaktif maddeler.
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Henna and Hemolysis: The Invisible Risk of GBPD Deficiency
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Henna (Lawsonia inermis), a flowering plant of the family Lythraceae, is described as a
glabrous, highly branched, medium-sized shrub. The monotopic genus Lawsonia inermis,
commonly known as mehndi, henna, or simply henna plant, is utilized in both cosmetics and
pharmacology. However, Lawsonia inermis contains the active compound 2-hydroxy-1,4-
naphthoquinone, which has the potential to induce oxidative hemolysis. Although studies on
its toxicity have primarily been limited to experimental animals, clinical cases in humans
associated with glucose-6-phosphate dehydrogenase (G6PD) inhibition, as well as
insufficient data regarding the required toxic dose, highlight a significant gap in knowledge
concerning its effects in other living organisms. In humans, numerous cases related to oral
consumption of henna have been reported worldwide. These include neonatal cases linked
to G6PD deficiency, adult cases associated with G6PD enzyme inhibition, and in elderly
individuals, acute renal failure and hemolytic anemia resulting from G6PD deficiency and
inhibition, in some instances leading to death. Animal studies, on the other hand, have
mainly focused on determining the toxic dose in experimental models, and no fatal outcomes
have been reported. In a more recent study conducted on lambs, alterations in liver enzyme
levels were observed, yet mortality was not detected. In light of these findings, it appears
that a specific treatment protocol for henna toxicity in humans remains lacking. Similarly, in
animals, species-specific toxic dose thresholds, the underlying mechanisms of toxicity, and

effective treatment strategies remain unclear.

Keywords: Lawsonia inermis, Hemolysis, G6PD, Toxicity.
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Kina ve Hemoliz: G6PD Eksikliginde Goériinmez Risk

Kina (Lawsonia inermis), Kinagiller (Lythraceae) familyasindan cicekli bir bitkidir. Kina
agaci, tlysiiz, cok dalli ve orta boylu bir cali olarak tasvir edilir. Popiiler olarak mehndi, henna
ya da kina olarak bilinen monotipik bir cins olan Lawsonia inermis, hem kozmetikte hem de
farmakolojide kullanilan bir bitkidir. Ancak Lawsonia inermis, 2-hidroksi-1,4-naftokinon
etken maddesini icerir ve bu nedenle oksidatif hemolize neden olma potansiyeline sahiptir.
Toksisitesi lizerine yapilan calismalar deney hayvanlariyla sinirh kalmakla beraber,
insanlarda bildirilen Glukoz-6-fosfat-dehidrojenaz enzim inhibisyonu sonucu ortaya cikan
klinik vakalar ve gerekli toksik dozu hakkindaki bilgilerin diger canllar icin eksik kaldigini
ortaya ¢cikarmustir. insanlar igin, diinyanin cesitli bélgelerinden oral kina kullanimina bagh
bircok vaka bildirilmistir. Yenidoganlarda G6PD enzim eksikligine bagli vakalar, yetiskinlerde
G6PD enzim inhibisyonuna bagli vakalar, yasl bireylerde ise yine G6PD enzim yetersizligi ve
inhibisyonuyla beraber odlimle sonuclanan akut bobrek yetmezligi ve hemolitik anemi
vakalar bildirilmistir. Hayvanlar Gzerine yapilan calismalar ise deney hayvanlarinda toksik
dozu belirleme uzerine seyretmis ve calismalar dlumle sonuclanmamistir. Son yillarda
yapilan bir baska calismada ise kuzular ele alinmis ve karaciger enzimlerindeki degisiklik
gozlenmis fakat 6liime rastlanmamistir. Bu bilgiler 1siginda insanlarda kina toksisitesine
6zgiu bir sagaltim protokoliiniin eksik kaldig), hayvanlarda ise tiire 6zgiu toksik dozun
belirsizligi, toksisitenin mekanizmasi ve tedavi protokolii hakkindaki bilgilerin eksik kaldig

gozlemlenmistir.

Anahtar Kellmeler: Lawsonia inermis, Hemoliz, G6PD, Toksisite.
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Bioactive Compounds in Medicinal and Wild Mushrooms
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This study addresses the health effects of the bioactive compounds contained in
medicinal mushrooms (polysaccharides, phenolic compounds, terpenes, sterols, etc.) and
the pharmacological activity potential of commonly used species. Literature reviews
demonstrate that these mushrooms possess antibacterial, antiviral (particularly against HIV
and HPV infections), antioxidant, anti-inflammatory, anticancer, hepatoprotective,
neuroprotective, immunomodulatory, and antidiabetic activities. Ganoderma lucidum
(Reishi) stands out with its immune-enhancing and tumor-suppressing properties; Lentinula
edodes (Shiitake), through its bioactive compound AHCC, shows promising results in high-
risk HPV infections; Grifola frondosa (Maitake) provides antimetastatic effects via its D-
fraction; and Hericium erinaceus (Lion’s Mane) stimulates nerve growth factor, drawing
attention in the treatment process of neurodegenerative diseases such as Alzheimer’s and
Parkinson’s. Trametes versicolor (Turkey Tail) is evaluated as a supportive agent in cancer
therapy through its polysaccharide-protein complexes (PSK, PSP). In addition, wild species
such as Morchella esculenta (Morel), Amanita caesarea (Caesar's mushroom), and
Cantharellus cibarius (Chanterelle) provide antitumoral, antioxidant, and metabolism-
regulating effects along with their high nutritional value. Overall, the rich bioactive
compounds of medicinal and wild mushrooms carry great potential both nutritionally and
pharmacologically, and within the scope of clinical research outcomes, they are foreseen to
be considered as complementary therapeutic agents in modern medicine.

Keywords: Wild mushroom, bioactive compound, immunomodulation, complementary

therapy, anticancer, neuroprotective.
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Tibbi ve Yabani Mantarlann Blyoaktif Bllesenlerinin

Farmakolojik Etkinliklerinin Degerlendiriimesli

Bu calismada tibbi mantarlarin icerdigi biyoaktif bilesenlerin (polisakkaritler, fenolik
bilesikler, terpenier, steroller vb.) saghk lizerindeki etkileri ve yaygin kullanilan mantar
tirlerinin farmakolojik etkinlik potansiyelleri ele alinmistir. Literatiir incelemeleri, bu
mantarlarin antibakteriyel, antiviral (6zellikle HIV ve HPV enfeksiyonlan), antioksidan,
antiinflamatuar, antikanser, hepatoprotektif, noroprotektif, imminomodulator ve
antidiyabetik etkinliklere sahip oldugunu ortaya koymaktadir. Ganoderma lucidum (Reishi)
immiun sistemi guclendirme ve timor hiicrelerini baskilama o6zellikleriyle one cikarken;
Lentinula edodes (Shiitake) icerdigi AHCC bilesigi sayesinde yiiksek riskli HPV
enfeksiyonlarinda umut verici sonuclar géstermekte; Grifola frondosa (Maitake) D-fraksiyonu
ile antimetastatik etki sunarken, Hericium erinaceus (Aslan Yelesi) ndron biiyime faktériini
uyararak Alzheimer ve Parkinson gibi norodejeneratif hastaliklarin tedavi surecinde dikkat
cekmektedir. Trametes versicolor (Hindi Kuyrugu) ise polisakkarit-protein kompleksleri (PSK,
PSP) araciligiyla kanser tedavisinde destekleyici ajan olarak degerlendiriimektedir. Bunun
yaninda Morchelle esculenta (Kuzugobegi), Amanita caesarea (Imparator Mantari) ve
Cantharellus cibarius (Sankiz) gibi yabani tirler, yiksek besin degerleriyle birlikte
antitimoral, antioksidan ve metabolizma diizenleyici etkiler sunmaktadir. Genel olarak, tibbi
ve yabani mantarlarin icerdigi zengin biyoaktif bilesenler hem beslenme hem de
farmakolojik acidan biiylk bir potansiyel tasimakta olup, klinik arastirmalardan elde edilen
sonuclar kapsaminda modern tipta tamamlayici tedavi ajanlan olarak

degerlendirilebilecekleri 6ngoriilmektedir.

Anahtar Kelimeler: Tibbi mantar, biyoaktif bilesen, immiinomodiilasyon, tamamlayici tedavi,

antikanser, néroprotektif.
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Mitochondrial Pharmacotherapy
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Mitochondrial pharmacotherapy refers to therapeutic approaches aimed at correcting
mitochondrial dysfunctions through the use of pharmacological agents targeting
mitochondria. Within this scope, antioxidant and metabolic support agents such as
coenzyme Q10, elamipretide, idebenone, and nicotinamide riboside are considered primary
examples of conventional mitochondrial pharmacotherapy.

In recent years, however, cellular-based strategies that go beyond the boundaries of
classical pharmacotherapy and aim to directly restore mitochondrial function have been
developed. In this context, mitochondrial transplantation emerges as an innovative method,
reflecting the evolving landscape of mitochondrial therapeutics.

Mitochondrial transplantation is based on the isolation of healthy mitochondria from
one cell or tissue and their transfer into target cells or tissues exhibiting mitochondrial
dysfunction. This approach is employed to support cellular energy production and to restore
mitochondrial function. The intercellular transfer of mitochondria occurs through
mechanisms such as tunneling nanotubes (TNT), extracellular vesicles, dendritic networks,
and cell fusion.

Transplantation has been reported to yield promising outcomes in disease models
involving organs such as the liver, brain, heart, kidney, and lung. Following the procedure,
biological effects such as increased ATP levels, reduction of oxidative stress and
inflammatory responses, suppression of apoptosis, and reintegration of the mitochondrial
network via fusion have been observed. These improvements are reflected clinically in
reduced ischemic lesion sizes, recovery of organ functions (cardiac, neurological, pulmonary,
and renal parameters), and decreased histopathological damage.

This review will address the pharmacotherapeutic applications, clinical potential, and
possible adverse effects of mitochondrial transplantation. The limited number of studies in
the field of veterinary medicine and the lack of standardized, optimized protocols for current
applications make this topic particularly significant in the literature.

Keywords: Mitochondrial Pharmacotherapy, Mitochondrial Transplantation, Oxidative Stress,
ATP.
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Mitokondriyal Farmakoterapl

Mitokondriyal farmakoterapi, mitokondriyi hedef alan farmakolojik ajanlar kullanilarak
mitokondriyal islev bozukluklarinin dizeltiimesini amaclayan tedavi yaklasimlarnni ifade
etmektedir. Bu kapsamda; koenzim Q10, elamipretid, idebenone, nikotinamid ribozid gibi
antioksidan ve metabolik destekleyici ajanlar geleneksel mitokondriyal farmakoterapinin
baslica ornekleri arasinda yer alir.

Ancak son yillarda, klasik farmakoterapi sinirlarinin étesine ge¢en ve mitokondriyal
fonksiyonu dogrudan restore etmeyi hedefleyen hicresel temelli yaklasimlar da
gelistirilmistir. Bu baglamda, mitokondriyal transplantasyon, mitokondriyal tedavi alaninin
evrim gecirdigini gosteren yenilikci bir yontem olarak 6ne cikmaktadir.

Mitokondriyal transplantasyon; saglikli mitokondrilerin bir hiicre ya da dokudan izole
edilerek, mitokondriyal fonksiyon bozukluklar gosteren hedef hiicre veya dokulara transfer
edilmesi esasina dayanir. Bu yaklasim, hiicresel enerji (lretimini desteklemek ve
mitokondriyal islevi yeniden kazandirmak amaciyla kullaniimaktadir. Mitokondrilerin
hucreler arasi transferi; tunel nanotupleri (TNT), ekstraseluler vezikuller, dendritik hilicre
aglan ve hiicre flizyonu gibi mekanizmalar araciligiyla gerceklesmektedir.

Transplantasyonun; karaciger, beyin, kalp, bobrek ve akciger gibi organlara ait hastalik
modellerinde umut verici sonuglar gosterdigi bildirilmistir. Bu islem sonrasi; ATP diizeylerinde
artis, oksidatif stres ve inflamatuvar yanitin azalmasi, apoptozun baskilanmasi ve
mitokondriyal ag yapisinin fiizyon yoluyla yeniden bitinlesmesi gibi biyolojik etkiler
bildirilmistir. Bu iyilesmeler, klinik dizeyde iskemik hasar bolgelerinin kiclilmesi, organ
fonksiyonlarinda diizelme (kardiyak, norolojik, pulmoner ve renal parametrelerde) ve
histopatolojik hasarin azalmasi gibi sonuclara yansimaktadir.

Bu derlemede, mitokondriyal transplantasyonun farmakoterapétik uygulamalan, klinik
potansiyeli ve olasi istenmeyen etkileri ele alinacaktir. Ozellikle veteriner hekimlik alaninda
bu konuda sinirh sayida ¢alisma bulunmasi ve mevcut uygulamalarin standartlara uygun
olarak tasarlanmis, optimize edilmis protokollerden yoksun olmasi, bu calismayi literatur
acisindan 6nemli kilmaktadir.

Anahtar Kelimeler: Mitokondriyal Farmakoterapi, Mitokondriyal Transplantasyon, Oksidatif
Stres, ATP.
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Pharmacological and Supplementary Agents Use in Aquarium Fish: Current Trends
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Aquatic animals, particularly aquarium kept as pets, have gained increasing
importance both in clinical veterinary medicine and in hobby aquaculture. Aquarium fish are
kept in many households worldwide, with an estimated 139 million freshwater aquarium fish
reportedly kept in homes across the United States alone.This widespread popularity presents
clinical veterinarians with a diverse range of health problems. The spectrum of diseases
extends from parasitic, bacterial, viral, and fungal infections to environmental stress factors,
creating significant challenges in selecting appropriate therapeutic products. According to
the literature, antibiotics, antiparasitic drugs, and anesthetic agents are among the most
commonly used pharmacological products in clinical practice. While some of these are
licensed specifically for fish species, a considerable proportion are derived from products
originally developed for humans or other animals and are applied off-label in aquatic species.
In addition, supportive products such as vitamins, probiotics, and immunostimulants are
frequently reported in both prophylactic and therapeutic contexts. Furthermore, the literature
repeatedly emphasizes that treatments are often unsuccessful unless appropriate water
quality is ensured. Thus, products that regulate water parameters—including pH stabilizers,
ammonia binders, salt supplements, and disinfectants—play a critical role in clinical success,
even though they are not directly pharmacological in nature. The present review aims to
systematically summarize the literature on licensed and off-label pharmacological agents,
as well as supportive and water quality- modifying products used in aquatic animals, thereby
providing clinicians with a practical and updated reference. The poster presentation will
highlight the growing popularity of aquarium fish, the therapeutic challenges posed by
disease diversity, and the existing gaps in pharmacological applications, supported by visual
and numerical data.

Keywords: Aquatic animals, aquatic pharmacology, extra-label use, ornamental fish,
therapeutics.
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Siis Baliklarinda Farmakolojlk ve Destek Uriin Kullanimi: Meveut Egllimler

Akuatik hayvanlar, 6zellikle sus baliklarinin pet olarak yayginlasmasiyla birlikte hem
klinik veteriner hekimlikte hem de hobi amach bakimda giderek daha fazla 6nem
kazanmistir. Diinya genelinde milyonlarca hanede siis baligl beslenmekte olup, yalnizca
Amerika Birlesik Devletleri’'nde yaklasik 139 milyon tath su siis baliginin evlerde bulundugu
bildiriimektedir. Bu yayginlk, klinisyen veteriner hekimlerin cok cesitli saghk sorunlarnyla
karsilasmasina yol acmaktadir. Hastallk spektrumu paraziter, bakteriyel, viral ve fungal
etkenlerden cevresel stres faktorlerine kadar genis bir yelpazeye sahiptir ve tedavi stirecinde
driin secimini zorlastirmaktadir. Literaturde antibiyotikler, antiparaziterler ve anestezik
ajanlar klinik pratikte en sik kullanilan farmakolojik triinler olarak rapor edilmekte, bunlarin
bir kismi balik tiirlerine ruhsatli preparatlar iken 6nemli bir béliimii insan ya da diger hayvan
tirlerine yonelik ilaclann akuatik tirlerde off-label olarak uygulanmasiyla yer bulmaktadir.
Ayrica vitaminler, probiyotikler ve immiunostimulanlar gibi destek urinleri hem profilaktik
hem de terapétik yaklasimlarda onemili bir yer tutmaktadir. Bununla birlikte, uygun su
parametreleri saglanmadan yapilan tedavilerin basarisiz olabilecegi literatiirde siklikla
vurgulanmakta ve bu nedenle pH dizenleyiciler, amonyak baglayicilar, tuz katkilari ve
dezenfektanlar gibi su kalitesini dlizenleyici Grunler kiinik basarida kritik rol oynamaktadir.
Mevcut calisma, akuatik hayvanlarda kullanilan ruhsatl ve etiket disi tibbi tirlinler ile destek
ve su parametresi diizenleyici uriinlere iliskin literatiirii sistematik bicimde ozetlemeyi ve
klinisyen veteriner hekimler icin pratik bir referans saglamayl amaclamaktadir. Poster
sunumu, siis balklannin yayginlhig, hastalk cesitliliginin getirdigi tedavi zorluklar ve
farmakolojik uygulamalardaki bosluklan gorsel ve sayisal verilerle destekleyerek ortaya

koyacaktir.

Anahtar Kelimeler: Akuatik hayvan, akutaik farmakoloji, akvaryum baliklari, etiket disi

kullanim, tedavi.
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At present, medicinal plants used in veterinary medicine in our country cannot be
authorized as veterinary medicinal products; due to the requirement that efficacy and toxicity
data must be demonstrated under GLP conditions in the relevant animal species, most
products are placed on the market only as complementary feed or feed additives. This
situation leads to the fact that the health effects indicated on the packaging of the products
are generally based on declaration, creating a significant gap in terms of standardization.
The MedPlants4Vet (CA22109) COST Action aims to investigate medicinal plants used in
veterinary medicine on a scientific basis, to evaluate their safety and efficacy, and to
integrate Europe’s traditional knowledge with modern veterinary pharmacology. Within this
scope, it is intended to reveal the place of medicinal plants used in veterinary medicine in
historical sources, thereby providing a scientific basis for evaluating these plants within
modern authorization processes through a “simplified registration (fast-track registration)”
approach. In the European Union (particularly in human medicine), accelerated pathways

similar to fast-track for herbal medicinal products are covered by authorization processes
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based on traditional and well-established use. For example, Directive 2004/24/EC
(Traditional Herbal Medicinal Products Directive) provides a simplified registration procedure
based on “traditional use.” Here, a herbal product must: have at least 30 years of use, of
which 15 years within the EU, and its efficacy and safety must be reasonably supported by
existing literature. Within this scope, the Pharmacology textbooks (1951 and 1957) of Prof.
Dr. Nurettin Mazhar Oktel—who graduated from the Higher Veterinary School in 1928, also
completed the School of Pharmacy, served as Director of the Institute of Pharmacology and
Toxicology in 1947, pioneered the institutionalization of pharmacology and toxicology
disciplines in the early Republican period, and systematically addressed numerous
pharmacological agents, including medicinal plants, in his works—were evaluated. This
evaluation was carried out with the aim of documenting the long-standing use of medicinal
plants in veterinary medicine and providing a foundation that could contribute to filling the
gap in simplified registration. The method of historical content analysis was applied in the
study. First, all herbal drugs and extracts mentioned in the textbooks were reviewed. For each
available species, information including botanical and local names, plant parts used,
extraction and preparation methods, routes of administration, pharmacological effects, and
therapeutic indications was recorded and categorized accordingly. In Oktel's works,
numerous plants and plant active compounds are described in detail, including their routes
of administration, dosage, pharmacological effects, and toxicities across different animal
species. The preliminary data obtained indicate that veterinary pharmacology in the
Republican period of Tiirkiye developed in parallel with the classical pharmacology literature
in Europe, and that herbal drugs played a central role in treatment protocols. Oktel's work
constitutes an important source in our country in terms of both serving as a bridge to the
transition to modern pharmacology in the historical development of veterinary pharmacology
and preserving traditional knowledge of herbal therapy. This work is supported by Virtual
Mobility (VM) Grants provided for MedPlants4Vet researchers under COST Action CA22109,
Medicinal plants for animal health care: Translating tradition into modern veterinary
medicine. This support has significantly contributed to achieving our common goals by
strengthening collaboration and knowledge exchange within the network. We would like to
thank COST (European Cooperation in Science and Technology) for its support.

Keywords: Historical content analysis, MedPlants4Vet, medicinal plants, Nurettin Mazhar
Oktel, veterinary pharmacology.
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Gelecegin Coziimlerinl Gegmiste Aramak: Prof. Nurettin Mazhar Oktel'ln
Veteriner Farmakoloji Ders Kitabinda Tibbi Bitkilerin Analizi

Giinimuzde Ulkemizde veteriner hekimliginde kullanilan tibbi bitkiler, veteriner tibbi trin
olarak ruhsatlandinlamamakta; etkinlik ve toksisite verilerinin ilgili hayvan tiirlerinde GLP
kosullarinda gosterilmesi zorunlulugu nedeniyle cogu iiriin yalnizca tamamlayici yem ya da yem
katki maddesi kategorisinde piyasaya sunulmaktadir. Bu durum, urinlerin ambalajlarinda
belirtilen saglk etkilerinin genellikle beyan esasina dayanmasina yol acmakta ve
standardizasyon acisindan onemli bir bosluk yaratmaktadir. MedPlants4Vet (CA22109) COST
projesinde, veteriner hekimlikte kullanilan tibbi bitkilerin bilimsel temellere dayali olarak
arastinimasini, giuvenlik ve etkinliklerinin degerlendirilmesini ve Avrupa’'daki geleneksel bilgi
birikiminin modern veteriner farmakoloji ile butunlestiriimesini amaclamaktadir. Bu kapsamda
veteriner hekimlikte kullanilan tibbi bitkilerin tarihsel kaynaklardaki yerini ortaya koyarak bu
bitkilerin modern ruhsatlandirma stureclerinde “basitlestirilmis kayit (fast tract)” yaklasimiyla
degerlendiriimesine bilimsel zemin hazirlamayr amaclamaktadir. Avrupa Birligi'nde (6zellikle
insan hekimliginde), bitkisel tibbi lrlinler icin fast track benzeri hizlandiriimis yollar, geleneksel
ve iyi bilinen kullanima dayali ruhsatlandirma siireglerini kapsamaktadir. Ornegin, Directive
2004/24/EC (Traditional Herbal Medicinal Products Directive), “geleneksel kullanim” temelli bir
basitlestiriimis kayit (simplified registration) siireci saglamaktadir. Burada bir bitkisel tirtiniin: En
az 30 yil kullanimi olmasi, bunlardan 15 yilinin AB icinde gecmesi, mevcut literatirle etkinlik ve
glvenliginin makul sekilde destekleniyor olmasi gerekmektedir. Bu kapsamda 1928'de Yiiksek
Veteriner Okulu’'ndan mezun olan, ayni zamanda Eczaciik Okulu'nu da tamamlayan, 1947
yilinda Farmakoloji ve Toksikoloji Enstitisii Muadurligia goérevi yapan, erken Cumbhuriyet
doneminde farmakoloji ve toksikoloji disiplinlerinin kurumsallasmasina oncilik eden ve tibbi
bitkiler dahil olmak lizere pek cok farmakolojik ajani sistematik olarak eserlerinde isleyen Prof.
Dr. Nurettin Mazhar Oktel'in Farmakoloji Kitaplan (1951 ve 1957) degerlendirilmistir. Bu
degerlendirme, tibbi bitkilerin veteriner hekimlikteki uzun sireli kullanimlarini belgeleyerek
basitlestiriimis kayit alanindaki boslugun kapatilmasina katk saglayabilecek temel olmasi
amaciyla yapilmistir. Calismada tarihsel icerik analizi yéntemi uygulanmistir. ilk olarak, ders
kitaplarinda bahsedilen tum bitkisel ilaclar ve 6zler gézden gecirildi. Her mevcut tur icin botanik
ve yerel adlar, kullanilan bitki kisimlan, ekstraksiyon ve hazirlama yéntemleri, uygulama yollari,
farmakolojik etkiler ve terapétik endikasyonlar dahil olmak tUzere bilgiler kaydedildi ve buna gore
kategorize edildi. Oktel'in eserlerinde pek cok bitki ve etken maddelerinin farkli hayvan
turlerinde uygulama yolu, dozu, farmakolojik etkinligi, toksisitesi gibi detaylarla agiklanmistir.
Elde edilen veriler, Cumhuriyet donemi Turkiye'sinde veteriner farmakolojinin Avrupa’daki klasik
farmakoloji literatiirii ile paralel bir cizgide gelistigini ve bitkisel droglarin tedavi protokollerinde
merkezi bir rol oynadigini gostermektedir. Oktel'in eseri, veteriner farmakolojinin tarihsel
gelisiminde hem modern farmakolojiye geciste bir kopri hem de geleneksel bitkisel tedavi
bilgisinin korunmasi agisindan llkemizde 6nemli bir kaynak niteligindedir. Bu calisma, COST
Aksiyonu CA22109 (Tibbi bitkiler ve hayvan saghgi: Gelenegi modern veteriner hekimlige
cevirme) kapsaminda, MedPlants4Vet arastirmacilari icin saglanan Sanal Hareketlilik (VM)
Burslan tarafindan desteklenmektedir. Bu destek, ag ici isbirligini ve bilgi paylasimini
glclendirerek ortak hedeflere ulasmamiza énemli katkilar saglamistir. Sagladigi destek igin
COST'a (Bilim ve Teknolojide Avrupa isbirligi) tesekkiir ederiz.

Anahtar Kelimeler: Nurettin Mazhar Oktel, tarihi icerik analizi, tibbi bitkiler, veteriner farmakoloji,
MedPlants4Vet.
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