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ABSTRACT

Animal experiments are irreplaceable for translational research. The criteria such as duration of the experiment, animal
characteristics and genetic background, group size and reproducibility are taken into consideration when creating
animal experimental models that best reflect clinical findings. Experiments can be designed by making variations
in conditions to support different hypotheses, although standard housing conditions in animal models, generally
the use of male animals, use of animals of similar age ranges, and use of one species of animals are preferred. The
selection of an animal model to model a particular disease should include testing of face, construct and predictive
validity factors. For example, in the stress model, which we focus on as a research group, multiple stress paradigms
have been applied at different times, and have been shown to be valid by showing that the expected weight gain
does not occur in stress-treated mice and that adrenal gland weights increase significantly compared to the control
group'. In experimental animals, urination, defecation, corticosterone level, adrenal gland weight, coat state and
weight change information can be used to measure stress level. For acute stress models, stressors can be divided
into psychosocial (such as separation from the mother, noise, predator exposure, circadian rhythm changes) and
physical (movement restriction, temperature changes, electric shock, tail suspension). In studies where behavioral
changes in experimental animals are measured, it is also important to construct environments where animals are free
from stress. In addition, attention should be paid to the selection of the model suitable for the hypothesis for testing
cognitive characteristics. For example; the new object recognition test can be used to measure recognition memory?,
Morris water maze test and radial arm test® to measure spatial memory and learning, Y-maze for short-term memory,
5-choice serial reaction time test to measure attention, impulsivity, and executive functions. Apart from these tests,
many different models that measure different behavioral characteristics have been defined.

Keywords: Animal models, stress, behavioral test

oz

Hayvan deneyleri translasyonel arastirmalar icin, yeri doldurulamaz bir éneme sahiptir. Klinik bulgulari en iyi
yansitacak hayvan deney modellerini olustururken deneyin siiresi, hayvan karakteristigi ve genetik gecmisi, grup
blyukligu, tekrarlanabilirlik gibi kriterler gdz online alinir. Hayvan modellerinde standart barinma kosullari,
genellikle erkek hayvanlarin kullaniimasi, benzer yas araliklarinda hayvan kullanimi ve tek cins hayvan kullanimi
tercih edilse de degisik hipotezleri desteklemek (izere kosullarda varyasyonlar yapilarak deneyler tasarlanabilir.
Belli bir hastaligi modellemek tizere hayvan modeli seciminde yliz, yapi ve tahmin edici gecerlilik faktorlerinin test
edilmeli ve g6z dniinde bulundurulmahdir. Ornegin, bizim arastirma grubu olarak odaklandigimiz stres modelinde,
birden fazla stres paradigmasi, farkli zamanlarda ve sirelerde uygulanmis ve stres uygulamasi yapilan farelerde
beklenen agirlik artisinin olusmadigi ve adrenal bez agirliklarinin kontrol grubuna goére anlamli derecede arttig
gosterilerek gecerliligi kanitlanmistir’. Deney hayvanlarinda Urinasyon, diskilama, kortikosteron seviyesi, adrenal
bezi agirhgi, post skorlamasi ve agirlik degisimi bilgileri stres seviyesini 6lcmede kullanilabilir. Akut stres modelleri
icin stres etkenleri psiko-sosyal (anneden ayirma, girultl, avciya maruz birakma, sirkadiyen ritim degisiklikleri
gibi) ve fiziksel (hareket kisitlama, sicaklik degisimleri, elektrik soku, kuyruktan asma gibi) olarak ayrilabilir. Deney
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hayvanlarinda davranissal degisikliklerin 6l¢lilecedi calismalarda, hayvanlarin bulundugu ortamlarin stresten
uzak kurgulanmasi da 6nemlidir. Ayrica biligsel 6zelliklerin testi icin de hipoteze uygun modelin secimine dikkat
edilmelidir. Ornegin; yeni obje tanima testi tanima hafizasini2, Morris su labirenti testi ve radiyal kol testi® uzaysal
hafiza ve 6grenmeyi, Y-labirenti kisa streli hafizayi, 5-secenek seri reaksiyon suresi testi ise dikkat, dirtisellik ve
yuratucl fonksiyonlarn 6lgmek icin kullanilabilmektedir. Bu testler disinda farkli davranis 6zelliklerini 6lcen bir¢ok
farkl model de tanimlanmustir.

Anahtar Kelimeler: Hayvan modelleri, stres, davranis testi
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Past and Present of Laboratory Animal Science
Laboratuvar Hayvanlari Biliminin Diinii ve Bugiini
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ABSTRACT

Laboratory animal science is a multidiciplanary scientific branch in which usage of animals for biomedical purposesin
humane ways and collecting enlightning information as repaetable and unprejudiced are being tought. Main purposes
of the laboratory animal science are improving quality of animal experiments and providing animal wellfares. Most
of the laboratory animals are used in order to discover new drugs for human consumers as basic medical scienses
and used as model for determination of safety doses of those drugs. The first experimental animal useage is detected
in Hyppocrates’ book of Corpus Hippocraticum as determination of anatomical structure. Many experiments on live
animals had been made since then. First physiological experiments had been done by Gale. Following of adventing
of christianity, experiments on animals had been stopped an banned for more than may decades. Many people
who used them in experiments did not believe they had any sense of any feelings. Desecartes performed many
live animal experiments because he did not belive they had any feelings. Animals are machines for Desecartes. First
actions for banning animal experiments were started in England and France at 19% century. First organisation that
aimed banning animal experiments had been established at 1875 in England, as the first laws for animal protection
had became valid at 1876 in England. Many societies had been established in many countries in order to improve
laboratory animal sciences. Like in USA Americen Laboratory Animals Assosiation, in Europe European Laboratory
Animal Sciences Assosiation Federation and International Laboratory Animal Sciences Consortium. In Turkey the first
guide that been valid for protecting animals that are used for experiments in 2004 released by national agliculture
ministry of Turkey. All guides had been announced are prepared due to European Directives. There have been many
unethical and unruled experiments on animals throug out the world, With legislations on animal protections those
ethical concerns are being protected.

Keywords: Laboratory animals, ethics, experimental animal models
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Laboratuvar hayvanlari bilimi, biyomedikal arastirmalarda hayvanlarin insani kullanimin ve verilerin aydinlatici, 6n
yargisiz yeniden Uretilebilir sekilde toplanmasinin 6gretildigi cok bransh bir bilim dalidir. Laboratuvar Hayvanlari
Bilimi'nin 6ncelikli amaclari, hayvan deneylerinin kalitesinin arttirlmasi ve hayvan refahini saglanmasidir. Deney
Hayvanlarin biyik bir kismi temel tip alanlari ile ilaclarin insanlar icin faydali olup olmadiginin arastirlmasinda ve
glivenli olan dozajlarinin belirlenmesinde insan modeli olarak kullaniimaktadir. Hippokrat Corpus Hippocraticum
kitabinda anatomik yapiyr belirlemeye yonelik ilk deney hayvani kullanimina rastlanmaktadir. Canli hayvanlar
Uzerinde bircok deney yapmistir. Yapilan ilk fizyolojik calismalar Gale tarafindan yapilmistir. Hiristiyanligin ortaya
cikistyla hayvan deneyleri durmus ve bu bin yildan daha uzun bir siire yasaklanmistir. Hayvanlari deneyde kullanan
bircok kisi onlarin duygu sahibi varliklar oldugunu inanmiyordu. Desecartes hayvanlarin aci cekebilecegini inanmadigi
icin hayvanlarin canh olarak kullanildigi bircok deney yapmistir. Desecartes’e gore hayvanlar birer makinedir.
Hayvan deneylerinin yasaklanmasini isteyen ilk hareketler 19. Yiizyilda ilk olarak ingiltere’de daha sonra Fransa'da
baslamistir. Hayvan deneylerinin yasaklanmasini isteyen ilk organizasyon 1875 yilinda ingilterede kurulmustur.
Hayvanlarin korunmasiyla ilgili ilk kanun 1876 yilinda yine ingiltere’de yiirirlige girmistir. Laboratuvar Hayvanlari
Bilimi'nin gelistirilmesi amaciyla bircok llkede bilimsel dernekler kurulmustur. Amerika'da Amerika Laboratuvar
Hayvanlar Bilimi Dernegi, Avrupa'da, Avrupa Laboratuvar Hayvanlar Bilimi Dernekleri Federasyonu ve Uluslararasi
Laboratuvar Hayvanlari Bilimi Konseyi. Tiirkiye'de 2004 yilinda Tarim ve Koyisleri bakanhgi tarafindan c¢ikarilan ilk
yonetmelik Tiirkiye'de bilimsel arastirmalarda deney hayvani kullanimi yasal glivence altina alinmistir. Cikarilan bitiin
yonetmelikler Avrupa Birligi Direktifi ile ilgili hikiimlerine parelel olarak hazirlanmistir. Diinyada yillarca etik disi ve
kuralsiz olarak hayvanlar tzerinde calismalar yapilmistir. Hayvanlarin korunmasi yoniinde etik degerler mevzuatla
yasal guivence altina alinmistir.

Anahtar Kelimeler: Laboratuvar hayvanlari, etik, deneysel hayvan modelleri
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Use of Transgenic Technology in Animals
Transgenik Teknolojinin Hayvanlarda Kullanimi

Sema Birler
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ABSTRACT

Transgenic technology is a rapidly growing technology that began with the first gene transfer study in bacteria in
1972. Transgenic technology used in laboratory animals after bacteria has enabled the production of model animals
of many diseases and thus, important studies on the etiology as well as prevention and treatment options of the
diseases have been made.

Apart from the basic research and production of disease model animals, very important developments can be
achieved through transgenic technology. These are;

1. Obtaining biopharmaceuticals from animals: Today, the active ingredients of two FDA approved drugs are
obtained from animals,

Production of industrial products: eg spider silk,

Improving product quality and quantity,

Production of disease-resistant animals,

Production of animals that can be used for xenotransplantation.

ik wn

With the development of methods used in transgenic technology in recent years, the success rate in transgenic
animal production has increased and new studies are being done in many species, including human.

Studies on the use of transgenic technology in animals continue in our country and the first transgenic farm animal
(Cimen) was produced by our team in 2013.

Keywords: Transgenic, livestock animals, laboratory animals, biopharmaceutics

0z

Transgenik teknoloji, 1972 yilinda bakterilerde gen transferinin ortaya konmasi ile baslayan ve hizla biylyen bir
teknolojidir. Bakterilerden sonra laboratuvar hayvanlarinda kullanilan transgenik teknoloji, bircok hastaliga ait model
hayvanlarin Uretilmesine ve bu sayede hastaliklarin etyolojisi yaninda hastaliklari 6nleme ve tedavi yontemleri
konusunda 6nemli calismalar yapilmasina olanak saglamistir.

Hastalik modelleri tretimi ve temel arastirmalar disinda transgenik teknoloji sayesinde ¢cok 6nemli gelismeler elde
edilebilir. Bunlar:

1. Biyofamasotiklerin hayvanlardan elde edilmesi: GlinimUizde FDA tarafindan onaylanmis 2 ilacin etken maddesi
hayvanlardan elde edilmektedir,

Sanayide kullanilabilecek triinlerin tretimi: Ornegin driimcek ipegi,

Urlin kalitesi ve miktarinin iyilestirilmesi,

Hastaliklara direncli hayvanlarin tretimi,

Ksenotransplantasyon amaciyla kullanilabilecek hayvanlarin tretimi.

iAW
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Son yillarda transgenik teknolojide kullanilan metotlarin gelismesiyle transgenik hayvan Gretiminde basar
orani yikselmis olup, bircok tiirde yeni calismalar ortaya konmaktadir. Bu ¢alismalar icerisinde insanlar da yer
almaktadir.

Transgenik teknolojinin hayvanlarda kullanimi konusunda tilkemizde de ¢alismalar devam etmekte olup, ilk transgenik
ciftlik hayvani (Cimen) ekibimiz tarafindan 2013 yilinda Uretilmistir.

Anahtar Kelimeler: Transgenik, ciftlik hayvanlari, laboratuvar hayvanlari, biyofarmasotik
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Transgenic Animal; from Past to Present
Geg¢mis Giiniimiize Transgenik Hayvanlar

Sezen Arat
Tekirdag Namik Kemal University, Faculty of Agriculture, Agricultural Biotechnology Department, Tekirdag, Turkey

ABSTRACT

The first studies to establish transgenic animals were recorded in the early 1980s. The organism chosen for
this purpose was also the most commonly used mice as a model organism for geneticists. Therefore, the first
genetically modified animals are laboratory mice. The first applied gene transfer method began as an injection
of a cloned DNA fragment into the pronucleus of the single-cell embryo. The biggest problem with this method
is that the integration of DNA is random and sometimes the individual being formed is chimeric. In order to solve
this problem, a new method was developed so that the genetic material of the embryonic stem cells was altered
in a targeted manner by homologous recombination using a template DNA. These modified stem cells were
then injected intotheembryos of the mice. Both microinjection and gene transfer to stem cells have produced
transgenic model laboratory mice on the face and these have been widely used both in basic scientific studies
and in the development of treatment strategies of diseases. Both methods were limited to use in live stock.
With the discovery of nuclear transfer technology, gene transfer to somatic cells after 1997 allowed targeted
genetic changes in live stock. Despite all these improvements, the success of transgenic animal production is
low. Over time, newer techniques, such as site-specific recombinases, ZFNs, and TALENS, have increased the
sensitivity of regulation of specific genomic targets in animals. The introduction of CRISPR-Cas9 technology in
2012 gave new impetus to genetic engineering. Since CRISPR enables targeted genome regulation in a simple,
efficient and economical way, the process of creating transgenic animals has become easier than ever before.
Today, the aim of transgenic animal production has been far beyond the transgenic model mice, which were
originally produced to understand human diseases and develop treatment strategies thanks to evolving genetic
engineering methods.

Keyword: Transgenic animal, embryonic stem cell, nuclear transfer, CRISPR-Cas9

0oz

Transgenik hayvanlar olusturmaya yonelik ilk calismalar 1980'li yillarin basinda kaydedilmistir. Bu amacg igin secilen
organizma da genelde genetikciler icin model organizma olarak en yaygin kullanilan fareler olmustur. Bu nedenle
genetigi modifiye edilen ilk hayvanlar laboratuvar fareleridir. Uygulanan ilk gen transfer metodu tek hiicreli
embriyonun pronukleusuna vektore klonlanmis bir DNA parcasinin enjeksiyonu seklinde baslamistir. Bu yontemin
en biyuk sorunu DNA'nin entegrasyonunun rastgele olmasi ve bazen olusan bireyin kiremik olmasidir. Bu sorunu
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¢6zmek amaciyla yeni bir ydntem gelistirildi ve bdylece embriyonik kok hiicrelerin genetik materyali, bir sablon DNA
kullanilarak homolog rekombinasyon yoluyla hedeflenen sekilde degistirildi. Daha sonra, bu modifiye edilmis kok
hicreler, farelerin embriyolarina enjekte edildi. Gerek mikroenjeksiyon gerekse kdk hiicrelere gen transferiile yiizlerde
transgenik model laboratuvar faresi tiretilmis ve bunlar gerek temel bilimsel calismalarda gerekse hastaliklarin tedavi
stratejilerinin gelistirilmesinde yaygin olarak kullanilmistir. Her iki ydonteminde ciftlik hayvanlarinda kullanimi sinirh
kalmistir. Nukleer transfer teknolojisinin kesfi ile birlikte 1997 yilindan sonra somatik hiicrelere gen transferi ciftlik
hayvanlarinda da hedeflenmis genetik degisikliklere olanak sagladi. Bitiin bu ilerlemelere ragmen transgenik hayvan
Uretiminin basarisi distiktir. Zaman icinde sahaya 6zgu rekombinazlar, ZFN’ler ve TALENS gibi daha yeni teknikler,
hayvanlarda spesifik genomik hedeflerin diizenlenme hassasiyetini arttirdi. CRISPR-Cas9 teknolojisinin 2012 yilinda
tanitimi, genetik miihendisligine yeni bir ivme kazandirdi. CRISPR, hedeflenmis genom diizenlemesini basit, verimli
ve ekonomik bir sekilde mimkiin kildigindan, transgenik hayvanlari yaratma islemi eskiye gore daha kolay hale
geldi. Buglin transgenik hayvan uretiminin amaci gelisen genetik miihendisligi yontemleri sayesinde dnceleri insan
hastaliklarini anlamak ve tedavi stratejileri gelistirmek icin Gretilen transgenik model farelerin ¢ok 6tesine ge¢mistir.

Anahtar Kelimeler: Transgenik hayvan, embriyonik kok hiicre, niikleer transfer, CRISPR-Cas9
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Rejenerasyon Arastirmalarinda Aksolot Modelinin Ogrettikleri*
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ABSTRACT
Objective: The aim of this study is to explore the molecular mechanisms of extrimity and central nervous system
regeneration of axolotl by emplying Omics methods.

Materials and Methods: Axolots (Ambyostoma Mexicanum) were obtained from the Ambystoma Genetic Stock
Center (AGSC) and grown at Istanbul Medipol University Medical Research Center (MEDITAM). Animals are maintained
in aquariums filled with Holtfreter solution, by feeding with pellet food (JBL novolotl), at temperatures between 18-
20°C. Animals were randomly selected from siblings (8-12 cm, 6-8 months old). Samples were obtained at different
time points of CNS, limb or tail regeneration. As a next step of sampling, DNA/RNA/Protein isolation was performed
by conventional or kit-based methods, followed by gene expression (transcriptome, proteome and miRNA) and
microbiome analyzes utilizing omics technologies.

Results: The studies demonstrated that regeneration capacity of axolotl decreased with metamorphosis. After
metamorphosis, defects in limb regeneration and delay in CNS regeneration was observed. Significant changes in
regeneration capacity via metamorphosis was due to the altered cell division dynamics, organization of ECM structure
and changes in immune system related pathways.

Conclusion: Axolotl regeneration capacity is sustained by increased cell division and activation of intercellular
signaling pathways after amputation. Furthermore, the immune system has been shown to be effective on
regeneration potential.

Keywords: Axolotl, regeneration, ngs, proteomics, circulating miRNA

*These studies were supported by TUBITAK (Project Number: 2155526 and 3155027).
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Amag: Bu calisma ile Omiks yontemleri kullanilarak Aksolot'da uzuv ve merkezi sinir sistemi rejenerasyonunun
gerceklesmesini saglayan molekiiler mekanizmalarinin kesfi hedeflenmistir.

GeregveYontem:Calismalarboyuncakullanilan Aksolotlar (Ambyostoma Mexicanum)’Ambystoma Genetic Stock Center
(AGSC)'dan tedarik edilmis olup istanbul Medipol Universitesi Tibbi Arastirmalar Merkezi'nde (MEDITAM) biiyiitiilen
canlilardan olugmaktadir. Kullanilan hayvanlar 18°C ile 20°C arasi sicaklikta her iki gtinde bir pellet yem (JBL novolotl)
verilerek Holtfreter sollisyonlu akvaryumlarda yetistirilmektedir. Deney hayvanlari 6-8 aylik 8-12 cm buyukligindeki
kardes aksolotlardan rasgele secilmektedir. Merkezi sinir sisteminde, kolda ya da kuyrukta olusturulan hasar sonrasi
rejenerasyonunun farkli zaman araliklarinda érnekler alinmistir. Ornek alimi sonrasi geleneksel yéntemlerle yahut kit
aracilikli DNA/RNA/Protein izolasyonu yapilmis ve bu izolasyonlari da takiben yeni nesil omiks teknolojileri kullanilarak
gen ifadesi (transkriptom, proteom ve miRNA diizeyinde) ve mikrobiyom analizleri yapilmistir.

Bulgular: Yapilan calismalar aksolotun metamorfoza ugramasiyla rejenerasyon kapasitesinin diistiigini gostermistir.
Uzuv rejenerasyonunda rejenerasyonun metamorfoz sonrasi durmasi gozlenmisken, merkezi sinir sistemi
rejenerasyonunun ise yavasladigi gérilmustiir. Metamorfoz ile gelen bu degisimin hiicre bélinmesi dinamigi, ECM
yaplisinin organizasyonu ve immun system ile iliskili yolaklardaki degisimlerden kaynakli oldugu not edilmistir.

Sonug: Aksolot ylksek rejenerasyon kapasitesini amputasyon sonrasi ylksek hiicre béliinmesi ve hiicreler arasi sinyal
yolaklarinin aktiflesmesi ile saglamaktadir. Bu yolaklara ek olarak immiin sistemin de rejenerasyon Uzerinde etkili
oldugu gorilmustir.

Anahtar Kelimeler: Aksolot, rejenerasyon, yeni nesil dizileme, proteomiks, dolagimdaki miRNA
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Shock Models in Experimental Animals
Deney Hayvanlarinda Sok Modelleri
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ABSTRACT

Shock is a pathological condition characterized by impaired tissue perfusion and organ dysfunction resulting from
insufficient oxygen supply or impaired oxygen use. Oxygen deficiency at the cell level leads to increased anaerobic
respiration, decreased ATP synthesis, inhibition of NA-K-ATPase, deterioration of membrane stabilization and cell
death, respectively. Hemorrhagic shock and septic shock are two of the most common shock types modelled in
animals. Regardless of the type of shock, the body temperature measurement, monitoring of respiratory-blood gases
and hemodynamic monitoring of animals should be performed after anesthesia for standardization and clinical
relevance. Hemorrhagic shock is the result of tissue perfusion insufficiency due to the decrease in circulating blood
volume. Hemorrhagic shock animal models are classified as: Fixed pressure hemorrhage, fixed volume hemorrhage,
uncontrolled hemorrhage and conscious models. Sepsis is an organ dysfunction due to an uncontrolled host
response to infection. If it is not diagnosed and managed early, it may cause septic shock, multiple organ failure
and death. Septic shock animal models classified as: Lipopolysaccharide administration, cecal ligation-puncture
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and intravascular-intraperitoneal administration of live bacteria models. As a result, a model with all the features of
shock observed in humans could not be defined. Hence, new models are needed to develop pathophysiology and
new treatment approaches. However, it may be the subject of study by balancing between the clinical relevance,
experimental standardization and reproducibility of each model.

Keywords: Shock, animal models, septic shock, hemorragic shock

0oz

Sok sunulan oksijenin yetersizligi veya bozulmus oksijen kullanimi sonucunda olusan doku perfiizyonu ve organ
fonksiyon bozuklugu ile karakterize olan patolojik bir durumdur. Hiicre diizeyinde oksijen yetersizligi sirasiyla
artmis anaerobik solunuma, ATP sentezinde azalmaya, Na-K-ATPazin inhibisyonuna, membran stabilizasyonunda
bozulmaya ve sonunda hiicre 6limiine yol acar. Hemorajik sok ve septik sok hayvanlarda modellenmis en yaygin sok
tiplerinden ikisidir. Hangi tip sok ile calisilirsa ¢alisilsin, anestezi uygulamasindan sonra hayvanlarin viicut isilarinin
korunmasi, solunum ve kan gazlarinin takibi ve hemodinamik goériintiilemelerini yapilmasi standardizasyon ve klinik
uyumluluk acisindan yapilmasi gerekenlerdendir. Dolasimdaki kan hacminin azalmasi nedeniyle doku perflizyon
yetersizliginin sonucu olusan tabloya hemorajik sok denir. Hemorajik sok hayvan modelleri; sabit basingli kanatma,
sabit hacimli kanatma, kontrolsiiz kanatma ve ayik hemorajik sok modelleridir. Enfeksiyona karsi olusan kontrolsiiz
konak yanitina bagli organ fonksiyon bozukluguna sepsis denir. Erken teshis edilmez ve yonetilmez ise septik soka,
coklu organ yetmezligine ve 6lime neden olabilir. Septik sok hayvan modelleri; lipopolisakkarit uygulanarak, cekum
baglama-delinerek, damar-periton icerisine canli bakteri uygulanarak yapilan modellerdir. Sonug olarak, insanda
gozlenen sokun tiim ozelliklere sahip tek bir model tanimlanamamistir. Patofizyolojinin ve yeni tedavi yaklagimlarinin
gelistirilebilmesi icin yeni hayvan modellerine ihtiyac vardir. Buna ragmen her model kendi icinde klinik uyumu,
deneysel standardizasyonu ve tekrarlanabilirligi arasinda bir denge saglanarak ¢alisma konusu olabilir.

Anahtar Kelimeler: Sok, hayvan modelleri, septik sok, hemorajik sok



