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Tavsanlarda Vitamin Eksiklikleri

Vitamin Deficiencies in Rabbits

0oz

Tavsanlarin kisa gebelik sliresine sahip olmalari ve bir batinda ¢ok sayida yavru diinyaya getirmeleri ve
ayrica yavru bakimi strelerinin yedi glin gibi kisa bir siire olmasi nedeniyle laboratuvar hayvani olarak
kullanimlari 6nem tasimaktadir. Ayrica tavsanlar ekonomik, ekolojik ve halk sagligi agisindan da 6nem
arz etmektedir. Tavsanlarda birgok faktor patolojik bozukluklara neden olabilmektedir. Bu nedenle
farkli risk faktorleri, 6lim ya da hastalik nedenleri ve yayginlik oranlari hakkindaki bilgiler; saglik,
ekonomi ve refah acisindan &neme sahiptir. Tavsanlarda bu patolojik bozukluklara neden olan
durumlardan biri de vitamin eksikliklerinden (hipovitaminozis) kaynaklanmaktadir. Tavsanlar bakim,
besleme ve barinma kosullarina gore cesitli vitamin eksikliklerinden muzdarip olabilirler. Kalabalik
barinaklarda yasama, yetersiz ve kalitesiz besleme, giines isigindan yoksun ortamda barinma gibi
kosullar ya da sindirim sistemi problemleri hipovitaminoz durumlarina yol acabilir. Tavsanlarda vitamin
eksiklikleri verim ve lreme performansinda dusuklik, abortus, zayif yavru dogumu, konjenital
hidrosefali, anemi, okiler bozukluklar, osteolojik hastaliklar ve kaslarda distrofi gibi bircok farkli
probleme yol acabilir. Bu derlemede tavsanlarin diyetle almasi gereken vitamin miktarlar ve
eksikliklerinde gorulebilecek patolojik durum ve hastaliklarin bir araya getirilmesi amaglanmistir.

Anahtar Kelimeler: Tavsan, Vitaminler, Vitamin Eksikligi

ABSTRACT

The use of rabbits as laboratory animals is important because they have a short gestation period
and give birth to a large number of offspring in one litter, as well as a short period of care for
offspring, such as seven days. Rabbits are also important in terms of economic, ecological and
public health. Many factors can cause pathological disorders in rabbits. Therefore, information on
different risk factors, causes of death or morbidity, and prevalence rates; It is important for health,
economy and welfare. One of the conditions that cause these pathological disorders in rabbits is
due to vitamin deficiencies (hypovitaminosis). Rabbits may suffer from various vitamin deficiencies
depending on their care, feeding and housing conditions. Conditions such as living in crowded
shelters, inadequate and poor-quality nutrition, sheltering in an environment devoid of sunlight,
or digestive system problems can lead to hypovitaminosis states. Vitamin deficiencies in rabbits
can lead to many different problems such as poor yield and reproductive performance, abortion,
weak offspring, congenital hydrocephalus, anemia, ocular disorders, osteological diseases and
muscular dystrophy. In this review, it is aimed to bring together the pathological conditions and
diseases that can be seen in the vitamin amounts and deficiencies that rabbits should take with
the diet.

Anahtar Kelimeler: Rabbit, Vitamins, Vitamin Deficiency.
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Giris

Vitaminler doku onarimi, kemik ve dis olusumu ve saglhgi
dahil olmak Uzere cok sayida fizyolojik goreve sahiptir.
insanlar ve hayvanlar tarafindan, sagligi korumak ve cesitli
fizyolojik islevleri strdirmek igin yasam boyunca degisen
miktarlarda vitaminlere ihtiya¢ duyulmaktadir (Godswill ve
ark., 2020).

Vitaminlerin bir kismi bazi canlilar tarafindan yeterli
miktarlarda sentezlenemez. Bu sebepten dolayi, vitaminler
oral beslenme ya da gastrointestinal florada mikrobiyal
aktivite yolu ile saglanmalidir (Watson ve ark., 2019; Lebas,
2000).

Vitaminler en yaygin olarak ¢ozlintrliklerine gore; suda
¢ozlinen (B kompleks vitaminler ve C vitamini) ve yagda
¢Oziinebilen (A, D, E ve K vitamini) vitaminler olmak tzere
iki grupta siniflandirilmaktadir (Tablo 1). Viicutta A, B12 ve
folik asit karacigerde, D ve E vitaminleri adipoz dokuda ve
kaslarda, E vitamini ayrica karacigerde depolanmaktadir
(Stevens, 2021; Godswill ve ark., 2020).

Tavsanlarda suda ¢6zinen vitaminler 6nemli
miktarlarda sindirim sistemi florasinda (esas olarak
sekumda) sentezlenmektedir. Bu vitaminlerin bir kismi ince
bagirsaklarin distalinden direk olarak emilmektedir ve
blyik bir kismi bakteriler tarafindan kullanilmaktadir.
Yumusak diskinin yenilmesi ile alinan bakterilerin tahrip
edilmesinden sonra agiga ¢ikan bu vitaminler tavsanlarin
ince bagirsagindan geri emilmektedir. Bu kaprofajinin ana
faydalarindan biridir. Bu yolla tavsanlar gerekli olan tiim B
kompleks ve C vitaminini elde edebilirler (Mateos ve ark.,
2020; Lebas, 2000).

Yagda ¢6zlinen vitaminler diyette fazla bulundugunda
yag hicrelerinde depolanir ve bu vitaminlerin alinmasi
sonucu toksikasyon bulgulari sekillenebilir. A, D ve E
vitaminleri tavsanlarin pelet yemlerinde de bulunur fakat
bu vitaminler hizh bir
(McWilliams, 2001).

sekilde denatiire olabilirler

Tavsanlar icin tavsiye edilen vitamin miktarlari
degiskendir. Bu miktar yas ve lUreme doénemlerine goére

degiskenlik gosterir (Tablo 2) (McWilliams, 2001).

Journal of Laboratory Animal Science and Practices

Tablo 1. Vitaminler ve 6zellikleri (McDowell, 2012).
Table 1. Vitamins and properties (McDowell, 2012).

Vitamin | Sinonim Coziiniirluk

A Retinol Yagda ¢ozindr.
D, Ergokalsiferol Yagda ¢ozilndr.
Ds Kolekalsiferol Yagda ¢oziundr.
E Tokoferol Yagda ¢ozindr.
K Naftokinon Yagda ¢ozindr.
B: Tiamin Suda ¢ozlinir.
B Riboflavin Suda ¢ozlinir.
Bs Niasin Suda ¢ozlinir.
Bs Pantotenik asit | Suda ¢ozUlndr.
Bs Pridoksal Suda ¢ozlndr.
Biz Kobalamin Suda ¢ozlndr.
C Askorbik asit Suda ¢ozlinir.

Tavsanlarda A Vitamini Eksikligi

Tavsanlarda A vitamini ihtiyaci beta karoten ile verimli
bir sekilde karsilanabilir. Tavsanlarin bagirsak mukozasi
beta karoteni retinole donUstirebilir. Her bir beta karoten
molekili 2 pargaya bolinir ve sonunda bir retinol
molekili gelir.  Fakat bu
sekillenebilmesi igin bagirsak mukozasi saglikli olmalidir.
Rasyonda beta karoten yliksek konsantrasyonlarinda olsa
bile (40-100 mg/kg) tavsanlarda kanda, karacigerde ya da
ovaryumlarda beta varligi  saptanmamistir.
Dolayisiyla beta karotenin etkili bir sekilde A vitaminine
donlstigli  tek vyerin  bagirsak oldugu
bildirilmektedir (Lebas, 2000).

meydana donlisimin

karoten

mukozasi




Tablo 2. Tavsanlar igin dnerilen diyet vitamin konsantrasyonlarinin dénemsel degisimi (McWilliams, 2001).

Table 2. Periodic variation of recommended dietary vitamin concentrations for rabbits (McWilliams, 2001).

VITAMIN MIKTAR | BUYUMEKTE | EMZIREN GEBE ERKEK BESIDEKi
OLAN TAVSANLAR | TAVSANLAR | TAVSANLAR | TAVSANLAR
TAVSANLAR
(4-12 Hafta)

A Ul/kg** | 6,000 12,000 12,000 6,000 10,000

D Ul/kg 800-1,000 800-1,000 800-1,000 800-1,000 800-1,000

E ppm*** | 50 50 50 50 50

K ppm*** | 0 2 2 0 2

C ppm*** | 0 0 0 0 0

B1 ppm*** 2 * 0 0 2

B2 ppm*** 6 * 0 0 4

B6 ppm*** 2 * 0 0 2

B12 ppm*** | 0,01 0 0 0 0.01

Folik asit ppm*** 5 * 0 0 5

B5 ppm*** 20 * 0 0 20

B3 ppm*** 50 * * * 50

B7yadaH ppm*** 0.2 * * * 0.2
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A vitamini tavsanlarda Greme performansi ve tiy kalitesi
icin olduk¢a 6nemlidir. A vitamini eksikliginde fertilitede
azalma, konjenital anomaliler, fetal rezorbsiyon, abort,
zayIf yavru dogumlari, kornea ve konjuktivada lezyonlar
sekillendigi ifade edilmistir (McWilliams, 2001). Geng
tavsanlarda A vitamini eksikligi kulak kikirdaginda
defektlere neden olarak kulak sarkmalarina vyol
acabilmektedir (Claire ve ark., 2004). Deneysel olarak
hipovitaminozis A olusturulmus tavsanlarda yapilan
calismalarda fertilite bozukluklari, halsizlik, tiy dokilmesi
ve kilo kaybi sekillendigi rapor edilmistir. Ayrica ana
belirtiler olarak kseroftalmi ve korlik saptanmistir. Vitamin
A eksikligi semptomu fark edilen 68-80 giinliik yastaki geng
tavsanlarda ve 80-110 gunliik yastaki yetiskin tavsanlarda
yapilan hematolojik analizlerde anemi ve |6kopeni
belirlenmis, lenfosit miktari artarken, noétrofil miktarinin
azaldig: bildirilmistir (Sravanthi ve ark., 2013).

A vitamini eksikliginden kaynaklanan deneysel
konjenital hidrosefalinin arastirildigi bir diger calismada disi
tavsanlara ciftlesmeden once 38 hafta kadar ve gebelik
sirasinda A vitamininden yoksun bir diyet verilmistir.
Annelerden dogan 51 yavrunun 47’sinde hidrosefali tespit
edildigi bildirilmistir. Hidrosefalinin nedenin tam olarak
belirlenemedigi ancak beyin omurilik sivisinin asiri Gretimi
ve muhtemelen serebral sivi kanalinin daralmasindan
dolayi olusabilecegi bildirilmistir (Millen ve ark., 1954;
Claus, 2012).

Siddetli eksiklik veya toksisite durumlar disinda,
tavsanlar homeostaz ile kan serumundaki A vitamini
seviyelerini oldukga sabit tutmaktadirlar. Bu nedenle serum
seviyeleri tavsanlarin gergcek A vitamini durumunu tam
olarak yansitmayabilir. Bundan dolayi karaciger, A vitamini
diizeyi acisindan daha glivenilir degerler saglamakta ve
altin standart olarak kabul edilmektedir (Claire ve ark.,
2004). A vitamininin toksik seviyeleri abort, yavru 6liimleri,
hidrosefali, zayif ve kiiclik yavru ve foétal rezorpsiyon gibi
sorunlara neden olabilmektedir. A vitamini eksikliginde de
benzer belirtiler meydana gelebildiginden toksik A
vitaminozisle ayriminin dikkatli bir sekilde yapilmasi
gerekmektedir. Tavsanlarda A vitamini gereksinimleri
lzerine az sayida arastirma yapilmistir ve besinlerle
alinmasi gereken miktarin 6.000-10000 IU/kg dizeyinde
olmasi tavsiye edilmektedir (Halls, 2010).

Tavsanlarda B kompleks Vitaminler ve Eksiklikleri

Tiamin (B1 vitamini), karbonhidratlarin ve yaglarin
metabolize edilmesi icin gerekli olan belirli enzimlerin bir
kofaktortudir. Tiamin eksikliginde istahsizlik ve kas
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paralizleri meydana gelmektedir (Blas & Wiseman, 2010).

Riboflavin (B2 vitamini) ve niasin (B3 vitamini)
vitaminlerinin  fonksiyonlari benzerdir ve hiicrelerde
glikozun okside edilmesinde rol oynayan gesitli bilesiklerin
yapimina katilmaktadirlar. Niasinin, triptofan amino asidi
tarafindan sentezlendigi belirtilmektedir. Riboflavin
eksikliginin ise blylme hizinin gecikmesine ve yemden
yararlanmanin azalmasina yol actigi bildirilmektedir(Halls,
2010; Blas & Wiseman, 2010).

Pantotenik asit (B5 vitamini), enerji metabolizmasi igin
onemlidir. Tavsanlarda pantotenik asit eksikliginin
sekillenmedigi belirtiimektedir (Halls, 2010).

Pridoksin (B6 vitamini) amino asit metabolizmasinda
gorev almaktadir. Ticari tavsan yemlerinde bu vitaminin
bolca bulunmasi  sebebiyle pridoksin  eksikliginin
tavsanlarda ender oldugu belirtilmektedir. ilaveten hem
tahillarda bulunmakta hem de bagirsakta flora bakterileri
tarafindan sentezlenmektedir (Halls, 2010).

Biotin (B7 vitamini) yag asidi metabolizmasinda rol
oynamaktadir. Eksikliginde dermatit ve tiiy 6rtiisiiniin kaybi
gibi klinik bulgularin goruldigu belirtiimektedir (Blas &
Wiseman, 2010).

B9 vitamini gebelik sirasinda anemiyi 6nlemektedir.
Ayrica yag metabolizmasinda, kas gelisiminde ve
bagisiklikta kullanilan ¢esitli amino asitlerin sentezine
yardimci olmaktadir. Folat ve folik asit B9 vitamininin farkli
formlaridir. Folat, piridoksal fosfat (B6) enziminin
metabolik reaksiyonlarini tamamlamaktadir. Folik asit ise,
hiicre bolinmesi, deoksiribo nikleik asit (DNA) ve
ribonikleik asit (RNA) Uretimi icin gereklidir ve kansere
neden olabilecek DNA degisikliklerinin 6nlenmesine
yardimci olmaktadir. B9 eksikligi anemi, depresyon, kalp
hastaligi ve kanser oranlarinda artis, istah kaybi ve kilo
kaybina neden olmaktadir (Blas & Wiseman, 2010).

Kobalamin ve siyanokobalamin (B12 vitamini)
karbonhidrat, protein ve yag metabolizmasinda 6nemli
olan aktif bir koenzimdir. Ayrica c¢esitli bilesiklerin
oksidasyonuna yardimci olmaktadir. B12 vitamini ayrica
doku sentezi, mitokondriyal enerji metabolizmasi, hicre
plazmasinin membran butinlGgiinin korunmasina, sinir
hicreleri ve kirmizi kan hiicrelerinin Gretimine ve DNA’nin
onarimina yardimci olmaktadir. B12 eksikligi; anemi,
kabizlik, kalp hastaligi, depresyon, halsizlik, noérolojik
bozukluklar, mide bulantisi, abdominal gerginlik, istah
kaybi, ve agrn gibi klinik bulgulara neden olmaktadir



(Habeeb ve ark., 2018).

Tavsanlarda sindirim sistemi hastaliklarinda yumusak
diski ¢ikarilmasi ve bu diskinin daha sonra oral yolla
alinmasi aksamaktadir. Dolayisiyla vitaminlerin sindirim
sistemi florasi tarafindan sentezi bozulmaktadir. B vitamini
deposunun ise sadece B12 vitamini i¢cin dnemli oldugu
belirtilmektedir. Bu nedenle sindirim bozuklugu olan
tavsanlarin suda ¢ozlinen vitaminlerin eksikligine saghkli
olanlara gore daha duyarli oldugu ifade edilmistir. Bu
sebeplerden dolayi sitten kesilme donemindeki tavsanlar
gibi sindirim bozukluklari riski tasiyan tavsanlarin yemlerine
B kompleks vitaminleri eklemenin faydali olabilecegi
tavsiye edilmektedir (Lebas, 2000).

Tavsanlarda D Vitamini Eksikligi

D vitamini, kalsiyum homeostazi (kalsiyumun intestinal
ve renal emilimi) paratiroid hormon konsantrasyonunun
reglilasyonu ve kemiklerde osteoklastlarin olgunlagsmasinin
uyarimi dahil olmak {zere viicutta bircok farkl sireci
kapsayan onemli bir vitamindir (Watson ve ark., 2019;
Sabeeh & Al-Saeed, 2020). Evcil tavsanlarda D vitamini
metabolizmasi kalsiyumdan bagimsizdir ¢linkii tavsanlarin
kalsiyumu bagirsaklardan pasif olarak absorbe ettigi
bilinmektedir ve total serum kalsiyum konsantrasyonlarinin
diger memeli tirleri icin bildirilen dizeyden %30-50 kat
daha yuksek oldugu rapor edilmistir (Watson ve ark., 2019).

D vitaminin ergokalsiferol (D2 vitamini) ve kolekalsiferol
(D3 vitamini) olmak lzere iki formu bulunmaktadir. D2
vitamini mantar gibi bitkisel kaynaklarda bulunurken D3
vitamini balik yagi, karaciger, morina yagi, yumurta sarisi ve
st dranleri gibi gidalarda bulunmaktadir ya da gilines
Isininin - maruziyeti ile endojen deri sentezi yoluyla
Uretilmektedir (Sabeeh & AL-Saeed, 2020). Dolayisiyla D
vitamini iceren yem veya bitkilerin yenilmesi ve ultraviolet
B (UVB) 1sina maruz kalma sonucu fotokimyasal sentez yolu
ile gereksinimi karsilanir (Emerson ve ark., 2014).

Tavsanlar da dahil olmak lzere birgok omurgalh tiirii D
vitaminini UVB i1sini yolu ile elde edebilmektedir. Bu durum
dogal kosullar altinda veya aclk havada barindirilan
hayvanlar icin glnes sig&ina maruz kalmasi ile
saglanmaktadir. Fakat hayvanlar iceride barindirildiginda
cam ya da akrilik pencereler UVB isinina karsi etkili bir
bariyer olusturmaktadir. Kapali ortamda bakilan evcil
tavsanlarin D vitamini Gretmesi UVB maruziyetine baghdir
ve eger saglanmaz ise D vitamini eksikligi yasanabilecegi
belirtilmektedir (Watson ve ark., 2019). Hipovitaminoz D
durumu eksojen D vitamini onclllerinin diyetle yetersiz
alimi, endojen onciilerin déntsiimi i¢in gerekli olan dogal

glines 1s1gina maruz kalmanin olmamasi veya yetersiz
olmasi ile sekillenmektedir. Glines 15181 almayan kafeslerde
tutulan tavsanlar, gilines Isigina erisimi olmayan ev
tavsanlari ve samana erisimi olmayan zayif bir diyetle segici
beslenen tavsanlarin D vitamini eksikligine daha predispoze
oldugu bildirilmektedir (Winnepenninckx, 2020).

Tavsanlarda uygun olmayan besleme ve kapali bir arada
barinmanin olmasi hipovitaminoz D ve hipokalsemiye bagl
metabolik kemik hastaligina yol agmaktadir. Bu durum
dislerin  dokllmesine vyatkin hale getiren kemik
demineralizasyonuna neden olmakta, malokllizyona ve
anormal asinmaya yol agmakta, premolar ¢ikintilara ve
kesici dislerin asiri blylimesine neden olmaktadir. Ayrica
dis kokleri maksilla ve/veya mandibulaya dogru uzanarak
rinit, epifora, dakriosistit ve apselere yol agmaktadir
(Winnepenninckx, 2020). Erkek tavsanlarda yapilan bir
calismada D vitamininin sperm motilitesi ve spermatozoa
Uzerine direk pozitif etkisi oldugu gosterilmistir (Sabeeh &
AlL-Saeed, 2020).

D vitamini eksikligi tavsanlarda rasitizm ve dental
problemler ile iliskilendirilmistir. Yetersiz D vitamini iceren
diyetle beslenen tavsanlar, iskelet mineralizasyonunda
aksaklik ve osteomalazi belirtileri gostermektedir. Ortaya
¢ikan osteopeninin ozellikle disleri ¢evreleyen kemikleri
zayiflattigl varsayilmaktadir. Yine de, hipovitaminoz D'nin
dis saglg Uzerindeki etkisi tavsanlarda tam olarak
belirlenememistir (Franklin, 2017).

Kronik D vitamini eksikliginin tavsanlarda iskelet sistemi
Uzerine etkilerini belirlemeyi amaclayan bir calismanin
sonuglarina gore; D vitamini eksikligi olan bazi tavsanlar
normal serum fosfor seviyelerini koruyabilse de, diger
tavsanlarda serum fosfor seviyeleri 6nemli o6lglde
dismistir. Bu tavsanlarda ortaya cikan hipofosfatemi,
yetersiz iskelet mineralizasyonuna ve klasik osteomalazi
belirtilerine yol agmistir (Brommage ve ark., 1988).

Tavsanlarda D vitamini ihtiyacinin karsilanmasi icin
endojen olarak metabolize edilmesi, glineste kurutulmus
bitkilerin yenilmesi veya bir vitamin takviyesi kullaniimasi
gerekmektedir. Tavsanlar, sonbaharda diisen agag
yapraklari gibi kurumus bitkileri yemekten hoslanirlar ve
genellikle o sirada ihtiya¢ duyduklari D vitaminini almis
olurlar. Ayrica ticari tavsan pelet yemleri de D vitamini ile
desteklenmektedir. Evcil tavsanlar icin 800-1200 1U/kg
diizeyinde D vitamini tavsiye edilmektedir. 2300 IU/kg'in
Uzerindeki seviyelerinin toksik oldugu bildirilmektedir.
Diyet uygulamasiyla D vitamini toksisitesine neden olma
riski gbz 6nline alindiginda, tavsanlari glines Isigina maruz
birakmanin daha uygun oldugu ifade edilmektedir. Ayrica
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glnes 1siginin birgcok yararh fizyolojik ve psikolojik etkiye
sahip oldugu bildirilmistir (Smith, 2013).

Tavsanlarda E Vitamini Eksikligi

Tavsanlar, E vitamini eksikligine en duyarl laboratuvar
hayvanlaridir ve bunu azalan duyarhlik sirasi ile kobaylar,
hamsterler, sicanlar, fareler ve maymunlar takip
etmektedir. Dolayisiyla tavsanlar, E vitamininin fizyolojik
rolini belirlemek icin model olarak kullanilmigtir. E
vitamini, dokularda hasar olusturan hidrojen peroksidin
cogalmasini 6nleyen bir antioksidandir. Diyetlere selenyum
eklenmesi, cesitli tirlerde E vitamini gereksinimleri
Gzerinde koruyucu bir etkiye sahip olsa da bu etki
tavsanlarda gorilmemektedir (Claire ve ark., 2004).

E vitamini, oksitleyici ajanlari hicre zarindan
uzaklastirmak icin O6nemlidir. Bu hiicresel islevi uzun
Omurltlagt  arttirmaktadir.  Hipovitaminoz E, Ureme
yetersizligine ve kaslara zarar veren miyopatiye (artan kan
kreatin fosfokinaz diizeyinden dolayl) neden olmaktadir
(McWilliams, 2001). E vitamini ve selenyum takviyesinin,
erkek tavsanlarin blylmesine katki saglamanin yani sira
yem ve su alimini da olumlu yonde etkiledigi ve disi
tavsanlarin Greme ozelliklerini iyilestirdigi belirtilmektedir
(Oladimeji ve ark., 2022).

Yavrularda E vitamini eksikliginin baslhca, arka
bacaklarda parezisten felce kadar olan kas distrofilerine
neden oldugu belirtilmistir. Klinik hastaligin baslamasindan
sonraki bir iki gilin icinde genellikle 6lim meydana
gelmektedir. Yetistiricilerin kisirhk, abortlar, 6lG dogumlar
ve hemolizler ile ilgili problemler yasadigi ifade edilmistir. E
vitamini eksikligi, in vitro peroksit hemolitik testi, serum
kreatin fosfokinaz veya E vitamini karaciger seviyeleri ile
teshis edilebilir (Castellini ve ark., 2007; Claire ve ark.,
2004).

E vitamini eksikliginde once kalp kasi hasari meydana
gelmesi durumunda, daha oOnce herhangi bir belirti
olmaksizin ani o6lumler sekillenebilir. Yapilan bir
arastirmada E vitamini acisindan duslik bir diyetin
kullanildig tavsanlarda yiksek 6lim orani gézlemlenmistir
(Lebas, 2000).

Gunluk E vitamini ihtiyaci, minimum 25 mg/kg E vitamini
iceren bir diyetle karsilanabilmektedir. Tavsanlar igin
diyetteki duzeyi ginlik 16.8 mg/kg’dan az ise
hipovitaminoz E meydana gelecegi belirtilmistir (Lebas,
2000).
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Yapilan bir diger c¢alismada ise oral E vitamini
takviyesinin, immiin fonksiyonlarin uyarilmasi yoluyla
hayvanin yasam kalitesini iyilestirerek kirmizi kan hiicreleri,
hemoglobin (HGB) ve total beyaz kan hicreleri (WBC)'nin
yani sira sodyum ve klor seviyelerini korudugu belirtilmistir.
Bu korumanin ise tavsanlarda hipoterminin kisa sireli
olarak olumsuz etkilerini hafifletigi, dolayisiyla hipotermiye
neden olabilecek durumlarda yasam kalitesini artirmak igin
E vitamininin kullanilabilecegi belirtilmistir (Johnson ve
lorliam, 2020). Yapilan bir baska ¢alismada ise 35°C'de 1isI
stresine maruz birakilan tavsanlarda E vitamini ve selenyum
takviyesinin rektal i1sinin ve deri isisinin diismesine katki
sagladigl ifade edilmektedir (Oladimeji ve ark., 2022).

Tavsanlarda K Vitamini Eksikligi

K vitamini koagllasyon mekanizmasinda rol oynar ve
kanin pihtilasmasinda aktif rol oynamaktadir. K vitamini
eksikliginin belirtileri arasinda abort, plasenta kanamasi ve
yaralanmayi takiben uzamis pihtilasma siresine sebep
oldugu belirtilmektedir. Eksikligi tavsanlarda nadiren
gorilmektedir ¢linkl gereksinimleri bagirsakta mikrobiyal
flora tarafindan dretilmektedir ve yumusak diskinin
yutulmasi yoluyla saglanmaktadir. Yemdeki 1 ila 2 ppm K
vitamini dizeyinin eksikliginin olusmamasi icin yeterli
oldugu ifade edilmektedir. Ancak gebe tavsanlarda ve
subklinik  koksidiyoz vakalarinda takviyesinin gerekli
olduguna yer verilmistir (Halls, 2010).

SONUC

Sonu¢ olarak tavsanlarda ozellikle A, D ve E

vitaminlerinin  yetersizlig§inden  kaynaklanan  gesitli
problemlerle karsilasilabilir. Bunlarin 6niline gecebilmek
icin uygun bakim ve besleme kosullarinin saglanmasi ve
hayvanlarin yeterli glines 1sigina maruz birakilmalari
Onerilmektedir. Evcil tavsanlar icin Onerilen vitamin
seviyelerinin kurutulmus temel diyetlerde bulunmasina
Ozen gosterilmelidir. Clinki meyve, yapraksiz sebze ve tahil
Urinleri gibi taze yemlerin sirekli tedarik durumu ve
muhafazasi kurutulmus yemlere kiyasla daha zordur. Ayrica
taze gidalarin hastalik etkenleri ile kontaminasyon ihtimali
disindldiginde isletmeler igin kurutulmus yemlemenin
daha elverisli oldugu distnilmistir. Kurutulmus yemlerle
besleme sayesinde hipovitaminoz nedenli bircok saglik

probleminin elemine edilecegi de distinlilmektedir.
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Sicanlarda ve Farelerde Yasam Alani Kriterleri

Habitat Criteria in Rats and Mice

0z

Sican ve fareler bilimsel ¢alismalarda yaygin olarak kullanilan laboratuvar hayvanlaridir. Sican ve
farelerin bulunduruldugu ortam hayvanlarin yasam alani kriterlerine uygun olmalidir. Hayvan saglgi ve
refahinin saglanamamasi durumunda bilimsel ¢alismalar etkilenir ve yanlis sonuclar elde edilir. Yasam
alani kriterlerinin ilk basamagi tesis tasarimidir. Tesis sican ve fareler icin uygun olacak sekilde
tasarlanmalidir. Sican ve farelerin bulunduruldugu odalar Laboratuvar Hayvanlarinin Bakimi ve
Kullanimi Kilavuzu'nun yonergelerine uygun olacak sekilde dizenlenmelidir. Oda igine yerlestirilecek
kafesler calisma amacina gore belirlenmekle birlikte kolay temizlenebilir, kagmaya karsi korumali
olmalhdir. Calisma icin gerekli olmadigl sirece tel kafesler yerine kati tabanli olan kafesler tercih
edilmelidir. Kafes boyutlari hayvan populasyonuna gore belirlenmelidir. Sicaklik, nem, hava hareketi,
aydinlatma, sanitasyon ve gurdltl, yem, su ve althk arastirma sonuglarini etkileyen cevresel
faktorlerdir. Sican ve farelerin bulundugu ortam fizyolojilerine uygun sicaklik ve nem derecesinde
olmali, etkili bir havalandirma ve uygun bir fotoperiyod dongisi saglanmali ve girultiden uzak
olmalidir. Ayrica sagliga elverisli kosullarin slrdirtlmesi ve dezenfeksiyon icin etkili bir sanitasyon
belirlenmelidir. Yem, su ve althk materyali de hayvan refahini etkileyen 6nemli cevresel faktorlerdir.
Yem, fare ve sican ihtiyacina gore belirlenmeli, temiz su saglanmali ve en uygun altlik malzemesi
kullanilmalidir. Laboratuvar hayvanlariyla ilgili yapilan ¢calismalarda, ¢alisma sonucunu etkileyebilecek
bitln faktorler goz énidnde bulundurulmalidir. Yasam alani kriterleri de bu faktorler arasindadir.
Yapilan ¢alismalardan dogru sonug alinabilmesi igin laboratuvar hayvanlarinin yasam alani kriterlerine
dikkat edilmesi gerekmektedir. Bu derlemenin amaci fare ve sicanlarda olmasi gereken yasam alani
kriterlerinden bahsetmektir.

Anahtar Kelimeler: Fare, Refah, Sican, Yem.

ABSTRACT

Rats and mice are laboratory animals commonly used in scientific studies. The environment in which
rats and mice are kept must comply with the criteria for the habitat of the animals. If animal health
and welfare are not ensured, scientific studies are affected and false results are obtained. The first
step of the living space criteria is facility design. The facility should be designed to be suitable for rats
and mice. The rooms where rats and mice are kept should be arranged in accordance with the
guidelines of the Laboratory Animal Care and Use Guide. Although the cages to be placed in the room
are determined according to the working purpose, they should be easy to clean and protected against
escape. Unless necessary for the study, cages with solid bases should be preferred instead of wire
cages. Cage sizes should be determined according to the animal population. Temperature, humidity,
air movement, lighting, sanitation and noise, feed water and litter are environmental factors that
affect research results. The environment where rats and mice are located should be at a temperature
and humidity level suitable for their physiology. An effective ventilation and a suitable photoperiod
cycle should be provided and it should be away from noise. In addition, an effective sanitation be
determined for the maintenance of sanitary conditions and disinfection. Feed, water and litter
material are also important environmental factors affecting animal welfare. Feed be determined
according to the needs of mice and rats, clean water should be provided and the most suitable litter
material should be used. In studies on laboratory animals, all factors that may affect the results of the
study should be considered. Living space criteria are among these factors. In order to get accurate
results from the studies, it is necessary to pay attention to the living space criteria of laboratory
animals. The purpose of this review is to talk about the habitat criteria that should be in mice and rats.
Keywords: Food, Mice, Rats, Welfare.
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Giris

Genetik olarak manipiile edilmis kemirgenlerin, in vivo
gen islevi ve regiilasyonu, memeli gelisimi ve biyolojisi,
insan hastaligi modellerinin gelistirilmesi ve gen terapisi
¢alisma modelleri dahil olmak Uzere ¢ok gesitli bilimsel
arastirmalar icin yararh oldugu gosterilmektedir (Hamilton
ve Frankel 2001; Izraeli ve Rechavi 2002). Bu durum birgok
arastirma  kurumunda  kemirgen  popilasyonunda
patlamaya yol acmaktadir (Faith ve ark., 2020). Gen
hedefleme ve transgenik hayvanlar yaratma yetenegi de
dahil olmak Uzere ratin genetik manipilasyonunda son
yenilikler, fareden daha arzu edilen bir model haline
getirmektedir (Phillips ve ark., 2013; Homberg ve ark.,
2017). Hayvan bakimi ve kullanimi i¢in farkh standartlar
genellikle  hayvan  temelli  ¢alisma  sonuglarinin
karsilastirilmasina ve sonuglarin kurumlar arasinda yeniden
Uretilmesine engel olacagi ve uluslararasi bilimsel is birligini
de engelleyebilecegi icin 1990'larin sonunda laboratuvar
hayvanlarinda standardizasyon ilgi konusu olmustur
(Demers ve ark., 2006; Faith ve ark., 2020). Bu
standardizasyon genel degiskenligi ve hayvanlarin bakim ve
kullanim bicimlerindeki genel degiskenligi en aza indirmek
icin yapilmistir (Faith ve ark., 2020). Hayvan bakimi ve
kullaniminin uyumlu hale getirilmesinde 6nemli ilerleme
kaydedilmis olunmasina ragmen, hala yapilmasi gereken
iyilestirmeler bulunmaktadir (Bailoo ve ark., 2014; Drucker,
2016). Fare ve ratlarin barindirilacagi odalar, Laboratuvar
Hayvanlarinin Bakimi ve Kullanimi Kilavuzu'nun (Ulusal
Arastirma Konseyi, 2011) yonergelerine uygun olmasi
gerekmektedir (Otto ve ark, 2015). Hayvan
arastirmalarinda yer alan bireylerin, hayvanlarin refahini
koruma ve rahatsizigi en aza indirme yikimlGlGga
bulunmaktadir (Faith ve ark., 2020). Bu ylkumlilak
genellikle hayvan ve deneysel sonug icin faydali olmaktadir
(Baumans, 2005). Hayvan sagligini ve refahini etkileyen
faktorler arasinda tesis ve oda tasarimi, kafes tasarimi ve
insaat malzemeleri, mevcut yasam alani ve hava degisimi
ve hava kalitesi (bagil nem, NH3, CO2, toz), sicaklik, isik ve
glraltt seviyesi, althk malzemesi, yiyecek ve su gibi
cevresel faktorler yer almaktadir (Baumans, 2005; Faith ve
Huerkamp, 2009).

Tesis Tasarimi

Hayvan arastirma tesisinin tasarimi, insasi ve bakimi,
laboratuvar hayvanlarinin  yetistirilmesinin  tiri  ve
kalitesinde 6nemli bir rol oynamaktadir (Faith ve ark.,
2020). Hayvan arastirma tesisinde karantina, kafes yikama
ve sanitasyon, diyet saklama ve hazirlama, malzeme ve
ekipman depolama, atik bertarafi, personel dolaplari,
duslar, lavabolar, tuvaletler ve dinlenme odalari, ozel

laboratuvarlar (cerrahi, otopsi, teshis prosedirleri,
goruntileme, bulasicl hastalik ve biyolojik tehlike 6nleme,
idari faaliyetler ve egitim faaliyetleri yapilabilecek alanlar,
yapilmasi gereken tiim arastirma maniptlasyonlarina izin
vermek icin yeterli sayida hayvan prosediir odasi bulunmasi
gerekmektedir (Hessler ve ark., 1999; Faith ve ark., 2020).
Hayvan odalari, yetistirme ve arastirma personelinin
kolayca erisebilecegi, ancak kafes yikama tesisleri veya
yogun trafik alanlari gibi gurdlttli alanlardan uzak veya
fiziksel vyollarla izole edilmis alanlara vyerlestiriimesi
gerekmektedir (Faith ve ark., 2020). Duvar, tavan ve zemin
ylzeyleri, etkili sanitasyona izin veren, mikrobiyal
dekontaminasyonu kolaylastiran ve ekipmanin normal
kullanimindan ve manipilasyonundan kaynaklanan
hasarlara karsi direngli malzemelerden yapilmasi
gerekmektedir (Otto ve ark., 2015). Hayvan odalari,
odadaki otomatik zamanlayicilar veya tercihen merkezi bir
bilgisayarli sistem tarafindan kontrol edilen aydinlatma
armatdrleri tarafindan saglanan isikla penceresiz olmasi
gerekmektedir (Faith ve ark., 2020).

Oda Diizeni

Tesisin ve hayvan odasinin olabildigince esnek olacak
sekilde tasarlanmasi 6nem arz etmektedir (Faith ve ark.,
2020). Hayvan refahini saglamak icin oda ortaminin iyi
kontrol edilmesi gerekmektedir (Otto ve ark., 2015).
Oldukca benzer ayak izlerine sahip fare ve rat raflari artik
her iki tiriin de barinmasi icin esit derecede uygun oda
tasarimina olanak tanimaktadir (Faith ve ark., 2020).
Enfeksiyoz hastaliklarin dnlenmesi ve kontroli, kismen fare
barinak odasinin konumu, boyutu ve gevresel kosullarinin
bir fonksiyonudur. (Otto ve ark., 2015). Giriltinin
yarattig| stres nedeniyle, fare odalari mekanik odalardan,
kafes yikama merkezlerinden ve glirliltii ¢ikarmaya yatkin
tirlerden uzaga yerlestirilmelidir (Council, 2011).

Kafesler

Arastirma fareleri kullanilarak tretilen verilerin kalitesi,
arastirma tesisinde aldiklari barinak ve bakimin kalitesiyle
iliskilidir (Faith ve ark., 2020). ister grup ister bireysel olarak
barindirilan fare ve ratlar icin gereken kafes alani miktari,
hayvanin/hayvanlarin spesifik fizyolojik veya protokol
gerekliliklerinin yani sira hayvan agirliginin, yasinin ve
cinsiyetinin bir fonksiyonudur (Council, 2011). Kemirgenler
icin uygun kafesler, kagmaya karsi korumal ve kolay
temizlenebilir olmaldir. Evcil kemirgenlerin bakiminda
kafesin sik sik temizlenmesi ¢ok Onemlidir. Kafesin
temizlenmemesi amonyak birikmesine neden olarak strese
ve hastaliga yol agmaktadir (Frohlich, 2020). Kemirgenler
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geleneksel olarak ya kati tabanli ya da tel tabanl kafeslerde
barindiriimaktadir. Kati tabanl kafesler genellikle ayakkabi
kutusu kafesleri olarak adlandiriimaktadir. Cogunlukla
plastik veya metalden yapilmis, kenarlari ve tabani saglam
olan dikdortgen kutulardir. Hayvanlarin kafes igcinde daha
iyi gorilebilmeleri, 1s1 yalitimi, ekonomi, dikissiz yapilari,
dayaniklihklari ve kimyasal yapilari nedeniyle plastik
kafesler genellikle metal kafeslere gore daha gok tercih
edilmektedir (Faith ve ark., 2020). Bu kafesler igin en sik
kullanilan malzemeler polikarbonat ve polipropilendir
(Otto ve ark., 2015). Kemirgenleri kafeslemek icin secilen
plastikler, buhara ve kimyasallara dayanikli olmali ve
tekrarlanan temizlikten sonra da saglamhigini ve berrakhgini
korumalidir. Genel olarak, ayakkabi kutusu kafesleri,
yaklasik 5 ft uzunlugunda ve 5-6 ft yiksekliginde mobil
raflara, cok sayida metal levha veya tel cubuk yapi rafi ile
yerlestirilmektedir (Faith ve ark., 2020). Tel tabanl kafesler
genellikle tamamen metalden yapilmakta ancak kenarlari
tel zeminli plastik olabilmektedir (Faith ve ark., 2020). Bu
tir kafesler, diski ve idrarin zeminden asagidaki emici
malzeme (izerine diismesine olanak saglamaktadir. Ayrica
temizlik kolayhg icin disari kaydirilan veya g¢ikarmasi kolay
alt kisimlarinin olmasi, altliklari tutmak icin yiksek kenarli
alt kisimlarinin olmasi, oda ve kafes arasinda yeterli
havalandirma saglamasi, hayvanlari maniplile etmeden
kolay erisim saglanmasi icin biyik kapilarinin olmasi ve her
kafes acikligi icin glivenli bir kilitleme mekanizmasinin
olmasi gibi avantajlari bulunmaktadir (Frohlich, 2020).
Ratlarin tel tabanh kafeslerde barindirilabilmesinin bir
nedeni de kaprofajiyi 6nlemektir. Tel tabanli kafesler yavru
blyitmek icin uygun gorilmemektedir (Faith ve ark.,
2020). Birgok kemirgen, ekonomik ve deneysel nedenlerle
farmasotik ve sozlesmeli toksikoloji laboratuvarlarinda tel
tabanli kafeslerde barindiriimaktadir (Starke ve Oaks,
2001). Ancak deneysel bir ihtiya¢ olmadikca, kemirgenler
tel tabanh kafesler yerine saglam tabanli kafeslerde
barindiriimasi gerekmektedir. Bu, daha sik olarak tel
zeminlerle iliskilendirilen podo-dermatit ve yaralanmalarin
onlenmesine yardimci olmaktadir (Otto ve ark., 2015).
Yapilan bir galismada, ayak lezyonlarinin tel kafeslerde
barindirilan ratlarda kati tabanli kafeslerde barindirilan
ratlara gore daha yaygin oldugu gosterilmistir (Peace ve
ark., 2001). Yapilan arastirmalarda, kemirgenlerin 6zellikle
uzun sireli ¢alismalar igin, mimkin oldugunca altlikh ve
saglam tabanh kafeslerde barindirilmasi gerektigi
bildirilmistir (Faith ve ark., 2020). Kafes alaninin barindirilan
hayvan sayisina gore belirlenmesi gerekmektedir. Gruplar
halinde barindirilan farelerde yaygin olarak ©Onerilen
minimum alan 10 gramdan kigik olan farelerde 6 (38,7)

zemin alani/hayvan, in¢2 (cm2), 15 grama kadar olan
farelerde 8 (51.6) zemin alani/hayvan, in¢2 (cm?), 25 grama
kadar olan farelerde 12 (77.4) zemin alani/hayvan, ing2
(cm2), 25 gramdan biyik olan farelerde > 15 (296.7) zemin
alani/hayvan, in¢2 (cm?)’ dir. Kafes yiiksekligiise 5 (12.7) ing
(cm)’dir. Yavrulariyla birlikte bulunan disi fareler igin
Onerilen minimum alan 51 (330) zemin alani/hayvan, in¢2
(cm?2)’dir. Bununla birlikte diger yetistirme
konfiglirasyonlari daha fazla alan gerektirebilir alan yetiskin
ve yavru sayisl ile yavrularin boyutu ve yasi gibi hususlara
bagh olarak ayarlanabilmektedir. Ratlarda ise Onerilen
minimum alan 100 gramdan kicuk olanlarda 17 (109.6)
zemin alani/hayvan, in¢2 (cm?), 200 grama kadar olanlarda
23 (148.35) zemin alani/hayvan, in¢2 (cm?), 300 grama
kadar olanlarda 29 (187.05) zemin alani/hayvan, in¢2 (cm?),
400 grama kadar olanlarda 40 (258) zemin alani/hayvan,
inc2 (cm?), 500 grama kadar olanlarda 60 (387) zemin
alani/hayvan, in¢2 (cm?), 500 gramdan daha buyik
olanlarda = 70 (> 451.5) zemin alani/hayvan, in¢2 (cm?)’ dir.
Kafes yiksekligi 7 (17.8) yukseklik, in¢ (cm)’ dir. Yavrulariyla
birlikte bulunan disi ratlar i¢in 6nerilen minimum alan 124
(800) zemin alani/hayvan, in¢2 (cm?)’dir. Hem fare hem
ratlarda daha biyilk hayvanlar, performans standartlarini
karsilamak icin daha fazla alana ihtiya¢ duyabilmektedir
(Council, 2011).

Cevresel Faktorler

Arastirma  icin  kullanilan  hayvanlar, deneysel
parametrelere mimkiin oldugunca biylk bir yanitin
standartlastirimasina  izin  veren  kosullar  altinda
tutulmahdir. Yillar boyunca, bircok c¢evresel faktoriin
arastirma sonuglarini etkileyebilecegini gosteren bircok
kanit bulunmaktadir. Sicaklik, nem, hava hareketi,
aydinlatma, sanitasyon, glrilti, yem, su ve altlik son
derece 6nemli cevresel degiskenlerdir (Faith ve ark., 2020).

Sicaklik ve Nem

Isi, canli organizmalari etkileyen en 6nemli cevresel
faktorlerden biridir (Faith ve ark., 2020). Hayvanlar
minimum  stres ve fizyolojik  degisiklikle uyum
saglayabilecekleri, tirlerine uygun sicaklik ve nem
araliklarinda barindiriimahdir (Council, 2011). Fare ve
ratlarda oda icin en uygun sicaklik araliginin 20-26C (68-
79F) oldugu belirtiimektedir (Council, 2011; Faith ve ark.,
2020). Sicakliklar bu araliklarin ortasina yakin minimum
dalgalanma ile secilerek korunmasi gerekmektedir

(Council, 2011).

Journal of Laboratory Animal Science and Practices



11

Nem, kafesler icinde barindirilan hayvanlar icin biylk
onem tasimaktadir (Council, 2011). Asiri yliksek veya distk
nem, arastirma hayvanlari Gizerinde olumsuz etkilere neden
olabilmektedir (Faith ve ark., 2020). Fare ve ratlarda %30-
70 bagil neme sahip odalar uygun kabul edilebilmektedir.
Hayvan odalarina vyerlestirilmis veya elektronik c¢evre
yonetim sisteminin bir pargasi olarak yirmi dort saatlik
sicaklik/nem kaydediciler, cevre kosullarindaki degisiklikleri
tespit etmektedir (Otto ve ark., 2015). Amonyak Gretimini
geciktirmek ve ayni zamanda ringtail lezyonlarini 6nlemeye
¢alismak icin, kemirgenler icin bagil nemin %40 ila %50
arasinda tutulmasi gerekmektedir (Faith ve Huerkamp,
2009).

Havalandirma

Havalandirma yeterli bir oksijen kaynagi saglamakta,
hayvanlardan, personelden, isiklardan ve ekipmanlardan
kaynaklanan termal yikleri ortadan kaldirmakta, alerjenler
ve havadaki patojenler dahil olmak lzere gaz halindeki ve
partikiil halindeki kirleticileri seyreltmekte, oda havasinin
nem icerigini ve sicakligini ayarlamakta ve uygun oldugunda
bitisik alanlar arasinda hava basinci farklari (yonli hava
akisi) olusturmaktadir (Council, 2011). Tesis icindeki cesitli
alanlarin havalandirma oranlari, temiz alanlarin kirli
alanlara gore pozitif basingta tutulmasini saglayacak sekilde
ayarlanmalidir (Faith ve ark., 2020). Uzun yillara dayanan
uygulama, genel olarak, 10-15 hava degisimi/saat taze
hava oranindaki havalandirma oranlarinin, 1si yikini ve
hayvanlardan NH; ve CO, Uretimini telafi etmek icin yeterli
oldugunu gostermektedir (Otto ve ark., 2015).

Aydinlatma

Isik, ortamin yaygin bir 6zelligidir ve temel fizyolojik
islevlerden Ust diizey bilissel siireclere kadar ¢ok sayida
biyolojik streci etkilemektedir (Warthen ve Provencio,
2012). Hayvan tutma odalarindaki isik, giinlik ve sirkadiyen
dongilerin hem vyeterli gorisi hem de noéroendokrin
diizenlemesini saglamasi gerekmektedir (Council, 2011).
Aydinlatma arizalari nadiren yasami tehdit eder, ancak
bilim icin en bliylik tehlikeler arasinda yer almaktadir.
Fotoperiyottaki dalgalanmalar arastirmalari
mahvedebilmektedir (Faith ve ark., 2020). Genel olarak
aydinlatma, bir hayvan tutma alani boyunca dagitilmali ve
iyi bakim uygulamalarina, raflardaki en alttaki kafesler dahil
olmak Ulzere yeterli hayvan denetimine ve glivenli ¢alisma
kosullarina izin verirken hayvanlarin refahi icin de yeterli
aydinhk saglamahdir (Council, 2011). Fare ve ratlar icin tipik
olarak 12-14 saat aydinlik ve 10-12 saat karanlik olacak
sekilde fotoperiyod déngisu kullanilmaktadir (Otto ve ark.,
2015). Kafes seviyesindeki 1sik yogunlugu ise 130 ila 325 lux

arasinda olmahdir (Council, 2011). Karanhk doéngi sirasinda
0,2 lux kadar az i1siga maruz kalma bile sirkadiyen ritimleri
degistirebilmektedir (Dauchy, 2010). Bu nedenle isik
dongilsinin  karanhk fazinda gerekmedikce 1siklar
yakilmamaldir (Faith ve ark., 2020). insan meme kanseri
implante edilmis ratlarda yapilan bir ¢alismada, karanlk
dongide los 1siga  maruz kalmanin  melatonin
baskilanmasina neden oldugu ve hiperglisemi ve
hiperinsiilinemiye yol acan birka¢ 6nemli kanser onleyici
sinyal mekanizmas! arasinda duzenlenen konakgi/kanser
dengesini bozdugu ve in vivo olarak timor blyldmesini
hizlandirdigl gosterilmistir (Blask ve ark., 2014). Kafesin
yapildigi malzeme, kafese en fazla 1s18In girmesine izin
veren seffaf, yari saydam ve renksiz olmasi gerekmektedir
(Faith ve ark., 2020). Floresan isik, glines 1sigindan daha dar
bir dalga boyu aralgi sagladigi icin tam spektrumlu floresan
ampullerin kullanilmasi, hayvan tesisinde daha dogal bir isik
ortami saglamanin alternatif bir yolunu olusturmaktadir
(Castelhano-Carlos ve Baumans, 2009).

Giiraltii

Kemirgenlerin duyu sistemi, cesitli genetik ve cevresel
faktorlerden etkilenmektedir (Faith ve ark., 2020).
Gurdltiye maruz kalmanin genis duyusal ve duyusal
olmayan sistemik etkileri bulunmaktadir. Bu etkiler
noroendokrin ve kardiyovaskiler bozukluklar, uyku-
uyanikhk dénglisi bozukluklari, nébet duyarliligi, ireme ve
gelisme gerilikleri, bagisikhk islev bozuklugu ve belirli
ajanlarin bir dizi toksikolojik 6zelliklerindeki degisikliklerdir
(Pascuan ve ark., 2014). Ratlar 100-70.000 Hz. araliginda
fareler ise 500-120.000 Hz. arahiginda duyabilmektedir.
Hayvan tesislerinde normal arka plan glraltisinid asan
desibel seviyeleri, ¢esitli hayvan tirlerinin duyusal
tlylerinin ve destek hicrelerinin c¢esitli derecelerde
tahribatina neden olmaktadir. Rat ve fareler 160 dB'de
mekanik hasar, yaklasik 140 dB'de agr ve yaklasik 100
dB'ye uzun siire maruz kaldiktan sonra i¢ kulak hasari
belirtileri yasamaktadir (Faith ve ark., 2020). Yapilan bir
calismada ultrasonik hareket sensorlerinin yaydigl sesin
gen¢ veya duyarli fare veya ratlarda odyojenik nobetlere
neden olabildigi ve hatta hayvanlarin birka¢ dakika maruz
kalmasi durumunda kalici isitme kaybina neden olabilecegi
gosterilmistir (Turner, 2020). Hayvan barindirma ve ¢alisma
alanlarinin amaci, ortam girdltisinin yaklasik 55 dB' de
10-100 kHz frekanslarinin
karsilasilabilecegi yerlerde sesin azaltilmasi icin énlemler

tutulmasi  ve Ozellikle

alinmasi olmalidir (Faith ve ark., 2020).

Journal of Laboratory Animal Science and Practices



12

Sanitasyon

Sanitasyon, saghga elverisli ¢evresel kosullarin
surduridlmesi anlamina gelmekte ve althk degisimi, temizlik
ve dezenfeksiyonu icermektedir. Sanitasyon yontemleri ve
sikhgi, hayvanlarin normal fizyolojik ve davranissal
ozellikleri, kafesin tipi, fiziksel 06zellikleri ve boyutu,
hayvanlarin tiiri, sayisi, boyutu, yasi ve lireme durumu,
althk malzemelerinin kullanimi ve tiirQ, sicaklik ve bagil nem
ve kafesin vylzeylerinin  kirlenme oranina gore
belirlenmelidir (Council, 2011). Kilavuza gore genel olarak
kafesler ve aksesuarlar en az 2 haftada bir sterilize edilmesi
gerekmektedir. Kati tabanli kafesler, siseler ve su tipleri
haftada 1-2 kez dezenfekte edilmesi gerekmektedir (Faith
ve ark., 2020). Kafes yogunlugu c¢ok disikse veya
havalandirmali kafesler kullaniliyorsa daha az siklikta, kafes
yogunlugu yiksekse veya althgin kirlenme oranini artiran
patofizyolojik durumlar (6r. diyabet) varsa daha ¢ok siklikta
temizlenmesi gerekmektedir (Otto ve ark., 2015). Etkili
dezenfeksiyon 143-180°F veya daha yiksek sicakhktaki
yikama ve durulama suyuyla elde edilebilmektedir (Council,
2011).

Yem, Su ve Althk

Kemirgen kolonilerinin refahini etkileyen en o6nemli
cevresel faktorlerden biri, yeterli beslenmeyi saglayan bir
diyete erisimdir (Faith ve ark., 2020). Hayvanlar gruplar
halinde barindirildiginda, 6zellikle protokol veya yonetim
rutininin bir parcasi olarak yem kisitlanmissa, yiyecek icin
rekabeti en aza indirmek ve tim hayvanlarin yiyecege
erisimini saglamak icin yeterli alan ve yeterli besleme
noktasi olmasi gerekmektedir (Council, 2011). Farelerde ve
ratlarda protein gereksinimleri %14 ila %16'dir ve formiile
edilmis  diyetlerin  bu  gereksinimleri  yansitmasi
gerekmektedir (Frohlich, 2020). Dogal igerikli diyetlerin
21°C'nin (70°F) altinda ve %50 bagll nemin altinda
saklanmasi 6nerilmektedir. Uygun sekilde saklanan dogal
icerikli, kuru laboratuvar hayvani yemlerinin ¢ogu,
Uretimden sonra 6 aya kadar kullanilabilmektedir.
Saflastirilmis ve kimyasal olarak tanimlanmis diyetler
genellikle dogal icerikli diyetlerden daha az kararlidir. Raf
omdrleri genellikle 6 aydan azdir. 4°C (39°F) veya daha
disuk sicakliklarda saklanabilmektedir (Council, 2011).

Su, arastirmalari  derinden etkileyebilecek  bir
degiskendir. Deneyler Uzerindeki olumsuz etkiyi en aza
indirmek icin, hayvan kaynaklari programinda kullanilan su
taze, icilebilir ve kirlenmemis olmasi gerekmektedir (Faith
ve ark., 2020). Ozellikle belirli bir bolgedeki normal su
bilesenlerinin, c¢alisma sonuglarini etkileyebilecegi icin,

kullanilan su kalitesinin kabul edilebilir oldugundan emin
olmak icin pH, sertlik ve mikrobiyal veya kimyasal
kontaminasyon agisindan periyodik izleme gerekmektedir
(Council, 2011). Musluk veya aritilmis igme suyunun
hiperklorasyonu (12-15 ppm) veya asitlestirilmesi (pH 2-
2,5), tek basina veya her ikisinin kombinasyonu, endojen,
firsatgi mikrofloranin kemirgenlerde 6zellikle gram-negatif
bakterilerin baskilanmasi i¢in 40 yili askin bir siredir
savunulmaktadir (Faith ve ark., 2020).

Althk ve yuvalama malzemeleri deneysel verileri
etkileyebilen ve hayvan refahini iyilestirebilen kontrol
edilebilir ¢evresel faktorlerdir (Council, 2011). Althk
malzemelerinin iyi performans gostermesi icin yliksek nem
emme kapasitesine sahip olmasi, NHs; baglama
kapasitesinin ylksek olmasi, yabani kemirgenlerin diskisi,
koruyucular patojenik ajanlar ve bocek ilaglari icermemesi
gerekmektedir. Ayrica mimkin oldugunca tozsuz,
ekonomik ve atilmasi uygun olmahdir (Faith ve ark., 2020).
Althk secenekleri arasinda geri donastirtlmis kagit, misir
kocani, cam ve cesitli sert agaclar gibi talaslar
bulunmaktadir (Frohlich, 2020). Ogitilmis misir kogani,
kemirgen vyatak malzemesi olarak vyaygin sekilde
kullaniimaktadir. Yaygin kullaniminin birincil nedeni, kafes
degisimleri arasinda daha uzun sirelere izin veren ve
dolayisiyla iscilik maliyetinde bir azalma saglayan amonyak
olusumuna direnme kabiliyetidir. Misir kogani althklari,
Ureme calismalarinda veya lireme hormonlarinin deneysel
sonuglarda rol oynadigl calismalarda yer alan fareler icin
kullanilmamalidir (Faith ve ark., 2020). Yaygin olarak
kullanilan doért yatak malzemeleri (misir kocgani, geri
kazanilmis odun talasi, kavak talasi ve geri dontstlrilmus
kagit), amonyak seviyelerini kontrol etme yetenekleri
acisindan karsilastirildiginda misir kogani, kavak talasi ve
geri donlstirilmus kagit altliklarin amonyak seviyelerini
kabul edilebilir sekilde kontrol ettigini geri kazanilmis odun
talasinin ise amonyak seviyelerini yeterince kontrol
edemedigini ve bu yatak Uzerinde barindirilan farelerin
burun deliklerinde 1 hafta icinde patolojik degisiklikler
meydana geldigini gostermektedir (Ferrecchia ve ark.,
2014). Rat ve fareler buyuk lifli pargaciklardan olusan althk
malzemelerini tercih etmekte ve tercih testlerinde
genellikle kiicik parcaciklardan (<1,2- 1,6 mm?)
kaginmaktadirlar (Faith ve ark., 2020).

Sonug

Arastirma hayvanlari, cevrelerindeki bircok faktore veya
degisiklise tepki vermektedir. Bu tepkiler deneysel
sonuclari etkileyebilmektedir. Cevresel unsurlarin biyolojik
slrecler Uzerindeki etkileri ne kadar iyi anlasilirsa,
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degiskenler o kadar iyi kontrol edilebilmektedir. Tim
cevresel degiskenlerin etkin kontroli her zaman
imkansizdir. Ancak ¢alisma sonuglarina midahale etme
olasihgi yiksek olan gevresel faktorleri kontrol etmek igin
tim makul girisimlerde bulunulmahdir. Laboratuvar
hayvanlarinin bilimi ve tibbinin ana kurali, saglk ve

yetistirme  programlarinda  yiritlilen prosedirlerin

arastirma sonuglari Uzerinde onemli etkiye sahip
olabilecegini her zaman akilda tutmaktir.
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Examining the Effects of Oxygen Exposure on
the Developing Brain Through Murine Models

Yenidogan Rodent Modellerinde Hiperoksik Beyin Hasarinin
Degerlendirilmesi

. ABSTRACT
Canberk Yilmaz . _— S :

. Hyperoxia is one of the key players contributing preterm brain injury. Researchers typically use rodent
Defne Engur* _ models to pinpoint the underlying pathologic alterations in hyperoxic brain damage. When evaluating
Abdullah Kumral? the neurological effects of neonatal hyperoxic brain injury in an experimental model, choosing the
Osman Yilmaz? appropriate assessment techniques is crucial. The goal of this article is to review the behavioral and

learning tests that can be used to determine the impact of hyperoxia on the developing brain. Injuries

IDepartment of Pediatrics, lzmir Faculty of to the nervous system can be recovered very quickly in newborn rodents. Thus, the timing of

Medicine, University of Health Sciences, lzmir, evaluation tests are very critical. A model that is appropriate for the brain's developmental processes
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“'Institute of Health Sciences, Department of hysical and motor development tests, and subsequent evaluation of damaged brain structures are
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aboratory Animal Science, Dokuz Eylu i i A .
University, lzmir, Turkey relevant. The open field and forced swim tests can be used to assess the animal's locomotor activity

and depressive condition, while the watermaze, passive avoidance and new object recognition tests
can be used to assess cognitive abilities. In laboratory mice and rats, physical development and motor
reflex development tests can be started right after birth, while learning and memory tests can be done
from 4 weeks at the earliest. Correlations between motor development, behavior, memory tests, and
results of cellular/ molecular studies should be made and interpreted carefully.

Keywords: Brain injury, behavioral test, hyperoxia model, motor development tests, newborn rodent
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Hiperoksi, preterm beyin hasarina katkida bulunan 6nemli postnatal faktorlerden biridir.
Hiperoksinin neden preterm beyin dokusunda yol actigi oldugu patolojik streclerin
aydinlatilabilmesi icin deneysel kemirgen modelleri siklikla kullaniimaktadir. Bu derleme,
yenidogan hiperoksik beyin hasarinin degerlendirmesinde, arastirmacilarin davranis ve 6grenme
testleri ile ilgili secimlerine 1sik tutmayi hedeflemektedir. Yenidogan kemirgen modellerinde,
hayvanlarin nérolojik hasarlarindan hizla iyilesme konusunda yiksek yetenege sahip oldugu goz
ardi edilmemeli ve degerlendirme testlerinin yapilma zamani iyi belirlenmelidir. Beynin gelisimsel
sireclerine uygun, insanlardaki hasari daha iyi yansitacak hayvan modeli kullaniimali, dogru
degerlendirme testi secilmeli ve secilen testler dogru zamanda uygulanmalidir. Yasamin ilk yirmi
glintnde fiziksel ve motor gelisim testleri kullanilmali, daha sonraki slirecte beyin olgunlasmasina
paralel olarak davranis ve bellek testleri ile degerlendirilme yapiimalidir. Lokomotor aktivite ve
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Introduction

Every year, around 15 million babies are delivered
prematurely in the world (Chawanpaiboon et al., 2019).
Although survival rates have improved significantly through
scientific and technologic advances in perinatology and
neonatology, these infants remain vulnerable to many
complications in their future life due to immature organ
systems at birth. One of the major organs that is adversely
affected by preterm birth is the brain. Oxidative stress,
arising from exposure to high oxygen levels (hyperoxia) is
suggested to be one of the main contributing mechanisms
causing brain injury in preterm babies (Reich et al., 2016).
When compared to intrauterine life, preterm newborns are
exposed to high oxygen levels after delivery, and the
majority of them need supplementary oxygen for
respiratory support. This situation results in the production
of reactive oxygen species (ROS), which interferes with the
critical processes in the developing brain(Saugstad et al.
2021). Although target saturation limits have been
established and oxygen saturation is routinely monitored in
intensive care units by pulse oximetry, premature
newborns are still inevitably exposed to high levels of
oxygen (Falsaperla et al., 2022). Despite the awareness of
the possible detrimental effects of hyperoxia has grown
dramatically over the past few decades, studies have
demonstrated that preterm newborns frequently receive
extra oxygen especially after hypoxic episodes brought on
by apnea or bradycardia (van Zanten et al., 2014).
Additionally, lung mechanics might vary, making it
challenging to maintain a constant, stable target saturation
range. ROS can be produced in excess even during brief
periods of hyperoxia, which can cause oxidative stress and
inflammation(Farrow et al., 2012). Furthermore, preterm
newborns have an undeveloped antioxidant defense
mechanism, making them particularly susceptible to
hyperoxia. Both antioxidant enzymes and non-enzymatic
antioxidant components have been reported to be lower in
preterm infants than in term children (Perrone et al., 2017).
Overall, this renders preterm newborns fundamentally
unable to counterbalance a hyperoxic burden, leading to
increased ROS generation that will surpass antioxidant
capacity and might result in cellular damage. ROS can alter
neural stem cell differentiation and interfere with
developmental processes in the preterm brain (Micili et
al.,2020). The most recent recommendations based on the
available research suggest oxygen saturation objectives of
90-94% for optimum oxygenation of preterm infants during
their stay in neonatal intensive care and designate levels
above 95% as hyperoxia, which is linked to higher rates of
mortality and morbidity (Andresen & Saugstad, 2020). In
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the study, when the effects of hyperoxia on gender were
compared, it was shown that female infants were less
harmed than male infants by the harmful effects of high
oxygen concentration (Deulofeut et al. 2007).

Murine Models of Neonatal Oxygen Exposure

The newborn mouse and rat models are extensively
used as experimental models for hyperoxic brain injury in
the literature. In this review, the terms "rodent" and "sub-
sublines to these two species" refer to the species of mouse
and rat, respectively. For experimental models of
hyperoxia, the developmental stage of the brain at birth in
mouse and rat pups provides a substantial advantage in
mimicking the preterm human brain.

The formation of the neural tube, which is the first stage
in the development of the central nervous system in all
vertebrates, is where the spinal cord and brain emerge
from the ectoderm. Compared to human gestation, which
lasts 266—280 days, mouse and rat gestation lasts 20-21
days. Neural tube formation occurs at 10-11th gestational
days in rats and 9-9.5 th days in mice (DeSesso et al., 1999;
Rice & Barone, 2000). When comparing the cerebral
development of experimental animals and humans, it is
important to take into account the timing of behaviors
associated with growth that overlap with neurogenesis,
synaptogenesis, gliogenesis, oligodendrocyte maturation,
and developmentally regulated molecular and biochemical
alterations. Rodents and humans both go through
important stages of brain development in a roughly
comparable order. Regional sensitivity and functional
outcomes following brain lesions also clearly show
similarities (Semple et al., 2013).

Mammalian brain development is a dynamic process
that includes structural and functional maturation
processes. In brain development, many processes such as
neuronal cell proliferation and differentiation, migration,
glial cell proliferation, axonal and dendritic growth,
synaptogenesis and myelination of axons occur
sequentially or simultaneously (Stiles & Jernigan, 2010). On
the developing rodent brain, hyperoxia stimulates cellular
degeneration, causes hypomyelination, and results in long-
term cognitive damage. It also causes gene alterations
linked to oxidative stress, inflammation,
neurodegeneration, apoptosis, autophagy, and synaptic
plasticity (Brehmer et al., 2012; Gerstner et al., 2008;
Serdar et al., 2016). In recent studies, it has been associated
with hyperactivity and coordination deficits and cognitive
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deficits. The brain areas affected are the cortex, basal
ganglia, hypothalamus, striatum, hippocampus, and white
matter structures.

Treatment of immature rats with high doses of oxygen
from birth in the first five days of life results in a significant
increase in apoptotic cells and a decrease in brain weight.
Oxygen sensitivity varies depending on age. Resistance to
the harmful effects of hyperoxia has been observed in
rodents starting from postnatal PN14 (Felderhoff-Mueser
et al., 2004). There are differences in oxygen exposure time
and oxygen concentration practices in rodent neonatal
hyperoxic brain injury model protocols. In studies reported
in the literature, oxygen concentrations vary between 40%,
70% and 95%, and the induction period varies between 2-7
days. Since the first seven days after normal birth in
rodents correspond to the immature lungs of premature
babies in humans, hyperoxia administration should be
completed during this period (Giusto et al. 2021). There is
also gender dimension of oxygen exposure and ROS
susceptibility. Aside from evident morphological and
physiological variations between the male and female
brain, recent evidence suggests sex dependant alterations
in fundamental cellular and molecular process including
apoptosis and cell death. Sexual dimorphism has also been
shown in cytosolic and mitochondrial pathways.
Differences in mitochondrial related pathways in male and
female cells may explain the differing susceptibility to
mitochondrial dysfunction following oxygen exposure, with
female cells displaying stronger resilience to insults.
Researchers should carefully evaluate and analyse their
results with regards to the sex of the animals (Di Florio et
al., 2020).

A closed cabin system with an oxygen supplying intake
is employed for rodent hyperoxia applications, where the
oxygen content is continuously measured (Figure 1). The
pups are placed in this cabin with their mothers in their

own cages.

Sodaline is used to keep the humidity that will occur
during hyperoxia treatments below 80%, and the pellet
feeds are changed once in 24 hours to prevent moisture
(Kwak et al., 2006).

Figure 1. Mouse and Rat Neonatal Hyperoxia Cabinet

Sekil 1. Fare ve Sican Yenidogan Hiperoksi Kabini

Evaluation in Hyperoxic Brain Injury Models

Following oxygen exposure, neonatal rodents suffer
global damage to their developing brains. Because of this,
it would be more suitable to conduct an early functional
examination while taking the animal’s physical growth into
account. Using motor development tests during the first 20
days and behavioral and learning memory tests later on, in
accordance with the maturation of the brain, may be a
more accurate strategy (Eltokhi et al., 2020). In the rodent
neonatal hyperoxia model, damage to the brain tissue
occurs globally. For this reason, it would be more
appropriate to carry out early functional evaluation by
considering the physical development of the offspring. For
the evaluation of the rodent hyperoxic brain injury model,
it may be a more accurate approach to use motor
developmental tests in the first twenty days and then
behavioral and learning memory tests in accordance with
brain maturation in the following period (Figure 2) (Eltokhi
et al., 2020).
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Brain injury following O, exposure in rodents

Functional evaluation

Developmental Motor Tests Behavior and Learning Tests

» Ambulation *Tests of innate behavior

*Hindlimb Foot Angle *Open field

*Straightening *Elevated plus maze

*Negative Geotaxis *Forced swimming

*Limp Suspension *Dark/light division

*Grip Strength *Stimulus evoked behavior

*Grasp *Social interaction behavior

*CLiff Aversion *Cognitive Function and Memory Tests

Figure 2. Functional Evaluation of Brain Damage Caused by
High Oxygen Exposure in Neonatal Rodents

Sekil 2.Yenidogan Kemirgenlerde Yiiksek Oksijen
Maruziyeti sonucu Olusan Beyin Hasarini Fonksiyonel
Degerlendirilmesi

A- Evaluation of Physical Development

The gestation period for mice and rats is 20—24 days, and
they have multiple births per pregnancy. Newborn mice
and rat pups typically weigh between 1-5 g. Mouse and rat
pups are born toothless, hairless, and with their eyes and
ears closed. Their movement abilities are limited. Maternal
care in mice and rats includes nest preparation, cleaning
the young and frequent breastfeeding sessions. In addition
to breastfeeding, licking and cleaning the baby by the
mother is a crucial part of the maternal care, which is
considered as an immature form of parental care in
humans. This maternal care affects physical development,
growth and brain development in the offsprings (Cameron
et al., 2008). There are 5-6 pairs of nipples in mice and rats,
and they are located anatomically in the thoraco-inguinal
region. Pups suckle 50—80 times daily and remain attached
to the udder for a total of 18 hours each day (Heyser, 2003).
In the newborn period, the hormonal and
thermoregulatory balances of the offspring are mainly
provided by the mother (Champagne, 2009). The time of
the anterior teeth's eruption, the separation of the auricle
from the scalp, and the opening of the eyes should all be
monitored as part of a newborn rodent's physical
development. Figure 3 shows the postnatal (PN) physical
development, motor reflex development, and behavioral
assessments of mice and rat pups. Although the
procedures for testing behavioral and learning abilities as
well as the development of motor reflexes in mice and rats
are comparable, the dimensions of the test platforms
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utilized vary due to the different body sizes. The
dimensions of the mouse platforms are therefore less than
those of the rat platforms.

Motor Tests Behavior and Learning Tests

Mouse/ Rat Postnatal Physical Development

Figure 3. Evaluation of neonatal hyperoxic brain injury
over time in rodents. (PN: Post Natal)

Sekil 3. Kemirgenlerde neonatal hiperoksik beyin
hasarinin zaman iginde degerlendirilmesi. (PN: Dogum
Sonrasi)

B. Developmental Motor Assessment Tests

Higher cortical networks that go through neuronal
migration, myelination, and synaptogenesis as the brain
matures are necessary for the development of motor skills
and neurodevelopmental reflexes. Damage to the central
nervous system impairs brain development and causes
aberrant cortical connections, lack of function, and
myelination, which delay or prevent neurodevelopmental
reflexes. (Farber et al., 1985; Zafeiriou, 2004). Therefore,
reflex delays in experimental models of
neurodevelopmental disorders should be carefully
assessed. Because cortical development happens after
birth and rodent pups' brains are not yet developed enough
to handle sophisticated motor, sensory, and cognitive tasks
when they are born, functional evaluation in the neonatal
rodent brain injury model is meaningless. In newborn rat
pups, PN1 corresponds to a stage of brain development
comparable to that of a preterm human infant aged 23-28
weeks. However, it has been suggested that mouse and rat
pups, at PN 7-10, have brain maturation similar to that of
term human newborns (Clancy et al., 2007; Dobbing &
Sands, 1973, 1979; Semple et al., 2013). This correlation
was defined according to anatomical and histological
analyzes as well as electroencephalography(EEG) findings
(Dean et al, 2011; Tucker et al, 2009). Pre-
oligodendrocytes are the predominant cells in the fetal
brain, developing between 23-32 weeks in humans, and
this maturation stage corresponds to PN 1-3 in rodents
(Back et al., 2001, 2007; Dean et al., 2011; Semple et al.,
2013). In rats, myelination begins in utero life and the level
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of myelination at PN10 is similar to that of human term
infants (Tucker et al.). According to EEG data, PN1 in rats is
equivalent to 23 weeks of gestation in humans, while PN7-
10 is equivalent to 30-32 weeks. These factors make
neonatal reflex tests on newborn rat pups suitable for
evaluating brain development, ontogeny, and injury
(Tucker et al., 2009).

Developmental motor tests in rodents were described
for the first time in the literature by WM Fox and A. Lubics
(Fox, 1965; Lubics et al, 2005). Newborn motor
development tests are ambulation, hindlimb foot angle,
stance correction, negative geotaxis, anterior and posterior
limb suspension, grasp reflex, four-limb grip strength, and
cliff avoidance tests. These tests are used to monitor the
motor development of mouse and rat pups through PN2-
14 (Feather-Schussler & Ferguson, 2016). These tests,
which are used in the evaluation of neonatal brain damage,
can also be used in the evaluation of functional deficiency
in brain regions that are responsible for learning-memory-
motor-sensory functions such as the hippocampus,
amygdala, and cortex (sensory-motor) affected by
hyperoxia. The motor reflex development times of mouse
and rat pups are given in Figure 4.
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PN1 PN3 PN4 PN6 > PN10 PN12> PN14> PN21

Figure 4. Time periods for the evaluation of neonatal
motor function in mice and rats

Sekil 4. Fare ve Sican Yenidogan Yavrularinda Motor
Fonksiyonunun Degerlendirilme Zamanlari

1. Ambulation Test: In rodent pups with closed eyes,
ambulation is the first form of locomotion that emerges.
Since hyperoxia causes brain hypomyelination and cell
death, its effect on crawling can be tested. Rodent pups
start to crawl between PN 0-5 and walk between PN 5-10.
Since there is no learning potential, this test can be
repeated as needed throughout the experiment. During
the test, the pup is placed in an open space where it can be
seen from the sides and from above, and is motivated by
gently touching the tail (Figure 5). Ambulation of puppies is
scored for three minutes. In terms of scoring, 0
corresponds to no movement, 1 to asymmetrical limb
ambulation, 2 to slow symmetrical ambulation, 3 to fast
ambulation/walking (Balasubramaniam et al.,, 2005;
Williams & Scott, 1954).

Figure 5. Ambulation

Sekil 5. Ambulasyon

2. Hind Leg Foot Angle Test: Placing the hind legs properly
on the ground is important for walking function in newborn
rodents. With this test, gait abnormalities are tested. As
pups transition from crawling to walking, there is a marked
developmental change in hind leg posture (Figure 6). In
normal development, the hind legs are positioned under
the body and the angle between the hind legs is less.
Although the hind leg foot angle changes over time, mouse
pups of the same age with different injuries or diseases can
be compared. This test has no learning potential, so it can
be repeated as needed throughout the experiment. Test
duration is two minutes. Three to five measurements are
made and the average angle is calculated for each pup
tested (Feather-Schussler & Ferguson, 2016).

Figure 6. Hind leg angle test

Sekil 6. Arka ayak agisi testi
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3. Surface Righting: Being able to stand up straight after
turning from the supine posture and moving into the
standard stance position is a crucial skill in the motor
development of a pup. The righting reflex normally appears
in rodents between PN1 and 10. It begins to form about
PN5. Since this test is a reflex, there is no learning
component and can be repeated throughout the
experiment. Pups are placed on their backs on a cotton
cloth and held in this position for five seconds (Figure 7).
The time from pup release to emergence is recorded. A
total of one minute is given for each trial. A total of three
repetitions can be made.

Figure 7. Surface righting

Sekil 7. Yuzey dizeltme

4.Negative Geotaxis Test: In newborn rodents, vestibular
functions allow movement on an inclined surface in the
opposite direction of the slope against gravity. When
puppies are placed upside down, they turn up thanks to
their vestibular tips. This test, which evaluates motor
coordination, can be done between PN3-15 (Figure 8).
During practice, the pup is placed head down on a 45-
degree incline and held for five seconds and then released.
The elapsed time is recorded when the pup faces upwards.
Total test time is two minutes. A total of three trials are
repeated. Mice that fall off a slope or fail to turn may be
retested, eliminated or given a zero score (Heyser, 2003).

Figure 8. Negative geotaxis

Sekil 8. Negatif geotaxis

5. Front Limb Suspension: Front legs in newborn rodents
are important in terms of functions such as grasping,
holding and shredding. Testing foreleg strength, including
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arm and paw strength, this test is not recommended for
puppies smaller than PN10 (Corti et al., 2008; Grondard et
al., 2005). Puppies are allowed to hold a wire stretched to
a fixed object and hook it with both front paws (Figure 9).
There is no learning and negative reinforcement in this test,
which allows to detect right/left paw strength differences.
It can be repeated three times in total.

Figure 9. Front Limb Suspension

Sekil 9. On uzuv siispansiyonu

6. Hindlimb Suspension: In newborn rodents, hind legs
constitute the main thrust of the movement and are the
main factor for walking. This test, which determines hind
leg strength, is especially designed for newborns. This test,
which can be applied between PN2-12, can detect right/left
hind leg strength differences as well as neuromuscular
function. For this test, a standard cylindrical tube with a
volume of 50 ml filled with cotton is used. Similar to the
front leg suspension test, this test can be learned,
especially since there is no negative result from a fall
(Figure 10). Therefore, increased non-joining, as seen with
litters that drop as soon as they are released, or non-
adherence when placed at the rim of the tube can be
noted. The cubis released, the hind leg posture is observed,
and the pup's posture is scored. The test is repeated three
times (El-Khodor et al. 2008).

Figure 10. Rear leg Suspension

Sekil 10. Arka bacak stispansiyonu

7. Grip Strength: It is a test for grasping the front and hind
legs together and carrying the weight of the whole body in
newborn rodents and examines the strength of all four
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paws at the same time (Figure 11). For the test, 16x18 cm
fiberglass mesh is used. For a rodent to grasp a horizontal
screen, itis made between PN5-15. The test starts from the
standard horizontal position and first changes to 45°, 90°
and 180° degrees. The pup is allowed to adapt to this
environment for about five seconds. The wire platform is
slowly turned to 180 degrees. The approximate angle of the
screen is recorded when the pup falls. It is repeated for a
total of three trials and the average of the trials is taken
(Corti et al., 2008; Fox, 1965; Heyser, 2003; Venerosi et al.,
2009).

Figure 11. Grip Strength
Sekil 11. Kavrama glicli

8. Grasping Reflex: The front and hind claws of newborn
rodents are tested one by one for grasping, holding,
climbing and holding functions. The grasping reflex is
usually performed between PN3-15, on the 7th day after
birth on average (Figure 12). Each paw is tested
individually. Since it is a reflex, this test can be repeated
until the reflex appears. He is not inclined to learn. Each
paw is tested separately. The presence or absence of
coupling is recorded. 1 point is awarded for each paw
grasped by the pup (Heyser, 2003).

Figure 12. Grasping Reflex

Sekil 12. Kavrama refleksi

9. Cliff Aversion: It is an important test that develops in
newborn rodents while their eyes are closed (Figure 13). It
can be used to test pups between PN1-14. The pup is
placed on the flat raised ledge with the front paw and nose
pointing out of the cliff. The pup is expected to move away
from the cliff and remove its paws and nose from the edge.

The test is repeated for a total of three trials and is
terminated if no response is received after a total of 30
seconds (Hill et al. 2008).

Figure 13. Cliff aversion test
Sekil 13. Ucurumdan kaginma testi
C- Rodent Behavior Tests

Behavior can be defined as the whole of the organism's
responses to stimuli. In humans, great changes and
maturation in synaptic connections and neural networks
are observed in parallel with physical development from
infancy to adolescence. The 20-day period of rodents
provides a rapid brain maturation as well as their physical
development. This brain development provides the
opportunity to measure and evaluate innate and acquired
behaviors. Although the timing of these behavioral and
learning-memory assessment tests varies, the approximate
assessment time is given starting from the twentieth day
after birth (Figure 14). Considering the brain regions
affected by hyperoxic brain damage, behavioral, learning
and memory tests can be preferred. The age of the animals
should also be considered in test preferences.

Openfield test Dark/light division test

L l
’ PN21 >PN23> PN26> PN29> PN32> PN35> PN38> PM1> PMJ> Pﬂ46> PMS1> PN52> PN55>
f

Fear conitioning test Morris water maze test

Bewtedplusmazetest  Novel Object Recognition Test

Social Interaction Test Nest making test

Figure 14. Earliest times to perform learning behavior tests
in rodents

Sekil 14. Kemirgenlerde Ogrenme Davranis Testlerin En
Erken Yapilma Zamanlari

1. Innate Behaviors: Innate behavior tests are a measure
the functional integrity of the hippocampus and assess
actions such as eating, drinking, and self-care in rodents.
The nesting test, instinctively evaluates the nesting
behavior of the animal, can be done at PN35-40 days during
adolescence. Likewise burrowing which is an innately
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important behavior and can be evaluated at PN30-40 days
(Eltokhi et al. 2020).

2. Open field test: It is one of the most widely used tests to
evaluate behavior. This brief and simple test yields
information on the animal's behavior as well as information
on its general locomotion and level of depression.
(Seibenhener & Wooten, 2015). The foundation of the test
is based on the contradiction of exploring the test space
and avoiding the open space. Open field testing can be
evaluated from the fourth week after birth (Eltokhi et al.
2020).

3. Elevated plus maze test: The elevated plus maze consists
of four arms. Two of the arms are open and the other two
are closed. Animals are placed on the middle platform of
the maze facing the open arm. The total number of entries
into the open and closed arms and the total time spent in
each arm type are measured. This test can be done at nine
weeks after birth (Eltokhi et al. 2020; Hager & Dringenberg,
2010).

4. The forced swim test: This test is one of the most
commonly utilized tests to study depression-like behavior
in rodents. This test can be done from 6-8 weeks after birth.
It is based on the assumption that when animals are placed
in a bowl of water, they will first try to escape, but will
eventually display inactivity as a measure of behavioral
despair (Eltokhi et al. 2020).

5. Evoked Behavior Test: Fear conditioning is tests in which
animals learn to associate with stimuli that they do not
hear, such as a sound stimulus, electric shock (conditioned
stimulus). This test can be done from 7-8 weeks after
birth.It has been found that the hippocampus is involved in
learning and memory in fear conditioning (Rogan et al.
1997) and the amygdala in sensory fear conditioning is
involved in learning (Hager & Dringenberg, 2010; Wiltgen
et al. 2006).

6. Passive Avoidance Test: Passive avoidance is a fear-
guided test used to evaluate negative reinforcement-based
long-term memory in laboratory animals (rat, mice). This
test can be done from 7-8 weeks after birth. (Eltokhi et al.
2020).

7. Social Interaction Behavior Test: Social interaction
testing can be done at 6-8 weeks after birth. It is done as
described by Bandstra et al for social interaction testing.
The social interaction test is a learning and memory test
that evaluates the social interaction between pairs in
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normal room lighting designed in accordance with mouse
and rat sizes. Each rat can be randomly assigned to partners
with animals from different groups. Each pair stays in the
arena for 10 minutes. In a couple's social interaction,
sniffing and grooming, crawling under or over the partner,
chasing, climbing and crawling are recorded (Bandstra et al.
2010).

8. Cognitive Function and Memory Test: Different tests are
performed to measure learning ability and memory
function during brain maturation period in rodents. For this
purpose, evaluation is made with Morris water maze, T and
Y maze, puzzle test and object recognition tests. Since
learning and memory tests are related to brain
development and maturation, it is more suitable to be done
at 6-8 weeks.

9. Morris Water Maze: This test is another common test in
small rodents. In this test, water acts as a motivator and
stimulant for quick search in animals. A useful aspect of
many memory tests is that they can be spread out over
days or even weeks. This test facilitates comparison of pre-
and post-treatment results (Lueptow, 2017).

10. T-maze and Radial Arm Labyrinths Test: This test is
based on encouraging a space to learn and remember its
layout with a reward (food pellet). The animal needs to find
the handle with the food pellet and remember it in the next
attempt. In memory deficiency, it cannot remember and
results in the test animal always entering the wrong arm
(Lueptow, 2017).

11. Y Maze Innovation Preference test (NPT) : The Y maze
can be used to assess short-term memory. It is a behavioral
test used to measure rodents' willingness to explore new
environments. Many parts of the brain are involved in this
task, including the hippocampus, septum, basal forebrain,
and prefrontal cortex.

12. Object Recognition Test: It is a test that works on the
basis of rodents' curiosity about new objects. The animal
will investigate and engage with an object when it sees it
for the first time. But if the same thing is shown later, it
won't arouse the same attention. The greater the test's
success can be interpreted, the more the subjects are
drawn to the novel thing and less to the familiar object. The
test is simple and can be completed in three days. It can be
shortened to study short-term memory or extended to
investigate long-term memory (Rogan et al. 1997).
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Conclusion

In conclusion, in order to further our understanding of the
mechanisms underlying the effects of supplemental oxygen
on developing brains, experimental models offer significant
information. Translational researchers can benefit from
using the best evaluation methods to increase their
knowledge of the subject. As the discipline of translational
neonatology develops, extensive and standardized tests for
the evaluation of newborn experimental motor function in
mouse models are needed. These studies can measure the
effectiveness of treatments and corroborate experimental
patterns of brain disease or injury in rodents. This study
seeks to provide light on the behavioral and learning tests
that were used by researchers to evaluate the effects of
supplementary oxygen on developing brain. When
studying neonatal hyperoxic brain injury, it is important to
adopt an animal model that is appropriate for the brain's
developmental processes and more accurately represents
human brain damage. Additionally, it is important to
choose the right assesment test and apply it at the
appropriate time. The use of motor development,
behavior, and memory tests in the functional assessment
of the impacted brain regions is crucial. Motor
development, behavior, and memory tests should be
evaluated in connection to cellular and molecular changes
in mouse models of hyperoxic brain injury.
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Ratlarda Yanik Sonrasi Seryum Nitrat ve Plateletten Zengin Plazma
Tedavilerinin Akciger Dokusu Uzerine Etkilerinin Histopatolojik ve
immiinohistokimyasal Yontemlerle Arastiriimasi

Investigation of the Effects of Cerium Nitrate and Platelet-Rich Plasma Treatments
on Lung Tissue Following Burn Injury in Rats Using Histopathological and
Immunohistochemical Methods

0z

Yanik, giniUmuzde en yaygin gorulen fiziksel travmalarin basinda gelmektedir. Yanik ilk bakista deride
olusan bir hasar olarak gorilse de aslinda viicudun genelinden olusturmus oldugu sistemik yangisal
reaksiyonlar sonucunda bircok doku ve organi etkileyebilmektedir. Bunlarin basinda ise kan dolasimi
yoninden zengin olan akciger dokusu yer almaktadir. Yanik yarasi tedavisinde birgok dogal bilesen
calismalarda kullanilmistir. Antiinflamatuvar, antioksidan ve antiapoptotik etkinlikleri bilinen Seryum
Nitrat (SN) ve Plateletten Zengin Plazma (PZP) bu dogal maddeler arasinda yer almaktadir. Bu dogal
maddeler her ne kadar yanik tedavisinde kullanilsa da yanik sonrasi akciger dokularinda nasil bir etki
ettigi net bir sekilde bilinmemektedir. Bu sebeple, deride olusturulan termal yanik sonrasinda akciger
dokusunda meydana gelen hasara karsi SN ve PZP’ nin koruyucu etkinlikleri bu calismada arastirildi.
Ratlarda deride calismaninilk gintinde termal yanik hasari olusturuldu. SN grubunda yanik sonrasi 0.04
molar Seryum Nitrat banyo sollsyonunda ratlar 30 dakika boyunca bekletildi. PZP grubunda ise ratlarin
yara bolgelerine 0.1 ml'lik PZP deri alti enjekte edildi. Calismanin 21. giininiin sonunda ratlar genel
anestezi altinda sakrifiye edildi ve akciger dokulari alindi. Akciger dokularinda yanik sonrasinda
histopatolojik olarak; interalveoler bolgelerde kanama ile monontkleer hiicre infiltrasyonlari ve buna
bagl olarak kalinlasma gozlendi. Bronsiollerin etrafinda mononukleer hiicre infiltrasyonlari gorildi.
imminohistokimyasal incelemelerde; yanik sonrasi akciger dokularinda siddetli Tnf-a ve 8-OHdG
ekspresyonlari gozlendi. SN ve PZP uygulanan gruplarda ise yanik sonrasi olusan histopatolojik ve
immunohistokimyasal bulgularin normal degerlere yaklastigi tespit edildi. Sonug olarak; yanik sonrasi
akciger dokusunda olusan hasarlara karsi SN ve PZP’ nin koruyucu etkinligi oldugu ortaya konuldu.

Anahtar Kelimeler: Akciger, inflamasyon, plateletten zengin plazma, seryum nitrat, yanik.

ABSTRACT

Burn injuries are among the most common physical traumas seen today. Although burns initially appear as
damage to the skin, they can actually affect various tissues and organs due to the systemic inflammatory
reactions they trigger. One of the primary organs that are rich in blood circulation is the lung tissue. Several
natural compounds have been studied for burn wound treatment, among which cerium nitrate (CN) and
Platelet-Rich Plasma (PRP) are known for their anti-inflammatory, antioxidant, and antiapoptotic properties.
Despite their use in burn treatment, their specific effects on lung tissue following burns remain unclear.
Therefore, this study aimed to investigate the protective effects of CN and PRP against damage in lung tissue
following thermal burns on the skin. In this study, thermal burn injuries were induced on the skin of rats. In
the CN group, rats were exposed to a 0.04 M (molar) cerium nitrate bath solution for 30 minutes after the
burn. In the PRP group, 0.1 ml of PRP was subcutaneously injected into the wound areas of the rats. On the
21st day of the study, rats were sacrificed under general anesthesia, and lung tissues were collected.
Histopathological analysis of lung tissues after burns revealed bleeding and mononuclear cell infiltrations in
the interalveolar regions, leading to thickening. Mononuclear cell infiltrations were also observed around the
bronchioles. Immunohistochemical examinations showed severe expressions of Tnf-a and 8-OHdG in lung
tissues after burns. However, in the groups treated with CN and PRP, the histopathological and
immunohistochemical findings approached normal values after burn injury. In conclusion, CN and PRP
demonstrated protective effects against damage in lung tissue following burn injury.

Keywords: Burn, cerium nitrate, inflammation, lung, platelet-rich plasma.
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Giris

Yanik; sicak veya yakici bir madde ile temasa bagl olarak
ortaya ¢ikan, giinimuizde de insanlarda en yaygin goriilen
travma seklidir. Isi, radyasyon, kimyasal maddeler ve
elektrik gibi bazi maddeler dokunun dayanabileceginden
daha fazla uygulandiginda yaniklarin olusmasina neden
olurlar. Yanik sonrasi dokuda olusan en Onemli
komplikasyon ise koagulasyon nekrozlaridir (Sengezer ve
ark. 1995; Jeschke ve ark., 2020; Bazzi ve ark., 2022).

Yanik sonrasi olusan hasarin derecesi yaniga sebep olan
maddeye maruz kalma sliresi, miktari, travmanin
lokalizasyonu gibi sebeplere bagldir. Buna bagl olarak
yanik vicutta lokal bir etki gosterebilecegi gibi sistemik
reaksiyonlara da sebep olabilmektedir. Bu reaksiyonlarin
en 6nemlisi de yangisal reaksiyonlardir. Viicutta meydana
gelen sistemik yangisal reaksiyonlara (SIRS) bagli olarak
solunum sistemi basta olmak (izere bircok sistem
etkilenmektedir. Bu tablonun asil sebebiise SIRS ile beraber
ortaya cikan oksidatif strestir. Oksidatif stres, hicrelerde
hiicre zari hasari olusturmasinin yani sira hiicre DNA' sinda
da kalict hasarlara neden olmaktadir (Sengezer ve
ark.,1995; Baskaran ve ark., 2000; Hassan ve ark., 2021).

Akciger dokusu yaygin dolasim agina sahip oldugundan
dolayi yanik sonrasi en ¢ok etkilenen organlarin basinda
gelmektedir. Yanik sonrasi akut akciger hasari ve
devaminda da solunum problemlerinin meydana geldigi
bilinmektedir. Yine; hipoksemi, pulmoner 6dem, solunum
yetmezligi gibi klinik tablolarla da karsilasilabilmektedir.
Akciger dokusunda meydana gelen bu durumun sebebinin
ise viicutta meydana gelen sistemik yangisal reaksiyonlara
bagh oldugu savunulmaktadir. Ancak bu tablonun
patogenezi tam olarak aydinlatilamamistir. Son yapilan
calismalarda ise bu tabloda daha ¢ok yanik sonrasi ortaya
¢ikan timor nekroz faktori (TNF)-a, interlokin (IL)-1B, IL-6,
ve IL-8 gibi lokal ve sistemik yangisal mediatorlerin rol
oynadigi ortaya konulmustur (Pruitt ve ark., 1975; Hatherill
ve ark., 1986; Oldham ve ark., 1988). Ayrica viicutta yanik
sonrasi meydana gelen oksidatif stresin de akciger
dokularinda hasarlara neden oldugu bilinmektedir (Cai ve
ark., 2022; Sahin ve ark., 2023).

Yanik vyaralarinin tedavisi eskilerden beri bircok
¢alismaya konu olmustur. Bu tedavilerde kullanilan ilaglarin
ise antioksidatif, antiinflamatuvar ve antitrombotik
etkinlikleri olmasina dikkat edilmistir. Son zamanlarda bu
ilaglara ek olarak kok hiicre tedavisi de yaygin olarak
kullanilmaya baslanmistir (Deniz ve ark., 2013; Kayapinar
ve ark., 2015; Ozturk ve ark., 2015; Jeschke ve ark., 2019).

Seryum nitrat (SN) ve Plateletten Zengin Plazma (PZP)
son vyillarda yanik tedavisinde yaygin olarak kullaniimaya
baslanmistir. Yapilan calismalarda dogada eser miktarda
bulunan SN’ nin yanik sonrasi viicutta meydana gelen
immunsupresif etkiyi ortadan kaldirdigi (Sheidegger ve ark.,
1992), ayrica yaniga bagli olarak meydana gelen sistemik
yangisal reaksiyonu baskilayarak yanigin olumsuz etkisini
vicuttan uzaklastirdigi bildirilmistir (Deveci ve ark., 2000;
Eski ve ark., 2012). Kanin santrifiij edilmesi ile elde edilen
platelet ile zenginlestirilen plazma sivisindan olusturulan
PZP’nin (Xie ve ark., 2014), viicutta biyime hormonlari ile
antiinflamatuvar sitokinlerin salinmasinda rol alarak yara
iyilesme sirecini hizlandirdigi ortaya konulmustur. Ayrica
son yillarda PZP cerrahi (Xie ve ark., 2014) ve dermatoloji
gibi bilimlerde de bircok farkli tedavi yonteminde tedavi
amaclyla yaygin olarak kullanilmaya baslanmistir
(Grambart ve ark., 2015). Son zamanlarda PZP’ nin ayrica
yanik sonrasi olusan reaksiyonlara karsi da tedavide ciddi
etkisi oldugu bildirilmistir (Venter ve ark., 2016). Bu ¢alisma
ile SN ile PZP’ nin yanik sonrasinda vicutta olusan sistemik
yangisal reaksiyonlar ve oksidatif stresin sebep oldugu
akciger hasarina karsi tedavi edici etkisinin farkli metotlar
ile arastirilmasi amaglanmistir.

Yontemler
Deney Hayvanlari

Cahsmada kullanilacak hayvan materyali, Atatirk
Universitesi Tibbi Deneysel Uygulama ve Arastirma Merkezi
(ATADEM)’den elde edildi ve ¢alismada deneysel siireg ilgili
birimde gergeklestirildi. Calismada 250-300 gr agirhginda,
12 haftalik, 80 adet Sprague Dawley cinsi, erkek rat
kullanildi. Deneysel siire¢ baslamadan ratlar 7 glin boyunca
oda sicakhiginda (25°C), uygun kosullarda, sadece yem ve su
verilerek ortama adapte edildi. Deneyde kullanilan 80 adet
rattan rastgele 20’serli 4 grup olusturuldu. Bu calisma
Atatiirk Universitesi Hayvan Deneyleri Yerel Etik Kurul izni
(2017/74) alinarak gergeklestirildi.

Yanik Modelinin Olugturulmasi

Calismada hayvanlara yanik tarak modeli (Comb Model)
uygulanarak deride termal hasar olusturulmustur. Bu
uygulama 1x2 cm boyutlarinda, 4 adet dizi ve 0.5x1 cm’ lik
bosluklardan olusacak olan piringten uretilmis 6zel yanik
taragl 100°C kaynayan suda 5 dakika bekletildikten sonra
ratlarin sirt bolgesine 20 saniye silreyle basing yapmadan

simetrik olarak gergeklestirilmistir.
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PZP’ nin Hazirlanmasi

Yanik olusturulmayan kontrol grubundan elde edilen 1
ml kan numunesi 0.5 cc sodyum sitrat iceren tlplere
alinarak iki asamali olarak santrifij edildi. ilk olarak 1700
devir/dk, 15 dakika olacak sekilde gerceklestirilen santrifij
isleminde kanin kirmizi kiire ve plazma fraksiyonu ayrildi,
daha sonra ayni 6rnekler 3000 devir/dk, 5 dakika santrifuje
edilerek plateletten fakir plazma kismi ayrildi ve PZP elde
edildi.

Deney Gruplari

Kontrol: Ratlar serum fizyolojik ile dolu olan havuzda 30
dakika bekletildi.

Sham Grubu: ik gin deride dermal hasar
olusturulduktan sonra ratlar %0.9’luk serum fizyolojik
sollisyonu icerisinde 30 dakika bekletildi.

Seryum Nitrat (SN) Grubu: Ratlar 0.04 M (molar)
Seryum Nitrat banyo soliisyonuna birakildi ve 30 dakika
boyunca soliisyon icerisinde bekletildi.

Plateletten Zengin Plazma (PZP) Grubu: Termal hasar
olusturulan ratlara hazirlanan 0.1 ml’lik PZP yara bolgesine
intradermal olarak enjekte edildi.

Doku Orneklerinin Alinmasi

Yanik olusumunda 21 giin sonra her gruptan rastgele
secilen 20 adet rat genel anesteziye (Ksilazin+Ketamin)
alinarak sakrifiye edildi. Histopatolojik ve
immunohistokimyasal incelemeler i¢in akciger doku
ornekleri alind.

Histopatolojik incelemeler

Elde edilen akciger dokusu érnekleri %10’luk tamponlu
formaldehit ile tespit edildi. Dokular rutin doku takibi
prosediuriniin ardindan bloklandi ve bloklardan 4 pm
kalhinhginda kesitler alindi.  Hazirlanan  preparatlar
Hematoksilen-Eozin (HE) ile boyandi ve 1sik mikroskobunda
incelendi (Olympus BX51, JAPONYA). Kesitler histopatolojik
bulgularina gore yok (-), hafif (+), orta (++) ve siddetli (+++)
olarak degerlendirildi (Terim Kapakin ve ark., 2013;
Iskender ve ark., 2023).

immunohistokimyasal incelemeler

immunohistokimyasal boyama prosediiriinde primer
antikor olarak (TNF-a kat no: sulandirma orani:1/200 US, 8-
OHdG: sc-66036 kat no: sulandirma orani:1/200 US)

kullanildi ve antikorlar kullanim prosedirine uygun olarak
inkiilbe edildi. Kromojen olarak HRP/DAB (3, 3-
diaminobenzidine) kromojeni, zemin boyamasi icin Mayer’s
hematoksilen soltisyonu kullanildi. Boyama prosedurinin
ardindan stk mikroskobu (Olympus BX51 JAPONYA) ile
incelenen kesitler immunpozitifliklerine gére yok (-), hafif
(+), orta (++) ve siddetli (+++) olarak degerlendirildi
(Dokumacioglu ve ark., 2021).

istatistiksel Analiz

istatistiksel analiz icin Graphpad prism programi
kullanildi  ve p<0.05 anlamli kabul edilerek veriler
degerlendirildi. Gruplar arasi karsilastirilmada Duncan testi
kullanildi.  Grup  etkilesiminin  saptanmasinda non
parametrik Kruskal-Wallis testi, gruplar arasindaki
farkhliklari belirlenmesi icin Mann Whitney U testi
kullanildi.

Bulgular
Histopatolojik bulgular

Akciger doku ornekleri histopatolojik olarak
incelendiginde, kontrol grubunun normal histolojik yapida
oldugu gorildi. Sham grubunda, interalveoler bolgede ve
bronsiollerin  etrafinda siddetli mononikleer hiicre
infiltrasyonlari  tespit edildi. Akcigerlerde alveollerin
[imeninde ve interalveoler bolgede siddetli 6dem tablosu
saptandi. SN ve PZP gruplarinda ise histopatolojik
bulgularin Sham grubuna kiyasla istatistiksel olarak anlamli
(p<0.05) diizeyde azaldigi saptandi (Sekil 1). Histopatolojik
bulgular ve istatistiksel analiz sonuglari Sekil 2’ de sunuldu.

Sekil 1: Akuger dokusu; Kontrol (a), Sham (b) SN (c) ve PZP

(d). Akciger dokusunda inflamasyon (yildiz), H&E, Bar:
70um.

Figure 1: Lung tissue; Control (a), Sham (b), SN (c), and PZP
(d). Inflammation in lung tissue (star), H&E, Bar: 70um.
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Sekil 2: Akciger dokusunda histopatolojik bulgular ve
istatistiksel analiz sonuglari (****= p<0.05; ns: anlamh fark
yok; n=20).

Figure 2: Histopathological findings and statistical analysis
results in lung tissue (****= p<0.05; ns: no significant
difference; n=20).

immiinohistokimyasal bulgular

Akciger dokularinda vyapilan immuinohistokimyasal
analizlerde, kontrol grubunda Tnf-a ve 8-OHdG
ekpsresyonlari negatif olarak degerlendirildi. Sham
grubunda yangi hicrelerinde intrasitoplazmik Tnf-a, brons
ve bronsiol epitel hiicrelerinde intasitoplazmik 8-OHdG
ekspresyonlari saptandi. SN ve PZP gruplarinda ise hafif
dizeyde Tnf-a ve 8-OHdG ekpsresyonlari gozlendi. Sham
grubuna kiyasla ekspresyonlarin istatistiksel olarak anlaml
(p<0.05) duzeyde azaldigi saptandi (Sekil 3 ve 4).
Histopatolojik bulgular ve istatistiksel analiz sonuclari Sekil
5’ te sunuldu.

T
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Sekil 3: Akciger dokusu; Kontrol (a), Sham (b), SN (c) ve PZP
(d). Akciger dokusunda vyangi hicrelerinde Tnf-a

ekspresyonlari (ok baslari), IHC-P, Bar: 70um.

Figure 3: Lung tissue; Control (a), Sham (b), SN (c), and PZP
(d). Expressions of Tnf-a in inflammatory cells in lung tissue

(arrowheads), IHC-P, Bar: 70um.

Sekil 4: Akciger dokusu; Kontrol (a), Sham (b), SN (c) ve PZP
(d). Akciger dokusunda 8-OHdG ekspresyonlari (ok baslari),
IHC-P, Bar: 70um.

Figure 4: Lung tissue; Control (a), Sham (b), SN (c), and PZP
(d). Expressions of 8-OHdG in lung tissue (arrowheads),
IHC-P, Bar: 70um.
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Sekil 5: Akciger dokusunda immunohistokimyasal bulgular
ve istatistiksel analiz sonuglari (****= p<0.05; ns: anlamli
fark yok; n=20).

Figure 5: Immunohistochemical findings and statistical
analysis results in lung tissue (****= p<0.05; ns: no
significant difference; n=20).

Tartigma

Yanik, aktif yasamda en sik karsilagilan travma
sekillerinden birisidir. Yamiga 1s1, elektrik, kimyasal
maddeler gibi bircok degisik faktor sebep olabilmektedir.
Yanik genellikle deri dokusunu etkileyen bir travmadir.
Ancak vicutta olusturmus oldugu sistemik yangisal
reaksiyonlara bagh olarak solunum sistemi basta olmak
Uzere bircok sistemi olumsuz etkiledigi bilinmektedir
(Gértner ve ark., 2001; Church ve ark., 2006; Robertson ve
ark., 2006).
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Yanik sonrasi dolasim yéniinden oldukga zengin bir doku
olan akciger lizerinde yapilan ¢alismalarda histopatolojik
olarak, intraalveolar ve intersitisyel dokuda meydana gelen
konjesyon ve kanamanin yaygin oldugu bildirilmigtir.
Akcigerde yanik sonrasi goriilen en sik bulgu ise 6demdir.
Akciger 6deminin  yanik sonrasi olusan protein
dengesizligine bagli oldugu savunulmustur (Rathod ve ark.,
2014). Yine akciger dokusunda yanik olusum sonrasinda
ortaya cikan vyangisal reaksiyonlara bagh olarak,
interalveoler bolgelerde ve bronsiollerin etrafinda yangisal
reaksiyonlarin meydana geldigi bildirilmistir (AbuBakr ve
ark., 2018). Sunulan bu calismada da yanik sonrasinda
akciger dokularinda siddetli inflamasyon ve kanama ile
yaygin 6dem tablosu gézlenmistir. SN (Sheidegger ve ark.,
1992; Deveci ve ark., 2000; Eski ve ark., 2012) ve PZP (Xie
ve ark., 2014; Grambart ve ark., 2015) bircok yara
tedavisinde kullanilmis ve yara iyilesmesinde olumlu
sonuglar alinmis antiinflamatuvar maddelerdir. Bu
maddelerin her ne kadar yara iyilesmesine iyi geldigi bilinse
de akciger dokularindaki etkilerinin arastinldigi bir
¢alismaya rastlaniimamistir. Yapilan bu calismada yanik
sonrasl akciger dokusunda meydana gelen yangisal
reaksiyonlari ve 6dem olusumunu SN ve PZP’ nin onemli
Olclide azalttigi tespit edilmistir.

Yanigin hafif oldugu durumlarda yangisal reaksiyonlar
genellikle lokal olarak olusmasina ragmen, siddetli
olgularda bu reaksiyonlarin viicudun geneline yayildig
bilinmektedir (Baskaran ve ark., 2000). Bu duruma ise en
¢ok akciger dokularinda rastlaniimaktadir. Akciger dokulari
yaygin damar agina sahip oldugundan dolayi yaniga bagl
olarak ortaya ¢ikan yangisal reaksiyonlardan hizli ve kolay
etkilenmektedirler. Yapilan ¢alismalarda da yanik sonrasi
olusan vyangisal reaksiyonlara bagh olarak akciger
dokularinda Tnf-a ekspresyonlarinin siddetli dizeyde
arttig bildirilmistir (Clancy ve ark., 1997; Clancy ve ark.,
2000; Fang ve ark., 2011). Sunulan bu calismada da yanik
sonrasi akciger dokularinda yangi hicrelerinde siddetli
diizeyde Tnf-a ekspresyonlarina rastlaniimistir. SN (Qian ve
ark., 2020; Deldar ve ark., 2021) ve PZP’ nin (Ameer ve ark.,
2018; Lana ve ark., 2019) antienflamatuvar etkinlikleri
bildirilmesine ragmen, vyanik olusumu sonrasinda
etkinliklerinin arastirildig1 calisma mevcut degildir. Yapilan
bu calismada SN ve PZP’ nin yanik sonrasi akciger
dokularinda Tnf-a salinimini 6nemli ol¢lide azalttig
saptanmigstir.

Deride olusan yaniga bagli olarak meydana gelen termal
hasar sonucu olusan serbest radikaller bircok dokuda
oksidatif stresi tetikleyerek hiicrelerde DNA hasarlarina
neden oldugu yapilan g¢alismalarda bildirilmistir (AbuBakr
ve ark., 2018; Khan ve ark., 2020). Yanik sonrasi oksidatif

strese bagh olarak etkilenen organlardan birisi de akciger
dokularidir. Yapilan bazi calismalarda yanik sonrasi akciger
dokularinda oksidatif strese bagh olarak 8-OHdG
ekspresyon seviyelerinin énemli 6l¢lide arttigi bildirilmistir.
(Sabeh ve ark., 1995; Csontos ve ark., 2012; Ma ve ark.,
2017). Antioksidan etkinligi kanitlanmis olan SN ve PZP’ nin
yanik sonrasi akciger dokularindaki antioksidan etkinliginin
arastinldigr bir g¢alismaya rastlanilmamistir. Yapilan bu
calismada; vyanik sonrasi akciger dokularinda olusan
oksidatif DNA hasarina karsi koruyucu etkinliginin oldugu
tespit edilmistir.

Sonug

Sonug olarak yanik sonrasi akciger dokusunda olusan
inflamasyon ve oksidatif DNA hasarina karsi SN ve PZP’ nin
antiinflamatuvar ve antioksidan etki gostererek tedavi edici
etkisi oldugu ortaya konulmustur.
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Ege Bolgesindeki Ruhsatli Deney Hayvani Tesislerinde

Helicobacter spp. Prevalansi™*

ABSTRACT

In this study, it was aimed to investigate the presence of Helicobacter spp. and H. hepaticus, H. bilis, H.
muridarum, H. rodentium and H. typhlonius species in mice, rats and gerbils in the Aegean Region.
Colon and stool samples were collected from a total of 200 animals, 10 mice, 10 rats and 10 gerbils,
from separate cages randomly selected between the ages of 15- 22 weeks from each of the 11 licensed
experimental animal facilities. From the DNA obtained, Helicobacter spp. 16S ribosomal RNA gene was
determined by PCR method, and positive samples were determined by multiplex PCR. The prevalence
of Helicobacter spp. in mice was 90.91 %. According to the species-based PCR results of the positive
samples, the most common species was H. rodentium with a prevalence of 90.91 %. In the study in
which H. bilis and H. muridarum species were not detected in any facility, it was determined that H.
typhlonius was the second most common species with a prevalence rate of 72.73 %, followed by H.
hepaticus with a prevalence of 27.27 %. The prevalence of Helicobacter spp. in rats was 87.5 %.
According to the PCR results of the positive samples, the most common species was H. rodentium with
a prevalence of 87.5 %. In the study where H. bilis, H. hepaticus and H. muridarum species were not
detected in any facility, H. typhlonius was the second common species with a prevalence of 12.5 % in
rats. On the other hand, only H. rodentium and H. typhlonius were detected in the colon samples taken
from a single facility containing gerbils. It was determined that Helicobacter spp., which causes

infections in experimental animals, especially subclinical, is quite common in the study area. It is
recommended that the Experimental Animal facilities moniterize for this agent.

Keywords: Gerbil, Helicobacter spp., mice, rat.

0z

Bu ¢alismayla Ege Bolgesindeki fare, rat ve gerbillerde Helicobacter spp. ve H. hepaticus, H. bilis, H.
muridarum, H. rodentium ve H. typhlonius tirlerinin varliginin arastiriimasi amaglanmistir. Ruhsatli
11 adet deney hayvani tesisinin her birinden 15-22 haftalik yaslar arasindan rastgele secilen ayri
kafeslerden 10 adet fare, 10 adet rat ve 10 adet de gerbil olmak Gizere toplam 200 hayvandan kolon
ve diski ornekleri toplanmistir. Elde edilen DNA’lardan Helicobacter spp.,16S ribozomal RNA geni
kullanilarak PCR yontemi ile pozitif 6rneklerin tir tayini ise multiplex PCR ile belirlenmistir.
Farelerde Helicobacter spp. prevalansi % 90.91 olarak gerceklesmistir. Pozitif 6rneklerin tir
bazindaki PCR sonuglarina gére en yaygin tir % 90.91 prevalansla H. rodentium olmustur. H. bilis
ve H. muridarum tirlerinin hicbir tesiste tespit edilmedigi calismada H. typhlonius % 72.73
prevalans oraniyla ikinci yaygin tir olurken onu % 27.27’lik prevalansla H. hepaticus’un takip ettigi
tespit edilmistir. Ratlarda Helicobacter spp. prevalansi % 87.5 olarak gerceklesmistir. Pozitif
orneklerin PCR sonuglarina gore en yaygin tir % 87.5 prevalansla H. rodentium olmustur. H. bilis,
H. hepaticus ve H. muridarum turlerinin hicbir tesiste tespit edilmedigi calismada H. typhlonius %
12.5 prevalans oraniyla ikinci yaygin tlrdir. Gerbil bulunduran tek tesisten alinan kolon
orneklerinde ise sadece H. rodentium ve H. typhlonius tespit edilmistir. Calismaya konu olan
bolgede, 6zellikle subklinik olmak Uzere deney hayvanlarindaki enfeksiyonlara neden olan
Helicobacter spp.'nin oldukca yaygin oldugu belirlenmistir. Deney Hayvani tesislerinin bu ajan
yoninden takibinin yapilmasi 6nerilmektedir.

Anahtar Kelimeler: Fare, Gerbil, Helicobacter spp., sican.
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Introduction

Environmental and genetic factors and their
interactions with each other may affect the suitability of
animals to be used for experimental purposes in research.
Since the emergence of infectious agents in facilities that
produce or use laboratory animals not only directly affects
scientific research projects due to experimental variability,
but also affects animal welfare, the need to take into
account the microbiological quality of these facilities has
arisen (Mabhler et al., 2014). Ensuring the reproducibility of
research, which is one of the scientific requirements, is a
widely accepted approach that requires laboratory animals
that are free from diseases and other conditions that could
affect experimental results (Matos-Rodrigues et al., 2020).
In this context, it is recommended that every institution
establishes a laboratory animal 'Health Monitoring'
program integrated into any quality assurance system
(Mahler et al., 2014; Bracken et al.,, 2017). In routine
screenings of the 'Health Monitoring' program
recommended by the European Federation of Laboratory
Animal Science Societies (FELASA); Helicobacter spp. is
among the infectious agents recommended to be
monitored every 3 months for laboratory animals (Mahler
et al., 2014).

Helicobacter-associated disease is not clinically
observable in most immunocompetent rodents. However,
when immunodeficient or transgenic mice with immune
system abnormalities are infected experimentally or
naturally, subclinical inflammation develops up to the
morbidity stage (Whary and Fox, 2006). Although
uncertainty in clinical presentation is limited to mono-
infected animals, infections with more than one species
can produce pathological lesions. For example, it is
emphasized that mixed infection with H. rodentium may
potentiate disease caused by more pathogenic species such
as H. hepaticus or H. bilis, with the assumption that H.
rodentium may be an acceptable contaminant in most
conventional mouse colonies (Myles et al., 2003).

It is known that some enterohepatic strains of
Helicobacter spp., which can cause clinical symptoms as
well as a subclinical course in laboratory rodents, are
associated with reduced reproductive performance, rectal
prolapse, inflammatory bowel disease and typhlocolithis.
H. hepaticus and H. bilis can also cause hepatitis and
hepatocarcinoma in mice. These factors cause
microbiological quality to negatively affect not only
experimental quality but also production and breeding
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dynamics (Whary and Fox, 2006).

The first study on the prevalence of the microorganism
in question was conducted by Shames et al. (1995) in 1995,
solely for the screening of H. hepaticus. In this study,
twenty-eight different strains or stocks, a total of 160 mice
from 4 facilities, were used and it was reported that H.
hepaticus was detected in two of the four facilities,
therefore the prevalance is 50% realized. The incidence was
determined as 100% in one of the positive facilities and
52% in the other. In a facility that tested negative for H.
hepaticus, H. bilis was detected with an incidence of 55%
(Shames et al., 1995). Another data showing the presence
of naturally acquired Helicobacter infections in all
commonly used laboratory rodent species and the majority
of the frequently isolated species from samples taken from
infected mice were reported by Taylor et al. (2007).

Another study revealing the prevalence of Helicobacter
spp. compared to other bacterial agents screened was
Pritchett-Corning et al. (2009) was conducted in a wide
geography using a very high number of animals. According
to the results of the study on the European and North
American prevalence of infectious agents seen in
laboratory mice and rats, the most common bacterial agent
in mice was Helicobacter spp. with an average rate of
16.08%, and the most common species in this genus was H.
hepaticus with 12.37%. Although the rat results of the same
study differed proportionally from the mouse results, they
did not change in terms of the most common bacterial
agent (Pritchett-Corning et al., 2009). In a study conducted
by Goto et al. (2000), the prevalence of H. hepaticus was
25.5%, the prevalence of H. bilis was 2.1%, and the
prevalence of H. rodentium was 23.4%. It was found
together with H. hepaticus and H. rodentium in 47 mice
(5.7%) from six colonies.

Since it avoids euthanasia using feces for sampling, it
will provide a reliable and easy method to achieve the 3Rs
(refinement, reduction, replacement) in screening tests
and clinical research (Neubert et al., 2022). Various studies
have been conducted regarding the differences between
sampling sites in terms of bacterial detection. In a study by
Nilsson et al. (2004) in a study; Helicobacter DNA was
detected at a rate of 85.7% in the fecal samples of 9 mouse
strains housed in 4 different facilities, and this rate was the
highest rate compared to other tissues and samples. In the
first study on this subject conducted by Shames et al.
(1995), it was reported that colon culture results had a
100% compatibility with cultivating fecal filtrate. Another
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study in which the effect of colon and stool samples on the
results was found to be insignificant was Beckwith et al.
(1997). In one of the recent study that included a
comparison of sampling, it was reported that fecal samples
may be negative for Helicobacter in some cases where the
intestines are positive (Cao et al., 2020). Another study
reporting results in favor of the colon between two
sampling sites was Matos-Rodrigues et al. (2020). In this
study, in terms of Helicobacter spp., which was 59.6% in
fecal samples, was reported as 70.1% in colon samples.

It is stated that the PCR method is the most sensitive
and reliable tool to detect Helicobacter spp. infection due
to the difficulty of culturing Helicobacter spp.,
histopathological diagnosis not being sensitive or specific,
and serological methods lacking specificity in mixed
infections. (Whary and Fox, 2006). In this study,
Helicobacter spp. was detected locally in mice, rats and
gerbils. In addition to determining its presence, it is
planned to identify and verify a sampling method suitable
for routine screening. PCR was used as the detection
method in the study.

Materials and Methods

Colon and stool samples were collected from a total of
200 animals, 10 mice, 10 rats and 10 gerbils, from separate
cages randomly selected between the ages of 15-22 weeks
from each of the 11 licensed experimental animal facilities
(110 mice, 80 rats and 10 gerbils are kept in only one
facility). Since only 8 of the eleven facilities kept and used
rats, the number of samples representing rats was limited
to 80. These animals were placed in individual cages by
prior consultation with the facility manager, thus ensuring
that the fecal samples belonged to these animals. Samples
taken from these animals formed the sample pool. By
combining the colon and fecal samples of the animals taken
from the facilities, 1 rat colon and fecal sample, 1 mouse
colon and fecal sample, and a gerbil colon and fecal sample
set representing each facility were created (Table 1). Mice,
rats and gerbils were euthanized with CO; before taking the
colon sample, and a colon sample of approximately 1 cm in
length was taken from each animal under aseptic
conditions in the Bacteriology Department of Bornova
Veterinary Control Institute. Thus, the study was conducted
with a total of 40 samples, including 20 colon samples and
20 stool samples related to these samples. Stool and
intestinal sections were kept at -20°C until analysis.

Table 1. Sampling chart

Tablo 1. Ornekleme tablosu

Animal species and numbers sampled
Sampling

- Mice Rat Gerbil
facility
Feces Colon Feces Colon Feces Colon
1st 10 10 - - - -
2nd 10 10 10 10 - -
3th 10 10 10 10 - -
4th 10 10 10 10 - -
5th 10 10 - - - -
6th 10 10 10 10 - -
7th 10 10 10 10 - -
8th 10 10 10 10 - -
9th 10 10 10 10 10 10
10th 10 10 - - - -
11th 10 10 10 10 - -
Total
number of 110 110 80 80 10 10
animals
Number of
samples 11 11 8 8 1 1
obtained
Total
number of 40
samples

In the study conducted with the approval of Bornova
Veterinary Control Institute Local Ethics Committee
2021/453425.

DNA isolation: DNA isolation was performed according
to the method of Shames et al. (1995). Briefly, each sample
set was suspended in 10 ml of PBS and vortexed. The
mixture was centrifuged for 10” at 6000 rpm and the
supernatant was filtered through a 0.8 um filter. The
resulting filtrate was centrifuged at 13,500 rpm 5’ and DNA
extraction from the pellet was purified using the
“QiagenStool Mini Kit” (QIAGEN Inc., Valencia, CA)

according to the protocol.

Journal of Laboratory Animal Science and Practices
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PCR: It was performed as a genus-specific and species-
specific multiplex. H. pylori ATCC 43504 strain obtained
from Hacettepe University, Faculty of Medicine,
Department of Clinical Microbiology was used for the
genus-specific 16S ribosomal RNA gene positive control.

For Helicobacter spp., the sequences H276f. 5'-
TATGACGGGTATCCGGC-3' and H676r: 5'-
ATTCCACCTACCTCTCCCA-3', generated from the 16S
ribosomal RNA gene (16S rRNA), were used (Riley et al.,
1996; Beckwith et al.,, 1997). In multiplex PCR studies,
species-specific 16S rRNA primer sequences listed in Table
2 were used for each Helicobacter species (Feng et al.,
2005).

The PCR process was carried out in a total volume of 50
ul by mixing 25 ul of HotStarTag Master mix (QIAGEN Inc.,
USA), 1 ul of template DNA, 1 ul of each primer sequence
of 100 uM (200 uM for multiplex) and 22 ul of distilled
water. Colon DNA concentration was used as (single 1.25
pg / ml, multiplex 5 pg / ml), and fecal DNA concentration
was used as (single5 pg / ml, multiplex14 pg / ml) (Feng et
al., 2005). Conditioning (45 cycles): heating at 94°C for 30",
denaturation at 94°C for 2", annealing at 53°C for 2" and
extension at 72°C for 30" was applied.
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10 pl of 50 ul PCR products created in 0.2 mL tubes were
taken with the help of a pipette and mixed with 3 pl of 6x
loading dye solution. The entire mixture was taken and
loaded into the well in the appropriate position in the 1%
agarose gel, and it was run for 40 minutes for Helicobacter
spp. and 60 minutes for multiplex PCR at 80V 500A. The gel
was placed in the chamber of the transilluminator device
connected to the computer. After photographing under UV

light, band lengths were evaluated separately for each PCR.

Statistical analysis for sampling comparisons; Frequency
analyzes and Chi-square test were applied to test
significance between groups. Minitab 19 statistics program

was used for this process. (Minitab, LLC. 2021)

The study was conducted in Bornova Veterinary Control
Institute and Aydin Adnan Menderes University, Faculty of

Veterinary Medicine Microbiology Laboratories.
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Table 2. Primer sequences of species (Feng et al., 2004)

Tablo 2. Tirlerin primer dizileri (Feng et al., 2004)

Species Primer sequences Lenght (bp)

1201f TTGTGAAATGGAGCAAATCTTAAAAACT

H. rodentium 191
1375r TAGCCAGTTTGGCATTCC
163f. AGGGACTCTTAAATATGCTCCTAGAGT

H. typhlonius 122
262r ATTCATCGTGTTTGAATGCGTCAA
pl7f ATGGAACAGATAAAGATTTTAAAGCAACTTCAG

H. bilis 435
pl7r CTATGCAAGTTGTGCGTTAAGCAT
p25f ATGGGTAAGAAAATAGCAAAAAGATTGCAA

H. hepaticus 705
p25r CTATTTCATATCCATAAGCTCTTGAGAATC
p30f ATGACAAAAAAATATTCTTTCACAAAACTATTCATTGGT

H. muridarum 807
p30r TTTATTTTAGATTCCATTTAACTGCTAAATCATCAATAGT

f:forward; r:reverse.

Journal of Laboratory Animal Science and Practices
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Results
Mice Results

In the study conducted on the samples obtained;
Helicobacter spp. was detected in mice in all except one
facility. According to this result, the prevalence was
determined as 90.91%. According to multiplex PCR results,
the most common species was H. rodentium with a
prevalence of 90.91%. In the study, in which H. bilis and H.
muridarum species were not detected in any facility, it was
determined that H. typhlonius was the second most
common species with a prevalence rate of 72.73%,
followed by H. hepaticus with a prevalence of 27.27%
(Table 3).

According to the multiplex PCR results (Figure 1), it was
determined that H. rodentium was present in all facilities
where Helicobacter spp. was detected. It was determined
that 2 of the facilities were infected with H. hepaticus in
addition to H. rodentium, and 7 of them were mixed with
H. typhlonius in addition to H. rodentium. It was
determined that one facility was infected with more than
two species. Considering these findings, the resulting rates
are as seen in table 3. Accordingly, the rate of facilities
with

mixed infections with two species was determined as 90%,
and the rate of facilities with mixed infections with more
than two species was determined as 10% (Table 4).
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Figure 1. Multiplex PCR performed with bacterial DNA
of three Helicobacter strains

Sekil 1. Ug Helicobacter susunun bakteriyel DNA'si ile
gerceklestirilen multipleks PCR
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Rats Results

Helicobacter spp. was not detected in 1 of the 8
facilities where the study was conducted, and H.
rodentium was found in all of the facilities where
Helicobacter spp. was detected. According to this result,
the prevalence was 87.5%. According to the results of
Multiplex PCR (Figure 1) using the DNA of Helicobacter
spp. positive samples, the most common species was H.
rodentium with a prevalence of 87.5%. In the study, where
H. bilis, H. hepaticus and H. muridarum species were not
detected in any facility, H. typhlonius was the second
common species with a prevalence rate of 12.5% (Table 3).

The number of facilities monoinfected with H.
rodentium alone was determined as six. It was determined
that one facility was mixed infected with H. typhlonius in
addition to H. rodentium. There are no breeding facilities
infected with more than two species in rat colonies (Table
4).

Gerbils Results

Helicobacter spp. was detected in the sample taken
from the facility that kept gerbils. As a result of multiplex
PCR for species-based discrimination using the DNA of the
Helicobacter spp. positive sample obtained, only H.
rodentium and H. typhlonius were detected in the colon
samples.

Sampling Site Comparisons

When the results obtained from all animal species
subject to the study are compared on the basis of sampling
location (Feces - Colon); While it was observed that H.
hepaticus was found at a higher rate in the colon samples
with 11.11% versus 5.56%, the proportion of H. typhlonius
was higher in the stool sample with 50 % versus 44.44 %.
However, when these results were compared, it was
determined that the difference between the two sample

results was statistically insignificant (p>0,05), (Table 5).
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Table 3. Helicobacter spp. in facilities and distribution rates by species

Tablo 3. Tesislerdeki Helicobacter spp. ve tiirlere gore dagilim oranlari

Positive %
Mice (n=110) Rats (n=80) Gerbils (n=10)
Number of Facilities 11 8 1
Feces Colon Feces Colon Feces Colon
Helicobacter spp. 90.91 90.91 87.50 87.50 0.00 100.00
H. rodentium 90.91 81.82 87.50 87.50 0.00 100.00
H. typhlonius 72.73 63.64 12.50 12.50 0.00 100.00
H. bilis 0.00 0.00 0.00 0.00 0.00 0.00
H. hepaticus 9.09 18.18 0.00 0.00 0.00 0.00
H. muridarum 0.00 0.00 0.00 0.00 0.00 0.00
Table 4. Mixed infection rates in facilities
Tablo 4. Tesislerdeki karisik enfeksiyon oranlari
Mice Rats
Number - Number ‘o
of Facilities Ratio% of Facilities Ratio%
Monoinfected - - 6 85.7
Two 9 90 1 14.3
species
Polyinfected More
than two 1 10 - -
species
Total 10 100 7 100
Table 5. Sampling site comparisons.
Tablo 5. Ornekleme alani karsilastirmalari.
Helicobacter H. H. H. bilis H. H.
spp. rodentium typhlonius hepaticus muridarum
Pozitive 18 17 9 0 1 0
Fecal Negative 1 1 9 0 17 0
sample  Total 19 18 18 0 18 0
Proportion % 94,70 94,44 50,00 0,00 5,56 0,00
Pozitive 18 17 8 0 2 0
Colon Negative 1 1 10 0 16 0
sample Total 19 18 18 0 18 0
Proportion % 94,70 94,44 44,44 0,00 11,11 0,00
P value - - 0,49 - 0,54 -

Journal of Laboratory Animal Science and Practices
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Discussion

In clinical signs; The data we obtained regarding the
clinical signs supports the data regarding the clinical
disease reported by Solnick and Schauer (2001). Because
these researchers emphasize that there are very few
examples of Helicobacter species infection of an
immunocompetent, natural host causing clinical disease.
However, there are also study results in the literature
showing that H. typhlonius and H. hepaticus, especially
mixed infections, can cause clinical symptoms. These
mentioned species and their mixed infection rates and
findings are discussed below.

In the study conducted by Bohr et al. (2006), it was
stated that 27 of a total of 40 mice strains, 37 inbred and 3
outbred, housed in an SPF facility, carried a single
Helicobacter species, while 8 mice strains were infected by
at least two different Helicobacter species. In the presented
study, more than one species was detected in all samples
taken from ten facilities. This data shows a proportionally
higher rate than the results of the study conducted by Bohr
et al. (2006). It is thought that the difference between the
obtained rates may be due to the fact that the compared
study is SPF. Another study on mixed infections was
conducted by Taylor et al. (2007). The study, whose
material consisted of samples taken from research
institutes in the United States, Canada, Europe, Australia
and Asia, showed that 6% of the institutes had at least
three Helicobacter spp. showed that 29% were colonized
with two Helicobacter species and 47% were colonized with
a single Helicobacter species. In the presented study, the
infection rate with more than two species, 10%, was similar
to the value found in this study, but the infection rate with
two species (90%) was higher to that of Taylor et al. (2007)
reported.

It was determined that 8 of the 11 mice colonies and
one of the 8 rat colonies where the study was conducted
were mixed infected with H. typhlonius, which is stated to
cause mucosal hyperplasia and related inflammation in the
cecum and colon in immunodeficient mice, in addition to
H. rodentium. It was observed that H. typhlonius, which
recommended further research on naturally occurring
gastrointestinal lesions in immunocompetent mice by
Franklin et al. (2001), did not cause a clinical signs even in
mixed infections.

Journal of Laboratory Animal Science and Practices

It is stated that H. rodentium is not pathogenic in adult
wild-type mice, but it increases IL-10 production in the
cecum of H. hepaticus-infected mice (Franklin et al., 2001)
and infections with more than one species can cause
pathological lesions (Myles et al., 2004). While it is
hypothesized that H. rodentium may be an acceptable
contaminant in most conventional mouse colonies, it is
emphasized that mixed infection with H. rodentium may
potentiate disease caused by more pathogenic species
such as H. hepaticus or H. bilis (Myles et al., 2003). In the
present study, when it comes to the mouse colonies
where sampling was done, no clinical findings were found
in 3 facilities infected with H. hepaticus in addition to H.
rodentium, and no notification regarding the clinical signs
was received from the Veterinarians in charge of the
facility. Therefore, our findings were incompatible with
the literature data stating that mixed infections may
cause the clinical signs. Additionally, Fox et al. (1994)
showed that H. hepaticus caused the most severe clinical
signs among all enterohepatic Helicobacter species, the
prevalence of H. hepaticus in the mouse colonies
examined in the presented study was found to be 27.27%
and no clinical sign was encountered in these colonies.

Two different speculations can be developed as to the
cause of these incompatibilities stated in the clinical signs.
The first of these may be that the laboratory animals in the
study have a highly developed immune system, and the
second may be that the clinical sign developed by the
mouse, which is a species that can reproduce relatively
easily, is ignored as a result of focusing only on production
in the facilities. In other words, it can be thought that the
easy replacement of a colony that has lost its ability to
reproduce eliminates the need for detailed clinical
observation.

In our study, the prevalence of Helicobacter spp. of
90.91% in mice colonies was the highest prevalence rate
found in studies on this subject. Because the highest
prevalence obtained in studies on this subject in the
literature was reported by Taylor et al. (2007) reported as
88%. A similar rate was reported by Bohr et al. (2006) as
87.5% in a study conducted in a facility. In a study
conducted in a SPF facility by Jacoby and Lindsay (1998),
and a Helicobacter prevalence of 10% was revealed. The
first study on the prevalence of Helicobacter spp. reported
the prevalence as 50% (Shames et al., 1995).
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According to the results of the University of Missouri
Animal Diagnostic and Research Laboratory for 1999-2000,
the positivity rate for Helicobacter spp was reported as
10.54% (Franklin et al., 2001). In the study conducted by
Pritchett-Corning et al. (2009), Helicobacter spp. was stated
as the most common bacterial agent in mice with a rate of
16.08%.

When the rates obtained on a species basis were
compared with previous similar studies; The 90.91%
prevalence of H. rodentium was the highest in the
literature. The rates of this species were 23.4% (Goto et al.,
2000), 6% (Taylor et al., 2007), 8% (Wharry and Fox 2006),
15.11% (Franklin et al., 2001), 10% (Myles et al., 2003).

In another study conducted at the species level (Goto et
al., 2000), the prevalence of H. hepaticus was 25.5% and
the prevalence of H. rodentium was 23.4% on a colony
basis, while the prevalence of H. bilis, for which no data
could be obtained in the presented study, was 2.1%. was
realized as. When these rates are compared with the rates
obtained in the presented study, the prevalence of H.
hepaticus was observed at a similar rate, while in H.
rodentium it was quite high with a rate of 90.91%.

The first study conducted by Shames et al. (1995) on the
prevalence of the Helicobacter genus was conducted only
for the screening of H. hepaticus, and it was reported that
H. hepaticus was detected in two of the four facilities in the
study. This rate was higher than the 27.27% prevalence
obtained in mice in the presented study. Another study
reporting a higher prevalence rate than the H. hepaticus
prevalence obtained in the study was conducted by Taylor
et al. (2007). Among mice from 34 institutions surveyed in
that study, H. hepaticus was the most frequently detected
species, with a rate of 59%, alone or in combination with
other Helicobacter species. The only study reported to be
lower than the data obtained in the presented study was
conducted by Bohr et al. (2006) with a H. hepaticus rate of
7.5%. According to the 2002-2003 data of the Swedish
National Veterinary Institute, the prevalence of H.
hepaticus was 42% (Johansson et al., 2006).

The prevalence of H. typhlonius, which was reported to
be common in the fecal samples of research mice as well as
in the sexual organs of three mouse species (Franklin et al.,
2001; Scavizzi and Raspa; 2006), was determined to be
72.73% in the presented study. In the study conducted by
Taylor et al. (2007), the rate of H. typhlonius, which was
determined as the second most common species, was
stated as 26%. Although this rate represents the highest
rate among the literature data, it is significantly lower than

the rate determined in the presented study. While a study
conducted between 1999 and 2000 reported a rate of
4.88% for H. typhlonius (Franklin et al., 2001), it was
reported that 17% of the fecal samples tested in the same
laboratory in 2001 and 2002 were positive for H. typhlonius
(Myles et al., 2003). In another study where a rate of 8%
was determined for Helicobacter spp., the rate of H.
typhlonius obtained in total samples was reported as 4%
(Bohr et al., 2006).

It seems that survey studies conducted on rats are quite
limited compared to those conducted on mice. When it
comes to the prevalence of Helicobacter spp. in rats, lower
rates are observed despite a wide range and relatively high
prevalence, as in mice. In a study conducted with the
species in question, the presence of Helicobacter spp. was
reported to be 19% in rat cecum samples scanned using
PCR (Wharry and Fox 2006). This rate is considerably lower
than the rate obtained in the presented study, 87.5%. In the
study, the rates obtained at the species level were H.
rodentium with 87.5% prevalence and H. typhlonius with
12.5% prevalence. While these rates for H. typhlonius were
similar to the 10% rate reported by Wharry and Fox (2006),
the H. rodentium rate of 87.5% was found to be
significantly higher than the 8% rate determined in the
same study.

In a study conducted on rats by Goto et al. (2000), which
included only 29.4% of H. rodentium positive samples, the
colony prevalence was 30%. This rate was lower than the
rate determined in the presented study. In the study,
where a similar situation to rats was also valid for gerbils,
the colony prevalence of H. hepaticus, which was positive
at a rate of 78%, was 75%. There was a discrepancy
between the data obtained in the presented study and the
study data in which no genus or species-specific binding
was observed except H. hepaticus in gerbils. Because in this
study, while H. rodentium and H. typhlonius were among
the species that could be detected in the gerbil colony, H.
hepaticus was not detected.

When the results obtained from all animal species
subject to the study are compared on the basis of sampling
location (Feces - Colon); While it was observed that H.
hepaticus was found at a higher rate in the colon samples
with 11.11% versus 5.56%, the proportion of H. typhlonius
was higher in the stool sample with 50 % versus 44.44 %.
However, when these results were compared, it was
determined that the difference between the two sample

results was statistically insignificant p>0,05).
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In a study that also included a comparison of sampling
locations, it was reported by Cao et al., (2020) that fecal
samples may be negative for Helicobacter in some cases
where the intestines are positive, contrary to the finding
we obtained in the presented study. Another study
reporting results in favor of the colon between two
sampling sites was Matos-Rodrigues et al. (2020). In this
study, the Helicobacter spp. level was reported as 59.6% in
fecal samples and 70.1% in colon samples. However, since
the comparison in this study was not conducted on the
same animals, the use of the given result for the purpose of
evaluation in this direction will not be decisive. The
conclusion made by Beckwith et al. (1997), in which the
effect of colon and stool samples on the results was found
to be insignificant, is parallel to the findings in the
presented study. Another study in which a complete
compatibility was reported between cultivating made with
fecal filtrate and those made from cecum and colon
scrapings was Shames et al. (1995).

In a study in which stomach, intestinal and hepatic
tissue samples were evaluated to examine the distribution
of Helicobacter spp. and the relationship of this distribution
with the disease; Helicobacter DNA was detected at a rate
of 85.7% in the fecal samples of 9 mice strains housed in 4
different facilities, and this rate was the highest rate
compared to other tissues and samples (Nilsson et al.
2004). Although there was variability at the species level in
the presented study, this variability was found to be
statistically insignificant, confirming the suitability of fecal
samples for screening and the results of Nilsson et al.
(2004).

Conclusion and Recommendations

Considering the factors that require the animals to be in
full health in order to obtain the closest results to reality
from studies conducted on laboratory animals, and to
ensure the reliability and reproducibility of the results
during the experimental use phase, since the agent in
guestion is quite common, it is recommended that
experimental animal facilities should be monitored for this
agent and studies should be detailed to create Helicobacter
free facilities.

The data obtained in this study showed that the use of
fecal samples did not have a significant effect on the results
when compared to other samples to detect the agent.
Therefore, it is thought that there is no harm in sampling
using only feces in similar studies, as it is a more practical
way.
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Exploring Esculetin's Protective Role: Countering
Doxorubicin-Induced Oxidative Stress in Rat Heart

Eskuletin'in Koruyucu Rolinu Kesfetmek: Sican Kalbinde
Doksorubisinin Neden Oldugu Oksidatif Stresle Mucadele

ABSTRACT

Doxorubicin (DOX) and other anthracyclines are potent chemotherapy drugs used against cancer;
however, their clinical application is linked to significant and potentially life-threatening cardiotoxicity.
Despite extensive research over many years, the available treatment choices are still constrained. DOX
is typically believed to primarily affect mitochondria, and the characteristic feature of DOX-induced
cardiotoxicity is mitochondrial dysfunction. Esculetin is a coumarin derivative found in nature. It has
anti-inflammatory, antioxidant, anti-diabetes and antibacterial properties. This study was designed to
investigate the protective effect of esculetin against DOX-induced cardiotoxicity in Sprague-Dawley
rats considering the mentioned properties. Cardiotoxicity was induced by administering DOX via
intraperitoneal injection at every other day dosage of 5 mg/kg body weight for two consecutive weeks.
Rats receiving DOX injections were simultaneously supplemented with esculetin at doses of 50 and
100 mg/kg body weight through intraperitoneal administration over the same period. The
investigation, oxidative stress enzymes in heart tissue of rats employed biochemical and molecular
methods. The heart tissues were evaluated for the enzyme activity and and expression levels of
glutathione peroxidase (GPx), superoxide dismutase (SOD), and catalase (CAT). The results indicate a
substantial decrease in mRNA expression of GPx and CAT in the DOX group compared to the control,
but SOD did not show any significant change. The DOX group exhibited a substantial drop in particular
specific enzyme activity, specifically SOD, compared to the control group. However, the activity of CAT
and GPx enzymes remained unaltered. The current investigation posits that the deleterious impacts
of DOX on cardiac tissue may be alleviated by esculetin through the regulation of oxidative stress.

Keywords: Cardiotoxicity, doxorubicin, esculetin, oxidative stress.

oz

Doksorubisin (DOX) ve diger antrasiklinler kansere karsi kullanilan gticli kemoterapi ilaglaridir; ancak klinik
uygulamalari 6nemli ve potansiyel olarak yasami tehdit eden kardiyotoksisite ile baglantilidir. Uzun yillar stiren
kapsamli arastirmalara ragmen, mevcut tedavi segenekleri hala kisitlidir. DOX'un tipik olarak oncelikle
mitokondriyi etkiledigine inanilir ve DOX kaynakli kardiyotoksisitenin karakteristik ¢zelligi mitokondriyal
disfonksiyondur. Eskuletin, dogada bulunan bir kumarin turevidir. Anti-inflamatuar, antioksidan, anti-diyabet
ve antibakteriyal 6zellikleri bulunmaktadir. Bu calisma, eskuletinin bahsedilen ozellikleri géz 6nlinde
bulundurularak Sprague-Dawley sicanlarinda DOX kaynakli kardiyotoksisiteye karsi koruyucu etkisini
arastirmak Uzere tasarlandi. Bu calisma, bilinen ozellikleri gbz 6ninde bulundurularak Sprague-Dawley
siganlarinda DOX kaynakl kardiyotoksisiteye karsi eskuletin'in koruyucu etkilerini arastirmak tizere tasarlandi.
Kardiyotoksisite, DOX'un intraperitonal enjeksiyon yoluyla iki giinde bir 5 mg/kg viicut agirhigr dozunda iki
ardisik hafta boyunca uygulanmasiyla indiiklendi. DOX enjeksiyonu yapilan sicanlara ayni stire boyunca 50 ve
100 mg/kg vicut agirligi dozlarinda intraperitonal uygulama yoluyla es zamanl olarak eskuletin takviyesi
yapildi. Sican kalp dokusundaki oksidatif stres enzimlerinin arastirilmasinda biyokimyasal ve molekuler
yontemler kullanildi. Kalp dokularinda katalaz (CAT), glutatyon peroksidaz (GPx) ve stiperoksit dismutaz (SOD)
enzim aktiviteleri ve ekspresyon seviyeleri degerlendirildi. Sonuglar, DOX grubunda GPx ve CAT'in mRNA
ekspresyonunda kontrole kiyasla onemli bir disis oldugunu, ancak SOD'da onemli bir degisiklik
gostermedigini ortaya koymaktadir. DOX grubu, kontrol grubuna kiyasla 6zellikle SOD spesifik enzim
aktivitesinde onemli bir dists sergilemistir. Ancak CAT ve GPx enzimlerinin aktivitesi degismemistir. Mevcut
arastirma, DOX'un kalp dokusu Gzerindeki zararli etkilerinin, oksidatif stresin diizenlenmesi yoluyla eskuletin
tarafindan hafifletilebilecegini ortaya koymaktadir.

Anahtar Kelimeler: Doksorubisin, eskuletin, kardiyotoksisite, oksidatif stress.

Journal of Laboratory Animal Science and Practices


https://orcid.org/0000-0002-9119-1206
https://orcid.org/0000-0002-8064-1195
https://orcid.org/0000-0001-9468-2679
https://orcid.org/0000-0003-4157-2729
https://orcid.org/0009-0000-7020-9668
https://orcid.org/0009-0001-6786-006X
https://orcid.org/0000-0003-3781-4406
https://orcid.org/0000-0003-3216-1098

45

Introduction

Doxorubicin (DOX), belonging to the anthracycline
family, serves as a powerful chemotherapeutic agent
employed in the treatment of diverse solid tumors
(including gastrointestinal, brain, breast and ovary) and
hematologic malignancies (such as leukemia and
lymphoma) (Minotti et al., 2004; Sohail et al., 2021).
Despite its effectiveness, up to one-fourth of patients
encounter DOX-induced cardiotoxicity, leading to
limitations in its clinical application (Rawat et al., 2021).
DOX-induced cardiotoxicity manifests clinically in different
forms, including chronic phases, early, and acute. Acute
cardiotoxicity manifests within minutes to a week after a
single dose or course of therapy, characterized by
electrocardiographic  abnormalities,  transient  left
ventricular dysfunction, and supraventricular arrhythmia.
While acute toxicity typically resolves upon discontinuation
of medication, it may be linked to cardiomyocyte injury,
potentially advancing into chronic or early cardiotoxicity
(Qiu et al., 2023).

While there has been extensive research on the
mechanisms underlying doxorubicin-induced cardiotoxicity
(DIC), the molecular pathogenesis of DIC remains not fully
understood. Cardiomyocyte cell death is primarily
attributed to three major sources of cell damage: (1)
topoisomerase DNA Il beta (TOP2B) poisoning causing
double-strand breaks; (2) damage to mitochondria and (3)
the overproduction of reactive oxygen species (ROS) leads
to damage in proteins, lipids, and DNA. DOX induces a
significant reduction in endogenous antioxidant levels,
including glutathione and catalase, resulting in redox
imbalances and increased oxidative stress (Kong et al.,
2022). The myocardium's oxidative damage is probably
associated with lower levels of antioxidant enzymes and in
comparison to other tissues (Marques et al., 2015).
Superoxide dismutase (SOD), serving as a natural
scavenger for superoxide radicals in tissues, converts
detrimental superoxide radicals into H20?. Catalyzing the
oxidation of substrates, peroxidases are located in the
carrier's peroxisomes, with iron porphyrin serving as the
prosthetic group using H20? as the electron acceptor,
eliminating its toxicity and oxidizing various compounds
(Palma et al., 2020). Playing a central role in the clearance
of H202, glutathione peroxidase 1 (GPx1), a principal
isoform of GPx, is present in both the cytosol and
mitochondria. GPx1-deficient mice exhibited increased
susceptibility to DOX-induced damage compared to wild
type mice (Lei et al., 2023). Similarly, catalase (CAT) plays
a crucial role in the biological defense system, facilitating

the breakdown of H20? into water and molecular oxygen.
This process helps eliminate H?0? from the body,
safeguarding cells against H202 poisoning (Nandi et al.,
2019). Upon treatment with DOX, myocardial cells exhibit
a diminished capacity for antioxidant enzymes, leading to
the accumulation of superoxide anions and H202%. This
accumulation triggers oxidative stress, resulting in damage
to cardiac myocytes (Shi et al., 2023).

Esculetin is a 6,7-dihydroxy coumarin derivative that
occurs naturally in various medicinal plants, including
Fraxinus rhynchophylla, Artemisia capillaris, Euphorbia
lathyrism, Aesculus hippocastanum and Citrus limonia. It
has anticancer, antidiabetes, antioxidant, antiapoptotic,
antiapoptotic, neuroprotective, anti-inflammatory,
antibacterial and cardiovascular protective effects and has
the potential as a therapeutic drug in non-communicable
diseases such as cancer, diabetes, obesity and neurological
disorders. Additionally, it has been identified as an inhibitor
of ROS production (Kadakol et al., 2016; Zhang et al., 2022).

Due to its bioavailable properties, there is an increasing
demand for in vivo analyses and pharmacokinetic studies
of esculetin. Therefore, in this study, we investigated the
therapeutic potential of esculetin against DOX-induced side
effects in rat heart via antioxidant systems.

Materials and Methods
Materials

The study utilized a sample of 48 male Sprague-Dawley
rats weighing 180 + 20 g, which were acquired from the
Medical Experimental Application and Research Center at
Atatlrk University. The animals were maintained in
controlled environments, following a 12-hour light/12-hour
darkness photoperiod. The temperature was maintained at
22 + 1 °C, while the relative humidity was maintained at
60%. Ad-libitum provision of water and nutrition was
ensured. After a one-week period of acclimatization, the
experimental animals were randomized to six groups in a
random manner and were subjected to the following
treatments:

Control group: Rats received intraperitoneal injections
of normal saline for 14 days.

DOX group: Rats were intraperitoneally injected with
DOX (5 mg/kg) every other day for 14 days.

E50 group: Rats received intraperitoneal injections of
esculetin (50 mg/kg) for 14 days.
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E100 group: Rats were injected intraperitoneally with
esculetin (100 mg/kg) for 14 days.

DOX+E50 group: Rats were intraperitoneally injected
with DOX, and esculetin was administered 1 hour before
the DOX treatment, following the regimen of the DOX and
E5S0 groups.

DOX+E100 group: Rats were injected intraperitoneally
with DOX, and esculetin was administered 1 hour before
the DOX treatment, following the regimen of the DOX and
E100 groups.

After a 14-day period, all rat groups were euthanized
under 1/5 xylazine and ketamine anesthesia at a dosage of
1 mg/kg. The heart tissues were expeditiously obtained,
rapidly frozen in liquid nitrogen, and thereafter preserved
at a temperature of -80°C until subsequent study. The
experimental protocols followed the guidelines outlined in
the National Research Council's Guide for the Care and Use
of Laboratory Animals and received approval from the
Atatlrk University Local Ethics Council for Animal
Experiments and assigned Protocol Number: 2021/4-123.

Methods
RNA isolation and gene expression analysis

Heart tissue total RNA extraction utilized the EcoPURE
total RNA kit (EcoTech) following the provided instructions.
The Multiskan GO Microplate Spectrophotometer (Thermo
Scientific) was employed to assess RNA purity and
concentration. Subsequently, cDNA synthesis from total
RNA was accomplished using the iScript cDNA synthesis kit
(Bio-Rad) in accordance with the manufacturer's protocol.
For gene expression analysis, the SsoAdvanced Universal
SYBR Green Supermix (Bio-Rad) was employed, and Rotor-
Gene Q (Qiagen) was used for the determination of gene
expression levels. GAPDH served as a housekeeping gene
for data normalization. The primer sequences utilized were
detailed in a prior study (Yesilkent and Ceylan, 2022). The
2-AACt formula was applied to calculate the relative mRNA
expression of the target genes (Karagac and Ceylan, 2023).

Tissue Homogenate Preparation

Heart tissues underwent homogenization in 50 mM
phosphate buffer (pH:7.4), supplemented with 1 mM EDTA
and 1 mM DTT, utilizing the TissueLyser LT device (Qiagen).
Following homogenization, centrifugation at 10000 rpm
and 4 °C for 30 minutes was carried out (Ceylan et al.,
2019).

The resultant supernatant was utilized for biochemical
analyses. Protein content in the supernatants was
determined using the Bradford method (1976).

Analysis of Antioxidant Enzyme Activities

SOD activity was assessed following the procedure
recommended by Sun et al. (1988), with one unit of SOD
defined as the quantity inhibiting 50% of nitroblue
tetrazolium chloride reduction. CAT activity was
determined spectrophotometrically according to the
method outlined by Aebi (1984), and one unit of CAT was
expressed as the enzyme amount required for hydrogen
peroxide decomposition per minute. GPx activity was
measured in accordance with the approach reported by
Wendel et al. (1981), with one unit of GPx defined as the
enzyme amount needed for NADPH oxidation per minute.

Statistical Analysis

The determination of the number of groups and the
allocation of rats within each group were established
through a thorough G-power analysis. G-power Software
3.1.9.7 (University of Dusseldorf, Germany) was employed
for conducting the a priori power analysis, aiming to
determine the minimum sample size required for the study.
The analysis utilized F tests aligned with the study's design,
which involved repeated measures ANOVA with both
within and between factors analysis. The study comprised
six groups with measurements taken at a single time point.
The significance level (a) was set at 0.05, the minimum
effect size was specified as 0.25, the correlation among
repeated measures was set at 0.5, and the nonsphericity
correction was fixed at 1. To achieve a power (1-B error
probability) of 0.80, the calculated minimum sample size
necessary for statistical significance was determined to be
36 subjects in total, resulting in an actual power of 81.0%.

The normality of numerical variables was assessed
utilizing the Shapiro-Wilk test. Results indicated that all
variables exhibited a normal distribution (p > 0.05).
According to the results of this test, it has been determined
that the mRNA parameters exhibit a normal distribution
(p>0.05).

Each animal and sample were subjected to triple
measurements. The statistical analysis involved doing one-
way ANOVA and subsequently performing Tukey's post-hoc
test using Prism software (GraphPad Software, San Diego,
CA) to compare the findings. Significant differences are
denoted by the following criteria: p > 0.05 (indicating lack
of significance), *:p < 0.05 (indicating significance), **:p <
0.01, ***:p < 0.001 and ****:p < 0.0001
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Results

When SOD specific enzyme activity results were
analyzed, a significant decrease was observed in the E100
and DOX groups compared to the control group, while a
significant increase was observed in the E50 group. E100
and DOX+E100 groups were analyzed among themselves, a
significant increase was observed (Figure 1). In mRNA
expression results, although there was a decrease in DOX
group compared to the control, it was not statistically
significant. There was a significant increase in the E100 and
DOX+E50 groups compared to control (Table 1,2 and Figure
1).

300

©
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Figure 1. Analyses of the relative gene expression and
specific activity for SOD from the heart tissues of rats
treated with DOX and E. DOX = Doxorubicin
(intraperitoneally 5 mg/kg); E = Esculetin (intraperitoneally
50 mg/kg and 100 mg/kg); Each bar represents the mean +
SEM. Asterisk (*) indicates statistically significant
difference between the means (ns:p >0.05, *:p < 0.05, **:p
<0.01, ***:p < 0.001 and ****:p < 0.0001)

Sekil 1. DOX ve E ile tedavi edilen ratlarin kalp
dokularindan SOD igin goreceli gen ekspresyonu ve spesifik
aktivite analizleri. DOX = Doksorubisin (intraperitoneal 5
mg/kg); E = Esculetin (intraperitoneal 50 mg/kg ve 100
mg/kg); Her cubuk ortalama = SEM'i temsil etmektedir.
Yildiz isareti (*) ortalamalar arasindaki istatistiksel olarak
anlaml farki gésterir (ns:p >0.05, *:p < 0.05, **:p < 0.01,
***:0 < 0.001 ve ****:p < 0.0001)

Table 1. One-way ANOVA test results of Sod qPCR data

Tablo 1. Sod qPCR verilerinin tek yonli ANOVA testi

sonuclari

Groups N Mean Std. Error F p
Control? 8 ,78 ,009

DOXb 8 ,34 ,007

E50¢ 8 1,00 ,009 310,957 ,000*
E100d 8 1,20 ,008

DOX+E50¢ 8 ,48 ,040

DOX+E100f 8 ,79 ,008

*significant  statistical differences identified when

comparing the groups based on DOX-E Cat (p< .000).

Table 2. Results of Tukey HSD test of Sod qPCR data

Tablo 2. Sod qPCR verilerinin Tukey HSD testi sonuglari

Tukey's multiple Significant
comparisons test

avs.b ns
avs.c ns
avs.d *okk
avs.e *
avs. f ns
bvs.c ns
bvs.d HE AR
bvs.e *E

b vs. f ns
cvs.d HEE
cvs.e ns
cvs. f ns
dvs.e ns
dvs. f *oEk
evs.f *

a: Control, b: DOX, c: E50, d:E100, e: DOX+E50 f: DOX+E100,
ns:p >0.05, *:p < 0.05, **:p < 0.01, ***:p < 0.001 and ****:p <

0.0001
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When CAT specific enzyme activity results were
analyzed, E50 group showed a significant increase while
E100 group showed a significant decrease compared to the
control (Figure 2). In mRNA expression results, there was a
significant decrease in the DOX group compared to the
control. This decrease was regulated in the DOX+E100
combination group. Cat gene expression increased in the
E100 group (Table 3, 4, Figure 2).

When GPx1 specific enzyme activity results was
analyzed, there was a significant decrease in in the E100
group compared to the control group. (Figure 3). There was
no statistically significant change in DOX, E50, DOX+E50
and DOX+E100 groups compared to the control. E100
showed a significant decrease compared to E50. In mRNA
expression results, the E50 and E100 treated group showed
a statistically significant increase in gene expression
compared to the control group. Nonetheless, a noteworthy
reduction was noted in the group treated with DOX alone.
In comparison to the control group, a marked decrease was
evident in the group receiving a combination of E50 with
DOX, whereas no alteration was observed in the group
treated with E100 (Table 5, 6 and Figure 3).
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Figure 2. Analyses of the relative gene expression and specific
activity for CAT from the heart tissues of rats treated with DOX
and E. Each bar represents the mean + SEM. Asterisk (*) indicates
statistically significant difference between the means (ns:p >0.05,
*:p <0.05, ¥*:p <0.01, ***:p <0.001 and ****:p < 0.0001)

Sekil 2. DOX ve E ile muamele edilen ratlarin kalp
dokularindan CAT icin goreceli gen ekspresyonu ve spesifik
aktivite analizleri. Her cubuk ortalama + SEM'i temsil etmektedir.
Yildiz isareti (*) ortalamalar arasinda istatistiksel olarak anlaml
farki gosterir (ns:p >0.05, *:p < 0.05, **:p <0.01, ***:p < 0.001 ve
****:5 < 0.0001)

Table 3. One-way ANOVA test results of Cat qPCR data
Tablo 3. Cat gqPCR verilerinin tek yonli ANOVA testi sonuglari

Groups N Mean  Std. F p
Error
Control® 8 1,42 04
DOX? 8 37 01
ESO° 8 176 06
E100 8 266 06 362223 ,000*
DOX+E50¢ 8 44 01
DOX+E100" ¢ 88 04

*significant statistical differences were identified when
comparing the groups based on DOX-E Cat (p< .000)

Table 4. Results of Tukey HSD test of Cat qPCR data

Tablo 4. Cat gPCR verilerinin Tukey HSD testi sonuglari

Tukey's multiple Significant
comparisons test

avs.b *Ex
avs.c ns
avs.d *Ex
avs.e *ok
avs. f ns
bvs.c *oA kK
bvs.d *ok kK
bvs.e ns

b vs. f ns
cvs.d *ok
cvs.e *ok kK
cvs. f *k
dvs. e *ok kK
dvs. f Hokkx
evs. f ns

a: Control, b: DOX, c: E50, d:E100, e: DOX+E50 f: DOX+E100,
ns:p >0.05, *:p < 0.05, **:p < 0.01, ***:p < 0.001 and ****:p <
0.0001
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Figure 3. Analyses of the relative gene expression and specific
activity for GPx from the heart tissues of rat treated with DOX and
E. Each bar represents the mean + SEM. Asterisk (*) indicates
statistically significant difference between the means (ns: p
>0.05, *:p < 0.05, **:p <0.01, ***:p < 0.001 and ****p:< 0.0001)

Sekil 3. DOX ve E ile muamele edilen ratlarin kalp
dokularindan GPx igin goreceli gen ekspresyonu ve spesifik
aktivite analizleri. Her cubuk ortalama + SEM'i temsil etmektedir.
Yildiz isareti (*) ortalamalar arasinda istatistiksel olarak anlaml
farki gosterir (ns: p >0.05, * p:< 0.05, **:p < 0.01, ***:p < 0.001
ve ¥***:n < 0.0001)

Table 5. One-way ANOVA test results of Gpx1 qPCR data

Tablo 5. Gpx1 gPCR verilerinin tek yonli ANOVA testi
sonuglari

Groups N Mean  Std. Error F p
Control® 8 70 00
DOX? 8 54 01
ESO° 8 90 01
E100¢ 8 217 09 147,831 ,000*
DOX+E50¢ 8 1,46 03
DOX+E100" ¢ 74 06

*significant statistical differences were identified when
comparing the groups based on DOX-E Gpx1 (p< .000).

Table 6. Results of Tukey HSD test of Gpx1 qPCR data

Tablo 6. Gpx1 qPCR verilerinin Tukey HSD testi sonuglari

Tukey's multiple Significant
comparisons test

avs.b D
avs.c *kk
avs.d SO
avs.e *kk
avs.f ns
bvs.c *ok ok ok
bvs.d SO
bvs.e *k

b vs. f D
cvs.d ok
cvs.e P
cvs. f *kk
dvs.e SO
dvs. f *ok ok ok
evs. f S

a: Control, b: DOX, c: E50, d:E100, e: DOX+E50 f: DOX+E100,
ns:p >0.05, *:p < 0.05, **:p < 0.01, ***:p < 0.001 and ****: p <
0.0001

Discussion

The investigation into the mechanisms of DIC is ongoing,
and there is an urgent need for adjuvant therapies that can
prevent or alleviate DIC (Jiang et al.,, 2021). The main
mechanisms believed to contribute to DOX-induced
cardiotoxicity include a compromised antioxidant defense
system and increased production of ROS. Mitochondria,
identified as the primary sites of ROS generation, represent
crucial targets of DOX (Yang et al., 2020). The myocardium,
in contrast to other tissues, exhibits higher susceptibility to
oxidative stress, potentially attributed to lower levels of
antioxidant enzymes (De Geest and Mishra, 2021). Hence,
investigating approaches to natural antioxidant system and
safeguard mitochondria is an attractive way to mitigate
DIC.
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Natural products emerge as promising candidates for
novel drug development, and in this study, esculetin was
recognized as a protective agent against cardiotoxicity,
partially by activating the fundamental antioxidant
signaling pathway. Esculetin (6,7-dihydroxycoumarin)
displays diverse pharmacological effects, encompassing
anti-oxidative properties, the inhibition of anti-atherogenic
activity and human leukemia cell growth (Yun et al., 2011).
Additionally, it has shown efficacy in restraining tumor
growth in cell cultures and a mouse tumor xenograft model
in living organisms (Lee et al., 2013).

In this study, we investigated the impact of esculetin on
DOX-induced cardiotoxicity and explored the underlying
mechanisms of the synergistic cardiotoxic effects
associated with combined esculetin and DOX treatment.
Mitochondria plays a central role as the primary target
organelle in DOX-induced toxicity within cardiomyocytes
(Shi et al.,, 2018). Notably, DOX exhibits a higher
concentration within mitochondria compared to its
simultaneous serum concentration, based on clinical data
(Tadokoro et al.,, 2023). DOX utilizes enzymatic-related
mechanisms in the mitochondrial respiratory chain, leading
to the accumulation of ROS, which is a primary factor in
DOX-induced cardiotoxicity (Jiang et al., 2022). Childs et al.
(2002) found that when DOX triggers the generation of ROS
in mitochondria, it causes the mitochondrial membrane
potential to decrease and the release of cytochrome C.

Heart cells, known for their diminished antioxidant
enzyme activity, are recognized as a principal focus of
oxidative stress induced by DOX (Shi et al. 2023). In our
study, exposing the heart to DOX resulted in heightened
ROS production and inhibited the activities of CAT, SOD,
and GPx, all of which play crucial roles in antioxidant
defense. SOD and CAT levels in rat heart tissue experienced
a remarkable decrease upon DOX treatment, but the
application of esculetin significantly raised these enzyme
levels. To conclude, esculetin played a crucial role in
reducing DOX-induced oxidative stress in cardiac tissue.

Considering their mechanisms, antioxidant
supplements could play a crucial role in cardio-oncology
signaling. Flavonoids emerge as a potentially effective
category of herbal medications to mitigate DOX
cardiotoxicity, given their iron-chelating properties,
antioxidant  effects, carbonyl reductase-inhibitory
attributes and inhibition of lipid peroxidation (Abdelghffar
et al., 2021).

Studies in the literature have explored the impact of
phenolic compounds on both the induction and
cardiotoxicity associated with DOX. Quercetin, a flavonoid
glycoside, has been studied for its preventive impacts on
heart-related disorders and cardiac damage. Several
studies have documented its protective role against DOX-
induced cardiomyopathy, attributing the expression and
the subsequent improvement in antioxidant defense,
including SOD and CAT (Abdelghffar et al., 2021). Another
flavonoid glycoside, apigenin, has been reported to reduce
blood levels of lactate dehydrogenase and creatine kinase
myocardial band in a myocardial ischemia rat model. Its
protective effects are associated with the inhibition of NF-
kKB activation, leading to the suppression of pro-
inflammatory cytokines (Ojha et al., 2016). Furthermore,
the delivery of apigenin to adult rat cardiomyocytes
resulted in enhanced cell survival when exposed to DOX.
This effect was attributed to many mechanisms, including
the mitigation of lipid peroxidation, quenching of ROS, and
avoidance of myocyte necrosis (Psotova et al., 2004).
Berberine pretreatment exhibited significant
enhancements in GPx, and CAT, SOD activities, while
concurrently reducing MDA levels. Furthermore, it
ameliorated both electrocardiogram patterns and
histopathological alterations in the myocardium of DOX-
treated rats (Wu et al., 2019). The research conducted by
Dai and colleagues (2018) delves into the potential of
octreotide (OCT) in counteracting DOX-induced cardiac
toxicity in rats. The cardiac homogenate of the OCT group
revealed elevated activities of CAT, SOD, and GSH
compared to the DOX group. Notably, a substantial
reduction in MDA activity and ROS levels was observed in
the OCT group in comparison with the DOX group (p <
0.05).

Conclusion

In summary, herbal products present valuable
opportunities for drug discovery in preventing and treating
DIC. Our study, for the first time, showcased the
cardioprotective effects of esculetin against DIC. Esculetin
demonstrated the ability to protect mitochondria and
alleviate oxidative stress through the antioxidant signaling
pathway. Esculetin shows potential in reducing the harmful
effects of DOX on the heart and might be used as an

additional medication in cancer treatment.
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