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Arastirma Makalesi Research Article

Ratlarda 3-Asetilpyridin ile Olusturulan Ataksi Modelinde
Aposinin'in iskemi Modifiye Albiimin (iMA) Diizeyleri
Uzerindeki Etkisi

The Effect of Apocynin on Ischemia Modified Albumin (IMA) Levels in
the Ataxia Model Induced with 3-Acetylpyridine in Rats

0z

Serebellar ataksi koordinasyon bozukluguna sebep olan norodejenereatif bir hastaliktir.
Bunun gibi norodejeneratif hastaliklarda apocynin (APO) gibi bilesiklerin tedavi edici roli
bulunmaktadir. Yapilan calismanin amaci, 3-asetilpyridin (3-AP) ile olusturulan serebellar
ataksi modelinde APO tedavisinin iskemi modifiye albiimin (IMA) seviyesi tizerindeki etkisini
incelemektir. Calismada, 200—-250 gr agirliginda Sprague-Dawley cinsi, 5-6 haftalik erkek
ratlar kullanildi. Ratlar, Kontrol grubu, 3-AP grubu, 3-AP + APO grubu ve APO grubu olmak
Uzere dort gruba ayrildi. 3-AP uygulamasi ile ratlarda serebellar ataksi modeli olusturuldu ve
tedaviicin APO uygulandi. Deney sonunda anestezi altinda dekapitasyon gerceklestirilerek
alinan beyin dokularinda IMA seviyeleri 6l¢iildi. Tim gruplara gére 3-AP uygulanan ratlarda
IMA diizeylerinde istatistiksel olarak anlamli artis saptanirken, APO uygulanan ratlarda IMA
seviyelerinde istatistiksel olarak anlamli azalis tespit edildi (p<,001). Son yillarda biomarker
olarak IMA dizeylerinin kullanilabilirligi yoéniinde bircok calisma olsa da yapilan literatir
taramalarinda APO’nun 3-AP uygulamasi sonucu serebellar ataksi gibi nérodejeneratif
hastaliklarda terapétik bir bilesik olarak kullanilabilecegine yénelik beyin IMA diizeylerine
bakilan herhangi bir literature rastlanilmadigi icin yapilan calisma literattre 6nci ¢alisma
olarak sunulmustur. Elde edilen bulgular yapilacak ¢calismalar icin isik tutar niteliktedir.

Anahtar Kelimeler: Antioksidan, Aposinin, Ataksi, Beyin, IMA.

ABSTRACT

Cerebellar ataxia is a neurodegenerative disease that causes coordination disorder. In
such neurodegenerative diseases, compounds such as apocynin (APO) have atherapeutic
role. The aim of this study is to examine the effect of APO treatment on ischemia modified
albumin (IMA) level in the cerebellar ataxia model induced by 3-acetylpyridine (3-AP). In
the study, 5—6-week-old male Sprague-Dawley rats weighing 200-250 grams were used.
Rats were divided into four groups: Control group (K), 3- 3-AP group, 3-AP + APO, and
APO group. A cerebellar ataxia model wasinduced in rats using 3-AP administration, and
APO was administered as a treatment. At the end of the experiment, brain tissues were
collected via decapitation under anesthesia, and IMA levels were measured. In rats
administered with 3-AP, there was a statistically significant increase in IMA levels
compared to all groups, whereas rats treated with APO showed a statistically significant
decrease in IMA levels (p< .001). Although there have been many studies in recent years
investigating the usability of IMA levels as biomarkers, a literature search did not reveal
any studies examining brain IMA levels to assess the therapeutic potential of APO in
neurodegenerative diseases such as cerebellar ataxia induced by 3-AP. Therefore, this
study is presented as a pioneering contribution to literature. The findings obtained shed
light on future research.

Keywords: Antioxidant, Apocynin, Ataxia, Brain, IMA.
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Giris

Ataksi, merkezi sinir sistemiyle baglantili bir nérolojik belirti
olup, kas kontroliinin kaybi veya istemli hareketlerin
koordinasyon eksikligi ile karakterize edilir. Ozellikle
serebellar ataksi, beyincigin fonksiyonlarini olumsuz yonde
etkileyen bir ataksi tlridir ve etiyolojisinin karmasikligi
nedeniyle anlasilmasi gli¢ bir bozukluk olarak bilinir
(Lastres-Becker vd., 2008; Manto ve Marmolino, 2009;
Rosenthal, 2022). Ataksi, etiyolojinin baskin
lokalizasyonuna gore Ug¢ kategoride siniflandirlabilir
(Claassen, 2022). Kiicik veya buytk sinir liflerinin
noéropatisine bagh duyusal ataksi; (O’Malley, 2022) yarim
daire kanallar ve otolit organlardaki degisiklikler veya
disfonksiyonlara bagli vestibtiler ataksi; ve (van der Heijden
ve Sillitoe, 2021) beyincikteki degisiklikler veya islev
bozukluklarindan kaynaklanan serebellar ataksi. Buna ek
olarak, ataksiler genetik, mitokondriyal, otoimmdiin, toksik,
metabolik ve sporadik gibi farkli etiyolojik siniflamalara da
ayrilabilir (Jaques, 2022). Genetik manipilasyon veya belirli
kimyasallar  kullanilarak insan  serebellar  ataksi
noéropatolojisini  modellemek amaciyla ¢esitli hayvan
modelleri gelistirilmistir (Aghighi vd., 2022). Ornegin,
nikotinamid antimetaboliti olan noérotoksin 3-asetilpyridin
(3-AP), inferior olivary cekirdekte kalbindin ifade eden
néronlari hedef alir ve hasara ugratir. Bu, serebellar
noéronlarin fonksiyon bozukluguna ve dejenerasyonuna yol
acarak ataksi olusumuna neden olur (Wecker vd., 2017).

Albimin bircok fizyolojik siirecte rol oynayan onemli bir
proteindir ve plazmadaki toplam proteinlerin yaklasik
yarisini olusturmaktadir (Arroyo vd., 2014). Karacigerde
Uretilen alblmin, kanda steroid hormonlar, yag asitleri ve
toksik maddeler dahil olmak (izere c¢esitli bilesiklerin
tasinmasinda 6nemli bir rol oynar (Sbarouni vd., 2011;
Kennelly vd., 2023). Albimin molekild, igerisinde bulunan
bir amino ucu araciligiyla kobalt, nikel, bakir gibi metal
iyonlari ile etkilesime girer. Reaktif oksijen turleri (ROT),
oksidatif stres ve asidoz gibi durumlar albiiminin bu amino
ucu Uzerinde degisikliklere yol acgarak, albiminin metal
iyonlarini baglama yetenegini azaltir. Bu degisime ugramis
albiimin formu, iskemi modifiye albimin (iMA) olarak
adlandirilir (Sbarouni vd., 2011; Shevtsova vd., 2021).
IMA’nin  miyokart iskemisi, akut bobrek hasari, beyin
iskemisi, karaciger fibrozisi gibi cesitli hastaliklarin
tanisinda biyobelirte¢ olarak kullanilabilirligi gosterilmistir
(Tahtaci vd., 2019; Demirci vd., 2021; Tarihi vd., 2022).
Ayrica, IMA'nin periferik vertigo, akut koroner sendrom ve
akut aort diseksiyonu gibi farkh klinik durumlarda da degerli
bir biyobelirte¢ olarak kullanilabilecegi gosterilmistir (Abo
Saleh vd., 2023; Xiang vd., 2023; Karakili¢ vd., 2023). Bu
bulgular dogrultusunda, IMA diizeylerindeki artisin doku
hipoksisi ya da reperfizyon hasarini erken dénemde
yansitan hassas bir gosterge oldugu diistintilmektedir.
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Aposinin, ilk kez 1883 yilinda Schmiedeberg tarafindan
tanitilan dogal bir organik bilesiktir (Stefanska ve Pawliczak,
2008). Aposinin, hayvan g¢alismalarinda ¢ok iyi bir glivenlik
profiline sahip olup, uzun siireli tedavi kullanimi sirasinda
herhangi bir saglik sorunu belirtisi gostermedigi bircok
calisma tarafindan desteklenmistir(Yu vd., 2008; Simonyi,
2012).

Yeni arastirmalar, APO'nun farmakokinetik ve
farmakodinamik &zelliklerini tanimlamis ve bu bilesigin
biylk oranlarda ROT Uretimini inhibe ettigini gostermistir.
Ayrica, kan-beyin bariyerini kolaylikla asabilen APO'nun,
beyindeki oksidatif stresin azaltilmasinda metabolik
bozukluklar ve yaslanma ile iliskili potansiyel faydalar
oldugu belirtilmistir (Liu vd., 2020). APO'nun daha 6nce
sitotoksisite, oksidatif stres ve nérodejenerasyonu basarili
bir sekilde o©nlemede kullanildigi bilgisi, 3-AP ile
olusturdugumuz rat ataksi modelinde antioksidan olarak
APO secimimizde dnemli bir rol oynamustir.

Bu calisma, 3-AP ve aposininin (APO) IMA diizeyi Uzerine
olan etkilerini arastirmak amaciyla yapilmistir.

Yoéntemler
Deney Hayvanlan

Arastirmada agirliklari 200-250 gr arasinda degisen 28 adet
erkek Sprague-Dawley cinsi rat kullanildi. Ratlar standart
laboratuvar kosullarinda (24 £ 2 °C, %55 + 5 nem, 12 saat
aydinhk/karanlk déngist) barindinldi.  Ratlar, calisma
sliresince standart yem ve su ile ad libitum olarak beslendi.
Calisma  baslatiimadan  6nce, ratlarin adaptasyon
saglamalari igin bir hafta bekletildi. Bu ¢alismamizin etik
kurul onayr 23.07.2024 tarihli 168 sayil karar ile Atatlirk
Universitesi Hayvan Deneyleri Yerel Etik Kurulu Baskanligi
tarafindan onaylanmistir.

Deneysel Tasarim

Ratlar her bir grupta 7 adet rat bulunacak sekilde 4 gruba
ayrild.

Grup | (Kontrol): Ratlara 7 glin boyunca intraperitoneal (ip)
olarak 0,5 mL fizyolojik tuzlu su (%0,09 NaCl) uygulandi.

Grup Il (3-AP): Ratlara, ¢calismanin ilk giininde tek doz 3-AP
75 mg/kg (Cat: A21207 Sigma-Aldrich, St. Louis, MO, USA)
0,5 mL ip olarak uygulandi (Ghorbani, 2024).

Grup Il (APO): Ratlara 7 guin boyunca APO 0,5 mL 20 mg/kg

(Sigma-Aldrich, St. Louis, MO, USA) ip olarak uygulandi
(Yicel, 2019).
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Grup IV (3-AP+APO): Ratlara 3-AP 75 mg/kg ip uygulama
yapilmadan 30 dk 6nce ve 7 giin boyunca 0,5 mL 20 mg/kg
APO ip olarak uygulandi.

Deney siresince yapilan uygulamalar Sekil 1’de sunuldu.

Grup IIl, IV Grup I, IV
APO 3AP
Sakrifikasyon
30 dk sonra \ s
_— .
f I 2%
"y . g
| — >
0 7.Gin 8.Gin Biyokimyasal Analiz
L "/ |

Kontrol grubu FTS (%0,09 NACI)
7 giin boyunca dizenli APO uygulamasi

Sekil 1. Deney siirecinde yapilan uygulamalar.
Figure 1. Applications made during the trial process.
Numunelerin Alinmasi

Son uygulamadan 24 saat sonra, ratlar Xylazine (8 mg/kg)
ve Ketamin (60 mg/kg) anestezisi altinda dekapite edildi ve
beyin dokusu alindi. Biyokimyasal analiz yapilana kadar -
80°C'de saklandi.

Beyin Dokusundan Homojenat Elde Edilmesi

-80°C'de saklanan beyin dokulari sivi nitrojen kullanilarak
toz haline getirildi ve 0,5 g tartildi. Tartilan beyin dokulari,
1:10 (agirhk/hacim) homojenat elde etmek igin 0,1 mL
fosfat tamponu (pH 7,4) ile QIAGEN TissuelLyser LT (Qiagen,
Hilden, Almanya) cihazi kullanilarak homojenize edildi ve
4°C'de 20 dakika boyunca 11.000 rpm'de santrifij edildi.
Elde edilen sitpernatant kullanilarak oksidatif stres
parametresi olan IMA diizeyine Bar-Or ve arkadaslarinin
gelistirdigi yonteme gore bakilarak Biotek ELISA Reader
(Bio-Tek pQuant MQX200 Elisa reader/USA) ile
absorbanslan 6lciilerek IMA birimi ABSU olarak belirtildi
(Bar—Or vd., 2000).

istatistiksel Analiz

Calismadan elde edilen tim veriler SPSS 20.0 paket
program kullanilarak istatistiksel olarak analiz edildi.
Verilerin normal dagilim gosterdigi belirlendikten sonra
gruplar arasi farkliliklarin tespiti icin tek yonli ANOVA ve
Tukey testi kullanildi. Tim degerler ortalama + standart
hata olarak ifade edildi ve p<,05 anlamh kabul edildi.
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Bulgular
Biyokimyasal Bulgular

3-Asetilpyridin’in beyin dokusunda olusturdugu oksidatif
hasara karsi APO uygulamasinin potansiyel etkileri oksidan
belirtec olan iIMA analizi ile degerlendirilerek bulgular Tablo
1 ve Sekil 2’de sunulmustur.

iMA (A ABSU)
0,12

0,1

0,08

0,06 ,/
0,04 /
7
0,02 AT
A
0 WA
KONTROL APOCYNIN 3-AP+APOCYNIN

Sekil 2. Beyin dokusu IMA (iskemi Modifiye Albumin)
dizeyinin gruplara gore dagihmi. 3-AP: 3-Asetilpyridin.

Figure 2. Distribution of IMA (Ischemia Modified Albumin)
levels in brain tissue according to groups. 3-AP: 3-
Acetylpyridine.

Albiminin metal iyonlarini baglama yetenegini gdsteren
IMA seviyesi beyin dokusunda degerlendirildiginde 3-AP
uygulanan gruptaki IMA dizeyi diger gruplara gore
istatistiksel olarak yiiksek bulundu (p< ,001). IMA diizeyi en
disik APO grubuna saptandi. 3-AP ile birlikte APO
uygulanan gruptaki iIMA diizeyi kontrol ve 3-AP grubuna
gore istatistiksel olarak anlamli bir diisiis gosterdi (p<,001).

Tablo 1. Tim gruplarin beyin dokusunda &l¢iilen IMA
dizeyi.

Table 1. IMA levels measured in the brain tissue of all
groups.

GRUPLAR iMA (A ABSU)
KONTROL 0,08+ 0,00°
3-AP 0,11+ 0,00°
APO 0,02+ 0,00°
3-AP+APO 0,03+ 0,00°

P *ok ok

Beyin Dokusu; IMA (iskemi Modifiye Albumin) Diizeyi. 3-AP: 3-
asetilpyridin, APO: Aposinin. *** p< ,001. a, b, c: Ayni situnda
farkli harf ile gésterilen ortalamalar arasi fark 6nemlidir.
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Tartigma

Ataksi, serebellum ve diger sinir vyollan gibi beyin
bolgelerindeki dejeneratif hasarlardan kaynaklanan bir
durumdur. Beyin korteksinin tek ¢ikis noktasi olan purkinje
hicrelerinin islevsiz olmasi ataksik hareketlerle sonuglanir
(Ashizawa ve Xia, 2016). insanlarda spinoserebellar ataksi,
serebellar ataksi ve olivary serebellar ataksi olmak Uzere
cesitli ataksi modelleri vardir (Gonzalez-Tapia vd., 2024).

Birgok calisma, 3-AP kullanilarak inferior olivary ¢ekirdekte
olusturulan farmakolojik lezyonlarin, serebellar ataksilerin
karakteristik motor bozukluklarini givenilir bir sekilde taklit
ettigini belirtmektedir (Cao vd., 2020; Ghorbani vd., 2022;
Ranjbar vd., 2022). Bu kimyasalin inferior olivary
cekirdekteki  kalbindin  eksprese eden noronlarda
lezyonlara sebep olarak serebellar ataksiye benzer
anomaliler gdésterdigi  belirtilmistir.  inferior  olivary
cekirdek, glutamaterjik uyarici  sinyalleri,  purkinje
hiicrelerine gondererek motor fonksiyon ve néromuskiiler
koordinasyonun kontroliinde &nemli bir rol oynayarak
motor kontrol anormalliklerine ve serebellar atrofiye yol
acar (Akhlaghpasand vd., 2020). Saeidikhoo ve ark.’nin
yaptigl calismaya gore 3-AP grubunda kontrol grubuna
kiyasla toplam Purkinje hiicre sayisinda belirgin bir disls
oldugu belirtilmistir (Saeidikhoo vd., 2020).

Mevcut calismamizda, 200-250 g agirliginda, 5-6 haftalik
Sprague-Dawley cinsi erkek ratlar kullanilarak 3-AP ile
indlklenen serebellar ataksi modeli olusturulmustur. Ratlar
dort gruba ayrnlmistir: Kontrol grubu, 3-AP grubu, 3-
AP+APO grubu ve yalnizca APO uygulanan grup. 3-AP
uygulamasi ile ataksi modeli olusturulduktan sonra,
belirlenen gruplara gore antioksidan APO tedavisi
uygulanmistir. Calismanin sonunda ratlar dekapite edilerek
beyin dokulari alinmis ve oksidatif stres belirteci olan iIMA
seviyeleri 6lcilerek degerlendirilmistir.

Albimin oksidatif stres, ROT Uretimi ve asidoz gelisimi ile
iliskili iskemik durumlar altinda bazi degisikliklere ugrar ve
kobalta olan afinitesi azalir. Bu albiimin cesidine IMA adi
verilir (Shevtsova vd., 2021). Yapilan son c¢alismalarda
serebellar ataksinin patogenezinde ROT (retimi ile
antioksidan  savunma sistemi arasindaki dengenin
bozuldugu belirtilmistir (Lew vd., 2022). Reaktif oksijen
tirleri Uretimi ve antioksidan savunma sistemi arasindaki
dengenin bozulmasi oksidatif strese neden olur (Torres-
Ramos vd., 2018). Ajayi vd. (2012) calismasinda APO’nun
ROT miktarindaki artisi engelledigi ifade edilirken,
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Mazzonetto vd. (2019) ise beyin dokusunda NADPH oksidaz
tarafindan Uretilen ROT miktarini APO’nun inhibe ettigini
belirtmistir. Mevcut c¢alismada, Ajayi vd. (2012) ve
Mazzonetto vd. (2019)'nun bulgularina uyumlu olarak,
oksidatif stres belirteci olan beyin dokusunda iMA seviyesi
3-AP grubunda kontrol grubuna gore artarken, APO
grubunda ise azalma gostermistir ve 3-AP ile birlikte 20
mg/kg APO uygulanan grupta IMA seviyelerinde iyilesme
gOzlenmistir; bu durum, APO’nun glgli antioksidan
etkisiyle NADPH oksidaz kaynakh ROT d{retimini inhibe
ederek oksidatif stresi azaltmasindan kaynaklanmaktadir.

Sonug

Bu calismanin sonucu, 3-AP kaynakl olusan oksidatif stresin
beyin dokusunda hasara yol acarak ataksiye sebep
oldugunu ve APO tedavisi ile beyin hasar Uzerinde
koruyucu etki sagladigini gostermistir. Bu nedenle ROT
seviyesini artiran 3-AP kaynakli hasari 6nlemek igin
APO’nun 20 mg/kg dozunda kullaniminin IMA seviyesini
azaltarak antioksidan seviyesini iyilestirmede etkili oldugu
gorulmdistir.  Sonug¢ olarak bu bulgular APO’nun 3-AP
kaynakli beyin hasarina karsi koruyucu etkisinin ardindaki
mekanizmaya dair yeni bakis acilari saglayabilir. Mevcut
literatlrde bu konuya dair ¢alismalar bulunmakla birlikte,
iIMA parametresine odaklanan bu arastirma, alanda bir ilk
olma o6zelligi tasimaktadir.
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Arastirma Makalesi Research Article

Pinealektomi Uygulanmis Erkek Sicanlarda Spermatolojik
Parametrelerin Degerlendirilmesi

Evaluation of Spermatologic Parameters in Pinealectomized Male

Rats

oz

Pineal bez, beynin orta kisminda yer alan ve melatonin hormonunun salinimindan sorumlu
olan yapidir. Melatonin, reprodiktif sistemin didzenlenmesinde rol oynayan 6énemli
hormonlardandir. Sunulan g¢alismada, pinealektominin sicanlarda sperma kalitesi Gzerine
etkisinin arastirilmasi amaclanmistir. Calismada 36 adet erkek Sprague-Dawley cinsi sican
kullanildi. Sicanlar kontrol, sham, pinealektomi olarak her bir grupta 12 hayvan olmak tzere
Uc esit gruba ayrildi. Pinealektomi grubundan cerrahi yontemle pineal bez uzaklastirildi.
Sham grubunda ise pinealektomi isleminin ydéntemleri uygulanip yalnizca pineal bez
uzaklastirilmadi. Calisma sonunda dekapitasyon sonrasinda hayvanlarin sperma 6rnekleri
alinarak incelendi. Sabah ve gece yapilan uygulamalar arasinda anlamli bir fark gézlenmedi.
Kontrol grubunda; vicut agirhgi, pinealektomi ve sham gruplarindan daha yuksek élctlda
(p< ,001). Testis agirhginda gruplar arasinda anlamli bir fark gézlenmedi. Total motilite ve
sperma yogunlugu degerleri; en ylksek kontrol grubundan elde edilirken en duisik deger,
pinealektomi grubundan elde edildi (p< ,001). En fazla anormal spermatozoon orani
pinealektomi grubunda, DNA fragmantasyonu orani ise sham grubunda gozlendi (p< ,001).
Calisma neticesinde; pinealektomi uygulamasinin sican spermasinda total motilite ve
yogunlugun azalmasina, DNA fragmantasyonu ve anormal spermatozoon oraninin ise
artmasina neden olarak sperma kalitesini olumsuz yonde etkiledigi ortaya koyulmustur.

Anahtar Kelimeler: Melatonin, Pinealektomi, Sican, Sperm.

ABSTRACT

The pineal gland is the structure located in the central part of the brain that is responsible
for the release of the hormone melatonin. Melatonin is one of the important hormones
involved in the regulation of the reproductive system. In the present study, we aimed to
investigate the effect of pinealectomy on semen quality in rats. In the study, 36 male
Sprague-Dawley rats were used. The ratswere divided into three equal groups ascontrol,
sham and pinealectomy with 12 animals in each group. The pineal gland was surgically
removed from the pinealectomy group. In the sham group, the methods of pinealectomy
procedure were applied and only the pineal gland was not removed. At the end of the
study, semen samples of the animals were taken after decapitation and analyzed. No
significant difference was observed between morning and night applications. Body
weight was higher in the control group than in the pinealectomy and sham groups (p<
.001). No significant difference was observed in testicular weight between the groups.
Total motility and semen density values were highest in the control group and lowest in
the pinealectomy group (p< .001). The highest abnormal spermatozoon rate was
observed in the pinealectomy group and the highest DNA fragmentation rate was
observed in the sham group (p< .001). As a result of the study, it was revealed that
pinealectomy application negatively affected sperm quality by decreasing total motility
and density and increasing DNA fragmentation and abnormal spermatozoon ratio in rat
sperm.

Keywords: Melatonin, Pinealectomy, Rat, Sperm.
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Giris

Pineal bez, epifiz bezi, tim memelilerde beynin orta
kisminda gomdilu vaziyette bulunan kiclk, beyaz, cam
kozalagi goriinimuindeki yapidir (Murala vd., 2022). Pineal
bez, 16. ylzyilda ruhun merkezi olarak kabul edilmistir
ancak islevi hakkinda bilgiler yetersiz kalmistir (Aleandri
vd., 1996). insanlar ve hayvanlar lzerinde yapilan cesitli
calismalarda pineal bezin sirkadiyen ve mevsimsel
degisikliklerde viicudun dizenlenmesinde rol oynadigl
ortaya koyulmustur (Masson-Pévet ve Gauer, 2004).
Ayrica; viicut agirhginin (Lerchl ve Schlatt, 1993) ve viicut
Isisinin (Viola vd., 2023) diizenlenmesinde,
immunondroendokrin fonksiyonlar ile timaéral blyimenin
engellenmesinde de (Maestroni, 1993) pineal bezin gérev
aldigi bilinmektedir.

Pineal bez, cevresel sinyalleri retina araciligiyla alarak
noéroendokrin mesajlara donlstirme ozelligi gosteren tek
endokrin bezdir (Binkley, 1993). Retinadan alinan sinyaller
beynin ilgili merkezlerine iletilip reseptorler uyarilir ve
pineal bezden melatonin hormonu salgilanir (Horodincu ve
Solcan, 2023). Pineal bezin viicuttaki islevlerinin birgogu
melatonin  hormonu  araciligiyla  gerceklesmektedir.
Melatonin ~ hormonunun Uretimi, karanlk-aydinlik
dongisine bagh olarak ritimsel olarak gerceklesir.
Karanlikta, 0Ozellikle gece saatlerinde,  melatonin
hormonunun plazma konsantrasyonu en yiiksek diizeye
ulasir (Reiter, 1991). Isiga maruz kalma siresi arttik¢a
melatonin konsantrasyonu diismeye baslar. Gece-glindiiz
farkinin yani sira mevsimsel degisikliklere bagh olarak da
ayni degisim gozlenir (Goldman ve Nelson, 2020).

Melatonin, temel etkisini kisrak, koyun gibi mevsime bagl
polidstrik hayvanlarda giftlesme mevsiminin baslamasi ve
sona erdirilmesinde gosterir. Koyunlarda Greme mevsimi,
glin  uzunlugunun  azaldigi  sonbahar-kis  aylandir.
Melatonin, koyunlarda lireme Uzerinde uyarici etki gosterir
ve giin 15181 sliresi azaldiginda melatonin salinimi artmaya
baslar (Malpaux vd., 2020). Kisraklarda ise ireme mevsimi,
glin uzunlugunun arttigi ilkbahar-yaz aylarndir. Melatonin,
kisraklarda (reme {zerinde baskilayici etkiye sahiptir.
ilkbahar-yaz aylarinda giin isig1 artinca melatonin salinimi
azalir. Melatoninin  dolasimdaki  konsantrasyonunun
azalmasiyla baskilayici etki ortadan kalkar ve seksiel
aktivite baslar (Diekman vd., 2002).

Erkeklerde melatonin; testis dokusunun korunmasinda,
Leydig hiicrelerinden testosteron saliniminin uyarilmasinda
ve Sertoli hicrelerinde enerji  metabolizmasinin
dizenlenmesinde rol oynamaktadir (Frungieri vd., 2017;
Paiva vd., 2024; Sun vd., 2020). Onceki ¢calismalarda, reaktif
oksijen tirleri Uretiminin arttigi durumlarda melatonin
etkisiyle oksidatif stresin 6nlendigi ortaya koyulmustur
(Espino vd., 2010; Semercioz vd., 2003).
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Pinealektomi, pineal bezin c¢ikarilmasi islemine verilen
addir. Onceki calismalarda cesitli amaglarla pinealektomi
islemi gergeklestirilerek melatoninin farkli organlarda
islevleri lizerine etkileri arastirilmistir. Pineal bez ylizeysel
bir pozisyonda yer aldigi icin genellikle ¢alismalar sicanlar
Uzerinde vyiritalmistir (Mohammadi ve Zahmatkesh,
2023). Yapilan bir calismada, pinealektomi uygulanan
sicanlarin karacigerinde lipogenezin azaldigi ve obezitenin
tetiklendigi ortaya koyulmustur (Kim vd., 2020). Baska bir
¢alismada, pinealektomize siganlara pilokarpin
intraperitoneal enjeksiyon ile uygulanarak deneysel
epilepsi olusturulmustur. Pinealektomize grupta, kontrol
gurubuna gore daha hizli ve daha ¢ok sayida nébet olusumu
gozlenmistir (de Lima vd., 2005). Pinealektomi uygulanan
sicanlarda oksidatif stresin indlklendigi ve glutatyon
sisteminin degistigini ortaya koyan calismalar
bulunmaktadir (De Butte ve Pappas, 2007). Reproduktif
sistem (zerine etkilerinin  arastinldigi  calismalarda;
pinealektomi uygulanan sicanlarda ovulasyon oraninin
azaldigi, ovaryumlarda morfolojik degisikliklerin meydana
geldigi saptanmistir (Dair vd., 2008). Hamile si¢anlarda ise
kan Ostradiol ve progesteron konsantrasyonunun
artmasina neden oldugu gozlenmistir (Nir ve Hirschmann,
1980). Bir diger c¢alismada, pinealektomize siganlarda
endometriyal hiperplazi meydana geldigi belirlenmistir
(Pekmez vd., 2005).

Pinealektominin erkek reprodiiktif sistem ve sperma
Uzerine  etkilerinin  arastinldigi  ¢alismalar  yetersiz
kalmaktadir. Sunulan calismada, pinealektomi uygulanan
sicanlarda spermatolojik parametrelerin etkisinin
degerlendirilmesi amaclanmistir.

Yontemler

Calisma igin Firat Universitesi Hayvan Deneyleri Etik Kurul
onay! alindi (14.08.2024 tarihli ve 2024/14-01 oturum
numaral karar). Calismada 250-300 gram agirhginda 36
adet Sprague-Dawley cinsi eriskin erkek sican kullanildi.
Sicanlar 12 saat aydinlik-12 saat karanlik ortamda ve
21+1°C sicaklik kosullarinda barindinidi. Beslenmelerinde
musluk suyu ve standart laboratuvar yemi kullanildi ve ad
libitum besleme uygulandi.

Sigcanlar, her grupta 12 hayvan olacak sekilde 3 esit gruba
ayrildi. Grup |, kontrol grubu olarak kullanildi. Grup Il ve
Grup Il ise sirasiyla pinealektomi grubu ve sham grubu
olarak tasarlandi. Her grup, altisar sican olmak (izere
rastgele iki esit gruba bolindi. Gruplardan biri sabah,
digeri ise gece sakrifiye edilmek Uzere ayn gruplar temsil
etmek lzere siniflandirildi.

Grup Il'deki siganlara cerrahi yontem ile pinealektomi
uygulandi. Pinealektomi isleminde sicanlar, Kuszack ve
Rodin (Kuszak ve Rodin, 1977) tarafindan o6nceden
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tanimlanan yoéntemle ketamin (60 mg/kg) ve ksilazin (5
mg/kg) kombinasyonu ile genel anesteziye alindi. Karinlari
Uzerine yatirilan sigcanlar, kafa derisinden baslayip iki goz
arasindan orta hat cizgisinde kafatasitabanina kadar bisturi
ile kesilerek agildi. Ekartdr yardimiyla deri flepleri iki yana
ayrilarak alt tabakadaki kaslar serbest hale getirildi. Tur
cihazi yardimiyla dura materin derinligi boyunca delik
olusturuldu. Diiz uclu penset, olusturulan delikten uglari
acik sekilde igeri sokularak pineal bez tutuldu ve geri ¢ekildi.
Ekartor cikarilip deri flepleri yeniden bir araya getirilerek

dikildi.
¥d i
" B .

Sekil 1. Sicanlarda cerrahi yontem ile pineal bezin
cikariimasi.

Figure 1. Surgical removal of the pineal gland in rats.

Grup Ill'teki siganlara, pineal bezin ¢ikarilmasi kismi
haricinde Grup II'ye uygulanan islemlerin aynisi uygulandi.

TUm hayvanlar pinealektomi isleminden 21 giin sonra canh
agirliklan tartilarak sakrifiye edildi. Sakrifikasyon isleminin
ardindan testis dokusu cikarilarak sag ve sol testisin
agirlhiklart ayn ayri  tartihp kaydedildi. Testisler gibi
epididimisler de sag ve sol olarak ayri sekilde tartildi.
Epididimisin totalagirhginin ardindan, sag kauda epididimis
ayrica tartihp not edildi. Eklenti Greme bezlerinden vesikula
seminalis ve prostatin agirliklar da tartilip kaydedildi.

Sag kauda epididimisler tartildiktan sonra sperma eldesi
icin kullanildi. Anatomik makas yardimiyla kauda epididimis
parcalanarak sperma &6rnegi steril bir petri kabindaki 5 pL
tris sulandiricisinin  Gizerine alindi.  Tris ile sulandiriimig
haldeki sperma 6rneginden 10 pL lam {zerine alinip lamel
ile Gizeri kapatildi ve motilite tayini icin 1sitma tablasi (37°C)
yerlestirilen faz kontrast mikroskobunda (Celestron,
Torrance, California, USA) degerlendirildi. Tim 6rneklerde
lam Gzerindeki Ug ayri bélge incelenip ortalama bir motilite
skoru belirlenerek kaydedildi.

Sperma yogunlugunun tespitinde Varish ve ark. (Varisli vd.,
2009) tarafindan tarif edilen yontemin modifikasyonu
uygulandi. Petri kabina alinan sag kauda epididimisler kesit
atilarak aynistinldi  ve 37°C’de inkibasyona alindi.
inkiibasyonun ardindan, sperm siispansiyonu transfer
pipetlerine cekilip santriflj edildi. Bu yontemle elde edilen
saf spermadan 5 pL bir eppendorf tipiine alinarak Gzerine
995 ulL distile su ilave edildi. Son karisim homojen hale
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getirilmek icin vortekslendi. Homojen sperma karisimindan
10 uL Thoma lamina alinip spermatozoon sayisi sayilarak
yogunluk tespit edildi.

Anormal spermatozoon oraninin tespiti icin 20 uL sperma
ornegi ile 20 pL eosin-nigrosin boya (%1,67 eozin, %10
nigrosin ve 0,1 M sodyum sitrat) lam {zerine alindi
(Swanson ve Bearden, 1951). Lamel yardimiyla sperma ve
boya karistirildi, froti c¢ekildi ve kurumasi i¢in birakildi.
Kuruyan preparatlar i1sik mikroskobun 400x blyitmesinde
incelendi. TUim Orneklerde 200 adet spermatozoon
incelenerek bas ve kuyruk bdlimlerinde anomali olan
hiicreler kaydedildi.

DNA fragmantasyonu tespiti icin Acridine Orange floresan
boyasi kullanildi (Akarsu vd., 2024). Lam {zerine 20 uL
sperma oOrnegi alinip froti ¢ekildi ve kurumaya birakildi.
Froti drnekleri, Carnoy soliisyonuna (metanol/asetik asit,
3:1) alinarak 24 saat inkiibasyona birakildi. inkiibasyon
siresi tamamlandiginda 6rnekler, Onceden hazirlanan
Acridine Orange soliisyonu ile 15 dakika muamele edildi.
Boyamanin ardindan 6&rnekler floresan mikroskop (Zeiss
Axioscope, Almanya) ile incelendi.

Melatonin hormonunun salinimi gece saatlerinde artis
gosterdiginden, sabah ile gece uygulamasi arasindaki farkin
ortaya koyulmasi amaciyla tim gruplarda sabah ve gece
olmak tzere iki ayri kesim islemi uygulanarak sonuglar elde
edilmistir.

Pineal bezin yerlesim vyeri ve spesifik gorintiisi dikkate
alinarak yapilan pinealektomi operasyonu, hem islem
esnasinda hem de deney sonlandirilirken beyin dokusunun
diseksiyonu esnasinda ilgili bezin yerlesmis oldugu beyin
bélgesinden cikarilmis oldugu gorildi. Pineal bezin diseke
edilmis olmasi durumunda yapilan ¢ok sayida ¢alisma ile
melatonin seviyesinin distligi belirtiimektedir (Kennaway,
2023; Kim vd., 2020; Lee vd., 2020). Dolayisiyla pineal bezin
uzaklastirlmasi sonucunda melatonin seviyesinin dismesi
kaginilmaz bir durumdur.

istatistiksel Analiz

Calisma sonucunda elde edilen verilerin istatistiksel analizi
IBM SPSS (IBM SPSS Corp., Armonk, NY, ABD, Version 26.0)
veri programi ile yapildi. Verilerin normallik kontroliinde
Shapiro-Wilk testi kullanildi  ve dagilimin  normallik
gosterdigi saptandi. Verilerin homojenlik kontroll Levene’s
test kullanilarak yapildi. Levene’s testi sonucunda gruplarin
homojen oldugu belirlendi. Ayni zamanda vyapilan
uygulamalarda gruplar arasindaki istatistiksel
degerlendirmede One-Way ANOVA post-hoc Duncan Testi
uygulandi. Calisma grubunda farkli zamanlarda yapilan
Olcimler arasindaki karsilastirmalar Independent- Samples
T testi ile degerlendirildi.
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Bulgular

Sabah gerceklestirilen uygulamada, viicut agirliginda
gruplar arasinda anlaml bir fark gézlenmedi. Ancak gece
gerceklestirilen uygulamada, kontrol grubunun diger iki
gruptan daha yiiksek viicut agirhigina sahip oldugu saptandi
(p< ,001). Grup icinde iki uygulama karsilastirildiginda,
kontrol grubunda gece 6lcilen agirlhk sabah o6lcilenden
daha yiksek tespit edildi (p< ,001).

Sag testis ve sol testisin agirliklarinda herhangi bir
istatistiksel fark saptanmadi. Sag epididimis agirliklarinda
sabah ve gece uygulamalari arasinda herhangi bir fark
gozlenmedi. Sabah vyapilan tartimlarda, pinealektomi
grubunda kontrol grubuna gore daha ylksek sonug elde
edildi. Sol epididimis agirliklari da, testis agirliklarinda
oldugu gibi gruplar arasinda fark géstermedi. Spermanin
elde edildigi sag kauda epididimis, sabah yapilan tartimda
pinealektomi grubunda kontrol ve sham gruplarina kiyasla
daha yuksek 6lgtldi (p< ,001).

Eklenti Ureme bezlerinden vesikula seminalisin agirligi,
gece vyapillan uygulamada sham grubunda kontrol
grubundan daha ylksek sonug¢ verdi (p< ,001). Kontrol
grubunda ise sabah agirligi geceden daha fazla 6lguldi.
Prostat bezi ise pinealektomi grubunda sabah, geceye
kiyasla daha fazla agirlikta tespit edildi (p< ,001).

Total motilite degeri, sabah ve gece yapilan uygulamalar
arasinda farklilik gostermedi. Gece yapilan uygulamada

Tablo 1. Viicut ve bazi reprodiiktif organ agirliklari (g) (£SEM)

Table 1. Body and some reproductive organ weights (g) (tSEM)
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gruplar arasinda fark saptanmazken, sabah uygulamasinda
kontrol grubunun pinealektomi grubundan daha ylksek
motiliteye sahip oldugu ortaya koyuldu (p<,001).

Sperma yogunlugunda motiliteye benzer sekilde sabah-
gece uygulamalari arasinda fark gorilmedi. Sabah
uygulamasinda  gruplar arasinda anlamli  bir fark
gorilmezken gece uygulamasinda kontrol grubunun
yogunlugu, sham ve pinealektomi gruplarina gore yiiksek
olarak saptandi (p< ,001).

Basa bagl anormal spermatozoon orani, sabah
uygulamasinda sham grubunda kontrol ve pinealektomi
gruplarindan  yuksek tespit edildi (p< ,001). Gece
uygulamasinda ise en yiksek sonug pinealektomi grubunda
gozlendi. Ayrica pinealektomi grubunda, gece elde edilen
sonuclar sabah uygulamasi sonuglarindan daha yiksek
belirlendi (p< ,001). Kuyruga bagl anormal spermatozoon
orani ise, gruplar arasinda anlamli bir fark géstermedi. Total
anormal spermatozoon oranina bakildiginda, sabah
uygulamasinda gruplar arasinda anlamli bir fark yoktu.
Gece uygulamasinda ise en disik anormal spermatozoon
orani sham grubunda gozlendi.

DNA fragmantasyonu, sabah ve gece sonuglarinda en
yiksek sham grubunda, en disik ise kontrol grubunda
gozlendi (Tablo 1 ve Tablo 2).

Viicut Agirligi (g)  Sag Testis Sol Testis Sag Epididimis Sol Epididimis . Sag Kauda
Agirlik (g) Agirhik (g) girhigi (g) Agirhgi (g) Ep|d|d|n(1g|§ Agirhg

Sham-Sabah 301,00+6,31 1,39+0,05  1,35+0,05 0,52+0,01% 0,50+0,03 0,17+0,00°
Pinealektomi-  31341+12,60  1,3410,06  1,11:0,13 0,54+0,01b 0,5040,02 0,21£0,01°
Kontrol-Sabah 300,50+14,82°  1,38+0,05  1,36+0,05 0,48+0,00° 0,50+0,01 0,16+0,00°
Sham-Gece 315,41+14,611  1,51+0,20  1,46%0,15 0,50+0,02 0,46+0,03 0,16+0,01
E‘gfj'ekmmi' 316,41+10,02'  1,34+0,05  1,32+0,04 0,48+0,05 0,48+0,02 0,16+0,02
Kontrol-Gece 363,33+5,99'2  138+0,05  1,39+0,04 0,51+0,02 0,47+0,03 0,14+0,02

Ayni stitundaki farkli simgeler (a, b) sabah uygulamasinda gruplar arasindaki farki ifade eder (p< ,001). Ayni situndaki farklh simgeler (1,
2, 3) gece uygulamasinda gruplar arasindaki farki ifade eder (p< ,001). Ayni siitundaki farkli simgeler (-, +) ayni grubun farkli zamanlarda
(sabah, gece) yapilan uygulamasinda gruplar arasindaki farki ifade eder (p< ,001).
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Tablo 2. Vesikula seminalis ve prostat agirliklar (g) ile Spermatolojik analiz sonuglari (+SEM)

Table 2. Vesicula seminalis and prostate weights (g) and Spermatological analysis results (SEM

77

Vesikula Basa Bagh Kuyruga  Total Anormal DNA Hasar
. Prostat Total Motilite Yogunluk 3a Bag Bagh Spermatozoon  Orani (%)

ngn;lalls Agirhg (g) (%) (x10°) Anomaliler Anomaliler Orani (%)

Agirhg (g) (%) (%)
22;:;; 1,74+0,10 0,57+0,08 48,86+12,18%® 100,33+16,41 6,16+1,10° 3,00+0,73 9,16+0,74 46,16+3,30°
Pinealekt
omi- 1,79+0,09 0,59+0,04~ 29,41+7,31° 91,16%£16,99 3,00+£0,51® 5,00+1,46 8,00t1,73 39,3343,40%
Sabah
Kontrol- B b a . a
Sabah 1,70+£0,11- 0,39+0,07 62,75+5,33 124,66+8,28 3,16x0,98* 2,66+0,49° 5,83+0,90 31,83+3,75
ZI::ac?- 1,70+0,07> 0,41+0,02 59,40+4,96 91,00+13,45* 3,50+0,76' 3,33+0,98 6,83+1,241 54,832,563
Pinealekt + 12 + + + + 1 + +2 + + 2 + 2
omi-Gece 1,58+0,11** 0,45+0,03* 31,08+9,13 107,00+8,66 7,00+£1,80"~ 6,33+1,33 13,33+2,41 34,16+2,37
g‘;’c‘:m" 1,43+0,04'1 0,49+0,02 58,85:12,06 146,33+12,452 2,66+0,42! 5,83+1,13* 850+1,17!2  38,33+3,53*

Ayni sGtundaki farkli simgeler (a, b) sabah uygulamasinda gruplar arasindaki farki ifade eder (p<,001). Ayni siitundaki farkh simgeler (1,
2, 3) gece uygulamasinda gruplar arasindaki farki ifade eder (p< ,001). Ayni stitundaki farkh simgeler (-,+,) ayni grubun farkh zamanlarda

yapilan uygulamasinda gruplar arasindaki farki ifade eder (p<,001)

Tartisma

Pineal bez; beynin orta kisminda yer alan ve 6nemli
endokrin aktiviteye sahip olan bir organdir. Sirkadiyen ve
degisikliklere baglh  olarak  vlcuttaki
fonksiyonlarin dizenlenmesinden pineal bez sorumludur.
Pineal bez asil fonksiyonunu melatonin hormonu
salgilayarak gosterir (Forsling vd., 1993). Karanlik hormonu
olarak da bilinen melatoninin salinimi stk miktarina bagl
olarak aydinlik-karanhk donglslinde dizenlenir.
Melatonin, ozellikle mevsime bagl polidstrik hayvanlarda
(kisrak, koyun vb.) Gremenin dizenlenmesinde rol oynar.
Onceki ¢alismalarda; pineal bezin cerrahi yéntemle disari
alinmasi islemi olan pinealektomi uygulamasinin, farkl
organlarda cesitli etkiler meydana getirdigi saptanmistir
(De Butte ve Pappas, 2007; de Lima vd., 2005; Kim vd.,
2020). Bu calismada ise pinealektominin siganlarda
spermatolojik parametreler Gzerindeki etkisi arastiriimistir.

mevsimsel

Pinealektomi ve sham grubuna yapilan uygulama, viicut
agirhik artisinin kontrol grubuna gore daha az olmasina
neden olmustur. Cerrahi islem sirasinda meydana gelen
stres, hayvanlarin vicut agirlik artisini yavaslatmistir. Vicut

agirhklan arasinda fark olusurken, testis agirliklarinda
anlamh bir fark gézlenmemistir. Sag epididimisin hem total

agirliginda hem de kauda epididimis agirliginda, sabah
yapilan tartimlarda en ylksek sonug¢ pinealektomi
grubundan elde edilmistir. Ancak gece tartimlarinda
gruplar arasinda boyle bir farka rastlanmamistir. Ayni
grubun sabah-gece tartimlarinda da fark gézlenmemesi,

agirhk  farkinda melatonin etkisinin olmadigini
gostermektedir. Onceki  bir c¢alisma,  melatonin
uygulamasinin  epididimis  agirligi  Gzerine  etkisinin
olmadigini gosterdiginden, calisma sonucunu
dogrulamaktadir (Eleiwe vd., 2008). Eklenti Ureme

bezlerinin agirhg, pinealektomi
anlamli bir fark olusturmamustir.

uygulamasindan sonra

Motilite, spermatozoonlarin hareketliligini ifade eder ve
fertilizasyon kapasitesinin en 6nemli belirteglerinden biridir
(inang vd., 2022). Koglar lizerinde gerceklestirilen bir
¢alismada, Ureme mevsimi disinda melatonin implanti
kullanildiginda sperma kinematik parametrelerinde artis
gozlenmistir (Casao vd., 2010). Melatoninin,
spermatozoonlarda hem  mitokondriyal homeostazi
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etkileyerek ATP Uretimini uyardigi hem de oksidatif strese
karsi mitokondriyi korudugu dlslintlmektedir (Ortiz vd.,
2011). Calisma sonucunda en yiksek motilite degeri
kontrol grubunda saptanirken en dusik motilite ise
pinealektomi uygulanan grupta goézlenmistir. Calismamiz
pinealektomi  uygulamasiyla  melatonin
engellenmesi, motilitenin dismesiyle

sonucunda
saliniminin
sonuglanmistir.

Sperma yogunlugu, 1 ml hacimdeki spermatozoon sayisini
ifade eder. Oksidatif stres olusumu, testislerin toksik etkili
maddeler ile uyarimi gibi cesitli nedenlerle sperma
yogunlugunda azalma meydana gelmektedir (Akarsu vd.,
2024; Tuncer vd., 2023). Sham ve pinealektomi gruplarina
uygulanan  cerrahi  midahalenin, oksidatif  stres
dizeylerindeki artisa bagh olarak sperma yogunlugunun
dismesine neden olabilecegi disunilmektedir. Kontrol
grubuna kiyasla pinealektomi ve sham gruplarinda belirgin
bir azalma olmakla birlikte iki grubun arasinda anlamli bir
fark saptanmamistir.  Elde edilen sonug, sperma
yogunlugunun melatonin varligindan oOnemli dlglde
etkilenmeyip yapilan midahaleye bagli olarak sekillendigi
sonucuna varmaktadir.

Anormal spermatozoon orani, sperma kalitesini etkileyerek
spermatozoonlarin islevlerinde bozukluklar ile
sonuglanmaktadir. Ozellikle basa bagh  anormal
spermatozoon oranindaki artis, spermatozoon DNA’sini
etkileyerek genetik materyalin aktarimini engellemektedir.
Yapilan bir ¢alismada, boga spermasinin dondurulmasi
sirasinda  sulandiriciya  degisen  konsantrasyonlarda
melatonin ilave edilmistir. Melatonin ilave edilen gruplarda
kontrol grubuna kiyasla anormal spermatozoon oraninda
disis tespit edilmistir (Ashrafi vd., 2013). Pinealektomi
grubunda, Ozellikle gece uygulamasinda gruplar arasinda
anlamli bir farklilik tespit edilmistir. Diger gruplarda ise
melatonin salinimina bagh olarak daha disik oranda
anormal spermatozoon olusmustur.

DNA fragmantasyonu, DNA’da meydana gelen geri
donltsiimsiiz hasardir ve sperma kalitesini etkileyen baslica
etmenlerden biridir. Fareler lzerinde gerceklestirilen bir
calismada organofosforlu pestisitlere maruziyet sonrasi
melatoninin  koruyucu etkileri arastinlmistir.  Calisma
sonucunda melatoninin  diisik dozlarda bile DNA
fragmantasyonuna  karsi  koruyucu  etkili  oldugu
bilinmektedir (Mir vd., 2022; Sarabia vd., 2009).
Melatoninin glicli antioksidan etkisi sayesinde DNA
yapisinin korunmasinda gérev aldigi disiintilmektedir. Hem
sabah hem de gece uygulamasinda, en diistik hasar kontrol
grubunda gozlenirken en yiksek hasar ise sham grubunda
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saptanmistir. Pineal bezin uzaklastirlmasinin yani sira
uygulanan cerrahi prosedirin de, sperma kalitesini
etkileyerek DNA fragmantasyonu oraninda ciddi bir artisa
yol actigi diisiiniilmektedir.

Sonug

Sonu¢ olarak elde edilen bulgular degerlendirildiginde;
pinealektomi uygulamasi sicanlarda total spermatozoon
motilitesinin ve sperma yogunlugunun azalmasina neden
olurken anormal spermatozoon oraninin artmasina vyol
acmaktadir. Pineal bez c¢ikarilmasa dahi ayni cerrahi
prosedir uygulandigindan dolayr sham grubunda da
kontrol grubuna kiyasla total motilitede ve yogunlukta
belirgin bir azalma, anormal spermatozoon orani ve DNA
fragmantasyonunda ise artis sekillenmistir. Pineal bezin
uzaklastirilmasiyla sperma kalitesinde daha ciddi disls
gorulmekle birlikte pineal beze yapilan miidahalede dahi
sperma kalitesinin  olumsuz etkilenebildigi calisma
sonucunda ortaya koyulmustur.
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Histopathological and Biochemical Investigation of the
Effects of Rutin on Diclofenac-Induced Renal Toxicity in Rats

Sicanlarda Diklofenak ile Olusturulan Boébrek Toksisitesinde Rutin’in
Etkilerinin Histopatolojik ve Biyokimyasal Olarak Arastirilmasi

ABSTRACT

Diclofenac (DCL), which is in the nonsteroidal anti-inflammatory drug (NSAID) category, known for its
anti-inflammatory, antipyretic and analgesic properties, has a toxic effect by causing increased
oxidative stress and inflammation in tissues when used for a long time. Rutin (RUT) is a flavonoid
glycoside with anti-oxidant, anti-inflammatory and anti-apoptotic effects naturally found in many
plants. This study aimed to investigate the effects of RUT, a natural antioxidant, on DCL-induced
kidney tissue damage. 28 Wistar albino rats were divided into 4 groups: control, DCL, RUT,
DCL+RUT100 groups. 100 mg/kg RUT was administered orally for 4 days, and 50 mg/kg DCL was
administeredintraperitoneallyonthe 3rdand4thdays.On the 5thday, kidney tissues were takenand
oxidative stress, inflammation and apoptotic markers were analyzed by PCR (Polymerase Chain
Reaction) method and histopathological analysis of the tissues was performed. Levels of DCL-induced
oxidative stress, inflammation and apoptosis parameters in kidney tissues increased compared to the
control group (p< .001). With the application of RUT, all these DCL-related increase levels decreased
(p< .05). It was concluded that RUT has a potential protective effect against toxicity caused by DCL
exposure in kidney tissues.

Keywords: Diclofenac, Nephrotoxicity, Rat, Rutin.

0z

Antiinflamatuar, antipiretik ve analjezik 6zellikleriyle bilinen nonsteroid antiinflamatuar ilag
(NSAID) kategorisinde yer alan diklofenak (DCL), uzun sireli kullanimi dokularda oksidatif stres ve
inflamasyon artisina sebep olarak toksik etki olusturur. Rutin (RUT), bircok bitkide dogal olarak
bulunan anti-oksidan, anti-inflamatuar ve anti-apoptotik etkilere sahip bir flavanoid glikozidtir. Bu
calismada, dogal birantioksidan olan RUT nin DCL kaynakli bobrek doku hasari Gzerine etkilerinin
arastirilmasi amaclanmistir. 28 adet Wistar albino cinsi sican kontrol, DCL, RUT, DCL+ RUT100
gruplari olmak Gzere 4 gruba ayrildi. 4 glin boyunca 100 mg/kg RUT uygulamasi oral yolla verilerek
bununla birlikte 3. ve 4. giinlerde 50 mg/kg dozda DCL uygulamasi intraperitoneal yolla yapild. 5.
giinde bobrek dokularialindi ve PCR (Polimeraz Zincir Reaksiyonu) yontemi ile oksidatif stres,
inflamasyon ve apoptotik belirteclerin analizi ve dokularin histopatolojik analizi y apildi. Bobrek
dokularinda DCL kaynakli oksidatif stres, inflamasyon ve apoptoz parametrelerin dizeyleri kontrol
grubuna gore artmistir (p<,001). RUT uygulamasiyla birlikte DCL bagh tim bu artis dizeylerinde
azalmalar meydana gelmistir (p< ,05). Bobrek dokularinda DCL maruziyetinin sebep oldugu
toksisiteye karsi RUT'nin potansiyel koruyucu etkiye sahip oldugu sonucuna varildi.

Anahtar kelimeler: Diklofenak, Nefrotoksisite, Rutin, Sican.
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Introduction

The kidneys are anatomically and physiologically functional
and are quite sensitive to chemical damage compared to
other organs due to their high blood flow. The kidneys
regulate metabolic functions such as water, electrolyte,
and acid-base balance, and also produce hormones,
contribute to blood production, and maintain extracellular
fluid balance through the renin-angiotensin system while
controlling arterial blood pressure (Abiola et al., 2019; Alabi
& Akomolafe, 2020).

As a result, the kidneys concentrate toxic chemical
substances in the filtrate and transport them along the
tubular cells, and some toxic substances are bioactivated
(Hickey et al., 2001). In addition, their roles in the
metabolism, detoxification, storage, and excretion ofdrugs
and metabolites make the kidneys a target organ
vulnerable to damage (Alabi & Akomolafe, 2020; Hickey et
al., 2001).

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) are
among the most commonly prescribed medications with
well-known nephrotoxic effects. Diclofenac (DCL), which
falls under the NSAID category, is a phenylacetic acid
derivative used worldwide by more than 30 million people
daily for its anti-inflammatory, antipyretic, and analgesic
properties in the treatment of pain, inflammation,
degenerative  joint disease, arthritis,
dysmenorrhea, and trauma (Abiola et al., 2019; Sivaraj and
Umarani, 2018). Despite the therapeutic benefits of DCL, it
is known to cause nephrotoxicity, cardiotoxicity,
hepatotoxicity, gastrointestinal toxicity, and pulmonary
toxicity even when used at low doses (Alabi & Akomolafe,
2020).

rheumatoid

DCL has a mechanism that leads to the inhibition of
cyclooxygenase (COX) enzymes and a decrease in
prostaglandin release through the activity of arachidonic
acid (Uehara et al., 2016). Recent evidence suggests that
the inhibition of COX enzymes may lead to oxidative stress
(Thai et al., 2023). The toxicity caused by DCL targets
mitochondria by triggering the production of reactive
oxygen species (ROS), which leads to apoptosis and DNA
damage. While this toxicity can be prevented by the
increased expression of antioxidant enzymes against
cellular damage caused by ROS, inflammation can be
treated by suppressing the activity of the COX enzyme
(Prince, 2018). Since the toxic effects of DCL largely arise
through oxidative damage mechanisms, scientists have
emphasized the importance of natural antioxidants as a
solution in the treatment of DCL-induced toxicities (Alabi &
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Akomolafe, 2020; Prince, 2018). Therefore, it is believed
that the use of natural antioxidant compounds will provide
significant protection against DCL toxicity.

Flavonoids are a group of natural polyphenolic compounds
found in plants; they possess various biological effects and
enhance antioxidant enzyme capacity by facilitating the
detoxification of free radicals (Alhoshani et al., 2017,
Kandemir et al.,, 2022). Rutin (RUT), which is among
flavonoid glycosides, is found in many plants and herbal
foods such as oats, buckwheat, tea, pomegranate, apricot,
cherry, grapefruit, plum, orange, passionflower, asparagus,
grape, fig, and Ruta graveolens, from which it derives its
name (Alhoshani et al.,, 2017, Kandemir et al., 2020).
Known as vitamin P, rutoside, quercetin-3-rutinoside, and
soforin, this flavonoid has various protective effects under
both in vitro and in vivo conditions (Alhoshani et al., 2017;
Sirotkin, 2024). In addition to its anti-inflammatory, anti-
apoptotic, autophagy-inhibiting, and antioxidant biological
effects, it also exhibits pharmacological effects such as
nephroprotective, hepatoprotective, anti-allergic, anti-
mutagenic, anti-nociceptive, anti-arthritic, anti-cancer,
anti-diabetic, anti-ulcer, anti-cholinergic, anti-antibacterial,
antifungal, antiviral, and superoxide radical scavenging
properties (Caglayan et al., 2019; Giir & Kandemir, 2023).

In the literature, there is insufficient information regarding
the protective effect of RUT against DCL-induced kidney
toxicity. Therefore, considering the role of ROS in the
toxicity mechanism of DCL, the aim is to investigate the
potential defensive effects of RUT, known for its protective
properties  (antioxidant, anti-apoptotic, and anti-
inflammatory), against DCL-induced kidney damage. In this
context, oxidative stress, inflammation, and apoptosis
markers in kidney tissues will be analyzed using
biochemical and molecular methods, and histopathological
evaluations will be conducted.

Methods
Experimental Animals

In this study, 28 Wistar albino rats with an average weight
of 200-250 grams and aged 10-12 weeks were used,
obtained from the KONUDAM Experimental Medicine
Application and Research Center at Konya Necmettin
Erbakan University. The animals were kept in a controlled
room at a constant temperature of 24-25°C with a 12-hour
light-dark cycle (07:00-19:00 light; 19:00-07:00 dark) in
cages. The rats were fed with normal drinking water and
standard rat chow. They were allowed to rest in their cages
for one week to acclimate to the environment before the
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experiments began. The ethical approval for this study was
granted by the Local Ethics Committee for Animal
Experiments of the KONUDAM Experimental Medicine
Application and Research Center at Konya Necmettin
Erbakan University, with the decision number 2024-079
dated 25.09.2024.

Experimental Applications

In the study, a total of 28 Wistar albino rats were used, and
they were divided into 4 groups with 7 rats in each group.
The determination of doses was based on information from
the literature (Caglayan et al., 2019; Varish et al., 2023).

1-Control Group: Rats were administered saline solution
orally for 4 days, with oral administration on the 3rd and
4th days.

2-RUT Group: RUT was administered orally at a dose of 100
mg/kg for 4 days.

3-DCL Group: DCL was administered intraperitoneally at a
dose of 50 mg/kg on the 3rd and 4th days.

4-DCL + RUT100 Group: RUT was administered orally at a
dose of 100 mg/kg for 4 days, and DCL was administered
intraperitoneally at a dose of 50 mg on the 3rd and 4th
days.

Sample Collection

Twenty-four hours after the last application (day 5), the
animals were decapitated under light
anesthesia, and kidney and blood samples were collected.
Blood samples were taken, centrifuged at 3500 rpm for 10
minutes, and stored at -20°C until biochemical analyses. A
portion of the kidney tissues was collected for biochemical
analyses and stored at -20°C until the analyses were
conducted.

sevoflurane

Analysis of lipid peroxidation marker

The degree of lipid peroxidation in kidney tissues was
assessed by measuring the absorbance of the color
generated by the reaction of malondialdehyde (MDA) with
thiobarbituric acid at 532 nm. Tissues were homogenized in
1.15% potassium chloride using a homogenizer (Tissue
Lyser Il, Qiagen). The homogenates were then centrifuged
for 15 min at +4°C and 1000g, and the supernatant was
used. The technique developed by Kandemir et al. was used
to determine MDA levels (Kandemir et al., 2022).
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Reverse Transcription PCR (RT-PCR) Analysis

The effects of DCL damage and RUT application on the
relative mRNA transcript levels of the gene regions listed in
Table 1 were examined using the qRT-PCR technique in
kidney tissues collected at the end of the experiment. Total
RNA was isolated from the tissues, and cDNA synthesis was
performed from the obtained total RNA. The prepared
cDNAs, along with primer sequences and MasterMix, were
combined to carry out the reaction. The mixture was run in
a real-time PCR thermal cycler according to the duration
and temperature cycles specified by the manufacturer’'s
instructions. After the completion of the cycles, gene
expressions were normalized to B-Actin and evaluated
using the 2-AACT method (Livak & Schmittgen, 2001).

Table 1. Primer Sequences

Tablo 1. Primer Dizileri

Gene Sequences (5’-3’) Accession no
or references
PUBMED ID

Cu-Zn F: AGTCCCGCCCCTTCTAAAAC PMID:

SOD R: CAATGGCCTCTGTGTAGCCC 22057777

CAT F: ATGGCAACTGTCCCTGAACT PMID:
R: AGTGACACTGCCTTCCTGAA 22057777

GPx F: CTCGAGTGACAAGCCCGTAG PMID:
R: ATCTGCTGGTACCACCAGTT 22057777

NF-xB F: AGTCCCGCCCCTTCTAAAAC NM_0012767
R: CAATGGCCTCTGTGTAGCCC 11.1

TNF-o. F: CTCGAGTGACAAGCCCGTAG NM_012675.3
R: ATCTGCTGGTACCACCAGTT

Caspase F: ACTGGAATGTCAGCTCGCAA NM_012922.2

-3 R: GCAGTAGTCGCCTCTGAAGA

Bax F: TTTCATCCAGGATCGAGCAG NM_017059.2
R: AATCATCCTCTGCAGCTCCA

Bcl-2 F: GACTTTGCAGAGATGTCCAG NM_016993.2
R: TCAGGTACTCAGTCATCCAC

PERK F: GATGCCGAGAATCATGGGAA NM_031599.2
R: AGATTCGAGAAGGGACTCCA

ATF-6 F: TCAACTCAGCACGTTCCTGA NM_0011071
R: GACCAGTGACAGGCTTCTCT 96.1

KIM-1 F:TGGCACTGTGACATCCTCAGA PMID: 327943
R: GCAACGGACATGCCAACATA 00

AQP-2 F: AGCTGCCTTCTATGTGGCT NM_012909.2
R: GCGTTGTTGTGGAGAGCATT

B-Actin F: CAGCCTTCCTTCTTGGGTATG NM_031144.3

R: AGCTCAGTAACAGTCCGCCT

SOD: Superoxide Dismutase, CAT: Catalase, GPx: Glutathione
Peroxidase, NF-kB: Nuclear Factor kappa B, TNF-a: Tumor
Necrosis Factor-alpha, Caspase-3: Cysteine Aspartate Specific
Protease-3, Bax: Bcl-2 Associated X Protein, Bcl-2: B-cell
Lymphoma 2, PERK: Protein Kinase R-like Endoplasmic Reticulum
Kinase, ATF-6: Activating Transcription Factor 6, KIM-1: Kidney
Injury Molecule-1, AQP-2: Aquaporin 2.
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Histopathological Analysis

Kidney tissues were collected from anesthetized rats and
fixed in a 10% neutral buffered formalin solution for 48
hours. The kidney tissues were washed under running
water for one night in accordance with routine tissue
processing procedures, and then subjected to dehydration
through a series of increasing alcohol concentrations (70%
for 1 hour, 80% for 1 hour, 96% for 1 hour, and 99% for 1
hour). The tissues passed through the alcohol series were
placed in xylene for a total of one hour in three stages and
then treated with paraffin for infiltration. The tissues were
subsequently embedded in metal blocks during the
blocking stage and formed into solid blocks. Paraffin blocks
were sectioned into 4-5 micrometer slices on glass slides
using a semi-automatic microtome. The sections on the
slides were stained with Hematoxylin and Eosin, a routine
tissue stain, for examination. The stained sections were
then analyzed using a binocular light microscope and
photographed with a camera.

Statistical Analysis

The statistical analysis of the data obtained from the study
was conducted using the IBM SPSS software (version 20.0;
IBM Corp., North Castle, NY). The Shapiro-Wilk test was
used to analyze the sample size, which was less than 50.
Since the data had a normal distribution and there were
more than two groups, Tukey's multiple comparison test
and one-way analysis of variance (ANOVA) were used to
compare differences between groups. The results were
presented as mean = SE, with p< .05 considered to be
statistically significant.

Results
Oxidative Stress Findings

When MDA, one of the markers showing the oxidant status
of kidney tissues, was compared with the control group,
DCL increased MDA levels (p< .001). However, RUT
treatment has been determined to reduce MDA levels
(Table 2, Figure 1). The mRNA transcript levels of
superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx) in kidney tissue were
analyzed to assess antioxidant levels (Table 2, Figure 1). In
the DCL group, the mRNA transcript levels of SOD, CAT, and
GPx decreased compared to the control group (p< .001). In
the DCL+RUT group, the mRNA transcript levels of SOD,
CAT, and GPx increased compared to the DCL group (SOD:
p< .001, CAT: p< .01, GPx: p< .05). Accordingly, DCL
suppressed the expressions of antioxidant enzymes (SOD,
CAT, GPx) in kidney tissue compared to the control group
(p< .001). These results indicate that DCL may cause tissue
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damage by reducing the antioxidant capacity in kidney
tissues. However, it was observed that RUT treatment
increased antioxidant enzyme expressions in the tissue and
reduced oxidative damage caused by DCL.

Table 2. MDA Levels and SOD, CAT, GPx mRNA Transcript
Levels in Kidney Tissue in All Groups

Tablo 2. Tim Gruplardaki Bobrek Dokusunda MDA
Dizeyleri ve SOD, CAT, GPx mRNA Transkript Dizeyleri
MDA SOD CAT GPx

Control [17.49+0.48%|1.00+0.02°| 1.00+0.01°| 1.00+0.06c

RUT 17.18+0.407|1.13+0.01°| 1.12+0.03°| 1.07+0.03c

DCL 27.56+0.45°( 0.16+0.01* | 0.31+0,01*| 0.24+0.01°

DCL+RUT| 21.19+0.49°| 0.60+0.01° | 0.55+0.02°| 0.79+0.05°

Superscript letters (a, b, c) indicate the difference between
groups.p <.001
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Figure 1: MDA Levels and mRNA Transcript Levels of SOD,
CAT, GPx in Kidney Tissues of Rats in Experimental Groups.
n=7. ¥**p< .001, *p< .01, p< .05: Control vs. others; ###p<
.001, ##tp< .01, # p< .05: DCL vs. others; not significant.
(DCL: Diclofenac, RUT: Rutin, MDA: Malondialdehyde, SOD:
Superoxide Dismutase, CAT: Catalase, GPx: Glutathione
Peroxidase)

Sekil 1: Deney Gruplarindaki Sicanlarin  Bobrek
Dokularindaki MDA Diizeyleri ve SOD, CAT, GPx'in mRNA
Transkript Dizeyleri. n=7. ***p< ,001, *p< ,01, p< ,05:
Kontrol ve digerleri; ###tp< ,001, ##p< ,01, # p< ,05: DCL ve
digerleri; onemli degil. (DCL: Diklofenak, RUT: Rutin, MDA:
Malondialdehit, SOD: Siiperoksit Dismutaz, KAT: Katalaz,
GPx: Glutatyon Peroksidaz)

Inflammation Findings

To observe the effects of DCL and RUT applications on the
inflammatory response in kidney tissues, the mMRNA
transcript levels of nuclear factor kappa B (NF-«kB) and

tumor necrosis factor-alpha (TNF-a) were analyzed (Table
Journal of Laboratory Animal Science and Practices



3, Figure 2). Accordingly, it was determined that DCL
application triggered inflammation by causing an increase
in the mRNA transcript levels of NF-kB and TNF-a in the
kidneys (p< .001). It was observed that the therapeutic
application of DCL+RUT reduced the mRNA transcript levels
of NF-kB and TNF-a in kidney tissue (NF-kB: p< .01, TNF-a:
p< .001).

Table 3. PERK, ATF-6, NF-kB and TNF-ao mRNA Transcript
Levels in Kidney Tissue in All Groups.

Tablo 3. Tim Gruplarda Bébrek Dokusundaki PERK, ATF-6,
NF-kB ve TNF-a mRNA Transkript Dizeyleri.
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treatment reduced the mRNA transcript levels of Caspase-
3 and Bax in kidney tissue while increasing Bcl-2 mRNA
expression (Caspase-3: p< .001, Bax: p< .001, Bcl-2: p< .01).
Furthermore, the administration of RUT to the animals
provided significant tissue protection by inhibiting the
apoptotic pathway in the kidneys.

Table 4. Caspase-3, Bax and Bcl-2 mRNA Transcript Levels
in Kidney Tissue in All Groups.

Tablo 4. Tim Gruplarda Bobrek Dokusundaki Kaspaz-3, Bax
ve Bcl-2 mRNA Transkript Dizeyleri.

‘ ‘ PERK ‘ ATF-6 ‘ NF-kB ‘ TNF-a

Control | 1.00+0.09 * | 1.00+0.392 | 1.00+0.01° | 1.00+0.07
RUT 0.93+0.07° | 0.85+0.01° | 0.90+0.03 2 | 0.86+0.01 2
DCL 5.59+0.16 ¢ | 4.49+0.07 ¢ | 4.82+0.29 © | 5.70£0.10
DCL+RUT| 2.99+0.15° | 2.36+0.03° [ 3.27+0.09° | 3.22+0.06 °

‘ Caspase-3 Bax Bcl-2
Control 1.00£0.16° | 1.00+0.01° 1.00£0.01 ¢
RUT 0.91+0.02% | 0.93%#0.02° 1.09£0.03 ¢
DCL 4.85+0.14°¢ | 4.23+x0.09°¢ 0.39+0.01°
DCL+RUT | 2.79%0.03° | 1.99+0.04° 0.66+0.03"

Superscript letters (a, b, c) indicate the difference between
groups. p<.001
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Figure 2: mRNA Transcript Levels of NF-kB and TNF-a in
Kidney Tissue of Rats in Experimental Groups. n=7. ***p<
.001, *p< .01, p< .05: Control vs. others; ###p< .001, ##p<
.01, # p< .05: DCL vs. others; not significant. (DCL:
Diclofenac, RUT: Rutin, NF-kB: Nuclear Factor kappa B, TNF-
a: Tumor Necrosis Factor-alpha)

Sekil 2: Deney Gruplarindaki Siganlarin Bobrek Dokusunda
NF-kB ve TNF-a'nin mRNA Transkript Diizeyleri. n=7. ***p<
,001, *p<,01, p<,05: Kontrol ve digerleri; ###p< ,001, #p<
,01, # p< ,05: DCL ve digerleri; onemli degil. (DCL:
Diklofenak, RUT: Rutin, NF-kB: Nukleer Faktér kappa B,
TNF-a: Tumoér Nekroz Faktori-alfa)

Apoptosis Findings

Table 4 and Figure 3 shows the mRNA transcript levels of
cysteine aspartate-specific protease-3 (Caspase-3), Bcl-2-
associated X protein (Bax), and B-cell lymphoma 2 (Bcl-2) in
rat kidney tissues. According to RT-PCR analysis, DCL was
shown to induce Bax and caspase-3 mRNA expressions and
to cause apoptosis in the kidney by inhibiting Bcl-2 mRNA
expression (p< .001). It was observed that DCL+RUT

Superscript letters (a, b, c) indicate the difference between
groups. p<.001
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Figure 3: mRNA Transcript Levels of Caspase-3, Bax, and
Bcl-2 in Kidney Tissue of Rats in Experimental Groups. n=7.
**%*p< .001, *p< .01, p< .05: Control vs. others; #i#p< .001,
##p< .01, #p< .05: DCL vs. others; ns not significant. (DCL:
Diclofenac, RUT: Rutin, Caspase-3: Cysteine Aspartate
Specific Protease-3, Bax: Bcl-2 Associated X Protein, Bcl-2:

B-cell Lymphoma 2)

Sekil 3: Deney Gruplarindaki Siganlarin Bobrek Dokusunda
Kaspaz-3, Bax ve Bcl-2'nin mRNA Transkript Dlzeyleri. n=7.
***p< ,001, *p< ,01, p< ,05: Kontrol ve digerleri; ###p<
,001, ##tp< ,01, # p<,05: DCL ve digerleri; 6nemli degil. (DCL:
Diklofenak, RUT: Rutin, Kaspaz-3: Sistein Aspartat Spesifik
Proteaz-3, Bax: Bcl-2 iliskili X Proteini, Bcl-2: B Hiicreli
Lenfoma 2)
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Kidney Damage Biomarker Findings

Table 5 and Figure 4 shows the mRNA transcript levels of
kidney injury molecule-1 (KIM-1) and aquaporin-2 (AQP-2)
in rat kidney tissues. According to RT-PCR analysis, the
increase in KIM-1 mRNA transcript expression in the DCL
group indicated kidney damage and an inflammatory
response (p< .001). On the other hand, the application of
RUT in conjunction with DCL was observed to reduce the
MmRNA transcript levels, thereby suppressing the
inflammatory response (p< .001). It was determined that
the mRNA expression of AQP-2 significantly decreased due
to damage in the kidneys of the DCL-treated group (p<
.001). DCL improved the mRNA expression and regulation
of AQP-2 in the kidneys of rats treated with RUT (p< .01).
This finding suggests that RUT may alleviate the decrease
in AQP-2 mRNA expression caused by DCL exposure,
potentially providing both protective and reparative effects
(p< .01).

Table 5. KIM-1 and AQP-2 mRNA Transcript Levelsin Kidney
Tissue in All Groups.

Tablo 5. Tim gruplarda bobrek dokusundaki KIM-1 ve AQP-

2 mRNA Transkript Dlzeyleri.
KIM-1 AQP-2

Control 1.00+0.05° 1.00+0.07 ¢
RUT 0.84+0.03° 1.23+0.04 ¢
DCL 3.67+0.11°¢ 0.25+0.01®
DCL+RUT 2.010,01° 0.45+0.01°

Superscript letters (a, b, c) indicate the difference between
groups. p<.001
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Figure 4: mRNA Transcript Levels of KIM-1 and AQP-2 in
Kidney Tissue of Rats in Experimental Groups. n=7. ***p<
.001, *p< .01, p< .05: Control vs. others; #i#tp< .001, ##p<
.01, #p< .05: DCL vs. others; ns not significant. (DCL:
Diclofenac, RUT: Rutin, KIM-1: Kidney Injury Molecule-1,
AQP-2: Aquaporin 2)

Sekil 4: Deney Gruplarindaki Sicanlarin Bébrek Dokusunda
KIM-1 ve AQP-2'nin mRNA Transkript Dizeyleri. n=7. ***p<
,001, *p<,01, p<,05: Kontrol ve digerleri; ###p< ,001, #p<
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,01, #p< ,05: DCL ve digerleri; onemli degil. (DCL:
Diklofenak, RUT: Rutin, KIM-1: Bobrek Hasari Molekili-1,
AQP-2: Aquaporin 2)

Endoplasmic Reticulum Stress Findings

The mRNA transcript levels of double-stranded RNA-
activated protein kinase (PKR)-like ER kinase (PERK) and
activating transcription factor-6 (ATF-6) genes, which
indicate ER stress in rat kidney tissues, are presented in
Table 3 and Figure 5. It was observed that DCL caused ER
stress by increasing the mRNA transcript levels of ATF-6
and PERK in kidney tissue (p< .001). On the other hand, it
was noted that DCL+RUT treatment suppressed the mRNA
transcript levels of PERK and ATF-6 in the kidney tissue
(PERK: p< .001, ATF-6: p< .01).
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Figure 5: mRNA Transcript Levels of ATF-6 and PERK in
Kidney Tissue of Rats in Experimental Groups. n=7. ***p<
.001, *p< .01, p< .05: Control vs. Others; ##tp< .001, ##p<
.01, #p< .05: VPA vs. Others; ns not significant. (DCL:
Diclofenac, RUT: Rutin, ATF-6: Activating Transcription
Factor-6, PERK: Protein Kinase R-like Endoplasmic
Reticulum Kinase)

Sekil 5: Deney Gruplarindaki Siganlarin Bobrek Dokusunda
ATF-6 ve PERK'nin mRNA Transkript Diizeyleri. n=7. ***p<
,001, *p<,01, p<,05: Kontrol ve Digerleri; ###p< ,001, ##p<
,01, #p< ,05: VPA ve Digerleri; onemli degil. (DCL:
Diklofenak, RUT: Rutin, ATF-6: Aktive Edici Transkripsiyon
Faktori-6, PERK: Protein Kinaz R-benzeri Endoplazmik
Retikulum Kinaz)

Histopathological Findings

The histopathological findings of kidney tissues subjected
to H&E staining from four different groups are presented in
Figure 6. In the images of the control group rats, the cortex
and medulla appeared to have a normal histological
structure. The cortex displayed a normal appearance
characterized by glomeruli surrounded by convoluted
nephron tubules. Additionally, Malpighian corpuscles with
normal histological morphology were present, and the
structure of the proximal and distal tubules was intact. Only
the group that received RUT maintained the normal
architecture of the kidney tissue. In the DCL group,
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shrunken and atrophic glomeruli in the cortical labyrinth,
an enlarged Bowman’s space compared to the control,
vascular congestion, edema in the interstitium, and
inflammatory cell infiltration were notable. Furthermore,
DCL induced damage in the proximal and distal renal
tubules, leading to the loss of brush borders, epithelial
degeneration, and eosinophilic changes in their lumens. In
rats treated with RUT, however, improvement in tubular
damage was observed compared to the DCL group. In the
DCL+RUT group, only mild occlusion in blood vessels and
occasional shrunken granules were noted.

Figure 6: Histopathological Photomicrography of Kidney
Sections Stained with Hematoxylin and Eosin (200x).
Control (A) and RUT (B) groups show normal histological
structure of glomeruli and renal tubules in the cortex. Inthe
DCL (C) group, there is a reduction and degeneration of
renal glomeruli (*) with the expansion of the Bowman’s
space (curved arrow), inflammatory cell infiltration
(arrowhead), and vascular congestion (arrow). The DCL +
RUT (D) group shows slightly expanded Bowman’s space
(curved arrow) with reduced and degenerated renal
glomeruli (*), and mild vascular congestion (arrow). (DCL:
Diclofenac, RUT: Rutin)

Sekil 6: Hematoksilen ve Eozinle boyanmis bdbrek
kesitlerinin histopatolojik fotomikrografisi (200x) Kontrol
(A) ve RUT (B) verilen gruplarinin bobrek kesitlerinde,
kortekste glomerulus ve renal tibdllerin normal histolojik
yapisini gosterir. DCL (C) uygulanan grupta bowman
boslugunun genislemesiyle (kivrik ok) bulzilmis ve
dejenere olmus renal glomerdlleri (*), inflamatuar hicre
infiltrasyonu (ok basi), vaskiler konjesyon (ok) gosterir, DCL
+ RUT (D) grubunda hafif bowman boslugunun
genislemesiyle (kivrik ok) buzilmis ve dejenere olmus
renal glomerdiller (*), hafif vaskiler konjesyon (ok) gosterir.
(DCL: Diklofenak, RUT: Rutin)
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Discussion

NSAID DCL can cause toxic effects in many tissues,
particularly in the kidneys, at high doses. RUT, on the other
hand, is known as a natural flavonoid with strong
antioxidant,  anti-inflammatory, and anti-apoptotic
properties. In this study, the protective effects of RUT
against nephrotoxicity induced by DCL were investigated.

An increase in ROS production has been identified as a
fundamental cause of various organ dysfunctions in studies
conducted (Caglayan et al., 2019; Keles et al., 2014).
Furthermore, it has been reported that foods with high
antioxidant content in the diet can reduce kidney function
losses (Comez et al., 2024). RUT is known as an antioxidant
that has the ability to reduce ROS accumulation and protect
cells from damage to prevent oxidative injury. Therefore, in
this study, the protective effect of RUT against oxidative
stress induced by DCL was investigated by examining the
activities of SOD, GPx, and CAT in kidney tissue. It has been
reported that organisms prevent cell damage caused by
free radicals through mechanisms involving various
antioxidant enzymes such as SOD, CAT, and GPx,
detoxifying hydrogen peroxide formed in the cells (Akarsu
et al.,, 2023; Comez et al., 2024). In the study, it was
determined that the levels of these three antioxidant
enzymes significantly decreased in the kidney tissues of the
DCL group compared to the control group. This finding is
consistent with the results of a study by Abiola et al., which
showed a decrease in SOD, CAT, and GPx enzyme activities
in the kidneys of rats treated with DCL, leading to
nephrotoxicity by suppressing the antioxidant defense
system (Abiola et al., 2019). On the other hand, a study by
Kandemir et al. reported that RUT provides significant
protection against oxidative stress by increasing the
activities of antioxidant enzymes in the kidneys (Kandemir
et al., 2022). In our study, the activities of SOD, CAT, and
GPx enzymes in the kidney tissues of the DCL+RUT group
significantly increased compared to the DCL group.
Therefore, it can be said that SOD, CAT, and GPx enzyme
activities help prevent oxidative damage caused by DCL in
the kidney tissues of rats exposed to DCL. It was concluded
that the four hydroxyl groups in the RUT structure probably
replenish GSH stores by scavenging free radicals, increase
antioxidant enzymes by up-regulating the expression of
SOD, CAT, GPx, and reduce MDA levels by alleviating
oxidative stress.

Apoptosis, known as programmed cell death, is a pathway
directed by various physiological and pathological stimuli
and is triggered as oxidative stress levels increase (Akaras
et al., 2023; Ayhan et al., 2020; Simsek et al., 2023). ROS,
which play a significant role in apoptosis, are produced in
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the mitochondria (Akaras et al.,, 2023a; Caglayan et al,,
2019). The effect of ROS increases mitochondrial
membrane fluidity and permeability (Akaras et al., 2023b).
In the apoptosis pathway, these structural and biological
changes in the mitochondria are regulated by apoptotic
(Bax) and anti-apoptotic (Bcl-2) proteins. While Bcl-2
stabilizes the mitochondrial membrane, Bax increases its
permeability (Akaras et al., 2023a; Akaras et al., 2023b).
The apoptosis process progresses based on the balance of
these proteins. When this balance is disrupted, cytochrome
C released from the cytoplasm forms an apoptosome
complex with Apaf-1. This complex induces caspase-9,
subsequently activating caspase-3, thereby initiating
apoptosis (Akaras et al., 2023b; Simsek et al., 2023). Studies
have reported that the disruption of the balance in the
Bax/Bcl-2 ratio in kidney tissues leads to increased
mitochondrial membrane permeability, resulting in
cytochrome C release and caspase-3 activation, thereby
reinforcing the notion that this apoptotic effect occurs via
the inhibition of the intrinsic pathway mediated by
mitochondria (Simsek et al., 2023). According to our
findings, the mRNA transcript levels of the apoptotic genes
caspase-3 and Bax increased in the DCL-treated group,
while the mRNA transcript level of the anti-apoptotic Bcl-2
gene decreased. These findings suggest that kidney cells
inhibit apoptosis via the mitochondrial pathway. In toxicity
models created in different organs using various chemicals,
RUT has been reported to inhibit apoptotic proteins like
caspase-3 and induce anti-apoptotic proteins like Bcl-2,
demonstrating an anti-apoptotic effect (Akaras et al.,
2023a; Caglayan et al., 2019). In our study, RUT+DCL group
reversed the mRNA levels of these genes. On the other
hand, the apoptotic pathway was interrupted, probably
due to the alleviating effect of RUT on oxidative stress, ER
stress and inflammation. The interruption of apoptosis can
be understood from the suppression of Bax and Caspase-3
expressions and the upregulation of Bcl-2 expression.

Inflammation is a biological response of the immune
system that can be triggered by various factors such as toxic
compounds, damaged cells, and pathogens (Chen et al.,
2018). The activation of inflammatory pathways is
associated with excessive ROS production (Akaras et al.,
2023a). ROS directly activates NF-kB by inducing the
phosphorylation following the degradation of the
endogenous inhibitor IkB, after which NF-kB is transported
from the cytosol to the nucleus, functioning as a
transcription factor to stimulate the expression of pro-
inflammatory mediators such as TNF-a and inflammatory
cytokines like IL-1pB (Guo et al., 2024; Kandemir et al., 2022).
Previous studies on the reliability of DCL have highlighted
that overproduction of ROS can increase the level of NF-kB
and induce the expression of pro-inflammatory mediators
such as TNF-a resulting (Kankili¢ et al., 2024; Wadie et al.,
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2021). The inhibition of NF-kB is therapeutically important
in preventing inflammatory conditions (Bal Tastan et al.,,
2023). According to the findings of this study, DCL was
found to cause an increase in NF-kB and TNF-a mRNA
transcript levels, triggering inflammation in kidney tissues,
as also confirmed by histological findings. When RUT was
administered alongside DCL, a reduction in all these
inflammation parameters was observed. Similarly, it has
been reported that RUT application prevents inflammation
by reducing NF-kB and TNF-a levels (Caglayan et al., 2019).
Kandemir et al. also demonstrated the anti-inflammatory
effect of RUT in their in vivo studies with rats (Akaras et al.,
2023a; Gur & Kandemir, 2023; Kandemir et al., 2022).
Consequently, it is thought that the pathways induced by
ROS trigger nephrotoxicity when activated by DCL, while
RUT exhibits an anti-inflammatory effect by counteracting
this nephrotoxicity through its antioxidant properties.

The kidneys play a vital role in maintaining the body's
electrolyte and water balance (Kwon et al., 2013). The
ultrafiltrate from the glomerulus (containing substances
such as water, sodium chloride, bicarbonates, glucose and
amino acids) passes into the proximal tubules, where a
significant portion of the kidney's reabsorption function
occurs. The reabsorption of water takes place through
aquaporin-1 (AQP-1) expressed on the apical and
basolateral surfaces of the proximal tubules, and primarily
through AQP-2 expressed in collecting duct cells (Musah et
al., 2024). Therefore, AQP-2 plays an important role in
urine concentration and the body's water balance (Kwon et
al.,, 2013; Musah et al., 2024). Kidney dysfunction and
nephrotoxicity significantly affect AQP levels, and it has
been reported that AQP-2 levels in the kidney tissues of
rats exposed to various toxic agents are significantly
reduced (Kwon et al., 2013; Wang et al., 2024). KIM-1, a
type | transmembrane glycoprotein, is almost absent in
healthy kidney tissue but is highly expressed in damaged
proximal and renal tubular cells (Karagag¢ et al., 2024).
Previously, KIM-1 has been reported to be used as a
biomarker in both tissue and urine to determine kidney
damage caused by various toxic substances (Kim & Moon,
2012). In nephrotoxicity models created in the kidneys
using different chemical agents, KIM-1's mRNA and protein
levels have been reported to show high expression
(Comakh et al., 2022; Karagac et al., 2024). In the current
study, it was determined that DCL-induced nephrotoxicity
causes kidney dysfunction, indicated by an increase in KIM-
1 expression and a decrease in AQP-2 expression.
Experimental evidence suggests that RUT restores AQP-2
and KIM-1 levels, indicating its potential use to alleviate the
damage caused by DCL.

The endoplasmic reticulum (ER) is involved in protein
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biosynthesis, carbohydrate metabolism, drug
detoxification and calcium storage in eukaryotic cells
(Ricciardi & Gnudi, 2020). The accumulation of misfolded
proteins in the ER in response to stimuli such as oxidative
stress, metabolic and ischemic damage Ileads to
endoplasmic reticulum stress (Akaras et al., 2024a; Foufelle
& Fromenty, 2016; Kandemir et al., 2021).

ER stress triggers the unfolded protein response (UPR),
activating PKR-like ER kinase (PERK), transcription factor 6
(ATF6), and inositol-requiring enzyme 1 (IRE1) to maintain
ER homeostasis. When the UPR response is prolonged, cells
enter the apoptosis process, leading to significant tissue
damage (Akaras et al., 2023c; Akaras et al., 2024b;
Kandemir et al., 2021). This response is facilitated by PERK,
which reduces the influx of proteins into the ER, alleviating
its burden, while ATF6 promotes protein folding and
translation, thereby reducing protein accumulation within
the ER (Yuan et al., 2024). A study suggested that, alongside
important mechanisms such as mitochondrial dysfunction
and oxidative stress, endoplasmic reticulum (ER) stress may
play a critical role in drug-induced cellular damage, leading
to harmful effects such as lipid accumulation, cytolysis, cell
death, and inflammation (Foufelle & Fromenty, 2016). In
the current study, it was observed that DCL increased the
MRNA transcript levels of the ATF-6 and PERK genes, which,
consistent with the literature, led to ER stress (Varish et al.,
2023). Considering the connection between ER stress and
oxidative stress, it was hypothesized that RUT could be
effective against ER stress; results indicated that RUT could
indirectly alleviate ER stress by suppressing oxidative
stress. This is supported by the significant reduction in the
MRNA transcript levels of the ATF-6 and PERK genes in
kidney tissue following RUT treatment. This is thought to
be due to the possible reason that DCL-induced ROS causes
the accumulation of misfolded proteins due to the
acceleration of oxidation of cysteine residues during
peroxidation of polyunsaturated fatty acids and formation
of disulfide bonds in the ER, thus causing ER stress.
Nevertheless, RUT may have reversed this mechanism in
the ER by clearing ROS from the kidneys of rats.

The histopathological examination of the kidney plays a
critical role in detecting DCL-induced kidney damage.
Histopathological revealed structural
abnormalities in kidney tissues from rats, including
significantly shrunken and atrophic glomeruli in the cortical
labyrinth, expanded Bowman spaces, vascular congestion,
prominent edema in the interstitium, and inflammatory
cell infiltration. Additionally, degenerative changes such as
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loss of brush borders in proximal and distal renal tubules,
epithelial cell degeneration, and accumulation of
eosinophilic material in tubular lumens were observed. The
histopathological findings of our study indicate that RUT
treatment contributes to the repair of these structural
damages caused by DCL.

Conclusion

Our biochemical and histopathological findings strongly
confirm that DCL induces toxicity in the kidneys through
oxidative stress, inflammation, apoptosis, and endoplasmic
reticulum (ER) stress. Additionally, it has been identified
that this toxicity leads to a significant decrease in
aquaporin-2 (AQP-2) levels. Furthermore, it has been
concluded that the antioxidant, anti-inflammatory, and
anti-apoptotic effects of RUT are effective against DCL-
induced nephrotoxicity, suggesting that RUT holds promise
as a potential therapeutic agent for the treatment of kidney
toxicity. However, further comprehensive studies are
needed to fully understand the underlying molecular
mechanisms of RUT's effects.
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Research Article Arastirma Makalesi

How Is the Monitoring of the Health Status of Laboratory Animals
Conducted in Our Country and Is the Awareness of Researchers on
This Issue Sufficient?*

Ulkemizde Deney Hayvanlarinin Saglik Durumu izlemi Nasil Yiritiltyor ve Bu
Konu Hakkinda Arastirmacilarin Farkindalig Yeterli mi?*

ABSTRACT

The microbiological status of laboratory animals can substantially influence research outcomes.
Although legal regulations mandate the supervision of laboratory animal health, to our knowledge,
no study has been conducted to examine how laboratory animal units carry out health monitoring of
the animals. Similarly, researchers' interests and attitudes regarding this issue is unknown. With our
study, we aimed to fill these gaps. We used two separate questionnaires. The first aimed to gather
information about health screening programs in approved laboratory animal units, while the second
aimed to assess researchers' knowledge and attitudes regarding animal health monitoring programs.
Out of the 120 unitsin our country 42 (35%) contributed to our study. Over 60% of these laboratory
animal units lack microbiological monitoring practices. Out of 8 units housing specific pathogen-free
animals, 7 adhere to the required microbiological monitoring program. While 85% of the units
conducting microbiological monitoring perform fecal examinations, only 53% serologically analyses
the blood. Overall, our researchers' knowledge levels and awareness regarding the microbiological
monitoring of laboratory animals are inadequate. Meanwhile, researchers who held a certificate had
slightly higher awareness compared to those who did not. In summary, it has been observed that the
microbiological monitoring of laboratory animals in our country is inadequate, and researchers don't
request sufficient information from the units on this issue. Training programs, including
undergraduate or postgraduate courses, may prove more effective than certificate programs.
Additionally, it would be beneficial to incorporate provisions in our legislation that outline the
methodology for microbiological monitoring of conventional animals.

Keywords: Laboratory animals, Laboratory animal units, Microbiological monitoring.

0z

Deney hayvanlarinin mikrobiyolojik durumu, arastirma verilerini nemli dizeyde etkileyebilir.
Ulkemizde yasal diizenlemeler deney hayvan saghginin gdzetimini zorunlu tutmakla birlikte
bildigimiz kadari ile glinimUze kadar deney hayvani Unitelerinin hayvanlarin saglk gézlemini nasil
ylrattuklerini inceleyen bir calisma yapilmamistir. Benzer sekilde Glkemizde arastirmacilarin bu
konuya olan ilgi ve tutumlarinidegerlendiren bir calisma da bulunmamaktadir. Calismamiz ile bu
bosluklari doldurmayr amacladik. Calismada iki ayri anket kullandik. ilki onayli deney hayvan
Unitelerinin saglik tarama programlari hakkinda bilgi toplamayl amaglarken, ikincisi
arastirmacilarin yurutilmesi gereken hayvan saglik izlem programlariyla ilgili bilgi dizeyi ve
tutumlarinin degerlendirmesini amaclamaktaydi. Ulkemizde bilimsel amaclarile sik kullanilan
kemirgenleri bulunduran 120 Uniteden 42 (%35)’si calismamiza katki saglamistir. Bu deney
hayvanlari Unitelerinin en az %60’ hicbir sekilde mikrobiyolojik gdzetim yapmamaktadir. Spesifik
patojen ari (Specific Pathogen Free-SPF) hayvan bulunduran 8 tiniteden 7’si mevzuatin 6ngordigi
mikrobiyolojik gbzetim programini uygulamaktadir. Mikrobiyolojik izlem yapan Unitelerin %85’i
gaita incelemesi yaparken ancak %53’0 kandan serolojik analiz yapmaktadir. Genel olarak
arastirmacilarin deney hayvanlarinin mikrobiyolojik gbézetimi konusundaki bilgi dizeyleri ve
farkindaliklarinin yeterli olmadigi sdylenebilir. Diger taraftan sertifika sahibiolan arastirmacilarin
olmayanlaragore farkindaliklan biraz daha yUksekti. Sonug olarak tlkemizde deney hayvanlarinin
mikrobiyolojik izleminin yeterli dizeyde olmadigi ve arastirmacilarin bu konuda Unitelerden
yeterli bilgi talep etmedikleri gortlmistir. Bu konularda gelisme saglanmasi icin sertifika
programlarindan 6te daha genis kapsamli lisans ya da lisans Ustd ders gibi egitimler daha verimli
olabilir. Ayrica mevzuatimiza konvansiyonel hayvanlarin mikrobiyolojik izle minin nasil yapilmasi
gerektigini belirleyecek maddeler eklenmesinin faydasi olacaktir.

Anahtar kelimeler: Deney hayvanlari, Deney hayvanlari Gniteleri, Mikrobiyolojik izlem.
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Introduction

In any scientific research, investigators bear the
responsibility to adhere to ethical principles throughout
the research process and to ensure the validity and
reliability of the data they present. Obtaining reliable and
valid data begins with the rigorous control of all known
variables to the greatest extent possible, excluding the
variable under investigation. The most significant of these
is the standardization of experimental animals that enables
highly reproducible results (Celik et al., 2023). Initiating
scientific studies involving experimental animals with
healthy specimens is a fundamental principle.
Consequently, health monitoring (HM) programs for
laboratory rodents must serve as a foundational step in
preserving animal health and ensuring the validity of
biomedical research data (Burkholder et al., 2012). On the
other hand, the ethical importance of health monitoring in
laboratory animals should not be overlooked. The 3R
principle, which constitutes the foundation of ethical
standards for the use of laboratory animals, emphasizes
the implementation of alternative experimental
methodologies whenever feasible (Replacement), the
minimization of the number of animals used in research
without compromising the scientific value of the study
(Reduction), and the assurance of animal welfare before,
during, and after the experimental procedures
(Refinement) (Celik et al., 2023; Tifek & Ozkan, 2018). The
standardization  achieved through regular health
monitoring of laboratory animals contributes to reducing
data variability in experimental outcomes, thereby
enabling a reduction in the number of animals required for
research (Obrink et al., 2000). Furthermore, ensuring
optimal health is essential for the welfare of laboratory
animals and represents a fundamental aspect of animal
rights (Ergin, 2011).

Publications on pathogens affecting laboratory animals
began in 1947 and have expanded over the years both in
number and scope. The increase in these publications first
led to the establishment of the Animal Care Panel in 1950,
followed by the International Council for Laboratory Animal
Science (ICLAS) in 1956, the American Association for
Laboratory Animal Science (AALAS) in 1967, and the
Federation of European Laboratory Animal Science
Associations (FELASA) in 1978. In 2011 and 2014, through
the collaborations established by FELASA with ICLAS and
AALAS, all aspects related to the use of laboratory animals
in experiments were assessed within a scientific
framework, and efforts were made to develop a common
language. FELASA's most recent revision of its
recommendations on the microbiological health
monitoring of laboratory animals was published in 2014
(Mahler et al., 2014).

Numerous groups of microorganisms are responsible in the
occurrence of infections in rodents and rabbits. Most
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infections do not manifest with overt clinical symptoms.
Therefore, the absence of clinical signs holds only limited
diagnostic value. Numerous examples demonstrate the
influence of microbes on the physiology of experimental
animals, encompassing behavior, growth rate, relative
organ mass, and immunological response. Effects of many
organisms on research outcomes are reviewed elsewhere
(Baker, 1998; Connole et al., 2000; Nicklas et al., 1999).
Infections, regardless of the presence of clinical symptoms,
can confound scientific outcomes, increase biological and
experimental variability, and lead to a greater demand for
animal use. For instance, mouse hepatitis virus, despite
causing no clinical signs in immunocompetent animals, can
alter liver enzyme levels, induce anemia or leukopenia, and
even reduce the incidence of diabetes (Nicklas etal., 1999).
Likewise, Trichosomoides crassicauda, a widely prevalent
urinary tract parasite in rats, often remains undetected due
to the lack of overt clinical symptoms. However, its ability
to induce hematuria can compromise the reliability of
findings, particularly in studies focusing on the urinary
system (Sevgili et al., 2010). Moreover, certain infections in
laboratory animals can also be transmitted to humans
(zoonoses) (Colby & Zitzow, 2018; Giil et al., 2013; Ugak,
2024).

Therefore, regular health monitoring of laboratory animals
is essential and highly valuable. Our study aims to examine
the current status of laboratory animal health monitoring
in our country and to evaluate researchers' approaches
toward this issue.

Methods

Approval for this study was obtained from the Gazi
University Clinical Research Ethics Committee (27.01.2020-
117). Our study was conducted using two separate surveys.
The first survey aimed to assess how units approved by the
Ministry of Agriculture and Forestry in our country conduct
the health monitoring of laboratory animals. The survey,
consisting of 24 questions, was prepared and administered
via Google Forms. In designing the survey questions, the
current legal framework served as the primary reference
point, and detailed questions related to microbiological
monitoring were incorporated (Deneysel ve Diger Bilimsel
Amaglar Igin Kullanilan Hayvanlarin Refah ve Korunmasina
Dair Yonetmelik, 2011). The survey included questions
assessing the conformity of the physical infrastructure of
laboratory animal units with legislative requirements, the
frequency, responsible personnel, and methods of general
health monitoring of animals, whether these monitoring
activities were conducted within the framework of the
strategic plan and surveillance program mandated by the
legislation, and the frequency and methodologies
employed for microbiological monitoring.

As of January 2023, a total of 192 laboratory animal
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facilities had been granted operational permits, with 120 of
them (%62.5) housing rodent species such as mice, rats,
guinea pigs, and rabbits. Rest of the facilities (72 out 0f192)
are housing either aguamarine species or veterinary clinics.
The survey, along with the ethics committee approval for
our study, was sent to all units using the email addresses
provided in the list published by the Ministry of Agriculture
and Forestry. One month later, units that had not yet
responded, called individually. Direct contact was
successfully established with 74 of the units. During the
consultations, the objectives of the study were explained,
and efforts were made to encourage unit managers to
participate in the survey. The survey remained accessible
on Google Forms for an additional three months, after
which the data were retrieved from the system for analysis.

The second survey was designed to assess researchers'
level of awareness regarding the subject. Comprising 15
questions, the survey was developed and administered via
Google Forms. This survey included questions evaluating
the demographic characteristics of the participating
researchers, their research backgrounds, their awareness
of general health monitoring of laboratory animals, their
experiences related to health monitoring of laboratory
animals in the studies they participated in, and their
awareness of the standards of the training they received.
The survey was disseminated through multiple channels, a
total of 99 participants completed the survey.

Statistical Analysis

For the statistical evaluation, the Jamovi software was
utilized. In addition to descriptive analyses, the Mann-
Whitney U test was applied for pairwise group
comparisons, while the Kruskal-Wallis test was used for
multiple group comparisons. Furthermore, Pearson
correlation analysis was conducted to examine
relationships between variables. The difference was
considered statistically significant when p< .05.

Results

Despite extensive efforts, direct contact was successfully
established only with 74 out of 120 (%58) facilities housing
commonly used rodents in research. Among these, a total
of 42 facilities (35%) participated in the study. The majority
of these facilities (71.4%) were affiliated with public
universities. Six responding facilities belonged to private
institutions outside universities, representing all (100%) of
the private units authorized by the Ministry of Agriculture
and Forestry to house laboratory animals. When evaluated
in terms of the care and housing rooms required by the
regulations, the physical conditions of the 42 participating
facilities were generally found to be adequate. However, it
was determined that 13 facilities (31%) lacked a designated
room for housing sick and injured animals, 10 facilities
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(24%) did not have a post-operative care room, 9 facilities
(21%) were missing an operating room, and 8 facilities
(19%) lacked a preparation room for procedures.

It was determined that general health monitoring of the
laboratory animals was conducted at least once per day in
39 of the 42 (92.8%) participating facilities. Among the
remaining units, one facility performed general health
checks every three days, while two facilities conducted
these assessments on a weekly basis. In 40 (95.2%) of the
facilities, these evaluations were carried out either directly
by a veterinarian or under veterinary supervision, whereas
in two facilities, general health monitoring was solely the
responsibility of veterinary technicians.

In alignment with regulatory requirements, 95.1% (39/42)
of the participating facilities reported having a strategy for
regular health monitoring of animals, while 73.2% (30/42)
had a defined strategy for new animal intake procedures.
However, only 48.8% (20/42) of the facilities had a strategy
about health disorder management program in place, and
merely 31.7% (13/42) had a strategy for microbiological
surveillance program.

While 2 of the 13 units (15.3%) with a “microbiological
surveillance program strategic plan” did not have a
“microbiological surveillance program” and did not
perform microbiological surveillance, it was noteworthy
that there were 5 units that had and implemented a
microbiological surveillance program despite not having a
strategic plan, and 1 unit that performed microbiological
surveillance despite not having both a strategic plan and a
surveillance program (Figure 1). The total number of units
conducting microbiological surveillance amounted to 17,
representing only 40.5% of the survey participants.

Having a program(16)

Having a
strategic plan\§
(13)

Figure 1. Microbiological surveillance status of the units.
Sekil 1. Unitelerin mikrobiyolojik gézetim durumu.

When asked about the types of materials used for
microbiological surveillance, it was observed that two units
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that had previously stated they did not conduct
microbiological surveillance identified material types, while
one unit that had indicated performing microbiological
surveillance did not specify any material type. The
distribution of the 17 (40.5%) units that provided material
descriptions is presented in Table 1. A particularly notable
response among those provided to this question was from
a unit that had previously indicated not conducting
microbiological surveillance, stating: “Since we are a
supplier organization, the researchers responsible for the
study and the institutions providing the laboratory animals
conduct the examinations.”

Table 1: Distribution of Material Types Used for
Microbiological Surveillance.

Tablo 1: Mikrobiyolojik gozetim amaci ile kullanilan
materyal tiplerinin dagihmi.

Among the 13 (30.9) units that collected blood samples, 9
(%21.4) conducted screenings using microbiological ELISA

Blood Only 4 units
Feces Only 4 units
Feces + Saliva 1 units
Blood + Feces 3 units
Blood + Feces + Oral Mucosa + Fur Samples 1 units
Blood + Feces + Urine 2 units
Blood + Feces + Urine + Environmental Monitoring | 1 units
Blood + Feces + Sentinel Animal (Blood + Feces + 1 units
Fur Samples + Oral Mucosa)

or PCR, whereas the remaining four performed biochemical
screenings and/or blood counts; therefore, they did not
conduct a microbiological evaluation. 13 (30.9) units
collecting fecal samples analyzed them for internal
parasites.

While three units didn’t respond to “Do you conduct
microbiological monitoring during the admission process
for new animals that you receive?” question, 23 out of 42
unites (55%) answered “no.” Of the units that responded
“yes” (38%; 16/42), 14 of them also conducted
microbiological surveillance on their own animals, while
two units stated that, despite the absence of routine
microbiological monitoring within the facility, such
monitoring was performed specifically for newly admitted
animals. The final questions of our survey directed at
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laboratory animal facilities were: “Does your facility house
Specific Pathogen-Free (SPF) animals?” and, if so, “Are you
able to properly implement the screening program
specified in the regulatory guidelines for SPF animals?”.
Among the surveyed facilities, only 19% (8/42) reported
housing SPF animals, and nearly all of these facilities (7/8)
indicated that they were able to conduct the required
inspections in accordance with regulatory standards.

Additionally, our study assessed researchers' awareness of
the health status of laboratory animals through a second
survey. A total of 99 researchers participated in the survey.
Of the respondents, 70% were female, and interest from
early-career researchers was notably higher (Figure 2).

@® 20-29
@® 30-39

40 - 49
@® 50-59
@ 60-69

Figure 2. Age distribution of participants.
Sekil 2. Katilimcilarin yas dagilimlari.

Among the participants, 86% were employed in medical
faculties or research hospitals. While 68% held a laboratory
animal use certificate, 8% of these individuals had never
participated in any research studies. A total of 70% of all
participants had been involved in studies utilizing
laboratory animals, with 47% of these individuals having
participated in such studies for over six years, while only
5.1% had been involved for a duration of less than six
months. The responses to the question designed to assess
researchers' awareness levels regarding the animals that
could be used in scientific research are presented in Table
2.
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Table 2: Researchers' awareness levels regarding animals that can be used in scientific studies.

Tablo 2: Arastirmacilarin bilimsel ¢alismalarda kullanilabilecek hayvanlarla ilgili farkindalik diizeyi.

Animal Characteristics Usable (Number of People) Not Usable (Number of People)
Stray animals (cats, dogs, etc.) 13 79
Owned domestic animals (cats, dogs, rabbits, etc.) 12 80
Owned farm animals (cows, sheep, chickens, etc.) 17 76
Wild-caught animals (frogs, birds, mice) 24 70
Animals obtained from experimental animal breeders 98 1
Genetically modified animals 78 15
Animals with an infectious condition 16 76
Animals that are carriers of an infectious agent 25 68
Animals infested with endoparasites 20 72
Animals infested with ectoparasites 20 73
Pathogen-free animals 80 16

* The areas highlighted with a gray background in the table indicate the usage status of animals with the specified characteristics

according to our legislation.

The areas marked with a gray background in the table
indicate the use of animals with the specified
characteristics for experimental and other scientific
purposes according to our regulations. Among the 11
characteristics defined in the question, the majority of our
researchers chose the correct option according to our
regulations for 5 of them, while the vast majority leaned
towards the incorrect option for 6 of them. Overall, more
than 70% of our participants believe that no animals,
whether owned or unowned, should be used in scientific
studies except for that breed by animal research units.
Similarly, more than 68% of the participants believed that
laboratory animals carrying pathogens could not be used in
experiments. When the data were classified based on
whether researchers held a laboratory animal use
certificate, no significant difference was observed between
the groups (p> .05). Likewise, prior experience in studies
involving laboratory animals did not result in any significant
differences between groups (p> .05). Analyses conducted
based on age distribution also did not reveal any significant
variations (p> .05). The only statistically significant
difference we were able to identify was related to the use
of owned animals, where women expressed the opinion
that they were "not usable" at a higher rate than men (p<
.05).

In response to the question "How often would you like the
general health status of the animals to be checked at a
minimum?" 64 participants answered "daily" (Figure 3).
Forty-five of these individuals were certificate holders.
Therefore, only 66% of the certified researchers deemed
daily checks necessary, as required by the regulations.
When the data were analyzed based on certification status,
age distribution, gender, experience in laboratory animal
use, and duration of laboratory animal use among
experienced researchers, none of these factors created a
statistically significant difference.

20,6%
@ Daily
@ Once every 3 days A
Weekly
@ Once every 2 week
@ Montly

Figure 3. Researchers' expectations regarding the
frequency of general health monitoring of animals.

Sekil 3. Arastirmacilarin hayvanlarin genel saglik durumu
izleminin sikhig1 hakkinda beklentisi.
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In response to the question “When using laboratory
animals, do you obtain information from the
producer/supplier regarding the health status of the
animals?”, 26 participants answered “no”. Among the
respondents, two individuals answered the follow-up
question, “If your answer to the previous question is YES,
what type of data is provided regarding the health status of
the animals?” They indicated receiving information on Age
and Species/Breed. Additionally, one participant reported
receiving microbiological screening data and genetic
information. All 66 participants who responded “yes” to
the initial question indicated that they were provided with
information on Age, Sex, and Species/Breed. Among these
respondents, 29 researchers reported receiving additional
data on the genetic characteristics of the animals, 18
indicated that microbiological screening data were
provided, and four noted that they obtained information
on general health status assessments. Interestingly, 7
researchers who held a laboratory animal use certificate
and had participated in studies involving animal
experimentation left both questions unanswered.

To the question “Have you incidentally detected any health
problems in the animals you used for experiments?”, 26
researchers answered “yes’’, while 24 answered “no’’, and
49 researchers leftit unanswered. The conditions observed
by those who responded “yes’” are listed in Table 3.

Table 3: Health problems incidentally identified by
researchers in experimental animals.

Tablo 3: Arastirmacilarin deney hayvanlarinda tesadiifen
fark ettikleri saglik problemleri.

Health Problem Number of Reports
Infection 8
Parasite 5
Tumor — Cyst — Organ anomaly 8
Obesity 2
General debility 2
Pulmonary hemorrhage 1
Worse outcome in the control group 1
Sudden unexpected death 1
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Only four participants (4%) answered “yes” to the
questions “Did you feel the need to check whether the
animals you would use carried any pathogens that could
affect the study results?” and “Did you check whether the
animals you would use carried any pathogens that could
affect the study results?”. All of the researchers who
answered “yes” were women, and three of them were over
the age of 50. Considering that 26 researchers had
previously incidentally detected health problems in their
studies, the notably low number of affirmative responses
to these questions is particularly striking. Further analyses
revealed that only three of the researchers who had
incidentally encountered health problems felt the need to
verify the presence of potential pathogens and carried out
such checks. The number of researchers who left these
questions unanswered was 56 and 58, respectively.
Furthermore, some of the statements used by researchers
when answering these questions were noteworthy.

- | did not feel the need to check whether the animals
carried any pathogens that could affect the study results,

e “because | assume that this has already been checked”
e “but | have significant concerns about ectoparasites”

- | checked whether the animals carried any pathogens
that could affect the study results,

e “because | think there is insufficient control”

e “A swab and culture were taken due to conjunctivitis,
treatment was administered, but it was unrelated to the
experimental setup and was not excluded from the study.”

e “] worked with conventional animals, so there was
already a possibility that they could be pathogen carriers.
However, during the study, they did not exhibit any
changes beyond the effects of the study protocol (such as
piloerection, retreating to the corner of the cage, redness
around the eyes, etc.)”

While creating the options for the question "What do you
think the minimum training for researchers should
include?", we used the 10 items from the 10th appendix of
our regulation, "Minimum Training Standards for Those
Using Animals in Procedures." 56% of all our participants,
and 63% (43/68) of our certified participants, marked all
the options. 33% of all our participants and 22% (25/68) of
our certified participants found training on the use of
humane endpoints unnecessary. The data is summarized
in Table 4.
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Table 4: Researchers' view on the minimum training content.

Tablo 4: Arastirmacilarin asgari egitim igerigi ile ilgili gdrusleri.

Not Necessary (Number of People)
Total Certified

Animal behavior, housing, and enrichment 19 GkE*
Animal health management and hygiene 7 3
Anesthesia, analgesic methods, and euthanasia 8 Q***
Alternative methods, reduction, and refinement requirements (3R) 21 9*
Designing Procedures and Projects Based on Appropriate Environment for Animals 23 10*
Use of humane endpoints 33 15%*
Recognition of species-specific pain, distress, and suffering in common laboratory animals 11 3*
Basic knowledge of species-specific biology, anatomy, physiology, reproduction, genetics, 12 7
and genetic modifications
Human-animal relationships, ethical considerations on the use of animals for scientific 10 5
purposes, and ethical principles regarding the value of life
National legislation on the production, transportation, management, care, and use of 17 3
animals for scientific purposes

* <0.05 ** <0.01 *** <0.001
Discussion

Perhaps the most significant finding of our study was the
hesitancy of laboratory animal units and researchers to
participate. Although we had obtained ethical approval and
despite explicitly stating in the “voluntary consent form”
that the identities of the units or participants would not be
disclosed under any circumstances, we frequently
encountered concerns such as “what if something happens
to us forfilling out this survey?” Unfortunately, the primary
reason behind the limited participation—only 42 out of 120
rodent laboratory animal units—was this type of fear.
Among the 74 units contacted directly, 32 units still chose
not to participate. This led us to believe that, had they
taken part, their responses would have further lowered the
overall averages observed in our findings.

In general, the physical conditions of the units are a point
that is strictly controlled according to our regulations, thus
ensuring that the applying unit has sufficient infrastructure
in terms of care and accommodation rooms before a work
permit is granted. It was observed that all the units
participating in our survey, despite some deficiencies, have
sufficient physical conditions for a unit of their size. Our
current regulations have also emphasized multiple times

that the health status of laboratory animals should be
monitored daily by veterinarians, and according to the
results of our study, it appears that this legal requirement
has been largely adhered to. On the other hand,
approximately 70% of our units do not have a strategy and
program for microbiological oversight, which is not
questioned before granting work permits. This situation,
despite being included in our legal regulations, shows that
our units can be deficient in matters that are not
questioned before granting work permits.

In our current legislation regarding laboratory animals, it is
not specified which pathogens should be screened for
laboratory animals other than microbiologically defined
animals (conventional animals). However, many studies
conducted in our country to date have shown that some of
the pathogens recommended for screening in the FELASA
guidelines have been detected in laboratory animals
(Beyhan et al., 2010; Biyikoglu, 1996; Cetinkaya et al., 2017;
icil & Erbas, 2024; Polat et al., 2024). Among these, icil and
Erbas (icil & Erbas, 2024) demonstrated the presence of
Helicobacter species in feces and colon samples through
their screening in experimental animal units in the Aegean
region. They detected H. Typhlonius, which is especially
recommended for screening in FELASA guidelines, in 72%
of the mice.
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Most of the studies conducted in Tirkiye have focused on
the prevalence of parasitic species such as Aspiculuris,
Syphacia, Trichomonas, and Hymenolepsis. In the study
conducted by Beyhan and colleagues (Beyhan et al., 2010)
on laboratory animals, a 100% prevalence of helminth
infections was observed in the feces of mice and an 81%
prevalence in the feces of rats. In these animals, Syphacia
species, Aspicularis tetraptera, Hymenolepis species, and
Trichosomoides  crassicauda  were identified. The
identification of these species in studies conducted on
laboratory animals in our country, as recommended for
screening in the FELASA guidelines, indicates the need for
a standardized screening program in this regard. However,
our study has shown that these types of microbiological
screenings are conducted by at most 40% of licensed units.
This rate is already very low considering that the need is
100%, and when considering the hesitance and the rate of
participation in the survey, it can even be seen as an
optimistic figure. Another striking finding in our study was
that out of the 17 units that claimed to conduct screenings,
13 performed stool examinations, and among them, 4
evaluated only stool samples. This situation can probably
be attributed to the fact that direct fecal examination and
internal parasite evaluation are almost cost-free and
accessible, whereas the high cost of blood and culture
medium-required studies is a significant factor. On the
other hand, the fact that the only unit in our country
conducting screenings using sentinel animals is a state
university indicates that sufficient resources can be found
when necessary for this process.

Of the units participating in the study, 2 do not conduct
regular screenings on their own animals but have stated
that they do so for animals newly joining the unit from
outside. This situation could be a cost-related issue, or it
might stem from the misconception that if the incoming
animals are regularly checked, the source that could carry
pathogens into the unit is already controlled, and the unit
is being protected in this way. As the literature also shows,
pathogen contamination in a rodent colony can originate
not only from other rodents but also from the consumables
used in the unit (bedding, feed, etc.) and from the staff
(Lytvynets et al.,, 2013). The current FELASA
recommendations on the microbiological monitoring of
rodent colonies include periodic serological assessments
using blood samples, internal parasite screening from fecal
samples, external parasite screening from skin and fur
samples, and necropsies on deceased animals. According to
our study, there are only 2 units that meet these
recommendations.

On the other hand, the fact that units housing Specific
Pathogen-Free (SPF) animals—the only group for which
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microbiological monitoring requirements are explicitly
defined in our legislation—are able to conduct this
monitoring effectively demonstrates that microbiological
surveillance can be successfully implemented when legally
mandated and financial resources can be allocated when
deemed necessary. In the second part of our study, atleast
68% of participants indicated that they expect the animals
used in their research to be “SPF” if not “pathogen free”.
However, only 19% of the units participating in our study,
or at most 7% of all officially approved units in the country,
actually house SPF animals. Therefore, it would not be
inaccurate to state that scientific research in our country is
predominantly conducted using conventional animals.

A total of 99 researchers completed the second
questionnaire, 68% of them were under the age of 40
suggests a high level of interest among younger
researchers, which is an encouraging finding. On the other
hand, the fact that 70% of the participants are women
reveals that gender is also a factorin interest in this subject.

When the responses of our participants to the survey were
examined, it was observed that their views on which animal
species could be used in scientific studies were not always
in accordance with our regulations. While our researchers'
view that stray animals should not be used is in line with
our regulations, their view that owned animals cannot be
used is not. The inability to use owned animals in scientific
studies could be a factor that severely restricts clinical
research in veterinary medicine and could negatively affect
their health by preventing access to experimental
treatment options. On the other hand, while 75% of our
researchers believe that animals that are carriers of
infectious agents cannot be used in studies, this situation is
quite common and even considered natural for
conventional animals. Similarly, 20% or fewer of our
researchers consider the use of infected or infected
animals appropriate. This situation is neither realistic nor
necessary. As we mentioned among our findings, two of
our researchers have actually expressed the necessary
scientific approach very correctly. While conjunctivitis does
not constitute a valid reason for excluding an animal from
astudy aslong asit is unrelated to the research subject and
remains treatable, it is a correct approach to be aware that
pathogens may be found in conventional animals.
However, in the latter case, it should not be overlooked
that certain pathogens capable of affecting all animals
within the colony uniformly may introduce confounding
factors into the study outcomes (Nicklas et al., 1999).

While a large majority of our researchers believe that
pathogen-free animals should be used in studies, 66
participants reported obtaining information regarding
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animal health status from suppliers. Considering the total
number of researchers involved in experimental studies,
this figure may initially appear satisfactory; however, upon
detailed examination of the data these participants
requested, it was observed that 64 of these researchers
obtained only information such as age, species, and breed,
while the majority did not inquire about detailed data
recommended by research guidelines such as ARRIVE
(Animal Research: Reporting of In-vivo Experiments)
(Kilkenny et al., 2010a) which could influence the
outcomes of their studies. The ARRIVE guidelines, first
published in 2010, emphasize that information reflecting
the health status of animals used in experiments is an
essential part of experimental studies and underline the
necessity of evaluating their impacts on experimental
outcomes (Kilkenny et al., 2010b; Pritchett-Corning et al.,,
2014). Many journals that accept publications involving
animal research now require information reporting to
comply with the ARRIVE guidelines.

26 researchers reported incidentally detecting a health
issue in experimental animals, aside from routine health
monitoring. Despite encountering such frequent problems,
the absence of microbiological screening may result in the
complete oversight of hard-to-detect conditions that could
influence study outcomes at a subclinical level in terms of
physiological, behavioral, and biochemical parameters. The
most frequently encountered incidental findings were
infections and tumors, cysts, or organ anomalies. An
interesting point is that, among the 26 researchers who
incidentally identified a pathological condition unrelated to
their study, only two had checked whether the animals
used in their research carried pathogens that could
potentially affect the study outcomes.

Our participants' views on the training received by those
who will use animals in procedures during certification
were, unfortunately, not entirely aligned with our
legislation. A reassuring aspect of this issue was the
significant difference observed between certified and non-
certified individuals, indicating that the training was at least
somewhat effective. The most striking impact of
certification training was the change in participants'
approaches to anesthesia, analgesia, and euthanasia
methods. While 26% of non-certified individuals
considered training in these areas unnecessary, 100% of
certified individuals deemed it essential. Another notable
point was that certification training made a significant
difference in the use of humane endpoints. However, it is
quite disappointing that 22% of our certified participants
still considered this unnecessary.
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Conclusion

In conclusion, at least 60% of experimental animal units in
our country do not conduct any form of microbiological
surveillance. This issue not only significantly impacts the
reliability of research data but also increases variability in
collected data, potentially leading to excessive use of
animals in experiments. Although the current regulations
mandate health monitoring and emphasize that units
should have strategic plans and programs in this regard, the
fact that only 17% of all facilities housing laboratory
rodents perform microbiological surveillance suggests that
the obligation to develop strategic plans does not serve as
an effective directive. On the other hand, the ability to
monitor SPF (Specific Pathogen-Free) animals indicates
that developing national guidelines for microbiological
surveillance of conventional animals could be an efficient
approach.

Perhaps the most crucial point for researchers is the
necessity of always keeping in mind that ensuring the
reliability of data and strict adherence to ethical principles
in our studies is our responsibility. We cannot absolve
ourselves of this responsibility with a statement like
“because | assume that this has already been checked “.
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Research Article Arastirma Makalesi

Memory and Learning in WAG/Rij and Sprague Dawley Rats:
Investigating the Effect of “Racial Experience,” Especially on
Predisposition to Epilepsy

WAG/RIij ve Sprague Dawley Sicanlarinda Hafiza ve Ogrenme: “Irksal
Deneyimin” Ozellikle Epilepsi Yatkinhiginin Uzerindeki Etkisinin Arastirilmasi

ABSTRACT

This research sought to investigate how genetic variations influence learning, short-term memory,
and long-term memory in rats. In particular, it compared WAG/Rjj (WR) rats, which are naturally
prone to epilepsy, with Sprague-Dawley (SD) rats. A total of 24 male rats, consistingof 12 SDand 12
WRrats,were evaluated usingan eight-arm radial maze to examine spatial memory and the retention
of learning over time. No significant differences were observed in working memory error (WME) at
48,72,96,120,and 144 hours (p>.05), and similar results were found for reference memory error
(RME). However, WR rats made significantly more RME than SD rats at 48 hours (p=.0111, 95% Cl: -
1.606t0-0.2178).SDrats also completed the maze significantly faster at 96 hours (p=.0094) and 120
hours (p=.0383) than WR rats. Additionally, on the 4th day of the acquisition trial, WR rats made
significantly more total error than SD rats (p=.0045). This research offers fresh perspectives on the
variations in learning and memory across different rat strains within various behavioral models.
Although SD rats gave better results in short-term memory and faster results in the process of
completing the task compared to WR rats, further research is recommended in different behavioral
patterns.

Keywords: Racial experience, Reference memory, Spatial learning, Working memory.

0z

Bu arastirmada genetik varyasyonlarin sicanlarda 6grenmeyi, kisa streli hafizayi ve uzun sureli
hafizayi nasil etkilediginin arastirimasi amaclandi. Ozellikle, dogal olarak epilepsiye yatkin olan
WAG/Rij (WR) sicanlarini Sprague-Dawley (SD) sicanlariyla karsilastirmistir. 12 SD ve 12 WR
sicanindanolusantoplam 24 erkeksican, uzaysalhafizayi ve zamanicinde 6grenmenin tutulmasini
incelemek icin sekiz kollu bir radyal labirentkullanilarak degerlendirilmistir. 48,72,96, 120 ve 144.
saatlerde calisma bellegi hatalarinda (WME) anlamli bir fark gozlenmemistir (p>,05) ve referans
bellek hatalari (RME) icin benzer sonuglar bulunmustur. Bununla birlikte, WR sicanlari 48. saatte
SD sicanlarina gére anlamli derecede daha fazla RME yapmistir (p=,0111, %95 GA: -1,606 ila -
0,2178). SD sicanlari ayrica labirenti 96 saatte (p= ,0094) ve 120 saatte (p= ,0383) WR
sicanlarindandnemlidlcide daha hizlitamamladi. Ek olarak, edinimdenemesinin4. gliniinde, WR
sicanlari SD sigcanlarindan 6nemli 6l¢tide daha fazla toplam hata yapti (p=.0045). Bu arastirma,
cesitli davranis modelleri icindeki farkli sican tirleri arasinda 6grenme ve bellekteki farkliliklar
hakkindayenibakisagilarisunmaktadir. SD sicanlari kisa streli bellekte daha iyi sonuglar ve gorevi
tamamlama sirecinde WR sicanlarina kiyasla daha hizli sonuglar vermis olsada, farkl davranis
kaliplarinda daha fazla arastirma yapilmasi dnerilmektedir.

Anahtar kelimeler: Calisma bellegi, Irksal deneyim, Mekansal 6grenme, Referans bellegi.
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Introduction

Rats are the most commonly used animal group in
scientific research, particularly in biotechnology and
health-related studies. Rats, which vary in size and tail
length, are widely used in various fields, including basic
medicine, pharmacology, food science, and behavioral
research (Gou et al. 2024). Many of the inbred rat strains
used today can be traced back to the Wistar Albino
lineage. Among these, the Sprague Dawley (SD) rat is the
most frequently employed species in pharmaceutical
research, particularly inthe United States and Japan (Caine
et al. 2023). In comparison to laboratory mice, fewer rat
species are commonly used in biomedical studies. Another
widely utilized strain is the well-established Wistar Albino
rat. Additionally, the Wistar Albino Glaxo from Rijswijk
(WAG/RIj) rat, originally developed as an epilepsy model,
has since been employed in the study of various related
conditions. This inbred strain, known as WAG/Rij (WR), is
specifically associated with genetic absence epilepsy, a
non-convulsive form of the disorder (Sitnikova, 2024).
Various breeds of laboratory animals are commonly used
in behavioral studies; however, it is essential to consider
that inherent traits may vary due to genetic differences
between strains (Bardos et al., 2024).

Behavior is closely linked to brain function, and variations
in cognitive abilities among different strains can affect
experimental  outcomes, potentially leading to
inconsistencies across research groups (Sarmiento et al.
2024). Therefore, it is essential to conduct behavioral
phenotyping on laboratory animals from various strains to
ensure that results are reliable and comparable (Kovarova
et al. 2025). In studies of learning and behavior, related
and wild-type strains of albino rats are commonly
produced and utilized in neurobiological and physiological
research, particularly concerning the nervous system and
learning processes. This research often translates to
understanding mechanisms underlying human behavior,
especially memory and learning. Given that rats and mice
are similar in their natural behavior and typically inhabit
underground burrows resembling complex mazes, they
are particularly favored in studies focused on spatial
learning and memory. Researchers often assess these
learning behaviors using various maze types, such as the
radial arm maze, which can be adapted through different
behavioral tasks and arm configurations (Peleh et al. 2019;
Wijnen et al. 2024).

Spatial working memory refers to the temporary retention
of a limited amount of spatial information, allowing for
immediate access and use in various cognitive processes.
Spatial reference memory refers to spatial information
that is consistently utilized and typically acquired through
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repeated training. Over time, this information becomes
consolidated, making it more resistant to interference
(McQuail et al. 2021). The interplay of environmental
influences, genetic factors and biochemical variations in
neural connections contributes to the observed
differences in learning and memory capabilities among
individuals and across species in both humans and animals
(Gokegek-Sarac et al. 2012; Lee & Jung 2014).

Behavioral differences have been widely studied in
experimental animals. Research indicates notable
variations in cognitive task performance among different
breeds. For instance, Jaramillo and Zador reported that
comparing Long Evans (LE) rats and C57BI/6J mice on the
flexible sound-categorization task, the rat species learned
the task faster than mice (Jaramillo & Zador, 2014). In
another study, Blankenship et al. compared morris water
task performance in rats and prairie voles. Rats
demonstrated superior performance compared to prairie
voles in critical aspects of the task, such as the time taken
to locate the platform, the efficiency of their swim paths,
and the level of directional accuracy. These differences
could stem from variations in spatial cognition, stress
response, physiology, or motivation among the species
(Blankenship et al. 2019). The radial arm maze (RMA) has
been widely utilized to investigate spatial cognition,
memory, and learning in rodents (Kohler et al. 2022).
Research comparing potential breed-related differences in
rats, especially using the radial arm maze (RAM), is
relatively limited. The RAM is beneficial for simultaneously
evaluating working or reference memory. For example,
GOkgek-Sarag et al. conducted a study that examined the
performance of various rat breeds in the RAM. Their
findings indicated that Wistar/Sprague-Dawley (W/SD)
rats made fewer reference memory error and acquired
tasks more quickly than both outbred LE and Wistar rats.
Moreover, Wistar rats exhibited fewer mistakes in working
memory tasks than other strains (Gokgek-Sara¢ et al.
2015). The WR rats are an inbred genetic epilepsy model
for animal studies showing absence-like epilepsy. The
established impact of epilepsy on learning and memory
(De Deurwaerdére et al. 2022; Casillas-Espinosa et al.
2024), along with the limited cognitive assessments of
animal models for absence epilepsy, inspired our study.
We assessed the learning and memory capabilities of WR
rats against age-matched Sprague-Dawley control rats
using a thoroughly validated RAM. To date, no studies
have directly compared spatial and working memory
between WR rats and SD rats.

This study aimed to examine variations in working and
reference spatial memory at both the individual and breed
levels between two widely used laboratory rat strains such
as WR and SD rats, by utilizing various performance
metrics in the RAM.
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Methods

This study involved a total of 24 male rats divided 12 male
SD and 12 male WR rats, each 15 months old and weighing
between 350-400 grams, with a maximum age difference
of 10 days between individuals. All procedures adhered to
the guidelines established by the U.S. National Institutes
of Health as outlined in the Guide for the Care and Use of
Laboratory Animals (OECD 423). Two male rats were
housed in standard cages using sawdust under a 12-h
light/dark cycle. Water and ad libitum were provided.
Their diet consisted of pellet food formulated to meet
their physiological needs. Prior to the initiation of the
experimental procedures, an official application was
submitted to the Uskiidar University Animal Experiments
Ethics Committee, and approval was obtained (Approval
Date: 21.12.2023, Approval Number: 2023-09).

Eight-Arm Radial Maze

This approach is commonly employed in behavioral
studies to assess spatial memory. It features eight
horizontal arms, each measuring 57x11 cm, that extend
evenly from a central platform elevated 80 cm off the
ground. Each arm is equipped with an automatic door that
stands 20 cm tall at its entrance. The entire structure,
including the platform and doors, is constructed from
opaque gray Plexiglas. The maze features eight distinct
visual cues, with four near the central platform and four
on the walls of the arms. These cues vary in shape (square,
rectangle, circle, and triangle) and color (yellow, green,
purple, and red). The setup is illuminated from above,
ensuring visibility. At the end of each arm, food rewards
consisting of beet sugar-coated cornflakes are placed. The
test comprises three main stages: (1) a three-day
habituation phase, where subjects undergo a 15-minute
exploration period to become familiar with the maze, (2)
an acquisition phase lasting eight days, during which two
consecutive five-minute trials are conducted daily, and (3)
an experimental phase that includes a single five-minute
trial performed at intervals of 48, 72, 96, 120, and 144
hours following the last session. During all phases except
for the initial exploration, food rewards are placed in only
four of the arms. At the beginning of each trial, the rats are
briefly restrained for 30 seconds before being placed on
the central platform, where they can move freely until all
the food is retrieved. The trial lasts for five minutes. A rat's
visit to an arm is recorded when all four paws enter it. If
the rat goes into an arm that was previously inaccessible,
it is classified as a reference memory error (RME).
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Conversely, if the rat re-enters an arm that it has already
visited, this is considered a working memory error (WME).
Performance is assessed by measuring the time taken to
locate the four accessible arms and by tallying the total
occurrences of working, reference, and overall memory
error during the trials (Kohler et al. 2014).

Statistical Analysis

Data analysis was conducted using GraphPad Prism 10.0
(GraphPad Software, San Diego, CA). Normality of the
distribution was conducted by descriptive analysis. To
examine time-dependent differences between groups,
mixed-effects ANOVA was used followed by LSD post hoc
test. Statistical significance was defined as p< .05. The
results are presented as mean £ SEM.

Results
Performance Data Across Groups

The study examined performance indicators including
total error and total completion time. Additionally, WME
and RME were evaluated between WR and SD rat strains
and the different time frames were compared. All results
given in Table 1.

. ViR
. SD

34205

Reference memory errors / count

48 72 96 120 144
Hours

Figure 1. The results of eight arm radial maze which
illustrate the reference memory error. Data are presented
as mean = S.E.M., and a mixed-effects ANOVA was
conducted, followed by post hoc LSD tests. SD: with
Sprague-Dawley (SD) rats, WR: WAG/RJj rats.

Sekil 1. Referans bellek hatalarini gosteren sekiz kollu
radyal labirentin sonuglari. Veriler ortalama % S.E.M.
olarak sunulmustur ve karisik-desen ANOVA kullaniimis,
ardindan post hoc LSD testleri yapilmistir.
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Table 1. Comparison of reference memory error, working memory error, session duration and total errors/count results on
different acquisition trial days measured between SD and WR breeds in the eight-arm radial maze. A mixed-effects ANOVA
*p< .05. SD: with Sprague-Dawley (SD) rats, WR: WAG/RIj rats.

Tablo 1. Sekiz kollu radyal labirentte SD ile WR irklari arasinda 6lglilen farkl edinim deneme glinlerindeki referans bellek
hatasi, calisma bellegi hatasi, oturum siresi ve toplam hata/sayim sonuglarinin karsilastirilmasi. Karnsik-desen ANOVA. *p<
,05.

Reference memory Predicted (LS) 95% Cl of difference p value
errors/count mean difference
48 h -0.7879 -1.968 t0 0.3927 .1862
72 h -0.1212 -1.302 to 1.059 .8375
96 h -0.9773 -2.158 t0 0.2033 .1026
120 h -1.167 -2.347 t0 0.01392 .0527
144 h 0.01515 -1.165 to0 1.196 .9795
Working memory
errors/Count
48 h -0.9118 -1.606 t0 -0.2178 .0111*
72 h -0.06219 -0.7562 t0 0.6318 .8579
96 h 0.2031 -0.4909 t0 0.8971 .5593
120 h -0.2944 -0.9884 to0 0.3996 .3982
144 h 0.3924 -0.3016 to 1.086 .2615
Session duration
48 h -5.485 -40.18 to0 29.21 7522
72 h -12.52 -47.22 t022.17 4719
96 h -46.65 -81.35t0-11.96 .0094*
120 h -36.77 -71.46 to -2.069 .0383*
144 h -26.17 -60.86 t0 8.529 1361
Total errors/count
1 Day -0.9167 -2.790 to 0.9565 3329
2 Day -1.25 -3.123t0 0.6231 .1878
3 Day -0.6667 -2.540 to 1.206 4806
4 Day -2.75 -4.623 t0-0.8769 .0045%*
5 Day -0.5833 -2.456 t0 1.290 .537
6 Day 0.25 -1.623t02.123 7911
7 Day -0.3333 -2.206 to 1.540 724

A mixed-effects ANOVA *p<.05. SD: with Sprague-Dawley (SD) rats, WR: WAG/Rij rats.

2.00 —=_ Figure 2. The results of eight arm radial maze which

working memory error. Data are presented as mean *
S.E.M., and a mixed-effects ANOVA was conducted,
followed by post hoc LSD tests. *p< .05. SD: with Sprague-
Dawley (SD) rats, WR: WAG/RIj rats.
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Sekil 2. Calisma bellegi hatalar olan sekiz kollu radyal
labirentin sonuglari. Veriler ortalama * S.E.M. olarak
sunulmustur ve karisik-desen ANOVA kullanilmis, ardindan
post hoc LSD testleri yapilmistir. *p< ,05.

Working memory arrers / count
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Results of mixed-effects ANOVA showed the RME during
the learning stage, with training day as a within-subjects
factor and experimental group. There was no significant
main effects for training hours [F(4, 44) = 1.033, p=.4010],
group differences [F(1, 11) = 3.840, p= .0759], or the
interaction between group and training hours [F(4, 39) =
0.8872, p=.4806] (Figure 1). These findings suggest that
RME rates remained consistent throughout the training
hours and did not differ significantly between the groups.

Results of mixed-effects ANOVA showed the WME during
the learning phase, maintaining training day as a within-
subjects factor and experimental group. There was no
significant main effects for training hours [F(4, 44) =
0.5565, p=.6953], group differences [F(1, 11) = 0.7564, p=
.4030], or the interaction between training hours and
group [F(4, 39) = 2.151, p=.0927] (Figure 2). This indicates
that WME rates did not exhibit significant differences
during the training intervals of 72, 96, 120, and 144 hours,
and no notable disparities were found between the
groups. However, at the 48-hour mark, the WR group had
significantly higher WME rates compared to the SD group
(p=.0111, t=2.639, 95% Cl: -1.606 to -0.2178).

A mixed-effects ANOVA was performed to examine the
total time taken (-on duration) during the training day,
using training day as a within-subjects factor and
experimental group as a between-subjects factor. The
analysis did not reveal any significant main effects for
hours [F(4, 44) = 2.389, p= .0653], session duration [F(1,
11) = 3.159, p=.1032], or the interaction between session
duration and hours [F(4, 39) = 2.480, p=.0597] (Figure 3).
These results suggest that the total time taken remained
stable across training hours, with no significant differences
between groups at 48, 72, and 144 hours. However, the SD
group completed the 8-arm radial arm maze in a shorter
duration compared to the WR group at 96 hours (p=.0094,
t =2.701, 95% Cl: -81.35 to -11.96) and at 120 hours (p=
.0383,t =2.128, 95% Cl: -71.46 to -2.069).

Additionally, another mixed-effects ANOVA indicated that
the total error made during the completion of the 8-arm
radial arm maze varied at different time points following
the acquisition trial (Figure 4). A significant main effect
was identified for acquisition days [F(7, 77) = 12.24, p<
.0001] and for total error/count [F(1, 11) = 6.917, p=
.0234]. However, no significant main effect was found for
the interaction between acquisition trial and total
error/count [F(7, 77) = 0.9147, p= .4999] (Figure 2).
Importantly, the WR group made a significantly more total
error than the SD group during the fourth acquisition trial
day (p=.0045, t = 2.923, 95% Cl: -4.623 to -0.8769).

* *

200
180210 175412

160£10 160=10
155+10

Session duration (sn)

48 72 96 120 144
Hours

Figure 3. The total time for the session duration to
complete the 8-arm radial arm maze. Data are presented
as mean = S.E.M., and a mixed-effects ANOVA was
conducted, followed by post hoc LSD tests. *p< .05. SD:
with Sprague-Dawley (SD) rats, WR: WAG/Rij rats.

Sekil 3. 8 kollu radyal kol labirentini toplam tamamlama
suresi. Veriler ortalama + S.E.M. olarak sunulmustur ve
karisik-desen ANOVA kullanilmistir, ardindan post hoc LSD
testleri yapilmistir. *p<,05.

= WR
L]

60:05

40204 40204
37504

Total errors / count

4 32:03

1 2 3 4 5 6 7 8
Acquisition trial

Figure 4. Total error count to complete the 8-arm radial
arm maze was detected at different time points after the
conclusion of the acquisition trial. Data are presented as
mean + S.E.M., and a mixed-effects ANOVA was
conducted, followed by post hoc LSD tests. ##p< .005. SD:
with Sprague-Dawley (SD) rats, WR: WAG/Rij rats.

Sekil 4. Toplam hata sayisi. Edinim denemesinin
tamamlanmasindan sonra farkli zaman noktalarinda 8
kollu radyal kol labirentini tamamlamak igin tespit edildi.
Veriler ortalama + S.E.M. olarak sunuldu ve karisik-desen
ANOVA kullanilmistir, ardindan post hoc LSD testleri
yapildi. # #p<,005.
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Discussion

In this study, we examined WR rats, a widely recognized
epileptic strain commonly utilized in behavioral research
on learning and memory, alongside SD rats. Our results
revealed notable strain-specific  differences in
performance on the RAM task. To assess working and
reference  memory separately, we compared the
frequency of WME and RME between the groups.
Furthermore, a mixed-effects ANOVA (group x error x
hours) was conducted to analyze temporal variations in
these error types concerning overall task completion and
total error.

To our knowledge, we present the first study in the
literature to report the results of learning and memory
studies on rats of different breeds, especially those
covering the old age period, comparing the inbred WR rat
strain, known for its epilepsy tendency, with the SD rat
strain. Another important point of the study was that the
results were representative of the 15-month-old,
translationally  elderly, and provided important
information for future studies on learning and memory in
the elderly. This study investigated short and long-term
spatial memory retention in rats using an eight-arm radial
maze. When assessing spatial memory in SD and WR rats,
no significant differences were observed in WME at 48, 72,
96, 120, and 144 hours and similar results were found for
RME. However, at the 48-h, WR rats exhibited significantly
more RME than SD rats. Additionally, SD rats completed
the eight-arm radial maze significantly faster at 96 hours
and 120 hours compared to WR rats. On the fourth day of
the acquisition trial, WR rats had a significantly higher total
error count than SD. These findings contribute to the
understanding of learning and memory variations across
different rat strains in various behavioral models. While SD
rats demonstrated better short-term memory and
completed tasks more quickly than WR rats, further
research is necessary to explore these differences in other
behavioral contexts. SD rats performed better than the
WR type in the three criterion difference time periods
(sessions, choices, and total error for criteria). WR rats had
higher WME scores than SD rats, especially in the 48 hours.
There were no significant differences between RME in the
comparison, perhaps indicating that epilepsy susceptibility
does not contribute much to the final behavioral outcome
on working memory. Arm entry error can be divided into
reference memory arms or working memory arms. When
recategorized errors were examined, no significant
difference was found in the reference memory arms. At
this point, WR rats were consistently making more error
than SD in the working error arms compared to WR rats at
48 hours. Interestingly, SD rats were making more error at
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96 and 144 hours, but this difference was not significant.
This pattern was also seen in the working memory arms,
but did not produce significant differences across races.
Thus, these results support the literature suggesting that
WR has only a short-term selective deficit in working
memory. These results bolster the idea that there is a
notable difference between working memory and long-
term memory, as suggested by current research examining
spatially targeted genetic modifications in the forebrain
and hippocampus. By evaluating the performance of
different animals in spatial learning tasks, these studies
allow for the independent measurement of working and
RME (8,18,19). Variations in behavior among individuals
and strains may arise from different factors. While
environmental influences, such as upbringing and care
conditions, can affect animal behavior, differences
observed among well-established laboratory strains that
adhere to standard animal care practices are more likely
to have a genetic basis (Junttila et al. 2022). This is evident
in WR rats, which showed distinctions in total time and
total error while completing the arm maze task. Limited
research has explored breed-specific differences in rats,
especially utilizing the RAM, a tool that allows for the
concurrent assessment of both working and reference
memory. For example, Gokcek-Sarac¢ et al. analyzed RAM
performance across different rat breeds. Their findings
indicated that Wistar/Sprague-Dawley (W/SD) rats made
fewer RME and acquired tasks more quickly than both
outbred LE and Wistar rats (Gokgek-Sara¢ et al. 2015).
Furthermore, wistar rats showed a reduced incidence of
WME when compared to other rat strains. Harker and
Whishaw found that LE rats excelled over Fisher-Norway
rats in spatial learning tasks conducted in a water maze.
They also reported that Fisher-Norway rats had better
visual acuity than LE rats (Harker & Whishaw, 2002). These
results are consistent with other findings indicating that
rat performance on well-established functional and
mental memory tasks can be strongly influenced by
environmental changes present in the experimental room
(Ramos, 2000). In addition, in another study comparing
the Wistar breed, which is frequently used in learning and
memory studies, it was reported that Hooded Lister rats
had significantly fewer WME and RME than Wistar rats,
according to the results of the RAM experiment
(Manahan-Vaughan & Schwegler, 2011). To our
knowledge, in the preclinical literature, most of the
existing studies focus specifically on pharmacological
efficacy in racial differences (Bryda, 2013; Gao et al. 2021,
Nollen et al. 2021; Russomanno et al. 2023), and relatively
few studies have addressed differences in brain and
behavior-focused cognitive functions but different
memory methods at adult age of rats (Ellenbroek & Youn,
2016). In general evaluation, these previous studies
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compared different behavioral platforms related to
spatial, working, visual, location, reference memory in
different rat strains covering the adult period (Vorhees
and Williams, 2024). An important aspect that warrants
further discussion is the neurophysiological basis through
which the epileptic predisposition of WR rats might
influence cognitive and behavioral performance. WAG/Rij
rats are widely recognized as a validated model of absence
epilepsy, primarily characterized by spike-and-wave
discharges (SWDs) originating in the somatosensory cortex
and thalamocortical circuits (Sitnikova, 2024). These
spontaneous SWDs, even in the absence of overt motor
seizures, have been shown to disrupt cortical information
processing and interfere with attentional control and
working memory (De Deurwaerdere et al., 2022). Studies
using EEG recordings in WR rats have demonstrated that
SWDs can transiently suppress neuronal firing in
prefrontal and hippocampal regions, which are critical for
spatial memory and executive function. This transient
disruption may lead to increased cognitive errors during
maze navigation tasks that require continuous updating of
spatial information and flexible decision-making.
Therefore, the higher working and total errors observed in
WR rats, particularly during early retention intervals, may
be attributed to impaired synchronization of
hippocampal-prefrontal networks due to interictal
epileptic activity. Furthermore, chronic epileptiform
discharges have been associated with synaptic plasticity
impairments and altered expression of NMDA receptor
subunits in the hippocampus of WR rats, further
compromising memory consolidation processes (Gokgek-
Sara¢ et al, 2012). Taken together, these
neurophysiological abnormalities likely contribute to the
subtle but significant deficits in spatial learning and
working memory observed in WR rats compared to their
non-epileptic SD counterparts. The results indicate the
need for further research on racial differences and at
different stages of life, especially in maze experiments.

Conclusion

Overall, this study highlights spatial and functional
learning differences between SD and WR rat strains, which
are genetically related and associated with epilepsy
susceptibility, and are widely used in studies of racial
experience effects in learning and behavior. This study
offers fresh insights into the variations in learning and
memory among different rat strains across various
behavioral models. While SD rats demonstrated superior
short-term memory and completed tasks more quickly
than WR rats, additional research is suggested to explore
these differences in other behavioral patterns.
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Therapeutic Potential of Cepharanthine in Ovarian Ischemia-
Reperfusion Injury: Insights from a Rat Ovarian Torsion-
Detorsion Model

Over iskemi-Reperfiizyon Hasarinda Sefarantin’in Terapotik
Potansiyeli: Rat Over Torsiyon-Detorsiyon Modelinden Elde Edilen
Bulgular

ABSTRACT

This study evaluated the protective effect of Cepharanthine (CEP) against ovarian ischemia-
reperfusion (I/R) injury induced by torsion-detorsion in rats, and its effects on histopathological
damage and markers of oxidative stress and inflammation. Twenty-four female Sprague-Dawley rats
were randomizedinto three experimental groups: sham, T/D, and CEP 10 mg/kg. The study examined
ovarian tissue samples to measure oxidative stress biomarkers, such as malondialdehyde (MDA),
myeloperoxidase (MPO), and superoxide dismutase (SOD), as well as proinflammatory mediators,
specifically tumor necrosis factor-alpha (TNF-a) and interleukin-1 beta (IL-1B). The T/D group
exhibited significant oxidative stress, characterized by elevated MDA and MPO levels and low SOD
activity, along with heightened inflammatory responses, as indicated by elevated TNF-oc and IL-1B
levels (p< .05 vs. Sham). CEP administration mitigated these deleterious effects, significantly reducing
oxidative stress and inflammatory cytokine levels while restoring SOD activity (p< .05 vs. T/D). CEP
effectively attenuated oxidative stress and inflammation in ovarian I/R injury. The preclinical findings
support the potential therapeutic effect of CEP, but further studies are needed for clinical
applications.

Keywords: Cepharanthine, Inflammation, Ischemia reperfusion, Oxidative stress, Ovarian torsion
detorsion.

0z

Bu calisma, Sefarantin’in (CEP)’in, sicanlarda torsiyon—detorsiyon ile olusturulan over iskemi—
reperfiizyon (i/R) hasarina karsi koruyucu etkisini ve histopatolojik hasar ile oksidatif stres ve
inflamasyon gostergeleri Gzerindeki etkisini degerlendirmistir. Yirmi dort disi Sprague-Dawley
sigani rastgele t¢ deney grubuna ayrilmistir: sham, T/D ve CEP 10 mg/kg. Calisma, over doku
orneklerinde malondialdehit (MDA), miyeloperoksidaz (MPO) ve siiperoksit dismutaz (SOD) gibi
oksidatif stres biyobelirtegleriile timor nekroz faktor-alfa (TNF-a) ve interlokin-1 beta (IL-1B) gibi
proinflamatuar mediyatorleri 6lgmustir. T/D grubu, yiksek MDA ve MPO seviyeleriile distk SOD
aktivitesiile karakterize 6nemli oksidatifstres ve ylksek TNF-ave IL-1B seviyelerinin gosterdigi
artmis inflamatuaryanitlarsergiledi. CEP uygulamasi bu zararl etkileriazaltti, oksidatif stresi ve
inflamatuar sitokinseviyelerinidnemlidlclide azaltirken SOD aktivitesinirestore etti. CEP, over i/R
hasarinda oksidatif stres ve inflamasyonu etkili bir sekilde azaltmistir. Elde edilen preklinik

bulgular, CEP’nin potansiyel terapotik etkisini desteklemektedir, ancak klinik uygulamalar icin ileri
calismalara ihtiyac vardir.

Anahtar kelimeler: inflamasyon, iskemi reperfiizyon, Oksidatif stres, Over torsiyon detorsiyon,
Sefarantin.
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Introduction

Adnexal torsion (AT) is a critical gynecological emergency
that poses significant risks to reproductive health and
fertility (Stickland & Phillips, 2021). It occurs when the
ovary and sometimes the fallopian tube twists around a
central axis formed by the infundibulopelvic and tubo-
ovarian ligaments. This torsional event results in at least
one complete rotation, leading to compromised blood
flow to the affected structures (Thiyagalingam et al,
2024). Given that acute pelvic pain is one of the most
common reasons for emergency gynecological
consultations, AT remains a condition of considerable
clinical importance (Franco et al., 2023). Timely diagnosis
of AT is crucial for preventing severe complications, such
as loss of ovarian function or adnexal necrosis, which can
significantly impact fertility, even in young women (Kumari
et al., 2024). In this context, the surgical detorsion itself
can precipitate a distinct pathological process—ischemia—
reperfusion (I/R) injury—which may further amplify
ovarian damage.

The pathophysiology of AT is primarily driven by an
ischemic process that can rapidly progress to severe
vascular complications if not promptly managed (Baron &
Mathai, 2025). Torsion disrupts normal ovarian perfusion,
causing venous and lymphatic congestion, leading to
ovarian swelling and pelvic fluid accumulation (Dixon et
al., 2025). If arterial circulation is also compromised,
hemorrhagic necrosis ensues, further complicating the
clinical scenario (Amirbekian & Hooley, 2014). Given the
rapid progression of these pathological changes, delays in
diagnosis and intervention can substantially worsen
patient outcomes.

Surgical management remains the mainstay of treatment
for AT, aiming to untwist the affected adnexa and restore
perfusion. However, even when timely intervention is
performed, I/R injury continues to pose a significant
clinical challenge (Armin Akis et al., 2024). I/R injury arises
following the restoration of blood flow after a temporary
interruption in oxygen supply (ischemia), triggering a
cascade of inflammatory responses and oxidative stress,
which can exacerbate tissue damage and impair ovarian
function (Tanyeli et al., 2022).

Current investigations have concentrated on exploring
promising treatment options to mitigate I/R-induced
damage (Erbas et al., 2024; Yigit et al., 2024). Notably CEP
has garnered attention as a potential therapeutic agent
owing to its diverse range of reported pharmacological
effects. These include antibacterial, antioxidant,
anticancer, and anti-inflammatory activities (Liang et al.,
2022; Liu et al., 2023).
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Oxidative stress is characterized by the accumulation of
ROS beyond cellular tolerance. It leads to molecular and
tissue damage, contributing to the I/R injury
pathophysiology (Ekinci Akdemir etal., 2024). Endogenous
free radicals generated during oxidative metabolism can
induce significant cellular and DNA damage if left
unchecked (Guler et al., 2023). CEP is known for its potent
oxidative stress preventive capacity by decreasing ROS
levels, which are excessively produced at sites of
inflammation (Chen et al., 2023). The protective effects of
CEP are attributed to its membrane-stabilizing and
antiperoxidative properties, which counteract oxidative
stress and inflammation (Liu et al., 2023). Such findings
highlight CEP's potential as a therapeutic candidate to
alleviate 1/R-associated ovarian tissue injury.

Here, we evaluated the protective potential of CEP in a rat
model of ovarian T/D-related I/R injury. We hypothesized
that CEP could attenuate I/R-induced damage, thereby
preserving ovarian structure and function.

Methods
Chemicals

The disinfection process involved the application of a 10%
povidone-iodine solution (Batticon; Adeka). Anesthetic
induction was achieved using xylazine hydrochloride
(Rompun®, Bayer, Istanbul) and ketamine (Ketalar®, Pfizer,
Istanbul). The compound CEP (Figure 1, purity > 98.0%,
CAS Number: 481-49-2) was procured from Sigma Aldrich
(Germany).

Figure 1. 3D chemical structure of cepharanthine (Created
with Avogadro version 1.2.0., http://avogadro.cc/).

Sekil 1. Sefarantin'in (CEP) 3D kimyasal yapisi (Avogadro
strim 1.2.0ile olusturulmustur, http://avogadro.cc/).
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Ethics Committee Approval

Inaccordance with the ethical principles of the Declaration
of Helsinki, the study protocol received approval from the
Ethics Committee (Approval No: 5, Date: 30.06.2017) at
Atatirk University. All experimental animals were sourced
from the Laboratory Animal Research and Application
Center at Atatlirk University.

Animals

The animals were housed in standard rat cages under
controlled environmental conditions, with room
temperature, 55+ 5% humidity level, and a 12-hour light-
dark cycle. They had unrestricted access to standard pellet
food and water ad libitum. All rats were fasted overnight
and free to reach water before the experimental model
application.

Preoperative Preparation

The rats were positioned in a supine anatomical posture
and secured for the procedure. The abdominal area was
carefully shaved to ensure a clean surgical field.
Disinfection was performed using a 10% povidone-iodine
solution. Anesthesia was induced with a combination of
ketamine and xylazine to provide adequate sedation and
analgesia. The administered ketamine/xylazine dosage
(100/15 mg/kg body weight (BW), intraperitoneally (i.p.))
was selected based on a previously established
experimental rat model (Giler et al., 2024).
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Animals and Experimental Design

24 female Wistar albino rats (12—-16 weeks old, 200-250 g)
were divided into three groups (n=8). Figure 2 summarizes
the experimental process.

Group | (Sham): A median laparotomy incision (1-2 cm)
was made, and the incision was closed using 3/0 silk
sutures without inducing torsion-detorsion (T/D) or
administering any pharmacological intervention (Figure
2a).

Group Il (T/D): After performing the abdominal incision,
the ovaries, ovarian vessels, and fallopian tubes were
rotated 360° clockwise to induce bilateral ovarian torsion.
The torsion was maintained for 3 hours using atraumatic
microvascular clamps. Following the torsion phase, the
clamps were removed to restore blood flow for an
additional 3 hours (detorsion phase), and the incision was
closed (Figure 2b) (Armin Akis et al., 2024).

Group Il (CEP 10 mg/kg): All procedures were performed
as in the T/D group. In addition, a 10 mg/kg CEP was
administered i.p. 30 minutes before detorsion (Figure 2c).
The CEP dosage was determined according to prior
experimental studies (Zhao et al., 2020).

After completing the 3-hour detorsion period, anesthesia
was re-administered, and the rats were euthanized using
cervical dislocation. The blood samples were obtained via
cardiac puncture, and ovarian tissue samples were
harvested for biochemical analysis.

Tissue and Blood

Sample Collection
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Figure 2. The summarization of the experimental process, a) the sham group; only incision and suturation was performed, b)
the T/D group; the T/D model was performed, c) the CEP 10 mg/kg group; 10 mg/kg CEP was administered i.p. 30 minutes
before detorsion (Created in https://BioRender.com, CEP= Cepharanthine, T/D= Torsion/detorsion).

Sekil 2. Deneysel sirecin Gzeti, a) sham grubu; yalnizca insizyon ve sitlrasyon yapilmistir, b) T/D grubu; T/D modeli
uygulanmistir, c) CEP 10 mg/kg grubu; detorsiyondan 30 dakika 6nce 10 mg/kg CEP intraperitoneal olarak uygulanmistir
(https://BioRender.com ile olusturulmustur, CEP= Sefarantin, T/D= Torsiyon/detorsiyon).

Biochemical Analysis

A high-speed homogenizer (IKA, Staufen, Germany) was
used to homogenize 100 mg of ovarian tissue samples on
ice at 10.000 rpm for 5 minutes. The homogenization was
carried outin 2 mL of 10% phosphate buffer solution. After
homogenization, the samples were centrifugated at 4°C,
3.000xg for 30 minutes. The resulting supernatant was
collected for biochemical assessments, including
malondialdehyde (MDA), myeloperoxidase (MPO), total
oxidant status (TOS), total antioxidant status (TAS), and
superoxide dismutase (soD). Additionally,
proinflammatory cytokines, interleukin-1 beta (IL-1B), and
tumor necrosis factor-alpha (TNF-a) were quantified with
a rat-specific ELISA kit (Elabscience, Wuhan, China).

MDA Determination

MDA levels were quantified following the method outlined
by Ohkawa et al. (1979). Tetramethoxypropane served as
standard, and lipid peroxidation levels were reported in
nanomoles of MDA. The interaction between MDA and
thiobarbituric acid

(TBA) was assessed spectrophotometrically using a
PowerWave™ XS Biotek spectrophotometer.

For the assay, the supernatant was mixed with butylated
hydroxytoluene (BHT) in methanol, followed by the
addition of TBA solutions and phosphoric acid. The
mixture was vortexed and incubated at 95°C for 60
minutes to allow the reaction. Following incubation, the
samples were centrifuged for 3 minutes at 10.000 x g. The
supernatant was carefully collected, transferred to a
cuvette, and analyzed for absorbance at 532 nm using a
spectrophotometer.

MPO Activity Assay

MPO activity was found via the technique proposed by
Bradley et al. (1982). The tissue suspensions were
subjected to centrifugation for 15 minutes at 40.000xg,
and the obtained supernatant was utilized for analysis.
This assay is based on the oxidative reaction between MPO
and o-dianisidine in the presence of hydrogen peroxide

(H20,), forming a yellow-orange complex. The absorbance
of this complex was assessed spectrophotometrically at
460 nm  using a  PowerWave™ XS  Biotek
spectrophotometer.

SOD Activity Assay

A method described by Sun et al. was preferred for
determining the SOD activity (Sun et al., 1988) This assay
is based on the formation of a blue formazan dye, which is
produced when xanthine and superoxide radicals reduce
nitro blue tetrazolium (NBT) in the presence of xanthine
oxidase. The reaction product's optical density (OD) was
measured at 560 nm using a PowerWave™ XS Biotek
spectrophotometer. A single unit of SOD activity was
characterized as the enzyme amount necessary to reduce
NBT reduction by 50%.

The Analysis of Oxidative Stress Index (OSl), Total
Antioxidant Status (TAS), and Total Oxidant Status (TOS)

The TAS assay operates on the principle that antioxidants
in the sample diminish the dark blue-green 2,2'-azinobis
radical to its reduced form. A reduction in absorbance at
660 nm is indicative of the total antioxidant capacity. TAS
levels were quantified by a commercial assay kit (RL0O024;
Rel Assay Diagnostics, Gaziantep, Tirkiye).

In the TOS assay, the ferrous ion-chelator complex is
oxidized by oxidizing agents in the sample, producing ferric
ions that form a colored complex in an acidic medium. The
intensity of the resulting color was measured
spectrophotometrically, reflecting the total oxidant
content. TOS levels were determined through a
commercial kit (RLO0O05; Rel Assay Diagnostics, Gaziantep,
Turkiye).

The OSI was calculated by dividing TOS by TAS using the
formula: OSI = TOS/TAS (Akdemir et al., 2024).

Statistical Analysis

Data are summarized as mean t* standard error of the
mean (SEM) for variables meeting parametric assumptions
and as median [interquartile range, IQR] otherwise.
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Normality was assessed with the Shapiro—Wilk test and
homogeneity of variances with Levene’s test. When
assumptions were satisfied, one-way ANOVA followed by
Tukey’s HSD (which adjusts for multiple pairwise
comparisons) was used. When assumptions were violated,
the Kruskal-Wallis test was applied; if significant, pairwise
Mann—Whitney U tests with Holm—Bonferroni multiplicity
adjustment were conducted to identify group differences.
Two-sided, multiplicity-adjusted p< .05 were considered
statistically significant. Analyses were performed in SPSS
v16.0 (SPSS Inc., Chicago, IL).

Results
Oxidative Stress and Antioxidant Activity Parameters
MDA, SOD Levels, and MPO Activity

Figure 3 demonstrates the MDA, SOD levels, and MPO
activity. The findings validate the successful development
of the T/D model. Compared to the sham group, the T/D
group exhibited a significant increase in MDA and MPO
levels (Figure 3A and Figure 3C, p< .05). 10 mg/kg CEP
treatment resulted in a marked reduction in MDA and
MPO levels compared to the T/D group (Figure 3A and
Figure 3C, p< .05).

Additionally, The T/D group exhibited significantly
declined SOD levels compared to the sham group (Figure
3B, p< .05), indicating oxidative stress induction.
Treatment with 10 mg/kg CEP significantly elevated in SOD
levels relative to the T/D group (Figure 3B, p< .05),
suggesting an enhancement in antioxidant defense
mechanisms. These findings indicate that 10 mg/kg CEP
mitigated oxidative stress by reducing lipid peroxidation
and MPO activity while enhancing antioxidant enzyme
(SOD) levels.

TAS, TOS and OSI Levels

The variations in total antioxidant and oxidant levels
closely paralleled the trends observed in MDA, SOD, and
MPO levels. The T/D group demonstrated significantly low
TAS levels relative to the sham group (Figure 4A, p< .05).
However, administration of 10 mg/kg CEP significantly
elevated TAS levels compared to the T/D group (Figure 4A,
p< .05).

Furthermore, TOS and OSI levels increased in the T/D
group relative to the sham group (Figure 4B and Figure 4C,
p< .05). However, treatment with 10 mg/kg CEP
significantly reduced TOS and OSI levels compared to the
T/D group (Figure 4B and Figure 4C, p< .05).
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Figure 3. The levels of MDA and the activities of MPO and
SOD in the different experimental groups. Data are
expressed as SEM. Different superscript letters indicate
statistically significant differences between groups (p<
.05). Groups sharing the same letter are not significantly
different (2 = indicates a significant difference compared to
the sham group, ° = represents a significant difference
between the 10 mg/kg CEP group and the T/D group.
MDA= Malondialdehyde, MPO= Myeloperoxidase, SOD=
Superoxide dismutase, CEP= Cepharanthine, SEM=
Standard error of the mean, T/D= Torsion/detorsion).

Sekil 3. Farkl deney gruplarindaki MDA diizeyleri ve MPO
ile SOD enzim aktiviteleri. Veriler SEM olarak ifade
edilmistir. Farkli st simge harfleri gruplar arasinda
istatistiksel olarak anlamli farkliliklari gdostermektedir (p<
,05). Ayni harfi paylasan gruplar anlamh 6lctde farkh
degildir (* = T/D grubunda sham grubuna kiyasla anlamli
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artisi belirtir, ®= 10 mg/kg CEP grubunda T/D grubuna
kiyasla anlamh azalmayi belirtir. MDA= Malondialdehit,
MPO= Miyeloperoksidaz, SOD= Siiperoksit dismutaz, CEP=
Sefarantin, SEM= Ortalama standart hatas;, T/D=
Torsiyon/detorsiyon).
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Figure 4. The levels of TAS, TOS, and OSI in the different
experimental groups. Data are expressed as SEM.
Different superscript letters indicate statistically
significant differences between groups (p< .05). Groups
sharing the same letter are not significantly different (® =
indicates a significant difference compared to the sham
group, ° = represents a significant difference between the
10 mg/kg CEP group and the T/D group. TAS= Total
antioxidant status, TOS= Total oxidant status, OSl=
Oxidative stress index, CEP= Cepharanthine, SEM=
Standard error of the mean, T/D= Torsion/detorsion).

Sekil 4. Farkh deney gruplarindaki TAS, TOS ve OSI
dizeyleri. Veriler SEM olarak ifade edilmistir. Farkl Gst
simge harfleri gruplar arasinda istatistiksel olarak anlamli
farkhliklan gostermektedir (p< ,05). Ayni harfi paylasan
gruplar anlaml 6lcide farkh degildir (* = T/D grubunda
sham grubuna kiyasla anlaml artisi belirtir, = 10 mg/kg
CEP grubunda T/D grubuna kiyasla anlamh azalmayi
belirtir. TAS= Toplam antioksidan statisid (kapasitesi),
TOS= Toplam oksidan statlisi (kapasitesi), OSI= Oksidatif
stres indeksi, CEP= Sefarantin, SEM= Ortalama standart
hatasi, T/D= Torsiyon/detorsiyon).

Proinflammatory Cytokines (TNF-a and IL-1P)

In our study, TNF-a and IL-1pB levels were evaluated by
ELISA to assess the changes in proinflammatory cytokines.
TNF-a and IL-1B showed elevated levels in the T/D group
compared to the sham group and CEP treatment alleviated
TNF-a and IL-1levels (Table 1, Figure 5A and Figure 5B, p<
.05).

Table 1. Comparison of IL-1B and TNF-a levels among the
sham, T/D, and CEP 10 mg/kg groups.

Tablo 1. Sham, T/D ve CEP 10 mg/kg gruplar arasinda IL-
1B ve TNF-a dizeylerinin karsilastiriimasi.

Group TNF-a (pg/mg | IL-1B  (pg/mg
protein) protein)

Sham 325+2.1 28.7+1.9

T/D 65.8 £3.4° 59.3+2.8°

CEP 10 mg/kg 41.2 +2.6 37.6£2.3

TNF-a and IL-1PB levels in different groups. Data are expressed as
SEM. Different superscript letters indicate statistically significant
differences between groups (p< .05). ? = indicates a significant
difference compared to the sham group, ? = represents a
significant difference between the 10 mg/kg CEP group and the
T/D group.
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Figure 5. Comparison of IL-1B and TNF-a levels among the
sham, T/D, and CEP 10 mg/kg groups. Data are expressed
as SEM. Different superscript letters indicate statistically
significant differences between groups (p< .05). Groups
sharing the same letter are not significantly different (® =
indicates a significant difference compared to the sham
group, ° = represents a significant difference between the
10 mg/kg CEP group and the T/D group. IL-1B=Interleukin-
1 beta, TNF-a= Tumor necrosis factor-alpha, CEP=
Cepharanthine, SEM= Standard error of the mean, T/D=
Torsion/detorsion).

Sekil 5. Sham, T/D ve CEP 10 mg/kg gruplar arasinda IL-1B
ve TNF-a diizeylerinin karsilastinimasi. Veriler SEM olarak
ifade edilmistir. Farkli Ust simge harfleri gruplar arasinda
istatistiksel olarak anlamh farkliliklari gostermektedir (p<
,05). Ayni harfi paylasan gruplar anlamh o&lgide farkl
degildir (* = T/D grubunda sham grubuna kiyasla anlamli
artisi belirtir, ®= 10 mg/kg CEP grubunda T/D grubuna
kiyasla anlaml azalmayi belirtir. IL-1B= interl6kin-1 beta,
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TNF-a= Tumor nekroz faktori-alfa, CEP= Sefarantin, SEM=
Ortalama standart hatasi, T/D= Torsiyon/detorsiyon).

Discussion

This research focused on evaluating the protective
properties of CEP on ovarian T/D-related I/R injury in a rat
model. With the continuous advancements in organ-
preserving surgical techniques across various medical
fields, addressing I/R injuries remains a critical concern.
The prevention and mitigation of these injuries have been
extensively documented in the literature (Aktepe et al.,
2024; Osmanlioglu et al.,, 2023; Ulug et al.,, 2024).
However, effective therapeutic strategies to counteract
the oxidative and inflammatory damage induced by I/R
injury in ovarian tissue remain limited.

Ovarian torsion is a gynecological emergency that, when
treated via detorsion, frequently results in I/R injury,
emphasizing the necessity for protective interventions
(Gller et al., 2020). This condition is characterized by a
cascade of oxidative stress and inflammation, leading to
substantial tissue damage. Previous studies have primarily
focused on key biochemical markers associated with I/R
injury, SOD, MDA, MPO, TAS, TOS, IL-1B, and TNF-a. For
instance, Tanyeli et al. (2022) demonstrated that ovarian
I/R injury increases oxidative stress markers such as OSl,
MPO, and pro-inflammatory cytokines like IL-1B and TNF-
o while reducing antioxidant enzyme levels in distant
organs such as the lung. Similarly, Arslan et al. (2023)
reported that I/R injury in ovarian tissue is associated with
elevated levels of MDA, MPO, TOS, and inflammatory
cytokines, coupled with a reduction in TAS levels, which
was ameliorated by the administration of Passiflora
incarnata.

CEP has been recognized for its pharmacological activities,
like free lipid peroxidation inhibition and radical
scavenging (Liang et al.,, 2022). The ability of CEP to
counteract oxidative damage is primarily attributed to its
role in neutralizing ROS, thereby preventing cellular injury.
Additionally, its anti-inflammatory effects stem from the
modulation of cytokine release and inhibition of
inflammatory signaling pathways, which may be crucial in
mitigating |/R-induced ovarian damage (Kao et al., 2015;
Liu et al., 2023).

In this study, CEP administration led to a notable decrease
in oxidative stress and inflammatory markers. Specifically,
CEP treatment lowered MPO and MDA levels, enhanced
SOD activity, and diminished pro-inflammatory cytokines
IL-1B and TNF-a. These findings strongly indicate that CEP
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prevented by attenuating oxidative damage and
suppressing the inflammatory response. Given its dual
mechanism of action, CEP could represent a promising
pharmacological intervention in managing ovarian T/D.

The potential clinical implications of these findings are
substantial. Ovarian T/D is a critical condition that requires
prompt surgical intervention, yet the associated I/R injury
can lead to significant morbidity, including loss of ovarian
function (Guller & Tanyeli, 2020). The incorporation of CEP
as an adjunctive treatment could help preserve ovarian
viability and improve post-detorsion outcomes in affected
individuals.

Nevertheless, this study has certain limitations. While CEP
consistently attenuated histopathological injury and
modulated oxidative—inflammatory markers in this rat T/D
model, translation to clinical ovarian torsion requires
caution. First, CEP was administered before reperfusion;
clinically, a feasible window is the perioperative period (on
admission or immediately before detorsion). Second, the
dose, route, and pharmacokinetics for this indication in
humans remain undefined and warrant dose-finding and
safety studies. Future work should extend endpoints
beyond acute injury to ovarian reserve and fertility
outcomes. Finally, the interaction of CEP with standard
surgical care should be evaluated in randomized
preclinical designs to inform early-phase clinical trials.

Conclusion

This research represents the first attempt to investigate
the potential of CEP in mitigating ovarian T/D-induced I/R
injury. The observed anti-inflammatory and antioxidant
effects highlight its therapeutic potential for gynecological
emergencies involving T/D-related tissue injury. Additional
studies are needed to clarify its exact mechanisms of
action and to establish its clinical applicability. These
findings lay the groundwork for future investigations into
using CEP and other natural compounds to protect ovarian
function in the setting of I/R injury.
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Effects of Melatonin on FSH/LH/Testosterone and
StAR/P450scc/17B-HSD3 Pathways in Acrylamide-Induced
Testicular Toxication in Rats

Ratlarda Akrilamidile indiiklenen Testikiiler Toksikasyonda Melatoninin
FSH/LH/Testosteron ve StAR/P450scc/17B-HSD3 Yolaklari Uzerine Etkileri

ABSTRACT

Acrylamide (ACR) is a toxic compound formed during high-temperature food processing known to
cause reproductive toxicity. This study investigated the protective effects of melatonin (MEL) on ACR-
induced testicular toxicity, focusing on hormonal regulation and steroidogenic pathways. 40 adult
male Wistar rats were divided into five groups: control, ACR (50 mg/kg), ACR+MEL10 (ACR + 10 mg/kg
MEL), ACR+MEL20 (ACR + 20 mg/kg MEL), and MEL20 (20 mg/kg MEL only). Treatments were
administered via intragastric gavage for 14 days. Serum follicle-stimulating hormone (FSH), luteinizing
hormone (LH), and testosterone levels were measured together with testicular steroidogenic enzyme
levels (StAR, P450scc, 17B-HSD3) by ELISA. Histopathological analysis was used to assess
spermatogenicintegrity by Johnsen scoring. ACR exposure significantly decreased serum FSH, LH, and
testosterone levels (p< .001). There was a concomitant decrease in StAR, P450scc, and 17B-HSD3
expression due to this exposure. Histological evaluation revealed severe spermatocyte degeneration,
necrosis, and impaired spermatogenesis. MEL administration ameliorated these effects in a dose-
dependent manner. Although ACR+MEL10 partially treated hormonal and enzymatic levels (p<.05),
ACR+MEL20 treated these parameters to a level close to control levels (p>.05). MEL also attenuated
histopathological damage, preserved seminiferous tubule integrity, and spermatogenic function.
These findings showed that MEL restored steroidogenic enzyme activity and hormonal balance
throughits protective effects. MEL supplementation may be a potential treatment strategy against
environmental toxicants affecting male reproductive health. Advanced studies are needed to fully
elucidate the molecular mechanisms of MEL's protective effects.

Keywords: Acrylamide, Hormone, Melatonin, Steroidogenesis, Testis.

0z

Akrilamid (ACR), oksidatif stres ve Greme toksisitesine neden oldugu bilinen ylksek sicaklikta gida
isleme sirasindaolusan toksik bir bilesiktir. Bu calismada, hormonal dlizenleme ve steroidojenik
yollara odaklanilarak melatoninin (MEL) ACR kaynakl testis toksisitesi tizerindeki koruyucu etkileri
arastirildi. 40 yetiskin erkek Wistar sicani bes gruba ayrildi: kontrol, ACR (50 mg/kg), ACR+MEL10
(ACR + 10 mg/kg MEL), ACR+MEL20 (ACR + 20 mg/kg MEL) ve MEL20 (sadece 20 mg/kg MEL).
Tedaviler 14 glin boyunca intragastrik gavaj yoluyla uygulandi. Serum folikdl uyarict hormon (FSH),
luteinize edici hormon (LH) ve testosteron seviyeleri, testis steroidojenik enzim seviyeleri (StAR,
P450scc, 17B-HSD3) ile birlikte ELISA yoluyla 6lctldl. Histopatolojik analiz, Johnsen puanlamasi
yoluyla spermatogenik butinligl degerlendirmek icin kullanildi. ACR maruziyeti serum FSH, LH ve
testosteron seviyelerini 6nemli 6lcide disirdi (p< ,001). Bu maruziyete bagl StAR, P450scc ve
17B-HSD3 ekspresyonunda es zamanli bir azalma oldu. Histolojik degerlendirme siddetli
spermatosit dejenerasyonu, nekroz ve bozulmus spermatogenez oldugunu ortaya koydu. MEL
uygulamasi bu etkileri doza bagli bir sekilde iyilestirdi. ACR+MEL10, hormonal ve enzimatik
seviyeleri kismi olarak tedavi etse de (p<,05), ACR+MEL20 bu parametreleri kontrol seviyelerine
yakin bir diizeyde tedavi edilmesini sagladi (p>,05). MEL ayrica histopatolojik hasari hafifletti,
seminifer tibdl butinligini ve spermatogenik islevi korudu. Bu bulgular, MEL'in koruyucu
etkileriyle steroidojenik enzim aktivitesinive hormonal dengeyi geri kazandirdigini gdsterdi. MEL
takviyesi, erkek Greme sagligini etkileyen cevresel toksik maddelere karsi potansiyel bir tedavi
stratejisiolabilir. MEL'in koruyucu etkilerinin molekiler mekanizmalarinitam olarak ortaya koymak
icin ileri dlizey calismalara ihtiyac vardir.

Anahtar kelimeler: Akrilamid, Hormon, Melatonin, Steroidogenez, Testis.
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Introduction

Heat treatment affects the quality and microbiological
safety of food with the potential for the formation of heat-
treated contaminants. One of these toxic contaminants is
acrylamide (ACR), which has become increasingly
important in recent years. (Mogol & Gokmen, 2016; Tareke
et al.,, 2002). ACR starts to form once heat treatment
exceeds 120°C (Halford et al., 2012), accompanied by
decreased moisture (Batuwita et al., 2025). After exposure
to acrylamide, it is rapidly absorbed by the gastrointestinal
system. It then spreads to many tissues such as the heart,
liver, brain and kidneys, and even crosses the blood-brain,
blood-placenta and blood-testis barriers. Once acrylamide
enters the body, it is converted to glycamide and causes
damage in this form. One of the tissues affected by this
damage is the reproductive system. Glycamide can induce
oxidative stress, inflammation, and, in severe cases,
apoptosis in these tissues. As a result, it can cause
pathologies in organ physiology (Gao et al., 2022; Lebda et
al., 2014; Yan et al., 2023).

Mating, fertilization and sperm transport within the uterus
are significantly reduced in ACR-exposed rats (Tyl et al,,
2000). Wang H et al. reported that when male rats were
administered ACR, growth retardation, a decrease in sperm
sources in the epididymis and histopathological lesions in
the testes occurred (Wang et al., 2010). The synthesis of
testosterone in the testes is controlled by luteinizing
hormone (LH), which is synthesized in the anterior pituitary
gland and acts on the Leydig cells. LH regulates
steroidogenesis by binding to LH receptors on the
membrane of Leydig cells. In steroidogenesis, the StAR
protein carries cholesterol from the cytoplasm to the
mitochondria, the first step in testosterone synthesis.
Enzymes such as 17B8-HSD3 and p450scc participate in the
conversion of cholesterol to testosterone (Afzal et al.,
2024; Walker & Cheng, 2005).

Light is sensed by photoreceptors on the retina and
stimulates the pineal gland through a complex system that
includes retinohypothalamic fibers, suprachiasmatic nuclei,
hypothalamus-pineal fibers and the peripheral nervous
system. Stimulation of the pineal gland regulates the
synthesis and secretion of melatonin (Frungieri et al.,
2017). The most important environmental factorregulating
the function of the pineal gland is light duration. In rats,
melatonin (MEL) synthesis via the pineal gland is limited to
the absence of light and is synthesized rhythmically. Light
suppresses melatonin synthesis via the pineal gland
(Jimenez-Jorge et al., 2007). Leydig cells are sensitive to
melatonin and therefore play an important role in the male
reproductive system, especially in the function of the
testes. Melatonin regulates the synthesis of androgens
through melatonin receptors located around Leydig cells.
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Melatonin has regulatory effects on the testes protective
properties, through its protective properties (Yu et al,,
2018). It was designed to identify a previously unstudied
and intriguing topic. This study aimed to add to the
literature by determining the extent to which a vital
hormone such as melatonin is effective in this type of
damage.

Methods
Materials

Acrylamide (CAS Number: 79--06--1) and melatonin (CAS
Number: 73--31--4) were obtained from Sigma Aldrich
Chemical Co. (St. Louis, MO, USA). Follicle-stimulating
hormone (FSH) (Cat. No: 201-11-0183), luteinizing
hormone (LH) (Cat. No: 201-11-0180), testosterone (Cat.
No: 201-11-0564), StAR (Cat. No: 201-11-2668), and 17p-
HSD3 (Cat. No: 201-11-6283) kits for rat serum were
purchased from SunRedBio (SunRedBio, Shanghai, China).
A P450scc (MBS733760) ELISA kit was purchased from
MyBioSource.

Animals and Experimental Design

Total A total of 40 healthy 240-250 gram, 12-week-old adult
Wistar rats were used in our study. The cages used were
meticulously cleaned before the study. The animals were
kept in rooms with 12-hour light and 12-hour dark cycles.
At the same time, the temperature (21+3°C) and humidity
(40-50%) were adjusted. The rats had unlimited access to
food and water throughout the study. The study was
approved by the Atatirk University Experimental Animals
Local Ethics Committee before the study was initiated. Our
study was conducted at Atatirk University Medical
Experimental Application and Research Center (Protocol
Date:10/03/2025-Protocol  Number:  59/2025). The
applications were performed at the time corresponding to
the animals' 12-hour dark cycle.

A total of 40 rats were divided into 5 different groups. The
8 animals in each group were divided into 2 separate cages
as the cages were suitable for 4 animals. Experimental
groups were designed as 1-Control (The group was given at
1 ml of distilled water), 2- ACR (The group given ACR at a
dose of 50 mg/kg), 3- ACR+MEL10 (The group given ACR at
a dose of 50 mg/kg and MEL at a dose of 10 mg/kg), 4-
ACR+MEL20 (The group given ACR at a dose of 50 mg/kg
and MEL at a dose of 20 mg/kg), 5- MEL20 (The group given
MEL at a dose of 20 mg/kg). All applications were made to
each group for 14 days, intragastrically. Acrylamide and
melatonin  were dissolved in distilled water and
administered.
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Preparation of Serum Samples

Blood was collected from animals and centrifuged using a
BD Vacutainer SST Il Advance serum tube in a refrigerated
centrifuge. (Beckman Coulter). The obtained serum was
transferred to another tube and stored in a -20°C cabinet.
FSH, LH and testosterone levels in the serum were
measured via ELISA. The protocol was adjusted according
to the catalog sent by the manufacturer.

Homogenization of Tissues

80 mg of right testicular tissue from each rat was placed in
Eppendorf tubes and filled with 2 mL of distilled water. The
tubes were then placed in the MagNA Lyser device. The
device was setto 4000 rpm for 75 seconds. After the tissues
were homogenized, they were placed in a centrifuge and
centrifuged at 5000 rpm for 10 min, after which the
supernatants were transferred to different tubes. StAR,
17B-HSD3 and p450scc measurements were performed via
ELISA. The protocol was performed according to that sent
by the manufacturer.

Histopathological examinations

The left side of the testicular tissue obtained as a result of
the study was fixed with a 10% buffered formaldehyde
solution and blocked with paraffin following routine tissue
observation procedures. Serial 5 um thick sections were
taken from the blocked tissues. The sections were stained
with hematoxylin and eosin (H&E) to determine damage to
spermatocytes. In addition, Jonhsen scoring was
performed according to the arrangement and number of
spermatocytes (Table 1). Again, degeneration, necrosis,
edema and hyperemia findings in spermatocytes were
examined histopathologically, and the findings were
evaluated as negative (-), mild (+), moderate (+++) and
severe (++++) (Bolat et al., 2024).

Statistical analyses

After the study was completed, one-way ANOVA and
Tukey's test were applied to the ELISA data obtained (p<
.05 was considered significant). All these analyses were
performed using GraphPad Prism 8.0.1 software.

The GraphPad Prism 8.0.2 program was used for statistical
analysis of the histopathological data (p< .05 was
considered significant). The nonparametric Kruskal-Wallis
test was used to determine group interactions, and the
Mann-Whitney U test was used to determine differences
between groups.

Table 1. Jonhsen scoring criteria for testicular tissues
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Tablo 1. Testis dokulari i¢in Jonhsen skorlama kriterleri

Score Definition

No cells
Sertoli cells without germ cells

Spermatogonies only

A W N P

Several spermatocytes
Many spermatocytes

A few primitive spermatids
Many primitive spermatids

Several mature spermatids

O 00 N oo un

Many mature spermatids

10 Full spermatogenesis

Results
Hormonal assessment in testicular damage caused by ACR
Measurements of FSH, LH, and testosterone levels

The serum FSH, LH and testosterone levels were measured
via ELISA and are shown in Figure 1.

FSH LH

Testosterone

Figure 1. FSH (Follicle-Stimulating Hormone), LH (Luteinizing
hormone) and testosterone levels in the serum of ACR
(Acrylamide) and MEL (Melatonin) treated rats. The groups were
set as Control, ACR (Acrylamide 50mg/kg), ACR+MEL10
(Acrylamide 50mg/kg + Melatonin 10mg/kg), ACR+MEL20
(Acrylamide 50mg/kg + Melatonin 20mg/kg) and MEL20
(Melatonin  20mg/kg). (There are statistically significant
differences between the control group and the values expressed
with different symbols. ***p< .001 **p< .01 *p< .05; n=8)

Sekil 1. ACR (Akrilamid) ve MEL (Melatonin) uygulanan si¢canlarin
serumundaki FSH (Folikil Uyarict Hormon), LH (Liteinizan
hormon) ve testosteron seviyeleri. Gruplar Kontrol,
ACR(Akrilamid 50mg/kg), ACR+MEL10(Akrilamid 50mg/kg +
Melatonin  10mg/kg), ACR+MEL20 (Akrilamid 50mg/kg +
Melatonin 20mg/kg) ve MEL20 (Melatonin 20mg/kg) olarak
ayarlandi. (Kontrol grubu ile farkli sembollerle ifade edilen
degerler arasinda istatistiksel olarak anlamli farkliliklar vardir.
***p< 001 **p< ,01 *p< ,05; n=8)
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The serum FSH, LH and testosterone levels were
significantly lower in the ACR-treated groups than in the
control group (p< .001). The serum FSH and LH levels were
greater in the ACR+MEL10 group than in the ACR group.
However, there was still a significant difference between
these groups and the control group (p< .05). Testosterone
levels were greater in the ACR+MEL10 groups than in the
ACR group, but there was a significant difference between
the ACR+MEL10 groups and the control group (p< .01). The
serum FSH, LH and testosterone levels in the ACR+MEL20
and MEL20 groups were not significantly different from
those in the control group (p> .05).

Measurement of Steroidogenic Enzyme Levels

The levels of P450scc, 173-HSD3 and StAR enzymes were
determined via ELISA in homogenates obtained from
testicular tissues (Figure 2).

P450scc 17B-HSD3

Figure 2. Protein cholesterol side-chain cleavage cytochrome
P450 (P450scc), 17 beta hydroxysteroid dehydrogenase 3 (17B-
HSD3)and Steroidogenicacuteregulatory protein (StAR) levelsin
testicular tissues of ACR (Acrylamide) and MEL (Melatonin)
treated rats. The groups were set as Control, ACR (Acrylamide
50mg/kg), ACR+MEL10 (Acrylamide 50mg/kg + Melatonin
10mg/kg), ACR+MEL20 (Acrylamide 50mg/kg + Melatonin
20mg/kg) and MEL20 (Melatonin 20mg/kg). (There are
statistically significantdifferences between the control group and
the values expressed with different symbols. *** p< .001 **p< .01
*p< .05; n=8)

Sekil 2. ACR (Akrilamid) ve MEL (Melatonin) uygulanan si¢canlarin
testis dokularinda protein kolesterol yan zincir bolinmesi
sitokrom P450 (P450scc), 17 beta hidroksisteroid dehidrogenaz 3
(17B-HSD3) ve Steroidojenik akut diizenleyici protein (StAR)
dizeyleri.  Gruplar  Kontrol, ACR(Akrilamid 50mg/kg),
ACR+MEL10(Akrilamid 50mg/kg + Melatonin 10mg/kg),
ACR+MEL20 (Akrilamid 50mg/kg + Melatonin20mg/kg) ve MEL20
(Melatonin 20mg/kg) olarak ayarlandi. (Kontrol grubu ile farkl
sembollerle ifade edilen degerler arasinda istatistiksel olarak
anlamli farkliliklar vardir. *** p< 001 **p<,01 *p<,05; n=8)

StAR, P450scc and 17B-HSD3 levels were significantly lower
in the ACR-treated groups than in the control group (p<
.001). The StAR levels obtained from the ACR+MEL10 group
were close to those of the ACR group, and there was no
significant difference between them (p> .05). The p450scc
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levels were greater in the ACR+MEL10 group than in the
ACR group. However, there was a significant difference
between these two groups and the control group (p< .05).
17B-HSD3 levels were significantly different between the
ACR+MEL10 groups and the control group (p< .01). StAR,
P450scc and 17B-HSD3 levels in the ACR+MEL20 and
MEL20 groups were not significantly different from those
in the control group (p> .05).

Histopathologic findings

There were no  pathological findings during
histopathological examination in the control or MEL20
groups. In the ACR group, severe degeneration and
necrosis were observed in spermatocytes, with marked
vascular hyperemia and significant edema in the
intertubular spaces. In the ACR+MEL10 and ACR+MEL20
groups, these findings were significantly decreased in a
dose-dependent manner (Figure 3). The scoring of the
histopathological findings, Jonhson scoring and statistical
analysis results are presented in Figure 4.

k\ _‘.:.;'.‘,',” v

Figure 3. The groups were set as Control(a), ACR (Acrylamide
50mg/kg)(b), ACR+MEL10 (Acrylamide 50mg/kg + Melatonin
10mg/kg)(c), ACR+MEL20 (Acrylamide 50mg/kg + Melatonin
20mg/kg)(d) and MEL20 (Melatonin 20mg/kg)(e). Degeneration
in spermatocytes is indicated by arrows, necrosis in
spermatocytes by arrowheads, hyperemia in vessels by asterisks
and edemain intertubular spaces by asterisks. Hematoxylin Eosin
(H&E), scale bar: 10 um; objective: 20X; zoom: 100%.

Sekil 3. Gruplar Kontrol(a), ACR(Akrilamid 50mg/kg)(b),
ACR+MEL10(Akrilamid 50mg/kg + Melatonin 10mg/kg)(c),
ACR+MEL20 (Akrilamid 50mg/kg + Melatonin 20mg/kg)(d) ve
MEL20 (Melatonin 20mg/kg)(e)  olarak ayarlandu.
Spermatositlerdeki dejenerasyon oklarla spermatositierdeki

Journal of Laboratory Animal Science and Practices



nekroz ok baslariyla, damarlardaki hiperemi yildiz isaretleriyle ve
intertibiler bosluklardaki 6demyildiz isaretleriyle gosterilmistir.
Hematoksilen Eozin (H&E), 6lgek cubugu: 10 um; objektif: 20X;
yakinlastirma: 100%.
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Figure 4. Histopathologic scoring, Jonhson scoring and statistical
analysis were performed on testicular tissues after Hematoxylin
Eosin (H&E) staining. Kruskal-Wallis and Mann—-Whitney U tests
were used. The groups were set as Control, ACR (Acrylamide
50mg/kg), ACR+MEL10 (Acrylamide 50mg/kg + Melatonin
10mg/kg), ACR+MEL20 (Acrylamide 50mg/kg + Melatonin
20mg/kg) and MEL20 (Melatonin 20mg/kg).

Sekil 4. Testis dokulari Hematoksilen Eozin (H&E) ile boyandiktan
sonra histopatolojik skorlama, Jonhson skorlamasi ve istatistiksel
analiz yapildi. Kruskal-Wallis ve Mann-Whitney U testleri
kullanilmistir.  Gruplar Kontrol, ACR(Akrilamid 50mg/kg),
ACR+MEL10(Akrilamid 50mg/kg + Melatonin 10mg/kg),
ACR+MEL20 (Akrilamid 50mg/kg + Melatonin20mg/kg) ve MEL20
(Melatonin 20mg/kg) olarak ayarlandi.

Discussion

ACR, a toxic chemical frequently used in the synthesis of
polymers, is frequently formed during high-temperature
treatment of carbohydrate-containing foods. ACR exposure
has toxic effects on the immune, reproductive and nervous
systems (Farouk et al., 2021; Zamani et al., 2017). ACR
exposure causes damage in the testes, leading to
qualitative and quantitative impairment of spermatozoa, as
well as impaired testicular androgenesis (Farag et al,,
2021). We focused on this topic in our study and reported
that MEL has protective effects.

Testosterone, synthesized from Leydig cells, and FSH,
synthesized from the anterior pituitary gland, are both
essential for the production of sperm and for male
reproductive system functions (Esteves & Humaidan,

123

2025). The synthesis of testosterone is initiated by LH,
which is synthesized from the anterior pituitary gland and
has a receptor on Leydig cells. After stimulation of the
signaling cascade, cholesterol is transported to the inner
membrane of mitochondria by the enzyme StAR. The
enzyme P450scc also enables the conversion of cholesterol
into pregnenolone. Many enzymes are involved in the
synthesis of testosterone from pregnenolone. Some of
them are 3-BHSD, Cytochrome P450 17a
Hydroxylase/17,20 Lyase (CYP17) and 17B-hydroxysteroid
dehydrogenase 3 (17B-HSD3) (Chen et al., 2009). This
enzymatic circulation provides the synthesis of
testosterone as an end product. Serum testosterone levels
were significantly lower in the ACR group than in the
control group, which is in agreement with the findings of
previous studies (Lebda etal., 2014; Yassa et al., 2014). Low
serum testosterone levels can have many different causes.
They may be caused by damage to Leydig cells or by
disturbances in testicular steroidogenesis (Yassa et al.,
2014; Yildizbayrak & Erkan, 2018). In our study, we found
that the low testosterone levels observed in the groups
treated with ACR showed improvement in the groups
treated with MEL10, but improved significantly in the
MEL20 groups in particular, demonstrating the protective
effects of MEL.

FSH acts on seminiferous tubules and plays a role in
spermatogenesis. This level decreased significantly in the
ACR group. Folarin et al. reported that FSH levels decreased
with respect to testicular toxicity after Roundup herbicide
exposure in male albino rats (Owagboriaye et al., 2017).
MEL has a regulatory role in testicular function (Li & Zhou,
2015; Mogol & Gokmen, 2016). LH affects Leydig cells in the
testes and has a direct effect on testosterone synthesis. LH,
whose level is directly suppressed in the ACR groups, also
suppresses testosterone synthesis.

We detected a decrease in the level of P450scc, which plays
a very important role in the regulation of steroidogenesis,
in response to ACR administration. This decrease was
similarly observed in a study by Kumar et al. (Kumar et al.,
2009). The StAR enzyme is involved in the transport of
cholesterol in the inner membrane of mitochondria and has
avery important role in steroidogenesis. We found that the
level of this enzyme, like P450scc, decreased in response to
ACR administration. The expression of 17B-HSD3, an
important enzyme involved in the synthesis of testosterone
from pregnenolone, decreased in response to ACR
administration. Many different studies have shown that
substances that cause testicular damage change these
levels (Kumar et al., 2009; Murugesan et al., 2007; Rovira
et al., 2012). Many studies have shown that melatonin has
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protective effects on these steroidogenic enzymes (Li &
Zhou, 2015; Mukherjee & Haldar, 2014; Tijmes et al., 1996).
In our study, as in many other studies, we found that ACR
treatment reduced StAR, P450scc, and 17B-HSD3, and that
MEL10 had a partial protective effect on these enzymes,
while MEL20 had a strong protective effect.

In various studies, ACR has been shown to cause
degenerative and necrotic changes in spermatocytes due
to its toxic effects on testicular tissues. ACR application
results in a decrease in the number of spermatocytes and
prevents spermatogenesis (Gul et al., 2021; Mokhlis et al.,
2023). On the other hand, the protective effects of MEL on
testicular tissues have been proven in various toxicity
studies, and it has been revealed that MEL enhances
spermatogenesis while preventing damage to
spermatocytes (Adiguzel etal., 2024; Erdem etal., 2024). In
this study, MEL10 significantly alleviated the severe
suppression of spermatogenesis caused by ACR, in which
degenerative and necrotic changes were observed
together in spermatocytes. However, MEL20 was found to
be more effective in bringing these values closer to control
levels.

Conclusion

This study provides strong evidence that melatonin
effectively mitigates acrylamide-induced testicular toxicity
by restoring hormonal balance, enhancing steroidogenic
enzyme activity, and preserving testicular histology. The
protective effects of melatonin appear to be dose
dependent, with higher doses vyielding nearly complete
restoration of testicular function. Given its potent
protective properties, melatonin has emerged as a
promising therapeutic agent for counteracting
reproductive toxicity induced by environmental toxicants.
These findings underscore the need for further research
into the clinical applications of melatonin in reproductive
medicine and toxicology. Future studies should explore its
long-term efficacy, optimal dosing, and potential
synergistic effects with other protective compounds.
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