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ABSTRACT

Sepsis is an inflammatory syndrome that targets the lung tissue. Bromelain (BRO) is an enzyme complex known for
its anti-inflammatory properties. In this study, the protective effect of BRO on lung injury due to sepsis induced by
cecal ligation and puncture (CLP) in Sprague-Dawley rats was investigated by biochemical and histopathological
methods. Forty Sprague dawley rats were randomly divided into five groups as control, CLP, BRO, CLP+BRO 50
and CLP+BRO 100. In the study, after oral administration of 50 and 100 mg/kg BRO (total of 7 applications for 7
days) to rats, laparotomy and CLP were performed. The data showed that due to its antioxidant properties, BRO
decreased CLP-induced myeloperoxidase (MPO) and lipid peroxidation (MDA) (p <0,001), increased glutathione
(GSH) levels, superoxide dismutase (SOD) and glutathione peroxidase (GPx) activities (p <0,001). Additionally,
CLP-induced lung histological changes were reduced with BRO supplementation. The results showed that BRO
treatment has an antioxidant, anti-inflammatory effect on CLP-induced lung toxicity and helps preserve lung tissue
architecture owing to its regulatory effect.

Keywords: Lung, Bromelain, Inflammation, Oxidative Stress, Sepsis
*okok

Deneysel Sigan Sepsis Modelinde Bromelainin Oksidatif Stres ve Akciger Doku Histopatolojisi Uzerine
Etkileri

(074

Sepsis, inflamatuvar bir sendrom olup basta akcigeri hedef almaktadir. Bromelainin (BRO) anti-inflamatuvar ézelligi
ile bilinen enzim kompleksidir. Bu calismada Sprague dawley sicanlarinda c¢ekal ligasyon ve perforasyon (CLP) ile
indiklenen sepsise baglt akcifer hasarinda BRO koruyucu etkisi biyokimyasal ve histopatolojik yoéntemlerle
arastinilldi. Kurk adet Sprague dawley sican, kontrol, CLP, BRO, CLP+BRO 50 ve CLP+BRO 100 olmak tizere
rastgele bes gruba ayrildi. Calismada sicanlara 50 ve 100 mg/kg BRO oral olarak (7 giin boyunca toplam 7
uygulama) verildikten sonra laparotomi ve CLP uygulanmustir. Veriler, BRO'nun antioksidan &zelliklerinden dolay:
CLP ile indiklenen miyeloperoksidaz (MPO) ve lipid peroksidasyonu (MDA) azaltugini (p <0,001), glutatyon
(GSH) seviyelerini, siperoksit dismutaz (SOD) ve glutatyon peroksidaz (GPx) aktivitelerini arttirdifini g6stermistir
(p <0,001). Ayrica CLP kaynakli akciger histolojik degisiklikler BRO takviyesi ile azalmistir. Sonuglar BRO tedavisin
CLP kaynakli akciger toksisitesi tizerinde antioksidan, anti-inflamatuvar etkiye sahip oldugunu ve diizenleyici etkisi
sayesinde akciger doku mimarisinin korunmasina yardimei oldugunu gostermistir.

Anahtar Kelimeler: Akciger, Bromelain, Inﬂamasyon, Oksidatif Stres, Sepsis
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GIRIS

Sepsis, enfeksiyona bagli coklu organ yetmezligi ve
Olime sebep olabilen sistemik inflamatuvar bir
sendromdur (Zhang ve ark. 2021). Her yil yogun
bakim tnitelerinde 5 milyondan fazla hasta sepsise
baglt hayatin1 kaybetmektedir (Chen ve ark. 2018).
Akcigerler, sepsisli hastada ilk fonksiyonu bozulan
organlardir. Yogun bakimda yatan hastalarda, akciger
disfonksiyonu ve akut respiratuar distres sendromu
(ARDS) 6lum riskini artiran nedenler igerisinde en stk
gorilenlerdendir (Zeng ve ark. 2015). Sepsisin hem
akciger hem de c¢oklu organ disfonksiyonu
patogenezinde reaktif oksijen tlrlerinin (ROS) artmast
ve antioksidan savunma sistemlerinin  azalmasi
yatmaktadir. Artig gosteren oksidatif stres ile bitlikte
Ozellikle akciger dokularinda inflamatuvar hiicre
infiltrasyonu, konjesyon ve &6dem gibi patolojik
degisiklikler meydana gelmektedir (Chen ve ark. 2018;
Giustina ve ark. 2019). Mevcut tedavi secenekleri
arasinda antibiyotik ve strekli pozitif basingh
ventilasyonla tedavi 6n plandadir. Fakat bu tedavilerin
etkisi hem smnirth hem de maliyetlidir (Chen ve ark.
2021). Son yillarda sepsisin sebep oldugu akciger
disfonksiyonunun éniine gecmek icin farklt tedavi ve
stratejiler tzerinde durulmaktadir. Fakat basvurulan
yontemler yeterince etki gosterememis ve altta yakan
kesin mekanizma tam olarak ¢Ozillememistir.
Oksidatif stres, coklu organ fonksiyon bozuklugunda
6nemli bir rol oynadigindan antioksidanlar ile tedavi
umut verici bir strateji olarak kabul edilmektedir.
Dogal bilesikler ézellikle bir¢ok hastaligin tedavisinde
yaygin olarak kullandan antioksidan ve anti-
inflamatuvar etkilerinden dolayt bircok arastirmacinin
ilgisini ¢cekmektedir (Hu ve ark. 2020; Genin ve ark.
2016). Dogal bir triin olan Ananas comosus (Ananas),
Bromeliaceae familyasina ait 6nemli terapatik 6zelligi
olan bir bilesiktir. ~ Bromelain (BRO), ananasin
saplarindan  elde edilen proteaz bir enzim
kompleksidir (El-Demerdash ve ark. 2020; Ferah
Okkay ve ark. 2023). BRO’nun kullanim alanlart ¢ok
yayginlasmus, giivenilir ve 6zellikle gidada, saglik
alanlarinda  ve kozmetikte yerini almistr (EI-
Demerdash ve ark. 2020). Dinyanin bir¢ok tlkesinde
kullanilmakta olan BRO, o6zellikle Amerika ve
Avrupada  besin  takviyesi olarak, Cin’de ise
antimodiilator bir ilag olarak kullandmaktadir (Abo ve
ark. 2021). BRO daha Onceki ¢alismalarda
antioksidan, anti-inflamatuvar, antikanser ve anti-
trombosit etkisi ortaya konmustur (El-Demerdash ve
ark. 2020; Ferah Okkay ve ark. 2023). Bu etkilerinden
dolay1 sepsisin neden oldugu akciger
disfonksiyonunda kullanilmas: alternatif bir yol
olabilir.

Bu calismada amag, sepsis kaynakli akciger
toksisitesine karst BRO'nun potansiyel koruyucu
etkisini biyokimyasal ve histopatolojik yontemler
kullanarak arastirmaktur.

MATERYAL ve METOT

Deneysel Prosediir ve Gruplar

Bu calismada, Kafkas Universitesi Deneysel Arastirma
ve Uygulama Merkezi blinyesindeki deneysel hayvan
laboratuvarindan temin edilen toplam 40 adet Sprague
dawley (250-300gt, 3 aylik) cinsi disi sicanlar kullanild.
Deney stiresince, deney hayvanlarina yeteri kadar (ad
libitum) su ve pellet yem verildi. Hayvanlar deney
Oncesi  gruplar  halinde standart laboratuvar
kosullarinda (sicaklik: 232 °C) ve (nem: % 55 + 5)
barindirildi. Bu calisma Kafkas Universitesi Hayvan
Deneyleri Yerel Etik Kurulu tarafindan onaylanmistir
(Tarith: 22 Eylal 2022, protokol numarast: 2022—
8/145). Calisma 5 grup olacak sekilde her bir grup
rastgele 8 sicandan olusmaktadir.

» 1. Grup: Kontrol (Sahte operasyon)

» 2. Grup: CLP

» 3. Grup: BRO 100 mg/kg

» 4. Grup: CLP + BRO 50 mg/kg

» 5. Grup: CLP + BRO 100 mg/kg

Calismada uygulanan BRO dozu literatiire gore
belirlenerek bir hafta boyunca oral olarak uygulandi
(Ferah Okkay ve ark. 2023; Sehirli ve ark. 2021).
CLP+BRO gruplarinda 7. giiniin sonunda literatiire
gore belirlenmis CLP modeli olusturuldu (Eraslan ve
ark.  2020). Sepsis modeli olusturmak icin
sicanlara intraperitoneal yoldan 90 mg/kg ketamin ile
anestezi uygulandi. CLP i¢in 2 cm ebatinda orta hatta
boylamasina insizyonla batin agildi. Ardindan ¢ekum
cksplore edildi. Cikan kolon dikkatlice sivazlandi ve
¢ekum gaita ile dolduruldu. Daha sonra ileogekal
valvin distalinden 3/0 ipekle baglanip, cekum 6n yiizii
18 G igne ile iki defa delindi. Feges ¢tkist gbzlendikten
sonra laparotomi 4/0 ipek sutiutle kapatildi. CLP
gruplarindaki sicanlara takiben laparotomi ve gekal
ligasyon perforasyon (CLP) wuygulandi. Kontrol
grubuna ise siganlara operatif islem yapimis, fakat
CLP yontemiyle sepsis modeli uygulanmamis, sadece
cekum  cksplore  edilmistit.  Sicanlar,  CLP
uygulamasindan 16 saat sonra anestezi (ketamin ve
ksilazin) altinda sakrifiye edilerek akciger dokulart
alindi. Dokularin bir kismt biyokimyasal analiz icin -
80°C’de, diger kismi ise histolojik degerlendirme
yapmak icin %10’luk formalin igerisinde sakland.

Biyokimyasal Analiz

Akciger dokulart -80°C’den ctkarildiktan sonra stvi
nitrojen igerisine birakild:r ve porselen bir tokmak ile
toz haline getirildi. Toz haline getirilen dokular %1,15
KCl ile seyreltildi, homojenize edildi ve santrifiijlendi.
Elde edilen siipernatant kisimlarindan Placer ve
arkadaglarinin = (Placer ve ark. 19606) gelistirdigi
methoda gére MDA seviyesi, Sun ve ark. (Sun ve ark.
1988) metoduna gbére SOD aktivitesi, Sedlak ve
Lindsay (Sedlak ve ark. 1968) kullandig1 methoda gére
GSH seviyesi, Bradleyin (Bradley ve ark. 1982)
methoduna gére MPO aktivitesi, Lawrence ve Burk
(Lawrence ve ark. 1976) methoduna gore ise GPx
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aktivitesi Olgiildii. Toplam protein analizinde ise
Lowry ve ark. (Lowry ve ark. 1951) gelistirdigi
method kullanid.

Histopatolojik Analiz

Sican akciger doku Ornekleri %10’luk formalin
icerisinde 48 saat boyunca tespit edilmistir. Ardindan
4 saat suresince yitkamaya alinan dokular, devaminda
artan dereceli alkol serilerinde dehidratasyon, ksilende
seffaflastirma ve parafinde infiltrasyon islemleri
yapilarak ~bloklar haline getirilmistir. Bloklanan
dokulardan ~ konvansiyonel — 1stk  mikroskobik
incelemeleri icin mikrotom ile 5 pm’lik kesitler elde
edilerek lamlar uzerine birakilmistir.  Alinan kesitler
hematoksilen-eozin (H&E) ile prosediire uygun
sekilde boyanmustir. Histolojik analizler icin; kesitler,
bilgisayar destekli mikroskop ile fotograflanip ayri ayri
2 histolog  tarafindan  kérleme  yontemiyle
incelenmistir. ~ Akciger  hasari, daha  6nceki
calismalarda bildirildigi gibi histolojik bir skorlama
sistemi kullanilarak degerlendirildi (Liu ve ark.
2019). Degerlendirmede, dort patolojik parametre
kullandd: ve O ile 4 arasinda bir Slgekte puanlandi:
alveolar konjesyon, kanama, l6kosit infiltrasyonu

* k%
4,007

3,00

2,007

MPO (Uimg protein)

1,00

Kontrol CLP

veya notrofil  agregasyonu  ve alveolar duvar
kalinhigr. Karsilastirmali analiz i¢in dért parametrenin
timi i¢in puanlarin toplami kaydedildi.

Istatistiksel Analiz

Istatistiksel analiz icin SPSS versiyon 20.0 bilgisayar
programi  kullanildi.  Gruplarin  biyokimyasal ve
histopatolojik verilerinin analizi ve karsilastirilmasinda
tek yonli varyans analizi (ANOVA) ve Tukey
karsilastirma  testi  kullanildi.  Istatistiksel —analiz
sonugclart ortalama t standart sapma (SD) olarak ifade
edildi. p<0,05 istatistiksel olarak anlamli kabul edildi.

BULGULAR

BRO'nun ve CLP’nin Akciger Dokusu MPO
Aktivitesine Etkisi

Inflamasyon belirteclerinden MPO  aktivitesi Sekil
1’de gosterilmistir. CLP modeli sicanlarda akciger
dokusunda MPO aktivitesini arttirarak inflamasyon
diizeyini arttirmistir. BRO’nun CLP uygulamas: ile
birlikte uygulandiginda MPO  aktivitesini, CLP
grubuna kiyasla Onemli Olclide azalttigt  tespit
edilmistir (p<<0,001).

BRO CLP+BRO 50 CLP+BRO 100

Sekil 1: Tim deney gruplarina ait myeloperoksidaz (MPO) sonuglari. *** Kontrol grubuna karst p<<0,001, ### CLP

grubuna karst p<<0,001

Figure 1: Myeloperoxidase (MPO) results of all experimental groups. *** p<0.001 vs. control group, ## p<0.001 vs.

CLP group.

BRO'nun ve CLP’nin Akciger Dokusu MDA ve
GSH Diizeylerine Etkisi

Sigan akciger dokusunda analiz edilen MDA ve GSH
dizeyleri Sekil 2’de gosterilmistir. Akciger dokular
MDA dizeylerinde kontrol grubuna kiyasla CLP
olusturulan grupta artis oldugu tespit edilmistir.

BRO’nun (50 ve 100 mg/kg) CLP ile bitlikte
uygulanmasi, sepsisin neden oldugu artan MDA
seviyesini doza  baglt olarak Gnemli Olctde
hafifletmistir  (p <0,001). GSH  seviyesi, CLP
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grubunda kontrol grubuna goére akciger dokusunda
onemli  Ol¢ide  azaldigi  tespit  edilmistir
(p<0,001). CLP+BRO 50 ve CLP+BRO 100 gruplari
CLP olusturulan grubu ile kiyaslandiginda akciger

40,007

8
8
i

20,004

MDA (nmollig doku)

10,00

0,00~

Kontrol BRO CLP+BRO 50 CLP+BRO 100

4,007

g

GSH (nmolig doku)

GSH duzeylerinde artis oldugu tespit edilmistir
(p<0,001).

0,00

Kontrol cp BRO CLP+BRO 50 CLP+BRO 100

Sekil 2: Tum deney gruplarina ait malondialdehit (MDA) ve Glutatyon (GSH) sonuglart. *** Kontrol

grubuna karst p<0,001, ### CLP grubuna kars1 p<0,001

Figure 2: Malondialdehyde (MDA) and Glutathione (GSH) results of all experimental groups. *** p<0.001 vs.

control group, ### p<0.001 vs. CLP group

BRO'nun ve CLPnin Akciger Dokusu
Antioksidan Enzim Belirtecleri Uzerine Etkisi
Akciger dokusu antioksidan enzim (SOD, GPx)

aktiviteleri Sekil 3’de verilmistir. Bulgulara gére, CLP
grubunda SOD ve GPx enzim aktivitelerinin kontrol

25,00
20,00

15,00

SOD (Uig protein)

10,00

5,007

0,00~

CLP+BRO 50 CLP+BRO 100

Kontrol BRO

25,001

20,004

GPx (Ulg protein)

15,00

grubuna gére distigi tespit edilmistir (p<<0,001).
CLP ile birlikte BRO uygulanmasi SOD ve GPx
enzim aktivitelerini doza baglt olarak artirarak iyilesme
saglamustir (p<<0,001).

H#i##

#iH#

5,007

0,00~
CLP+BRO 50 CLP+BRO 100

BRO

Sekil 3: Tim deney gruplarina ait Stiperoksit dismutaz (SOD) ve Glutatyon peroksidaz (GPx) sonuglari ** Kontrol
grubuna karst p<0,001, ### CLP grubuna kars1 p<0,001
Figure 3: Superoxide dismutase (SOD) and Glutathione peroxidase (GPx) results for all experimental groups ***

p<0.001 vs. control group, ### p<0.001 vs. CLP group
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BRO'nun ve CLPnin Akciger Dokusu
Histopatolojik Degisiklikler Uzerine Etkisi

H&E boyamast sonucu akciger dokulari histolojik
olarak incelendiginde kontrol grubu sicanlarin akciger
dokular1 normal morfolojiye sahip ve belirgin bir
hasar yoktu (Sekil 4.A). Ozellikle alveol duvarlart
normal kalinlikta ve bronsiollerin diizgiin histolojik
yapt gosterdigi gozlendi. Ayni sekilde BRO grubunda
kontrole yakin gérintiler oldugu gézlendi (Sekil 4.C).
CLP wuygulanan grupta ise akciger dokularinda
inflamatuvar hicre infiltrasyonunun dikkat ¢ekici
oldugu saptandi. Bu gruptaki akcigerlerin alveol

duvarlart kalinlagmus, 6dem, kapiller hiperemi oldugu
gbzlendi. Ayrica bazi bronsiollerin ve bronslarin epitel
hiicrelerinin deforme oldugu saptandt (Sekil 4.B).
Aksine CLP ile birlikte BRO uygulanmast akciger
hasarim1 modile ettigi goézlendi (Sekil 4.D, 4.E).
Akciger hasar skorlar1 degerlendirildiginde, kontrol
grubuna gére CLP grubunda akciger hasarinin arttig
gozlendi (p<0,001). Ancak CLP grubuna goére
CLP+BRO gruplarinda histolojik skorlarin diistiigi
gozlendi (Sekil 4.F).

Lung injury score

BRO CLP+BRO S50 CLP+BRO 100

Sekil 4: Akciger dokusunun 151k mikrograflari. (A) Kontrol grubu (sahte operasyon), (B) CLP (sepsis) grubu; kivrik
ok: alveolar duvar kalinlig1, ok bast: inflamatuar hiicre infiltrasyonu, ok: kanama, (C) BRO (Bromelain) grubu, (D)
CLP+BRO 50 (sepsist+ bromelain 50) grubu, (D) CLP+BRO 100 (sepsis + bromelain 100) grubu. (F) Akciger
hasari, yontemlerde aciklanan akciger skorlari kullanilarak degerlendirildi. *** Kontrol grubuna karst p<<0,001,

### CLP grubuna karst p<0,001. (H&E boyama; bar: 50um)

Figure 4: Light micrographs of lung tissue. (A) Control group (fake operation), (B) CLP (sepsis) group; curved
arrow: alveolar wall thickness, arrowhead: inflammatory cell infiltration, arrow: bleeding, (C) BRO (Bromelain)
group, (D) CLP+BRO 50 (sepsis+ bromelain 50) group, (D) CLP+BRO 100 (sepsis) + bromelain 100) group. (F)
Lung injury was assessed using lung scores described in the methods. *** p<0.001 versus control group, ### p<0.001

versus CLP group. (H&E staining; bar: 50pm)
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TARTISMA

Sepsis, coklu organ hasarina sebep olan ve mortalitesi
giderek artan kiiresel bir saglik sorunudur. Ozellikle
akciger dokusu sepsis i¢in birincil hedef organdir. Bu
baglamda, sepsisin zararl etkilerini azaltmak ve tedavi
secenekleri  sunmak icin  arastirmalar  giderek
artmaktadir. Ozellikle son yillarda tedavi amacli
olarak, dogal yontemlere ve fitokimyasallara ilgi
artmaktadir. BRO giivenilir, ucuz ve toksik etkisi
olmayan dogal bir etken maddedir. Daha 6nce yapilan
calismalar, BRO’nun anti-inflamatuvar ve antioksidan
etkilerinin oldugunu rapor etmistir (El-Demerdash ve
ark. 2020; Ferah Okkay ve ark. 2023). Fakat sepsis
hasarina karst etkisi ve mekanizmasi hentiz tam olarak
bilinmemektedir. Bu calismada amac, sepsis modeli
olusturulan sicanlarda akciger doku hasarina karst
BRO’nun etkisini belirlemektir.

Sepsise maruz kalan dokularda ik savunma hattt
nétrofiller, monositler ve makrofajlardir. Sepsis
gelistiginde  6zellikle  nétrofiller  inflamatuvar
mediyOtorleri  serbest  birakarak  anti-mikrobiyal
oldiirmeye ve akciger patolojik degisikliklere katkida
bulunurlar. Ayrica notrofiller, sitokinlerin,
proteazlarin ve ROSlarin  konsantrasyonlarini  da
artirir (Giustina ve ark. 2019; Yu ve ark. 2020).
Inflamasyon ve sepsisin 6nemli belirteclerinden birisi,
MPO enzim aktivitesidir (Margotti ve ark. 2022).
Mevcut calismada, sepsise bagh olarak MPO
seviyesinin arttift ve bu artisla inflamatuvar yanitin
ortaya ¢iktigl tespit edilmistir. Bulgularimiza benzer
sckilde literatiirdeki diger sepsis ¢alismalarinda da
MPO aktivitesinin arttigl gosterilmistir (Baradaran
Rahimi ve ark. 2019; Li ve ark. 2019). CLP ile bitlikte
BRO uygulamast ise MPO aktivitesini diisiirerek
inflamatuvar yanitt azaltmistur.

Sepsisin  akciger  izerindeki  patolojik  hasar
mekanizmalarindan birisi, oksidatif strestir (Li ve ark.
2022).  Oksidatif stres, ROS’larin  artmasi  ve
antioksidan kapasitenin baskilanmasina dayanan bir
hasar olarak tanimlanir (Akaras ve ark. 2017; Giir ve
ark. 2022; Kandemir ve ark. 2022; Semis ve ark. 2022;
Simsek ve ark. 2023a; Simsek ve ark. 2023b). Sepsis
hasarinda  dokularda  yiiksek  oranda  biriken
inflamatuvar sitokinler, ROS olusumunu
artirmaktadir. Artan ROS  Gzellikle akciger hiicre
zarlarina, lipitlere, proteinlere ve niikleik asitlere zarar
verebilmektedir.  Ayrica  artan  ROS  lipid
peroksidasyonunu aktive eder ve mitokondriyal
membran hasarina sebep olmaktadir (Gir ve atk.
2023; Petronilho ve ark. 2016; Anter ve ark. 2022).
Mevcut c¢alisgmada, CLP uygulamasinin akciger
dokusunda lipid peroksidasyon belirteglerinden MDA
seviyesini artirdigi ve bu artisin oksidatif strese neden
oldugu gorilmistir. CLP ile birlikte BRO uygulamasi
ise MDA seviyesini doza bagli olarak azaltmustir.
Yakin zamanda yapilan toksisite c¢alismalarinda,
BRO’nun MDA seviyesini azaltugina dair kanitlar
sunulmugtur (Khazaeel ve ark. 2022; Ferah Okkay ve
ark. 2023). Mevcut calisma verileri

degerlendirildiginde, BRO’nun membran kaynakl
hasarlara karsi koruyucu olabilecegi sonucuna varildi.
Inflamasyona bagli olarak gelisen oksidatif stresin
gelismesinde 6nemli katkisi olan stireclerden birisi
antioksidanlarin baskilanmast veya inhibe olmasidir.
Oksidatif stres enzimatik ve enzimatik olmayan
antioksidan ~ savunma  sistemleriyle  detoksifiye
edilebilir (Kandemir ve ark. 2020; Gur ve ark. 2022).
Antioksidanlar,  oksidan  molektllerin  dokular
tzerindeki olumsuz etkilerini sinirlayan ve serbest
radikalleri temizleyerek oksidatif hiicre hasarina karst
koruyan hiicresel savunma mekanizmalarinin bir
pargasidir. Hiicrede bol miktarda bulunan GSH
enzimatik olmayan tripeptit yapida bir antioksidandir.
GSH, oksidanlar ile ksenobiyotiklerin
temizlenmesinde ve ilaglarin  detoksifikasyonunda
aktif rol alir (Turk ve ark. 2019). Mevcut calismada,
akciger dokularinda sepsise bagli GSH diizeyinin
azaldigy tespit edilmistir. GSH azalmasi, sepsis
kaynakli ROS’larin artmasina baglt olarak artan GSH
kullanimina baglt olabilir. CLP ile birlikte BRO
uygulamasinin, doza bagli olarak GSH miktarini
artirdigr tespit edilmistir. Sonug olarak yiiksek doz
olan 100mg/kg dozunda BRO uygulamasi, GSH
seviyesini  kontrol grubuna yakin bir diizeye
getirmistir. ~ Antioksidan  enzimlerinden ~ SOD,
stperoksit radikallerinin hidrojen peroksite (H205)
déniisimiini katalizlerken, GPx ise HxOs'visu ve
oksijene donustiirir (Akaras ve ark. 2023). Mevcut
calismada, CLP uygulamast sican akciger dokularinda,
SOD ve GPx enzim aktivitelerinde azalmaya sebep
olurken, BRO takviyesinin enzim miktarlarini modiile
ettigi  tespit  edilmisti.  Onceki — arastirmalar,
calismamiza benzer sekilde sepsisin antioksidan
enzimlerin aktivitesini azalttigint rapor etmistir (Cinar
ve ark. 2019, Liu ve ark. 2021). Agarwal ve ark.
mevcut ¢alisma ile paralel olarak BRO’nun
antioksidan kapasitesini artirdigint  rapor etmistir
(Agarwal ve ark. 2010).

Mevcut  galismada, CLP  kaynakh  akciger
histopatolojik  bulgular  biyokimyasal  bulgulatla
uyumlu  sonuglar  gdstermistir.  Ozellikle  CLP
uygulamast  ile akcigerde inflamatuvar  hicre
infiltrasyonu, hiperemi ve alveoler duvar kalnlasmasi
gorilmustir. Hu ve ark. calismalarinda, sepsisin
akcigerde oksidatif strese baglt olarak konjesyona ve
O6deme sebep oldugunu rapor etmistir (Hu ve ark.
2020). Mevcut c¢alismada, CLP ve BRO’nun bitlikte
uygulanmasi dejenaratif degisiklikleri iyilestirmistir.

SONUC

Butun veriler birlikte degerlendirildiginde, CLP’nin
oksidatif stresi ve inflamasyonu arttirarak akciger
dokusunda histopatolojik degisikliklere neden oldugu
gosterilmistir.  Diger  taraftan, BRO  akciger
dokularinda ROS’u  temizleme 6zelliginden dolayt
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oksidatif stresi, inflamasyonu, patolojik degisiklikleri
azaltmis ve CLP’ye kars1 koruma saglamistur.

Cikar catismast: Yazarlarin bildirecek ¢ikar ¢atismasi
yoktur.
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ABSTRACT

Valproic acid (VALP) is a drug used for many psychiatric diseases such as epilepsy. However, the use of VALP has potential
side effects on various tissues, including the testicles. Rutin (RUT) is a flavonoid with protective effects against oxidative
stress-induced diseases and lipid peroxidation. In this study, the protective effects of RUT against testicular damage caused
by VALP were investigated. For this purpose, 35 male Spraque-Dawley rats weighing 220-250 g were used in the study. The
rats were randomly divided into 5 groups as Control (physiological saline), RUT (100 mg/kg/bw), VALP, (500mg/kg/bw),
VALP+RUT 50 (500 mg/kg/bw VALP+50 mg/kg/bw RUT), and VALP +RUT 100 (500 mg/kg/bw VALP+100
mg/kg/bw RUT). At the end of the RUT and VALP administrations, the rats were sacrificed and testicular tissues were
taken to be used for biochemical and spermatological analyzes. According to the results of this study, the MDA level in the
testicular tissues of the VALP group was found to be statistically higher than the other experimental groups (p<0.05).
Testicular tissue GSH and Nrf-2 level was the lowest in the VALP group. TNF-a, 1L-1B and MAPK14 levels in testicular
tissue were highest in the VALP group, while it was decreased in the RUT treatment groups. Similatly, the highest levels of
Bax, Caspase-3 and MMP-9 were observed in the VALP group, while RUT treatment decreased this value. When the
spermatological analyzes were examined, it was observed that the total motility value decreased significantly in the VALP
group, but the total motility value increased in the RUT treatment group (p<<0.05). A significant increase in the rate of dead
and abnormal sperm was found in the VALP group, but these parameters improved in the RUT treatment group. As a result,
RUT has protective effects against VALP-induced testicular damage in rats.

Keywords; Oxidative stress, rat, rutin, semen, valproic acid
KKk

Sicanlarda Valproik Asite Bagh Testis Hasarina Rutin Etkisinin Aragtirilmasi

(074

Valproik asit (VALP), epilepsi gibi bircok psikiyatrik hastalik i¢in kullanilan bir ilagtir. Ancak VALP kullaniminin testisler de
dahil olmak tzere cesitli dokularda potansiyel yan etkileri vardir. Rutin (RUT), oksidatif stres kaynakli hastaliklara ve lipid
peroksidasyonuna karst koruyucu etkileti olan bir flavonoiddir. Bu calismada VALP'in neden oldugu testis hasatina kargt
RUT'un koruyucu etkisi arastirildi. Bu amagcla ¢alismada agirliklarr 220-250 g olan 35 adet erkek Sprague-Dawley cinsi rat
kullanild1. Ratlar kontrol (serum fizyolojik), RUT (100 mg/kg/va), VALP, (500mg/kg/va), VALP+RUT 50 (500 mg/kg/va
VALP+50 mg/kg/va RUT) ve VALP +RUT 100 (500 mg/kg/v VALP+100 mg/kg/va RUT) olarak 5 gruba ayrildi.
Uygulamalarinin sonunda ratlar sakrifiye edilerek testis dokulari biyokimyasal ve spermatolojik analizlerde kullanilmak tizere
alindi. Sunulan ¢alismanin sonuglarina gére VALP grubunun testis dokularindaki MDA diizeyi diger deney gruplarina gore
istatistiksel olarak yiiksek bulundu (p<0,05). Testis dokusu GSH ve Nrf-2 diizeyi VALP grubunda en dusiikti. Testis
dokusunda TNF-a, IL-18 ve MAPK14 seviyeleri VALP grubunda en yiiksek iken, RUT tedavi gruplarinda azaldi. Benzer
sekilde en yitksek Bax, Caspase-3 ve MMP-9 seviyeleri VALP grubunda gézlenitken, RUT tedavisi bu degeri azaltmustir.
Spermatolojik analizler incelendiginde total motilite degerinin VALP grubunda anlamli olarak distigl, ancak RUT tedavi
grubunda total motilite degerinin arttgt gorilldd (p<<0,05). VALP grubunda 614 ve anormal sperm oraninda 6nemli bir artis
bulundu, ancak bu parametreler RUT tedavi grubunda duzeldi. Sonug olarak RUT, sicanlarda VALP'nin neden oldugu testis
hasarina karst koruyucu etkilere sahiptir.

Anahtar kelimeler; Oksidatif stres, rat, rutin, sperma, valproik asit.
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INTRODUCTION

Valproic acid (VALP, 2-propylpentanoic acid) or
valproate is an eight-carbon branched chain fatty acid
used as an antiepileptic drug (Tolou-Ghamari &
Palizban, 2015). VALP and its salts are among non-
specific histone deacetylase inhibitors (Zhou et al.,
2020). VALP has been used for its anti-migraine,
neuroprotective, and anti-manic properties (Safdar &
Ismail, 2022). Despite its medical use, side effects are
reported after VALP administration (Abdelkader et
al., 2020; Pourahmad et al., 2012; Saleh et al., 2012).
VALP can cause dyspepsia, obesity, hematological
toxicity, teratogenicity, hepatotoxicity, nephrotoxicity
and reproductive toxicity (Adewole et al, 2021;
Galaly et al,, 2014; Kandemir et al.,, 2022). VALP
induces oxidative stress and inflammation, leading to
toxication (Jin et al., 2014; Tong et al., 2005). Like
other histone deacetylase (HDAC) inhibitors, VALP
has the potential to alter the expression of protein
levels (Bradbury et al, 2005). Increased levels of
phospho-nuclear factor kappa beta (p-Nf-kB) and
Caspase-3 were observed in testicular damage
induced by VALP (Savran et al., 2020). Moreover,
VALP causes a decrease in testicular weight and
sperm quality in rats (Alsemeh et al., 2022).
Flavonoids are known for their anti-inflammatory and
anti-apoptotic properties (Akaras, Gur, et al.,, 2023;
Akaras, lleriturk, et al., 2023; Ileriturk et al., 2023;
Kandemir et al., 2017; Simsek et al., 2023; Simsek et
al., 2023; Yardim et al, 2020). Rutin RUT) is a
flavone with antioxidant and anti-inflammatory
effects, consisting of quercetin and the disaccharide
rutinose (Aktas et al., 2017; Kandemir, Caglayan, et
al., 2020). Previous studies indicate that RUT has
antidiabetic  (Kamalakkannan &  Prince, 2000),
neuroprotective  (Ola et al, 2015), and
cardioprotective (Wang et al., 2015) effects. In
addition, RUT also has protective effects against
testicular toxicity (Abarikwu et al, 2013; Hozayen,
2012). It has also been determined that RUT has
protective effects in rats with testicular ischemia
perfusion (Akondi et al., 2011; Wei et al., 2011). In
acrylamide administered rats, RUT reduced testicular
toxicity (Salem et al,, 2017). In addition, RUT has
protective effects against testicular toxicity caused by
doxorubicin (Hozayen, 2012), lead acetate (Ansar et
al, 2015) and busulfan (Abarikwu et al, 2022)
induced in rat.

In the literature review, we could not find a study
examining the effects of RUT against VALP-induced
testicular damage. In this study, the protective
properties of RUT against VALP induced testicular
toxicity were investigated.

MATERIAL AND METHODS

Animals and Ethical Approval
Presented study 35 male Sprague Dawley rats, 10-12
weeks old and weighing 220-250 g, were used.

Animals were purchased from ...... University
Medical Experiment Application and Research Center
and the study was conducted here. Animals were
provided with feed and water ad libitum throughout
the study. Ethical approval was obtained for the study
from ...... University Animal Experiments Local
Ethics Committee (Protocol No: 2023-4-5). VALP
(Depakin) was purchased from the pharmaceutical
company Sanofi (Sanofi, France). Other chemicals
were purchased from Sigma (Sigma Aldrich
Company, USA) unless otherwise stated.

In the study, five different groups consisting of seven
rats in each group were formed. The rats in the
control group were given oral saline solution daily for
14 days. Rats in the RUT group were given oral RUT
at a dose of 100 mg/kg/bw for 14 days. The rats in
the VALP group were given sodium valproate orally
at a dose of 500 mg/kg/bw for 14 days. Rats in the
VALP+ RUT 50 group were given orally 500 mg/kg
sodium valproate + RUT 50 mg/kg/bw. Rats in the
VALP+ RUT 100 group were given orally 500
mg/kg/bw sodium valproate + RUT 100 mg/kg/bw.
At the end of the study, the rats were sacrificed under
mild sevoflurane (Abbvie, England) anesthesia and
testicular tissues were taken. While testicular tissues
were used for biochemical analysis, cauda epididymis
parts were used for semen analysis.

Testicular tissue oxidative stress analysis

The measurement of malondialdehyde (MDA) was
determined as a lipid peroxidation marker by its
reaction with thiobarbituric acid. Testicular tissue
MDA analyzes were determined by the method
described by Placer et al.(1966) Glutathion (GSH)
level was measured for antioxidant status in testicular
tissue. Testicular tissue GSH analyzes were
determined by the method described by Sedlak and
Lindsay’s(1968).

RT-PCR Analysis

After VALP and RUT treatments in testis tissues,
mRNA transcript levels of tumor necrosis factor
alpha (TNF-0), interleukin-1 beta (IL-18), mitogen-
activated protein kinase 14 (MAPK14), Bcl-2-
associated X protein (Bax), Caspase-3, nuclear factor
erythroid 2-related factor 2 (Ntf-2) and matrix
metallopeptidase 9 (MMP-9) genes were analyzed by
RT-PCR method. In the first step of the assays, total
RNA was isolated from tissues using QIAzol Lysis
Reagent  (79306; Qiagen) according to the
manufacturer's instructions. The concentration of
total RNAs was measured in the NanoDrop (BioTek
Epoch) device. In the second step, total RNAs were
converted into c¢cDNAs with the iScript cDNA
Synthesis Kit (Bio-Rad). In the third and final step, a
mixture of primers of the relevant genes, cDNAs,
iTaq Universal SYBR Green Supermix (BIORAD)
and DNase/RNase-free  water was prepared
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according to the manufacturer's instructions. The
mixture was then reacted in the Rotor-Gene Q
(Qiagen) device at the temperature cycles given by the
manufacturer. After the cycles were completed, the
CT values taken from the device were normalized

Table 1. Sequences of primers

according to @ -actin with the 2-deudeaCT method
developed by Livak KJ and Schmittgen TD (2001).
Primer sequences are given in Table 1.

Gene Sequences (5'-3") Length (bp) Reference No

Nrf2 F: TTTGTAGATGACCATGAGTCGC 161 NM_031789.2
R: TCCTGCCAAACTTGCTCCAT

TNF-a F: CTCGAGTGACAAGCCCGTAG 139 NM_012675.3
R: ATCTGCTGGTACCACCAGTT

IL-18 F: ATGGCAACTGTCCCTGAACT 197 NM_031512.2
R: AGTGACACTGCCTTCCTGAA

MAPK14 F: GTGGCAGTGAAGAAGCTGTC 170 NM_031020.2
R: GTCACCAGGTACACATCGTT

Bax F: TTTCATCCAGGATCGAGCAG 154 NM_017059.2
R: AATCATCCTCTGCAGCTCCA

Caspase-3 F: ACTGGAATGTCAGCTCGCAA 270 NM_012922.2
R: GCAGTAGTCGCCTCTGAAGA

MMP9 F: AGCTGGCAGAGGATTACCTG 230 NM_031055.2
R: ATGATGGTGCCACTTGAGGT

B-Actin F: CAGCCTTCCTTCTTGGGTATG 360 NM_031144.3
R: AGCTCAGTAACAGTCCGCCT

Semen Analysis

Testes taken from rats were separated from the cauda
epididymis. The cauda epididymis was trimmed in
5mlL saline in a Petri dish. The resulting liquid was
used in semen analysis. Sperm motility determination
was determined by the method described by Aksu et
al.(2021) Approximately 20 pl. semen sample was
dripped onto the heating plate, covered with a
coverslip and examined with a light microscope
(Zeiss  Primo  Star; Carl Zeiss, Oberkochen,
Germany). The results were calculated as percentage.
For density analysis, 10 uL. of semen fluid was taken
and 990 uL. physiological saline was added to it. It was
vortexed for 15 sec at 2500 rpm and counted at 400X
magnification on a Thoma slide to ensure
homogeneity. The mean value of both compartments
was multiplied by 5X10¢ and the result was
considered as semen density (Aksu et al., 2018; Gur,
Akarsu, et al., 2022). The rate of dead spermatozoa

and sperm abnormalities were performed by the
method described by Aksu et al. (2017). 10 uL of
semen sample was taken and 10 pl of eosin-nigrosin
mixture was dripped onto it, mixed with a coverslip
and smear was taken. Dried smears were evaluated
under a light microscope. To calculate the rate of
dead spermatozoa and abnormal spermatozoa, 200
sperm cells were examined on each slide. Results were
expressed as percentage.

Statistical Analysis

Statistical evaluation of the data obtained from the
study was made in IBM SPSS (Version 26.0) program.
One-way ANOVA and Tukey post hoc tests were
used to determine whether there was a statistical
difference between the groups. The results were given
as mean T standart deviation. p<0,05 was considered
statistically significant.
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RESULTS

Oxidative stress analysis results

MDA and GSH levels and Nrf-2 mRNA transcript
levels in testicular tissue are shown in Figure 1.
Accordingly, it is noteworthy that in the VALP group,
the level of MDA, which is a biomarker of lipid
peroxidation, increased, and the level of GSH and

Nrf-2 mRNA  transcripts decreased  (p<0,05).
However, it was observed that the MDA level
decreased and the GSH level increased in the RUT
treatment groups. Nrf-2 level increased dose-
dependently with RUT treatment (p<0.05).

Figure 1. Testicular tissue MDA, GSH and Nrf-2 levels.
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Inflammation-related gene expression level
results

TNF-o, IL-18 and MAPK14 mRNA transcript levels
in testicular tissue are shown in Figure 2. TNF-a and
MAPK14 gene expression levels were significantly

decreased in the RUT treatment groups compared to
the VALP group. IL-13 mRNA transcript level
decreased in a dose-dependent manner with RUT
treatment (p<0,05).

Figure 2. Testicular tissue TNF-a, IL-13 and MAPK14 mRNA transcript levels.
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Bax, Caspase-3 level results in testis tissue

The mRNA transcript level results of Bax and
Caspase-3, which are apoptosis-related genes in testis
tissue, are shown in Figure 3. The expression levels of
Bax and Caspase-3 genes were increased in the VALP

group. Bax and Caspase-3 levels were significantly
decreased in the RUT treatment groups compared to
the VALP group in a dose-dependent manner
(p<0,05).

Figure 3. Testicular tissue Bax and Caspase-3 mRNA trancripts levels.
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mRNA Transcript Levels of Metalloproteinases
in Testis Tissue

The testicular tissue MMP9 gene expression level of
rats in the whole experimental group is shown in

Figure 4. Testis tissue MMP9 levels.
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Figure 4. Accordingly, it was determined that MMP9
expression level increased in testicular tissue after
VALP application, while RUT treatment decreased
these expression levels (p<<0.05).
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Semen Analysis Results

The epididymal semen analysis results of the rats in
the study groups are shown in Table 2. In the VALP
group, it was observed that the total motility value
decreased significantly compared to the other
experimental groups. In addition, the rate of dead and
abnormal sperm was significantly increased in the
VALP group (p<0,05). Sperm quality improved in the
RUT treatment group. However, there was no
difference between the groups in terms of sperm
density and testicular weight.
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Table 2. Spermatological parameter results

Total Motility Density x106 Live-Dead Abnormal Total  Testis
(%) Spermatozoa Spermatozoon Weight (mg)
Rate (%) Rate (%)
Control 72,75+2,48 73£2,36 11,062,044 11,01£1,67+> 2935,66+168,71
RUT 82,21£4,03b 76,5%3,55 8,83£0,982 10,160,982 2881,33+243,16
VALP 62,18+4,02¢ 74,863+2,4 16,33+2,16¢ 15,01£4,43b 2956,331+218,42
VALP+RUT 50 78,80£5,54b 72,33%3,14 12,83+1,83> 13,511,042 3089,16+385,02
VALP+RUT 100  79,95+4,22b 73+2,01 12,23£2,92b 12,33£0,8120 2961,33+160,12
DISCUSSION

VALP has long been widely used as a broad-spectrum
anticonvulsant drug (Nalivaeva et al, 2009).
However, VALP has a toxic effect on many tissues,
including the reproductive system (Bairy et al., 2010;
Kandemir et al., 2022; Mandana et al., 2013). In this
study, the effects of RUT against testicular toxicity
induced by VALP were tried to be determined by
biochemical pathways and spermatological analyzes.
Toxic compounds are sources of oxidative stress in
testicles (Akaras et al., 2020; Belhan et al., 2017; Gur,
Kandemir, et al., 2022). Oxidative stress is one of the
main mechanisms in VALP toxicity. Measurement of
MDA levels is necessary to determine lipid
peroxidation, which is an indicator of oxidative stress
(Kandemir et al., 2022). Previous studies show that
VALP induces an increase in MDA level in various
tissues (Hamza & Amin, 2007; Raza et al., 1997). In
the presented study, it was determined that VALP
caused an increase in lipid peroxidation and thus in
MDA levels. However, it was determined that RUT
administration in the treatment groups decreased the
MDA level. This may be due to increased free radicals
released by VALP.

GSH is a non-enzymatic antioxidant compound
(Kucukler et al, 2020). Decreased levels of
antioxidant substances cause oxidative damage in
testis tissue (Akaras et al., 2017; Aksu et al., 2019). It
has been stated in previous studies that RUT is a
good antioxidant scavenger (Moshahid Khan et al.,
2012). In our study, it was observed that there was a
significant decrease in GSH levels in the VALP group
and RUT treatment provided a significant
improvement in GSH levels. Nrf2 is one of the
cellular responses to oxidative damage (Ma, 2013).
Nrf2 is suppressed when ROS is excessive (Gur &
Kandemir, 2023). VALP leads to a decrease in Nrf2
levels in vatious tissues(Adewole et al., 2021).

In our study, a significant decrease in Nrf2 level
occurred in the VALP group. There was a dose-
dependent increase in Nrf2 levels in the RUT
treatment groups. This indicates that cellular response
to oxidative damage occurs in RUT groups and that
RUT is a good reactive oxygen species scavenger.

Inflammation occurs in response to a chemical,
physical or biological substance in the body (Ambriz-
Pérez et al, 2016). TNF-a, IL-13 and MAPK14 are
proinflammatory cytokines (Gur, Kandemir, et al,
2022; Temel et al., 2020) Previous studies have shown
that RUT inhibits TNF-a and IL-18 levels in various
tissues (Cihan et al., 2022; Kandemir, Caglayan, et al.,
2020; Youssef et al., 2022). In the presented study, it
was determined that there were significant increases
in TNF-«, IL-18 and MAPK14 mRNA transcript
levels in testicular tissue triggered by VALP
application to rats. It was observed that RUT
administration  alleviated oxidative stress and
suppressed the expression of TNF-o, IL-18 and
MAPKT14. Previous studies have reported that RUT
reduces oxidative stress and alleviates inflammation,
thus protecting target tissues from damage by toxic
agents (Caglayan, Kandemir, Darendelioglu, et al,
2019; Caglayan, Kandemir, Yildirim, et al., 2019).

In testicular toxicity, apoptosis occurs, which is
programmed cell death (Gur, Kandemir, et al., 2022;
Tuncer et al. 2023). It is stated that ROS produced in
mitochondria in the apoptotic process have a
function (Kandemir, Yidirim, et al., 2020). Bax and
Caspase 3 are used as indicators to determine the
level of apoptosis (Kucukler et al., 2020). It has been
stated that VALP triggers apoptosis in cells (Phillips
et al,, 2003). In the present study, it was determined
that VALP application increased the mRNA
transcript levels of Bax and Caspase-3 in testicular
tissue, thus causing apoptosis. On the other hand, it

265



was observed that RUT treatment suppressed Bax
and Caspase-3 expressions, thus protecting the
testicular tissue from the destructive effect of VALP.
In previous studies, it has been reported that
phytochemicals suppress the apoptotic pathway
induced by toxic agents (Kandemir, Caglayan, et al.,
2020). In this respect, our study is compatible with
previous studies.

MMPs are enzymes that have an important function
in cell membrane disruption (Yildiz et al, 2022).
These enzymes are inhibited when the cell Zinc (Zn)
and Copper (Cu) levels are too low (De Souza et al,,
2000). The increase in oxidative stress causes an
increase in MMP level in parallel. In our study, there
was a significant increase in MMP9 levels in the
VALP group. It is thought that this situation may be
related to the decrease in the concentration of Zn or
Cu, which is suppressed against increasing oxidative
damage.

Sperm motility provides information about the health
status of rats (Aksu et al., 2017). In our study, there
was a significant decrease in sperm motility in the
VALP group. This may have occurred due to
increased oxidant activity. Germ cells are extremely
sensitive to toxic substances due to their high mitotic
activity and low antioxidant capacity (Martin et al.,
1999). In our study, the increase in the ratio of dead
and abnormal spermatozoa in the VALP group can
be explained by this mechanism. The decrease in the
ratio of dead and abnormal sperm in RUT-treated
groups can be explained by the fact that RUT
scavenges ROS with increased antioxidant activity.

CONCLUSION

As a result, VALP administration cause to an increase
in oxidative stress, inflaimmation and apoptosis in
testicular tissue of rats, thus decreasing sperm quality.
RUT treatment improved sperm quality by partially
ameliorating the testicular damage induced by VALP.
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ABSTRACT

Spinal cord injury (SCI) is a critical health problem that occurs after spinal trauma. In this study, the possible effects of Tarantula
cubensis extract in the acute period were evaluated. For the rat trauma model, 28 Sprague dawley rats were used. All rats were
divided into 4 groups (n=7); Control, injury (IG), prednisolone treatment (PG), and Tarantula cubensis extract treatment
(TCG). Laminectomy was applied to all rats except the control group, and an aneurysm clamp was applied to the spinal cord
for 60 seconds. BBB (Basso, Beattie, Bresnahan Locomotor Rating Scale) for clinical improvement assessment,
histopathological ~(inflammatory response, neuron viability), and the amount of biochemical parameters 8-
hydroxydeoxyguanosine (8-OHdG), myeloperoxidase (MPO), transforming growth factor beta 1 (T'GF $-1), tumor necrosis
factor alpha (TNF-u), interleukin 2 (IL-2) were evaluated. According to histopathological evaluations; less damage and
inflammation were observed in the TCG group compared to the IG group. There was a statistical similarity between TCG and
PG (p=0.005) BBB score TCG values were higher than PG and IG rats. MPO level was found to be significantly lower than
TCG group IG and PG in laminectomy rats (p=0.001). TGF B-1 (ng-I), which is an anti-inflammatory cytokine, was measured
at the highest level of TCG (p=0.001). TNF-ua (ng-I) levels were higher in TCG, PG, and IG compared to the control group.
IL-2 (ng-l) levels were decreased in TCG, PG, and control groups compared to the IG group (p=0.05). Tarantula cubensis
extract has been determined neuroprotective effect by showing anti-inflammatory activity.

Keywords: Anti-inflammatory effect, Neuroprotection, Spinal cord injury, Tarantula cubensis extract
*okok

Tarantula cubensis Ekstraktinin Siganlarda Deneysel Akut Omurilik Yaralanmasi Uzerine Etkileri

(074

Omurilik yaralanmasi (SCI), omurganin ciddi yaralanmalarindan sonra ortaya cikan kritik bir saglik sorunudur. Bu ¢alismada
Tarantula cubensis ekstraktinin akut dénemdeki olas: etkileri degerlendirilmistir. Sican travma modeli i¢in 28 Sprague dawley
kullaniddi. Ttum ratlar 4 gruba ayrildi (n=7): Kontrol, hasar grubu (IG), prednizolon tedavisi (PG) ve Tarantula cubensis ekstrakt:
tedavisi (TCG). Kontrol grubu disindaki tim ratlara laminektomi uyguland: ve spinal korda 60 saniye anevrizma klempi
uygulandi. Klinik iyilestirme degerlendirmesi, BBB (Basso, Beattie, Bresnahan Locomotor Rating Scale), histopatolojik
(inflamatuar yanit, néron canlilig) ve biyokimyasal degerlendirmede icin 8- hydroxydeoxyguanosine (8-OHdG),
myeloperoxidase (MPO), transforming growth faktor beta 1 (TGF 8-1), timor Nekroz Faktor Alfa (TNF-a), interleukin-2 (IL-
2) degerlendirildi. Histopatolojik degerlendirmelere gore; TCG grubunda IG grubuna oranla daha az hasar ve inflamasyon
gozlendi. TCG ve PG arasinda istatistiksel olarak benzerlik vard: (p=0.005). BBB skoru TCG degerleri PG ve 1G’ye gbre
yiksek bulundu. Laminektomi yapilan sicanlarda MPO duzeyi TCG’de 1G ve PG'den anlamli dizeyde distk bulundu
(p=0.001). Antiinflamatuvar bir sitokin olan TGF B-1 (ng-) TCG’de en ytksek seviyesinde 6l¢tilda (p=0.001). TNF-« (ng-I)
seviyeleri TCG, PG ve 1G'de kontrol grubuna gore daha yuksekti. Ancak kendi aralarinda anlamlt bulunmamuglardir. IL-2 (ng-
1) dizeyleri TCG, PG’de IG grubuna gére azalmistt (p=0.05). Sonug olarak; Tarantula cubensis ekstraktinin antiinflamatuar
aktivite gdstererek omurilik dokusunda néroprotektif etkisi oldugu belirlenmistir.
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INTRODUCTION

Spinal cord injury (SCI) is a considerable health
problem that can result in paralysis. This situation,
which affects many people, can occur as a result of
spinal injuries, especially in traffic accidents. While
spontaneous tecovery of SCI can be seen in non-
mammalian species, this is very limited in humans
(Bloom, 2014). Leukocyte infiltration and hemorrhage
may occur due to primary damage to the nerve tissue
and increased neuron damage. Therefore, tissue
stabilization and nerve tissue regeneration are the main
goals after injury. Steroids are currently used as a first
choice in the treatment of spinal cord patients
(Bracken et al. 1992; Walters et al. 2013). These drugs
suppress the inflammatory response and reduce the
leukocyte infiltration into the damaged tissue.
However, it was determined in experimental studies
that they did not provide sufficient improvement in
treatment and were ineffective at high doses after
trauma (Tator and Koyanagi, 1997). It has also been
stated that steroids can cause hyperglycemia in
metabolic diseases and worsen pneumonia situations
(Sultan et al. 2020). The fact that the cutrrent treatment
options do not result in full recovery in SCI makes it
necessaty to apply new treatment protocols and drugs.
It has been reported that some useful results regarding
SCI have been obtained in previous studies. These;
Schwann cells differentiated from adipose stem cells
(Zaminy et al. 2013). growth factor treatment
(Chehrehasa et al. 2014), anti-CD 1lcell treatment
(Geremia et al. 2017), Cyclooxygenase-2 (Cox-2)
selective inhibitér parecoxib treatment (Yuksel et al.
2019), human bone marrow-derived stem cells
treatment (Munter et al. 2019), melatonin hormone
(Zhang et al. 2019), platelet rich plasma(Salarinia et al.
2017) and quetiapine treatment (Aytar et al. 2018).
However, the unique structure of the nerve tissue and
the variability of trauma responses do not always
produce positive outcomes in humans.

Tarantula cubensis extract is used especially in veterinary
medicine. It is known that it has favorable outcomes
on postpartum complications, and foot and breast
diseases, and it is used in oral papillomatosis with its
immunomodulatory effects (Coskun, 2017). Tarantula
cubensis extract D6 has been reported to have positive
effects on peripheral sciatic nerve damage (Kizilay et
al. 2019), wound healing (Gul Satar et al. 2017), and
aflatoxin-induced injury in rats (Karabacak et al. 2015).
It is necessary to present new approaches to spinal
cord injury, which is a very serious health problem.
This study examined the

possible effects of Tarantula cubensis extract in the
treatment of acute SCI in rats.

MATERIALS AND METHODS

Animal Study

This experimental study was performed with the
permission of Adnan Menderes University Animal
Experiments Local FEthics Committee (ADU-
HADYEK 64583101/2018/004). For the animal
study 220-250 g weight 28 female Sprague Dawley rats
were randomly divided into 4 groups (n=7). These
were Control (CG), Injury group (IG), Prednisolone
treatment group (PG), and Tarantula cubensis extract
treatment group (TCG). Laminectomy was applied to
all  groups  except the  control  group.
Methylprednisolone (Precord liyo, Kocak
Pharma/Turkey) was intrapetitoneally administered at
a dose of 1 mg/kg and Tarantula cubensis extract
(Theranekron DG, Ricter Pharma/Austria) was
administered intraperitoneally (IP) at 0.3 ml/animal
(Kizilay et al. 2019). An equal volume of physiological
saline was injected into the control and injury groups.
In the treatment groups (PG and TCG), drug
administrations were performed at the 4th hour after
injury. The urinary bladders were emptied by applying
handle massage every 6 hours to the rats who
underwent surgical procedures until the end of the 72
th hours of the study. The reason why male animals
were not used in the study was urinary incontinence
problems that could develop after SCI.

Laminectomy

The laminectomy procedure was performed as stated
by previous studies (Rivlin and Tator, 1978). Ketamine
(50mg/kg/bw) and xylazine (5 mg/kg/bw) anesthesia
was applied to the rats who underwent a surgical
procedure. The dorsum of rats were cleaned with
betadine solution following to clipping the hairs. After
the skin incision, resection of the muscle and fascia
tissues was performed. Thoracic (T 7-9) spine-level
laminectomy was performed without damaging the
dura mater by using the clip compression method. In
clip compression application, an aneurysm clamp
(Mizuho Aneurysm Clip, Mizuho, Japan) was applied
for 60 seconds (Figure 1). The area was then closed by
suturing the muscle and skin. After applying antiseptic
to the skin, the rats were observed in clean cages. There
was mortality observed after the surgical procedures.
Paracetamol (100 mg/kg/bw) was added to the
drinking water of the operated rats until the first 12
hours to reduce pain.
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Figure 1: Laminectomy procedure on spinal cord injury (A) and application of aneurysm clamp for 60 seconds (B)
in a rat model. (A); Following the general surgery principles, the spinal cord is opened in rats under anesthesia until
the spinal cord is seen. Laminectomy is completed without damaging the dura mater. (B); Aneurysm clamp is
applied for 60 seconds. Afterward, the operation was completed using the appropriate suture material. All surgical
procedures were completed in accordance with animal welfare.

Biochemical analyzes

At the end of the study (72nd hour), intracardiac blood
samples were taken and serums were separated with a
refrigerated centrifuge device (Sigma, 3K30). Samples
were stored at -20 °C degrees until analysis. A
commercial test kit was used to determine the total
protein level in blood serum samples (A2300, Archem
Health Ind. Co., Turkey). Myeloperoxidase (MPO)
activity, 8- Hydroxydeoxyguanosine (8-OHdG), TNF-
o (Tumor Necrosis Factor Alpha), IL-2 (Intetleukin 2),
and Transforming growth factor beta 1 (TGF beta-1)
levels were measured in blood serum. A commercial
elisa test kit was used for MPO activity (Colorimetric,
Cat No: ab105136). For measuring 8-OHdG Elisa Kit
(Cat no: E-EL-0028) also TGF beta 1 ELISA Kit (Cat
no: ab119558), TNF-a ELISA Kit Bt-lab (Cat no:
E0764Ra), IL-2 Bt-lab ELISA Kit (Cat no: E0123Ra)
was used. All tests were analyzed by a subject expert
on 96 Elisa plates with 3 replicates of each sample.
ELISA tests; microplate reader: BIOTEK ELX800-
Auto strip washer: BIO TEK EL X 50 it was done on
the device.

Physical examination and Basso, Beattie,
Bresnahan (BBB) Locomotor Rating Scale
Locomotor testing was performed at 24, 48, and 72
hours after SCI trauma. In the evaluations, muscle and
joint movements, paraplegia level, reflexes, general
condition, and movement codifications were
examined. The result of the evaluation, the BBB test
with a scale of 0-21 was used (Basso et al. 1995). The
examinations wete video recorded for 1 minute. The
results were evaluated by 2 different experts.

Histopathology evaluation

All rats were euthanized by the cervical dislocation
method under anesthesia (Ketamine and Xjylazine
combination) 72 hours after the operation. The

spinal cords were harvested immediately, and tissue
segments (4-6 cm long) were placed in 10%
formaldehyde solution. Serial transverse sections were
made from the laminectomy areas from the materials
after 24 hours of fixation, the pieces were placed in
cassettes and routinely followed for 16 hours in an
automatic tissue tracking device. After routine follow-
up, serial sections of 4 pm were taken from the samples
embedded in paraffin blocks with a microtome
(Thermo Shandon HM 355S). Prepared slides were
stained with a commercial kit of Hematoxylin-Eosin
staining. Samples were examined with a light
microscope (Olympus BX53, Japan). Photo samples
were recorded with a high-resolution video camera
(Olympus BX61, Japan).

Histopathological evaluation; the samples were
examined by three expert pathologists. The degree of
ischemic damage and leukocyte leak in motor neurons
in the ventral horns of the spinal cord was evaluated.
Neurons showing cellular swelling or loss of
eosinophilic cytoplasm, nucleus, and Nissl bodies were
considered damaged. Neurons with thin chromatin,
prominent nucleolus, and cytoplasmic Nissl bodies
were defined as alive. The viability index was calculated
as the ratio between the number of viable motor
neurons in the entire spinal cord section and the
number of all motor neurons for each rat (viability
index = Number of viable neurons / total number of
neurons). In addition, the inflammatory response was
graded semi-quantitatively by calculating the number
of leukocytes seen infiltrating the tissue in randomly
selected gray matter atreas: '0' for none, '1' for less than
20, '20 to 50' for '2', "3" for more than 50 detected
leukocytes (Boga et al. 2000).
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Statistical analysis

Biochemical parameters were expressed as the mean +
SE (standard error) for the 7 rats in each group. SPSS
for Windows Version 20 was used for statistical
analysis of different groups. Statistical significance
among groups was tested using the Kruskal-Wallis test
for parameters (pathological parameters) that were not
normally distributed and using one-way ANOVA for
normally distributed parameters (other parameters). A
significant difference is accepted when p<0.05
(Conover, 1980).

RESULTS

Biochemical Analyzes Results

According to the results of 8-OHdAG blood serum
levels, a statistically significant difference was found
between the treatment groups and the control group
(p=0.04). In the tests performed with the ELISA

assay, the highest result was found in TCG. There was
also a significant difference between the group's PG
and TCG.

MPO activity increased with laminectomy and its level
decreased in the treated groups. One of the most
important results we found in the tests is MPO activity.
Because TCG levels decreased statistically significantly
in PG and 1G groups (Table 1).

TGF B-1 level was the lowest in the control group. It
was determined that the level of laminectomy was
increased in groups (IG, PG, and TCG). TGF (-1 level
was similar between PG and IG, the highest level was
determined in TCG (p=0.001).

There was no statistically significant difference
between TNF-« blood levels PG, 1G, and TCG. These
values were found to be higher than the control group
(p=0.025). IL-2 levels of PG, TCG, and control groups
showed a statistically significant decrease in the 1G

group (p=0.05).

Table 1. Biochemical parameters from blood serum taken from rats at the end of the study (72nd hour). 8-hydroxy-
2'-deoxyguanosine damage marker (8-OHdG), myeloperoxidase (MPO) activity, transforming growth factor beta-1
(TGF B-1) levels, TNF-a (Tumor Necrosis Factor Alpha), IL-2 (Intetleukin 2)

Parameters
G
(n‘;’;‘)P ® 8-OHdG MPO TGF -1 TNF-u IL-2

(ng/1) (ng/ml) (ng/1) (ng/1) (ng/1)
Control 5.90+0.07¢ 0.41£0.024 57.62+1.42¢ 35.95+3.44> | 26.38+5.420
Injury 5.94%0.09¢ 2.27+0.08 62.3810.95b¢ | 73.49%4.222 46.37+8.35
Prednizolon | 6.95+0.50b 1.50£0.05> | 68.43+4.04b 64.9616.83 28.20+3.03
Tarantula | 10.01£0.37+ | 1.21£0.06¢ 79.08+2.30 68.77£8.18¢ 25.5614.28
cubensis
p 0.040 0.001 0.001 0.025 0.050

a, b, ¢, d: Different letters in the same column indicate statistically significant difference.

Histopathological Results

Spinal cord ventral horns in animals in the control
group had a high viability index, and the inflammatory
response detected in gray matter was mild. Diffuse
ischemic harm was observed in the ventral horns of
spinal cords from animals in the IG group, consistent
with the low viability index. In the same samples, the
inflammatory response in the gray matter was severe.
The viability index of the spinal

cords taken from the animals belonging to the PG and
TCG groups was at similar rates, and neuronal
ischemic damage was observed to be lower (focal) in
these groups. Although these results were lower than
the control group, they were statistically significantly
higher than the Injury group (Figure 2). The lowest rate
of inflammatory response was seen in TCG after the
control group (Table 2). The statistical similarity in
both groups indicates anti-inflammatory activity.
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Figure 2: Hematoxylin-eosin staining (HxE, 400x magnification) in rat spinal cords after 72 hours. (A) Control group,
normal spinal nerve formations, non-inflammation and damage. (B) Injury group (IG), high rate of leukocyte
infiltration and inflammation, decrease in viable motor neurons and nissl bodies, cavitation onsets. (C) Prednisolone
treatment group (PG), less inflammation, cavitation. (D) Tarantula cubensis extract treatment group (TCG), low
inflammation rate, low leukocyte rate. There are similarities in histopathology evaluation between the PG and TCG

groups.

Table 2. Histopathological evaluation of spinal cord tissue. Viability index = number of viable neurons /total
number of neurons. Inflammatory response; '0' for none, '1' for less than 20, 20 to 50 for '2', "3" for more than 50
leukocytes.

Parameters
Gfi’uPS Neuron Viability Inflammatory response
(n=7) %)
95.00£0.772 1.00£0.00 ¢
Control
. 54.00+1.41¢ 2.6010.244
Injury group
, 70.40£1.72b 1.60£0.24"
Prednisolone group
Tarantula cubensis 74.00£2.44 b 1.20£0.20 b
group
p 0.001 0.005

a, b, ¢, d: Different letters in the same column indicate statistically significant differences.

Physical Examinations and BBB Scale Results

In the BBB score evaluation, paraplegia was present in be 1£0.00, 1.50£0.22, 1.66£0.21. 48 th hour values

all animals in the first 24 hours, and no significant are; It was determined as 1.50%£0.22, 2.66%+0.33,

difference was observed. The values on the 24th hour 4.1610.33. At the end of the study (72nd hour); It

are IG, PG, and TCG, respectively; It was found to was determined as 2.33 £0.21, 3.5 £0.34, and 5.83+0.3
(Figure 3).
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Figure 3. Clinical improvement scale applied to rats that underwent laminectomy; Beattie, Bresnahan (BBB)
Locomotor Rating Scale. Tarantula cubensis extract group (TCG), Prednisolone treatment group (PG) and Injury

group (IG). BBB values are (0; poor-21; healthy).
DISCUSSION

SCI has a complex damage mechanism and results in
incomplete healing (Gensel and Zhang, 2015).
Preventing the acute phase response in spinal cord
injuries may help prevent chronic cavitations and glial
scarring (McDonald et al. 2002). Although previous
experimental animal studies have offered new
approaches, steroids are now used as the only option
(Bracken et al. 1992). The first 12 hours after SCI
trauma is extremely important. It has been reported
that hemorrhage, axonal necrosis, and demyelination
develop after acute SCI, and leukocyte infiltration
paradoxically disrupts the situation (Kakulas, 1984;
Wallace et al. 1987). In this study, it was observed that
there was a statistically significant similarity between
the PG and TCG in the histopathological evaluation
of the acute period after trauma. Likewise, there was a
similar situation in the inflammatory response and
neuron viability values (Table 2). Although only
hematoxylin-eosin was evaluated in this study, a clear
similarity was observed between PG and TCG in niss
body ratios and leukocyte rates (Figure 2).
Inflammation and leukocyte infiltration were observed
at a lower rate in TCG compared to IG. In another
previous study, Tarantula cubensis extracts are
consistent with the results obtained in the peripheral
nerve tissue trauma model (Kizilay et al. 2019).
Although the mechanism of action of Tarantula
cubensis extracts is unclear, appears to have
neuroprotective effects on the nervous tissue.

TNF-a and IL-2 are important proinflammatory
cytokines and their levels increase in inflaimmatory
reactions (Gensel and Zhang, 2015). In this study,
TNF-a showed a non-statistical decrease in TCG

compared to IG. This is attributed to the fact that
TNF-ua remains high in the first hours of the injury and
then decreases in the 72nd hour (Table 1). IL-2 levels
are high in IG and low in PG and TCG, showing
statistical significance (p=0.05). This is important
evidence that prednisolone and Tarantula cubensis
extract significantly reduce secondary damage and
inflammation of SCI. TGF -1 tends to increase in
cases of damage or ischemia of nerve tissues (Klempt
et al. 1992). It has been reported in experimental
studies that it also plays a role in neuronal regeneration
(Abe et al. 1996). Also, it is a cytokine with anti-
inflammatory properties. TGF B-1 levels have not
been examined in any experimental study before. In
this study, the changes in TGF levels were statistically
significant between the groups and increased in the
TCG compared to the other groups. Although this
indicates the role of Tarantula cubensis extracts in the
recovery of neuronal damage, it requires further
studies. 8-OHdG is a general marker of DNA damage
and its level increases in case of damage. In this study,
the blood DNA damage level was higher in the TCG
in the acute period compared to the others. This can
be explained by the fact that he is an alcoholic extract.
Alcohol is used as a general solvent in homeopathic
medicines. However, it is recommended to be used at
low rates due to its cytotoxicity (Chirumbolo et al.
2015). This confirms the hypothesis of reviewing and
reducing the alcohol content in homeopathic
medicines. MPO activity is due to the increase in
leukocytes penetrating the tissue after trauma. This
situation creates more ROS (Reactive oxygen species)
compounds in the environment and complicates the
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recovery of axonal damage. Previous studies have
shown that MPO is a very important marker in the
acute period after trauma (Geremia et al. 2012). In this
study, it was observed that the MPO activity, which
increased significantly after trauma, was at the lowest
level in the TCG, and it decreased statistically
significantly even compared to the PG. This is
evidence that Tarantula cubensis extracts significantly
reduce leukocyte infiltration.

BBB scale has been reported to be important in clinical
improvement in acute experimental SCI studies (Basso
et al. 1995). In this study, no significant difference was
found between the groups in the first 24 hours after
laminectomy. A better improvement in TCG was
observed at 48 and 72 hours compared to PG and CG.
It was observed that Tarantula cubensis extract
supports clinical improvement and can do this better
than prednisolone (Figure 3). The only problem with
SCI damage does not occur in the neuronal tissue.
Post-traumatic ~ proinflammatory  response  and
leukocyte increase may also reveal distant tissue
damage such as lung (Gris et al. 2008). In this study,
the anti-inflammatory effect of Tarantula cubensis
extracts and tissue responses similar to prednisolone
were observed on the damaged spinal cord. In
addition, it reduces MPO and IL-2 activity in the
blood, increases TGF §-1 levels, and shows an
important inflammatory response suppression feature.
It is thought that similar effects may also occur in
distant tissue damage.

CONCLUSIONS

Tarantula cubensis extract significantly reduces neuronal
degeneration acute SCI, has anti-inflammatory activity,
and increases clinical improvement. It is suggested that
this study should be performed at different doses and
durations (long-term), and the combined effects of
steroids should be revealed.
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ABSTRACT

In this study, it was aimed to determine the residual levels of toxic heavy metals cadmium (Cd), total mercury
(THg), and lead (Pb) in a total of 48 frozen shrimp samples obtained from randomly selected sales points, and
thus to evaluate the potential risks to public health associated with shrimp consumption. It was determined that
the Cd level in the examined shtimp samples vatied between <LOD-2.054 mg kg!/wet weight, while the mean
THg and Pb concentrations wete found to be 0.144£0.010 and 0.094£0.090 mg kg!/wet weight, respectively.
Target Hazard Quotient (THQ) and Hazard Index (HI) values calculated for Cd, THg and Pb are <1, the
Estimated Daily Intake (EDI) amount remains within the reference values of the Provisional Maximum Tolerable
Daily/Weekly Intake (PTDI-PTWI) excluding Cd and metHg, and the Consumption Rates (CRim) were
determined not to exceed the RfDo (Oral Reference Dose) limits. However, it was determined that the Cd and
Pb concentrations detected in some samples exceeded the national/international legal limits determined for
fishery products including shrimps and may pose a risk in terms of public health. It is thought that increasing the
frequency of inspections by the competent authorities and monitoring the level of heavy metal contamination by
including it in the annual sample plan of the enterprises that produce and sell frozen shrimp will provide
significant benefits for reducing/preventing health risks.

Keywords: Bioaccumulation, heavy metal, public health, shrimp.
kkk

Dondurulmug Karides Orneklerinde Agir Metal Miktar1 ve Saglik Risk Degerlendirmeleri

oz

Bu calismada; rasgele secilmis satis noktalarindan temin edilen toplam 48 adet dondurulmus karides 6rneginde,
toksik agir metallerden olan kadmiyum (Cd), toplam civa (THg) ve kursun (Pb) kalintt diizeylerinin belirlenmesi
ve boylece karides tiketimi ile iligkili halk sagligina yonelik potansiyel risklerin degerlendirilmesi amaglanmustr.
Incelenen karides érneklerinde Cd diizeyinin <LOD-2,054 mg kg!/yas agirlik arasinda degistigi saptanirken, THg
ve Pb yogunlugu ortalamasinin sirastyla 0,144+0,010 ve 0,094£0,090 mg kg!/yas agirlik oldugu tespit edilmistir.
Cd, THg ve Pb igin hesaplanan Hedef Tehlike Katsaysi (Target Hazard Quotient/THQ) ve Tehlike Indeksi
(Hazard Index/HI) degetlerinin <1 oldugu, Tahmini Gunlik Alim Diizeyi (Estimated Daily Intake/EDI)
miktarinin Cd ve metHg hari¢ Tolere Edilebilir Gunlik/Haftalik Alim (Provisional Maximum Tolerable
Daily/Weekly Intake/PTDI-PTWI) referans degerleri iginde kaldig1 ve Izin Verilen Maksimum Balik Tiiketim
Orant’nin (Consumption Rates/CRim), RfD, (Oral Referans Doz) limitlerini asmadigi belitlenmistir. Ancak bazt
orneklerde tespit edilen Cd ve Pb yogunlugunun karideslerin de dahil oldugu su uriinleri icin belitlenen
ulusal/uluslararasi yasal limitleri astig1 ve halk sagligt acisindan risk tastyabilecegi saptanmistir. Yetkili otoritelerin
denetim sikhigint arttirmalart ve dondurulmus karides tiretimi ile satigt yapan isletmelerin yillik numune planina
dahil edilerek agir metal kontaminasyon duzeyinin izlenmesinin, saglik risklerinin azaltlmasina/6nlenmesine
yonelik 6nemli faydalar sunacagt diisinilmektedir.
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GIRIS

Tarimsal ve endustriyel strecler gibi antropojenik
(madencilik, zirai ilaglar, endistriyel atiklar vb.) ve
jeojenik (minerallesmis boélgenin  dogal degisimi)
faaliyetler nedeniyle su ve diger ekosistemler kimyasal
kirletici veya kitletici gruplarina (agir metaller, kalict
organik  kirleticiler, radyontklitler vb.) maruz
kalabilmektedir (Muhammad ve Ahmad 2020; Nirmal
ve ark. 2020). Toksik metaller; toksisite,
biyoakimilasyon ve biyomagnifikasyon
Ozelliklerinden dolayt su ekosistemlerini (su, sediment,
biyota) en cok kirleten, su ortamlarinda uzun sire
bozulmadan kalabilen ve su canlilarina zarar veren en
6nemli kontaminantlardandir.

Agir metaller suda ¢ziinmis formda, suda asilt yiikler
seklinde veya dip sedimentlerde bulunmaktadir (Sabir
ve ark. 2017). Bu kimyasallar akiimiile olabilmeleri,
besin zincirinde bilesenler atrast transfer ve baska
besin zincirlerine aktarilabilmesi nedeniyle ekosistem
icin ayrica bir risk olusturmaktadir. Saha ve
laboratuvar arastirmalarinin sonuglarina gére balik
dokularindaki agir metal biyobirikimi metal tipi,
yogunluk ve maruz kalma stresi, sicaklik, alkalinite,
sertlik, pH, tuzluluk orani ile bazt metaller ve organik
karbon  gibi su  kalite  parametrelerinden
etkilenebilmektedir. ~ Ayrica  habitat,  beslenme
aliskanliklar;, buyiklik, cinsiyet, yasam stresi ile
akuatik besin aglarindaki konumu gibi tiirle iliskili
ckolojik ve fizyolojik faktorlerin de agir metal
akiimiilasyonuna etkisi bulunmaktadir (USEPA 2016;
Miri ve ark. 2017; Solgi ve ark. 2019). Yenilebilir su
canlilart  tliketiminin  insanlarin  gesitli  kimyasal
kirleticilerin aliminda 6nemli bir faktér oldugu
bilinmektedir (Ezemonye ve ark. 2019). Bu
kontaminantlar tiketilebilir su canlilar yoluyla besin
zincirine dahil olmakta ve insan sagligi icin potansiyel
tehlike olusturmaktadir (Copat ve ark. 2013; Aytekin
ve ark. 2019; Nirmal ve ark. 2020).

Agir metaller, toksisitelerine ve besin degerlerine bagl
olarak esansiyel ve esansiyel olmayan (toksik metaller)
olarak siniflandiriimaktadir. Bakir (Cu), Mangan (Mn),
Demir (Fe), Cinko (Zn) ve Kobalt (Co) canlilarin
normal iglevlerin strdiiriilmesi ve hayatta kalabilmesi
icin eser miktarlarda alinmast gerekli metallerdendir
(Muhammad ve ark. 2019). Esansiyel metallerin yeterli
miktarda alinmamast durumunda organizmada islevsel
bozukluklar gérilebilitken, bu metallerin  yitksek
konsantrasyonlart ciddi saglik sorunlarina neden
olabilmektedir (Alves ve ark. 2018). Kursun (Pb)
Kadmiyum (Cd), Civa (Hg), Nikel (Ni) ve Krom (Cr)
gibi agir metaller, potansiyel olarak toksik elementler
olup insanlarda ve hayvanlarda giivenlik esiginin
uzerinde c¢ok kicik miktarlarda bile 6nemli
hastaliklarin - (nérolojik problemler, bas agrst ve
karaciger ve bobrek hastaligr gibi kanserojen olmayan
tehlikeler, mide hastaliklari, anoreksiya, kalp
hastaliklari, hipertansiyon ve kanser vb.) ortaya
ctkmasina yol acabilmektedir (Miri ve ark. 2017,
Ezemonye ve ark. 2019; Muhammad ve Ahmad

2020). Toksisiteleri ve akiimilasyon davranslar
nedeniyle hem deniz canlilarnin ¢esitliligine hem de
ekosistemlere zarar verebilmekte ve daha sonra besin
zinciri yoluyla insanlara gecebilmektedirler. Insanlarin
agir metaller gibi toksik kimyasallara maruz
kalmasinin ana kaynaklarindan biride kontamine
gidalarin,  Ozellikle deniz  Urtinlerinin - diyetle
alinmasidir. Bu nedenle, insan saghigina yonelik olast
riskleri degerlendirmek icin deniz organizmalarinin
kimyasal kalitesinin, &zellikle metal seviyelerinin
belirlenmesi ve periyodik olarak izlenmesi 6nem arz
etmektedir (Nabavi ve ark. 2012; Miri ve ark. 2017).
Baliklar ve diger su canlilarnt genellikle icinde
yasadiklari ortamin 6nemli bir biyoindikatorii olarak
kabul edilirler. Insan beslenmesinde besin zincirinin
son halkasini olusturan bu canlilar, insanlara agr
metal aktariminda 6nemli gruplardan biri olarak kabul
edilitler (Miri ve ark. 2017; Aytekin ve ark. 2019).
Metallerin su canlilarina gegisi sindirim sistemi (diyet
maruziyeti) ve solunga¢ ylzeyi (su maruziyeti) ile
olmaktadir. Daha sonra kan yoluyla karaciger gibi
diger hedef organlara aktarilmaktadir. Eser metaller
esas olarak metalotiyoninler (yiksek sistein igerigine
sahip disik molekiiler agirlikli proteinler) yoluyla
detoksifikasyon icin karacigerde depolanmaktadir.
Kaslar, genelde ctva hari¢ metal aglomerasyonunda
o6nemli bir doku degildir. Kaslardaki potansiyel metal
birikimlerinin incelenmesinin nedeni halk saglig:
acisindan olasi tehlikelerin tespitine yoneliktir (Nabavi
ve ark. 2012).

Kabuklu su canlilari, diinya ¢apinda protein agisindan
zengin gida arzt saglayan en biyiik deniz Grtinlerinden
biridir. Karides yuksek kaliteli protein, yag asiti,
vitamin ve mineral kaynagi olup tim diinyada yaygin
olarak tiketilen bir Grtnddr. Karidesler genellikle
piyasa talebine gore kabuklu/islenmis sekilde taze
veya dondurulmus formlarda satiga sunulmaktadir.
Kiresel karides tretimi 2020’de 5,03 milyon tona
ulagirken, 2020°’den 2025%¢ kadar %06,1 bilesik yillik
buyiime orant ile 2025’¢ kadar 7,28 milyon tona
ctkmasi beklenmektedir (Nirmal ve ark. 2020).

Agir metaller kararli bilesikler olmasi, biyolojik olarak
parcalanmamasi, cevresel kompartimanlarda uzun
stire kaliciliklar ve potansiyel saglik riskleri gibi daha
bircok faktérden dolayt bu kontamitantlara iliskin
kiiresel endiseler bulunmaktadir (Miri ve ark. 2017).
Ekosistemlerin = saghginin  ve  stirdurtlebilirliginin
degerlendirilmesine yonelik yapilan arastirmalar, cevre
ve halk saghginmin korunmasina yonelik G6nemli
bilimsel veriler sunmaktadir. Bu nedenle sucul
ekosistemlerdeki zamansal varyasyonlart belirlemek
icin agir metal kontaminasyon seviyesinin dizenli
olarak Olctilmesi ¢ok o6nemlidir (Muhammad ve
Ahmad 2020). Cd, Pb ve toplam civa (THg), cevrede
yaygin olarak bulunan ve 6nemli saglik sorunlarina
neden olabilen toksik agir metallerdir. Bu aragtirmada,
dondutrulmus olarak satisa sunulan katrideslerdeki Cd,
Pb ve THg gibi bazt toksik kontaminantlarin
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yogunlugunun belirlenmesi ve tiketimle iliskili olarak
potansiyel halk sagligi risklerinin degerlendirilmesi
amaclanmistir.

MATERYAL ve METOT

Orneklerin Toplanmas1 ve Analizlere
Hazirlanmas

Aragtirmada; Nisan-Mayis 2021  tarihinde, satis
noktalarindan (stipermarket, sarkiiteri, zincir market
vs.) temin edilen, farkli markalara ait (farkli parti
numaral) 400-500 gr’lik ambalajlarda dondurulmus
formda satiga sunulan toplam 48 paket karides 6rnegi
(7n=48) degetlendirildi. Toplanan karides Grnekleri,
icerisinde buz bulunan polietilen strafor kutulara
konularak soguk zincir icerisinde kisa strede
laboratuvara ulastirildt ve analizlere kadar derin
dondurucuda (Arcelik 2501, Tirkiye) -20 °C’de
muhafaza edildi.

Ag1r Metal Analizleri

Calismada kullanilacak tim cam esyalar bir gin
boyunca HNO; (%30, Merck, Germany) igerisinde
bekletilmis ve wultra saf suyla (Synergy® Water
Purification System, Germany) iyice durulandiktan
sonra oda sicakliginda kurutulmustur. Dondurulmus
ornekler oda sicakliginda bekletilerek ¢6ztinmeleri
saglanmustir. Daha sonra homojen hale getirilen
ornekler (0,5 gr) teflon tiplere aktarilmug, tzerine 9
ml Nitrik asit (%65, HNO3;, Merck, Germany)+3 ml
Hidroklorik asit (%35 HCI, Merck, Germany)
cklenerek mikrodalga firtminda (1450 W-45 bar)
(Milestone Start D, Ttalya) iki asamada (15 dakikada
110 °C’ye yiikseltme, 110 °C’de 15 dakika bekleme)
yas yakmaya alinmis ve bozundurma = streci
tamamlanmstir  (USEPA  2007). Sogutulan teflon
tipler ultra saf suyla yikanarak polipropilen santrifiij
tiplerine alinmis ve yine ultra saf su ile 50 mlye
tamamlanarak  Indiiktif ~ Eslesmis Plazma-Optik
Emisyon  Spektrometresi  (Inductively  Coupled
Plasma-Optical Emission Spectroscopy/ICP—OES,
Perkin Elmer Optima 8000, USA) ile tg tekerriirlii
Ol¢timleri yapilmistir. THg analizi; hidrid sistem (%00,2
NaBHs (%0,05 NaOH+%3 HCI) kullanilarak
yapilmustir. Karides 6rneklerine ait Cd, THg ve Pb
6lctim sonuglari entegre yazilim ile mg kg /yas agithk
seklinde hesaplanmistir.  Analitik  kalite kontrol
parametreleri ilgili metot prosediitleri dogrultusunda
gerceklestirilmistir. ~ Sertifikali  referans  materyali
(SRM) ile (QCS-27, Belgika) ile analitik prosediriin
parametreleri degerlendirilmistir. Korelasyon katsayist
>0,999, SRM ve spike yapilmis 6rneklere ait geri
kazanim oranlart %92 ile %106,4 arasinda olup Cd,
THg ve Pb i¢in tespit limitlerinin (Limit of
Detection/LLOD) sirasiyla 0,003, 0,001 ve 0,005
oldugu belirlenmistir (Tablo 1).

Saglik Risk Degerlendirmeleri
Bu calismada, karides tiketimine yonelik potansiyel
saglk risklerinin belirlenmesi amactyla Tahmini

Gunlik Alim Dizeyi (Estimated Daily Intake/EDI),
Hedef  Tehlike  Katsayist  (Target  Hazard
Quotient/THQ), Tehlike Indeksi (Hazard Index/HI)
ve lIzin Verilen Maksimum Balik Tiiketim Orani
(Consumption Rates/CRim) degetlendirilmistir.

EDI; gidadan insanlara gida kontaminant transferinin
tahmini icin yaygin olarak kullanilan bir indekstir ve
tiketilen gidanin miktarina, tiketim stiresine ve
kontaminasyon diizeyine baglidir (Solgi ve ark. 2019).
THQ); uzun streli maruz kalma, yutulan miktar ve
vicut agiehigy ile iliskili boyutsuz bir risk indeksidir.
Kimyasal kitleticilere uzun stire maruz kalmayla iligkili
potansiyel saglk risklerinin tahmini icin USEPA
tarafindan gelistirilmistir. Maruz kalma siiresi ve
sikhigr, alinan miktar ve viicut agithgiyla Olcllen
konsantrasyon ile oral referans doz arasindaki oran
olarak tanimlanmaktadir. THQ, ilgili toksik elemente
maruz kalmanin neden oldugu kanserojen olmayan
saglik riskini géstermektedir. THQ<1 ise, kanserojen
olmayan saglik etkileri beklenmemektedir. Bununla
birlikte THQ>1 ise, maruz kalma seviyesinin giivenli
referans sinirdan daha ytiksek oldugunu ve potansiyel
bir saglik riski olasiigini géstermektedir (Yu ve ark.
2020; USEPA 2021).

Oral Referans doz (RfD.); insan popilasyonuna
(hassas alt gruplar dahil) belitli bir siire boyunca kayda
deger yan etki riski olmaksizin giinlik oral maruz
kalma  tahmini  olarak  tanimlanmaktadir ve
degerlendirilen eser elemente 6zgli bir degerdir
(USEPA 2011).

HI veya Toplam Tehlike Indeksi (Total Hazard
Index/THI); her gida turi icin degetlendirilen
unsurlarin  bireysel hedef tehlike oranlarinin
toplamidir. HI, tiiketilen gidada potansiyel olarak
toksik olan birkag elemente aynt anda maruz
kalinabilecegi varsayimi lizerinden yapilan
degerlendirmedir (USEPA 1989; Antoine ve atk.
2017).

Analizler sonucunda karides numunelerinde saptanan
Cd, THg ve Pb yogunluklarina gére EDI, THQ ve HI
degerleri asagidaki formiillere gbre hesaplanmugtir
(Copat ve ark. 2014; Antoine ve ark. 2017; Solgi ve
ark. 2019; Ciftci ve ark. 2021; USEPA 2023a; USEPA
2023b; Varol ve Kagar 2023).

Analiz  edilen agir metallerin @ EDIcq, EDIing,
EDImetgri; ve EDIp, sonuglari, karides 6rneklerindeki
ortalama metal yogunlugu ve gram cinsinden giinlik
alim miktarina gore belirlenmistir.

. C X Fr
EDI (mg kg™1/giin) = ————

BW

EDI (Estimated Daily Intake): Ogiin basina Tahmini Giinliik Alim
Miktart

C (Metal concentration): Metal konsantrasyonu (ortalama, mg kg
1/yas agirlik)

Fir (Fish Ingestion Rate): g/ gin/kisi cinsinden gunlik balik tiiketim
miktart

(17,81 g/gun/kisi; TEPGE 2022)

BW (Body Weighi): Vicut Agithg, yetiskinler icin ortalama70 kg
(Varol ve Stinbiil 2020)
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EF x ED x C X Fg

x 1073
RfD, X BW X AT,

THQ =

EF (Exposure Frequency): Y1l boyunca maruz kalma sikligi (350
gun/yil; USEPA 1991)

ED (Exposure Day): Maruz kalma siresi: ~26 yil (USEPA 1989;
USEPA 2011)

RfD, (Reference Dose): Oral referans doz (mg kg!/gun) (Cd: 0,001
(1,0E-03), iHg: 0,0003 (3,0E-04), metHg: 0,0001 (1,0E-04), (Pb: -)
mg kg1 vicut agithg/gin (USEPA 2021; USEPA 2023a).

ATa  (ATwmancer, Average  Exposure  Time  for  Noncarcinogens):
Kanserojen Olmayanlar I¢in Ortalama Maruz Kalma Stiresi (ATy;
365 giin/yil X 26 yil; USEPA 1989)

HI = » THQ (HI = THQcq + THQrng + THQpp)

n
i=1

CRim, tuketicileri metallerin olumsuz etkilerinden
korumak amaciyla bir kirleticinin kanserojen olmayan
saglik riskleri agisindan glin - bazinda  gilivenle
tiketilmesi gereken maksimum balik miktarim
belirlemek icin kullaniimaktadir (USEPA 2000).

RfD, X BW

CR}im (kg/glin) = C
m

CRim(Consumption Rates): Tzin verilen maksimum balik titketim
orani (g/gun)
Cm (Metal concentration): Metal konsantrasyonu (ortalama, mg kg~
1/yas agirlik)

Ulkemizde kisi diizeyinde giinliik/aylik  karides
tiketim miktarina yonelik detaylt istatistiki bir veri
tespit edilemedigi icin hesaplamalarda 2021 yih kisi
bast ortalama su Urlnleri tiketim miktart 17,81

g/kisi/gtn (6,5 kg/kisi/yil) baz alinmistir (TEPGE
2022). Yetiskinler icin ortalama vicut agirligt 70 kg
varsayllmistir (Varol ve Stnbil 2020). EDI degerleri,
Avrupa Gida Givenligi Otoritesi (European Food
Safety Authority/EFSA) ve Gida Katki Maddeleri
Ortak Uzman Komitesi (Joint FAO/WHO Expert
Committee on Food Additives/JECFA) tarafindan
onerilen Gegici Tolere Edilebilir Gunlitk/Haftalik
Alim  (Provisional =~ Tolerable = Daily/Weekly
Intake/PTDI-PTWI) miktariyla, THQ, HI ve CRim
ise Amerika Birlesik Devletleri Cevre Koruma Ajansi
(United States Environmental Protection
Agency/USEPA) tarafindan belitlenen standartlara ait
verilerle karsilastirilmigtir.

Istatistiksel analiz

Incelenen metallere ait konsantrasyonlar
ortalamatstandart sapma seklinde verilmistir. Cd,
THg ve Pb arasindaki iliski korelasyon analizi ile
degerlendirilmistir. p<<0,05 istatistiksel olarak anlamli
kabul edilmistir. Veri analizi SPSS (IBM, Endicott,
NY, ABD) versiyon 20 kullanilarak yapilmistr.

BULGULAR

Karides 6rneklerinde tespit edilen Cd, THg (iHg ve
metHg) ve Pb konsantrasyonlari ve diger parametreler
Tablo 1’de, Cd, THg (iHg ve metHg) ve Pb icin
belitlenen EDI, THQ, HI, CRyn ile referans PTDI,
PTWI ve PTMI degerleri Tablo 2’de verilmistir.

Tablo 1. Karides 6rneklerinde Cd, THg (iHg ve metHg) ve Pb miktart
Table 1. Cd, THg (iHg ve metHg) and Pb quantity in shrimp samples

Mol Or?;.ké(Z%YISI LOD Konsantrasyon Ortalama®SS MaLkii;rirglm >0.50
. (ppm) (mg kg! YA) (mg kg YA) (mg kg! YA)
(mg kg YA)
*) 0

Cd 47 1 0,003 <LOD-2,054 0,643+0,490 0,50 25

THg <LOD-0,364 0,144+0,100 TE
iHg 47 1 0,001 0,072£0,000 0,50
metHg 0,115£0,000
Pb 47 1 0,005 <LOD-0,620 0,094£0,090 0,30/0,50 1

(+): pozitif 6rnek sayist, (-): <LOD 6rnek sayist, LOD (Limit of Detection): Tespit Limiti, YA: Yas Agirlik, SS: Standart Sapma, TE: Tespit

Edilemedi, 2: EC (2014; 2015; 2022; 2023), JECFA (2018), TGK (2011)
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Tablo 2. Karides érneklerinde Cd, THg (iHg ve metHg) ve Pb icin belitlenen EDI, THQ, HI, CRjim, PTDI, PTWI ve PTMI referans degerleri
Table 2. EDI, THQ, HI, CRlim, and PTDI, PTWI and PTMI reference values determined for Cd, THg (iHg ve metHg) and Pb in shrimp samples

RD meke) | mgke) | e | ek e e o
Metal (g kg1 giin) (mg kg'!) (mg kg'!) (mg kg'!)
Tiiketim Tiiketim Tiiketim Tiiketim (vicut agirhigr: 70 kg) (viicut agirhgr: 70 kg) (vicut agirhigr: 70 kg)
(giin/ kigi) (géin/ kigi) (giin/ kigi) (giin/ kigi)
0,025/0,060
cd LOE-03 0,163 1,57E-01 0,109 : e o
(0,001) ’ ’ ’ (EFSA, 2011, JECFA, (PTWI: 0,0025 mg kg'va) | (PTMI: 0,0250 mg kg'va)
2018) (EFSA, 2011) (JECFA, 2018)
. . TWI i . PTMI
iHg 3,0E-04 0,040 (iHg) 0,280 (iHg) P ¢ inorganik belirlenmemigtir
(THgX0.5) (0,0003) 0,018 5,90E-02 0,292 497E-01 Tolere Edilebilir Hafiahke Al ava 0,004 mg kg va) J
¢XO0. , J97E-~ ( olere Edilebilir aftals 1 (EFSA, 20124; JECFA, 2018) (EFSA, 2012a; JECFA,
miktars iigerinden hesaplanmigtir) 2018)
THg
' PTMI
metHg 1,0E-04 ) 0,016 (metHg) 0,112 (metHg) (PTW1I: metil belirlenmemistir
HeX0.8 0.0001 0,029 2,81E-01 0,061 . ava 0,0016 mg kg va)
(THgXO0.8) (, ) (To/ere ?dz/e'bz/zr Haftalik Al (EFSA, 20124; JECEA, 2018) (EFSA, 20124; JECFA,
miktars iigerinden hesaplanmigtir) 2018)
RiD, PTMI
belirlenmemistir PTWL belirlenmemistir
Pb (USEPA, 202 7) 0’023 _ _ _ _ behrlenmem@tlr
(USEPA, S AL 2010- TECEA 201 (EFSA, 2010; JECFA,
2023a) E / 9 2018)

RfD, (Reference Dose): Oral Referans Doz, EDI (Estimated Daily Intake): Tahmini Giinliik Alim, THQ (Target Hazard Quotient): Hedef Tehlike Katsayist, HI (Hazard Index): Tehlike Indeksi, PTDI (Provisional
Maximum Tolerable Daily Intake): Tolere Edilebilir Giinlitk Alim, PTWI (Provisional Tolerable Weekly Intake): Tolere Edilebilir Haftalik Alim, PTMI (Provisional Tolerable Monthly Intake): Tolere Edilebilir Aylik
Alim, va: viicut agithgi, THg: Toplam civa, iHg: 1n0rganik cva, metHg: Metil civa
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W Pb (Kussun)

® iHg (inorganik cxva)

# metHg (metil civa)

7 Cd (Kadmiyum)
metHg (metl crva)
~=__J :Hg (inomgank crva)
== [ Po (Kucsua)

PTAML

0Cd (Kadmiyum)

Sekil 1: Pb, iHg, metHg ve Cd icin Referans doz (RfD., ug kg!/gtin), karides tiketimine yonelik belitlenen Tahmini
Giinlitk Alim Diizeyi (EDI, mg kg!/giin), Tahmini Hedef Tehlike Katsayist (THQ), 1zin verilen maksimum balik
tilketim orant (CRym, kg/giin), Tehlike Indeksi (HI) ile Tolere Edilebilir Guinlitk/Haftalik/Aylik Alim
PTDI/PTWI/PTMI (mg kg! /vicut agithigi) referans degetleri

Figure 1: Reference dose (RfDo, pg kg'!/day) for Pb, iHg, metHg and Cd and Estimated Daily Intake Level (EDI,
mg kg!/day) for shrimp consumption, Estimated Target Hazard Coefficient (THQ) , Maximum allowable fish

consumption rate (CRlim, kg/day), Hazard Index (HI)

PTDI/PTWI/PTMI (mg kg!/body weight) reference values

TARTISMA

Dondurulmus karideslerde agir metal miktarinin
belirlendigi bu ¢alismanin sonuglarina gbre agir metal
yogunlugunun  ortalama  degerler  {zerinden
Cd>THg>Pb seklinde oldugu saptanmistir. Incelenen
orneklerde Cd konsantrasyonu <LOD-2,054 mg kg
U/yas agirlik ile en yuksek yogunluklu agir metal
olurken, THg ve Pb diizeyinin sirasiyla ortalama
0,14410,100 ve 0,094£0,090 mg kg!/yas agithk
oldugu tespit edilmistir (Tablo 1).

Cd, Hg ve Pb “Tehlikeli Maddelerin Oncelik Listesi”
icerisinde rapor edilen en toksik 10 madde arasinda
tamimlanan agir metallerdir (ATSDR 2013). Diinya
Saglik Orgiiti (World Health Organization/WHO),
USEPA, JECFA ve EFSA tarafindan insanlar icin
toksik maddelere yonelik tolere edilebilir maruz kalma
(tolere edilebilir alim referans dozu ve saglik risk
faktorler)) icin sagliga dayali bir ¢ok kilavuz
yayinlanmistir (Copat ve ark. 2013).

Tirk Gida Kodeksi Bulasanlar Yénetmeligi’nde farkls
balik turlerinde Cd, Hg ve Pb icin yasal limitler 0,05
ile 0,50 mg kg'/yas agirlik arasinda degisirken,
kabuklularda (Crustaceans) (bash gévde kismi hari¢

and Tolerable Daily/Weekly/Monthly Intake

karin ve karin uzantist kas eti) bu metaller icin limit
deger 0,50 mg kg'/yas agitlik olacak sekilde
diizenlenmistir (TGK 2011).

Avrupa  Birligi  direktiflerinde  kabuklularda
(Crustaceans) (basht gévde kismi hari¢ karin ve karin
uzantist kas eti) Cd, Hg ve Pb miktarina yonelik
maksimum dizeyin 0,50 mg kg'/yas agithik olarak
belirlendigi goérilmektedir (EC 2014; EC 2015; EC
2022; EC 2023). JECFA, balik etlerinde kadmiyum
icin herhangi bir limit deger belirtmemis olup ctva ve
kursun icin sirastyla en fazla 0,50 ve 0,30 mg kg'!/yas
agithk olacak sekilde sinirlamalar getirmistir (JECFA
2018).

Tum karides 6rneklerinde THg miktarinin, kabuklular
icin TGK (2011), EC (2022) ve EC (2023) ile balik
etlerine yonelik JECFA (2018) tarafindan yapilan
dizenlemelerdeki limit degetlerin altinda oldugu
saptanmistir (Tablo 1). 25 6rnekte Cd diizeyinin ve
bir (1) 6rnektede Pb seviyesinin (0,620 mg kg'/yas
agirlik) TGK (2011), EC (2014), EC (2015) ve EC’na
(2023) gore tuketilebilirlik sinirint (0,50 mg kg!/yas
agithk) astig, JECFA’ne (2018) gbre ise 1 (bir)

282



ornegin Pb agisindan limit degerin tizerinde oldugu
tespit edilmistir (Tablo 1). Arastirma sonuclarimiza
benzer sekilde Aytekin ve ark. (2019), arastirmalarinda
karides Orneklerinde tespit edilen Cd (6,52-8,33 pg/g
kuru agirlik) ve Pb (22,18-62,75 pg/g kuru agirlik)
dizeylerinin  ¢esitli saglik  kuruluslari tarafindan
belitlenmis insan tuketimi icin kabul edilebilir
degetlerin Gzerinde oldugunu bildirmislerdir.

Yapilan bir arastirmada karideslerde saptanan Cd ve
Pb yogunlugunun 0,93 ve 2239 mg kg'! olarak
saptandigint  ve uluslararast  diizenlemelere gore
belirlenen limitleri astig1 bildirilmistir (Ezemonye ve
ark. 2019). Bagka bir arastirmada ise farkli karides
tirlerinde 2,127-2,802 mg kg! Cd ve 1,294-2,723 mg
kg! konsatrasyonlarinda Pb varligr tespit edildigi,
Orneklerdeki agir metal diizeyinin 6zellikle JECFA’ya
gore tolere edilebilir smir1  astig, agir metal
konsantrasyonlarinin  sudan tortuya ve nihayet
karideslere dogru arttigt ve biyolojik birikimin
gorildigi belirtilmistir (Herliwati ve ark. 2022). Yu
ve ark. (2020), farkhi karides tirlerinde Cd ve Pb
miktarini strastyla 0,001-0,236 ve <LOD-0,330 mg kg
1 oldugunu belitlerken; Yipel ve Tekeli (2022),
arastirmalarinda Cd ve Pb yogunlugunun tespit sinurt
alinda (<LOD) kaldigini  belirtmiglerdir. Farkl
bulgularin érneklerin temin edildigi aquatik ortamdaki
metal kontaminasyon yogunlugundan
kaynaklanabilecegi  degerlendirilmektedir. Metaller
genellikle  karidesler tarafindan dogal habitati
icerisinde yer alan besinlerle birlikte sulardan
alinmakta, dolasimla viicuda dagilmakta ve sonunda
hedef organlarda birikmektedir (Agah ve ark. 2009).
Kadmiyum, mineral yataklarinda ve cevrede diisiik
konsantrasyonlarda yaygin olarak bulunan dogal
olarak olusan bir metaldir. Kadmiyumun birincil
endustriyel kullanimlart pillerin, pigmentlerin, plastik
stabilizatorlerin, metal kaplamalarin, alagimlarin ve
elektroniklerin  imalatt  icindir. Son zamanlarda
kadmiyum, giines pillerinde ve renkli eckranlarda
kullanilmak  Gzere nanopartikillerin = (kuantum
noktalar) dretiminde kullanidmaktadir. Karidesler
diger kabuklu deniz canhlar gibi dogal kadmiyum
toplayicilaridir. Kadmiyum, suda yasayan hayvanlarda
biyolojik islevi olmayan non-esansiyel bir metaldir.
Yizey suyunda ¢Oziinen minerallerin  (6ncelikle
kalsiyum ve daha az él¢lide magnezyum) miktart olan
su sertligi, kadmiyumun toksisitesini etkileyen 6nemli
bir su kalitesi parametresi olup yumusak sularda sert
suya gbre daha akut toksik oldugu bilinmektedir
(USEPA 2016; JECFA 2018). Gida ve sigara, genel
ntfus i¢in kadmiyum maruziyetinin iki ana kaynagini
olusturmaktadir. Kadmiyum kontaminasyonu bébrek,
karaciger gibi bir ¢ok gidada &zellikle en yliksek
konsantrasyonlart  kabuklu  deniz  canlilarinda
bulunmaktadir. Kadmiyumun insanlarda biyolojik yar1
Omri yaklagik olarak 10-30 yil arasinda oldugu bilinen
ve insanlarda teratojen kanserojen etkileri olan en
toksik elementlerden biridir. Insanlarda asirt Cd alimi
bébrek yetmezligi ve kisitliga neden olabilmektedir
(Yildirim ve ark. 2009; USEPA 2010).

USEPA, Pb’yi cogu yasam bicimi i¢in potansiyel
olarak tehlikeli ve toksik olarak siniflandirmaktadir.
Pb zehirlenmesi genellikle en yaygin cevresel saglik
tehlikeleri icerisinde ilk sirada yer almaktadir. Isitme
bozukluklar, anemi, bobrek yetmezligi, zayiflamis
bagisikhik sistemi, dusik dogum agihklar, Oli
dogumlar ve abort, ertken dogumlar, yiksek kan ve
idrar kursun seviyeleri Pb zehirlenmesinin en stk
gorilen semptomlanidir  (Yilditim  ve ark. 2009;
Nabavi ve ark. 2012).

Arastirma sonuglarimiza gore karides Orneklerinde
tespit edilen toplam Hg (THg) duzeyinin <LOD-
0,364 ve ortalama 0,144£0.010 mg kg!/yas agithk
oldugu tespit edilmistir (Tablo 1). Istatistiksel analizler
acisindan THg ve Pb arasinda negative yonli bir
korelasyon (-0,359) oldugu belirlenmistir (p<<0,05). Yu
ve ark. (2020); farklt tlrlere ait karides 6rneklerinde
Hg miktarnin  <LOD-0,860 mg kg! arasinda
oldugunu, Sultana ve ark. (2022); kiltiir karideslerinde
Hg yogunlugunu ortalama 0,0220,006 mg kg! olarak
tespit edildigini bildirmislerdir. Baliklarda bulunan
toplam crvanin yaklasik %75-90t tehlikeli organik
form (metilciva, CH3Hg*) seklinde bulunmaktadir.
EFSA verilerinde gére balik ve diger deniz triinleri,
tiketicilerin metilctva’ya maruz kalmasina en ¢ok
katkida bulunan gidalar oldugu belirtilmektedir.
Yetiskin ~ poptilasyonun  diyet yoluyla metilciva
maruziyetinin haftalik ortalama 0,24 pg kg! civarinda
oldugu bildirilmektedir (EFSA 2012a; Hong ve atk.
2012).

Kabuklu deniz canllar i¢in inorganik Hg icin
déniisim faktérd olarak 0,5 kullanidirken CH3Hg icin
doéntstim faktorit olarak 0,8 kullanilmaktadir (EFSA
2012b; Hong ve ark. 2012; Omeragic ve ark. 2020).
Bu degetlendirmeye gore arastirmamizda karides
orneklerindeki ortalama iHg ve metHg miktarinin
sirastyla 0,072 ve 0,115 mg kg!/yas agirlik olabilecegi
varsayllmstir.  Crva, farkli  kimyasal formlarda
(elemental-metalik civa, inorganik civa bilesikleri,
metilctva  ve  diger organik bilesikler) bulunan
nérotoksik bir elementtir. Insanlarin metil cvaya
maruz kalmasmnin ana yolu, dokularinda civanin
oldukca zehirli bir formu olan yiksek dizeyde
metilciva igeren balik ve kabuklu deniz canlilarinin
tiketilmesidir. Metil civa 6zellikle sinir sistemi ve
gelismekte olan beyin icin toksik oldugu i¢in hamilelik
sirasinda maruz kalma metilciva toksisitesi icin en
kritik doénem olarak kabul edilmektedir (EFSA
2012a). Deniz organizmalarinin  boyutu, balik
dokularinin metal iceriklerinde ¢ok 6nemli bir rol
oynamaktadir (Dang ve Wang 2012). Bu durum
Ozellikle ctva icin  oldukea belirgindir. Ancak
buytklikle birlikte agir metal konsantrasyonlarinda
gorillen glvenilir istatistiksel artis egilimi, diger
metaller igin yeteri kadar belirgin degildir (Canlt ve
Atlt 2003).

Deniz organizmalarindaki kirletici igerigini
degerlendirmenin en 6nemli avantajlarindan biri de
insan diyet maruziyetini ve potansiyel saglk
problemlerinin tahmin edilmesidir (Traina ve ark.
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2019). Kanser riski, bir kisinin yasamu boyunca
potansiyel kanserojenlere maruz kalmast nedeniyle
kanser gelistirme olasiligi olarak degerlendirilmektedir
(USEPA 2016). Cd; grup 1 (insanlar i¢in kanserojen)
ve Pb; grup 2A (insanlar icin muhtemel kanserojen)
kanser riski tasirken Hg ve iHg; grup 3, metHg ise
grup 2B (insanlar i¢cin muhtemelen kanserojen)
kanserojen kimyasallar olarak siuflandirimaktadir
(IARC 2022). Arastirma bulgularimiza gére EDIcq ve
EDIneny — miktarinin,  PTDI/PTWI  referans
degerlerini astig1 gorilirken EDIlin, miktarinin ise
limit diizeylerin altinda kaldig1 belirlenmistir (Tablo 2,
Sekil 1). Bu durum incelenen 6rneklerin Cd ve metHg
acisindan insan sagligina yonelik potansiyel risk
tastyabilecegini gostermektedir.

Gida maddesindeki elementler icin bireysel THQ’lar
tek basina birden (<1) distk olsa bile, tiketimin
kiimulatif etkisi olumsuz saglik etkilerine neden
olabilir. Tki veya daha fazla agir metale bu sekilde
maruz kalma, potansiyel risklerin additif etkisine yol
acabilir (Antoine ve ark. 2017). Bazi toksik metaller
arasinda sinetjik etkinin varligr bilinmektedir. Ornegin
cocuklarda As ve Pb toksisitesinde birincil hedefin
merkezi sinir sistemi oldugu ve bu durumda zihinsel
hasar olasiiginin artudigs gbrillmektedir (Tokath ve
Ustaoglu 2021). HI>1 ise, kanserojen olmayan
olumsuz saglk sorunlart potansiyeli bulunmaktadir.
HI=<1,0, 6énemsiz yan etkilerin tahmin edildigini ve
HI>1,0 kronik toksik etkilerin olast oldugunu ifade
etmektedir (USEPA 1989; Antoine ve ark. 2017).
Karides orneklerinde tek ve/veya toplam metal
yogunlugunun (THQ<1 ve HI: 0,49) kanserojen
olmayan saglk riskleri acisindan glvenlik marji
icerisinde kaldig1 gortlmektedir (Tablo 2, Sekil 1). Bu
veriler kanserojen olmayan saglk risklerinin ortaya
¢tkma ihtimalinin disik oldugunu gostermektedir.
THQ degerinin 1’den biyik olmasi, maruz kalma
seviyesinin glvenli referanslt sinirdan daha yiksek
oldugunu  ve  potansiyel  bir  saghk  riski
olusturabilecegini g6stermektedir (Copat ve ark.
2014). Referans alinan givenli siurdan daha yiksek
ginlik maruz kalma seviyeleri, olumsuz saghk
etkilerine, iki veya daha fazla agir metale bu sekilde
maruz kalma, potansiyel risklerin additif etkisine yol
acabilmektedir (Yu ve ark. 2020). Yapilan calisgmalarda
toksik metallerle kontamine balik ve kabuklu deniz
canlilart tiiketimine yonelik nonkanserojen etki tespit
edilemedigine  yonelik  veriler  bulunmaktadir
(Ezemonye ve ark. 2019; Arisekar ve ark. 2022).
CRim, 70 kg agithgindaki bir yetiskinin bir giinde
giivenle tliketebilecegi maksimum balik miktarini (kg)
temsil etmektedir. Karides 6rneklerinde incelenen
toksik metaller icin CRym degetlerinin (=61 g/giin-
metHg) kisi bast giinlik balik tiketim orant (17,81 g)
tzerinden kiyaslandiginda kanserojen olmayan saghk
riskleri acisindan herhangi bir tehlike olusturmadig
gorilmustir (Tablo 2, Sekil 1).

SONUGC

Elde edilen bulgular, karides tiiketimine iliskin halk
saglhigl acisindan olast risklerin degerlendirilmesine
yonelik agir metal kontaminasyonu hakkinda glincel
veriler sunmakta olup toksik metal kirliligini 6nlemek
icin 6nlemler alinmast gerektigini gostermektedir.
Arastirmada elde edilen bulgulara bakildiginda, bazi
Orneklerde saptanan toksik metal (Cd ve Pb)
seviyelerinin TGK (2011), EC (2014), EC (2015), EC
(2023) ve diger bazt saglik kuruluglart (JECEFA)
tarafindan insan titketimi icin belirlenen limit degerleri
(0,30-0,50 mg kg'!/yas agitlik) asugt gorilmektedir.
Bu veriler nedeniyle insanlarin karides tlketimi
yoluyla bu toksik elementlere maruz kalma durumu ve
olast risklerin degetlendirilmesi icin devamlt sekilde
periyodik izleme c¢aligmalart yapilmasinin  faydal
olacagr dusuntlmektedir. Hem THQ hem de HI
sonuclarinin 1’den dusiik olmast, tiketiciler acisindan
kanserojen olmayan saglik etkilerinin ortaya ¢ikma
olastiginin  zayif oldugunu gostermektedir. Taze,
islenmis ve dondurulmus karides uretimi yapan
isletmelerin =~ Iyi  Uretim  Uygulamalari  (Good
Manufacturing  Practice/GMP) ve/veya Tehlike
Analizi ve Kritik Kontrol Noktalar1 (Hazard Analysis
and Critical Control Point/HACCP) gibi gida
gtivenligi kontrol sistemleri icerisinde tGriinlerdeki agir
metal yogunlugunun stirekli olarak izlenmesi, ¢evre ve
su ekosistemlerinde her tiirli metal kontaminasyonu
acistndan Onleyici tedbitlerin alinmasi, gida giivenligi
kontrolinin giiclendirilmesi ve potansiyel saglk
risklerinin  6nlenmesi acisindan  olumlu  katkilar
olacaktir.

Yazar Katkilar1: Yazarlar makaleye esit oranda katki
saglamis olduklarini beyan etmislerdir.

Cikar Catismasi: Yazarlar makale icin gercek,
potansiyel veya algilanan c¢ikar catigmast olmadigint
beyan etmislerdir.

Proje Destek Bilgileri: Bu calismada herhangi bir
kurumdan finansal destek alinmamustir.

Tesekkiir: Istatistiksel analizlerin yapilmasina katkida
bulunan Sayin Dog¢. Dr. Memis BOLACALI’ya
tesekkurlerimizi sunariz.

Sunum Bilgileri: Arastirma verileri herhangi bir

bilimsel etkinlikte s6zlii veya poster bildiri olarak
sunulmamugtir.
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ABSTRACT

The aim of this study to determine the effects of different slaughter age and gender on some meat quality
characteristics, texture and sensory analysis values in quails. For this purpose, carcasses of Japanese quails of
different sexes and different slaughter ages (4 and 8 wks ) were obtained from a private enterprise. These
carcasses were brought to the laboratory under the cold chain. Analyzes were performed 24 hours after slaughter.
Colour, cooking loss, and texture analysis were performed on the left side of skinless breast meat in carcasses. pH
and electrical conductivity were determined in the right part of breast meat. Leg meats were used for sensory
analysis. While the gender factor created a significant difference in the pH value (p<<0.05) and flavor score
(p<0.05) of quail meat the slaughter age had a significant difference both in the pH value (p<<0.001) and the color
values (a* and b* values; p <0.05). The difference between the groups in the texture values of breast meat was
not statistically significant. In the sensory analysis evaluation, it was determined that only the difference between
the groups in the flavor score of the gender factor was significant (p<<0.05).

Key words: Gender, Japanese quails, meat quality, sensory evaluation, slaughter age
ook

Japon Bildircinlarinda Farkli Kesim Yag1 ve Cinsiyetin Baz1 Et Kalite Ozellikleri, Tekstiir ve Duyusal
Degerlendirme Degerlerine Etkisi

oz

Bu calismanin amaci, farklt kesim yast ve cinsiyetin bildircinlarda bazi et kalite 6zellikleri, tekstiir ve duyusal analiz
degerleri tzerindeki etkilerini belitlemektir. Bu amacla &6zel bir isletmeden farklt cinsiyette ve farklt kesim
vaslarinda (4 ve 8 haftalik) Japon bildircinlarinin karkaslart temin edilmistir. Bu karkaslar soguk zincir altinda
laboratuvara getirildi. Analizler kesimden 24 saat sonra yapilmustir. Karkasta derisiz gbgiis etinin sol tarafinda
renk, pisme kayb1 ve tekstiir analizleri yapildi. Go6giis etinin sag kisminda pH ve elektrik iletkenligi belirlendi.
Duyusal analiz icin bacak etleri kullanildr. Cinsiyet fakt6rii bildircin etinin pH degerinde (p<0,05) ve lezzet
skorunda (p<<0,05) anlaml bir fark yaratirken, kesim yast hem pH degerinde (p<0,001) hem de renk degerlerinde
(a* ve b* degetleri; p<<0,05) 6nemli bir fark olusturmustur. G6gis etinin tekstiir degerlerinde gruplar arasindaki
fark istatistiksel olarak anlamli degildir. Duyusal analiz degerlendirmesinde sadece cinsiyet faktorintn lezzet
puaninda gruplar arasindaki farkin anlamli oldugu belitlendi (p<<0,05).
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INTRODUCTION

While the production of poultry meat was 68.64
million tons in the 2000s, it reached 132.39 million
tons in 2019 (Ritchie et al. 2019). This great increase
in production shows the importance of the share of
the poultry industry in meeting the protein source
demand of the increasing population. In addition to
being a protein source with high biological value like
other meat products, it is noteworthy that especially
iron and zinc minerals have high bioavailability from
red meat (Barroeta 2007).

Although chicken meat has the largest share in the
sector as a source of poultry meat, quail meat has
gained importance in recent years. In particular,
Japanese quails have been up-to-date economically
for meat and eggs in the commercial poultry industry.
The fact that it is put on the market more for
consumption at the age of 5 weeks, it reaches early
sexual maturity, and the need for lower feed and
space requirements than domestic poultry are among
the factors that increase its importance (Hrncar et al.
2014). Japanese quails are mostly fed for eggs in the
Southeast of Asia, while it is fed for both meat and
eggs in Burope and America. (Minvielle 2004).

The chemical composition of Japanese quail carcasses
(at 35 to 42 days of age) is 68% water, 19% protein,
10% fat, and 3% mineral (Genchev et al. 2008;
Vargas-Sanchez et al. 2019). The thin skin of quail
meat and the low amount of fat between the tissues
may make it recommended for a low-fat diet. It is
also easy to present and not difficult to cook (Abou-
Kassem et al. 2019).

Breed, gender and slaughter age are among the
factors that are effective in determining the meat
quality of poultry (Flecher 2002). Among these
factors, gender and slaughter age can affect the
desired body weight, completion of muscle
development, development of muscle content
(muscle fat distribution), reaching organoleptic
sttucture, and also the characteristics used in
technology (Poltowicz and Doktor 2012).

The factors that affect the consumers' choice of
poultry meat and then their satisfaction are primarily
its appearance and texture. In the appearance, bruises
and hemorrhagic areas may be noticed along with the
color. Myofibrillar protein denaturation, connective
tissue content and juiciness level of meat are effective
in texture development (Flecher 2002; Nusairat et al.
2022).

In a study evaluating carcass characteristics and meat
quality of Japanese quails of different genders and
different slaughter ages (5, 6, 7 weeks); It has been
reported that the tenderness, fat content, and L value
of the meat of female animals are higher, while the
redness and water holding capacity values of the meat
are lower. It has been reported that with increasing
slaughter age, the juiciness and tenderness of the meat
decrease, the water holding capacity, the amount of

intramuscular fat, and the redness of the meat
increase (Abou-Kassem 2019).

Lukanov et al. (2021) in their study in which they
examined the pH and color values in the breast
muscle of meat-type quail (WG line), it was reported
that the pH wvalue was 5.75-6.26 and it was not
affected by the slaughter age (28, 35 and 42. days) and
gender differences. It has been also added that the
biggest change in the color values of the meat is in
the brightness value of the meat (L*), and the
brightness decreases with increasing age. In the same
study, it was stated that while the redness value (a*
5.77-11.6) decreased with the increase in slaughter
age, the yellowness value (b*: 5.14-11.13) increased. It
was stated that redness in female quail meats and
yellowness in male quails were more pronounced.

In another study that examines the effects of different
slaughter ages (33-42 days) on meat quality values in
Pharaoh quails, which have a larger body weight than
other quail birds, it was stated that pH15 values and
water holding capacity were higher at the slaughter
age of 42 days. In the color values, it was stated that
the brightness of the meat was high in quails
slaughtered on the 33rd day, and the redness and
yellowness values increased in the elderly quails. It
has been reported that the taste, juiciness, tenderness,
and flavor intensity values, which are especially
desired from the sensory properties of the breast
meat at the age of 33 days, are higher and the aroma
intensity is lower (Wilkanowska and Kokoszyndski
2011).

In this study, the effects of different slaughter ages
and gender on some meat quality characteristics,
texture, and sensory analysis results were investigated
in Japanese quails.

MATERIAL AND METHODS

Raw Material

This study was conducted in November 2022. For the
experimental study, quails raised under the same
conditions until the desired slaughter age were
obtained from a local commercial farm after they
were slaughtered (after 4 hours of antemortem
fasting) the mechanical system (decapitation, after
bleeding, plucking, and evisceration). After
slaughtering, the carcasses were brought to the
laboratory at +4 C without breaking the cold chain.
For the study, a total of 28 quail carcasses of different
sexes and different slaugter ages (7 females -7 males,
4 wks; 7 females-7 males 8 wks) were obtained.

Meat quality and texture analyzes were performed 24
hours after slaughter. Sensory evaluations were
performed 48 hours later. Carcasses were kept in
refrigerator conditions (+4 °C) until analysis. Colot,
cooking loss and texture analysis were performed on
the left skinless pectoralis major muscle. pH and
electrical conductivity were determined in the right
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pectoralis major muscle. Leg meats were used for
sensory evaluation.

pH and Electrical Conductivity Measurement

For the analysis, 10 g samples were taken from the
skinless breast meat of quails and homogenized. 100
ml of distilled water was added to it. The pH (AD110
pH-Temp, Adwa, Hungary) and electrical
conductivity (Orion Star A222, Thermo Scientific,
Korea) of the prepared samples were measured.
Measurements were made 24 hours after slaughter.

Meat Color

A Chroma meter (Konica Minolta, CR-400, Japan)
was used to make breast meat color measurements.
Measurements were taken from 3 different points of
the quail skinless breast meat and average values were
taken. L*(lightness), a* (redness), and b*(yellowness)
values were calculated.

Cooking Loss

To calculate the cooking loss, 5 g of quail breast meat
was weighed. Samples were placed in polyethylene
bags. It was kept in a water bath (Selecta, Spain) of 80
°C for 1 hour until the internal temperature was 70
°C. After room temperature cooling, the weighings
were made. Cooking loss was calculated as a
percentage by taking the weight differences before
and after cooking (Honikel 1998).

Texture Analyses

For texture analysis, breast meat samples were
prepared as 1 cm x 1 cm x 2 cm. Samples were
measured using the texture analyzer (CT3 Texture
Analyzer;  BrookfieldEngineering ~ Labs  Inc,,
Middleborough, MA, USA) according to the
modification of the method described by Masoumi et
al. (2022). Probe model TA44.

Sensory Evaluation

Sensory evaluation panelists (10 people) consisted of
senior students of the Nutrition and Dietetics
department. Before the analysis, the students were

given training on the conduct of the sensory
evaluation. For sensory evaluation, quail legs were
cooked in the oven at 200°C untl the internal
temperature was 80°C by adding only salt. It was then
presented to the panelists on plastic plates. In the
forms distributed to the panelists, they were asked to
evaluate the desired features (smell, colour, flavor,
tenderness, juiciness, fibrous, chewability and general
appreciation etc.) with numbers from 1 to 9. Very
good (8 - 9), Good (6 - 7), Fair (4 - 5), Poor (2 - 3),
Very poor (0 - 1) (Farag et al. 2021).

Statistical Analysis

After controlling for the normal distribution of the
data two-way ANOVA test was used for the effect of
slaughter age and gender in determining the
difference between the groups. The sample size used
in the study was determined with the G Power 3.1
power analysis software (Faul et al. 2007). The
statistical analysis was performed by means of the
SPSS Statistics 23.0 package software. p<0.05 was
taken into account statistically.

RESULTS

Some meat quality values in quail breast meats are
given in Table 1. Electrical conductivity values of
young females and males quail meats were measured
as 1182.43 and 1164, respectively. Elderly females and
males quail meats electrical conductivity values were
determined as 1164 and 1185. It was determined that
there was no statistically significant difference
between the groups in terms of gender and slaughter
age.

pH values were 5.86 and 5.73 in young and old
female quails meats, respectively; it was measured as
5.92, 5.78 in young and old men quails meats. It was
determined that the factors of gender (p<<0.05) and
slaughter age (p<<0.001) created statistically significant
differences between the groups.

Table 1. Some meat quality values in quail breast meat

Gender Age Electrical ph Cooking L* a* b*
conductivity loss (%) Lightness Redness Yellowness
Female 4 wk 1182.431£142.664 5.86410.086 26.897+2.70  57.98%4.44 7.48+1.30  5.61+1.62
8 wk 1164.00£34.225  5.731£0.070  27.605+3.93  54.27£2.25 8.79+2.07  4.17%0.62
Male 4 wk 1233.57£299.163  5.92+0.064  26.732+£4.01  56.78%1.32 7.59+0.98  5.14%+0.59
8 wk 1185.71£88.153  5.78+0.062  30.748+1.57  57.46%2.86 9.35+2.18  4.93%+0.82
P
Gender 0.581 * 0.232 0.382 0.611 0.698
Age 0.616 ok 0.064 0.188 * *
Interaction 0.823 0.938 0.186 0.061 0.735 0.120

Values are shown as meantSEM. *: p<0.05; **: p<0.001.
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Cooking loss values were determined as 26,73 and
30,74% in young and old male quail breast meats,
respectively. It was determined that both slaughter
age and gender did not differ between the groups.

Brightness value (L*), which is one of the important
values in meat quality, decreased in samples taken
from females and increased in samples taken from
males as slaughter age increased. But these differences
are not statistically significant. Among the color
values, it was determined that the redness value (a¥)

Table 2. Texture analysis values in quail breast meat

increased with increasing slaughter age in both
females and males quail meats (p<0.05). It was
determined that the difference in genders was not
significant in the a* value. The yellowness value (b*)
in breast meat samples was 5.61 and 4.17 in young
and old females quail, respectively; 5.14 and 4.93 in
young and old men quail. The decrease in b* value
with the prolongation of slaughter age in both
genders was found to be statistically significant
between the groups (p<0.05).

Gender Age  Hardness Adhesiveness Cohesiveness Springiness Gumminess Chewiness
N) (mj) (mm) ™) (mj)

Female 4wk  4.687%0.86 0.608+0.52 0.488+0.246 8.052+1.917 2.497+1.43 11.70£3.44
8wk  5451%0.89 0.631+0.16 0.312+0.220 6.231+1.510 1.201£0.42 8.380%4.30

Male 4wk  4.835%1.61 0.668%0.566 0.324£0.133 7.477£1.138 1.527%0.69 11.960£7.00
8wk  4.747£0.65 0.870£0.780 0.355£0.136 7.222%1.320 1.687%0.55 12.2011+4.42

P

Gender 0.499 0.484 0.409 0.717 0.470 0.289

Age 0.412 0.598 0.328 0.080 0.097 0.421

Interaction 0.302 0.674 0.165 0.180 0.037* 0.353

Values are shown as mean*SEM. *:p<0.05

The texture values of quail breast meat are given in
Table 2. Hardness values were measured as 4.68 and
483 N in young females and males quails,
respectively. In elderly females and males quails, it
was determined as 5.45 and 4.74 N, respectively.
Although the adhesiveness value was numerically
higher in the samples obtained from male quail, it was
determined that this difference was not statistically
significant. It was determined that both the slaughter
age factor and the gender factor did not create a

Table 3. Sensory analysis values in quail leg meat

significant difference between the groups in the
cohesiveness value. It was also determined that the
springiness feature was higher in the young quail
(8.05; 7.47 mm; p>0.05). Although the effect of
gender and age factor on the gumminess value was
not significant, the interaction between the two
characteristics was found to be significant (p < 0.05).
The chewiness value did not differ between the

groups.

Gender Age Colour Smell Flavor Tenderness Juiciness  Fibrous Chewiness Overall liking
Female 4wk 640%134 6.00£1.94 6.90£1.10 7.30%£1.76 6.30£2.21  7.00£1.15 7.60£1.89 6.20£1.47
8wk 630%1.41 6.00£1.56 6.50£1.26 6.90£1.52 6.10£2.28 7.10£1.37  7.30£1.05 6.50£1.64
Male 4wk 670133 6.20%£1.54 7.60£1.07 7.80%0.78 6.70£2.00  7.60+0.84  8.40+0.69 6.80+1.81
8wk 7.70+x1.33  7.30+1.33 7.70%x1.63 7.10£1.85 6.60£1.95 7.00x1.76  7.30£1.94 7.40%1.64
P
Gender 0.056 0.288 * 0.477 0.5006 0.555 0.405 0.159
Age 0.303 0.150 0.715 0.267 0.824 0.555 0.149 0.394
Interaction 0.210 0.288 0.544 0.760 0.941 0.409 0.405 0.775

Values ate shown as meantSEM. *: p<0.05.

Sensory analysis results in quail leg meat are given in
Table 3. Although leg meat samples obtained from
male elderly quail were more appreciated in terms of
color and smell, these differences not
statistically significant. Flavor values were calculated
as 7.60 and 7.70 for young and elderly male quails,
respectively. In the samples obtained from female
quail, these values were observed to have lower
scores. Differences between the groups due to the
gender factor were significant (p < 0.05). Although
tenderness, juiciness, and chewiness values were more
appreciated in samples obtained from young quail,
these differences were not statistically significant. It
was determined that the gender and age factors were

were

not important in the fibrous value. Although meat
samples obtained from elderly and male quail
received higher scores as overall liking, it was

determined that these differences were not
statistically significant.
DISCUSSION

Quality is one of the important factors in meat
production. At the same time, it is a priority for the
consumer and ensures the sale of the product. pH
and color values are important in determining the
quality of meat (Qiao et al. 2001). In this study, it was
determined that the effects of gender and age factors
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were important in pH measurements made in M.
pectoralis superficial muscle in quails. It was
measured that the pH value was higher in the samples
obtained from young and males. In a study, it was
reported that the pH value of breast meat was lower
in female broilers 24 hours after slaughter. Depending
on the gender difference, the glycolysis that develops
in the postmortem period and the resulting difference
in the accumulation of lactic acid in the muscles may
cause this (Lopez et al. 2011). While the color values
were not affected by the gender factor, it was
determined that the effect of slaughter age on the
redness (a*) and yellowness (b*) values of the meat
was significant. The redness value was higher in the
samples taken from the elderly and the yellowness
value in the samples taken from the young.

In a study in which the effects of different slaughter
ages (35-42 days) and gender on meat quality in quails
were determined, it was reported that the pH24 value
in male carcass meats was lower than the female
carcass values. It has been also reported that the
redness value is lower in female carcass meats at 35
days of age; and that the carcass characteristics of
male quails at 42 days of slaughter are also better
(Abreu et al. 2014).

Wilkanowska and Kokoszynski (2011) reported in
their study on the effect of different slaughter ages
(33-42 days) on meat quality in Pharaoh quails with
large body weight; that the pH15 value was higher at
the slaughter age of 42 days.

Petek et al. (2022), in their study on female quails of
different genotypes and different slaughter ages (60-
270 days), it was stated that the pH value was
significantly higher in old quail carcasses and a* and
b* values were significantly higher in meat samples of
young quails. It has also been reported that a low pH
value reduces the water-holding capacity.

In another study, in which different slaughter ages (8
weeks and 8 months) were applied, it was stated that
the brightness value (L*) was high, and the a* and b*
values were low in the meat of young quails. It has
been stated that the pH value is higher in aged quail
meats. In the same study, it was stated that the reason
why quail meat is darker and redder than other
poultry meat may be due to the increase in myoglobin
pigment with increasing age (Boni et al. 2010).

In a study examining the meat quality values of quail
carcasses with slaughter age greater than 45 days and
less than 45 days, it was reported that there was no
difference between the groups in terms of pH value
and cooking loss. In addition, it has been reported
that a low pH value may cause poor water capacity of
myofibrillar muscle proteins, resulting in high cooking
losses (Awan et al. 2017).

Unlike this study, Lukanov et al. (2021) reported that
the effect of slaughter age (28; 35, and 42 days) and
gender on the pH value was not significant.

The texture values of meat are an important factor
for the consumer's purchasing preference. In this
study, it was determined that the effects of both
gender and age were not significant on quail breast
meat texture values. The fact that the difference
between the slaughter age groups was not high may
have been effective in this.

Unlike this study, Abou Kassem et al. (2019) It has
been reported that in Japanese quails of different
slaughter ages (5, 6, and 7 wk) and different genders,
the juiciness and tenderness values in meat decrease
with the increase in slaughter age. It was stated that
the gender factor was important only in the softness
value in meat and this value was high in female quails.
In another study, it is stated that the softness of meat
decreases with age, and this may be due to the
increase in fiber diameter, connective tissue, and
cross-links between polypeptide chains (Reddy et al.
2017).

The sensory properties of meat, like the texture
properties, play an important role in consumer
preference. In a study in which different slaughter
ages (33 and 42 days) were applied, it was reported
that while quail carcasses slaughtered for 33 days had
higher scores in sensory characteristics such as
juiciness, tenderness, flavor intensity, and desirability,
they scored lower in aroma intensity (Wilkanowska
and Kokoszynski, 2011). In another study, it was
stated that the flavor components were generally
related to the fat content and the components
increased with the prolongation of the cutting age
(Reddy et al. 2017).

In this study, it was determined that there was no
significant difference between age and gender in
sensory characteristics. It was determined that only
the effect of the gender factor on the flavor factor
was significant and the meat of male quail scored
higher. In this regard, It may be that the musculature
of male animals is better than females of the same age
genetically, which affects the development of flavor
factor and texture development.

CONCLUSION

As a result, in this study, it was determined that the
effect of different slaughter age factors on pH and
some color values (a* and b*) was significant, while
the effect of gender factors on pH and sensory
characteristics only on flavor score was determined.
The low difference between the slaughter ages in this
study may have been effective in the similarity in the
data obtained from the groups.

At the same time, when evaluated in terms of similar
factors, it is important result that the results of
texture analysis and sensory analysis support each
other.
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ABSTRACT

Oxidative stress occurs as a result of an imbalance between free radicals and antioxidants in the organism's body. In this
study, the effects of different growing conditions on oxidative stress levels in chuckar partridge were investigated. The
research material was formed by 60 male breeding male chuckar partridges of similar age and weight, bred at the Suhut
Partridge Production Station affiliated to the V. Regional Directorate of Nature Conservation and National Parks. Blood was
taken from partridges and some biochemical and oxidative stress parameters were checked. As a result of the research,
glucose, triglyceride and total cholesterol, urea and creatinine values from biochemical parameters, MDA values, which are
lipid peroxidation markers, were lower in partridges housed in voles than in partridges housed in cages (p<0.05), glutathione,
SOD and CAT activities and beta carotene and vitamin A values were found to be higher (p<<0.05). It was determined that
Aspartate aminotransferase, ALT and ALP activities, enzyme and total protein levels were not affected by both hosting
methods (p>0.05). As a result of the research, it was determined that creatinine and urea values, which are parameters
showing kidney functions, were lower in the partridges housed in the cage compared to those in the volier, liver enzymes did
not change and oxidative stress occurred. As a result, it was concluded that in terms of oxidative stress level, it is more
appropriate to keep the chuckar partridges in volies, and it would be beneficial to support them with antioxidants when they
are housed in a cage system.

Keywords: Biochemical parameters, chuckar partridge, housing, management, oxidative stress,

Farkli Barindirma Kosullarindaki Kinali Kekliklerde (Alectoris chuckar) Bazi Biyokimyasal
Parametreler ve Oksidatif Stres Diizeylerinin Aragtirilmasi
oz

Oksidatif stres, canlinin bedenindeki serbest radikaller ve antioksidanlar arasindaki dengesizlik sonucu olugur. Bu ¢alismada
kinalt kekliklerde farklt yetistirilme kosullarinin oksidatif stres diizeyleri tizerine etkileri arastirildi. Arastirma materyalini Doga
Koruma ve Milli Parklar V. Bélge Midiirliigiine baglh Suhut Keklik Uretme Istasyonunda dogaya salim yapmak iizere
yetistirilen 60 adet, benzer yas ve agirlikta damizlik erkek kinalt keklik olusturdu. Tki gruba ayrilan ve 30 adedi kafes
sisteminde 30 adedi de voliyerlere salinarak 3 hafta bakilan kinalt kekliklerden kan alinarak bazt biyokimyasal ve oksidatif stres
parametrelerine bakildi. Arastirma sonucunda biyokimyasal parametrelerden glukoz, trigliserid ve total kolesterol, tre ve
kreatinin degerlerinin, Lipid peroksidasyon belirteci olan MDA degerlerinin voliyerde barindirilan kekliklerde kafeste
barindirilan kekliklere gore daha digiik diizeyde (p<0.05), glutatyon, SOD ve CAT aktiviteleri ile beta karoten ve A vitamini
degerlerinin ise daha yiiksek dizeyde oldugu (p<<0.05) tespit edildi. Aspartat aminotransferaz, ALT ve ALP aktiviteleri enzim
ile total protein diizeylerinin ise her iki barindirma metodundan etkilenmedigi (p>0.05) belitlendi. Arastirma sonucunda
kafeste barindirilan kekliklerde voliyerdekilere gbre bobrek fonksiyonlarint gosteren parametrelerden kreatinin ve dre
degerlerinin dustik oldugu, karaciger enzimlerinin degismedigi ve oksidatif stresin olustugu tespit edildi. Sonug olarak
oksidatif stres diizeyi acisindan kinalt kekliklerin voliyerlerde barindirilmalarinin daha uygun oldugu, kafes sisteminde
barindirildiklar kogullarda ise antioksidanlarla desteklenmelerinin faydali olacags kanaatine varildi.
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GIRIS

Stres bir canli lUzerinde cesitli faktorlerin etkisi ile
olugurken, stresin vatligt kanin Dbilesimini de
etkilemektedir. Bu durum ise hematolojik ve
biyokimyasal parametrelerin stres varhiginin tespitinde
kullanilabilirligine imkan tanimaktadir (Yimaz 2000).
Sagliklt  bir organizmada normal metabolizma
sonucunda olusan siiperoksit anyonu, hidrojen
peroksit ve hidroksil radikali gibi reaktif oksijen
radikalleri ile antioksidatif savunma sistemi arasinda
bir denge vardir (Storz ve Imlayt 1999). Bu dengenin,
oksijen radikallerinin lehine bozulmastyla ortaya ¢ikan
duruma oksidatif stres ad: verilmekte ve buna bagl
olarak canli organizmada hiicresel ve molekiiler doku
hasart gérilmektedir (Birben ve ark. 2012). Oksidatif
stres hayvanlarda fizyolojik ve biyokimyasal olaylarin
aksamasina ve sonucta dusik verim ve kaliteli
yetistiriciligin ~ yaptlamamasina  sebep  olmaktadir
(Macit ve Akbulut 2015). Keklikler, Galliformis
takiminin  Phasianidae familyasindan kdken alan
Alectoris (A.), Perdix (P.) ve Ammoperdix den gelen
orta ebatta, kalin gévdeli, kisa kuyruklu kus tiirlerine
verilen ortak isimdir (Ozcelik 1995; Kirtket ve Cetin
1999; Keskin ve ark. 2002). Keklik yetistiriciligi
yapian isletmelerde iyi bakim ve besleme kogullari
hayvanlarin refah ve yasama giicleri Uzerinde etki
eden 6nemli faktérlerdir. Ozellikle barinak kosullart
hayvanlarda fizyolojik ve biyokimyasal olaylarin
aksamasina ve sonucta disik verim ve kaliteli
yetistiriciligin ~ yapilamamasina sebep olmaktadir.
Oksidatif stres, hlicresel ve molekiler doku hasart
olusum mekanizmalarinin  bir  pargast  olarak
hastaliklarin sekillenmesinde rol oynayarak canlinin
yasama gucuni etkiler. Oksidatif stresin tespit
edilmesi dogaya salim amact ile yapilan keklik
yetistiriciliginde daha da 6nem kazanmaktadir.
Yapilan bir calismada (Ozbey ve Esen 2007) kinalt
kekliklerde barindirma kosullarinin bazt biyokimyasal

ve oksidatif stres parametrelerini etkiledigi ortaya

konulmustur. Bu arastirma entansif kosullarda
yetistiriciligi ~ yapilan  kinalt  kekliklerin  farkli
barindirilma kosullarinda oksidan/antioksidan
durumunun  incelenmesi  ve  oksidatif  stres

diizeylerinin 6lciilmesi amactyla yapildr.

MATERYAL VE METOT
Calismada Afyon Kocatepe Universitesi Hayvan
Deneyleri  Etik  Kurulundan (AKUHAYDEK)
19.11.2020 tatih ve 49533702/323 sayi ile Etik
Kurulu onayt ve gerekli izinler alinmistir. Doga
Koruma ve Milli Parklar V. Bélge Midirligiine baglht
Suhut Keklik Uretme Istasyonunda dogaya salim
yapmak tzere yetistirilmekte olan kinali kekliklerden
60 adet benzer yas ve agirhikta damizlik erkek kinali
keklik arastirma materyalini olusturmustur. Uretim
istasyonunda  keklik dretimi kafes sistemi ile
yapilmakta ve her bir kafes bélmesine 2 disi bir erkek
keklik konarak Ureme sezonu kafes icerisinde
tamamlanmaktadir. Ureme sezonu Mayis ayinin son
haftasinda tamamlanmakta ve keklikler voliyetlere
(50x60 m?) alinarak yeni bir Uretim sezonuna kadar bu
bolmelerde yasamlarini devam ettirmeleri
saglanmaktadir. Bu arastirma cergevesinde tretim
sezonu sonrast 35 adet erkek keklik (5 4deti yedek
olarak birakilmustir) kafes sisteminde 3 hafta kadar
daha barindirilmaya devam ettirildi ve diger erkekler
ise voliyerlere salindi. Her iki grupta ayni rasyon
icerigi ile beslendi, 6nlerinden su eksik edilmedi.
Farkli olan tek faktér barindirma kogullaridir. Kan
alim asamasinda 6n kesif ¢alisma icin 10 Haziran 2021
tarihinde DKMP 5. Bolge Keklik Uretim Istasyonu
sorumlu Veteriner Hekimi Ali Gezer esliginde Suhut
Keklik Uretme Istasyonunda bulunan keklik gruplar
kontrol edildi. Kan numunesi toplama calisgmast ise
yine istasyon sorumlusu veteriner hekim esliginde 30

Haziran 2021 tarihinde gerceklestirildi.
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Kan 6rneklerini toplarken her iki gruptan 35’%er adet
keklik tasima kafeslerine yerlestirildi ve Once
voliyerlerdeki  kekliklerden sonra da kafeslerde
bulunan kekliklerden kanat alti venlerinden 1,5 cc
civarinda kan alinarak hemogram tiplerinde toplandi.
Kan alimi ayni kisi tarafindan aynt giinde ve ayni
sartlarda saglandi. Toplamda her iki gruptan 30 ar
adet kan Ornegi alindi ve herhangi bir hayvan zayiati
sekillenmedi. Kan alinan tim keklikler voliyetlere
salindi. Alinan kanlar laboratuvar ortamina ulastirilana
kadar soguk ortamda muhafaza edildi. Voliyerlerde ve
katlt kafes sistemi gibi farklt kogullarda barindirilan 60
adet kinali keklikte oksidan/antioksidan durumunun
incelenmesi  ve  oksidatif  stres  diizeylerinin
belirlenmesi amaclanan bu ¢alismada hemogram
tiiplerine alinan tam kan 6rnekleri iki kisma ayrildi. Bir
kismiyla beklemeksizin tam kanda malondialdehit
(MDA), glutatyon (GSH) dizeylerinin = 6Slgimi
gerceklestirildi. Diger kisim ise Oncelikle plazmalari
3000 rpm’de 10 dakika santrifiij edilerek ayrild: ve
plazmalar 1.5 mllik ependorf tiplere alinarak
analizleri yapilincaya kadar -80°C’de saklandi. Kalan
eritrositler SOD ve CAT aktivitelerinin Slcimi icin
hazirlandt. Bunun i¢in 30 dakika icerisinde 4 °C'de 15
dakika 3500 g'de santrifiij edilerek eritrosit ve plazma
ayrildl. Cokelen eritrositler G¢ kez izotonik salinle
yikand: ve kabarik tabaka uzaklastirildi. Daha sonra
izotonik salin ve eritrositler aynt hacimde ilave
edilerek -20C'de sakland: (Winterbourn ve ark., 1975).
Plazmadan aspartat aminotransferaz (AST), alanin
aminotransferaz (ALT), alkalen fosfataz (ALP), tre,
kreatinin, total protein, glukoz, trigliserid, total
kolesterol, A vitamini ve B-karoten duzeyleri gibi
biyokimyasal parametrelerin dl¢imu yapildi. Oksidatif
stres faktorleri acisindan degerlendirilme metotlari ise

asagida belirtildi.

Plazmada Biyokimyasal Parametrelerin Olgiimii
Kekliklerin plazmasindan AST, ALT ve ALP enzim

aktiviteleri dre, kreatinin, total protein, glukoz,

trigliserid ve total kolesterol duzeyleri
spektrofotometrik olarak temin edilen Human (Max-
Planck-Ring, Wiesbaden, Germany) marka kitlerle
Olgtldi. Ayrica plazma A vitamini ve [-karoten
diizeyleri Suzuki ve Katoh (1990)'un metoduna gore
spektrofotometrik olarak belirlendi.
Spektrofotometrik Sl¢iimler Shimadzu 1601 UV-VIS
spektrofotometresi  (Tokyo, Japan)  kullaniarak

gerceklestirildi.

Tam Kanda Malondialdehit Diizeylerinin
Ol¢iimii

Lipid peroksidasyon (LPO) icin 6énemli bir belirteg
olan MDA, tam kanda Draper ve Hardley (1990)’in
metoduyla belirlendi. Metotlarin prensibi MDA ile
tiyobarbittirik asit (TBA)’in reaksiyonu sonucu ortaya
ctkan rengin spektrofotometrik Sl¢limine dayanir ve
bu rengin absorbansi spektrofotometrik olarak 532
nm dalga boyunda 6l¢ildid. MDA diizeyi MDA-TBA
kompleksinin absorbans katsayisiyla hesaplanir ve

kanda nmol/ml ifade edildi.

Tam Kanda Glutatyon Diizeylerinin Olgiimii
Glutasyon duzeyleri tam kanda Beutler ve ark. (1993)
tarafindan tanimlanan metot kullanidarak 6l¢tlda.
Optik dansite spektrofotometrede 412 nm dalga
boyunda o6lculdi. Sonuglar kanda nmol/ml olarak
ifade edildi.

Eritrosit  Lizatinda  Siiperoksid  Dismutaz
Aktivitelerinin Olgiimii

Eritrosit lizatinda  stiperoksit dizmutazin (SOD)
antioksidan enzim aktiviteleri Sun ve ark. (1988)’nin
metoduna gére Olelldi. Stperoksit radikallerinin
ortamda bulunan nitroblue tetrazolyumu (NBT) mavi
renkli  formazona indirgemesiyle elde edilen
absorbans, spektrofotometrik olarak 560 nm dalga
boyunda belirlendi. SOD aktivitesi eritrosit i¢in

U/mgHb olarak ifade edildi.
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Eritrosit  Lizatinda  Katalaz  Aktivitelerinin
Olgiimii

Eritrosit lizatinda CAT aktiviteleri Sinha (1972)’nin
metoduna gbre belitlendi. Tampon ¢6zelti icinde
bulunan H>O, o6rnekte bulunan CAT etkisi ile
yikimlanir ve bunun spektrofotometredeki (570 nm)
absorbansinda azalma meydana gelir. Bu azalma hizt
CAT aktivitesi ile orantihdir. Katalaz aktivitesi

eritrosit icin U/mgHb olarak ifade edildi.

Hemoglobin Konsantrasyonlari Olgiimii
Hemoglobin (Hb) Drabkin ve Austin (1935)e gore
siyanomethemoglobin metoduyla kolorimetrik olarak

belirlendi.

Istatistiksel Analiz

Arastirmadan elde edilen sonuglar, SPSS for windows
22.0 paket programinda analiz edildi. Voliyerlerde ve
kafes sisteminde barindirilan kekliklerin incelenen kan
parametreleri acisindan karsilastirilmasinda bagimsiz
orneklemler igin t testi (independent samples t test)
uygulandt. Istatistiksel anlamlilik icin p<0.05 kabul
edildi.

BULGULAR

Kekliklerden alinan plazma orneklerindeki

biyokimyasal parametreler Tablo 1’de g0sterildi.

Biyokimyasal parametrelerden glukoz, trigliserid ve
total kolesterol degerlerinin  kafeste barndirilan
kekliklerde yitksek diizeyde oldugu buna karsin
voliyerde  barindirilan  kekliklerde — ise  bu
parametrelerin daha digiik diizeyde oldugu belirlendi
(p<0.05). Bunun yani sira bébrek fonksiyonlarinin
belirteglerinden olan ire ve kreatinin degetlerinin
kafeste barindirilan kekliklerde voliyerde
barindirilanlara gbre yiksek dizeyde oldugu tespit
edildi  (p<0.05). Kekliklerden alinan  plazma
orneklerinde analizi yapilan AST, ALT ve ALP enzim
aktiviteleri ile total protein duzeylerinin ise her iki
barindirma  metodundan  etkilenmedigi  belirlendi
(p>0.05). Kekliklerden alinan kan, plazma ve eritrosit
Orneklerinden belirlenen oksidatif stres
parametrelerine ait degerler Tablo 2’de g0sterildi.
Lipid peroksidasyon belirteci olan MDA degetlerinin
kafeste barindirilan  kekliklerde yiiksek  duzeyde
oldugu buna karsin voliyerde barindirilan kekliklerde
ise bu parametrelerin daha disik dizeyde oldugu
belirlendi (p<0.05). Ayrica, antioksidan agidan énemli
rol oynayan GSH, hiicre i¢i antioksidan enzimlerden
olan SOD ve CAT aktiviteleri ile antioksidan
etkinlikleri bilinen beta karoten ve A vitamini
degerlerinin kafeste barmndirilan kekliklerde voliyerde

barindirilanlara gére disiik diizeyde oldugu tespit
edildi (p<0.05).
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Tablo 1. Voliyerlerde ve kafeste yetistirilen kinali kekliklerden alinan plazma Orneklerinde alanin aminotransferaz (ALT),
aspartat aminotransferaz (AST), alkalin fosfataz (ALP), total protein, Ure, kreatinin, glukoz, trigliserid ve total kolesterol
dizeyleri (n:60)

Table 1. Alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total protein, urea,
creatinine, glucose, triglycerides and total cholesterol levels in plasma samples taken from chuckar partridges grown in voliers

and cages (n:60)

Parametre Grup N Ortalama Standart Sapma p degeri

ALT (U/L) Voliyerde 30 14,08 1,91
0,070

Kafeste 30 15,67 1,85

AST (U/L) Voliyerde 30 150,09 19,91
0,065

Kafeste 30 160,07 19,27
’ ’ 0,083

Kafeste 30 225,86 11,96

Total Protein (g/1) Voliyerde 30 4,46 0,37
0,179

Kafeste 30 4,86 1,55

Ure (mg/dl) Voliyerde 30 5,15 0,66
0,000*

Kafeste 30 8,35 1,72

Kreatinin (mg/dl) Voliyerde 30 2,37 1,07
0,000*

Kafeste 30 5,04 1,25

Glukoz (mg/dl) Voliyerde 30 176,78 8,38
0,000*

Kafeste 30 216,21 5,88

Trigliserid (mg/dl) Voliyerde 30 39,32 8,39
0,005*

Kafeste 30 47,07 11,90

Total Kolesterol Voliyerde 30 79,36 14,47
0,010*

(mg/dl) Kafeste 30 89,02 13,44

Tablo 2. Voliyerde ve kafeste barindirilan kinali kekliklerden alinan kan ve plazma 6rneklerinde malondialdehid (MDA),
glutatyon (GSH), stiperoksid dismutaz (SOD), katalaz (CAT), beta karoten ve A vitamini dtzeyleri (n:30)
Table 2. The levels of malondialdehyde (MDA), glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), beta-

carotene and vitamin A in blood and plasma samples taken from chuckar partridges housed in volier and cage (n:30)

Parametre Grup n Ortalama Standart Sapma p degeri

Voliyerde 30 5,68 0,97

MDA (nmol/mL) 0,000
Kafeste 30 7,54 0,84
Voliyerde 30 27,76 381

GSH (nmol/mL) 0,000
Kafeste 30 22,72 2,47
Voliyerde 30 48,79 5,83

SOD (U/mgHb) 0,000
Kafeste 30 2413 6,46
Voliyerde 30 55,09 13,29

CAT (U/mgHb) 0,000
Kafeste 30 33,00 10,60
Voliyerde 30 9,63 2,73

Beta Karoten (pg/dl) 0,000%*
Kafeste 30 6,19 2,18
Voliyerde 30 0,89 0,25

A vitamini (pg/dl) Kafeste 30 0,57 0,20 0,000%
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TARTISMA

Kanatlilarda biyokimyasal parametreler irk, cinsiyet,
yas, hayvanlarin fizyolojik durumlari, gecirdigi
enfeksiyonlar ve stres faktorleri gibi durumlardan
siklikla etkilenmektedir. Yapilan arastirmalar 6zellikle
barindirma kogullarinin bu parametreleri etkiledigini
gostermektedir. Ozbey ve Esen (2007), yetistirme
sistemlerinin ve stok yogunlugunun kaya kekliklerinde
(Alectoris graeca) bazt kan parametrelerine etkisini
arastirdiklart calismalarinda; normal yerde ve 3 farklt
yogunlukta (15, 20 ve 25’l) olacak sekilde kafeste
yetistirilen 18 haftalik erkek kaya kekliklerinde ALP
aktivitelerinin, total protein, total kolesterol, trigliserit,
tre ve glikoz diizeylerinin istatistiksel olarak 6nemli
dizeyde (p<0.05) AST ve ALT enzim aktivitelerinin
saytsal olarak arttigini belirtmislerdir. Bu ¢alisma
sonunda  kekliklerin  yetistirme —sistemlerine  ve
stoklama yogunluguna tepkilerinin farkli oldugu ve
zemin sisteminden kafes sistemine gectigi ve stoklama
yogunlugunun artmasmin  kan  parametrelerinde
onemli degisikliklere neden oldugu rapor edilmistir.
Ozhan ve ark. (2016), yer ve kafes sistemlerinde
yetistirilen  etlik  piliclerin =~ bazt  biyokimyasal
parametrelerinde degisiklilerin oldugunu, arastirmada
30 etlik piliglerde serum glukoz, ¢ok disik
yogunluklu lipoprotein (VLDL -kolesterol) ve trik
asit diizeyinin 6nemli Ol¢tide arttigini, serum total
kolesterol, trigliserit ve protein diizeyleri ile ALP ve
kreatin  kinaz  enzim  aktivitelerinde  Onemli
farkliliklarin olmadigint sonug olarak, kafes sisteminin
etlik  piliclerde  kan  parametrelerini  olumsuz
etkiledigini saptamuslardir. Bu arastirmalara benzer
sekilde yapilan bu calismada, glukoz, trigliserid, total
kolesterol, tire ve kreatinin degerlerinin kafeste
barindirilan kekliklerde yiiksek diizeyde oldugu buna
karsin  voliyerde  barnndirilanlarda  ise  bu
parametrelerin daha distik diizeyde oldugu belitlendi.
Bu durum kafeste barindirmaya gére voliyerde

barindirmanin keklik refahina olumlu katk: saglayarak

biyokimyasal kan parametrelerini daha ilimli bir
seviyede tuttugunu géstermektedir.

Oksidatif stres, pro-oksidan maddelerin tretimi ile
oksidatif hasara yol agan antioksidan savunma seviyesi
arasindaki dengesizliktir (Valko ve ark 2007). Lipid
peroksidasyonunun son irinii olan MDA oksidatif
stresin O6nemli bir gOstergesidir. Lipid
peroksidasyonun artisina paralel olarak artan stresin
Onlemesi amactyla antioksidanlardan GSH duzeyleri
ile antioksidan enzim aktivitelerinin (SOD ve CAT)
azalmast da s6z konusu olmaktadir (Gawel ve ark
2004). Ozellikle uygun olmayan ortam ve kosullarda
yetistirilen kanath hayvanlarda MDA degerlerinin
arttugi rapor edilen bir calismada (Simsek ve ark. 2014)
etlik pilic Uretiminde kullamlan yer ve kafes
sistemlerinin  performansi, bazi  oksidatif ~ stres
parametreleri ve karkas kusurlart tzerine etkileri
aragtirtlmistir.  Ayni calisgmada iki yer ve iki kafes
kiimesi yaz, sonbahar ve ki sezonlart siiresince es
zamanlt olarak takip edilmis ve alman serum
orneklerinde MDA seviyelerinin  kafes sisteminde
yetistirilen hayvanlarda daha ytksek seviyede oldugu
belirtilmistir. Yapilan bir diger calismada (Alonso-
Alvarez ve ark. 2010). Genis bir yas arahiginda (1-8
yas) olan toplam 288 kirmizit bacakli kekliklerden
(Alectoris rufa) yash hayvanlarin daha az yavru trettigi
ve orta yash bireylere gére eritrositlerde daha yiiksek
seviyelerde oksitlenmis GSH ve peroksitlenmis
lipidlerin olustugu rapor edilmistir. Sunulan ¢alismada
kafes ortaminda yetistirilen hayvanlarda MDA
diizeylerinin arttig1, buna karsin GSH diizeyi, SOD ve
CAT aktivitelerinin ise azaldigi belirlenmistir. Bu
durum kafes ortaminda yetistirilen hayvanlarda
oksidatif stresin olustugunu ve ortaya cikan serbest
radikaller ve peroksitlerle reaksiyona giren GSH
dizeylerinin, SOD ve CAT aktivitelerinin  ise

azaldigini gbstermektedir.
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Beta-karoten,  singlet  oksijeni =~ bozunmadan
sondiirebilir  ve peroksil, hidroksil ve siiperoksit
radikalleri gibi serbest radikallerle reaksiyona girer.
Karotenoidlerin - DNA, lipidler ve proteinlerde
oksidatif hasart 6nledigi veya azalttigi yapilan bircok
calismada gOsterilmistir (Agarwal ve ark. 2012;
Chapman 2012; Saunders ve ark. 2008). Benzer
sekilde sunulan calismada kafes kosullarinda
yetistitilen hayvanlarin beta karoten ve vitamin A
duizeylerinin azaldigi gézlenmis ve artan oksidatif stres

duiizeylerini dengelemede beta karoten ve vitamin A

kullanildigini gdstermistit.

SONUC

Sonug olarak yapilan caligmada iki farkli kosulda
barindirilan  kinali  kekliklerde — biyokimyasal —ve
oksidatif ~stres parametrelerin  etkilendigi, kafes
sisteminde artan oksidan statinin engellenmesinin
gerekliligi  gbrilmistir. Bundan  dolayt  kafes
yetistiriciliginde  oksidatif ~ stresin  dnlenmesinde
mumkinse periyodik izlemelerin  yapilmast  ve
disaridan

gerekli antioksidan takviyelerinin

verilmesinin yararh olacagi 6n gérilmektedir.

Cikar gatigmasi: Yazarlar bu makalede herhangi bir
ctkar catismasi olmadigini beyan etmislerdir.
Yazarlarin Katki Oranlari: Yazarlar bu makaleye
esit oranda katki saglamuglardir.

Etik Kurul Bilgileri: Bu calisma icin  Afyon
Kocatepe Universitesi Hayvan Deneyleri Yerel Etik
Kurulu AKUHADYEK -259-20 sayst ile 19.11.2020
tarihinde izin almistir.

Tesekkiir: Bu projenin gerceklestirilmesinde emegi
gecen basta Veteriner Hekim Ali Gezer olmak tizere
Suhut Keklik Uretim Istasyonu calisanlarina, Doga
Koruma ve Milli Parklar V. Bolge Miudirlugi
yetkililerine ve projedeki yardimlarindan dolay:
Veteriner hekimler Talat Ergln ile Cansel Aydin’a
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ABSTRACT

Endoplasmic reticulum (ER) stress has recently acquired increasing importance in the pathogenesis of obesity-
associated kidney disease. N-acetylcysteine, otherwise known as NAC, is an antioxidant that works directly and
indirectly by increasing the production of antioxidants in cells. A diet consisting of 60% calories from fat was
used to establish the obesity model for the present investigation. In the NAC and obesity + NAC (ObNAC)
groups, NAC was administered by intragastric tube at 150 mg/kg for eight weeks. GRP78 and PERK expressions
were determined immunohistochemically in sections collected from kidney tissues at the end of the experiment.
The GRP78 H score was significantly higher in the obese group than in the control, NAC, and ObNAC groups
(p<0.01). The ObNAC group H-score was significantly lower than that of the obese group (p < 0.01) but was
not different from the control and NAC groups. The obese group PERK H-score was also significantly higher
than the control, NAC, and ObNAC groups (p<<0.01). In the ObNAC group, the H-score was significantly lower
than that in the obese group (p<<0.01) and significantly higher than those in the control and NAC groups
(p<0.01). Increasing changes in stress markers may be improved by NAC application, since obesity induced by a
high-fat diet activates ER stress in kidney tissue.

Keywords: ER stress, GRP78, N-acetylcysteine, Obesity, PERK

kkk

Obez Sicanlarin Bébrek Dokularinda N-Asetilsistein Kullaniminin Endoplazmik Retikulum Stresi
Uzerine Etkisi

(074

Endoplazmik retikulum (ER) stresi son zamanlarda obezite ile iligkili bobrek hastaliginin patogenezinde artan bir
6nem kazanmustir. N-asetilsistein (NAC), hiicrelerde antioksidan tretimini artirarak dogrudan ve dolaylt olarak
calisan bir antioksidandir. Calismada, kalorinin %60’1n1 yagdan elde eden bir diyet ile obezite modeli olusturuldu.
NAC ve obezite + NAC (ObNAC) gruplarinda NAC intragastrik tiip ile 150 mg/kg dozunda sekiz hafta stireyle
uygulandi. Deney sonunda elde edilen bébrek dokularindan alinan kesitlerde GRP78 ve PERK ekspresyonlart
imminohistokimyasal olarak belitlendi. GRP78'in H skoru obez grubunda kontrol, NAC ve ObNAC gruplarina
gbre anlaml olarak yiiksekti (p<0.01). ObNAC grubundaki H skoru, obez grubundan énemli 6l¢tide dustiktt (p
< 0.01). Ayrica bu grubun skoru kontrol ve NAC gruplariyla benzerdi. Obez grubunda PERK H skoru kontrol,
NAC ve ObNAC gruplarina gére anlaml olarak ylksekti (p<0.01). ObNAC grubunda H skoru obez grubuna
gore anlamlt olarak disiik (p<0.01), kontrol ve NAC gruplarina gére anlaml olarak yiksekti (p<<0.01). Yiksek
yaglt diyet ile olusan obezite bébrek dokusunda ER stresine neden oldugundan stres belirteclerinde artan
degisikliklerin NAC uygulamasi ile iyilestirilebilecegi dustintlebilir.

Anahtar kelimeler: ER stres, GRP78, N-asetilsistein, Obezite, PERK
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INTRODUCTION

More than 1.9 billion individuals worldwide are
overweight, more than 650 million of who are
clinically obese, and the numbers are rising annually.
Progressively greater attention has therefore been
paid to obesity-related glomerulopathy ever since
obesity emerged as a widespread problem (Lu et al.
2020). High-fat diet (HFD)-induced obesity causes
several complicated health issues worldwide. Human
and animal research shows that obesity is linked to
type 2 diabetes, cardiovascular disease, non-alcoholic
fatty liver disease, and chronic kidney disease
(Promsan et al. 2022). Obesity has been shown to
cause both functional and histological changes in the
kidneys, making them aberrant in appearance (Xu et
al. 2017). Excessive HFD consumption in kidney cells
can generate reactive oxygen species (ROS).
Excessive levels of ROS in the kidney induce renal
cell injury and dysfunction via the activation of
multiple  pathways, including oxidative —stress,
apoptosis, and impaired autophagy (Pengrattanachot
et al. 2020, Promsan et al. 2022). Obesity may
potentially represent a risk factor for end-stage renal
disease, even after controlling for hypertension and
diabetes, according to many experimental animal and
human studies (Munusamy et al. 2015). Obesity is the
result of a complex relationship between genetic and
environmental stimuli that affect cell metabolism and
homeostasis, including  mitochondrial — defect,
dysregulated mitophagy, autophagy, and endoplasmic
reticulum (ER) stress. Obesity is both a cause and an
effect of an ER stress response (Ajoolabady et al.
2021).

The structure and function of the ER are complex. It
plays important roles in the production, folding,
changing, and transport of proteins and in the
formation and distribution of phospholipids and
steroids. For example, it stores calcium ions in its
lumen and slowly releases these into the cytoplasm
(Schwarz and Blower 2016). Any distruption in these
activities will lead to ER stress and the accumulation
of misfolded proteins (Zhao et al. 2018). The
unfolded protein response (UPR), an adaptive
mechanism, restores ER homeostasis in response to
ER stress. Improved protein folding and UPR
signaling increase the expression of proteins involved
in the ER folding machinery. It also attenuates
general protein translation, thus lightening the strain
on the ER (Hetz and Papa 2018). Also known as ER-
associated degradation, terminally misfolded proteins
are moved from the ER to the cytoplasm and
destroyed by the proteasome. Nevertheless, UPR
signaling will initiate cell death pathways if the return
of ER homeostasis is significantly prolonged (Adams
et al. 2019, Lee and Ozcan 2014, Lin et al. 2019). The
UPR, a cellular stress response originating from the
ER, is controlled by three major sensors, inositol-
requiring enzyme 1 (IRE1), protein kinase RNA-
activated (PKR)-like ER kinase (PERK), and

activating transcription factor 6 (ATFO6). In the
absence of stress, these three ER stress sensors are
bound and rendered inactive by the ER-localized
chaperone, also known as glucose-regulated protein
78 (GRP78/BIP), in the ER Ilumen. The
accumulation or increase of misfolded proteins in the
ER lumen activates the GRP78/BIP and the three
sensors (Almanza et al. 2019).

Obesity occurs through a complex interaction of
genetic and environmental factors that disrupt cellular
homeostasis and metabolism. These include
mitochondrial dysfunction, abnormal mitophagy,
abnormal macroautophagy/autophagy, and abnormal
ER homeostasis. Obesity may be both a cause and an
effect of an unregulated ER stress response,
according to recent research (Ajoolabady et al. 2022).
Obesity may also distrupt the ER protein-folding
mechanism, a phenomenon known as ER stress.
GRP78, the resident ER chaperone, is disrupted as a
result, thus exacerbating renal tubular damage.
Experimentally induced ER stress in renal tubules
and podocytes has been shown to activate autophagy
and to cause cell damage (Munusamy et al. 2015).
Excess free fatty acids (FFAs) accumulate in adipose
tissues and ectopically in other organs, causing
lipotoxicity and contributing to the development of
obesity-related  kidney = damage.  Endoplasmic
reticulum stress occurs in tissues with abnormal
deposits of FFA. More recent developments in lipid
metabolism raise the possibility of ER stress as a
common molecular mechanism in the etiology of
disorders associated with hyperlipidemia (Li et al.
2019).

N-acetylcysteine (NAC) is a mucolytic agent that
contains the thiol group and that is the subject of
increasing research due to its potential anti-
inflaimmatory and antioxidant effects. In addition,
NAC is on the list of essential medicines maintained
by the World Health Organization, and its well-
established history of being safe makes it an appealing
candidate for treating a diverse range of conditions. It
is therefore interesting to note that a growing body of
experimental data  supports the therapeutic
advantages of NAC therapy in managing obesity-
related problems (Dludla et al. 2019). Derived from
the amino acid L-cysteine, NAC is a precursor to
glutathione in mammals. Studies have shown that it
exhibits anti-hyperglycemic activity by protecting the
B-cells of diabetic Zucker diabetic fatty rats, diabetic
mice, and diabetic CD1 mice that have been alloxan-
induced to become diabetic (Ho et al. 1999, Tanaka et
al. 1999, Sarvani et al. 2017). Additionally, NAC
reduces kidney damage induced with streptozotocin
or iomeprol in mice and protects male Sprague-
Dawley rats against the development of insulin
resistance caused by hyperglycemia (Sarvani et al
2017).
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This study therefore investigated the expression of
the ER stress indicators GRP78 and PERK in the
kidney tissue of rats subjected to obesity. The
potential protective effects of NAC against ER stress
resulting from obesity in kidney tissue were also
investigated and tested.

MATERIAL AND METHODS

Animals, Ethical Approval and Experimental
Design

Sixteen 12-week-old Wistar albino female rats (250
150 g) were randomly assigned to each of four equal
groups. The animals were allowed ad libitum access
to food and water under standard conditions at 24%1
°C. Kastamonu University Animal Expetiments Local
Ethical Committee authorized and monitored all
animal treatments (no. 2023/18). The control group
received a regular diet (10% kcal) for eight weeks.
The NAC group received a conventional diet (10%
keal) plus 150 mg/kg NAC (SigmaAldrich, Merck,
Germany) via the intragastric route for eight weeks.
The obese group received an HFD (60% kcal) (Arden
Research and Experiment Company, Ankara, Turkey)
for eight weeks for the induction of obesity. The
obesity + NAC (ObNAC) was given an HFD (60%
kcal) for eight weeks plus 150 mg/kg NAC via
intragastric tube. At the end of the experiment,

xylazine-ketamine (IP, 10mg/kg-50mg/kg) anesthesia
was applied to examine kidney tissues after cervical
dislocation. Tissues were fixed in 10% neutral

buffered formaldehyde for 24 h and embedded in
paraffin following routine tissue procedures.

Immunohistochemistry Procedure

Five micrometer-thick paraffin-embedded sections
were placed onto poly-lysine slides and subjected to
deparaffinization and rehydration. The sections were
kept in sodium citrate buffer (pH=6.0) under moist
heat and pressure for antigen retrieval. They were
then incubated in 3% hydrogen peroxide (hydrogen
peroxide 30% Merck: 108597) solution for 20
minutes and washed with PBS solution for 15
minutes. Ten petrcent standard goat serum blocking
solution was next applied at room temperature for 10
minutes. The sections were subsequently incubated
overnight at 4 °C with primary antibodies (Table 1).
Following washing with PBS, the slides were
incubated with a secondary antibody (TP-125-HL,
Thermo Fisher Scientific, USA). The antigen-
antibody complex was then demonstrated with the
AEC chromogen. Gills hematoxylin was used as a
counterstain, and the sections were covered. The
sections were examined under a light microscope and
photographed (Zeiss Axiolab 5, Jena, Germany).

Table 1. Antibodies used in immunohistochemical staining as the primary antibodies

Primary antibodies ITHC Dilution Code Company
GRP78/BIP Polyclonal antibody 1/200 11587-1-AP Proteintech Group
PERK/EIF2AK3 Polyclonal antibody 1/200 24390-1-AP Proteintech Group

Semiquantitative Scoring

GRP78 and PERK immunoreactivities wete
measured using a semiquantitative scoring technique
based on intensity of staining (IS). This was evaluated
as absence of staining (-), mild staining (++), medium
staining (+++), and high staining. The average of the
results from two different researchers was used to
calculate the IS of immunoreactions in cells. A
semiquantitative assessment of IS and the percentage
of positive cells was also used to calculate the
sections’ immunohistochemistry scores (H-score).
Finally, all antibody expression levels were compared
statistically using the median H-score (Tatar et al.
2023).

Statistical Analysis

The statistical analyses were performed using the
SPSS 26.0 (IBM SPSS Statistics, IBM Corporation,
Chicago, IL) software for MAC. The data were
analyzed for normality using the Shapiro-Wilks test.
Kruskal Wallis tests were used to compare the
groups. The data were presented as the median, and
the interquartile range [Me (Q25-Q75)] and p<0.05
was recognized as statistically significant.

RESULTS

GRP78 Immunohistochemistry

GRP78 immunoreactivity was mainly localized in
proximal and distal tubules and the mesangial areas of
glomeruli in the obese group. This area also exhibited
intense immunoreactivity compared to the other
groups (Table 2). The H-score of this group was also
significantly higher than those in the control, NAC,
and ObNAC groups (p<0.01). However, in the
ObNAC group, GRP78 immunoreactivity was weakly
present in both the proximal tubule (PXT) and distal
tubule (DT) regions but not in glomerular
compartments (in either glomerular capillaries or
Bowman’s space) (Figure 1). This group's H-score
was lower than that of the obese group (p < 0.01),
but did not differ significantly from the control and
NAC groups (Table 4).

PERK Immunohistochemistry

While no PERK immunoreactivity was detected in
the control and NAC groups, very strong
immunoreactivity was seen in the obese group cortex
and medulla. Specifically, PERK in the obese group
was localized in the proximal and distal tubules,

303



mesangial areas of the glomeruli, and medullary
regions (Table 3). The H-score of this group was also
significantly higher than those of the control, NAC,
and ObNAC groups (p<0.01) (Table 4). In the
ObNAC group, PERK immunoreactivity was
moderate in the PXT, DT and medullary regions. At
the same time, it was weakly expressed in the

glomerular capillaries and medullar area (Figure 2).
The H-score of this group was significantly lower
than that of the obese group (p<<0.01), but was also
significantly higher than those of the control and
NAC groups (p<0.01) (Table 4).

Table 2. Semiquantitative analysis of GRP78 immunoreactivity

GRP78 immunoreactivity Groups
Parameters Control NAC Obese ObNAC
Distal tubules + +++ +
Proximal tubules + + +++ +
Glomeruli + +++ +
Medulla - - _ N

-: No staining; +: weak positive; ++: moderate positive; +++: strong positive.

)
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Figure 1: GRP78 expression analyses using immunohistochemistry (IHC) in kidney tissues. (a-c) Representative
staining of GRP78 in the control group kidneys is weakly positive in proximal and distal tubules. (d-f) The staining
of GRP78 in the NAC group is weakly positive in proximal and distal tubules and glomerular capillaries. (g-i)
Densely positive staining is detected in the obese group proximal and distal tubules and glomerular capillaries. (j-)
Representative staining of GRP78 in the ObNAC group is weakly positive in the proximal and distal tubules, but
with no reactivity in the glomerulus. The scale bar represents 100 um for the left and 20 um for the middle and right

columns.

Table 3. Semiquantitative analysis of PERK immunoreactivity

PERK immunoreactivity Groups
Parameters Control NAC Obese ObNAC
Distal tubules - - +++ ++
Proximal tubules - - +++ ++
Glomeruli - - +++ ++
Medulla - - +++ ++

-: No staining; +: weak positive; ++: moderate positive; +++: strong positive.
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Table 4. Semi-quantitative analysis of GRP78 and PERK antibody results. The data were presented as the median

and the interquartile range [Me (Q25-Q75)].

GRP78 positivity score PERK positivity score
Control 80 (75-90) &.d 80 (75-100) b
NAC 100 (80-110) «d 80 (75-110) b
Obese 250 (230-270) b.d 240 (200-270) & b.d
ObNAC 100 (90-100) &b < 165 (150-175) «

*p = 0.000; versus the control group, Pp = 0.000; versus the NAC group, °p = 0.000; versus the obese group, ¢p = 0.001; versus the

ObNAC group. Kruskal-Wallis/Tamhane T2 test
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Figure 2: Analysis of PERK expression in kidney tissues by immunohistochemistry. (a-c) No immunoreactivity was
detected at representative GRP78 staining in the control group. (d-f) Similarly to the control group, no GRP78
immunoreactivity is detected in the cortex or medulla in the NAC group. (g-i) In the obese group, very intense
positive staining is seen in the proximal and distal tubules, and glomerular capillaries. (j-1) Representative GRP78
staining in the ObNAC group is moderately positive in the proximal and distal tubules and weak in the glomerulus
and medullar region. The scale bar represents 100 um for the left and 20 pm for the middle and right columns.

DISCUSSION

The primary purpose of this study was to investigate
the hepatoprotective effect of NAC, a well-defined
and safe compound, against ER stress in an obese rat
model. Immunohistochemical analysis cleatly showed
that increased expressions of GRP78 and PERK,
indicators of ER stress caused by obesity in kidney
tissue, were reduced by the application of NAC.
These results provide direct evidence supporting the
use of NAC supplementation as an effective means of
blocking obesity-related ER stress.

Despite the wortldwide increase in  obesity,
pharmacotherapeutic alternatives for treating the
disease and related disorders are still limited and
inadequate. It is therefore essential to understand the
molecular causes of obesity. ER stress may be used as

a therapeutic target in treating the condition (Kim et
al. 2013, Angelidi et al. 2022).

Obesity is a disease associated with oxidative stress
and high levels of reactive oxygen species (ROS). A
previous study of the association between obesity and
kidney damage reported that the cafeteria diet, with
its pro-oxidant effect and activation of apoptotic
pathways, is capable of reducing the oxidative stress
resulting from such damage (La Russa et al. 2019).
Research has demonstrated that obesity generated by
an HFD in several organs leads to ER stress and
triggers the UPR signaling pathway (Kawasaki et al.
2012, Chen et al. 2016). ROS oxidize newly formed
proteins and increase misfolded and unfolded
proteins in the ER. Increases in ER stress indicators
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such as GRP78, p-PERK, and p-elF2 have been
reported in mice with HFD-induced obesity (Lifiares-
Pose et al. 2018).

Similarly, our results also showed the presence of ER
stress by revealing GRP78 activation in the kidneys of
obese rats. However, although this study shows that
obesity induces ER stress, we have not been able to
elucidate the mechanisms involved. However,
numerous studies in the literature have indicated ROS
formation as the mechanism responsible for ER
stress (Chong et al. 2017). In addition, ROS can act
on calcium channels that are present in the ER
membrane, which then increases calcium release from
it. The reduced total calcium concentration in the ER
lumen wultimately makes it difficult for newly
produced proteins to fold correctly (Kawasaki et al.
2012, Zeeshan et al. 2016, Burgos-Morén et al. 2019,
Bhattarai et al. 2021, Cui et al. 2022, Masenga et al.
2023).

A state of ER stress exists in tissues with abnormal
accumulations of FFAs. ER stress is thought to
represent a common molecular pathway in the
pathogenesis of hyperlipidemia-related diseases (Li et
al. 2019). Recent research involving obese Zucker
rats, a rodent model of obesity with hypertension and
metabolic syndrome, revealed kidney activation of ER
stress (Wang et al. 2014). Oxidative stress and ER
stress play a critical role in the pathophysiology of
various kidney diseases. The renal glomeruli and
tubular interstitium in both obese and diabetic animal
models contain ER stress markers, suggesting a
connection between chronic ER stress and kidney
damage (Chen et al. 2014, Wang et al. 2014). Liu et al.
(2008), determined that three hallmarks of ER-
associated apoptosis, CHOP, JNK, and caspase-12,
were activated in the diabetic rat kidney. Wang et al.
(2014), found that the ER stress protein GRP7S,
elF20-ATF4-CHOP, caspase 12, and JNK-MAPK
signaling pathways increased activation due to lipid
accumulation in the kidneys of obese mice. In the
same study, significant GRP78 expression was
detected in both glomeruli and the tubular
interstitium using the immunohistochemical method
in obese control mice.

However, research has also suggested that changes in
the ER membrane may also affect the activation
status of IRE1 and PERK, both directly and
independently of the accumulation of unfolded
proteins in the ER lumen (Cherngwelling et al. 2021).
The effects of ischemia-reperfusion-induced acute
kidney injury worsen over time in the reperfusion
phase of kidney damage. The activation of the ER
stress markers GRP78 and XBP1, and CHOP
expression as a result of this damage is consistent
with this deleterious change (Gu et al. 2018).
Consistent with the above, our immunohistochemical
results also revealed an increase in PERK activity,
specifically in the kidneys of the obese group. Further
studies involving ELISA and Western blotting are
now needed to investigate the increase in GRP78, and

PERK in kidney tissue observed in the present
research. NAC has been reported to increase the rate
of synthesis of the cellular antioxidant reduced
glutathione (GSH) by upregulating intracellular
cysteine level in several metabolic, liver, and
psychiatric  diseases, including obesity, in which
oxidative stress and inflaimmation are involved
(Santos et al. 2017, Tumer 2020, Tifekei et al. 2023).
NAC is a cysteine derivative with an acetyl group
affixed to the nitrogen atom that can be oxidized by
numerous radicals, including thiol. It also functions as
a nucleophile (electron-pair donor) (Samuni et al.
2013, Elbini Dhouib et al. 2016). In addition, NAC is
a precursor of reduced glutathione (Zafarullah et al.
2003). Glutathione, the cell's principal antioxidant,
neutralizes reactive oxygen and nitrogen species both
directly and indirectly (Dean et al. 2011). The
metabolic pathways with which NAC has been found
to interact include control of cell cycle and apoptosis,
the development of cancer and tumors, mutagenesis,
gene  expression  and  signal  transmission,
immunological ~modulation, and mitochondrial
activities (Zafarullah et al. 2003). Zhang et al. (2014),
determined that NAC significantly reduced cleaved
caspase 3, p53 and renal epithelial tubular cell
apoptosis in a  rat model of  renal
ischemia/repetfusion injury. Another study showed
that NAC administration against hepatic ischemia-
reperfusion injury significantly reduced the expression
of GRP78, ATF-4, and CHOP (Sun et al. 2014). Hu
et al. (2019), determined that NAC downregulates
XBP1 splicing against fluoride-induced testicular
apoptosis, inhibits testicular cell apoptosis by
reducing  IREla-JNK  phosphorylation, and
contributes to the inhibition of nuclear factor E2-
related factor 2 (Nrf2)-related oxidative damage. Lee
et al. (20106) also highlighted the role of NAC in ER
stress-mediated diabetic nephropathy. NAC reduces
levels of ER stress indicators PERK, elF2, ATFO,
GRP78, and CHOP in fatty rats. However, the
molecular processes that reduce that stress are still
unknown. Based on the available literature, NAC
reduces oxidative stress by reducing ROS build-up
and ER stress-mediated problems (Sarvani et al
2017). HFD-derived ER stress may cause severe
hepatic steatosis through the activation of the UPR
pathway and the induction of apoptosis in the liver.
HFD-induced hepatic steatosis and apoptosis are
reversed by NAC treatment. Long-term HFD
consumption by newborn offspring results in
steatosis of the liver and suppresses the protective
action of the UPR resulting from ER stress that leads
to the hepatocyte death. NAC administration has
been shown to reduce liver fat accumulation, to
restore the protective effect of UPR, and to reduce
hepatocyte damage and apoptosis. This antioxidant
activity of NAC becomes more pronounced when it
is used over an extended period (Tsai et al. 2020).
Studies show that NAC exhibits a protective effect by
inhibiting the apoptosis pathway associated with ER

306



stress (Sun et al. 2014, Lee et al. 2016). We therefore
speculated that a similar protective mechanism may
underlying the decrease in ER stress markers in the
obese group receiving NAC in this.

CONCLUSION

The expressions of the ER stress marker chaperone
GRP78 and PERK implicated in the UPR response
were identified in order to investigate the mechanisms
involved in kidney injury in obesity, which are
currently little understood, and to show the function
of NAC, a potential therapeutic target, in obesity-
mediated ER stress. In the light of the results
obtained, we think that NAC administration may be a
useful therapeutic modality in obesity-induced ER
stress. Although we did not measure ROS as an
underlying mechanism of obesity-induced ER stress,
other studies in the literature have considered this.
ROS may therefore have triggered ER stress, which
may have been ameliorated by NAC, a powerful
antioxidant.
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ABSTRACT

The purpose of this study was to evaluate certain heavy metal concentrations such as selenium (Se), manganese
(Mn), zinc (Zn), aluminium (Al), vanadium (V), tin (Sn), chromium (Cr), iron (Fe), nickel (Ni), cobalt (Co), copper
(Cu), arsenic (As), cadmium (Cd), and lead (Pb) in young and adult cattle in the Siran district of Gimiighane. For
this, a total of 100 blood samples were taken from 50 young (aged 1 to 3 years old) and 50 adult (aged 4 to 6 years
old) cattle slaughtered at an abattoir in the Siran. Serum was then separated from the blood samples by
centrifugation, and analysed for certain heavy metals by using the inductively coupled plasma mass spectrometry
(ICP-MS) method. The concentrations of serum heavy metals in the serum of young and adult cattle breed in the
Siran were determined. When comparing young and adult cattle, the adult cattle had significantly higher (p<0.05)
concentrations of Al, V, Ni, and Sn. No age-related accumulation (p>0.05) was found for the other heavy metal
species analysed (Se, Mn, Zn, Cr, Fe, Co, Cu, As, Cd, and Pb). As a result, in this study, serum heavy metal
concentrations and age-related bioaccumulation in cattle farmed in the Siran district were determined for the first
time. The periodic monitoring of the concentrations of these heavy metals may be helpful in improving animal
health and production.

Key Words: Aluminium, Bovine, Nickel, Serum, Tin, Vanadium
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Giimiighane'nin Siran Ilgesindeki Geng ve Yetigkin Sigirlarin Serumlarinda Bazi

Agir Metal Konsantrasyonlarinin ICP-MS ile Belirlenmesi
oz

Bu ¢alismanin amaci, Glimushane'nin Siran ilcesindeki geng ve yetiskin sigirlarda selenyum (Se), manganez (Mn),
cinko (Zn), aliminyum (Al), vanadyum (V), kalay (Sn), krom (Cr), demir (Fe), nikel (Ni), kobalt (Co), bakir (Cu),
arsenik (As), kadmiyum (Cd) ve kursun (Pb) gibi bazi agir metal konsantrasyonlarinin belirflenmesidir. Bunun igin,
Siran mezbahanesinde kesilen 50 geng (1-3 yas arast) ve 50 yetiskin (4-6 yas arast) sigirdan toplam 100 kan 6rnegi
alinmustir. Daha sonra kan 6rneklerinden santrifiij yoluyla serumlar ayristirilmis ve endiiktif eslesmis plazma kitle
spektrometresi (ICP-MS) yontemi kullanilarak belirli agir metaller acisindan analiz edilmistir. Siran'da yetistirilen
geng ve yetiskin sigirlarin serumlarindaki agir metal konsantrasyonlart bu sekilde tespit edilmistir. Geng ve yetiskin
sigirlar karsilastirildiginda, yetiskin sigirlarin Al V, Ni ve Sn konsantrasyonlarinin énemli 6l¢tide daha yiksek oldugu
gorilmustiir (p<0.05). Analizi yapilan diger agir metal tirleri (Se, Mn, Zn, Cr, Fe, Co, Cu, As, Cd ve Pb) icin ise
yasa baglt bir birikim tespit edilmemistir (p>0.05). Sonug olarak, bu ¢alismada Siran ilgesinde yetistirilen sigirlarda
serum agir metal konsantrasyonlart ve yasa baglt biyoakimilasyonlart ilk kez belirlenmistir. Bu agir metal
diizeylerinin periyodik olarak izlenmesi, hayvan sagligt ve tretimi agisindan iyilestirici katkilar saglayabilir.
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INTRODUCTION

Heavy metals are considered to be extremely
biologically hazardous chemicals due to their
bioaccumulative properties (Paksy et al. 1997).
Industrial activities such as cement production, steel
industry, combined heat and power generation, glass
production, waste and sewage sludge incineration
plants produce large quantities of heavy metals. These
metals can enter the soil, air and water in various ways.
They can also be transmitted to humans and animals
through vegetables, fruits, and crops grown on
contaminated farmland (Wu et al. 2010, Rajaganapathy
et al. 2011). Therefore, it is important to consider the
environment, soil and water in which food is grown to
minimize exposure to heavy metals.

The toxicity of heavy metals depends on their
mobility, their concentration in soil and water, the
chemical composition of the parent material, the
solubility of the composition and environmental
factors (Arslanbas and Baydan, 2013). Studies have
shown that the accumulation of heavy metals in
biological tissues and body fluids such as liver, kidney,
brain, etc. of animals fed plant-based feeds in heavily
industrially polluted soils can lead to tissue damage and
death (Karagil et al. 2000, Ergiin 2001, Beskaya et al.
2008, Saghaei et al. 2012).

Although certain heavy metals, such as Zn,
Co, Fe and Ni are necessary for living organisms in low
amounts, their bioaccumulation can cause toxic effects
by disrupting enzyme systems in living organisms over
time (Bigersson et al. 1988, Sézgen 2000, El-
Demerdash et al. 2004). Heavy metals with no
biological function, such as Pb, Cd, and mercury (Hg),
have been found to have toxic effects in tissues even
at low concentrations (Duffus and Worth 1996,
Zheljazkov and Nielsen 1996, Al-Saleh et al. 2003,
Diindar et al. 2012). Studies indicate that heavy metals
such as As, Cr, Hg, Cd, Pb, and Ni exhibit

carcinogenic, mutagenic, and teratogenic effects in

addition to their toxic effects (Boffetta et al. 1998,
Quayyum and Shah 2014, Romaniuk et al. 2014, Hsueh
et al. 2017, Rhee et al. 2020).

Phytochelatins in plants and metallothionein
proteins in mammals also play a key role in the
accumulation of heavy metals. The function of these
proteins is to contribute to homeostasis by binding
essential elements. However, since they also bind
heavy metals taken in various ways, they can build up
high amounts of these metals in tissues over time (Kégi
1991, Cobbett and Goldsbrough 2002). Moreover, the
accumulation of heavy metals can also vary depending
on the effects of environmental factors, resulting in
varying concentrations of heavy metals in humans and
animals from region to region (Ekici et al. 2015,
Horasan et al. 2019). Therefore, in the present study,
14 heavy metal species (Se, Mn, Zn, Al, V, Sn, Ct, Fe,
Ni, Co, Cu, As, Cd, and Pb) commonly analysed in
previous studies were selected and analysed in cattle’s
serum raised in the Siran district of Gumushane
province. Additionally, age-related bioaccumulation of

these heavy metals were investigated.

MATERIAL and METHODS

Sample Collection

In this study, blood samples were collected from the
hearts of a total of 100 slaughtered female cattle at an
abattoir in Siran district (Figure 1) of Gumishane, 50
young cattle aged 1 to 3 years (17 native breeds, 17
Simmental, 16 Holstein) and 50 adult cattle aged 4 to 6
years (21 native breeds, 15 Simmental, 14 Holstein).
The samples were then brought to the laboratory
under a cold chain at +4 °C. In the laboratory, these
samples were scratched after clotting and then
centrifuged (3000 rpm for 10 min) to separate the

serum.
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Afterwards, the serum was collected in Eppendorf

tubes, and stored at -20 °C until heavy metal analysis.

Heavy metal Analysis

The analysis of heavy metal concentrations (Se, Mn,
Zn, Al, V, Sn, Cr, Fe, Ni, Co, Cu, As, Cd, and Pb) was
performed using the ICP-MS (Agilent 7500a, Agilent
Technologies, USA) device. The first step was the
preparation of the samples for measurement. For this,
1 ml of serum from each sample was placed in Teflon
cells in the microwave solubilization device. 5 ml of
HNO3 (65%) was added, and after 20 minutes the
device was turned on by closing the lid. After the
solubilization process, the solutions were taken into 10
ml volumetric flasks and topped up with distilled
water. Standards at increasing concentrations (0, 1, 5,
5, 10, 20, 20, 30, 40, and 50 ppm) were prepared from
the samples ready for measurement and introduced to
the ICP-MS device (Epa, 1994). After the analysis, the
concentrations of heavy metals in the samples were
read from the device, and the results were recorded in
ppm. The method was validated by the parameters of
accuracy and recovery (Se: 99.90%, Mn: 99.90%, Zn:
99.90%, Al: 99.80%, V: 99.90%, Sn: 99.90%, Cr:
99.90%, Fe: 98.20%, Ni: 99.90%, Co: 99.90%, Cu:
99.80%, As: 99.70%, Cd: 99.90%, and Pb: 99.90%),
specificity, limit of detection (Se: 3.299 ppb, Mn: 0.480
ppb, Zn: 2.305 ppb, Al: 1.158 ppb, V: 0.120 ppb, Sn:
0.44 ppb, Cr: 0.730 ppb, Fe: 10.860 ppb, Ni :0.33 ppb,
Co: 0.320 ppb, Cu: 1.363 ppb, As: 0.077 ppb, Cd: 0.070
ppb, and Pb: 0.200 ppb), and limit of quantitation (Se:
10.89 ppb, Mn: 1.58 ppb, Zn: 7.61 ppb, Al: 3.82 ppb,
V: 0.40 ppb, Sn: 1.12 ppb, Cr: 2.41 ppb, Fe: 35.840
ppb, Ni: 1.09 ppb, Co: 1.06 ppb, Cu: 4.50 ppb, As: 0.25
ppb, Cd: 0.23 ppb, and Pb: 0.66 ppb). All chemicals
used in heavy metal analysis were obtained from Sigma
Chemical Company (Sigma-Aldrich, Co., Munich,

Germany).

Statistical analysis

Statistical calculations were performed using SPSS 15.0
for Windows (SPSS Inc., USA). The results of this
study are expressed as mean * standard deviation
(X£SD). Differences between parameters obtained
from two groups (young and adult cattle) were
analyzed using the Mann-Whitney U-test. A p-value of
less than 0.05 was considered statistically significant.
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Figure 1. The satellite image shows Siran district of

Gumiishane

RESULTS

The concentrations of Se, Mn, Zn, Al, V, Sn, Cr, Fe,
Ni, Co, Cu, As, Cd, and Pb in the blood samples
collected from young and adult cattle were given in
Table 1. The results revealed that the concentrations
of Al, V, Ni, and Sn were considerably higher in adult
cattle compared to young cattle (p<<0.05). Specifically,
the concentrations of Al in young cattle, were
1.682%0.951 (ranging from 0.355 to 1.884 ppm), V was
0.015£0.003 (ranging from 0.012 to 0.017 ppm), Ni
was 0.022£0.016 (ranging from 0.009 to 0.038 ppm),
Sn was 0.027£0.012 (ranging from 0.018 to 0.046
ppm). On the other hand, the concentrations of Al in
adult cattle were 3.565+1.02 (ranging from 2.007 to
5.072 ppm), V was 0.046£0.015 (ranging from 0.026
to 0.062 ppm), Ni was 0.065£0.010 (ranging from
0.023 to 0.085 ppm), Sn was 0.066£0.029 (ranging
from 0.022 to 0.103 ppm). Furthermore, there was no
statistical difference between the two groups for the
concentrations of Cr, Mn, Fe, Co, Cu, Zn, As, Se, Cd,
and Pb in the blood

serums.
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Table 1. The concentrations of some heavy metals in serum of young and adult cattle in the Siran district of

Giimiishane (n=>50).*

Young (1-3 years old)

Adult (4-6 years old)

Elements MeantSD Min—Max MeantSD Min—Max p value
Al 1.682%0.951 0.355-1.884 3.565+1.02 2.007-5.072 <0.05
v 0.015£0.003 0.012-0.017 0.046£0.015 0.026-0.062 <0.01
Cr 0.580%0.016 0.037-0.090 0.069%0.028 0.051-0.094 NS
Mn 0.010£0.002 0.004-0.017 0.012£0.003 0.007-0.019 NS
Fe 1.855+0.030 1.346-2.838 1.750£0.041 1.320-3.154 NS
Ni 0.022£0.016 0.009-0.038 0.065£0.010 0.023-0.085 <0.01
Co 0.002£0.0023 0.001-0.002 0.003£0.0037 0.002-0.004 NS
Cu 0.573+0.273 0.347-0.935 0.679+0.208 0.509-0.911 NS
Zn 0.626£0.182 0.382-0.843 0.651£0.196 0.504-0.927 NS
As 0.018£0.009 0.013-0.040 0.021£0.011 0.014-0.050 NS
Se 0.134£0.039 0.023-0.266 0.150£0.061 0.032-0.428 NS
Cd 0.003£0.002 0.002-0.005 0.004£0.001 0.003-0.007 NS
Pb 0.008%0.002 0.000-0.016 0.010%0.003 0.000-0.019 NS
Sn 0.027£0.012 0.018-0.046 0.066£0.029 0.022-0.103 <0.05

* : as ppm NS : not significant

DISCUSSION

Heavy metals are known to pollute the environment
through their release into water, soil, and air as waste
products of industrial activities. Living organisms that
consume water or consume products grown in
contaminated soil may be exposed to heavy metals. In
this way, heavy metals collected from the external
environment mostly bind to proteins and are
transmitted to the body’s liver through the blood.
Heavy metals processed in the liver are stored there,
sent to bile or returned to the bloodstream for
excretion by the kidneys (Kivrakdal 2010,
Rajaganapathy et al. 2011).

Heavy metals are known to exhibit
bioaccumulation characteristics, and studies on this
as the equipment used in the barns, feed additives,

drinking water, and consumed vegetable feeds

topic are still being carried out. The extent of
accumulation in living organisms varies depending on
the concentration of environmental contamination
and duration of exposure. Therefore, the
concentration of this heavy metal accumulation may
differ from region to region and from age to age. In a
study conducted by Simsek et al. (2015) in Cankirt
province, it was found that Al, V, Mn, Ni, As, and Sn
concentrations were higher in adults Angora goats
than in young ones. The present study was found the
similar results regarding the age-related accumulation
of Al, V, Ni and Sn in cattle of Siran district.
Aluminium, which has a neurotoxic effect, can
accumulate in cattle through various routes such
(Allowaw, 2013). The high concentrations of Al

observed in adult cattle in this study may be related to
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There are studies investigating the toxic effects of
many heavy metals and their connection with cancer
the high exposure to the above conditions.

Vanadium, which is an essential element in all
mammalian, has been found to act like insulin in all the
tissues mainly targeted by the hormone, namely
skeletal muscle and fat (Chasteen 1983, Goldwaser et
al. 2000). In our study, adult cattle was found to have
a higher concentration of vanadium than young cattle,
and the reason for this may be that the muscles of adult
cattle are much more developed.

Nickel is a heavy metal that is present in coal,
petroleum, copper and steel industries, mining and
combustion of fossil fuels. It can easily pass into the
soil, water and atmosphere with the use of wastewater
in agricultural areas. It is then absorbed into the body
through inhalation, drinking water and food
contaminated with this metal (Chau and Kulikovsky-
Cordeiro 1995, Seven et al. 2008). In this regard,
housing the animals in conditions with air, drinking
water and feed rich in this metal may have resulted in
a higher concentration of Ni in adult cattle of Siran
district.

Tin is found in soil and plants. Its main use is
in the coating of steel to protect it and in the
manufacture of biocides, which are widely used in
agriculture (Alloway, 2013). In our study, the
accumulation of Sn in adult cattle was found to be
significantly higher than in young cattle, which may be
due to their longer exposure to an environment
containing Sn.

The other heavy metals (Co, Cr, Mn, Fe, Cu,
Cd Zn, As, Se, and Pb) investigated in the study, are
not caused significant age-related bioaccumulation in
animals. This could be due to the absence of intensive
industrial activity such as mining in Siran, unlike other
districts of Glimiishane.

Heavy metals when accumulated over time

can cause diseases by distupting various physiological

mechanisms (S6zgen 2000, Romaniuk et al. 2015).
(Llobet et al. 2003, Hsueh et al. 2017, Rhee et al. 2020).
Studies in rats and humans have also shown that
certain heavy metals, such as Al, Ni, and Cd, disrupt
the oxidant and antioxidant balance by increasing the
production of free oxygen radicals (Gurer et al. 1998,

El-Demerdash et al. 2004, Ranjbar et al. 2008).

CONCLUSION

In conclusion, this study determined for the first time
heavy metals concentrations in young and adult cattle
raised in the Siran district of Gimiigshane province.
Additionally, it was revealed that the serum Al, V, Ni,
and Sn concentrations changed with age, and heavy
metal accumulation was higher in adult cattle. As
previous studies have shown, this consequently may
lead to health problems in cattle and consequent a
reduction of livestock production. Therefore, a regular
monitoring system for heavy metal concentrations
should be established, and ranchers should be
knowledgeable about the threat of heavy metal
contamination sources. Thanks to these precautions,
heavy metal accumulation can be significantly reduced
and kept under control in Siran district. Indirectly, it
will also contribute to the health of people who
consume the meat of these animals. Additionally, It
will be a reference for future heavy metal studies to be

carried out in this region.
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ABSTRACT

On-farm determination of beta-hydroxybutyric acid (BHBA) with an accurate analyser is important for rapid
diagnosis of subclinical ketosis (SCK) or clinical ketosis in dairy cows. The accuracy of the Taidoc BHBA
portable analyser has not yet been tested and validated. The objective was the validation of the Taidoc BHBA
analyser with another device Wellion (already validated) in 84 dairy cows. Whole blood was collected from the
coccygeal vein and immediately analysed with Taidoc and Wellion in one drop of whole venous blood of 84 dairy
cows. The averages of BHBA concentration were 0.79£0.66 and 1.09£0.51 mmoll! for Wellion and Taidoc,
respectively. The correlation coefficient was r=0.64 (p<0.001). Method comparison by the Passing-Bablok
regression equation (y=0.0664+0.06111x) showed no agreement between the two instruments. The intercept A
and slope B did not include 0.0 and 1.0, respectively. The Bland-Altman plots of agreement indicated that the
mean deviation was 0.30 mmoll"! and the total deviation was 2.02 mmol.l'!, which was unacceptably high. The
weighted kappa value was 0.26, indicating minimal agreement. AUC, sensitivity and specificity for the diagnosis of
SCK at cut-off point =1.2 mmol.l''! BHBA were 0.78, 64.7% and 91.0%, respectively. There was no agreement
between the Taidoc and the Wellion BHBA portable analyser for dairy cows and they cannot be used
interchangeably. Taidoc gave much higher BHBA values than Wellion and its sensitivity and specificity for SCK
diagnosis was not comparable to Wellion.

Keywords: Beta-hydroxybutyric acid, Dairy cow, Subclinical ketosis, Taidoc, Wellion

Siit Ineklerinde Subklinik Ketozis Teghisi I¢in Portatif Beta-Hidroksibiititik Asit Analiz
Cihazinin Validasyonu
oz
Sit ciftliklerinde beta-hidroksibutirik asidin (BHBA) dogru bir cihazla él¢iilmesi, subklinik ketozisin (SCK) veya
klinik ketozisin hizli teshisi icin 6nemlidir. Taidoc BHBA tasmabilir analiz cihazinin dogrulugu hentiz valide
edilmemistir. Bu ¢alisma, Taidoc BHBA analiz cihazint valide etmek igin daha 6nceden validasyonu yapilmis
Wellion cihazi ile 84 sit ineginde karsilastirilarak yapilmistir. Stt ineklerinde V. coccygea’dan alinan bir damla kan
Taidoc ve Wellion ile analiz edilmistir. BHBA konsantrasyonlarinin ortalamalart Wellion ve Taidoc icin strasiyla
0,79%0,66 ve 1,09£0,51 mmol.l"! olarak bulunmustur. Iki cihaz arasinda korelasyon katsayist r=0,64 (p<0,001)
ctkmistir. Passing-Bablok regresyon denklemiyle (y=0,0664+0,06111x) yontem karsilastirmasi, iki cihaz arasinda
bir uyum olmadigini gdsterdi. Intercept ve slope strasiyla 0.0 ve 1.0'1 icermemistir. Bland-Altman uyum grafikleri,
ortalama sapmanin 0,30 mmol.l"! ve toplam sapmanin 2,02 mmol.l"' oldugunu gésterdi ki, bu kabul edilemeyecek
kadar yiiksek ¢tkmustir. Agirlikli kappa degeri 0.26 ¢tkmis ve bu deger minimum derecede bir uyumu géstermistir.
SCK’nin teshisi icin BHBA>1,2 mmol.l! kesme noktasinda egri altindaki alan, duyarlilik ve 6zgulliik sirastyla 0,78,
%064,7 ve %91,0 ctkmustir. Stt inekleri icin Taidoc ve Wellion BHBA tasinabilir analiz cihazlart arasinda bir uyum
bulunmamis ve cihazlar birbirlerinin yerine kullamlamazlar. Taidoc, Wellion'dan ¢ok daha ytiksek BHBA degerleri

vermistir ve SCK teshisi icin duyarliligt ve 6zgilligt Wellion ile karsilastirilabilir oranda degildir.
Anahtar Kelimeler: Beta-hidroksibiitirik asit, Subklinik ketozis, Stit inegi, Taidoc, Wellion
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INTRODUCTION

Clinical ketosis and subclinical ketosis (SCK) are
economically important metabolic diseases in dairy
cows, and they are observed more frequently in the
second to fourth weeks after calving (Duffield 2000;
Mostert et al. 2017; Deniz et al. 2020; Steeneveld et al.
2020). The indicator for the diagnosis of ketosis is an
elevated  beta-hydroxybutyric ~ acid  (BHBA)
concentration in the blood or milk, which in dairy
cows can be analysed directly with a cow-side analyser
on the farm (Voyvoda and Erdogan 2010; Berge and
Vertenten 2013; Suthar et al. 2013; Khol et al. 2019;
Aksoy et al. 2022). SCK is a form of ketosis without
clinical signs (Duffield 2000; Suthar et al. 2013; Deniz
et al. 2020; Steeneveld et al. 2020). The diagnosis of
ketosis or SCK in cows is an important point on
farms for immediate action, as it has a large impact on
farmers' profitability due to milk yield losses costing
€130-150 per SCK case (Mostert et al. 2017;
Steeneveld et al. 2020) and other associated metabolic
diseases such as displaced abomasum, retained
placenta, mastitis, metritis, reproduction problems
and eartly culling (Duffield 2000; Suthar et al. 2013;
Raboisson et al. 2015; Deniz et al. 2020; Aksoy et al.
2022). The cut-off point for BHBA in blood has been
accepted as = 1.20 mmoll-! for SCK diagnosis
(Voyvoda and Erdogan 2010; Khol et al. 2019; Deniz
et al. 2020; Aksoy et al. 2022). Cow-side analysis of
blood BHBA facilitates immediate diagnosis of SCK
compared to costly laboratory serum analysis
(Iwersen et al. 2009). There are many commercial
blood or milk BHBA analysers on the market
worldwide, but the question has been whether or not
their accuracy has been validated. Many bloods or
milk BHBA analysers have been validated and their
accuracy tested and published (Geishauser et al. 2000;
Carrier et al. 2004; Iwersen et al. 2009; Voyvoda and
Erdogan 2010; Iwersen et al. 2013; Pineda and
Cardoso 2015; Tatone et al. 2016; Macmillan et al.

2017; Jansen et al. 2021), including the Wellion whole
blood BHBA analyser (Khol et al. 2019; Jansen et al.
2021). There are no published data on the validation
and accuracy of the Taidoc cow-side BHBA analyser
in dairy cows, although it is already used on the
market. The aim of the present study was to test the
accuracy and validation of the Taidoc cow-side
portable BHBA analyser with another already
validated device, Wellion, in dairy cows' whole

venous blood.

MATERIAL and METHODS

This study protocol was approved by the Ethics
Committee of Mugla Sitki Ko¢man University with
approval number MUDEM-HADYEK, 15.09.2020,
08/20.

Eight-four dairy Holstein cows were
randomly included in the study from different dairy
farms in the western cities in Turkey. Twenty-one of
84 dairy cows were primiparous, the rest (n=63) were
multiparous. The study cows were within one month
postpartum. The study was conducted between June
2020 and October 2021. Ambient temperatures
varied between 13 and 40°C during sampling.
According to the farmers and veterinarians, none of
the cows showed any clinical signs of disease at the
time of blood collection. Blood was gently collected
from the coccygeal vein (Jansen et al. 2021) into non-
anticoagulant containing injector and one drop of
whole blood was immediately used for the analysis of
BHBA in cow-side portable analysers Wellion
(WellionVet Belua, Med Trust Handels GmbH, Marz,
Austria)  and  Taidoc  (Taidoc  Technology
Corporation, Wugu dist. 24888 New Taipei City,
Taiwan). The cut-off point of BHBA for SCK
definition was set at =21.20 mmol.I''! BHBA (Voyvoda
and Erdogan 2010; Suthar et al. 2013; Khol et al.
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2019; Deniz et al. 2020; Aksoy et al. 2022). Taidoc is a
real-time BHBA analyser and gives the result in 5
seconds. It uses 0.7 ul whole blood for the analysis of
BHBA. The minimum and maximum measurement
ranges of Taidoc are 0.1 and 8.0 mmol.l'' BHBA. The
accuracy of Taidoc was reported by the manufacturer
to be +0.5 mmoll-1 when <2.00 mmoll-1 BHBA.
The device delivers 25% more when > 2.00 mmol.l'!
BHBA was measured. The chemical reaction for
BHBA analysis in Taidoc is based on beta-
hydroxybutyrate dehydrogenase activity
(electrochemical). In the present study, the cut-off
points of BHBA <2.00 mmol.l'! and 22.00 mmol.I!
were also used for observation. Wellion is a portable
BHBA analyser and displays the result of the analysis
in 8 seconds. It uses 0.8 ul of whole blood for the
analysis of BHBA. Compared to the reference
method (Khol et al. 2019), the average values of
BHBA analysed with Wellion and the reference
method (wet biochemistry, optical spectrometry) were
0.73£0.94 and 0.71£0.93 mmol.l', respectively. The
correlation, kappa value and AUC were satisfactory
for good agreement (r=0.95, 0.89, 0.99) with the
reference method. BHBA concentration is analysed
by BHBA dehydrogenase enzyme (electrochemical) in
Wellion in a range of 0.1 to 8.0 mmoll!. As the
Wellion showed good agreement with the standard
reference laboratory method (Khol et al. 2019) and
demonstrated good diagnostic performance for SCK
diagnosis (Khol et al. 2019; Jansen et al. 2021), the
Wellion was used as the reference device in the

present study.

Statistical analysis

MedCalc software (MedCalc Software Ltd Acacialaan
22, 8400 Ostend, Belgium) version 2022 was used to
perform the statistical analyses. The normality of the
data was checked using the Shapiro-Wilk test.
Descriptive statistics as xtsd (mean and standard

deviation) and the percentage of sick cows based on

cut-off points were presented when needed. The
correlation coefficient was calculated between Taidoc
and Wellion. The Passing-Bablok regression equation
(Jensen and Kjelgaard 2006; Zulle 2011) was used
between Taidoc and Wellion to compare the
methods. Bland Altman's Plots of Agreement Test
was used to test the agreement between Taidoc and
Wellion (Bland and Altman 1999; Jensen and
Kjelgaard 2006; Giavarina 2015). Receiver Operating
Characteristic Analysis (ROC) (Simundic 2009;
Trevethan 2017) was performed to determine the
sensitivity (Se), specificity (Sp) and area under the
curve (AUC) of Taidoc at the cut-off point =1.20
mmol.lI'! BHBA for Wellion. Cohen's kappa statistic
(Cohen 1960; Macmillan et al. 2017) was used for
inter-rater reliability of variables (=0.00 no agreement,
0.01-0.20 still or slightly, 0.21-0.40 fairly, 0.41-0.60
moderately, 0.61-0.80 substantially, 0.81-1.00 perfect
agreement). However, the kappa coefficient was also
interpreted according to McHugh (2012) from a
medical perspective as follows: 0-20 no agreement (0-
4%  reliability of data), 21-39 minimal agreement,
0.40-59  weak agreement, 0.60-0.79 moderate
agreement, 0.80-0.90 strong agreement and > 0.90

perfect agreement (81-100% reliability of data).

RESULTS

The averages of BHBA concentration were 0.7910.66
mmollI! (min: 0.10, max: 2.70 mmoll!) and
1.09£0.51 mmol.l'" (min: 0.20, max: 3.10 mmol.l'") for
Wellion and Taidoc, respectively. The mean
difference between Taidoc and Wellion was 0.30
mmoll! (38% higher). The averages of BHBA
concentrations and the percentage of sick cases at
defined cut-off points were presented in Table 1. The
correlation between Wellion and Taidoc was
significant but not very high, so the correlation
coefficient was r=0.64 (p<0.001) (Fig. 1).

Comparison with the Passing-Bablok regression
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method (y=0.663+0.611x) yielded systematic and
proportional errors (Fig. 1), as the 95% CI of
intercept A did not include '0' (0.547 to 0.725) and
slope B did not include '1' (0.500 to 0.789). The
weighted kappa coefficient was calculated to be
0.26£0.068 (95% CI: 0.129 - 0.396) indicating a low

agreement. The mean and total deviations between

Taidoc and Wellion were 0.30 and 2.02 mmol.l!
BHBA, respectively, according to Bland-Altman plots
of agreement (Fig. 2). Analysis of ROC showed that
the AUC, Se and Sp of Taidoc compared with
Wellion at a cut-off point 21.20 mmol.l'! BHBA were

0.78, 64.7% and 91.0%, respectively (Fig. 3).

Table 1. Descriptive statistics of Wellion and Taidoc for defined cut-off points of beta-hydroxybutyric acid (BHBA)

in whole venous blood of dairy cows.

Wellion (W) Taidoc (T) Difference of mean (T-W)
No. Cows % x+sd No. Cows % x+sd in %
All cows 84 100 | 0.79£0.66 84 100 | 1.09%0.51 38.0
BHBA<1.20 mmol.l'! 67 79.8 | 0.50£0.30 59 70.2 | 0.84%0.21 68.0
BHBA 21.20 mmol.I"! 17 20.2 | 1.90%0.52 25 29.8 | 1.66%0.56 -12.6
BHBA <2.00 mmol.l"! 76 90.5 | 0.63%£0.43 77 91.7 | 0.96%0.30 52.4
BHBA >2.00 mmol.l"! 8 9.5 2.32+0.32 7 8.3 2.48%0.45 6.9

35 Correlation coefficient
~ n=84 dairy cows
— 30f r=0.64, p<0.001 ®
° . .
<
é 20
815
Q
(=}
™ 10
=
=
0,5 - . [
L] L] L]
L]
L]
00 I 1 ] 1 1 1
0,0 05 1.0 15 20 25 3,0

Wellion (BHBA mmol.l'")

351

30

Taidoc (BHBA mmol.l'!)

Passing-Bablok
n=84 dairy cows
yv=0.663+0.611x

0,0

05 1,0

1,5 20

25 3,0 35

Wellion (BHBA mmol.I'")

Figure 1. The correlation coefficient and Passing-Bablok regression equation between Taidoc and Wellion for the

analysis of whole blood beta-hydroxybutyric acid (BHBA) concentration in dairy cows.
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DISCUSSION

BHBA is an important parameter for the diagnosis of
economically important SCK or clinical ketosis in
dairy cows after calving (Suthar et al. 2013; Khol et al.
2019; Deniz et al. 2020). There are a number of
devices that are portable and useful on the farm for
the analysis of BHBA in dairy cows. However, the
accuracy of BHBA analysers for the diagnosis of
ketosis needs to be tested in cows using a previously
validated test device or gold method (Iwersen et al.
2009; Voyvoda and Erdogan 2010; Khol et al. 2019;
Jansen et al. 2021) to be sure that the disease is
present or not. In the present study, Taidoc, a BHBA
analyser for cows, was validated in the farms with
another already validated BHBA analyser, Wellion.
Both analysers were portable devices for use on
farms. Wellion was previously compared to a
reference method and proved consistent in both
capillary and whole blood with satisfactory correlation
coefficients, kappa values and sensitivity (IKKhol et al.
2019; Jansen et al. 2021). However, no validation
study of Taidoc in dairy cows has been published to
date, however a different brand of the same
manufacturer (BHB-check) for BHBA analysis was
validated by others (Jansen et al. 2021). The kappa
coefficient showed fair agreement between Wellion
and Taidoc. McHugh (2012), pointed out that the
kappa value between 0.21 and 0.39 should represent
minimal agreement in medical science and that the
percentage agreement and the kappa value have
strengths and limitations, so they should be
interpreted cautiously. The kappa value of the present
study was consistent with this statement.
Furthermore, Khol et al. (2019), found a kappa value
of 0.89 between Wellion and the reference method,
indicating strong agreement. Kappa coefficient was
not available in the validation study of Jansen et al.
(2021). Moreover, Passing-Bablok, a powerful

method agreement statistic (Jensen and Kjelgaard

2006; Zulle 2011), showed significant systematic and
proportional errors in the regression equation
between Wellion and Taidoc. The regression lines
were incredibly far apart. This indicated no agreement
between the two instruments. However, other studies
did not provide Passing-Bablok regression equations
when comparing two methods (Iwersen et al. 2009;
Khol et al. 2019), but some others (Voyvoda and
Erdogan 2010; Jansen et al. 2021) used this powerful
statistic of method comparison (Jensen and Kjelgaard
2006; Zulle 2011). Many studies used the Pearson
correlation  coefficient to demonstrate linear
correlation when comparing methods (Iwersen et al.
2009; Voyvoda and Erdogan 2010; Macmillan et al.
2017; Khol et al. 2019). Although the linear
correlation  coefficient and  coefficient  of
determination were significantly high, it was not
satisfactorily high between Wellion and Taidoc in the
present study. The correlation coefficient between
Wellion and the reference method was found to be
r=0.94 and 0.95 for capillary and venous whole
blood, respectively (Khol et al. 2019). Another study
(Jansen et al. 2021) reported a correlation coefficient
of 1=0.76 for Wellion compared to the reference
method; however, that was Spearman correlation
coefficient. The correlation coefficient between
Taidoc and Wellion was lower than reported in these
studies. All samples were collected within a short time
interval and analyses were performed by the same
person in the present study. Therefore, factors such
as temperature, handling and diurnal variations
should have no influence on the results (Jansen et al.
2021). On the other hand, a significant and high
correlation does not mean that the two instruments
are in good agreement (Giavarina 2015; Macmillan et
al. 2017), as linear regression is based on the random
errors of the dependent variables. A very high

correlation coefficient such as r=0.98 did not give
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good agreement when analysing pO2 with two
different blood gas analysers, so there were systematic
and proportional errors in the Passing-Bablok
regression equation (Metin et al. 2023). Therefore,
Passing-Bablok or Deming regression equations
(Jensen and Kjelgaard 2006; Zulle 2011) or Lin's
concordance correlation coefficients (Macmillan et al.
2017) were used in the regression equation for the
method compatison, as they provide information on
proportional and  systematic errors for both
instruments. Thus, in the present study, both the
linear correlation coefficient and the Passing-Bablok
regression equation did not provide satisfactory
results for the relationship between Wellion and
Taidoc. The present study also found that the mean
and total deviations between Wellion and Taidoc are
very high according to Bland-Altman plots of
agreement. Taidoc has systematically measured higher
BHBA concentrations compared to Wellion. There
was almost zero mean difference in the validation
study of Wellion compared with reference method
(Kohl et al. 2019), however other study (Jansen et al.
2021) found a mean of -0.269 mmol.lI! difference for
another BHBA analyser (BHB-check) manufactured
by the same company. Taidoc's instructions for use
indicate that the device measures 25% higher levels
when BHBA is >2.0 mmoll!. Since in the present
study only 7 out of 84 cows had a BHBA
concentration of >2.0 mmol.l"!; this should not have
a major impact on the mean value of the BHBA
concentration. This means that Taidoc systematically
gave unacceptably higher BHBA values than Wellion.
Furthermore, the total deviation of 2.02 mmoll! of
confidence interval appeared unacceptable from a
clinical perspective, as the BHBA cut-off point for
SCK diagnosis is =1.20 mmol.l!, which has been
accepted by many others (Voyvoda and Erdogan
2010; Suthar et al. 2013; Khol et al. 2019; Deniz et al.
2020; Aksoy et al. 2022). The BHBA value is an

important indicator for the veterinarian to treat SCK

or clinical ketosis, of course in accordance with the
clinical manifestation. However, cows with SCK
show no signs of ketosis (Duffield 2000; Suthar et al.
2013; Deniz et al. 2020), but it is still detrimental and
has an economic impact on dairy farm profitability
(Mostert et al. 2017; Steeneveld et al. 2020).
Therefore, the disease needs to be propetly identified
in order to take measures for treatment and
prophylaxis. Although the AUC (0.70 -0.80) in ROC
analysis was sufficiently high for Taidoc indicating
good diagnostic accuracy (Simundic 2009), the Se and
Sp values were very low, suggesting that Taidoc did
not sensitively identify the sick and healthy cows
detected by Wellion. The Se value of Wellion was
reported to be 89 - 98% in the capillary and venous
blood of cows compared to the reference method
(Khol et al. 2019). On the other side, others (Jansen
et al. 2021) reported 0.97 AUC for Wellion indicating
a perfect diagnostic performance. So compared to
Wellion, Taidoc was not able to maintain the
sufficient Se value. Thus, it provided 47% more SCK
diagnoses, which could mean many false positives,
and the differences in mean values of BHBA overall,
at <2.00 mmoll"! and 22.00 mmoll! cut-off points
were 38.0%, 52.4% and 6.9% higher, respectively.
This was not in accordance with the specifications of
the device reported by the manufacturer.
Furthermore, much higher Se (96%) (Iwersen et al.
2009), 85-90% (Voyvoda and Erdogan 2010), 98-
100% (Iwersen et al. 2013; Pineda and Cardoso 2015),
94.8% (Tatone et al. 2016) have been reported for
SCK diagnosis of a portable BHBA analyser
depending on the cut-off points of the BHBA. In
addition, a validation study found a concentration
dependence of Se and Sp based on different cut-off
points of the BHBA as well as the Passing-Bablok
regression equation, which should be taken into
account in further studies (Jansen et al. 2021). In
summary, the present validation study showed that

Taidoc and Wellion cannot be used interchangeably,
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as Taidoc did not meet the requirements of the
statistical evaluations. Taidoc provided systematically
higher BHBA wvalues than Wellion, which was
unacceptably high for the correct diagnostic purpose
of SCK. Although Wellion was validated with the
reference standard method and showed good
agreement and satisfactory diagnostic performance, it
is recommended to compare both Wellion and
Taidoc with a gold standard method using a wet
biochemical assay. According to the results of the
present study, the chips and test kits of the Taidoc
device should be improved by the manufacturer for

the measurement of BHBA in dairy cows.
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