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Subakut malathion uygulamasinin oksidatif stres

biyobelirteclerine etkisi

Effect of subacut malathion application on oxidative stress

biomarkers

OZET

Bu ¢alismada malathionun oksidatif stres biyobelirtegleri ve karaciger enzimleri lizerine
etkileri ile kafeik asit fenetil esterin malathiona karsi koruyuculugunun arastirilmasi
amaglandi. Calismada her grupta 10 adet hayvan olacak sekilde toplam 40 adet (200-240
g) eriskin erkek Spraque Dawley 1rki rat kullanildi. Calismada kontrol (K) grubuna gavaj
yoluyla 5 ml/kg musir yagi, malathion (MAL) grubuna gavaj yoluyla 40 mg/kg
malathion, malathion+kafeik asit fenetil ester (MAL+CAPE) grubuna intraperitoneal
yolla CAPE (10 umol/kg) ve 1 saat sonra gavaj yoluyla malathion (40 mg/kg), kafeik
asit fenetil ester (CAPE) grubuna ise intraperitoneal yolla CAPE (10 pmol/kg)
uygulandi. 15 giinlik uygulama sonunda ratlarin ketamin/ksilazin anestezi altinda
intrakardiyak olarak kanlar1 alindi ve hayvanlara servikal dislokasyon ydntemi
uygulandi. Alinan kan 6rneklerinden elde edilen plazmada paraoksonaz (PON), aspartat
aminotransferaz (AST), alanin aminotransferaz (ALT) aktiviteleri ile yiiksek dansiteli
lipoprotein (HDL), malondialdehit (MDA) ve nitrik oksit (NO) diizeyleri analiz edildi.
Analiz sonuglar1 degerlendirildiginde, kontrol grubuna gére MAL ve MAL+CAPE
gruplarinda plazma PON aktivitesi ve HDL diizeylerinde azalma (P<0.01) oldugu, AST-
ALT aktivitelerinde (P<0,05) MDA ve NO diizeylerinde ise (p<0.01) artis oldugu tespit
edildi. Calismadan elde edilen sonuglara gore, malathionun oksidatif stres
biyobelirteglerinde o6nemli degisiklikler meydana getirdigi, CAPE’nin ise bu
degisiklikleri onleyebilecegi ve malathion toksikasyonuna karsi koruyucu olabilecegi
belirlendi

Anahtar Kelimeler: Kafeik asit fenetil ester, malathion, nitrik oksit, oksidatif stres,
paraoksonaz,

ABSTRACT

In this study, it was aimed to investigate the effects of malathion on oxidative stress
biomarkers and liver enzymes and the protection of caffeic acid phenethyl ester against
malathione. In the study, a total of 40 (200-240 g) adult male Spraque Dawley rats with
10 animals in each group were used. In the study, 5 ml / kg corn oil by gavage in the
control (C) group, 40 mg / kg malathion by gavage in the malathion (MAL) group, CAPE
(10 umol / kg) intraperitoneally in the malathion + caffeic acid phenethyl ester (MAL +
CAPE) group. After 1 hour, malathion (40 mg / kg) was administered by gavage, and
CAPE (10 pumol / kg) was administered intraperitoneally to the caffeic acid phenethyl
ester (CAPE) group. At the end of 15 days of application, the blood of the rats was
intracardiac under ketamine / xylazine anesthesia and the animals were applied cervical
dislocation method. Paraoxonase (PON), aspartate aminotransferase (AST), alanine
aminotransferase (ALT) activities and high-density lipoprotein (HDL), malondialdehyde
(MDA) and nitric oxide (NO) levels were analyzed in plasma obtained from blood
samples. When the analysis results were evaluated, plasma PON activity and HDL levels
decreased (P<0.01) in MAL and MAL+CAPE groups compared to the control group,
while AST-ALT activities (P<0.05), MDA and NO levels increased (p<0.01) was
detected. According to the results obtained from the study, it was determined that
malathion caused significant changes in oxidative stress biomarkers, while CAPE could
prevent these changes and be protective against malathion toxicity.

Keywords: Caffeic acid phenethyl ester, malathion, nitric oxide, oxidative stress,
paraoxonase,
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Subacut malathion application

iRIS

Pestisitler, tarim alaninda
zararlilar ile miicadelede yaygin
bir sekilde kullanilmaktadir.

Ayrica tarimsal amac¢ diginda
evlerde, bahgelerde, kirsal bolgelerde sivrisinek
ve yabani otlarla miicadelede de pestisitlerden
yararlanilmaktadir. Ancak toprakta uzun siire
bozunmadan kalan pestisitler su, toprak ve hava
kirliligine sebep olup ekolojik dengeyi
bozmaktadirlar. En 6nemli zararli etkileri ise,
besin zinciri yoluyla viicuda girerek insan ve
hayvanlarda akut zehirlenmelere sebep olmalari
ve pestisit yikim triinlerinin zamanla doku ve
organlarda  birikimi  sonucunda  biyolojik
sistemlerde hasarlara neden olmasidir (Vural,
1996; Deveci vd., 2015; Nur vd., 2018).

Pestisitlerin  6nemli bir sinifin1  olusturan
organofosfatli pestisitlerin (OP) temel etki
mekanizmasi, hedef dokulardaki
asetilkolinesteraz (AChE) aktivitesinin
inhibisyonuna  neden  olarak  dokularda
asetilkolin ~ birikimine  yol  ag¢malandir.
Dokularda biriken asetilkolin sinir
fonksiyonlarindaki  hasarla  birlikte — geri
doniislimsiiz akut ya da kronik zehirlenmelere
neden olur (Hazarika vd., 2003; Alp vd., 2011,
Nili-Ahmadabadi vd., 2013; Bogen ve Singhal
2016; Deveci ve Kaparehlivan 2018).

Organofosfatl pestisitler sinifina dahil olan
Malathion [O,O-dimethyl-S-(1,2-dicarbethoxy-
ethyl) phosphorodithioate] ilk kez 1950'lerde
ticarilestirilmis, 1980'lerden beri de diinya
genelinde en ¢ok satan genis spektrumlu bir
pestisittir. Malathion (MAL) genelde insektisit
ve akarisit olarak tarimda, veteriner hekimlikte,
tibbi  ve genel saglhk wuygulamalarinda
kullanilmaktadir (Hazarika vd., 2003). Deri,
solunum ve gastrointestinal sistem yoluyla
viicuda alinan MAL, karaciger ve bdbrekte
yiiksek yogunlukta birikmektedir. Insanlarda
malathionun  toksik  belirtileri;  solunum
problemleri, mide bulantisi, bas agris1 ve bas
donmesidir. Karacigerde metabolize edilen

MAL,
doniigerek viicuttan ¢ogunlukla safra, diski ve
idrar ile atilmaktadir (Kaya vd., 2002; Alp vd.,
2011).

etkin metaboliti olan maloksan’a

Yapilan birgok deneysel caligsmada, akut ve
kronik pestisit maruziyeti sonucu ortaya cikan
toksik etkilerin (immiinotoksisite, nérotoksisite,
hepatotoksisite, genetik toksisite,
embriyotoksisite) patogenezinde oksidatif doku
hasarmin rol oynadig: bildirilmektedir (Stephen
vd., 1997; Eaton vd., 2012; Alp vd., 2012; Nur
vd., 2018; Deveci ve Kaparehlivan 2018; Dogan
vd., 2021).

Reaktif oksijen tiirleri, hiicrede normal
metabolik  siireclerde  ve  fizyopatolojik
durumlarda olusabilmektedir. Ancak olusan bu
oksidan maddeler organizmanin antioksidan
savunma sistemi tarafindan etkisiz hale
getirilmektedir. Normal sartlarda organizmada,
oksidanlar ile antioksidanlar arasinda bir denge
s6z konusudur. Antioksidan ve oksidanlar
arasinda ki bu dengenin oksidanlar lehine
bozulmasina oksidatif stres denir (Tabakoglu &
Durgut, 2013; Deveci & Kaparehlivan 2018).
Oksidatif stres, hiicresel ve molekiiler doku
hasar1 olusum mekanizmalarinin bir parcgasidir.
Organizma, oksidatif strese maruz kaldiginda
antioksidan enzimlerin sentezini etkileyerek
cevap verebilmektedir. Pestisitlerin  neden
oldugu oksidatif stres sonucunda en fazla
etkilenen sistemlerden biri de antioksidan
savunma sistemidir. Antioksidanlar dogrudan ve
dolayli yollardan ilaglarin, karsinojenlerin,
ksenobiyotiklerin ve toksik radikal
reaksiyonlarin olumsuz etkilerine karsi hiicreleri
korurlar. Antioksidan savunma sistemi, oksidatif
strese karsi etkili olursa dokularda herhangi bir
hasar meydana gelmezken, oksidatif strese karsi
etkisiz kalirsa antioksidan enzimler inhibisyona,
DNA, lipit, protein ve diger molekiiller ise
oksidasyona  ugrayacaktir. Bu  sekildeki
etkilesim sonucunda hiicre ve dokularda
reversibil ya da irreversibil hasar meydana
gelmektedir (Byun 1994; Tabakoglu ve Durgut,

ML



2013; Deveci vd., 2015; Nur vd., 2018; Deveci
& Kaparehlivan 2018).

Kafeik asit fenetil ester (CAPE), propolis

maddesinin  aktif  bir  bileseni  olup;
antienflamatuar (Borelli vd., 2002),
antimikrobiyal (Meyuhas  vd., 2015),

farmakolojik (Banskota vd., 2001), néroprotektif
ve antioksidan (Oktem vd., 2005; Deveci &
Kaparehlivan ~ 2018)  etkilerinin  oldugu
bildirilmistir. CAPE’nin lipit peroksidasyonunu
baskilayarak antioksidan enzimlerin aktivitesini
arttirdig1 yapilan bir ¢ok ¢alismada gosterilmistir
(Castaldo & Capasso 2002; Oktem vd., 2005;
Anwar vd., 2012; Deveci & Kaparehlivan 2018).

Pestisitlerin  insan ve hayvan sagligi
iizerindeki etkileri ve bu etkileri dnleyebilecek
antioksidan etkili maddelerin  belirlenmesi
saghigimiz  acisindan  biiyiikk  tagimaktadir.
Yapilan bu calismada tarim alaninda sikca
kullanilan  malathionun ratlarda meydana
getirebilecegi oksidatif hasara karst CAPE’nin
koruyucu etkisi oksidatif
biyobelirteglerine arastirilmasi

amaglandi.

ve bazi stres

etkisinin

MATERYAL VE METOT

Calismada kullanilan pestisit malathion Sigma-
Aldrich (CAS No. 121-75-5) ve koruyucu olarak
verilen CAPE Sigma-Aldrich’ten (CAS No:

104594-70-9) temin edilmistir. Calisma
materyalini, Kafkas  Universitesi Deney
Hayvanlar Uygulama ve Aragtirma

Merkezi’nden temin edilen 40 adet (200-240 g)
eriskin erkek Spraque Dawley
olusturdu. Her grupta 10 adet hayvan olacak

ki ratlar

VetBio, 2021, 6(3), 193-201

sekilde rastgele gruplar olusturulan hayvanlar 12
saat aydinlik, 12 saat karanlik olacak sekilde
2542°C sicakliga sahip ortamda tutuldu. 10 giin
boyunca ortama adaptasyonu saglanan tiim
ratlara yem ve igme suyu ad libitum olarak
verildi. Malathion yaginda
¢Oziindiiriildiiginden dolay1 kontrol (K) grubuna
gavaj yoluyla 5 ml/kg misir yagi, malathion
(MAL) grubuna gavaj Yyoluyla 40 mg/kg
malathion, kafeik asit fenetil ester (CAPE)
grubuna intraperitoneal yolla 10 pmol/kg CAPE,
malathion+kafeik asit fenetil ester
(MAL+CAPE) grubuna ise intraperitoneal yolla
10 umol/kg CAPE ve 1 saat sonra gavaj yoluyla
40 mg/kg malathion uygulandi. Tiim gruplara
yapilan doz uygulamalar1 asagida Tablo 1.’de
verilmistir.

misir

Tiim gruplarda uygulamalar 15 giin boyunca
stirdurtldii. Hayvanlar ketamin/ksilazin
anestezisi altinda iken kanlar1 intrakardiyak
olarak alind1 ve servikal dislokasyon yontemi ile
sakrifiye edildi. Alman kanlar 3000 rpm’de 10
dakika santriflij edilmek suretiyle plazmalari
elde edildi ve analizler baslayincaya kadar -20
°C de muhafaza edildi. Plazma PON aktivitesi
Eckerson vd., (1983) metoduna gore
spekrofotometrik  olarak  Olgiildi. MDA
diizeyleri Yoshoiko vd., (1979) ve NO diizeyleri
Miranda vd., (2001)’nin bildirdikleri metotlara
gore spektrofotometrede (PowerWave XS,
BioTek USA) kolorimetrik olarak o6l¢iildii.
Plazma  HDL  diizeyleri ve  Aspartat
Aminotransferaz (AST), Alanin
Aminotransferaz ~ (ALT)  aktiviteleri  ise
otoanalizorde ticari kitler kullanilarak 6l¢tildii.

Tablo 1. Deneysel protokole gére olugturulan gruplara yapilan madde uygulamalari

K MAL
grup grup
5 ml/kg 40 mg/kg
Misir yag1 (Gavaj) Malathion
(Gavaj)

MAL+ CAPE CAPE
grup grup
10 pmol/’kg CAPE 10 pmol/kg CAPE
(Intraperitoneal) (Intraperitoneal)
+
40 mg/kg Malathion
(Gavaj)




Subacut malathion application

Calisma verilerinin istatistiksel analizleri SPSS
paket programinda (IBM SPSS Statistic 22)
gergeklestirildi. Deney grubu ortalamalari
arasinda farklilik olup olmadigi tek yonli
varyans analizi (ANOVA) ve eger deney
gruplart ortalamalar1 arasinda farklilik varsa

BULGULAR

Yaptigimiz calismada gruplardan elde edilen
plazma PON, AST, ALT aktivitesi, HDL, MDA
ve NO diizeylerine ait sonuglar ve bu sonuclara
ait istatistiksel analizler Tablo 2.’de verilmistir.
Calismamizda kontrol grubuna gére MAL ve
MAL+CAPE gruplarinda plazma PON aktivitesi
ve HDL diizeylerinde azalma (P<0.01) oldugu,

GRUPLAR (n:10)
Parametreler

gozlenen bu farkliligin hangi grup ya da
gruplardan kaynaklandiginin saptanilmasi i¢in
grup ortalamalar1 iizerinde ‘Anova-Duncan’’
testi uygulanmistir ve p<0.05 degeri istatistiksel
olarak anlaml kabul edildi.

AST-ALT aktivitelerinde (P<0,05) MDA ve NO
diizeylerinde ise (p<0.01) artis oldugu tespit
edildi. Benzer sekilde MAL ve MAL+CAPE
gruplart karsilastirildiginda ise, MAL grubuna
gore MAL+CAPE grubunda plazma PON
aktivitesi ve HDL diizeylerinde Onemli artis
(P<0.01) oldugu, AST-ALT aktivitelerinde
(P<0,05) MDA ve NO diizeylerinde ise 6nemli
(p<0.01) azalma oldugu tespit edildi.

Tablo 2. Gruplara ait PON, AST, ALT aktiviteleri, HDL, MDA ve NO diizeyleri ile bunlara ait istatistiksel analizleri

K MAL+CAPE

(Mean=SD) (Mean£SD) (Mean+SD) (Mean£SD)
PON (U/L) 162,02+7,072 84,1145,54°¢ 117,83+7,13b 166,88+8,92 *
AST (U/L) 154,25+16,14°¢ 257,854+32,35¢2 205,71+24,63° 158,75+18,51¢ *x
ALT (U/L) 41,67+6,45° 139,25+15,432 92.25+12,36° 50,74+7,12°¢ *x
HDL (mg/dl) 61,45+2,86% 47,20£3,10° 52,56+2,90° 62,662,772 *
MDA (umol/L) 1,36+0,09°¢ 1,80+0,112 1,51+0,11° 1,40+0,07¢ *
NO (umol/L) 10,75+0,84¢ 15,58+1,602 12,76+1,58P 11,19+0,91°¢ *

Ortalama+Standart sapma: X+SS.
Average+Standart deviation: X+SD.

X£SS ¢ : Ayni satirda farkli harf tasiyan ortalamalar arasi farklilik dnemlidir (¥p<0.01, **p<0.05).
X+SD 2b¢:The difference between the means with different letters in the same row is significant (*p<0.01, **p<0.05).
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Sekil 1. Gruplara ait ALT, AST ve PON enzim aktiviteleri

Sekil 2. Gruplara ait HDL ve NO diizeyleri
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Sekil 3. Gruplara ait MDA diizeyleri

TARTISMA

Diinya genelinde tarim sektoriinde iiriin kaybina
sebep olan zararlilara kars1 biyolojik ve kimyasal
miicadele her gegen giin artmaktadir. Zararlilara
kars1 miicadelede kullanilan pestisitler i¢erisinde
diinyada yaygm kullanilan ve en fazla
zehirlenme sebep olan  grup
organofosfatlt pestisitlerdir (John vd., 2001;
Karami-Mohajeri &  Abdollahi  2011)
Organofosfath pestisitler igerisinde en yaygin
kullanilanlar1 ise chlorpyrifos, dichlofenthion,
diazinon, parathion ve malathion'dur. Bu yiizden
calismamizda toksik materyal olarak malathionu
kullandik.

olayina

Malathion toksisitesinin en belirgin 6zelligi,
geri dontlisimsiiz AChE enzim inhibisyonuna
sebep olmasidir. Bunun yam sira malathionun
oksidan molekiillerin artmasina, antioksidan
molekiillerin ise azalmasina neden oldugu ve
oksidatif stresi tetikledigi bildirilmistir (Alp vd.,
2012; Ince vd., 2017; Nur vd., 2018; Ullah vd.,
2018). Oksidatif stres sirasinda meydana gelen
tipik reaksiyonlardan biri de doymamis yag
asitlerinde olusan lipit peroksidasyonudur.
Malondialdehit (MDA), lipit peroksidasyon
driinlerinin en Onemlisi olup organosfosfatli
pestisit toksisitesinin ve lipit peroksidasyonunun
degerlendirilmesinde siklikla kullanilmaktadir.
Daha Once yapilmis olan bir¢cok calismada
organofosfatli pestisitlerin MDA diizeylerini
arttirdigl, koruyucu olarak verilen ¢esitli
antioksidan maddelerin ise MDA diizeylerini
diisiirdiigii  bildirilmistir (Akhgari vd., 2003;
Mansour & Mossa 2009; Saxena vd., 2011; EI-
Demerdash 2011; Ural 2013; Coban vd., 2015;
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Uzun & Kalender 2013; Varol vd., 2015; ince
vd., 2017; Abdel-Salam vd., 2017; Abdel-Salam
vd., 2018; Hosseini vd., 2019; Mohammadzadeh
vd., 2020; Khalifa & Alkhalaf 2020; Nur vd.,
2021). Bizim yaptigimiz bu ¢aligmada ise diger
arastirmacilarin ¢alismalarina benzer olarak
malathion uygulanan ratlarda MDA diizeylerinin
arttigr tespit edildi. MAL+CAPE uygulanan
gruplarda ise MDA diizeylerinin 6nemli oranda
distiigii belirlendi. MAL+CAPE grubu ratlarda
MDA diizeyindeki azalmanin antioksidan etkiye
sahip CAPE’nin lipit
engellediginin  bir  gdstergesi
kanaatindeyiz.

Nitrik oksit (NO) bazi
antioksidan gibi davranarak hiicreyi lipit
peroksidasyonundan korumaktadir. Bunun yani
sira  stiperoksit ile reaksiyona girerek bir
prooksidan olan peroksinitriti olusturmaktadir
(Pratico 2005). Yapilan bir ¢alismada ratlarda
malathion kaynakl1 olusturulan oksidatif hasarin,

peroksidasyonunu
olabilecegi

durumlarda bir

beyin dokusu iizerindeki etkisinin artan endojen
NO biyosentezi ve indiiklenebilir NO sentaz
(INOS) ekspresyonu aracilifiyla olustugu
bildirilmigtir. Calismada olusturulan beyin
hasari, secici ve segici olmayan NOS
antagonistlerinin ~ kullanilmasiyla en aza
indirilmistir (Abdel-Salam vd., 2017). Malathion
ile yapilmigs daha Onceki ¢aligmalarda,
malathionun uygulamasinin NO diizeylerini
arttirdigr  bildirilmistir (Elelaimy vd., 2012;
Coban vd., 2016; Abdel-Salam vd., 2017; Abdel-
Salam vd., 2018). Yaptigimiz c¢alismada
malathion uygulanan grupta NO diizeylerinin
diger gruplara gore Onemli artis gosterdigi
belirlendi. Ancak MAL+CAPE grubunda ise NO
diizeylerinin sadece malathion uygulanan gruba
gore diisiik, kontrol ve CAPE grubuna gore daha
yiiksek oldugu gozlendi. Kontrol ve CAPE
grubu arasinda ise Onemli bir fark
gbzlenmemistir. Bu sonuglara gdre, malathion
toksikasyonu sirasinda meydana gelen oksidatif
strese bagli olarak iNOS aktivitesinin artmasi ve
bunun da NO arttirdigini
kanaatindeyiz.

diizeylerini
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Canlilarda organofosfath pestisitlerin
detoksifikasyonu; asetilkolinesteraz,
karboksilesteraz ve paraoksonaz (PON) gibi
enzimler tarafindan gerceklestirilmektedir (Eyer
vd., 2007, Peter vd., 2006; Deveci &
Karapehlivan 2018). Organofosfatli pestisitleri
ve sinir gazlarmi hidrolize edebilme o6zelligi
nedeniyle PON, son yillarda toksikolojik
caligmalarda Onemli bir parametre olarak
calisilmaktadir. Kalsiyum bagimli bir esteraz
enzimi olan PON, karacigerde sentezlenir ve
serumda yiiksek dansiteli lipoprotein (HDL)’e
bagli olarak tasinmaktadir. PON enziminin
antioksidan o6zelligi HDL ve diisiik dansiteli
lipoproteini (LDL) oksidasyondan
korumasindan kaynaklanmaktadir (Mackness
vd., 1993; Aviram vd., 2003; Watson vd., 1995;
Jaouad vd., 2003; Deveci vd., 2015). Daha 6nce
yapilan ¢alismalarda organofosfathi pestisitlerin
hem kan hem de doku paraoksonaz
aktivitelerinde inhibisyona neden oldugu, ayrica
HDL ve LDL diizeylerinde 6nemli degisiklikler
meydana getirdigi gosterilmistir (Abdel-Salam
vd., 2017; Abdel-Salam vd., 2018; Varol vd.,
2015; Deveci vd., 2017; Deveci & Karapehlivan
2018; Nur & Deveci 2018; Hosseini vd., 2019;
Khalifa ve Alkhalaf 2020). Yaptigimiz
caligmada malathion uyguladigimiz ratlarda
PON aktivitesi ve HDL diizeyinin diger tiim
gruplara gore 6nemli derece azaldigi, kontrol ve
CAPE gruplart arasinda Onemli olmadigi
belirlendi. MAL+CAPE grubunda PON
aktivitesi ve HDL diizeyini malathion verilen
gruba gore yiiksek, kontrol ve CAPE grubuna
gore ise diisiik oldugu belirlendi. Bu durum
CAPE’nin pestisit maruziyetinde organizmanin
antioksidan savunma sistemine katki yaparak
PON  aktivitest ve HDL
yiikseltebilecegini diisiindiirmektedir.

diizeylerini

Karaciger, organofosfatli pestisitlerin ve
diger toksik maddelerin biyodoniisiime ugradigi
major organdir. Malathionun en fazla zarar
verdigi dokular karaciger ve bobreklerdir. Ciinkii
karacigerde metabolize edilen malathion, bobrek
araciligiyla viicuttan atilmaktadir. Artan serum

ALT ve AST aktivitelerinin karaciger hasarinin
bir gostergesi olabilecegi, ayrica organofosfatli
insektisitlerin  karacigerde detoksifikasyonu
esnasinda bu enzimlerin aktivitesini
yiikseltebilecegi bildirilmektedir (Khan vd.,
2005; Kalender vd., 2010; Abdel-Salam vd.,
2017; Hosseini vd., 2019; Khalifa & Alkhalaf
2020). Calismamizda elde edilen AST ve ALT
sonuglara baktigimizda, malathion uygulanan
grupta AST-ALT aktivitelerinin tiim gruplara
gore Onemli derecede arttig1 belirlendi. Ancak
MAL+CAPE  grubunda ise  AST-ALT
aktivitelerinin sadece malathion uygulanan
gruba gore diisiik, kontrol ve CAPE grubuna
gore daha yiiksek oldugu gozlendi.

SONUC

Sonu¢ olarak yaptigimiz bu c¢alisma ile
organofosfatli bir pestisit olan malathionun
oksidatif stresi arttirdig1 ve organizma i¢in toksik
ozellige sahip oldugu tespit edildi. Malathion
uygulamasina karsilik antioksidan 6zelligi sabit
olan CAPE’nin oksidatif stres biyobelirteg
diizeylerinde o©nemli degisiklikler meydana
getirdigi  belirlenmistir. Bu  durum
sektoriinde c¢aliganlarin CAPE gibi antioksidan
etkileri bilinen maddeleri 6nceden gida takviyesi
olarak almalarimin  6nemli
organofosfatli pestisit zehirlenmelerini 6nemli
derecede Onleyebilecegini diisiindiirmektedir.
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Endoparacite investigation in some fish species with high

economic value obtained from Canakkale, Turkey

ABSTRACT

The study is an endoparasitic examination of chub mackerel (Scomber
japonicus Houttuyn 1782), bogue (Boops boops Linnaeus 1758), horse mackerel
(Trachurus trachurus Linnaeus 1758), sardine (Sardina pilchardus Walbaum 1792),
and anchovy (Engraulis encrasicolus Linnaeus 1758) fish taken from Canakkale fish
state as an annual sampling between 01 September 2019- 01 September 2020. One
thousand three hundred thirty-seven fishes were sampled. The external morphological
examination of the fish brought to the laboratory was made, then the conditions of their
visceral organs and their visceral structures were examined by dissection method.
Nematodes collected alive from many parts of the body were kept in absolute (99.9%)
ethanol. Parasites in ethanol were kept in glycerin for a few days before being
examined under the microscope. Nematodes were first examined morphologically on a
stereomicroscope and then under a light microscope for easy species identification.
Classical detection methods have been used for species determination. As a result,
among the individuals belonging to the Anisakidae family, Anisakis spp. L3 larval
stage type 1 and type 2, Anisakis physeteris larval stage, Contracaecum larval
stage, Hysterothylacium aduncum L3 larval stage were found. The density, abundance,
and prevalence rates of the parasites in the infected fish are determined as a percentage.

Keywords: Anisakidae, bogue, chub mackerel, horse mackerel, nematoda

NTRODUCTION

Food safety can ensure that foodstuffs do not adversely affect

consumer health by protecting them from chemical, biological,

and physical hazards in the food chain (Official Gazette, 2008;

Tayar, 2010; 2020). Increasing concerns about food safety with
the changes in consumer habits cause both organizational and functional
developments in the private sector and public sector. The state must
adopt standards that provide a new perspective on food safety to ensure
that the private sector gains an advantage in the competitive environment
while preparing legislation and making controls on these issues. In
addition, the existence of standards and structures to ensure food safety
in every country raises compatibility problems with each other. It
negatively affects the trade between countries producing similar
products. For this reason, many companies and countries have come
together and set standards for safe food supply and supply (FAO, 2011;
Basaran, 2016). Since contamination can occur at every stage of the food
production chain, public and regulatory authorities (European
Commission, EFSA), International Organizations (FAO, WHO, OIE and
CAC), producers and retailers of the food agriculture sector (BRC, IFS,
GLOBALG.AP).
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During the production process from the farm
to the end consumer, they have adopted that
food safety and quality can be achieved with an
integrated and multidisciplinary approach,
considering the entire food chain. The increase
in clinical cases related to food safety has
encouraged the private retail sector to develop
management systems that ensure integrity,
traceability, safety, and quality in food
production. There is a constantly increasing
customer demand for safe food supply from
production to consumption in the aquaculture
sector. For this reason, quality must be reliably
maintained during the processing, storage, and
marketing of seafood, which is a portion of
sweet food. Producing healthy and high-quality
fishery products depends on compliance with
hygiene rules at every stage from production to
consumption (Erkan et al., 2008). Some types
of fish, affluent in fatty acids essential for
human health, have found more places in our
tables. Especially in the waters of Turkey, sea
fish such as anchovy, sardines, horse mackerel,
bogue, and chub mackerel have become
indispensable for the fish market. Regardless of
the type of fish in Turkey, almost all these
mentioned fish species are encountered every
season.

We can find these fish species on almost
every table in our country and find their place
on the tables by using different methods. To
maintain a healthy life, attention should be paid
to hygienic conditions in fish processing, and
care should be taken not to consume
undercooked or raw. Many disease factors can
be passed on to humans due to undercooked and
raw consumption or non-compliance with
hygienic conditions (Zhang et al., 2018). One of
these factors is endoparasites. Endoparasites are
creatures that start their life cycle freely in
water and can display a different life cycle in
each host it enters. They continue their life
cycle by entering the fish from places such as
the mouth and porter. While some species use
fish as their final hosts, others become their last

VetBio, 2021, 6(3), 202-210

hosts by consumption of fish by mammals and
birds. Endoparasites live in different parts of the
body, from the blood to the organs in living
things. They begin with oral ingestion and are
mainly seen in the gastrointestinal region,
including blood, brain, different parts of the
cranium, and the heart. Unless severe symptoms
are observed, humans can detect it too late or
not (Chen et al., 2015; Casti et al., 2017).

Some of the endoparasites isolated from fish,
such as chub mackerel, horse mackerel,
anchovy, sardines, and bogue, are nematodes
(Karl and Levsen, 2011; Ozer and Olguner,
2013). There are body structures between 50
mm -10 cm in length and 1-20 pm in diameter.
They are cream-white. Their bodies are covered
with a flexible, soft, and thick cuticle layer.
Knowing the esophageal structure and its
distance to the ventricular structure and its
location with the intestinal structure are
essential in determining the species (Elibuyuk
Sahin, 2006; Tepe and Oguz, 2013; Cavallero et
al., 2015; Roca et al., 2018). These differences
in the wventricular structure-small intestine
junction are important taxonomic features for
identifying species in the Anisakidae family.
The nervous system structure is in the form of a
ring called a nerve ring or a nerve collar around
the esophagus. The excretory system ends with
the discharge opening. The structure of the
excretory opening guides the separation of
nematode species, with different shapes
opening out from the base of the sub ventral lips
or the nerve ring. Different types of L2 and L3
forms from only larval forms of nematodes are
observed in fish. Nematode species that use fish
or mollusks as final hosts do not pass on to
humans or other mammals, being non-zoonotic.
In fish and marine mammals that are the last
host; with L3, L4, they turn into 5th stage larvae
(L5) and then become mature (Pekmezci et al.,
2014; Kroff et al., 2017; Ozturk, and Yesil,
2018). Humans are caught by consuming the
carrier intermediate hosts, which contain L3 in
their tissues, and the fish, which are the second
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intermediate hosts containing L4, in raw or
undercooked form.

In the Canakkale region, the most affordable
and preferred fish types hunted and observed at
the fish market stalls are chub mackerel, horse
mackerel, bogue, anchovies, and sardines. The
parasites found in these fish cause problems in
the local economy and the fish's visual and meat
quality. Consumption of fish with parasites is
not preferred. Our study was carried out by
purchasing these fish from the fish market with
monthly samples all year round. It was aimed to
determine the effects of endoparasites,
especially nematodes, seasonal and monthly
infection formation, fish height and weight, and
the prevalence, density, and abundance of the
parasites in fish by examining the fish
purchased from the fish market.

MATERIAL and METHOD

Fishes were sampled monthly from the
Canakkale Fish Market for 12 months between
September 2019 and 2020. In the research, a
total of 1337 fish, including 89 chub mackerel,
171 bogue, 350 horse mackerel, 277 anchovy,

RESULTS

In the fish samples taken into the study, 98
nematode individuals were isolated from chub
mackerel, 2 in bogue, 27 nematodes in horse
mackerel, 10 nematode individuals in anchovy,
and no endoparasites were found in sardines. It
was observed that the isolated nematodes

and 450 sardines, were examined in terms of
endoparasites. As a result of the observations
made, generally, free-moving nematode parasite
individuals were found buried on the internal
organ surfaces of the fish. All parasites in each
fish were carefully collected and taken into
99.9% absolute ethanol for microscopic
examinations. Parasite individuals taken in
ethanol were softened by taking them in
glycerin during the examination and made
suitable for photography by allowing the
alcohol to evaporate. The parasites were first
examined under a stereomicroscope, then taken
between the coverslip and taken to a more
detailed examination under the light microscope
and photographed. Species of the parasites were
determined by considering the anatomical and
morphological features of the parasite, such as
the size, general appearance, features of the
head and tail structures, esophagus, and secum
lengths. As the type designation key; Elibuyuk
Sahin (2006) Setyobudi et al., (2011);
Mehlhorn, (2012); Sahin, (2014); Pozio, (2015);
Morsy et al., (2017); Simsek et al. (2018)
benefited from the studies.

mostly wandered on the organs in the body
cavity. However, some of the nematodes taken
from the chub mackerel fish in January were on
the liver (Figure 1).

Figure 1. a) Nematode with cyst (arrow) buried in chub mackerel’s liver, b) Nematode in cyst.

In the March sampling of the horse mackerel, it
was observed that they were embedded in the

cysts on the gonads of the female fish
individual. It was determined that the
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nematodes  taken  from  fish  whose
parasitological examinations were completed,
Ansisakidae family members, Anisakis typica
L3 Type 2 larva (Figure 2), Contracaecum
pelagicum L3 larva (Figure 3),

Hysterothylacium spp. L3 larvae non-mucous

VetBio, 2021, 6(3), 202-210

stage (synonymous: Contracaecum spp.) L3
larva (Figure 4), Anisakis physeteris L3 larvae
(Figure 5) Anisakis spp. L3 type 2, 3 (Figure 8),
Contracaecum spp. L3 larva (Figure 7),
Hysterothylacium spp., Anisakis simplex L3
larvae (Figure 6) larva has been identified.

Figure 2. Sampling from chub mackerel (Scomber japonicus) Anisakis typica. L3 Type 2; a) External Morphology, b)
Posterior Part (m: mucron, ao: anus opening, rg: rectal gland), ¢) Ventricular Part (v: ventriculus, e: esophagus, i:
intestine), d: Anterior Part (bt: tooth, ep:, p: papilla).

Figure 3. Sampling from chub mackerel (Scomber japonicus) Larva of Contracaecum pelagicum L3 a) Anterior part
(cephalic end), b) Posterior part (m: mucron).

Figure 4. Sampling from horse mackerel (Trachurus trachurus) (Contracaecum spp., Synonymous) Hysterothylacium
spp. L3 form larva a) anterior part cephalic Son (bt: tooth); b) posterior part (m: mucoron, ao: anus opening).

While nematodes occur mainly in the autumn
season, the fish taken in the summer and spring
periods show high, respectively. Annual

nematode prevalence is 4.26%. Of the 137
nematodes, 98 (72%) were isolated from chub
mackerel, 27 (20%) from horse mackerel, 10
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(7.3%) from Anchovy, and 2 (1%) from bogue.
There is no nematode isolated from sardines.
Parasitic nematodes were primarily observed in
March. The annual prevalence of the parasite is
43.82%, its density is 2.51, and its abundance is
1.10. The seasonal dominance percentage of
nematodes, which are primarily observed in
chub mackerel throughout the year.

-~
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Figure 5. Anisakis physeteris L3 larval form in horse mackerel (Trachurus trachurus). a) Anterior Part (bt: tooth), b)

The total number of nematodes observed in 7 of
the horse mackerel is 27 (19.71%) and it is 2%
prevalent in annual sampling. Its density is 3.86
and abundance is 0.08. The annual prevalence
level of nematodes in bogue found to be 0.58%,
the average density as 2, and the average
abundance as 0.012. The annual prevalence
level of nematodes in anchovy is 3.63%, density
one, and abundance 0.04.

Venricular Part (i: intestine, v: ventriculus, e: esophagus), c: Posterior Part (m: mucoron, ao: anus opening).

Figure 6. Anisakis simplex L3 larval form in anchovy (Engraulis encrasicolus). a) Anterior Part (bt: tooth), b) Posterior
Part (ao: anus opening, m: mucron).
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Figure 7. Contracaecum sp. in bogue (Boops boops). L3 Larva a) Anterior part (ep: excretory opening, bt: tooth), b)

Posterior part, (without mucous, ao: anus opening).
In March, parasitism was observed in chub

mackerel at a minimum height of 19.7 cm and a
weight of 61.32 gr. Parasitism in horse

mackerel was detected in March at a minimum
length of 15.2 cm and a weight of 28.87 g. In
May,

when parasitism was observed, the

average height of bogue is a minimum of 26.16
cm, and weight is 177.3 gr. During the months
(January and August), when nematodes were
found in 10 of the 350 anchovies, the minimum
fish length and weight are 14.90 cm,
respectively: 14.01 cm and 19.74 g 16.50 gr.

Posterior part (m: mucron).

As a result of the study, the variation in the
prevalence, average density, and abundance of
nematodes without differentiating fish species

DISCUSSION

In this study, horse mackerel, chub mackerel,
bogue, sardines, and anchovies caught from the
North Aegean Sea, Canakkale region, and
frequently consumed by the local people, were
examined for zoonotic fish parasites. As a result
of the investigation, the locations of parasites,
infected fish rates, number of parasites,
abundance, density, prevalence values, and the
prevalence (%) by height, weight, and species
were calculated. As a result of the
parasitological examination of the fish, Anisakis
typica L3 Type 2 larva, Contracaecum
pelagicum L3 larva, Hysterothylacium spp.
(synonymous: Contracaecum spp.) L3 larva,
Anisakis physeteris L3 larval have been
identified. Molina et al. (2000) parasitologically
analyzed fish consisting of 18 different species,
including haddock, from fish markets in the
Northern part of Cordoba State. Individuals
belonging to the Anisakidae family identified in
the body cavity and muscles of fish. The study
reported that these parasites are at their peak

£ 2 v 3

Figure 8. Anisakis spp. in bogue (Boops boops). L3 larva a) Anterior part (ep: discharge opening, bt: tooth), b)

by months; the highest prevalence of 47
parasites (10.68%) was calculated in March, the
lowest recorded as 1 (0.76%) in April.

seasonally, with 42% in haddock fish, in the
spring months. In our study, the most intense

parasitization in collegial fish was observed in
March with 72%. This showed us that the
prevalence value and seasonal density in both
studies coincided with the spring months. In
addition, studies have shown that nematode
species were higher in common chub mackerel
and horse mackerel fish compared to other
fishes studied between January and June, and
the rate of parasitization with nematodes
decreased in the period from July to December.
No parasitism was observed in sardines
throughout the year. Tuncel and Akmirza
(2006) encountered Contracaecum aduncum
and Anisakis simplex nematodes in their
parasitological examination on anchovy fish
caught from the coast of Sinop and the
Marmara Sea. It stated that in 21% of the
anchovies examined, Contracaecum aduncum
found in 98.8%, and Anisakis simplex in 0.17%.
Our study revealed that nematode individuals
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isolated from anchovies from fish form belong
to the L3 larval form of Anisakis simplex
parasite. It was observed that the nematode
density of anchovy fish was low in annual
sampling. Nematodes belonging to Anisakis and
Contracaecum species were determined by
parasitological examinations of the horse
mackerel in a study (Akmirza 2001) conducted
in the Aegean Sea and South Marmara offshore.
He reported that parasites are localized,
especially in fish intestines, and their
prevalence was 8.77% and 38%, respectively.
They stated that in year-round sampling, the
parasites reached their highest level in March
and their lowest in September. Our study
observed that the highest parasitization intensity
was observed in horse mackerel and mackerel
fish in March, while parasitism was observed
only in chub mackerel fish in September.

Keser et al. (2007) conducted parasitological
examinations in Trachurus trachurus, Engraulis
encrasicolus, Sardinella aurita, Liza saliens,
Belone belone, Sparus aurata, Solae solea,
Scomber scombrus and Pomatomus saltatrix
fish species in a study they conducted in the
Dardanelles. As a result of the study, they
detected Hysterothylacium aduncum and
Anisakis simplex nematodes. They did not find
any nematode parasites in Sardinella aurita. In
light of the findings of our study, parasitism
was observed in different densities and
abundances on an annual basis in horse
mackerel fish, and no parasitism was found in
sardine fish (Sardina pilchardus Walbaum
1792). Our study supports the results of Keser
et al.

Hysterothylacium adumcum Rudolphi, 1802
species were identified in the parasitological
examination of sardines (Sardina pilchardus
Walbaum 1792) fishes caught from the Eastern
and Southern coasts of Spain. This parasite
reported a 25.21% prevalence, a 2.10 density,
and a 0.52 abundance level (Rello et al., 2008).
No parasites were found during the annual

parasitological examination on sardines taken
from the Canakkale fish state in our study.

In April, two nematodes (1.46%) were found
in the bogue studied. The annual prevalence
level is 0.58%, the average density is 2, and the
average abundance is 0.012. Hysterothylacium
sp. L3 larvae non-mucous stage and Anisakis
spp. L3 Type 2 larvae have been identified. Of
these species, only Anisakis can be found
Atlantic  (MacKenzie et al.,, 2008),
Mediterranean  (Mattiucci et al.,, 2008),
Marmara and Black Sea (Tepe, 2011). In his
study in 2019, Koksal isolated nematodes from
thirty different fish species from the intestine,
pyloric cecum, gall bladder, and body cavity.
All nematodes we isolated in our study
observed in similar organs, and two nematodes
were detected in the sac in the liver of the fish.

Especially in Turkey, which has an
important place in terms of aquaculture, laws
and regulations and healthcare professionals
responsible for the protection and control of
fishery products should examine the issue of
zoonoses because these creatures are also
crucial in terms of public health. Humans are
essential hosts, especially for their aquatic
consumption habits and zoonotic creatures to
continue their life cycle. To prevent
Anisakidosis, which is frequently seen in the
Far East and Asian countries, it is
recommended to avoid the consumption of raw
and undercooked seafood, especially fish, and
to pay attention to food and hygiene conditions
in places where fishery products sold.
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Evaluation of the effect of birth type on the blood gas and

Apgar scores of Aleppo goat newborn kids

ABSTRACT

This study was conducted to investigate the effect of eutocia and dystocia on the blood
gas and Apgar scores of Aleppo goat kids. A total of 40 kids were examined, separated
into 2 groups according to the type of birth. Group 1 (n=20) consisted of kids born as a
result of eutocia, and the Group 2 (n=20) included kids born as a result of dystocia. The
Apgar scores (appearance, pulse, grimace, attitude, respiration) were evaluated at 0, 5,
and 15 minutes postpartum in the kids in both study groups, and blood samples were
taken from blood gas injectors and blood gas profiles (pH, pCO,, pO2, HCO3) were
obtained. The data obtained were analyzed with the Mann-Whitney U-test and
Friedman post-hoc Bonferroni tests. Spearman correlation coefficients were calculated
to determine the relationships between measurements. A statistically significant
difference was observed between the groups in the 0, 5, and 15-min Apgar scores and
in the blood gas measurements of pH, pO2, pCO;, and HCOs at 0, 5, and 15 minutes
(p<0.05). A significant time-dependent difference in Apgar score value was noted in
both groups (p<0.05). There was a significant time-dependent difference in pH, pCOs,
pO2, and HCO3 values in both groups (p<0.05). In Group 1, a significant correlation
was determined between Apgar and pCO; and HCOs; values (p<0.05). In Group 2, a
significant correlation was recorded between Apgar and HCO; values (r=-0.464;
p<0.05). As a result, a significant difference was observed between the mode of
delivery and the blood gases evaluated and Apgar scores. It was concluded that the
evaluation of Apgar score and blood gases together would be more successful in
neonatal interventions.

Keywords: Kid, dystocia, blood gases, Apgar

NTRODUCTION

The neonatal period is a critical period for the adaptation of

newborn lives to the extrauterine environment (Piccione et al.,

2007). This period is significantly affected by the pregnancy

process, the mode of delivery and the quality of postpartum care
(Tirkoglu et al., 2014). The adaptation processes of thermoregulation,
cardiovascular, respiratory, metabolic and homeostatic mechanisms are
completed during this period (Dwyer, 2008). Newborn lives are sensitive
to adverse environmental conditions and perinatal diseases, and their
metabolic status is highly variable (Piccione et al, 2007). During this
period, numerous changes occur in different systems and organs,
including respiratory function and acid-base balance (Camargo et al,
2012). Newborns may die due to trauma and prolonged hypoxia during
delivery (Feitosa et al, 2012). Intrapartum hypoxia is of great importance
in terms of newborn losses due to dystocia (Scott, 2006).
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Blood gas and Apgar scores

The Apgar scoring system was developed in
human medicine to guide the clinical care of
neonatal life immediately after birth. The Apgar
scoring system was designed by Virginia
Apgar, a human obstetric anesthesiologist, to
monitor the effects of maternal anesthesiology
on the newborn infant (Apgar, 1953). This
method is widely and effectively used
worldwide in the evaluation of newborns
(Kredatusova et al., 2011). Adaptation of the
original method to veterinary medicine was
developed with great success (Vassalo et al.,
2014). The Apgar score of lambs, modified by
Born (1981), showed clinical signs of neonatal
health and vitality conditions in a minimally
invasive manner without impairing the mother-
offspring relationship. The Apgar score was
evaluated in 5 categories: Appearance, pulse,
grimace, attitude, and respiration. Each
parameter is scored with 0, 1, or 2 points, and
the total of these is evaluated as 7-10 points
indicating a healthy newborn, 4-6 points as
moderate, and 0-3 points as severe depression
(Apgar, 1953; Nelson ve Ellenberg, 1981).
Total Apgar scores, which are used as a basis
for resuscitation intervention, have been found
to increase survival rates, and lower Apgar
scores have been associated with higher
mortality in the offspring (Vassalo et al., 2015;
Veronesi et al., 2009). Although Apgar scoring
has been used for approximately 50 years, it is a
subjective method for reasons such as
prematurity, congenital anomalies, gestational
age, medication or anesthesia type applied to
the mother, and the person who made the
scoring (Gilstrap et al.,, 1989). Therefore,
umbilical cord blood gas values have been
accepted as a more reliable method of showing
fetal oxygenation and acid-base status (Thorpe
etal., 1989).

The aim of this study was to reveal the effect
of birth type on venous blood gases and Apgar
scores in Aleppo goat kids. Furthermore, as
there is no information in literature about blood
gases and Apgar score evaluations related to the

mode of birth in kids, it was thought that this
study could contribute to the literature in this
context. Thus, it is aimed to obtain healthier
kids with and less loss of newborns.

MATERIAL and METHOD
Animal selection and experimental protocol

The study material consisted of 40 kids that
were born on a private farm in the Eyyiibiye
District of Sanlwurfa. The offspring were
selected by a random sampling method of
Aleppo goats aged 3-5 years, who had one birth
and were under the same feeding and
management conditions. The goats used in the
study had eutocia in the anamnesis taken, no
postpartum problems, and only singleton
animals were included in the study in order to
objectively evaluate the parameters considered.
The study was conducted between September
and April. The kids were separated into 2
groups according to the birth types. Group 1
(n=20) consisted of kids born through eutocia
(normal birth, natural birth without any
complications), and Group 2 (n=20) included
kids born through dystocia (difficult birth,
difficulty or abnormal course of delivery).
Dystocia was defined as the total time to
delivery exceeding 90 minutes or when the fetal
membranes ruptured and there was no
progression for 30 minutes.

Blood gas and Apgar score evaluation

Venous blood gas levels (pH, pCO2, pOy,
HCO3) were determined from blood samples
withdrawn into blood gas injectors from the
kids in both study groups at 0, 5, and 15
minutes postpartum. The venous blood gas
(pH, pCO2, pO2, HCOs3) measurements were
performed using an Epoc® Blood Analysis
System device Apgar score evaluations were
made with reference to the Apgar score
assessments by Flora et al. (2020). Appearance
was numerically determined as cyanotic, pale,
or pink. Pulse and respiration were measured
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indirectly through the ear set with a pulse
oximeter (Vzn medical finger-type oxygen
measuring device). Grimace was evaluated by
gently tickling the nasal mucosal surface of the
kids. Attitude was determined according to the
reaction of the kids with stimulation to the
pelvis region.

Statistical analysis

Statistical analysis of the data was performed
with the Statistical Package for the Social
Sciences (SPSS for Windows; version 25.0)
software. In calculating the sample size of the
study, Power was determined by taking at least
80% and Type-1 error of 5% for each variable.
The conformity of the variables to normal
distribution was examined using visual
(histogram and probability graphs) and
analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk  tests). As  the
measurements did not show normal distribution,
non-parametric tests were applied. Descriptive
statistics for continuous variables in the study
were expressed as mean, standard deviation,
minimum, and maximum values. The Mann-
Whitney-U test was applied to compare the
measurements according to the type of delivery.
The Friedman test was applied to compare the
measurements according to time, separately in
the groups. The post-hoc Bonferroni multiple
comparison test was applied to determine the
difference over time following the Friedman
test. Spearman correlation coefficients were
calculated to determine the relationships
between measurements. A value of p<0.05 was
considered statistically significant.

RESULTS

The mean values of the study groups are
presented in Table 1 and Figure 1. A
statistically significant difference was observed
between the groups in the Apgar score at 0, 5,
and 15 minutes and in the blood gas
measurements of pH, pO2, pCO2, and HCO3 at
0, 5, and 15 minutes (p<0.05). In the evaluation
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of the Apgar score at 0, 5 and 15 minutes
between the groups, and the pH, pO2 and HCO3
blood gas measurements at 0, 5, and 15
minutes, the values of the eutocia group were
found to be higher than those of the dystocia
group (p<0.05), and the pCO> measurement was
higher in the dystocia group than in the eutocia
group (p<0.05). A statistically significant
difference was observed in Apgar score value
according to time in both groups (p<0.05). In
Group 1, the Apgar score at 0 minutes was
lower than at the other times (p<0.05). The 5
and 15-min Apgar scores were similar (p>0.05).
A statistically significant difference was
observed in the time-dependent Apgar score
evaluations in Group 2 (p<0.05). All Apgar
scores were found to be different from each
other, as the Apgar score increased as time
progressed. A statistically significant difference
was observed in both groups in terms of pH
value according to time (p<0.05). In Group 1
and Group 2, pH values were different from
each other at all measurement times (p<0.05).
The pH value increased in both groups as time
progressed. A statistically significant time-
dependent difference was observed in terms of
PCO; value in both groups (p<0.05). In Group 1
and Group 2, pCO2 values were different from
each other at all measurement times (p<0.05).
In both groups, the pCO: value decreased as
time progressed. A statistically significant time-
dependent difference was observed in terms of
pO- value in both groups (p<0.05). In Group 1
and Group 2, pO2 values were different from
each other at all measurement times (p<0.05).
In Group 1, the pO. value decreased as time
progressed. In Group 2, the pO. value first
increased and then decreased as time
progressed. There was a statistically significant
time-dependent difference in HCO3z value in
both groups (p<0.05). HCO3 values were found
to be different from each other in all
measurement times in Group 1 and Group 2
(p<0.05). In Group 1, the HCOs3 value
decreased as time progressed. In Group 2, the
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HCOs value first increased and then decreased
as time progressed.

The results of the correlation analyses
between the Apgar scores and blood gas values
measured in Group 1 are given in Table 2. A
statistically significant correlation was found
between Apgar-0 and pCO2-5 values (p<0.05).
This relationship was 45.8% negative, and it
was determined that the Apgar-0 score
decreased as pCO»-5 increased. A statistically
significant correlation was found between
Apgar-5 and pCO.-5 values (p<0.05). It was
observed that this relationship was 47.6%
negative, and as pCO2-5 increased, the Apgar-5
score decreased. A statistically significant

Table 1. Average values of the study groups

correlation was found between Apgar-0 and
HCOz3-15 values (p<0.05). It was observed that
this relationship was 46.0% positive, and as
HCOs-15 increased, the Apgar-0 score also
increased. A statistically significant correlation
was found between Apgar-5 and HCOs3-15
values (p<0.05). This relationship was 55.6%
positive, and as HCOs-15 increased, the Apgar-
5 score increased. The results of the correlation
analyses between the Apgar scores and blood
gas values measured in Group 2 are given in
Table 3. A statistically significant correlation
was found only between Apgar-0 and HCOs-5
values (p<0.05). This relationship was negative
at 46.4%, and as HCOs-5 increased, the Apgar-
0 score decreased.

Group 1 Group 2 *p
Mean SEM Min Max Mean SEM Min Max.

Apgar-0 7,45P 1,64 5,00 10,00 6,10° 1,89 4,00 10,00 0,021
Apgar-5 8,452 1,50 5,00 10,00 7,05P 1,70 5,00 10,00 0,009
Apgar-15 8,952 1,10 7,00 10,00 7,602 1,60 5,00 10,00 0,004
**p 0,001 0,001

pH-0 7,32° 0,01 7,30 7,34 7,30c 0,01 7,28 7,31 0,001
pH-5 7,35° 0,01 7,34 7,36 7,320 0,01 7,31 7,33 0,001
pH-15 7,392 0,01 7,38 7,40 7,362 0,01 7,35 7,37 0,001
**p 0,001 0,001

pCO2-0 56,732 0,13 56,51 56,91 59,392 0,33 59,01 59,96 0,001
pCO2-5 52,57P 0,28 52,12 52,98 56,40P 0,29 56,02 56,98 0,001
pCO2-15 47,46° 0,30 47,02 47,98 51,48°¢ 0,25 51,03 51,97 0,001
**p 0,001 0,001

pO2-0 22,392 0,33 22,01 22,92 17,33° 0,26 17,01 17,91 0,001
pO2-5 20,46° 0,26 20,07 20,97 18,392 0,19 18,05 18,69 0,001
pO2-15 17,45°¢ 0,23 17,02 17,89 14,50° 0,27 14,02 14,89 0,001
**p 0,001 0,001

HCOs-0 31,432 0,29 31,02 31,92 28,41° 0,25 28,09 28,81 0,001
HCO3-5 30,64° 0,26 30,12 30,98 29,562 0,23 29,12 29,97 0,001
HCOs-15 28,46° 0,28 28,01 28,94 27,59¢ 0,29 27,04 27,97 0,001
**p 0,001 0,001

* Significance levels according to Mann-Whitney-U test results—
** Significance levels according to Friedman test results{

a,b,c: Shows time-to-time differences according to Bonferroni Post Hoc multiple comparison test{
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Table 2. Correlation analyses between the Apgar score and blood gases measured in Group 1

Apgar-0 Apgar-5 Apgar-15

pH-0 r 0,050 0,089 0,155
pH-5 r 0,227 0,038 0,174
pH-15 r 0,386 0,334 0,360
pCO2-0 r 0,077 0,227 0,142
pCO2-5 r -0,458* -0,476* -0,371
pCO:-15 r 0,329 0,290 0,125
pO2-0 r -0,152 -0,034 0,346
pO2-5 r 0,267 0,368 0,300
pO2-15 r 0,188 0,198 0,366
HCO3-0 r 0,129 0,041 0,066
HCOs-5 r 0,080 0,216 -0,002
HCOz3-15 r 0,460* 0,556* 0,431

*p<0.05; **p<0.01 r: Spearman correlation coefficients

Table 3. Correlation analyses between Apgar score and blood gases measured in Group 2

Apgar-0 Apgar-5 Apgar-15

pH-0 r -0,344 -0,140 -0,093
pH-5 r 0,090 0,177 0,263
pH-15 r 0,283 0,111 0,313
pCO2-0 r 0,099 -0,113 -0,089
pCO2-5 r -0,065 0,063 0,036
pCO:-15 r -0,169 -0,106 -0,107
pO2-0 r -0,076 0,020 0,057
pO2-5 r 0,144 0,037 -0,052
pO2-15 r 0,103 0,364 0,388
HCOz-0 r -0,031 0,096 0,195
HCO3s-5 r -0,464* -0,422 -0,409
HCOz-15 r -0,029 -0,055 -0,095

*p<0.05; **p<0.01 r: Spearman correlation coefficients
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DISCUSSION

The Apgar scoring system, which is applied as
an evaluation criterion for the reduction of
newborn losses, has been adapted and studied
on pigs (De Roth ve Downie, 1976; Randall,
1971), horses (Vaala et al., 2002), calves (Vaala
et al., 2002), dogs (Veronesi et al., 2009),
donkeys (Bonelli et al., 2020), and sheep (Dutra
ve Banchero, 2011), but to the best of our
knowledge, no studies have been conducted on
kids. In the previous animal studies, only Apgar
score evaluation was made, and evaluation was
not performed together with fetal blood gas
values. The aim of the present study was to
reveal the effect of delivery method on venous
blood gases and Apgar scores. It was also
aimedto evaluate the parameters subjectively
evaluated with the Apgar score and venous
blood gases and to determine whether there is
any relationship between these.

In Apgar scoring, respiration has been
measured by counting breaths/minutes for
horses (Vaala et al., 2002) and donkeys (Bonelli
et al., 2020). In dogs, two parameters have been
defined: newborn cries (no cry, subtle cry, cry)
and respiratory rate (<6 to >15 breaths/minutes)
after birth (Veronesi et al., 2009). The Apgar
scoring system for lambs is qualitatively
evaluated as good, regular (score = 2), slow,
irregular (score = 1), and absent (score = 0)
respiration, since newborn lambs do not sound
like human infants, and breath/min monitoring
using a stethoscope or monitoring the chest rise
and fall has the potential for interobserver error
(Dutra ve Banchero, 2011). In a recent study,
respiration was determined quantitatively using
oxygen saturation (SpO) as detected by pulse
oximetry (Flora et al., 2020). Apgar scoring was
67% £ 15% in normal lambs, based on previous
studies showing 48 + 6% SpO. in abnormal
lambs (Norton et al., 1998). Respiration for
Apgar scoring in the current study was
evaluated using

pulse oximetry, similar to Flora et al. (2020), as
<45% (score = 0), 45-65% (score = 1), and
>65% (score = 2). The pulse oximeter is a
small, inexpensive instrument that is easy to use
in field conditions. The respiratory evaluations
at 0 and 5 minutes in Apgar scoring in Group 1
in this study were seen to be in agreement with
the findings of Flora et al. (2020). In addition,
respiration was found to be lower in Group 2 in
Apgar scoring at 0, 5, and 15 minutes. This was
thought to be related to dystocia caused by the
hypoxia that developed as a result of the long-
term stay of the kids in the birth canal. It has
been reported that the mucous appearance for
Apgar scoring is associated with cardiovascular
and respiratory distress in newborn foals,
puppies, and lambs and is a strong indicator of
the need for urgent intervention (Flora et al.,
2020; Vaala et al., 2002; Veronesi et al., 2009).
In the present study, the appearance for the
Apgar scoring was classified according to
appearance color as cyanotic (score = 0), pale
(score = 1), and pink (score = 2). The
evaluations at 0 and 5 minutes of Apgar scoring
in Group 1 were found to be in agreement with
those of Flora et al (2020). The appearance in
Apgar scoring at 0, 5, and 15 minutes was lower
in Group 2, which was attributed to problems in
the respiratory or cardiovascular system as a
result of dystocia. It has been reported that
lambs born with weakness or that respond
poorly to stimuli may miss forming a strong
sheep-lamb bond in the first hour of life,
increasing neonatal mortality (Dwyer et al.,
2016). In the present study, grimace for Apgar
scoring was evaluated with a method similar to
that used for foals, donkeys and sheep (Bonelli
et al., 2020; Dutra ve Banchero, 2011; Vaala et
al., 2002) by measuring the response to nasal
stimulation with signs such as sneezing,
coughing, moving the ears, or shaking the head.
In the present study, grimace evaluations at 0
and 5 minutes in Apgar scoring in Group 1 were
consistent with those of Flora et al. (2020). The
grimace evaluation was found to be lower in
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Group 2 in Apgar scoring at 0, 5, and 15
minutes, which was thought to be due to the
fact that the kids born as a result of dystocia
could not clean the respiratory tract by
themselves as a result of the disruption in the
respiratory system. Attitude for the Apgar
scoring was modified based on lambs' responses
to maternal attention (specifically, rump
stimulation). In previous studies, attitude has
been measured by the ability to maintain sternal
reclining in foals (Vaala et al., 2002) and
donkeys (Bonelli et al., 2020), and by the
strength of spontaneous movement in bitches
(Veronesi et al., 2009). The attitude assessment
used in the present study was similar to the
methods used in other species, with no response
to stimuli (score=0), moving without trying to
stand up (score=1), and trying to stand
(score=2). In the attitude in Apgar scoring in
Group 1, the evaluations at 0 and 5 minutes
were seen to be in agreement with Flora et al.
(2020). The attitude value in Apgar scores at 0,
5 and 15 minutes was found to be lower in
Group 2, which was thought to be due to the
fact that mothers with dystocia did not take care
of their offspring as a result of fatigue. Pulse
was used to assess neonatal viability in the
current study, similar to previous studies of
horses (Vaala et al., 2002), dogs (Veronesi et
al., 2009), donkeys (Bonelli et al., 2020), and
sheep (Dutra ve Banchero, 2011). The data
available in the literature for small ruminant
newborn heart rates vary significantly between
(mean =+ standard deviation) 92 + 42 and 151 +
47 (Koether et al., 2016; Vannucchi et al.,
2012). In Group 1 in the current study, 45% had
a pulse score of 2 (>175 beats/min) and 55%
had a pulse score of 1 (100-175 beats/minute) at
minute 0. At 5 minutes, 65% had a pulse score
of 2 (>175 beats/minute) and 35% had a pulse
score of 1 (100-175 beats/minute). At 15
minutes, 75% had a pulse score of 2 (>175
beats/minute) and 25% had a pulse score of 1
(100-175 Dbeats/minute). The evaluations of
heart rate in Apgar scoring in Group 1 at 0 and
5 minutes were seen to be in agreement with the

VetBio, 2021, 6(3), 211-219

literature data (Vannucchi et al., 2012; Flora et
al., 2020). In addition, heart rate was found to
be higher in Group 1, which was attributed to
the fact that the kids did not show any
respiratory and cardiovascular system problems
in eutocia. In the current study, the total Apgar
scores tended to increase in both groups during
the first 15 minutes after birth. This finding is
supported by the increase in mean Apgar scores
in human infants from 6.2 to 7.4 at 5 to 60
minutes after birth (Batista et al., 2014) and by
the total Apgar score in piglets increasing from
7 to 9 over time (De Roth ve Downie, 1976).
This was thought to be due to intrapartum
hypoxia as a result of prolonged stay in the birth
canal, which initially caused low Apgar scores
and could be improved by the newborn's
adaptation to extrauterine life.

Postnatally increased pCO2 has been reported
in newborn lambs (Vannucchi et al., 2012). In
the current study, pCO: levels were found to be
high in both groups and were higher in Group 2.
The reason for this was thought to be due to
hypoxia due to the prolonged stay in the birth
canal due to dystocia. It has been stated that the
low pO2 value in newborns may be due to the
decrease in oxygen exchange between the
alveoli and pulmonary capillaries in the
placenta during delivery (Vannucchi et al.,
2012). Uterine contractions that occur during
labor cause compression of the uterine artery
and umbilical cord, resulting in a major
reduction in placental and umbilical blood flow
(Siristatidis et al., 2003). In the present study,
pO2 levels were found to be low in both groups,
and the pO: level was measured lower in Group
2 than in Group 1. It has been reported that
postnatal hypercapnia and respiratory acidosis
are seen in newborn lambs (Vannucchi et al.,
2012). In the current study, lower pH and
higher pCO, were determined in Group 2, and it
was determined that the newborn kids had
respiratory  acidosis. Dystocia is often
associated with prolonged hypoxia and acidosis
(Lester et al.,, 2009). Neonatal pulmonary
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changes due to dystocia cause progressive
hypoxemia and hypercapnia (Bleul et al., 2007).
The level of hypoxia and acidosis may vary
depending on the onset of spontaneous
breathing and the time it takes for the mother to
completely leave the fetal bloodstream (Reece,
2004). It has been reported that there is no
significant difference in pH, pCO2, pO: and
HCOz levels at 0 and 24 hours in calves with
dystocia compared to calves with eutocia
(Feitosa et al., 2012). In another study, it was
found that foals and lambs born as a result of
dystocia had low pH and HCO3 levels, and the
improvements in blood gases were similar on
the 1st day, according to those results, it was
reported that in foals born as a result of dystocia
there were negative effects on blood gases
(Aydogdu et al., 2018; Kimura et al., 2017). In
the present study, the blood gas values of pH
and HCOs were found to be low in the group
with dystocia, and the difference was
determined to be statistically significant,
consistent with the literature. In addition, in the
eutocia group, a positive correlation was
determined between the total Apgar score and
HCO3-15 values at 0 and 5 minutes, and it was
noted that the Apgar score increased as HCOs3
increased. Similarly, in the dystocia group there
was observed to be a negative correlation
between the 0-minute total Apgar score and the
5th minute HCOs values, with a decrease in the
total Apgar score as HCOs increased.

CONCLUSION

In conclusion, the results of this study
demonstrated that in kids with dystocia there
were negative effects on the total Apgar score
and blood gases. It was also concluded that the
qualitative evaluation of the Apgar score
together with the quantitative blood gas
measurements will provide more information in
terms of intervention in newborns, serious
problems can be prevented, and negative effects
can be minimized with early interventions. As
there was a significant correlation in the Apgar

scoring of HCOs3 from blood gas measurements,
it was deduced that it should be supported by
more comprehensive studies.
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Tath su midyelerinin (Unio terminalis) erkek ve disi

bireylerinde kondisyon faktoriniin boy guruplarina gore

incelenmesi

Examination of condition factor in male and female of

freshwater mussels (Unio terminalis) according to size groups.

OZET

Golbag1 Golii’'nde (Hatay) bulunan Unio terminalis’in erkek ve disi bireylerinde faktori,
bir yil siiresince boy gruplarina gore belirlenmeye ¢alisilmistir. Baglangic ay1 Ekim
olmak tizere 12 ay boyunca Gélbasi Goliinden temin edilen U. terminalis’in erkek ve
disi bireylerinde uzunluk, genislik ve yiikseklik degerlerine bagli olarak midye kabuk
hacmi hesaplanmistir. Midyelerin kabuktan ayrilmis yas et agiliklart erkek ve disi
bireyler i¢in belirlenereck aylara ve boy gruplarina gore kondisyon faktorii tespit
edilmistir. Erkek ve disi midyelerde boy gruplarina gore kondisyon faktorii
karsilagtinldiginda, erkeklerin 4,50 - 4,99 cm boy grubunda 17,79 <+ 1,46; disi
midyelerin 5,50 - 5,99 cm boy grubunda 19,76 + 1,72 oldugu tespit edilmistir. 12 aylik
inceleme siirecinde kondisyon faktoriiniin erkek ve disi midyelerde agustos ayinda en
yiiksek, Ekim ayimnda ise en diisiik diizeyde oldugu belirlenmistir. Bu ¢alisma Gdlbasi
Goli'nde yaygin olarak bulunan U. terminalis’in kondisyon faktorii tespiti konusunda
yapilmis ilk incelemedir.

Keywords: Goélbas1 Golii, kondisyon faktorii, sicaklik, tatli su midyesi, Unio terminalis

ABSTRACT

Condition factor, which is an indicator of fatness, in male and female individuals of Unio
terminalis in Golbasi1 Lake (Hatay) was tried to be determined according to their height
groups for one year. Mussel shell volume was calculated based on the length, width and
height values of male and female U. terminalis obtained from Golbasi Lake for 12
months, starting from October. The wet meat weights of the mussels separated from the
shell were determined for male and female individuals, and the condition factor was
determined according to the months and length groups. Condition factors of male and
female mussels were compared according to size groups. Condition factor was found to
be 17.79 + 1.46 in the 4.50 - 4.99 cm height group of men. It was determined that female
mussels were 19.76 + 1.72 in the 5.50 - 5.99 cm length group. It was determined that the
condition factor in male and female mussels was highest in August and lowest in October
during the 12-month examination period. This study is the first study to determine the
condition factor of U. terminalis, which is common in G6lbasi Lake.

Keywords: Condition factor, freshwater mussel, Gélbagi Lake, temperature, Unio
terminalis

IRIS
Cift kabuklu biyolojisi ¢alisan arastiricilarin ¢ogu kabuklu

su {irtinleri i¢in kondiisyon kavramini, et i¢eriginin 6l¢timii
olarak kullanmaktadir (Hickman ve Illingworth, 1980).
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Bilimsel arastirmalarda yer alan kondisyon
faktorii, hem birey bazinda hem de popiilasyonu
ifade eden bazda Olgiilebilmekte ve bireysel
Ol¢iimler daha ¢ok tercih edilmektedir (Gosling,
1992). Kondisyon Faktorii (KF) ekolojik ve
fizyolojik bir kavram olup, canlinin saghk
durumu, biiylime, et verimi, cinsiyet olgunlugu
ve cevresel stres etkisini degerlendirmek igin
yaygin olarak kullanilmaktadir (Zeng ve Yang,
2020). Cift kabuklu smifina giren canlilar ¢ok
cesitli kabuk sekli, blyikligi, agirhigr ve
hacmine sahip oldugu i¢in ¢ift kabuklular, KF
hesaplamas1  i¢in  farkl veya
gravimetrik ~ Olc¢timler edilmektedir.
Ozellikle, agr kabuk yapisina sahip olan
istiridye gibi ¢ift kabuklularda KF hesaplamasi
icin toplam kabuk veya et agirligmin oldugu
mevcut denklemler kullanilmaktadir (Lucas ve
Beninger, 1985; Monteforte vd., 2000).

hacimsel
tercih

Midyelerde kondisyon faktoriinii, viicut
biiyiikliigiine bagli olarak yeterli besin diizeyi, su

yiizeyinin disinda kalma siiresi ve diger cevresel

faktorler de etkilemektedir (Karayiicel ve
Karayiicel, 1997). Sicaklik, tuzluluk, besin
temininin  karsilikli  etkilesiminden dolay1

mevsimsel degisimler, tireme donemi ve somatik
bliyime de bu durumu etkileyen Onemli
unsurlardir (Bayne vd., 1984; Austin vd., 1993).
Genel olarak, hayvanlarda KF viicut kiitlesi ve
boyutlar1 arasindaki iliskiye dayanmaktadir.
Midyelerin besili durumunu gosteren kondisyon
faktorii, bir popiilasyonda ticari et kalitesindeki
farkliliklar1 6lgmede olduk¢a Onemlidir. Cift
kabuklular icin somatik ve {ireme bdliimleri
arasindaki  fizyolojik dengenin kondisyon
faktorii agisindan 6nemli oldugu bildirilmektedir
(Wada vd., 1988). Fizyolojik kosullara ve
cevresel parametrelerdeki degisikliklere bagl
olarak ¢ift kabuklu yumusakcalarda et iceriginde
nispeten biiylik degisiklikler meydana geldigi
(Wilbur ve Owen, 1964) ve midyelerin besin
materyali olan klorofil-a ve asili organik
maddenin mevsimsel degisiminin midyelerde

kondisyon indeksi {izerinde etkili oldugu
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belirtilmektedir (Okumus, 1993). Midyelerde
KF ¢esitli aragtirmacilar tarafindan farkl
formiillerle Kondisyon
faktoriinii birbirinden farkli yapan unsurlar, kuru

yorumlanmustir.

veya yas et agirligi ile kabuk hacminin mm?®, ml
veya g cinsinden ifade edilmesidir. Yapilan
arastirmalara gore, istatistik hesaplamalar
sonucunda kuru ve yas doku agirhiginin
kullanim1 arasinda 6nemli bir fark bulunmadig:
bildirilmistir. Bu konuda Wada vd. (1988) kabuk
hacmini mililitre (ml) olarak formiile edilmesini
Monteforte vd. (2000) ise kondisyon faktoriinii
hesaplarken kabuk hacmini milimetre kiip [mm?
= Uzunluk (mm) x Yiikseklik (mm) x Genislik
(mm)] olarak hesaplanmasini 6nermislerdir.

Bu c¢alisma, Golbast Golii'nde (Hatay)
mevcut olan Unio terminalis tiirii tath su
midyesinin kondisyon faktdriiniin belirlenmesi
konusunda yapilmis ilk arastirma olup midye
istihsali i¢in yol gosterici bir nitelik tagimaktadir.

MATERYAL VE METOT
Deneme Yeri

Arastirma, Haziran 2001 ile Nisan 2002 tarihleri
arasinda Golbas1 Goli'nde (Kirikhan/HATAY)
yapilmustir (Sekil 1). Golbast golii, Amik golii
kurutulduktan sonra olusturulmus, Hatay ilinin
kuzeydogusunda yer alan, Kirikhan’a 10 km,
Antakya’ya 50 km uzaklikta bulunan bir goldiir.
Yiizey alan1 yaklasik 12.000 doniim olan bu
goliin, 4.000 doniimii sulak sazlik alanlardan
olusmaktadir. Bolgede sulama amagli olarak
kullanilan bu gol, ¢evresindeki tepelerin altindan
ortaya c¢ikan kaynak sulari ile beslenmektedir.
Bu kaynak sularmin toplam debisi yaklasik 2,5-
3 m®sn.dir. Yazin sulama mevsiminden sonra
geriye kalan go6liin maksimum derinligi 4 m
olup, ortalama derinlik 1-1,5 m civarindadir. Kis
mevsiminde ise maksimum derinlik 6 m olup,
ortalama derinlik yaklasik 3,5—4 m’dir.
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Sekil 1. Midye orneklerinin temin edildigi Goélbast Goli
(Hatay)

Unio terminalis’in toplanmasi

Midye ornekleri goliin her bolgesinden rastgele
ve dagmik olarak alinmigtir. Ornek toplamada

cesitli bliylkliikkte kepge, dre¢ ile 3 m
uzunlugunda  fiber tekne  kullanilmistir.
Toplanan  ornekler, eleklerde  yikanarak

camurdan arindirilmis ve ergin olanlari tercih
edilmistir. 12 ay boyunca yaklastk ayni
biiyiikliikte ve olgunluktaki U. terminalis‘ten her
ay 20 adet toplanmustir.

Biyometrik olgiimler

Midyelerin kabuk uzunlugu; valfin anterior
kenarindan posterior kenarina olan mesafesidir.
Kabuk yiiksekligi; valfin dorsal kenarindan,
ventral kenarina kadar olan mesafesidir. Kabuk
genisligi ise, yatay olarak tutulan midyenin iki
valf aras1 umbo yiiksekligi olarak Zeng ve Yang,
(2020)’a gore Olgiilmistiir (Sekil 2). Bu
Olglimlerde 0,05 mm hassasiyetli kumpas
kullanilmistir. Canli agirlik alinmadan 6nce, her
bir midye Orneginin kurutma kagidi ile suyu
alinmis, daha sonra valflerin anterior ve posterior
kapama kaslar1 kesilerek birbirinden ayrilmasi
saglanmistir. Kabuk ve et agirlik 6l¢iimii 0,01g
hassasiyetli dijital terazi ile yapilmistir. Bu
Olglimler alinirken her bireye ayni muamele

uygulanmis, bu islemler 12 ay boyunca aylik
olarak 20 ergin bireyde tekrarlanmistir.

(€))

Ligament
Uzunluk

Umbo

Yiikseklik

Sekil 2. Unio terminalis’in viicut uzunlugu, yiiksekligi (a)
ve geniglik (b) 6l¢limiiniin sematik goriintiisii

Kondiisyon Faktorii

Canlilarin beslenme aktivitesindeki aylik ve
mevsimsel degismelerin izlenmesinde,
kondisyon  faktdriinden  yararlanilmaktadir.
Kondisyon faktorii, asagidaki esitlige gore
hesaplanmistir (Monteforte vd., 2000).

Kondiisyon Faktorii (KF) = [Yas yumusak doku
(9) / Kabuk hacmi (mm?3)] x 100

BULGULAR

Erkek ve Disi Midyelerde Uzunluk ve Yiikseklik
Bulgulan

Uzunluk ve genislik oOl¢iimii  midyelerde
biliylimeyi gosteren iki 6nemli belirtectir. Erkek
ve disi midyelerde bir yil siireyle yapilan
Ol¢iimler sonucunda, wuzunluk ve genislik
degerleri arasinda aylara gore paralel bir gidis
oldugu gozlenmistir (Tablo 1.). Uzunluk arttik¢a
genisliginde dogru orantili bir bigimde arttig1
tespit edilmistir (Sekil 3;4.).
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Sekil 3. Erkek midyelerin aylik uzunluk ve yiikseklik
degerleri
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Sekil 4. Disi midyelerin aylik uzunluk ve yiikseklik
degerleri

Erkek ve Disi Midyelerde Uzunluk ve Genislik
Bulgulan

Erkek ve disi midyelerde bir y1l boyunca yapilan
orneklemeler sonucunda, aylara gore midye
kabugundaki yiikseklik degerinin degisimi,
midye uzunlugu ile paralel oldugu gozlenmistir
(Tablo 1.). Uzunluk arttik¢a yiiksekliginde dogru
orantil1 bir bicimde artt1g1 tespit edilmistir (Sekil
5;6.).

VetBio, 2021, 6(3), 220-227

8,50 —a— Uzunluk (cm) - 3,30
—+— Yukseklik (cm)
_ 800y 1310~
£ g
L 750 =
£ 1290%F
S 7,00 1 5
N o
= 2,70
6,50 '
6,00 } } } } } } } 2,50
L L ¥ NP DS E S ED
N N P QR F B S R
CTEF @O W \Xbo «%@@v’g“ <

Aylar

Sekil 5. Erkek midyelerin aylik uzunluk ve genislik
degerleri
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Sekil 6. Disi midyelerin aylik uzunluk ve genislik
degerleri

Table 1. Erkek ve disi midyelerde yillik uzunluk, genislik ve yiikseklik degerleri *

Erkek Midyeler Disi Midyeler

Aylar Uzunluk (cm) Yiikseklik (cm) Genislik Uzunluk Yiikseklik Genislik
(cm) (cm) (cm) (cm)

Ekim 7,67+ 0,69 3,99+ 0,22 2,99 + 0,32 7,66+ 0,56 3,99 +£0,21 3,03 +£0,21
Kasim 7,52+ 0,56 3,93+ 0,15 2,92 +0,22 7,50 + 0,50 3,90 + 0,30 2,91 +0,30
Aralik 7,31+ 0,70 3,91+ 0,33 2,77+ 0,26 7,38 + 0,62 3,81 +0,43 2,85+ 0,43
Ocak 7,48 + 0,47 3,89+ 0,36 2,84+0,15 7,35+0,51 3,74+ 0,28 2,81 +0,28
Subat 8,05+ 0,51 3,95+ 0,22 3,03+ 0,16 7,55+ 0,34 3,85+0,27 2,98+ 0,27
Mart 7,86 £ 0,41 3,97+ 0,16 2,91 +0,23 7,49 £ 0,62 3,76 £ 0,20 2,86+ 0,20
Nisan 7,74 £ 0,61 396+ 0,27 2,83 +£0,35 7,69+ 0,70 3,96 +0,35 2,79 £0,35
Mayis 7,25+ 1,99 393+ 1,05 2,70 £ 0,74 7,73 £0,51 3,99 + 0,74 2,89 +0,74
Haziran 7,59+ 0,32 3,95+ 0,17 2,84+0,13 7,68 £0,41 4,00+ 0,21 2,87+0,21
Temmuz 7,76 = 0,64 4,00 = 0,25 2,88 £0,26 7,82 +0,42 4,09+ 0,19 2,97+0,19
Agustos 7,51+ 0,45 3,99+ 0,23 2,91+0,24 7,77+ 0,44 4,07+0,18 2,94+0,18
Eyliil 7,58 £ 0,70 3,95+0,27 2,87 £0,26 7,73 £0,42 3,98 £0,15 2,90+ 0,15

* = Veriler aritmetik ortalama + standart hata olarak ifade edilmistir

Erkek ve Disi Midyelerde Kondisyon Faktorii
(KF)

Bir yil boyunca erkek bireylerde hesaplanan
kondisyon faktorii, en diisiik Ekim ayinda
bulunurken, en yiiksek degere agustos ayinda
ulagmustir (Tablo 2.). Disi midyelerde kondisyon

faktorii degeri, erkek midyelerde oldugu gibi
Ekim ayinda en diisiik, agustos ayinda en yiiksek
diizeyde tespit edilmistir (Sekil 7.; Tablo 2.).
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Sekil 7. Erkek ve disi midyelerin aylik kondisyon faktorii degerleri

Tablo 2. Erkek ve disi midyelerin yillik sicaklik degerlerine gore kondisyon faktorii ve et agirhigi degerleri *

Erkek Midyeler Disi Midyeler

Aylar Yas Et Agirhgi ' Kondisyon * Sicakhik (°C) ' Yas Et ' Kondisyon

(9) faktorii Agirhig (g) faktorii
Ekim 7,16+1,85 7,85+1,55 24,56+0,15 9,60+2,25 10,36+£2,31
Kasim 9,67+2,81 11,34+2,61 17,17+0,07 9,71£1,79 11,40+1,29
Aralik 8,54+2.01 10,82+5,08 13,13+0,12 8,80+2,86 11,61+5,81
Ocak 8,65+1,94 10,47+2,04 10,59+0,16 8,38+1,68 11,83+1,70
Subat 13,19+2,18 8,42+1,21 13,46+0,18 12,00+1,67 12,10+1,40
Mart 10,15+2,48 13,03+2,54 17,57+£0,10 10,22+2,01 13,14+£1,61
Nisan 11,68+1,33 11,33+1,63 21,61+0,07 12,07+3,19 14,03+2,09
Mayis 8,47+3,14 11,00+3,20 22,54+0,08 8,89+1,94 11,35£1,60
Haziran 11,22+1,07 13,19+1,08 28,44+0,10 12,04+1,72 13,59+1,52
Temmuz 10,81+3,01 11,93+2,43 30,91+0,06 11,2042,04 11,7742,25
Agustos 12,42+2.56 14,26+1,59 33,63+0,10 13,72+1,67 14,57+3,14
Eyliil 10,82+2,57 12,13+£3,31 28,84+0,12 11,80+2,41 12,76+2,05

* = Veriler aritmetik ortalama + standart hata olarak ifade edilmistir

Erkek ve Digi Midyelerin Boy Gruplarina Gore
Saptanmis Olan Kondisyon Faktorii (KF)
Degerleri

Erkek midyelerde kondisyon faktorii degerleri,
4,50-4,99 cm boy grubunda (Tablo 3.; Sekil 8.),
disi midyelerde ise 5,50-5,99 cm boy grubunda
en yiiksek degerde bulunmustur (Sekil 9.; Tablo
3).

Kondiisyon Faktorii
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Sekil 8. Erkek midyelerin boy gruplarina gore saptanmis
olan kondisyon faktdrii degerleri
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Sekil 9. Disi midyelerin boy gruplarina gére hesaplanmis

Boy Gruplari (cm)

olan kondisyon faktorii degerleri

Tablo 3. Erkek ve disi midyelerin boy gruplarina gore
kondisyon faktorii degerleri”

310)Y Kondisyon Kondisyon
Gruplar Faktorii Faktorii
Disi
2,50-2,99 10,67 £2,10 -
3,00 - 3,49 12,36 £1,78 14,23 £1,63
3,50 - 3,99 12,37 £1,64 16,52+ 1,38
4,00 - 4,49 16,16 £1,39 1824+ 1,42
4,50 - 4,99 17,79 £146 17,7+1,49
5,00 - 5,49 16,86 +1,28 18,29 + 1,61
5,50 - 5,99 15,12+1,019 19,76 = 1,72
6,00 - 6,49 14,53 £1,31 16,88+ 1,36
6,50 - 6,99 17,58 1,44 17,23+ 1,57
7,00 - 7,49 14,87 £ 0,55 18,77 + 1,89
7,50 -7,99 1391+0,62  15,88+0,48
8,00 - 8,49 15,13 £ 0,59 15,2+0,52
8,50 - 8,99 14,29+0,65 —

* = Veriler aritmetik ortalama =+ standart hata olarak ifade
edilmistir

TARTISMA

Bir canlinin sekli, boyutu, farkli biiylime
ozellikleri ve popiilasyon ekolojileri hakkinda
bilgi sahibi olundugu siirece, biliyiime oranlarinin
tahmin edilmesi miimkiindiir. Cift kabuklularda
da bu Ozelliklerin belirlenmesi  ¢evresel
faktorlerin  bilinmesine baghdir.  Ozellikle
midyelerin kabuk boyutu, cevresel faktorlerin
farkl1 etkilesimlerden daha fazla etkilenmektedir
(Seed 1968; Ramesha ve Thippeswamy, 2009).
Ayn1 boydaki baz1 bireylerin farkli agirlik
gosterdigi ve bu farkliliklarin muhtemelen
midyelerin fizyolojik durumundan ve g¢evresel
parametrelerdeki farkliliklardan kaynaklandigi
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diistiniilmektedir (Seed 1976; Thippeswamy ve
Joseph 1988). Organizmalarin uzunluk ve
agirliklarinin,  taksonomi  karsilagtirmalarda
yasam Oykiisii Olclimleriyle yiiksek oranda
iligkili oldugu bildirilmektedir (Bonner 1965;
Peter 1983). Midyeler yasamlar1 boyunca
dogrusal olmayan yapilarimi korumuslardir
(Ramesha ve Thippeswamy, 2009). Cift
kabuklular i¢in KF ilk olarak et kalitesi ve verimi

icin istiridye tlirlerinde tanimlanmig ve
kullanilmistir  (Grave, 1912). Yapilan bir
calismada, istiridyenin glikojen rezervlerini

durumu
kondisyon faktérii niteliginde kullanilmistir
(Mann, 1979). Omurgali memelilerde KF, viicut
biiytlikliigiindeki degisiklikler nedeniyle cinsiyet
ve yas siniflar arasinda farklilik
gosterebilmektedir (Peig ve Green, 2010). Cift
kabuklular i¢in, erkek ve disiler arasindaki viicut
kiitlesi ve boyutlar1 genellikle dGnemli morfolojik
farkliliklara sahip olmadig1 (Tompa, Verdonk ve

hesaplamak i¢in yaghlik, besili

Van den Biggelaar, 1984), ayrica allometrik
biiylime de sergiledikleri belirtilmistir (Gosling,
2003). Benzer sekilde, bu arastirmada erkek ve
disi midyelerin viicut agirhigi iizerinden
hesaplanan kondisyon faktorii degerleri birbirine
yakin  bulunmustur. Cift kabuklularin et
miktarin1 kabuk miktariyla iligkilendiren durum
indekslerinin Ol¢limleri ¢esitli bilimsel veya
ticari amaglar i¢in kullanilmaktadir. Bu durum,
ozellikle cift kabuklularin kalite
degerlendirmesinde ve pazarlanmasinda 6nemli
bir konu olup et oran1 ne kadar yliksekse o kadar
1yi oldugu anlamini tagimaktadir. Midyelerde KF
kabugun biiyiikliigline, mevsime, c¢evresel
faktorlere gore degismekle birlikte ortamdaki
gida mevcudiyeti ve lireme asamasina gore de
degisebilmektedir (Gosling 1992; Zeng ve Yang,
2020). Aynm1 boyut ve yastaki midyelerin
kondisyon faktorii lizerinde ekolojik etkenlerin
oldukgca etkili oldugu bildirilmektedir (Zupan ve
Saric, 2014). Basaril1 bir iiretim igin yeterli yavru
elde edilmesi ve yliksek yasama orani gibi cift
kabuklu su iirlinleri yetistiriciliginin temel
kosullarinin yani sira hizli biiyiime oran1 ve KF
diizeyinin yiiksek olmasi da oldukca dnemlidir.

M



Tatli su midyelerinde (Unio terminalis) kondisyon faktériiniin incelenmesi

Uretim  sahalarinin  dogal  potansiyelinden
maksimum diizeyde yararlanilabilmesi igin
kondisyon faktoriintin de iyi bir oranda olmasi

gerekmektedir.

SONUC

Bu calismada bir y1l boyunca kondisyon faktorii,
erkek ve disi midye bireylerinde en yiiksek
degere agustos ayinda ulastiklar1  tespit
edilmistir. Boy gruplarina gore bakildiginda,
erkek midyelerde 4,50-4,99 cm, disi midyelerde
ise 5,50-5,99 ¢cm boy grubunda KF degerleri en
yliksek diizeyde bulunmustur. Cift kabuklularin
maksimum ekonomik veriminde, et agirhig
degerine bagli olarak belirlenen KF biiyiik rol
oynamaktadir (Celik vd., 2009). Bu anlamda,
Golbas1 Goli'nde yaygin olarak bulunan U.
terminalis’in ekonomik verimliligi igin en uygun
donem, su seviyesinin de diisiik oldugu agustos
ay1 olarak tespit edilmistir.
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(ikar catismasi: Yazarlar arasinda ¢ikar catigsmasi
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Seroepidemiological survey of the Crimean-Congo
Hemorrhagic Fever Virus (CCHFV) infection amongst
domestic ruminants in Adana province, East

Mediterranean, Turkey

ABSTRACT

This study, thus, aimed to investigate the seroepidemiological status of Adana province
for CCHFV in ruminants, according to species, breed, age, gender and geographical
location. The study was carried out in 15 districts from sea level to plateaus (0-1472
m), within a 14,030 km? area. Total of 485 serum samples (165 cattle, 169 sheep and
160 goats) were collected from domestic ruminants. A modified human-based 1gG
ELISA kit was used for the detection of CCHFV specific antibodies in cattle, sheep and
goats. Statistical analyses indicated a significant relationship between antibody
presence and animal age, species, breed and location but there was no relation with
animal gender. Out of 485 samples, 154 were seropositive (31.8%). It was determined
that the statistical cluster varied between 5.8% and 74.3% according to location and
seropositivity. The most important variable associated with antibody presence was
geographic location. While high seropositivity is found at altitudes above 555 meters, it
is found to be 7% and 3% at sea level. The results indicate that Adana province is at
risk for CCHFV infection, especially in high altitude regions.

Keywords: Crimean-Congo Hemorrhagic Fever Virus, ruminants, ELISA,

seroepidemiology, Adana Province, East Mediterranean.

NTRODUCTION

Crimean-Congo hemorrhagic fever virus (CCHF) is considered to

be one of the most medically important and highly pathogenic

tick-borne zoonoses affecting humans, first seen in Crimea in

1944 and later in Congo in 1956 (Appannanavar and Mishra,
2011; Leblebicioglu et al., 2016). CCHFV is a negative-sense single-
stranded RNA (ssRNA) virus and depicted for Nairoviridae family of
Bunyavirales order and is widely distributed around the world
(Appannanavar and Mishra, 2011; Leventhal et al., 2021). More than
10000 patients have been reported since the first CCHFV cases in
Turkey in 2002 (Aydin and Coskun, 2019; Leblebicioglu et al., 2016;
Yilmaz et al., 2009). It has been reported that estimated subclinical
infections in humans range from 88% and case fatality rates range from
5% to 40%. (Yilmaz et al., 2009; Gunaydin et al., 2010; Appannanavar
and Mishra, 2011; Leblebicioglu et al., 2016; Bodur et al., 2012; Aydin
and Coskun, 2019). Veterinarians, health, agriculture and livestock
workers have a higher risk of occupational infection and the route of
transmission may vary (Al-Abri et al., 2017; Athar et al., 2005;
Leblebicioglu et al., 2015).
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Hard-shelled ticks, especially the Hyalomma
genus, serve as both reservoirs and vectors for
CCHEF virus and transmission to humans mainly
occurs through contact by infected ticks or
blood or fluids from infected animals.
Transmission also occurs in hospitals through
contact with the blood or body fluids of an
infected person, or through improper
sterilization of medical equipment, reuse or
accidental puncture of injection needles, and
contamination of medical supplies
(Leblebicioglu et al., 2014; World Health
Organization, 2013).

In previous studies in Turkey, the genome
segment of CCHFV was found in R. bursa and
H.m.marginatum ticks collected from domestic
ruminants in Kelkit valley (Tonbak et al.,
2006). CCHFV specific antibodies were
detected in cattle in the Central Anatolia region
(Sevik, 2018) in sheep and goats in Northern
Anatolia (Albayrak et al., 2012) and two
isolates of CCHFV RNA in ticks on migratory
birds were detected which is suggesting a role
for ticks in CCHFV epidemics in Turkey and
the spread of CCHFV by birds (Al-Abri et al.,
2017).

There were no previous seroepidemiological
data of CCHFV infection in ruminants in Adana
province and was reported as CCHFV non-
endemic region. In addition, sporadic human
infections and deaths have been observed since
2015 (Kuscu et al., 2017).

Numerous domestic and wild animals such
as cattle, goats, sheep, rodents and birds serve
as amplifying hosts for the CCHF virus.
Ruminants harbor the virus, amplify it and
develop specific antibodies; therefore, routine
seroepidemiological surveillance studies with
ELISA tests among ruminants in a particular
endemic or non-endemic area and determining
the prevalence of antibodies are accepted as the
preferred basic research methods as an indicator
of the presence of the virus in a particular
region. (Commission decision, 1999, Mertens et
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al., 2016; Schuster et al., 2016; Tuncer et al.,
2014). Domestic ruminants in the pasture
feeding in the districts of Adana province have
been the focus of the sampling as an indicator
of the presence of the circulating CCHF virus in
this particular region. The novel ELISA
methods modified from the CCHFV IgG
ELISA technique in humans was reported to
work in the serum of ruminants with high
specificity and sensitivity (Mertens et al., 2015;
Schuster et al., 2016). The aim was to determine
the seroprevalance of CCHFV infection in
pasture-fed domesticated ruminants according
to species, breed, age, gender and geographical

location in  Adana province, Eastern
Mediterranean zone, Turkey.

MATERIAL and METHOD

Study Area and Sampling

Adana province is located in the East

Mediterranean region of Turkey and has a
14.030 km? surface area. The northern neighbor
is The Central Anatolia, which is CCHFV
endemic. Kelkit Valley is a transitional zone
between Central Anatolia and the Black Sea
regions geographically and Euro-Siberian and
Irano-Turanian phytogeographically (Karaer&
Kiling, 2001). In the Northern Hemisphere, the
transmission of CCHFV is common between
May and September, with a peak incidence in
June and July (Leblebicioglu et al., 2016). From
the reported cases in Turkey, 68.9% had a
history of tick-bite or contact and 84.1% were
seen in May, June, and July (Yilmaz et al.,
2009). Samplings were carried out during the
tick season at this research and were collected
from healthy animals.

Sampling was done at randomly chosen
locations in 15 districts at varying altitudes
from sea level to highlands (0-1472 m) within
the province of Adana from pasture-fed
ruminants with a high risk of tick contact from
June 2016 to May 2017. After examining the
health status, blood samples (n=485) were
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collected from the jugular vein of 165 cattle,
169 sheep and 160 goats. In the Tufanbeyli
district, additional blood samples were collected
from ruminants in a village where the death
cases were recorded in humans in July 2015 due
to sporadic CCHFV infection.

Samples were kept in a cold chain,
centrifuged at 2500 rpm for 15 minute to obtain
the serum, and stored at -20 °C.
Epidemiological data; age, breed, gender,
geographical location and species were
recorded for statistical analyses. The regions
where sampling was done from sea level to
highlands are Yumurtalik, Karatas, Ceyhan,
Yiiregir, Seyhan, Cukurova, Saricam,
Imamoglu, Karaisali, Kozan, Pozanti, Aladag,
Feke, Saimbeyli and Tufanbeyli, respectively.

Investigation of anti-CCHFV IgG

The modification and optimization of the
ELISA assay were done by a commercial
human CCHFV antibody kit and validated
antibodies for animals. The conjugation of the
test (anti-human IgG peroxidase) was replaced
by cattle, sheep and goat conjugates (anti-Cow
IgG peroxidase, anti-sheep IgG peroxidase and
anti-goat 1gG peroxidase). The commercial
multi-species conjugate (ID.Vet Grabel, France)
was used. Positive and negative serum samples
were obtained from previous studies of Samsun
Veterinary Control Institute and Ondokuz
Mayis University Faculty Veterinary Faculty.
Two positive and two negative serum samples
were used for each animal species
independently. Vector Best, D-5052, Vecto
Crimean-CHF-IgG ELISA kit (Vector Best,
Novosibirsk, Russia) was used.

Validity

The negative controls average did not exceed
the 0.250 OD value and the average of the
positive controls was higher than the 1,000 OD
value. The control samples used in the tests
were determined according to the conditions

mentioned below. Serum samples were
considered negative as equal to or less than
0.500 OD, suspicious as 0.500-0.800 OD, and
positive as more than 0.800 OD. Both the
validation processes and the evaluation of OD
values were based on Mertens et al. (2015) and
Schuster et al. (2016).

Data Statistical Analyses

Data were analyzed by R Statistics program.
Data were evaluated with CHAID (Chi-squared
Automatic Interaction Detection) analysis,
estimates of combined categories and sub-
groups of the variables predicted to be effective
on antibody presence (location, species, breed,
age and gender) were performed. Multiple
correspondence analyses were performed to
examine the pattern of the relationship between
antibody presence and variables of geographical
location, species, breed, age and gender. The
relationship between the presence of antibodies
against CCHFV and the variables of species,
breed, age and gender was examined with
CHAID analysis. The categorical result variable
was considered as the dependent variable for
CHAID analysis. Geographical location,
species, breed, gender and age variables were
considered as independent variables. To
determine the relationship between variables,
the CHAID analysis breaks down the
population into separate sub-groups that are
defined by a set of independent variables
(Rokach&Maimon, 2008). The graphical
procedures of multiple correspondence analyses
are designed to describe the relationship
between observations or variables and to reduce
the dimension (Rencher, 2002).

RESULTS

Descriptive statistics according to the relation
between antibody presence and variables of
Adana city province districts sorted by altitudes
in meters are presented in Table 1.
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Table 1: Descriptive statistics of location; The districts are sorted to their altitude in meters.

Variable Categor Percentage Positive Cases Percentage
Tufanbeyli 1415 35 7.2 26 74.3
Saimbeyli 971 30 6.2 11 36.7
Aladag 858 30 6.2 14 46.7
Pozant1 786 30 6.2 20 66.7
Feke 558 30 6.2 15 50
Karaisali 257 29 6.0 4 13.8
Kozan 137 29 6.0 18 62.1

Location Cukurova 120 31 6.4 5 16.1
Sarigam 120 60 12.4 14 23.3
Imamoglu 78 31 6.4 2 6
Ceyhan 31 30 6.2 14 46.7
Seyhan 28 30 6.2 6 20
Yuregir 26 30 6.2 2 7
Karatag 11 30 6.2 1 3
Yumurtalik 10 30 6.2 2 7

Descriptive statistics according to the relation
between antibody presence and variables of

species, breed, gender and age are presented in
Table 2.

Table 2: Descriptive statistics of species, breeds, gender and age; sorted by the sampling frequency.

Percentage Positive Cases Percentage
Species Cattle 165 34.0 36 23.3
Sheep 160 33.0 61 39.6
Goat 160 33.0 57 37.1
Breed Holstein Cattle 117 24.1 10 8.5
Anatolian Cattle 48 9.9 26 54.1
Anatolian Sheep 79 16.3 36 45.6
Ivesi Sheep 37 7.6 10 27.0
Crossbred Sheep 44 9.1 15 34.1
Turkish Saanen 26 5.4 6 23.1
Ordinary Goat 87 17.9 44 50.6
Aleppo Goat 28 5.8 1 3.6
Crossbred Goat 19 3,9 6 31.6
Gender Female 422 87.0 142 33.6
Male 63 13.0 12 19.1
Age* <1 71 14.6 12 16.9
1-5 324 66.8 109 33.6
6-10 80 16.5 28 35.0
>10 10 2.1 5 50.0

*Age category of sampled animals: <1 =Up to 1 year old, 1-5 = between 1 to 5 years old, 6-10 = between 6 to 10

years old, > 10 = elder than 10 years old.

The CHAID analysis diagram where
classifications are shown with nodes to identify
relationships between variables is provided in
Figure 1. The tree contains 15 child nodes for
the independent variables of location, species,
breed and age. The attribute with the highest
Chi-square value (Chi-square=115.306; p<0.05)
among the independent variables, whose effect
on antibody presence was found statistically
significant, is placed in the first row in the
CHAID diagram. Geographical location was

found the most significant variable related to
antibody presence. The fourth node contains
150 (30.9%) samples collected from Saricam,
Cukurova, Karaisali and Seyhan. The second
node contains 121 (24.9%) samples collected
from Yumurtalik, Imamoglu, Karatas and
Yiiregir. The first node contains 120 (24.7%)
samples collected from Ceyhan, Saimbeyli,
Feke and Aladag. The third node contains 94
(19.4%) samples collected from Kozan,
Tufanbeyli and Pozanti. The frequencies of
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antibody observations in these nodes were 29,

7, 54 and 64, respectively.

Figure 1: Tree diagram of the relation between antibody presence and geographical location, species, breed and age
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In the CHAID diagram, when the nodes in
the second row were constructed, the
relationship of the independent variables to the
dependent variable was analyzed separately in
four groups. Another statistically significant
independent variable with the second-highest
statistical relationship with the dependent
variable was included for each node in the
model. The variable that best explains the
samples collected from Ceyhan, Saimbeyli,
Feke and Aladag is the breed (Chi-
square=31.046; p<0.05), which consists of three
sub-groups. The sub-groups that best describe
the antibody presence were the group of lvesi
10 (2%), crossbred 15 (3.1%), and Anatolian
breeds sheep 43 (8.9%); the group of Holstein
cattle 32 (6.6%), Turkish Saanen and ordinary
goat 20 (4.1%). The sub-group that best
describes Ivesi, crossbred and Anatolian breeds
sheep at these districts were the age data (Chi-
square=7.870; p<0.05), which is composed of

two sub-groups. Of these breeds, 51 (10.5%) of
the samples were in the 1-5, 6-10 age range and
included in the first sub-group; and 17 (3.5%)
of them were 1 year old and younger and
included in the second sub-group. The
frequencies of antibody observations in these
nodes were 32 and 4, respectively.

The variable that best explains the samples
taken from Kozan, Tufanbeyli and Pozanti was
the breed (Chi-square=24.242; p<0.05), which
heaped together in two sub-groups according to
their breeds. 75 (15.5%) were the ordinary goat,
crossbred and Anatolian breeds; and 19 (3.9%)
Holstein cattle. The frequencies of antibody
observations were 60 and 4, respectively. The
variable that best explains samples taken from
Kozan, Tufanbeyli and Pozant1 was the location
variable.

The variable that best explains the samples
taken from Saricam, Cukurova, Karaisali and
Seyhan districts was the species (Chi-
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square=8.144; p<0.05) which consists of two
sub-groups. While 101 (20.8%) of the samples
belong to goats and sheep, which spend more
time in the pasture than cattle and spread over

Figure 2: Multiple correspondence analyses output.
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more areas between the plateau and the plain,
49 (10.1%) belong to cattle. The output for the
multiple correspondence analyses is given in
Figure 2.
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Adana province map demonstrated in Figure 3.
The results indicated the CCHFV exposure was
varying at a mean value of 54.7%, 21.7%,
15% and 5.8% respectively at highlands

indicated in red, at midlands indicated in orange
and yellow, and at coastal districts indicated in
green color.

Figure 3: Adana province map. The mean CCHFV seroprevalence of 15 districts was 31.7%. In the red, orange, yellow
and green regions in Figure 3, the maximum rates are 74.3%, 23.8%, 16.1% and 7%, and the minimum rates are 36.7%,

20%, 13.8% and 3%, respectively.
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DISCUSSION

High CCHFV seropositivity (n=154) was
detected with an average seroprevalance of
31.8% (154/485) in total. Seropositivity reached
100% in the village where human deaths were

Adana City Province
KAYSERI

observed in 2015 due to CCHFV infection and
reached 74.3% in the Tufanbeyli district where
this village is located. The results indicated the
high exposure of these animals to the disease.
The results of high seropositivity of CCHFV-
specific antibodies in ruminants indicate a high
risk of human infection. CHAID analysis
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indicated a significant relation between
antibody presence and each of age, species,
breed and location, but no relationship was
found between antibody presence and gender.
Despite the lack of previous regional
seroepidemiological studies on ruminants,
Adana province was declared as a non-endemic
region previously (Kuscu et al., 2017). This
inference was probably based on either lack of
serologic surveillance study conducted on
animals in the province or there was no reported
human infection since 2015. In contrast, our
results indicated that Adana province is at risk
for CCHFV infection, especially in high altitude
regions. In 2015, sporadic cases and human
deaths were reported in Adana and human
infections increases in Turkey (Leblebicioglu et
al., 2016).

Adana province was identified as
geographically high risk area in a study
conducted with the spatial screening statistics
(SaTScan) for CCHF infection cluster (Deka,
2017). Most of the CCHFV cases seen in
Turkey have been associated with geographies
dominated by mountainous lands bisected by
riparian systems and scrub forests surrounding
cultivated fields and pastures (Vatansever et al.,
2007). Mediterranean basin, declared as suitable
for ticks to survive as the vectors of CCHFV
due to their climatic characteristics (Hoek et
al.,2012). Similar to previous reports, our
findings indicated that the high-altitude districts
of Adana province with high seropositivity are
located at the transition line with the Central
Anatolia region and have similarities with
CCHEF infection endemic regions due to the
geographical  structure and  ecological
characteristics. The geospatial approach data
reported by the spatial survey statistics and the
maximum entropy modeling with
environmental and geographical essential
characteristics of CCHFV overlap with the high
altitude regions of Adana province, which was
sampled in this study.

Location; the most significant predictor of
antibody presence was the geographical
location. The node 1 consisted of Yumurtalik,
Imamoglu, Karatas and Yiiregir, node 2
consisted of Saricam, Cukurova, Karaisali and
Seyhan, node 3 consisted of Ceyhan, Saimbeyli,
Feke and Aladag and node 4 consisted of
Koazan, Tufanbeyli and Pozanti. The
frequencies of antibody observations in these
nodes were 7, 29, 54 and 64, respectively. The
seropositivity was highest (i.e., 64%) at
CCHFV endemic regions boundary districts as
Tufanbeyli, Pozanti and Kozan followed by
Saimbeyli, Feke, Aladag and Ceyhan with 54%
seropositivity.

Altitude; the highest seroprevalence was
found at Tufanbeyli (74.3%) followed by
Pozant1 (66.6%), Kozan (62%), Feke (50%),
Ceyhan (46.7%) and Aladag (46.7%) which are
located at the highlands except for Ceyhan and
Kozan. Results indicated that districts located at
highlands borders at endemic regions of
Midland Anatolia have higher seropositivity
and are similar to previous reports (Deka, 2017;
Yilmaz et al., 2009). The seroprevalence was
highest with an average of 68,1% at node 3 as
Tufanbeyli, Kozan and Pozanti then followed
by Node 2 which was the second-highest value
in Aladag and Feke with an average of 45%.
Previous reports indicated that CCHFV
infection in Turkey presenting a peak
transmission in the early summer months and a
strong association with living at an altitude
greater than 836.5 meters.  Seasonal
transmission specifically between April and
August (most frequent in July 2005 and June
2006) at moderate altitudes, typically around
1000 meters or higher, has been reported in
other studies, presumably reflecting optimum
conditions for tick populations (Deka, 2017
Kadanali et al., 2009; Leblebicioglu et al.,
2016). Giinaydin et al. (2010) reported that
none of the CCHFV human cases was from the
geographical regions where mountainous lands
faced the sea and all cases were from areas
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situated at 1100-2265 m above sea levels. Our
results are similar to previous studies; as
districts located at altitudes above 555 m have
higher seropositivity and districts with altitudes
at sea level have lower seropositivity.
Interestingly higher seropositivity was shown in
two neighboring districts located at lower
altitudes, 46.6% in Ceyhan (29 m) and 62% in
Kozan (137 m). The reason might be the animal
movement rather than the exposure to the
infection. Domestic ruminants can play a role in
both ways at spreading the disease without
developing a symptomatic infection; by
amplifying the virus as a host and transport the
ticks as infection vectors at the pasture feeding
between the plateaus and plains. Ceyhan and
Kozan districts offer plenty of grassland after
seasonal harvest for the traditional feeding of
sheep and goats. The results verified our theory
that there were no seropositive cattle at Ceyhan
and 0.08% at Kozan. Yumurtalik and Karatas,
have the lowest altitudes of 2 and 10 meters and
are located in the coastal regions, represented
7% and 3% seropositivity, respectively. This
finding indicates that there is a relationship
between the geographic location and the spread
of the disease, and might explain that the
disease was never reported in Northern Cyprus
Turkish Republic, which has similar sea level
located geographical features with Yumurtalik
and Karatas districts (Kasi et al., 2019). Animal
movements from the highlands to the plains
may pose a risk of spreading the infection and
its vector.

Breed; The cattle, sheep and goats breeds of
the CCHF-specific 1gG antibodies seropositive
animals at this study were 8.5% Holstein cattle
and 54.1% Anatolian Cattle, 45.6% Anatolian
sheep, 27.0% Ivesi sheep, 34.1% crossbred
sheep, 23.1% Turkish Saanen goat, 50.6%
ordinary goat, 3.6% Aleppo goat and 31.6%
crossbred goat. Blanco-Penedo et al., (2021)
reported findings of high seropositivity in
native Boran (50.7%), Zebu (45.9%) breeds fed
in the pastoral area in Kenya. The
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seropositivity findings related to the breed were
examined in our study; it was observed that
Anatolian breeds had higher seropositivity than
purebred cattle, sheep and goats. It was
concluded that this finding may be related to the
time spent in the pasture, exposure to the virus
and its vector, age, sampling size, differences in
care and nutrition, environmental conditions,
and susceptibility to diseases.

Age; The age of the CCHF-specific 1gG
antibodies seropositive animals at this study
were 50% at 10 years and older, 35% between
6-10 years old, 33.6% between 1-5 years old
and 16.9% up to 1 year old. The findings we
obtained in the study are consistent with
previous studies of other researchers who
reported that as the age increases, animals
spend more time in the pasture and as a result,
the probability of their exposure to infected
ticks, the vector of the disease (Bartel et al.,
2014, Gergova et al., 2012, Kasi et al., 2019,
Sevik 2018).

Species; Previously reported CCHF-specific
IgG antibodies in cattle were 17% in Elazig,
Samsun, Sivas, Tokat and Yozgat cities in
Turkey (Kirbas 2010), 38.5% in Tokat city in
Turkey (Oziipak 2017), 1.2% in the Central
Anatolia and central-west part of the Aegean
region of Turkey (Sevik 2018), 13% in the
Marmara region of Turkey (Tuncer et al. 2014),
71% in Bulgaria (Barthel et al., 2014), 31% in
Kosovo (Fajs et al., 2014) and 17.3% in the
Vardar region of Republic of Macedonia
(Mertens et al. 2015). Reported CCHF-specific
IgG antibodies in sheep were 85.71% in
Samsun, Tokat, Sinop and Sivas cities in
Turkey (Albayrak et.al. 2012), 37% Elaz1g,
Samsun, Sivas, Tokat and Yozgat cities in
Turkey (Kirbas 2010), 83.3% in Tokat city in
Turkey (Oziipak 2017), 31.8% in the Marmara
region of Turkey (Tuncer et al. 2014), 74% in
Bulgaria (Barthel et al., 2014), 10% in Kosovo
(Fajs et al., 2014), and %19 in Pakistan (Kasi et
al. 2017). Reported CCHF-specific 1gG
antibodies in goats were 66.66% in Samsun,
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Tokat, Sinop and Sivas cities in Turkey
(Albayrak et.al. 2012), 82.8% in Tokat city in
Turkey (Oziipak 2017), 66% in the Marmara
region of Turkey (Tuncer et al. 2014), 60% in
Bulgaria (Barthel et al., 2014), 20% in Kosovo
(Fajs et al., 2014) and 5% in Pakistan (Kasi et
al. 2017). In this study, CCHF-specific 1gG
antibodies seroprevalance was found to be
23.3% in cattle, 39.6% in sheep and 37.1% in
goats. Serological results that differ in the
studies of researchers can be explained by the
presence of factors such as species, sampling
sites, environmental and climatic changes, test
methods, number of samples examined, and age
of animals, presence and exposure of vectors. In
our study, we found that the seropositivity was
higher in sheep and goats than in cattle, which
was similar to the findings of other researchers
(Albayrak et.al. 2012, Barthel et al., 2014,
Kirbas 2010, Oziipak 2017, Schuster et al.,
2016, Tuncer et al., 2014). Species based results
are probably depends on various factors such
exposure to the vector and as host preferences,
sampling size, animal movements, feeding style
and animal characteristics as the CCHF virus
and its vectors may adapt to different
geographical regions.

Gender; obtained results of CHAID analysis
represented  no  statistically  significant
relationship between antibody presence and
gender.

The overall strategy for establishing CCHFV
surveillance  programs  should  involve
multidisciplinary research among veterinarians,
parasitologists, epidemiologists, medical
practitioners, ecologists, geographers and
livestock workers in collaboration with public
administrators. This study was designed to
determine the exposure status of cattle, sheep
and goats in Adana Province, Eastern
Mediterranean zone of Turkey. The results
indicate that Adana province is at risk for
CCHF infection, especially in high altitude
regions.

CONCLUSION

CCHFV is an important tick-borne zoonotic
infection. It is known that CCHF virus and its
vectors may differ and adapt to different
geographical regions depending on various
factors such as host selection, exposure to the
vector, animal movements, migration and host
preferences. The results highlight the suitability
of ruminants for seroepidemiological CCHFV
monitoring studies in a particular region where
the presence or absence of CCHFV is unknown.
In this study it has been determined that
seropositivity increases at altitudes of 555 m
and above, and decreases as it approaches sea
level and it has been concluded that the high
altitude regions of Adana province are at risk
for the disease.
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The effect of organochlorine insecticides on honey bee

(Apis mellifera) deaths seen in Adana region

ABSTRACT

Our society has attached great importance to beekeeping and honey since the past, and
the popularity of other bee products in recent years has made beekeeping and bee
health even more important. There are many reasons that can cause colony loss, which
is seen together with intense deaths in bees, one of them is death due to toxicity caused
by pesticides. In the study, 188 bee samples received between January and April 2015-
2018 in Adana region were examined. These samples were examined qualitatively in
terms of organochlorine pesticides by scanning the pesticides with gas chromatography
device and scanning analysis method with GC-MS technique in materials with
suspected poisoning. In the examination of the bee samples, there was no detectable
level of any substance in terms of organochlorine pesticides. This situation showed that
organochlorine pesticides did not play a role in bee colony losses in the samples
received in Adana province and its surroundings between 2015-2018 due to the
suspicion of toxicity due to heavy bee deaths. It should be kept in mind that deaths with
massive bee colony losses may be due to different pesticide types and / or subacute and
acute diseases.

Keywords: Apis mellifera, honey bee, organochlorine, insecticide, poisoning

NTRODUCTION

Pesticides are used to protect economically from the negative

effects of diseases, pests and weeds, which are a problem in

agricultural production in our country as well as all over the

world (Durmusoglu et al., 2010). Pesticides, living or found on or
around human and animal bodies, plants and inanimate objects; and also,
substances used to kill pests that reduce or damage their nutritional value
during the production, preparation, storage and consumption of nutrients
(Kaya and Bilgili, 1998). Pesticides are toxic chemicals with a specific
mechanism of action; that is, they are designed to specifically control a
target group of organisms by interfering with certain metabolic pathways
(Sanchez-Bayo and Gako, 2016). Pesticides pose a danger to humans
and animals, including wildlife, as they carry the risk of acute, subacute
and chronic poisoning and mutagenic, carcinogenic and teratogenic
effects. And also, they can cause food and environmental pollution. (Das
ve Kaya, 2004). Pesticides can be classified in various ways according to
their mode of action, rate of action, chemical structure, types of parasites
they affect, formulations and toxicity (Kaya and Bilgili, 1998).
Pesticides are named according to the organism they affect and the
pesticide function; insecticide (against insects and pests), fungicide
(against fungi), herbicide (against weeds), molluscite (against mollusks),
rodensit (against rodents), nematicide (against nematodes), acaricide
(against mites).
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Organochlorine insecticides

Classification of pesticides by their chemical
structure is the most common and useful
method of pesticide classification. Insecticides
are also divided into various subgroups such as
organochlorines  (OC), organophosphoruses
(OF), pyrethroids, carbamates, neonicotinoids,
spinosyns (Akashe et al. 2018). Pesticides
contaminate non-target areas of blooming
plants, wildflowers, beehives, pollen and nectar,
so bees can be exposed to insecticides that are
harmful to them. In cases where exposure is
suspected, it is necessary to examine dead bee
samples and identify the cause of death and
possible pesticides (Lozowicka, 2013).

In this study, our aim is to investigate
whether organic chlorine insecticides have an
effect on intense bee deaths between January
and April, which is the wintering period in
Adana region.

MATERIAL and METHOD

Due to the intense bee deaths that occurred
between January and April in the Adana region,
a total of 188 jar bee samples sent to Adana
Veterinary Control Institute and collected from
the field by experts were examined for OC
insecticide (89 jar in 2015, 10 jar in 2016, 57 jar
in 2017, 32 jar in 2018). Each jar sample
contains 100 g of newly dead bees or dying
bees. Incoming bee samples were analyzed
within 3-4 days and kept in the refrigerator at
+4°C until analysis. "Scan analysis method of
pesticides with GC-MS technique in suspected
poisoning materials” was used as the analysis
method (GTHB, 2013). Scanning was
performed with gas chromatography (GC)
device and detectors connected to the device
(Agilent 5975C Series GC/MSD System with
triple-axis detector; MSD: mass
spectrophotometer detector, ECD: electron
capture detector, D-FPD: flame photometric
detector x2).

According to the working method, each bee
sample was thoroughly shredded in the shredder

in the extraction of the samples, and then the
disintegrated sample was weighed as 25 g in the
erlenmeyer, and then 75 ml of acetonitrile was
added to it, and then mixed in the mixer and left
for 4 hours. After 4 hours, it was filtered into a
separatory funnel using filter paper and a
funnel. 125 ml of 2% saline and 50 ml of n-
hexane were added to the filtrate, respectively,
and waited until phase separation, and then the
upper phase was passed through a funnel in
which some powdered sodium sulfate was
placed and taken into a 120 ml porcelain
capsule, and then the lower phase was taken to
a separate erlenmeyer, and then 50 ml of
chloroform was added to the lower phase in
erlenmeyer and it was taken back to the
separating funnel and a phase difference was
expected. Depending on the phase difference,
the lower phase was passed through a funnel
with powdered sodium sulfate and added to the
same capsule, and then the liquid in the capsule
was expected to evaporate in the fume hood.
The dried extract in the capsule was dissolved
by adding 2 ml of methanol, and then the liquid
was passed at high pressure through a glass
pasteur pipette providing filtration with
powdered sodium sulfate, and then the filtered
liquid was given to the GC device in a vial.
Analysis was performed by injecting 2 pl of
each sample into the GC device system. Device
defined “pp'DDD, pp'DDE, op'DDT, pp'DDT,
hexachlorobenzene, alpha/beta/gamma-
hexachlorocyclohexane, alpha-endosulfan, beta-
nedosulfan, endosulfan sulfate, cis-chlordane,
beta-chlordane, aldrin, dieldrin, diclofop-
methyl, heptachlor, bromopropylate, tetradifon,
acetochlor, phenoxoprop-P-ethyl” ocC
pesticides were analyzed and also other OC
pesticides in the device library were examined.

RESULTS

Three detectors are connected to the GC device
in the laboratory, and with these three detectors,
the mass weight, electron and light intensity
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measurement of the analyte, if present in the
sample, are defined simultaneously. As seen in
Table 1, no detectable residue was found in

VetBio, 2021, 6(3), 239-242

terms of OC insecticides that could cause
toxication in the examination of a total of 188

jar bee samples.

Table 1. The number of samples examined in terms of OC insecticide by years

Pesticide Group Number of Samples Positive Sample Detected Analytes
Analyzed
2015 Organochlorine 89 None No analyte
2016 Organochlorine 10 None No analyte
2017 Organochlorine 57 None No analyte
2018 Organochlorine 32 None No analyte

OC analytes: pp'DDD, pp'DDE, op'DDT, pp'DDT, hexachlorobenzene, alpha/beta/gamma-hexachlorocyclohexane,
alpha-endosulfan, beta-nedosulfan, endosulfan sulfate, cis-chlordane, beta-chlordane, aldrin, dieldrin, diclofop-methyl,
heptachlor, bromopropylate, tetradifon, acetochlor, phenoxoprop-P-ethyl

DISCUSSION

Honey bees play an important role in the
environmental ecosystem, as pollinating species
with contribute to the production of honey,
beeswax and other bee products (Panseri et al.,
2020). The European or western honey bee,
Apis mellifera L., is used for pollination in
growing agricultural and horticultural plants
and its contribution to agricultural production in
the world is around 170-200 billion dollars
(Cloyd, 2019). Pesticides are used to protect
agricultural products, but some can affect bee
health with their toxicity, depending on the
active ingredient used and the formulation of
different pesticide products (Lozowicka, 2013).

In a survey study conducted in the United
States in the 2000s, one hundred and twenty-
one different pesticides and metabolites were
found in 887 samples, including beeswax,
pollen, bee and hive samples. Among them are
6 OC insecticides. Only 16 samples could not
detect pesticides (Johnson et al., 2010).
Although it has been stated that the use of OC
such as DDT and lindane has been prohibited in
Poland for more than 10 years, Lozowicka
(2013) found traces of these OC insecticides in
bee samples in southeastern Poland. Since their
detected concentrations were very low, these
substances were not considered to be
responsible for bee deaths, but these
determinations revealed that the environment is

still polluted by these toxins (Lozowicka,
2013).

In 2019 and 2020, 98 honey samples were
collected from hives in 4 different areas (dense
orchards, agricultural land, areas close to the
city without agriculture, and arable land with
orchards) in the Apulia Region in southern
Italy. Hexachlorobenzene (approximately 83%
of samples), 4,4'-DDE (61% of samples) and
Aldrin (19% of samples) insecticides were
detected throughout the all-region. They also
detected different OC insecticides in some, but
not all, of the field (Panseri et al., 2020).

OC insecticides were not found in our study
between 2015-2018, however, Johnson et al.
(2010), Lozowicka (2013), and Panseri et al.
(2020) as seen in the articles of, OC insecticides
are always widely used in agriculture in the
world and it is seen that this situation affects
bee products as well as bee health.

The risk of affecting bee health increases
when legal requirements or good practices for
pesticide application are not followed, among
other potential factors (Lozowicka, 2013).
Beekeeping and bee health activities in Turkey
have been put on the agenda with the
"Regulation on Beekeeping" (TKB, 2003). In
Turkey, honey and other beekeeping products
are protected from pesticides according to the
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‘Turkish Food Codex Regulation on Maximum
Residue Limits of Pesticides’. The maximum
residue limit (MRL) values for pesticides
allowed for bees and other bee products are
available in the table in Annex-5 of this
regulation. For pesticides not included in
Annex-5, an evaluation is made on the basis of
0.01 mg/kg as MRL (GTHB, 2016).

CONCLUSION

In the Adana region, there were intense bee
deaths in the 2015-2018 periods, but it was
determined that there were no deaths caused by
OC insecticides in line with the analyzes made.
It should be noted that while poisoning and
death may be caused by different insecticide
groups, bee deaths may also be caused by
subacute and/or acute infectious diseases,
sudden  weather changes and  other
environmental factors.

To prevent possible poisoning; pesticides
with low toxicity should be preferred, the
beekeeper should be notified a few days in
advance of the application of pesticides, the
beekeeper should also take into account the
warnings, pesticides should be applied in the
afternoon or in the evening, dosage adjustment
of the drugs used should be done according to
the prospectus/instructions for use, pesticides
should not be combined with different
substances other than the leaflet information.
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Evaluation of the antioxidant potential of the mad honey

collected from the black sea region in Turkey

ABSTRACT

Objective: Mad honey (Rhododendron honey) is produced by honeybees from
Rhododendron flowers and contains grayanotoxins, antioxidants, flavonoid and phenolic
properties. The mad honey samples are collected from Turkey's Black Sea region by
local residents and are sold as mad honey in free-market conditions. This study was
planned to evaluate the total phenolic content, total flavonoid content and total
antioxidant capacity and protein profiles with SDS-Page electrophoresis determined the
mad honey samples collected from seven different locations from Black Sea region by
local residents. Material and Method: Total phenolic content was determined by the
modified Folin-Ciocalteu method. Total flavonoid content was determined by
colorimetric method using aluminium chloride (AICI3). Total antioxidant activity was
calculated according to the free radical scavenging effect of 1,1-diphenyl-2-picryl
hydrazyl (DPPH). Protein profiles evaluated with SDS-Page electrophoresis. Results and
Conclusions: In Turkey, in the Black Sea Region, antioxidant potential of the honey
samples known as mad honey, collected from seven different locations by local people,
were evaluated. The mean total phenolic contents of the mad honey samples were found
as 285,44+118,43 (125.85 to 471.18) mg GAE/kg honey, the mean total antioxidant
activities were found as 29,68+7,2 (21.71 to 35.03) mg AAE/kg honey and the mean
total flavonoid contents were found as 27,26+4,79 (19.93 to 39.18) mg QE/kg honey.
The results revealed that the mad honey samples examined in this study were a good
source of antioxidant, flavonoid and phenolic content at varying levels depending on the
characteristics of the region where they were collected.

Keywords: Mad Honey, total flavonoid, total phenol, total antioxidant, protein profile

NTRODUCTION

Honey has been used in medicine since ancient times. The

composition of honey is closely related to the differences in

environmental factors, the variety of flowers from which honey is

produced, and the environmental and climatic conditions of the
region where honey is collected. Honey obtained from plants of the
Rhododendron flowers is known as "mad honey". Flowers of the
Rhododendron species are commonly found in Spain, Portugal, Japan,
Brazil, the United States, Nepal, England, and Turkey. 'Mad honey' is
common in the Black Sea region of Turkey. Especially Hopa, Kastamonu,
Zonguldak, Rize, Ordu, Tokat and Sinop are the provinces where
grayanotoxin-containing honey is detected. It is stated that consuming 50-
100 g of mad honey at once may cause intoxication. Intoxication
symptoms may occur within 20 minutes to 24 hours after consumption of
mad honey. The main symptoms that can be seen in mad honey
intoxication, depending on the amount of honey taken, are diarrhea,
sweating, dizziness, temporary loss of consciousness, syncope, ECG
disorders, blurred vision, hypotension and bradycardia.
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Potential of the mad honey

In patients with bradycardia and severe
hypotension, atropine sulfate and intravenous
saline infusion are administered as an early
treatment (Salici and Atayoglu 2015; Demir et
al., 2011; Saym et al., 2012). In the event that a
complete atrioventricular blockade develops, a
temporary pacemaker is applied in patients.
Except for the case from Lanping County
(Southwest China), the prognosis for mad honey
poisoning is reported to be very good. Except for
a few cases identified in the 1800s, it is stated
that death from mad honey intoxication is rare in
the modern medical literature today. Although
the mortality rate is low, it is stated that mad
honey consumption can cause arrhythmias that
are life-threatening and difficult to differentiate
(Shrestha et al., 2015; Dubey et al., 2009; Zhang
etal.,, 2017; Ullah et al., 2018).

In addition, the bioactivity and antioxidant
effects of each honey type are different from
each other. As an alternative medicine
Rhododendron honey consumption against
various diseases has become very popular in
recent years. It is stated that this honey has an
antioxidant property that has been shown to be
beneficial in the defense of cells with
degeneration, despite the risk of toxic effects
(Salici and Atayoglu 2015; Demir et al., 2011).
Mad honey is used as an alternative treatment
method for various diseases among people,
unlike the normal honey consumed for breakfast.
For this purpose, it is used as an alternative
medicine in cases of hypertension, diabetes,
influenza infection, gastrointestinal disorders,
abdominal pain, arthritis, sexual dysfunction,
viral infections, skin diseases, pain and heat
stress (Zhang et al., 2017; Lue and Wood 2000;
Bobis et al., 2018). In addition, it is well known
that Rhododendron plant species have
antiradical bioactivities such as antidiabetic,
anti-inflammatory,  antioxidant,  analgesic,
antimicrobial, cytotoxic and insecticidal
(Erejuwa et al., 2014; Zhang et al., 2017).

The composition of honey varies according to
the type of flowers from which honey is obtained
and the environmental conditions of the region
where they are grown. It is generally accepted
that there are more than 180 contents in the
composition of honey. The main ingredients that
give honey its sweetness are fructose (38%) and
glucose (31%). In addition to disaccharides and
trisaccharides are also found in honey in varying
proportions. Include sucrose, maltose, trehalose,
erlose, maltotriose, masculine, hybridose,
centose 3-ab, isomaltosylglucose, 1-kestose,
isomaltotriose,  panose,  isopanose, and
teanderose (Rahman 2013; Bonta et al., 2008).
Apart from carbohydrates, honey also contains
enzymes, amino acids, proteins (0.1%-3.3%),
flavonoids and phenolic acids. There are 26
amino acids reported in honey; among them,
proline is the main additive, accounting for 50-
85% of the total amino acids (Hermosin et al.,
2003). Some of the flavonoids and phenolic
contents identified in honey are kaempferol,
quercetin, chrysin, pinobanksin, luteolin,
apigenin, pinocembrin, genistein, hesperetin, p-
coumaric acid, naringenin, gallic acid, ferulic
acid, ellagic acid, syringic acid and caffeic acid,
vanyl (Erejuwa et al., 2014; Ahmed and Othman
2013; Bobis et al., 2021). There may also be
toxic contents in honey that can be harmful to
human health when consumed in excess of
certain amounts, originating from nectars
containing grayanotoxins collected from the
flowers of plants such as Rhododendron
ponticum or Azalea pontica, and causing the
collected honey to be called "Mad Honey"
(Jansen et al., 2012). Other toxic contents most
frequently  encountered in  honey are
hyoscyamine from Datura sp. (Miraldi et al.,
2001), hyoscine from Hyoscamus niger
(Jaremicz et al. 2014), saponin from Serjania
lethalis (Ekabo et al., 1996) and strychnine from
Gelsemium sempervirens (Zhang et al., 2013).

A large number of phenolic contents in the
content of mad honey perform their antioxidant
effects by defending the cells against the attacks
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of free radicals, and by preventing some
metabolic effect processes that these may cause.
In this way, the balance between oxidants and
antioxidants in a healthy condition of body are
well maintained. However, this balance can
disrupt due to oxidative stress caused by
oxidants, free radicals. Biopolymers, including
nucleic acids, proteins, carbohydrates, and
polyunsaturated fatty acids are the main target
for oxidants. Also, antioxidants can effectively
protect cells against such damage. Therefore,
they are vital for the homeostasis of cells and
tissues (Buratti et al., 2007; Alzahrani et al.,
2012; Tezcan etal., 2011; Narimane et al., 2017).

Evaluation of the total phenolic content, total
flavonoid  levels, and 2,2 difanyl-1-
picrylhydrazil (DPPH) radical scavenging test
results are the most preferred methods in
demonstrating the antioxidant property of a
content.

The antioxidant properties of mad honey and
Rhododendron ponticum extracts have been
evaluated in many studies in vivo and in vitro.
Ersan et al., (2018) determined the grayanotoxin
I and 111 levels of the mad honey samples they
collected, and experimentally administered these
honey samples to rats at a single dose of 12.5
mg/kg (acute), at a dose of 7.5 mg/kg for 21 days
(subacute) and at a dose of 5 mg. /kg dose for 60
days (chronic). As a result of their studies, they
stated that acute, subacute and long-term use of
mad honey may cause significant changes in
oxidative stress markers and enzyme levels, and
mad honey may have genotoxic results in rats.
They stated that careless use of mad honey can
cause significant side effects. Sahin et al., (2018)
state that the effectiveness of mad honey is
significantly higher than normal honey and
propolis in the healing model of wounds and
fractures they have experimentally created in
rats. Bilir et al., (2018) concluded that
Rhododendron ponticum extracts were effective
on Dul45 and PC3 prostate cancer cells in vivo.
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In this study, mad honey samples collected
from seven different locations in the Black Sea
region of Turkey will be physically examined
first, and then in order to evaluate the antioxidant
properties of these honey samples, the
antioxidant capacities of the honeys will be
determined by determining the total phenolic and
total flavonoid contents levels, and 2,2 diphanyl-
1-picrylhydrazil. (DPPH) will be evaluated by
applying radical scavenging tests. Despite the
potential risk of toxic effects, mad honey is
evaluated as a potential curative agent in clinical
trials due to its high bioactivity. It is thought that
the studies to be carried out on this subject will
contribute to the diversification of the usage
areas of mad honey collected from the Black Sea
region, and will contribute to the up-to-date
demonstration of the antioxidant properties of
mad honey. The results to be obtained from this
study will guide the analyzes to be made in this
area.

MATERIAL and METHOD

Mad honey samples collected from seven
different locations in the Black Sea region of
Turkey were brought in dark plastic containers.
Collected honey samples were stored at -40°C
until analysis. In order to evaluate the total
antioxidant activity of honey samples, honey
samples were taken out of the deep freezer
before the measurements of total phenolic
content and total flavonoid content levels of
honey samples and they were kept in an
environment at room temperature for the
samples to melt. Honey samples that melted and
reached room temperature were diluted 1/3 with
deionized water. In order for the dilution to be
homogeneous, a vortex device was used for
mixing. Afterwards, honey samples diluted in a
homogenized manner were centrifuged at 4000
rpm for 10 minutes and made ready for chemical
analysis.

In order to determine the protein profiles of
mad honey samples, honey samples were first
diluted using equal volumes of distilled water.
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Acetone precipitation method was used to
determine the protein levels of honey samples.
For this purpose, one volume of honey was taken
in a centrifuge tube and mixed with 4 mL of ice-
cold acetone. The mixture was vortexed
thoroughly and incubated in -20 °C deep freezer
for 2 h. Then the tubes were centrifuged at 8,000
rpm at 4 °C for 10 min. The pellet obtained was
air dried for 30 min and re-solubilised in 0.2 M
phosphate buffer and kept at 4 °C (Bocian et al.
2019).

Protein quantification

The protein concentration of all the samples after
precipitation was determined according to the
method of Lowry et. al., (1951). BSA was used
as the standard and the absorbance was read at
620 nm in a UV/VIS spectrophotometer.

SDS-Page

SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) was preformed according to the method
of Laemmli (1970). Honey proteins were
resolved on 12% separation gel with 5% stacking
gel. When the bromophenol blue in the loading
sample reached the lower end of the gel, it was
removed and transferred to staining tray with
Coomassie brilliant blue. The gel was kept in the
staining tray overnight. The stained gel was
determined for about 1-2 h and the process was
repeated until the bands in the gel were clear,
photographed and analyzed in a transilluminator.

Total Antioxidant

In order to calculate the total antioxidant activity
of mad honey samples, the indirect method was
used in the prepared extracts and in this way, the
free radical scavenging effects of 1,1-dipheny -
2-picrylhy-drazyl (DPPH) were determined in
honey samples. For this, extracts were prepared
in 0.1 mM DPPH methanol and 1 mL and 3 ml
of methanol-mixed extract were added to the
measuring tubes. Measurements were performed
in a spectrophotometer modified at 520 nm,
using ascorbic acid as a reference, according to

the method of Meda et al., (2005) and Dimins et
al., (2010).

The antioxidant activity of mad honey samples
was expressed as the percent inhibition of DPPH
and the calculation was carried out with the
formula given below.

AA[%] = (Abs cont-Abs sample)/Abs cont X
100).

Total Phenolic Content Concentration

The levels of total phenolic content
concentrations were measured using the Folin-
Ciocalteu method modified by Beretta et al.
(2005). For this, 900 pl of distilled water was
added to 100 pl of extract and 5 ml of Folin-
Ciocalteu reagent solution was added on it, 4 ml
of Na,COs (75 g/L) was added to this mixture
after 4 minutes, and this final mixture was left to
incubate for 2 hours. At the end of the incubation
period, the activity was determined by reading
the mixture at 750 nm in the spectrophotometer.
The total amount of phenol in mad honey
samples was calculated as equivalent to mg
gallic acid in 100 g extract (Bertoncelj et al. 2007
Beretta et al. 2005, Diminis et al. 2010).

Total Flavonoid Concentration

The levels of total flavanoid content
concentrations of mad honey samples were
determined by Dewanto et al. (2002), using
aluminum chloride, was evaluated
colorimetrically. For this, 1.25 ml distilled water,
75 pl 5% NaNO3 and 150 pl 10% AIClz were
added to 250 pl of mad honey sample. This
mixture was allowed to incubate for 2 hours. At
the end of the incubation period, the activity
level was determined by reading the mixture at
765 nm in the spectrophotometer.

Statistical Analysis of Data

The assays were carried out in triplicate, and the
results were expressed as mean values and the
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standard deviation (SD) using Microsoft office
Excel 2007. For statistical assessment of SDS
Page electrophoresis bands prior to testing
statistical significance all data were tested with
Kurskal Wallis by using SPSS 12 statistical
programme.

RESULTS

The mean total phenolic content (mg GAE/Kg),
total flavonoid content (mg QE/kg) levels and
Total Antioxidant (mg AAE/1 g honey) values
determined in mad honey samples are shown in
Table 1.

In tablel results of the honey samples and that
samples the mean total phenolic content level of

VetBio, 2021, 6(3), 243-250

mad honey samples was 285.44+118.43 (125.85-
471.18) mg GAE/kg honey; the mean total
antioxidant activity was 29.68+7.2 (21.71-35.03)
mg AAE/kg honey; and the mean total flavonoid
content level was 27.26+4.79 (19.93 - 39.18).mg
QE/kg honey

w1 2 3 4 5 6 7

245kDa
190kDa

135kDa

100kDa

80kDa

58kDa

46kDa

32kDa

22kDa

11kDa

Figure 1. Mad Honey samples protein profile evaluation
with SDS-PAGE electrophoresis

Tablel. The mean total phenolic content (mg GAE/kg), total flavonoid content (mg QE/kg) levels and Total Antioxidant

(mg AAE/1 g honey) values determined in mad honey samples (n=7).
Total Flavonoid

Sample Total Phenolic

Total Antioxidant

No Content (mg Content level (mg AAE/1 g honey)
GAE/kg) (mg QE/ kg) X £Sx
- X £Sx _ X £Sx _

1 125,85+8,20 28,26+4,76 21,64+4,93

2 242,48+23,36 29,95+4,77 36,7+1,78

3 415,6+2,12 26,15+4,06 35,04+6,50

4 256,82+14,58 21,28+5,42 34,92+3,81

5 220,84+11,12 21,71£5,13 21,71+6,79

6 265,28+3,17 35,03+4,91 35,03+2,59

7 471,18+5,67 28,47+3,48 22,71+7,20
preventing the progression of metabolic effect
DISCUSSION processes. (Buratti et al., 2007; Alzahrani et al.,

The Oxidants and antioxidants levels are well
balanced in organism. However, this balance can
change due to oxidative stress caused by free
radicals, which are destructive for cellular
components nucleic acids, proteins,
carbohydrates and fatty acids. Antioxidants can
effectively protect cells against such damage
with radical scavenging activity. Therefore, they
are important parts for the homeostasis of cells
and tissues. Most of the phenolic compounds in
the content of mad honey show antioxidant
properties by defending the cells against the
attacks of free radicals and

2012; Tezcan etal., 2011; Narimane et al., 2017).

The antioxidant properties of mad honey and
Rhododendron ponticum extracts have been
evaluated in many in vivo and in vitro studies.
Ersan et al., (2018) determined grayanotoxin |
and 111 levels in mad honey and administered
these honeys to rats for 12.5 mg/kg single dose
(acute), 7.5 mg/kg 21 days (subacute) and 5
mg/kg 60 days (chronic) periods. As a result of
their studies, they stated that acute, subacute and
chronic use of mad honey has significant effects
on oxidative stress markers and enzyme levels
and may lead to genotoxic results. They stated
that careless use for medical purposes may cause
significant side effects. Sahin et al., (2018)
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determined that the positive effect of mad honey
on the healing model of wounds and fractures
they created experimentally in rats was
significantly higher than that of normal honey
and propolis. Bilir et al., (2018) concluded that
Rhododendron ponticum extracts were effective
on Dul45 and PC3 prostate cancer cells.

In various studies, the total phenolic contents
in mad honey samples were 0.160-0.606 mg
Gallic acid equivalents (GAE)/g (Sahin et al.,
2015), 215.43-846.22 mg Gallic acid equivalents
(GAE)/Kkg (Koca et al., 2015), 0.24-141.83 mg
GAE /100 g (Silici et al., 2010). Lachman et al.,
(2010) reported that the total phenolic substance
levels in 40 honey samples varied between
0.216-0.900 mg GAE/g. In our study, the
average total phenolic content level in mad
honey samples collected from 7 different
locations of the Black Sea region was measured
as 285.44+118.43 (125.85 to 471.18) mg
GAE/Kg honey (Table 1) and this result was
found to be consistent with the above values.
Ozkok et al., (2010) reported that they found the
total phenolic content of pine honey as 35.36-
365.94 mg GAE/Kg in their study. The mean
total antioxidant activity of 7 mad honey samples
in our study was 29.68+7.2 (21.71 to 35.03) mg
ascorbic acid equivalent (AAE)/kg honey (Table
1). This result was consistent with Silici et al.,
(2010) detected antioxidant activities in mad
honey (12.76-80.80 mg ascorbic acid equvalent
/g) levels. Ozkok et al., (2010) determined the
total flavonoid level in pine honey as 4,80-22.80
mg QE/kg. The mean total flavonoid content in
mad honey samples in our study was determined
as 27.26x4.79 (19.93 to 39.18) mg Quercetin
equivalents QE/kg honey (Table 1). Total
phenolic content, total flavonoid content and
total antioxidant activity levels determined in 7
mad honey samples used in our study were found
to be compatible with the data reported by
various researchers above.

Despite the reports in various studies that the
properties of proteins in honey samples collected

from various regions vary according to the type
of plant flora and environmental factors, as a
result of the evaluation of SDS-Page
electrophoresis bands in mad honey samples in
our study; It was revealed that there was no
significant difference between the bands in mad
honey samples taken from 7 different regions. In
addition, it was concluded that the changes in the
levels of total phenolic content, total antioxidant
content and total flavonoid content in mad honey
samples in this study did not cause any change in
the protein levels of honey samples, which was
similar to the results of other studies on this
subject (Nath et al., 2018; Bocian et al. 2019).

CONCLUSION

In this study, mad honey samples collected from
7 different regions of the Black Sea region were
primarily evaluated physically. Then, the total
phenolic substance, total antioxidant activity,
and total flavonoid content and protein profiles
of these mad honey samples were revealed. In
this way, it was aimed to enable the
diversification of the usage areas of mad honey
produced in the Black Sea region. Despite its
toxic effect potential, noticeable antioxidants
activity, rich in phenolics and flavonoid content
in mad honey has been evaluated as a potential
substance for clinical trials that may be useful in
the field of alternative medicine due to its high
bioactivity.
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Plasma Tz (Triiodothyronine) and T4 (Thyroxine)

hormone levels as reference values in rehabilitated health

gray herons (Ardea cinerea)

ABSTRACT

In the rehabilitation of wild birds, determining the release criteria is very important for
the survival of the animal after its release to the nature. When determining these criteria,
the clinical examinations and clinical data of the animals should be evaluated. Therefore,
reference laboratory values play a vital role in determining release to nature. In this study,
15 (fifteen) adults and healthy Gray heron (Ardea cinerea) were brought to the 'Kafkas
University, Wild Animal Protection, Rescue, Rehabilitation Application and Research
Center' clinic in May 2016, because their nests were destroyed as a result of the
overturning of the plane tree in [§dir province, and they did not leave their surroundings,
were rehabilitated. Birds were kept in bird care rooms specially designed for their species
in the rehabilitation center. The birds were taken blood 4 days after being rehabilitated
and then released into the nature. Plasma triiodothyronine (T3) and thyroxine (Ta)
hormone levels in birds were determined as a result of the analysis of blood samples. It
was concluded that the differences in plasma T3 and T4 hormone levels obtained from a
total of 15 birds were due to the increasing physiological and metabolic needs during the
captivity period in center.

Keywords: Bird physiology, captivity, Gray Heron, rehabilitation, thyroid hormones

NTRODUCTION

Thyroid hormones; thyroxine (T4) and triiodothyronine (Ts) are
critical for neurodevelopment, development of somatic cells and
gonads in young animals (fetus, newborn and juvenile) (Nakao et
al., 2008; Sermo et al., 2005). They also play a role in regulating
metabolism,  thermoregulation,  reproduction, and  maintaining
physiological homeostasis (Cherel et al., 2004; Cooke et al., 2004; Davis
etal., 2000; Decuypere et al., 2005; Hudelson and Hudelson, 2009; Scanes
and McNabb, 2003). Recently, studies have been conducted to investigate
the relationship between thyroid hormones and many issues such as
environmental factors (such as temperature, ligth, heat, humidity),
keeping animals in captivity, the effect of contaminants (Baos et al., 2006;
Cherel et al., 2004; Decuypere et al., 2005; Schmidt and Reavill, 2008).
Environmental changes in wild birds cause significant physiological
changes (Scanes and McNabb, 2003; Walker et al., 2005). As a result of
these changes, the animal uses its available resources mostly for survival.
And this puts extra physiological burden on the animal (Bennett et al.,
2011; Davis et al., 2000). Especially keeping them in unsuitable cages or
rooms may cause increased metabolism and stress in birds especially in
rehabilitation centers (Bennett et al., 2011; Everds et al., 2013).
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Hormone levels

In addition, basal metabolism and thyroid
hormone metabolism may be affected in these
centers by reasons such as odor, noise, light
conditions, daily diet (Everds et al., 2013;
Morgan and Tromborg, 2007). One of the aims
of conservation biology is to understand the
mechanisms of adaptation of wild animals to
environmental conditions, what strategies they
use, and the differences between individuals
(Angelier et al., 2016).

In the rehabilitation of wild birds, it is
important to determine when the bird will be
considered healthy for release (Bennett et al.,
2011). Therefore, in addition to clinical
examination, the birds should also be evaluated
hematologically, biochemically and
physiologically (Guerraet al., 2018; Totzke et al.
1999). However, data on hormonal components
in wild birds are very limited (Everds et al.,
2013; Spagnolo et al., 2006). At the same time,
since there are reference differences between
species, intra-species comparisons can be one of
the reliable parameters when assessing the health
status of birds before release (Decuypere et al.,
2005; Scanes and McNabb, 2003). Increased
thyroid hormone levels in wild birds are thought
to be more related to metabolic expenditures. In
a study they conducted with Rissa tridactyla and
Uria lomviaher, they investigated the
relationship between basal metabolic rate, Tz and
T4, and found that Ts increased with basal
metabolic rate in both species (Elliot et al.,
2013). Chastel et al. (2003) similarly, in a study
they conducted with Passer domesticus, found a
directly proportional relationship between basal
metabolism and T3z hormone. Davis et al. (2000)
in a study conducted with hens (Single Comb
White Leghorn) kept in long-term cages, it was
found that corticosteroid, Tz and T4 hormones
change depending on egg production, and the
hormone levels of hens with the highest egg
production are also high.

In this study, no trauma or health problems
were found in the physical examinations of Gray

herons brought to the rehabilitation center. In
this study, it was tested whether the practices
during rehabilitation stressed the Gray herons
and their relationship with T3 and T4 metabolism.
After the Gray herons were rehabilitated, it was
aimed to contribute to the literature by
determining the plasma levels of Tz and Ti
hormones just before they were released into the
nature. In addition, understanding the
physiology, hormonal status and thyroid
metabolism of wild birds may help us determine
conservation strategies of wild birds in the
future.

MATERIAL and METHOD

In this study, 15 (fifteen) adults and healthy Gray
heron (Ardea cinerea) who were brought to the
'‘Kafkas University, Wild Animal Protection,
Rescue, Rehabilitation  Application  and
Research Center' clinic in May 2016, because
their nests were destroyed as a result of the
overturning of the plane tree in Igdir province,
and they did not leave their surroundings, were
evaluated. The aim of the rehabilitation of wild
birds is to treat animals and release them back to
the nature. Fort this reason, the international
standards followed by the rehabilitation centers
have been complied with in order to prevent any
different reasons that could stress the birds
during their stay at the center. In this process,
considering that the procedure they experience
for blood samples may cause stress, these birds
living in captivity were contacted with the same
physicians for minimum stress conditions. There
was no unnecessary physical contact during the
process and it was manipulated by the same
medical staff during the blood collection.

No trauma or health problems were found in
the clinical examinations of the Gray herons.
They were rehabilitated in a center with optimal
environmental conditions and species-specific
shelter and flight areas (5 m/6 m/30 m). They
were not disturbed for any reason other than the
investigators' routine visit and were fed on white
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meat specific to the species. In order to prevent
the birds from getting more stressed, no
unnecessary medical intervention was made in
the rehabilitation process. No blood samples
were taken from these birds for hormonal
examinations upon their first admission to the
center. Therefore, there is no control group data
showing the initial hormonal status of the birds
in the study. Blood samples were taken 4 days
after the birds were taken into the rehabilitation
process, and all individuals were released back
to the wildlife in suitable areas.

Collection of blood samples and analysis

As soon as the birds were brought to the center,
they were taken to rehabilitation. After 4 days of
rehabilitation, blood samples taken from ulnar /
basilic venae and transferred to EDTA (BD
vacutainer, K EDTA) tubes were centrifuged at
3000 rpm (Electro-mag M815M) for 5 minutes

RESULTS

In this study, plasma T3 hormones were found to
be statistically different in only 2 individuals

Levels of Plasma T; Hormone (ng/mL)

2.46
2.18
2
0.41 0.48 0.48 I
, O I I
1 2 3

Grey Herons
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and their serum was obtained. Serum samples
obtained were stored at -20 °C (Profilo 6600)
until  analysis. Chicken T4 (Thyroxine,
MyBiosource) ELISA kit and Chicken T3
(Triiodothyronine, MyBiosource) ELISA kit
was used to analyze the T3z and T4 hormones of
the samples. The analyses were carried out
according to the Elisa kit booklet.

Statistical analyses of data

The data were analyzed with SPSS 22.0
(Statistical Package for Social Sciences). The
normality test of the data was performed using
the Shapiro-Wilk test, and it was found that the
groups were not normally distributed separately
(p<0.05). Statistical analysis of blood samples
taken from rehabilitated birds was performed by
Chi-Square test and p < 0.05 was considered as
significant.

and T4 hormones in 6 individuals compared to
the others (Figure 1 and 2).

2.49+1.67
1.94 49 171 1.98 I
9 10 11 15 mean

Figure 1. Plasma T3 hormone levels of rehabilitated healthy Gray herons. *Statistically different individuals.
Mean: Fifteen Gray herons' average plasma Tz level (Mean + Standart Deviation: 2.49+1.67). p= 0.011.

Chi-square: 27.267.
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Figure 2. Plasma T4 hormone levels of rehabilitated healthy Gray herons. *Statistically different individuals.
Mean: Fifteen Gray herons' average plasma T4 level (Mean + Standart Deviation: 102.92434.38). p< 0.001.

Chi-square: 159.724.

DISCUSSION

The secretion of thyroid hormones is regulated
by the hypothalamic-pituitary-thyroid (HPT)
axis (Decuypere et al., 2005, Everds et al., 2013;
Helmreich et al., 2005). There are two active
forms of thyroid hormone circulating in living
things. Ts is the biologically active form.
Because it binds to thyroid hormone receptors
with higher affinity than T4. Peripheral tissues
can convert T4 to Ts by the action of 5'-
deiodinase (Harr, 2002; Hudelson and Hudelson,
2009; Kaneko, 1997). However, T4's rTs (reverse
T3) metabolism is faster than its conversion to Ta.
Therefore, low T4 levels may be present in the
serum of birds when increasing amounts of rT3
are produced (Decuypere et al., 2005). In this
study, there was no statistical difference in
plasma Tz hormones in 13 individuals except 2
individuals. The increase in plasma T3 hormones
in these 2 individuals seems to be related to the
increase in energy expenditure with restlessness.

Stress has an inhibitory effect on thyroid
function in birds. Plasma cortisol levels also
increase with stress. Increased plasma cortisol
level can lead to inhibition of thyroid hormone
production or a decrease in deiodination of T4 to
T3 (Chastain and Panciera, 1995; Palme et al.,
2005). Therefore, high cortisol levels may result
in decreased T4 and increased Tz in serum, or
both to decrease (Baos et al., 2006). It has been
reported that the increases in T3 are due to the
increase in energy expenditure caused by the
stress of the animal (Angelier et al., 2016;
Fischer and Romero, 2018; Helmreich et al.,
2006; Wentworth et al., 1986; Zoeller et al.,
2007). Groscolas and Leloup (1989) found that
in captivity Emperor penguins (Aptenodytes
forster) had three times lower plasma T4
concentrations than free-living penguins. It is
known that cortisol levels increase in birds in
captivity or due to activities such as ringing,
holding taking blood, and there are many studies
on this (Walker et al., 2005). However, studies
on the effects of thyroid hormones in birds kept
in captivity are not enough yet. Bennett et al.
(2012), in a study they conducted with seal pups
(Halichoerus grypus), suggested that during the
research, the researchers’ movement in the
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colony for blood sampling and morphological
measurements could only cause a general
disturbance to the colony. In the present study, it
is thought that the changes in plasma Tz and Ts
hormones are caused by the increased metabolic
needs of the birds, and the disturbance caused by
the researchers for blood intake does not affect
the levels of thyroid hormones in the birds.
DeRango et al. (2019) in a study with fur seals
(Arctocephalus philippii townsendi) found a
positive relationship with T4 and rTz in adult
females and a negative relationship with T3 in
response to capture stress. In the present study,
the increase of T4 and lower T3 suggest that it is
due to increased metabolic needs and functions
as a resource to be converted into rTa.

Welcker et al. (2015) found a positive
relationship between basal metabolic rate and Ts
in a study they conducted with Rissa tridactyla.
They suggested that factors such as catching and
holding the bird could temporarily change T3
levels. In the present study, there was no
difference in Tz hormones except 2 healthy
individuals. This difference may be due to
temporarily increased basal metabolic rate
changes in 2 individuals (Welcker et al., 2013;
2015).

CONCLUSION

At the end of the rehabilitation processes of the
healthy Gray herons in this study, it was aimed
to determine the levels of thyroid hormones,
which were not previously reported in the
literature. Depending on the procedures applied
in the center, i reported in the study, i believe the
data can be evaluated as thyroid hormone values
of healthy individuals. In addition, the stress they
experienced during the rehabilitation process
was also taken into account. In addition, these
data may not fully represent the expected values
for free-flying Gray herons under natural
conditions, due to the individual effects of
feeding and captivity stress. Due to the low
number of subjects in the study, these data i
present can be evaluated as preliminary data for

VetBio, 2021, 6(3), 251-257

studies that can be carried out with a larger
number of subjects.

In conclusion, | believe that plasma thyroid
hormone values determined with healthy wild
Gray herons in this study will contribute to the
evaluation of similar studies to be conducted in
the future, in the sense of “reference values” as
the first reported data.
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Serum iron, copper and zinc concentrations in neonatal Research Article

lambs naturally infected with Cryptosporidium parvum
Ceren Dinler Ay

ABSTRACT

The aim of this study was to evaluate the serum concentration of iron, copper and zinc
in neonatal lambs naturally infected with Cryptosporidium parvum, and to determine the
relations between these trace elements and the clinical severity of the disease. For this
purpose, neonatal lambs infected with Cryptosporidium parvum (n=27) and healthy
control lambs (n=10) were evaluated. Faecal consistency, willingness to rise, stance
when up, appetite, attitude, and hydration status were scored within the scope of clinical
examination in infected lambs. Thus, clinical health scores were calculated for each lamb
to quantify the clinical severity of the disease. Iron, copper and zinc concentrations were
measured from serum samples of lambs in both groups. Compared to the healthy control
lambs, serum iron and zinc concentrations were significantly lower in infected lambs (p
<0.001 and p <0.05, respectively), while there was no difference between the two groups
in terms of serum copper concentrations. Additionally, a significant negative correlation
(r=-0.60; p<0.001) was observed between serum zinc concentration and clinical health
score, whereas the serum iron (r= -0.359; p= 0.066) and copper (r=0.322; p = 0.102)
concentrations did not significantly correlate with clinical health score. In conclusion,
the obtained results of the study provide valuable information about trace elements status
in lambs with cryptosporidiosis.
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Cryptosporidium species are protozoan parasites that infect a
broad range of hosts including humans and animals worldwide,
causing asymptomatic or mild-to-severe gastrointestinal disease in
their host species (Robertson et al., 2014; Ryan et al., 2016).
Cryptosporidium parvum (C. parvum) was detected as a primary
etiological agent in neonatal diarrhoea of calves, lambs and kids (de Graaf

etal., 1999). This protozoon invades epithelial cells primarily in the distal Article info
small intestine, and it destroys intestinal epithelia resulting in a reduction Submission: 02-09-2021
of enzymatic activity and a decrease in the absorptive surface, finally Accepted: 07-12-2021

leading to maldigestion and malabsorption followed by osmotic diarrhoea
(Certad et al., 2017; de Graaf et al., 1999). In particular, the extent and
severity of the small intestine damage affect the clinical findings and
clinical severity of the disease (Angus et al., 1982; de Graaf et al., 1999).

Trace elements as iron (Fe), copper (Cu) and zinc (Zn) have a
significant role in metabolic function and tissue maintenance (Yatoo et e-1SSN: 2548-1150
al.,, 2013). These essential elements have important positions in doi prefix: 10.31797/vetbio
continuing vital metabolic function like oxygen transport and storage,|| ¢ http:/dergipark.org.tr/vetbio
electron transport, in functions of several enzymes, oxidative metabolism,
cell growth and proliferation (Beisel, 1976; Yatoo et al., 2013).
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It’s known that the metabolism of trace
elements is significantly affected by varying
degree of intestinal degenerations (Beisel, 1976).
It is also reported that during the acute phase
reaction, serum concentrations of these trace
elements change, especially Fe and Zn serum
concentrations decrease while serum Cu
concentration increases (Gruys et al., 2005).
Considering both the intestinal damage and
acute-phase reaction caused by
Cryptosporidium, changes in serum
concentrations of these trace elements are
expected. According to our knowledge, there is
no study evaluating the effect of
cryptosporidiosis on these trace elements in
lambs.

The aim of this study was to specify the serum
Fe, Cu and Zn concentrations in lambs with
cryptosporidiosis, and to determine whether a
relation between these elements and the clinical
severity of the disease.

MATERIAL and METHOD

The animal material of this study consisted of 27
neonatal lambs naturally infected with C.
parvum (INF group) and 10 healthy control
lambs (CON group) from a commercial sheep
farm in Aydin province. Lambs in the INF group
were 3-20 days old and of both sexes (17
females, 10 males). The healthy CON group was
selected as 6 females and 4 males at the age of 3-
20 days, similar to the INF group.

Stool samples were taken directly from the
rectum for diagnostic purposes from 3-20 days
old neonatal lambs with varying degrees of
diarrhea. Stool specimens underwent etiologic
evaluation against 5 important enteropathogens
(rotavirus, coronavirus, ETEC F5, Giardia
duodenalis and C. parvum,) with a rapid
commercial test kit (Bovid-5 Ag, Bionote,
Korea). Fresh faecal smears were prepared from
stool samples that test positive for C. parvum
with the rapid test kit. It was stained with
modified Ziehl Neelsen (Henriksen and Pohlenz,
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1981) and carbol-fuchsin (Heine, 1982), and
examined at 100 x magnifications by
microscopy. The certain diagnosis was made
with recognize of Cryptosporidium oocysts. The
lambs mono-infected with only Cryptosporidium
and who had not received any treatment before
were included in the INF group of the study.
Neonatal lambs who appeared clinically healthy
and who did not have any agent in the stool
examination both with the rapid test kit and
microscopically were included in the CON
group. All lambs were reared under the same
husbandry conditions.

Faecal consistency, willingness to rise, stance
when up, appetite, attitude, and hydration status
were evaluated within the scope of clinical
examination. A scale from 0 to 3 was assigned to
each parameter as shown in Table 1, and thus the
clinical health score (CHS) was calculated in
each lamb in the INF group. The CHS applied
for experimentally infected calves in previous
studies (Imboden et al., 2012; Riggs and
Schaefer, 2020; Schaefer et al., 2016) was
slightly modified.

Blood samples collected into tubes without an
anticoagulant were allowed to clot at room
temperature for 1 h and then centrifuged at 3000
x g for 10 min for obtaining sera. The sera
samples were stored at —20 °C until analysis for
serum Fe, Cu and Zn concentrations. The serum
concentrations of Fe, Cu and Zn were measured
using commercially available test kits (Archem
Diagnostics Ind. Ltd., Turkey) based on
colorimetric methods (ferrozine, 3.5 Di-Br-
PAESA and Nitro-PAPS, respectively) with
autoanalyzer device (Rayto Chemray 120,
China).

Statistical Analysis

Statistical analyses were performed using the
software Statistical Package for the Social
Sciences (SPSS) version 22.0 (IBM Corporation,
Armonk, USA). Arithmetic means and standard
error of the mean (SEM), for each evaluated
parameters were calculated using descriptive
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statistic. The Shapiro-Wilk test was used to
assess the respective data distributions for Fe, Cu
and Zn concentrations within each study group.
It was determined that all evaluated trace
elements showed normal distribution. Therefore,
the independent sample t-test was used to assess
the statistical significance of these trace elements

between INF and CON groups. Also, the Pearson
correlation coefficient (r) was calculated to
determine the correlations between CHS and
trace elements concentrations. All analyses were
considered statistically significant at p < 0.05.
All the graphics were drawn using GraphPad
8.0.2 (San Diego, CA, USA).

Table 1. Clinical health parameter evaluation and scoring modified from Imboden et al (2012), Schaefer et al (2016) and

Riggs and Schaefer (2020).

Score Fecal
consistenc

Willingness to rise Stance

Attitude

Appetite

Hydration

0 Normal- Normal-eager to rise ~ Normal-stable  Ravenous, Normal Normal-
solid faeces consumes full basal  bright, alert,  euhydrated,
diet, wants more responsive asymptomatic
1 Pasty faeces  Willing to rise on Somewhat Normal-consumes Somewhat Mild
own but needs unstable basal diet, reaches depressed, dehydration
prodding satiety dull (~5%)
2 Liquid Reluctant to rise but ~ Clearly Decreased, but if Clearly Moderate
faeces able with assistance unstable, loses  coaxed will suckle  depressed, dehydration
balance or minimally (~6-8%)
sways responsive
3 Watery and  Unwilling or unable  Unable to Anorectic, Severe
profuse to rise on own, stand onown  will not dehydration
faeces requires lifting if lifted suckle (~9-12%)
RESULTS Figure 1 demonstrates the mean + SEM of Fe

The clinical examination and CHS calculation of
the lambs in the INF group were performed as
indicated in Table 1. In this context, it was
determined that CHS ranged between 5 and 14
(9.59+0.55) in naturally infected lambs with C.
parvum included in the study.

when up

status

(A), Cu (B) and Zn (C) concentrations of the
lambs in the CON and INF groups. In this
context; serum Fe and Zn concentrations of the
INF group were statistically lower (p=0.000 and
p=0.024, respectively) than those of the CON
group. Also, there was no statistical difference
(p=0.761) between the two groups in terms of
serum Cu concentrations.

A B C
509 207 25+
40 - 20 )
154 -
-~ ~ ~
g 304 Akk :\:. % 15
g £ 104 g
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0- 0- T 0-
CON INF CON INF CON  INF




VetBio, 2021, 6(3), 258-264

Figure 1. Mean (+ SEM) of serum concentrations of iron (A), copper (B) and zinc (C) in healthy control (CON) and

infected (INF) neonatal lambs. * p<0.05, *** p<0.001
Table 2 presents the result of correlation

analysis between CHS and the trace elements in
infected lambs. The Pearson correlation
coefficient (r) results showed a significant
moderate negative relation between CHS and Zn

concentration (r= -0.60; p=0.001). Whereas,
CHS did not significantly correlate with serum
concentration of Fe (r=-0.359; p=0.066) and Cu
(r =0.322; p=0.102).

Table 2. Pearson correlation coefficients (r) between serum iron (Fe), copper (Cu) and zinc (Zn) concentrations
and clinical health score (CHS) in lambs infected with Cryptosporidium parvum.

Trace Element
Fe

CHS Cu
Zn

DISCUSSION

Information about the levels of serum Fe, Cu and
Zn and their relationship with clinical severity of
the disease in lambs naturally infected with C.
parvum are lacking. In this study, it was shown
for the first time that the serum Fe and Zn
concentrations of lambs naturally infected with
C. parvum were significantly lower than in the
healthy control lambs, and serum Zn
concentration correlated significantly (r= -0.60;
p=0.001) with CHS.

Several laboratory variables like trace
elements are influenced by many factors such as
animal species, age, gender, nutrition content
etc. (Hidiroglou, 1980; Soetan et al., 2010).
Variables especially in the neonatal period differ
from those of adults, therefore; they should be
interpreted under consideration of the animal’s
age. In this study, in order to eliminate these
factors, the lambs in the CON group were
selected to be similar to the lambs in the INF
group in terms of age, gender and maintenance
feeding conditions.

It is known that lambs and kids are born with
adequate Fe reserve (Hidiroglou, 1980; Oliveira
etal., 2012). Fe mobilization is increased to need
the physiological requirement such as growth
and sufficient blood production, and replace of

r p
-0.359 0.066
0.322 0.102
-0.600 0.001

foetal red blood cells with adult cells (Kojouri
and Shirazi, 2007) in the neonatal period. On the
other hand, Fe is not only essential for the
organism but also important for many bacteria,
viruses, and parasites. Several studies reported
that serum concentration of Fe decreases in
various infections due to nutritional immunity
(Beisel, 1976). In addition, intestinal damage
adversely affects the absorption of Fe, and
decreases in serum Fe values develop abruptly
during the incubation period of most systemic
infectious processes, in some instances several
days before the onset of fever or any symptoms
of clinical illness (Beisel, 1976). In our study, the
mean serum iron concentration of the INF group
(41.02+4.2 umol/L) was significantly (p=0.001)
lower than that in the CON group (21.72+1.51
umol/L). Consistent with our findings, previous
studies indicated lower serum concentration of
Fe in diarrheic yaks (Han et al., 2016), in
diarrheic sheep with coccidiosis (Davoodi and
Kojouri 2015) and, in calves experimentally
infected with C. parvum (Babag, 2014) than
those of the healthy subjects. Lower serum Fe
concentration in the INF group in this study
could be explained by the intestinal changes
caused by C. parvum and their consequences
such as systemic inflammation.
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Copper is absorbed through the small
intestine and, to a lesser extent, through the large
intestine in sheep as other species (Turner et al.,
1987). In cases of malabsorption-causing
diseases such as cryptosporidiosis, Cu
absorption may be expected to decrease (Turner
et al.,, 1987). On the other hand, an increased
serum level of copper due to undulating levels of
copper-containing ceruloplasmin and other
erythrocytic  antioxidant enzymes during
infection was reported (Abou-Shady et al. 2011;
Ranjan et al., 2006). The lack of statistical
difference between the INF group and the CON
group in terms of serum Cu concentrations in this
study may be related to the single or
simultaneous effect of the factors mentioned
above.

Zinc has a direct effect on intestinal villus,
brush-border disaccharidase activity, and
intestinal transport of water and electrolytes
(Arora et al., 2006). This effect involves both the
maintenance of the gut structure and gut immune
function (Koski et al., 2003). In a study of
children with enteric parasitic infections like
Giardia lamblia and Cryptosporidium sp., the
serum concentrations of Zn in infected children
were found to be significantly lower than non-
infected children (Yones et al., 2015).
Additionally, serum Zn concentration of acute
diarrhoeic children with unknown aetiology was
13.1% lower than healthy ones (Arora et al.,
2006). Similar to researches on humans, the
serum Zn levels of the yaks in the diarrheic group
were found that significantly lower than those in
the healthy control group (Han et al., 2016). The
serum Zn concentrations of lambs with
coccidiosis-associated diarrhoea were also lower
than the after-treatment levels (Davoodi and
Kojouri 2015). The decrease in serum/plasma Zn
concentrations in these studies is based on loss
of Zn from the gastrointestinal tract, weak Zn
absorption throughout intestines, increased Zn
requirement in the immunization system, and use
of Zn for the synthesis of antioxidant enzymes.
(Aroraetal., 2006; Han et al., 2016; Yones et al.,

2015). In the present study (Fig. 1C), the lower
serum Zn concentration in the INF group can
also be associated with the above-mentioned
mechanisms. On the other hand, it was reported
that there was no significant difference between
healthy control calves and experimentally
infected calves with C. parvum in terms of serum
Zn concentrations (Babag 2014). This disparity
may be related to differences in the severity of
the infection, except for other reasons. Because,
we also revealed a significant negative
correlation (r= -0.60; p<0.001) between serum
Zn concentration and CHS, different from serum
Fe and Cu concentration. This indicates a
relatively lower serum Zn concentration in lambs
with clinically more severe cryptosporidiosis
than in those with clinically milder. This
situation may be associated with the increase in
excretion and consumption of Zn as a result of
the morphological and inflammatory changes
caused by Cryptosporidium in the intestines.
Strand et al. (2004) report a strong association
between inflammation and plasma Zn
concentration in children with acute diarrhea.
From another point of view, considering the
direct positive effects of Zn on the intestine, low
serum zinc levels of lambs with clinically severe
cryptosporidiosis may have contributed to this
severity of the disease, among other factors.

CONCLUSION

These alterations in serum trace elements
concentrations in infected lambs may depend on
the direct effect on the gastrointestinal system of
C. parvum infection and/or its consequences.
Additionally, considering that serum Zn
concentration shows a negative correlation with
the clinical severity of the disease in this study;
the controlled studies to investigate the effect of
Zn supplementation on clinical improvement in
neonatal lambs with C. parvum-associated
diarrhoea would be beneficial.
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Heat stress, intestinal barrier disruption and calves: Research Article

multidisciplinary perspective field study
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Intestinal barrier might be deteriorated by heat stress (HS) that is important disruption Kerem Ural®

factor affected animal productivity, as resulted leaky gut in cattle. Therefore, the aim of
this study is to demonstrate that the intestinal barrier is disrupted by HS detected by the
zonulin, as an intestinal permeability biomarker. The study was conducted in local farm
in the Aydin Province of Turkey in August that had the average highest temperature [iFaculty Farm, Aydin Adnan

[41.1°C (36-44°C)] with %36 humidity recorded by the meteorological data. Further, Menderes University,
serum zonulin levels were assessed by ELISA. Serum zonulin (ng/ml) levels increased || veterinary Faculty, Aydin,
(60,07 +21,20) at mid night 00.00 am in contrast to mid-day values at 12.00 pm (34,60 Turkey
+10,90) (p=0,018). Regarding increased zonulin levels indicated that disrupted intestinal 2Department of Internal
barrier with increasing intestinal permeability and it might be affected to reduced Medicine, Aydin Adnan
productivity of lactation cattle with HS during hotter summer montHS in Aegean Region Menderes University,
in Turkey. Therefore, preventive measures should be taken reflected to HS. Veterinary Faculty Aydin,
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Considering global warming (Schér et al., 2004) and demanding of
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production animals with intensive breeding (Renaudeau et al., 0000=0002-7833-5519
2012), dairy industry is facing HS to being significant °0000-0001-5141-5108
environmental challenge. Unsurprisingly, geographic areas where 90000-0003-1867-7143

long hot summer climates having with higher humidity as like Turkey is
more exposed to these challenges (Schiiller et al., 2014; Duru, 2018;
Demirhan and Sahinler, 2019). High milk production cattle have more Correspondence
vulnerable to HS related to increasing heat production by yield and small
surface: volume ratio that limited to heat dissipation (Chebel et al., 2004).
This resulted as accommodation of the heat toward the periphery but
reducing the blood flow in especially splanchnic area that inducing gut
permeability (Hall et al., 2001; Lambert, 2009; Gupta et al., 2017). On the Article info
other hand, apart from the hypoxia, one of the factors that created Submission: 05-10-2021
intestinal permeability is direct effect of HS on intestinal barrier integrity Accepted: 09-12-2021
with triggering the shift of the inflammatory cells for maintaining the
homeostasis to the region against penetration of the toxin and bacteria
(Koch et al., 2019). Heat stress is an important factor on cattle production
that to be abating welfare, health and reproduction and the most well-
known among these is reducing milk yield and the economic losses
associated with all impacts (Gernand et al., 2019; Fabris et al., 2020; Tao
etal., 2020).
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Heat stress and intestinal barrier disruption

Weather of the Aegean Region in Turkey is
subtropical and heat weather increasing steadily
in year to year and it has been recorded the
highest temperatures in recent years due to
global warming (Demirtas, 2017; Ertugrul et al.,
2021). HS has a negative impact on dairy
lactation cattle in Turkey as in World.
Considering this, we aimed to effect of HS on
zonulin levels which is intestinal permeability
biomarker and to generated preliminary data for
implicating intestinal impairment related to HS.

MATERIAL and METHOD
Demographic Data

The study was performed in a commercial unit
rearing calves located in Aegean Region of
Turkey. Aydin city, is very well known by
Mediterranean climatic conditions (i.e. summers
are extremely hot and dry). The most elevated
temperature in the city is recorded in July with
an annual average temperature of 31.0 °C
between 1991-2020.

The farm composed of 47 apparently healthy
calves, to those of which 40-70 days old ones
were involved at the present study. Solely 7
healthy calves (5 female, 2 male) were enrolled,
due to limited ELISA options (Figure 1).
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Figure 1. Heat stress may be tolerated in a self-manner,
although apparently healthy calves were evident. In the
present study 2 of 7 calves were enrolled, showed varying
degree of respond to heat stress.

Weather Conditions During the Present Field

Study

Given the equivalent temperature index (ETIC)
for cattle (Wang et al., 2018) this reference tool
[mild-- 23° C <ETIC<26 ° C, moderate--26° C

<ETIC<31°C, severe-- 31°C <ETIC<37°C and
emergency-- ETIC>37 © C] was taken into
consideration while performing this field trial. In
this field study present data was obtained at 12
pm and 00 am with temperature records of 42°C
and 31°C respectively, on 5 August, Friday
2021, indicated that cows enrolled were severe
and emergency affected, respectively, by HS.

Blood Sampling and Analytes

Blood was withdrawn from Vena jugularis into
anticoagulated tubes twice a day at 12 pm and 00
am at 05.08.2021. Sera was freshly dispersed and
thereafter kept at refrigerator. Bovine zonulin
ELISA Kit (MyBiosource ELISA kits) were
purchased commercially. ELISA analysis of
serum zonulin levels were performed.

Statistical Analyses

All data was tabulated as mean and standard
deviation. Normality tests of the data within the
hours in same animals were determined by
Shapiro-Wilk test. Comparisons between
different measurement times were conducted by
Wilcoxin test. All statistical analyses were
performed by program SPSS 22.0 (IBM, USA)
and p < 0.05 was accepted as statistically
significant.

RESULTS

Serum zonulin concentrations to those of
apparently healthy 7 Holstein calves were
deemed available to observe on liner graphic at
Fig 2. To those of calves serum zonulin (ng/ml)
X + SD levels at midnight 00.0, as end point,
were whole lower than what else measured at
basal values at mid-day 12.00, as starting point,
showing that HS markedly influence on
circulating zonulin levels. Table 1 presented
statistical interpretation of serum zonulin
(ng/ml) X + SD levels prior to and there after.




100,0

VetBio, 2021, 6(3), 265-269

0,0

Zonulin (ng/ml)

00:00:00 02:24:00 04:48:00 07:12:00  09:36:00 12:00:00 14:24:00
Time (hours)

Fig.2. Linear graphic showing evidenced proof of circulating (and thereof fluctuating) serum zonulin levels (measured at
mid-day 12.00 as starting point and midnight 00.0 as end point) in 7 calves enrolled at the present study.

Table 1. Statistical interpretation of serum Zonulin (ng/ml) X + SD levels prior to measurement at mid-day 12.00 as

starting point and there after midnight 00.0 as end point

12:00
Zonulin (ng/ml) 60,07 + 21,20
X +SD
DISCUSSION

Vulnerability to high climatic conditions could
probably foist health and physiological stress-
related conditions both in humans and animals.
Furthermore, the gastrointestinal system is one
of the foremost organs affected (Lambet, 2009).
In the present study as natural model, Aydin
Municipality  presents  natural  climatic
conditions, in which obtained results would have
probably change management practices,
hastening  probable expected preventive
measures. By our natural design, our HS protocol
involved marked hyperthermia as evidenced by
elevated rectal temperatures (not the subject of
this field trial, however would be the purpose of
our subsequent study and probable projects) and
respiration rates (this data was also not necessary
to shown) as was also reported previously. Other
relevant effect of HS was diminished feed intake.
This was briefly explained by the link between
decreased appetite as a probable strategy for
minimizing metabolic heat production (Pearce et
al., 2013). Dairy calves were born in summer
were prone to present lower average daily gain

Hour

00:00
34,60 + 10,90

p value
0,018

in contrast to those were born in winter (Place et
al., 1998). As calves devour a certain volume of
milk/milk replacer and starter ad libitum daily,
HS could probably alter dry matter intake in
calves at the starter. Calves were born in summer
presented lower starter dry matter intake in
contrast to others were born in winter (Rauba et
al., 2019). Calves under HS existed diminished
starter intake in comparison to others growth
under moderate conditions (Broucek et al.,
2009). Holstein heifers under HS (32.5 to 34 °C
environment) presented lower feed intake,
average daily weight gain and feed efficiency in
contrast to other ones at cooler conditions (18 to
20°C environment) (Baccari et al., 1983).
Although not reported in our study (data not
analyzed) decreased starter intake and thereafter
decreased appetite was observed by the field
veterinarian during study, which may be briefly
related to HS.

The proposed mechanisms in which HS
disrupts intestinal permeability, although not
clearly elucidated, might involve inflammation
and hypoxia modulate intestinal tight junction
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(tJ) proteins heat shock proteins and hypoxia-
inducible factor (YYamagata et al., 2004; Turner,
2006; Qi et al., 2011). Furthermore, sequel of
intestinal permeability changes involves nutrient
digestibility alterations and absorption across the
intestinal epithelium along with a hypothesis of
an acute heat-load could deleteriously change
intestinal integrity causing endotoxemia and
inflammation (Pearce et al., 2013). In the present
study serum zonulin (ng/ml) levels X + SD
decreased (60,07 = 21,20) at mid night 00.00 am
in contrast to mid-day values at 12.00 pm (34,60
+ 10,90) (p=0,018). Elevated zonulin levels
indicated that disrupted intestinal barrier and
increasing intestinal permeability, as was below
proposed mechanisms might participate.

One might speculate that calves and probably
heifers engender fewer metabolic heat and exist
larger body surface area in association with body
mass, furthermore efficiently vanishing body
heat and furthermore suggested to be more
tolerant of HS in contrast to cattle (West, 2003).
On the other hand, scientific data evidenced that
HS might affect physiology, feed conversion
efficiency, rumen of calves and heifers (Colditz
and Kellaway, 1972). All aforementioned
factors might alter their future productive life, in
which calves under HS should be monetarized.
A better understanding of HS influence on calves
should be of beneficial (Beede and Collier, 1986,
Wang et al., 2020). The purpose of our
subsequent study would handle this idea.
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Koclarda spermaya katilan CAPE'in (Kafeik asit fenil ester)
dondurma ve ¢cozdiirme sonrasi spermatolojik parametreler,
oksidatif stres ve DNA hasar1 iizerine etkileri

The effects of CAPE (caffeic acid phenethyl ester) addition on
spermatological parameters, oxidative stress and DNA damage

after frozen-thawed process in ram semen

OZET

Bu ¢aligmanin amaci kog sperma sulandiricisina ilave edilen farkli dozlardaki Kafeik asit
fenil ester (CAPE) ¢oziim sonu spermatolojik parametreler, oksidatif stres ve DNA
hasari tizerine etkileri arastirildi. Ejakulatlar bes bas Merinos koctan haftada bir kez suni
vajen yardimiyla toplandi ve bu islem alt1 kere tekrarlandi. Ejakulatlar ml’de 150x10°
spermatozoon olacak sekilde antioksidan igermeyen (kontrol) ve antioksidan i¢eren (10
pg/ml, 50 pg/ml ve 100 pg/ml) sulandiricilar ile dort bolime ayrildi. Sulandirilan
drnekler 0,25 ml’lik payetlerde 5 °C’de 3 saat ekilibrasyona tabi tutulduktan sonra sivi
azot buharinda donduruldu. Subjektif motilite yoniinden 50 ve 100 pg/ml igeren
gruplarin, kontrol grubuna gore belirgin bir Gstiinliik sagladigi (P<0.05) gdzlendi. Ayrica
orta kisim anomalileri ile toplam anormal spermatozoon orani bakimindan kontrol
grubuna gore 100 pg/ml iceren gruptaki ve kuyruk kismindaki anomaliler agisindan 50
ve 100 pg/ml iceren gruplardaki azalma énemli (P<0.05) bulundu. H+/E- orani1 agisindan
kontrol grubuna gore tiim antioksidan gruplarindaki artis, tail lenght, tail DNA ve tail
moment bakimindan kontrol grubuna gore 100 pg/ml CAPE igeren gruptaki azalmalar
ve kontrol grubuna gore spermatozoon TAS diizeylerinde 10 ve 100 pg/ml CAPE igeren
gruplardaki artis istatistiki olarak dnemli (P<0.05) bulundu. Sonug¢ olarak yaptigimiz
¢alismada kog¢ spermanin saklanmasinda spermaya katilan farkli dozlardaki CAPE'in 100
pg/ml dozu spermatozoon motilite, anormal spermatozoon orani, HOST-Eozin test orant,
oksidatif stres ve DNA hasar1 yoniinden kontrol grubu ve diger gruplara gore en iyi
korumay1 sagladigr goriildii.

Anahtar Kelimeler: Golbast Golii, kondisyon faktorii, sicaklik, tatli su midyesi, Unio
terminalis

ABSTRACT

The aim of this study is to investigate the effects of different doses caffeic acid phenethyl
ester (CAPE) adding to extender on some spermatological parameters, oxidative stress
and DNA damage during post-thawed of ram semen. Ejaculates were collected from
five Merino rams using an artificial vagina ones a week and this process was repeated
six times. Ejaculates were split into four aliquots and diluted to a final concentration of
150x10° spermatozoa/ml with the base extender containing antioxidant (10 pg/ml, 50
pg/ml and 100 pg/ml) and no additive (control). All samples were cooled to 4°C and
equilibrated for 3 h then were loaded into 0.25 ml straws and frozen using a liqued
nitrogen vapour and plunged into liquid nitrogen. In terms of subjective motility, the
groups containing 50 and 100 pg / ml were found to be significantly superior (P <0.05)
compared to the control group. In addition, in terms of mid-piece anomalies and total
abnormal spermatozoon rate, the decrease in the group containing 100 pg / ml compared
to the control group and in the groups containing 50 and 100 pg / ml in terms of tail
anomalies was found to be significant (P <0.05). The increase in all antioxidant groups
in terms of H +/ E- ratio compared to the control group, decreases in the group containing
100 pg / ml CAPE compared to the control group in terms of tail length, tail DNA and
tail moment, and the spermatozoon TAS levels in the groups containing 10 and 100 pg /
ml CAPE compared to the control group. the increase was statistically significant (P
<0.05). In conclusion, in our study, it was observed that the 100 pg / ml dose of CAPE
in different doses added to the sperm in the storage of ram semen provided the best
protection compared to the control group and other groups in terms of spermatozoon
motility, abnormal spermatozoon rate, HOST-Eosin test rate, oxidative stress and DNA
damage.

Keywords: Condition factor, freshwater mussel, Golbasi Lake, temperature, Unio
terminalis
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Koglarda iireme {izerinde en
onemli etkenlerden biri diger
tirlerde oldugu gibi, sperma
kalitesi ve spermatolojik oOzellikleridir. Bu
parametrelerin tam olarak ortaya koyabilmek
icin gerek nativ olarak tohumlama
uygulamasinda gerekse dondurularak
saklanmasi ¢alismalarinda kog spermasini uygun

suni

sulandirici kompozisyonlar1 ile sulandirilmasi
gerekmektedir. Ciinkii giiniimiizde hala kog
spermasinin  kisa ve uzun siireli saklamasi
calismalarinda farkl
kompozisyonlari ve
kullanilmaktadar.

sulandirici
yontemleri

Sulandirici igerisinde kullanilan maddelerin
spermatozoonlar {izerine olumsuz etkilerini
ortadan kaldirmak icin sulandirici
kompozisyonuna  ¢esitli sekerler  veya
antioksdian 6zelligi bilinen katki maddeleri ilave
edilmektedir. Bu sayede dondurma sirasinda
normal degerlerden ¢ok daha fazla meydana
gelen  reaktif  oksijen  tiirleri  (ROS)
spermatozoonlarin fertilizasyon yeteneklerine
negatif yonde ciddi etkileri olusmaktadir.
Oksijen,  hiicreler  tarafindan  oksidatif
fosforilasyon yoluyla bir enerji kaynag: olarak
kullanilir. Bu siiregte, ATP iiretimi, iki H.O
molekiilii olusturmak icin O2'ye dort elektron ve
dort protonun eklendigi bir reaksiyonla
birlestirilir. Ancak bir Oz molekiilii, siiperoksit
anyonu (O2 ¢ -) olusturmak i¢in yalnizca bir
elektron kazandiginda bu reaktif oksijen tiirii
(ROS), H20 olusturmak i¢in ii¢ elektron ve dort
proton daha kazanma egilimindedir. Bu islem
birka¢ reaksiyon igerir ve hidrojen peroksit
(H20>), hidroksil radikal (OH ¢) ve peroksinitrit
(ONOO-) gibi diger ROS iiretimiyle sonuglanir.
Kontrollii ROS iiretimi 6nemli bir fizyolojik role
sahip olmasina ragmen, hiicresel antioksidan
savunma tarafindan dengelenmeyen yiksek
ROS iiretimi oksidatif strese neden olur.

VetBio, 2021, 6(3), 270-277

Oksidatif stresin  kanser, kardiyovaskiiler
hastalik, ateroskleroz, hipertansiyon, iskemi /
reperfiizyon  hasari,  diabetes  mellitus,
norodejeneratif bozukluklar, romatoid artrit ve
yaslanma gibi bir¢ok hastaligin patogenezinde
Oonemli bir rol oynadig1 6ne siirlilmiistiir. Buna
gore antioksidanlar, c¢esitli hastalik kosullarinda
onemli bir koruyucu rol oynayabilir (Reuter vd.,
2010). Polifenollerin antioksidan ozellikleri
genis ¢apta kabul edilmektedir. Kafeik asit fenil
ester (CAPE), sinamik asidin bir hidroksil
turevidir. CAPE, molekiiler formiilii C17H1604
ve molekiiler agirligt 284.3 olan difenolik bir
bilesiktir. CAPE'min tam kimyasal adi, (E) -3-
(3,4-dihidroksifenil) -2-propiyonik asit, 2-
feniletil 3- (3,4 dihidroksifenil) -2-propenoattir.
CAPE, suda ¢oziinmeyen ancak etanol, metanol,
aseton ve DMSO'da serbest¢e ¢Oziinen beyaz,
ince kristal bir tozdur. Targin asitlerinde CH2 =
CH-COOH grubunun varligi, benzoik asit gibi
diger fenolik asitlere kiyasla daha yiiksek
kapasitesi ~ saglar.  Fenolik
hidroksillerin metil gibi komsu bir inert grup
tarafindan sterik engellenmesi, antioksidan
aktivitesini arttirmaktadir (Widjaja vd., 2008).
Difenolikler, hem serbest radikallerin
yayllmasint hem de olusum reaksiyonlarini
inhibe ederek antioksidan goérevi goriir. Gegis
metalini selatlama veya baslatma

antioksidan

reaksiyonlarinda yer alan enzimleri inhibe etme
kapasitesine sahiptirler (Russo vd., 2000).

In vivo deneylerde CAPE igin ¢dziicii olarak
alkollerin  kullanilmasi,  transestrifikasyon
yoluyla yeni kafeik asit esterleri iiretebildikleri
icin dikkatli olunmalidir (Celli vd., 2007). CAPE
ilk olarak 1987'de propolisin bir bileseni olarak
tanimlandi  (Bankova vd., 1987). CAPE,
propolisten farkli ekstraksiyon yontemleriyle
ekstrakte edilebilir veya % 96 ve % 91,2 molar
doniisiim degerine sahip kafeik asit ve fenetil
alkollerden yanit yiizey metodolojisi dahil olmak
tizere g¢esitli yontemlerle kimyasal olarak
sentezlenebilir (Chen vd., 2011). Propolis 6ziitii,
ilging antioksidan Ozellikler sergiler Russo vd.
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(2000) CAPE igeren propolis ekstraktini,
CAPE'den yoksun propolis ile
karsilastirildiginda daha belirgin antioksidan
ozellikler  sergiledigini  gOstermistir.  Bu,
propolisin antioksidan aktivitesinde CAPE'nin
onemli bir rol oynadigin1 géstermektedir (Russo
vd., 2002). CAPE, oksidatif hasara kars1 gii¢lii
bir  antilipoperoksidatif  sitoprotektif  ve
antijenotoksik potansiyel sergiler (Wang vd.,
2010). Yapisal olarak flavonoidlerle iligkili
olarak, CAPE bal aris1 propolis ekstraktinin
biyolojik olarak aktif bilesenidir ve normal
hiicreler {izerinde zararli etkileri olmayan yerel
bir ila¢ olarak kullanilmistir. Bilesigin giiclii
antimikrobik, anti-inflamatuar, antineoplastik ve
antioksidan  etkileri oldugu bilinmektedir
(Koltuksuz, vd., 2000). Yagda ¢oziinebilen bir
antioksidan olan CAPE, geleneksel tip gibi
birgok iltthapli ve  bulasicti  hastalikta
kullanilmaktadir. (Tolba, vd., 2013). Bir ¢alisma
oksidatif  stresin  tedavisinde =~ CAPE'nin
tyilestirici etkilerini gdstermistir (Song vd.,
2012). CAPE, genis farmakolojik aktiviteleri,
antibakteriyel, antiproliferatif, antiparazitik ve
antioksidan etkileri nedeniyle dikkat ¢eken bir
propolis bilesendir (Alday-Provencio vd., 2015).
CAPE, serbest oksijen radikallerini azaltarak
yararlt etkilerini gosterir ve bu antioksidan
enzimlere paralel hareket ederek serbest radikal
temizleme enzimlerinin tiiketimini  Onler
(Ogeturk vd., 2005). Calismamizin amaci
koclarda sperma sulandiricisina ilave edilen
CAPE'in spermatolojik 06zelliklere, oksidatif
strese ve DNA hasarina etkisini ortaya koymakla
beraber yapmis literatiir
taramalarinda hakkinda yeterli miktarda ¢alisma
olmamasi arastirmamizin orijinalligini
gostermektedir.

oldugumuz

MATERYAL VE METOT
Spermanin Alinmasi ve Degerlendirilmesi

Bu c¢alismada hayvan materyali olarak Afyon
Kocatepe Universitesi Hayvancilik Uygulama ve
Arastirma Merkezi biinyesinde bulunan 2-3 yash
5 bas Merinos 1rki kog¢ kullanilmistir. Koglardan

sperma suni vajen yardimiyla sperma alma
esnasinda agim partneri olarak kizginlig tespit
edilmis koyun, olmadig1 zamanda ise kizgmlik
gostermeyen koyunlar kullanildi. Bir yardimct
tarafindan tutulan koyunun {izerine atlayan
kogun penisine daha onceden hazirlanmis suni
vajen usuliine uygun takilarak sperma alindi.
Sezon dis1 donemde diizenli olarak koglardan
haftada iki kez suni vajenle sperma alindi (Evans
ve Maxwell, 1987). Ayr1 ayn tiiplere alinan
sperma Ornekleri bir tiipte Dbirlestirilerek
(pooling) spermatolojik muayeneleri yapildiktan
sonra 4 esit hacme ayrilarak kontrol ve farkli
konsantrasyonlarda CAPE (10, 50, 100 pg/ml)
iceren sulandiricilarla sulandirildiktan sonra
kryoprotektan olarak % 5 gliserol iceren
sulandirict ile son sulandirma yapilacaktir. Tris
stok soliisyonu i¢in: Trisma base 3,63 g Sitrik
asit 1,99 g Fruktoz 0,5 g Bidistile su ile 100 m1’
ye tamamlanarak tris-sitrik  asit-fruktoz
soliisyonu hazirlandi. (Evans ve Maxwell, 1987)
Gliserolizasyon sonrasi spermalar 5°C’de 3 saat
ekilibrasyondan sonra 5°C’de bulunan spermalar
0.25 ml’lik payetlere g¢ekilip —110°C’de 15 dk.
igerisinde donmalar1 saglandi. Idendifikasyon
amagl farkli renklerdeki payetler invitro
degerlendirmelere kadar sivi azot igerisinde (-
196 °C) depolandi. Dondurulmus spermalardan
her grup icin 6 adet olmak tizere 4 sulandirici i¢in
toplam 24 payet 37°C’lik su banyosunda 30
saniyede ¢Ozdiiriildiikten sonra spermatolojik
parametreler, oksidatif stres parametreleri ve
DNA hasari

degerlendirildi.

ise Comet assay yoOntemiyle

Spermatozoa Motilitesi

Faz-kontrast mikroskobun 37°C’ye ayarlanmis
1sitma tablasina bir lam yerlestirildi. Lam iizerine
1zotonik toplu igne basi
biiylikliigiinde sperma konularak sulandirilmisg
olan bu sperma {lizerine lamel kapatildi.
Mikroskobun 100x objektifi ile goriinti
bulunduktan sonra 200x ve 400x biiylitmede
muayene edildi. Motilitenin  belirlenmesine
yonelik olarak, en az {ic mikroskop alaninda
degerlendirme yapilarak ve bir yonde diizgiin

soliisyonu ile
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dogrusal hareket eden spermatozoonlarin ayni
alandaki tiim spermatozoonlara yiizde (%) orani
seklinde motilite tespit edilerek kaydedildi
(Hafez, 1987).

Anormal Spermatozoa Orani

Sperma numunelerinde anormal spermatozoa

orant sivi fikzasyon yontemi ile belirlendi
(Schafer ve Holzmann, 2000).

Hipo-ozmotik Eosin Boyama Test (HE-test)

Sperma numunelerinde olii-canli spermatozoa
oranint ve hipo-ozmotik sisme testinin birlikte
uygulandigr HE test kullanildi. Ependorf tiipler
banyosunda 37°C’taki 100
mOsm’luk HOST soliisyonundan 1 ml alindi
izerine sperma numunesinden 10 pl eklendi
daha sonra eosin boyasi ilave edilip karisim
37°C’lik su banyosunda 30 dk. inkiibasyona
birakillp membran1  saglam  ve  canli
spermatozoonlar  acisindan  degerlendirildi
(Giindogan vd., 2010).

igerisine  su

DNA Hasarmmin Tespiti

Spermatozoon DNA hasarinin belirlenmesinde
Single Cell Gel Electrophoresis (SCGE) yontemi
kullanildi. Comet assay olarak da adlandirilan bu
yontemde alkali pH da farklh molekiil
agirliklarina ve elektrik yiikiine sahip DNA
molekiillerinin  elektriksel alanda  gogleri
prensibine gore degerlendirme yapildi (Avdatek
vd., 2018).

Total Oksidan Seviyesi (TOS)

Olgiim Erel’in (2004) gelistirdigi metoda gére,
numune ve ayiraglar karigtirildiktan 3-4 dakika
sonra spektrofotometrede end-point okuma
yapilarak gerceklestirildi.

Total Antioksidan Kapasitesi (TAS)

Olgiim Erel’in (2005) gelistirdigi metoda gore,
numune ve ayiraglar karistirildiktan 5 dakika

sonra  spektrofotometrede  kinetik okuma
yapilarak gerceklestirildi.

Istatistiksel Analiz

VetBio, 2021, 6(3), 270-277

Onemlilik testlerinden once, tiim degiskenler
parametrik test varsayimlarmdan normallik
yonilinden Shapiro Wilks ve Skewness test ile
varyanslarin homojenligi yoniinden ise Levene’s
testi ile incelendi. Normal dagilim gosteren
degiskenler arasi1 farkliligin istatistiksel agidan
kontrolii tek yonlii varyans analizi (One-Way
ANOVA) ile, gruplar aras1 farkliligin anlamli
ciktig1 degiskenler igin ileri asama (post-hoc)
testi olarak Duncan testinden yararlanildi. Tim
istatistiksel analizler minimum %35 hata payi ile
incelendi. SPSS 22.0 paket programindan
yararlanildi. P<0,05 diizeyi anlamli olarak kabul
edildi. Sonuglar ortalama =+ standart hata olarak
verildi.

BULGULAR

Subjektif motilite ve anormal spermatozoon ile
ilgili elde edilen bulgular Tablo 1’de verildi.
Subjektif motilite yoniinden 50 ve 100 pg/ml
iceren gruplarin, kontrol grubuna gore belirgin
bir iistiinliik sagladigi (P<0.05) gozlendi. Ayrica
orta kisim anomalileri ile toplam anormal
spermatozoon orani bakimindan kontrol grubuna
gore 100 pg/ml igeren gruptaki ve kuyruk
kismindaki anomaliler agisindan 50 ve 100
png/ml iceren gruplardaki azalma Onemli
(P<0.05) bulunmustur. HE-test sonucunda elde
edilen veriler Tablo 2’de verildi. H+/E- orani
acisindan kontrol grubuna gore tiim antioksidan
gruplarindaki artis, H-/E- oran1 yOniinden
kontrol grubuna gore 50 ve 100 pg/ml iceren
gruplardaki artis ve H+/E+ oran1 bakimindan
kontrol grubuna gore 100 pg/ml igeren gruptaki
azalis ile beraber H-/E+ oranina gore kontrol
grubuna gore tiim gruplardaki azalmanin énemli
(P<0.05) oldugu belirlendi. DNA hasar
yoniinden elde edilen bulgular Tablo 3’de
sunuldu. Tail lenght, tail DNA ve tail moment
acisinda kontrol grubuna gore 100 pg/ml CAPE
iceren gruptaki azalmalar istatistiki olarak
onemli (P<0.05) bulundu. Oksidatif stres
parametrelerine ait bulgular Tablo 4’de verildi.
Spermatozoon TAS diizeyleri bakimindan
kontrol grubuna goére 10 ve 100 pg/ml CAPE
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igeren gruplardaki artig istatistiki olarak onemli
(P<0.05) bulundu.

Tablo 1. Coziim sonrasi spermatolojik parametreler ()_( + SEM, n:6).

Gruplar Motilite

Kontrol 44,16+3,00° 4,13+0,09¢ 2,9140,09¢ 12,78+0,542 19,80+0,62°
10 pg/ml 46,66+2,10°° 4,83+0,112 4,31+0,162 13,95+0,472 23,10+0,492
50 pg/ml 51,66+1,66% 4,45+0,10° 3,61£0,09° 11,30+0,59° 19,36+0,65°
100 pg/ml 55,83+2,00° 4,10+0,06° 2,330,164 6,81+0,28°¢ 13,28+0,45°¢

a-d: Herbir siitun igerisinde farkli harf tasiyan degerler arasindaki farklar istatistiki acidan 6nemlidir (P < 0,05).

Tablo 2. Coziim sonrast HE-test parametreleri (X + SEM, n:6).

Gruplar H+/E- H-/E- H+/E+ H-/E+
(%) (%) (%) (%)
Kontrol 22,66+0,334 18,16+0,60° 28,50+0,67° 30,661,082
10 pg/ml 26,16+0,40° 19,33+0,33b¢ 32,000,362 22,33+0,42°
50 pg/ml 30,83+0,70° 19,83+0,47° 31,00+1,212 18,33+1,17¢
100 pg/ml 32,33+0,49? 24,00+0,36° 26,00+0,25¢ 17,83+0,47¢

a-d: Ayni siitun igerisindeki farkli harf tasiyan degerler arasindaki farklar istatistiki olarak 6nemlidir (P < 0,05).

Tablo 3. Céziim sonrast DNA Hasarlar1 (X + SEM, n:6).

Gruplar Tail Lenght (nm/s) Tail DNA (%) Tail Moment (um/s)
Kontrol 21,27+0,50° 63,91+1,08° 16,25+0,18°
10 pg/ml 31,05+0,522 67,90+0,922 23,28+0,402
50 pg/ml 31,39+0,45° 69,85+1,022 23,88+0,70°
100 pg/ml 17,93+£0,26° 38,94+0,65¢ 13,34+0,56¢

a-c: Siitun igerisindeki farkli harfler tasiyan degerler arasindaki farklar istatistiki acidan 6nemlidir (P < 0,05).

Tablo 4. Dondurma-¢ozdiirme sonrasi oksidatif stres parametreleri (X + SEM, n:6).

Kontrol 2,66+084¢ 27,72+0,352
10 pg/ml 3,09+0,07° 28,16+1,84%
50 pg/ml 2,55+0,10° 29,08+0,412
100 pg/ml 4,47+0,152 25,75+0,49°

a-c: Herbir siitundaki farkli harf tagiyan degerler arasindaki farklar istatistiki agidan onemlidir (P < 0,05).

TARTISMA

Dondurulmus-¢ozdiiriilmiis spermada azalan
antioksidan kapasite ve artan reaktif oksijen
radikal olusumu, spermatolojik Ozellikleri ve
fertiliteyi olumsuz olarak etkiler. Dondurulmus-
cOzdiiriilmiis sperma, taze spermaya gore
peroksidasyona daha duyarhdir. Son
zamanlardaki arastirmalar spermanin saklanmasi
sirasinda infertiliteye yol agan en 6nemli sebep
olarak spermatozoon membran lipidlerinin
peroksidasyonunu gostermektedir. Bu nedenle
ko¢ spermasinin dondurulmasinda, ¢ozdiirme

sonras1 spermatolojik parametreler {izerine
olumlu etkileri olabilecegi diisiiniildiiglinden,




sperma sulandiricilarina antioksidan maddeler
katilmaktadir. Caligmamizda subjektif motilite
yoniinden 50 ve 100 pg/ml iceren gruplarin,
kontrol grubuna gore belirgin bir {stiinliik
sagladig1 (P<0.05) gozlendi. Ayrica orta kisim
anomalileri ile toplam anormal spermatozoon
orant bakimindan kontrol grubuna gore 100
ug/ml  CAPE iceren gruptaki ve kuyruk
kismindaki anomaliler acisindan 50 ve 100
ng/ml CAPE igeren gruplardaki azalma onemli
(P<0.05) bulunmustur. H+/E- orani agisindan
kontrol ~ grubuna  gore antioksidan
gruplarindaki artis onemli (P<0,05) oldugu
belirlendi. Tail lenght, tail DNA ve tail moment
acisinda kontrol grubuna gore 100 pg/ml CAPE
iceren gruptaki azalmalar istatistiki olarak
onemli (P<0.05) bulundu. Spermatozoon TAS
diizeyleri bakimindan kontrol grubuna gore 10
ve 100 pg/ml CAPE igeren gruplardaki artig
istatistiki olarak 6nemli (P<0,05) bulundu.

Soleimanzadeh vd. (2020),
mandalarda yapilan bir c¢aligmada sperma
sulandiricisina ilave edilen 100 uM Kafeik Asit
ilavesinin ¢6ziim sonu spermatozoon motilitesi,
oksidatif stres parametreleri ile DNA hasari
tizerine olumlu katki sagladigim1  ortaya
koymuslardir. Namula vd. (2018), tarafindan
yapilan bir c¢alismada,
dondurulmas1 sirasinda sperma sulandiricisina
100 uM Kafeik Asit eklenmesinin motilite,
canlilik ve plazma membran biitiinliigi dahil
olmak {izere bazi spermatolojik parametreleri
tyilestirdigi bildirilmistir. Ayla vd. (2018),
motilitesi ve  morfolojisi  bozuk insan
spermatozoon orneklerini farkli
konsantrasyonlarda CAPE ile 36 °C’de 2 saat
inkiibasyona tabii tutup daha sonra seminal
plazma MDA seviyesi ile spermatozoon
DNA’sm1  degerlendirdikleri  ¢aligmalarinda
CAPE ile 6n inkiibasyonunun in oksidatif stres
ve DNA hasarina karsi koruma sagladiginm
bildirmektedirler. Okutan vd. (2005), diyabet
olusturarak ratlarda yaptiklar1 ¢alismalarinda,
diabetes mellitus'un kalp dokusunda oksidatif
stresi arttirdigimi ve CAPE'nin antioksidan

tim

tarafindan

domuz spermasinin
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Ozelligi sayesinde oksidatif stresi iyilestirici bir
etkiye sahip oldugunu ortaya koymuslardir.

Mercantepe vd. (2018), ratlar1 sispilatin
toksisitesine maruz biraktiklari ve koruyucu
etkilerinden yaralanmak icin farkli
antioksidanlar  kullandiklar1  ¢alismalarinda
intraperitonal 10 pmol/kg/giin CAPE verdikleri
grubun testis dokusu iizerinde meydana gelen
hasar1 geri ¢evirdigini bildirmektedirler. Erboga
vd. (2016), ratlarda kadminyum toksisitesi
olusturduklar1 ¢alismalarinda 30 giin boyunca 10
umol/kg/glin dozunda CAPE verilen grubun
kadminyumun neden oldugu testis hasari,
apoptoz ve oksidatif strese karsit koruyucu bir
etkiye sahip oldugu bildirmektedirler. Abdallah
vd. (2012), ratlarda bir pestisid olan cyhalothrin
vererek lireme organlar1 ve fertilite iizerine
etkilerini  degerlendirdikleri  c¢alismalarinda
CAPE’in cyhalothrin kaynakli olusan oksidatif
stersi ve testis toksisitesini azalttigini ortaya
koymuslardir. Ozyurt vd. (2006), sigara
dumanmma 60 giin boyunca maruz biraktig
ratlarda periton i¢ci CAPE uygulanmig ve
testikiiler NO, SOD, GSH-Px, katalaz ve MDA
calisilmistir. Sigara icen grupta CAT ve SOD
aktivitelerinin anlamli olarak yiiksek ve GSH-PX
aktivitesinin anlamli olarak diisiik oldugu, CAPE
uygulanan grupta ise bu etkilerin normalize
edildigi goriilmiis. Sigara icen grupta testis
dokusundaki artmis MDA ve NO seviyeleri
CAPE uygulamasiyla tersine cevrilerek,
CAPE'nin sigaraya bagli hasar {izerindeki
koruyucu roliinii belirlemislerdir. Armagan vd.
(2008), ratlarin testislerinde kemoterapdtik ajan
olan Metotreksat (MTX), uygulamasiyla ROS
uretiminde ve oksidatif streste herhangi bir
degisiklik olup olmadigin1 ve CAPE tedavisinin
bu anormal durumu durdurup durdurmadigini
arastirdiklar1 ¢aligmalarinda ortalama viicut ve
testis agirligl, antioksidan enzim aktiviteleri,
lipid peroksidasyon parametreleri
degerlendirmisler. Lipid peroksidasyon seviyesi
ve SOD aktiviteleri MTX grubunda anlamli
olarak daha yiiksek iken CAPE uygulamasindan
sonra bunlarin azaldigini belirlemisler. Sonug
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olarak, MTX tedavisi ile CAPE uygulamasinin
testislerde  MTX kaynakli oksidatif hasar
tizerinde koruyucu bir etkiye sahip oldugu
sonucuna (2020),
kemoterapoétik bir ajan olan doxorubicin (DOX)

varmiglar. Huyut vd.
ile ratlarda testis hasar1 olusturarak curcuminin
ve CAPE’in koruyucu etkilerini arastirdiklar
calismalarinda her iki antioksidanin da oksidatif
stresi azaltarak testislerde meydana toksisiteyi
azalttigini belirlemislerdir. Yilmaz vd. (2008),
ratlara radyografik kontrast madde uygulayarak
testislerinde oksidatif stres kaynakli toksisite
olusturduklari ~ ¢alismalarinda  antioksidan
ozelliklerinden yaralanmak amaciyla erdostin ve
CAPE tedavisi uygulamiglar CAPE’in erdostine
gore oksidatif hasar1 ve dolayisiyla testis
toksisitesini  baskiladigin1  bildirmektedirler.
Ceylan vd. (2020), ratlarda propolisin etken
maddelerinden olan CAPE’in sisplatine bagh
testis hasarmi ortadan kaldirmadaki koruyucu
etkisinin arastirdiklar1 calismalarinda CAPE
uygulanan grubun diger gruplara gore oksidatif
stresi ve spermatozoon DNA hasarini azaltarak
CAPE’in koryucu ve diizeltici bir etkisi
oldugunu bildirmektedirler. Yaptigimiz literatiir
taramalarinda ko¢ spermasmin uzun siire
saklanmasinda antioksidan
ozelliginden yararlanmak amaciyla ilave edilen
bal aris1 propolis ekstraktinin biyolojik olarak
aktif bileseni olan CAPE’in calisildig1 herhangi

sulandiriciya

bir literatire rastlanmadi.

(Coziim sonrasi spermatolojik parametreler,
oksidatif stres pramaterleri ve DNA hasarinda
elde edilen veriler yukarida bahsedilen bazi
caligmalar ile paralellik gosterirken bazi
caligmalar ile de farkliliklar gostermektedir.
Gozlenen bu farkhiliklar 1k, sperma alma
metodu gibi faktorlerin yani sira dondurma
isleminde kullanilan sulandiricilar  ile
sulandiricilarin igerdigi komponentlerin miktari
ve oranlari, Ozellikle sperma sulandiricisina
katilan antioksidanin farkli konsantrasyonda
spermanin  degerlendirilmesinde
kullanilan teknikler gibi faktorlerinde rol
oynayabilecegi diisindiirmektedir.

olmas1 ve

SONUC
Sonu¢ olarak yaptigimiz calismada kog
spermanin dondurularak saklanmasinda

spermaya katilan farkli dozlardaki CAPE’in 100
ug/ml grubunun spermatozoon motilite, anormal
spermatozoon orani, H-E test orani, oksidatif
stres ve DNA hasar1 yoniinden kontrol grubu ve
diger gruplara gore en iyi korumayi sagladigi
goriildii. Ayrica yapilacak arastirmalarda in-
vitro muayene parametrelerinin in-vitro/vivo
fertilite parametreleri ile de desteklenmesinin
uygun olacagi kanaatine varildi.
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Kidney tissue selenium levels of Toxocara Canis infected Research Article

mice given Nigella Sativa

ABSTRACT

Nigella sativa (NS) has a protective effect on cellular damage caused by oxidative stress.
Selenium has an antioxidative effect. Toxocara canis is one of the nematodes causing
visceral larva migrans. Men infected with this parasite ingesting an embryonic egg. It is
more common in children between 1-4 years than adults. From the ingested embryonic
egg, the larvae released in the small intestine and they migrate to so many organs such
as liver, spleen, kidney, lung, and brain, retina of the eye, pancreas and causing lesions.
In particular, it is known to cause intense damage to Kidney tissue. In this study mice
with Toxocara canis infection were administered Nigella sativa in prophylactic and
treatment doses (100 and 200 mg/kg body weight) and selenium levels were determined
in their kidney tissues. In the healthy control group, kidney selenium levels were
980,46+236,68 ng/g and in mice infected with Toxocara canis 1240,15+315,77 ng/g.
Kidney tissue Se levels of mice given NS in two different doses for treatment (Treated
N100, Treated N200) and prophylaxis (Prophylactic N100 and ProphylacticN200)
respectively are 1297,95+354,37; 1361,29+410,46 ng/g; 1148,55+240,28 ng/g and
1465,81+450,25 ng/g. Kidney tissue selenium levels were high in both treatment and
prophylaxis dose NS given mice. In conclusion, Nigella sativa can cause increases in
kidney tissue selenium levels depends on given doses.

Keywords: Nigella sativa, selenium, oxidative stress, kidney, Toxocara canis

NTRODUCTION

Despite the advancement and use of modern medicine, the demand

for complementary and alternative medical practices is increasing

day by day (Ekor, 2014). Nigella sativa (NS) is an annual

herbaceous plant that belongs to the Ranunculaceae family, which
grows naturally in the Mediterranean, Eastern European, Southern and
South-western Asian countries (Cheikh-Rouhou et al., 2007). The plant,
also known as nigella or fennel flower, is characterized by its black seeds
and is known to be traditionally used against a variety of diseases (Jakaria
et al., 2018; Meral et al., 2001). Nigella sativa is known to act as a major
antioxidant and anti-inflammatory agent. It has also been reported to have
a wide range of effects such as anti-diabetic, anti-carcinogenic,
immunomodulator and bronchodilator effects (Tavakkoli et al., 2017).
Proper functioning of the immune system depends on the presence of trace
elements that are essential to be taken with nutrients like antioxidants and
cofactors (Lukac and Massanyi, 2007). Selenium (Se) is a trace element
that affects both the natural and acquired immune responses. Selenium
acts as an antioxidant system that can prevent tissue and cell damage and
can affect enzyme activity in different organs such as the kidneys (Huang
etal., 2012).
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Selenium can be stored in many organs and is
found in its highest concentrations in the kidney.
Thus, the kidney is the most sensitive indicator
of the animal's selenium status, and selenium
concentrations in this organ can provide valuable
diagnostic information (Combs Jr, 2015;
Shamberger, 1983).

Toxocara canis is a worldwide-distributed
nematode that belongs to the Ascaridae family,
which can cause various forms of the disease in
its hosts. Soils in both rural and urban areas are
known to be contaminated by eggs spread by
dogs or foxes (Kleine et al., 2017). The parasite
completes its life cycle in dogs. Human beings
become infected by accidental exposure of
parasites as hosts. After the parasite egg is
ingested, the larvae penetrate the intestinal wall
and then penetrate various tissues, including the
kidney. The dominant clinical manifestation
associated with T.canis is the visceral larva
migrans (VLM) syndrome, a multi-systemic
disease. Oxidative damage is known to play a
role in the pathophysiology of T.canis infection,
which is a common parasitic infection (Yarsan et
al., 2003).

The question of to what extent the changes in
selenium intake with nutrients and organ intake
can affect the parasitic infections and
concomitant immune response is important.
Literature information about the effect of
Toxocariasis and NS administration on tissue
and serum selenium concentration is lacking.
Therefore, it was aimed to evaluate the role of
selenium, which has endogenous antioxidant and
immunomodulatory  properties in  T.canis-
infected mice, and the effect of prophylactic and
therapeutic NS administration on kidney
selenium levels.

MATERIAL and METHOD
Animals

A total of 50 healthy adult male BALB/c mice
weighing 25+2 g was obtained from the
Department of Biology, Istanbul University
Faculty of Science. The animals were kept in a
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room at a constant temperature of +22+2°C
under 12 hours dark/light cycle conditions. The
mice were fed with water and standard pellets ad
libitum. The mice were accustomed to laboratory
conditions two weeks before the experiment. The
animal protocols were pre-approved by the
Harran University Animal Experiments Ethics
Committee, Sanliurfa, Turkey, before the
commencement of the experiment.

Collection and preparation of parasite eggs

The female adult T.canis were collected from
naturally infected puppies from a shelter in
Sanliurfa. The female worms of the obtained
T.canis were washed in physiological saline, and
the eggs were extracted from the vagina and
distal third of the uterus. Then, the development
of the eggs was realized in 20 days with
continuous ventilation at 28°C (Bowman et al.,
1987). The eggs were diluted with 10% gum
arabic suspension to achieve 500 embryonated
eggs in 1 ml of suspension (Musa et al., 2011).

Plant material

NS seeds were purchased from a local herbal
shop in Sanliurfa Turkey, and two different
doses of the extract were formulated (100 and
200 mg/kg body weight NS) (Musa et al., 2011).
Firstly, the seeds were cleaned, washed and
pulverized in an electrical grinder. It was waited
on methanol for 24 hours and was filtered. Its
extracted matter was obtained with using a rotary
evaporator and dried by lyophilisation and
suspended with 10% gum arabic solution.

Experimental groups

Fifty albino mice, weighing 18-25 g, were used.
Mice were divided into six experimental groups;
7 mice in control and 43 in experimental groups
(Table 1). The treatment was given for seven
consecutive days to control and experimental
groups. At the beginning and the end of the
experiment, blood smears were used to
determine T.canis infection.
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Biochemical analyses

At the end of 7 days, the animals were
decapitated, and kidney samples were collected
and stored at -70 °C until the time of analysis.
Kidney samples were analyzed for selenium by
wet ashing and fluorometric detection of the 2,3-
diaminophthalene derivative (Koh and Benson,
1983).

Table 1. Experimental groups and treatments

Statistical analyses

Statistical analyses were carried out using
GraphPad Prism 6.0 (GraphPad Software, San
Diego; CA; USA). All data were expressed as
mean + standard deviation (Mean + SD). The
groups were compared with the analysis of
variance (ANOVA) and then post hoc Tukey’s
multi-comparison tests. Significance levels were
considered as P<0.05.

| Groups Treatments |
Control Healthy mice group, 1 ml 10% gum Arabic suspension.

T.canis infected

500 embryonic eggs of T.canis were injected orally using an oesophageal catheter.

Treated N100

500 embryonic eggs of T.canis were injected orally using an oesophageal catheter and
then during 7 days 100mg/kg NS was given.

Treated N200

500 embryonic eggs of T.canis were injected orally using an oesophageal catheter and
then during 7 days 200mg/kg NS was given.

During 7 days, 100mg/kg NS was given at first then 500 embryonic eggs of T.canis
were injected orally using an oesophageal catheter. The day after given T.canis eggs,
NS was given during 7days.

During 7 days, 200mg/kg NS was given at first then 500 embryonic eggs of T.canis
were injected orally using an oesophageal catheter. The day after given T.canis eggs,

Prophylactic N100

Prophylactic N200

NS was given during 7days.

Table 2: Se levels of kidney tissues in all groups (ng/g).

I Groups n Mean + SD |
Control 7 980,46+236,68
T.canis infected 9 1240,15+315,77
Treated N100 9 1297,95+354,37
Treated N200 9 1361,29+410,46
Prophylactic N100 6 1148,55+240,28
Prophylactic N200 10 1465,81+450,25
RESULTS 200mg/kg doses for treatment (Treated N200)

In control group which mice were healthy,
kidney selenium levels were 980,46+£236,68
ng/g and in mice infected with T.canis
1240,15+315,77 ng/g. Kidney tissue Se levels of
mice given NS in 100mg/kg doses for treatment
(Treated N100) are 1297,95+354,37 and

are 1361,29+410,46 ng/g. Kidney tissue
selenium levels for prophylactic groups were
founded 1148,55+240,28 ng/g in Prophylactic
N100 group and 1465,81+450,25 ng/g
Prophylactic N200 group (Table 2).
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DISCUSSION

Toxocariasis is one of the most common
zoonotic infections in humans with a chronic
course. Long-term use of anti-parasitic drugs
may cause resistance to these drugs (Geerts and
Gryseels, 2001; Kappagoda et al., 2011). Today,
natural products with antioxidant and anti-
inflammatory effects are recommended to
replace antiparasitic drugs or co-use of them,
including those against Toxocara infections.
Besides, selenium intake with foods and tissue
selenium content may be effective on immune
system. In the present study, the efficacy of NS
on treatment and prophylactic doses, which has
been reported to have antioxidant activity on
kidney selenium levels, was evaluated in
experimentally infected mice with T.canis.

In a study, 100 and 200 mg/kg NS
administration was shown to decrease the total
T.canis larvae burden and the inflammation
degree (Musa et al., 2011). In another study, the
effectiveness of NS treatment on serum cytokine
levels was demonstrated and its use in treatment
was suggested (El-Refai et al., 2017). The anti-
Toxocara effects of NS may depend on many
factors. NS has been suggested to have a direct
lethal effect on Toxocara larvae in vivo (El-Refai
et al., 2017). In addition, NS has been found to
cause vacuolisation and irregularity in the adult
parasite cuticle (Shalaby and EI-Moghazy,
2013). Nigella sativa is thought to play a role
against the changes caused by parasites due to
the stimulating effect on the immune system and
some degree of antioxidant effect in parasitic
infections (Mahmoud et al., 2002; Majdalawieh
and Fayyad, 2015). In addition, NS has anti-
inflammatory properties by inhibiting the
formation of eicosanoids, the inflammatory
promoters (Darakhshan et al., 2015). In our
study, the effect of NS on selenium levels, which
is known to have antioxidant, anti-inflammatory
and immunomodulatory effects, which is an
important component of the antioxidant system
in the kidneys, was investigated in mice infected
with T.canis.
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Kidney tissue has the highest selenium
concentration, and normal selenium levels are
greater than 1000 ng/g. A decrease of about half
indicates  marginal  selenium  deficiency
(Shamberger,  1983).  Antioxidants  are
substances that function to protect cells from
damage caused by unstable free radicals and
reactive oxygen species (ROS) (Lobo et al.,
2010). NS has been used in the Middle East for
centuries to treat disease processes. Various
studies with NS, which is known to be a free
radical scavenger, have shown its hypotensive,
analgesic, diuretic, choleretic, antidiabetic, anti-

inflammatory, antiviral, anthelmintic,
antibacterial, antitumoral, antihistamine,
immunomodulatory, antioxidant and

hepatoprotective effects (Tavakkoli et al., 2017).

In in vitro studies, NS has been found to
reduce lipid peroxidation, protein oxidation and
has shown a protective effect in various cell
types (Tiiliice et al., 2009; Khaldi et al., 2018).
Despite these high numbers of studies with NS,
its effects on endogenous selenium are not fully
known. Unlike NS, selenium is found in almost
all human tissues and is classified as a trace
element. Selenium has the ability to change cells
by acting as an antioxidant, regulating the redox
status and immunomodulators (Tapiero et al.,
2003; Tinggi, 2008). Selenium deficiency
inhibits both cellular and humoral responses
(Sun et al., 2018). Studies have shown that the
immune system is negatively affected by
different types of parasitic diseases due to
selenium deficiency (Pilarczyk et al., 2012).
However, the effect of NS use on endogenous
selenium in T.canis infected animals has not
been investigated. In our study, it was found that
kidney tissue selenium concentration increased
in all experimental groups, but these increases
were not statistically significant compared to the
control group. NS may increase Se accumulation
in kidney tissues in two different ways; first one
is Se is involved in NS extract (Naz, 2011) and
the second one NS increases Se intake to tissues.
To reveal these further studies should be carried
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out to reveal. T.canis is known to induce
oxidative metabolism (Mahadappa and Dey,
2018). Nigella sativa has a positive antioxidative
effect (Darakhshan et al., 2015). Other increases
in Treated N200 and Prophylactic N200 groups
may be related to the antioxidative effect of NS
depending on the given doses.

CONCLUSION

In this study, an attempt was made to evaluate
the effect of selenium intake on T.canis infected
mice. In conclusion, it is thought that NS may
cause an increase in selenium concentration in
kidney tissue depending on the administered
doses, which may be protective against T.canis
infections by contributing to the antioxidant
system or used as a supportive factor together
with treatment.
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Fungusit tebukonazoliin tath su midyelerine (Unio mancus)

toksik etkilerinin ¢oklu biyobelirteclerle incelenmesi

Investigation of toxic effects of fungicide tebuconazole on

freshwater mussels (Unio mancus) with multiple biomarkers

OZET

Triazol fungusitler, genis spektrumlu, steroidal olmayan antidstrojenler ve cesitli
endiistriyel uygulamalar igin yaygin olarak kullanilmaktadir. Toprak, su gibi ¢evresel
ortamlarda ve canli organizmalarin dokularinda bu fungusitlerin kalintilarina
rastlanmaktadir. Giderek artan toksisite raporlari, triazol fungusitlerin ¢evre ve halk
saglig1 agisindan endige verici kirleticiler olarak ortaya ¢ikmasina neden olmustur. Bu
calismada, triazol grubu fungusitlerden en yaygmn kullanilan tiirlerinden biri olan
tebukonazoliin (TEB) hedef dis1 organizmalar olan tath su midyeleri (Unio mancus)
iizerindeki toksik etkileri incelenmigtir. Caligmada, 96 saat boyunca dort TEB
konsantrasyonuna (1.5, 15, 150 ve 1500 pg Al L!) maruz birakilan midyelerin solungag
ve sindirim bezlerinde g¢esitli oksidatif stres parametreleri [toplam antioksidan
konsantrasyonu (TAC), toplam oksidan konsantrasyonu (TOC), oksidatif stres indeksi
(OSI), glutatyon (GSH), malondialdehit (MDA)], antioksidan enzimler [(siiperoksit
dismutaz (SOD), glutatyon peroksidaz (GPx), glutatyon S-transferaz (GST), glutatyon
rediiktaz (GR)] ve biyotransformasyon enzimlerinden karboksil esteraz (CaE) aktivitesi
degerlendirilmistir. TEB’e maruz kalmanin hem solungagta hem de sindirim bezinde
kontrole gore 6nemli oranda TAC, OSI, MDA seviyelerini arttirdigi, TOC ve GSH
diizeylerini diigiirdiigli, SOD, GPx, GST aktivitelerini arttirdigi, GR ve CaE’yi ise inhibe
ettigi gozlenmistir. Sonu¢ olarak, TEB’in U. mancus’da o6nemli toksik etkiler
olusturdugu ve tatli su ekosistemlerinde yagayan midyelerin TEB’e maruz kalma tehdidi
altinda olabilecegi sOylenebilir.

Anahtar Kelimeler: Biyobelirtegler, oksidatif stres, tatlisu midyeleri, tebukonazol

ABSTRACT

Triazole fungicides are widely used as broad-spectrum, non-steroidal antiestrogens and
for various industrial applications. Residues of these fungicides are found in
environments such as soil and water, and in the tissues of living organisms. Increasing
toxicity reports have led to the emergence of triazole fungicides as pollutants of
environmental and public health concern. In this study, the toxic effects of tebuconazole
(TEB), one of the most widely used triazole fungicides, on freshwater mussels (Unio
mancus), which are non-target organisms, were investigated. In the study, various
oxidative stress parameters [total antioxidant concentration (TAC), total oxidant
concentration (TOC), oxidative stress index (OSI), glutathione (GSH), malondialdehyde
(MDA)], antioxidant enzymes [(superoxide dismutase (SOD), glutathione peroxidase
(GPx), glutathione S-transferase (GST), glutathione reductase (GR)] and
carboxylesterase (CaE) activity from biotransformation enzymes was evaluated in the
gill and digestive glands of mussels exposed to four TEB concentrations (1.5, 15, 150
and 1500 pug AI L) for 96 hours. It was observed that TEB exposure significantly
increased TAC, OSI, MDA levels, decreased TOC and GSH levels, increased SOD, GPx,
GST activities, and inhibited GR and CaE activities in both the gill and digestive gland
compared to the control. As a result, it can be said that TEB has significant toxic effects
on U. mancus and mussels living in freshwater ecosystems may be under the threat of
TEB exposure.

Keywords: Biomarkers, oxidative stress, freshwater mussels, tebuconazole
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Azoller, genis spektrumlu
antifungal aktivitesi ve yiiksek
stabilitesi  nedeniyle  mantar
enfeksiyonlarina  karst  bitki
korumasi, insan mikozunun

tedavisi ve veterinerlik tibb1 i¢in
yaygin olarak kullanilan antimikotik ajanlardir
(Bhagat vd., 2021). Ilaglarin yam sira azol
bilesikleri ugaklarda asindirict inhibitdrler
(McNeill ve Cancilla, 2009), camasir tozu (Janna
vd., 2011) ve sampuan, krem, kopiik, dis macunu
gibi  kisisel  bakim  iriinlerinde  de
kullanilmaktadir (Allen vd., 2015). Azoller,
diinya ¢apinda yillik 300,000 ton civarinda olan

VetBio, 2021, 6(3), 284-297

fungisit  kullanimimin  biiyiik bir kisminm
olusturmaktadir (De vd., 2014). Cevrede yaygin
olarak bulunmas: nedeniyle, suda yasayan
organizmalar  tlizerindeki etkileri
konusunda endiseler vardir (Nong vd., 2021).
Azol bilesikleri giiclii bakterisidal aktiviteye
sahiptir biyolojik bozunmaya karsi
direnclidir. Azol, hiicre zar1 biitiinliigii icin
gerekli olan lanosterolii ergosterole doniistiiren
bir sitokrom P450 (CYP) enzimi olan lanosterol
14-alpha-demetilazi (CYP51A1) inhibe eder.
Dolayisiyla hiicre zarinin kaybi1 ve inhibisyonu,
azoliin antifungal dogasinin arkasindaki ana

zararlt

Ve

mekanizmalardan biridir (Garcia-Valcarcel ve
Tadeo, 2012).

Tablo 1. Ticari pestisit formiilasyonu ve etken maddenin fiziko-kimyasal 6zellikleri,?

|
Orius 25 EW
Ticari konsantrasyon 250 g AT L1
Etken madde Tebukonazol

Etken maddenin fiziko-kimyasal 6zellikleri

Yapisal formiiller

kosullarda) °

SN N
N—N
.
S
o
a
Etken madde grubu Triazol
Pestisit tipi Fungisit
Toksikolojik simf 1
Molekiiler agirhik (g/mol) 307.8
Lipofilisite (log Kow) 3.7 (20°C ve pH 7.0)
Toprak afinitesi (log Koc) 2.96 -3.10
Sudaki ¢oziiniirliikk (mg/L) 32 (20°C)
GUS potansiyel sizma indeksi 1.86
Sudaki fotoliz yarllanma siiresi (DTso, giin) ° Stabil
Sudaki hidroliz yarilanma siiresi (D Tso, giin) Stabil
Topraktaki kahcilik siiresi (DTso, giin, aerobik ~800

Yiizey sularindaki konsantrasyon arahg (pg L)

9.1 ugLt~200 pgL*

@ Kaynaklar: PPDB, 2021; EFSA, 2008; Nikolaou vd. 2017; IUPAC 2019; Jiang vd. 2021.
b Bilesikler anaerobik kosullar altinda su ve toprakta cok daha kararhidir.
¢ Bilesikler asidik veya notr pH kosullart altinda hidrolize karsi stabildir, ancak alkali kosullar altinda hidroliz

meydana gelebilir. (pH 9).

GUS: Groundwater Ubiquity Score; yeralt1 suyu yayginlik puani, potansiyel sizma indeksi

log Kow: oktanol-su bolme katsayisinin logaritmasi

log Koc: Organik karbon bolme katsayisinin logaritmasi
DTso: Yarilanma siiresi; dagilim siiresi 50%.

Al [aktif ingrediyent]: etken madde




Toxic effects of fungicide tebuconazole

Bununla birlikte, tebukonazoliin endokrin
bozulmasi, ilireme toksisitesi ve embriyonik
toksisite gibi dikkate deger toksikolojik etkileri
vardir (Ma vd., 2021) ve insanlar i¢in potansiyel
bir kanserojen risk olusturmaktadir (Liu vd.,
2016). Azol bilesiklerinin tarimda, eczacilikta ve
kisisel bakim iirlinlerinde asir1 kullanimi, su,
toprak ve su organizmalarinda kontaminasyona
neden olmustur. Nehirlerde, atik sularda,
gollerde ve haliclerde azollerin biriktigi rapor
edilmistir (Pacholak vd., 2022).

Evsel kanalizasyon ve hastane atik sularinin
da yiiksek miktarda azol bilesikleri igerdigi
bildirilmistir. Atik
kaynaklardan biiylik miktarda su alir ve azollerin
giderilmesinde yetersizdir. Bu atik su aritma
tesislerinden ¢ikan atik sularin dogal cevreye
salinmasi, kirliliginin baslica
kaynaklarindan biridir (Peng vd., 2012).
Tebukonazol (TEB), ((RS)-1-p klorofenil-4,4-
dimetil-3-(1H-1,2,4-triazol-1-ilmetil) pentan-3-
ol), triazol ailesinin en iyi bilinen ve satilan
fungisitidir. TEB’un
formiilasyonu ve fiziko-kimyasal 6zellikleri ile
ilgili bilgiler Tablo 1’de verilmistir. TEB,
yiiksek lipofilik 6zelliklerinden dolay: toprakta
cok kararhidir ve toprak Ozelliklerine ve
konjugenin baglangic konsantrasyonuna bagh
olarak yar1 dmrii 49-610 giindiir (Sehonova vd.,
2017). sularinda  ve  ¢iftliklerin
yakinindaki sucul ortamlarda Olciilen TEB
konsantrasyonlarinin 9.1 pg L* ~ 200 pg L
laraliginda oldugu tespit edilmistir (Jiang vd.,
2021). EPA (U.S.EPA, 2020) tarafindan
belirlendigi tlizere, TEB’in baliklar i¢in suda
yasam limit degeri 1135 pg Ldir. Midyeler
suda yasayan bentik organizmalar oldugundan
sudaki Kkirleticilerin etkilerini en iyi yansitan
biyoindikatorlerden biridir (Naimo, 1995;
Hongyi vd., 2009). U. mancus, IUCN Kirmizi
Listesinde “Tehdit Altinda” olarak listelenmis
olan bir tatli su midye tiiridiir (IUCN, 2017).
Literatiirde TEB'in U. mancus iizerine toksik
etkileriyle ilgili higbir calisma
bulunmamaktadir. Sucul

su aritma tesisleri bu

azol

sistemik ticari

Yiizey

organizmalar

pestisitlere maruz kaldiginda, oksidatif hasara
yol acan reaktif oksijen tiirlerinin iiretimi artar.
Bu  reaktif oksijen tiirleri,  hiicredeki
biyomolekiillerle etkilesime girerek hiicre
gecirgenligini  etkiler ve onlar1 temizleyen
antioksidan enzim sistemlerini degistirir. Bu
nedenle, sucul ekosistemlerde ksenobiyotiklerin
oldugu oksidatif
degerlendirilmesinde, sucul organizmalardaki
enzimatik ve enzimatik olmayan antioksidan
sistemler dl¢iiliir (Ugkun ve Oz, 2020). Biyolojik
izleme caligmalarinda siklikla  kullanilan
biyokimyasal gdstergeler, oksidatif stres iligkili
parametreler ve biyotransformasyon
enzimleridir (Perendija vd., 2007).
Karboksilesteraz ~ (CaE), suda  yasayan
organizmalarda ekolojik risk degerlendirme
calismalarinda  kullanilan  6nemli  esteraz
enzimlerindendir (Narra vd. 2015). Oksidatif
stres iligkili parametrelerden de en yaygin
kullanilanlari; ~ Siiperoksit dismutaz (SOD),
Glutatyon peroksidaz (GPx), Glutatyon S-
transferaz (GST), Glutatyon rediiktaz (GR),
Glutatyon (GSH), Malondialdehit (MDA),
Toplam antioksidan konsantrasyonu (TAC) ve
Toplam oksidan konsantrasyonu (TOC) dir.

neden hasarin

Bu calismada, diinyada en yaygin kullanilan
fungusitlerden TEB’in tehdit altindaki U.
mancus tzerine kisa siireli (96 saat) toksik
etkilerinin  belirlenmesi  amag¢lanmistir. Bu
amagla, midyelerin sindirim bezi ve solungag
dokularinda oksidatif stres parametrelerinden
SOD, GPx, GST, GR, GSH MDA, TAC, TOC
ve Oksidatif stres indeksi (OSI) ve
biyotransformasyon enzimlerinden CaE
aktivitesindeki degisimler degerlendirilmistir.

MATERYAL VE METHOD
Hayvanlar ve deney kosullar

Atatlirk Baraj G6lii'niin ¢evresinde tiitlin, pamuk
ve bakliyat tarim1 yapilmaktadir (Alkan Ugkun,
2017). Tath su midyesi U. mancus ornekleri
baraj géliinde tarimin en yogun yapildigi,
dolayisiyla pestisitlerin en ¢ok uygulandigi
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bolgelerden Temmuz 2019'da kafesli tirmik aleti
yardimiyla temin edilmistir. Toplanan midyeler,
baraj golii suyu ile doldurulmus 15 L hacimli
polipropilen tanklar ile uygun kosullar altinda
(seyyar hava motorlar ile havalandirilarak) 1
saat igerisinde laboratuvara nakledilmistir.
Midyeler laboratuvara sevk edildikten sonra,
damacana / pet su ile doldurulmus 50 L hacimli
polipropilen tanklara nakledilerek 2 hafta
stireyle laboratuvar kosullarma adaptasyonlari
saglanmigtir. Tanklar siirekli hava pompalari
yardimiyla havalandirilmis ve midyeler 12 saat
aydinlik / 12 saat karanlik dongiide, oda
sicakliginda (23 £ 1 °C'de) tutulmustur (Ugkun
ve Alkan Uckun, 2021). Adaptasyon siirecinde
midyeler, ii¢ giinde bir sucul omurgasizlar i¢in
Ozel {retilmis ticari konsantre fitoplankton
(Roti-Rich ™) ile beslenmistir.

Toksisite testleri

Iki haftalik adaptasyon siireci sonunda TEB’un
U. mancus iizerindeki subletal toksik etkilerinin
belirlenebilmesi amaciyla bir kontrol ve dort
maruziyet grubu olmak iizere toplam bes test
grubu kurulmustur. Tlim test gruplar ii¢ tekrarl
olacak sekilde olusturulmustur ve bu amacla
37x24x16 cm boyutlarinda 8.5 L hacimli
polipropilen tanklara her doz i¢in kendine ait 5 L
pestisit (test) sollisyonu ve 5’er adet midye
birakilarak deney diizenegi kurulmustur. Her bir
tekrar grubunda bes hayvan olacak sekilde her
grupta toplam on bes hayvan kullanilmistir
(n=15). Toksisite testlerinde TEB’in ticari formu
(Orius® 250 EW, Adama, Tirkiye)
kullanilmistir. Bu ticari formun aktif bileseni
250 g Al L olarak etiketlenmistir. Akvaryum
hava pompasi yardimiyla test soliisyonu igeren
tanklarin siirekli havalandirilmasi saglanmistir.
Deney esnasinda midyeler beslenmemistir.
Deneylerin baslangicinda (0. saat) YSI Pro Plus
multiparametre cihazi kullanilarak, kontrol ve
uygulama gruplarina ait su numunelerinin
sicakligl, ¢ozlinmiis oksijen yiizdesi, pH ve
iletkenligi, 6l¢iilmiistiir. Ortalama pH, iletkenlik,
sicaklik ve ¢ozlinmiis oksijen degerleri sirasiyla
7.44 (7.23-7.65), 25.45 uS cm™ (22.90 - 28.00),
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22.7°C (21.4-24.0) ve 7.20 mg L (7.00 - 7.40)
olarak tespit edilmistir. Midyeler, 96 saatlik
statik yenileme test sisteminde Oldiiriici
olmayan dort TEB konsantrasyonuna (1.5, 15,
150 ve 1500 pg Al L) maruz birakilmistir. En
diisik  test  konsantrasyonu ve  diger
konsantrasyonlar geometrik olarak 10 kat fazlasi
olacak sekilde hesaplanmistir. Bu aralik, TEB
icin Jiang vd. (2021) tarafindan belirlenen
cevresel kabul edilebilir konsantrasyonlar olan
9.1 ng L't ~ 200 pg L araligi ve U.S.EPA
(2020) tarafindan belirlenen baliklar i¢in suda
yasam limit degeri 1135 ug L™ dikkate almarak
belirlenmistir.

Test sularindaki gercek TEB

konsantrasyonlarinin belirlenmesi

Test sularindaki gercek TEB konsantrasyonlari,
Adiyaman Universitesi Merkezi Arastirma
Laboratuvari'nda sivi kromatografisi cift kiitle
spektrometresi (LCMSMS, Shimadzu
Quadropole 8040) kullanilarak belirlenmistir.
TEB’un tutulma siiresinin yaklasik 4 dakika
oldugu edilmistir. TEB
hesaplanmasi igin
kalibrasyon egrisi 0.5-200 pg L' araliginda
olusturulmustur. Tespit limiti ve 6lgtim limiti,
sirasiyla 0.95 pug Lt ve 3.10 pg L olarak
hesaplanmustir. Korelasyon katsayis1 (r?) 0.997
olarak bulunmustur. TEB, 308.24 — 125.13
kiitle-yiik oranlar1 (m/z) ve 308.10 — 70.13 m/z
gecislerinde tespit edilmistir. Tebukonazol
Pestanal analitik standardi, % > 98.0 saflikla
Sigma-Supelco'dan satin alinmistir. Her numune
ti¢ tekrarli olarak analiz edilmistir. LCMSMS
cthaz kosullar1 Tablo 2’de gosterilmistir.

tespit
konsantrasyonlarinin

Biyokimyasal analizler

Midyelerden alinan sindirim bezleri ve
solungaglar  tartilarak  bicak  uglu  bir
homojenizatorle (Heidolph RZR 2021) 0.1 M
(0.5 M KoHPOs + 0.5 M KH2POg4), pH 7.4
potasyum fosfat tamponu igerisinde (1: 4 (w/ v)
oraninda) homojenize edilmistir. Homojenatlar
16.000 x g'de 4 °C'de 20 dakika
santrifiijlenmistir (Hettich 460 R). Elde edilen

) 2c7 | -
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siipernatanlar, toplam protein konsantrasyonu
Olglimleri ve enzim aktiviteleri i¢in ependorf
tiiplerine aktarilmistir. Mikroplaka okuyucu
spektrofotometrede (Thermo, Varioscan Flash
2000) Ttg¢ tekrarli olacak sekilde okuma
yapilmistir.  Toplam protein
konsantrasyonlari, Bradford (1976) yontemine
gore belirlenmistir. Bu yontemde, numunelerin
siipernatanlar1  seyreltildikten sonra, 5 pul'si
mikroplaka kuyularina pipetlenmis ve lizerlerine

250 upL  Bradford soliisyonu eklenmistir.

Tablo 2. LCMSMS’in enstriimantal kosullari

Reaksiyon karisimi oda sicakliginda karanlikta
15 dakika inkiibe edilmistir. Renk degisimine
bagl olarak 595 nm dalga boyunda absorbans
degeri Ol¢iilmiistir. Daha sonra seyreltme
faktorii dikkate alinarak siipernatanlardaki
toplam protein degerleri hesaplanmistir. Tim
enzimlerin aktiviteleri, toplam protein seviyeleri
olciildiikten sonra spesifik aktivite (nmol min™
mg toplam protein™) cinsinden ifade edilmistir.

Cihaz modeli Shimadzu LCMSMS-8040

1 mM amonyum asetat % 100 su i¢inde

Inertsil ODS-4 (2.1 mm I.D. x 50 mm L, 3 pum)

Mobil faz A

Mobil faz B % 100 metanol

Kolon

Kolon firin sicakhg 40 °C

Akis hiza 0.4 mL dak?

Arayiiz akim 4.5 kV

Piiskiirtme gaz akis hizi 3 mL dak?

Kurutma gazi akis hizi 15 mL dak?

DL sicakhigi 250 °C

HB sicakhig 400 °C
CaE aktivitesini belirlemek i¢in

Santhoshkumar ve Shivanandappa (1999)
tarafindan oOnerilen spektrofotometrik yontem
mikroplaka okuyucu sistemine uyarlanmistir.
Substrat olarak 26 mM %96 etanol i¢inde
hazirlanan ~ p-nitrofenol  asetat  (PNPA)
kullanilmistir. Bu amagla 5 pL numune ve 250
pL Tris tamponu (0.05 M, pH 7.4) mikroplaka
kuyularina pipetlenmis ve 25°C'de 3 dakika
inkiibe edilmistir. Ardindan kuyucuklara 5 pL
PNPA eklenerek 0.5 mM nihai konsantrasyon
elde edilmis ve 405 nm'de 2 dakika siireyle
distile suya karst absorbans  degerleri
ol¢iilmiistiir. Spesifik CaE aktivitesi nmol min’
mg protein™ olarak hesaplanmistir (PNPA icin
405 nm € = 1830 Mt cm™).

SOD aktivitesi, Sun vd. (1988) tarafindan

gelistirilen  yonteme — gore  Ol¢lilmiistiir.
Reaksiyonda ksantinin ksantin oksidaz ile
etkilesimi  sonucu  siliperoksit  radikalleri
olusmustur. Bu siiperoksit ~ radikalleri

nitrobluetetrazolium ile etkilesime girerek 560
nm'de spektrofotometrik olarak
degerlendirilebilen renkli formazan boyasi
olusturur.

GPx
arkadaslarinin

Bell ve
mikroplaka

aktivitesinin  Ol¢limiinde
(1985) metodu

okuyucu sistemine uyarlanmistir. Bu yontemde
substrat olarak hidrojen peroksit (H20>), katalaz
inhibitérii  olarak  sodyum (NaN3)
kullanilmistir. 10 pL siipernatan ve 60 uL. 1 mM
GSH, 0.1 mM NADPH, 0.32 birim GSH-
rediiktaz, 1 mM EDTA, 2 mM NaN3 i¢eren 50
mM pH 7.4 fosfat tamponu mikroplaka
kuyularina pipetlendikten sonra bu karisim
20°C’de 6 dakika siireyle inkiibe edilmistir.
Inkiibasyondan sonra kuyucuklara 30 uL 1.67
mM H2O: pipetlenerek reaksiyon baglatilmis,
NADPH oksidasyonuna bagli  absorbans
degisikligi, 25°C'de 3 dakika boyunca 340 nm'de
kaydedilmistir. Spesifik GPx aktivitesi nmol

azit
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mint mg protein? olarak hesaplanmistir

(NADPH icin €= 6220 Mt cm™, 340 nm'de).

GST aktivitesinde, Habig ve arkadaslarinin
(1974) mikroplaka  sistemine
uyarlanarak Slgiilmiistiir. Substrat olarak CDNB
(1-kloro-2,4-dinitrobenzen), kofaktér olarak
GSH kullanilmistir. Mikroplaka kuyularma 10
uL siipernatan, 100 puL fosfat tamponu, 100 uL
GSH ve 10 uL CDNB karigimi pipetlenmistir.
Karisim mikroplaka okuyucuya yerlestirildikten
sonra 15 saniye karstirilmis ve 344 nm'de
absorbanstaki degisim 25°C'de 2 dakika siireyle
kaydedilmistir.

GR aktivitesi, Cribb vd. (1989) tarafindan

yontemi

gelistirilen yOntemin mikroplaka okuyucu
sistemine uyarlanmasiyla belirlenmistir.
Reaksiyon, 5,5'-ditiyobis-(2-nitrobenzoik asit)
(DTNB), NADPH ve numuneden olusan

reaksiyon ¢dozeltisine oksitlenmis glutatyon
(GSSG) eklenerek baglatilmistir. Reaksiyon
sirasinda  GSSG'den  GSH  olusumuna bagl
olarak DTNB miktarindaki azalmaya gore
spesifik GR aktivitesi hesaplanmustir.

GSH seviyesi, Moron ve arkadaslarinin
(1979) metodunun  mikroplaka  okuyucu
sistemine uyarlanmig haline gore belirlenmistir.
GSH standart egrisine karsi orneklerin 412
nm'deki absorbans degeri okunarak GSH diizeyi
nmol GSH mg protein™ olarak hesaplanmistir.

MDA konsantrasyonu, Placer vd. (1966)
tarafindan bazi modifikasyonlarla tarif edildigi
gibi tiyobarbitiirik asit reaktif madde analizine
dayali olarak Olciilmiistiir. MDA igerikleri,
standart olarak malondialdehit bis (dietil asetal)
kullanilarak belirlenmistir. Absorbans degeri
532 nm'de okunmus ve MDA konsantrasyonu,
nmol MDA mg protein~ olarak ifade edilmistir.
TAC ve TOC analizleri ticari test kitleri (Reel
Assay Diagnostics) kullanilarak yapilmigtir
(Erel, 2005). TAC analizinin prensibi, koyu
mavi-yesil stabil 2,2'-azino-di-3-etilbenztiazolin

siilffonat (ABTS) radikalinin numunedeki
antioksidanlar tarafindan renksiz indirgenmis
ABTS formuna doniistliriilmesine
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dayanmaktadir.  Ornekteki  antioksidanlarin
miktari, bu rengin yoklugu ile iligkilidir. Analiz,
Trolox esdegeri olarak bilinen bir E vitamini
analogu olan stabil bir antioksidan standart
sollisyon kullanilarak kalibre edilmistir. TAC
seviyeleri, 660 nm’de end-point 6l¢iimili sonucu
absorbans degerlerinden hesaplanmis ve pmol
Trolox esdegerleri L™ olarak ifade edilmistir.
TOC testinin prensibi, numunede bulunan
oksidanlarin Fe?* iyon-selatér kompleksini Fe**
iyonuna oksitlemesidir. Asidik bir ortamda Fe®*
iyonu kromojen ile renkli bir kompleks olusturur
ve renk yogunlugu spektrofotometrik olarak
belirlenir. Renk yogunlugu, numunedeki toplam
oksidan molekiil miktar1 ile orantilidir. Tespit
icin  kalibrasyon, hidrojen  peroksit ile
gerceklestirilmistir. TOC seviyeleri, 530 nm'de
end-point absorbans
degerlerinden hesaplanmis ve mmol H>O>
esdegerleri L™ olarak ifade edilmistir. Oksidatif
stres  indeksini  (OSI)  hesaplamak i¢in
[OSI=TOC/(TACx10)] formiilii kullanilmis ve
sonuclar yiizde olarak ifade edilmistir (Erel,
2005).

Ol¢timii sonucu

Istatistiksel analiz

Verilerin istatistiksel analizi SPSS 22 (ABD)
yazilim paketi ile gerceklestirilmistir. Shapiro-
Wilk ve Levene testleri kullanilarak, tim
degiskenler sirasiyla normallik ve homojenlik
acisindan analiz edilmistir. Gruplar arasindaki
farki test etmek ic¢in Kruskal-Wallis testi
kullanilmistir. Tiim veriler ortalama deger =+
standart hata olarak sunulmustur. Tiim analizler
i¢cin p<0.05 ve p<0.01 istatistiksel olarak anlaml1
kabul edilmistir.

BULGULAR

Test sularindaki gercek TEB konsantrasyonlart

LCMSMS analizinden elde edilen test
sularindaki gercek TEB konsantrasyonlar: Tablo
3'de gosterilmistir. 24 saat sonraki gergek
konsantrasyonlarin, nominal konsantrasyonlar
dan yaklasik ~%35-16 arasinda daha distk
oldugu belirlenmistir. Nominal ve gercek
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konsantrasyonlar arasindaki bu farkliliklar,
ylizey aktif maddeler, ¢oziiciiler ve pestisitlerin

ticari formiilasyonlarinda kullanilan koruyucular

gibi diger bilesiklerden kaynaklaniyor olabilir
(Korkmaz vd., 2018).

Tablo 3. Test sularindaki gercek TEB konsantrasyonlari (Ortalamaztstandart hata (N=3)).
Nominal Gercek konsantrasyonlar (ug L + Standart hata)
konsantrasyonlar Uygulamadan sonra

Uygulamadan 6nce (0. Geri kazamim Geri kazanim

(ngL?) saat) (%) (24. saat) (%)
Kontrol 0 - 0 -
1.5 1.53 £0.05 % 102.00 1.26 £ 0.09 % 84.00
15 14.95+0.50 % 99.67 13.84 £0.19 % 92.27
150 156.66 £ 1.91 % 104.44 136.99 + 3.61 % 91.33
1500 1502.14 £ 13.17 % 100.14 1429.55 £ 32.21 % 95.30

Biyokimyasal yanitlar

96 saatlik TEB maruziyeti sonras1 U. mancus’un
solungac ve sindirim bezlerindeki biyokimyasal
yanitlar Tablo 4’de gosterilmistir. CaE aktivitesi
her iki dokuda da doza bagimli olarak diisiis
gostermistir. Solunga¢ dokusunda sadece 150
ng Lt ve 1500 pg L? kosantrasyonlaridaki
diisiisler kontrole gore anlamliyken sindirim
bezinde tiim konsantrasyonlardaki diisiisler
anlaml1 olmustur (p <0.05, p <0.01). En yiiksek
TEB konsantrasyonunda (1500 pg L) CaE
inhibisyonlari, solungacta kontrole gore
yaklagik olarak %35, sindirim bezinde ise %48
olarak hesaplanmistir. SOD aktivitelerinde hem
solungagta hem de sindirim bezinde doza
bagiml artis gdzlenmistir. Solungagta en fazla
artis en yiiksek TEB uygulama dozunda (1500
ng L) goriiliirken, sindirim bezinde 150 pg L™
dozunda goriilmiistiir. Her iki dokuda da 1.5 pg
L dozu harig biitiin dozlardaki artislar kontrole
gore anlamli olmustur (p < 0.05, p < 0.01). GPx
aktivitesi de solungac¢ ve sindirim bezlerinde
kontrole gore artmistir. iki dokuda da en fazla
artis 150 pg L™ dozunda olmustur ve kontrole
gore anlamlidir (p < 0.05, p < 0.01). GST
aktivitesi solunga¢ ve sindirim bezinin her
iksinde de kontrole gore artis gostermistir ancak
bu artis  solungacta uygulanan TEB
konsantrasyonuyla koordineli iken sindirim
bezinde konsantrasyona bagimli olmamustir.
Solungagta 1.5 pg L' dozu hari¢ biitiin

dozlardaki GST aktivitesi artiglart kontrole gore
anlamli bulunmustur (p < 0.05, p < 0.01).
Sindirim bezinde ise 1500 pg L dozundaki
artis kontrole gore p < 0.05 ve p < 0.01
diizeylerinde 6nemliyken 1.5 ug L ve 150 pg
L' dozlarindaki artislar sadece p < 0.05
diizeyinde onemli, 15 pg L' dozundaki artis
Oonemsiz bulunmustur. GR aktivitesi solungag ve
sindirim bezinde tiim TEB dozlarinda kontrole
gore inhibisyona ugramistir,
inhibisyonlar doza bagimli olmamustir. Sindirim
bezindeki inhibisyonlarin tamami kontrole gore
onemliyken (p < 0.05, p <0.01) solungacta 150
png LT dozundaki inhibisyon p < 0.05
seviyesinde, 1500 pg L dozundaki inhibisyon
p < 005 p < 0.01 seviyesinde Onemli
bulunmustur. En fazla inhibisyon, solungac ve
sindirim bezinde sirasiyla %60 ve %50
oranlarinda 1500 pg L* uygulama dozunda
olmustur. GSH diizeyi solunga¢ ve sindirim
bezinde TEB uygulamasma baglh olarak
kontrole gore diismiistiir. Bu distsler,
solungagta 1.5 pg L ve 15 pg L dozlarinda
kontrole gore 6nemsizken, 150 pg L dozunda
p < 0.05 seviyesinde, 1500 pg L dozunda ise p
< 0.05 p < 001
bulunmustur. Sindirim bezinde ise tiim
uygulama dozlarinda kontrole gore p < 0.05, p <
0.01 seviyelerinde 6nemli bulunmugstur. MDA
seviyelerinde sadece 150 pg L™ ve 1500 pg L
dozlarinda kontrole goére Onemli artislar

ancak bu

seviyelerinde 6nemli

N



olmustur. Bu fark sindirim bezinde p < 0.05, p <
0.01 seviyelerinde 6nemliyken solungacta p <
0.05 seviyesinde onemlidir. TAC seviyesi, hem
solungagta hem de sindirim bezinde biitiin TEB
uygulama dozlarinda doza bagimli olarak ve
kontrole gore 6nemli derecede diismiistiir (p <
0.05, p < 0.01). TOC seviyesi ise solungagta
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biitiin dozlarda, sindirim bezinde sadece 150 ug
Lt ve 1500 pg L dozlarinda kontrole gére
onemli oranda artmistir (p < 0.05, p < 0.01).
Oksidatif stres indeksinde (OSI) her iki dokuda
da biitiin dozlarda kontrole gére 6nemli artiglar
olmustur.

Tablo 4. 96 saat TEB maruziyeti sonrast U. mancus’un solungag ve sindirim bezlerindeki biyokimyasal yanitlar: (Enzim
aktiviteleri, nmol dakika™® mg protein + ortalama standart hata; GSH, MDA, TAC and TOC diizeyleri sirasiyla, nmol
GSH mg protein = ortalama standart hata, nmol MDA mg protein + ortalama standart hata, umol Trolox Equiv./L ve

mmol H,02 Equiv./L; OSI ise, AU (Arbitrary Unit) olarak ifade edilmistir.) (n=15). )
Konsantrasyonlar

Biyobelirtegler Control 1.5pgL-1 15 pg L-1 150 ug L-1 1500 pg L-1
CaE 307.54£14.45  261.30£33.17  238.02+ 203.77+9.08%%  200.11=14.32%*
SOD 5.38+0.19 6.81£0.38 7.930.66%* 8.15£0.21%* 10.34+0.50%*
GPx 15.3120.75 19.24+0.58 21.15+1.59* 24.7241.96%F  22.35+1.57%%
GST 35.44+2.77 44.30+1.88 48.5742.69%*  5132+1.54%% 525512 75%*
GR 26.60+1.26 16.69+3.98 17.11£3.29 16.15£1.55% 10.77+1.05%*
Solunga¢ ~=oiy 0.2120.01 0.15£0.03 0.15£0.01 0.14+0.01* 0.09+0.01%*
MDA 0.95+0.08 1.44+0.26 1.45+0.02 1.52+0.07* 1.56+0.11*
TAC 1.910.01 1.620.02%* 1.56+0.02%* 1.090.01%* 1.0040.02%*
TOC 1.27+0.03 2.7340.09%* 2.57+0.03%* 2.45+0.01%* 3.78+0.11%*
osl 0.064£0.002  0.17£0.008%*  0.16+0.002%*  0.22+£0.002%*  0.38+0.004%*
CaE 1036.69+33.20 765.46:82.15%% 640.27+51.58%* 611.48+31.64%% 543.07+23.45%*
SOD 6.45+0.14 7.55+0.47 8.33+0.44%* 9.00+0.33%* 8.15+0.04%*
GPx 9.81%0.39 11.48+0.75 12.88+0.41%%  12.98£0.37%%  12.51+0.10%*
GST 30.69+1.45 48.42+6.33* 42.63+3.44 50.33+3.06* 83.56::4.59%*
Sindirim GR 16.73+0.77 9.44+0.54%* 9.3140.64%* 9.57+0.59%* 8.3240.50%*
Bezi  GSH 0.13+0.002 0.1240.001%*  0.11£0.002%*  0.1120.001%*  0.09+£0.001%*
MDA 0.60+0.03 0.77+0.05 0.8240.10 1.070.08** 1,300, 12%*
TAC 1.98+0.04 1.39+0.01%* 0.87+0.03%* 0.8440.04%* 0.77+0.06**
TOC 0.38+0.08 0.5240.02 0.5620.04 0.7240.02%* 1.2240.02%*
osl 0.02+0.005 0.03£0.001* 0.04£0.002%*  0.06£0.002%*  0.12+0.001**

*: p < 0.05, kontrol grubu ile karsilastirildiginda istatistiksel onemi gostermektedir
**:p <0.01, kontrol grubu ile karsilastirildiginda istatistiksel dnemi gostermektedir

TARTISMA

Pestisitler de dahil olmak {lizere bircok
ksenobiyotik, hiicre zar1 boyunca elektron
tasinmasinin bozulmasi, Fenton reaksiyonunun
kolaylastirilmast, antioksidan  enzimlerin
inaktivasyonu ve serbest radikal siipiiriiciilerin
tiilkenmesi gibi cesitli biyokimyasal
mekanizmalarla reaktif oksijen tiirlerinin
tretimini tetikleyebilir (Winston ve Di Giulio,

1991). Bu reaktif oksijen tiirlerini temizlemek
icin organizmalarda antioksidan savunma
sistemleri gelistirilmistir ve bu antioksidan
sistemlerin aktivasyon / inhibisyon diizeyi
degerlendirilerek ksenobiyotiklerin organizmaya
verdigi oksidatif hasar tahmin edilmektedir (Di
Giulio ve Meyer, 2008). Bu calismada, TEB’in
tatli su midyelerine toksik etkileri, solungag ve
sindirim bezlerinde oksidatif stres parametreleri,
antioksidan enzim seviyeleri ve
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biyotransformasyon enzimindeki

gozlemlenerek degerlendirilmistir.

degisimler

Calismamizda 6nemli bir biyotransformasyon
enzimi olan CaE, kontrole gore inhibisyona
ugramistir.  CaE'ler, karboksilik esterler,
tiyoesterler, amidler, karbamatlar ve g¢esitli
ksenobiyotikler gibi substratlarin hidrolizini
katalize eden esteraz ailesinin tiyeleridir. CaE'ler
lipid metabolizmasi, 6n ilag aktivasyonu, pestisit
metabolizmasi ve ftalatlarin hidrolizi gibi 6nemli
fizyolojik siireglerde yer alirlar (Lenfant vd.,
2012). CaE aktivitesindeki inhibisyonlar,
organizmanin  strese  adaptasyonu  olarak
diisiiniilebilir (De Lima vd., 2013). Sindirim
bezleri, oral yolla alinabilen esterleri igeren
yiiksek konsantrasyonlarda toksinler nedeniyle
CaE ekspresyonu igin 6zellikle 6nemlidir (Ross

vd., 2010). CaE'nin inhibisyonu, TEB
maruziyetinin midyelerde normal
detoksifikasyon fonksiyonlarin
etkileyebilecegini  diislindiirmektedir. Bizim

sonuclarimiza benzer olarak, literatiirde, ¢esitli
sucul canlilarda pestisit maruziyetine bagl
olarak CaE inhibisyonu olduguna dair ¢aligmalar
mevcuttur (Denton vd., 2003; Wheelock vd.,
2005; Uckun ve Oz, 2020; Ugkun vd., 2021).
SOD, organizmay1 oksidatif stresten korumak
icin siiperoksit anyonlarini ve hidrojen peroksiti
temizleyen antioksidan savunma sisteminin
onemli bir bilesenidir. Calismamizda Onemli
Olciide artan SOD aktivitesi, ROS'u ortadan
kaldirmak ve oksidatif stresi azaltmak igin
antioksidan savunma sisteminin aktive oldugunu
gostermektedir (Van Rensburg vd., 1995).
Sonuglarimiza paralel olarak, Cao vd. (2018)
larva zebra baliklarina 4 giin boyunca 0.05 mg/L
dozunda azoksistrobin uygulamasina bagh
olarak SOD aktivitesinde Onemli bir artig
gozlemlemistir. Uckun ve Oz (2020) konazol
grubu pestisitlerden olan penkonazolii 96 saat

boyunca uyguladiklari kerevitlerin
hepatopankreas dokularinda SOD aktivitesinin
kontrole gore Onemli oranda arttigini

gozlemlemistir. GPx, GSH varliginda hidrojen

peroksit ve lipid peroksit diizeylerinin

azalmasimmi1 katalize eden bir antioksidan
enzimdir (Moreno vd., 2005). GPx enzimindeki
inhibisyon, antioksidan sistemin pestisitin yikict
etkisini onlemedeki basarisizligini gosterebilir
veya hiicrelerde olusan reaktif oksijen tiirlerinin
bu enzimin sentezine dogrudan etkisi ile iligkili
olabilir (Yonar vd., 2014). Bu acgidan
bakildiginda, ¢alismamizda gozlemlenen GPx
artis1, hiicrede TEB'un neden oldugu oksidatif
hasara kars1 GPx'in koruyucu roliinii yansitabilir.
Bizim sonuglarimiza benzer olarak Jiang vd.
(2018), yetigkin zebra baliklarinda 24 saat
azoxystrobine maruz kalmanin bir sonucu olarak
tim doz gruplarinda GPx aktivitesinin 6nemli
Olclide arttigin1 bildirmislerdir. GST, Faz 1
detoksifikasyon tirlinlerini suda daha ¢oziiniir bir
forma doniistiiren konjugasyon islevini yerine
getiren bir Faz Il detoksifikasyon enzimidir. Bu
sayede reaktif serbest radikal birikimini ve
hiicresel hasar1 onler (Chahine ve O'Donnell,
2011). Calismamizda TEB konsantrasyonundaki
artisa bagli olarak GST aktivitesinin artmasi,
TEB’in solunga¢ ve sindirim bezinde GST
tizerine doza bagh toksik etkiye sahip oldugunu
ve GST’nin de bu TEB’1 detoksifiye etmek i¢in
aktivitesini arttirdigini diigiindlirmektedir. Ayni
zamanda GST aktivitesindeki artis, H2O2'nin
artan detoksifikasyonuna veya TEB’in faz II
parcast olarak
konjugasyon islevine baglanabilir (Hemalatha
vd., 2015). Benzer sekilde, Korkmaz vd. (2018),
zebra baliklarinda (Danio rerio) 96 saat
maruziyetten sonra GST'min fosalon bazli ve

biyotransformasyonunun bir

sipermetrin ~ bazli  pestisitler  tarafindan
indiiklendigini  gozlemlemistir.  Literatiirde
pestisit uygulanan sucul canlilarda GST

aktivitesinin arttiZim1 ortaya koyan bircok
calisma bulunmaktadir (Sayeed vd., 2003; Orug,
2010; Moreira vd., 2010; Uckun ve Oz, 2021;
Uckun ve Ozmen 2021). GR, hiicrede genel
homeostatik oksido indirgeyici denge saglayarak
azaltilmig glutatyon durumunu korur, bdylece
hiicreleri reaktif oksijen metabolitlerine karsi
korur (Djordjevic vd., 2010). Calismamizda
GR’nin inhibe olmasmin nedeni, ylksek
konsantrasyonlarda TEB uygulamasindan dolay1
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meydana gelen oksidatif stres olabilir. GR,
GSSG'den GSH'min geri doniigiimiine katilarak
hiicreye antioksidan koruma saglar (Elia vd.,
2003). GR'nin etkisi ile hiicre igindeki GSH ve
GSSG  arasindaki denge, GSH'nin geri
dontistimii ile saglanir (Schafer ve Buettner,
2001). Bu nedenle GSH, GSSG ve toplam
glutatyon igerikleri de azalir, dolayisiyla
glutatyon iceren savunma sistemi yliksek doz
TEB maruziyetine kars1 zayif kalir. GSH, pestisit
maruziyeti nedeniyle ROS {iretimini kontrol
etmede rol oynayan enzimatik olmayan bir
antioksidandir (Parke ve Piotrowski, 1996).
Oksijen radikallerine maruz kalmak GSH
diizeyinde artisa neden olur (Dickinson ve
Forman, 2002). Calismamizda GSH diizeyindeki
diisis, TEB wuygulamasinin neden oldugu
oksidatif stres kosullarinda tiiketilen GSH'nin
iretilen GSH'den daha hizh
gostermektedir. Lipid peroksidasyonunun en
onemli {iriinlerinden biri olan MDA, hiicre

oldugunu

zarlarindaki iyon gecirgenligini bozar, zardaki
bilesiklerin capraz baglanmasina yol acar ve
enzimlerin aktivitesini bozar (Mercan, 2004).
Calismamizda, uygulanan TEB
konsantrasyonunun artmasi1 nedeniyle MDA
diizeyindeki artislar, MDA'nin lipid
peroksidasyonunun son iiriinii olmasi nedeniyle,
TEB’in biyomolekiillerde 6nemli oksidatif
hasara neden oldugunu ve yiiksek diizeyi, serbest
radikallerin agir1 iiretildigini ve hiicre zarlarina
hasarmin oldugunu gostermektedir (Abhijith vd.,
2016).

TAC, Dbiyolojik  numunelerde toplam
antioksidan kapasiteyi bulmak i¢in kullanilan bir
test sollisyonu tarafindan temizlenen serbest
radikal miktarinin bir olgiisiidiir. TOC ise tim
antioksidan sistemin serbest oksijen radikallerini
temizleme yetenegini 6lgmek i¢in kullanilan bir
parametredir. TAC ve TOC, organizmalarin
ksenobiyotiklerin neden oldugu oksidatif strese
kars1 biyolojik tepkilerini tahmin etmede faydali
biyobelirteglerdir (Pinchuk vd., 2012; Regoli,
2000). TAC'nin enzimatik ve enzimatik olmayan
antioksidanlarin toplami oldugu
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varsayllmaktadir  (Mahfouz 2009).
Calismamizda  TAC TEB
uygulamasina bagli olarak diismesinin nedeni,
TEB ‘in solungag¢ ve sindirim bezinde yarattig1
oksidatif strese tepki olarak enerji tiiketimi

vd.,
seviyesinin

olarak agiklanabilir. Bulgularimiza paralel
olarak Hamed vd., (2020), mikroplastiklere
maruz biraktiklar1 Oreochromis niloticus'ta doz
arttikca TAC seviyesinin diistiigiini
gozlemlemistir. Ugkun ve Ugkun (2021), su ve
sedimentinde yogun metal bulunan bolgelerden
topladiklar1 sazan baliklarmin karacigerinde
TAC seviyesinin temiz bolgelere gore daha
diisiik oldugunu bildirmistir. TOC, bir kimyasal
indiikleyicinin organizmada olusturdugu toplam
oksidan yansitir.
Calismamizda TOC seviyesinin artmasi, TEB'in
oksijen radikallerine baglanarak onlar1 hiicrede
ROS iiretimini artiran ve antioksidan enzimleri
inhibe eden c¢esitli reaktif metabolitlere
doniistiirmesine yorulabilir (Vahdati Hassani
vd., 2018). OSI, organizmada oksidatif strese
neden olan serbest radikal olusturucu ajanlar ile
bunlara karsi antioksidan savunma sistemleri
arasindaki iligkinin derecesini gOsteren bir
gostergedir  (Sayed ve Khalil, 2016).
Calismamizda uygulanan TEB konsantrasyonu
arttikca OSI degerinin kontrole gdre anlamli
olarak artmas1 TAC ve TOC bulgularimizi
desteklemektedir.

molekiil miktarini

SONUC

Sonug olarak, TEB’in, antioksidan enzimlerin
aktivitesini bozarak ve GSH, MDA, TAC ve
TOC seviyelerini degistirerek oksidatif stresi
indiikledigi  sdylenebilir. ~ Ayrica  TEB
uygulamas1 nedeniyle CaE inhibisyonun
gozlenmesi, TEB’in kisa siireli uygulamalarda
biyotransformasyon  sistemini uyarabilecegi
bilgisini vermektedir. Literatiirde U. mancus
lizerine pestisitlerden penkonazol (Yologlu,
2019) ve imidaklopritin (Uckun ve Alkan
Uckun, 2021) toksik etkilerine yonelik
calismalar mevcuttur ancak TEB’e iliskin bir

calismaya rastlanmamistir. Bu baglamda
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Cao, F., Wu, P, Huang, L., Li, H., Qian, L., Pang, S.,

calismamiz TEB'in hedef dis1 organizmalar
tizerindeki toksik etkileri ile ilgili literatiire
onemli bir katki saglamistir. Sonuglarimiz,
TEB'in diisik konsantrasyonlarda bile U.
mancus iizerinde onemli toksik etkilere sahip
oldugunu gostermektedir. Bu nedenle TEB'in
kullanildig1 tarim alanlarina yakin tath sularda
yasayan U. mancus ‘'un tehdit altinda
olabilecegini sdyleyebiliriz.

ACIKLAMALAR

Etik beyan: Calisma, tatlisu midyesi (mollusca-
bivalvia) ile yapildi. Tath su midyeleri omurgasiz
hayvanlar grubuna girdiginden dolayr bu gruptaki
hayvanlara etik kurul raporu gerekmemektedir.

Cikar catismasi: Yazar, bu makale i¢in gergek,
potansiyel veya algilanan bir ¢ikar catismasi
olmadiginm beyan etmektedir.
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Yumurtaya verilen monosodyum glutamat’in tavuk Research Article

embriyolarinda medulla spinalisin servikal bolgesinin

embriyonik gelisimi iizerindeki etkilerinin belirlenmesi

The determination of effects of in ovo administered
monosodium glutamate on the embryonic development of

cervical region of medulla spinalis in chicken

OZET

Bu ¢alismada, diinyada en yaygin kullanilan lezzet arttiric1 gida katki maddelerinden
biri olan monosodyum glutamat (MSG)’in, medulla spinalis’in embriyonik gelisimi
tizerine etkilerinin histolojik ve histometrik yontemler kullanilarak belirlenmesi
amaglanmaktadir. Calismada 410 adet dolli tavuk yumurtas: kullanildi. Yumurtalar
kontrol, distile su, 0,12, 0,6 ve 1,2 mg/g yumurta MSG olmak iizere bes gruba ayrildi
ve enjeksiyonlar kulucka baslangicinda yumurta sarisina yapildi. Kulugkanin 15, 18 ve
21. gilinlerinde her gruptan 10 yumurta agilarak elde edilen embriyolardan medulla
spinalis doku 6rnekleri alind1. Doku 6rnekleri %10'luk formolde tespit edildikten sonra
rutin histolojik yontemlerle parafinde bloklandi. Bloklardan alinan 6 pm kalinligindaki
kesitler Hematoksilen Eozin, Kluver-Barrera, Toluidine Blue, Periyodik Asit Schiff ve
Crossmon’in ii¢lii boyama yontemi ile boyandi. Preparatlar 151tk mikroskop altinda
incelendi ve medulla spinalis dokusunda histometrik dl¢timler yapildi. 15. giin elde
edilen embriyolarda yapilan histometrik dl¢iimler sonucunda substantia grisea ylizey
alaninin medulla spinalis’in kesitlerdeki toplam yiizey alanina orani dikkate alindiginda
kontrol ve MSG gruplar1 arasinda anlamli bir farklilik olmadigi tespit edildi. 18. giinde
substantia grisea yilizey alaninin medulla spinalis’in kesitlerdeki toplam yiizey alanina
oran1 agisindan 6zellikle 0,6 mg/g yumurta dozunda MSG uygulanan grupta kontrol
grubuna kiyasla arttif1 tespit edildi. 21. giinde ise substantia grisea yiizey alaninin
medulla spinalis’in kesitlerdeki toplam yiizey alanina oranmin 0,6 mg/g ve 1,2 mg/g
dozunda MSG uygulanan grupta kontrol ve distile su grubu ile karsilastirildiginda
azalmis oldugu tespit edildi. Kanalis sentralis’in enine ve boyuna ¢aplart lizerinde
yapilan degerlendirmelerde ise MSG uygulanan gruplarda, kontrol ve distile su grubuna
gore kanalis sentralis’in enine ve boyuna g¢aplarmin azaldigi dikkati ¢ekti. Medulla
spinalisin ventral kornusunda bulunan motorik néronlarda MSG uygulanan gruplarda
15., 18. ve 21. glinlerde nekroz ve ndronofaji gibi histopatolojik degisikliklere rastlandi,
MSG gruplari kontrol ve distile su gruplari ile karsilastirildiginda motor néronlardaki
nekrozda dnemli bir artis dikkati ¢ekti (p<<0.05). Sonug olarak inkiibasyondan hemen
once dollii tavuk yumurtasina verilen MSG’nin medulla spinalisin embriyonik
gelisimini olumsuz yonde etkiledigi ve motor néronlarda nekroza neden oldugu tespit
edilmistir.

Anahtar Kelimeler: Embriyotoksisite, medulla spinalis, monosodyum glutamat, tavuk
embriyo

ABSTRACT

In this study, the aim was to determine the effects of monosodium glutamate (MSG),
one of the most widely used flavor enhancing food additives in the world, on the
embryonic development of the spinal cord by histological and histometric methods. For
this purpose, 410 fertilized chicken eggs were divided into 5 groups as control, distilled
water, 0.12, 0.6 and 1.2 mg/g egg MSG and injections were performed via the egg yolk.
On the 15th,18th and 21st day of incubation of incubation, medulla spinalis tissue
samples were taken from the embryos and chicks.
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As a result of histometric measurements made in embryos obtained on the 15th day, it was determined that there was no
significant difference between the control and MSG groups when the ratio of the substantia grisea surface area to the total
surface area of the medulla spinalis was taken into account. On the 18th day, it was determined that the ratio of the surface
area of the substantia grisea to the total surface area of the medulla spinalis in the sections increased especially in the
group administered MSG at 0.6 mg/g egg dose compared to the control group. On the 21st day, it was determined that
the ratio of the surface area of the substantia grisea to the total surface area of the medulla spinalis in the sections was
decreased in the 0.6 mg/g and 1.2 mg/g MSG group compared to the control and distilled water groups. In the evaluations
made on the transverse and longitudinal diameters of the canalis centralis, it was seen that the transverse and longitudinal
diameters of the canalis centralis decreased in the MSG groups compared to the control and distilled water groups.
Histopathological changes such as necrosis and neuronophagia were observed on the 15th, 18th and 21st days in the
groups treated with MSG in the motoric neurons of the ventral cornus of the spinal cord. When the MSG groups were
compared with the control and distilled water groups, a significant increase in necrosis in motor neurons was seen
(p<0.05). As aresult, it was determined that in ovo administered MSG could adversely affect the embryonic development
of the medulla spinalis and cause necrosis in motor neurons.

Keywords: Chicken Embryos, embryotoxicity, medulla spinalis, monosodium glutamate

RIS kalan eriskinlerde onemli etkiler gdzlenirken,
fotal donemde ve yasamin ilk yillarinda
maruziyet yasam boyunca c¢ok daha ciddi
etkilere neden olabilir. Hegazy vd. (2017),
ratlarda gebelik sirasinda annelere MSG

verilmesinin fotal akciger dokularinda biiyiime

Gida katki maddeleri igerisinde
lezzet arttirict maddelerin  ¢ok
onemli bir yeri vardir.
Monosodyum Glutamat (MSG,

E621), son yillarda hazir gidaya geriligine ve histopatolojik degisikliklere neden

olabilecegini gostermislerdir. Miko vd. (2016),
maternal MSG maruziyetinin ratlarda ciddi
intrauterin biliylime geriligine ve norotoksik
etkilere neden olabilecegini bildirmistir.

olan talebin artmasiyla birlikte, gida sanayiinde,
restoranlarda, paketlenmis ve dondurulmus hazir
gidalarda en yaygin kullanilan lezzet arttirici
gida katki maddelerinden birisidir (Zanfirescu
vd., 2019). Ozellikle Cin, MSG’nin iiretim ve
tiketiminde dilinyada bas1 c¢ekerken, onu
Endonezya, Vietnam ve Tayland gibi birkag
glineydogu Asya iilkesi takip etmektedir
(Nguyen vd., 2020). Sanayilesmis iilkelerde
giinliik ortalama MSG aliminin 0.3-1 g oldugu
tahmin edilmektedir (Geha vd., 2000). Avrupa
iilkelerinde ortalama MSG alim1 0.3 ila 0.5 g/giin
arasinda degisirken Asya’da bu oran daha
yiiksektir; Ornegin Japonya’da 1.1-1.6 g/giin,
Tayvan’da 1.5-3.0 g/giin, Giiney Kore’de 1.6-2.3
g/gin’dir (Beyreuther vd., 2007; Nguyen vd.,
2020). Cin  Restorani Sendromu’nun
tanimlanmasindan sonra MSG’nin insanlarda ve
hayvanlarda toksik etkilerini gosteren ¢ok sayida
calisma yapilmistir (Williams & Woessner,
2009). Bu calismalar MSG’nin hepatotoksisite,

Yapilan c¢alismalarda MSG’nin; hafizada
bozulma, depresif ve anksiyojenik davranisglar ve
analjezik  tepkilerdeki  degisiklikler  gibi
noroendokrin anormalliklere neden olabilecegi
bildirilmistir (Lopez-Pérez vd., 2010; Quines
vd., 2014). Ayrica ratlarda on giin boyunca
subkutan veya oral yolla MSG maruziyeti
sonucu beynin hafizadan sorumlu olan bolgesi
olan hipokampus bolgesinde B-Amiloid plak
birikiminde artisa neden oldugu bildirilmistir
(Dief vd., 2014). Kemirgenlerdeki MSG
toksisitesinin hipokampus, optik sinir, retina ve
korteksin ¢esitli bolgelerinde dejenerasyona
neden oldugu bilinmektedir (Beas-Zarate vd.,
2002; Chambille & Serviere, 1993; Olney,
1969).

norotoksisite, genotoksisite, immunotoksisiteye
neden oldugunu ve obezite ve diyabet gibi
metabolik  bozukluklarla iliskili  oldugunu
gostermistir (Gad vd., 2021; Hegazy vd., 2017;
Kazmi vd., 2017; Nguyen vd., 2020; Oladipo
vd., 2015; Zanfirescu vd., 2019). MSG’ye maruz

MSG’nin norotoksik etkileri hakkinda cok
sayida calisma olmasma ragmen medulla
spinalis’in gelisimi iizerindeki etkileri hakkinda
yeterli bilgi bulunmamaktadir. Insanlar ve
memeliler  gebelikleri boyunca farkli
kimyasallara maruz kalabilmekte ve bunun
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sonucunda da embriyonik gelisim olumsuz
etkilenebilmektedir (Atay vd., 2020). Bazi
kimyasal maddelerin toksik, teratojenik ve
gelisimsel  etkilerini  belirlemeye  yonelik
caligmalar insanlar iizerinde yapilamadigindan
bu kimyasallar hayvan modelleri {izerinde test
edilmektedir. Jelinek (1977) pekgok kimyasalin
embriyolojik  ve  teratojenik etkilerinin
belirlendigi arastirmalarda kullanilan, déllenmis
tavuk  yumurtalarimin  kullanildignr ~ Tavuk
Embriyotoksisite Tarama Testi-CHEST adli bir
yontem gelistirmistir. CHEST yontemi ile
belirlenen toksik dozun sulandirma oraninin 102
ile carpilmasiyla elde
memelilerde anneye ait canli agirligin kg’mi
basina mg diizeyinde alinmasi gereken toksik
doz olarak kabul edildigi bildirilmistir (Jelinek,
1977). Tavuk embriyo modeli, in vivo ¢aligsmalar
icin siklikla tercih edilen basit, diisiik maliyetli,
erigilebilir ve tekrarlanabilir bir modeldir.

edilen sonucun,

Ayrica, tavuk embriyosunun ndral ve spinal
gelisim asamalari, insan embriyosunun gelisim
asamalarina ¢ok benzemektedir (Atay vd.,
2020). Bu amagla embriyolojik, anatomik ve
gelisimsel biyoloji ¢aligmalarinda materyal
olarak civciv embriyolari tercih edilmistir (Atay
vd., 2020; Cetin & Ozaydin, 2021; Kandil & Sur,
2018; Oznurlu vd., 2021). Bu calismada model
organizma olarak tavuk embriyolar1 kullanilmis
ve MSG’nin medulla spinalis’in embriyonik
gelisimi Ulizerindeki etkilerinin, histolojik ve
histometrik metodlarla belirlenmesi
amaclanmustir.

MATERYAL VE METHOD

Calismada saglikli ticari Babcock Brown 1rkina
ait elde edilen toplam 410 adet dolli tavuk
yumurtasi (50-55 g) kullanilmistir. Her grup i¢in
MSG dozlar1 55g yumurta agirligina gore
belirlendi. MSG (L-Glutamic acid monosodium
salt monohydrate, Sigma) hassas terazi ile
tartilarak santrifiij tiipiine aktarildi ve otoklavda
sterilize edilmis distile su ilave edilerek
sulandirildi. 100 pL hacimde 0,12, 0,6 ve 1,2

mg/g yumurta MSG igeren test ¢ozeltileri
hazirlandi.

Enjeksiyondan Once yumurtalar kapali bir
kabinde 21 g potasyum permanganat +42 mL
formaldehit/m® karisimiyla elde edilen buhar
altinda 15 dakika siireyle dezenfekte edildi. Daha
sonra yumurtalar 5 gruba ayrildi. Grup 1
(Kontrol grubu, n=40 yumurta), Grup 2 (Distile
su grubu, n=62 yumurta), Grup 3 (0,12 mg/g
yumurta MSG enjekte edilen grup, n=80
yumurta), Grup 4 (0,6 mg/g yumurta MSG
enjekte edilen grup, n=90 yumurta) ve Grup 5
(1,2 mg/g yumurta MSG enjekte edilen grup,
n=138 yumurta). Gruplardaki yumurta sayilari
embriyonik 6liimler dikkate alinarak belirlendi.
Enjeksiyon  gruplarinda yumurta kabugu
tizerindeki enjeksiyon bolgeleri dezenfeksiyon
icin %96’lik etanolle silindi. Tiim enjeksiyonlar
yumurta sarisina ve kulugka baslangicinda
gergeklestirildi. Yumurtanin yan tarafindan 6zel
yumurta delicisi ile bir delik agilarak, steril
insiilin  enjektériinden 100 plL/yumurta test
sollisyonu enjekte edildi ve ardindan delikler s1v1
parafin ile kapatildi. Kulugka islemleri, optimal
kosullarda (37,5 °C sicaklik ve %65 nispi nem)
kulucka makinesinde gergeklestirildi.

Kulugkanin 15, 18 ve 21. giinlerinde, her
gruptan rastgele secgilen 10’ar adet yumurta
acilarak, elde edilen embriyolardan alinan
medulla spinalis dokusu Ornekleri %10'luk
formolde tespit edildi wve rutin histolojik
yontemlerle yikama, dehidrasyon ve parlatmay1
takiben parafinde bloklandi. Bloklardan alinan 6
um kalinligindaki kesitler Crossmon’in Tiglii
boyama yontemi, Hematoksilen Eozin (H&E),
Periyodik Asit Schiff (PAS), Toluidine Blue ve
Kluver-Barrera boyama yontemleri ile boyandi.

Histometrik Olciimler

Histometrik olgtimler kuluckanin 15, 18 ve 21.

giiniinde elde edilen medulla spinalis
dokusundan alinan seri kesitlerde
gerceklestirildi. Medulla  spinalis  dokusu

servikal segmentte degerlendirilmeye alindi. Her
bir hayvana ait 3 seri kesitte substantia grisea

ML



ylizey alaninin medulla spinalis’in toplam yiizey
alanina oranlar1 hesaplandi (Sekil 1a). Ayrica
medulla spinalis’in servikal segmentine ait seri
kesitlerde kanalis sentralis’in enine ve boyuna
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cap Olglimleri yapildi
histometrik ~ Olgtimler

(Sekil 1b). Tim
Leica IMS50 ol¢liim

programi kullanilarak gerceklestirilmistir.

Sekil 1. a. Servikal segmentten alman bir kesit. Cizgiler ile sinirlanan 1: Substantia grisea, 2: Substantia alba bdlgeleri.
Uglii boyama. Bar: 100 um. b. medulla spinalis’in servikal segmentinden alinan bir kesitte kanalis sentralisin enine (1
numarali siyah bar) ve boyuna (2 numarali siyah bar) ¢aplari, PAS boyama. Bar: 50 um.

Histopatolojik Degerlendirmeler

Her grupta bulunan tiim Ornekler medulla
spinalisin ventral kornusunda bulunan motorik
noronlardaki nekroz ve néronofaji acisindan 151k
mikroskobu altinda (Leica DM2500, Leica
Microsystems GmbH, Wetzlar, Almanya)
degerlendirildi ve gerekli goriilen bdlgelerin
dijital gortintiileri (x400 biiyiitme) kaydedildi,
ardindan IM-50 goriintii analiz programi (AG
CH-9435; Leica Microsystems, Heerbrugg,
Isvigre) ile her alanda rastgele segilen 10000
um?lik alti farkli alanda normal ve nekrotik
motor ndronlar sayilarak nekrotik ndron yiizdesi
hesapland1 (nekrotik motor ndron sayist/ toplam

néron say1s1X100). Tim degerlendirmeler,
numune tanimlamasina kor iki arastirmaci
tarafindan yapildi.

Istatistik Analizler

Elde edilen veriler istatistik paket programi
(SPPS 25, IBM Corp. Released 2017) yardimiyla
analiz edildi. Medulla spinalis dokusundan
alman kesitlerde substantia grisea’nin ylizey
alaninin kesitlerde izlenen toplam ylizey alanina
oranlar1 arasindaki farkin belirlenmesi, kanalis
sentralis’in caplarmin

enine ve boyuna

degerlendirilmesi ve nekrotik néron yiizdesi tek
yonlii  varyans analizi, ardindan  ¢oklu
karsilastirma testlerinden Tukey testi ile analiz
edilerek gruplarin ortalama degerleri arasindaki
farklarin 6nem dereceleri belirlendi. p<0.05
degeri 6nemli kabul edildi.

BULGULAR

Medulla Spinalis Dokusuna ait Histolojik ve
Histometrik Bulgular

Inkiibasyonun 15. giinii

Bu dénemde tiim gruplarda medulla spinalis’in
servikal segmentinden alinan kesitlerde ortada
klasik “kelebek” seklindeki goriiniimii ile
substantia grisea bolgesi ve bunu cevreleyen
substantia alba katmani dikkati ¢ekti (Sekil 2a,
¢). Ventral kornu’da yer alan motorik hiicreler
diger  hiicrelerden ayirt edilebilmekteydi.
Yuvarlak-oval bigimdeki kanalis sentralisin i¢ini
kiibikten prizmatige kadar degisen sekillerde
ependim hiicrelerinin dosedigi gortildii (Sekil 2b,
d).
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Yapilan histometrik  dlgiimler  sonucunda
substantia grisea yiizey alaninin medulla
spinalis’in kesitlerde izlenen toplam ylizey
alanina orani dikkate alindiginda kontrol ve
MSG gruplart arasinda onemli bir farklilik

100 pm

500 um
f—

olmadig tespit edildi (Tablo 1). Bununla birlikte
MSG uygulanan gruplarda, kontrol ve distile su
grubuna gore kanalis sentralis’in enine ve
boyuna caplarinin azaldig1 dikkati ¢ekti (p<0,05,
Tablo 2).

Sekil 2. Kulugkanin on besinci giinii kontrol grubundan bir embriyonun medulla spinalisin servikal segmentine ait bir
kesit (a, b). Kulugkanin on besinci giinii 1,2 mg/g yumurta dozunda MSG uygulanan bir embriyoya ait medulla spinalisin
servikal segmentine ait bir kesit (c, d). 1: Substantia grisea. 2: Substantia alba. Ok: Kanalis sentralis. Okbaslar1: Motorik

hiicreler. e: Ependim hiicreleri, Uglii boyama.

Tablo 1. inkiibasyonun 15, 18 ve 21. giinlerinde medulla spinalis dokusunda substantia grisea’nin kesitlerdeki toplam

ylizey alanina orani.

5 18.giin 21.giin
Kontrol 33,55+2,802 32,02+1,73° 35,84+6,522
Distile su 31,4242,262 32,58+2,86% 34,2443 862
0,12 mg/g MSG 31,92+6,632 32,40+3,72% 33,43+2,03%
0,6 mg/g MSG 34,92+2,292 35,68+4,107 29,35+3,10P
1,2 mg/g MSG 33,26+3,343 32,27+1,78 30,18+2,90°

&b Ayni siitunda farklr harf tasiyan degerler arasindaki farklar istatistiksel dneme sahiptir ( p<0.05).

EEEEEEEEEEEEE——————_y 0 ==
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Tablo 2. Inkiibasyonun 15,18 ve 21. giinlerinde acilan yumurtalardan elde edilen embriyolarm medulla spinalis
dokularinda kanalis sentralislerin enine ve boyuna c¢ap 6l¢iimlerine ait degerler.

Gruplar 15.giin 18.giin 21.giin
n=6 1 (enine ¢ap) 2 (boyuna 1 (enine ¢ap) 2 (boyuna 1 (enine ¢ap) 2 (boyuna
cap) cap) ¢ap)
Kontrol 19,5944 ,442 33,63+3,467 18,52+2,872 35,55+6,36° 36,32+3,81°8 59,38+6,352
Distile su 20,50+3,562 30,78+1,632 16,76+1,472 32,53+3,612 34,07+7,44%  51,41+6,90°
0,12 mg/g 10,66+1,32° 20,13+2,55° 10,97+3,23° 21,86+5,12° 22,76+2,22° 32 47+4 45¢
MSG
0,6 mg/g 9,63+0,73 17,09+1,57° 7,18+1,7¢ 14,104+2,48° 14,63+4,25¢  19,9+6,98¢
MSG
1,2 mg/g 8,2340,92° 17,80+0,64° 9,72+1,94b¢ 15,43+4,43¢ 10,80+3,34¢  15,47+2,37¢
MSG

d: Ayni siitunda farkli harf tasiyan degerler arasindaki farklar istatistiksel neme sahiptir ( p<0.05).

Inkiibasyonun 18. giinii uygulanan grupta kontrol grubuna gore arttigi
tespit edildi (p<0.05, Tablo 1). Kanalis
sentralisin enine ve boyuna ¢aplarinin ise MSG
uygulanan gruplarda, kontrol ve distile su
grubuna gore azaldigi dikkati g¢ekti (p<0.05,

Tablo 2).

Bu dénemde tiim gruplarda bir dnceki doneme
kiyasla gerek substantia grisea’nin gerekse
substantia alba’nin genisledigi goriildii (Sekil 3a,
¢). Substantia grisea yiizey alaninin toplam
ylizey alanmma oranmin 0,6 mg/g MSG

100 um
—

b Hl, L

Sekil 3. Kulugkanin on sekizinci giinii kontrol grubundan bir embriyonun medulla spinalisin servikal segmentine ait bir
kesit (a, b), H&E boyama. Kulugkanin on sekizinci giinii 0,6 mg/g yumurta dozunda MSG uygulanan bir embriyoya ait
medulla spinalisin servikal segmentine ait bir kesit (c, d). 1: Substantia grisea. 2: Substantia alba. Ok: Kanalis sentralis.
Ok baslar1: Motorik hiicreler. e: Ependim hiicreleri, Uglii boyama.

EEEEEEEEEE——————_p ==
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Inkiibasyonun 21. giinii

ve 1,2 mg/g dozunda MSG uygulanan gruplarda

Kulugkadan ¢ikis giinii olan bu donemde tim
gruplarda medulla spinalis’in klasik histolojik
organizasyonunu hemen hemen tamamlamis
oldugu dikkati ¢ekti (Sekil 4a, c). Substantia
grisea ylizey alaninin medulla spinalisin
kesitlerdeki toplam yiizey alanina oran1 0,6 mg/g

kontrol grubu ile karsilastirildiginda azalmis
oldugu tespit edildi (p<0.05, Tablo 1). Kanalis
sentralis’in enine ve boyuna caplarinin ise MSG
uygulanan gruplarda, kontrol ve distile su
grubuna gore azaldigi dikkati c¢ekti (p<0.05,
Tablo 2).

Sekil 4. Kulugkanin yirmi birinci giinii kontrol grubundan bir embriyonun medulla spinalisin servikal segmentine ait bir
kesit (a, b). Kulugkanin yirmi birinci giinii 0,12 mg/g MSG uygulanan bir embriyoya ait medulla spinalisin servikal
segmentine ait bir kesit (c, d). 1: Substantia grisea. 2: Substantia alba. Ok: Kanalis sentralis. Ok baglari: Motorik hiicreler.
e: Ependim hiicreleri, Toluidine blue boyama (a, c), Uglii boyama (b, d).

Histopatolojik Bulgular

Medulla spinalisin ventral kornusunda bulunan
motorik néronlarda MSG uygulanan gruplarda
15.,18. ve 21. giinlerde nekroz ve ndronofaji gibi

histopatolojik degisikliklere rastland1r (Sekil
5b,c,d, 6b,c,d, 7b,c,d) ve kontrol ve distile su
gruplart ile  karsilastirildiginda
noronlardaki nekrozda onemli bir artig dikkati
cekti (p<0.05, Tablo 3).

motor
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Tablo 3. Inkiibasyonun 15, 18 ve 21. giinlerinde medulla spinalisin ventral kornusunda bulunan motor noronlarda
nekrotik néronlarin yiizdesi (%).

Gruplar n=6 15.giin 18.giin 21.giin
0,50+£1,222

Kontrol 0,50+1,222 1,00+2,442

Distile su 2,2542,622 3,50+2,382 2,75+3,402
0,12 mg/g MSG 17,80+1,92° 25,40+2,07° 22,4043 430
0,6 mg/g MSG 21,40+2,70P 39,00+3,80° 35,80+1,64°¢
1,2 mg/g MSG 22,003,530 38,40+5,50° 33,40+2,88¢

ab Ayn siitunda farkl harf tasiyan degerler arasindaki farklar istatistiksel dSneme sahiptir ( p<0.05).

Sekil 5. Kulugkanin on besinci giinii kontrol grubundan bir embriyonun medulla spinalisin servikal segmentine ait bir
kesit (a). Kulugkanin on besinci giinii 0,12 mg/g MSG uygulanan (b), 0,6 mg/g MSG uygulanan (c) ve 1,2 mg/g MSG
uygulanan (d) bir embriyoya ait medulla spinalisin servikal segmentine ait bir kesit. Y1ldiz: Kanalis sentralis, kalin ok:
Noéronlarda nekroz, ince ok: Noronofaji, ok basi: Normal motorik hiicreler. Uglii boyama, Bar: 50 um.

R ESE—EESE———Emm—————_ o5 ==
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Sekil 6. Kulugkanin on sekizinci giinii kontrol grubundan bir embriyonun medulla spinalisin servikal segmentine ait bir
kesit (a). Kulugkanin on sekizinci giinii 0,12 mg/g MSG uygulanan (b), 0,6 mg/g MSG uygulanan (c) ve 1,2 mg/g MSG
uygulanan (d) bir embriyoya ait medulla spinalisin servikal segmentine ait bir kesit. Yildiz: Kanalis sentralis, kalin ok:
Néronlarda nekroz, ince ok: Néronofaji, ok basi: Normal motorik hiicreler. Uglii boyama, Bar: 50 pum.
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(a). Kulugkanin yirmi birinci giinii 0,12 mg/g MSG uygulanan (b), 0,6 mg/g MSG uygulanan (c) ve 1,2 mg/g MSG
uygulanan (d) bir civcive ait medulla spinalisin servikal segmentine ait kesit. Yildiz: Kanalis sentralis, kalin ok:
Néronlarda nekroz, ince ok: Noronofaji, ok basi: Normal motorik hiicreler. Uclii boyama, Bar: 50 pm.

TARTISMA

MSG, diinya ¢apinda gida endiistrisinde en ¢ok
kullanilan  lezzet  arttiric1t gida  katka
maddelerinden biridir (Beyreuther vd., 2007).
Tim diinyada gidalarda MSG kullanimi
hakkinda siiregelen bir tartisma vardir (Henry-
Unaeze, 2017). MSG’nin lezzet arttirici gida
katki maddesi olarak kullanimina iligkin
diizenlemeler getirilmistir. 1971 yilinda JECFA
tarafindan belirlenen glutamik asit ve tuzlari igin

kabul edilebilir giinliik alim miktar1 viicut
agirhginin kilogrami bagina 120 mg olarak
belirlenmistir. Ancak Agustos 2017°de Avrupa
Gida Giivenligi Otoritesi (EFSA) tarafindan
MSG’nin giivenilirliginin yeniden
degerlendirilmesi sonucu MSG’nin giinliik alim
miktar1 30 mg/kg viicut agirhigi olarak revize
edilmistir (Nguyen vd., 2020). Gelismis
tilkelerde ortalama MSG aliminin 0,3-1,0 g/giin
oldugu tahmin edilmektedir (Hajihasani vd.,
2020). Ancak son yillarda degisen yasam tarzlari
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ve yeme aligkanliklar1 nedeniyle islenmis ve
paketlenmis gidalarin tiiketiminin artmasi, bu
kimyasallarin kabul edilebilir gilinlik alim
miktarint asma riskini arttirmistir  (Jain &
Mathur, 2015).

MSG’nin plasenta bariyerine niifuz ettigi ve
embriyonik dokulara dagildig bildirilmistir
(Gao vd., 1994). Bu nedenle son yillarda
caligmalar MSG’nin  gelisimsel etkilerine
odaklanmistir (Al-Qudsi & Al-Jahdali, 2012;
AL-Sharkawy vd., 2017). MSG’nin gebe ratlara
subkutan enjeksiyonu sonucu hem gebe ratlarda
hem de fetiislerinde noronal hiicre Sliimiine
neden oldugu bildirilmistir (Toth vd., 1987).

MSG tiiketiminin sinir sistemi tizerindeki
toksik etkilerini arastiran bircok calisma
yapilmistir (Abass & Abd El-Haleem, 2011; Al-
Qudsi & Al-Jahdali, 2012; AL-Sharkawy vd.,
2017; Dief vd., 2014; Espinar vd., 2000; Hashem
vd., 2012). Abass ve Abd El-Haleem (2011),
MSG’ye maruz kalan ratlarda beyin ve beyincik
dokusunda; piknoz, vakuolizasyon,
norodejenerasyon, koroid pleksus tikanikligi,
gliozis ve satellitozis gibi histopatolojik
degisiklikler gozlemlemislerdir. Hashem vd.
(2012) MSG'nin sadece sinir hiicreleri tizerinde
degil ayn1 zamanda sinir hiicrelerini toksik
etkilerden koruyan astrositler {izerinde de toksik
etkisinin oldugunu bildirmislerdir. Ishikawa vd.
(1997) neonatal ratlarda MSG’nin 6grenme
bozuklugu ile iligkili hipokampal CA1 pramidal
ndronlarda dejenerasyona neden oldugunu
bildirmistir. Khadija vd. (2009) da rasyona farkli

oranlarda ilave edilen MSG'nin broiler
civcivlerde orta beyinde kromatoliz,
fibrolamellasyon ve gliozis ile beyincikte
noronlarda dejenerasyon ve histopatolojik

lezyonlara neden oldugunu gostermislerdir.
Embriyonik donemde MSG’ye maruz kalan
hayvanlarda eriskinlik doéneminde davranig
bozukluklar1 gézlenmistir (Horvath vd., 2013;
Rosa vd., 2015).

Firgany ve Sarhan (2020) yash ratlara MSG
uygulamasinin sonucunda MSG’nin kan beyin

bariyerini gegerek motor noronlarda ve
norogliya hiicrelerinde dejeneratif ve apoptotik
degisikliklere =~ neden ortaya
koymustur. Kan beyin bariyerinin heniiz
gelisimini tamamlamadig1 yenidogan
doneminde MSG uygulamasinin ratlarda farkli
beyin bolgelerinde ve medulla spinaliste ndronal
dejenerasyona neden oldugu bildirilmistir
(Firgany & Sarhan, 2020; Kubo vd., 1993;
Rivera-Carvantes vd., 2017; Rivera-Cervantes
vd., 2015; Rosa vd., 2018). Al-Qudsi ve Al-
Jahdali (2012) yumurtaya farkli dozlarda MSG

enjekte etmis ve inkiibasyonun 7, 10 ve 14.

oldugunu

giinlinde agilan yumurtalardan elde edilen tavuk
embriyolarinda, kontrol grubuna kiyasla MSG
gruplarinda embriyonik gelisme geriligi, deri alt1
kanama, abdominal herni, beyin deformasyonu,
monoftalmi ve gaga malformasyonlar1 gibi
konjenital ~ malformasyonlar  gorildiglini
bildirmistir. Roongruangchai vd. (2018) vitelliis
kesesine farkli konsantrasyonlarda MSG’yi (1,
1.5, 2.5 ve 3 mg MSG/gm yumurta) enjekte
etmis ve MSG'nin beyin, goz, kalp ve i¢
organlarda biliylime geriligine, embriyonik
6lime ve konjenital malformasyonlara neden
oldugunu bildirmislerdir. Bu ¢alismada da,
kulugkanin 15., 18. ve 21. giinlerinde medulla
spinalisin ventral kornusunda bulunan motorik
noronlarda MSG uygulanan gruplarda nekroz ve
noronofaji  gibi histopatolojik degisikliklere
rastlandi. Ayrica MSG gruplari kontrol ve distile
su gruplart ile karsilagtirildiginda motor
noronlardaki nekrozda onemli bir artis dikkati
cekti (p<0.05).

Kanatlilarda merkezi sinir sistemi
olusumunun en erken gostergesinin kulugkanin
16 ile 18. saatlerinde ndéral plakayr olusturan
ektodermin  lokal = kalinlagsmas1  oldugu
bildirilmistir. Noral tiipiin sefalik kismi beyni
olusturmak i¢in genislemekte ve noral tiiptin geri
kalan kismu omuriligi meydana getirmektedir.
Noroepitel, noroblast ve glia hiicre hatlarmi
olusturmas1 yaninda, beyin ventrikiiliisleri ve
medulla spinalisin kanalis sentralisini Orten
ependim hiicrelerine de farklilasir. Gelisim

ML



ilerledik¢e, spinal cord’un yanal duvari, ince
kalan dorsal ve ventral duvarlara kiyasla biiyiik
Olclide kalinlasir. Bu siirecte, kanalis sentralis
yanal olarak sikistirilir, boylece enine kesitte
yanlardan basik olarak goriiniir (Sturkie 1986).

Brinkman ve Martin (1973), kanatli medulla
spinalisinde inkubasyonun on ikinci giliniinde
servikal ve lumbal bolgelerin ayirt edilebildigini,
kulugkanin on dordiincii giinlinde medulla
spinalisin  substansiya bolgesinin
yetiskinlerdekine benzer bir
gosterdigini, dorsal ve ventral kornunun ayirt
edilebildigini bildirmislerdir. Necker (2005)
substaniya grizeanin kulugkadan c¢ikisa kadar
onemli bir degisiklik gostermedigini ve servikal
segmentte motor ndronlarin belirgin oldugunu
gozlemlemistir.

grizea
organizasyon

Kanatlilarda medulla spinalisin embriyonik
gelisimi ile ilgili yapilan ¢aligmalar siirh
sayidadir. Izgi (2019), yumurtaya kuluckanin
baglangicinda 2.5, 12.5 ve 37.5 mg/kg propofol
enjekte etmis, substantia grisea yiizey alaninin
medulla spinalis’in kesitlerde izlenen toplam
ylizey alanina oraninin 15, 18 ve 21. giinlerde
histolojik organizasyon agisindan deney ve
kontrol gruplar1 arasinda belirgin bir fark
gozlenmemesine karsin yapilan histometrik
Ol¢iimler sonrasinda bu oranin propofol enjekte

edilen  gruplarda  embriyolarin  servikal
segmentlerinde arttigini, torakal ve lumbal
segmentlerinde ise azaldigini  bildirmigtir.

Arastirict  kanalis sentralis {izerinde yaptig1
histometrik ol¢timler sonucunda kontrol ve
deney gruplar1 arasinda kanalin enine ve boyuna
caplarmin servikal, torakal ve lumbal segmentler
farkliliklar  goOsterdigini  tespit
etmistir. Bu calismada da yapilan histometrik
Olgimlerde =~ MSG  uygulanan  gruplarda
substantia  grisea’nin  kesitlerdeki  toplam
medulla spinalis yiizey alanina oraninda 15.giin
yapilan histometrik dl¢iimler sonucunda kontrol
ve MSG gruplar arasinda anlamli bir farklilik
olmadigi, 18. giinde 6zellikle 0,6 mg/g yumurta

seviyesinde
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dozunda MSG uygulanan grupta kontrol
grubuna kiyasla arttig1, 21. giinde ise 0,6 mg/g ve
1,2 mg/g dozunda MSG uygulanan grupta
kontrol ve distile su grubu ile karsilastirildiginda
azalmis oldugu tespit edildi. Kanalis sentralis’in
enine ve boyuna caplar1 {tizerinde yapilan
degerlendirmelerde ise  MSG  uygulanan
gruplarda, kontrol ve distile su grubuna gore
enine ve boyuna caplarin azaldig1 dikkati ¢ekti.

Calismadan elde edilen sonuglar, MSG’nin
medulla  spinalisin  embriyonik  gelisimini
olumsuz yonde etkiledigini ortaya koymaktadir.
Substantia grisea’da goriilen bu degisikliklerin
sonucu olarak medulla spinalis’in gerek motor

gerekse  duyu  fonksiyonlarinda  ileriki
donemlerde  defektlere  yol  agabilecegi
muhtemeldir. Kanalis sentralis ¢aplarindaki

azalma temel gorevi beyin ve medulla spinalis’e
mekanik ve immiinolojik koruma saglamak olan
beyin-omurilik sivisinin (BOS) dolagimmi da
etkileyecektir. BOS’un serbest dolasimini
etkileyen  faktorlerin  yasamin ilerleyen
donemlerinde ciddi fonksiyon bozukluklarina

neden olabilecegi diisiiniilmektedir.

SONUC

Bu calismadan elde edilen veriler, yumurtaya
MSG enjeksiyonunun tavuk embriyosunun
medulla  spinalis  dokusunun  embriyonik
gelisimini olumsuz yonde etkileyebilecegini
gostermektedir. Gelisimin kritik bir evresi olan
prenatal donemde MSG'ye maruz
embriyolar  sonraki  yasamlarinda
hastaliklara daha duyarli olabilirler.
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Cikar catismasi: Yazarlar, bu makale i¢in gergek,
potansiyel veya algilanan bir c¢ikar catismasi
olmadigini beyan eder.

KAYNAKLAR

Abass, M., & Abd El-Haleem, M. (2011). Evaluation of
monosodium glutamate induced neurotoxicity and
nephrotoxicity in adult male albino rats. Journal of
American Science, 7(8), 264-276.

Al-Qudsi, F., & Al-Jahdali, A. (2012). Effect of
monosodium glutamate on chick embryo development.
Journal of American Science, 8, 499-5009.

AL-Sharkawy, A. N., Gab-Allah, M. S., EI-Mashad, A.-
B. I., & Khater, D. F. (2017). Pathological study on
the effect of some food additives in male albino rats.
Benha Veterinary Medical Journal, 33(2), 75-87.

Atay, E., Ertekin, A., Bozkurt, E., & Aslan, E. (2020).
Impact of Bisphenol A on neural tube development in
48-hr chicken embryos. Birth Defects Research,
112(17), 1386-1396.

Beas-Zarate, C., Pérez-Vega, M. A. 1., & Gonzilez-
Burgos, 1. (2002). Neonatal exposure to monosodium
L-glutamate induces loss of neurons and
cytoarchitectural alterations in hippocampal CAl
pyramidal neurons of adult rats. Brain Research,
952(2), 275-281.

Beyreuther, K., Biesalski, H. K., Fernstrom, J. D.,
Grimm, P., Hammes, W. P., Heinemann, U.,
Kempski, O., Stehle, P., Steinhart, H., Walker, R.
(2007). Consensus meeting: monosodium glutamate -
an update. European journal of clinical nutrition,
61(3), 304-
313.https://doi.org/10.1038/sj.ejcn. 1602526

Brinkman, R., & Martin, A. (1973). A cytoarchitectonic
study of the spinal cord of the domestic fowl Gallus
gallus domesticus. 1. Brachial region. Brain Research,
56, 43-62.

Chambille, 1., & Serviere, J. (1993). Neurotoxic effects
of neonatal injections of monosodium L-glutamate (L-
MSG) on the retinal ganglion cell layer of the golden
hamster: Anatomical and functional consequences on
the circadian system. Journal of Comparative
Neurology, 338(1), 67-82.

Cetin, S., & Ozaydin, T. (2021). The effects of bisphenol
A given in ovo on bursa of Fabricius development and
percentage of acid phosphatase positive lymphocyte in
chicken. Environmental Science and Pollution
Research, 1-10.

Dief, A. E., Kamha, E. S., Baraka, A. M., & Elshorbagy,
A. K. (2014). Monosodium glutamate neurotoxicity
increases beta amyloid in the rat hippocampus: a
potential role for cyclic AMP protein kinase.
Neurotoxicology, 42, 76-82.

Espinar, A., Garcia-Oliva, A., Isorna, E. M., Quesada,
A., Prada, F. A, & Guerrero, J. M. (2000).
Neuroprotection by melatonin from glutamate-induced
excitotoxicity during development of the cerebellum in
the chick embryo. Journal of pineal research, 28(2),
81-88.

Firgany, A. E.-D. L., & Sarhan, N. R. (2020). Quercetin
mitigates monosodium glutamate-induced
excitotoxicity of the spinal cord motoneurons in aged
rats via p38 MAPK inhibition. Acta Histochemica,
122(5), 151554.

Gad, F. A, Farouk, S. M., & Emam, M. A. (2021).
Antiapoptotic and  antioxidant  capacity  of
phytochemicals from Roselle (Hibiscus sabdariffa) and
their potential effects on monosodium glutamate-
induced testicular damage in rat. Environmental
science and pollution research international, 28(2),
2379-2390. https://doi.org/10.1007/s11356-020-
10674-7

Gao, J., Wu, J.,, Zhao, X., Zhang, W., Zhang, Y., &
Zhang, Z. (1994). Transplacental neurotoxic effects of
monosodium glutamate on structures and functions of
specific brain areas of filial mice. Sheng li xue
bao:[Acta physiologica Sinica], 46(1), 44-51.

Geha, R. S., Beiser, A., Ren, C., Patterson, R.,
Greenberger, P. A., Grammer, L. C., Ditto, A. M.,
Harris, K. E., Shaughnessy, M. A., Yarnold, P. R,
Corren, J., Saxon, A. (2000). Review of alleged
reaction to monosodium glutamate and outcome of a
multicenter double-blind placebo-controlled study.
The Journal of nutrition, 130(4S Suppl), 1058-1062.
https://doi.org/10.1093/jn/130.4.1058S

Hajihasani, M. M., Soheili, V., Zirak, M. R., Sahebkar,
A., & Shakeri, A. (2020). Natural products as
safeguards against monosodium glutamate-induced
toxicity. Iranian Journal of Basic Medical Sciences,
23(4), 416.

Hashem, H. E., EI-Din Safwat, M. D., & Algaidi, S.
(2012). The effect of monosodium glutamate on the
cerebellar cortex of male albino rats and the protective
role of  vitamin C (histological and
immunohistochemical study). Journal of molecular
histology, 43(2), 179-186.
https://doi.org/10.1007/s10735-011-9380-0

Hegazy, A. A., lIbrahim, I. H., Sabry, R. M., & Abass,
E. S. (2017). Effect of gestational exposure to
monosodium glutamate on the structure of fetal rat
lung. Anatomy Physiol. Biochem. Int. J, 3(2), 1-6.

Henry-Unaeze, H. N. (2017). Update on food safety of
monosodium |-glutamate (MSG). Pathophysiology,
24(4), 243-249.
https://doi.org/10.1016/j.pathophys.2017.08.001

Horvath, G., Reglodi, D., Vadasz, G., Farkas, J., &
Kiss, P. (2013). Exposure to enriched environment
decreases neurobehavioral deficits induced by neonatal
glutamate toxicity. International journal of molecular
sciences, 14(9), 19054-19066.

Ishikawa, K., Kubo, T., Shibanoki, S., Matsumoto, A.,
Hata, H., & Asai, S. (1997). Hippocampal
degeneration inducing impairment of learning in rats:
model of dementia? Behavioural Brain Research,
83(1), 39-44,
https://doi.org/https://doi.org/10.1016/S0166-
4328(97)86043-3

izgi, M. (2019). Yumurtaya Verilen Propofol’iin Merkezi
Sinir Sistemi Uzerindeki Embriyotoksik Etkilerinin
Histolojik Yontemlerle Belirlenmesi. Doktora Tezi,
Saglik Bilimleri Enstitiisti, Konya.

MESN—


https://doi.org/10.1007/s11356-020-10674-7
https://doi.org/10.1007/s11356-020-10674-7
https://doi.org/10.1093/jn/130.4.1058S
https://doi.org/10.1007/s10735-011-9380-0
https://doi.org/10.1016/j.pathophys.2017.08.001
https://doi.org/https:/doi.org/10.1016/S0166-4328(97)86043-3
https://doi.org/https:/doi.org/10.1016/S0166-4328(97)86043-3

Jain, A., & Mathur, P. (2015). Evaluating hazards posed
by additives in food-a review of studies adopting a risk
assessment approach. Current Research in Nutrition
and Food Science Journal, 3(3), 243-255.

Jelinek, R. (1977). Methods in prenatal toxicology. In:
The chick embryotoxicity screening test (CHEST).
Eds: Neubert D, Merker H, Kwasigrooh T. Stutgort:
Georg Thieme, p. 381-6.

Kandil, B., & Sur, E. (2018). The light microscopic
investigation of the effects of in-ovo administered
bisphenol A (BPA) on the development of testes.
Ankara Universitesi Veteriner Fakiiltesi Dergisi,
65(3), 273-281.

Kazmi, Z., Fatima, I., Perveen, S., & Malik, S. S. (2017).
Monosodium glutamate: Review on clinical reports.
International Journal of food properties, 20(sup2),
1807-1815.

Khadija, A., Ati, A,, Mohammed, S., Saad, A.,, &
Mohamed, H. (2009). Response of broiler chicks to
dietary monosodium glutamate. Pakistan Veterinary
Journal, 29(4), 165-168.

Kubo, T., Kohira, R., Okano, T., & Ishikawa, K.
(1993). Neonatal glutamate can destroy the
hippocampal CAL structure and impair discrimination
learning in rats. Brain Res, 616(1-2), 311-314.

Lopez-Pérez, S. J., Ureia-Guerrero, M. E., & Morales-
Villagran, A. (2010). Monosodium glutamate neonatal
treatment as a seizure and excitotoxic model. Brain
Research, 1317, 246-256.

Miko, A. M., Shehu, A. M., Bello, N., Allyu, I. A., Tasiu,
l., Abdussalam A.O., & lIsa, A. S. (2016). A
morphometric study of the teratogenic effect of
monosodium glutamate on the developing developing
cerebral cortex of Wista Rat(Rattus norvegicus).
Nigerian Journal of Scientific Research, 15(3): 240-
244,

Necker, R. (2005). Embryonic development of choline
acetyltransferase and nitric oxide synthase in the spinal
cord of pigeons and chickens with special reference to
the superficial dorsal horn. Anatomy and embryology,
210(2), 145-154.

Nguyen, L., Salanta, L.-C., Socaci, S., Tofana, M.,
Fircas, A., & Pop, C. (2020). A Mini Review About
Monosodium Glutamate. Bulletin of University of
Agricultural Sciences and Veterinary Medicine Cluj-
Napoca. Food Science and Technology, 77, 2020.
https://doi.org/10.15835/buasvmen-fst:2019.0029

Oladipo, 1., Adebayo, E., & Kuye, O. (2015). Effects of
monosodium glutamate in ovaries of female Sprague-
Dawley rats. International Journal of Current
Microbiology and Applied Sciences, 4(5), 737-745.

Olney, J. W. (1969). Brain lesions, obesity, and other
disturbances in mice treated with monosodium
glutamate. Science, 164(3880), 719-721.

Oznurlu, Y., Ozaydm, T., Sur, E., & Ozparlak, H.
(2021). The effects of in ovo administered bisphenol A
on tibial growth plate histology in chicken. Birth
Defects Research doi.org/10.1002/bdr2.1925 (in
press). https://doi.org/10.1002/bdr2.1925

VetBio, 2021, 6(3), 298-311

Quines, C. B., Rosa, S. G., Da Rocha, J. T., Gai, B. M.,
Bortolatto, C. F., Duarte, M. M. M., & Nogueira, C.
W. (2014). Monosodium glutamate, a food additive,
induces depressive-like and anxiogenic-like behaviors
in young rats. Life sciences, 107(1-2), 27-31.

Rivera-Carvantes, M. C., Jarero-Basulto, J. J., Feria-
Velasco, A. |., Beas-Zarate, C., Navarro-Meza, M.,
Gonzalez-Lopez, M. B., Gudiio-Cabrera, G,
Garcia-Rodriguez, J. C. (2017). Changes in the
expression level of MAPK pathway components
induced by monosodium glutamate-administration
produce neuronal death in the hippocampus from
neonatal rats. Neuroscience, 365, 57-69.

Rivera-Cervantes, M. C., Castaiieda-Arellano, R.,
Castro-Torres, R. D., Gudifo-Cabrera, G., y
Velasco, A. I. F., Camins, A., & Beas-Zarate, C.
(2015). P38 MAPK inhibition protects against
glutamate neurotoxicity and modifies NMDA and
AMPA receptor subunit expression. Journal of
Molecular Neuroscience, 55(3), 596-608.

Roongruangchai, J., Viravud, Y., Plakornkul, V.,
Sripaoraya, K., Boonmark, W., & Roongruangchai,
K. (2018). The Teratogenic Effects of Monosodium
Glutamate (MSG) on the Development of Chick
Embryos. Siriraj Medical Journal, 70(6), 514-522.

Rosa, S. G., Chagas, P. M., Pesarico, A. P., & Nogueira,
C. W. (2018). Monosodium glutamate induced
nociception and oxidative stress dependent on time of
administration, age of rats and susceptibility of spinal
cord and brain regions. Toxicology and applied
pharmacology, 351, 64-73.

Rosa, S. G., Quines, C. B., da Rocha, J. T., Bortolatto,
C. F., Duarte, T., & Nogueira, C. W. (2015).
Antinociceptive action of diphenyl diselenide in the
nociception induced by neonatal administration of
monosodium glutamate in rats. European journal of
pharmacology, 758, 64-71.
https://doi.org/10.1016/j.ejphar.2015.03.060

Sturkie P.D. (1986). Avian Physiology. Fourth edition,
Springer-Verlag New York, Inc., p. 10-15.

Toth, L., Karcsu, S., Feledi, J., & Kreutzberg, G.
(1987). Neurotoxicity of monosodium-L-glutamate in
pregnant and fetal rats. Acta neuropathologica, 75(1),
16-22.

Williams, A., & Woessner, K. (2009). Monosodium
glutamate ‘allergy’: menace or myth? Clinical &
Experimental Allergy, 39(5), 640-646.

Zanfirescu, A., Ungurianu, A., Tsatsakis, A. M.,
Nitulescu, G. M., Kouretas, D., Veskoukis, A.,
Tsoukalas, D., Engin, A. B., Aschner, M., Margina,
D. (2019). A Review of the Alleged Health Hazards of
Monosodium Glutamate. Comprehensive Reviews in
Food Science and Food Safety, 18(4), 1111-1134.
https://doi.org/https://doi.org/10.1111/1541-
4337.12448



https://doi.org/10.15835/buasvmcn-fst:2019.0029
https://doi.org/10.1002/bdr2.1925
https://doi.org/10.1016/j.ejphar.2015.03.060
https://doi.org/https:/doi.org/10.1111/1541-4337.12448
https://doi.org/https:/doi.org/10.1111/1541-4337.12448

Journal of Advances in VetBio Science and Techniques

Diagnosis of Avian Tuberculosis in laying hens by
pathological, microbiological and polymerase chain

reaction (PCR): Case report

ABSTRACT

Avian tuberculosis was described at 50 week-old Lohmann chickens in a commercial
chicken farm. The study materials were 50 week-old 20 pieces of chicken from 2 coops
and 16 week-old 20 pieces of pullets from 4 coops in a commercial chicken farm. After
necropsy, samples were processed routinely for histopathological and microbiological
examinations. Macroscopically, hard consistency, numerous and different sizes, whitish-
yellow caseificated-calcifiated nodules were seen on the liver, spleen, kidneys and
intestinal serosa. In the microscopic examination, various sized granulomas, which have
been caseification necrosis surrounded by epithelioid histiocytes and multinucleated
giant cells, were found at liver, spleen, wall and serosa of intestine. Numerous acid-fast
bacteria were seen on histopathology at necrosis and macrophages in the liver, spleen
and the intestines by Ziehl — Neelsen staining in all cases. Mycobacterium avium spp
was produced at microbiological inoculations in liver, spleen, intestines and ovaries.
Mycobacterium avium subsp. avium from these cultures was identified by PCR. It was
thought that infection could be by fecal-oral route due to both intestinal tuberculosis in
hens and common disease in coop. Therefore, the role of chicken manure may also be
taken into account for the spreading of the disease.

Keywords: Hens, Mycobacteriosis, Pathology, PCR

NTRODUCTION

Avian tuberculosis is a chronic infectious disease characterized by

low productivity and weakening caused by Mycobacterium avium

(MA) (Fulton and Thoen, 2003; Jordan and Hampson, 2008). The

disease has caused major losses to hen populations. It is not only
seen predominantly in laying hens, but has also been detected in pigeons,
turkeys, parrots, pheasants, waterfowl and wild birds (Bolfion et al., 2010;
Cromie et al., 1993; Gonzalez et al., 2002; Gilimiissoy et al., 2006;
Kapakin and Algigir, 2009; Keymer et al., 1982; Kriz et al., 2010; Kul et
al., 2005; Kutsal and Saglam, 1988; Mayahi et al., 2013; Prukner-
Radovcic et al., 1998; Saggese et al., 2007; Sezen et al., 1986; Sousa et
al., 2008). Transmission is carried with digestion of contaminated feed
and water. It has been reported that inhalation is not an effective method
of contracting the infection (Fulton and Thoen, 2003). MA can be isolated
from the egg in a natural infection, but it failed to create avian tuberculosis
in hatched chicks. The agents die after boiling of eggs for 6 minutes
(Fulton and Thoen, 2003). The most common symptom is increasing
weakening of sick birds. Greenish diarrhea and deaths occur in the chronic
period.
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The most affected organs are liver, spleen,
intestine, bone marrow and lung. Numerous
large and small, hard structured, whitish-yellow
nodules are observed in affected organs during
the necropsy. There are typical tubercles in
microscopic examination (Fulton and Thoen,
2003). A large number of acid-fast bacteria can
observe by Ziehl — Neelsen (ZN) staining.
Diagnosis of avian tuberculosis in hens depends
on the demonstration of MA in live or dead
chickens, tuberculin test or serological and PCR
techniques (OIE, 2014). MA causes zoonotic
infections in humans  especially in
immunocompromised individuals such as
leukemia patients or infected with HIV. MA can
lead to generalized mycobacteriosis in such
humans, but healthy humans have a low
susceptibility to MA infection (Coelho et al.,
2013).

CASE DESCRIPTION

In this study, an outbreak of avian tuberculosis
was identified on a commercial chicken farm by
clinical, pathological findings and PCR
techniques. The study materials were 20 pieces
of 50-week-old chickens from two coops and 20
pieces of 16-week-old pullets from four coops in
a commercial chicken farm with 400 thousand
chicken capacity in Turkey. All animals were
brought dead. The farm exhibited fine
biosecurity conditions and hens fed with
commercial feed. Diets have also included meat
and bone meal. An increase in number of deaths
(up to 3%) was observed over 2 months period
in the farm. Clinically, weakening and decrease
of egg production were noticed in hens and
pullets. The rate of egg production was
decreased to 80% from 100% in the farm.

All chickens were necropsied and examined
grossly. Tissue samples were fixed in 10%
formalin for 24 hours and processed routinely,
then embedding in paraffin. Embedded tissue
samples were cut at Sum thick and stained with
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Hematoxylin & Eosin (HE) and ZN and
examined with light microscope. Smears were
stained with ZN for cytological examination.

Samples were inoculated into Lowenstein-
Jensen culture medium for microbiological
examination. Isolation and identification of
Mycobacterium avium subsp. avium (MAA)
isolates were made using the protocol described
by Ambrosio et al. (2008). Specimens were
cultured on Lowenstein-Jensen medium at 37°C
for 6 weeks and isolates were stored at -80°C.
Chromosomal DNA of MAA was extracted
using the protocol provided in Promega Wizard
Genomic DNA purification Kit (Cat No:
A1120). The DNA samples were stored at -20°C
until used as templates for amplification. MAA
specific primer pairs were used in polymerase
chain reaction (PCR) for amplification of the
insertion sequence 1S901 of MAA as described
by Kunze et al. (1991). The sequence of forward
primer was 5'- GCA ACG GTT GTT GCT TGA
AA-3' and reverse primer was 5-TGA TAC
GGC CGG AAT CGC GT-3'. Specific primers
showed a single amplicon of 1108 bp. The
extracted DNA was amplified in a total volume
of 50 uL (5 uL 10x PCR bufter, 250 mM from
each dNTPs (MBI Fermentas), 1.25 U taq
polymerase (MBI Fermentas), 0.5 uM each of
primers (IDT), 1.5 mM MgCI2, and 5 pL
extracted DNA. The cycling conditions with the
Techne Progene (Cambridge Ltd., UK) were the
initiation step at 94 °C for 3 min, followed by 33
cycles coupling 94 °C for 1 min, 66 °C for 45 s
and 72 °C for 4 min and a final extension period
at 72 °C for 3 min (14). Ten pL of amplification
products were submitted to electrophoresis in
2% agarose gel in Tris—borate EDTA buffer and
the 100 bp ladder DNA marker (MBI Fermentas)
was run concurrently. The ethidium bromide-
stained DNA bands were visualized and the gel
photographed.

There was no difference in terms of lesion
location and severity between 16 and 50 week
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old hens in the farm. Macroscopically, a great
number of large and small, hard consistency,
whitish-yellow, calcified cut surfaces of nodules

were found in the liver (Figure 1A.), spleen
(Figure 1B.), kidneys, serosa of the intestines
(Figure 1C.) and ovaries (Figure 1D.).

Figure 1. A. A great number of large and small, hard structured, whitish-yellow tubercles in the liver. B. Cut surfaces
of spleen. C. Serosa of the intestines (arrows). D. Ovaries (arrows)

Various sized granulomas (Figure 2A)),
which have been identified as caseification
necrosis surrounded by epithelioid histiocytes
and multinucleated giant cells (Figure 2B.), were
found in liver, spleen, wall and serosa of
intestine at microscopical examination. It was
noticed that granulomas in the serosa caused
ulcers when it came to mucosa. Numerous acid-
fast bacteria were determined at necrosis areas
by cytological smears (Figure 2C.) and
histopathology, as well as macrophages in the
liver, spleen and intestines by ZN staining. The
agent was identified as a MAA by PCR analysis
on microbiological inoculations of liver, spleen,
intestines, lung and ovaries (Figure 2D.). There
were no findings related to tuberculosis in the
other coops of same farm.

DISCUSSION

It has been reported that MA infection is
commonly observed in pigeons, captive pets and
wild birds in the zoo (Bolfion et al., 2010;
Glimiissoy et al., 2006; Kapakin and Algigir,
2009; Kriz et al., 2010; Mayahi et al., 2013;
Prukner-Radovcic et al., 1998; Sezen et al.,
1986; Sousa et al., 2008). However, rarely are
outbreaks observed on commercial chicken
farms under inadequate hygiene conditions
(Gonzalez et al., 2002). Atypical symptoms such
as chronic period of disease, cachexia, muscle
atrophy and decreased egg production
complicates the clinical diagnosis. In such cases,
pathological findings are helpful for diagnosis as
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well as identification of agents by advanced
molecular techniques (OIE 2014).

Gonzalez et al. (2002) mentioned two
different models for disease as clinical and
pathologically. In the first type generalized
tuberculosis was observed as a result of cachexia
and decreased productivity. Secondly, there
were limited infraorbital sinus lesions and no
loss of egg production. Clinically, cachexia,
weight loss and decreased egg production have
been observed in our case. Grossly generalized
tuberculosis lesions were observed on internal
organs such as the liver, spleen and mtestmes
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with no evidence of macroscopic lesions in
infraorbital sinuses and the lungs. This situation
was interpreted as primarily lesions occurring in
organs such as the liver and intestines due to oral
transmission.

The agents were identified in the liver, spleen,
intestines, ovary and the lungs by PCR analysis
with IS 901 primer. Despite there being no
macroscopic or microscopic findings in the
lungs, MAA was identified by PCR. Thus, it is
thought to be the causative agent generalized to
the lungs from the digestive organs.

PC Liver Spleen Lung Ovaries
G G WP W s (105

1000 bp

500 bp

Figure 2. A. Caseified tubercles which have been surrounded by mononuclear, epithelioid and giant cells, Spleen, x200,
HE, B. Multinucleotid giant cells in the granulomas (arrows), Liver, x400, HE, C. Acid-fast bacteria in the cytological
examinations, Liver, x1000, ZN, D. The image of agarose gel electrophoresis of the MAA culture positive samples by IS
901 primer (M: Fernentas 100 bp DNA marker SM 0321, PC: Positive control- M. Avium ATCC 25291).

Mycobacterium avium can be isolated from
the egg in natural infection, however the hatched
chickens failed to develop avian tuberculosis
(Fulton and Thoen, 2003). Although the MA
were isolated and identified from the ovaries of

infected animals, there was no causative agent
detected from eggs of these hens. It has been
expressed that Mycobacterium avium are not
always identified from eggs. They may vary with
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intensity and severity of the infection (Shitaye et

al., 2008).

Although Fulton and Thoen (2003) reported
to avian tuberculosis is less prevalent in young
chickens, extensive and diffuse tuberculosis was
observed in this case report. The occurrence of
fecal-oral contamination due to a large amount
of agents entering to the body via oral route and
the presence of lesions in the intestines have
shown that increase the prevalence of the disease
in the farm. The presence of extensive intestinal
lesions in these hens supports this possibility.
Besides, recently informed from farm
veterinarian that the meat and bone meal join to
the diet, raised concerns about feeding.
Therefore, it has been expressed that such hens
are an important source of spreading the disease.
It was estimated that hens might be infected with
tuberculosis orally from feaces, because Hejlicek
and Treml (1995) emphasized that the
contaminated feaces of infected birds are the
major source of infection for other hens.

In conclusion, it was thought that infection
could have been by fecal-oral route due to the
presence of intestinal tuberculosis in hens.
Therefore, the role of chicken manure may also
be taken into account for the spreading of the
disease.
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Astaksantin’in kimyasi ve uygulamalar iizerine bir Review Article

inceleme
Cigdem Dikel
A review of astaxantine’s chemistry and its applications

OZET Cukurova University,

Dogal bir antioksidan olan Astaksantin Su {irlinleri yetistiriciliginde, ete pembe renk Adana, Turkey

ozelligini saglamak i¢in alabalik ve kabuklu su iiriinleri tiretiminde yaygin olarak
kullanilan bir karotenoiddir. Bu uygulama doksanli yillardan bu yana otuz yili agkin bir
stiredir kullanilmakla birlikte giiniimiizde gida renk maddeleri endiistrisinde en dnemli
pigmentlerden biridir. EK olarak, astaksantin baliklarin {ireme siireglerinde yumurta ve
sperm kalitesinin artmasinda dnemli bir rol oynamaktadir. Diinya pazarma agirlikli .
olarak sentetik astaksantin kullanimi hakim olmakla birlikte, pigmentin dogal ORCID-
kaynaklaria olan ilgi son zamanlarda biiylik 6l¢lide artmistir. Dogal astaksantinin en 0000-0002-5533-8899
yaygin kaynaklar1 kabuklu yan iriinlerinin yani sira yesil alglerden Haematococcus
pluvialis, kirmizi maya Phaffia rhodozyma’dir. Astaksantin, kapsiillenmis iiriin olarak
nutrasétik pazarinda talep artisina sahip olan bir antioksidandir. Ayrica, astaksantinin
tiketiminin  kardiyovaskiiler  hastaliklarin  Onlenmesi, bagisiklik  sisteminin
giiclendirilmesi, Helycobacter pylori'ye karsi biyoaktivite ve kataraktin dnlenmesi gibi
insan saglhigi yoniinden bir¢ok yarar1 oldugu bildirilmektedir. Bu makale, astaksantin
pigmentinin kimyasi ve canlilar iizerine potansiyel yararli etkileri ile ilgili mevcut
kanitlar1 gozden gecirmektedir.
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ABSTRACT

Astaxanthin, a natural antioxidant, is a carotenoid widely used in aquaculture, in the
production of trout and shellfish to provide the pink color of meat. Although this
application has been used for over thirty years since the nineties, it is one of the most
important pigments for food colouring industry today. Additionally, astaxanthin plays an
important role in improving egg and sperm quality in fish reproductive processes. The
world market is dominated by the use of synthetic astaxanthin, besides, interest in natural
sources of the pigment has grown considerably recently. The most common sources of
natural astaxanthin are the green algae Haematococcus pluvialis, the red yeast Phaffia Submission: 28-06-2021
rhodozyma, as well as crustacean byproducts. Astaxanthin is an antioxidant that has Accepted: 07-12-2021
increased demand in the nutraceutical market as an encapsulated product. In addition, pted:
the consumption of astaxanthin has many health benefits, such as the prevention of
cardiovascular diseases, strengthening the immune system, bioactivity against
Helycobacter pylori, and prevention of cataracts. This article reviews the available
evidence on astaxanthin chemistry and its potential beneficial effects on living things.
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IRIS

Son on yilda, deniz

organizmalarinda ilging

farmasotik aktivitelere sahip ¢ok

sayilda madde tanimlanmistir.
Deniz ortamlarinin  ¢esitliligi, ©onemli bir

biyoaktif bilesik kaynagi saglamaktadir. Bu,
hiicresel redoks durumu degisiklikleri ile
karakterize edilen bircok hastaliga karsi
terapotik stratejide etkinlik ve diisiik toksisite ile
dogal kaynakli potansiyel yeni ila¢ adaylarina
yol gostermektedir. Dogal antioksidan maddeler
araciligryla beslenme yaklagimi,
kardiyovaskiiler hastaliklarin hem 6nlenmesinde
hem de tedavisinde 6nemli bir yeni ¢izgiyi temsil
eder. Bilimsel kamitlar, bazi inflamatuar ve
kronik hastaliklara kars1 fitokimyasallarin yararli
rollerini desteklemektedir. Dogal olarak olusan
birka¢ antioksidan biyoaktif madde, bunlarin
onlenmesi ile iligkilendirilmistir (Gammone vd.,
2015).

Biiyiik antioksidan 6zelliklere sahip bir¢ok
karotenoid, hem epidemiyolojik ¢aligmalarda
hem de insanlarda besin takviyesi denemelerinde
bir risk azalmasi sergilemis, bu da oksidatif stres,
proinflamatuar bir sistemik ortam ve ¢ok sayida
kronik hastalik arasinda giiglii bir baglantinin
varligini  gostermistir (D’Orazio, vd., 2012).
Sonu¢ olarak, beslenme iyilestirmesi, insan
saglhigim1 daha iyi bir yasam kalitesi kadar
morbidite ve mortalitenin azalmasina dogru
kaydirabilmektedir.

Astaksantin, tetraterpenoidler olarak bilinen
fitokimyasallar sinifina ait olan ve sekiz izopren,
CsHg molekiiliinden olusan bir karotenoiddir; ilk
oncii olarak izopentenil difosfat (veya IPP) ve
dimetilalil difosfattir (veya DMAPP) (Sekil 1).
Bir¢cok karotenoid gibi, astaksantin renkli ve
lipitte ¢oziinlirliige sahip pigmenttir.
Astaksantinin  rengi, bilesigin merkezindeki
genigletilmis konjuge (dontisimlii cift ve tek)
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¢ift bag zincirinden kaynaklanmaktadir (Choi
vd., 2005).

Bu karotenoidler sadece harika dogal renkler

saglamakla kalmaz, ayni zamanda oksidatif
stresi  hafifletmek i¢in antioksidan olarak
biyolojik acidan Onemli rol oynamaktadir
(Krinsky 1994).

OH

A NG . T Y N

HO

o

Sekil 1. Astaksantinin Molekiiler yapist (Gammone vd.,
2015)

Olaganiistii antioksidan aktivitesi nedeniyle
Astaksantin,  organizmayt  kardiyovaskiiler
problemler, farkli
immiinolojik sistem hastaliklar1 gibi ¢esitli

kanser tiirleri ve bazi
rahatsizliklara karsi korumak icin {stiin bir
potansiyele sahiptir. Bu dikkat ¢ekici 6zellikler,
Astaksantin'e biiyiik ilgi uyandirarak insanlara
ve hayvanlara potansiyel faydalar ile ilgili ¢ok
sayida arastirma yapilmasina yol agmaktadir.
Giliniimiizde  diinya  pazarlarinin =~ ¢ogunu
kapsayan sentetik pigmente alternatif olarak
dogal Astaksantin kaynaklarinin (alg, maya ve
kabuklu yan tirlinleri) tanimlanmasi, {iretimi ve
kullanimina da odaklanilmaktadir. Bu derleme,
bu dogal bilesenin 6nemine dair gilincellenmis
caligmalara, genel bir bakis agis1 saglamayi
amagclamaktadir.

ASTAKSANTIN KAYNAKLARI
Sentetik astaksantin

Sentetik  Astaksantin, canli organizmalarda
iretilenle ayn1 molekiildiir ve sirasiyla 1: 2: 1
izomer (3S, 3S '), 3R, 3S ) ve (3R, 3R)
karisimindan  olusmaktadir.  Su  iirlinleri
yetistiriciligi  endiistrisinde diinya capinda
kullanilan ana karotenoiddir. Roche firmasi,
1990 yilinda biiyiik 6lcekli sentetik Astaksantin
tretimine basladi ve Astaksantin pigmentin

diinya pazarindaki degerinin 150-200 milyon
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dolar oldugu tahmin edilmektedir. Bununla
birlikte, dogal gidalara talebin artmasi ve
sentetik ~ pigmentlerin  yiiksek  maliyeti,
sanayilesme potansiyeli olan dogal Astaksantin
kaynaklarina yonelimi tesvik etmektedir.

Astaksantin’in dogal kaynaklart

Astaksantinin dogal kaynaklar1 yosun, maya,
somon, mollusk, alabalik, kril, karides ve
kerevittir  (Catanzaro vd., 2020). Cesitli
mikroorganizma kaynaklarindan elde edilen
astaksantin, Tablo 1. de verilmistir. Ticari
astaksantin esas olarak Phaffia mayasi,
Haematococcus'tan ve kimyasal sentez yoluyla
elde edilir. Haematococcus pluvialis, dogal
astaksantinin en 1iyi kaynaklarindan biridir
(Lorenz 1999; EFSA 2005; Ranga Rao vd.,
2009; Ranga Rao vd., 2010).

Dogadaki ve ¢iftlik  alabaliklarindaki
astaksantin igerigi Sekil 1’de verilmistir. Yabani
salmonidler arasinda, yabani Oncorhynchus
tirlerindeki maksimum astaksantin igerigi,
sockeye salmonunda 26-38 mg / kg et araliginda
bildirilirken, diisiik astaksantin igerigi chum
salmonunda  bildirilmistir  (EFSA  2005).
Yetistirilmis Atlantik salmonundaki astaksantin
icerigi 68 mg / kg et olarak rapor edilmistir.
Astaksantin, Avrupa alabaliklarda (6 mg / kg et)
ve Japon pazarindaki alabaliklarda (25 mg / kg
et) mevcuttur. Karides, yenge¢ ve somon,
astaksantin icin diyet kaynaklar1 olarak hizmet
edebilir (EFSA 2005). Dogadan yakalanmis
somon, iyi bir astaksantin kaynagidir. 3,6 mg
astaksantin elde etmek igin giinde 165 gram
somon balig1 tiiketilebilir. Giinde 3,6 mg
Astaksantin takviyesi, lwamoto vd., tarafindan
bildirildigi gibi sagliga faydali olabilmektedir
(Ilwamoto vd., 2000).

Tablo 1. Mikroorganizmalarin Astaksantin igerikleri

Astaksantin Kaynaklari Kuru agirhkta

Astaksantin (%0)

Chlorophyceae

Haematococcus pluvialis 3,8
Haematococcus pluvialis (K- 3,8
0084)

Haematococcus pluvialis 3,6

(Bolgesel izolasyon)

Haematococcus pluvialis 34
(AQSE002)

Haematococcus pluvialis (K- 2,7
0084)

Chlorococcum 0,2
Chlorella zofingiensis 0,001
Neochloris wimmeri 0,6
Vivophyceae

Enteromorpha intestinalis 0,02
Ulva lactuca 0,01

Florideophyceae
Catenella repens 0,02

Alphaproteobacteria

Agrobacterium aurantiacum 0,01
Paracoccus carotinifaciens 2,2
(NITE SD 00017)

Tremellomycetes

Xanthophyllomyces 0,5
dendrorhous (JH)
Xanthophyllomyces 0,5

dendrorhous (VKPM Y2476)

Labyrinthulomycetes
Thraustochytrium sp. CHN-3 0,2
(FERMP-18556)

Malacostraca
Pandalus borealis 0,12
Pandalus clarkia 0,015

45 A

40 -

35

Salmon 30 1

etindeki )5 |
Astaksantin

(mg/kg et
icinde) 15 -

10 ~
5 4
0

Dogal ve Yetistirimis Salmonlar

Sekil 2. Dogadaki ve ciftlikteki(*) salmonlarin
Astaksantin seviyeleri (mg/kg et) (EFSA, 2005).

ASTAKSANTIN’IN BIiYOSENTEZi

Astaksantin, su iriinleri  yetistiriciliginde
pigment olarak kullanilan bir ksantofildir. All-
trans izomeri dogada az miktarda 9-cis ve 13-Cis
izomerleri ile birlikte bulunur (Visser vd., 2005).
Ekinenon ve kantaksantin yoluyla -karotenlerin
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olusum semasi, alg, maya ve fotosentetik
olmayan bakterilerde iyi karakterize edilir
(Fraser vd., 1997; Brittan, 1998). Bakterilerde,
alglerde ve mayalarda astaksantin olusumu i¢in
olast  biyosentetik Sekil  3’te
gosterilmektedir (Bhosale ve Bernstein, 2005).

yollar

Mikroorganizmalar kullanilarak
karotenoidlerin ticari iiretimi, kirmizi maya olan
X. dendrorhous kullanilarak fermantasyon
yoluyla veya H. pluvialis algi agik havuzlarda
kiltirle tretilerek elde edilir (Jabobson vd.,
2000; Lorenz ve Cysewski, 2000; Olaizola,

2000).

Transkript  seviyeleri  ile  karotenoid
biyosentezi arasinda dogrusal bir iligki
bulunmamasina ragmen, B-karoten sentezinin
basamaklarinda yer alan astaksantin biyosentetik
crtE, crtl ve crtYB genleri, X. dendrorhous’tan
klonlanmistir (Lodato vd., 2004).

Isopenteryl dphosphate
CE(IDP)

Garanyl diphosphate
10 (GDP)
Pheny transferase @

Farnesyl dighesphate
C15 (FOP)

lcf GGoP l
Phyloene
ca0

dasaturase (Crt i)

Prenyl ransferase(Crt B)

Lycopens

f-Carolene|4]-oxygena. L
Gy

P~ ——

[-Canstens()-
gydreciase (CriF-b)

f-Carstene(3-
Pydrexylase (GetR-
B)

Sekil 3. Potansiyel mikroplar tarafindan dogal gida
renklendiricisi olarak astaksantin iretimi (Adapted from
Dufosse 2006)
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ASTAKSANTIN’IN BIiYOSENTEZI
Astaksantinin antioksidan aktivitesi

Bir antioksidan, oksidasyonu engelleyebilen bir
molekiildiir. Oksidatif hasar, serbest radikaller
ve reaktif oksijen tiirleri (ROS) tarafindan
baslatilir. Cok yiiksek reaktiviteye sahip olan bu
molekiiller, organizmalarda normal aerobik
metabolizma tarafindan iiretilmektedir. Fazla
oksidatif molekiiller, zincirleme reaksiyon
yoluyla proteinler, lipidler ve DNA ile
reaksiyona  girerek  protein  ve lipid
oksidasyonuna ve c¢esitli bozukluklarla iliskili
DNA hasarina neden olabilmektedir. Bu tip
oksidatif molekiiller, karotenoidler gibi endojen
ve eksojen antioksidanlar tarafindan inhibe
edilebilmektedir. Karotenoidler, zincir
reaksiyonlarin1  sonlandirmak i¢in  singlet
oksijeni sondiirerek ve radikalleri temizleyerek
antioksidan aktiviteler gergeklestiren polien
zinciri, uzun konjuge ¢ift baglar icermektedir.

Karotenoidlerin  biyolojik faydalari, hiicre
membranlart  ile  fiziksel ve  kimyasal
etkilesimlerine atfedilen antioksidan

ozelliklerinden kaynaklandigi diistiniilmektedir.
Naguib vd., (2000) lutein, likopen, a-karoten ve
B-karoten gibi cesitli karotenoidlerle
karsilastirlldiginda astaksantin daha yiiksek
antioksidan  aktiviteye  sahip  oldugunu
bildirmislerdir (Naguib 2000). Astaksantin
kaynagi olan Haematococcus biyokiitlesiyle
beslenen sicanlarin plazma ve karacigerinde
antioksidan enzimlerden katalaz, siiperoksit
dismutaz, peroksidaz ve tiyobarbiitiirik asit
reaktif maddeleri yiiksek olarak bulunmustur
(Ranga Rao vd., 2010). Haematococcus
pluvialis’ten saglanan Astaksantin, sicanlarda
serbest radikallere karsi, B-karoten ve luteinin
ardindan en iyi korumay1 saglamaktadir (Ranga
Rao wvd., 2010; Ranga Rao vd., 2013).
Astaksantin, yiiksek antioksidan 06zelliklerden
sorumlu olan her iyonon halkasinda hidroksil ve
keto pargalarmmin varliginda benzersiz bir
molekiiler yap1 igermektedir (Hussein vd., 2006;
Liu wvd., 2007). Astaksantinin antioksidan
aktivitesi, zeaksantin, lutein, kantaksantin ve [3-
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karotenden 10 kat daha fazla; a-tokoferolden 100
kat daha yiiksek olarak bulunmustur (Miki
1991). Karotenoidlerdeki okso fonksiyonel grup,
pro-oksidatif katki olmaksizin daha yiiksek
antioksidan aktiviteye sahiptir (Martin vd.,
1999). Astaksantindeki polien zinciri, hiicre
zarindaki radikalleri yakalarken, astaksantinin
terminal halkasi, hiicre zarimin dis ve i¢
kisimlarindaki radikalleri temizleyebilmektedir
(Sekil 3). Astaksantin tavsanlarin diyetine
eklendikten sonra serumda antioksidan enzim

aktiviteleri degerlendirilmis, stiperoksit
dismutaz ve tioredoksin rediiktaz aktivitesi
artmig, oksidatifle indiiklenen tavsanlarda

paraoksonaz inhibe edilmistir (Augusti vd.,
2012). Astaksantin, etanol kaynakli mide iilseri
bulunan si¢anlara verildiginde antioksidan
enzim seviyeleri artmigtir (Kamath vd., 2008).

Glycoprotem

J Vitamun-C* Membrane protein
g 1w /
cell e g

O S
RN N

S
¢ v

A Cytoplasm

f-carotene

Hydrophilic

Sekil 4. Astaksantinin Hiicre Zar1 Uzerindeki Konumu
(Ranga Rao vd., 2014)

Anti-lipid peroksidasyon aktivitesi

Astaksantin, hiicre zarimin hem i¢inde hem de
disinda  kalmasin
molekiiler yapiya sahiptir. Lipid cift tabakanin
icine  yerlestirilebilen ~ p-karoten ve C
vitamininden daha iyi koruma saglamaktadir.
Zincirleme  reaksiyonlart  Onlemek  i¢in
radikallerin temizlenmesi; lipid
peroksidasyonunu inhibe ederek membran
yapisinin korunmasi; bagisiklik sistemi islevinin
gelistirilmesi  gibi  ¢esitli  mekanizmalarla
oksidatif hasara karst bir koruma gorevi
gormektedir. Astaksantin ve esterleri etanol
kaynakli mide iilseri bulunan si¢canlarda ve cilt
kanseri olan siganlarda %80 oraninda anti lipid

saglayan benzersiz bir

peroksidasyon aktivitesi gostermistir (Kamath
vd., 2008; Ranga Rao vd., 2013). Astaksantinin
biyolojik orneklerdeki lipid peroksidasyonunu
inhibe ettigi ¢esitli arastirmacilar tarafindan
bildirilmistir (Goto vd., 2001; Kamath vd., 2008;
Ranga Rao vd., 2009; Ranga Rao vd., 2010;
Ranga Rao vd., 2013; Ranga Rao vd., 2013).

Anti-inflamatuar aktivitesi

Astaksantin, biyolojik sistemlerde
iltihaplanmay1 sona erdirmek icin gliglii bir
antioksidandir. Haematococcus ve
Chlorococcum'un alg hiicresi 6zleri, H. pylori ile
enfekte farelerde bakteri yilkiinii ve mide
iltihabin1 6nemli Ol¢lide azaltmistir (Bennedsen
vd., 1999; Liu vd., 2003; Ranga Rao vd., 2010).
Park vd.,, (2010) astaksantinin DNA oksidatif
hasarin1  azalttigin1 bodylece geng, saglikli,
yetiskin  disi insan deneklerde bagisiklik
tepkisinin arttigin1 bildirmislerdir (Park vd.,
2010). Bagka bir ¢alisma, astaksantin esterlerinin
ve Haematococcus kaynakli toplam
karotenoidlerin, si¢anlarda etanoliin neden
oldugu mide iilserlerindeki akut, mide lezyonlar1
tizerinde doza bagli bir mide koruyucu etki
gosterdigini gostermistir. Bu, H1, K1 ATPase
inhibisyonu, miisin igeriginin regiilasyon artisi

ve antioksidan  aktivitelerindeki  artisa
baglanmaktadir =~ (Kamath  vd., 2008).
Astaksantin,  proksimal  tiibiiler  epitel

hiicrelerinde yiiksek glukoz kaynakli oksidatif
stres, inflamasyon ve apoptoz lizerinde koruyucu
etki gostermistir. Japon arastirmacilar tarafindan
bildirildigi lizere Astaksantin, gozlerdeki okiiler
iltthaplanmanin tedavisi i¢in umut verici bir
molekiildiir (Ohgami ve ark. 2003; Suzuki vd.,
2006). Astaksantin, cildin kalinlasmasini
onleyebilir ve UV kaynakl cilt hasarina karsi
kolajen azalmasim1 azaltabilmektedir (Santos
vd., 2012; Hama vd., 2012; Ranga Rao vd.,
2013).

Anti-diyabetik aktivitesi

Diabetes mellittus hastalarinda oksidatif stres
seviyeleri genellikle cok yiiksektir. Hastalarin
pankreasindaki  hiicrelerinin disfonksiyonu ve
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doku hasarina bagli olarak hiperglisemi
indiiklenmektedir. Astaksantin, pankreas 3
hiicrelerinde hipergliseminin neden oldugu
oksidatif stresi azaltabilmekte ve ayrica glikoz
ve serum insiilin seviyelerini
iyilestirebilmektedir (Uchiyama vd., 2002).
Astaksantin, pankreas [ hiicrelerini glikoz
toksisitesine karst koruyabilmektedir. Ayrica,
diyabetik sicanlarla islev
bozukluklarinin  iyilestirilmesinde iyi  bir
immiinolojik ajan oldugu da gosterilmistir
(Otton vd., 2010). Ayn1 zamanda, lipid/protein
oksidasyonunu Onleyerek insan umbilikal ven

lenfosit

endotel hiicrelerinde glikasyon ve glikolize
protein kaynakli sitotoksisiteyi inhibe etmektedir
(Nishigaki vd., 2010). Astaksantin ile tedavi
edilen diyabetik farelerde idrar albiimin seviyesi
kontrol grubundan 6nemli Ol¢lide daha diisiik
olarak bulunmustur (Uchiyama vd., 2002). Bazi
caligmalar, astaksantinin oksidatif stresi ve
bobrek hiicresi hasarini azaltarak diyabetik
nefropatiyi onledigini gostermistir (Naito vd.,
2004; Manabe vd., 2008).

Kardiyovaskiiler aktivitesi

Astaksantin, etkisi hem deney hayvanlarinda
hem de insan deneklerde incelenmis anti-
inflamatuar  etkiye = sahip  giicli  bir
antioksidandir. Oksidatif stres ve inflamasyon,
aterosklerotik  kardiyovaskiiler hastaliklarin
patofizyolojik  ozellikleridir. ~ Astaksantin,
aterosklerotik kardiyovaskiiler hastalia karsi
potansiyel bir terapétik ajandir (Fassert vd.,
2011). Hayvanlarda mikokardiyal iskemi
reperfiizyon modeli kullanilarak
mikokardiyumun  korunmasinda  disodyum
disiiksinat  astaksantinin  (DDA) etkinligi
degerlendirilmistir. Miyokard infarkt boyutu
Sprague Dawley sicanlarinda azaltilmis ve 25,
50 ve 75 mg/kg viicut agirhiginda DDA ile dort
giin  O0n tedaviden sonra tavsanlarda
miyokardiyal iyilesme gozlenmistir (Gross vd.,
2005; Lauver vd., 2005). Astaksantin, yedi giin
boyunca 150 ve 500 mg / kg / giin dozunda DDA
ile 6n islem yapilan sigan miyokard dokularinda
bulunmustur (Gross vd., 2006). Astaksantinin

VetBio, 2021, 6(3), 318-330

spontan  hipertansif ~ siganlarda  (SHR),
normotansif Wistar Kyoto siganlarda (NWKR)
ve kendiliginden hipertansif siganlarda (SPSHR)
kan basinct iizerindeki etkileri bildirilmistir
(Monroy-Ruiz vd., 2011). Astaksantin tiirevi ile
beslenen farelerde plazma, kalp, karaciger,
trombositler ve artan bazal arter kan akisinda
astaksantin bulunmustur (Khan vd., 2010).
Astaksantin ile tedavi edilen insan umbilikal
vien endotel hiicreleri ve trombositleri, nitrik
oksit artmig ve  peroksinitrit
seviyelerinde azalma gostermistir (Khan vd.,
2010). Yapilan bir calismada %0.08 astaksantin
ile beslenen fareler, kontrol grubuna kiyasla daha
yiiksek  kalp

seviyeleri

mitokondriyal =~ membran
potansiyeline ve kasilma indeksine sahip oldugu

bulunmustur (Nakao vd., 2010).
Antikanser aktivitesi

Spesifik antioksidan dozu, g¢esitli dejeneratif
bozukluklarin erken teshisi igin yardimeci
olabilmektedir. Normal aerobik metabolizmada
siiperoksit, hidrojen peroksit ve hidroksil
radikali  gibi  reaktif = oksijen tiirleri
retilmektedir. Singlet oksijen, fotokimyasal
olaylarla iretilirken, peroksil radikalleri lipid
peroksidasyonu  ile  iretilmektedir.  Bu
oksidanlar, DNA, proteinler ve lipidlerin
oksidasyonu yoluyla yaslanma, kanser ve
ateroskleroz gibi dejeneratif hastaliklara neden
olabilmektedir (Ryu vd., 2012). Antioksidan
bilesikler, hiicrelerde oksidatif hasar1 inhibe
ederek mutagenezi ve karsinogenezi azaltir.
Insan tiimérlerinde bosluk baglantilart yoluyla
eksik olan hiicre-hiicre iletisimi ve restorasyonu
timor hiicresi gogalimini azaltma egilimindedir.
Bosluk baglanti iletisimi, connexin-43 geninin
yukart  regiilasyonu  yoluyla connexin-43
proteinindeki bir artis nedeniyle olusmaktadir.
Dogal karotenoidler ve retinoidler ile hiicreler
arasinda gecit iletisimi gelistirmistir (Wolf
1992). Kantaksantin ve astaksantin tiirevleri,
fare embriyosunun fibroblastlar1 arasindaki gegit
iletisimini gelistirmektedir (Hanusch vd., 1995;
Daubrawa vd., 2005). B-karoten kullanimiyla
murin fibroblast hiicrelerinde artmig Connexin-
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43 ekspresyonu bildirilmektedir (Zhang vd.,

1991; Zhang vd., 1992). Astaksantin;
kantaksantin ~ ve  B-karoten gibi  diger
karotenoidlerle  karsilastirildiginda ~ 6nemli

diizeyde antitiimor aktivitesi gostermektedir
(Chew vd., 1999; Chew vd., 2004). Astaksantin
ayrica fibrosarkom, meme ve prostat kanseri
embriyonik fibroblastlarin
bliylimesini de inhibe etmistir (Palozza vd.,
2009). Astaksantin, kimyasal olarak indiiklenmis
erkek/disi siganlarda ve farelerde hiicre
Olimiini, hicre meme
timorlerini inhibe etmistir (Tanaka vd., 1994;
Tanaka vd.,1995; Jyonouchi vd., 2000; Prabhu
vd., 2009; Nakao vd., 2010). H. pluvialis
Oziitliniin, dongiisii
durdurdugu ve apoptozu tesvik ederek insan
kolon kanseri hiicrelerinin biiylimesini inhibe

hiicrelerinin  ve

cogalmasin1  ve

hiicre ilerlemesini

ettigi  Palozza ve  digerleri tarafindan
bildirilmistir  (Palozza vd., 2009). Nitro
Astaksantin ve 15-nitrik astaksantin,

peroksinitritli astaksantinin drtnleridir. 15-
nitroastaksantin antikanser ozellikleri bir fare
degerlendirilmistir.  Epstein-Barr
virtisi ve fare derisi papillomlarindaki
karsinojenez, astaksantin tedavisi ile Onemli

olglide inhibe edilmistir (Maoka vd., 2012).

modelinde

Immiino modiilasyon

Bagisiklik sistemi hiicreleri, serbest radikal
hasarina karsi ¢ok hassastir. Hiicre zari, ¢oklu
doymamig yag asitleri (PUFA) igcermektedir.
Antioksidanlar, 6zellikle astaksantin, bagisiklik
sistemi savunmasini korumak i¢in serbest
radikal hasarmna karsi koruma saglamaktadir.
Astaksantinin laboratuar kosullarinda
hayvanlarda  bagisiklik  tlizerindeki  etkisi
hakkinda raporlar vardir, ancak insanlarda klinik
arastirmalar eksiktir. Astaksantin, p-karotene
kiyasla fare modelinde daha yiiksek immiino-
modiile edici etkiler gostermistir (Jyonouchi vd.,
1991). Astaksantinli diyet takviyesinden sonra
yasli hayvanlarda gelismis antikor {iretimi ve
azalmig humoral immiin yamt bildirilmistir
(Jyonouchi vd., 1991; Jyonouchi vd., 1994).
Astaksantin, bir laboratuvar ¢aligmasinda insan

hiicrelerinde immiinoglobulinlerin  {iretimini
tesvik etmistir (Jyonouchi vd., 1995). Insanlarda
sekiz haftalik astaksantin takviyesi, kandaki
astaksantin seviyelerinin artmasina ve viriislerle
enfekte olmus hiicreleri hedef alan ve viriisleri
yok eden dogal 6ldiiriicii hiicrelerin aktivitesinin
artmasina neden olmustur (Park vd., 2010). Bu
calismada astaksantin takviyeli grupta T ve B
hiicreleri artmis, DNA hasan diisiik ve C-reaktif
protein (CRP) Onemli oOl¢iide daha disiik
bulunmustur (Chew vd., 2004; Park vd., 2011;
Augusti vd., 2012).

Astaksantinin biyolojik aktiviteleri ile ilgili
son raporlar /n vitro ve in vivo modellerde
asagida sunulmustur (Ranga Rao vd., 2014).

Astaksantinin Biyolojik Aktiviteleri

=

Antioksidan aktivite

UV isinlarindan koruma

Cilt kanserini onleyici
Anti-inflamatuvar

Mide hastaliklarina kars1 aktivite
Kardiyovaskiiler hastaliklar1 6nleyici
Bagisiklik tepkisi

Noroproteksiyon

. Anti- hepatoprotektif

10. Anti- diyabetik
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ASTAKSANTININ GUVENLIGIi VE DOZU

Astaksantin, gida ile birlikte tiiketildiginde
hicbir yan etkisi olmaksizin giivenlidir. Sicanlar
astaksantin ile beslendikten sonra hayvan
dokularinda  birikmis  ve  toksik  etkisi
bulunmamistir (Stewart vd., 2008; Ranga Rao
vd.,, 2010; Ranga Rao vd., 2013). Asin
astaksantin tliketimi, hayvanlarin derilerinde
sariddan kirmiziya donen pigmentasyona yol
acmaktadir. Astaksantin, balikk yemine dahil
edilerek balik derisinin kirmizimsi bir renk
almasina neden olmaktadir. Astaksantinin oral
dozajindan sonra siganlarda siiperoksit dismutaz,
katalaz ve glutatyon peroksidaz seviyeleri gibi
antioksidan enzimler 6nemli Ol¢iide artmustir
(Ranga Rao vd., 2013; Ranga Rao vd., 2013).
Astaksantinin supraterapotik
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konsantrasyonlarmin trombosit, pihtilasma ve
fibrinolitik fonksiyon {izerinde higbir yan etkisi
bulunmamaktadir (Serebruany vd., 2010).
Arastirmalar simdiye kadar hayvanlarda ve
insanlarda astaksantin tiiketiminin 6nemli bir
yan etkisi olmadigini bildirmistir. Bu sonugclar,
gelecekteki klinik calismalar icin astaksantinin
giivenligini  desteklemektedir. ~ Astaksantinin
chia, keten tohumu, balik, findik, ceviz ve badem
gibi omega-3 agisindan zengin yagli tohumlar ile
uygulanmasi tavsiye edilmektedir.

Astaksantinin (4-8 mg) gidalarda, yumusak
jeller ve kapsiiller ve krem seklinde
kombinasyonlar1 piyasada mevcuttur. Onerilen
giinliik astaksantin dozu 2—4 mg / giin'diir. Bir
caligmada, yetiskin insanlarda astaksantin (6
mg/giin) uygulamasiyla hi¢bir yan etkinin
bulunmadigi bildirilmistir (Spiller vd., 2003).
Bir caligmada, kan basincinin (bp) inme egilimli
siganlarda ve hipertansif siganlarda sirasiyla bes
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hafta ve 14 giin boyunca 50 mg/kg astaksantin
ile beslenmesiyle azaldig1 bildirmistir (Hussein
vd., 2005). Astaksantin ayrica naproksen
kaynakli gastrit, antral iilsere karst 6nemli bir
koruma gostermis ve mide mukozasinda lipid
peroksidasyon seviyelerini inhibe etmistir (Kim
vd.,2005; Augusti vd., 2012). Astaksantin
farelere verildiginde gozlerde astaksantin
birikimi gbzlemlenmistir (Petri vd., 2007).
Astaksantin  biyoyararlanimi,  lipit  bazhi
formiilasyonlarin ~ takviyesi ile  artmistir
(Odeberg vd., 2003; Ranga Rao vd., 2010; Ranga
Rao vd., 2013; Ranga Rao vd., 2013).
Astaksantinin insan kan akisi tizerindeki etkileri,
10 gin boyunca 6 mg/glin astaksantin
uygulamasindan sonra single-blind yOntemiyle
yetigskin erkeklerde arastinnlmistir (Miyawaki
vd., 2008). Insan saghigina yararlari iizerindeki
astaksantinin dozaj etkilerine iliskin son
calismalar Tablo 2'te sunulmustur.

Tablo 2. insan deneklerinde astaksantinin saglik yararlar1 (Ranga Rao vd., 2014).

Deney Siiresi insanlarda Doz (mg / giin) Astaksantinin Faydalar:
Konular
2 hafta Goniilliiler 1.8,3.6,14.4 ve LDL oksidasyonunun azaltilmasi
21.6
Orta yasli erkek 100 Astaksantin, VLDL kilomikronlar
gontlliler tarafindan ele alinir
8 hafta Saglikli disiler 0.2ve8 Azalmig plazma 8-hidroksi-2'-
deoksiguanozin ve CRP seviyelerinde
distirilmiistiir
Saglikl yetiskinler 6 Kan basinci ile degerlendirildi
Saglikli erkekler 6 Gelistirilmis kan reolojisi
12 hafta Saglikli, sigara 8 Yag asitlerinin oksidasyonunda azalma
erkekler
Yasa bagh makula 4 Yasa baglh makula dejenerasyonunda
dejenerasyonu gelismis merkezi retina disfonksiyonu
Orta yash / yash 12 Gelistirilmis Cog sagligi pil puanlari
Orta yash / yash 6 Groton labirent 6grenme testi puanlari
iyilestirildi
Saglikli kadin veya 6 Gelistirilmis cilt kirisiklig1, korneosit
erkek tabakasi, epidermis ve dermis
2 hafta Hastalik (iki tarafli 6 Insan gbzyas1 salgisinda gelismis
katarakt) stiperoksit temizleme aktivitesi saglar ve
hidroperoksitleri diistiriir.

LDL, Diisiik yogunluklu lipoproteinler, VLDL, Cok diisiik yogunluklu lipoprotein, CRP, C-reaktif protein.

ASTAKSANTININ GUVENLIGi VE DOZU

Dogal kaynaklardan astaksantin  {retimi,
biyoteknolojideki en basarili faaliyetlerden biri
haline gelmistir. Astaksantin gida, yem,

nutrasotik ve farmasotik uygulamalarinda biiytik
talep gormektedir. Bu durum, sentetik kaynaklar
yerine  biyolojik kaynaklardan astaksantin
tretimini gelistirmeye yonelik biiyiik cabalar
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tesvik etmektedir. Gilincel literatiire gore,
astaksantin piyasadaki cesitli ticari
uygulamalarda kullanilmaktadir. Astaksantin

riinleri piyasada kapsiil, yumusak jel, tablet,
toz, biyokiitle, krem, enerji igecegi, yag ve 0z
seklinde mevcuttur (Tablo 3). Astaksantin
irlinlerinin  bir kismi diger karotenoidler,
multivitaminler, bitkisel 6zler ve omega-3,6 yag

asitleri ile kombinasyon yapilmistir. Bakteriyel
enfeksiyon, iltihaplanma, damar hastaliklari,
kanser, kardiyovaskiiler hastaliklar1 6nlemek,
lipid peroksidasyonunu engellemek, hiicre
hasarin1 ve viicut yagini azaltmak ve beyin
fonksiyonunu ve cilt hastaliklarini iyilestirmek
icin astaksantin iizerine patent basvurulari
mevcuttur (Tablo 4).

Tablo 3. Cesitli Ticari firmalarin Astaksantin iiriinleri ve ¢esitli amaglarla kullanimi.

Marka adi Dozaj formu Malzemeler Sirket Ad1 Amag
Physician Yumusak jel / 2 mg /4 mg-AX Hekim formiilleri Antioksidan
Formulas Tabletler vitamin sirketi
Eyesight Rx Tablet AX, C vitamini, Hekim formiilleri Gorme islevi
bitki 6zleri Vitamin sirketi
KriaXanthin Yumusak jel 1,5 mg-AX, EPA, Hekim formiilleri Antioksidan
DHA vitamin girketi
Astaksantin Ultra Yumusak jel 4 mg-AX AOR Kardiyovaskiiler
saglik /
gastrointestinal
Astaxanthin Gold Yumusak jel 4 mg-AX Nutrigold Goz / eklem / cilt /
LR bagisiklik saglig
Best Astaxanthin Y 6 mg-AX, CX Bioastin Hiicre zar1 / kan
umusak jel akisi
Dr Mercola Kapsiiller 4 mg AX, 325 mg Dr.Mercola Yaslanma / kas
Omega-3 ALA premium takviyeleri
Solgar Yumusak jel 5 mg-AX Solgar global Saglikli cilt
iiretimi
Astaksantin Krem AX, bitkisel 6zler True botanica Yiiz nemlendirme
astavita ex Kapsiiller 8 mg AX, T3 Fuji Kimya Yaglanma karsitt
Endiistrisi bakim
astavita SPOR Kapsiiller 9mg AX, T3 ve Fuji Kimya Spor Beslenmesi
¢inko Endiistrisi
AstaTROL Yag AX Fuji Kimya Makyaj
Endiistrisi malzemeleri
AstaFX Kapsiiller AX Saflik ve iiriin Deri /
kanita dayal1 besin kardiyovaskiiler
takviyeleri fonksiyon
Pure Kapsiiller AX Sinerjik beslenme Antioksidan
Encapsulations
Zanthin Xp-3 Yumusak jel 2 mg, 4 mg-AX Valensa Insan viicudu
kapsiiller
Micro Algae Super Yumusak jel 4 mg AX Anumed intel Kalp / gz / eklem

Food

biomed sirketi

AX, astaksantin, AX, astaksantin esterleri, CX, kantaksantin, DHA, dokosaheksaenoik asit, EPA, eikosapentaenoik

asit, ALA, alfa linolenik asit, T3, tokotrienol.

SONUC

Astaksantin ile ilgili in vitro ve in vivo
modellerde mevcut arastirma verileri cesaret
vericidir. Astaksantin, kanserler, hipertansiyon,
diyabet, kardiyovaskiiler,  gastrointestinal,

karaciger, norodejeneratif ve cilt hastaliklar1 gibi
cesitli hastaliklar {izerinde potansiyel etkiler
gostermistir. Antioksidan o6zelligi, hastalikl
hiicrelerde oksidatif hasara kars1
kullanilmaktadir. Bununla birlikte, astaksantin

NS



esterleri (mono-di) ve biyolojik sistemlerdeki
metabolik yollar1 hakkinda arastirma eksikligi
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biyolojik aktiviteleri metabolizma tarafindan
kolayca emilebilen serbest formdan daha iyi

vardir. Gelecekteki arastirmalar, astaksantin  artirabilir. Daha fazla arastirma, metabolik
esterlerinin ~ ¢esitli  biyolojik  aktiviteler  yollarimin arastirilmasimi  ve ayrica ticari
iizerindeki etkilerine ve bunlarin nutrasétik ve  amagclarla kullanimlar1 i¢in in vitro ve in vivo
farmasotik  uygulamalardaki  kullanimlarina  modellerde molekiiler caligmalarin
odaklanmalidir. Astaksantin mono-diesterler,  arastirilmasini gerektirmektedir.

Tablo 4. Astaksantin i¢in son patent bagvurulari (Ranga Rao vd., 2014).
Patent No

US2006021744

US20070293568
US20080234521
US20080293679

US20090047304

US20090069417

US20090136469

US20090142431
US20090297492

US20100204523

US20100267838

US20100291053
US20120004297

US20120114823
US20120238522
US20120253078
US20130004582

US20130108764

ACIKLAMALAR

Dogal astaksantin 6zii, DNA
oksidasyonunu azaltir
Norosit koruyucu ajan

Astaksantinin kristal formlari

COX inhibitorlerinin belirli
olumsuz etkilerinin azaltilmasi /
inhibisyonu i¢in karotenoidlerin ve
karotenoid tiirevleri analoglarinin
kullanimi1
Viicut yag1 azaltma bilesimi

Kemopreventif ve kemoterapdtik
ajanlar olarak karotenoid
oksidasyon {iriinleri
Kardiyovaskiiler sistem iizerinde
yararli etkileri olan oral uygulama
icin formiilasyon
Alg ve yosun 6zl diyet takviyesi
bilesimi
Biligsel performansi iyilestirme
yontemi
Karotenoid pigmentin ve bunun
icin kullanilan kabin renginin
solmasini 6nleme yontemi
Igeceklerin renklendirilmesi igin
toz halinde karotenoid hazirlama
Inflamatuar hastaliklarin tedavisi

Vaskiiler yetmezligi hafifletmek
icin ajan
Gelistirilmis pigment tutma i¢in
yem katki maddesi
Karotenoid igeren bilesimler ve
yontemler
Domuz yetistiriciliginde karkas
performansini iyilestirmek icin ajan
Eklem agrisini hafifletmek i¢in
bilesim ve yontem
Astaksantin igeren hamurdan
iiretilen pismis yiyecekler

Cikar catismasi: Yazar, bu makale icin gergek,

potansiyel
olmadigim beyan etmektedirler.

veya algilanan bir c¢ikar ¢atigmasi

Endojen oksidatif hasar1 azaltir.

Noroproteksiyon
Besin dozu

Lipid peroksidasyonunu inhibe
eder.

Viicut yaglanmasii engeller.

Kanseri 6nleme

Kardiyovaskiiler koruma

Diyet takviyesi
Beyin iglevini iyilestirmek

Renk degisiminin 6nlenmesi

Icecekler

Inflamatuar hastalig1 dnleme

Vaskiiler yetmezligin 6nlenmesi
Balik yemi

Bakteriyel enfeksiyonlarin
onlenmesi
Besin takviyeleri

Azaltilmis eklem agrisi ve
Osteoartrit ssmptomlar1
Pismis yiyeceklerde kullanilan
astaksantin
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Calf death is the most important problem of cattle breeding in the world and in our
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Prematiire buzagilarda bakim ve tedavi
IRIS

Buzagi oliimleri, Diinyada ve
iilkemizde si8ir yetistiriciliginin
en Onemli problemlerindendir.
Buzagi kayiplari, en yogun
perinatal ve neonatal donemde yasanir. Perinatal
donem; dogum Oncesinde, esnasinda veya
dogumu takiben 48 saat igerisini kapsarken,
neonatal donem ise dogumdan sonraki ilk 28
giinii kapsar (Celik vd., 2016; Gundelach vd.,
2009; Ok vd., 2009). Neonatal donemdeki
buzagi kayiplarinin birincil sebebi ishalle
seyreden hastaliklar, ikincil nedeni ise solunum
yolu hastalig1 olustururken (Coskun vd., 2010;
Ok vd., 2009; Ok vd., 2020; Sen vd., 2009),
perinatal donemdeki buzagi kayiplarin birincil
sebebi  gelisimini dogan
prematiire buzagi, ikincil sebeplerini de yeni
dogan buzagiya
gosterilmemesi, giic dogum,
konjenital anomaliler olusturur (Gundelach vd.,
2009; Johanson ve Berger, 2003; Ok vd., 2020;
Yildiz vd., 2017). Perinatal buzag1 kayb1
ABD’lerinde % 8-9 (Meyer vd., 2001), Avrupa
iilkelerinde % 10 (Johanson ve Berger, 2003) ve
iilkemizde kesin veri olmamakla birlikte % 12.7
(Celik vd., 2016) civarinda oldugu tahmin
edilmektedir.

tamamlamadan
yeterince 0zenin
travma ve

Prematiire ifadesi terminolojide erken ya da
gilinsiiz dogan anlaminda kullanilir. Gebeligin
260. giiniinden oOnce canli dogan buzagilar
prematiire olarak tanimlanir. ineklerde normal
gebelik siiresi tamamlanmadan gebeligin 230-
260 giinleri arasinda gergeklesen dogumlar
“prematiire dogum”, bu tiir dogumlarda canl
olarak dogan buzagilar ise “prematiire buzag1”
olarak tanimlanir (Altug vd., 2013; Aydogdu vd.,
2016; Gtlizelbektes vd., 2012; Irmak ve Turgut,
2011; Kornmatitsuk vd., 2003; Ok vd., 2020; Ok,
2020; Yildiz vd., 2017).

Bu derlemenin yazilmasinda temel amag; son
yillarda prematiire dogan buzagilarin bakim ve
tedavisine glincel yaklagimlar hakkinda bilgileri
bilim insanlar1 ve klinisyenlerle paylagmaktir.

ETIYOLOJI

Prematiire buzagi dogumlarinin etiyolojisi tam
olarak aydinlatilmamis olmasina ragmen birgok
faktor ve degisik patolojik mekanizmalar etkili
olabilecegi ifade edilmektedir. Prematiire veya
abort dogumlara basta enfeksiyoz hastaliklar
(bakteriyel, viral, fungal ve protozoal) olmak
tizere, fiziksel faktorler (hipotermi, hipertermi,
hipoksi, travma), metabolik hastaliklar (tiroid
bozukluklari), ¢evresel faktorler (toksik bitki
tiikketimi, bazi ila¢ uygulamalari, mikotoksinler
ve beslenme yetersizligi), hormonal faktorler
(kortikosteroid, Ostrojen ve prostaglandin
uygulamalari), canli asilar ve genetik faktorler
(otozomal genler) yol acabilecegi
bildirilmektedir (Fluegel-Dougherty vd., 2013;
Palmer vd., 1996; Radostits vd., 2007; Warner,
2009).  Prematire  dogumlarin
mekanizmasinda plasentomlarin normal sekilde
olgunlagsamamasindan dolay1
karunkulalarin  fotal villuslardan —ayrilmasi,
enfeksiyoz nedenlere bagh yangisal
degisikliklerin plasentomlardaki maternal ve
fotal dokular birlikte etkilemesi, plasentomlarin
dejenerasyonu ve villus nekrozu gibi faktorlerin
etkili olabilecegi rapor edilmistir (Sheldon vd.,
2004; Yildiz vd., 2017). Akut rumen asidozunda
olusan endotoksin ve metabolitlerin dolasima
katilmasi (Altug vd., 2013; Radostits vd., 2007),
siddetli karaciger yaglanmasi (Macfarlane ve
Walker, 2007), protein, enerji, vitamin ve
mineral madde yetersizliklerinin prematiire
buzagi dogumlarina yol acabilecegi ortaya
konmustur (Radostits vd., 2007). Gil ve
Baykalir (2013) prematiire buzagilarda -
karoten diizeyinin Onemli oranda diisiik
oldugunu, B-karoten eksikliginin prematiire
doguma yol agabilecegini bildirmislerdir.
Gebelik  doneminde  anneye  uygulanan
glikokortikoid ve prostaglandin Fza analoglari,
gebeligin son doneminde sedasyonla yapilan
tirnak kesimi ve nakillerin prematiire doguma
zemin hazirlayabilecegi rapor edilmistir (Bleul,
2009).

olusum

maternal
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PATOGENEZ

Prematiire buzagilar normal gelisim siirecini
tamamlamadan dogduklari i¢in solunum sistemi,
gastrointestinal sistem, dolasim sistemi, sinir
sistemi ve metabolizmayla ilgili pek ¢ok
probleme sahip olabilirler (Aydogdu vd., 2016;
Bleul, 2009; Ok vd., 2020; Ok, 2020; Y1ldiz vd.,
2017; Yildiz vd., 2019). Prematiire dogan
buzagilarda en 6nemli problem yetersiz akciger
gelisimidir. Bu durumda akcigerler, yeterince

stirfaktan  sentezleyemez. Akcigerde tip-II
pnomositler tarafindan salgilanan ve yapisi
itibariyle  %90’in1  lipidlerin  olusturdugu

siirfaktan, akciger ylizey gerilimini azaltan,
akcigerlerin genlesmesini saglayarak gaz alis-
verigini  kolaylastiran ve 0Odem olusumunu
engelleyen kompleks bir maddedir. Diger bir
degisle stirfaktan, akciger alveollerinin ve
bronsiollerin i¢ yiiziinii 6rten sivi film tabakasi
icinde bulunan ve bu sivinin yiizey gerilimini
azaltan, tip-II pnomositlerin salgiladigi yiizey
aktif maddelerine verilen genel isimdir.
Ozellikle fotal gelisime paralel olarak siirfaktan
bilesimi degisiklik gdsterir ve akcigeri dogum
sonrast solunuma hazirlar (Ortatatlh ve Ciftci,
1996). Prematiire dogan buzagilarda akciger
gelisim yetersizligi sonucunda meydana gelen
sirfaktan eksikliginde akciger yiizey gerilimi
azaltilmaz, akcigerlerin hava ile dolumu
yeterince saglanamaz ve buna bagli dogumdan
sonra baglayan solunum giicligli, hinltili
solunum ve inlemelerle Kkarakterize olan
respiratorik distres sendrom (RDS) gelisir.
Premature buzagilarda Oliimlerin en Onemli
sebebi respiratorik distres sendrom gelisimidir
(Ok vd., 2020; Yildiz vd., 2017; Yildiz ve Ok,
2017; Yildiz vd., 2019). Yeni dogan yavrularda
siirfaktan  yetersizliginde uyum
bozuklugu sonucu hava degisiminde aksamalara
iliskin  hipoksi, intersitisyel yangi, asir1
zorlanmaya bagli pulmoner hipertansiyon ve
intersitisyel 6dem olusur, tedavi edilmedigi
takdirde genellikle kisa siire icinde Olim
meydana gelir (Ok vd., 2020; Yildiz vd., 2017;
Yildiz ve Ok, 2017). Prematiire doganlarda diger

pulmoner
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bir problemde gastrointestinal sistem ile ilgili
bozukluklardir. Intestinal motiliteyi konu alan
calismalar, prematiire bebeklerin zamaninda
doganlara gore bagirsak hipomotilitesine sahip
oldugunu ve oral beslenmenin hipomotilitenin
siddetini arttirdigim1 gostermistir. Giizelbektes
vd., (2012) prematiire buzagilarin ¢ogunda
gastroosefagiyal reflu gelistigini ve mutlaka
yonelik tedavi gerekliligini
vurgulamiglardir.  Gelisimini  tam  olarak
saglayamayan preterm bebeklerde besinlerin

buna

yetersiz sindirimi ve ge¢is zamaninin uzamasi
yetersiz bagirsak bariyer savunmasi ile birlikte
bagirsak hasarmma neden olabilecegi ifade
edilmektedir. Yildiz vd., (2019) yaptiklarn
calismada RDS'li prematiire buzagilarda fazla
RDS’yi
arttirmanin

miktarda kolostrum  verilmesinin
siddetlendirerek riskini
yaninda, bagirsaklara basi yaparak
mikrosirkiilasyonunu  olumsuz  etkileyerek

bagirsak hasar1 olusturdugunu bagirsak hasar

olum

biyobelirtegleri ile tespit etmisler ve prematiire
buzagilarda miimkiinse kolostrumu az miktarda
ve sik araliklarla verilmesinin gerektigini
bildirmislerdir. Ayrica yine ayni arastiricilar
atresia kolili buzagilarda bagirsaklarda uzun siire
biriken  igeriginin  mikrosirkiilasyon  ve
oksijenizasyonu  bozarak  hasarin  neden
oldugunu bagirsak hasar biyobelirtegleri ile
ortaya koymuslardir (Yildiz vd., 2018).

KLINIK BULGULAR

Prematiire buzagilarda yaygin olarak goriilen
fiziksel bulgular; diisiik canli agirlik, kisa
yumusak tlylilik (Figlir 1), dislerin dis
etlerinden tam olarak siyrilmamasi (Figiir 2),
ayak tirnaklarmin yumusakligi (Figir 3),
halsizlik, emme refleksinin yetersiz olmasi ve
solunum giicliigiidiir (Giizelbektes vd., 2012;
Koterba ve Madigan, 1990; Ok vd., 2000; Ok
vd., 2020; Ok, 2020; Yildiz vd., 2017). Bu
bulgular i¢inde dikkat ¢eken en Snemli klinik
semptom kotiiye giden ilerleyici bir solunum
gilicliigli tablosudur. Prematiire buzagilarda
solunum giicliigiine iligskin olarak abdominal
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Prematiire buzagilarda bakim ve tedavi

solunum, hiriltili  solunum, inleme, burun e Takipne (Solunum sayis1 >45/dk),
kanatlarinin agilmast ve gz mukozasinin kirli

e Abdominal inlemeli  ve/veya  hinltilh
solunumdur (Bluel vd., 2008; Ok vd., 2020;
Ok, 2020; Yildiz vd., 2017).

mavi renk (siyanoz) almasi gibi semptomlar
belirlenir. Tim  bu  klinik  bulgular
prematiirelerde respiratorik distres sendroma
isaret eder (Ok vd., 2020; Yildiz vd., 2017).
Bunun yaninda kolostrum tiiketen buzagilarda
abdominal gerginlik olusumu s6z konusu olursa
bagirsak hareketlerin yeterince saglanamadigi
anlamina gelir.

s

Figiir 3. Yumusak tirnaklar (Ok 2020).

TESHIS

Prematiire buzagilarin teshisi anamnez, klinik ve
laboratuvar (kan gazi) bulgulara gore konur.
Gebelik siiresinin kisaligi, diisiik canli agirlik,
kisa yumusak tiyliiliik, dis etlerinin dislerden
tam olarak siyrilmamasi, ayak tirnaklarinin
yumusakligr gibi  klinik belirtiler RDS’siz
prematiire buzagi oldugunu gosterirken (Koberte
vd., 1990; Ok vd., 2020; Ok, 2020; Yildiz vd.,
2017; Yildiz vd., 2019), RDS’li prematiire
buzagilarda ise yukarida sozii edilen klinik
bulgulara ilave olarak takipne (solunum sayisi
>45/dk), abdominal solunum, ekspiratuvar
inleme, inspirasyon  sirasinda  sternum,
interkostal kaslar ve alt kostalarin iceri dogru
¢ekilmeleri, burun kanatlarinin  solunuma
katilmas1 gibi fiziksel bulgular ve respiratorik
asidoz, hipoksi (PaO2 <60 mmHg), hiperkapnia
(PaCO2>45mmHg), hiperlaktatemi gibi
laboratuvar bulgular goézlemlenir (Bluel vd.,
2008; Ok vd., 2020; Ok, 2020; Yildiz vd.,

Figiir 2. Dis etlerinden siyrilmamis disler (Ok 2020).

Respiratorik distres sendrom kriterleri; 2017;Y1ldiz vd., 2019).
e Respiratorik asidozis, TEDAVi VE BAKIM
* Hipoksi (PaO2 <60 mmHg), Prematiire buzagilar, en fazla bakima ve 6zene
¢ Hiperkapnia (PaCO; >45mmHg), ihtiya¢ duyan yavrulardir. Dogduklarinda basta

akciger olmak {izere, sindirim sistemi, sinir

s




sistemi, karaciger ve bobrek gibi bazi organlar
yeterince gelismemis olabildiginden hastaliklara
kars1 6nemli hassasiyetleri vardir (Bleul, 2009;
Ok vd., 2020; Yildiz vd., 2007; Yildiz vd., 2019).
Prematiire buzagilarda ilk yapilacak islemler
asagida sunulmustur.

A. Prematiire buzagilarda bakim

Ik yapilacak islem buzagimin iist solunum
yollartmin temizlenerek solunum yapmasini
saglamak

Prematiire buzagi
elektrikle
pompalarla burun, agiz ve farenksteki mukus

dogumlarinda ilk etapta

calisan veya manuel vakumlu
temizlenmelidir. Basit pompa islemi ile solunum
yolunda  biriken S1V1 ve mukuslar
uzaklastirilabilir ya da sivimn  akmasini
saglayacak kadar (en fazla 1 dakika) buzag: arka
bacaklardan bast asagiya gelecek tarzda
asilabilir  (Bleul, 2009; Ok vd., 2020;
Uystepruyst vd., 2002; Yildiz vd., 2017). Bu
islemin uzun tutulmamasinin nedeni, interkostal
kaslar1 tam olarak gelismeyen prematiire
buzaginin solunum yiikiiniin ¢ok fazla oldugu ve
bu yiikii diyaframla kompanze etmeye ¢alistig1,
oraya yapilacak uzun siireli baskilarin
solunumun kotiiye gitmesine neden
olabilecegidir. Yukarida sOzii edilen
uygulamalarla  solunumunu  baglatilamayan
prematiire  buzagilara
uyarmak i¢in basin arkasina soguk su dokme,

solunum merkezini

burun kanatlarini ¢imdikleme ya da solunum
uyarict  ilaglar (doksapram, lobelin vb.)
yapilmalidir (Divers, 2008; Ok vd., 2020; Y1ldiz
vd., 2017; Zerbe vd., 2008).

Prematiire dogan yavrularin c¢ogunlugunda
viicut isis1 diigiik, yani hipotermiktir

Prematiire buzagilarin hipotermik olup olmadigi
derhal belirlenmelidir. Hipotermi, termometre
ile viicut 1s1s1 (<35 C°) olciilerek belirlenebildigi
gibi, termometre olmadigi zaman agiz
sicakligina gore de belirlenebilir. Prematiire
buzagilar dogum sonrasi1 hipotermiye kars1 viicut
1silarin1 normal sinirlarda tutmak i¢in ¢ok fazla
enerji harcamaktadirlar. Bu durum kahverengi
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yag dokusundan yoksun
buzagilarda ciddi

olan prematiire
eksikligine zemin
hazirlayacaktir. Normal buzagilar, viicut 1silarimi
normal seviyelere c¢ekmeyi basarirlarken,
prematiire buzagilar basaramazlar, hipotermi
devam eder, bundan dolay1 viicut énemli zarar
gorilir. Prematiire buzagilarda enerji sarfiyatini
indirmek ve hayati tehdit eden

enerji

€n aza

hipotermiden zarar gdérmemesi i¢in, buzaginin
bulundugu yerdeki soguk cisimler ve altliklar
riski
azaltilmali, buzag1 en kisa siirede havlu veya sag
kurutucu ile kurutulmalidir (Figiir 4).

uzaklagtirnlmali, hava sirkiilasyonu

Figiir 4. Havlu ile tiiylerin kurutulmast (Ok 2020).
Prematiire buzagilar 6zel odaya alinmali, oda
isiticilarla 1sitilmalr (Figlir 5) ve viicut 1s1s1
normal diizeye gelinceye kadar buzaginin {izeri
havlu veya battaniye ile ortiilmelidir.

Figiir 5. Odanin sitic1 ile 1sitilmasi (Ok 2020).
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Prematiire buzagilar, 6zel odada en az 3-4 giin
tutulmalidir. Bu stire i¢inde 6zel oda gilinde bir
kez dezenfekte edilmelidir (Bluel vd., 2009;
Lammoglia vd., 1999; Ok vd., 2020; Satar, 2004;
Uystepruyst vd., 2002; Yildiz vd., 2017).

Prematiire buzagilarin solunumunun diizenli
hale getirilmesi

Soluk aligverisinin daha rahat saglanabilmesi
icin buzag: sternal, yani gogiis lizeri pozisyonda
tutulmalidir (Figiir 6).

Figiir 6. Buzagilarin 6zel yataktAa gbgiis tizerinde tutulmast
(Ok 2020).

Gogls lizeri pozisyonda yatan buzagilarin, sag
veya sol yan pozisyonda yatanlara gore gogiis,
diyafram ve akcigerlerinin daha az stres altinda
kaldigi1, soluk aligverisinin daha rahat yapildig:
ve daha iyi oksijen karbondioksit degisiminin
oldugu belirlenmistir (Yildiz vd., 2017; Yildiz
vd., 2019; Ok vd., 2020). Bu nedenle prematiire
buzagilarin goglis lizeri pozisyonda tutulmasi
onerilmektedir. Prematiire buzagilart gogis
iizeri pozisyonda tutmanin en énemli yolu 6zel
tasarlanmig yatakla olur (Figiir 6). Sayet bu
pozisyonda tutmak miimkiin degilse, kisa
araliklarla pozisyonun saga-sola
degistirilmesinde fayda vardir (Bluel vd., 2009;
Uystepruyst vd., 2002). Bizim calismalarimizda
da RDS’li prematiire buzagilarda gogiis iizerine
yatirilanlarda (Figiir 6) solunumun diizenli hale
geldigi, RDS bulgularinin ortadan kalktig1 ve
buzagilarin hizla iyilestigini gozlemledik (Ok
vd., 2020; Yildiz vd., 2017; Yildiz vd., 2019).

Prematiire buzagilara solunum destegi ve
oksijen uygulamasi yapilmalidir

Prematiire buzagilarda solunum destegi ¢ok
onemlidir. Solunum  destegi, oksijen
uygulamasindan mekanik ventilasyona kadar
degismektedir. Oksijen, hayat i¢in vazge¢ilmez
bir maddedir, ancak ayni1 zamanda dogadaki en
toksik maddelerden biridir. Tim canlilarda
antioksidan sistemlerin bulunmasi, oksijenin
toksik etkilerine kars1 konulmasi i¢in var olan en
ciddi 6nlemdir. Oksijen tedavisinin temel amact;
doku hipoksisini  Onleme azaltma,
solunumu kolaylastirma ve stresini

veya
kalp
minimuma indirgemektir (Figiir 7).

Figiir 7. Prematiire buzagiya oksijen tedavisi (Ok 2020).

Diger bir deyisle, PaO2’1 80 mmHg civarinda
tutabilecek minimum oksijen miktarini hastaya
vermektir (Figiir 8) (Bleul, 2009; Ovali, 2007,
Ok vd., 2020; Yildiz vd., 2017).

Prematiire buzagilarda diger bir problem
hipoglisemidir

Hipoglisemi kan sekerinin diisilk olmasidir.
Prematiire buzagilarda kan glikoz diizeyi
cogunlukla 30 mg/dL’nin altindadir.
Hipoglisemik buzagilarda sinirsel bulgular
ortaya cikar. Hipoglisemiyi ortadan kaldirmak
icin damar i¢i yolla glikoz verilmesi gerekir.
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Ayrica glikozla birlikte B vitamin uygulanmasi
glikozun hizli enerjiye doniislip organizmada
kullanilmasina yardimci olur (Ok vd., 2020;
Yildiz vd., 2017; Yildiz vd., 2019).

F

Figiir 8. Oksijen tedavisi (Ok 2020).

Prematiire buzagilarin beslenmesi

Prematiire buzagilarin beslenmesi ¢ok zordur ve
fazla 6zen gosterilmesi gereken bir durumdur.
Prematiire buzagilarin genelinde emme refleks
yetersizligi s6z konusu oldugundan anne
memesini veya biberonu ememezler. Bu yiizden,
buzagilarda emme refleks kontrolii yapilmalidir.
Emme refleks kontroliinde buzaginin agzina
parmaklar1 soktugunuzda, parmaklar1 emmeye
calismasi refleksin oldugu anlamina gelir. Emme
refleksi olan buzagilara biberonla kolostrum
(ag1z siitii) verilebilir. Kolostrum buzagilara
emme refleksi olusuncaya kadar sonda ile emme
refleksi olustuktan sonra biberonla verilmelidir.
Buzagilara verilecek kolostrum miktar1 500
mL’yi gegmemelidir. 6 saat arayla 500 mL
kolostrum verilmelidir. Bir 6giinde 500 mL’den
fazla kolostrum verildiginde karin sigligine ve
solunum giicliigline neden olarak Oliime
sebebiyet verebilecegi unutulmamalidir (Ok vd.,
2020; Yildiz vd., 2017; Yildiz vd., 2019).
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B. Prematiire buzagilara uygulanabilecek
standart tedavi ve 6zel tedaviler

Standart tedaviler

Prematiire  buzagilarin  standart  tedavisi
cogunlukla destek tedaviden ibarettir. Destek
tedavi olarak mineral ve vitamin, antibiyotik ve
sivi-elektrolit anormalliklerinde parenteral sivi
verilir. Mineral ve vitamin olarak kalsiyum,
fosfor, selenyum, A, B, C, D ve E vitaminleri
uygulanabilir. Kalsiyum, fosfor, C ve B
vitaminleri giinde bir kez 3 giin siireyle,
selenyum ve A, D, E vitamini bir kez kas ici
uygulanabilir. Ozellikle prematiire buzagilarin
cogunlugunda gastrozefagiyal reflii
belirlenmistir (Giizelbektes vd., 2012). Bu
ylizden, reflilye yonelik 10 mg/kg dozunda
eritromisin giinde bir kez, 5 mg/kg raniditin
giinde iki kez 3-5 giin siireyle uygulanmasinda
fayda vardir. RDS’li prematiire buzagilarda kan
gazi analizlerinde ¢ogunlukla miks asidozis ve
hipoglisemi belirlenir. Bu ylizden, miks asidozis
durumunda s1v1 soliisyonu olarak 250-500 mL %
1,3’lik NaHCO3’l1 veya laktat ringerli serumlar
tercih edilmelidir. Hipoglisemik buzagilarda
100-250 mL %S5’lik dekstroz uygulamasi
oldukga basarili sonu¢ vermektedir (Corum vd.,
2019a; Corum vd., 2019b; Ok vd., 2020; Yildiz
vd., 2017; Yildiz vd., 2019).

Akcigere yonelik ozel tedaviler

Respiratorik  distres sendromlu  prematiire
buzagilarda en etkin tedavi, akcigerin
iyilesmesine yonelik yapilan 6zel tedavidir.
Akcigere yonelik tedavinin temel amaci; akciger
gelisimini saglamak, dokularin gaz aligverisini
kolaylastirmak, solunumun devamli ve diizenli
hale gelmesini saglamaktir. Akciger yonelik
tedavi, oksijen tedavisi ve inhaler tedaviden
olusur. Oksijen tedavisi hipoksemiyi ortadan
kaldirmak oldukca etkilidir. Inhaler tedavi ise
akcigerin  gelisimini ve yangiylr ortadan
kaldirarak gaz aligverisini kolaylastirmak ve
solunumu diizenli hale getirmede oldukga
faydali bir tedavi yontemidir. Akcigerin
gelisimine ve yangiy1r ortadan kaldirarak gaz
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aligverigini kolaylagtirmak amaciyla siirfaktan
veya inhaler bronkodilatatorler, yangi ve 6dem
gidericiler kullanilir (Bleul, 2009, Ok vd., 2020,
Ovali, 2007, Pekcan, 2012, Yildiz vd., 2017).

Siirfaktan tedavisi

Beseri hekimlikte RDS’li prematiire dogan
bebeklere ekzojen siirfaktan tedavi veya
profilaktik amagli kullanilmaktadir. Sentetik ve
dogal formlar1 bulunan siirfaktan RDS disinda
mekonyum aspirasyon sendromu gibi bagka
hastaliklarda da kullanilabilmektedir. Siirfaktan
endotrakeal tlip icine yerlestirilen sonda
araciligryla veya endotrakeal tiipiin proksimal
ucuna yerlestirilmis bir adaptér yardimi ile
prematiire yavrunun akcigerine uygulanmaktadir
(Kiiltiirsaray ve Tansug, 2000; Yurdakok, 1991).
Beseri hekimlikte RDS’li prematiire bir bebegin
tedavisinde kullanilan siirfaktan maliyeti 5.000-
10.000 dolar civarindadir, bu ylizden Veteriner
Hekimlikte ticari siirfaktan preparatlar ekonomik
olmadigindan kullanilma sans1 yoktur (Altug
vd., 2013, Yildiz vd., 2017). Veteriner
hekimlikte kesilen geng¢ sigir akcigerlerinden
elde edilen siirfaktan maddeleri kullanilabilecegi
ifade edilmektedir. Karapinar vd., (2008) kesim
sonrast geng si8ir akcigerlerinden elde ettikleri
sirfaktan ekstresini sternal pozisyonda yatan
RDS'li prematiire buzagilara 100 mg/kg/CA
dozunda intratrakeal uygulamiglar ve basarili
sonug elde ettiklerini bildirmislerdir.

Inhaler tedavi

Beseri hekimlikte respiratorik distres sendromlu
hastalarda inhaler ila¢ uygulamalar1 akciger
fonksiyonunun kisa siirede normale donmesine
onemli katki sagladigi ortaya konmustur.
Bronkodilatatorler, yangt gidericiler, diiiretikler
ve antibiyotikler inhaler yolla kullanilmaktadir.
Nebulizasyon (inhalasyon) sivi  durumdaki
ilacin, nebiilizator araciligiyla buharlagtirilarak
solunum yollarina verilmesi islemine denir
(Pekcan, 2012). Veteriner hekimlikte inhaler
ilaglar at ve pet hekimliginde kullanilmakla
birlikte c¢iftlik hayvan hekimliginde kullanimi

oldukca  smnirhdir.  Yapmis  oldugumuz

caligmalarda (Ok vd., 2020, Yildiz vd., 2017)
RDS’li  prematiire buzagilarin  tedavisinde
nebulizer yolla bronkodilatatorler, yangi
gidericiler ve diiiretik uygulamalarinin basarili
(%70-78) sonug verdigini belirledik (Figiir 9).

TR o

Figiir 9. RSD’li prematiire bir buzagiya nebulizer cihazi
ile inhaler ilag verilmesi (Ok 2020).

RDS prematiire buzagilarda inhaler kullanilan
ilaclarin bir buzagi i¢in maliyeti yaklasik 6-7
dolar civarinda olmas1 olduk¢a ekonomik oldugu
gostermistir. Son yillarda hem beseri hem de
veteriner hekimlikte inhalasyon yoluyla ilag
kullanimi, lokal ve hizli etki saglamanin yan
sira, sistemik yan etkilerinin azlig1 nedeniyle
akciger hastaliklarinin tedavisinde kullanim
alan1 gittikge artmugtir. Inhaler uygulamanin
non-invaziv, kisa silirede etkinin baslamasi ve
diisiik dozlarda etkili olmasi oral veya parenteral
yolla uygulamaya gore en dnemli avantajidir (Ok
vd., 2020, Pekcan, 2012, Yildiz vd., 2017).
Bununla birlikte inhaler yolla verilen ilaglar, yan
etkilerinden uzak durularak hizli sekilde ve
istenilen miktarda akcigere ulasmaktadir. Inhaler
yolla verilen bronkodilatatorlerin 5 dakika i¢inde
etkinligi baslayip 15-30 dakika ig¢inde pik
seviyeye ulasirken, oral uygulamalarda ilacin pik
seviyeye ulagmasi 2-3 saat almaktadir (Duvivier
vd., 1997).

Inhaler olarak verilen kortikosteroid,
bronkodilatatéor ve diiiretikler, akcigerdeki
yang1, brons kasilmalarin1 ve 6demi ¢ozerek gaz
aligverisi kolaylastirarak solunum
fonksiyonunun hizla normale dénmesi saglar.
Inhaler yolla bronkodilatatdr olarak B2 adrenerjik
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agonistler ve antikolinerjikler kullanilir, [o-
agonisti bronkodilatatorler, kisa ve uzun etki
gostermesine gore iki gruba ayrilir. Kisa etki

gosterenler; metaproterenol, salbutamol,
terbutalin ve fenoterol grubu
bronkodilatatorlerdir. Uzun etkili Pz-agonisti
bronkodilatatérlerin - en  yagin  kullanilam

salmeterol ve formeteroldur (Barnes, 2008; Tras
vd., 2012). Kortikosteroidler, solunum yolu
hastaliklarinda nebulizasyon yoluyla siklikla
kullanilmaktadir. Nebulizer yontemle uygulanan
kortikosteroidler; siirfaktan {iretimini artirmanin
yaninda, akciger hasarinda yangiyr azaltma,
bronsiyal ve pulmoner 6demi azaltarak hastanin
solunumunu diizenleyerek iyilesmesine katki
saglamaktadir (Tras vd., 2012; Yildiz vd., 2017).
Kortikosteroidler, = akciger  hastaliklarinda
yangty1 azaltma, antioksidant enzim ve siirfaktan
iiretimini artirma, brongiyal ve pulmoner 6demi
azaltma amaciyla kullanilmaktadir (Bancalari
vd., 2005). Steroidlerin inhalasyon yoluyla
kullanilmasi, sistemik kullanimlarda ortaya
cikan yan etkileri minimuma indirmektedir.
Flutikazone propiyonat, beklametazone
dipropiyonat, triamskinolon, budosenid,
flunisolid gibi steroidlerin inhaler formlar1
bulunmaktadir (Mazzaferro, 2006; Robinson
vd., 2009). Bu ilaglar i¢inde flutikazon
propiyonatin terapotik etkisi en yiiksekdir
(Barnes, 1998). Taylarin
hastaliklar1 ve atlarim astim hastaligindainhaler
kortikosteroid, bronkodilatator, antibiyotik ve
mukolitik uygulamiglar ve basarili sonug elde
etmislerdir (Leclere vd., 2010; Morresey, 2008).
Inhaler yolla uygulanan bir ilag grubu da
ditiretiklerdir. Ditiretikler, akcigerin intersitisyel
O0demini azaltmak, pulmoner vaskiiler direnci
diistirmek  (hipertansiyonu  azaltma), gaz
degisimini kolaylastirmak ve akciger hiicreleri
oksijen tiiketimini azaltip, oksijenin dolagima
gecisini artirmak amaciyla kullanilmaktadir
(Abman ve Groothius, 1994). Bu amag i¢in en
yaygin kullanilan diiiretik furosemittir (Ok vd.,
2020; Yildiz ve Ok, 2017). Yildiz ve Ok, (2017)
ve Ok vd., (2020) RDS’li prematiire buzagilara
inhaler bronkodilatatér  (salbutamol,

solunum yolu

yolla
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formeterol) kortikosteroid (flutikazon,
budesonid) ve diiiretik (furosemid) uygulamislar
ve tedavide oldukg¢a bagarili sonug almislardir.

Tlaglarin inhalasyon dozu

e Flutikazon’un nebulizer formu, 15 pgkg
dozunda 2.5 mL serum fizyolojik soliisyonu
ile sulandirilarak 12 saat arayla 3 giin siireyle
nebulizasyon yontemi ile 5 dakika iginde
uygulanir (Ok vd., 2020; Yildiz vd., 2017).

e Budesonid’in nebulizer formu nebulizasyon
yontemi ile 400 pg total doz 2,5 mL serum
fizyolojik soliisyonu ile sulandirilarak 12 saat
arayla 3 giin siireyle 5 dakika iginde
uygulanir.

e Salbutamol’un nebulizer formu 0.025 mg/kg
dozunda 6 saat arayla 2,5 mL serum
fizyolojik soliisyonu ile sulandirilarak 3 giin
siireyle nebulizasyon yontemi ile 5 dakika
icinde uygulanir (Yildiz vd., 2017).

e Formoterol’un nebulizer formu 12 pg total
dozda 12 saat arayla 2.5 mL serum fizyolojik
sollisyonu ile sulandirilarak 3 giin siireyle
nebulizasyon yontemi ile 5 dakika iginde
uygulanir (Morresey, 2008; Ok vd., 2020).

e Furosemid’in parenteral formu 1 mg/kg
dozunda 2.5 mL serum fizyolojik soliisyonu
ile sulandirilarak 12 saat arayla 3 giin siireyle
nebulizasyon yontemi ile 5 dakika icinde
uygulanir (Ok vd., 2020; Sahni ve Phelps,
2011; Yildiz vd., 2017).

C. Oksijen destegi

Solunum sistemi hastaliklarinin tedavisinde en
onemli katkiyr oksijen tedavisi sagladigi
unutulmamalidir. Yapmis oldugumuz
calismalarda (Ok vd., 2020; Yildiz vd., 2017)
respiratorik  distres sendromlu  prematiire
buzagilara oksijen uygulamasinin tedaviye ciddi
katki sagladigin1 miisahede ettik. Hastanelerde
kurulan oksijen {initelerinde oksijen ve
karbondioksit belirli oranlarda oldugundan insan
ve hayvanlara siirekli oksijen verilebilmektedir.

Sayet bu iinite mevcut degilse, sanayi tipi oksijen
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tiiplinden faydalanilabilir. Sanayi tipi oksijen
tiiplindeki oksijen buzagilara uygun oksijen
maskesi (Figiir 7; Figiir 8) yardimui ile verilebilir.
Buzagilara oksijen baslangi¢ olarak 5-6 L/dk
akis hiziyla intranazal olarak 15’er dakika
siireyle uygulanir, her uygulamadan sonra 10
dakika ara verilir. Her uygulamadan sonra 10
dakika ara verilmesinin nedeni saf oksijenin
yogun verilmesi toksik etki gostermesidir. Bu
uygulama yaklasik 3 saat kadar siirdiiriiliir. Ug
saat sonra oksijen akis hizi 3-4 L/dk’ya
diisiiriiliir. Oksijen tedavisine birkag¢ giin belirli
araliklarla devam edilebilir. Oksijen tedavisine
son verilmesi sarti arteriyel SatO2 diizeyinin > %
80 mmHg lizerine ¢ikmis olmasidir (Bleul, 2009;
Korkmaz, 2003; Ok vd., 2020; Palmer vd., 1996;
Yildiz vd., 2017).
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