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rastirma Makalesi Research Article

Genetik Parametre Tahmininde Kovaryans
Faktorun Kullaniimasi

Using Covariance Factor in Genetic Parameter
Estimation

(074

Bu calismada, genetik parametre tahmininde sikga kullanilan yontemlerden REML, MINQUE ve MIVQUE yon-
temlerinin, modele kovaryans faktor dahil edildigi durumda varyans unsurlari tahminindeki etkinliklerinin belir-
lenmesi amaglanmistir. Calismada simtilasyon ile elde edilen, dengeli ve normal dagilimli veriler kullanilmistir.
Varyans unsurlari tahmininde hem sabit hem de sansa bagl faktorlerin bulundugu karisik model kullaniimistir.
Sit verimi igin kuruda kalma stiresi, dogum agirligi i¢in ananin canli agirligr kovaryeteler olarak belirlenmistir.
Yontemlerle elde edilen varyans unsurlarinin karsilastiriimasinda, gevre varyansinin kiigtik olmasi ve gevre var-
yansinin toplam varyansa oraninin kiigtik olmasi kriterleri esas alinmistir. Yontemler karsilastirildiginda, kovar-
yetenin modele dahil edildigi durumda hem st verimi icin hem de dogum agirligi igin en iyi sonuglar MINQUE
yontemi ile elde edilmistir. Fakat MINQUE yontemi ile negatif varyans unsuru elde edilmistir. MIVQUE yonte-
minde kovaryetenin modele dahil edilmesi sonucunda gevre varyansinin artmasi, bu yontemin olumsuz tarafi
olarak tespit edilmistir. Karisik modele kovaryans faktorlerin dahil edildigi ve edilmedigi durumlarda, dengeli
ve normal dagilimli verilerde genetik parametre tahminlenirken REML yénteminin sonuglarinin MINQUE ve
MIVQUE yontemlerine gore daha iyi ve glvenilir sonuglar verdigi tespit edilmistir.

Anahtar Kelimeler: Kovaryans faktor, genetik parametre tahmini, karigik model, varyans unsurlari tahmin yén-
temleri

ABSTRACT

In this study, it was aimed to determine the efficiency of REML, MINQUE and MIVQUE methods, which are
frequently used methods in estimating genetic parameters, in the estimation of variance components when
the covariance factor is included in the model. Balanced and normally distributed data obtained by simula-
tion were used in the study. A mixed model with both fixed and chance factors was used in the estimation of
variance components. Dry period for milk yield and dam’s live weight for birth weight were determined as co-
variates. In comparing the variance components obtained by the methods, the criteria of having a small envi-
ronmental variance and a small ratio of environmental variance to total variance were taken as basis. When the
methods were compared, the best results for both milk yield and birth weight were obtained with the MINQUE
method when the covariate was included in the model. However, the negative variance was obtained with the
MINQUE method. In the MIVQUE method, the increase in environmental variance as a result of the inclusion
of the covariate in the model was determined as the negative side of this method. In cases where covariance
factors were included or not included in the mixed model, the results of the REML method were found to be
better and more reliable than the MINQUE and MIVQUE methods when estimating the genetic parameter in
the balanced and normally distributed data.

Keywords: Covariance factor, genetic parameter estimation, mixed model, variance components estimation
methods

GiRiS

GUnlUmuzdeki artan popllasyonun gida ihtiya-
cini kargilamak i¢in tarim alanlarinin artirilmasi
gevre Uzerinde baski olusturmaktadir. Bu neden-
le tarimda birim basina verimliliginin artiriimasi
her gegen giin daha fazla 6nem arz etmektedir.
Birgok arastirma yapilarak hayvanlarin ¢zellikle-
rinin gelistiriimesi, verimlerinin artirilmasi ve bu
sayede hayvanlardan daha fazla faydalanilmasi
amagclanmistir. Hayvan verimlerinin gelecek ge-
nerasyonda arttirilmasi igin yapilan bu galismalar
islah galigmalari olarak degerlendirilir.

Hayvanlarin genetik oOzelliklerinin 1slahinda iki
temel yontem vardir. Bunlardan biri seleksiyon
digeri de melezlemedir. Melezleme yonteminde

farkl irklar birlestirilerek veriminin arttiriimasi
amaglanir. Seleksiyonda ise ylksek verimli fert-
lerden ylksek verimli yavrularin elde edilmesi
amaglanir.

Hayvanlarin genetik yapilarindaki farkliliklara da-
yanan seleksiyon, genetik olarak ilerlemeyi amag-
lamaktadir! Fakat ekonomik olarak 6nemli olan
karakterlerin verimi, ana ve babadan gelen gen-
lerle birlikte gevreye de baghdir.2 Cevreden kay-
naklanan varyasyon bir hata kaynagi olup, genetik
arastirmalari ve seleksiyonun dogruluk derecesi-
ni etkiler.® Yani, hayvanin genotipi ne kadar iyi olsa
da, cevre sartlari iyilestirilmeden verim kapasite-
sine ulasilamaz. Yine gevre sartlari da ne kadar iyi
olursa olsun, hayvanin genetik yapisinin sinirla-
di§1 verim seviyesini asmak da mimkun degildir.
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Hayvan islahinda kullanilan genetik ozelliklere ait istatistikler ge-
netik parametreler olarak adlandiriimaktadir. Kullanilan bu gene-
tik parametreler kalitim derecesi, tekrarlanma derecesi, genetik
korelasyon ve grup ici korelasyondur.

Varyans unsurlari belirlenerek genetik parametreler tahminle-
nir. Varyansa sebep olan faktorler belirlenerek bunlarin toplam
varyanstaki paylari ve hesaplanamayan cevre faktorlerinden ileri
gelen hata varyansi tahminlenir. Tahminlenen bu varyanslardan
genetik parametreler belirlenir.*

Varyans unsurlari hesaplanirken 3 farkli model kurulabilir. Bunlar;
sadece sabit faktérlerin bulundugu Sabit model, sadece sansa
bagli faktorlerin bulundugu Sansa bagl model ve hem sabit hem
de sansa bagli faktorlerin birlikte bulundugu Karigik modellerdir.5-°

Varyans unsurlarinin tahmininin hayvan islahindaki 6nemi su se-
kilde siralanabilir;

1. Hayvanlarin gergek verim kabiliyetlerinin, baba ve bunlarin
kizlarinin genetik degerlerinin tahmini,
2. Varyasyon kaynaklarinin belirlenmesi,

3. Progeny test programlarinin olusturulmasi,

4. Genetik X Genetik, Genetik X Cevre, Cevre X Cevre interaksi-
yonlarinin hesaplanmasi,

5. Seleksiyon indekslerinin olusturulmasi,

6. Fenotipik ve cevre kolerasyonlarinin tahmini,

7. Islah programlarinin planlanmasi,

8. Kantitatif 6zelliklerde genetik mekanizmanin yorumu.'©-*2

Varyans unsurlarinin tahmininde varyans analizi (ANOVA), Mini-
mum Varyans Kuadratik Sapmasiz Tahmin (MIVQUE), Minimum
Norm Kuadratik Sapmasiz Tahmin (MINQUE), En Yiksek Olabilirlik
(ML), Kisitlanmis En Yiksek Olabilirlik (REML), Henderson 1, 1I, 11l
gibi yontemler bulunmakta olup, karisik modellerde ¢odunlukla
REML yontemi kullanilmaktadir.”®*

REML ve ML yontemi normal dagihm gosteren veriler igin kullani-
lirken, MINQUE ydntemi dagilm varsayimlarina dayanmadan var-
yans ve kovaryans bilesenlerini tahmin etmek igin gelistirilmistir.®

REML yontemi MIVQUE ve MLdan tiretilebilir. REML yontemi ite-
ratif bir yontemdir. Sabit etkilerinden kaynaklanan sapma bu yon-
tem ile yok edilmektedir.'6-2°

Bu galismanin amaci dengeli ve normal dagilim g&steren verilerde
karisik model kullanilarak, kovaryans faktoriin modele dahil edil-
digi ve edilmedigi durumlarda varyans unsurlarini REML, MIVQUE
ve MINQUE yontemleri ile tahminlemektir. Varyans unsurlarinin
tahmininde sikga kullanilan bu yontemlerde, modele kovaryetenin
dahil edilmesinin etkileri belirlenmeye caligiimistir.

MATERYAL ve METOT

Materyal olarak simulasyon ile elde edilen veriler kullaniimigtir.
Ornek biiyiikligi, 25 baba ve 50 anadan elde edilen 250 inegin
her birinin 4 dogum kaydi olmak UGizere 1000 olarak belirlenmistir.
Gergek gozlemlere yakin dederler bulmak igin, Cura®' tarafindan
yapilan galigmada bulunan istatistikler (ortalama ve standart sap-
ma), veri seti olusturmak igin kullaniimistir. Adi gegen bu calisma-
da, Trakya Bolgesi’ndeki Damizlik Sigir Yetistiricileri Birligi'ne bagli
isletmelerden alinan, 296 775 bas siyah alaca irki sigira ait 677 289
verim kaydi degerlendirilmistir. Yapilan diger calismalara nazaran
bu calismadaki 6rnek biytkliginin daha yiksek olmasi, bu calig-
madan elde edilen istatistiklerin kullaniimasinin daha uygun ola-
cagl kanaatine varilmistir.

Vet Sci Pract. 2022; 17(1), 6-10 | DOI: 10.54614/VetSciPract.2022.1015013

Kovaryans faktoriin modele dahil edilebilmesi igin bagimli de-
gisken ile ortak degiskenler arasindaki korelasyon katsayisinin
0,3'ten buylk olmasi gerekmektedir. Bu varsayimi saglamak igin
degiskenler arasindaki korelasyon katsayisi (r) ‘0,5’ olarak alinmis-
tir. Bu istatistiklere gore varyans-kovaryans matrisi hesaplanmisg
ve bu matrise gore veri seti olusturulmustur.

Yontem

Varyans unsurlari

Varyans bilesenlerinin hesaplanmasinda hem sabit faktorlerin
hem de sansa bagl faktorlerin bulundugu karigik model kullanil-
mis olup laktasyon, dogum ayi ve dogum yil sabit faktcrler iken
ana, baba ve bireyin etkisi sansa bagli faktorler olarak kullaniimig-
tir. St verimi igin kuruda kalma siresi (KKS), dogum agirhgi igin
ise ananin canli agirhdr (Canh agirlik) ortak degisken olarak belir-
lenmis olup kovaryans faktoriin dahil edildigi durumda varyans
unsurlari bu sekilde hesaplanmistir. Yapilan calismalarda KKS’
nin st verimine?, ananin canli agirliginin da dogum agirligina®
etkilerinin istatistiksel agidan onemli olduklari belirtilmistir. Yine
yapilan bazi galigmalarda?*?® KKS’ nin st verimini etkileyen makro
cevre faktorlerinden biri oldugu bildirilmistir. Yapilan bir tez calig-
masinda®, ana agirhgr ile dogum agirhigr arasinda dnemli bir kore-
lasyonun oldugu bildirilmistir.

SUt verimi degiskenine ait varyans degeri ¢ok blyilik oldugundan
ve hesaplamalarda kolaylik saglamasi icin, stt verimi degiskeni
1000’ bollinerek varyans unsurlari hesaplanmistir.

Veri setinde tlim alt gruplarda gozlem sayilari esit oldugundan
dolayi veriler dengelidir. Birey modeliyle varyans unsurlari tahmin-
lenmistir. Modelin matris notasyonu;

Y =Xb + Zu + e seklinde olup modelde yer alan terimler;

Y: NxI boyutlu gozlem vektord,

X: Nxqg boyutlu ve ranki g olan sabit etkilere ait desen matrisi,

Z: Nxr boyutunda ve ranki r olan sansa bagl etkilere ait desen
matrisi,

b: gx| boyutunda sabit etkiler vektord,

u: rxI boyutunda sansa bagl etkilerin vektora,

e: hata terimi olup, ortalamasi sifir ve varyans-kovaryans matrisi
lo? dir.

Varyans unsurlari yontemlerinin kiyaslamasinda hata varyansi-
ni minimum tahmin eden yontem, en iyi yontem olarak agiklan-
maktadir.>?” Ancak, varyans bilesenlerinin toplam varyasyondaki
orani, yontemlerin kiyaslanmasinda diger dnemli bir dlgit olarak
alinmakta ve hatanin toplam varyasyondaki oraninin kiigtik olmasi
istenmektedir.2® Her iki yontemle de karsilastirmalar yapiimistir.

Varyans unsurlari tahminleri igcin REML ve MIVQUE y&ntemleri
SAS 9.4 paket programinda MIXED prosedtiri kullaniimigtir. SAS
paket programinda bulunmayan, varyans unsurlari tahmin metot-
larindan olan MINQUE y6ntemi igin SPSS versiyon 18 (Statistical
Package for the Social Sciences Inc., Chicago, IL, ABD) paket prog-
raminda GLM prosedurt kullaniimistir.

BULGULAR

Bu calisma igin simUlasyon ile elde edilen sit verimi, dogum agir-
lig1, ananin canl agirhidi ve kuruda kalma sureleri degiskenlerine
ait ortalama ve standart hatalari Tablo 1'de verilmistir.

Tablo 1'de simtilasyon ile elde edilen siit verimi degdiskeninin or-
talamasi 5650,04 litre standart hatasi 43,34, dogum agirhiginin
ortalamasi 39,99 kg standart hatasi 0,19, ananin canli agirhgi
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Tablo 1. Bagimh degiskenler ve kovaryetelere ait tanimlayici istatistikler

N X+ Sg
Siit Verimi 1000 5650,043 + 43,335
Dogum Agirhg 1000 39,986 + 0,186
Canli Agirhik 1000 500,588 + 3,467
KKS 1000 56,161 + 0,408

KKS, Kuruda Kalma Siiresi

Tablo 2. REML y6ntemine gore siit verimi i¢in varyans unsurlari tahminleri

Kaynaklar Kovaryans Faktor Yok Kovaryans Faktor Var
ng 0,6500 0,6879

o*, 0,7123 0,7104

02p 1,3623 1,3983

h? 0,4800 + 0,033 0,4900 + 0,033

czg, Genotipik Varyans; 0” , Cevre Varyansi; czp’ Fenotipik Varyans; h? Kalittm Derecesi

Tablo 3. MINQUE ydntemine gore siit verimi i¢in varyans unsurlari tahminleri

Kaynaklar Kovaryans Faktor Yok Kovaryans Faktor Var
ng 0,6520 1,2870

o2, 0,7120 0,6760

GZP 1,3580 1,9630

h? 0,4801+ 0,033 0,6556 + 0,026

0°, Genotipik Varyans; 0*, Gevre Varyanst; 0*, Fenotipik Varyans; h?, Kalitim Derecesi

Tablo 4. MIVQUE yontemine gore siit verimi i¢in varyans unsurlar1 tahminleri

Kaynaklar Kovaryans Faktor Yok Kovaryans Faktor Var
(Jzg 0,6507 0,6626

0%, 0,7163 0,7218

Ozp 1,3670 1,3844

h? 0,4760 + 0,033 0,4786 + 0,033

a"g, Genotipik Varyans; 6® , Cevre Varyansy; cr‘p, Fenotipik Varyans; h? Kaliim Derecesi

Tablo 5. REML yontemine gore dogum agirhgi icin varyans unsurlari tahminleri

Kaynaklar Kovaryans Faktor Yok Kovaryans Faktor Var
ng 1,2358 0,5945

0%, 25,0561 22,8315

Gzp 26,2919 23,4260

h? 0,0470 + 0,028 0,0250 + 0,027

o*,, Genotipik Varyans; a2e, Gevre Varyansy; 6* , Fenotipik Varyans; h? Kalitim Derecesi

Tablo 6. MINQUE y6ntemine gore dogum agirhgi i¢in varyans unsurlar: tahminleri

Kaynaklar Kovaryans Faktor Yok Kovaryans Faktor Var
CIZg 1,4050 2,7430

o2, 25,0700 22,7430

CJ’p 26,4750 25,4860

h? 0,0531 + 0,028 0,1076 £ 0,031

o’ Genotipik Varyans; o , Cevre Varyans; 6*, Fenotipik Varyans; h*, Kalitim Derecesi

Tablo 7. MIVQUE yontemine gore dogum agirlig: icin varyans unsurlar: tahminleri

Kaynaklar Kovaryans Faktor Yok Kovaryans Faktor Var
ng 1,3479 0,5709

o2, 25,0635 23,0410

02p 26,4114 23,6119

h? 0,0510 + 0,028 0,0242 + 0,027

0*, Genotipik Varyans; o* , Gevre Varyansy; 0°, Fenotipik Varyans; h?, Kalitim Derecesi

ortalamasi 500,59 kg standart hatasi 3,47 ve kuruda kalma si-
resinin ortalamasi 56,16 glin standart hatasi 0,41 olarak tespit
edilmistir.

SUt verimine ait varyans unsurlari tahminleri hem kovaryans fak-
tor oldugu durumda hem de kovaryans faktor olmadigr durumda
tahminlenmistir. Varyans unsurlari tahminleriicin REML, MINQUE,
MIVQUE metotlari kullanilmistir. St verimi igin kuruda kalma si-
resi deg@iskeninin modele kovaryete olarak dahil edildigi ve edil-
medigi durumlarda REMLyontemi kullanilarak elde edilen varyans
unsurlari sonuglari Tablo 2'de verilmistir.

Sut verimi igin REML yontemi ile elde edilen varyans unsurla-
ri sonuglarina gére kovaryans faktoriin modele dahil edilmesi ile
genotipik varyans artmis ve gevre varyansi azalmistir. Genotipik
varyanstaki artig miktari gevre varyansindaki azalma miktarindan
fazla oldugu igin fenotipik varyans degeri de artmistir. Kovarye-
tenin modele dahil edilmesi durumunda genotipik varyansin art-
masi ve gevre varyansinin azalmasi sonucunda kalitim derecesi de
artmistir (Tablo 2).

SUt verimi igin kuruda kalma slresi degiskeninin kovaryete olarak
modele dahil edildigi ve edilmedigi durumlarda MINQUE yontemi
kullanilarak yapilan analizler sonucunda elde edilen varyans un-
surlari Tablo 3'te verilmistir.

St verimi igin MINQUE yontemi ile elde edilen varyans unsurla-
ri sonuglarina gore kovaryans faktdrin modele dahil edilmesi ile
genotipik varyans artmis ve gevre varyansi azalmistir. Genotipik
varyanstaki artig miktari gevre varyansindaki azalma miktarindan
fazla oldugu igin fenotipik varyans dederi de artmistir. Genotipik
varyanstaki artis ve g¢evre varyansindaki azalma sonucunda kali-
tim derecesi de artmistir (Tablo 3).

MIVQUE yontemi kullanilarak, stit verimi igin kuruda kalma stiresi
degiskeninin kovaryete olarak modele dahil edildigi ve edilmedigi
durumlarda yapilan analizler sonucunda elde edilen varyans un-
surlari Tablo 4'te verilmistir.

SUt verimi igin MIVQUE yontemi ile elde edilen varyans unsurlari
sonuglarina gore kovaryans faktoriin modele dahil edilmesi geno-
tipik varyans ve gevre varyansini arttirmistir. Bu artiglardan dolayi
fenotipik varyans degeri de artmistir. Genotipik varyanstaki artig
orani, gevre varyansindaki artig oranina kiyasla daha fazla oldugu
icin kalitim derecesi de artmistir (Tablo 4).

Dogum agirhdi tzerine varyans unsurlari tahminlemesinde, kovar-
yans faktor olarak ananin canli agirligi modele dahil edilmistir. Do-
gum agirhgricin canliagirlik degiskeninin kovaryete olarak modele
dahil edildigi ve edilmedigi durumlarda REML yontemi kullanilarak
elde edilen varyans unsurlari sonuglari Tablo 5'te verilmistir.

SUt verimi igin REML yontemi ile elde edilen varyans unsurlari so-
nuglarina gore kovaryans faktoriin modele dahil edilmesi ile ge-
notipik varyans ve gevre varyansi azalmistir. Cevre varyansindaki
azalma miktari genotipik varyanstaki azalma miktarindan fazla
oldugu igin fenotipik varyans dederi de azalmistir. Kovaryetenin
modele dahil edilmesi durumunda gevre varyansindaki azalma
oraninin ve genotipik varyanstaki azalma oranina kiyasla daha faz-
la olmasi sebebiyle kalitim derecesi de azalmistir (Tablo 5).

Dogum agirligi icin canli agirlik degiskeninin kovaryete olarak
modele dahil edildigi ve edilmedigi durumlarda MINQUE yonte-
mi kullanilarak elde edilen varyans unsurlari sonuglari Tablo 6'da
verilmistir.

Dogum agirhgr icin MINQUE yontemi ile elde edilen varyans un-
surlari sonuglarina gore kovaryans faktoriin modele dahil edilme-
si ile genotipik varyans artmis ve gevre varyansi azalmistir. Cevre
varyansindaki azalma ve genotipik varyansin artmasi sebebiyle
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kalitim derecesi artmistir. Cevre varyansindaki azalma miktari ge-
notipik varyanstaki artig miktarindan fazla oldugu igin fenotipik
varyans azalmistir (Tablo 6).

Dogum agirligi i¢in canli agirlik degiskeninin modele kovaryete
olarak dahil edildigi ve edilmedigi durumlarda MIVQUE ydntemi
ile elde edilen varyans unsurlari sonuglari Tablo 7°de verilmigtir.

Dogum agirhigi icin MIVQUE yontemi ile elde edilen varyans un-
surlari sonuglarina gore kovaryans faktortin modele dahil edilmesi
ile genotipik varyans ve gevre varyansi azalmistir. Bu azalmalardan
dolayi fenotipik varyans da azalmistir. Genotipik varyanstaki azal-
ma orani gevre varyansina kiyasla daha fazla oldugu igin kalitim
derecesi de azalmistir (Tablo 7).

TARTISMA

SUt verimi igin elde edilen varyans unsurlari sonuglarinda ko-
varyans faktorin modele dahil edilmedigi durumda, REML ve
MINQUE y6ntemlerinde hem gevre varyansinin kiigtik olmasi hem
de cevre varyansinin toplam varyansa oraninin kiiglik olmasi kri-
terleri bakimindan benzer sonuglar elde edilmis ve bu sonugla-
rin MIVQUE yontemi ile elde edilen sonuglardan daha iyi oldugu
tespit edilmistir. KKS degiskeninin kovaryete olarak modele dahil
edilmesiyle REML ve MINQUE yontemlerinde gevre varyansi aza-
lirken MIVQUE yonteminde ¢evre varyansi artmistir. Kovaryetenin
modele dahil edilmesinin amaci, kontrol edilemeyen ¢evre var-
yansinin bir kisminin kovaryete araciliiyla kontrol altina alinarak
gevre varyansinin azaltiimasidir. Bu sebeple MIVQUE yonteminde
kovaryetenin modele dahil edilmesi sonucunda gevre varyansi-
nin artmasi olumsuz bir sonug olarak belirlenmistir. Kovaryetenin
modele dahil edildigi durumda elde edilen varyans unsurlarinda
her iki karsilastirma kriterine gore MINQUE yontemi ile REML
yéntemine gore daha iyi sonuglar elde edilmesine ragmen nega-
tif varyans elde edilmis olmasi, MINQUE ydnteminin olumsuz bir
sonucu olarak tespit edilmistir.

Dogum agirhidi icin kovaryetenin modele dahil edilmedigi durum-
da elde edilen varyans unsurlarinda, gevre varyansinin kigtk ol-
masi kriteri bakimindan en iyi sonu¢ REML yontemi ile elde edil-
misken, cevre varyansinin toplam varyansa oraninin kiglik olmasi
kriterine gore en iyi sonug MINQUE yontemi ile saptanmigtir. Canli
agirlik degiskeni kovaryete olarak modele dahil edildigi durumda
elde edilen varyans unsurlarinda her iki karsilastirma kriteri baki-
mindan en iyi sonuglar MINQUE yontemi ile elde edilirken en koti
sonuglar MIVQUE ydntemi ile belirlenmisgtir.

Yontemlerle elde edilen sonuglardaki farkliliklarin sebebi, yontem-
lerin farkli metotlarla varyans unsurlarini tahmin etmesi ve farkl
varsayimlar gerektirmeleridir. En Yiksek Olabilirlik (EYO) metodu
sabit faktorlerin serbestlik derecesini dikkate almamakta ve nor-
mal dagilim gdsteren verilerde daha tutarli sonuglar vermektedir.
EYO metodunun normal olmayan dagilimlardaki sapmasi MIVQUE
yontemi ile giderilmistir. Bu sebeple MIVQUE yontemi normallik
varsayimini gerektirmemekte ve parametre kestiriminde EYO
metodunu kullanmaktadir. REML yontemi de parametre kestiri-
mi icin MIVQUE yontemi gibi EYO metodunu kullanmaktadir. EYO
yonteminde parametrelere ait baslangi¢ degerleri girilmekte ve
iterasyon yontemi ile olabilirligin maksimum oldugu noktadaki
parametre kombinasyonu belirlenmektedir. Ayrica dengesiz ve-
rilerde dogrusal modellerin kullanimina yonelik olarak gelistiri-
len EYO yontemi, verilerdeki olasi bitlin genetik iligkileri dikkate
alabilmekte ve verilerin dengeli olmasini gerektirmemektedir.
MINQUE yontemi parametre kestiriminde En Kiglk Kareler (EKK)
metodunu kullanmaktadir. EKK metodunda istatistikler regres-
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yon analizi veya varyans analizi kullanilarak elde edilir ve verilerin
dengeli olmasi ile birlikte ebeveynlerin poptlasyondan rasgele
segilmis olmalari varsayimlarini gerektirir. Bu galismada, EKK yon-
teminin gereksinimi olan verilerin dengeli olmasi varsayiminin
karsilanmis olmasi sebebiyle MINQUE yontemi ile daha olumlu
sonuglar elde edilmis olabilir. EKK metodunda varyans unsurlari-
nin negatif gikmamasi icin bazi yontemler bulunmaktadir. Fakat
MINQUE yonteminde hesaplama tekniginden dolayl bu durum
engellenememekte ve negatif varyans elde edilebilmektedir. Do-
gum agirhiginda negatif varyans gortilmemesine ragmen, stit veri-
mi i¢in de ayni model kullaniimig ve negatif varyans elde edilmistir.
Elde edilen negatif varyansin olusturulan modelden veya veri se-
tinden kaynaklandigi sdylenebilir. Bu sebeple calismadan elde edi-
len MINQUE sonuglarinin givenilir olmadigina kanaat getirilmistir.

Mevcut calismayla benzer olarak yurdtilen bazi g¢aligmalarda-
REML yonteminin MIVQUE yontemine gore?®, REML yonteminin
MINQUE y&ntemine gore®©-32, verilerin normal dagilima sahip ol-
dugu karmasik modellerde REML yénteminin MINQUE yontemine
gore*® varyans unsurlari bakimindan daha iyi tahminler yaptigini,
MIVQUE yontemlerinin daha sapmasiz ve kararli tahminler verme-
sine karsilik, negatif tahmin verme egiliminin ylksek olmasi ne-
deniyle tercih edilmesinin kisitli oldugu, sapmali olmakla birlikte
parametre alaninda tahminleme yapan REML yonteminin karigik
modellerde tercih edilebilecedini bildirmislerdir.®* Yapilan bazi ¢a-
lismalarda mevcut calismadan elde edilen sonuglarin aksine, iki
yonli karisik modelde REML ve MINQUE y6ntemlerinin baba var-
yansi ve kalitim derecesi i¢in benzer dederler verdigini®®, dengeli
verilericin REML ve MINQUE yontemlerinde varyans bilesenlerinin
birbirine esit olarak bulundugunu?®, testin glicti ve Tip-1 hata baki-
mindan REML ve MINQUE ydntemlerinin esit oldugunu fakat he-
saplama silresi bakimindan MINQUE yonteminin zamandan daha
fazla tasarruf ettigi sonucuna ulasildigini bildirmiglerdir.3

Dogum agirliginda ananin canli agirliginin kovaryans faktor olarak
modele dahil edilmesiile tiim yontemlerde ¢evre varyansi dlisme-
sine karsin, st verimi icin kuruda kalma stresi kovaryans faktor
olarak modele dahil edildiginde MIVQUE yonteminde ¢evre var-
yanslari artmistir. Bu sebeple MIVQUE yénteminde kovaryetenin
olumsuz yonde etki yaptigi tespit edilmistir. ClnkU ¢evre varyan-
si distk olan denemelerin, belirleme (determinasyon) katsayisi
daha biytk oldugu icin sonuglari da daha gtvenilirdir.

Kovaryans faktoriin modele dahil edilmedigi durumda, bagimh
degiskenlerin varyansina en yakin deger REML ydntemi ile elde
edilmistir. Kovaryans faktorlerin modele dahil edildigi durumda
bagimli degiskenin varyansina en yakin degerler, stt verimi igin
REML yontemi ile elde edilirken dogum agirligi icin MINQUE me-
todu ile elde edilmistir. MINQUE yontemi ile dogum agirligi icin
en yUksek kalitim derecesi hesaplanmis fakat bu yontemle negatif
varyans elde edildigi i¢in, bu ¢alismada kullanilan modelde ve veri
setinde MINQUE yontemi ile elde edilen sonuglarin glvenilir ol-
mayacag! tespit edilmistir.

Sonug olarak, bu ¢alismada kullanilan dengeli ve normal dagilim-
Il karigik modellerde, kovaryans faktoriin modele dahil edildigi ve
edilmedigi durumlarda en iyi ve en gtivenilir sonuglar REML yon-
temi ile elde edilmistir. Bu galismada kovaryans faktorin kullanil-
masinin sebebi kontrol edilemeyen ¢evre varyansinin bir kisminin,
kovaryeteler kullanilarak kontrol altina alinmasidir. Bu sayede gev-
re varyansindan, kovaryetelerin neden oldugu varyans c¢ikarilarak
gevre varyansi azaltilmaktadir. Cevre varyansinin azalmasi da be-
lirleme katsayisinin artmasini ve tahminlenen varyans unsurlari-
nin daha glvenilir olmasini saglayacaktir.
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Arastirma Makalesi Research Article

Ratlarda Deltametrin’in Neden Oldugu
Dalak Toksisitesine Karsi Rutin’in
Potansiyel Koruyucu Etkilerinin Oksidatif
Stres, Apoptoz ve inflamasyon Belirtecleri
Uzerinden Arastiriimasi

Investigating Potential Protective Effects of Rutin
against Deltametrin-Induced Spleen Toxicity in
Rats through Oxidative Stress, Apoptosis and
Inflammation Markers

6z

Calismada deltametrinin (DLM) meydana getirdigi dalak toksisitesine karsi rutin’in (RUT) koruyucu etkileri aras-
tinlmistir. Bu amagla galismada Sprague dawley ratlara 28 giin boyunca DLM ve/veya RUT uygulandi. DLM’nin
dalak dokusunda malondialdehit (MDA) seviyelerini arttirdigi, glutatyon (GSH) seviyelerini ve stiperoksit dis-
mutaz (SOD), katalaz (KAT) ve glutatyon peroksidaz (GPx) enzimlerinin mRNA transkript seviyelerini ise azalttig
belirlendi. RUT tedavisinin ise MDA seviyelerinde azalma meydana getirdigi, SOD, KAT ve GPx ekspresyonlarini
aktive ettigi ve GSH seviyelerini arttirdigi gorildi. Ayrica RUT'un DLM tarafindan aktive edilen mitojenle aktif-
lestirilen protein kinaz 14 (MAPK14), nlikleer faktor kappa B (NF-kB) ve interlokin 1 beta (IL-18) ekspresyonlarini
baskilayarak dalak dokusunda anti-enflamatuar etki gosterdigi belirlendi. DLM tarafindan baskilanan anti-a-
poptotik protein B hiicreli lenfoma-2 (Bcl-2) ekspresyonunun RUT tarafindan aktive edildigi gortldi. Ayrica
apoptotik protein olan Bcl-2 ile iligkili X proteininin (Bax) DLM tarafindan aktive edildigi, RUT tarafindan ise
baskilandigi elde edilen diger bulgulardandir. Sonug olarak DLM’nin oksidatif strese, enflamasyona ve apoptoza
neden olarak dalak dokusunda toksik etki gosterdigi bununla birlikte RUT’un antioksidan, anti-enflamatuar ve
anti-apoptotik etki gostererek dalak dokusunu DLM’nin toksik etkisinden korudugu belirlendi.

Anahtar Kelimeler: Apoptoz, deltametrin, inflamasyon, oksidatif stres, rutin

ABSTRACT

In this study, the protective effects of rutin (RUT) against spleen toxicity caused by deltamethrin (DLM) were
investigated. For this purpose, DLM and/or RUT were applied to Sprague dawley rats for 28 days. According to
results, DLM increased malondialdehyde (MDA) levels in spleen tissue, decreased glutathione (GSH) levels and
mRNA transcript levels of superoxide dismutase (SOD), catalase (KAT) and glutathione peroxidase (GPx) enzymes.
RUT treatment caused a decrease in MDA levels, activated SOD, KAT and GPx expressions and increased GSH lev-
els. Also, RUT showed anti-inflammatory effect in spleen tissue by suppressing the expressions of mitogen-ac-
tivated protein kinase-14 (MAPK14), nuclear factor kappa-B (NF-kB) and interleukin-1-beta (IL-1B) activated by
DLM. It was observed that the expression of anti-apoptotic protein B-cell lymphoma-2 (Bcl-2) suppressed by
DLM was activated by RUT. It is also among the other findings that the apoptotic protein Bcl-2-related X protein
(Bax) is activated by DLM and suppressed by RUT. As a result, it was determined that DLM had a toxic effect on
spleen tissue by causing oxidative stress, inflammation and apoptosis, however, RUT demonstrated antioxidant,
anti-inflammatory and anti-apoptotic effects and protected spleen tissue from the toxic effect of DLM.

Keywords: Apoptosis, deltamethrin, inflammation, oxidative stress, rutin

GiRiS

Giderek artan gevre kirliligi insan saghgina ciddi
zararlar vermektedir.! Cevre kirliligine neden olan
ve insanlar dahil birgok canliyi olumsuz etkile-
yen faktdrlerden biri de pestisitlerdir.? Pestisitler
arasinda deltametrin (DLM), tarimsal UrUnleri,
sebzeleri ve meyveleri karinca, akar, bécek ve bit
gibi zararlilara karsi korumak igin yaygin olarak
kullanilan genis spektrumlu sentetik bir dibro-

mo-piretroid insektisittir.> DLM baglangigta me-
meli tlrleri igin pestisitler arasinda en az toksik
bilesik olarak kabul edildi ancak yapilan ¢caligsmalar
DLM’nin memeli ve memeli olmayan organizma-
larda gesitli toksik etkilere neden oldugunu gos-
termistir.* DLM’nin muhtemelen reaktif oksijen
tirlerinin (ROS) ve reaktif nitrojen tirlerinin (RNS)
olusumunu tetikleyerek oksidatif strese neden
oldugu ve toksisitesini bu sekilde gosterdigi bil-
dirilmistir* Bu nedenle DLM toksisitesine karsl


http://orcid.org/0000-0001-6775-7858
http://orcid.org/0000-0001-5367-0743 
http://orcid.org/0000-0001-8884-4168
https://creativecommons.org/licenses/by-nc/4.0/

7

dogal olarak meydana gelen antioksidanlarin kullanimi yogun ilgi
gormektedir.5”

Flavonoidler gesitli meyve, sebze ve bitkisel trlinlerden dogal ola-
rak elde edilen fenolik bilesiklerdir ve bir¢cok ¢alismada antioksi-
dan, anti-enflamatuar ve antiapoptotik 6zelliklere sahip olduklar
bildirilmistir.8*® Bu nedenle son zamanlarda arastirmacilarin ilgi
odag! haline gelmiglerdir. Rutin (RUT) (3,3’4’,5,7-pentahidroksifla-
von-3-rhamnoglukozit) flavonol kersetin ve disakkarit rutinozdan
olusan bir flavondur.®®® RUT'un onceki ¢alismalarda antioksidan,
antibakteriyel, anti-kanserojen, anti-enflamatuar, vazodilator, im-
miinomoddlator ve hepatoprotektif 6zelliklere sahip oldugu gos-
terilmigtir.'416-20

Sunulan ¢aligmada DLM’nin neden oldugu dalak toksisitesine kar-
s RUT'un potansiyel koruyucu etkileri oksidatif stres, enflamasyon
ve apoptozda rol oynayan bazi biyolojik belirtegler Gizerinden aras-
tinlmasi amaglanmistir.

MATERYAL ve METOT

Kimyasallar
Rutin, deltametrin ve diger tim kimyasallar analitik saflikta olup
Sigma Chemical Co. (St. Louis, USA)dan temin edildi.

Hayvanlar ve Etik Kurul Onayi

Deneyde Atatiirk Universitesi Tibbi Deneysel Uygulama ve Aras-
tirma Merkezinden temin edilen yaslari 10-12 hafta ve agirliklari
220-250 gr olan 35 adet erkek Sprague Dawley ratlar kullanildi.
Calismanin etik kurul onayi Atatiirk Universitesi'nin Hayvan De-
neyleri Yerel Etik Kurulu’ndan alindi (Tarih: 29 Mayis 2020, Proto-
kol Numarasi: 2020-05-78). Hayvanlarin beslenmelerinde gesme
suyu ve standart laboratuvar yemleri kullanildi. Yeme ve icme ad
libitum olarak saglandi. Hayvanlar 24 + 1°C sicaklida, %45 + 5 nem
oranina ve 12 saatlik aydinlik/karanlik dongliye sahip ortamda ba-
rindirildilar.

Deney Protokolii

Deneyde her birinde 7 hayvan bulunan 5 farkli grup olusturuldu.
Kontrol grubuna 28 giin boyunca 0,5 mL oral yolla serum fizyolo-
jik verildi. RUT grubuna 30 glin boyunca 50 mg/kg RUT oral yolla
verildi.? DLM grubuna 30 giin boyunca 1,28 mg/kg DLM oral yolla
verildi.?2 DLM + RUT 25 grubuna 30 glin boyunca 1,28 mg/kg DLM
oral yolla verildi. DLM uygulamasindan 30 dakika sonra 25 mg/kg
RUT yine oral yolla verildi. DLM + RUT 50 grubuna 30 glin boyunca
1,28 mg/kg DLM oral yolla verildi. DLM uygulamasindan 30 dakika
sonra 50 mg/kg RUT yine oral yolla verildi.

Son DLM uygulamasi yapildiktan 24 saat sonra (31. glin) ratlar hafif
sevofloran anestezisi altinda dekapite edilerek dalak dokularr alin-
di. Sonrasinda dokular biyokimyasal analizler yapilana kadar -80°C
sakland.

Dalak Dokusunda Lipid Peroksidasyon Derecesi ve indirgenmis
Glutatyon Seviyelerinin Analizi

Dalak dokulari %1,15’lik KCl icerisinde homojenize edildikten sonra
malondialdehit (MDA) seviyelerinin dlgimi i¢in 3500 R.P.M'de 15
dakika, glutatyon (GSH) seviyelerinin tayiniigin ise 10000 R.P.M'de
20 dakika santriftij edildi. Elde edilen stipernantantta MDA seviye-
leri Placer ve ark/nin?® gelistirdigi metot ile olclldi. GSH seviyeleri
ise Sedlak ve Lindsay 'in?* metoduna gore analiz edildi.

Dalak Dokusunda Total RNA izolasyonu, cDNA Sentezi ve Re-
al-Time PCR Analizleri

Dalak dokularinda total RNA izolasyonu QlAzol Lysis Reagent (Qia-
gen, Cat: 79306, Germany) ile Ureticinin protokolline gore yapildi.
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Elde edilen total RNA'larin konsantrasyonlari NanoDrop (Bio-Tek
Instruments Epoch, USA) cihazinda belirlendi ve alinan sonugla-
ra gore total RNA esitlemesi yapildi. Sonrasinda total RNA'lardan
iScript™ cDNA Synthesis Kit'i (Bio-Rad, United States) ile yine
dretici firmanin vermis oldugu talimatlar dogrultusunda cDNA
sentezi gergeklestirildi. Elde edilen cDNA'lar nlikleer faktor kappa
B (NF-kB) (F: AGTCCCGCCCCTTCTAAAAC, R: CAATGGCCTCTGTG-
TAGCCC), interlokin-1-beta (IL-1b) (F: ATGGCAACTGTCCCTGAACT,
R: AGTGACACTGCCTTCCTGAA), mitojenle aktive olan protein ki-
naz 14 (MAPK14) (F: GTGGCAGTGAAGAAGCTGTC, R: GTCACCAG-
GTACACATCGTT), Bcl-2 ile iligkili X proteini (Bax) (F: TTTCATCCAG-
GATCGAGCAG, R: AATCATCCTCTGCAGCTCCA), B hiicreli lenfoma
2 (Bcl-2) (F: GACTTTGCAGAGATGTCCAG, R: GACTTTGCAGAGAT-
GTCCAGQG), stperoksit dismutaz (SOD) (F: AATGTGGCTGCTGGAA-
AGGA, R: GCTTCCAGCATTTCCAGTCT), katalaz (KAT) (F: CTGAGA-
GAGTGGTACATGCA, R: AATCGGACGGCAATAGGAGT), glutatyon
peroksidaz (GPx) (F: CAAGGTGCTGCTCATTGAGA, R: ATGTCCGA-
ACTGATTGCACG) mRNA transkript seviyelerinin belirlenmesinde
kullanildi. RT-PCR asamasinda ilgili genlerin primerleri, QuaniTe-
ct SYBR Green PCR Master Mix (Qiagen, Cat: 204143, Germany),
RNaz free water ve cDNAlar ile karisim hazirlandi. Sonrasinda Ro-
tor-Gene Q (Qiagen, Germany) ile lg tekrarl olarak analiz iglemi
yapildi. internal kontrol olarak B-aktin (F: CAGCCTTCCTTCTTGG-
GTATG, R: AGCTCAGTAACAGTCCGCCT) kullanildi ve elde edilen CT
degerlerinden Livak ve Schmittgen’in® 2-24¢T metodu ile kat degi-
simi hesaplamalari gergeklestirildi.

istatistiksel Analiz

Dalak dokularinda gerceklestirilen analizlerin istatistiksel deger-
lendirmesi IBM SPSS programinda versiyon 20.0 (IBM Statistical
Package for the Social Sciences Corp., Armonk, NY, ABD) yapildi.
Deney gruplari arasinda istatistiksel farklar tek yonli varyans ana-
lizi (One-way ANOVA) ile yapildi. Gruplar arasi farkliliklar ise Tukey
coklu karsilastirma testi ile belirlendi. RT-PCR analizlerinde her or-
nek 3 tekrarli galisildi ve sonuglar ortalama + SD olarak sunuldu. P
<,05 degeri istatistiksel olarak anlamli kabul edildi.

BULGULAR

DLM ve RUT Uygulamalarinin Dalak Dokusunda Oksidatif Stres
Uzerine Etkisi

DLM ve RUT uygulamalarinin dalak dokusunda MDA ve GSH se-
viyeleri Uzerine etkisi Sekil 1'de sunulmustur. Elde edilen verilere
gore DLM’nin dalak dokusunda kontrol grubuna goére GSH sevi-
yelerini azaltti§i MDA seviyelerini ise arttirdidi belirlendi (P < ,05).
Bununla birlikte RUT antioksidan etki gostererek lipid peroksi-
dasyonunu doz bagimli olarak azaltarak MDA seviyelerini kontrol
grubuna yaklastirdigr belirlendi (P < ,05). Ayrica GSH seviyelerinin
RUT uygulamasi ile birlikte MDA seviyelerine ters korelasyon gos-
tererek DLM grubuna gore arttigi gorildi (P <,05).

Oksidatif stres durumu ayrica RT-PCR metodu kullanilarak SOD,
KAT ve GPx enzimlerinin mRNA transkript seviyelerinin dlgilmesi

I

¥ 8 &8 38 8 3
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Rutin BIM  DIMeRUT2S DLM+RUTSO Kontrol Rutin DLMARUTZS  DLMARUT 50

Sekil 1. Dalak dokusu MDA ve GSH seviyeleri
MDA, Malondialdehit; GSH, Glutatyon
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Sekil2. Dalak dokusu SOD, KAT ve GPx mRNA transkript seviyeleri
SOD, Superoksit dismutaz; KAT, Katalaz, GPx; glutatyon peroksidaz

A NF-xB B IL-1p

mRNA ekspresyon seviyes!
(1L-1/p-aktin)

NITISEEY
SN

|4
|4

DM DLMsRUT2S DLM+RUTS0

(4 MAPK14

DL

UT25 DLMHRUT 50

Sekil 3. Dalak dokusu NF-kB, IL-18 ve MAPK14 mRNA transkript
seviyeleri

NF-kB, nliklear faktdr kappa B; IL-1B, interldkin 1-beta; MAPK14, Mitojenle aktive
olan protein kinaz 14

A Bax B Bck2

(Bek2/B-aktin)
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Sekil 4. Dalak dokusu Bax ve Bcl-2 mRNA transkript seviyesileri
Bax, Bcl-2 ile iligkili X proteini; Bcl-2, B hiicreli lenfoma 2

ile arastirildi ve sonugclar Sekil 2’de verildi. DLM’'nin SOD, KAT ve
GPx ekspresyon seviyelerini baskilayarak oksidatif strese neden
oldugu gortlirken, RUT uygulamasinin bu antioksidan enzimlerin
ekspresyonlarini doz bagiml olarak yukari yonlt dizenledigi be-
lirlendi.

DLM ve RUT Uygulamalarinin Dalak Dokusunda Enflamasyon
Uzerine Etkileri

NF-kB, IL-1B ve MAPK14 inflamasyonda rol oynayan onemli be-
lirteclerdir. Dalak dokusunda bu yolaklara ait mRNA transkript
seviyeleri degerlendirildiginde DLM’'nin NF-kB, IL-13 ve MAPK14
ekspresyon seviyelerini kontrol grubuna gére onemli derecede
arttirdigi belirlendi (P < ,05). DLM ile birlikte RUT uygulanan rat-
larin dalak dokularinda bu belirteglerin mRNA transkript seviyeleri
incelendiginde, DLM grubuna gore dikkate deger bir azalma mey-

dana geldigi gozlendi (P < ,05). Ayrica 50 mg/kg verilen dozun 25
mg/kg’a gore inflamasyon Uzerine daha etkili oldugu gortldu (P <
,05). Yalnizca RUT uygulamasinin ise kontrol grubuna gére anlamli
bir fark olusturmadigi da elde ettigimiz veriler arasindadir. NF-kB,
IL-1B ve MAPK14 yolaklarina ait mRNA transkript seviyeleri Sekil
3’te Ozetlenmistir.

DLM ve RUT Uygulamalarinin Dalak Dokusunda Apoptoz Uze-
rine Etkileri

Bax ve Bcl-2 apoptozda 6nemli rol oynayan proteinlerdir. Bu pro-
teinlerin aktivasyon dizeylerine ait mRNA transkript seviyeleri
degerlendirildiginde, DLM uygulamasinin dalak dokusunda Bax
ekspresyonunu tetikleyerek Bcl-2 ekspresyonunu ise baskilayarak
apoptoza neden oldugu tespit edildi (P <,05). Bununla birlikte RUT
verilen ratlarin dalak dokusunda Bax ekspresyonunun doz bagimli
olarak baskilandigi belirlendi (P < ,05). Ayrica RUT uygulamasinin
Bcl-2 mRNA transkript seviyelerini yine doz bagimli olarak arttir-
digi gorildi (P < ,05). Bax ve Bcl-2'nin dalak dokusundaki mRNA
transkript seviyeleri Sekil 4'te verilmistir.

TARTISMA

Sunulan calismada ratlarin dalak dokularinda DLM ile toksisite
olusturulduktan sonra RUT'un potansiyel koruyucu etkileri oksi-
datif stres, enflamasyon ve apoptoz lizerinden arastirildi.

Oksidatif metabolizmanin yan Urinleri olan stiperoksitler, peroksit-
ler ve hidroksil radikalleri gibi reaktif oksijen tirleri (ROT), hiicrelerde
yer alan niikleik asitler, proteinler ve lipidler gibi makro molekdille-
re hasar vererek dokularin islevlerinin kaybolmasina neden olur ve
bdylece birgok hastaligin patogenezini olusturur.©2¢ Normal sartlar
altinda her zaman dusik seviyelerde Uretilen bu ROT lar vicutta
yer alan antioksidan savunma sistemi tarafindan temizlenerek ok-
sidan-antioksidan denge kurulmaktadir?” Ornegin siperoksit ra-
dikali SOD tarafindan hidrojen peroksite, hidrojen peroksit ise KAT
ve GPx tarafindan su ve molekuler oksijene dontstirilmektedir.2®
Ayrica 6nemli bir antioksidan tripeptid olan GSH serbest radikal-
leri baglayarak okside forma (GSSG) dontserek hiicreleri oksidatif
hasara karsl korumaktadir.?® Bununla birlikte DLM'nin de aralarinda
bulundugu cesitli ajanlar tarafindan oksidatif stres yiiksek derece-
de meydana geldiginde oksidan-antioksidan denge bozulmakta ve
dalak dahil bircok dokuda toksisite meydana gelmektedir.?*-3* Su-
nulan galismada da DLM’nin dalak dokusunda muhtemelen serbest
radikal olusumunu arttirarak GSH depolarinin tiikenmesine neden
oldugu gorildi. Ayrica DLM'nin antioksidan enzimlerin aktivitele-
rinde azalmaya neden oldugu da belirlendi. Ote yandan énemli bir
antioksidan madde olan RUT'un antioksidan enzimlerin ekspres-
yonlarini aktive ettigi ve GSH depolarini yeniledigdi tespit edildi. Boy-
lece dalak dokusunda lipid peroksidasyonunun hafifleyerek MDA
seviyelerinin azaldig goriildi. Onceki calismalarda da RUT uygu-
lamasinin gesitli toksik ajanlar tarafindan meydana gelen oksidatif
stresi azalttigi bildirilmistir.3'e

Oksidatif stres ve enflamatuar yanit arasinda yer alan baglantiya
dair kanitlar giderek artmaktadir." NF-kB, hiicre gogu, hiicre don-
glsU kontroll, apoptoz ve enflamasyon da dahil olmak Gzere bir
dizi fizyolojik stireci diizenleyen bir transkripsiyon faktorleri aile-
sidir.»%3¢ NF-kB kaskadinin gesitli inflamatuar durumlarin pato-
fizyolojisinin temelinde yer aldigi ve oksidatif stresin, sitokinlerin
ve MAPK14'Un bu kaskadi anormal sekilde aktive ettigi bilinmek-
tedir®%" |L-1b’nin da aralarinda bulundugu pro-enflamatuar sito-
kinlerin ekspresyonlarini tetikleyerek enflamatuar siireci baslatti-
gindan dolayl NF-kB'nin aktivasyonunun uygun bir sekilde inhibe
edilmesi biiyiik dnem arz etmektedir!” Onceki calismalarda gesitli
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toksik ajanlarin MAPK14 ve NF-kB aktivasyonuna neden olarak
IL-1b seviyelerinde artisa neden oldugu ve bdylece enflamatuar
slireci aktive ederek doku hasarina yol agtigi bildirilmistir.%2° Su-
nulan g¢alismada da ratlara DLM uygulamasi ile dalak dokusunda
MAPK14 ve NF-kB’nin mRNA transkript seviyelerinde 6nemli artig-
larin meydana geldigi ve muhtemelen buna bagli olarak IL-1b’nin
ekspresyonunu tetikleyerek enflamasyon meydana geldigi belir-
lendi. RUT uygulamasinin ise oksidatif stresi hafifleterek NF-kB
ekspresyonunu baskiladigi ve bdylece IL-1b'’nin mRNA transkript
seviyelerini azalttigi gorildi. Onceki calismalarda RUT ile benzer
ozelliklere sahip dogal antioksidanlarin ayni sekilde oksidatif stresi
azaltti§i ve enflamasyonu hafiflettigi boylece hedef dokulari toksik
ajanlarin hasarindan korudugu bildirilmistir.4°

Programlanmis hiicre 6limu olgusu olan apoptoz, gesitli kimya-
sallar veya gevresel uyaranlar tarafindan tetiklenen hicresel bir
slirectir ve hiicresel homeostazin kontroliinde 6nemli bir role sa-
hiptir!"3® Ayrica apoptotik sliregte mitokondride Uretilen ROS’lar
onemli bir gorev almaktadir.*' Mitokondriyal membran gegirgenli-
gi, ozellikle anti-apoptotik Bcl-2 ve pro-apoptotik Bax proteinleri
dahil olmak Uzere Bcl-2 proto-onkogen ailesi tarafindan kontrol
edilir!®242 Bax’in aktivasyonu ile mitokondriye girmesi, membran
gecirgenliginin bozulmasina neden olur. Bu, apoptotik slrecin
baslamasina buyuk olglide katkida bulunan kaspazlarin sitokrom
¢ salinimina ve aktivasyonuna yol acgar.!®# Bcl-2 proteini, Baxl
inaktive ederek membran potansiyelini arttirir ve apoptotik sire-
ci baskilar.*24 Ayrica MAPK14 yolunun apoptotik yolda kaspaz-3
aktivasyonu sagladigi ve apoptoz siirecini hizlandirdigi bildirilmis-
tir.%®44 Daha 6nce yapilan bir ¢alismada DLM'ye maruz kalmanin
hiicre sagkalimini 6nemli dlclide etkiledigini ve splenositlerde
apoptozu indikledigi gosterilmistir.*® Sunulan ¢alismada da DLM
uygulamasinin dalak dokusunda MAPK14'Un ve Baxin mRNA
transkript seviyelerini arttirdigi bununla birlikte Bcl-2 ekspresyo-
nunu baskiladigi boylece dalak dokusunda apoptoza neden olarak
toksisiteye onemli katki sagladigi belirlendi. Ote yandan RUT te-
davisinin Bax ve MAPK14 ekspresyonlarini baskilayarak Bcl-2 eks-
presyonunu ise aktive ederek apoptozu baskiladigi ve bdylece da-
lak dokusunu DLM'nin yikici etkisinden korudugu gériildii. Onceki
caligmalarda toksik ajanlarin tetikledigi apoptotik yolu fitokimya-
sallarin baskiladigi ve bdylece hedef dokulari bu toksik ajanlarin
olusturacagi hasardan korudugu bildirilmistir.2133¢

Sonug olarak, RUT tedavisinin oksidatif stresi, enflamasyonu ve
apoptozu hafifleterek dalak dokusunu DLM’nin yikici etkisinden
korudugu sonucuna varildi.
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Evaluation of Interleukin and Vitamin Levels
in Sheep Infested with Sarcoptes Scabiei

Sarcoptes Scabiei ile Enfeste Koyunlarda interlokin ve
Vitamin Duzeylerinin Degerlendirilmesi

ABSTRACT

This study determined the levels of Vitamin E, 25-hydroxyvitamin D, (25(0H)D,), interleukin-2 (IL-2),
and interleukin-4 (IL-4) in sheep naturally infected with Sarcoptes scabiei (S. scabiei). It also determined
the dominant cytokine response and investigated its relationship with 25(0OH)D,. For this purpose, 20
sheep between the ages of 1-4 years, naturally infected with S. scabiei, with crusted wounds were com-
pared with 10 healthy sheep in the same age range. Five ml of blood was collected from each animal and
stored at -20 °C until the serum was analyzed. To detect scabies, scrapings were taken and examined
under a microscope. Enzyme-linked immunosorbent assay (ELISA) was to determine IL-2 and IL-4 se-
rum levels, high-performance liquid chromatography (HPLC) for Vitamin E analysis, and immunoassay
for 25(0H)D, determination. Vitamin E and 25(0OH)D, levels were significantly lower in infected sheep
compared to the control group (P < .05) whereas the IL-4 level of the infected animals was significantly
higher (P < .05) compared to the control group. There was no significant difference between the groups
for IL-2 level (P >.05). In conclusion, serum vitamin E and 25(0H)D, levels were lower in crusted scabies
in sheep infected with S. scabiei, T lymphocytes had a critical role, and the immune response was in the
direction of Th2.

Keywords: Interleukin, vitamin E, 25-hydroxyvitamin D

6z

Caligmanin amaci S. scabiei ile dogal enfekte koyunlarda vitamin E, 25-hydroxyvitamin D, (25(0H)D,), in-
terleukin-2 (IL-2) ve interleukin-4 (IL-4) seviyelerinin tespit edilmesi ayrica baskin sitokin yanitinin belir-
lenerek 25(0H)D, ile iliskisinin arastirilmasidir. Bu amagla, 1-4 yaglari arasinda S. scabiei ile dogal enfekte,
kabuklu yaralara sahip 20 ve kontrol grubu olarak ayni yas araliginda saglkli 10 koyun kullanildi. Her hay-
vandan 5 ml kan alinip serumlari analiz edilinceye kadar -20 °C’de saklandi. Uyuz akarlarinin tespiti icin
kazintr alinarak mikroskopta muayene edildi. Serumda IL-2 ve IL-4 tayini enzyme-linked immunosorbent
assay (ELiSA), E vitamini analizleri igin high-performance liquid chromatography (HPLC) ve 25 (OH)D, ta-
yiniigin Immunoassay kullanildi. E vitamini ve 25(0H)D, seviyelerinin enfekte koyunlarda kontrol grubuna
gore istatistiksel olarak azaldigi (P < ,05) gorildi. Enfekte hayvanlarin IL-4 seviyesi kontrol grubuna gore
istatistiksel olarak artis (P <,05) gosterirken, IL-2 seviyesinde gruplar arasinda istatistiksel fark tespit edi-
lemedi (P > ,05). Sonug olarak, S. scabiei ile enfekte koyunlarda meydana gelen kabuklu uyuzlarda serum

E vitamini ve 25(0H)D, dizeylerinin azaldigi, T lenfositlerin kritik roliiniin oldugu ve immun yanitin Th2
yonlinde oldugu gorilmustur.

Anahtar Kelimeler: interl6kin, E Vitamini, 25-hidroksivitamin D

INTRODUCTION

Sarcoptic mange is a parasitic skin disease caused
by the Sarcoptes scabiei (S. scabiei) mite. In sheep,
lesions characterized by the formation of crusts
up to 1 cm thick are mainly located in the head
region.! The main clinical symptom is rubbing and
itching as well as dry skin, dandruff, and cracks. Ep-
idemics, which appear every season when sheep
numbers are high, cause significant financial loss-
es due to low feed efficiency and birth weight, poor
fleece quality, and deaths in advanced cases.?

When the mite infects the host, a process begins
between the mite and the skin, which determines
the course of infestation and the severity of clini-
cal symptoms. When scabies mites enter the skin,
they secrete substances that induce inflammmato-
ry and immune responses, as well as substances

that allow the mite to circumvent the host’s pro-
tective mechanisms and suppress certain aspects
of the host. As the infestation progresses and the
mites multiply, the host’'s immune system is ac-
tivated. Located under the epidermis, the mites
release antigenic and pharmacologically active
substances (saliva, molting enzymes and hor-
mones, feces and nitrogen) that are dispersed into
the fluid between the epidermal and dermal cells.
These substances induce responses from kera-
tinocytes, fibroblasts, macrophages, mast cells,
lymphocytes, langerhans cells, dendritic cells, and
microvascular-type endothelial cells.?

Histopathological examination of skin biopsies
taken from scabies lesions show inflammatory
cell infiltrates containing eosinophils, lympho-
cytes, and macrophages around the cavities
caused by scabies.* The predominant lympho-
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cytes in the infiltrate are T lymphocytes, which play a central role
in the activation and regulation of immune responses by recog-
nizing antigens and inducing cytokine production. Keratinocytes
produce proinflammatory cytokines while immunomodulatory
cytokines are responsible for systemic effects.>® Eosinophils are
multifunctional leukocytes that play a role in the pathogenesis of
numerous inflammatory processes, including parasitic infesta-
tions and allergic disorders.” They secrete a number of cytokines
(IL-2, IL-4, IL-6, IL-10, IL-12) that can promote T cell proliferation,
activation, and Th1/Th2 polarization.®®

Studies have reported a link between the presence of Vitamin
D receptors (VDR) in various immune cells, such as mono-
cytes, macrophages, and activated T and B cells, and the im-
mune system.’® Vitamin D inhibits T cell proliferation and the
production of cytokines, such as interleukin-2 (IL-2), interleu-
kin-12 (IL-12), and Interferon Gamma (IFN-y) in vitro. Stimula-
tion of Th2 cells to produce anti-inflammatory cytokines (TGF-
beta-1, IL-1, IL-4) produces anti-inflammatory effects both in
vivo and in vitro."'"?

Free radicals are reactive molecules produced in different met-
abolic processes in the body. Antioxidant vitamins like Vitamin
E prevent free radical formation.”® In addition, Vitamin E is very
important for cellular and humoral immunity because it mod-
ulates Th1 and Th2 responses with its effects on polarization
from CD4+ T cells to Th1 or Th2 cells, protection against intra-
cellular and extracellular pathogens, and the development of
different types of chronic diseases (inflammatory and allergic
diseases).”

This study aimed to measure levels of Vitamin E, 25-hydroxyvita-
min D, (25(0H)D,), IL-2, and IL-4 in sheep naturally infected with S.
Scabiei, determine the dominant cytokine response. The results
can contribute to pathobiological knowledge of the disease and
treatment and prophylaxis of sheep infected with S. scabiei.

MATERIAL AND METHODS

Animals and Study Design

Twenty sheep between the ages of 1-4 years, naturally infected
with S. scabiei and with crusted wounds were compared to 10
healthy sheep in the same age range. None of the animals had
been treated with corticosteroids or vitamins. Five ml of blood
was collected from the V. jugularis of the sheep in yellow-capped
(BD Vacutainer® SST™II Advance) tubes. After the blood samples
were centrifuged (Nuve, NF 800R, Turkey) at 3000rpm/10min se-
rum samples were stored at -20 °C until analysis. Before start-
ing the study, ethical approval was obtained from Dokuz Eylil
University Animal Experiments Local Ethics Committee, dated
14.07.2021, decision number 42/2021.

Skin Scraping Examination

To detect scabies mites, skin scraping samples were taken from
at least two different areas and a 1 cm? area adjacent to healthy
tissue.”® The scraping samples were taken in 10% KOH and kept
at 37°C for 1 day. After centrifugation (Thermo Fisher Scientific,
Germany) at 3000 rpm [ 3 min, the precipitate was examined
under a microscope (Olympus, SZX7, Japan) at x4 and x10 mag-
nification.’®

Evaluation of Inmune and Vitamin Profile

Sheep IL-2 ELISA kit (EO029Sh, Bioassay Technology Laboratory,
China) and sheep IL-4 ELISA kit (EO079Sh, Bioassay Technology
Laboratory, China) were used to measure IL-2 and IL-4 serum lev-
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els. Enzyme-linked immunosorbent assay (ELISA) analyses were
performed in accordance with the kit supplier’s instructions.
For the detection of 25(0H)D,, a serum sample chromatography
(HPLC) instrument was used (Shimadzu OGU-20A, Japan) while a
high performance liquid was used for Vitamin E analysis from the
Immunoassay instrument (Siemens AdviaCentaur XP, Germany).

Statistical Analysis

Statistical analyzes were performed using IBM Statistical Package
for the Social Sciences (IBM SPSS Armonk, NY, USA) version 22.
Both visual (histograms, probability plots) and analytical methods
(Kolmogorov-Smirnov) were used to determine whether the vari-
ables were normally distributed. Student’s t-test was used for the
normally distributed vitamin and cytokine parameters. A p value
less than .05 was considered a statistically significant result.”

RESULTS

Under microscopic examination of the scraping samples, the ac-
tive ingredient Sarcoptes scabiei var. ovis was detected (Figure 1).
Hypersensitivity, alopecia, pruritis, crust formation, and deep skin
cracks were observed macroscopically, especially in the face and
ears of the all infected sheep. Vitamin E levels were significantly
lower (P < .05) in the infected sheep (0.51 + 015 mg/L) compared to
the control group (1.45 + 0.30 mg/L) (Figure 2). Similarly, 25(0H)D,
levels were significantly lower (P < .05) in the infected sheep (26.16
+1.04 ng/mL) compared to the control group (66.29 + 4.45 ng/mL)
(Figure 3). Conversely, IL-4 interleukin levels were significantly high-
er (P < .05) in the infected animals (35.26 + 5.08 ng/L) compared
to the control group (22.76 + 2.86 ng/L). For IL-2, however, there
was no significant difference (P>.05) in levels in the infected sheep
(14.41 £ 2.28 ng/L) and control group (12.50 + 2.31 ng/L) (Figure 4).

18
16
14

12

0.8

Vitamin E (mg/L)

0.6

0.4

0.2

s.scabiei §§ Control

Figure 2. Serum vitamin E level in sheep infected with S. scabiei. Bars
represent mean + SE, *** < .05.
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Figure 3. Serum 25 (OH)D3 level in sheep infected with S. scrabiei.
Bars represent mean + SE, *** < .05.
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Figure 4. Serum interleukin levels in sheep infected with S. scabiei.
Bars represent mean + SE, *** < .05.

DISCUSSION

Parasitic skin disease caused by the S. scabiei mite causes severe
epidemics that result in economic losses due to low milk produc-
tion and wool quality, growth retardation in newborn lambs, and
death in advanced cases.? In addition, animal welfare is reduced by
severe itching and rubbing symptoms.

Cytokine secretion from T lymphocytes plays an important role in
the immune response to parasitic skin infestations. Evaluation of
cytokine profiles in sheep naturally infected with S. scabiei is im-
portant for understanding the pathobiology of scabies. Therefore,
this study investigated cytokine profiles and Vitamin E and 25(0OH)
D, levels, which are closely related to immune system function, in
sarcoptic sheep.

In line with previous studies, Vitamin E levels were significantly
lower in sheep with S. scrabiei compared to the control group.
Bickhardt et al.'® examined Vitamin E levels in 125 sheep and 32
goats between 1991 and 1998 with general motor disorders or
high plasma creatine kinase. They reported deficient Vitamin E
levels below 1.0 mg/l. Based on this data, sheep with S. scrabiei
may suffer severe Vitamin E deficiency. Similarly, Dimri et al.*® re-
ported severe Vitamin E deficiency and high mortality in a herd

of cows infested with sarcoptic mange. Regarding immunity, di-
etary Vitamin E supplements increase cell-mediated and humoral
immune responses in various animal species, and increased lym-
phocyte proliferation, immunoglobulin levels, antibody respons-
es, natural killer (NK) cell activity, and IL-2 production.” Li-Weber
et al.?° treated allergic donors with Vitamin E and reported a de-
crease in IL-4 production. Malmberg et al.?' reported that the fre-
quency of CD4+ T cells producing IL-2 and the production of IFN-y
increased in colorectal cancer patients after two weeks of 750 mg
Vitamin E supplementation. Han et al.?? reported increased Th1
response and decreased viral titer in old mice lungs following 500
ppm Vitamin E supplementation eight weeks before infection
with influenza virus.

In our study, 25(0H)D, levels were significantly lower in sheep
naturally infected with S. scrabiei compared to the control group.
Similarly, Ural et al.>® reported significantly lower 25(0H)D, levels
compared to the control group of 28 sheep infected with S. sca-
biei Bagbug et al** found 25(0H)D, levels were lower in 14 sheep
with caseous lymphadenitis compared to the control group.

The functional integration of the immune system is mainly ac-
complished by cell-to-cell communication based on small mol-
ecule cytokines.?® Th1 lymphocytes are characterized by the pro-
duction of IFN-y and IL-2 cytokines while Th2 lymphocytes are
characterized by the production of IL-4 and IL-5 related to the
humoral immune response.?® Th1and Th2 cells are seen in almost
all known immune response patterns. Th1 cells are hypothesized
to lead the attack against intracellular pathogens, such as viruses,
increase the classical delayed-type hypersensitivity skin response
to viral and bacterial antigens, and fight cancer cells. Th2 cells are
believed to provide protection against extracellular pathogens,
such as multicellular parasites.®

Scabies infestation impairs the Th1/Th2 immune response.?” In
our study, IL-4 levels were significantly lower in sheep with crust-
ed wounds infected with S. scabiei compared to the control group.
The dominant cytokine response in this disease is in the direction
of Th2 while various studies have reported overproduction of Th2
specific cytokines and increased allergic immune response to sar-
coptes.>2628-30 Sarre et al.® performed transcriptional analysis of
skin biopsies from cattle with psoroptic crustacean scabies, and
found similarly increased expression of IL-4, IL-5, and IL-13. Singh
et al.®® reported that IL-4 and IL-5 production increases in dogs
naturally infected with S. scabiei var. Canis, which plays a role in
the immunopathogenesis of dogs. Bayraktar et al.*? found a 65.7%
increase in IL-4 and a 46.8% increase in IL-2 levels in people infect-
ed with cystic echinococcosis.

In contrast to our findings, Al-Musawi et al.? investigated the im-
mune response in 60 cases of scabies, of which 30 were early and
30 late. They reported that the host immune response was similar
to the Th2 allergic response in patients with early scabies, while it
was in the form of a Th1 cell-mediated immune response in late
scabies patients. The increase in IL-4 levels in sheep infected with
S. scabiei helps recruit B cells, mast cells, and eosinophils that can
produce IgE antibodies, which play an important role in inducing
allergic symptomatology.® In particular, eosinophils are produced
in large amounts in inflammatory areas under allergic conditions
and helminth infestations.®* Eosinophils also express Th2-specific
cytokines.®® Van den Broek et al.*® determined that the dominant
immune inflammatory infiltrate in sheep infected with Psoroptes
ovis was eosinophil. This explains the Th2-directed immune re-
sponse in sheep infected with S. scabiei.
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The active form of Vitamin D, 1,25-dihydroxyvitamin D,
(1,25(0CH),D,), is an endocrine regulator of calcium homeostasis.
Recent studies have shown that local production of 1,25(0H),D,
by immune cells has autocrine and paracrine immunomodulatory
effects. T cells cause an increase in I1L-4 and IL-5 but a decrease
in IL-2 and IFNy, which reduces the Th1/Th2 response.” Based on
the ability of 1,25(0H),D, to suppress the development of vari-
ous autoimmune diseases and prolong allograft survival, it was
named 1,25(0H),D, immunosuppressive hormone.*® Smolders et
al.®® investigated the effect of high Vitamin D levels in multiple
sclerosis (MS) patients and found that the dominant response in
Th1/Th2 balance was Th2 while Vitamin D could provide import-
ant support for MS patients. However, Vitamin D has no effect on
the susceptibility of mice to Herpes simplex virus or Candida albi-
cans infections.*® Meckel et al.“' reported a relationship between
inflammation and low serum 25(0H)D,.

Little is known about the role of Vitamin D in regulating immune
responses to infectious diseases. Other than the ability of this
nutrient or hormone to suppress autoimmune diseases and pro-
long transplantation, most of what is known is open to further
research.®® Jiao et al.*? found a decrease in IFN-y and Th1/Th2 lev-
els and an increase in IL-4 levels in rats with Vitamin D deficiency
whereas the opposite was true for rats that received Vitamin D
supplementation during pregnancy.*

In conclusion, regarding sheep with crusted scabies infected with
S. Scabiel, this study showed that serum Vitamin E and 25(0H)D,
levels decreased, T lymphocytes played a critical role, and a Th2
immune response occurred.
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Arastirma Makalesi Research Article

Tlurkiye’de Varroa Akarlarinda Lake Sinai
Virus (LSV)’ un ilk Tespiti

First Detection of Lake Sinai Virus (LSV) in Varroa
Mites in Turkey

(074

Ari viruslari koloni sagligini olumsuz yonde etkileyen en dnemli faktorlerdendir. Viruslarin genellikle koloni ka-
yiplariyla baglantili oldugu bilinmektedir. Koloni sagligini etkileyen viruslardan olan LSV, bal arilarinda ilk kez
2009 yilinda Amerika Birlesik Devletleri (ABD)' nde kesfedilmis hentiz siniflandiralamamis bir RNA virusudur.
Patojenitesi henliz tam olarak bilinmemesine ragmen koloni saghgini etkiledigi bilinmektedir. Varroa akarlari
ise viruslari bal arilarina hem biyolojik hem de mekanik olarak bulastirarak koloni sagligini olumsuz etkilemek-
tedir. Bu galismada, ari viruslarinin bal arilarina bulagsmasinda vektor rolti oynayan Varroa akarlarinda LSV geno-
munun RT-PCR ile molekiiler olarak tespiti amaglanmistir. izmir (n = 6) ve Mugla (n = 20) illerinde yer alan birbi-
rinden farkli 26 ariliktan toplanan Varroa akarlarinin 12'sinde LSV genomu pozitif olarak tespit edilmistir. Mugla
ilinden toplanan Varroa drneklerinin %50’si, izmir ilinden toplanan érneklerin ise %33,3'li LSV pozitiftir. Sonug
olarak, bu ¢alismada LSV genomu Ulkede ilk defa tespit edilmis, Turkiye'de bulunan bal arilarinin viral hastalik-
larinin bulagsmasinda biyolojik veya mekanik vektorliik yapan Varroa akarlari hakkindaki bilgileri genisletmeye
galismistir. LSV’nin Varroa akarlari ile iliskisini ve Ulkedeki bal arilarinin populasyonlari Gizerindeki gergek etkisini
belirlemek icin daha ileri calismalara ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: Bal aris, Lake Sinai Virus, Turkiye, Varroa akari

ABSTRACT

Bee viruses are one of the most important agents that negatively affect colony health. It is known that viruses are
generally associated with colony losses. LSV, one of the viruses that affect colony health, is an RNA virus that was
first detected in honey bees in 2009 in the United States of America and has not yet been classified. Although its
pathogenicity is not fully known yet, it is known to affect colony health. Varroa mites affect the health of the col-
ony negatively by transmitting viruses to honey bees both biologically and mechanically. This study, it was aimed
to molecularly detect the LSV genome by RT-PCR in Varroa mites, which play a vector role in the transmission of
bee viruses to honey bees. LSV genome was positive in 12 of the Varroa mites collected from 26 different apiaries
in izmir (n = 6) and Mugla (n = 20). 50% of Varroa samples collected from Mugla province and 33.3% of samples
collected from izmir province were LSV positive. In conclusion, in this study, the LSV viral genome was detected
forthe first time in the country, and it tried to expand the knowledge about the diversity of viral diseases of honey
bees in Turkey and Varroa mites, which play a biological or mechanical role in the transmission of viral diseases.
Further studies are needed to determine the association of LSV with Varroa mites and the actual impact on
honey bee populations in the country.

Keywords: Honey bee, Lake Sinai Virus, Turkey, Varroa mite

GiRiS

Lake Sinai Virus (LSV), Sinai virus genusu ige-
risinde siniflandiriimig, hentiz belli bir aileye ait
olmayan kronik ari felci virusu (CBPV) ve siklikla
baliklarda hastaliklara sebep olan Nodaviridae
familyasinda yer alan viruslar ile yakin iligkilen-
dirilmis 5.6 kb uzunlugunda, pozitif polariteli bir
RNA virusudur.2 LSV ilk kez 2009 yilinda ABD’ nin
Glney Dokata ayaletinde yer alan Sinai golu et-
rafinda ticari aricilarin koloni kayiplarinin artma-
sI sonucu, LSV-1 ve LSV-2 olarak iki ayri varyant
olarak tespit edilmistir! Daha sonraki ¢alismalar-
da, LSV 3-8 gibi farkli varyantlarin varligi da bil-
dirilmistir.>® Patojenitesi ve semptomlari henliz
bilinmemesine ragmen, ylksek kayiplarin gortl-
diglu kolonilerde az kayiplarin gorildigu kolo-
nilere gore LSV viral yikintn daha fazla oldugu
bilinmektedir.”

Lake Sinai Virus genomu, ORF1, RARP ve kap-
sid dahil olmak Uzere U¢ geni kodlamaktadir.®
Bunlardan, RNA'ya badimli RNA polimerazi
kodlayan RdRP geni, farkli LSV suslarinda ko-
runmus bolge olarak bilinmektedir. Korunmus
bdlge olmasindan dolayi, farkli LSV varyantlari
icin filogenetik dizi analizleri ve gruplandirma-
lar RARP gen bolgesi hedef alinarak yapilmak-
tadir.6®

Viruslarin, ozellikle deforme kanat virusunun
(DWV), bal arilarina bulagmalarinda en 6nem-
li aktorlerden birisi Varroa akarlaridir® Bu akar,
gelisen pupa ve yetigkin arilarin hemolenfi ile
beslenir ve virus partikillerini dogrudan ari he-
molenfine enjekte ederek vektor gorevi gordr.
Varroa akari ayrica, konakgida immiinosupres-
yona neden olarak viral enfeksiyonlari aktive eder
ve dolayli olarak arilarda virus replikasyonunu
uyarir’? LSV’ nin Varroa akarlarinda varli§i tespit
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edilmesine ragmen Varroa ve bazi ari turlerinde replike olmadigi
belirlenmigstir.*'

Turkiye' de ari saghgini etkileyen viruslar daha dnceki farkl ca-
lismalarda incelenmisg, koloni saghgini olumsuz yonde etkiledigi
bildirilmistir. Bugline kadar tlkemizde yapilan ¢alismalarda DWYV,
CBPV, SBV (sacbrood virus), BQCV (black quenn cell virus) ve ABPV
(acute bee paralysis virus) viruslari kolonilerde sik olarak tespit
edilen viruslardir!+2° SV ile ilgili olarak Glkemizde yapilan mevcut
tek bir calisma bulunmaktadir.® Bu ylizden Ulkemiz adina LSV’ nin
kolonilerdeki varligi hakkinda bilgilerimiz oldukga sinirlidir.

Bu calisma, Turkiye'de bal arisi popllasyonunun dnemli bir boli-
miine sahip Mugla ve izmir illerinde yer alan ariliklarda/kolonilerde
tespit edilen Varroa akarlarinda LSV varliginin RT-PCR ile tespitini
amagclamistir.

MATERYAL ve METOT

Galisma igin, 15.02.2014 ve 28914 sayili Resmi Gazetede yayimla-
nan ‘Hayvan Kurullarinin Calisma Usul ve Esaslarina Dair Yonet-
melik'in 41 madde (d) bendinde yer alan hikimlere gore Hayvan
Deneyleri Yerel Etik Kurulu Onayina gerek duyulmadigi bildirilmis-
tir. Bu onay, izmir/Bornova Veteriner Kontrol Enstitiistii MUdirligi
Deney Hayvanlari Etik Kurulu’nun 16.12.2021 tarihli ve 770 sayil
kararinca alinmistir.

Turkiye’nin batisinda yer alan izmir (n = 6) ve Mugla (n = 20) ille-
rinden (Sekil 1), birbirlerinden farkli toplam 26 ariliktan Varroa
akarlari toplanmistir. Orneklemeler 2020 yilinin Nisan ve Haziran
aylari arasinda gergeklesmistir. Her ariliktan 20-100 arasi Varroa
toplanmis, Gzerlerine 2 ml PBS buffer (Phosphate Buffered Saline)
ilave edilerek, homojenizator (AllSheng Bioprep-24R, Cin) yardimi
ile ezilmistir. Daha sonra homojenatlar 3500 rpm’'de 4°C’de 30
dakika santriflij edilmis, stipernantantlar ayrilarak ekstraksiyona
kadar -80°C’de muhafaza edilmistir.

RNA ekstraksiyonu igin 200 pl stipernatant alindi. Ektraksiyon is-
lemi, dretici firmanin talimatlarina gére High Pure Viral RNA Kit
(Roche, Germany) kullanilarak gergeklestirildi. Ekstrakte edilen
RNA, test edilene kadar -20°C’de sakland.

TUm LSV varyanti icin korunmus ORF1 RdRp gen bolgesini hedef-
leyen, RNA'nin 603-bp’lik bir pargasini olusturan primerler (LSV

Sekil 1. Ulkenin en énemli bal arisi populasyonuna sahip izmirve Mugla
illerinin cografik konumu

1765-F: 5'-TCA AYC TKG AGC GAT TTC GTG CTG-3’, LSV 2368-R:
GAG GTG GCG CSA GAT AAA GT-3’) kullaniimigtir.* Amplifikasyon
icin Xpert One-Step RT-PCR Kiti (Grisp Research Solutions, Porto,
Portugal) kullanildi. Toplam reaksiyon hacmi 25 pl ve primerin ni-
hai konsantrasyonu 0,4 mM idi.

PCR igin Thermal cycler kosullari siralanan adimlar ve sireler ile
olusturulmustur. ilk olarak, komplementer DNA sentezi igin re-
vers transkripsiyon islemi gerceklestirilmistir. Ardindan 95°C'de
3 dakika boyunca ilk denatlirasyon yapildi. Bu adimi 35 dongi
olacak sekilde; 95°C’de 10 saniye denatiirasyon, 60°C’de 10 sani-
ye baglanma ve 72°C'de 15 saniye uzama donguleri izlemistir. En
son 72°C’de 1 dakika slireyle uzama olmustur. Elde ettigimiz PCR
Urlnleri, %1,5 agaroz jel elektroforezinde (etidyum bromdr igeren)
yUrGtaldd ve UV 1sik kaynadi altinda goriintilendi.

BULGULAR

LSV icin toplam 26 adet farkh ariliktan toplanan Varroa akarlari
RT-PCR ile test edilmistir. Yapilan testlerin sonucunda 12 ariliktan
toplanan Varroa érnekleri LSV pozitif olarak tespit edilmistir. iz-
mir'den toplanan érneklerden alti ariliktan ikisi pozitifken, Mugla
orneklerinin ise 10’nu pozitif olarak tespit edilmistir. Buna gore
Mugla ilinden toplanan Varroa érneklerinin %50’si, izmir ilinden
toplanan orneklerin ise %33,3'U LSV pozitiftir.

TARTISMA

Tarihsel ve evrimsel sliregte gortlmistir ki, memeli ya da eklem
bacakli birgok tirl enfekte edebilecek viral ajanlar bulunmakta-
dir. Bunlar hayvanlari, insanlari ve hatta parazitleri dahi enfekte
edebilmektedir.??2 Bu viral ajanlar emerging yada re-emerging bir
statii kazanip sagligi her zaman tehdit edebilmektedir. Ulkemizde
ve diinyada bu ve benzer bir¢cok hayvan ve gesitli paraziter canlyi
enfekte eden viruslarin arastirildigi calismalar bulunmaktadir.2324
Lake sinai virus 0zelinde birgok ari viral hastaligi da tlkemizde tes-
pit edilmistir.!” LSV'nin ari kolonilerinde varligina dair ilk bulgular,
2009 yilinda iki farkli varyantinin (LSV 1 and LSV 2) ABD’ de tespit
edilmesiyle ortaya gikmistir! Tirkiye’ de LSV’ nin ergin arilarda me-
tagenomik calismalar sonucunda varligr bildirilmis® fakat Varroa
akarlarinda varh§ina dair herhangi bir calismaya rastlanmamistir.
Yapilan bu galisma, diinyanin en fazla ari popllasyonuna sahip l-
kelerinden biri konumunda olan Tirkiye’ de Varroa akarlarinda LSV
tespitinin yapildigr ilk calismadir.

LSV bal arisi saglidi icin buyulk bir tehdit olarak bilinmesine rag-
men patojenitesi tam olarak anlagilamamistir. Bununla birlikte,
bazi caligmalarda elde edilen bulgular, LSV enfeksiyonu ile koloni
¢OklUs bozuklugu (Colony Collapse Disorder-CCD) olusumu ara-
sinda dogrudan bir korrelasyon oldugunu gostermektedir.” Daha
onceki calismalarda, LSV’ nin bal arilarina bulasmasinda vertikal
ve gida kaynakli bulagmanin énemini belirtilmistir. Varroa akarlari-
nin ise etkenin bulagsmasinda biyolojik vektorltik yapmadigi tespit
edilmis fakat bulagmadaki rolli net olarak ortaya koyulamamistir.
Ancak bu galismada oldugu gibi bazi arastirmalarda da virusun
akarlarda varliginin gosterilmesi, LSV'nin en azindan Varroa akar-
lari tarafindan konaklar arasinda mekanik olarak aktarilabilecegini
dUsindirmektedir.* Daha 6nce Ulkenin bes bdlgesini iceren ve
onemli ari popllasyonunu barindiran ve Ege Bolgesi'ni de kapsa-
yan bir calismada Varroa enfestasyonunun %41 oldugu disundl-
digiinde® mekanik vektorlik altr gizilmesi gereken bir konu ola-
rak ortaya ¢ikmaktadir.

LSV Turkiye kolonilerinde Tozkar ve ark.” belirttigi gibi oldukga yay-
gindir. Daha 6nceki galigmalar, LSV'nin ytksek prevelansi ve global
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dagihmini gostermistir!®92627  Calismamizda 26 farkl ariliktan
topladi§imiz Varroa akarlarinin %46.1" inde LSV RNA'sI tespit edil-
mistir. Ravoet ve ark.* polen ve Varroa akarlarinda LSV’nin varh§i-
ni gostermis, ancak virusun Varroa akarlarinda replike olmadigini
belirtmiglerdir. Bazi ariliklarin yetiskin arilarinda LSV enfeksiyonu-
nun tanimlanmasi ve ayni ariliklarin Varroa akarlarinda varliginin
olmamasi, virusun bal arisi poptlasyonlarinda artropod-vektorler
disindaki bulagsma yollarinin daha énemli olabilecegini distndur-
mustdr.

Sonug olarak, bu ¢alisma LSV genomu Ulkede ilk defa tespit edil-
mistir. Ayrica, Turkiye'de bulunan bal arilarinin viral hastaliklarinin
cesitliligi ve viral hastaliklarin bulasmasinda biyolojik veya meka-
nik olarak rol Ustlenen Varroa akarlari hakkindaki bilgileri genis-
letmeye calismistir. Tespit edilen bu yeni viral etkenlerle ilgili yeni
sorulari glindeme getirmistir. Yilda en az iki mevsimi kapsayan ve
farkli ekotiplerle farkl bal arisi populasyonlarini karsilagtiran, daha
fazla sayida numuneyi ve daha fazla bolgeyi kapsayan gelecekte
yapilacak daha ayrintili calismalar, viral dinamikleri ve epidemiyo-
lojiyi agiklayabilmek igin gereklidir. LSV'nin Varroa akarlari ile iligki-
sini ve Ulkedeki bal arilarinin populasyonlari tizerindeki gercek et-
kisini belirlemek i¢in daha ileri calismalara ihtiyag duyulmaktadir.

Etik Komite Onayi: Calismaigin, 15.02.2014 ve 28914 sayili Resmi Gazete-
de yayimlanan ‘Hayvan Kurullarinin Calisma Usul ve Esaslarina Dair Yonet-
melik’in 41 madde (d) bendinde yer alan hiikiimlere gére Hayvan Deneyleri
Yerel Etik Kurulu Onayina gerek duyulmadigi bildirilmistir.
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Determination of the Content of Bone
Inclusions in Multicomponent Meat
Products

Cok Bilesenli Et Uriinlerinde Kemik Kalinti iceriginin
Belirlenmesi

ABSTRACT

A specific criterion for the use of mechanically deboned poultry meat in sausages and other meat products is
the presence of bone inclusions. Known methods for determining bone inclusions in mechanically deboned
meat do not provide the required accuracy for meat products as they contain spices, starch, dietary fiber, and
other ingredients. These methods are too complicated and expensive. The purpose of this study is to devel-
op a simple and accurate method for the gravimetric determination of bone inclusions in meat products. To
reach the purpose the known methods of quantitative analysis of bone inclusions in meat products and the
repeatability and reproducibility of the said methods were improved. The results of the research consist in
the developed gravimetric method for determining bone inclusions in meat products and its metrological
acceptance duly proven. Samples of meat products are treated with 2% alkali solution (KOH) for complete dis-
solution of proteins and fat. The samples are then treated with a concentrated solution of zinc chloride (ZnCl,).
This reagent suspends food moisture retaining additives, such as starch and fibers. As a result, their density is
higher than that of spices, but lower than that of bone inclusions. When the resulting suspension is allowed to
stand, the spices float to the surface, and the bone inclusions precipitate. The precipitate is washed, dried, and
the mass of bone inclusions is determined. Experiments showed that the relative total error in measurements
of bone inclusions increases with a decrease in their content in meat products and does not exceed 45% for the
official norms of Ukraine ranging from 0.1% to 0.2% of bone inclusions. The conclusion can be drawn that the
method for determining the mass fraction of bone inclusions in multicomponent meat products, developed
and approved at the official level for analytical practice, expands the possibility of determining the degree of
falsification of these products at the level of qualitative and quantitative expertise in accordance with the
normative documents in force.

Keywords: Bone inclusions, chemical reagent, gravimetric analysis, mechanically deboned poultry meat

6z

Sosislerde ve diger et Urtinlerinde mekanik olarak kemigi ¢ikariimis kanath etinin kullanimi igin 6zel bir kriter,
kemik kalintilarinin varligidir. Mekanik olarak kemigi gikarilmis ette kemik kalintilarini belirlemek icin bilinen
yontemler, baharat, nisasta, diyet lifi ve diger bilesenleri icerdiklerinden et Urlnleri icin gerekli dogrulugu sag-
lama ve bu yontemler cok karmasik ve pahalidir. Bu ¢alismanin amaci, et Urlinlerindeki kemik kapanimlarinin
gravimetrik tayini icin basit ve dogru bir yontem gelistirmektir. Amaca ulagsmak icin et Urinlerindeki kemik
kapanimlarinin bilinen kantitatif analiz yontemleri ve s6z konusu yontemlerin tekrarlanabilirligi ve yeniden
Uretilebilirligi gelistirildi. Arastirmanin sonuglari, et Grtinlerinde kemik kapanimlarini belirlemek icin gelistiril-
mis gravimetrik yontem ve bunun metrolojik kabull usulline uygun olarak kanitlanmistir. Et Grtinleri drnekleri,
proteinlerin ve yagin tamamen ¢oziinmesi icin %2 alkali solisyon (KOH) ile iglenir. Numuneler daha sonra kon-
santre bir ginko klorir (ZnCl,) gézeltisi ile islendi. Bu reaktif, nisasta ve lifler gibi gida nemi tutucu katki madde-
lerini askiya alinir. Sonug olarak, yogunluklari baharatlardan daha ytiksek, ancak kemik kapanimlarindan daha
dUsuktur. Ortaya gikan stispansiyonun beklemesine izin verildiginde, baharatlar ylizeye ¢ikar ve kemik kalintilari
cOkelir. Cokelti yikanir, kurutulur ve kemik kapanimlarinin kitlesi belirlendi. Deneyler, kemik kapanimlarinin
Olglimlerindeki nispi toplam hatanin et Uriinlerindeki igeriklerinde bir azalma ile arttigini ve Ukrayna'nin resmi
normlarrigin kemik kapanimlarinin %0,1 ila %0,2'si igin %45'i gegmedigini gosterdi. Analitik uygulama igin resmi
diizeyde gelistirilen ve onaylanan ¢ok bilesenli et Uriinlerinde kemik kapanimlarinin kitle fraksiyonunu belir-
leme yonteminin, bu Urinlerin tahrif derecesini niteliksel diizeyde belirleme olasiligini genislettigi sonucuna
varilabilir.

Anahtar Kelimeler: Kemik kalintilari, kimyasal reaktif, gravimetrik analiz, mekanik olarak kemigi ¢ikariimis ka-
natli eti

with such a complex multicomponent system as
meat products. Literature data on a number of
the claimed methods (classical and innovative)™"
used for this purpose are limited and inaccessible
for a number of laboratories; therefore, the said
publications were not taken for discussion here-

INTRODUCTION

Globally, multiple methods for analyzing bone
inclusions in meat mechanically separated from
bones (chemical, biochemical, and others) are
used™8, which do not coverthe field of application
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after. However, on the basis of our own research results regarding
the direct application of the classical method for determining the
mass fraction of bone inclusions in mechanically deboned meat!
found that this method does not provide the required measure-
ment accuracy.® The quantitative analysis of these inclusions in
multicomponent meat products (sausages, canned foods, con-
venience foods), which are often falsified by the unauthorized re-
placement of expensive raw meats of hand deboning with cheap
mechanically deboned meat was not accurate. Yet, considering
the availability and simplicity of its implementation, as well as
the importance of and urgency in identifying falsification of meat
products, it was decided to conduct a set of theoretical and ex-
perimental studies aimed at improving the gravimetric sedimen-
tation method with the aim of using it to analyze bone inclusions
in multicomponent meat products. Therefore, we believe our
study can have important regulatory and legal significance for
protecting the interests of consumers of meat products in addi-
tion to scientific and practical applications.

MATERIALAND METHODS

Considering the multifactorial nature of the research, in the
context of the general experimental plan, a certain sequence of
implementation of its main stages was envisaged: conducting
research to clarify the significant physical and chemical charac-
teristics of the food ingredients and chemical reagents involved
in the research — production of control and prototypes of meat
products according to an individual recipe — separation of fine
mincing samples — treatment of each sample with an alkaline
solution — sedimentation and decantation of the resulting solu-
tions — treatment of sediments with a chemical reagent that
dissolves starch and fibers, having a specific gravity less than the
specific gravity of the bone residue and greater than that of spices
— settling solutions — decantation of the resulting suspensions
— drying the precipitate to constant weight and calculation of the
content of bone inclusions in each sample.

Methods
Isolation of bone inclusions from mechanically deboned poultry
meat and determination of their mass was carried out according to!

To improve the test integrity, the main chemical reagents for re-
search were prepared manually as below:

. To prepare a solution of potassium hydroxide with a mass
fraction of 2%, a weighed portion of potassium hydroxide
weighing (20.0 + 0.5) g was dissolved in 980 cm? of distilled
water, cooled, and stored in a closed glass or polyethylene
container. Shelf-life of potassium hydroxide solution at room
temperature is no more than 60 days.

«  The preparation of a concentrated solution of zinc chloride
(ZnCl,) was carried out as follows: a sample of ZnCl, of 280.0
g to 300.0 g (depending on its water content) was dissolved
in 100.0 cm?® of distilled water, with continuous cooling of the
dishes under cold running water. The solution was allowed to
stand for a day (a saturated solution is characterized by the
presence of a precipitate of undissolved ZnCl,) and decant-
ed. The decant was diluted with distilled water sequentially
as follows: first, a saturated solution of ZnCl, was poured into
a measuring cylinder, then a hydrometer of the appropriate
measurement range was placed there; and with continuous
stirring and gradually adding distilled water, the solution
was brought to a concentration Y, from 1.65 g/cm® to 1.8 g/
cm?. The resulting solution was filtered through funnels for

filtering - glass porous filters POR160 or POR250, or through
gauze folded four times. The finished filtered concentrated
solution was stored at room temperature in a closed glass
container for no more than 90 days.

The determination of the mass fraction of bone inclusions in meat
products was carried out in the following sequence: a portion of
each of the samples of meat products weighing 50 g was placed
in a beaker of volume 250 cm?, then 100 cm? of a 2% KOH solu-
tion was added, thoroughly mixed, and heated in a water bath
to a temperature of about 100 °C repeating the procedure mul-
tiple times, until the muscle, connective, and fat fractions were
completely dissolved. The decant was removed, and the resulting
amorphous gelatinous precipitate, washed with distilled water,
was treated with a concentrated solution of ZnCl, stirring con-
tinuously, to dissolve starch and/or fiber and to separate the dis-
persed phase: spices (the light fraction floated to the surface of
the ZnCl, solution, whereas heavier bone inclusions precipitated).
After washing with distilled water (until the ZnCl, solution was
completely removed), the bone residue was filtered through a pa-
per filter, dried to constant weight, weighed, and the mass frac-
tion of bone inclusions calculated.

Measurements of the weights of the samples were carried out us-
ing a balance AXIS AD 50 with a measurement error of 0.001 g.

The concentration of solutions was determined using a gener-
al-purpose hydrometer AON-1, length 170.0 mm, diameter 20.0
mm, error = 1.0 kg/m?3, measurement range from 1.60 g/cm® to
1.66 g/cm3; from 1.66 g/cm?® to 1.72 g/cm?; from 1.72 g/cm?® to 1.78
glcm?; and from 1.78 g/cm?®to 1.84 g/cm?.

Calculations of the metrological characteristics of the method
for analyzing bone inclusions in multicomponent meat products
were carried out according to DSTU-N RMG 61:2006" using a
specially created software. The evaluation factors for the correct-
ness of the analysis method were:

Qualitative characteristics of the analysis method - accuracy, correct-
ness, and precision (repeatability and reproducibility) of the analysis

Quantitative characteristics of the analysis method - indicators of
accuracy, correctness, and precision (repeatability and reproduc-
ibility) of the analysis.

The experiments were carried out under the following conditions:
room air temperature 20°C + 5°C, atmospheric pressure 84.0—
106.7 kPa, relative air humidity 30.0%-80.0%; AC frequency 50 Hz
+ 1 Hz; voltage in the electrical network 220 V £ 10 V.

The procedure for reproducibility determination of indicators of
accuracy, correctness, and precision of measurements was car-
ried out in 5 laboratories of Ukraine, duly accredited for technical
competence and independence.

Materials

Based on the analysis of the data set forth in'>'6, in the industry
standard of Ukraine", in the US Code of Federal Regulations®, as
well as on the results of research®; a limitation of the range of
measurements of the mass fraction of bone inclusions in meat
products was substantiated when carrying out experiments in the
range of 0.02%—1.5%. The correctness of the decision is confirmed
by the fact that the above range covers the limitation of the con-
tent of bone inclusions in sausages, depending on their grade, in
the range of 0.1%-0.2%, provided for by the National Standards of
Ukraine.?°?' To improve the measurement accuracy and estimate
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the boundaries of possible errors in this case, the total measure-
ment range was divided into a number of smaller ranges.

According to an individual formulation, 92 samples of meat prod-
ucts were taken from the same batch of hand deboned finely
chopped meat. The said samples differed in their formulations
(Figure 1). The order of performing technological operations is set
outin Figure 1.

The program for calculating measurement errors provided for 2
parallel options:

- processing of the results of measurements of bone inclusions
in samples of meat products containing only bone inclusions
(Series 1 - control);

. processing of the results of measurements of bone inclu-
sions in samples of meat products containing spices (Series
2), spices and starch (Series 3), and spices and fibers (Series 4)
along with bone inclusions.

Statistical Analysis

The study was replicated three times and statistical analysis was
performed using Microsoft Excel 2010 and Statistica-6.0 soft-
ware. Means and standard deviations were calculated. In parallel,
a Student test was performed to identify differences between the
average values of the test parameters. The differences between
the values of the said parameters were found to be reliable if the
probability value was greater or equal to 95% (P < .5). Metrolog-
ical characteristics of the method for analyzing bone inclusions
in multicomponent meat products were carried out according to
DSTU-N RMG 61:2006" using specially designed software. The
evaluation factors for the accuracy of the analysis method were

Adding ingredients to the chopped meat samples 1 - 4, % by mass
Sample 1: Sample 2: Sample 3: Sample 4:
-salt-0 -salt—2.0 -salt—2.0 -salt-2.0
- spices—0 - spices —0.2 - spices—0.2 - spices — 0.2
-starch—1.0 - fibers - 1.0
4 % % 4
Partition of the samples 1-4 into 23 sub-samples 1-1 to 4-23, each of them being added a
specified quantity of bone inclusions, % by mass:
v v v ¥
1 % 2 % 3 % 4 %
1-1 0.02 2-1 0.02 3-1 0.02 4-1 0.02
1-2 0.05 2-2 0.05 32 0.05 4-2 0.05
13 0.08 2-3 | 0.08 33 0.08 4-3 0.08
14 0.10 2-4 |0.10 34 0.10 4-4 0.10
1-5 0.15 2-5 015 35 0.15 4-5 0.15
1-6 0.20 2-6 0.20 3-6 0.20 4-6 0.20
1-7 0.25 2-7 0.25 3-7 0.25 4-7 0.25
1-8 0.30 2-8 0.30 3-8 0.30 4-8 0.30
1-9 0.35 29 035 39 0.35 4-9 0.35
1-10 | 0.40 2-10 | 0.40 3-10 | 0.40 4-10 | 0.40
1-11 | 045 2-11 | 0.45 3-11 | 045 4-11 | 0.45
1-12 | 0.50 2-12 | 0.50 3-12 | 0.50 4-12 | 0.50
1-13 | 0.55 2-13 | 0.55 3-13 | 0.55 4-13 | 0.55
1-14 | 0.60 2-14 | 0.60 3-14 | 0.60 4-14 | 0.60
1-15 | 0.70 2-15 | 0.70 3-15 | 0.70 4-15 |1 0.70
1-16 | 0.80 2-16 | 0.80 3-16 | 0.80 4-16 | 0.80
1-17 | 0.90 2-17 | 0.90 3-17 | 0.90 4-17 | 0.90
1-18 | 1.0 2-18 | 1.0 3-18 | 1.0 4-18 | 1.0
1-19 | 11 219 |11 319 |11 419 |11
1-20 | 1.2 2-20 | 1.2 3-20 | 1.2 4-20 | 1.2
1-21 | 13 221 |13 321 |13 421 |13
1-22 | 14 2-22 | 14 322 (14 4-22 |14
1-23 | 15 2-23 | 15 323 |15 4-23 | 15

Figure 1. The procedure for performing technological operations when
manufacturing the samples of meat products.
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characteristics of the analysis method - trueness and precision
(repeatability and reproducibility).

RESULTS

According to the experimental plan, significant physical and
chemical characteristics of the ingredients used in research as
bone inclusions and spices were analytically and experimentally
determined, as well as the effectiveness of the chemical reagents
used was established:

+ The range of changes in the specific gravity (y,) of bone in-
clusions isolated from the meat of mechanical deboning of
carcasses and/or parts of carcasses of broilers 1.75 g/cm?® <y,
<20g/cm?

- The range of variation in the specific gravity (ysp) of spices
used in the technology of meat products 0.5 g/cm?® < Yo <
0.62 g/lcm?®

« One of the safest and most effective chemical reagents dis-
solving starch and fiber is a concentrated solution of ZnCl,, the
concentration of which determined its specific gravity in the
range of 1.62 glcm? = (y,) = 1.7 g/cm?, which is more than the
specific gravity of spices, but less than that of the bone residue

. Foramore complete dissolution of protein and fat in samples
of meat products, it is advisable to use a solution KOH with a
concentration of 2%.

It was also determined that approximately 70 cm?® of a concen-
trated solution of ZnCl, is consumed per 1 parallel portion of the
analyzed sample.

The results of comparative measurements obtained in each of 5
participating independent laboratories under all conditions stip-
ulated by the developed gravimetric analysis of bone inclusions
in samples of meat products of similar composition and identi-
cal measurement ranges were in agreement with each other at
a fairly acceptable level - the discrepancy between the accuracy
indicators was no more than 0.2%.

The averaged results of the carried out intra- and interlaboratory
measurements and calculations of metrological indicators within
the boundaries of each accepted range at a confidence level of P =
.95 are presented in Table 1.

For admission of the method for measuring the mass fraction of
bone inclusions in multicomponent meat products to analytical
practice, in accordance with the requirements of GOST 8.010-
992, procedures were carried out to generalize, systematize, and
mathematically process the corresponding metrological indica-
tors presented in Table 1.

As a result of this work, the metrological characteristics of this
method were obtained depending on the measurement range at
aconfidence level of P = .95, set forth in?* and presented in Table 2.

From the analysis of the data given in Table 2, it follows that the
relative total error in measurements of bone inclusions increases
with a decrease in their content in meat products and does not
exceed 45% for conditions that in Ukraine provide for limiting their
content in these products within 0.1% up to 0.2%.2°%

The measurement results served as the basis for certification and
official admission of this gravimetric method to analytical prac-
tice, which makes it possible to separate bone inclusions from
accompanying impurities and fairly reliably measure the mass
fraction of bone inclusions in multicomponent meat products.?



23

Table 1. The results of evaluating the metrological indicators of measuring the content of bone inclusions in samples of meat products depending on the measurement range at a

confidence level of P =.95.

Metrological indices, %

Repeatability

Reproducibility Accuracy index,

Ranges with limit values mass fraction of bone index as standard Repeatability index as standard Reproducibility Correctness + Am Samples 1
inclusions, % deviation, orm limit, rnm deviation, c(Rm limit, Rm index, + Acm (control) and 2
(0.02 <X <0.05) 0.0026 0.0087 0.0020 0.0055 0.0246 0.025
(0.05<X<0.1) 0.0045 0.0150 0.0039 0.0109 0.0557 0.056
(0.1<X<0.15) 0.0046 0.0153 0.0040 00111 0.0885 0.089
(0.15<X<0.2) 0.0042 0.0139 0.0141 0.0390 0.1028 0.106
(0.2<X<0.3) 0.0167 0.0551 0.0260 0.0721 0.1236 0.134
(0.3<X<0.6) 0.0072 0.0237 0.0066 0.0182 0.1578 0.264
(0.6<X<1.5) 0.0104 0.0344 0.0143 0.0395 0.2629 0.251
Samples 3 and 4

(0.02 <X <0.05) 0.0053 0.0175 0.0042 0.0117 0.0251 0.026
(0.05<X<0.1) 0.0067 0.0222 0.0088 0.0243 0.0564 0.059
(0.1<X<0.15) 0.0084 0.0279 0.0136 0.0377 0.0900 0.094
(0.15<X<0.2) 0.0132 0.0436 0.0150 0.0415 0.1027 0.107
(0.2<X<0.3) 0.0080 0.0265 0.0353 0.0976 0.1272 0.145
(0.3<X<0.6) 0.0101 0.0333 0.0465 0.1289 0.1539 0.179

(0.6 <X<1.5) 0.0325 0.1075 0.0762 0.2111 0.2825 0.320

Table 2. Metrological characteristics of the method for measuring bone inclusions in meat products depending on the measurement range at a confidence level of P = .95.

Operative control criteria:

Mass fraction of bone inclusions: Limit of the relative total error,

reproducibility, R, %

measurement range, % +8, % (P=.95) repeatability r, % (P=.95; n=2) (P=.95; n=2) accuracy, K, % (P =.95)
From 0.05 to 0.30 inclusive 45 18 23 45
Over 0.30 to 1.0 inclusive 30 12 15 30
Over 1.0 to 1.5 inclusive 24 10 12 24

DISCUSSION

On the basis of results of this study, we believe that the grav-
imetric method for determining the mass fraction of bone in-
clusions in multicomponent meat products developed by us is
quite accurate, simple, and accessible for use by a wide range
of research laboratories with various levels of equipment. Such
an estimate is substantiated not only in the works of the au-
thors of this article®'®%3%; but also the works of other authors
published in different years describe the use of a fairly common
chemical method with the determination of calcium (Ca?) ions,
which showed sufficient accuracy.®'?2¢2" However, this method is
associated with the need to use atomic absorption spectrosco-
py, which limits its implementation in practical conditions.?%%"
In%, there are concerns about the limited use of the chemical
method with the determination of Ca?* ions in relation to meat
products with dairy ingredients in the formulations (powdered
milk, whey, etc.), which are rich sources of calcium. These con-
cerns are justified as dairy ingredients are used in dietary meat
products?®?°;, however, for cheap mince products containing
mechanically deboned meat, the use of dairy ingredients is not
typical.

In general, the error of the known indirect method for the quanti-
tative analysis of bone inclusions in meat products by the content
of Ca in them is primarily owing to the quality of the meat des-
inewing, that is, it directly depends on the content of connective
tissue in the meat. In addition, based on the results of studies' of
the relationship “Ca content - content of bone inclusions,” in the
mechanically deboned meat by plasma atomic absorption spec-
trometry and confirmed by gravimetric analysis of bone inclu-

sions, significant differences were revealed between the obtained
conversion formula for these components and the conversion
formula given in the method used by the International Associ-
ation of Official Analytical Chemists AOAC 983.19.%° The result
of comparative calculations using these formulae for the mass
fraction of bone inclusions at the same Ca content was 2 times
less than that of! The same researchers found that in the range
of Ca content in mechanically deboned meat from 0.2% to 0.4%,
the relative error in determining Ca by plasma atomic absorption
spectrometry is 28%-29%. Hypothetically, the measurement er-
ror in the mass fraction of bone inclusions in meat products by
this method can increase because of their complex composition.
Thus, caution is required in both the accuracy of the quantitative
analysis of bone inclusions in meat products using the “Ca con-
tent - bone inclusion content” relationship and the norms of bone
inclusions content in official documents.5®

Another known and well-established histological method for the
quantitative calculation of bone inclusions in a mince product is
based on a detailed study of histological preparations and mor-
phometric analysis of the bones. This method, although using an
image analysis system, is a time-consuming and complex pro-
cess; and identifying and accurately determining the boundaries
of the measured bone particles is practically impossible without
manual correction of the computer actions by a highly experi-
enced histologist.2?¢3'-3% Researchers'® have shown that the ac-
curacy of measuring the amount of ingredients in meat products
using this method is negatively affected by the nonlinear correla-
tion between the volumetric and mass content data of various
inclusions.
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We are fully aware ofthe possibility and expediency of using other,
high-tech methods for determining the content of mechanically
deboned meat in meat products under laboratory conditions. In
particular, the constant technical improvement of the produc-
tion of this type of meat raw materials already often limits the
use of traditional methods for determining the quality param-
eters of meat products.?®* High-tech methods for determining
the content of mechanically deboned meat in meat products
include methods based on irradiation coupled with electronic
spin resonance®? and the evaluation of radiostrontium levels®,
laser-induced breakdown spectroscopy?®, X-ray application*’,
Raman spectroscopy®“°, innovative ultrasound method*, com-
puted tomography?, and so on. In connection with the rapid
development of food science and the corresponding innovative
technologies of meat products, it is possible to foresee the in-
troduction of novelty formulations using mechanically deboned
meat, control of which requires both new instrumental methods
and traditional methods, in particular the improved gravimetric
method proposed by us for determining bone inclusions in meat
products.

In conclusion, from the analysis of the data obtained, it follows
that the method for determining the mass fraction of bone in-
clusions in multicomponent meat products, developed and ap-
proved at the official level for analytical practice, deserves atten-
tion as it expands the possibility of determining the degree of
falsification of these products at the level of qualitative and quan-
titative expertise in accordance with the requirements normative
documentation and legislation of Ukraine.*?
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Effect of Bromelain Against Nickel
Genotoxication in Rats

Sicanlarda Nikel Genotoksikasyonuna Karsi
Bromelainin Etkisi

ABSTRACT

In this study, we aimed to investigate the protective role of bromelain against nickel sulfate genotoxication.
Twenty-four healthy adult male Sprague Dawley rats with an average weight of 200 + 20 g were used in the
study. These were divided randomly into four groups (n = 6), including one control and three experimental
groups: Group 1 (control), Group 2 (nickel sulfate 20 mg/kg, intraperitoneal [IP]), Group 3 (Bromelain 20 mg/kg,
oral gavage ), Group 4 (nickel sulfate 20 mg/kg IP + bromelain 20 mg/kg oral gavage ). After the ten-day experi-
mental period, the animals were euthanized on the 11th day. Femoral bones were taken from animals dissected
on day 11, and micronucleus protocol was applied. At the end of the protocol, micronucleated polychromat-
ic erythrocytes (MNPCE) and polychromatic erythrocytes (PCE) were counted. The statistical results of the
counted values were determined. The groups were compared only according to MNCPE, the level of which was
statistically significant in the group with bromelain than in the group with nickel sulfate alone (P < .05). The
data obtained suggested that bromelain at the administered dose (20 mg/kg) is not potentially preventive to
the genotoxic effects of nickel sulfate at the administered dose (20 mg/kg).

Keywords: Bromelain, genotoxicity, nickel sulfate, rat

6z

Bu galismanin amaci, nikel silfat genotoksikasyonuna bromelainin karsi koruyucu roltini arastirmaktir. Ca-
lismada, ortalama 200 + 20 gr agirliginda yirmi dort saglikli yetiskin erkek Sprague dawley sigan kullanildi.
Rastgele olacak sekilde dort grup (n = 6) olusturuldu. Siganlar bir kontrol ve ti¢ deney grubu: Grup 1 (Kontrol),
Grup 2 (Nikel stilfat 20 mg/kg, ip), Grup 3 (Bromelain 20 mg/kg, oral gavaj), Grup 4 (Nikel silfat, 20 mg/kg, ip +
bromelain, 20 mg/kg, oral gavaj). On glinliik deney periyodundan sonra hayvanlar on birinci gtin 6tenazi edildi.
11. glinde Gtenazi edilen hayvanlardan femur kemikleri alindi ve mikrontikleus protokoli uygulandi. Protokoltin
sonunda MNPCE (mikronikleuslu polikromatik eritrositler) ve PCE (polikromatik eritrositler) sayildi. Sayilan
degerlerin istatistiksel sonuglari belirlendi. Tim gruplar sadece MNCPE parametresine gore karsilastirildi. MN-
CPE seviyesi, bromelainli grupta, sadece nikel siilfatli grubuna kiyasla istatistiksel olarak anlamliydi (P < ,05).

Elde edilen veriler, bromelainin 20 mg/kg dozunda uygulanmasi, 20 mg/kg dozunda uygulanan nikelstlfatin
olusturdugu genotoksik etkilerini potansiyel olarak énleyici olmadigini gostermistir.

Anahtar Kelimeler: Bromelain, genotoksisite, nikel siilfat, rat.

INTRODUCTION

Excessive or long-term intake of metals found in
nature, which are needed in small amounts for
the regulation of normal vital functions, gives
rise to multiple health problems. Nickel, a car-
cinogenic, genotoxic, teratogenic, and immuno-
toxic heavy metal, is an environmental pollutant
that is not necessary for vital functions. Peo-
ple are particularly exposed to nickel through
nickel-contaminated vegetables, spinach, le-
gumes, nuts, and tobacco containing nickel. It
has been stated that there is a high amount of
nickel, especially in products containing cocoa
powder and baking powder.® In addition, nick-
el causes food contamination through hydro-
genation of vegetable oils and some processes
applied to foods with tools and equipment and
environmental pollution through processes us-
ing nickel in intensive steel and battery produc-
tion and releasing it to the atmosphere during
mining, smelting, and refining. Humans and

animals intake nickel through respiration, food,
and skin absorption resulting in tissue and or-
gan damage from nickel accumulation.* Nickel
binds tightly to bases in DNA and RNA in living
organisms; phosphate groups; nucleotides such
as ATP and thiamine pyrophosphate; amino ac-
ids such as methionine, cysteine, histidine, and
pyrroline; proteins; peptides; and phospholip-
ids; and substances such as acetyl coenzyme A,
dihydrolipoic acid, pyridoxal and pyridoxamine
and blocks various enzymes (such as aspartase,
alkaline phosphatase, and ATPase) and makes
iodine unavailable to the thyroid gland.® Multiple
studies have determined that nickel increas-
es lipid peroxidation in various tissues such as
blood, liver, muscle, and kidney and causes ox-
idative stress.®”

In recent years, interest in the use of various an-
tioxidant substances as food supplements has
been increasing rapidly to prevent the harmful ef-
fects of xenobiotics.® Bromelain is a natural pro-
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tein decomposer found in pineapple, which has antimetastatic,
immunomodulatory, anti-edema, anti-inflammatory, antithrom-
botic,® antioxidant,'°" tissue regeneration enhancing, and pain
reliever effects.”

Previous studies have reported that bromelain and fresh pineap-
ple juice have DNA protective potential, reduce cytotoxity, and
have antigenotoxic and antimutagenic effects.’*""

In this study, we aimed to evaluate the effects of bromelain on
genotoxicity against intraperitoneal nickel sulfate administration
in rats.

MATERIALAND METHODS

All the experimental protocols in this study were carried out in
the Experimental Research Center of Harran University. Ethical
approval permission was given by the Harran University Animal
Experiments local ethics committee (Date: April 5, 2017, No:
12541).

Animals

In our experiments, adult male rats (n = 24, Sprague-Dawley, 6
weeks old weighing 200 + 20 g) were obtained from an experi-
mental research unit at Firat University. In classic laboratory con-
ditions (12 h light and 12 h dark, 23 + 2°C, 60%-65% humidity), the
animals were fed with a routine diet. Food and water were provid-
ed ad libitum.

Experimental Design

A total of 24 Sprague-Dawley rats, six in each group, were used.
The study was planned as follows: Group 1 control (normal saline
intraperitoneal injection [IP] ); Group 2 with nickel sulfate (Acros
Organics nickel sulfate heptahydrate, Code: 270552500, Lot:
A0371683) 20 mg/kg IP®*, Group 3 with bromelain (Sigma B4882
List 647-014-00-9 Cas No 37189-34-7) 20 mg/kg oral gavage'®?°;
Group 4 with nickel sulfate (20 mg/kg, IP) + bromelain (20 mg/kg
oral gavage). After 10 days of administration, tissue samples were
taken after euthanasia on the 11*" day.

In the study, bone marrow was used for micronucleus detection.
The removed femur bone was cut from both ends and transferred
to a centrifuge tube containing 3 mL of calf serum with the help of
a bone marrow injector. Tubes containing bone marrow samples
were centrifuged at 2000 rpm for five minutes, and supernatants
were discarded. It was suspended by placing a drop of calf serum
on the part remaining in the tube. A drop of sample from it was
spread on clean slides. After the spreading process, the slides
were air-dried and fixed in methyl alcohol for 10 minutes. Bone
marrow preparations were prepared by a method that was first
developed by Schmid?' and adapted to this laboratory and work-
ing conditions.

Staining Method

The fixed preparations were first stained with 0.25% May Grun-
wald dye for five minutes and washed with distilled water. It was
then stained with 0.125% May Grunwald dye for five minutes and
washed in distilled water. Finally, it was stained with 20% Giem-
sa dye for 30 minutes, washed, and left to dry. The preparations
were examined through an Olympus CX21 light microscope at
1000x magnification, and 2000 polychromatic erythrocytes
(PCEs) were counted randomly from each preparation. Among
these, the numbers of micronucleated polychromatic erythro-
cytes (MNPCEs) were determined, and their percentages were
calculated.

Statistical Analysis

The Kolmogorov-Smirnov test of normality was used to deter-
mine whether the data were suitable for normal distribution.
Statistical analysis of the data obtained from the study were
performed using the IBM Statistical Package for the Social Sci-
ences version 22 (IBM SPSS Corp., Armonk, NY, USA) statistical
program. One-way analysis of variance (ANOVA) was used to de-
termine whether there was a difference between the means of the
experimental group or not; and if there was a difference between
the means of the experimental groups, the “ANOVA-Duncan” test
was applied to the group averages to determine which group or
groups showed a difference, and P < .05 was considered statisti-
cally significant. Results were presented as mean + standard de-
viation (X £ SD).

RESULTS

In this study, all the groups were compared in terms of the single
parameter, MNPCE. As a result of the analysis, the MNPCE level
in the group with bromelain was statistically different from the
group with nickel sulfate+bromelain and the group with nickel
sulfate (P < .01). There was no statistically significant difference
between the bromelain group and the negative control group (P
>.05). Again, the difference between the nickel sulfate group and
the nickel sulfate + bromelain group was not statistically signif-
icant (P > .05) (Table 1, Figure 1). Images of MNPCE and normal
PCE and NCEs (x1000) in the bone marrow obtained from nickel
sulfate group are shown in Figure 2.

Table 1. Statistical data of groups in terms of MNPCE

Parameters Groups
Nickel sulphate
(20 mg/kg)
Bromelain +Bromelain Nickel sulphate ~ Negatif
(20 mg/kg) (20 mg/kg) (20 mg/kg) control P
MNPCE 6.67 + 1.21* 19.83 + 1.47° 20.33 + 1.03° 6.00 + 1.41° *
(Mean + SD)

*P < .01: Statistically significant difference, a,b: Values with different letter indicate significant differences. SD,
Standart deviation
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Figure 1. Box graphic showing the numbers of polychromatic
erythrocytes with micronucleus based on groups
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Figure 2. In the bone marrow of rats, images of normal PCE and NCEs,
and MNPCE (x1000).

PCE, Polychromatic Erythrocyte; NCE, Normochromatic Erythrocyte; MNPCE,
Micronucleated Polychromatic Erythrocyte

DISCUSSION

It is known that nickel compounds damage cell DNA through free
radicals. Nickel causes oxidative damage to DNA as well as trans-
duction and replication problems. The water-soluble nature of
nickel sulfate increases the carcinogenicity of the substance and
thus the mutation potential.?2?* Many in vivo and in vitro stud-
ies have been conducted on the genotoxic effects of nickel 242"
To determine the genotoxicity, comet assay, Salmonella/micro-
some mutagenicity (AMES) test, sister chromatid exchange assay,
chromosome abnormality test, and micronucleus test were per-
formed.?® According to the literature review, it is noted that bone
marrow?*-%2 and embryos® were used to determine genotoxicity.

In a study, genotoxicity of nickel sulfate hexahydrate was investi-
gated in rats through micronucleus test. In the study, it was de-
termined that nickel sulfate hexahydrate increased the micronu-
cleus frequency in bone marrow cells.?>?” In another study, it was
determined that it increased the kinetochore positive nucleus
on human diploid fibroblasts.?® In this study, we determined that
there was a statistically significant difference in MNPCEs in the
group with nickel sulfate than that in the other groups (P < .01).
This result is compatible with other studies which support the
idea that nickel sulfate is genotoxic. The increase in the number
of PCEs is an indicator of chromosomal damage or cytogenetic
damage caused by anaphase delay.?® PCE/NCE ratio is also ex-
pressed as a bone marrow cytotoxicity marker.?®

Currently, many people support the inclusion of antioxidant sub-
stances in diets to protect themselves from the possible harm-
ful effects of environmental pollutants.®34 Bromelain, an antiox-
idant, prevents tumor cell proliferation. It has been determined
that bromelain inhibits the proliferation and development of oral
cancer cells.®® It has been determined that bromelain used during
sperm freezing to improve sperm quality in goats is not genotox-
iC.36

It has been stated that bromelain can prevent the formation of
reactive oxygen groups in the cell. Thus, it can prevent genotoxic-
ity by disrupting the interaction between advanced glycation end
products (AGEs) and their receptors (RAGE).*" In a study examin-
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ing the genotoxicity of AGE on pig kidney, it was stated that bro-
melain reduced cell damage and genotoxicity.*®

In the study by Sen et al.,*® it was determined that application
of 20 mg/kg bromelain protects the sperm DNA fragmentation
rate against the damage caused by nickel in the testis, reducing
the damage and oxidative stress caused by nickel, and improving
sperm quality.

In the literature review, there are various studies in which pineap-
ple and pineapple products were used against the harmful effects
of various substances that cause mutagenic effects.

Ikken et al.*® determined that ethanolic pineapple extract has an
antimutagenic effect against the effects of mutagenic nitrosa-
mines. Kurdi'* stated that pineapple juice had positive results in
the micronucleus test against the cytotoxic and genotoxic effects
of the antineoplastic drug, ifosfamide, in PCEs of the bone mar-
row. In another study, it was determined that fresh pineapple juice
(0.4 mL/kg/day, oral) was effective in reducing lethal mutation
against the side effects of ifosfamide in spermatogenesis stages
(early spermatids, primary spermatocytes and spermatozoa, and
late spermatid stages) in albino rats.* It has been reported that
pineapple scavenges reactive oxygen species and protects nucle-
ophilic regions in the DNA"® The in vivo antitumoral/antileukemic
effect of bromelain has been evaluated in different cell lines.*!

The protective effect of pineapple juice against genotoxicity
caused by mutagenic heterocyclic aromatic amines in hamster
fibroblasts was determined by the comet assay.

In a study by Sah et al.,** the antimutagenic effect of peel powder
of pineapple on the yogurt bacteria Lactobacillus was confirmed
by the Ames test.

The reason for the difference in the results of in vivo and in vitro
studies may be owing to the pharmacokinetics of the drug in live
animals, nutrition, genetic structure, stress, and environmental
factors.>*® In this study, the antigenotoxic effect of bromelain ad-
ministered via oral gavage at the same amount was not found in
rats administered NiSO, (20 mg/kg) IP for 10 days. This may be
because of the in vivo nature of our study.

In the studies conducted by Kurdi,*3° it was stated that pineap-
ple juice has an antigenotoxic effect against the cytotoxic and
genotoxic effects of ifosfamide in PCEs in the bone marrow and
semen formation stages in the micronucleus test. However, be-
cause of the presence of different phytochemical structures (such
as ascoumaric acid, chlorogenic acid, ferulic acid, and ellagic acid),
vitamins (vitamin C, pyridoxine, thiamine, and riboflavin), and min-
erals (copper and manganese) in pineapple apart from brome-
lain,”® these studies do not prove that bromelain alone is effective
against genotoxicity.

Drugs and chemicals are primarily dispersed into organs and tis-
sues (brain, heart, kidney, etc.) via blood vessels; and after reach-
ing a certain blood density, they accumulate in fat, bone tissue,
nucleic acid, and keratinous structures.® Bone tissue has less
perfusion than the vital organs.** There are many studies con-
ducted on the harmful effects of nickel compounds on the liver,
kidney, testes, and sperm causing oxidative stress in living organ-
isms.545-47 |n the study by Sen et al.,*® bromelain showed a pro-
tective effect against the harmful effects of NiSO, on sperm DNA.
However, there are different studies in which bromelain does not
show a protective effect against genotoxicity. This may be owing
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to the different accumulation tendencies of nickel in testicular
and bone marrow and the different tissue and perfusion rates of
the testes and bone marrow.*48

In conclusion, it was determined that bromelain (20 mg/kg) did
not have a protective effect against the genotoxic effects of nickel
sulfate.
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icle Arastirma Makalesi

Prevalence of Canine Cardiac Dirofilariasis
in Nineveh Governorate of Iraq

Irak'in Nineveh Vilayetinde Kopek Kardiyak
Dirofilariosis Prevalansi

ABSTRACT

Canine cardiac dirofilariasis is a parasitic zoonotic disease caused by Dirofilaria immitis. This research work is
aimed to find out the prevalence of both a microfilaremic (patent infection) and occult forms (amicrofilaremic
form) of cardiac dirofilariasis in stray and police dogs of Nineveh governorate (in northwestern Iraq). From Oc-
tober 2021 to January 2022, the blood of ninety dogs of various breeds, including 45 local breeds stray dogs
and 45 police dogs, mostly of Belgian Malinois and German Shepherd breeds, with an age range of 1 to 11 years
(median: 4.5 years), were examined microscopically by wet mount, acridine orange stained blood smears and
modified Knott's test to detect circulating microfilaria. All the samples were further tested by a commercial
antigen- enzyme-linked immune sorbent assays kit (Heartworm Ag ELISA kit, Canine, DRG International Inc.,
USA) in order to detect dogs with occult cardiac dirofilariasis. A total of 49 samples were microfilaria positive,
giving a prevalence value of 54.4%. D.immitis antigens were detected in 27.8% of the examined sera, with an
overall prevalence of 78.9%. Stray dogs showed a higher prevalence for both microfilaremia and occult forms
of cardiac dirofilariasis compared to police dogs in Nineveh Governorate of Irag. The agreement between the
modified Knott's test (Gold standard) and wet mount, acridine orange stained blood smears, and Ag ELISA us-
ing Cohen’s Kappa index was light for the wet mount (0.030) and substantial for Ag ELISA(0.462), and acridine
orange stained blood smears (0.607). The findings of the present study provide evidence for the prevalence and
pattern of canine cardiac dirofilariosis in dogs (both stray and police) in Irag’s Nineveh Governorate, requiring
a phylogenetic analysis.

Keywords: Canine, cardiac dirofilariosis, Dirofilaria immitis, prevalence.

6z

Kanin kardiyak dirofilariosis, Dirofilaria immitis'in neden oldugu parazitik zoonotik bir hastaliktir. Bu arastir-
ma galismasi, Nineveh Vilayeti'nde (kuzeybati Irak'ta) sokak ve polis kdpeklerinde kardiyak dirofilariosisin hem
mikrofilaremik (patent enfeksiyonu) hem de occult formlarinin (amikrofilaremik form) prevalansini belirlemeyi
amagclamaktadir. Ekim 2021 - Ocak 2022 tarihleri arasinda, 1-11 yas arasi (ortalama: 4,5 yas) cogu Belgika Ma-
linois ve Alman Coban irki olmak tzere 45 yerel sokak kopegi ve 45 polis kopegdi dahil olmak tzere gesitli irk-
lardan doksan kopegin kani, dolagimdaki mikrofilaria'yl saptamak igin wet mount, kan smeari acridine orange
boyamasi ve modifiye Knott testi ile mikroskobik olarak incelendi. Tim numuneler, ayrica occult kardiyak diro-
filaryozlu kopekleri saptamak icin ticari bir enzim baglantili immtin emici tahlil kiti (Heartworm Ag ELISA kiti,
Canine, DRG International Inc., ABD) ile test edildi. Toplam 49 6rnek mikrofilaria pozitifti ve prevalans degeri
%54.4 idi. incelenen serumun %27.8'inde D.immitis antijenleri tespit edildi ve genel prevalansi %78.9 idi. So-
kak kopekleri, Irak'in Ninova Vilayeti'ndeki polis kopeklerine kiyasla hem mikrofilaremik hem de occult kardiyak
dirofilariyoz formlari igin daha ytiksek prevalans gosterdi. Modifiye Knott testi (Altin standart) ile wet mount,
kan smeari acridine orange boyamasi ve Cohen'in Kappa indeksi kullanilarak Ag ELISA arasindaki uyum, wet
mount (0.030) icin hafifti ve Ag ELISA (0,462) ve kan smeari acridine orange boyamasi icin dnemliydi (0.607). Bu
galismanin bulgulari, Irak'in Nineveh Vilayeti'ndeki kopeklerde (hem sokak hem de polis) kardiyak dirofilariosis
prevalansi ve paterni igin filogenetik bir analiz gerektiren kanitlar sunmaktadir.

Anahtar Kelimeler: Kopek, kardiyak dirofilariosis, Dirofilaria immitis, yayginlik.

INTRODUCTION

Dirofilaria immitis (heartworm [HW]) is mosqui-
to-borne filarial nematode capable of causing
canine cardiac dirofilariasis commonly known
as the heartworm disease owing to the loca-
tion of the adult worm in the right ventricle of
the heart and occasionally in the arteries of the
lungs, resulting in the production of blood-cir-
culating microfilariae® 2. HW can be diagnosed
using microfilariae detection tests, serological
(i.e., enzyme-linked immunosorbent assay [ELI-
SA]) and immunochromatographic tests for the

detection of somatic and female antigens of D.
immitis adults, radiography, and blood analysis®.
Microfilariae testing may be aided by parasitolog-
ical tests (wet mount, thin and thick blood smear,
buffy coat method, and modified Knott’s test).
Microfilaria species can be distinguished using
Morphological keys, histochemistry*%¢, and mo-
lecular tests (polymerase chain reaction [PCR]) "
Canine heartworm antigenemia (Ag ELISA ) are
simple to perform, susceptible, and highly specif-
ict. However, because Ag ELISA has a low rate of
false positive outcomes, a positive result usually
suggests a current infection %°.
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Cardiac dirofilariasis has been studied exhaustively, showing great
regional and local variations in their prevalence worldwide'. The
prevalence of cardiac dirofilariasis in dog population based on re-
sults of Anvari et al., (2020) " throughout the world and Asia was
10.91% and 12.07%, respectively. D. immitis is widely distributed
in the canine population of Mediterranean and Middle Eastern
countries, including Egypt 2, Turkey ™', Saudi Arabia', Iran”,
and Iraq'™®. In Irag, the disease is diagnosed mainly in the south-
ern provinces (Karbala, Al-Qadisiyah, and Dhi-Qar Provinces) of
the country 2%:2'This study was designed and conducted to de-
termine the prevalence of both microfilaremic (patent) and occult
(amicrofilaremic) forms of cardiac dirofilariosis using wet mount,
acridine orange stained blood smears, modified Knott’s, test and
antigen ELISA in stray and police dogs from Nineveh Governorate
in northwestern Irag.

MATERIAL AND METHODS

This study was approved by the College of Veterinary Medicine
Committee, University of Mosul, Iraq (12 decision number in 3-10-
2021).

Study Area and Sample Collection

The current study was conducted with the Nineveh Governorate
in northwestern Iraq. It shares borders with Syria and several Iraqi
governorates. Nineveh is the third largest governorate in terms of
size. Its total land area is estimated at 37,323 km? (8.6% the total
size of Iraqg). The prevailing climate in Nineveh is hot and dry in
summers and cool and rainy in winter.

During October 2021 to January 2022, the blood samples were
collected from 90 dogs of various breeds, including 45 stray dogs
of local breeds and 45 police dogs, mostly of Belgian Malinois and
German Shepherd breeds, with an age range of 1 to 11 years (me-
dian: 4.5 years). All dogs recently treated with antiparasitic drugs
were excluded from the study.

Blood was obtained from cephalic vein and collected in EDTA
and serum tubes at.morning (between 9 a.m. to 12 noon). After
allowing blood to clot, sera were separated by centrifugation and
stored at -20 °C until analysis.

EDTA blood samples were analyzed for the presence of peripheral
blood microfilariae using the wet mount, acridine orange stained
blood smears by fluorescent microscope at 100 and 400 mag-
nifications??, and modified Knott’s test as described by, subse-
quently followed by microfilaria identification using key presented
by Atkins (2005) 2.

For detection of the circulating antigen from the ovary of mature
D. immitis female worms in amicrofilaraemic dogs (diagnosis of
an occult form of cardiac dirofilariosis), all sera were examined by
a commercial antigen—enzyme-linked immune sorbent assay kit
(heartworm Ag ELISA kit, canine, DRG International Inc., USA) ac-
cording to manufacturer’s instructions.

Statistical Analysis

Data obtained from the study were input and analyzed with the
online statistical program (2-way contingency table analysis, In
http://statpages. org/ctab2x2.html. Retrieved on 20/07/10). Co-
hen’s kappa value (k) was calculated to determine the compati-
bility between all tests (wet mount, acridine orange stained blood
smears, and Ag ELISA) and modified Knott's test as a gold stan-
dard. The « values were interpreted according to as the following:
poor, Kk < 0; light, O < kK < 0.20; fair, 0.21 < K < 0.40; moderate, 0.41
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<K < 0.60; substantial, 0.61 <k < 0.80; and perfect, 0.81 <k < 1.00.
The difference in the percentages of infection between the vari-
ous animals were assessed by using chi square test. A P value <
.05 was considered statistically significant.

RESULTS

A total of 49 samples were microfilaria positive, giving a preva-
lence value of 54.4% (n=90, Cl 40.4-61.8). D. immitis antigens were
detected in 27.8% (N=90, CI18.9-38.2) of the examined sera, with
an overall prevalence of 78.9% (Table 1). The results showed that
the prevalence of disease in dogs varies according to forms of
diseases (Table 2). Stray dogs showed higher prevalence for both
microfilaremic and occult forms of cardiac dirofilariosis compared
with police dogs in Irag’s Nineveh Governorate (Table 3).

The agreement between the modified Knott’s test (gold standard)
and wet mount (Figure 1), acridine orange stained blood smears
(Figure 2), and Ag ELISA using Cohen’s k index was light for wet
mount (0.030) (Table 4) and substantial for Ag ELISA (0.462) (Table
1) and acridine orange stained blood smears (0.607) (Table 4).

Table 1. Overall canine cardiac dirofilariosis prevalence of 90 dogs in Iraq’s Nineveh
Governorate

Tests Number of positive ~ 95% confidence

dogs/90 (%) interval € value
Modified Knott’s test 49(54.4) 40.4-61.8 Gold standard
Ag ELISA 25(27.8) 18.9-38.2 0.462
Total 71(78.9) 69.0-86.8 0.0

Table 2. Forms of canine cardiac dirofilariosis in dogs of Iraq’s Nineveh Governorate

Forms of disease Microfilaremic ~ Occult Mixed
Numbers of infected animals/90(%) 46 (51.1)* 15(16.7) 10 (11.1)
Chi square 23.632 33.414
Significance level P=.0001 P <.0001

*Significant at P < .05

Table 3. The distribution of forms of canine cardiac dirofilariosis in both stray and
police dogs of Iraq’s Nineveh Governorate

Type of dogs (N=90)

Chi Significance
Forms of disease Stray N/45 (%) Police N/45 (%) square level
Microfilaremic 31(68.9)* 15(33.3) 11.285 P =.0008
Occult 9(20.0) 6(13.3) 0.720 P =.3962
Mixed 8 (17.8)* 2(4.4) 4.049 P=.0442
Total N/90(%) 48 (53.3)* 23 (25.6) 14.374 P =.0001

Figure 1. A wet blood smear may reveal D. immitis microfilariae in a
dog with heartworm disease. Magnification x100 of the microscope
with a phone (Infinix) camera from top
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Figure 2. Microfilariae of D. immitis stained with acridine orange
stain. Magnification x100 of the fluorescent microscope with a phone
(Infinix) camera from top.

Table 4. Comparison of Kk value and the compatibility between modified Knott’s test
(gold standard) and wet mount and acridine orange stained blood smears in its ability
to detect canine cardiac dirofilariosis

Number of 95% confidence K
Test positive/90 % interval value
Wet mount 3 3.3 —0.042-0.030 0.030
Acridine orange stained blood smears 25 27.8 0.473-0.637 0.607

DISCUSSION

D. immitis is a widespread zoonotic filarial nematodal infection in
dogs. The present study is the first one in dogs of Irag’s Nineveh
Governorate. Previously, D. immitis has been reported in cats of
Mosul city, Iraqg (the same area of the present study) 2°. Our exam-
ination shows that canine cardiac dirofilariosis was reported with
higher percentage of infection (78.9%) in Irag’s Nineveh Governor-
ate. Our results are in agreement with previous study from Karbala
province by 25, who used the necropsy method and reported 73 %
as a rate of infection. Iraq is situated in the southwestern part of
Asia and has a favorable climatic condition with high temperature
and moisture that encourages the distribution and development of
the mosquito vector of D. immitis. In addition, Iraq is home to large
numbers of stray dogs and wild carnivores that are hosts of vari-
ous parasites, including D. immitis, that are not given anthelmintic
treatment®. The prevalence of canine cardiac dirofilariosis appears
to be increasing globally, mainly because of climate change and
the mosquito population density, mosquito fertility, environmen-
tal temperature, number of microfilaremic dogs, and diagnostic
test used %2 In contrast, canine cardiac dirofilariosis prevalence
is declining in some regions, including Japan?® and northern Italy,
possibly because of increased awareness and enhanced control of
the disease' . Higher positivity for both microfilaremic and oc-
cult forms of canine cardiac dirofilariosis was observed among stray
dogs in our study. It is one of the main factors that explain the wide
spread of the disease in dogs of Irag’s Nineveh Governorate. This
may be attributed to stray dogs living in unhygienic outdoor condi-
tions supporting mosquitoes, lack of preventive treatment, and the
activities that presumably increase its vector exposure rates . The
police dogs, when imported to Iraqg, spent several weeks in differ-
ent patrol tasks in the entrance of the cities. Moreover, D. immitis
has colonized these areas because of the availability of many heart-
worm reservoirs (the stray dogs), suitable weather, and high density
of mosquitoes as the intermediate vectors.

The agreement (Cohen’s Kk index ) between the modified Knott's
test (gold standard) was 0.607 and 0.462 for the acridine orange
stained blood smears and Ag ELISA, respectively.

In this study, both tests diagnosed a high percentage of infected
dogs (patent and occult disease).

The modified Knott’s test is the most useful parasitological meth-
od among concentration tests, being based on the detection and
identification of microfilariae in blood samples 323334 The results
of the modified Knott’s test may be impaired by occult infections.
The antigen test (Ag ELISA) was accurate enough for diagnosis of
a high percentage of infected animals (occult infection); we still
could not identify all cases of heartworm infection because anti-
gen tests will only be positive if adult female worms are present,
because the antigen detected is from the worm’s uterus. If the
heartworms were not fully mature (prepatency), if there were only
male worms present (unisex infection), if there was immune-me-
diated clearance of microfilariae, or if there was drug-induced ste-
rility of adult filariae, the antigen test result in infected animals
would be falsely negative. This means that the test result is neg-
ative when the animal is really infected®. Ogbaje and Abel-Dan-
juma (2016)%* confirmed modified Knott’'s test to be the most
sensitive in the diagnosis of canine dirofilariasis in dogs using par-
asitological technique.

Ranjbar-Bahador et al. (2007)°*" showed that the sensitivity and
specificity of antigen detection test kit were higher 92.85% and
96.87%, respectively, when compared with modified Knott's test
at 85.71% and 91.60%, respectively.

CONCLUSION

The findings of the present study provide evidence for the prev-
alence and pattern of canine cardiac dirofilariosis in dogs (both
stray and police) in Irag’s Nineveh Governorate, requiring a phylo-
genetic analysis.
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