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Hesperidin Mikroemiilsiyonunun Bazi Standart (ATCC) Gram Negatif Bakterilere Karsi
Antimikrobiyal Etkinliginin Tespiti

Mukaddes Barel'?

'Erciyes Universitesi, Veteriner Fakiiltesi, Veteriner Halk Saghg Anabilim Dali, Kayseri-TURKIYE
ORCID: ?0000-0002-1170-8632

Sorumlu yazar: Mukaddes BAREL; E-posta: mukaddesbarel@erciyes.edu.tr
Atif yapmak igin: Barel M. Hesperidin mikroemdlsiyonunun bazi standart (ATCC) Gram negatif bakterilere karsi anti-
mikrobiyal etkinliginin tespiti. Erciyes Univ Vet Fak Derg 2024; 21(3):143-147

Oz: Sentetik antibiyotiklere karsi artan antimikrobiyal direng, dogal olarak olusan bilesiklerin etkili antibakteriyel ajanlar
olarak kullaniimasi bilim insanlarinin ilgisini ¢ekmistir. Dogal olarak olusan bilesiklerden Hesperidin'in farkli patojen
bakterilere kargi da etkili olabilecegi, bakteriyel buyuimeyi dogrudan engelleyebilecegdi belirtiimistir. Bu ¢alismada, Hes-
peridin’in bazi ATCC suslarina (Escherichia coli ATCC 25922, Escherichia coli O157;H7 ATCC 43895, Salmonella
enteriditis NCTC, Klebsiella pneumonie ATCC 1705, Aeromonas hydrophila ATCC 7966) karsi etkinliginin belirlenmesi
amaglanmistir. Yapilan minimal inhibisyon konstrasyon (MIK) testi sonuglarina gére Hesperidin igin E. coli, E. coli
0157;H7, S. enteriditis ve K. pneumonie bakterilerine ait MiK degerleri 128 pg/mL iken, A. hydrophila bakterisine ait
MIK degeri 64 ug/mL olarak belirlenmistir. Bu sonuglara ek olarak, pozitif kontrol kolistin igin E. coli, K. pneumonie ve
A. hydrophila bakterilere ait MIK degerleri 0.5 pg/mL olarak belirlenirken, E. coli 0157;H7 ve S. enteriditis bakterilerine
ait MiK degerleri sirasiyla 0.5 ve 1 ug/mL olarak belirlenmistir. Bu ¢alisma sonuglari Hesperidin'in 6zellikle su Griinleri
yetistiriciliginde koruyucu ve alternatif bir antibakteriyel tedavi segenegi olarak yenilik¢i kanitlar sunabilir.

Anahtar kelimeler: Gram negatif bakteri, Hesperidin, minimal inhibitér konsantrasyon

Determination of Antimicrobial Activity of Hesperidin Microemulsion Against Some Standard (ATCC) Gram
Negative Bacteria

Abstract: Increasing antimicrobial resistance to synthetic antibiotics has attracted the interest of scientists in using
naturally occurring compounds as effective antibacterial agents. It has been stated that hesperidin can also be effective
against different pathogenic bacteria and can directly inhibit bacterial growth. This study aimed to determine the effecti-
veness of Hesperidin against various ATCC strains (E. coli ATCC 25922, E. coli 0157;H7 ATCC 43895, S. enteriditis
NCTC, K. pneumonie ATCC 1705, A. hydrophila ATCC 7966). According to the MIC test results, the minimal inhibitory
concentration (MIC) values of E. coli, E. coli O157;H7, S. enteriditis and K. pneumonia bacteria for hesperidin were
determined as 128 pg/mL, while the MIC value of A. hydrophila bacteria was determined as 64 yg/mL. In addition to
these results, the MIC values for colistin for E. coli, K. pneumonia and A. hydrophila bacteria were determined as 0.5
ug/mL, while the MIC values for E. coli O157;H7 and S. enteriditis bacteria were 0.5 and 1 ug/mL, respectively. was
determined as. These study results provide innovative evidence for hesperidin as a preventive and alternative antibac-
terial treatment, especially in aquaculture.

Keywords: Gram negative bacteria, Hesperidin, minimal inhibitory concentration

Girig Gram negatif bakteriler arasinda 1970'lerde baglayan
o , . o ] antibiyotik direncindeki artan artig, kritik bir kuresel
Hesperidin (C16H1406) 3',5,7-trihidroksi-4'-metoksi kriz haline gelmistir. Son yillardaki 6nemli sorun, spe-

flavanon olarak adlandinimaktadir. Flavonoidler, bitki- sifik patojenleri, 6zellikle de hastane kaynakli enfeksi-
lerin farkl kisimlarinda genis capta dagilan, dislk  yonlara neden olan, insanlar arasinda yayiima potan-
molekdl agirlikli polifenolik bitki hiicrelerinde bulunan siyeli olan ve farkli antibiyotiklere karsi direng gelistir-
ve tat ve renkten sorumlu olan bir grup bilesiklerdir. mis patojenleri tedavi etmek igin kullanilabilecek olasi
Hesperidin, flavonoidlerin flavanon grubuna ait olup, alternatiflerin tilkenmesidir. Séz konusu bu sebebe
aglikon kismi ve rutinoz adi verilen bir disakkarit kis-  ygnelik olarak ilag endstrisinde yeni antibiyotiklerin
mindan (glikoz ve ramnoz) olugmaktadir. Hesperidin, kesfinin azalmasi ile kolistin antibiyotigine yeniden
portakal, turung, limon, greyfurt gibi turuncgillerin ilginin artmasina yol agcmistir. Bu baglamda kolistin
farkli kisimlarindan, &zellikle beyaz kabuklarindan Gram negatif patojenlerin neden oldugu enfeksiyonla-
o6nemli miktarlarda dogal olarak elde edilebilmektedir. ra karsi kullanilmak (izere yeniden ortaya gikmistir

(Falagas ve ark., 2005; Bialvaei ve ark., 2015). Son
Gelig Tarihi/Submission Date :28.11.2023 zl.”a:'dz.semetl_jk ?nltlbl%lomﬂerel karsi ;lrtar.]klan.tlmlkrkc.)l_.
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Hesperidin mikroemdilsiyonunun etkinligi...

antibakteriyel ajanlar olarak kullaniimasina neden
olmustur (Guazelli ve ark., 2021). Birgok rapor, Hes-
peridin'in farkli patojen bakterilere karsi da etkili olabi-
lecegini, bakteriyel buyimeyi dogrudan engelleyebile-
cegini veya virllens genlerini eksprese ederek dolayli
olarak etki ettigini gostermistir (Corciova ve ark.,
2015; Farhadi ve ark., 2019; Gonzalez ve ark., 2021;
Suriyaprom ve ark., 2022). Truchado ve ark. (2012),
tarafindan yapilan bir calismada, glikosile flavanonlar
(naringin, hesperidin ve neohesperidin) bakimindan
zengin ekstraktin Chromobacterium violaceum ve
Yersinia enterocolitica Uzerindeki inhibitér etkisi test
edilmis ve portakal ekstraktinin ve ana flavanon bile-
senlerinin Chromobacterium violaceum bakterisinde
cekirdek algilamayi engelledigi rapor edilmistir
(Truchado ve ark., 2012). Ayrica Hesperidin'in Yersi-
nia enterocolitica bakterisinde c¢evreye salgiladigi
laktonlarin seviyesini azalttigi ve bakteri Uremesini
inhibe etmeden, biyofilm Gretimini inhibe ettigi belirtil-
migtir (Bouyahya ve ark., 2022; Chaieb ve ark.,
2022). Hesperidin'in farkli merkezi sinir sistemi (MSS)
bozukluklarinda 6nemli antioksidan, antiinflamatuar
ve noroprotektif etkiler sagladigi belirtilmistir (lkram
ve ark., 2019; Muhammad ve ark., 2019). Ayrica
Hesperidin ile yapilan bir ¢calismada insanlarda lipo-
polisakkarid kaynakl hafiza bozuklugunu in vitro ve
in vivo olarak azalttigi rapor edilmistir (Muhammad ve
ark., 2019). Yapilan baska calismada streptozotosin
verilen diyabetik ve Parkinson hastaligi olan farelerde
Hesperidin’in antidepresif etkiye sahip oldugu da be-
lirtilmistir (Muhammad ve ark., 2019; Antunes ve ark.,
2020). Hesperidin ayni zamanda yukarida belirtilenler
disinda UV korumasi, yara iyilesmesi ve kutanoz
fonksiyonlar ve iyonlastirici radyasyonun neden oldu-
gu hasara karsi radyokoruyucu koruma gibi diger
yararli saglik etkileriyle de iligkilendirilmistir. Kilcal
kirilganligi azalttigi bu sebeple vendz dolagim bozuk-
luklarinin (bacaklarda sisme, agri, gece kramplari) ve
akut hemoroidal ataga bagh semptomlarin tedavisin-
de bazi arastirmacilar tarafindan tavsiye edilmistir
(Hu ve ark., 2018; Fraga ve ark., 2019; Man ve ark.,
2019; Musa ve ark., 2019). Bu galismada, Hesperi-
din’in cesitli bakterilere (E. coli ATCC 25922, E. coli
0O157;H7 ATCC 43895, S. enteriditis NCTC, K. pneu-
monie ATCC 1705, A. hydrophila ATCC 7966) karsi
antimikrobiyal etkinliginin belirlenmesi amaglanmistir.

Gereg ve Yontem

Antibakteriyel etkisinin belirlenmesi amaciyla kullani-
lan Hesperidin (Sigma-Aldrich Katalog no.520-26-3)
ve kolistin (Sigma-Aldrich, Katalog no: C4461) Sigma
-Alderich firmasindan temin edilmistir. Stok sollisyon-
lari 100mL/mg dimetil silfat oksit (DMSQO) ile hazir-
lanmistir (Karayildirim, 2017).
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Antibakteriyel aktivitenin belirlenmesi

Hesperidin’in antibakteriyel aktivitesi, bes farkli Gram
negatif bakterisi (E. coli ATCC 25922, E. coli
0157;H7 ATCC 43895, S. enteriditis NCTC, K. pneu-
monie ATCC 1705, A. hydrophila ATCC 7966) kulla-
nilarak test edilmistir. S6z konusu suslar Blood
Agar'a (Merck, Germany Katalog no: 103879) ekile-
rek 37°C ‘de 18-24 saat inklibasyona birakilmistir.
Analize tabi tutulan ATCC suslar araci firmadan
(Elips laboratuvar trlnleri San. Ve Tic. Ltd. Sti) temin
edilmigtir (Karayildirim, 2017).

Minimum inhibitér konsantrasyon (MIK) testi

MIK'in belirlenmesi, CLSI (2007) tarafindan agiklanan
mikrodilisyon ydntemine goére gerceklestirilmistir.
Kanli Agarda (Merck, Germany Katalog no: 103879)
37°C'de 18-24 saat boyunca Ureyen bakteriler 1:100
(h/h) oraninda ayarlanan Mueller Hinton broth
(Merck, Germany, Katalog no: 103872) icerisine ino-
kule edilerek McFarland (0.5 CFU/1.5X10°%) standarti-
na gore ayarlanmistir. Hazirlanmig Hesperidin stok
solusyonlart 96 kuyucuklu mikrotitre platelerine
(ISOLAB) daha 6nceden eklenmis broth lzerine ino-
kule edilmistir. Kuyuculardaki Hesperidin konsantras-
yonlari 256 ile 0.5 pyg/mL arasinda degismistir. Son
kuyucukta ise negatif kontrol olarak 100 uL broth ve
100pL bakteri stispansiyonu kullanilmigtir. Tim plate-
lerin Uzeri steril bir plate kapagi ile kapatilarak ve 37 °
C'de 24 saat inkiibe edilmistir. Kuyucuklarda mevcut
stspansiyonlar Mueller Hinton agarda (Merck, Ger-
many, Katalog no:103872) ekilerek inkiibasyona bira-
kilmistir. Hesperidin mikroemulsiyonun etkinliginin
karsilagtiriimasi amaciyla kolistin antibiyotigi kullanil-
mistir. Daha 6nceden hazirlanan kolistin antibiyotik
stok sollisyonlari kuyucuklarda 4 ile 0.36 pg/mL ara-
sinda olacak sekilde ayarlanmistir.

Istatistiksel analiz

Hesperidin’in bes farkl bakteriye kargi MiK degerleri-
nin sonuglari, Microsoft Office Excel 2019 (Microsoft
Corporation, Redmond, WA, ABD) kullanilarak ortala-
ma+standart sapma cinsinden ifade edilmistir. Ortala-
malar arasindaki énemli farkhliklar T-testi (Windows
11 igcin SPSS; one way ANOVA) ile belirlenmistir.

Bulgular

Yapilan MIK testi sonuglarina gére Hesperidin igin E.
coli, E. coli O157;H7, S. enteriditis ve K. pneumonie
bakterilerine ait MiK degerleri 128 pg/mL iken, A.
hydrophila bakterisine ait MiK degeri 64 ug/mL olarak
belirlenmistir. Bu sonuglara ek olarak, kolistin igin E.
coli, K. pneumonie ve A. hydrophila bakterilerine ait
MIK degerleri 0.5 pg/mL olarak belirlenirken, E. coli
O157;H7 ve S. enteriditis bakterilerine ait MiK deger-
leri sirasiyla 0.5 ve 1 pg/mL olarak belirlenmistir
(Sekil 1). Yapilan tek yonli varyans analizi (ANOVA)
sonucunda MIK yéntemi sonuglarina goére Gr (-) bak-
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teriler arasinda MIK degerleri agisindan istatistiksel
farkhhk olmadigi goérildi (P>0,05).

DHesperidin Kdlistin

128 128 128 128
64

60

40

20 0,5 0,5 0,5 1 0,5
0

E.coli E.coli0157;H7 A. hydrophila ~ S.enteriditis K. pneumonia
Gram negatif bakteriler

MiK Degerleri

Sekil 1. Cesitli Gram negatif standart bakterilere gére
belirlenen Hesperidin ve Colistin MIK degerleri (ug/
mL).

Tartisma ve Sonug

Hesperidin antioksidan, antiinflamatuar ve antibakte-
riyel 6zellikleriyle bilinen bir flavanondur. Ek olarak,
6nemli oranda tibbi degere sahip oldugu ve antimik-
robiyal, analjezik ve immiinomodilatér oldugu farma-
kolojik olarak kanitlanmistir (Yamamoto ve ark.,
2000; Gar ve ark.,2001).

Bu calismada Hesperidin'in A. hydrophila igin MiK
degeri 64 pg/mL olarak belirlenmistir. Bu calisma
sonucuna benzer olarak, Abuelsaad ve ark. (2013)
tarafindan Hesperidin’in A. hydrophila bakterisine
kars! etkisinin arastirildigi bir calismada MiIK degerle-
rinin 100-12.5 mg/mL arasinda degistigi belirlenmistir.
Mevcut galismamizda Hesperidin’in E. coli, E. coli
0157;H7 ve K. pneumoniae bakterileri icin MiK de-
gerleri 128 pg/mL olarak bulunmustur. Balakrishnan
ve ark. (2021) tarafindan yapilan baska bir calismada
E. coli, K. pneumoniae ve P aeruginosa bakterilerine
kars! Hesperidin'in MiKso degerinin 92.17+3.71ug/mL
araliginda oldugu bildirilmistir. Calismamizda Hespe-
ridin’in E. coli, E. coli O157;H7, S. enteriditis bakteri-
leri igin MIK degerleri 128ug/mL bulunmustur. Bu
calisma sonucundan farkh olarak, Yi ve ark. (2008)
Hesperidin ile yapilan bir calismada E.coli ve S. typhi
bakterilerine ait MIK degerlerinin 800ug/mL olarak
bildirilmistir. Yapilan bagka bir ¢alismada, Abass ve
ark. (2014) E. coli ve S. typhi bakterilerine ait MiK
degerlerini 175-450 pg olarak bulmustur. Bu ¢alisma-
dan farkh olarak Hesperidin’in antimikrobiyel etkisinin
arastinldig1 calismada Helicobacter pylori bakterisine
ait MiK degerinin >200 pM olarak bildirilmistir (Moon
ve ark., 2013).

Klinik agidan 6nemli Gram-negatif bakteriler arasinda
¢oklu ilag direncinin ortaya ¢ikmasi, kolistin gibi eski
antibiyotiklerin yeniden klinik kullanimini artirmigtir.
S0z konusu bu artis, P. aeruginosa, E. coli ve Klebsi-
ella spp. gibi Gram-negatif patojen bakterilerde kolis-
tine direncin oraya ¢ikmasina neden olmustur. Gram
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negatif bakterilerde kolistin antibiyotige direng mobil
elementlerde bulunmasinin mutasyonlarin yani sira
kromozomal mutasyonlarin aracilik ettigi belirtilmistir
(Liu ve ark., 2016; Xavier ve ark., 2016). Bu durum
hem hasta bakimi hem de epidemiyolojik slrveyans
igin klinik mikrobiyoloji laboratuvarlari tarafindan stan-
dartlastinimis in vitro duyarlilik testlerine olan acil
ihtiyacin énemini artirmistir. Bununla birlikte, kolisti-
nin katyonik yapisi, plastige afinitesi ve agarda zayif
yayilabilirligi gibi dogal 6zellikleri nedeniyle standart-
lastirlmis in vitro duyarlilik testlerini zorlagtirmigtir
(Sader ve ark., 2012; Hindler ve Humphries, 2013).

Bu calismada kolistin igin E. coli, K. pneumonie ve A.
hydrophila bakterilere ait MIK degerleri 0.5 ug/mL
olarak belirlenirken, E. coli O157;H7 ve S. enteriditis
bakterilerine ait MIK degerleri sirasiyla 0.5 ve 1 pg/
mL olarak belirlenmistir. Bu ¢alisma sonucuna benzer
olarak, yapilan bir calismada E. coli ve P. aeruginosa
igin MIK degerlerini 0.5-4 pg/ml ve 1-2 pg/ml olarak
bildiriimistir. Baska bir calismada E. coli ve K. pneu-
monie igin MiK degerleri sirasiyla 8-0.25 ug/ml ve 32-
0.5 pg/ml araliginda degistigi rapor edilmistir
(Matuschek ve ark., 2018). Ancak, bu galisma sonu-
cundan yiiksek olarak, Tan ve Ng, (2006) tarafindan
yapllan calismada ise E. coli ve K. pneumonie igin
MIK degerleri sirasiyla MIC90 <2 mg/L ve MIC90 <1
mg/L olarak rapor edilmistir. Buna ek olarak Esposito
ve ark. (2018) tarafindan yapilan bir calismada K.
pneumoniae suslari icin MIK degerlerinin 4-256 mg/L
araliginda degistigi belirtilmistir. Bir baska calismada
ise E. coli ve S. enterica bakterilerine ait MiK degerle-
ri 0.5ug/mL ve 8 ug/mL olarak bildirilmistir (Morales
ve ark., 2012). Mevcut ¢alismamiz Hesperidin mikro-
emdulsiyonunun nispeten yiksek bir antibakteriyel
tepkiye sahip oldugunu gdstermistir. Buna karsin
daha o6nce yapilan calismada Hesperidin'in Gram
negatif bakterilere kargi nispeten daha ylksek anti-
bakteriyel etkinlige sahip oldugu rapor edilmistir
(Basile ve ark., 2000). Ayrica Hesperidin ile 6n teda-
vinin farelerde enfeksiyonun neden oldugu endotok-
sik soku baskilayabildigi ve enfeksiyon sirasinda bak-
teri kolonilerini azaltabildigi gosterilmistir (Kawaguchi
ve ark., 2004).

Sonug olarak, bu ¢alisma Hesperidin'in A. hydrophila
Uremesini 6nemli oranda azalttigini géstermistir. Bu-
na ilaveten, Hesperidin’in 6zellikle su urlnleri yetistiri-
ciliginde koruyucu ve alternatif bir antibakteriyel teda-
vi secenegdi olabilecegine iliskin yenilik¢i kanitlar su-
nabilir.
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Oz: Diyabetes mellitus (DM) gesitli komplikasyonlara sebep olmaktadir. Bu komplikasyonlarin en énemlileri hemostaz-
dan sorumlu olan karaciger ve bdbrekte meydana gelen komplikasyonlardir. Isgin (Rheum ribes, R. ribes) gesitli hasta-
liklarin yani sira DM’de de tedavi amach kullaniimaktadir. TLR aile tyeleri birgok durumda artmaktadir. Ancak diyabetik
hastalarda TLR2 ve TLR4'teki ekspresyon artisi dikkat cekmektedir. Calismamizda R. ribes ekstraktinin diyabetteki
etkilerinin yani sira diyabetik olgularda belirgin olarak artan TLR2 ve TLR4'Uin immunohistokimyasal lokalizasyonunu
incelemeyi amagladik. DM deneklerde Streptozotosin (STZ) 50 mg/kg intraperitoneal uygulanarak olusturuldu. R. ribes
ve diyabet + R. ribes gruplarina 21 glin boyunca oral gavaj ile 200 mg/kg R. ribes ekstrakti verildi. Yapilan incelemede
karaciger dokusunda TLR2 immiinreaktivitesi hepatositlerde, V. sentralislerde, sinuzoid endotellerinde; TLR4 immunre-
aktivitesi V. sentralis, hepatositler ve V. interlobularislerde goruldi. Bobrekte ise TLR2 ve TLR4 immunreaktivite glome-
rulus hlcrelerinde, proksimal tubullerde, distal tubullerde ve medullada gozlendi. TLR2 sitoplazmik immdinreaktif oldu-
gu halde TLR4 hem sitoplazmik hem de niikleerdi. Hem TLR2 hem de TLR4 igin imminreaktivite diyabet grubu karaci-
ger ve bobrek dokularinda yodun olarak goézlenirken, R. ribes ekstrakti uygulanan diyabet grubu karaciger ve bobrek
dokularinda immunreaktivitenin énemli dlgiide azaldigi goézlendi. Sonug olarak diyabetik ratlarin karaciger ve bobrek
dokularinda R. ribes bitkisinin pozitif bir etkiye sahip oldugu belirlenmistir. Bundan dolayi gesitli hastaliklarda da kullani-
lan R. ribes bitkisi DM hastalidi igin ilag endistrisinde yeni tedavi yontemlerinin gelistirimesine katki saglayacagini
disinmekteyiz.

Anahtar kelimeler: Bobrek, diyabetes mellitus, immunohistokimya, karaciger, Rheum ribes, TLR2, TLR4

Effect of Rheum ribes Application on Immunohistochemical Localizations of TLR2 and TLR4 in the Liver and
Kidneys of Diabetic Rats

Abstract: Diabetes mellitus (DM) causes various complications. The most important of these complications are those
occurring in the liver and kidney, which are responsible for hemostasis. Rheum ribes (R. ribes) is used for treatment
purposes in DM as well as various diseases. TLR family members are increased in many cases. However, the in-
creased expression of TLR2 and TLR4 in diabetic patients is noteworthy. In our study, we aimed to examine the effects
of R. ribes extract in diabetes as well as the immunohistochemical localization of TLR2 and TLR4, which are signifi-
cantly increased in diabetic cases. Streptozotocin (STZ) was administered intraperitoneally 50 mg/kg in DM subjects.
R. ribes and diabetes + R. ribes groups were given 200 mg/kg R. ribes extract by oral gavage for 21 days. In the exam-
ination, TLR2 immunoreactivity in liver tissue was found in hepatocytes, central veins, and sinusoid endothelium; TLR4
immunoreactivity was seen in V. centralis, hepatocytes and V. interlobularis. In the kidney, TLR2 and TLR4 immunore-
activity was observed in glomerulus cells, proximal tubules, distal tubules, and medulla. While TLR2 was cytoplasmic
immunoreactive, TLR4 was both cytoplasmic and nuclear. Immunoreactivity for both TLR2 and TLR4 was observed
intensely in the liver and kidney tissues of the diabetes group. But it was observed that immunoreactivity was signifi-
cantly reduced in the liver and kidney tissues of the diabetic group administered R. ribes extract. As a result, it was
determined that R. ribes plant has a positive effect on the liver and kidney tissues of diabetic rats. Therefore, we think
that the R. ribes plant, which is also used in various diseases, will contribute to the development of new treatment
methods in the pharmaceutical industry for DM disease.

Keywords: Diabetes mellitus, immunohistochemistry, kidney, liver, Rheum ribes, TLR2, TLR4
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Bu calisma Kafkas Universitesi Bilimsel Arastirma Projeleri Koordi- DM, vucutta birgok komplikasyona neden olur. Bu

natorligl (Proje No: 2021-TS-32) tarafindan desteklenmis olup
doktora tezinden tiretilmigtir.

komplikasyonlar, viicudun insilin Uretememesi veya
kullanamamasina bagl olarak kan sekeri seviyesinin
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istem disi yukselmesiyle olusmaktadir (Pickup ve
Williams, 1991).

Metabolizma ve vicut hemostazinin diizenlenmesin-
den sorumlu olan karaciger ve bobrek DM'ta énemli
rol oynamaktadir (Green ve ark., 2005). Karaciger,
glikoz metabolizmasinda énemli bir géreve sahiptir.
Bu rol insilin ve glukagon tarafindan enerji metabo-
lizmasinin diizenlenmesiyle olusmaktadir. insiilin
karacigerde glikojen sentezini artirir ve glikoz tretimi-
ni engeller. Aksine, glukagon glikoz Uretimini indUkler
ve glikojen sentezini engeller (Kim ve ark., 2011; Ki-
rim ve ark., 2015). Ayrica DM, bébrekte de 6nemli
komplikasyonlar olusturmaktadir. Bu komplikasyonlar
bdbreklerdeki vaskiler dejenerasyonlardan kaynak-
lanmaktadir. Meydana gelen vaskiiler dejenerasyon-
lar vicut hemostazinin diizenlenmesinde buyuk en-
gel olusturmaktadir (Kurt ve ark., 2004).

Toll benzeri reseptorler (TLR), deri ve bagirsak mu-
kozasi gibi viicut bélimlerinde dodustan olarak bulu-
nan ve organizmaya giren patojenik yapilari taniyabi-
len bir reseptdr ailesidir. TLR, patojenik mikroorganiz-
malari tanir ve onlara karsi bir immun yanit olustura-
bilir (Mistak ve Esendal, 2007). DM ile artan glikoz
seviyesi, enzimatik olmayan glikozilasyonuna neden
olur. Glikozilasyon sonucu degistirilmis proteinler,
bagisiklhk sistemi tarafindan antijen olarak kabul edilir
(Aboonabi ve ark., 2014). Dogal savunma reseptorleri
olarak bilinen TLR2 ve TLR4, diyabetik hastalarda
olusan proteinlere kargi sentezlenen énemli TLR ola-
rak bilinirler (Devavaraj ve ark., 2011; Kim ve ark.,
2011; Sevimli ve Ozgelik, 2016).

Iskin olarak bilinen R. ribes, Polygonaceae familyasi-
na ait tibbi bitkilerden biridir. Bagta Bati Asya olmak
Uzere dunyanin iliman ve subtropikal bdlgelerinde
(Tarkiye, Suriye, Lubnan, Irak, iran, Azerbaycan,
Ermenistan, Afganistan, Pakistan) yetismektedir.
Hem gida maddesi hem de c¢esitli hastaliklarda kulla-
nilmaktadir (Akkus ve Siktar, 2018). Ayrica hipoglise-
mik etkiye sahip olmasi ve igeriginde bir cok antioksi-
danlan barindirmasiyla diyabet tedavisine 6nem ka-
zanmisgtir (Konak ve Aktar, 2009; Rafaat ve ark.,
2014; Meral, 2017).

Bu galismanin amaci, diyabetik ve diyabetik olmayan
ratlara R. ribes bitki ekstrakti uygulandiinda karaci-
ger ve bobrek dokularinda meydana gelen degisiklik-
leri histopatolojik olarak ortaya koymak ve dogal im-
mun reseptorler olarak bilinen TLR2 ve TLR4'Un bu
dokulardaki lokalizasyonlarini ve ekspresyon durum-
larini belirlemektir.

Gereg ve Yontem
Deney prosediirii

Bu calisma, Kafkas Universite;.si Hayvan Deneyleri
Yerel Etik Kurulu'ndan (KAU-HADYEK/2020-128)
alinan onay dogrultusunda yapilmistir. Ratlar, Kafkas
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Universitesi Deney Hayvanlari Uygulama ve Aragtir-
ma Merkezi'nde; 12 saat aydinlik 12 saat karanlik
ritminde 1siklandirilan, 22+2°C’ye ayarli oda isisinda,
standart pelet yem ile beslendi. Ayrica ratlar, yem ve
su alimi serbest olacak sekilde standart plastik kafes-
lerde barindirildi. Calismamizda deney hayvani ola-
rak 40 adet erkek Spraque Dawley rat kullanildi. De-
ney hayvanlari Kontrol (n=8), Sham (n=8), R. ribes
(n=8), R. Ribes + Diyabet (n=8) ve Diyabet (n=8)
olmak Uzere bes gruba ayrildi. Streptozotosin (STZ)
(Sigma S0130-100 MG) 0.1 M sitrat tamponunda pH
4.5'da eritilerek 50 mg/kg dozunda diyabetik gruplara
intraperitoneal olarak uygulandi. STZ uygulanan
gruplarda 72 saat sonra ratlar sekiz saat a¢ birakildi
ve kan sekerleri glukometre ile 6lguldi. Kan sekeri
diizeyi 250 mg/dI'nin tzerinde olanlar diyabetik olarak
kabul edildi (Kanitkar ve Bhonde, 2004). R. ribes ve
diyabet + R.ribes gruplarina 21 giin boyunca 200 mg/
kg/giin R. ribes ekstrakti distile su iginde eritilerek
(Asgharian ve ark., 2018), Sham grubuna ise sadece
ayni miktarda distile su oral gavaj yoluyla verildi.
Kontrol grubuna sadece ad libitum beslenme yapildi.

Ekstraktin hazirlanmasi: Ekstrakt igin Van'dan ticari
olarak R. ribes bitkisi temin edildi. Bitki 10 gtin boyun-
ca kurutuldu ve ardindan mikserlendi. Toz haline
getiriimis R. ribes bitkisi, U¢ gln sureyle cam bir kap-
ta metil alkol iginde isleme tabi tutuldu. Tortu, kari-
simdan filtre kagidi ile ayrildi. Metil alkoli ekstrakt
karigimindan uzaklastirmak igin bir evoporator cihazi
kullanildi. Elde edilen ekstrakt deney baslangicina
kadar oda sicakliginda saklandi (Gholamhoseinian
ve ark., 2009).

Histolojik analiz

Deney sonunda ratlarin karaciger ve bdbreklerinden
doku &rnekleri alindi. Dokular %10'luk formaldehit
solisyonunda en az 48 saat tespit edildi. Daha sonra
dokular doku takibi iglemlerinden gegcirilerek doku
bloklari hazirlandi. Kesit icin hazir hale gelen karaci-
ger ve bobrek dokulari mikrotomda 5 pm kalinhginda
kesildi. Doku kesitleri histolojik inceleme igin triple
yontemi (Crossmann’in i¢lii boyamasi) ile boyandi.

immunohistokimyasal analiz

immunohistokimyasal yéntem igin  avidin-biotin-
peroksidaz kompleksi (ABC) teknidi uygulandi (Hsu
ve ark., 1981). TLR2 ve TLR4 immiinreaktivitesini
incelemek amaciyla endojen peroksidaz aktivitesini
bloke etmek icin %3 H202 uygulandi. Antijenleri ser-
best birakmak icin sitrat tamponunda (pH 6.0) mikro-
dalga uygulamasi yapildi. Dokular, anti-TLR2 antiko-
ru (ab213676, Poliklonal) (karaciger dokulari igin
1/200, boébrek dokulari igin 1/50) ve anti-TLR4 antiko-
ru (sc293072, Monoklonal) (karaciger dokulan igin
1/100, bébrek dokular igin 1/100) ile inkiibasyona
oda sicakliginda bir saat birakildi. Ardindan PBS ile
ylkama sonrasi  kesitlere = sekonder  antikor
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(Biontinylated Goat Anti-Rabbit, Lab  Vision
510.991.2800) ilave edilerek 30 dk oda isisinda bek-
letildi. Kesitlere kromojen uygulamasi icin DAB
(Thermo Scientific) kullanildi. Son olarak hematoksi-
len ile karsit boyama yapildi. immiinreaktivite reaksi-
yon yogunluguna gére yari kantitatif olarak degerlen-
dirildi (Reaksiyon yok: -, Zayif: +, Orta: ++, Guglu:
+++) (Okihiro ve Hinton, 2000). TLR2 ve TLR4 immd-
noreaktivitelerinin spesifik olup olmadigini belirlemek
icin negatif kontrol uygulamasi da yapildi.

Bulgular

Calismamizda kontrol grubuna ait karaciger dokusu-
nun normal histolojik yapiya sahip oldugu géraldu

Ayhan AKGUN

loblarinin bazi bdlgelerinde yaygin olmayan fakat
belirgin lipidoz izlendi (Sekil 1-B). Diyabet + R. ribes
grubunun bulgulari, diyabet grubunun bulgularina
benzerdi. Kontrol grubu bdbrek dokularinda ise histo-
lojik gérinim normaldi (Sekil 1-C). Sham ve R. ribes
gruplari igin histolojik bulgular kontrol grubundan fark-
Ii degildi. Diyabet grubunun bébrek dokularinda nef-
ron yapisini olugturan Bowman araliginda genigleme-
ler ve glomertllerde atrofi mevcuttu (Sekil 1-D). Diya-
bet + R. ribes grubu bdbrek dokularindaki histolojik
bulgular, Diyabet grubu dokularinin bulgulari ile ben-
zerlik géstermekteydi.

Kontrol, Sham, R. ribes, diyabet ve Diyabet + R. ribes
gruplarina ait karaciger ve bdbrek dokulari TLR2 im-

(Sekil 1-A). Sham ve R. ribes gruplari incelendiginde miinohistokimyasal bulgulari agisindan incelendi
kontrol grubu ile histolojik olarak anlamli fark yoktu. (Tablo 1).
Diyabet grubunun karaciger dokusunda karaciger
Tablo 1. Gruplara gére TLR2 immiinoreaktivite skor tablosu
& Kontrol Sham R. ribes Diyabet Diyabet + R. ribes
KARACIGER Grubu Grubu Grubu Grubu Grubu
V. sentralis + + + +++ ++
Hepatositler - - - . ++
Sinuzoid endotelleri + + + +++ ++
V. inter lobularis + + + ++ +
A. hepatika - - - ++ +
Duktus biliferus + + + ++ +
BOBREK
Glomerulus hiicreleri ++ ++ ++ +++ ++
Bowman kapsiili ++ ++ ++ +++ ++
Proksimal tubul + + + +++ ++
Distal tubul + + + +++ ++
inen henle ++ ++ ++ - +
Cikan henle ++ ++ ++ +++ ++
Tubulus kollektivus ++ ++ ++ +++ ++

1 D D26 ytng S e

Sekil 1. Kontrol grubu karaciger dokusu (A). Diyabet
grubu karaciger dokusu (B), Kontrol grubu bdbrek
dokusu (C), Diyabet grubu bdbrek dokusu (D). V.
sentralis (V), lipidoz (kisa oklar), glomerulus (g),
proksimal tubuller (p), distal tubuller (d), Bowman
araligi (uzun oklar). A,B,C,D Triple Boyama, Bar: 50
pm.

TLR2'nin karacigerdeki lokalizasyonu V. sentralisler,
hepatositler, sinuzoid endotelleri, V. interlobularis, A.
hepatikalar ve duktus biliferuslarda gozlendi. Karaci-
ger dokularinda TLR2 immiunreaktivitesinin sitoplaz-
mik oldugu gozlendi. Kontrol, Sham ve R. ribes grubu
karaciger dokularinda TLR2 imminreaktivitesi digik-
ti (Sekil 2-A). Diyabetik karaciger dokularinda kontrol
grubuna kiyasla ylksek immdinreaktivite tespit edildi
(Sekil 2-B). Diyabet + R. ribes grubunda ise diyabetik
karaciger dokularina gore TLR2 ekspresyonu disuk-
ti (Sekil 2-C).

TLR2'nin bobrekteki lokalizasyonu glomerulus hicre-
leri, bowman kapstilleri, proksimal tubuller, distal tu-
buller, inen henle, gikan henle ve tubulus kollektivus-
larda g6zlendi. Bébrek dokularinda sitoplazmik TLR2
immdinreaktivitesine rastlandi.

Kontrol, Sham ve R. ribes grubu bobrek dokularinda
TLR2 immunreaktivitesi dustiktti (Sekil 2-D). Diyabe-
tik bébrek dokularinda kontrol grubuna kiyasla yik-
sek immunreaktivite gbzlendi (Sekil 2-E). Diyabet +
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R. ribes grubunda ise diyabetik bdbrek dokularina

gore ekspresyon dusikti (Sekil 2-F).
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Kontrol, Sham ve R. ribes grubu karaciger dokularin-
da TLR4 immuiinreaktivitesi dusiktl (Sekil 3-A). Diya-
betik karaciger dokularinda Kontrol grubuna kiyasla
yuksek immunreaktivite gozlendi (Sekil 3-B). Diyabet
+ R. ribes grubunda ise diyabetik karaciger dokulari-
na gore ekspresyon disukti (Sekil 3-C).

paE d E L

Sekil 2. Kontrol grubunun karaciger dokusunun TLR2
immiinoreaktivitesi (A), Diyabet grubu karaciger do-
kusunun TLR2 imminoreaktivitesi (B), R. ribes +
Diyabet grubu karaciger dokusunun TLR2 immdinore-
aktivitesi (C), Kontrol grubunun bdbrek dokusu kor-
teks bolgesinin TLR2 immiinoreaktivitesi (D), Diyabet
grubunun bébrek dokusu korteks bdlgesinin TLR2
immiinoreaktivitesi (E), R. ribes + Diyabet grubunun
bdébrek dokusu korteks bdlgesinin TLR2 imminoreak-
tivitesi (F). V. sentralis endoteli (ok baslari), siniizoid
endoteli (kisa oklar), hepatositler (uzun oklar), proksi-
mal tubul (uzun oklar), distal tubul (kisa oklar), glo-
meruler ag (ok baslari). A-F Bar: 50 pm.

Kontrol, Sham, R. ribes, diyabet + R. ribes ve diyabet
gruplarina ait karaciger ve bobrek dokularinda TLR4
immunohistokimyasal bulgulari incelendi (Tablo 2).

Sekil 3. Kontrol grubu karaciger dokusunun TLR4

immdinoreaktivitesi (A), Diyabet grubu karaciger do-
kusunun TLR4 immdinoreaktivitesi (B), R. ribes +
Diyabet grubu karaciger dokusunun TLR4 immunore-
aktivitesi (C), Kontrol grubu bobrek dokusunun TLR4
imminoreaktivitesi (D), Diyabetik bébrek dokusunun
TLR4 immunoreaktivitesi (E), R. ribes + Diyabet gru-
bu bdbrek dokusunun TLR4 immunoreaktivitesi (F).
Hepatositler (ok), proksimal tubul (uzun oklar), distal
tubul (kisa oklar), glomeriler ag (ok baslar). (A-F
Bar: 50pm).

Tablo 2. Gruplara gore TLR4 imminoreaktivite skor tablosu

Kontrol Sham R. ribes Diyabet Diyabet + R.ribes
KARACIGER Grubu Grubu Grubu Grubu Grubu
V. sentralis + + + +++ ++
Hepatositler + + + +++ ++
Sinuzoid endotelleri - - - _ _
V. inter lobularis + + + +++ ++
A. hepatika - - - 4+ ,+
Duktus biliferus + + + +++ ++
BOBREK
Glomerulus hiicreleri + + + +++ ++
Bowman kapsiilii + + + ++ +
Proksimal tubul ++ ++ ++ +++ ++
Distal tubul ++ ++ ++ +++ ++
inen henle ++ ++ ++ +++ ++
Cikan henle ++ ++ ++ +++ ++
Tubulus kollektivus ++ ++ ++ +++ ++

TLR4’Un karacigerdeki lokalizasyonu V. sentralisler,
hepatositler, V. inter lobularisler, A. hepatikalar ve
duktus biliferuslarda gézlendi. Karaciger dokularinda
TLR4 imminreaktivite hem sitoplazmik hem de nik-
leerdi.
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TLR4’in bobrekteki lokalizasyonu glomerulus hiicre-
leri, bowman kapstilleri, proksimal tubuller, distal tu-
buller, inen henle, ¢ikan henle ve tubulus kollektivus-
larda gozlendi. Bébrek dokulari igin TLR4 immunre-
aktivite hem sitoplazmik hemde nukleerdi.
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Kontrol, Sham ve R. ribes grubu bdbrek dokularinda
TLR4 immunreaktivitesi disuktiu (Sekil 3-D). Diyabe-
tik bdbrek dokularinda Kontrol grubuna kiyasla yuk-
sek immunreaktivite gozlendi (Sekil 3-E). Diyabet +
R. ribes grubunda ise diyabetik bdbrek dokularina
gore ekspresyon dusuktu (Sekil 3-F).

Tartisma ve Sonug

DM'de hiperglisemi lipid, karbonhidrat ve protein me-
tabolizmasinin dizensiz ¢alismasina neden olur.
DM'tan kaynakli kandaki surekli ylksek seyreden
glikoz seviyesi, enzimatik olmayan glikozilasyona
sebep olmasiyla glikozun yabanci proteinlere déni-
sumilne sebep olur. Degistiriimis proteinler, bagisiklik
sistemi tarafindan yabanci yapilar olarak algilanir
(Aboonabi ve ark., 2014). Dogal savunma reseptorleri
icinde yer alan TLR2 veTLR4 bu yabanci proteinler
ile etkilesime girerek ekspresyona ugrarlar (Devaraj
ve ark., 2008; Kim ve ark., 2011; Sevimli ve Ozcelik,
2016)

TLR2 ile DM arasinda iligskiyi ortaya koyan birgcok
calisma (Dasu ve ark., 2010; Ehses ve ark., 2010;
Karaali ve ark., 2019) olmasina ragmen, yapilan lite-
ratur taramalarinda TLR2'nin karacigerde immunloka-
lizasyonunu arastiran herhangi bir calismaya rastla-
nilmadi. Karaali ve ark. (2019) yaptiklari ¢alismada
DM hastalarinda TLR2 ekspresyonunun kontrol birey-
lere gére daha ylksek oldugunu bildirmiglerdir. Dasu
ve ark. (2010) yaptiklari galismada diyabetik bireyler-
de TLR2'nin kontrol grubuna gdre arttigini bildirmig-
lerdir. Calismamizda karaciger dokularinin TLR2
ekspresyonuna bakildiginda diyabet gruplarinin kont-
rol gruplarina kiyasla daha ylUksek immdunreaktif oldu-
gu goézlendi. Bu bulguya dayali olarak, galismamizda
diyabetik olgularda TLR2'nin ekspresyonunda artis
g6zlemlenmesiyle adi gecen calismalarla (Dasu ve
ark., 2010; Karaali ve ark., 2019) bizim arastirmamiz
arasinda paralellik oldugu goérilmektedir. Yaptigimiz
calismada V. sentralis endotelleri, sintizoidal endotel
hicreleri, hepatositler, V. interlobularis ve A. hepatika
epitellerinde TLR2 immunreaktivite gozlendi. Ayrica
ekstrakt uygulanan diyabetik ratlarin karacigerlerinde
TLR2 immuiinreaktivitesinde azalma vardi.

Sawa ve ark. (2014) TLR2'nin diyabetik nefropati igin
6nemli oldugunu 6éne surmdislerdir. TLR2'nin glome-
riler endotel ve proksimal tubul epitelleri tUzerinde
lokalize oldugunu bildirdiler. Ayrica diyabetik fareler-
de TLR2 ekspresyonunun diyabetik olmayan farelere
gore daha ylksek oldugunu goézlemlediler. Devaraj
ve ark. (2011) yaptiklari gcalismada TLR2 lokalizasyo-
nunun glomerulusta oldugunu saptamislardir. Ayrica
diyabetik farelerin bobreklerinde TLR2 ekspresyonu-
nun, kontrol grubundaki TLR2 reaktivitesine kiyasla
daha yilksek oldugunu bildirdiler. Mudaliar ve ark.
(2013) yaptiklari cahismada TLR2 ekspresyonunun
hem kontrol hem de diyabetik bdbrek dokularinda
gOruldigind bildirmiglerdir. Ancak diyabetik farelerin
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bdbrek dokularinda TLR2 ekspresyonunun, &zellikle
hasarli tubullerde daha yodun immunreaktivite gos-
terdigini belirtmislerdir. Calismamizda diyabetik bodb-
rek dokusunda glomerulus, Bowman kapsull, proksi-
mal tubuller, distal tubuller, inen ve ¢ikan henle ve
tubulus kollektivusu olusturan bazi hiicrelerde daha
yogun immunreaktivite gézlendi. Ayrica diyabet + R.
ribes grubunda TLR2 ekspresyonunun diyabetik do-
kulara gore azaldigini gézlemledik.

Han ve ark. (2016) selastroliin diyabetik ratlarda ka-
raciger hasari Uzerindeki koruyucu etkilerini ve olasi
mekanizmalarini arastirmayi amaclamiglardir. Kontrol
grubunda birka¢ hepatositte TLR4 reseptor ekspres-
yonu reaktif iken, diyabetik karaciger dokularinda
hepatositlerde ve Kupffer yildiz hicrelerinde daha
yuksek TLR4 ekspresyonu gdzlemlemiglerdir. Tedavi
grubunda bu immdinreaktivitenin azaldigini belirtmis-
lerdir. Buna godre selastrolin diyabetik sicanlarin he-
patik dokularinda organ hasarina kargi koruyucu bir
etki sagladigini bildirmiglerdir. Zhao ve ark. (2021),
karvakrolin diyabetik farelerde karaciger hasari lize-
rindeki koruyucu etkisini arastirmayi ve potansiyel
molekiler mekanizmasini degerlendirmeyi amacla-
diklarini bildirmislerdir. immUnohistokimyasaI olarak,
diyabetik farelerin karaciger dokularinda TLR4 eksp-
resyon seviyesinin kontrol grubuna gére daha yiksek
oldugunu ve bu proteinin ekspresyon seviyelerinin
karvakrol ile tedavi edilen grupta 6nemli dl¢iide azal-
digini bildirmiglerdir. Yaptiklari ¢alismalar sonucunda
diyabetli farelerde karvakrolin hepatik organ hasari-
na karsi koruyucu etki sagladigini gézlemlemislerdir.
Yaptidimiz calismada diyabetik ratlara oral gavaj ile
R. ribes ekstrakti vererek TLR4 immunolokasyon ve
ekspresyon durumunu degerlendirmeyi amacladik.
incelemelerimize gére diyabet grubundan hepatosit-
ler, V. sentralis, V. interlobularis endoteli, duktus bili-
ferus epiteli ve A. hepatikada TLR4 ekspresyonu
daha yuksek bulundu. Ekstrakt uygulanan diyabetik
ratlarin karacigerlerinde imminreaktivitede azalma
gOzlemledik.

Yuan ve ark. (2018) calismasinda diyabetik grubun
bdbrek dokularinda TLR4 ekspresyonunun kontrol
grubuna goére daha yilksek oldugu bildirmektedirler.
TLR4 immdinreaktivite bobrek tubullerinde oldugunu
go6zlemlediler. Lin ve ark. (2012) ¢alismalarinda diya-
betik bébreklerde agirlikh olarak proksimal tubuller,
distal tubuller ve peritubuler kapillerlerde TLR4 igin
o6nemli immunreaktivite go6zlendigini bulmuslardir.
Bununla birlikte, diyabetik nefropatisi olmayan kisiler-
de ¢ok az reaksiyon gozlemlendigini bildirmislerdir.
Bizim yaptigimiz ¢alismada diyabetik bobrek dokula-
rinda glomerulus, proksimal tubuller, distal tubuller,
inen ve ¢ikan henle, tubulus kollektivus epitelinin bazi
hicrelerinde ve Bowman kapstlinde immiinreaktivite
tespit edildi. Ekstrakt ile tedavi edilen diyabetik ratla-
rin bébreklerinde TLR4 ekspresyonunun énemli 6lgi-
de azaldigi gézlendi. Calismamiz bahsedilen calig-
malarla diyabetik olgularda TLR4 ekspresyonunun
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artigl hakkinda paralellik gdstermektedir (Lin ve ark.,
2012; Yuan ve ark., 2018).

Sonug olarak, DM'un birgcok komplikasyona neden
oldugu bilinmektedir. Komplikasyonlar sonucunda
dokularda hucresel degisiklikler meydana gelir. Yapi-
lan incelemeler i1siginda hicresel degisikliklerin orta-
ya konmasi DM'nin mekanizmasinin anlasiimasini
saglayacaktir. Buna goére, calismamizda R.ribes bitki-
sinin ekstraktini kullanarak diyabetteki etkisini incele-
dik. Deneysel olarak olugturulan DM’lu ratlarin karaci-
ger ve bobrek dokulari incelendi. Dokularda TLR2 ve
TLR4 ekspresyon farki belirlenerek ¢alismanin énemi
ortaya konuldu. DM'ta TLR2 ve TLR4’Un yuksek
ekspresyon dizeylerine ulastigi tespit edilirken,
R.ribes ekstrakti kullanilan diyabetli deneklerde bu
ekspresyonlarin énemli odl¢clide azaldidi belirlendi.
Deneysel olarak olusturdugumuz diyabetik dokularda
dogdal bagisiklikta gorevli alan TLR2 ve TLR4'Un
ekspresyonlari, DM'nin mekanizmasinin ve kompli-
kasyonlarinin daha iyi anlagilmasinda énemli bir role
sahip olabilecegi dislincesini olusturmustur.

Tesekkiir: 2021-TS-32 no’lu proje ile ¢alismasinin
yapllmasindaki katkilarindan dolayi KAU Bilimsel
Arastirma Projeleri Koodinatorligu Birimi'ne tesekkir
ederiz.
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Abstract: Bacteriocins are commonly used in foods to inhibit the growth of spoilage and pathogenic bacteria, thus
extending the shelf life of food products. Interest in bacteriocins is increasing because of the increasing tendency of
consumers to use healthy, natural and additive-free products in foods. In this study, it was aimed to investigate the
control of P. aeruginosa in milk by using partially purified bacteriocins produced from lactic acid bacteria (LAB) strains.
Among the 13 reference LAB strains, four strains that showed the highest antimicrobial activity by the agar spot test
were selected for bacteriocin production. The bacteriocins were partially purified with 40% ammonium sulfate. The
antibacterial activity of bacteriocins on P. aeruginosa strains was determined in arbitrary unit by the well diffusion meth-
od. Then, UHT milk samples inoculated with P. aeruginosa and bacteriocin cocktail were stored at +4°C for a week and
bacterial counts were performed on the 1, 3%, 5" and 7" days. The LAB strains that displayed the widest clear zones
on P. aeruginosa were determined as L. plantarum, L. paraplantarum, L. fermentum and L. pentosus and the antimicro-
bial activities of the partially purified bacteriocins of these strains were 640, 640, 160 and 80 AU/ml, respectively.
Among tested P. aeruginosa strains, the highest antibacterial effect was observed against P. aeruginosa ATCC 15442
(>18mm). In the milk model, the bacteriocin cocktail caused a decrease of approximately 2 log cfu/ml in the number of
bacteria for up to three days and the number remained constant until the end of the seventh day. However, the de-
crease in the number of bacteria was not statistically significant (P>0.05). As a result, bacteriocins obtained from Lacto-
bacillus strains showed antibacterial effect on P. aeruginosa on agar medium but could not achieve a significant de-
crease on the milk. However, bacteriocins, which have generally been proven to efficient on Gram-positive bacteria,
have been determined to be effective on P. aeruginosa, a Gram-negative bacterium. Moreover, this study emphasizes
that in addition to in-vitro experiments, products to be used for biocontrol purposes in foods are also needed to comple-
ment with food models.

Keywords: Bacteriocin cocktail, lactic acid bacteria, milk, P. aeruginosa, storage

Kismi Saflastirimig Bakteriyosinlerin Pseudomonas aeruginosa Uzerindeki Antimikrobiyal Etkisi

Oz: Bakteriyosinler, patojen ve/veya gidalarda bozulmaya neden olan bakterilerin biiyiimesini engellemek ve gidalarin
raf Gmrini uzatmak amaciyla yaygin olarak kullaniimaktadir. Tiketicilerin gidalarda saglikl, dogal ve katki maddesi
icermeyen Urlnleri kullanma egiliminin artmasi nedeniyle bakteriyosinlere olan ilgi de artmaktadir. Bu calismada laktik
asit bakterisi (LAB) suslarindan uretilen kismi saflastiriimis bakteriyosinler kullanilarak sitte P. aeruginosa'nin kontrolu-
nin arastinimasi amaglanmigtir. On g adet referans LAB susu arasinda agar spot testiyle en ylksek antimikrobiyal
aktiviteyi gésteren dort sus, amonyum sulfatla kismi olarak saflastiriimigtir. Bakteriyosinlerin P. aeruginosa suslari lize-
rindeki antibakteriyel aktivitesi kuyu diflizyon ydntemiyle arbitrary unit (AU/ml) olarak belirlenmigtir. Ek olarak, P. aerugi-
nosa ile kontamine edilen UHT st 6rneklerine bakteriyosin kokteyli eklenmis bir hafta boyunca +4°C'de inkiibe edile-
rek 1., 3., 5. ve 7. glnlerde bakteri sayimlari yapilmistir. P. aeruginosa lizerinde en genis zon sergileyen LAB suslari-
nin L. plantarum, L. paraplantarum, L. fermentum ve L. pentosus oldugu ve bu suslardan elde edilen kismi saflastiril-
mig bakteriyosinlerinin antimikrobiyal aktivitelerinin sirasiyla 640, 640, 160 ve 80 AU/ml oldugu belirlenmistir. Test edi-
len P. aeruginosa suslari arasinda en yiksek antibakteriyel etki P. aeruginosa ATCC 15442'ye (>18mm) kargl gozlen-
migtir. St modelinde ise, bakteriyosin kokteyli bakteri sayisinda Ug giine kadar yaklasik 2 log kob/ml azalmaya neden
olmus ve sayi yedinci guiniin sonuna kadar sabit kalmistir. Bununla birlikte, bakteri sayisindaki azalmanin istatistiksel
olarak anlamli olmadidi tespit edilmistir (P>0.05). Sonu¢ olarak c¢alismada elde edilen bakteriyosinlerin P. aerugino-
sa'ya karsi in-vitro ortamda antibakteriyel etki gdsterdigi tespit edilmesine karsin gida modelinde anlamli bir sonug elde
edilememistir. Bu galismanin verileri gidalarda biyokontrol amagl kullanilacak maddelerin in-vitro analizlerin yani sira
gida modelleri ile tamamlanmasinin énemi vurgulamigtir.

Anahtar kelimeler: Bakteriyosin kokteyli, laktik asit bakterileri, muhafaza, P. aeruginosa, st
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Introduction

Foodborne illnesses have been a global concern for
years. Despite the use of modern food storage tech-
niques, the rate of illness and death due to foodborne
pathogens is still increasing, especially in countries
without appropriate food safety monitoring systems.
On the other hand, consumers' renewed interest in
ready-to-eat foods that are minimally processed and
contain additives is a challenge for the food industry.
The search for alternative natural compounds to in-
crease food safety and shelf life has become inevita-
ble (Sharma et al., 2017). In this context, bacteriocins
are an option that cannot be ignored among the alter-
natives. Bacteriocins are peptides or proteins synthe-
sized in the ribosomes of Gram-positive and Gram-
negative bacteria and released into the extracellular
environment (Cotter et al., 2013). Bacteriocins are
secreted by some types of bacteria to kill other bacte-
ria. They generally vary in length between 30-60 ami-
no acids and have been associated with many bacte-
rial species such as Lactobacillus, Pediococcus, Leu-
conostoc, Lactococcus, E. coli, Staphylococcus and
Enterococcus (Chen et al., 2003; Mills et al., 2011).
Bacteriocins are potential alternatives for use in the
food and pharmaceutical industries to prevent food
spoilage and the growth of pathogenic bacteria
(Verma et al., 2017). It is recognized by the US Food
and Drug Administration (FDA) with the “Generally
Recognized as Safe (GRAS)” status (Johnson et al.,
2018).

Food spoilage is defined as loss of quality in terms of
color, odor, texture and, in general, loss of sensory
properties and is associated with a microbiological,
chemical or physical source (Petruzzi et al., 2017).
Psychotropic Pseudomonas species are among the
most common bacteria that cause spoilage, especial-
ly in refrigerated foods (Tirloni et al., 2021). Pseudo-
monas species produce heat-stable lipolytic and pro-
teolytic enzymes that play a very important role in
reducing the quality and shelf life of raw and pro-
cessed milk (Dogan and Boor, 2003). When raw milk
is contaminated with Pseudomonas, lipolytic en-
zymes cause hydrolyzation of milk fat, leading to the
development of off-flavors, rancidity, and texture
changes. Proteolytic enzymes cause degradation of
casein and the formation of bitter peptides, which
further contribute to spoilage (Erkmen and Bozoglu,
2016). Because of these enzymes are heat stable,
they do not vanish after pasteurization. On the other
hand, P. aeruginosa attracts attention as a foodborne
pathogen in various food groups such as water, milk,
meat, fruits and vegetables (Chatterjee et al., 2016).
On the light of these information, we aimed to investi-
gate the antibacterial effect of partially purified LAB
bacteriocins on P. aeruginosa in-vitro conditions and
in milk model.
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Materials and Methods
Strains

Thirteen reference LAB strains were included in the
study following: L. pentosus ATCC 16366, L. gasseri
ATCC 33323, L. paraplantarum ATCC 10641, L.
plantarum ATCC 10241, L. fermentum ATCC 14931,
L. paracasei ATCC 25302, L. casei ATCC 334, L.
brevis ATCC 8287, L. diolivorans ATCC 4356, L.
acidophilus ATCC 19435, L. curvatus ATCC 25601,
L. buncheri ATCC 4005, L. rhamnosus ATTC 53103.
Additionally, both multidrug-resistant strains with vari-
ous virulence properties and commonly used labora-
tory reference strains with different virulence proper-
ties were used; P. aeruginosa ATCC 15442, P. aeru-
ginosa ATCC 27853, P. aeruginosa PAO1, Vim-2,
and Imp-13.

Determination of LAB strains effective against P.
aeruginosa

Among 13 LAB strains, first it was intended to deter-
mine the ones which produce bacteriocins effective
against P. aeruginosa. For this purpose, serial dilu-
tions of LAB strains were prepared, and appropriate
0.1 ml was inoculated to MRS agar to obtain approxi-
mately 30 colonies on the petri dish. Also, P. aeru-
ginosa strains were incubated individually at 37°C
overnight. After incubation, 200 pl of each strain (10°
cfu/ml) were inoculated in LB soft agar and overlaid
on the MRS agar plates which had LAB colonies on
it. Petri dishes were incubated at 37°C overnight.
LAB strains that formed transparent zones around
the colonies were determined as bacteriocin produc-
ers effective against P. aeruginosa and selected for
further analyses (Kaya and Simsek, 2019).

Agar spot assay

LAB strains that formed clear zones on the P. aeru-
ginosa mixed culture were checked once again. For
this purpose, 200 pl of the active P. aeruginosa mix
culture enriched the night before was inoculated into
LB soft agar and poured onto LB agar and MRS agar
as a second layer. Petri dishes were incubated at 37°
C overnight in an aerobic environment to ensure that
P. aeruginosa strains showed turbidity. The next day,
each petri dish was divided into four and 20 ul of ac-
tive LAB strains were added and incubated overnight
at 30°C in an anaerobic environment. At the end of
the incubation, four strains that formed the largest
zone around the areas where LAB was dropped were
selected to obtain bacteriocin (Elyass et al., 2015).

Partial purification of bacteriocins with ammoni-
um sulfate

Selected LAB strains were enriched in 250 mL MRS
broth medium and incubated at 30°C for 24 hours. At
the end of the incubation, the developing cultures
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were centrifuged at 10,000 rpm for 30 minutes at 4°
C. Then, the supernatant filtered through 0.22 pm
microporous membrane filters (ISOLAB Laborgerate
GmbH, Eschau, Germany). To eliminate the antimi-
crobial effect that may arise from organic acids or the
pH of the MRS broth, the pH of the supernatants was
adjusted to 6.5-7.0 with a pH meter (Ohaus, 3100,
USA) using 5 N NaOH or 5 N HCI. Then, ammonium
sulfate was slowly added to the final concentration of
40% and stirred until dissolved and incubated at +4°C
overnight. On the next day, the samples were centri-
fuged (Hermle Z326K, Germany) at 13,000 rpm for
45 minutes at +4°C. The upper phase was discarded,
and the remaining precipitate was dissolved in 4 mL
of sterile 0.05 M potassium phosphate buffer (pH
7.0). The suspended sediment mixtures were filtered
through 0.22 pm filters again and stored at -20°C as
crude extracts of bacteriocins (Zhao et al., 2020).

Antimicrobial activity of partially purified bacteri-
ocins

Antimicrobial activity of partially purified bacteriocins
was determined by well diffusion method. Double-
layer LB agars were prepared with five P. aeruginosa
strains, both separately and mixed. Wells were
opened on the surface of the double-layered medium
using a glass pasteur pipette. The bottom of the wells
was covered by placing 10 pl of MRS agar at the
bottom of the wells. After 100 pl of crude bacteriocins
were added to the wells, they were incubated at 37°C
for 24 hours. At the end of the incubation, bacterioc-
ins that formed a zone around the well were evaluat-
ed as positive and the resulting zone diameters were
measured and recorded (Lei et al., 2020; Parlin-
dungan et al., 2021).

To determine the quantitative bacteriocin activity,
crude bacteriocins were diluted twofold (1/2, 1/4, 1/8,
1/16, 1/32, 1/64) with phosphate buffer (20 mM, pH
7.0). One hundred pl of each dilution added to the
wells opened in double-layer LB agar containing P.
aeruginosa ATCC 15442, which gave the widest
zone as a result of the well diffusion test. Petri dishes
were left at room temperature for one hour to allow
diffusion and then incubated at 37°C for 24 hours.
Inhibition zones around the wells were measured
(mm) and recorded. Antimicrobial activity of bacteri-
ocins were expressed in Arbitrary Unit (AU/ml) using
the formula as follows: AU/ml = 2" x (1000/x) [n: the
last dilution showing any inhibition zone; x: the vol-
ume of the bacterium added to each hole (Zhao et
al., 2020; Parlindungan et al., 2021).

Determination of antibacterial effect in milk model

Bacteriocin cocktail consisted of four bacteriocins
which formed the widest zones were selected to ex-
amine the antibacterial effect on P. aeruginosa in
milk. The reason for using a bacteriocin cocktail is
that cocktails have a greater potential to lead to syn-

Gizem CUFAOGLU

ergistic antimicrobial effects, so the overall activity of
the cocktail would be bigger than the sum of the indi-
vidual bacteriocins. The bacteriocin cocktail was pre-
pared by mixing equal amounts of each bacteriocin.
Then, UHT milk was added to the bacteriocin cocktail
at a final concentration of 190 AU/ml and the test P.
aeruginosa strain to a final concentration of 10* cfu/
ml. For the control group, the samples were prepared
with milk and bacterial culture only. The milk samples
were stored at +4°C for 7 days. In addition to the
initial day counts, P. aeruginosa counts were per-
formed by planting on LB agar on the 1%, 3", 5™ and
7" days of storage. The experiment was carried out
in three parallel repetitions (Kaya and Simsek, 2019).
The data was analyzed using the student t-test, con-
sidering the P value less than 0.05 as statistically
significant.

Results

LAB strains with antimicrobial effect against P.
aeruginosa

Among the thirteen ATCC strains, only transparent
zones around L. plantarum and L. fermentum colo-
nies were observed with the spread method, which
was described in “Determination of LAB strains effec-
tive against P. aeruginosa” section. In addition to
these strains, with the agar spot test L. pentosus and
L. paraplantarum also displayed wide clear zones on
P. aeruginosa mixed culture. Therefore L. plantarum,
L. fermentum, L. pentosus and L. paraplantarum
were selected to obtain bacteriocins.

Antimicrobial activity of partially purified bacteri-
ocins

Based on the agar spot test results, L. pentosus, L.
plantarum, L. paraplantarum and L. fermentum were
selected for further bacteriocin production. The inhibi-
tion zone diameters formed by the partially purified
bacteriocins by the well diffusion method against
each of the P. aeruginosa strains and their mixtures
are given in Table 1. Four bacteriocins formed the
largest zones for P. aeruginosa ATCC 15442 strain.
The antimicrobial activities of these four strains on P.
aeruginosa ATCC 15442 were determined as 640
AU/ml for Bc-Pla and Bce-Para (from L. plantarum and
L. paraplantarum), followed by Bc-Fer (from L. fer-
mentum) with 160 AU/ml and Bc-Pen (from L. pento-
sus) with 80 AU/ml.
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Table 1. The inhibition zone diameters of partially purified bacteriocins on P. aeruginosa ATCC 15442

Strain Bacteriocin Zone
P. aeruginosa ATCC 15442 Bc-Pen 18 mm
Bc-Fer 20 mm
Bc-Para 20 mm
Bc-Pla 21 mm
P. aeruginosa ATCC 27853 Bc-Pen 17 mm
Bc-Fer 19 mm
Bc-Para 20 mm
Bc-Pla 20 mm
P. aeruginosa PAO1 Bc-Pen 14 mm
Bc-Fer 16 mm
Bc-Para 14 mm
Bc-Pla 16 mm
P. aeruginosa VIM-2 Bc-Pen 14 mm
Bc-Fer 15 mm
Bc-Para 16 mm
Bc-Pla 16 mm
P. aeruginosa Imp-13 Bc-Pen 14 mm
Bc-Fer 16 mm
Bc-Para 17 mm
Bc-Pla 17 mm
P. aeruginosa mix Bc-Pen 14 mm
Bc-Fer 13 mm
Bc-Para 14 mm
Bc-Pla 14 mm
Bc-Pen: bacteriocin of L. pentosus, Bc-Pla: bacteriocin of L. plantarum,
Bc-Para: bacteriocin of L. paraplantarum, Bc-Fer: bacteriocin of L. fermentum.
Antimicrobial effect of the bacteriocins in milk
model
Milk samples with bacteriocin cocktail and P. aeru- Y \
ginosa were stored at +4°C for a week and bacterial E3s
counts were made on the 1%, 3 5" and 7" days. 2} —
Accordingly, while a decrease of 1.71 log cfu/ml was :»
observed in the control group on the 1% day, 0.72 log S ‘l
cfu/ml reduction was recorded in the experimental 05
group. However, on the 3™ day, while no logarithmic 0
decrease was observed in the control group, there ! ' ’ ’ !
was a 1.01 log cfu/ml decrease in the experimental Day

group. By the fifth and seventh days, the bacterial
count remained at approximately 3 log cfu/ml in both
groups. As a result, it was determined that the bacte-
riocin cocktail used in this study provided a 1.73 log
cfu/ml reduction at refrigerator temperature (4°C) for
up to three days, and the number of bacteria re-
mained constant after three days. However, the de-
crease in the experimental group was not statistically
significant (P>0.05). The average results of three
parallel repeats are shown in Figure 1.
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Figure 1. Antibacterial effect of bacteriocin cocktail
in UHT milk against P. aeruginosa ATCC 15442.

Discussion and Conclusion

In this study, the antimicrobial effect of bacteriocins
obtained from LAB strains on P. aeruginosa was in-
vestigated in-vitro and in milk model. Firstly, LAB
strains with antibacterial effects on P. aeruginosa mix
culture were identified. Afterwards, LAB strains that
formed the largest clear zones against P. aeruginosa
strains were distinguished. In this context, L. pento-
sus, L. fermentum, L. paraplantarum and L. planta-
rum strains were selected to obtain bacteriocins and
further used in milk model.
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The inhibitory effect of various LAB strains against
Gram-positive and Gram-negative pathogens has
been reported by many researchers. Shokri et al.
(2017) isolated a total of 57 Lactobacillus strains from
local yogurt and milk samples and examined their
antibacterial effects against P. aeruginosa strains.
Among the Lactobacillus strains, cell-free superna-
tants of two Lactobacillus strains (L1 and L2) were
reported to show inhibition ranging from 12-20 mm in
diameter against all 80 P. aeruginosa strains in the
well diffusion method. Elyass et al. (2015) examined
the antibacterial activity of Lb. curvatus M3 and P.
pentosaceus N2 bacteriocins using the agar well test.
While Lb. curvatus M3 showed a zone of 13-19 mm
against S. aureus, B. subtilis, E. coli and 6-12 mm
against E. faecalis, P. pentosaceus N2 showed a
zone of over 20 mm against S. aureus and 13 -19
mm against B. sublitis, 6-12 mm zone against E. coli
and E. faecalis. As a result of screening the inhibitor
activity spectrum, it was reported that 7 out of 10 test
bacteria were inhibited by both bacteriocins but could
not inhibit P. aeruginosa and Salmonella Typhi iso-
lates. In another study, the antibacterial activity of
Pediococcus acidilactici BAMA 15 was investigated
against E. coli and S. aureus and the zones were
measured as 6.44 mm and 7.53 m, respectively. Re-
searchers reported that of Gram-negative bacteria
was more resistant than Gram-positive bacteria to the
bacteriocin (Nasution et al., 2023). In the research
conducted to isolate probiotic lactic acid bacteria from
kiwi fruit pulp, a total of eight isolates were found and
two of them were stated to be probiotic LAB strains.
The antibacterial effect of isolates A2 and A5 against
pathogenic bacteria such as Staphylococcus, Pseu-
domonas and E. coli was examined. The isolates
exhibited inhibition against Gram-positive bacteria but
not against Gram-negative bacteria such as E. coli. It
was concluded that lactic acid bacteria have inhibito-
ry properties primarily against Gram-positive bacteria.
Overall, it has been stated that lactic acid bacterial
strains are generally ineffective against Gram-
negative bacteria due to the resistance provided by
the outer membrane (Kamaliya et al., 2023).

In this study, it was observed that the inhibition activi-
ty of the bacteriocins differed on P. aeruginosa ATCC
15442. The highest bacteriocin inhibition activities
were detected in the bacteriocins of L. plantarum and
L. paraplantarum strains, with 640 AU/ml. In a study
by Elhag et al. (2014), lactic acid bacteria were isolat-
ed from fresh sausages, intestines of different ani-
mals, saliva, cheese and cucumber. Salmonella spp.,
S. Typhi, S. aureus, B. subtilis, B. cereus, B. stea-
rothermophilus, B. pantotheticus, E. coli and Pedio-
coccus BFE 2306 strains were included in the study.
Pellets of lactic acid bacteria (including E. faecalis (3
isolates), E. avium, P. pentosaceus (3 isolates), P.
domanosus, Lb. murinus (2 isolates), L. gasseri (2
isolates), Lb. acidophilus, L. plantarum, Lb. alimen-
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tarius and L. rhamnosus, E. faecalis, P. pentosaceus
and Lb. murinus were examined and it has been re-
ported that the majority of partially isolated bacterioc-
ins show either weak or no antimicrobial activity
against the mentioned microorganisms (0.00-640 AU/
ml).

It is possible to use more than one bacteriocin as a
cocktail to increase the effect in the control of food-
borne pathogens. In this study, the effect of the bac-
teriocin cocktail against P. aeruginosa in milk was
investigated at refrigerator temperature. Although a
decrease of approximately 2 log cfu/ml was observed
in the number of bacteria for up to three days and no
increase or decrease in the number of bacteria was
observed until the seventh day, the results were not
statistically significant when compared to the control
group (P>0.05). The fact that the bacteriocin cocktail
did not show a significant antibacterial activity may be
associated with the fact that the pathogenic bacteria
used were Gram-negative. As mentioned above,
studies report that Gram-positive bacteria are gener-
ally more sensitive to bacteriocin (Nasution et al.
2023, Kamaliya et al. 2023, Elyass et al., 2015). The
cell wall structure of Gram-positive bacteria has a
lower lipopolysaccharide, lipoprotein and phospholip-
id composition than Gram-negative bacteria (Cao-
Hoang et al., 2010). It is reported that the simpler cell
wall structure of Gram-positive bacteria plays an im-
portant role on bacteriocin activity (Kusharyati et al.,
2021). Additionally, although there are many charac-
terized bacteriocins with potential for use in foods,
biocontrol effectiveness in foods depends on various
factors such as pH, temperature, food composition,
and target pathogen/strain. Therefore, it is necessary
to establish standardized conditions for the use of
each bacteriocin in each food matrix (Prudencio et
al., 2015). On the other hand, taking into account the
pathogenic bacterial load in foods in a real-life sce-
nario, each log decrease in the number of bacteria
can be considered promising in terms of food safety.

There are studies on the application of bacteriocins in
milk. However, up to our knowledge this is the first
study focused on antimicrobial effect of bacteriocins
on P. aeruginosa on this food model. In a study, a
new broad-spectrum bacteriocin from fermented
foods, Garviecin LG34, was obtained. While the num-
bers of S. aureus and L. monocytogenes in the con-
trol group increased over time during the 12-day incu-
bation period at 4°C, significant differences were ob-
served in the number of bacteria in the milk samples
containing bacteriocin. It was reported that the num-
ber of S. aureus bacteria in whole milk, low-fat milk
and skim milk in the experimental group decreased
by 1.0, 2.9 and 4.1 log cfu/ml, respectively. In the
same experimental setup, at the end of 12 days of
incubation, a decrease of 2.0, 4.1 and 4.9 log cfu/ml
was recorded in L. monocytogenes numbers, respec-
tively. Additionally, the antimicrobial effect of
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Garviecin LG34 bacteriocin against these two patho-
gens has been reported to be strongest in skim milk
and weakest in whole milk. It has been stated that
whole milk contains a large amount of fat globules,
and its surface can be absorbed by garviecin LG34,
which may cause a decrease in inhibition (Gao et al.,
2023). In a study conducted by Verma et al. (2017) to
increase the shelf life of raw buffalo milk, pediocin PA
-1 was added to raw buffalo milk at 1%, 5% and 10%
(v/v) concentrations contaminated with 10° cfu/ml S.
aureus. It was stated that the number of S. aureus in
milk was counted as 5, 4 and 3 log cfu/ml, respective-
ly, depending on the percentage of Pediocin PA-1
addition, while it increased to 9 log cfu/ml in the con-
trol group. In another study, it was reported that
10,000 IU/mL nisin managed to reduce the number of
S. aureus in milk by 4.68 log cfu/ml after 4 hours of
incubation at 37°C, but the surviving cells again
caused an increase in the number of bacteria at the
end of 24 hours. It has been stated that this situation
indicates the presence of nisin-resistant bacteria
(Arques et al., 2011).

As a result, in this study, it was determined that bac-
teriocins obtained from Lactobacillus strains showed
an antibacterial effect on P. aeruginosa on agar me-
dium but could not achieve a significant decrease on
the milk. However, bacteriocins, which have generally
been proven to efficient on Gram-positive bacteria,
have been determined to be effective on P. aerugino-
sa, a Gram-negative bacterium. Moreover, this study
shows that in addition to in-vitro experiments, prod-
ucts to be used for biocontrol purposes in foods are
also complemented with food models. In this regard,
it is thought that detailed studies to understand how
bacteria can survive and adapt in complex environ-
ments such as food matrix will be effective in increas-
ing the success in biocontrol with bacteriocins. It is
believed that as when the need for food safety in-
creases day by day, characterizing target-specific
bacteriocins in detail, standardizing their use and
commercializing them with new generation strategies
become important.
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Abstract: In this study, the effects of potassium dichromate (K,Cr,O7) and boron (B, as boric acid) on oxidative stress
and DNA damage in rat serum and liver were investigated. Sixty female Sprague-Dawley rats were divided into six
groups of 10 animals each. The first group was kept as the control group. The second and third groups received 5 and
10 mg/kg B, respectively, the forth group received 10 mg/kg K,Cr,O7, and the fifth and sixth groups received 5 and 10
mg/kg B plus K;Cr,07 respectively, orally for two weeks. Compared with the control groups, serum MDA levels increa-
sed (P<0.01) and TAC levels decreased (P<0.001) in the K;Cr,O; group. Serum MDA levels decreased in the
K,Cr,07+5 and 10 mg/kg B groups, but a significant decrease was found in the K,Cr,O;+10 mg/kg B group (P<0.01).
Serum TAC levels showed a numerical increase in K,Cr,O;+B groups. The liver MDA level was significantly decreased
in the K,Cr,O7+10 mg/kg B group compared to the other groups (P<0.01). There was no difference in plasma 8-OHdG
levels between the groups. A positive correlation was observed between liver B and Cr levels (P<0.05). In this study,
serum MDA and TAC levels were negatively affected in rats administered 10 mg/kg K,Cr,Oy. In contrast, administration
of 10 mg/kg B to the K,Cr,O7 group had positively effected on serum and liver lipid peroxidation indicators.

Keywords: Boron, DNA damage, oxidative stress, potassium dichromate, rat

Ratlarda Potasyum Dikromat ile Bor’un Oksidatif Stres ve DNA Hasari Uzerine Etkileri

Oz: Bu galismada, siganlarda potasyum dikromat (K,Cr,0O-) ve borun (B, borik asit olarak) serum ve karaciger oksidatif
stres ve DNA hasar lzerine etkileri arastirildi. Altmis disi Sprague-Dawley sigan, her birinde 10 hayvan bulunan alti
gruba ayrildi. Birinci grup kontrol grubu olarak tutuldu. ikinci ve (giincii gruplara sirasiyla 5 ve 10 mg/kg B; dérdiincii
gruba 10 mg/kg K,Cr,O7; bes ve altinci gruplara ise 5 ve 10 mg/kg B ile birlikte K,Cr,O; 2 hafta boyunca oral olarak
verildi. Kontrol gruplari ile karsilastiriidiginda K,Cr,O; grubunda serum MDA duizeyleri artarken (P<0.01), TAC diizeyle-
ri azaldi (P<0.001). Serum MDA dizeyleri K,Cr,O7+5 ve 10 mg/kg B gruplarinda azaldi; ancak, anlamli azalma
K,Cr,07+10 mg/kg B grubunda (P<0.01) tespit edildi. Serum TAC diizeyleri K,Cr,0,+B gruplarinda sayisal artis goster-
di. Karaciger MDA diizeyi, K,Cr,O7+10 mg/kg B grubunda diger gruplara gére anlamli diizeyde azaldi (P<0.01). Grup-
lar arasinda plazma 8-OHdG duzeyleri agisindan fark belirlenemedi. Karaciger B ve Cr diizeyleri arasinda pozitif kore-
lasyon saptandi (P<0.05). Bu galismada 10 mg/kg K,Cr,O7 uygulanan ratlarda serum MDA ve TAC duzeyleri olumsuz
etkilenirken, K,Cr,O; grubuna 10 mg/kg B verilmesi, serum ve karaciger lipid peroksidasyon gostergeleri Gizerine olum-
lu etki yaptigi soylenebilir.

Anahtar kelimeler: Bor, DNA hasari, oksidatif stres, potasyum dikromat, rat

there is no balance between the levels of Cr in the
tissues and circulation (Mc Dowell, 1992). The reticu-
loendothelial system shows a great affinity for Cr
(Mertz, 1969); it has been reported that Cr is found to
be less in blood, muscle, heart, lung, and brain com-
pared to kidney, liver, pancreas, and spleen
(Anderson and Polansky, 1995). Potassium dichro-
mate (K,Cr,O7) is an inorganic chemical substance
generally used as an oxidizing agent in various labo-
ratory and industrial areas (Danadevi et al., 2004;
Patel et al., 2016). The Cr*% is the most stable and
strong oxidizing agent after Cr*®, especially in the

Introduction

Chromium (Cr) occurs at 0, 2*, 3%, and 6" oxidation
states at the level of a metallic element and the 3*
and 6" valance compounds are biologically most im-
portant (Mertz, 1969; Mc Dowell, 1992; Cohen et al.,
1993; Barceloux, 1999; Zayed and Terry, 2003). All
chemical forms of Cr, except chromates, can be re-
moved quickly from the blood. The plasma Cr level is
not a good indicator of the level of Cr in tissues since
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acidic environment. Hexavalent chromium binds oxy-
gen as a chromate (CrO;*) or dichromate (Cr,O;%)
with a strong oxidative capacity (Mc Dowell, 1992;
Nickens et al., 2010; Fedala et al., 2021; Orhan et al.,
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2022). Chromate ions (Cr*®) can cross the cell memb-
rane very quickly. In addition, the fact that chromates
are very strong oxidants and irritants causes them to
be more toxic than Cr*3. Potassium dichromate is the
most toxic form of Cr and is considered a carcinogen
in humans and animals. It has been reported that the
carcinogenic effect of CrO;* ions causes DNA lesi-
ons and mutations (Mertz, 1969; Patlolla et al., 2009;
Nickens et al., 2010; Patel et al., 2016). Excessive
production of reactive oxygen species (ROS), which
are produced during the reduction of Cr*® and Cr*5,
reveals the toxic effects of Cr (Patlolla et al., 2009;
Nickens et al., 2010; Patel et al., 2016; Bashandy et
al., 2021; Fedala et al., 2021). Reactive oxygen spe-
cies are also important for their toxic effects in that
they damage macromolecules such as lipids, prote-
ins, carbohydrates, and nucleic acids, disrupting the
structure and function of cell membranes and causing
cell death by inactivating enzymes (Nordberg and
Arner, 2001; Klaunig et al., 2004).

Boron (B) is a dark brown nonmetal and is found in
nature in the forms of borax (BX), colemanite, boro-
natrocalcite, and boric acid (BA) (Underwood and
Suttle, 1999) and is widely used in industry
(Butterwick et al., 1989). Although B was accepted to
be essential for plants in 1923, it has recently been
found that it may be an essential element for animals
and humans (Mc Dowell, 1992; Nielsen, 1988; 1994).
Although there is literature reporting that the amount
of B that should be taken daily can vary between 0.5-
1.0 mg in humans (Nielsen, 1991; WHO, 1996), there
is no definite recommendation for humans and ani-
mals (NRC, 1994). Although it is thought that B can
react with bio substances containing cis-hydroxyl
groups (for example, glycolipids and phosphoinositi-
des) and may be effective in the continuity of cell
membrane functions or stability, hormone receptors,
and transmembrane signals, its biochemical function
in human and animal tissues is little known (Nielsen,
1990; 1991; Mc Dowell, 1992; Nielsen, 1994). Vari-
ous studies have shown that B element is effective
on bone, mineral, energy metabolism, immune and
endocrine function and lipid peroxidation, antioxidant
system and DNA damage (Tiirkez et al., 2007; ince
et al,, 2010, 2012, 2014; Kugukkurt et al., 2015a,b,
2017; Acardz et al., 2018, 2019; Cakir et al., 2018;
ince et al., 2019; Sarica et al., 2019). Adequate litera-
ture has not been found regarding the effect of B
element against oxidative stress caused by K,Cr,Oy
(Iztleuov et al.,, 2019, Sarica et al., 2019). In this
study, the effects of K,Cr,0O7, the most toxic form of
Cr, and B element (as boric acid) on malondial-
dehyde (MDA), total antioxidant capacity (TAC), and
DNA damage in serum/liver were determined in rats.
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Material and Methods
Experimental design

Ethical approval for the study was obtained from the
Erciyes University Animal Experiments Ethics Com-
mittee in Turkey (decision dated 11.04.2012 and
numbered 12/56).

In the study, 60 female Sprague-Dawley rats were
divided into six groups of ten. Control group (Group
1) rats were given 2 ml of distilled water; Groups 2
and 3 received 5 and 10 mg/kg (live weight)/day B,
respectively; group 4 received 10 mg/kg K,Cr;0O7; 5t
group 10 mg/kg K,Cr,O7 + 5 mg/kg (live weight)/day
B; group 6 also received K,Cr,0; + 10 mg/kg (live
weight)/day B. Animals were given distilled water,
K2Cr207 and B (in the form of boric acid) by gavage
for two weeks. The K,Cr,O; (Mohammed and Saber,
2011) and B (Price et al.1997) doses applied in this
study were determined according to the results of
previous studies. Researchers (Mohammed and Sa-
ber, 2011) stated that 10 mg/kg K,Cr,O; administra-
tion caused oxidative stress in their study in rats. The
researchers (Price et al. 1997) determined that the
addition of B up to 10 mg/kg (live weight) did not cau-
se any adverse effects in rats, and negative effects
began to be seen at doses above 10 mg, and the
levels of NOAEL (No Observed Adverse Effect Level)
that did not show any negative effects according to
blood B levels were determined as 10 mg B/kg (bw).
They reported that the low levels (LOAEL) at which
signs of toxicity may develop were 13 mg B/kg, bw/
day. Water and feed were given to the animals ad
libitum throughout the experiment.

Collection of samples and biochemical analysis

At the end of the experiment, 2-3 ml of blood was
taken from the animals as intra-cardiac (i.c.) into tu-
bes with anticoagulant (Li-heparin) to determine 8-
OHdG levels. The blood samples were centrifuged at
1300 x g for 10 minutes and their plasma was sepa-
rated. To determine serum MDA, TAC, Cr, and B
levels, 3-5 ml blood samples taken into tubes without
anticoagulant were centrifuged at 1300 x g for 10
minutes and their serum was separated. In addition,
liver tissue samples were taken to determine the tis-
sue MDA level.

Serum/tissue MDA (Cayman, 10009055, USA), se-
rum TAC (Rel Assay Diagnostics, RL 024, Turkey),
and plasma 8-OHdG (NWK 8-OHdG 02, Northwest
Life Science Specialist and LLC) analyses were mea-
sured in pQuant Bio-Tek ELISA reader using ELISA
kit. Tissue B and Cr analyses were performed at Erci-
yes University Technology Research and Application
Center on an ICP/MS (Agilent 7500a series) device.
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Statistical analysis

Statistical analysis of the data was performed using
the SPSS 20.0 package program for Microsoft. One-
way analysis of variance (ANOVA) and Kruskal Wal-
lis test were applied to determine the difference
between groups. Data were analyzed with the Leve-
ne test for assumptions of homogeneity of variance
and the Shapiro-Wilk test for assumptions of normal
distribution (P>0.05). Duncan's Multiple Range Test
and Bonferroni test were used to determine which
group was responsible for the differences between
the groups. Data were given as the mean and stan-
dard error of the means. The statistical significance
level was determined as P<0.05. Spearman’s Rho
correlation coefficient was used for correlation analy-
sis.

Results

In this study, compared to the control group, only the
K,Cr,0; group had an increase in serum MDA level
(P<0.01) and a decrease in the TAC level (P<0.001).
Administration of 5 and 10 mg/kg B to the groups with
K,Cr,0; decreased serum MDA levels, but a signifi-
cant decrease was detected in the group given
K2Cry07+10 mg/kg B (P<0.01). It was observed that
the serum TAC levels increased numerically with the
addition of B to the groups with K,Cr,O7 (Table 1).

Meryem EREN

2009; Patel et al., 2016; Navya et al., 2018; Orhan et
al.,, 2022). In the study in which 2.5, 5, 7.5 and 10
mg/kg K>Cr,O; were applied to the diet in rats, it was
determined that the MDA levels in both liver and kid-
neys increased significantly in the groups given 7.5
and 10 mg/kg K,Cr,O7 compared to the control group
(Patlolla et al., 2009). Likewise, in another study
(Orhan et al., 2022), it was observed that administra-
tion of K,Cr,0O7 (15 mg/kg, i.p.) increased MDA levels,
which is an indicator of lipid peroxidation, and decre-
ased antioxidant enzymes in rat liver and kidney tis-
sues. Bashandy et al. (2021) administered 10 mg/kg
K,Cr,0; orally to rats for 8 weeks and found that glu-
tathione, SOD, and CAT activities in testes decrea-
sed, while MDA and NO levels increased. These in-
vestigators suggested that the elevated MDA and NO
levels in the testicles of rats exposed to K,Cr,O7 were
probably due to oxidative damage caused by the
inability of antioxidant enzymes to scavenge oxidants
produced in testicular tissue. Fedala et al. (2021) also
administered the same dose of K,Cr,O;subcutaneo-
usly to pregnant Wistar albino rats and found that this
substance supports hypothyroidism, oxidative stress,
genotoxicity, and histological changes in the thyroid
gland. Similarly, Patel et al. (2016) demonstrated the
presence of genotoxicity and oxidative stress caused
by K,Cr,07 (0.625, 1.25, and 2.5 mg/kg) toxicity was
given orally by gavage for 28 days in Wistar rats. In
another study (Navya et al., 2018), it was determined

Table 1. Serum MDA, TAC, and plasma 8-OHdG levels in control, K,Cr,0;, and B administered rats

Parameters N Control 5B K,Cr,0; K,Cr,0; +5B K,Cr,0; +10B P
MDA (nmol/mL) 8 518+0.38"° 5.32+0.42° 555049 7.49 +0.83° 6.86 +0.48%  4.76 +0.57° b
TAC (mmol/L) 8 443+0.29° 425+0.34°° 433+0.36® 264+019% 3.39+018¢ 3.46+0.34°¢
8-OHdG (ng/mL) 8 0.277 £0.003 0.263 +0.007 0.272+0.003 0.285+0.008 0.270+0.005 0.267 +0.004 -

&9 The difference between values with different letters on the same line is important.

5B: 5 mg/kg Boron, 10B: 5 mg/kg Boron
-: Not significant, p>0.05; ** P<0.01; ***: P<0.001

Liver MDA level showed a statistically significant dec-
rease only in the KyCr,0,+10 mg/kg B group
(P<0.01) compared to the other groups. The correla-
tion coefficient between liver B and Cr levels was
0.556 and a positive correlation was found (P<0.05;
Table 2).

that 30 mg/kg K,Cr,0O7 given by gavage for 28 days in
Wistar albino rats increased liver enzymes and
TBARS levels in serum, decreased antioxidant enzy-
mes in liver tissue, and it stated that increased toxic
overload by reactive oxygen species may result in
irregular expression in genes. An increase in the acti-
vity of lipid peroxidation was observed, possibly due

Table 2. Liver MDA, B, and Cr levels in control, K,Cr,O;, and B administered rats

Parameters N Control 5B K,Cr,07 K,Cr,0; +5B K,Cr,0;+10B P
MDA (nmol/mL) 8 9.50 + 0.26% 10.18 +0.19°  9.80 + 0.20° 10.37 + 0.56° 8.45 + 0.58%° 7.38 % 1.20° b
B (ppb) 7 0.13+0.04° 0.44 +0.02° 0.51+0.07° 0.29 +0.02° 1.96 +0.16° 2.41+0.28°
Cr (ppb) 7 0.071+0.003° 0.59+0.004° 0.062+0.005° 0.919+0.051° 1.252+0.025°  1.239+0.063° ***

#¢: The difference between values with different letters on the same line is important.

5B: 5 mg/kg Boron, 10B: 5 mg/kg Boron
** P<0.01; ***: P<0.001

Discussion and Conclusion

Hexavalent chromium (Cr*®) is known to be a poten-
tial hepatotoxic and nephrotoxic agent associated
with oxidative stress and inflammation (Patlolla et al.,

to the formation of the hydroxyl radical catalyzed by
chromium as indicated by Patel et al. (2016).

Ince et al. (2010), in their study on rats, found that
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adding boric acid and borax to the diet (100 mg B/kg-
live weight) significantly reduced the blood MDA le-
vel; they stated that there was a numerical decrease
in MDA levels in the liver, kidney, and heart, which
was not statistically significant, and that it also had
positive effects on DNA damage. It has been repor-
ted that B can strengthen the antioxidant defense
system of tissues by causing changes in oxidative
metabolism through an undefined mechanism (Pawa
and Ali, 2006; Coban et al., 2015). In a study that
produced hepatotoxicity with CCls in mice; it has
been stated that 50, 100 and 200 mg/kg (live weight)
boric acid significantly reduces liver MDA levels and
increases liver GSH, SOD and CAT activities. It has
been stated that the hepatoprotective effect of boric
acid may lead to both increased antioxidant defense
system activity and inhibition of lipid peroxidation
(ince et al., 2012). Additionally, Tirkez et al. (2007)
found that 15 mg/L B component increased both
SOD and CAT activities in erythrocytes, whereas 500
mg/L B decreased both SOD and CAT activities. On
the other hand, Cakir et al. (2018) stated that 5 and
10 mg/kg B (i.p) reduced serum MDA levels in diabe-
tic rats, but did not affect TAC levels. Acaroz et al.
(2018) in their study on rats; showed that orally admi-
nistered element B (5, 10, and 20 mg/kg) had a hea-
ling effect on oxidative stress and inflammation cau-
sed by acrylamide and alleviated tissue damage by
preventing the decrease of antioxidant enzymes and
suppressing lipid peroxidation. Likewise, the antioxi-
dant, anti-inflammatory, and regulating effects of B
(5, 10, and 20 mg/kg) in a dose-dependent manner
on oxidative stress, inflammatory gene expression,
metabolic and histopathological changes caused by
Bisphenol A in rats have been revealed (Acardz et
al.,, 2019). Pawa and Ali (2006) 4 mg/kg of borax;
Coban et al. (2015) and Kugukkurt et al. (2017) also
found that different doses of B (5, 10 and 20 mg/kg,
respectively) may have positive effects on maintai-
ning the oxidant/antioxidant balance in case of oxida-
tive stress in rats in a dose-dependent manner.

Adequate literature has not been found regarding the
effect of B element against oxidative stress caused
by K,Cr,07 (Iztleuov et al., 2019, Sarica et al., 2019).
In a study (Iztleuov et al., 2019), the cardioprotective
effects of orally administered 22.5 and 225 mg/kg
sodium tetraborate on chromium intoxication
(K2Cr,0y), lipid profile correction, and oxidative stress
were investigated. In this study, sodium tetraborate
administered to rats at a level of 700 mg/L in their
drinking water for 21 days increased both MDA levels
and antioxidant system activity in the heart tissue,
and it was revealed that lower doses had a positive
effect on lipid peroxidation and antioxidant system. In
a previous study we conducted on this subject, it was
observed that lipid peroxidation in the brain tissue of
rats treated with K,Cr,O; (10 mg/kg, i.p) decreased
significantly after the application of 5 and 10 mg/kg B,
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but there was no significant change in antioxidant
enzyme (SOD, CAT, and GSH-Px) levels (Sarica et
al., 2019).

In the presented study, it was observed that there
was no statistical difference between the groups in
terms of plasma 8-OHdG levels, but the plasma 8-
OHJG level showed a numerical increase only in the
K,Cr,0; group compared to the control. However, it
was observed that the application of 5 and 10 mg/kg
B to the K,Cr,O; groups caused a non-statistical nu-
merical decrease in plasma 8-OHdG levels. Additio-
nally, it was found that 5 and 10 mg/kg B given to
groups with K;Cr,07 reduced serum MDA levels; and
decreased liver MDA levels with statistical significan-
ce only in the group administered K,Cr,O; + 10 mg/
kg B. It was also observed that serum TAC levels
increased with the application of 5 and 10 mg/kg B to
the KyCr,O7 groups, although not statistically. As a
result, it was seen that B may have positive effects
on oxidative stress and DNA damage caused by
KoCr207 in rats. It was concluded that new research
is needed in which different doses and compounds
can be used to determine the exact effects of the
boron element on metabolism.
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Abstract: In this retrospective investigation, the medical records of feline patients exhibiting ocular symptoms were
comprehensively collected from Atatiirk University, Veterinary Faculty, Animal Hospital over the period ranging from
2016 to 2023. A complete investigation was carried out a total of 427 cases with ocular disease observed in 310 cats.
A statistical analysis was made to identify patterns associated with breed, age, gender, and anatomical localization. No
evidence of gender predisposition to ocular diseases was found, while a higher incidence was noted in kittens aged 0-6
months, resulting in 57.4% of cases. In relation to breed predisposition, it was observed that ocular diseases demon-
strated a higher prevalence among Mix breed and British shorthair cat breeds. The predominant conditions observed
within patients were adnexa diseases, which represented 50.2% of cases, followed by nasolacrimal system disorders,
which represented 27.9% of cases. In summary, it was shown that brachycephalic breeds presented a higher preva-
lence of nasolacrimal disorders, whereas mix breed breeds indicated a higher incidence of ocular diseases.

Keywords: Adnexa, British shorthair, cat, eye, nasolacrimal

Kedi Okiiler Hastaliklarinin Retrospektif Analizi: Tiirkiye'nin Kuzeydogu Anadolu Boélgesindeki Bir Veteriner
Hastanesinde Prevalans, Irk Yatkinliklari ve Anatomik Lokalizasyonlara iliskin Gériisler: 310 Vaka (2016-2023)
Oz: Bu retrospektif arastirmada, Atatiirk Universitesi Veteriner Fakiiltesi Hayvan Hastanesi'nden 2016-2023 yillari
arasinda okuler semptomlar gosteren kedi hastalarinin tibbi kayitlari kapsamli bir sekilde toplandi. Toplam 310 hastada
gozlenen 427 okuller hastalik vakasi uUzerinde tam bir inceleme yapildi. Irk, yas, cinsiyet ve anatomik lokalizasyon ile
iligkili kaliplari belirlemek igin istatistiksel bir analiz yapildi. Okuler hastaliklara cinsiyet yatkinligina dair bir kanit bulun-
mazken, 0-6 aylik yavru kedilerde vakalarin %57.4'Unu olusturan daha yiksek bir insidansda oldugu belirlendi. Irk yat-
kinhg ile ilgili olarak, okuler hastaliklarin Mix breed ve British shorthair kedi irklari arasinda daha yuksek bir prevalans
gosterdigi gézlemlendi. Hastalarda gézlemlenen baskin hastaliklar, vakalarin %50.2'sini temsil eden adneksa has-
taliklari olup, bunu vakalarin %27.9'unu temsil eden nazolakrimal sistem bozukluklari izledi. Ozetle, brakisefalik irklar-
da nazolakrimal bozukluklarin daha ylksek prevalans gosterdidi, melez irklarda ise okller hastaliklarin daha yiksek

insidans gosterdigi belirlendi.
Anahtar kelimeler: British shorthair, goz, goz kapaklari, kedi, nasolakrimal

Introduction

Ophthalmology plays an important part in the recog-
nition and treatment of disorders affecting animals.
The ocular system has a significant the level of com-
plication in both its anatomical make up and physio-
logical mechanisms. The previously identified organ
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be sensitised and show clinical signs even as a result
of slight changes in the physiological balance of lo-
calised or systemic diseases (Scountzou, 2003; Akin
and Samsar, 2005).

Ocular diseases are frequently observed in feline
species. Hence, the assessment of ocular illness
prevalence based on factors such as breed, sex, and
age retains significant importance in establishing the
diagnosis of ocular diseases ( Gould and McLellan,
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2014; Akinrinmade and Ogungbenro, 2015; Park et
al., 2023). Congenital ocular malformations have
been reported in dogs and cats in previous studies
(Glaze 2005; Kuehn et al., 2016; Saraiva and Delga-
do, 2020; Bott and Chahory, 2022). Although there
have been many studies on glaucoma, entropion,
cherry eye and cataract in cats, there are few studies
on the prevalence and epidemiologic analysis of ocu-
lar diseases in cats (Chahory et al., 2004; Williams
and Kim, 2009; McLellan and Teixeira, 2015; Guyon-
net et al., 2019).

Ophthalmologic studies may determine the frequency
of ocular diseases and may assist in limiting down
potential diagnoses and treatment alternatives
(Kanski 2007). While studies investigating the inci-
dence of ocular disorders in dogs and cats have been
conducted in France and South Korea (Glaze 2005;
Guyonnet et al.,, 2019; Bott and Chahory, 2022;
Sarfaty et al., 2022). The objective of this retrospec-
tive study was to investigate the prevalence of ocular
disorders in cats, examining the influence of factors
such as breed, gender, and age at a Veterinary Hos-
pital in the Northeastern Anatolian Region of Turkey.

Materials and Methods
Medical records review

In this retrospective study, the medical records of
feline patients presenting with ocular symptoms at
Atatiirk University, Veterinary Faculty, Animal Hospi-
tal in Erzurum-Turkiye were collected from January
2016 to July 2023. As this study was considered ret-
rospectively and in an observational manner, no insti-
tutional or client approval was obtained. Data were
gathered for each feline subject, encompassing varia-
bles such as sex, age at initial presentation, medical
history, length and manifestation of clinical signs,
findings from physical examination, diagnosis, treat-
ment administered, and clinical outcomes. An investi-
gation was conducted to determine if both oculars of
the patients were impacted. Simultaneously, these
structures were categorized based on their localiza-
tion as adnexa, nasolacrimal canal, cornea, globe/
orbit, Givea, lens.

To perform a statistical comparison of the age ranges
across patients, the age scale of cats was utilized as
a reference point (Quimby et al., 2021). The patients
in the study were categorized into four groups based
on their age: patients aged 0-6 months were as-
signed the Group 1, patients aged 7 months-2 years
were assigned the Group 2, patients aged 3-6 years
were assigned the Group 3, and patients aged 7-10
years were assigned the Group 4.

Ophthalmic examination

Veterinarians in the Department of Surgery at Ataturk
University Veterinary Faculty Animal Hospital, Erzu-
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rum, Turkey carried a comprehensive ophthalmic
examination on cats referred to the facility. Threat
response, palpebral, glare, and pupil light reflexes
were evaluated. Subsequently, Schirmer tear test |
(AkSchirmer), fluorescein staining (Flu-Glo; Akorn
Pharmaceuticals), ultrasonographic imaging
(Mindray,Vetus 8;China), ophthalmoscopic (Aesculap
AC-635 C, Braun, Tuttlingen, Germany) and intraocu-
lar pressure measurements using a rebound tonome-
ter (TonoVet; Icare), were performed in both oculars
of all patients. If required, pupillary dilation was per-
formed using a topical 0.5% tropicamide solution
(Mydriaticum; Théa). STT-1 was applied to each ocu-
lar with the designated portion of the strip placed in
the lateral third of the ventral conjunctival fornix. A
stopwatch was used to time the tests and the wet
portion of the strip was measured in millimeters after
one minute.

Statistical analysis

Descriptive statistical analysis was performed to
examine many factors including breed, sex, age at
initial presentation, anatomical location, diagnosis,
and the unilateral or bilateral nature of disorders. This
study was conducted using commercial software,
specifically Excel 2016 by Microsoft. The prevalence
of each ocular disease in the reference population
and the 95% confidence interval (Cl) of the estimates
were calculated. The breed, age, and sex of the cats
were expressed as proportions relative to the overall
population of cats, whereas the prevalence of disea-
ses was presented as proportions relative to the total
number of diagnosed cases. All these variables were
subjected to parametric and nonparametric tests. The
calculation of odds ratios (ORs) was performed to
compare the prevalence of a variable in the study
population to that in the reference population. The
statistical software package SPSS (Version 26.0;
IBM) was utilized for conducting the analysis. A p-
value less than or equal to 0.05 was considered to be
statistically significant.
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Figure 1: Laceretion in 3 eyelids (a), Entropion (b),
Proptosis due to trauma (c).

Figure 2: Anterior uveitis (a), Pannus (b), Glaucoma

(c).

Results

A total of 427 out of 6000 feline patients who sought
medical attention at Atatlirk University Animal Hospi-
tal from June 2016 to July 2023 exhibited ocular
problems, accounting for 7.12% of the observed cas-
es (Figure 1 and Figure 2). In total, a sample size of
425 ocular disease, from 310 cats, were presented
and subjected to examination. A total of 6 different
breeds were included in the study (Figure 3). Among

Ayse GOLGELI BEDIR

these breeds, there were 132 cats with brachyce-
phalic features, including Scottish fold, British short-
hair and Persian. The most common breeds in the
study were 164 Mix breeds, 85 British shorthair, 35
Scottish fold and 12 Persian cats.

Scottish Fold — ]

Tabby WA
Persian 1
British Shorthair
Angora Wl

Mix Breed
] 20 40 60 80 100 120 140 160 180

Figure 3: The prevalence rate (%) ocular disease in
cats, varies among different breeds.

From the feline subjects examined in the research, a
total of 152 (49%) individuals were identified as male,
while 149 (48%) individuals were classified as fe-
male (Figure 4). The gender of nine feline within the
age range of 0-2 months could not be ascertained.
Among the participants included in our study, it was
seen that 178 (57.4%) individuals fell into the kitten
category, 104 (33.5%) individuals were classified as
Junior, 26 (8.4%) individuals were categorized as
prime, and a mere 2 (0.6%) individuals were identi-
fied as adult (Figure 5). The study examined seven
ocular findings based on their anatomical positioning,
including the adnexa, nasolacrimal system, cornea,
globe/orbit, uvea and lens, and gloucoma (Figure 6).

HFemale ™ Male ®Unknown

Figure 4: The Prevalence rate (%) of ocular disor-
ders according to gender .

57.42

60
50
33.55
40
30
20
8.39

10 - 129

0

Kitten Junior Prime Adult

Figure 5: Prevalence rate (%) of ocular disorders
according to age scale of cats.
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Uvea Lens
2% 1%

Nasolacrimal
system
28%

Another
3%

Adnexa
50%

Figure 6: Prevalence rates (%) of ocular disorders
according to the anatomical location in cats.
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Adnexa

The prevalence rate of adnexa disorders was 50.2%
including conjunctivitis (39.3%), entropion (3.51%),
cherry ocular (2.11%), chemosis (1.87%), blepharitis
and others (Table 1). The incidence of adnexa dis-
eases in mix breed cats was higher than the inci-
dence of adnexa diseases in other breeds (46.6%,
ORs: 1.02; 95% CI: 0.67-1.5; P<0.05). This was fol-
lowed by British shorthair and Scottish fold. When it
related to the occurrence of adnexa diseases in cats,
there was no statistical difference between male and
female cats (ORs: 0.72; 95% CI: 0.47-1.08; P=1.11).
When adnexa diseases were analyzed according to

Table 1: Prevalence of ophthalmic disorders according to location in cats in this study

Ocular location Disorder Number of disorders %
Adnexa Conjunctivitis 168 39.3
Entropion 15 3.51

Cherry eye 9 211
Chemozis 8 1.87
Blepharitis 6 1.40
Horner syndrome 3 0.70
Traumatic wound 3 0.70
Trichiasis 1 0.23
Symblepharon 1 0.23
Subtotal 214 50.2
Nasolacrimal system Epifora 70 16.4
Micropuncta 40 9.4

Keratoconjunctivitis sicca 9 21
Subtotal 119 27.9
Cornea Corneal edema 25 5.85
Corneal perforation 14 3.28
Keratitis 7 1.64
Corneal ulceration 5 117
Subtotal 51 11.9
Globe/orbit Ocular trauma 10 2.34
Foreign body 4 0.94
Buphthalmos 2 0.47
Microphthalmia 2 0.47
Orbital fracture 1 0.23
Subtotal 19 4.45
Uvea Uveitis 8 1.87
Subtotal 8 1.87

Lens Lens luxation 3 0.7
Cataract 2 0.47
Subtotal 5 1.17
Another Secondary glaucoma 11 2.58
Subtotal 11 2.58

Total 427 100
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age groups, it was found that adnexa disease was
more likely to be seen in the 1-year age group (ORs:
0.67; 95% Cl: 0.46-0.98; P<0.05, Table 2).
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Table 2: Localization of eye disease prevalence according to breeds in this study

Breeds Odds ratio 95% ClI Prevalance (%) P VALUE
Mix breed 1.023 0.678 to 1.54 46.6 P<0.001
Angora 0.336 0.074 t0 1.53 3.42
Adnexa British shorthair 1.285 0.75t0 2.21 26.8
Persian 0.449 0.14t0 1.48 5.87
Tabby 0.598 0.131to 2.72 3.42
Scaottish fold 0.979 0.461 to 2.08 13.7
Nasolacrimal Brachiocephalic 2.178 1.440 to 3.296 50.1 P=0.04
system Non— . 0.496 0.327 to 0.751 49.9
brachiocephalic
Mix breed 0.105 0.066 to 0.165 56.6 P<0.001
Angora 0.336 0.074 to 1.53 5.19
c British shorthair 0.0531 0.026 to 0.11 22.3
ornea Persian 0.0408 0.005 to 0.32 2.81
Tabby 0.0748 0.009 to 0.63 2.63
Scotish fold 0.0579 0.019 to 0.169 10.5
Mix breed 1.429 0.697 to 2.94 57.9 P=0.036
Angora 0.997 0.055to 18.1 3.55
. British shorthair 0.756 0.251t0 2.29 24.4
Globe/Orbit Persian 1.392 017 to 11.4 6.78
Tabby 0.997 0.06 to 18.09 3.55
Scotish fold 0.211 0.012 to 3.56 3.73
Mix breed 0.753 0.145 to 3.92 30.1 P=0.64
Angora 3.703 0.187 to 73.2 9.22
Lens British shorthair 0.726 0.084 t0 6.3 17.6
Persian 5.545 0.596 to 51.5 16.5
Tabby 3.703 0.187t0 73.2 9.22
Scotish fold 1.794 0.204 to 15.8 17.3
Mix breed 0.944 0.28 t0 3.182 37 P=0.93
Angora 2.373 0.125t0 45 6.32
British shorthair 0.910 0.19 to 4.365 22.2
Uvea Persian 1.424 0.078 to 26 6.47
Tabby 2.373 0.125t0 45 6.32
Scotish fold 2.288 0.47 to 11.3 21.6
Mix breed 1.394 0.549 to 3.54 55.5 P=0.11
Angora 1.736 0.093 to 32.1 5.64
Another British shorthair 0.324 0.041 to 2.54 11.33
(Gloukom) Persian 1.042 0.06 to 18.7 5.78
Tabby 10.873 1.89 to 62.3 15.8
Scottish fold 0.367 0.021t0 6.36 5.92
Nasolacrimal system seen in the 1-year age ve 2-year group (ORs: 0.97;

The prevalence rate of nasolacrimal system was
27.9% including epifora (16.4%), micropuncta (9.4%),
keratoconjuktivitis sicca (2.21%) (Table 1). Nasolacri-
mal system diseases were more frequently reported
in brachiocephalic breeds than in other breeds (50%;
ORs: 2.17; 95% CI: 1.44.-3.29; P<0.05). When it re-
lated to the occurrence of nasolacrimal system in
cats, there was no statistical difference between male
and female cats (ORs: 1.02; 95% Cl: 0.58-1.82;
P=0.93). When nasolacrimal system diseases were
analyzed according to age groups, it was found that
nasolacrimal system disease was more likely to be

95% ClI: 0.604-1.55; P<0.05 and ORs: 0.77; 95% CI:
0.42-1.14; P<0.05, Table 2).

Cornea

In our investigation, the incidence of corneal diseases
was found to be 11.9%. Corneal edema accounts for
5.85% of the recorded cases, but corneal perforation
represents 3.28% of the total incidences. Four pa-
tients with ocular edema and perforation were found
to exhibit entropion. The mix breed breed had the
highest prevalence of corneal disorders, as reported
in the study (56.7%; ORs: 0.105; 95% CI: 0.07-0.16;
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P<0.05), followed by British shorthair breed (22.3%;
ORs: 0.05; 95% CI: 0.03-0.11; P<0.05) and scottich
breed (10.4%; ORs: 0.06; 95% CI: 0.02-0.17;
P<0.05). When it related to the occurrence of corneal
disease in cats, there was no statistical difference
between male and female cats (ORs: 0.88; 95% ClI:
0.47-1.64; P=0.68). When corneal disease were ana-
lyzed according to age groups, it was found that cor-
nea was more likely to be seen in the 1-year age ve 2
-year group (ORs: 1.00; 95% CI: 0.59-1.67; p<0.05
and ORs: 0.94; 95% CI: 0.5 -1.77; P<0.05, Table 2).

Globe/orbit

The incidence of globe and orbital diseases is 4.45%
and 2.34%, respectively, causing of ocular trauma. It
was found that globe/ orbital diseases were more
likely to be seen in mix breed breed cats (48.9%) and
British shorthair breed cats (22.6%) compared to
other breeds (ORs: 1.47; 95% ClI: 0.68-3.07; P<0.05
and ORs: 0.76; 95% CI: 0.25-2.27; P<0.05). There
was no statistically significant difference when globe
and orbital disease were analyzed in terms of gender
compared to other diseases (ORs: 0.67; 95% CI: 0.19
-2.44; P=0.55). When cornea were analyzed accord-
ing to age groups, it was found that cornea was more
likely to be seen in the 1-year age ve 2-year group
(ORs: 1.00; 95% CI: 0.59-1.67; P<0.05 and ORs:
0.94; 95% CI: 0.5 -1.77; P<0.05, Table 2).

Other diseases

Secondary gloucoma (2.59%) accounted for all of the
gloucoma data in our study. Uveitis was observed in
8 patients in our study, and uveitis constituted 1.88%
of our data. Of the lens diseases (1.18%), 0.71%
were caused by lens luxation and 0.47% by cataract.
No race, age, or gender predisposition was found in
these diseases (P>0.05, Table 2).

Discussion and Conclusion

According to the data collected during the study, it
was determined that kittens exhibited an increased
risk for developing ocular problems associated with
conjunctival diseases. Furthermore, our study indicat-
ed a statistically significant prevalence of the mix
breed breed across all the obtained data. Moreover,
the findings of our study indicated the absence of
substantial correlation between gender and the inci-
dence of ocular disorders.

The majority of felines included in our research were
within the age of one year (57.42%). Previous re-
search has indicated (21.7%) a higher incidence of
eye diseases in kittens (Park et al., 2023). Similarly, a
previous study carried out in puppies indicated that
ocular disease have high prevalence in puppies ra-
ther than adult dogs (Akinrinmade and Ogungbenro,
2015). According to the research that was performed,
it was observed that the ocular opening of kittens
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often occurs within a timeframe of 10 to 14 days sub-
sequent to their birth. The occurrence of premature
eye opening in kittens has been found to be associat-
ed with many ocular diseases, including corneal dry-
ness, keratitis, corneal ulcers, and conjunctivitis.
There exists a claim suggesting that kittens not re-
ceive enough amount of maternal milk exhibit re-
duced levels of antibodies, making them more vulner-
able to acquiring infectious diseases (Giger and
Casal, 1997; Larson and Schultz, 2021).

There were no notable gender disparities detected in
the development of our analysis. Previous research
conducted in the field of veterinary medicine sug-
gests that there is no evidence of discernible differ-
ence in the occurrence of ocular-related diseases
between genders (Saraiva and Delgado, 2020; Bott
and Chahory, 2022). The primary source of our data
is derived from felines adhering to the brachycephalic
and mix breeds. These findings may potentially sug-
gest recent regional breeding patterns or a potentially
increased prevalence of congenital ocular defects in
the specified breeds. It is also suggested that the
prevalence of ocular diseases has increased due to
the circumstance that mix breed felines predominant-
ly lack permanent residences and reside within urban
areas.

The study's findings indicate that eye problems most-
ly affect the adnexa of felines. The incidence of con-
junctival abnormalities (38.8%) was observed to be
the highest among a range of adnexal conditions.
The conjunctiva, a crucial part in protecting the cor-
nea from dryness and facilitating the movement of
the eyelids and globe, is susceptible to inflammation
caused by infections on frequently. Nevertheless,
conjunctivitis may result from structural problems,
trauma, or hypersensitivity reactions, either alone or
in conjunction with these underlying conditions
(Hartmann et al., 2010). Previous studies have indi-
cated that conjunctival diseases were found to be the
most commonly seen condition in prior investigations
conducted on canines and felines (Akinrinmade and
Ogungbenro, 2015; Turan, 2022). It is postulated that
the conjunctiva is influenced by a multitude of con-
genital or viral pathologies (Stanley, 1988; Narfstrom,
1999).

During the course of our analysis, it was determined
that the nasolacrimal system (28%) had the second
highest frequency of occurrence. The current investi-
gation involved an intake of 90 individuals who had
been diagnosed with epiphora. Among this group, 60
individuals exhibited micropuncta and were classified
as belonging to the barachiocephalic racial group.
According to a study, there is a notable prevalence of
epiphora in individuals of brachiocephalic racial back-
grounds. This phenomenon can be ascribed to the
variation of the nasolacrimal duct from its normal
anatomical location (Glaze, 2005; Anagrius et al.,
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2021).

A further investigation on the prevalence of feline
ocular disorders revealed that the cornea exhibited
the highest occurrence rate. This observation can be
attributed to the chronic and recurring character of
corneal disease (Park et al., 2023). In accordance
with an alternative investigation, it was found that
corneal sequestration emerged as the most common-
ly observed disease, with a significant proportion of
felines exhibiting brachiocephalic facial features.
(Sarfaty et al., 2022). The prevalence of corneal dis-
orders was found to be 10.9% in our study. After con-
ducting this retrospective study, we found that ocular
diseases were more prevalent among cats aged 0-6
months. Additionally, no gender predisposition was
observed among the participants in the study. The
majority of the patients belonged to mix breed and
brachiocephalic breeds, with the most common af-
fected areas being the conjunctiva, nasolacrimal sys-
tem, and cornea, respectively.
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Oz: Endocan veya Endotelyal Hiicre Spesifik Molekiil-1 (ESM-1), hiicre adezyonu, inflamasyon ve timér gelisimi gibi
sureglerin dizenlenmesinde anahtar bir rol oynadigi kanitlanmistir. Bu ¢alismada proinflamatuar ve proanjiyojenik
molekdllerin varliginda Endocan dizeylerindeki artis nedeniyle Parvoviral Enteritis’li (PVE) kopeklerde potansiyel yan-
gisal biyobelirte¢ roltinin arastiriimasi amaglandi. Calismaya 6-20 haftalik, farkl irklarda, 40 adet (24 erkek, 16 disi)
ishal (kanl/kansiz), halsizlik sikayeti bulunan ve képek parvoviriis (CPV) antijen pozitif képek dahil edildi. Kontrol gru-
bunu; 20 adet saglikh képek (12 erkek, 8 disi) olusturdu. Tim kdpeklerin serum 6rneklerinde; Endocan, IL-6 ve CRP
dizeyleri sandvi¢ ELISA metodu ile analiz edildi. Ortalama Endocan diizeylerinin PVE'li kopeklerde (68.07 ng/L; 17.30-
115.55) saglkl gruba gore (11.92 ng/L; 10.32-13.58) istatistiksel agidan (P<0.001) anlamh diizeyde ylksek oldugu
saptandi. Hasta grubundaki hem ortalama CRP diizeyi (20.87+6.34 mg/L), hem de ortalama IL-6 diizeyleri (2.32+0.84
pg/ml), sagliklilardan (2.24+0.66 mg/L ve 1.07+0.61 pg/ml) istatistiksel agidan énemli oranda (P<0.01) ylksekti. Ayrica
Endocan ile CRP diizeyleri ve IL-6 degerleri arasindaki pozitif korelasyonlar nedeni ile Endocan’in yangisal sirecin
sistemik bir bileseni oldugu degerlendirildi. Sonugta PVE'li kopeklerde Endocan diizeylerinin hastalarda 6nemli bir bi-
yobelirte¢ oldugunu destekleyen bulgular elde edildi.

Anahtar kelimeler: Biyobelirteg, endocan, kdpek, parvoviral enteritis

Endothelial Cell Specific Molecule-1 (Endocan) Levels in Dogs with Parvoviral Enteritis

Abstract: Endocan or Endothelial Cell Specific Molecule-1 (ESM-1) has been proven to play a key role in the regula-
tion of processes such as cell adhesion, inflammation and tumor development. In this study, we aimed to investigate
the role of Endocan as a potential inflammatory biomarker in dogs with Parvoviral Enteritis (PVE) due to increased
Endocan levels in the presence of proinflammatory and proangiogenic molecules. The study included 40 dogs (24 ma-
les, 16 females), 6-20 weeks old, of different breeds, with diarrhea (bloody/bloodless), weakness and canine parvovirus
(CPV) antigen positive dogs. The control group consisted of 20 healthy dogs (12 males, 8 females). Endocan, IL-6 and
CRP levels in serum samples of all dogs were analyzed by sandwich ELISA method. Mean Endocan levels were signi-
ficantly higher in dogs with PVE (68.07 ng/L; 17.30-115.55) compared to the healthy group (11.92 ng/L; 10.32-13.58)
(P<0.001). Both mean CRP level (20.87+6.34 mg/L) and mean IL-6 levels (2.32+0.84 pg/ml) in the patient group were
statistically significantly (P<0.01) higher than the healthy group (2.24+0.66 mg/L and 1.07+0.61 pg/ml). In addition, due
to the positive correlations between Endocan and CRP levels and IL-6 values, Endocan was considered to be a syste-
mic component of the inflammatory process. In conclusion, findings supporting that Endocan levels in dogs with parvo-
viral enteritis is an important biomarker in patients were obtained.

Keywords: Biomarker, dog, endocan, parvoviral enteritis

Giris serotiplerinin diinya genelinde salginlara, klinik hasta-
liga ve oOlumlere neden oldugu bildiriimektedir

Kdpek/Canine parvoviris (CPV) enfeksiyonu akut,
bulagici ve 6lumcdl viral bir hastalik olup, nadiren
yetiskin kopeklerde gérilmekle birlikte; cogunlukla 6-
20 haftalik yas grubundaki gen¢ asilanmamis veya
eksik asilanmis képeklerde yaygindir. Hastalik akut,
fibrinli, nekrotik ve hemorajik enteritis bazen de myo-
karditis ile seyreder. Etken zarfsiz, tek sarmalli bir
DNA virlsi olup, ginimizde CPV-2a ve CPV-2b

Gelis Tarihi/Submission Date :07.03.2024
Kabul Tarihi/Accepted Date  :26.08.2024

*Bu galisma Erciyes Universitesi Bilimsel Arastirma Proje Birimi
tarafindan desteklenen TYL-2021-9233 kodlu projeden 6zetlenmistir.

(Charoenkul ve ark., 2019). ilk kez 2000 yilinda tespit
edilen daha virulent olan CPV-2c adi verilen tglincl
bir sus da diinya genelinde giderek yayilmaktadir
(Polat ve ark., 2019). Canine parvoviris, viral repli-
kasyon amaciyla; bagirsak kript hiicrelerini, myokardi
ve lenfoid organlari hedefler. Parvoviral enteritisin en
yaygin klinik belirtileri nonspesifik olup anoreksi, dep-
resyon, ates, letarji, istahsizlik, kusma ve ilk klinik
belirtilerden sonraki 24-48 saat icinde gelisen ince
bagirsak ishalidir. Ishalin gériinimii yumusak mukoid
bir sivi veya ¢ogunlukla kanamalidir (Prittie, 2004;
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Lamm ve ark., 2008). Gastrointestinal sivi kayiplari
ile hipovolemik soka ilerleyen intersitisyel dehidratas-
yon hizla meydana gelebilir. Klinik belirtilerin siddeti
yasa, koruyucu antikor titresine ve hastalik slresine
gore degisebilir. Klinik belirtilere ek olarak, fiziki mua-
yenede mukozal solgunluk, gecikmis kapiller dolum
zamanl, ates veya hipotermi ve abdominal agri géru-
lebilir. Bazi olgularda ince bagirsak invaginasyonu ve
buna bagh karin palpasyonunda agrili, sert, tibiler
yumusak doku kitlesi belirlenebilir (Rallis ve ark.,
2000; Mazzaferro, 2020). Etkilenen hayvanlarda ba-
gisiklik sisteminin yetersizligi, bagirsak bakterilerinin
translokasyonundan kaynaklanan bakteriyemi ile
birlestiginde, septik sok, sistemik inflamatuar yanit
sendromu, multiorgan yetmezligi ve tedavi edilmez-
lerse Olim riski ortaya ¢ikar (Goddard ve Leisewitz,
2010; Ford ve ark., 2017). Bu nedenle parvoviral en-
teritis olgularinda patogenez ve prognozda yangisal
sure¢ ve sepsis gelisimi dnemli rol oynar.

Endotel hucreleri sepsis patogenezinde 6nemli bir
role sahiptir. Endotelden salinan Endocan’in (endotel
hicre spesifik molekil-1, ESM-1), insanlardaki sepsis
¢alismasinda dizeylerinin anlamli olarak yiikseldigi,
ayrica endotel disfonksiyonunu, multiorgan yetmezli-
gini ve sepsisteki sag kalimi gostermede iyi bir bi-
yobelirteg oldugu kanitlanmistir (Blyuktiryaki ve ark.,
2017). Endocan’in, baslica akciger damar sistemin-
den eksprese edildigi de gosterilmistir. Yapisal ola-
rak, Endocan/ESM-1, ICAM-1 ve LFA-1 integrinleri ile
etkilesime girebilen ve dolayisiyla yangisal olaylari
Onleyen 50 kDa'lik bir proteoglikandir. Vazkuler endo-
telin; iltihaplanma, pihtilagsma, anjiyogenez ve tumor
invazyonunda, Oncelikle reseptdr/ligand etkilesimleri-
nin ayarlanmasi ile ve farkli mediyatorlerin sekresyo-
nunda 6nemli bir rol oynadidi saptanmistir (Hsu ve
ark., 2019). Naseri ve ark. (2020) tarafindan CPV'li
kopeklerde Endocan diizeylerinin, saghkli kdpeklere
kiyasla CPV'li kopeklerde daha ylksek oldugu goste-
rilmistir. Ayrica Olen kopeklerde yiksek Endocan
duzeylerinin saptanmasi nedeniyle CPV’li kdpeklerde
mortaliteyi tahmin etmek igin prognostik bir biyobelir-
teg olabilecegini belirtmislerdir (Naseri ve ark., 2020).

Parvoviral enteritis’li (PVE) hastalarda endotelyal
hicreler tzerine endotoksin veya sitokin aracili pro-
koagulant etkinin olusabilecedi bildirilmektedir. Ha-
sarli bagirsak duvari ve villus atrofisine bagh malab-
sorbsiyona; sivi ve protein kaybina, bakteriyel sepsis
ve endotoksemiye neden olur. Bu tablo da hizli bir
sekilde sok ve élime yol agabilir. Bu nedenle Endo-
can gibi damar endotelinden kdken alan bir biyobelir-
tecin PVE’li kopeklerde koagulopati ve sepsis gibi
nedenlerle kandaki diizeylerinin artmasi beklenebilir.
Bu acgidan parvoviral enteritis gibi sistemik hastaliga
neden olan kdpeklerde teshis ve prognozda énemli
oldugu dusunilen Endocan’in etkinliginin ortaya ko-
nulmasi iligkili sitokin ve akut faz yanitin birlikte de-
gerlendiriimesi 6nemlidir. Yaygin olarak CPV ile en-
fekte olmus kopeklerde cesitli patolojik biyobelirtegler
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arastinimaya devam etmektedir. Genellikle testlerin
morbidite veya mortaliteyi tahmin etmede tek basina
yararli olmayacagi belirtiimektedir (Kocaturk ve ark.,
2010; McClure ve ark., 2013). Bu nedenle PVE'in
patogenezinde rol oynayan yeni ve guvenilir biyobe-
lirteglerin arastinimasi ilgi ¢ekici olmaya devam et-
mektedir.

Endotel hiicreleri tarafindan eksprese edilen Endo-
can, yangisal sureglerde endotel disfonksiyonu igin
yeni bir biyobelirte¢ olabilecegi ifade edilmesi nede-
niyle, bu calismada dogal parvoviris enfeksiyonu
(CPE) gecirmekte olan hasta kopeklerin plazma or-
neklerinde yangisal bir biyobelirte¢ olarak Endocan
dizeyleri ile iligkili sitokin (IL-6) ve akut faz proteini
(CRP) duizeylerinin arastirilmasi amaglanmistir.

Gereg ve Yontem

Bu calismada, Erciyes Universitesi, Veteriner Fakiil-
tesi, i¢ Hastaliklar Anabilim Dali, Kiigiik Hayvan Has-
tanesine tedavi amaciyla getirilen, sahipleri tarafin-
dan calismaya katilma onay! alindiktan sonra PVE
tanisi konulan ve saglik kontrollerinde saglikli oldugu
belirlenen kdpeklerden elde edilen kan numuneleri ve
hayvanlara ait veriler kullanildi. Calisma 6ncesi Erci-
yes Universitesi Hayvan Deneyleri Yerel Etik Kuru-
luna (EUHADYEK) basvuruldu. Hayvan deneyleri
yerel etik kurulu tarafindan verilen 18/008 sayili kara-
ri ile calisma gergeklestirildi.

Calisma gruplari ve érnek alimlari

Calismaya, 6-20 haftalik yaslarda, farkh irklarda, 24
erkek ve 16 disi olmak lzere toplam 40 adet CPV
antijen pozitif kdpek dahil edildi. Kontrol grubunu ise;
ayni yas araliinda olan 12 erkek ve 8 disi toplam 20
adet saglikh képek olusturdu. Képeklerde alti haftalik
yastan sonra parvovirusun neden oldugu hastaligin
genel klinik belirtilerinden olan; anoreksi, kusma, is-
hal (sikga hemorajik) ve letarji belirtileri gosteren;
dehidrasyon, ates ve solgun mikoz membranlari
bulunan kopekler ile 16kopeni, anemi, panhipoprotei-
nemi ve hipoglisemi gibi laboratuvar bulgulari olan
hasta kdpekler ile CPV antijen pozitif kdpekler bu
arastirmaya dahil edildiler. Dért ila alti haftadan énce-
ki yaglar da enteritisden daha ¢ok solunum gigligu
(dispne) ve myokarditis nedeniyle ani 6lim gelistigi
icin bu kopekler arastirma disi birakildilar. Ayrica
Campylobacteriosis, clostridiasis, giardiasis ve isos-
pora enfeksiyonlari gibi parvovirus disinda gastroen-
teritis ve kusma semptomlarina yol agan bakteriyel ve
paraziter etkenleri barindiran képekler de calisma
disi birakildi.

Hasta grubunda ortalama 6-9 ay arasinda, farkli irk-
larda (Golden Retriever, Cocker Spaniel, Rottweiler,
Melez, Kangal melezi, Terrier, Beagle, Cavalier King
Charles, Border Collie) ve cinsiyette (Erkek, n=24;
Disi, n=16) akut PVE’li kdpekler yer aldi. Saglkh
kontrol grubunu ise saglk kontroli amaciyla klinige
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getirilen ortalama 5-8 aylik, farkl irklarda (Rottweiler,
French Bulldog, Melez, Kangal, Pomerian, Alman
Coban Koépegi, Belgika Malinois) ve cinsiyette (Erkek,
n=12; Disi, n=8) tamamen saglikli kdpekler olusturdu.

Hasta ve Kontrol grubu kdpeklerin ilk olarak klinik
muayeneleri yapilarak beden isisi, kalp ve solunum
sayilar 6lguldi. Klinik olarak istahsizlik, depresyon,
durgunluk, kusma ve kanh ishal semptomlari gdste-
ren hayvanlardan klinige getirildikleri giin ve tek se-
ferde olmak Uzere antikoagulanli (EDTA) ve bos tiip-
lere sefalik venden kan 6érnekleri alindi. Képeklerden
rektal swap ile digki érnekleri alindi ve érnekler par-
vovirus antijeni yonunden hizli tani testine (Asan
Pharm Parvo, CPV Ag, Giiney Kore) tabi tutuldu.
Test sonucu parvovirus antijeni yontnden pozitif olan
hastalar tez calismasinin ¢alisma grubuna dahil edil-
di.

Serum biyokimya ve ELISA analizleri

Hematolojik analizler Veteriner Fakultesi Hayvan
Hastanesi Klinik Hematoloji ve Biyokimya Laboratu-
varinda bulunan tam kan sayim cihazinda (Mindray
BC2800), biyokimyasal analizler ise ayni birimdeki
biyokimya analizériinde (Randox Monaco) gergekles-
tirildi. Kan CRP, IL-6, Endocan ve biyokimyasal ana-
lizleri igin sefalik ven’den vakumlu, jelli kan toplama
tiplerine (Hemolab BD) 5'er ml kan 0Ornegi alindi.
Alinan kan 6rnedi 15 dakika oda i1sisinda bekletildik-
ten sonra santrifij (Hettich, Zentrifugen) edilerek
(3000xrpm, 15 dakika) serum 6rnekleri gikartildi. Kan
CRP, IL-6 ve Endocan ELISA testlerinin élgimiinde
kullanilacak plazma ve serumlar her bir érnek igin iki
ependorf olmak Uzere ve her bir ependorfda 500 pl
plazma ve serum Ornegi olacak bicimde analiz iglem-
lerine kadar -20°C de depolandi. ELISA analizleri ilk
ornek alimindan sonraki sekizinci ayda tamamlandi.
Serum oOrneklerinde BUN, Total Protein, GGT, Glu-
koz, Kreatinin, AST, ALP ve Albumin degerleri analiz
edildi.

Calisma ve kontrol kopeklerden alinan serum ornek-
lerinden CRP (201-15-0161/SunRedBio), IL-6 (201-
15-0128/SunRedBio),  Endocan  (SRB-T-87983/
SunRedBio) analizleri belirtilen ticari test kitleri kulla-
nilarak yapildi. Kantitatif ELISA ydntemiyle test pro-
sediriine goére analiz edildi ve sonuglar Biotek
ELx800 ELISA cihazinda 450 nm’de okundu.

Istatistiksel analizler

Verilerin istatistiksel analizi Statistical Package for the
Social Sciences (SPSS for Windows version 25.0)
paket programi ile yapildi. Verilerin normal dagilima
uygunlugu Shapiro-Wilk testi, Q-Q ve histogram gra-
fikleri ile belirlendi. Normal dagihm gdsteren degis-
kenler ortalamazstandart sapma olarak ifade edildi.
Normal dagilim gdstermeyen degiskenler ise ortanca
(25"-75™ yiizdelik) olarak ifade edildi. Ayrica varyans-
larin homojenligi Levene testi ile kontrol edildi. CRP,
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IL-6 ve Endocan degiskenleri agisindan hasta ve
saghkli gruplar bagimsiz iki 6rneklem t testi (student t
testi) ile analiz edildi. Normal dadihm gdstermeyen
veriler ise Mann-Whitney U testi testi ile analiz edildi.
Parvoviruslu ve saglikli képeklerde Endocan duzeyle-
rinin duyarlilik ve 6zgullikleri hesaplandi. Bu képek-
lerde Endocan esik degerinin belirlenmesi i¢cin ROC
egrisi analizi yapildi. Endocan’in Parvoviral enfeksi-
yonlarin patogenezinde rol alan bir biyobelirteg olup
olmadidi ve kopeklerde infeksiydz durumlarin takibi
icin kullanilan CRP diizeylerine gére muhtemel avan-
taj ve dezavantajlari arastirmak amaciyla pearson
korelasyonu uyguland. istatistiksel farklihgin P<0.05
olmasi anlamli kabul edildi.

Bulgular
Klinik bulgular

Calisma grubunu olusturan kdépeklerin timuinde dur-
gunluk, depresyon, hipertermi (10 olgu), letarji, kus-
ma, diyare ve hemorajik diyare gézlendi. Ayrica teda-
vinin ikinci gindnden itibaren kanli ishal gérilmeyen
vakalarda kanli ishal de gorildi. Tedavinin ilk gunu
uygulanan tedaviden sonra 25 olguda kusma sikligin-
da azalma gozlendi. Nispeten ishalde azalma ve gev-
reye olan ilgilerinde artis tespit edildi. Hastalara tgtin-
cu guinden itibaren yuksek enerijili bir diyet ile besle-
me yapildi. Bazi hastalar tedaviye 72. saatin sonunda
cevap vermeye basladilar ve istah geri geldi. Bu has-
talara yuksek enerjili diyete ancak o zaman gecilebil-
di. Calisma grubundaki 11 kdpekte tedaviye ragmen
dizelme gézlenmedi ve hastaneye getiriimelerinden
sonraki 1. ve 2. glnlerde oldiler. Parvoviris enfeksi-
yonu olan ¢alisma grubu kdpeklerinde ortalama vicut
sicakligi, ortalama solunum sayisi ve ortalama nabiz
sayisi duzeyleri saglikh képeklerden istatistiksel agi-
dan anlamli dizeyde daha yiksek bulundu
(P<0.001).

Hematoloji ve serum biyokimya analizi bulgulari

Ortalama WBC, lenfosit, grantlosit, RBC, hemoglobin
(Hgb) ve trombosit (PIt) degerleri acisindan ¢alisma
grubunda elde edilen dizeylerin kontrol grubuna gére
diisiik seyrettigi belirlendi. Ozellikle WBC, monosit ve
grantilosit deg@erlerinin ortalamasinin CPV'li kdpekler-
de istatistiki agidan anlamli oranda digiik (P<0.001)
ve PLT degerlerinin ortalamasinin istatistiksel agidan
onemli oranda ylksek oldugu belirlendi (P<0.001).

Calisma grubuna ait biyokimyasal analiz bulgularinda
birtakim sapmalar gézlendi. Ozellikle total protein,
albimin, glukoz, kreatinin ve ALP diizeyleri kontrol
grubuna gére farkliydi. Belirlenen biyokimyasal degi-
siklikler; hipoproteinemi, distk kreatinin, hiperglise-
mi, ALP aktivitesinde artis ve albimin diizeylerinde
disme olarak kaydedildi.
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Serum Endocan, CRP ve IL-6 bulgulari

Ortanca Endocan konsantrasyonunun PVE’li kdpek-
lerde 68.07 ng/L (17.30-115.55) ve sagliklilarda ise
11.92 ng/L (10.32-13.58) oldugu saptandi. Hasta
grubunun ortanca Endocan seviyesi saglkli grubun
ortanca degerinden istatistiksel agidan anlaml du-
zeyde ylksekti (P<0.001). Ortalama CRP dizeyleri
ise PVE'li kopeklerde 20.87+6.34 mg/L, sagliklilarda
2.24+0.66 mg/L idi. Ortalama IL-6 dlzeyi hasta ko-
peklerde 2.32+0.84 pg/ml, saglikhlarda ise 1.07+0.61
pg/ml idi. Hasta grubunun ortalama CRP ve IL-6 dU-
zeyleri, sagliklilardan istatistiksel agidan énemli oran-
da (P<0.01) farkliydi (Tablo 1).
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8.18). CRP ve IL-6 degiskenlerine ait duyarlilik, 6z-
gullik, LR ve AUC degerleri Tablo 3'de ifade edildi.

ROC analiz grafigi (Sekil 1) ve gruplar arasi Endocan
sonuglarini gdsteren grafik ($ekil 2) asagida verilmis-
tir. Tani performanslari agisindan CRP’nin en iyi ayirt
edici belirte¢ oldugu goérildi. Endocan’in ise gergek
pozitiflik oraninin ya da duyarliliginin IL-6'ya gbére
daha iyi oldugu, fakat CRP’ye gére daha dusik oldu-
du saptandi.

Tablo 1. Gruplar arasi ortalama/ortanca Endocan, IL-6 ve CRP konsantrasyonlarinin karsilastiriimasi

Parametreler Kontrol Grubu (n=20) Calisma Grubu (n=40) P degeri
Endocan (ng/L) 11.92 (10.32-13.58) 68.07 (17.30-115.55) <0.001
CRP (mgl/L) 2.24+0.66 20.8716.34 <0.001
IL-6 (pg/ml) 1.07+0.61 2.32+0.84 0.010
CRP: C-reaktif protein, IL-6: Interlékin 6
Endocan, CRP ve IL-6 parametrelerinin korelasyon
analizi sonuglari Tablo 2 de verildi. Endocan ile CRP
arasinda pozitif yonde, orta diizeyde ve istatistiksel
olarak anlamh bir korelasyon gorildi (P= 0.002, r=
0.595). Endocan ile IL-6 arasinda pozitif ydonde, orta
dizeyde ve istatistiksel olarak anlamh bir korelasyon
gorildiu (P<0.001, r= 0.597). IL-6 ile CRP arasinda
pozitif yonde, orta dizeyde ve istatistiksel olarak an-
lamli bir korelasyon gérildu (P= 0.004, r= 0.507)
(Tablo 2).
Tablo 2. Endocan, CRP ve IL-6 parametrelerinin Korelasyon analizi sonuglari
Endocan (ng/L) CRP (mg/L) IL-6 (pg/ml)

Endocan (ng/L) r=1 '_000

r=0.595 r=1.000
CRP (mgl/L) P=0.002 )

r=0.597 r=0.597 r=1.000
IL-6 (pg/mi) P<0.001 P=0.004 -

CRP: C-reaktif protein, IL-6: Interlékin 6

Bu calismada Endocan igin kesme noktasi 15.85
alindiginda duyarlilik, 6zgullik, ROC AUC ve LR
degerleri hesaplandi (sirasiyla; %91, %11, 0.919,

Tablo 3. Endocan, CRP ve IL-6 kesme noktasi icin duyarlilik, 6zgullik, olasilik orani ve islem karakteristigi egri-
si (ROC) altindaki kalan alan (AUC) degerleri

Degiskenler Kriter Duyarlilik Ozgiilliik AUC LR

Endocan (ng/L) >15.85 0.909 0.111 0.919 8.18
CRP (mg/L) >2.94 1.000 0.111 1.000 9.00
IL-6 (pg/ml) >1.90 0.636 0.111 0.889 5.73

CRP: C-reaktif protein, IL-6: interlékin 6, AUC: Calisma ézellikleri altindaki alan, LR: Olasilik orani
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Sekil 1. ROC analizi sonuglari.
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Sekil 2. Gruplar arasi Endocan konsantrasyonlarinin
karsilastiriimasi.

Tartisma ve Sonug

Akut faz proteinleri (AFP), enfeksiy6z hastaliklarda
(Ok ve ark., 2015), immin aracih hastaliklarda
(Bathen-Noethen ve ark., 2008; Mitchell ve ark.,
2009), neoplazilerde (Nielsen ve ark., 2007; Planellas
ve ark., 2009; Shida, 2011) klasik inflamasyon belir-
teglerinden daha hizli ve daha kisa bir yari émr ile
tepki verirler. Képeklerde CRP dizeyleri gesitli yan-
gisal durumlarda en ¢ok arastirilan AFP’dir. Kan CRP
seviyeleri, képeklerde inflamatuar bir uyaridan sonra-
ki ilk 8-24 saat icinde artar ve 48 saat sonra pik nok-
taya ulasan degerler 1-2 hafta iginde normal seviyele-
re doéner (Christensen ve ark., 2014; Hindenberg ve
ark., 2018). Bu arastirmada kontrol grubundaki ko&-
peklerdeki ortalama CRP duzeylerinin 2.24+0.66 mg/
L oldugu, PVE'li képeklerde ise ortalama 20.87+6.34
mg/L oldudu saptanmistir. Parvoviral enfeksiyonlu
kdpeklerde saglikli deneklere gore; serum CRP sevi-
yeleri 10 kat daha yiksek olabilecegi bildirilmistir
(McClure ve ark., 2013). Kocatlrk ve ark. (2010)
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6lim oraninin %91 oraninda goruldigl parvoviral
enteritli kopeklerde 92.4 mg/L'nin Uzerindeki CRP
seviyelerini rapor etmislerdir. Saglikli kdpeklerin CRP
konsantrasyonlari genellikle <10mg/L’dir. Ancak klinik
acidan saglikh bazi kdpekler biraz daha ylUksek de-
gerlere (25 mg/L’ye kadar) sahip olabilir. Bazi arastir-
malarda CRP araliginin ~10-20 mg/I'nin altinda oldu-
gu da gosterildi (Hillstrém ve ark., 2014; Ok ve ark.,
2015; Hindenberg ve ark., 2018). Basbug ve ark.
(2020) olen ve yasayan parvoviral enteritisli kdpekle-
rin CRP diizeyini kontrol grubuna gore 6nemli diizey-
de yilksek ve CRP esik degerinin ise 120.50 mg/L
oldugunu belirlemistir. Doku hasari ve enfeksiyonlar-
da ylUksek CRP seviyesinin zayif prognozu gosterdigi
belirtilse de, kisa yarilanma zamani ve akut donemde
ortaya ¢cikmasi nedeniyle daha ¢ok diagnostik agidan
onemli bir biyobelirtectir (Kocaturk ve ark., 2010).
Calismada elde edilen ortalama CRP dizeylerinin
diger galismalardan farkli bicimde dlsik bulunmasi-
nin c¢ahsmalardaki kdépeklerin enfeksiyonun farkli
(erken veya geg) donemlerinde oldugunu gostermek-
tedir. Arastirmada 6nceki galismalarla uyumlu olarak
hasta grubunda saglklilara gére yaklasik 10 kati
CRP konsantrasyonlarinin anlaml olarak daha yuk-
sek oldugu gorulmustir (Kocatirk ve ark., 2010, Bas-
bug ve ark., 2020). Ayrica PVE i¢in CRP analizlerinin
6zgullik ve duyarliiginin da oldukca yuksek oldugu
saptanmistir. Bu arastirmada; yanginin ilk asamasin-
da olusan ve 6nemli proinflamatuar sitokinlerden olan
IL-6 dlzeylerinin de sagliklilara oranla énemli oranda
yuksek oldugu belirlenmigtir. Savunma sisteminin
cevabi olarak yangisal hiicrelerden salgilanan bu tir
mediatorler karacigerden akut faz proteinlerinin ureti-
mine yol agarlar. insan galigmalarinda daha ¢ok arag-
tinlan bir belirte¢ olan IL-6 (Declue ve ark., 2012;
Miao ve ark., 2013), IL-1 ve TNF-a'ya ek olarak, er-
ken akut faz reaksiyonunda yer alan U¢ ana sitokin-
den biridir. Esas olarak monositler ve makrofajlar
tarafindan uretilirken, kronik inflamatuar hastalikta IL-
6'nin ana kaynagi T lenfositlerdir. IL-6 salinimi lipopo-
lisakkaritler, viral enfeksiyonlar veya nekrotik hicreler
tarafindan salinan Urlnler tarafindan induklenir
(Naugler ve Karin, 2008). IL-6 kendi basina serum
amiloid A (SAA) ve CRP gibi AFP’nin uretimini induk-
ler (Castell ve ark., 1988). Bu arastirmada da IL-6
dizeyleri saglikhlara oranla hastalarda énemli oranda
yuksek bulunmustur. Ayrica CRP ve IL-6 arasindaki
orta derecede belirlenen pozitif korelasyon yukaridaki
arastirmalarda belirtildigi gibi; IL-6 nin CRP (retimi ile
paralel oldugu ve bu sitokinin CRP Uretimini indukle-
digini desteklemektedir. Parvoviral hastaligin enterik
formunda kript epitellerinde nekroz olusmaktadir.
Villus ve lamina propria, kript epitelinin kaybi ve do6-
kilen Vvill6z epitel hilcrelerinin yerine konamamasi
sonucu 6nemli oranda hasara ugrar. Sindirimin bozul-
masi ve malabsorbsiyon sonucunda olusan diyare,
dehidrasyon, elektrolit dengesizligi, endotoksik sok
veya sekonder septisemiye yol acgabilir (Nandi ve
Kumar, 2010). insanlarda sistemik inflamatuar yanit
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sendromu ve sepsis veya septik sok gibi yangisal
durumlarda endotelial glikokalix (eGCX) yapinin bo-
zulacagi bildiriimistir (Nelson ve ark., 2008). Endotel-
yal hiicreye 6zgu molekul-1 (ESM-1) veya Endocan,
eGCX tabakanin hasarina bagli olarak kan serumun-
da duzeylerinin artmasi nedeniyle sepsis gibi kritik
durumlar icin umut vadedici bir biyobelirte¢ oldugu
belirtiimektedir (Uchimido ve ark., 2019). Calisma-
mizda elde edilen ve kontrol grubuna gére 6nemli
oranda artig gésteren Endocan duzeyleri bu hayvan-
larda endotel duzeyinde bir yikimlanmanin oldugunun
gOstergesi olarak kabul edilmistir. Képeklerde damar
endoteli hasarinin belirlenmesi icin standart bir yén-
tem olmamakla birlikte parvoviral enfeksiyonlu képek-
lerde Endocan diizeylerinin arastirildigi son bir aras-
tirmada; saglikh képeklere oranla parvoviral enfeksi-
yonlu kopeklerde daha yiksek ESM-1 (Endocan)
seviyelerinin eGCX hasarini gosterebilecegini de
belirlemiglerdir (Naseri ve ark., 2020). Ayrica, parvo-
viral enfeksiyon nedeniyle hayatta kalamayan kdpek-
lerde serum ESM-1'in yliksek seviyeleri, serum ESM-
1'in CPV'li kdpeklerde mortaliteyi tahmin etmede fay-
dali bir biyobelirte¢ olabilecegi de ayni yazarlar tara-
findan ortaya konulmustur. Arastirmamizda onceki
calismalardan farkh olarak hasta grubundaki képek-
lerde CRP, IL-6 bulgulari ile birlikte Endocan analizle-
ri birlikte degerlendirildi. Sonugta yangi dncesi sitokin
(IL-6) ve ilgili akut faz proteini (CRP) bulgularinin
ortalama Endocan bulgulari ile saglikhlara gére artis
tarzinda paralel seyretmesi (Tablo 1) nedeniyle En-
docan’in CPE igin de CRP’ye benzer bigcimde 6nemli
bir biyobelirte¢ adayi oldugunu gostermektedir. Yapi-
lan pearson korelasyon analizlerinde de bu U¢ para-
metre arasinda orta dizeyde pozitif korelasyonlarin
belirlenmesi (Tablo 2) nedeniyle korelasyon sonuglari
da yukaridaki yargly! desteklemektedir. Bu ¢alismada
ayni zamanda Parvoviral enteritislerde Endocan du-
zeylerinin esik degerleri, spesifite ve sensitiviteleri de
ortaya konulmustur (Tablo 3). Elde edilen sonuglar bu
alanda yapilan son calisma olan Naseri ve ark.,
(2020)'nin galismasinda elde edilen sonuglardan
farkli olarak belirlenmigtir. Onceki aragtirmada,
0.821'lik AUC, %100'lik bir duyarliik ve %67'lik bir
6zglllik Endocan igin ortaya konulmustu. Bu calig-
mada ise; Endocan igin kesme noktasi 15.85 ng/L
alindiginda duyarlilik, 6zgullik, ROC AUC ve LR
degerleri sirasiyla; %91, %11, 0.919, 8.18 oldugu
belirlenmistir. Bu degerlerin yukaridaki verilerle kargi-
lastinldiginda saglikh gruba gore hasta kopeklerde
Endocan seviyelerinin dnemli dizeyde artmasi nede-
niyle belirli bir oranda endotelial hasarini destekle-
mistir. Ancak Naseri ve ark.’nin (2020) yaptiklari son
calismadaki hem saglikli hem de ¢alisma grubundaki
kopekler ile kiyaslandiginda bu tez galismasinin bul-
gularinin Endocan aktivitesi yoniinden daha disuk
diizeyde oldugu gorilmugtir. Bu farkhhgin temel ne-
denleri arasinda; oncelikle olgularin farkliigi, kullani-
lan ELISA Kitlerinin farklhihgi, kitlerin farkli duyarhlik ve
standart konsantrasyonlarinda olmasi, ve son olarak
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her iki galisma da kullanilan hayvanlarin ve érnekle-
menin alindidi andaki enfeksiyon diizeylerinin veya
gunlerinin farkli olmasi, bu ¢ok hassas analizin calis-
malar arasinda farkli dlzeylerde seyredebilecegini
dusundurmuastir. Fakat her iki galismanin kendi kont-
rol gruplari ve spesifik laboratuvar sartlari ile deger-
lendirilmesi her bir calismanin 6zgunliguni ortaya
koymaktadir.

Sonugta; parvoviral enfeksiyonda yangisal durumu
belirleyen ve kuguk hayvan hekimligi alanindaki gun-
cel teshis parametrelerinden Endocan, IL-6 ve CRP
seviyelerindeki pozitif korelasyonlar nedeniyle bu l¢
parametrenin de parvoviral enfeksiyonlarda yangisal
surecin degerlendirimesinde etkin faktorler oldugu
belirlenmigtir. Yukaridaki sonuglara ragmen bu ¢alig-
may! sinirlayan bazi faktorler de s6z konusudur. Bun-
lar; Orneklerin ELISA siirecinde cift olarak calisiima-
sina ragmen, kontrol ve calisma grubundaki her bir
koépekten bir kez kan dérneginin alinmasi, sagd kalan
ve Olen koOpekler arasinda parametreler arasinda
farkhhgin belirenememesi, calisma grubu képeklerin-
de sepsis, SIRS kriterlerinin kesin bicimde belirlene-
memesi nedeniyle sepsis igin yukaridaki parametrele-
rin tam olarak gecerliliginin kanittanamamasi, dlen
koépeklerde histopatolojik analizlerin yapilmamasi gibi
eksiklikler sayilabilir.  Sunulan c¢ahisma ESM1/
Endocan Uzerine kuguk hayvan calismalari icerinde
alaninda ikinci ¢alismadir. Dolayisiyla bu alanda ha-
len kontrollt, farkh hastaliklarda, sepsis kriterlerinin
dogrulandigi, hastalik siiresince Endocan takiplerinin
yapildigi, damar endotel hasarinin imminohistokim-
yasal yontemlerle ve kan bulgulari ile saptandidi da-
ha ileri caligmalara ihtiya¢ bulunmaktadir.
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Abstract: The aim of this research is to evaluate the effects of light intensity and the temperature-humidity index (THI)
on egg performance and growth rate in laying hens reared on different cage tiers. Additionally, the study seeks to un-
derstand the sensitivity and efficiency of chickens' comfort conditions under various climatic environmental conditions.
Brown layer Hyline Brown hens were used as the animal material. In the experiment, 392 hens were housed in a total
of 56 cages, with 7 hens per cage in a 4-tier cage system. During the experiment, live weights, growth rates, egg pro-
duction, and egg weights of the hens were recorded and correlated with the THI and light intensity values measured in
front of each cage. The results indicated that hens on the upper tiers had higher live weights, body weight gains,
growth rates, egg production, and egg weights compared to those on the lower tiers. A negative relationship was found
between the THI value and both growth rate and egg production. Increasing THI values negatively affected both body
weight and egg production. Significant positive relationships were observed between light intensity and egg weight,
egg production, and average egg production. In conclusion, environmental management and physiological factors are
crucial in optimizing the performance of laying hens. Appropriate housing conditions, including optimal light intensity,
and temperature management, are essential for maximizing both growth and reproductive performance. Additionally,
achieving an ideal body weight at the beginning of the productive period is a crucial for egg production.

Keywords: Cage tier, egg production, growth rate, light intensity, temperature-humidity index

Farkli Kafes Katlarinda Yetistirilen Yumurtaci Tavuklarda Isik Siddeti ve Sicaklik-Nem indeksinin Yumurta
Performansi ve Biiyiime Hizina Etkisi

Oz: Bu arastirmanin amaci, farkl kafes katlarinda yetistirilen yumurtaci tavuklarda isik siddeti ve sicaklik-nem indeksi-
nin yumurta performansi ve bliyime hizi Gizerine etkilerini degerlendirmektir. Ayrica ¢alisma, gesitli iklimsel gevre ko-
sullari altinda tavuklarin konfor kosullarinin hassasiyetini ve verimliligini anlamayi amaglamaktadir. Hayvan materyali
olarak kahverengi yumurtaci Hyline Brown tavuklari kullanildi. Denemede 4 kath kafes sisteminde kafes basgina 7 tavuk
olacak sekilde toplam 56 kafese 392 tavuk yerlestirildi. Tavuklarin canli agirliklari, blytime oranlari, yumurta tretimleri
ve yumurta agirliklari kaydedilerek her kafesin éntinden oélgllen THI ve 1sik siddeti deg@erleri ile iliskilendirildi. Arastir-
mada, Ust kattaki tavuklarin canl agirlik, blyime hizi, yumurta tretimi ve yumurta agirhgi degerleri alt kattakilere gore
daha yuksekti. THI degeri ile hem blyime hizi hem de yumurta Uretimi arasinda negatif bir iliski bulundu. THI degeri-
nin artmasi hem canli agirhgi hem de yumurta uretimini olumsuz etkiledi. Isik siddeti ile yumurta agirhdi, yumurta Greti-
mi ve ortalama yumurta Uretimi arasinda 6nemli pozitif iligkiler gézlendi. Sonug olarak, gevre yonetimi ve fizyolojik fak-
torler yumurtaci tavuklarin performansinin optimize edilmesinde ¢ok dnemlidir. Optimum isik siddeti ve sicaklik yoneti-
mi de dahil olmak tzere uygun barinma kosullari, hem blyume hem de Ureme performansini en Ust dizeye ¢ikarmak
icin gereklidir. Ayrica, Uretim donemi baginda ideal canh agirhda ulagiimasi yumurta Gretimi igin gok énemlidir.

Anahtar kelimeler: Blyime hizi, 1sik siddeti, kafes kati, sicaklik-nem indeksi, yumurta verimi

Introduction welfare (Kim and Lee, 2023; Qi et al., 2023; Kiguk-

) . ) » topeu et al., 2024). Moreover, providing ideal environ-
Chickens are sensitive to environmental conditions mental conditions is also vital for effective care-
(Anderle et al., 2023). Therefore, understanding the management and health protection practices (Qi et
optimal environmental requirements for chickens is al., 2023). This necessitates rigorous control and
crucial for enhancing both productivity and animal monitoring of the climatic environment in poultry

houses (Kiguktopgu et al., 2024).
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isms, poultry must maintain a stable body tempera-
ture (Kim and Lee, 2023). The effort to regulate body
temperature is directly related to the environmental
temperature (Kim et al., 2021). Significant deviations
in environmental temperature can cause metabolic
and physiological changes aimed at preserving heat
balance (Kim and Lee, 2023). The thermal comfort
zone for adult chickens is reported to be 18-22°C
(Pawar et al., 2016; Sarica et al., 2018). Chickens
can stabilize their body temperature at ambient tem-
peratures between 10-27°C (the homoeothermic
zone) through metabolic and physiological adjust-
ments (Sarica et al., 2018). Outside this range, chick-
ens may experience hypothermia or hyperthermia,
leading to yield losses, health deterioration, and even
mortality (Farag and Alagawany, 2018; He et al,,
2018).

Poultry exhibit greater tolerance to humidity than heat
(Sarica et al., 2018). However, humidity tolerance is
influenced by temperature. Ideal humidity in poultry
houses is between 40-70% (Oloyo, 2018; Sarica et
al., 2018). Low humidity can cause dust and respira-
tory diseases, while high humidity can lead to damp
litter, increased ammonia levels, and condensation
on the roof and walls during winter. In summer, high
humidity combined with high temperatures impedes
heat dissipation through evaporation, increases per-
ceived temperature, and exacerbates heat stress
effects (Oloyo, 2018; Kim et al., 2021; Elghardouf et
al., 2023). Therefore, evaluating temperature and
humidity together is crucial for maintaining an optimal
environment in poultry houses. The Temperature-
Humidity Index (THI) is a valuable tool for assessing
the combined effects of temperature and humidity on
animals (Kim and Lee, 2023; Loengbudnark et al.,
2023). THI quantitatively evaluates environmental
factors affecting animal health, productivity, and wel-
fare, thereby playing a critical role in effective envi-
ronmental management strategies (Shin et al., 2024).
Different THI formulas exist for various animal spe-
cies and environments, with values classified into
normal, alert, danger, and emergency zones for poul-
try (Zulovich and DeShazer, 1990; Kim and Lee,
2023).

Lighting is another crucial environmental factor in
poultry houses. Light stimulates ovarian activity in
hens, promoting sexual maturity and egg production
(Mohammed, 2019; Nega, 2024). It also influences
growth, behaviour, physiological processes, and im-
mune health (Erensoy et al.,, 2021; Bahuti et al.,
2023). Key lighting factors include photoperiod and
light intensity (Barros et al, 2020; England and Ruhn-
ke, 2020). In extensive farming, hormonal stimulation
typically occurs in spring when natural light duration
is 10-12 hours, prompting egg-laying. In commercial
intensive farming, a daily lighting duration of 14 hours
or more is desired (Sarica et al, 2018; Nega, 2024).
Light intensity plays a crucial role in chicken welfare
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(Mohammed, 2019); low intensities can reduce activi-
ty levels and productivity, while high intensities can
increase aggression (Mohammed, 2019; Barros et
al., 2020; Erensoy et al., 2021).

Maintaining temperature balance and providing uni-
form illumination are essential to prevent negative
environmental impacts and ensure optimal production
(Kiglktopgu et al., 2024). Modern poultry houses are
equipped with systems for climatic control. Despite
welfare concerns, cage systems are frequently used
in commercial egg production for economic and sus-
tainability reasons (Sekeroglu et al., 2014; Erensoy et
al.,, 2021; Majewski et al., 2024). These cages can
have 3-8 tiers (Adegbenro et al., 2023). Despite ef-
forts to provide homogeneous environmental condi-
tions (Sarica et al., 2018; Ozentiirk and Yildiz, 2021;
Ozentiirk et al., 2023), it is challenging to maintain
uniform conditions across all cage tiers (Yildiz et al.,
2006; Sekeroglu et al., 2014; Turker et al., 2021).
Therefore, understanding the environmental differ-
ences between cage tiers is crucial to ensuring equal
conditions for all chickens and achieving optimal pro-
duction.

This study aimed to evaluate the effects of light inten-
sity and the Temperature-Humidity Index on egg per-
formance and growth rate in laying hens reared in
different cage tiers. Additionally, the study sought to
understand the sensitivity of hens to comfort condi-
tions and their productivity, providing insights into the
climatic conditions under which hens are most pro-
ductive.

Materials and Methods

The research was ethically approved by the Atatiirk
University Faculty of Veterinary Medicine Unit Ethics
Committee (Protocol no: 2024/10, dated 28.03.2024).

Study Location and Design

The research was conducted at the Poultry Unit of
Ataturk University Food and Livestock Application
and Research Centre. The poultry house utilized a
battery cage system with 4 tiers (numbered 4, 3, 2
and 1 from top to bottom) and 2 rows. Each tier con-
tained 14 cage compartments, symmetrically ar-
ranged into right (7 compartments) and left (7 com-
partments) sides, making a total of 56 cage compart-
ments. The right side of the cage unit faced the win-
dows, while the left side faced the aisle. All cage
compartments have identical dimensions, made of
galvanized sheet and wire, allowing for light and air
circulation. The 7° inclined base wires allowed eggs
to roll to the egg collection band easily. The cage
dimensions are as follows: depth 60 cm, width 62.5
cm, back height 46 cm, front height 51 cm, and feed-
er length 62.5 cm. Each cage compartment has two
water nipple systems, and feed and water were pro-
vided ad libitum. Ventilation was managed via win-
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dows on the side walls, ventilation shafts on the ceil-
ing, and a 140 cm x 140 cm electric negative pres-
sure fan. Lighting was provided by white fluorescent
lamps on the ceiling, with a lighting program of 16
hours of light and 8 hours of darkness per day.

Animal Material

The study used Hyline Brown layers. Each of the 56
cage compartments housed 7 birds, resulting in a
total of 392 birds.

During the productive period, the hens were fed ad
libitum with granule form feed: 1st Term egg feed at
20-45 weeks (2750 ME, 16.26% HP), 2nd Term egg
feed at 46-60 weeks (2720 ME, 15.83% HP), and 3rd
Term egg feed at 61-72 weeks (2720 ME, 15.65%
CP).

Determination of Body Weights and Growth Rate

The hens were weighed before the production period
(at 18 weeks of age) and divided into two body
weight groups based on high uniformity: high body
weight (21700 g) and low body weight (<1500 g).
Starting at 24 weeks of age, body weights were
measured every four weeks until 72 weeks of age,
and the average weight per cage was recorded. The
Gompertz growth model was used to determine the
growth rate (k) using average body weights
(Gonzalez Ariza et al., 2021; Mancinelli et al., 2023).

The Gompertz growth model is given by:
Wt = Wmax ((exp-b) (exp(-kt)))

The terms in the mathematical model are:

® W, observed weight at t weeks of age

t: weekly age

® V.- asymptotic body weight
®  b:initial weight

® k:growth rate

The Wmax was determined as 2.17 and b as 3.43,
with k estimated by keeping Wmax and b constant.
The coefficient of determination (R?) of the functions
averaged 0.97 £ 0.02.

Determination of Egg Performance

Eggs from each cage were collected and recorded
daily from 24 to 72 weeks of age. Weekly average
egg weights were determined by weighing the eggs
each week. Average daily egg production (g) per
cage was calculated based on egg production and
average egg weights.

Ugur OZENTURK

Determination of Light Intensity and Temperature
Humidity Index (THI)

Light intensity, temperature, and humidity values
were measured in front of the cages at 09:00, 12:00,
and 15:00 once a week. The average light intensity
and THI values were recorded. The THI formula used
was (Elshafaei et al., 2020):

THI=0.8 Ty, + (RH (T4,—14.3)/100) + 46.3

where:

® Ty, = air dry-bulb temperature (°C)
RH = relative humidity of air (%)
Statistical Analyses

The effects of cage side, cage tier, and body weight
group on average daily egg production (g), egg yield
(%), egg weight (g), body weight at the start and end
of the experiment, percentage of body weight
change, and growth rate (k) per cage were analyzed
using the General Linear Model (GLM). Duncan mul-
tiple comparison was used for multiple comparison
test. Pearson correlation was used to calculate the
relationship between these values and THI and light
intensity. Multiple linear regression analysis with a
forward approach was used to analyze the effects of
light intensity and THI on average egg production (g),
egg yield (%), and growth rate (k) per cage. The vari-
ables were normally distributed and demonstrated a
linear relationship. No multicollinearity was detected
among the independent variables, with the highest
correlation coefficient being r = 0.572. The collinearity
was further assessed using the Variance Inflation
Factor (VIF), which ranged from 1.195 to 1.959. The
standardized residuals fell within the acceptable
range, with the lowest value being -2.204 and the
highest 1.911. Additionally, the errors of the esti-
mates were normally distributed. For regression anal-
ysis, the assumptions of collinearity, VIF, and normal
distribution of errors were verified. Statistical anal-
yses were performed using SPSS software.

Results

Temperature and humidity values were measured in
front of each cage and THI value and light intensity
were determined for each cage (Table 1). The light
intensity was higher on the window side and on the
upper tiers. The average THI value was 72.36 (min:
71.60- max 73.17) and the THI values of the aisle
side and middle (2 and 3) tiers were found to be high-
er.
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Table 1. Light intensity and THI values of the cage tiers

Light intensity (lux) THI
95% Confidence 95% Confidence Interval
Interval

Lower Upper Upper
Cage side Cage tier Mean Bound B(F:Snd Mean Lower Bound B(I;)L'I)nd
Tier 4 460.66 434.194 487.134 71.95 71.753 72.148
Window Tier 3 225.61 199.140 252.080 71.97 71.777 72171
Tier 2 108.52 82.053 134.993 72.00 71.803 72.197
Tier 1 62.52 36.053 88.993 72.07 71.870 72.264
Tier 4 106.52 80.046 132.986 72.64 72.447 72.841
Aisle Tier 3 78.80 52.333 105.273 72.86 72.662 73.056
Tier 2 52.39 25.923 78.863 72.80 72.604 72.998
Tier 1 37.05 10.576 63.516 72.56 72.360 72.754

SEM 13.16 0.10

The average egg production (g), egg yield (%), and
average egg weight (g) values according to cage ftier,
cage side and body weight groups are presented in
Table 2. The highest average egg weight was ob-

tained from hens reared on the upper tiers (P<0.01).
Egg yield was lower in the hens reared on the lower
tier (P<0.05). For average daily egg production (g)
per hen, which is a function of average egg weight

Table 2. Mean egg production (g), egg vyield (%), and egg weight (g) values of the groups (X +SE)

Cage side Cage tier Boc;;:ﬂ;\;eplght p?:g:igiﬁ’ﬁg(g) Egg yield (%) Average egg weight (g)
Tier 4 High 57.32+0.98 87.610.71 65.27+0.49
Low 56.63+0.85 86.19+0.67 64.94+0.47
Tier 3 High 55.93+0.97 86.75+0.71 63.65+0.49
Window L_ow 53.46+0.86 85.33+0.68 63.32+0.47
Tier 2 High 53.91+0.98 86.12+0.71 63.48+0.49
Low 53.87+0.85 84.71+0.67 63.15+0.47
Tier 1 High 53.44+1.00 84.67+0.71 63.06+0.49
Low 51.30+0.84 83.26+0.67 62.73+0.47
Tier 4 High 56.03+0.85 87.62+0.67 65.57+0.47
Low 56.76+0.98 86.21+0.71 65.24+0.49
Tier 3 High 56.09+0.85 86.76+0.67 63.95+0.47
Aisle L_ow 53.15+0.98 85.35+0.71 63.62+0.49
Tier 2 High 54.12+0.85 86.13+0.67 63.78+0.47
Low 54.71+0.98 84.72+0.71 63.45+0.49
Tier 1 High 54.77+0.86 84.68+0.68 63.3610.47
Low 52.40+0.97 83.27+0.70 63.03+0.49
Tier 4 56.69+0.462 86.91+0.562 65.25+0.39°
Tier 3 54.66+0.46° 86.05+0.56° 63.64+0.39°
Tier 2 54.15+0.46™ 85.42+0.56% 63.47+0.39°
Tier 1 52.98+0.46° 83.97+0.56° 63.05+0.39°
High 55.20+0.33 86.29+0.40 64.02+0.28
Low 54.04+0.33 84.88+0.40 63.680.28
P Value
p?;g:ac%ﬁ)ﬁ%g) Egg yield (%) Average egg weight (g)
Cage side 0.562 0.984 0.447
Cage tier <0.001 0.020 0.001
Body weight group 0.011 0.013 0.402

&¢. Different letters within one column are significantly different (P<0.05).
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and yield, the lowest values were obtained from hens
reared on the 1st and 2nd tier, followed by the 3rd
tier, with the highest egg production observed in hens
reared on the 4th tier (P<0.001). No significant differ-
ence was observed in egg production and egg weight
in hens reared on the window and aisle sides
(P>0.05). Although hens from different body weight
groups produced eggs with similar weights, hens with
lower body weight had lower egg production
(P<0.05), resulting in fewer eggs throughout their
production life in terms of average egg production (g)
(P<0.05).

Growth rate and body weight values according to
cage tier, cage side and body weight groups are pre-
sented in Table 3. The hens that started the laying
period with low body weight had lower body weight at
the end of the period (P<0.001). The rate of weight
gain was higher in the hens with low body weight
(P<0.001). During this period, it was observed that
hens with low body weight performed compensatory
growth. The k value of the hens in the high body
weight group was calculated as higher because they

Ugur OZENTURK

reached the targeted weight faster (P<0.001). The
rate of weight gain (P<0.05) and k value (P<0.01) of
the hens reared on the upper tiers were determined
to be the highest. The final body weight (P<0.001),
weight gain rate (P<0.001) and k value (P<0.05) of
the hens reared on the window side were lower
(P<0.001).

The correlation coefficients between light intensity
and THI with egg production and growth characteris-
tics are given in Table 4. There was a moderate neg-
ative correlation (r=-0.399) between THI value and
growth rate (k) (P<0.01). It was determined that those
with higher body weight at the beginning of the exper-
iment had higher egg production (r=0.552; P<0.01),
therefore those with higher k value had higher egg
production (r=0.582; P<0.01). It was determined that
the average egg weight (r=0.531), egg yield (r=0.500)
and therefore the average egg production per cage
(r=0.572) increased with increasing light intensity
(P<0.01). The increase in THI value caused a de-
crease in egg production (r = -0.268) as well as k

value (P<0.05).

Table 3. Growth rate and body weight values of the groups (x +SE)

Body

. Cage . Initial bod Final body weight Weight gain Growth rate (k
Cage side tiegr gf")%r: weight (g;l (g))/ ’ ragtle (‘%) value) (
Tier 4 High 1728.82+12.16 2210.02+28.75 29.39+1.77 0.152+0.003
Low 1398.81+14.04 2087.05+30.17 50.26+1.86 0.116+0.003
Tier 3 High 1693.39+12.16 2160.84+28.75 27.43+1.77 0.144+0.003
Window Lf)w 1372.33+14.04 2037.86+30.17 48.31+1.86 0.108+0.003
Tier 2 High 1672.14+12.16 2108.13+28.75 24.72+1.77 0.142+0.003
Low 1376.90+14.04 1985.16+30.17 45.60+1.86 0.106+0.003
Tier 1 High 1689.64+12.16 2076.78+28.75 23.04+1.77 0.143+0.003
Low 1336.19+14.04 1953.81+30.17 43.92+1.86 0.107+0.003
Tier 4 High 1700.05+14.04 2341.83+30.17 36.62+1.86 0.157+0.003
Low 1392.29+12.16 2218.86+28.75 57.50+1.77 0.121+0.003
Tier 3 High 1699.76+14.04 2292.65+30.17 34.67+1.86 0.149+0.003
Aisle L.ow 1395.75+12.16 2169.67+28.75 55.54+1.77 0.113+0.003
Tier 2 High 1706.67+14.04 2239.94+30.17 31.96+1.86 0.147+0.003
Low 1385.89+12.16 2116.97+28.75 52.83+1.77 0.111+0.003
Tier 1 High 1701.19+14.04 2208.60+30.17 30.27+1.86 0.148+0.003
Low 1396.54+12.16 2085.62+28.75 51.15+1.77 0.112+0.003
Tier 4 1555.80+6.87 2214.44+23.98°2 43.44+1.48° 0.137+0.002°
Tier 3 1540.92+6.87 2165.26+23.98%° 41.50+1.48%°  0.128+0.002°
Tier 2 1534.49+6.87 2112.55+23.98" 38.78+1.48° 0.127+0.002°
Tier 1 1532.63+6.87 2081.20+23.98° 37.10+1.48° 0.127+0.002°
High 1699.52+4.89 2204.85+17.04 29.78+1.05 0.148+0.002
Low 1382.40+4.89 2081.88+17.04 50.64+1.05 0.112+0.002
P Value
Initial body Final body weight Weight gain Growth rate
weight (g) (9) rate (%) (k value)
Cage side 0.053 <0.001 <0.001 0.027
Cage tier 0.085 0.001 0.019 0.006
Body weight group <0.001 <0.001 <0.001 <0.001

&¢: Different letters within one column are significantly different (P<0.05).

188



Impact of light and climate on egg performance... Erciyes Univ Vet Fak Derg 2024; 21(3): 184-193

Table 4. Relationship between egg production and growth characteristics with light intensity and THI

Initial Final

Growth W'elght body body Avg: egg Eg Avg. egg . nghF
rate gain rate weight weight weight ield (%) produc- intensity
(k) (%) J J @ YU tion(@  (ux)
(9) (9)
Weight N
gain rate -0.631
(%)
Initial N N
body 0.922 -0.810
weight (g)
Final body 535" 0090 0510"
weight (g)
Average .
egg 0.222 0.021 0.213 0.388
weight (g)
5,2)9 vield 580" 0288  0552°  0515° 0647
Average
egg . ) - . o -
produc- 0.432 0.137 0.410 0.493 0.919 0.896
tion (g)
Light in- . . .
tensity 0.140 -0.082 0.091 0.042 0.531 0.500 0.572
(lux)
Total THI -0.399" 0.645" -0.454" 0.164 -0.025 -0.268" -0.155 -0.487"
**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
The coefficient of determination of the multiple re- Table 6 shows the result of multiple regression analy-
gression model for growth rate (k value) was calculat- sis for daily egg production (R2 =0.544). It was deter-
ed as 0.499. In the model, the beta coefficient (b) of mined that light intensity, k and THI values were ef-
egg yield to growth rate was 0.007 and the coefficient fective on average daily egg production.

of THI value was -0.012 (Table 5).

Table 5. Estimated parameter and significance levels in multiple linear regression analysis for k value

Predictor Coefficient SE of coefficient t P-value
Constant 0.349 0.413 0.844 0.402
Egg yield 0.007 0.002 4.646 <0.001
THI -0.012 0.005 -2.375 0.021
R%= 0.499

Table 6. Estimated parameter and significance levels in multiple linear regression analysis for average egg pro-
duction (g) value

Predictor Coefficient SE of coefficient t P-value
Constant -18.432 10.986 -1.678 0.099

:'I'ugx';t intensity 0.003 <0.001 6.375 <0.001

Growth rate (k) 13.945 2.950 4.727 <0.001
THI 0.478 0.149 3.202 0.002
R?= 0.544
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In the multiple regression model for egg yield (R? =
0.250) and average egg weight (R®> = 0.354), light
intensity was found to be the effective factor (Tables
7 and 8).

Ugur OZENTURK

Table 7. Estimated parameter and significance levels in multiple linear regression analysis for egg vyield (%)

value

Predictor Coefficient SE of coefficient t P-value
Constant 84.874 0.234 362.800 <0.001
Light intensity ) ;45 0.001 4.247 <0.001
(lux)

R?= 0.250

Table 8. Estimated parameter and significance levels in multiple linear regression analysis for average egg

weight (g) value

Predictor Coefficient SE of coefficient t P-value
Constant 5.415 23.857 0.227 0.821
Light intensity ;o6 0.001 5.384 <0.001
(lux)

R?=0.354

Discussion and Conclusion

The results indicate a significant effect of cage tier on
body weights. Hens on the top tier exhibited the high-
est final body weights, while those on the bottom tier
had the lowest. Consequently, the body weight gain
rate and growth rate were higher for hens on the up-
per tier. There was also a notable difference between
cage sides in terms of body weight gain. Similarly,
Karaman et al. (2013) reported body weight gains of
8.81%, 11.06%, and 15.39% for tiers 1, 2, and 3,
respectively, with a significant difference among tiers
(Karaman et al., 2013). Sogunle et al. (2022) also
noted higher body weight gain in chickens on the
upper ftier, although this was not statistically signifi-
cant (Sogunle et al., 2022). This may be attributed to
the higher feed intake observed in chickens on the
upper tier (Adegbenro et al, 2023). Natural lighting,
which can affect appetite and feeding behaviour, is
more abundant on the top tier, potentially promoting
feed intake and growth (Sogunle et al., 2022). Fac-
tors such as temperature, light intensity, ventilation,
and stress levels may contribute to body weight dif-
ferences between cage tiers and sides (Erensoy et

al., 2021; Adegbenro et al., 2023). Upper tiers typical-
ly benefit from better temperature and ventilation
conditions, while cages facing windows receive more
natural light and potentially better airflow (Yildiz et al.,
2006; Karaman et al., 2013). These conditions likely
contribute to the higher growth rates and body
weights in chickens on the upper tiers and window-
facing sides of the cage units. Conversely, Sekeroglu
et al. (2014) found lower body weights on upper tiers
compared to lower tiers at 30 weeks of age, though
no significant difference was noted at 42 weeks

(Sekeroglu et al., 2014). Other studies have reported
no significant differences in live weight between tiers
at various ages (Onbasilar and Aksoy, 2005). The
experiment also revealed significant differences be-
tween body weight groups in terms of growth rate.
Hens starting the yield period with higher body weight
had a 29.78% weight gain, whereas those starting
with lower body weight experienced a 50.64% weight
gain, indicating compensatory growth in the lower
weight group.

Differences in egg production and egg weight were
observed between cage tiers, with the top tier yield-
ing higher egg production and weight, and the lowest
values recorded for hens on the bottom tier. These
findings align with previous studies indicating that
hens on the top tier produce more eggs than those
on the bottom tier (Yildiz et al., 2006; Tirker et al.,
2021; Sogunle et al., 2022; Adegbenro et al., 2023).
The better light illumination in upper tiers likely stimu-
lates egg production through hormonal mechanisms.
Additionally, environmental factors such as tempera-
ture, ventilation, and stress levels may influence
these differences ( Akkus and Yildirnm, 2018; Adeg-
benro et al., 2023). Hens on upper tiers benefit from
optimal environmental conditions, enhancing meta-
bolic activity and hormonal regulation, leading to
higher egg production and greater egg weight
(Karaman et al., 2013; Eleroglu, 2019; Erensoy et al,
2021). In contrast, sub-optimal conditions in lower
tiers may reduce productivity and egg weight. Some
studies, however, reported no effect of cage tiers on
egg production (Durmus and Kamanli, 2012; Sahin,
2012; Karaman et al., 2013; Sekeroglu et al., 2014).
Yildirnm et al. (2008) noted a negative impact of ex-
cessive light intensity on egg production, highlighting
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the importance of optimal lighting conditions (Yildinm
et al., 2008). Consistent with our results, Dereli Fidan
and Nazhgul (2012) observed that egg weight was
significantly influenced by cage tier, with the highest
weights recorded on the top and middle tiers (Dereli
Fidan and Nazligul, 2012). Similarly, Onbasilar and
Aksoy (2005) found higher egg weights on the top tier
compared to the bottom tier (Onbasilar and Aksoy,
2005). Eleroglu (2019) also reported higher egg
weights from the upper tier at 24 week of age
(Eleroglu, 2019). However, some studies found no
difference in egg weights across cage tiers (Yildirm
et al,, 2008; Durmus and Kamanli, 2012; Sahin,
2012; Karaman et al., 2013; Sekeroglu et al., 2014;
Turker et al., 2021; Sogunle et al., 2022; Adegbenro
et al,, 2023).

In our study, the cage side did not significantly affect
egg production or egg weight. Sahin (2012) also
found no significant differences in these parameters
between window-facing and aisle-facing cages
(Sahin, 2012). However, Yildiz et al. (2006) reported
heavier eggs from window-facing hens, possibly due
to increased light intensity (Yildiz et al., 2006). Varia-
tions in study results regarding the effect of cage tiers
on egg production, egg weight, and body weight are
often attributed to differing environmental conditions
such as light, temperature, humidity, and ventilation
(Karaman et al., 2013; Akkus and Yildirm, 2018;
Eleroglu, 2019; Erensoy et al., 2021; Turker et al.,
2021). However, the relationship between these con-
ditions and performance parameters remains incon-
sistent in the literature.

In our study, THI values, calculated from temperature
and humidity data, averaged 72.36 (range: 71.60-
73.17), with higher values on the aisle side and mid-
dle tiers. The THI chart classifies stress into four lev-
els: comfort (THI < 70), alert (THI 70-75), danger
(THI 76-81), and emergency (THI > 81) zones ( Zulo-
vich and DeShazer, 1990; Kim and Lee, 2023).
These THI values fall into the alert category (THI 70-
75), indicating potential heat stress. A moderate neg-
ative correlation between THI and growth rate and a
negative correlation between THI and egg production
were observed, suggesting that higher THI negatively
impacts body weight and egg production. Multiple
regression models explained 49.9% of the variability
in growth rate and 54.4% of the variability in egg pro-
duction, indicating moderate to high predictability.
High THI levels challenge thermoregulation in hens,
leading to heat stress and various physiological dis-
turbances (Amaripadath et al., 2023; Kim and Lee,
2023; Loengbudnark et al., 2023; Shin et al., 2024).
These disturbances reduce feed intake, impair nutri-
ent absorption, cause hormonal imbalances, and
decrease metabolic efficiency (Kim et al.,, 2021;
Elghardouf et al., 2023). Consequently, hens experi-
ence slower growth rates and reduced egg produc-
tion. Temperature and humidity differences between
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cage tiers were also significant, with higher tempera-
tures and humidity recorded in the middle tier ( Kilig
and Simsek, 2008; Eleroglu, 2019). These environ-
mental variations may explain differences in egg per-
formance and quality (Akkus and Yildirnm, 2018).

Light intensity significantly influenced egg weight, egg
yield, and average egg production. It emerged as a
key factor in multiple regression models for both egg
production and average egg weight. Light intensity
regulates photoperiod, affecting reproductive hor-
mones in poultry (England and Ruhnke, 2020; Eren-
soy et al., 2021). Adequate light intensity ensures
proper secretion of hormones essential for ovulation
and egg production, such as LH and FSH, leading to
increased egg production and egg size (Bahuti et al.,
2023). Proper light intensity also promotes feeding,
providing necessary nutrients for egg formation
(Adegbenro et al.,, 2023; Nega, 2024) and helps
maintain the circadian rhythm, essential for optimal
laying cycles (Saad et al., 2024). These factors might
explain the relationship between light intensity, egg
production, and egg weight observed in the study.
Studies support that, variations in lighting conditions
between cage floors and blocks, due to proximity to
light sources, can affect performance (Yildiz et al.,
2006; Kilig and Simsek, 2008; Karaman et al., 2013;
Erensoy et al., 2021). Light intensity did not affect the
growth rate of the chickens. This may be because the
chickens were already in the laying period, where the
physiological and hormonal effects of light intensity
are aimed at reproduction rather than growth.

Higher body weights at the start of the experiment
were correlated with higher egg production, indicating
that hens with higher growth rates also had higher
egg production. This is consistent with another study
linking body weight to egg weight and production
(Durmus and Kamanl, 2012). Higher body weights
may reflect better nutrient reserves, physiological
maturity, and advantageous genetics, contributing to
increased egg production. Additionally, efficient feed
conversion and metabolic health in hens with higher
growth rates may result in higher egg production. A
significant positive correlation between egg produc-
tion and egg weight was observed, indicating efficient
resource allocation and hormonal regulation. This
finding contradicts another study, which reported a
negative relationship between these parameters
(Durmus and Kamanli, 2012).

In conclusion, this study has shown that pullets failing
to achieve the required growth rates before the laying
period exhibit lower yields during production periods.
Therefore, improved management practices are nec-
essary to achieve optimal growth targets during the
pullet phase. Despite efforts to maintain controlled
environmental conditions for laying hens, similar con-
ditions are not always present in all cages due to the
influence of light from windows and ventilation sys-
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tems. Consequently, block trial designs should be
employed in scientific studies to account for these
variations. Although the THI showed minor variations
throughout the poultry house, it significantly impacted
the growth of the chickens. High THI resulted in slow-
er growth, likely due to less efficient feed utilization,
and led to decreased egg production in smaller hens.
More efficient use of ventilation systems can substan-
tially increase productivity in multiple ways. Appropri-
ate housing conditions encompassing optimal light
intensity, ventilation, and temperature management
are essential for maximizing both growth and repro-
ductive performance. Addressing these factors allows
poultry producers to enhance the productivity and
welfare of their flocks, ultimately leading to improved
overall performance and economic benefits.
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Abstract: Medical studies conducted on humans have revealed significant changes in hematological parameters dur-
ing sepsis and used these changes for diagnostic and prognostic purposes. However, there are very few studies on the
diagnostic and prognostic utility of hematological parameters in the field of veterinary medicine. The objective of this
study was to assess whether the parameters mean platelet volume (MPV), erythrocyte distribution width standard devi-
ation/coefficient of variation (RDW-SD/CV), platelet distribution width (PDW) and plateletcrit (PCT) hold diagnostic
significance in identifying sepsis in calves, while also investigating the interrelationships of these parameters within
these sepsis group. The study included 45 calves diagnosed with sepsis and healthy 15 calves as control group. In
calves with sepsis, MPV, PCT, RDW-SD, RDW-CV and total leukocyte count were found to be significantly higher than
the control group. In their analysis for the diagnosis of sepsis in calves, the sensitivity of MPV was 86.67, the specificity
was 84.44, the area under the curve (AUC) was 0.91, and the cut-off point value was 5.95 fL. In addition, the AUC
values for other parameters were found as PCT 0.79 (P=0.009), RDW-SD 0.68, RDW-CV 0.75 and WBC 0.80, respec-
tively. In the correlation analysis between MPV and other parameters, it was determined that there was a significant
relationship between PCT 0.630, PDW 0.310, WBC 0.271, RDW-SD 0.383 and RDW-CV 0.-643. In conclusion, MPV
may be a useful biomarker in calves with sepsis due to its favorable diagnostic performance in the early detection of
sepsis in new born calves with diarrhea. In order to determine the effects of the results in this study on sepsis very well,
it is necessary to work with populations with large sample numbers in the future.

Keywords: Calf, diarrhea, MPV, RDW, sepsis

Sepsisli Buzagilarda Ortalama Trombosit Hacmi ve Eritrosit Dagilim Hacminin Diyagnostik Onemi

Oz: insanlarda yapilan tibbi galismalarda sepsis sirasinda hematolojik parametrelerde anlamli degisiklikler ortaya
konmus ve bu degisiklikler tani ve prognoz amagl kullaniimistir. Ancak veteriner hekimligi alaninda hematolojik para-
metrelerin tani ve prognozdaki faydasina iliskin ¢ok az ¢alisma bulunmaktadir. Bu galismanin amaci buzagilarda sep-
sisin belirlenmesinde ortalama trombosit hacmi (MPV), eritrosit dagilim genisligi-standart sapma/varyasyon katsayisi
(RDW-SD/CV), trombosit dagilim genigligi (PDW) ve plateletkrit (PCT) parametrelerinin tanisal énem tasiyip
tasimadigini degerlendirmek ve ayrica sepsis grubunda bu parametrelerin birbirleriyle olan iligkilerini arastirmaktir.
Calismaya sepsis tanisi konulan 45 buzagi dahil edildi. Saglikh oldugu belirlenen 15 buzagi kontrol grubunu olusturdu.
Sepsisli buzagilarda MPV, trombosit sayisi, RDW-SD, RDW-CV ve toplam I6kosit sayisinin kontrol grubuna gére an-
lamli derecede yiksek oldugu bulundu. Buzagilarda sepsis tanisi igin yapilan ROC analizinde MPV'nin duyarlilgi
86.67, 6zgulligu 84.44, edri altinda kalan alan 0.91 ve kesme noktasi degeri 5.95 fL olarak bulundu. Ayrica diger para-
metreler icin AUC degerleri sirasiyla PCT 0.79 (P=0.009), RDW-SD 0.68, RDW-CV 0.75 ve WBC 0.80 olarak bulundu.
MPV ile diger parametreler arasindaki korelasyon analizinde PCT 0.630, PDW 0.310, WBC 0.271, RDW-SD 0.383 ve
RDW-CV 0.-643 arasinda anlamli iligki oldugu belirlendi. Sonug olarak MPV, ishalli yenidogan buzagilarda sepsisin
erken tespitinde iyi tani performansi nedeniyle sepsisli buzagilarda yararli bir biyobelirte¢ olabilir. Bu galismadaki
sonuglarin sepsis Uzerine etkilerinin ¢ok iyi belirlenebilmesi icin gelecekte genis drneklem sayilarina sahip populasyon-
larla galisilmasi gerekmektedir.

Anahtar kelimeler:Buzagi, ishal, MPV, RDW, sepsis

Introduction engenders noteworthy economic ramifications for

. . ) " corporate entities. Analogous to numerous maladies,
Sepsis arising from neonatal calf diarrhea elicits a the early and precise diagnosis of sepsis assumes
substantial burden of morbidity and mortality (Panda paramount significance for the efficacy of treatment
et al., 2022; Milas et al., 2022). Moreover, sepsis protocols and the principles of preventive medical

practice. Blood culture stands as the definitive criteri-
on for sepsis diagnosis. Nevertheless, the necessity
for novel biomarkers is underscored by reasons such
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as the extended duration requisite for blood culture
application-typically spanning 48-72 hours-coupled
with its susceptibility to yielding false positive out-
comes and demonstrating reduced sensitivity (Pugni
et al,, 2015; Sagiroglu et al., 2023). Despite the
emergence of novel therapeutic interventions and
early diagnostic methodologies in the domain of vet-
erinary medicine in recent years, sepsis continues to
uphold its clinical significance as a pivotal cause of
mortality (Llewellyn et al., 2017). Automated hematol-
ogy analyzers scrutinize indices associated with
erythrocytes and platelets, encompassing metrics like
erythrocyte distribution width standard deviation/
coefficient of variation (RDW-SD/VC), platelet count,
platelet distribution width (PDW), plateletcrit (PCT),
and mean platelet volume (MPV). Evaluation of these
indices related to erythrocytes and platelets bestows
clinicians with the capacity to proffer observations
concerning the processes of production and activities
pertaining to these cellular elements (Phillips et al.,
2022). MPV constitutes a parameter amenable to
straightforward analysis through a complete blood
count, revealing the platelet volume, while also
demonstrating a substantial increase concomitant
with the release of immature PLTs from the bone
marrow (Goddard et al., 2015). It also serves as a
reliable indicator of platelet production and thrombo-
poesis (Korniluk et al., 2019). PCT expresses the
ratio of platelet volume to total blood volume as a
percentage value. It is also calculated using PCT
count, MPV, and platelet count (Goddard et al.,
2015). A multitude of studies have attested to the
diagnostic significance of the platelet index in sepsis
within the realm of human medicine (Panda et al.,
2022; Milas et al., 2022; Mangalesh et al., 2021).
Furthermore, demonstrative evidence reveals that the
platelet index undergoes significant alteration in dogs
afflicted by sepsis, septic peritonitis, and systemic
inflammation (Bommer et al., 2008; Pierini et al.,
2020; Llewellyn et al., 2017). The causative factor
behind the heightened platelet index during sepsis
resides in the escalated turnover of platelets originat-
ing from the bone marrow and the subsequent re-
lease of nascent platelets into the circulation. Conse-
quently, this intricate interplay gives rise to pathologi-
cal modifications in the parameters encompassed
within the platelet index (Korniluk et al., 2019).

RDW quantifies the coefficient of variation in the di-
mensions of erythrocytes within circulation, revealing
the presence of anisocytosis within these red blood
cells (Scalco et al., 2022). RDW holds significance
across both human and veterinary medical domains
for regenerative anemias. Additionally, within human
medicine, it emerges as a biomarker with applicability
in the identification of various conditions, including
sepsis (Scalco et al., 2022; Hodeib et al., 2022), car-
diovascular ailments (Chen et al., 2010; Férhécz.,
2009), and critical illnesses (Bazick et al., 2011).
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Numerous studies have documented substantial al-
terations in hematological parameters among septic
calves, underscoring the relevance of these changes
in the disease's progression (Naseri et al., 2018;
Naseri et al., 2019). In parallel, human medical stud-
ies have similarly illuminated significant shifts in he-
matological parameters during sepsis, harnessing
these changes for diagnostic and prognostic purpos-
es (Hodeib et al., 2022). However, within the sphere
of veterinary medicine, explorations into the diagnos-
tic and prognostic utility of hematological parameters
have primarily centered on felines (Gori et al., 2021),
canines (Phillips et al., 2022; Pierini et al., 2020), and
equine neonates (Scalco et al., 2022). Thus far, no
study has been identified that delves into platelet and
erythrocyte indices' determination and their diagnos-
tic significance among septic calves. This study's
objectives encompass: (i) ascertaining whether plate-
let and erythrocyte indices bear diagnostic relevance
in both sepsis and healthy neonatal calves; (ii) eluci-
dating the associations between these indices and
sepsis; and (i) unveiling novel avenues for the appli-
cation of these traditional hematological parameters,
widely entrenched within clinical practice.

Materials and Methods

Before the commencement of the study, ethical clear-
ance was secured from the Bingél University Animal
Experiments Local Ethics Committee (B.U. AELEC
Meeting Number: 2023/04 Decision No: 04/04).

Animals and etiological diagnosis

The study included a total of 60 calves of different
breeds and gender and aged 1-28 days. Of these,
the sepsis group included 45 calves with diarrhea
whose, their etiological diagnosis [Rotavirus, Corona-
virus, Cryptosporidium parvum (C. parvum), and Gi-
ardia lamblia] was based on the utilization of immuno
chromatographic rapid test kits (Anigen Rapid BoviD-
5 Ag Test Kit, Bionote, Inc. Korea). Within the sepsis
group, calves manifesting clinical sign other than
diarrhea (such as prematurity, pneumonia, omphali-
tis, arthritis, congenital anomalies, immunosuppres-
sive drug administration, or antibiotic usage) were
excluded from the study. The remaining 15 healthy
calves served as control group. These calves were
clinically healthy and were negative for any infectious
agents of concern on the immunochromatographic
rapid test Kits.

Sepsis criteria and analyses

The calves included in the study underwent an initial
physical examination, encompassing assessments of
respiratory rate per minute, body temperature in de-
grees Celsius, and heart rate per minute. Criteria for
diagnosis of SIRS in calves were as follow;

-body temperature was more than 39.5 °C or less
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than 38.5 °C,

- heart rate was more than 160/min or less than 100/
min,

-respiratory rate was more than 36/min,

- total leukocyte count was more than 12,000/mm3 or
less than 4000/mm3 (Fectau et al., 1997; Fectau et
al., 2009).

The presence of at least two of the aforementioned
criteria defines SIRS, and when coupled with an in-
fection or suspicion of infection, it characterizes sep-
sis (Fectau, 2009). To assess the erythrocyte and
platelet indices in all calves, 2 ml blood samples were
collected from the jugular vein into K3-EDTA-
containing anticoagulant tubes (BD Vacutainer®,
Plymouth, UK). For the determination of the total leu-
kocyte (WBC), MPV, RDW-CV, RDW-SD, PDW, and
PCT counts for each calf, the blood samples in the
anticoagulant tubes were gently mixed and read on a
3-part hematology device (Benesphera H-31, India)
within @ maximum of 5 minutes. Prior to analysis, the

Table 1. Numerical distribution of etiological factors

Murat UZTIMUR

indices in calves with sepsis, sensitivity, specificity,
AUC, and the cut off value were determined using
ROC analysis. The interpretation of the AUC values
was as follows: AUC>0.90 indicated high accuracy,
AUC between 0.70 and 0.90 denoted moderate accu-
racy, AUC between 0.5 and 0.7 indicated low accura-
cy, and AUC<0.5 was considered a failure. The sta-
tistical significance between groups was determined
as P<0.05.

Results
Basic characteristics of the calves in the study

The numerical distribution of etiological factors is
shown in Table 1. Etiological agents identified in
calves were rotavirus (n=18), coronavirus (n=10), C.
parvum (n=4), Giardia lamblia (n=4), and mixed infec-
tions [Rotavirus + Coronavirus (n=3), Coronavirus +
C. parvum + Giardia lamblia (n=1)]. The breed distri-
bution of calves with sepsis were Simmental (n=32)
and were Holstein calves (n=13). All controls were
Simmental breed. The study population consisted of
40 male and 20 female calves.

Etiological Factors Number
Rotavirus 18
Coronavirus 10

C. parvum 4
Giardia lamblia 4
Rotavirus+Coronavirus 3
Coronavirus+C.parvum+Giardia lamblia 1

hematology analyzer was calibrated in accordance
with the manufacturer's protocol, and the blood sam-
ples were processed. Samples with inappropriate
PLT or RBC histogram indices were excluded from
the study. Blood smears were checked for the pres-
ence of PLT aggregates and calf with abnormal fea-
ture were excluded from the study.

Statistical analysis

Data were analyzed using software [SPSS 26 (IBM
SPSS Statistics for Windows, Version 22.0. Armonk,
NY: IBM Corp.) and Graph Pad Prism (Prism 9 for
Windows, version 9)]. The data were presented in the
form of descriptive statistics, including mean + stand-
ard deviation, median, minimum, and maximum val-
ues. To assess the normal distribution of the data,
the Shapiro-Wilk test was employed. When analyzing
the distinctions between the sepsis and control group
calves, the Mann-Whitney U test was utilized for data
that did not meet the criteria for normal distribution.
Conversely, the Independent Sample T test was ap-
plied to data that exhibited a normal distribution. The
correlation between variables was examined through
Spearman's rank correlation test. For the assessment
of the diagnostic value of erythrocyte and platelet

Comparison of hematological variables between
study groups

Table 2, 3 and Figure 1 present the descriptive statis-
tics of MPV, RDW-SD, RDW-CV, PDW, PCT, WBC,
body temperature, heart rate, and respiratory rate for
calves with sepsis and calves in the control group.
Statistically significant differences were observed
between the sepsis and control groups. Specifically,
in calves with sepsis, MPV (P<0.001), WBC
(P<0.001), PCT (P<0.001), RDW-SD (P<0.034), and
respiratory rate (P<0.025) were significantly higher
compared to the control group. Conversely, RDW-CV
was notably lower in calves with sepsis compared to
the control group (P<0.004). While PDW and heart
rate showed higher values in calves with sepsis,
these differences were not statistically significant
(PDW: P>0.061; heart rate: P>0.972).
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Table 2. MPV, RDW-SD, RDW-CV, PLT, PDW, PCT, WBC, meanzstandard deviation, median, minimum and
maximum values of calves with sepsis and those in the control group

Sepsis Group

Control Group

MeantSDMeantSD

Variables Median (IQR) Median (IQR) P value

MPV (fL) 12.96+4.42° 5.26+0.50° 0.001
15 (4.40-17.90) 5.10 (4.6-6)

RDW-SD (fL) 42.30+10.55° 40.92+4.20° 0.034
44.4 (12.80-73) 40.5 (33.3-49.70)

RDW-CV (%) 22.14+5.19% 30.39+8.23° 0.004
24.1 (7.60-27.20) 32.8 (16-44.60)

PDW (fL) 13.66+6.63 11.09+4.69 0.061
18.3 (1.8-20.70) 14.1 (4.2-14.5)

PCT (%) 5.51+2.86° 3.04+2.2° 0.001
6.38 (0.05-9.79) 3.64 (0.19-5.43)

WBC (x10°) 18.52+11.66° 9.52+2.86° 0.001

16.61 (2.5-55)

8.64 (6.94-18.7)

RDW-SD/VC: Erythrocyte distribution width standard deviation/coefficient of variation; PDW: platelet distribution
width; PCT: plateletcrit; MPV: Mean platelet volume; WBC: White blood cell. Statistical significance differences

between groups P<0.05.

Table 3. Body temperature, heart and respiratory frequency values of calves with sepsis and those in the control

group

Variables Sepsis Group Control Group P value
mean*SD mean*SD
min-max min-max

Heart Frequency (min) 124.89+34.7 121.87+20.12 0.972
35-200 68-140

Respiratory Frequency (min)  38.96+14.5% 30.13+4.64° 0.025
12-80 20-40

Body Temperature (°C) 37.95+1.47 38.07+2.25 0.476
35-40.3 30-39.2

Statistical significance differences between groups P<0.05.

P=0.001
2
15
g ?
5 L
‘Sopsis Group  Control Group

Figure 1. Box plots show MPV, RDW-SD and RDW-
CV values of calves with sepsis and control group
calves. Statistical significance differences between
groups P<0.05. MPV: mean platelet volume; RDW-
SD: erythrocyte distribution width standard deviation;
RDW-CV, erythrocyte distribution width coefficient of
variation.
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The Value of hematological variables in the diag-
nosis of sepsis

Table 4 and Figure 2 present the sensitivity, specifici-
ty, AUC, and cut-off point values for the parameters
MPV, RDW-SD, RDW-CV, and PCT in the context of
diagnosing sepsis using the ROC curve. For the diag-
nosis of sepsis, the MPV parameter exhibited a sen-
sitivity of 86.67% and specificity of 84.44%. The AUC
was determined to be 0.91, with a cut-off point value
of less than 5.95. Similarly, the PCT parameter dis-
played a sensitivity of 73.33% and specificity of
68.89%, yielding an AUC of 0.79. The corresponding
cut-off point value was less than 4.91. Regarding
RDW-SD, its sensitivity was calculated as 73.33%
and specificity as 73.33%, resulting in an AUC of
0.68. The cut-off point value was determined to be
less than 41.65. On the other hand, RDW-CV
showed a sensitivity of 66.67% and specificity of
66.67%, with an AUC of 0.75. The optimal cut-off
point value was greater than 24.85.
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Table 4. Sensitivity, specificity, AUC and cut-off point values of variables in the diagnosis of sepsis in calves

Variables Sensitivity Specificity AUC Cutt-off P value
MPV (fL) 86.67 84.44 0.91 >5.95 0.001
RDW-SD (fL) 73.33 73.33 0.68 >41.65 0.034
RDW-CV (%) 66.67 66.67 0.75 <24.85 0.003
PCT (%) 66.67 68.89 0.79 >4.91 0.009
WBC (x10°) 80 80 0.80 >9.68 0.006

AUC: area under the curve; RDW-SD/VC: Erythrocyte distribution width standard deviation/coefficient of varia-
tion; PDW: platelet distribution width; PCT: plateletcrit, MPV: Mean platelet volume; WBC: White blood cell. Sta-

tistical significance differences between groups P<0.05

MPV
RDW-SD RDW-CV

P 2 S S S |
0 20 4 60 80 100
100% - Specificity%

o i
0 20 40 60 80 100

100% - Specificity% 100% - Specificity%

Figure 2. Receiver operating characteristic curves of
MPV, RDW-SD and RDW-CV values of calves with
sepsis. MPV: mean platelet volume; RDW-SD: eryth-
rocyte distribution width standard deviation; RDW-
CV: erythrocyte distribution width coefficient of varia-
tion.

Relationship between hematological variables in
sepsis

Correlation analysis was performed between MPV
value and PLT, PCT, RDW-SD, PDW and WBC val-
ues in calves diagnosed with sepsis. In the septic
calves, a statistically significant positive correlation
was determined between MPV and PCT (r=0.630,
P=0.005), MPV and RDW-SD (r=0.383, P=0.001),
MPV and PDW (r=0.310, P=0.005) and MPV and
WBC (r=0.271, P=0.001).

Discussion

The primary hypothesis of this study asserts that the
erythrocyte and platelet indices measured by acces-
sible, cost-effective, user-friendly hematology analyz-
ers, which require minimal labor and technical exper-
tise and are readily available in most clinical settings,
can serve as potential biomarkers for diagnosing
sepsis in calves. As such, the objective of this study
was to assess whether the parameters MPV, RDW-
SD, RDW-CV, PDW, and PCT hold diagnostic signifi-
cance in identifying sepsis in calves, while also inves-
tigating the interrelationships of these parameters
within the sepsis group. The findings indicated statis-
tically significant elevations in MPV, WBC, PCT,
RDW-CV, and RDW-SD levels among septic calves
compared to the control group. The sensitivity, speci-
ficity, AUC (0.91), and cut off point (>5.95) for MPV
were 86.67%, 84.44%, and 0.91, respectively. Fur-
thermore, this study unveiled significant alterations in
platelet activation and production within calves expe-

riencing sepsis triggered by diarrhea. This under-
scores the potential utility of MPV as a valuable bi-
omarker for sepsis diagnosis.

Timely recognition of sepsis-related problems in
calves, prior to developing into irreversible condition
is a critical in calf survival as it is of utmost im-
portance in minimizing sepsis-related mortality. Con-
sequently, the necessity for diagnostic biomarkers
exhibiting high sensitivity and specificity is evident
(Pugni et al., 2015; Schwartz et al., 2014; Uztimir et
al., 2024). Novel diagnostic biomarkers can signifi-
cantly contribute to the early identification and prog-
nosis monitoring of infected newborns, ultimately
reducing both morbidity and mortality rates, and pre-
venting the progression towards septic shock (Pierini
et al., 2020; Scalco et al., 2022).

Notable studies on MPV, a pivotal parameter of plate-
let index, have disclosed a significant increase in its
value among dogs infected with canine parvovirus
compared to control groups (Engelbrecht et al,
2021). Correspondingly, investigations conducted by
Bommer et al. (2008), Schwartz et al. (2014), and
Moritz et al. (2005), involving dogs afflicted by inflam-
matory thrombocytopenia, have reported considera-
ble MPV elevation vis-a-vis healthy cohorts. This
phenomenon of MPV increase has been attributed to
the presence of larger, immature platelets resultant
from regenerative processes (Bommer et al., 2008;
Schwartz et al., 2014; Moritz et al., 2005). In parallel,
studies have noted elevated MPV in dogs with sepsis
(Pierini et al., 2020) and septic peritonitis (Llewellyn
et al.,, 2017), underscoring its diagnostic potential.
Consistent with these findings, Panda et al. (2022)
observed a substantial MPV elevation in 43 neonates
with sepsis. The recorded MPV sensitivity was
63.4%, specificity was 53.8%, and the cut-off point
value was 29 fL, all indicating its utility in sepsis diag-
nosis. A meta-analysis by Milas et al. (2022) con-
curred that MPV has diagnostic significance in neo-
natal sepsis. Its sensitivity and specificity were report-
ed as 0.675 and 0.733, respectively, with a cut-off
point value of 9.28 fL. Another study concerning neo-
nates with sepsis demonstrated MPV sensitivity of
93.9%, specificity of 60.9%, an AUC of 0.825, and a
cut-off point >10.25 fL (Mangalesh et al., 2021). Con-
sistent with prior studies, our study found a significant
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elevation in MPV (12.96+4.42 fL) among septic
calves compared to controls (5.26+0.50 fL). The ROC
analysis yielded an AUC of 0.91, sensitivity of
86.67%, specificity of 84.44%, and a cut-off point
value exceeding 5.95 fL, all reflecting robust diagnos-
tic capability for sepsis. The upsurge in MPV during
sepsis is attributed to the presence of larger, imma-
ture platelets and augmented activation, aggregation,
and adhesion due to platelet regeneration (Khadka et
al., 2022; Bommer et al., 2008).

PCT, an integral component of the platelet index,
emerges as a parameter significantly impacted by
sepsis (Khadka et al., 2022; Phillips et al., 2022).
Two distinct studies involving neonates with sepsis
disclosed marked increases in PCT values relative to
healthy subjects, with this parameter exhibiting sub-
stantial correlation with disease severity (Zhang et
al.,, 2015; Khadka et al., 2022). The ensuing ROC
analysis for early sepsis prediction yielded a sensitivi-
ty of 75.9%, specificity of 67.6%, and a cut-off point
exceeding 0.19%. Correspondingly, Phillips et al.
(2022) observed a significant increase in PCT values
within a study involving dogs with hematological neo-
plasia. In the present study, PCT levels were notably
higher in calves afflicted with neonatal sepsis com-
pared to the control group. Furthermore, the diagnos-
tic capacity of PCT in sepsis was established with a
sensitivity of 73.33%, specificity of 68.89%, AUC of
0.79, and a cut-off point exceeding 4.98%. These
findings resonate with the outcomes of aforemen-
tioned studies.

RDW is a parameter inherent to the whole blood pro-
file, illustrating the variance and heterogeneity among
erythrocytes (Kim et al.,, 2020). Recent years have
witnessed an expanded recognition of RDW beyond
its traditional role in anemia, emphasizing its signifi-
cance as a biomarker in conditions involving respira-
tory, cardiovascular diseases, inflammation, infection,
and sepsis-related contexts (Lippi et al., 2009; Ho-
deib et al., 2022). Empirical studies on dogs with
heartworm disease (Kim et al., 2020) and pulmonary
hypertension (Swann et al., 2014), encompassing 86
and 44 subjects respectively, unveiled substantial
elevations in RDW count. This led to suggestions that
RDW serves as a crucial parameter for disease moni-
toring. These observations underline the importance
of RDW in determining disease prognosis. In sepsis,
profound alterations transpire within the hematopoiet-
ic system. Among these changes, the presence of
pro-inflammatory cytokines inhibits erythrocyte matu-
ration, contributing to heightened erythrocyte hetero-
geneity and, consequently, elevated RDW values
(Pierce et al., 2005; Téth et al., 2017). For sepsis
diagnosis, RDW-SD demonstrated a sensitivity of
73.33%, specificity of 73.33%, AUC of 0.68, and a cut
-off point exceeding 41.65 fL. Conversely, RDW-CV
value (22.14+5.19%) was lower in septic calves than
the control group (30.394£8.23%). The sensitivity and
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specificity of RDW-CV in sepsis diagnosis were
66.67% each, with an AUC of 0.75, and a cut-off
point below 24.85. The elevation of RDW might be
attributed to heightened inflammatory reactions in
sepsis, impacting bone marrow and iron metabolism
(Forhécz et al., 2009). Additionally, endocrine and
neuro-hormonal factors stimulate erythrocyte prolifer-
ation, thereby enhancing erythropoietin production
and consequently elevating RDW (Chen et al., 2010).

In conclusion, the acquired values of MPV, RDW-SD,
RDW-CV, PDW, and PCT from automated hematolo-
gy analyzers, readily accessible in nearly all clinical
settings, requiring minimal additional labor and tech-
nical expertise, and offering cost-effective and swift
results, hold potential for deployment in the diagnosis
of sepsis in calves. In this study, discernible eleva-
tions were observed in MPV, RDW-SD, RDW-CV,
PDW, PCT, and WBC counts among calves afflicted
with sepsis in comparison to the control group. Nota-
bly, MPV, RDW, PLT, and PCT levels in calves ex-
hibited diagnostic significance for sepsis, with an
evident interrelation between these indices. The find-
ings of this study firmly establish the diagnostic utility
of MPV values as a viable biomarker for sepsis diag-
nosis.
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Abstract: Keratitis is defined as infectious and non-infectious eye disease in human medicine and ulcerative and non-
ulcerative disease in veterinary medicine. The corneal epithelium is the transparent anterior part of the eye that covers
the iris and pupil. It acts as a transparent membrane that allows light to pass through the eye. A healthy cornea pre-
vents bacteria invasion of the eye via anatomical, mechanical, immunological, and microbiological mechanisms. Failure
of these defenses and trauma, immunosuppression, and neurological or iatrogenic factors predispose the cornea to
ulcerative keratitis and bacterial eye infections. Inadequate tear secretion and eyelid dysfunction lead to insufficient
corneal protection, and the combination of these reasons with endogenous causes triggers excessive epithelial dam-
age.

Keywords: Cornea, keratitis, ocular surface disease

Evcil Hayvanlarda Keratit ve Giincel Tedavi Yontemleri

Oz: Keratit, insan hekimliginde enfeksiydz ve non-enfeksiydz goz hastaligi, veteriner hekimliginde ise (lseratif ve non-
Ulseratif g6z hastaligi olarak tanimlanir. Kornea epiteli, iris ve pupillayl 6rten gozin seffaf 6n kismidir. Isigin gézden
gegcmesini saglayan seffaf bir zar gorevi gorur. Saglikh bir kornea anatomik, mekanik, immunolojik ve mikrobiyolojik
mekanizmalarla gesitli bakterilerin istilasini 6nler. Hastaliklar, travma ve immunsupresyon, noérolojik veya iyatrojenik
nedenlerle bu savunmanin yetersiz kalmasi korneay! (lseratif keratit ve bakteriyel géz enfeksiyonlarina yatkin hale
getirir. Eksik gozyas! salgisi ve goz kapagi disfonksiyonu yetersiz kornea korumasina yol agar ve bu nedenlerin endo-
jen nedenlerle birlesmesi asiri epitel hasarini tetikler.

Anahtar kelimeler: Keratit, kornea, okdler ylizey hastaligi

Introduction

The transparent front layer of the eye known as the
corneal epithelium serves as a transparent mem-
brane to let light pass through while covering the iris
and pupil (Leong and Tong, 2015). A healthy cornea
is reported to prevent the invasion of various bacteria
via anatomical, mechanical, immunological and mi-
crobiological mechanisms. Failure of these defenses
due to disease, trauma, immunosuppression, neuro-
logical or iatrogenic causes has been reported to
predispose the cornea to ulcerative keratitis and bac-
terial infections (Hindley et al., 2015). Ocular surface
infections, which can develop due to corneal abra-
sion, could pose a severe threat to vision by causing
ulceration and tissue destruction (Cappiello et al.,
2023). The corneal infection could be seen due to
contamination of the traumatic ulcer or the introduc-
tion of microorganisms from the environment by trau-
matically micro puncture of the corneal stroma. How-
ever, epithelial nonulcerative keratomycosis associat-
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ed with precorneal tear film instability occurs without
predisposing corneal damage. Therefore, a cornea
infected with fungi may not initially stain with fluores-
cein (Mustikka et al., 2020).

Types of Keratitis
Bacterial keratitis

Bacterial keratitis caused by infectious organisms is a
sight-threatening disease. These organisms should
be identified early and their antibiotic susceptibility
should be known (Hall and Franzco, 2004). Bacterial
infections can cause rapid disease progression and
loss of the eye due to both bacterial and host-derived
factors, including toxins and proteinases (Hindley et
al.,, 2015). It is reported that bacterial keratitis is a
clinically significant disease, although it is less com-
mon in cats compared to other domestic animals
(Goldreich et al., 2020). Refractive corneal surgery
and immunosuppression trigger bacterial keratitis
(Fleiszig and Evans, 2002; Carion et al.,, 2018). A
combination of direct microscopy and culture on a
bacteriological plate medium is recommended for
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diagnosing bacterial keratitis (Schonheyder et al.,
1997). Gram-negative and gram-positive bacteria
such as Staphylococcus spp., Streptococcus spp.,
Pseudomonas spp., and Serratia spp. are mostly
isolated from patients with bacterial keratitis (Fleiszig
and Evans, 2002). The traditional clinical protocol for
bacterial keratitis is the topical application of broad-
spectrum antibiotic eye drops. However, delay in
laboratory testing for appropriate antibiotic selection
may alter the course of the disease and high doses of
antibiotics may cause toxicity. Therefore, new thera-
peutic approaches such as metal nanoparticles, cati-
onic species, photothermal and photodynamic thera-
py are being investigated (Fan et al., 2023). Pseudo-
monas aeruginosa is an opportunistic, gram-negative
pathogen commonly associated with bacterial kerati-
tis (Carion et al., 2018). This pathogen, which causes
significant destruction and loss of stromal tissue, typi-
cally presents as a rapidly progressive, suppurative
stromal infiltrate and prominent mucopurulent exu-
date. Necrosis surrounded by inflammatory epithelial
edema and stromal ulceration is reported to be char-
acteristic of this disease (Hazlett, 2004). In Pseudo-
monas aeruginosa infections, glucocorticoids with
potent strong anti-inflammatory and immunosuppres-
sive properties are recommended to be used with
intensive topical antibiotic use (Murugan et al., 2016;
Yang et al., 2018).

Zhu et al. (2020) created four groups with the P. ae-
ruginosa keratitis model in their study. They adminis-
tered TobraDex (0.3% tobramycin + 0.1% dexame-
thasone) in the first group, Tobrex (0.3% tobramycin)
in the second group, 0.1% dexamethasone in the
third group and standard saline solution in the fourth
group four times in a day. As a result of the study,
they reported that neutrophil infiltration decreased in
the Tobrex group, severe neutrophil infiltration and
bacterial load decreased in the Dexamethasone
group, and the amount of neutrophils and bacterial
load decreased more in the TobraDex group than in
other groups. In conclusion, they emphasized that the
mice treated with TobraDex and Tobrex exhibited
mild corneal damage; converserly, the mice treated
with dexamethasone exhibited very severe corneal
damage, and clinical findings supported these condi-
tions.

Clinically, small abscess-like lesions with a mostly
grey-white appearance, minimal epithelial edema and
stromal infiltrates had been reported in Staphylococ-
cus spp. in keratitis. It is emphasized that intrastromal
abscesses and perforation may occur in chronic
Staphylococcus keratitis (Shrestha et al., 2020). In
their study, Bello et al. (2023) compared the effects of
Genipin extract which was obtained from Gardenia
Jasminoides Ellis in S. auerus and P. aeruginosa
keratitis in their study. They reported that Genipin
treatment reduced the bacterial load and alleviated
the severity of keratitis by suppressing neutrophil

203

Erciyes Univ Vet Fak Derg 2024; 21(3): 202-208

infiltration. In addition, they reported that Interleukin-
1, Interleukin-6, Interleukin-8, Interleukin-15, and
Tumour Necrosis Factor- a values decreased signifi-
cantly in Genipin treatment. As a result of the study,
they offered that Genipin could be used in bacterial
keratitis.

Ulcerative keratitis

Ulcerative keratitis, which exposes the corneal stro-
ma and causes blepharospasm, photophobia, lacri-
mation, conjunctival hyperemia, and corneal edema,
is one of the most common ocular surface diseases
(lwashita et al., 2020). The inadequate corneal pro-
tections due to the lack of tear volume and eyelid
dysfunction with endogenous causes trigger exces-
sive epithelial damage. Eyelid, eyelash, and tear film
dysfunctions are more common in dogs, especially in
brachycephalic breeds (lwashita et al., 2020; Packer
et al., 2015). Numerous etiologies, including morpho-
logical and neurological abnormalities of the eyelids,
abnormal eyelashes or facial hair, quantitative or
qualitative tear film abnormalities, corneal innervation
deficiencies, foreign bodies, and bacterial infections,
can cause corneal ulcers (Ledbetter et al., 2006). The
eye can be examined with white or cobalt blue light to
diagnose ulcerative keratitis after fluorescein staining.
In addition, it is reported that bacterial and fungal cell
culture, cytology and Polymerase Chain Reaction
(PCR) can be used to determine the causative agent
of ulcers (Edman et al., 2019). It is reported that most
superficial ulcerative keratitis can heal rapidly, but
progressed keratitis to the stroma may cause visual
loss. Corneal stroma damage is typically attributed to
bacterial infection by the presence of proteases and
collagenases and is reported to be associated with
anterior uveitis. Therefore, deep ulcerative keratitis is
an ocular disease that requires intensive treatment
with antibiotics, and cycloplegic and proteinase inhibi-
tors (Bustamente et al., 2018). Topical corticosteroids
are reported to be contraindicated (Hartley, 2010).

Deepika et al. (2023) randomly divided 20 dogs with
deep ulcerative keratitis into two groups and treated
the first group with 0.1% Tacrolimus, 0.5% moxifloxa-
cin and oral doxycycline and dietary nutritional sup-
plements. The second group was treated with 0.1%
cyclosporine, 0.5% moxifloxacin, oral doxycycline
and dietary nutritional supplements. At the end of the
one month they reported that there was a significant
difference between clinical findings and ulcer healing
in Group 1 compared to Group 2. They reported that
tacrolimus is more effective in the treatment of ulcer-
ative keratitis. It has immunomodulatory effects simi-
lar to cyclosporine, suppresses T-cell proliferation
and is a good lacrimomimetic.

Bayley et al. (2018) investigated the effect of superfi-
cial keratectomy in non-healing corneal ulcers associ-
ated with primary corneal endothelial degeneration.
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They reported that superficial keratectomy was effec-
tive in 47 of 89 dogs with painful, non-healing corneal
ulcers associated with primary corneal endothelial
degeneration. However, Dalmatians had a high risk
for corneal ulcer development. Mezzadri et al. (2021)
performed surgical treatment in descamatocele, per-
forated corneal ulcer, and deep corneal ulcer with
autologous buccal mucosa membrane graft in cats
and dogs in their study. In 12 cats (13 eyes) and 14
dogs (14 eyes), autologous buccal mucosa grafts
were applied; they reported that there were no intra-
operative complications, 24 of the 27 eyes healed,
and 22 eyes regained effective visual function. They
emphasized that an otology buccal mucosa graft can
be considered an alternative treatment method for
ulcerative keratitis.

Mycotic keratitis

Mycotic keratitis, which is usually a result of corneal
injury in farm environments or environments with
plant materials, is a slowly developing ocular disease
that occurs in immunosuppressed conditions such as
overuse of broad-spectrum antibiotics, indiscriminate
use of corticosteroids, and diabetes (Shukla et al.,
2008). Aspergillus spp. and Fusarium spp. are the
most common causative agents of mycotic keratitis.
Alternaria, Curvularia, Helminthosporium, Penicillium,
and Candida are also reported to cause mycotic ker-
atitis. (Raj et al., 2021). It is reported that topical use
of 5% natamycin is effective in treatment, and topical
amphotericin B 0.3-0.5% can be used as an alterna-
tive, but its use is limited because of toxicity (Austin
et al., 2017). In addition, voriconazole, which has
high ocular penetration capability, has gained popu-
larity in treating fungal keratitis (Hariprasad et al.,
2008). Many limitations in treating fungal keratitis,
include delayed diagnosis, limited availability of sys-
temic and topical agents, poor drug penetration, tox-
icity, corneal thinning, recurrence, and corneal perfo-
ration (Ler et al., 2022). Wei et al. (2022) investigated
the efficacy of standard corneal cross-linking. They
accelerated corneal cross-linking in treating an exper-
imental fungal keratitis model caused by Aspergillus
fumigatus in 26 New Zealand rabbits. In Group 1, the
cross-linking time was set as 10 min, the irradiation
parameters were 9 mW/cm?, and 0.1% riboflavin was
added every 3 min for 30 min. In Group 2, the cross-
linking time was set as 30 min, irradiation parameters
were 3 mW/cm?, and 0.1% riboflavin was added eve-
ry 5 min. They treated the rabbits in both groups
medically with 1% voriconazole and concluded that
both cross-linking models can prevent ulcer progres-
sion and promote ulcer healing. At the same time,
they emphasized that the rapid cross-linking model
can control infection faster and is superior to stand-
ard cross-linking in ulcer healing.
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Parasitic keratitis

Acanthamoeba Keratitis is a rare parasitic disease
characterized by acute infection with trophozoites of
the opportunistic protozoan Acanthamoeba castellani
(Cooper et al., 2021). In vivo confocal microscopy
(IVCM) is generally accepted as the first method to
confirm the diagnosis of Acanthamoeba keratitis cas-
es, because it is rapid and has high specificity and
sensitivity for amoeba detection (Ledbetter, 2021).
Although eye pain and photophobia are usually seen
as clinical symptoms, they may cause blindness
(Morales et al., 2015). In the IVCM image of Acan-
thamoeba keratitis, cysts and trophozoites are seen
in the corneal stroma in clusters or in a chain ar-
rangement (Ledbetter, 2021). There is no standard
treatment option for Acanthamoeba keratitis. Howev-
er, diamidine (propamidine-isethionate, hexamidine-
isethionate), biguanide (polyhexanide, 0.02% chlor-
hexidine) and neomycin sulfate that can show
antiamoebic effect was indicated in literature (Larkin
et al., 1992; Reinhard and Baumans, 2006; Szent-
mary et al., 2020). At the same time, the compound
of 1% povidone-iodine, antileischmaniatic
(miltefosine), antifungal (miconazole, clotrimazole,
voriconazole, natamycin) can be used for the treat-
ment was recorded (Szentmary et al., 2020). Oncho-
cerca spp. and other microfilarial parasites cause
keratitis in humans, horses, and dogs. The inflamma-
tory response due to the migration of microfilariae
into the cornea and their subsequent death causes
keratitis in most cases (Edelmann et al., 2017).

Non-ulcerative keratitis

Keratitis is classified as infectious and non-infectious
in human medicine and ulcerative and non-ulcerative
in veterinary medicine. Non-ulcerative keratitis is usu-
ally caused by mechanical irritation (pigmentary kera-
titis) or immune-mediated (Kecova et al., 2004). In
pigmentary keratitis, corneal inflammation, vasculari-
zation and corneal edema are observed with progres-
sive pigmentation on the corneal surface (Sebbag
and Sanchez, 2022).

Superficial pigmentary keratitis

Pigmentary keratitis, which is described as the devel-
opment of corneal pigmentation associated with
chronic inflammation, is an ocular surface disease. It
causes significant visual impairment and blindness in
severe cases. Pigmentary keratitis is caused by mi-
grating melanocytes from the limbal and perilimbal
regions and their accumulation in the corneal epitheli-
um and anterior stroma (Azoulay, 2013). Corneal
pigmentation has also been reported as a feature of
inflammatory corneal pathologies such as keratocon-
junctivitis sicca, chronic superficial keratitis, and ul-
cerative/non-ulcerative keratitis. It is reported that
pigmentary keratitis develops more rapidly and effi-
ciently in brachycephalic breeds, especially in pugs
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(Maini et al., 2019). The factors causing pigmentary
keratitis are chronic distichiasis, nasal fold trichiasis,
medial entropion and macroblepharon (Labelle et al.,
2013). In addition, limbal stem cell deficiency or ge-
netic factors may cause pigmentary keratitis in pugs
(Maini et al., 2019).

Azoulay (2013) applied cryogen consisting of 95%
dimethyl ether, 3% isobutane, and 2% propane to the
pigmented area of the cornea under anesthesia in 9
dogs with unilateral or bilateral corneal pigmentation
and investigated its effect. The pigmented area most-
ly healed within 5-15 days after cryosurgery in three
dogs, as well as corneal edema, inflammation in the
cornea and conjunctiva, and superficial corneal ulcer-
ation were recorded as postoperative complications.
In conclusion, they emphasized that cryotherapy is a
suitable adjunctive treatment method for severe cor-
neal pigmentation and that further studies are needed
to evaluate its safety and effectiveness.

Chronic superficial keratitis

Chronic superficial keratitis, also known as Uberreiter
Syndrome is a common idiopathic non-ulcerative
corneal disease characterized by progressive lym-
phoplasmacytic infiltration of the anterior corneal stro-
ma (Balicki et al., 2021; Pereira et al., 2022). Alt-
hough the etiology of chronic superficial keratitis is
unknown, immune-mediated etiology is suspected to
be the reason for it (Jokinen et al., 2011). Chronic
superficial keratitis is most common in German shep-
herd dogs (82%), although it is also seen in other
breeds (Balicki et al., 2021). The main symptom of
chronic superficial keratitis is depigmentation of the
margin of the membrane nictitans and rarely erosion
and thickening of the medial central third eyelid
(Balicki, 2012). Pereira et al. (2022) conducted a pilot
study on the subconjunctival effect of allogeneic mes-
enchymal stem cells in eight German shepherd dogs
with chronic superficial keratitis. They formed a con-
ventional treatment group with topical 1% predniso-
lone and an experimental group with allogeneic mes-
enchymal stem cell transplantation. At the end of the
110 days, they reported no local or systemic side
effects in the mesenchymal stem cell group, Howev-
er, the healing was better in the conventional treat-
ment group than the mesenchymal group. They also
emphasized that more studies are needed to evalu-
ate the efficacy of stem cells in ulcerative keratitis
treatment.

Neurogenic keratitis

Neurogenic keratitis is a degenerative corneal injury
due to damage to the trigeminal innervation. Corneal
nerves play an essential role in tear production and
maintenance of normal metabolism and function of
the ocular surface (Versura et al., 2018). Various
ocular and systemic diseases can cause damage to
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the fifth cranial nerve at different levels, from the tri-
geminal nucleus to the corneal nerve endings. Com-
mon causes include herpetic keratitis, diabetes,
chemical or surgical damage and neurosurgical pro-
cedures (Bonini et al.,, 2000; Hsu and Modi, 2015).
Among these common causes, viral infections espe-
cially herpetic infections cause damage to ganglion
cells and ganglion sensory fibers (Hsu and Modi,
2015). Acyclovir, a thymidine nucleoside analog is a
widely available antiviral agent used to treat of Her-
pes simplex virus infections (Williams et al., 2005).
Jegou et al. (2014) investigated the effectiveness of
superficial keratectomy as a surgical procedure in 36
cats with chronic ulcerative keratitis. They did superfi-
cial lamellar keratectomy to 41 eyes in 36 cats with
ulcerative keratitis due to feline herpes virus-1, calici-
virus, Chlamidophylae felis and psittaci, and they said
that 32.5% of the ulcers were cured. They stated that
most patients recovered within two weeks after the
operation, and 85% recovered completely within four
weeks. They explained that the mean healing time
was 22.1 days and excellent corneal transparency
was gained in a mean follow-up period of 8.9 months.
However, recurrence was seen in nine cases, and
superficial keratectomy was performed again. In con-
clusion, they emphasized that superficial keratectomy
is an effective treatment method for treating chronic
ulcerative keratitis that is resistant to medical treat-
ment in cats.

Superficial spotted keratitis

Superficial spotted keratitis is an ocular disease char-
acterized by punctate staining on fluorescein staining
due to the loss of individual cells of the superficial cell
layer of the corneal epithelium, including corneal epi-
thelial defects such as corneal erosion and perma-
nent epithelial defects (Kagawa et al., 2013). In a
study conducted by Kim et al. (2023), the effect of
0.03% tacrolimus (an immunosuppressant) on the
treatment of a dog with superficial spotted keratitis
was investigated by spectral domain-optical coher-
ence tomography (SD-OCT). They emphasized that
use of 0.2% cyclosporine for an extended period in
the treatment of immune-mediated superficial spotted
keratitis, is insufficient for treatment. In conclusion,
they said that tacrolimus is effective in providing cor-
neal clarity early and continuous treatment with topi-
cal immunosuppressants required, and to obtain use-
ful structural information in immune-mediated keratitis
and monitor the response of treatment SD-OCT can
be used.

Conclusion

Keratitis is still a common disease in domestic ani-
mals. Ocular surface infections, which may develop
due to corneal abrasion, cause ulceration and tissue
destruction and pose a severe visual threat unless
untreated. For this reason, it was concluded that this
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review would be helpful to determine the etiology of
keratitis and providing effective and updated the
treatment options.
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Makalenizi géndermeden 6nce litfen bu bélimdeki maddelerle karsilastirma yapiniz ve eksiklikleri

gideriniz.

Eksiksiz doldurulmus ve butlin yazarlarca imzalanmis “Telif Hakki Devri Formu”
(http://ercvet.gmail.com adresinden ulasabilirsiniz) makale ile birlikte génderildi.

Metnin tamamu ¢ift aralikli (5 mm) yazildi (Ozetler, tablolar, sekil alt yazilari, kaynaklar v.d. dahil).
Her bir kenarda 2,5 cm bosluk birakildi.

Yazilar 10 punto (Arial) ile yazildi.

Satir numaralari verildi.

Kapak sayfasinda, makalenin basligi (sadece yazim dilindeki) koyu (bold) yazildi, kisa baglik
eklendi.

Kapak sayfasinda, yazar isimleri agik olarak yazildi (kisaltma yok).
Kapak sayfasina dipnot (varsa) eklendi.

Turkge baslk yazildi.

Tarkce 6zet yazildi.

Turkge anahtar kelimeler (alfabetik sirali ve ilk kelimenin ilk harfi blyuk digerleri kiigik harfle
yazildi) verildi.

ingilizce baslk yazildi.

ingilizce 6zet yazild.

ingilizce anahtar kelimeler verildi.

Sekillerin orijinal halleri eklendi.

Metin icinde sekiller ardisik numaralandi.

Sekil boyutlar min.=8x20; max.=16x20 cm.
Metin iginde tablolar ardigik numaralandi.
Tablo boyutlari min.=8x20 cm; max.=16x20 cm.
Sekil ve tablolarin metin iginde gelmesi istenilen yer belirtildi.
Sekiller listesi ayri bir sayfa olarak hazirlandi.
Her sekil ayri sayfaya yerlestirildi.

Tablolar listesi ayri bir sayfa olarak hazirlandi.
Her tablo ayri sayfaya yerlestirildi.

Kaynaklar yazim kurallarina uygun yazildi.

Yazisma adresi verildi.



FINAL CHECKLIST

Before you submit your work, please take the time to be certain that your paper (and other writings

as applicable) is in the correct format and that you have included everything necessary by checking it

against this checklist.
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Copyright Release Form has been enclosed, completed and signed by all authors
(http://ercvet.gmail.com).

Entire paper has been 5 mm double-spaced (abstract, tables, captions/legends, references).
Margins have been 2,5 cm each side.
Font size has been 10 pt (Arial).

Lines have been numbered.

Title of the manuscript has been written bold and short title added on the cover page.
Author(s) names have been fully written (not abbreviated) on the cover page.

Footnote has been given on the cover page (if necessary)

English title has been given.

English summary has been given.

English keywords have been given alphabetically.

Turkish title has been given.

Turkish summary has been given.

Turkish keywords have been given alphabetically.

Orijinal figures have been enclosed.

Orijinal figures have been prepared correctly according to instructions.
Figures have been referred to consecutively in the paper.

Dimensions of figures have been min =8x20 cm; max.=16x20 cm.
Tables have been referred to consecutively in the paper.

Dimensions of tables have been min =8x20 cm; max.=16x20 cm.
Figures and tables have been stated requiring put on the manuscript.
Names of figures have been given on a separate page as figure list.
Each figure has been given on a separate page.

Names of tables have been given in a separate page as table list.
Each table has been given on a separate page.

References has been typed according to instructions.

Corresponding address has been given.
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