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Abstract: Mycotoxins exposed through food can lead to organ dysfunction and even failure. The number of studies on renal
failure induced by aflatoxin B1 (AFB1) is limited. This trial aimed to examine the effect of AFB1 on the kidney and whether
curcumin, a traditionally used and economical antioxidant, could prevent its possible harmful effect. Thirty-eight rats were
divided into five groups; group | represented the control, while the others were named D, Cur, AF, and AF + Cur,
respectively. Plasma samples were taken from each group after 60 days. Then, BUN, uric acid, and creatinine levels were
determined by the ELISA method. Statistical analysis has done with obtained data. Bodyweight gain at the end of the study
was the least in the group administered AFB1. Also, BUN, uric acid, and creatinine levels were higher in this group than in
the other groups. Concomitant administration of AFB1 and curcumin improved body weight gain and BUN, uric acid, and
creatinine levels. Therefore, curcumin can be considered a low-cost, high efficacy renal protective agent in preventing renal
failure caused by mycotoxins, especially AFB1.

Keywords: Aflatoxin B1, Curcumin, Kidney Injury, Rat.

Kurkuminin Aflatoksin B1 ile indiiklenen Wistar-Albino Ratlarda Nefrotoksisite Uzerindeki
lyilestirici Etkileri

Ozet: Gida yoluyla maruz kalinan mikotoksinler, organ fonksiyon bozukluguna ve hatta yetmezligine yol acabilir. Aflatoksin
Bl'in (AFB1) neden oldugu bobrek yetmezligi ile ilgili calismalarin sayisi sinirlidir. Bu galisma, AFB1'in boébrek tzerindeki
etkisini ve geleneksel olarak kullanilan ve ekonomik bir antioksidan olan kurkuminin olasi zararl etkisini Onleyip
onleyemeyecegini incelemeyi hedeflemistir. Otuz sekiz sican bes gruba ayrildi; grup | kontroli temsil ederken, digerleri
sirasiyla D, Kur, AF ve AF + Kur olarak adlandirldi. Her gruptan 60 glin sonra plazma 6rnekleri alindi. Daha sonra BUN, drik
asit ve kreatinin duizeyleri ELISA ydntemiyle belirlendi. Elde edilen verilerle istatistiksel analiz yapildi. Calismanin sonunda
vicut agirhgr artisi en az AFB1 uygulanan gruptaydi. Ayrica bu grupta BUN, Urik asit ve kreatinin seviyeleri diger gruplara
gbre daha yuksekti. AFB1 ve kurkuminin birlikte uygulanmasi, viicut agirligi artisini ve BUN, Urik asit ve kreatinin diizeylerini
iyilestirdi. Bu nedenle kurkumin, mikotoksinlerin, 6zellikle AFB1'in neden oldugu bobrek yetmezligini onlemede disik
maliyetli, yiiksek etkili bir bdbrek koruyucu ajan olarak kullanilabilecegi diistintildi.

Anahtar kelimeler: Aflatoksin B1, Bébrek Hasari, Kurkumin, Rat.

Introduction

most important of these are aflatoxin B1 (AFB1) and
aflatoxin B2 (AFB2) (McLean and Dutton, 1995).
Consumption of foods or indirect exposure

Mycotoxins are toxigenic fungal secondary
metabolites produced mainly by Aspergillus,
Penicillium, and Fusarium and pose a significant

threat to human and animal health worldwide (Guo
et al,, 2021). The Food and Agriculture Organization
(FAO) reports that around 25% of agricultural raw
materials worldwide are contaminated with
mycotoxins, causing health problems and
substantial economic losses (FAO, 2013). At least
400 mycotoxin types have been identified, including
aflatoxins  (AF), zearalenone, deoxynivalenol,
fumonisin, patulin, T-2 toxin, and ochratoxins
(Cimbalo et al., 2020). AF, a mycotoxin commonly
found in the environment that seriously threatens
food safety and public health, are mainly fungal
metabolites produced by Aspergillus flavus and
Aspergillus parasiticus (Saini and Kaur, 2012). The

contaminated with AFB1 causes growth retardation,
suppression of the immune system, carcinogenicity,
genotoxicity, and teratogenicity (Ali et al., 2021;
Ates et al., 2022; Ates and Ortatatli, 2020; Engin and
Engin, 2019; Khan et al., 2021; Wangikar et al.,
2005).

It was reported that AFB1 and its metabolites
cause nephrotoxicity before being removed from
the body on various parts of the nephron, which are
sensitive to aflatoxins. (Sharma et al.,, 2011).
However, it is stated that increased BUN, uric acid,
and creatinine levels due to aflatoxicosis indicate
protein catabolism and/or renal dysfunction (Naaz
et al., 2014). Abdel-Daim et al. (2021) reported that
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liver enzymes, BUN, uric acid, and creatinine levels
of rats exposed to AFB1 increased significantly
compared to the control group. As a result, AFB1
caused hepatotoxicity and nephrotoxicity (Abdel-
Daim et al., 2021).

Health organizations, researchers,
manufacturers, and governments have focused on
developing effective prevention, management, and
decontamination technologies to minimize the toxic
effects of AF (Oguz, 2011). Especially recent studies
target detoxification of mycotoxins (Ates and
Ortatatli, 2021; Nasrollahzadeh et al., 2022; Yavuz
et al., 2017). The addition of inert and non-nutritive
non-digestible binders to the diet is a current
approach for solving aflatoxicosis. These substances
bind aflatoxins, reducing their absorption from the
gastrointestinal tract. Enzymes that cannot be
absorbed from the gastrointestinal tract such as
clay and zeolites are used for this purpose (D6nmez
and Keskin, 2008; Oguz and Kurtoglu, 2000). Sodium
calcium  aluminosilicate, activated charcoal,
glucomannan, clay, zeolite, sodium bentonite,
clinoptilolite,  polyvinylpyrrolidone (PVPP), as
antioxidants Vit-A, Vit-C, Vit-E, and amino acids
containing sulfhydryl groups (Methionine, Cysteine,
N-acetyl cysteine) are frequently used to prevent
aflatoxicosis (Donmez et al.,, 2012; Oguz and
Kurtoglu, 2000; Ortatatli et al., 2005).

Turmeric is a traditional spice dating back to
600 BC and used for medicine, condiment, and
flavor (Gupta et al., 2013). There are about 120
known species of curcumin, also called
diferuloylmethane, and they are widely found as C.
Aromatica and C. Xanthorrhiza, and Curcuma longa
(Sasikumar et al., 2005; Sun et al, 2017).
Pharmacokinetic and bioavailability studies of
curcumin have revealed its poor absorption and
rapid elimination from the body, so it is safe even at
very high doses (Dei Cas and Ghidoni, 2019). In
addition to being used as a spice, curcumin is used
as a medicinal plant due to its antioxidant, anti-
inflammatory (Ak and Gilgin, 2008), anti-
mutagenic, antimicrobial (Parvathy et al., 2009),
and anti-carcinogenic (Allegra et al.,, 2017)
properties. Also, Kim et al. (2018) reported that oral
administration of curcumin in rats with
nephrotoxicity significantly reduced serum AST,
ALT, BUN, urea, and uric acid levels (Kim et al.,
2018).

Many studies have documented the effects of
AF on different organs, tissues, and health
parameters. However, the information about the
curative effect of curcumin, which is widely used
among the public, on kidney damage caused by AF
is insufficient. This article provides information on
the impact of AF on body weight and kidney

damage and the possible amelioration of these
effects with curcumin administration.

Materials and Methods

Chemicals: AFB1 (> 99%) was supplied by Acros
Organics [Gell, Belgium (Cat. No:227340100)].
Curcumin (= 99%) was purchased by Sigma Aldrich
[St. Louis, MO, USA (Cat. No: C1386)]. BUN (Cat. No
DF21), Uric acid (Cat. No: DF77), and creatinine (Cat.
No: DF33B) kits were obtained from Siemens
Medical System (Erlangen, Germany).

Animals: Thirty-eight male Wistar albino rats
(34-36 g) were used in the investigation. Selcuk
University Experimental Application and Research
Center provided the animal material. In the
beginning, the animals' general health state was
examined, their body weights were determined,
and they were separated into five groups based on
their average body weight. The rats were kept in
plastic rat cages throughout the study (60 days),
with 12/12 day-night light cycles and a room
temperature of 2312 °C were housed ad libitum.

Experimental design: This study protocol was
approved by Selcuk University Experimental
Medicine Research and Application Center Ethics
Committee (Report no. 2018-26). Rats were
weighed before starting the experiment. They were
divided into five groups, with the mean body weight
of each group being equal. Group | (Control (K),
n=6) animals were not applied; Group Il (DMSO (D),
n=6) 1 ml 10% DMSO; Group Il (Curcumin (Cur),
n=6) 300 mg/kg curcumin (Na et al., 2013); Group IV
(AFB1 (AF), n=10) 250 pg/kg AFB1 (Tang et al,,
2007); Group V (AF+Cur, n=10) 250 pg/kg AFB1 +
300 mg/kg curcumin. The trial period was ended on
the 60th day, and all applications were
administered orally to the animals. AFB1 and
curcumin were dissolved in 10% DMSO and made
ready for use. At the end of the 60th day, sufficient
blood was taken from the heart of all animals under
general anesthesia (Xylazine 10mg/kg and Ketamine
5mg/kg). The blood was collected in serum (BD
Vacutainer SSTTM Il Advance-367953) tubes and
centrifuged at 4500 rpm for 10 minutes at +4 °C
(Hettich Universal 32R). Serum samples were stored
at -80 °Cin Eppendorf tubes until analysis.

Analysis of Kidney Function Test: BUN, uric
acid, and creatinine levels were measured in
Siemens CentaurXP Immunoassay System following
the package inserts using commercial kits from sera
stored at -80°C until the analysis time.

Data analysis: The SPSS 20.00 package
program was used to analyze the data gathered and
determine the significance of the differences
between groups. We used visual and analytical
methods to analyze variables for normal
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distribution. All variables were reported as mean
and standard deviations. The groups were
compared using a one-way ANOVA test. Following
the determination of variance homogeneity, where
the p-value was less than 0.05, pairwise post hoc
comparisons (Tukey) were employed to test the
significance of the groups, and Duncan's Multiple
Range Test was used in the analysis of variance.

Results

Comparison of Live Weight Averages:
According to the data obtained from all groups, the
average body weight of the 0, 15, 30, and 60 days
of the application are shown in Figure 1. The
bodyweight averages at the 60th day were
statistically lower in the AF group than in the other

400
C) - -~ Control
P |
S0 300 G
: “
= 200 ¥ AF
Cy i AF+Cur
2 400-
- 100
= |
(=]
= |

0 1 1 I
Day 0 Day15 Day30 Day 60
Days

Figure 1. Intergroup average live weight changes. C: Control Group, Cur: Curcumin group, D: DMSO group, AF:

Aflatoxin group, AF+Cur: Aflatoxin and Curcumin group

four experimental groups (C, Cur, D, and AF+Cur)
(p<0.05). After the curcumin application, the
bodyweight average of the 60" day obtained from
the AF+Cur group was significantly higher than that
of the AF group (p<0.05). At the same time,it was
statistically lower than the values in the C and Cur
groups (p<0.05) (Figure 1).

Comparison of Kidney Function Test Findings:
The values of BUN, uric acid, and creatinine
parameter levels obtained from all groups are
shown in Figure 2. When the data obtained from
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the AF group were analyzed, it was observed
that BUN, Uric acid, and Creatinine levels were
statistically higher than the C, Cur, and D groups
(p<0.05). Again, compared to the AF+Cur group,
while no difference was observed in the creatinine
level of the data obtained from the AF+Cur group
compared to the AF group (p>0.05), it was
determined that the BUN level had a decreasing
trend, and the uric acid level was significantly lower
(p<0.05). Data obtained from the Cur and D groups
were similar to C. (Figure 2).
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Figure 2. The effect of curcumin on renal function tests in rats administered orally Aflatoxin By (X + SEM) a,b,c; The
difference between the mean values shown with different letters for the same parameter on the same graph is significant
(p<0.05). C: Control Group, Cur: Curcumin group, D: DMSO group, AF: Aflatoxin group, AF+Cur: Aflatoxin and Curcumin

group
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Discussion

Aflatoxins are mycotoxins that cause significant
economic losses due to acute-subacute and chronic
toxications in farm and poultry farming and affect
human health all over the world (Rai and Varma,
2010). The target organ in aflatoxicosis is the liver,
followed by the kidneys. In addition to hemorrhage,
cirrhosis and fatty degeneration in the liver,
pancreas, gall bladder, lung and intestine are also
affected (Brase et al., 2013). Removal of aflatoxin
from food contaminated with aflatoxin is a critical
problem. Therefore, consuming foods containing
aflatoxin is still a significant public health problem
for human and animal health and causes economic
losses. Recently, the therapeutic effectiveness of
curcumin, which is obtained from turmeric, which is
readily available, easily accessible, has minimal side
effects, and is a cheap therapeutic agent and widely
used as a spice, has attracted attention. Curcumin
has effective anti-inflammatory, antioxidant,
anticarcinogenic, antimutagenic, anticoagulant,
antibacterial, antiviral, and nervous system
protective properties (El-Bahr, 2015; EI-Mekkawy et
al., 2020). Because of these properties, curcumin
was preferred in this study to eliminate the damage
caused by aflatoxin in the kidneys.

Urea, uric acid, and creatinine from non-
protein nitrogen (NPN) fractions in the blood are
used clinically to monitor kidney function (Kumar et
al., 2021). It was reported that oxidative stress due
to aflatoxin causes renal vasoconstriction or
decreases the glomerular capillary ultrafiltration
coefficient and thus leads to the formation of
various vasoactive mediators that can directly affect
kidney function due to reduced glomerular filtration
rate (Garcia-Cohen et al., 2000).

It is known that AFB1 causes kidney damage
due to accumulation in the kidney and leads to
kidney failure (Grosman et al., 1983; Karabacak et
al., 2015). Oxidative stress is a significant risk factor
for AFBi-induced nephrotoxicity. AFB1 exposure
increases the presence of ROS, leading to the
deterioration of the antioxidant defense system and
oxidative damage in the kidneys (Abdel-Hamid and
Firgany, 2015; Naaz et al., 2014). In addition, AFB:
causes an increase in the relative weight of the
kidney (Quezada et al.,, 2000), tubular lumen
obstruction and degeneration of the tubular
epithelium (Asplin and Carnaghan, 1961), thickening
of the glomerular basement membrane (Valdivia et
al., 2001), and degenerative changes in the proximal
tubule cells (Mollenhauer et al., 1989), causing
structural and functional damage to the kidney. The
current study observed that BUN, uric acid, and
creatinine levels obtained from the AF group were
statistically higher than the control groups (C, Cur,

D) (Figure 2). Yu et al. (2018) reported that BUN and
serum creatinine levels were higher in mice given
AFB:1 than in the control group (Yu et al.,, 2018).
Nada et al. (2010) also stated that BUN and serum
creatinine levels were increased in rats given AFB1
compared to the control group. The findings
obtained from this study are similar to previous
studies (Eraslan et al., 2017; Nada et al., 2010; Yu et
al., 2018).

According to these results, high serum
creatinine level, which is an indicator of kidney
toxicity and kidney damage, suggests that it may be
caused by the toxic effect caused by AFB: (Andretta
et al., 2012; Chen et al., 2014). Among the reports,
the cause of high plasma urea concentrations is
related to AFBi-induced nephrotoxicity (Kubena et
al., 1991). Gowda and Ledoux (2008) reported that
increased urea and creatinine levels in 2-6-week-
old broilers fed 3 mg/kg AFB1 contaminated feed
were associated with inflammatory and dystrophic
processes in the renal tubules (Gowda et al., 2008).
They suggest that higher urea and creatinine levels
may indicate impaired transport function of
epithelial cells of the collecting tubules and diffuse
impairment of the role of the proximal tubules. It
was also suggested that changes in urea and
creatinine levels might be associated with necrotic
changes in the kidney parenchyma (Fung and Clark,
2004). These results are accepted as an indication
that AFB1 exposure may lead to detrimental and
degenerative changes in kidney tissue, leading to a
decrease in the function of this organ.

Curcumin is known to have kidney protective
effects against substances such as natural toxins
(such as LPS) and chemical toxins (acetaminophen,
cisplatin, acrylamide, gentamicin, cadmium)
(Garcia-Nifio and Pedraza-Chaverri, 2014). It is
reported that curcumin significantly and dose-
dependently improves creatinine and urea
clearance, reducing serum creatinine and BUN
levels (Hosseini and Hosseinzadeh, 2018). This
study determined that BUN and creatinine levels in
the AF+Cur group tended to decrease compared to
the AF group.The value in this group was higher
when compared to the control groups (F, Cur, D),
although there was no statistical difference. It was
observed that the uric acid level in the AF+Cur
group was significantly lower than in the AF group.
(Figure 2). Khoursandi et al. (2008) applied
curcumin extract (400, 800, and 1000 mg/kg) to
mice., They reported that it showed
nephroprotective effects by reducing creatinine,
BUN, and uric acid and lipid peroxidation levels
against acetaminophen, which is used as an
analgesic and antipyretic drug and causes kidney
toxicity in approximately 1-2% of patients. They
suggest that this effect of curcumin may be related
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to its binding to acetaminophen metabolites and its
decreased affinity for cellular GSH (Khoursandi and
Ourazizadeh, 2008).

El-Rahman (2014) reported that curcumin
administered to rats at doses of 30 and 60 mg/kg
decreased serum urea and creatinine levels against
cisplatin, a nephrotoxic substance, increases urea
and creatinine levels (EI-Rahman and Al-Jameel,
2014). It is thought that curcumin exerts its
nephroprotective effect against cisplatin through its
antioxidant function. Also, another study stated
that a 100 mg/kg dose of curcumin decreased
kidney damage by lowering MDA, serum uric acid,
and creatinine levels in rats following cisplatin
injection (Ugur et al., 2015). El-Bahr et al. (2015)
reported that creatinine levels increased in rats
given 3mg/kg AFB:1 by IP route for five weeks.The
creatinine level was statistically lower in rats given
15mg/kg curcumin+3mg/kg AFB: orally compared
to the group administered only AFB: for five weeks
(EI-Bahr, 2015). EI-Mahalaway (2015) reported that
serum urea, uric acid, and creatinine levels were
higher in rats given AFB; at 250 pg/kg body weight
orally five times a week for four weeks compared to
the control group and that oral administration of
200 mg/kg body weight of curcumin together with
AFB1 improves the levels of these parameters (El-
Mahalaway, 2015).

The data obtained in our study comply with
previous studies showing that curcumin ameliorates
kidney damage from exposure to AF or other toxic
substances. In conclusion, curcumin is
recommended to facilitate kidney damage caused
by exposure to AF or other toxic substances.
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Abstract: The presented study is the first retrospective evaluation of the scrolling of the third eyelid in a total of 44 dogs
referred to the Istanbul University-Cerrahpasa, Faculty of Veterinary, Department of Surgery between 2012 and 2021 with a
sudden onset of an ocular mass in the medial canthus with epiphora and conjunctival hyperemia. The clinical appearance of
the patients, the treatment procedures applied, and the results were examined. A complete ophthalmological inspection
revealed the cartilage eversion of the nictitating membrane in sixteen patients (24 eyes) due to the scrolling of the third eyelid
and cartilage eversion accompanied by a prolapsed gland in twenty-eight patients (32 eyes). Cartilage eversion was treated
by the resection of the defected cartilage portion. In cases with prolapse of the nictitans gland accompanying cartilage
eversion, the Morgan pocket method was applied to reposition the prolapsed gland by resectioning the rotating cartilage. In
conclusion, -taking into account the potential effect of breed, age, and gender predispositions- the therapeutic approach
followed revealed satisfactory results in maintaining the functional capacity of the third eyelid in dogs with cartilage eversion
of the nictitating membrane and hyperplasia of the nictitans gland.

Keywords: Cartilage eversion, Dog, Scrolling, Third eyelid.

Képeklerde Ugiincii Goz Kapaginin Disari Donmesinin Cerrahi Yontemler ile Sagaltimi

Ozet: Bu galisma, 2012-2021 vyillari arasinda istanbul Universitesi-Cerrahpasa, Veteriner Fakiiltesi Cerrahi Anabilim Dali
Klinigi’ne epifora, konjunktival hiperemi ve medial kantusta aniden ortaya ¢ikan bir kitle varligi sikayeti ile getirilen toplam 44
kopegin degerlendirildigi ilk retrospektif calismadir. Getirilen hastalarin klinik gorinimi, tedavisi ve sonuglari incelenmistir.
Ayrintili oftalmolojik muayeneler sonucunda Gglinct g6z kapaginin kivrilmasi ile iliskili kikirdagin disari dénmesi (16 olgu, 24
g06z) ve kikirdagin disari donmesi ile tiglincli g6z kapagi bezinin prolapsusunun (28 olgu, 32 g6z) varligi ortaya cikti. Kikirdagin
digsari donmesi olgularinda bozulmus kikirdak bolimu uzaklastirildi. Kikirdagin disari dénmesine eslik eden lglinct gdz kapagi
bezinin prolapsusu olgularinda ise dénen kikirdagin uzaklastiriimasi ile prolabe olan bezin yeniden konumlandiriimasi igin
Morgan cep yontemi uygulandi. Calisma sonunda elde edilen verilere gore Gglinci goz kapagi ile kikirdaginin disari dénmesi
ve bu duruma eslik eden (glinci géz kapagi bezinin hiperplazisi olusumunda irk predispozisyonu, yas ve cinsiyetin etkisi
dikkate alinarak, kullanilan cerrahi yontemlerin tglncili gdz kapaginin fonksiyonunun korunmasinda yeterli oldugu belirlendi.
Anahtar Kelimeler: Kikirdak eversiyonu, Kivrilma, Képek, Ugiincii g6z kapadi

Introduction

The third eyelid scrolling is the rolling out or eversion
of the nictitating membrane (Rezaei et al., 2019;
Williams and Miller, 2006). The deformity that
developed due to the rotation or folding of the T-
shaped cartilage of the third eyelid (eversion) toward
the lower eyelid clinically manifests itself as the
nictitating membrane’s partial visibility from outside
on the bulbar surface (Cakmakgi, 2019; Rezaei et al.,
2019; Williams and Miller, 2006). The condition is a
rare ophthalmological disorder in companion
animals, more common in dogs than cats (Williams
et al., 2012). Although the disorder may develop at
any age range, it was most frequently reported in
young dogs (Ramani et al., 2010). All canine breeds
may be affected; nevertheless, some breeds
revealed a higher prevalence rate (Cakmakgi, 2019;
Ramaniet al., 2010). The etiology of the lesion, which
has both unilateral and bilateral involvement in dogs,

is still unclear, yet genetic predisposition and some
environmental factors such as trauma have been
suggested as the underlying cause (Cakmakgi, 2019;
Rezaei et al., 2019). Clinical signs include epiphora,
blepharospasm with relatively mild severity, sudden
onset of a pinkish mass or swelling in the medial
canthus (Williams et al.,, 2012), and even a
simultaneously occurring nictitans gland prolapse
(Hendrex, 2007; Williams et al., 2012).

Several surgical procedures such as application
of a temporary third eyelid flap, resection of the
eyelid, resection of the eyelid margin and cartilage,
removal of the deformed or bent portion of cartilage,
total cartilage resection, and cartilage homograft
application, thermal cautery of the nictitating
membrane (Allbaugh and Stuhr, 2013; Crispin, 1986;
Rezaei et al., 2019), and resection of the gland and
cartilage in cases with a concurrent prolapsed gland
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(Allbaugh and Stuhr, 2013; Michel et al., 2020) are
proposed for the surgical correction of outwardly
rotated/everted nictitating membrane.

The present study aims to investigate the
clinical outcomes and potential complications of the
preferred surgical approach to correct the third
eyelid eversion in dogs by also demonstrating the
most frequently affected dog breeds with the age
and gender distribution.

Materials and Methods

Dogs Involved in the Study: The study was
conducted with fifty-six eyes of a total of 44 dogs,
which were referred to the surgery clinics of the
Istanbul University-Cerrahpasa, Faculty of Veterinary
Medicine between 2012 and 2021, with the comp-
laints of a sudden onset of a pinkish-colored ocular
swelling, blepharospasm, conjunctival hypermia, and
epiphora (Figure 1a). This study is not subject to
HADYEK's permission under Article 8(k) of the
"Regulation on Working Procedures and Principles of
Animal Experiments Ethics Committees".

N

7/

Ophthalmologic Examination and
Preoperative Process: All patients underwent
detailed eye examinations. Five to 10 min after
applying a topical anesthetic agent, proparacaine HCI
(Alcaine 0.5%, Alcon, Belgium), the rolled-out
nictitating membrane was carefully examined. The
everted cartilage and gland prolapse accompanying
the eversion of the nictitating membrane was
distinguished (Figures 1b, c,d).

All surgical procedures were performed under
general anesthesia. An informed consent document
was obtained from each owner, showing that they
accepted all complications that may occur during
and after the operation. Premedication was
achieved by intravenous (IV) injection administration
of xylazine hydrochloride (Rompun® 2%, Bayer,
Turkey) at a dose of 0.5-1 mg/kg. Anesthesia was
induced by the IV injection of 4-6 mg/kg of propofol
(Propofol® 200 mg/20mL, Abbott, Turkey) and
maintained by an inhalation anesthetic, isoflurane at
a concentration of 2-3% (Forane®, liquid, Abbott,
England) in %100 oxygen.

Figure 1. a) Conjunctival swelling and hyperemia in the right eye for 1 month in a one-year-old Alabai b) The appearance
of cartilage eversion in a 3-months-old Alabay in case 43 c) Cartilage eversion and nictitans gland prolapse in the right eye
in a 10-years-old German Shepherd d) Bilateral cartilage eversion in a 5-months-old Anatolian Shepherd.
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Surgical Procedures

Resection of Cartilage: The procedure was
performed in accordance with the method
previously described by Ramani et al. (2010) for
dogs. The surgical approach for cartilage resection
was directed at the bulbar surface of the nictitating
membrane. The loose end of the nictitating
membrane was stabilized by two mosquito forceps.
Initially, two small transverse incisions were made
parallel to the long arm of the scrolled cartilage to
excise the everted cartilage portion using a Stevens
sharp pointed scissors. Then, a small tunnel was
created by inserting the scissors into the initial
incision site directed toward the latter to separate
the everted cartilage portion away from the adjacent
palpebral conjunctiva. Thus, the long arm of the
cartilage was released from the third eyelid’s
palpebral conjunctiva by blunt dissection, and the
scrolled cartilage was cut out. The incised
conjunctival tissue was not sutured and left intact for
secondary wound healing.

Resection of Cartilage and Applying Morgan
Pocket Technique: When the glands prolapse
accompanied the eversion of the third eyelid
cartilage, the Morgan pocket technique was applied
as a further intervention. The surgical procedure was

performed in accordance with the combined method
previously described by Georgescu et al. (2015) in a
Basset Hound dog diagnosed with the relevant two
conditions. Likewise, the bulbar surface of the
nictitating membrane was targeted for the surgical
approach. Two parallel incisions were made on the
dorsal (close to the loose end of the third eyelid)
(Figure 2a) and ventral (close to the cornea) (Figure
2b) aspects of the prolapsed gland on the bulbar
aspect of the third eyelid. The bulbar and palpebral
conjunctiva that was adjacent to and bilaterally
surrounding the cartilage was bluntly dissected by
Stevens scissors (Figures 2c, d) along the dorsal
incision line, which was situated 2-3 mm behind the
eyelid’s loose end, and the bent portion of the
cartilage was removed (Figures 3a, b). After
resectioning the defected cartilage portion, the
ventral incision line parallel to the dorsal incision was
further dissected to allow the subconjunctival
repositioning of the prolapsed gland (Figure 3c).
Then, the prolapsed gland was inserted within the
subconjunctival tissue by the Morgan pocket
technique and stabilized. The incision line was closed
with a continuous suture (Vicryl® 4-0, polyglactin
910, Belgium), assuring that the knots remained on
the palpebral aspect of the nictitating membrane
(Figure 3d).

Figure 2. a) First incision close to the free edge of the third eyelid and dissection with scissors b) Second incision
close to the cornea c) Blunt dissection of the scrolled cartilage portion using a Stevens pointed scissors d)
Appearance of the rotating cartilage after blunt dissection from the palpebral conjunctiva.

In the postoperative period, all dogs had to
wear an Elizabethan collar for two weeks to avoid
self-trauma. Ofloxacin (Exocin®, Alcon, Ireland),

dextran 70 and hypromellose (Tears natural II° free,
Alcon, France), and diclofenac sodium (Inflased®,
Bilim, Turkey) eye drops were prescribed for one
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drop TID for two weeks, while carbomer gel (Thilo —
Tears’, Alcon, Belgium) was topically applied twice a
day. The follow-up inspections were performed on
days 7, 14, 30, 45, and 90 in the postoperative period

to monitor potential recurrence and complications,
such as ocular surface disorders manifested by
corneal injury and keratoconjunctivitis sicca.

Figure 3. a) The first incision of the everted cartilage close to the nictitans gland b) Removing the rotating part of the
cartilage c) Subconjunctival repositioning of the prolapsed gland through the ventral incision line after resection of the
defective part of the cartilage d) Closing the incision line using of 4/0 polyglycolic acid with simple continuous suture.

Results

The distribution of the age of the dogs with the
nictitating membrane eversion was as follows:
Twenty (45.4%) dogs were younger than one year
old, nineteen (48.1%) were between 1- 7 years old,
and five (11.3%) were older than seven years, (age

35
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15
E .
0

Female Male

(€]

Bilateral

range from 3.5 months to 10 years, the average age
was 2.5 vyears). The lesion showed bilateral
involvement in 12 (27.2%) while unilateral in 32
(72.7%) dogs. The distribution of dogs with cartilage
eversion by sex, affected eyes, and accompanying
gland prolapse was shown in figure 4 and the breed
distribution of dogs with cartilage eversion in figure

5.

Unilateral (Right:
16; Left: 16)

Cartilage
eversion with
nictitans gland

prolapse

Cartilage
eversion alone

Figure 4. Distribution of cartilage eversion in dogs by sex, affected eyes, and accompanying gland prolapse.
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Figure 5. The breed distrubution of dogs with cartilage eversion

The period between the onset of the condition
and the referral for treatment ranged from 3 days to
two years (Average: 41.7 days). Seven (15.9%) dogs
had an acute condition, while the disorder revealed
a chronic course in thirty-seven (84.1%) patients. In
21.4% (n=12) of the cases, the eversion had
developed as bending at the junction of the vertical
and horizontal portions of the T-cartilage, while in a
horizontal pattern overlapping the cartilage’s shaft,
which provides structural support for the nictitating
membrane, in 78.6% (n=6, cartilage eversion per se;
n=38 cartilage eversion and comorbid gland

prolapse). Comorbid ocular disorders, such as
keratoconjunctivitis sicca (n=4, Figure 6a), reduced
tear quality and quantity (n=5), eyelid abnormalities
(entropion, n=2; lagophthalmos, n=3; eyelash
disorders, n=3, bulbar and orbital diseases
(proptosis, n=1; enophthalmos, n=1), chronic
follicular conjunctivitis (n=5), and corneal diseases
(n=6) were also noted in some patients. The nictitans
gland cyst that developed due to the Morgan pocket
method was shown in Figure 6b. Postoperative
complications were shown in figure 7.

Figure 6. a) Keratoconjunctivitis sicca, mucoprulent discharge, conjunctival hyperemia and
pigmentation accompanying third eyelid diseases in one year old Anatolian Shepherd dog (Case
No. 36) b) The development of nictitans gland cyst as a postoperative complication in a 6-month-
old French Bulldog.
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Figure 7. The observed complications after cartilage resection and/or nictitans gland replacement.

Discussion and Conclusion

The eversion of the nictitating membrane, also
known as the rotation or scrolling of the third eyelid,
mainly results from the rolling out of the T-shaped
hyaline cartilage at the junction of its short and long
arms (Allbaugh and Stuhr, 2013). The cartilaginous
tissue holds the weakest consistency or rarely from
the bending of the cartilage’s long arm over its shaft
generating a U-shaped folding, which forces the third
eyelid to move outwards away from the cornea in
the affected animals (Allbaugh and Stuhr, 2013;
Saroglu, 2010). The deformed cartilage, which might
be easily distinguished beneath the conjunctival
surface in the clinical inspections, exhibits a varying
clinical course. Even though the bent or scrolled
cartilage does not directly threaten corneal health or
vision quality, malposition of the third eyelid’s edge
discordant with the corneal surface leads to uneven
tear film distribution and impairment in its drainage.
Furthermore, apart from the everted cartilage,
partial or complete protrusion of the nictitans gland
(Cherry eye) is one of the ocular conditions
associated with the eversion of the third eyelid
(Esson, 2015). In the present study, the scrolled
cartilage revealed a U-shaped appearance, as was
reported in previous studies (Allbaugh and Stuhr,
2013, Saroglu, 2010). The eversion site involved the
junction of the cartilage’s vertical and horizontal
arms or the portion close to the junction in the dogs
with cartilage eversion per se, as was previously
indicated (Dehghan et al., 2012; Michel et al., 2020;
White and Brennan, 2018). In contrast, the eversion
occurred at the cartilage’s shaft in the patients with
comorbid partial or complete gland prolapses due to
the localization of the gland enveloping the cartilage
base, which was directly associated with the
repulsive force of the protruded gland. Cartilage
eversion was the sole condition in 42.8% (n=16) of
the eyes that underwent the surgical procedure for

repositioning the nictitating membrane. In
comparison, cartilage eversion was accompanied by
the nictitans gland’s partial or complete prolapse in
57.2% (n=28).

Although the underlying causes of the eversion
of the third eyelid are not fully understood (Allbaugh
and Stuhr, 2013), several authors pointed out a
genetic predisposition concerning large dog breeds,
such as Great Dane, Golden Retriever, English
Bulldog, St. Bernard, Weimaraner, Doberman,
German Shepherd Dog, Newfoundland Dog, and Irish
Setter due to the relatively increased prevalence in
these breeds (Allbaugh and Stuhr, 2013; Esson, 2015;
Rezaei et al.,, 2019). Acquired factors such as
traumatic injuries, chronic conjunctivitis, and
improper suturing of the conjunctival surface of the
nictitating membrane during ophthalmological
surgical interventions were also suggested (HadZi-
Milic, 2006). Moreover, a non-equivalent growth
rate of the two conjunctival surfaces or primary
cartilage deformities (more rapid growth of the
posterior aspect than the anterior) were
hypothetically associated with the condition (Gelatt,
1972; Martin,1970; Ramani et al., 2010). Gelatt
(1972) assumed that uneven forces applied on the
third eyelid due to the unique orbital conformation
in morphologically enophthalmic large dog breeds
gave rise to the disorder. The most frequently
affected dog breeds in the present study were Cane
Corso (18.18%), Anatolian Shepherd (15.89%), and
Doberman Pinscher (13.62%). It was considered that
-apart from a genetic predisposition- the varying
popularity of some dog breeds in different countries
or geographical regions played a significant role in
the breed-wise prevalence of the eversion of the
nictitating membrane/cartilage eversion. The overall
data were compatible with those of Saroglu (2012),
indicating that the condition was relatively more
prevalent in Doberman Pinschers and Anatolian
Shepherd dogs, occurring as an occasional and
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sporadic lesion in these breeds. Furthermore,
cartilage eversion was found to have developed due
to Horner  Syndrome-associated  secondary
enophthalmos, which might be considered to have
supported Gelatt’s (1972) assumptions.

Unilateral/bilateral eversion of the third eyelid
and cartilage eversion occurred more frequently,
particularly in young animals during adolescence
(most specifically in the early period of life like within
the first two years) as a primary condition, while
secondary to other ocular lesions in the middle-aged
or older dogs (Allbaugh and Stuhr, 2013; Hadzi-Milic,
2006). Allbaugh and Stuhr (2013) reported that
cartilage eversion developed unilaterally in eight out
of 10 dogs aged between six months and 1.7 years,
while two dogs had bilateral involvement. Saroglu
(2012) indicated an age range of three to six months.
No statistically significant data is available
concerning gender predisposition (Allbaugh and
Stuhr, 2013). The present study comprising
retrospective evaluations over nine years revealed
that cartilage eversion occurred as a primary
condition in 28 cases (8 dogs with bilateral
involvement and 20 with unilateral involvement)
between three months and nine years of age, with
an average of 1.2 years. The lesion was found to have
developed secondary to other ocular lesions such as
corneal disorders, eyelid abnormalities, chronic
keratoconjunctivitis sicca, eye globe abnormalities,
and as a complication to ocular surgery in sixteen
dogs (2 dogs bilaterally affected and 14 dogs
unilaterally). The age range for the eversion that
occurred as a secondary lesion was 3.5 months to ten
years, with an average of 4.4 years. The data were
consistent with the previous reports (Georgescu et
al., 2015; Hadzi-Milic, 2006), indicating that primary
lesions were mainly encountered in young dogs,
while secondary lesions more frequently affected
middle-aged dogs. The gender-based evaluations
revealed that 27 (61.36%) out of forty-four dogs
diagnosed with the eversion of the nictitating
membrane were male, while seventeen (38.63%)
were female. It might be deduced that the condition
was more prevalent in males.

Different techniques of varying success rates
were applied in veterinary surgery for repositioning
the rotated nictitating membrane, including 10 to 14
days of efficient third eyelid flapping, resection of
the nictitating membrane margin and cartilage,
radical excision of the nictitans gland and cartilage,
excision of cartilage, and homotransplantations
(Rezaei et al., 2013; Williams et al., 2012). Most of
the techniques were far from offering satisfactory
outcomes. Recently, thermal cautery, considered a
novel, rapid and efficient technique, has been
suggested to surgically correct the everted cartilage
without the necessity of the defected cartilage

portion’s excision. However, it is inefficacious in
repositioning the prolapsed gland in patients with
comorbid gland protrusion (Allbaugh and Stuhr,
2013). Therefore, submucosal excision of the
deformed or bent cartilage portion near the
nictitating membrane’s loose edge or total resection
of the U-shaped cartilage and cartilage extensions
(curled/scrolled portion) is most frequently
preferred in the surgical management of the
eversion of the nictitating membrane in dogs (Rezaei
et al., 2019; Williams et al., 2012). The surgical
approach is directed at the bulbar and palpebral
aspects to remove the bent cartilage portion (Deveci
et al., 2020; Williams et al., 2012). Some authors
favor the bulbar approach due to the less potential
risk for tissue adhesions, facilitating a more
convenient dissection in dogs (Williams et al., 2012).
Some others supported the palpebral approach to
avoid potential surgical trauma-associated bulbar
conjunctival injury and corneal damage due to the
scarring of the dissected conjunctival tissue because
of secondary healing (Deveci et al., 2020; Ramani et
al., 2010; Williams et al.,, 2012). Redundant or
insufficient cartilage resection might cause the
nictitans glands to prolapse or recurrence in the third
eyelid eversion (Deveci et al., 2020). In contrast, the
excision of merely the bent cartilage portion might
lead to a shortened or a contracted third eyelid,
creating a tension force on the cartilage margins and
-as a result- might cause marginal necrosis (Allbaugh
and Stuhr, 2013). In the present study, the surgical
correction of the everted nictitating membrane was
achieved by removing the defected cartilage portion
using the bulbar approach in all dogs with solely
cartilage eversion due to the feasibility of the
technique, allowing the gland’s stabilization in terms
of avoiding a potential gland prolapse, as reported in
previous studies. Despite inflammation, the bulbar
approach was preferred in all cases, and no
complications such as corneal damage due to
scarring were encountered, as reported previous
study (Ramani et al.,, 2010). Considering the
significant role of the nictitans gland in tear
production removing the prolapsed gland was not
considered an option; instead, the gland was
inserted and repositioned by the Morgan pocket
technique after resectioning the defected cartilage.

In conclusion, the overall data revealed
satisfactory results in terms of feasibility and
efficiency of the surgical treatment method followed
in the study, which was applied as the resection of
the scrolled cartilage portion accompanied by the
Morgan pocket technique in the patients with a
comorbid prolapsed gland in the surgical
management of the eversion of the nictitating
membrane in dogs. Furthermore, it might be
deduced that partial or total resection of the third
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eyelid cartilage, which provides structural support to
the nictitating membrane, barely revealed an
adverse impact on the animal’s ocular health, and
potentially, only a minimal decline was noted in tear
drainage.

Acknowledgements

I would like to thanks the doctoral students at
Istanbul University-Cerrahpasa Faculty of Veterinary
Medicine, Department of Surgery, who supported
this study.

Conflict of interest

The authors declare that there is no conflict of
interest regarding the publication of this paper.

Ethical Approval

This study is not subject to HADYEK's permission
in accordance with Article 8 (k) of the "Regulation on
Working Procedures and Principles of Animal
Experiments Ethics Committees".

Funding
This work is not supported by any Project.
Similarity Rate

We declare that the similarity rate of the article
is 11% as stated in the report uploaded to the
system.

Author Contributions

Motivation/Concept: AD

Design: AD

Control/Supervision: AD

Data Collection and / or Processing: AD
Analysis and / or Interpretation: AD
Literature Review: AD

Writing the Article: AD

Critical Review: AD

References

Allbaugh RA, Stuhr CM, 2013: Thermal cautery of the
canine third eyelid for treatment of cartilage
eversion. Vet Ophthalmol, 16 (5), 392-395.

Cakmakci E, 2019: Studies on the Diagnosis and Treatment
of Conjunctival Diseases in and Dogs Brought to Our

Clinic, Master's thesis, Aydin Adnan Menderes Univ
Health Sciences Institute, Aydin.

Crispin S, 1986: Treating the everted membrana nictitans
in the dog. In Pract, 8 (2), 66-67.

Dehghan MM, Pedram MS, Azari O, Mehrjerdi HK, Azad E,
2012: Clinical evaluation of the pocket technique for
replacement of prolapsed gland of the third eyelid in
dogs. Turkish J Vet Anim Sci, 36 (4), 352-356.

Deveci MZY, isler CT, Yurtal Z, Altug ME, Kirgiz O, 2020:
Evaluation of Morgan's pocket technique in the
treatment of nictitans gland prolapse in dogs. Turkish
J Vet Anim Sci, 44 (3), 521-527.

Esson DW, 2015: Scrolled Third Eyelid Cartilage. Clinical
Atlas of Canine and Feline Ophthalmic Disease, 90-9.

Gelatt KN, 1972: Surgical correction of everted nictitating
membrane in the dog. Vet Med Small Anim Clin, 67,
291-292.

Georgescu AE, lonascu |, Vlagioiu C, 2015: Surgical
reduction of everted cartilage and prolapsed third
eyelid gland in a three Basset Hound family with third
eyelid congenital anomalies. Sci Works Series C Vet
Med, 61, 71-75.

Hadzi-Milic M, 2006: Eversion of third eyelid and its
correction using microsurgery. Vet Glas, 60 (3-4),
233-240.

Hendrix DVH, 2007: Canine conjunctiva and nictitating
membrane. In: Veterinary ~ Ophthalmology, Gelatt
KN (Ed), 4th ed., 662- 689, Blackwell Publishing,
Ames, lowa, USA.

Martin CL, 1970: Everted membrana nictitans in German
Shorthaired Pointers. J Am Vet Med Assoc, 157,
1229-1232.

Michel J, Lazard P, Vigan M, Albaric O, 2020: Treatment of
prolapsed gland and cartilage deformity of the
nictitating membrane with pocket technique and
chondrectomy alone, or combined with a wedge
conjunctivectomy: 132 dogs (1998-2018). Vet
Ophthalmol, 23 (2), 305-313.

Ramani C, Sooryadas S, Das R, Kumar RS, 2010: Surgical
correction of everted membrana nictitans in through
anterior conjunctival approach in a dog. TANUVAS, 6
(2),104-106.

Rezaei M, Azari O, Hassibi H, 2019: Third eyelid scrolling
and surgical treatment-a case report. Vet Arh, 89 (4),
591-599.

Saroglu M, 2013: Cat and Dog Eye Diseases. Nobel Tip
Kitapevi, istanbul.White C, Brennan ML, 2018: An
evidence-based rapid review of surgical techniques
for correction of prolapsed nictitans glands in
dogs. Vet Sci, 5 (3), 75.

Williams D, Middleton S, Caldwell A, 2012: Everted third
eyelid cartilage in a cat: a case report and literatire
review. Vet Ophthalmol, 15 (2), 123-127.

Williams DL, Miller TR, 2006: Ophthalmology. The Equine
Manual, 1157-1210.

*Correspondens: Aynur DEMIR

Istanbul  University-Cerrahpasa, Veterinary Faculty,
Surgery Department, Istanbu, Turkey.

e-mail: aynur.demir@istanbul.edu.tr

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Say1 2 153



Harran Univ Vet Fak Derg, 2022; 11 (2): 154-161 Research Article

DOI:10.31196/huvfd.1151456

Optimization of High Concentration Plasmid DNA for Use in COVID-19 mRNA
Vaccine Development: Comparison of Between Alkaline Lysis Method and
Commercial Kit Results

Tugce DURAN*"", Naci CINE>®, Nadir KOCAK>< Saliha KURT*¢

1KTO Karatay University, Faculty of Medicine, Department of Medical Genetics, Konya, Turkey.
2Kocaeli University, Faculty of Medicine, Department of Medical Genetics and Molecular Biology, Kocaeli, Turkey.
3Selcuk University, Faculty of Medicine, Department of Medical Genetics, Konya, Turkey.
4Selcuk University, Vocational School of Health Services, Department of Audiometry, Konya, Turkey.
aORCID: 0000-0002-7353-4527, PORCID: 0000-0001-9063-1073, CORCID: 0000-0002-1727-1582,
dORCID: 0000-0002-6249-1162

Gelis Tarihi: 31.07.2022 Kabul Tarihi: 25.08.2022

Abstract: While forming the stable IVT mRNA molecule, high concentration and purity plasmid DNA must be obtained to
ligase the ORF antigen sequence initially copied from the plasmid DNA with the UTR regions. In this study, in the stage of
creating the mRNA molecule, which is the first step of the COVID-19 mRNA vaccine, comparison and optimization of the pDNA
containing the ORF target antigen sequence were performed as a result of isolation with alkaline lysis method and commercial
kit. Plasmid DNA bacteria containing the target antigen ORF sequence were grown under appropriate conditions. Plasmid
DNA was isolated by commercial kit and alkaline lysis method from bacterial cultures stopped at different OD600 nm values
(0.02-0.05, 0.05-0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5). After the obtained pDNAs were visualized on an agarose gel, their
purity and concentration were measured by spectroscopic measurement. After the stab culture is resuscitated in SOC
medium, bands are formed in a single form after isolation with the kit, and in multiple forms (linear, supercoiled, circular)
after pDNA isolation by alkaline lysis method. The ideal OD600 nm for both methods was 0.3-0.4. As a result of isolation with
the kit, higher purity on the contrary low concentration pDNA was obtained. The ideal OD600 nm value is a critical parameter
that affects the concentration and purity of pDNA. The alkaline lysis method is a cheap and powerful technique that can be
used as an alternative for mRNA vaccine development compared to kit isolation.

Keywords: Alkaline lysis, Isolation, Kit, mRNA vaccine, Plasmid DNA.

COVID-19 mRNA Asi Gelistiriimesinde Kullanilacak Olan Yiiksek Konsantrasyondaki Plazmid
DNA’sinin Optimizasyonu: Alkalen Lizis Metodu ve Ticari Kit Sonuglarinin Kiyaslanmasi

Ozet: Kararli IVT mRNA molekiilii olusturulurken baslangigta plazmid DNA’sindan kopyalanan ORF antijen sekansinin UTR
bolgeleri ile ligaze edilebilmesi icin yiiksek konsantrasyon ve saflikta plazmid DNA'nin elde edilmesi gerekmektedir. Bu
¢alismada, COVID-19 mRNA asisinin ilk basamagi olan mRNA molekilinin olusturulmasi adiminda, ORF hedef antijen
sekansiniiceren pDNA’nin alkalen lizis method ve ticari kit ile izolasyonu sonucundaki kiyaslama ve optimizasyonu yapilmistir.
Hedef antijen ORF sekansini iceren plazmid DNA bakterisi uygun lreme kosullarinda gogaltilmistir. Farkli OD600 nm
degerlerinde (0.02-0.05, 0.05-0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5) durdurulan bakteri kiiltiirlerinden ticari kit ve alkalen lizis
yontemi ile plazmid DNA izolasyonu yapilmistir. Elde edilen pDNA’lar bir agaroz jelde gorintiilendikten sonra, spektroskopik
Olgiime tabi tutularak safligi ve konsantrasyonu 6lgllmustir. Stab kiltir SOC medium igerisinde canlandirildiktan sonra, kit
ile izolasyon sonrasinda tek formda, alkalen lizis metodu ile pDNA izolasyonu sonrasinda birden ¢ok formda (lineer, stiper
kivrimli, sirkiler) bant olusur. Her iki yontem igin de ideal OD600 nm 0.3-0.4 olarak bulunmustur. Kit ile izolasyon sonucunda
daha yiiksek saflikta ancak diisiik konsantrasyonda pDNA elde edilmistir. ideal 0D600 nm degeri, pDNA'nin konsantrasyonunu
ve safligini etkileyen énemli bir parametredir. Alkalen lizis yontemi, kit izolasyonuna kiyasla mRNA asi gelistirmeye alternatif
olarak kullanilabilecek ucuz ve giglii bir tekniktir.

Anahtar Kelimeler: Alkalen lizis, izolasyon, Kit, mRNA asisi, Plazmid DNA.

Introduction

Plasmid DNA (pDNA) (Liu, 2011) and mRNA vaccines
that have been popular in recent years (Pardi et al.,
2018) provide a platform that can be used for
applications ranging from the prophylaxis to therapy
and personalized medicine to global health
solutions. Both vaccine methods draw attention

because they have a faster production cycle and can
carry the desired genetic information (Liu, 2019). In
developing nucleic acid-based vaccines, creating a
gene structure that encodes a recombinant antigen
protein, instead of inactivating or weakening the
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pathogen, prevents the study’s potential live
pathogen transmission risks.

Especially in the fight against COVID-19, mRNA
vaccines have a critical place. mRNA vaccines are
generally preferred because of their safety, high
efficacy, ease of production and ability to be
produced by IVT (with in vitro transcription) (Duran
et al.,, 2021). mRNA vaccines are divided into two
groups (i) self-amplifying (self-replicating) mRNA
vaccines and (ii) conventional (non-replicating)
MRNA vaccines. Although both vaccine types share a
common mMRNA structure, self-replicating mRNA
vaccines additionally contain several sequences in
the coding region for RNA replication (Kim et al.,
2021). DNA-level modifications are also possible by
using pDNA as a template.

Traditional IV'T mRNA vaccines are highly similar
to native mRNA, consisting of a 5' cap, 5'
untranslated region (UTR), coding region (ORF), 3'
UTR, and a poly (A) tail (Duran et al., 2021; Kim et al.,
2021; Verbeke et al., 2019). A pDNA template for IVT
contains at least one bacteriophage promoter, an
ORF region, and a poly (d (A/T)) sequence
transcribed into poly(A) (Duran et al., 2021; Schlake
et al., 2019). After the linearized pDNA template is
obtained, it is transcribed into mMRNA with a mixture
of recombinant RNA polymerase (T7, T3, or SP6) and
free nucleoside triphosphates (dNTPs). Thus, the
synthetic  mRNA construction is formed, the
dinucleotide regular cap analog m7G (5')-ppp-(5') G
(Schlake et al., 2012; Konarska et al., 1984) or
modified ARCA (5' cap form; Anti-reverse cap) with is
included in the structure at the IVT stage (Verbeke et
al.,, 2019). With the successful addition of these
elements to the ORF, efficient binding of mRNA to
ribosomes is achieved (Duran et al., 2021; Verbeke
et al, 2019).

While forming a stable IVT mRNA molecule,
high concentration and purity pDNA must be
obtained to ligase the ORF antigen sequence copied
from the DNA with the UTR regions. In this study,
two various methods (alkaline lysis and commercial
kit) were used for isolation and optimization at
various OD600 nm values (0.02-0.05, 0.05-0.1, 0.1-
0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5) to obtain pDNA
containing the mRNA ORF target antigen sequence in
high purity and concentration.

Materials and Methods

Ethical approval

This study was approved by the KTO Karatay
University Non-Pharmaceutical and Medical Device
Research Ethics Committee (2021/005 Number
Ethics Committee Decision). In addition, the authors
declared that Research and Publication Ethical rules
were followed.

Plasmid Selection: In the COVID-19 mRNA
vaccine, the codon-optimized 6736 bp plasmid
(Addgene pcDNA3-SARS-CoV-2-S-RBD-sfGFP,
#141184) containing the target antigen (S-RBD) was
preferred. In addition, a plasmid containing GFP
(green fluorescent protein) was used, as fluorescent
imaging was planned for later transfection steps.

Bacterial Adaptation and Stimulation of Stab
Culture: The stab plasmid (Addgene Company,
Cambridge, Massachusetts, USA) was taken from the
culture with a sterile pipette tip/loop into SOC
Outgrowth medium (New England Biolabs, NEB,
Ipswich, MA) preheated to 37 °C and inoculated next
to the Bunsen burner flames and in a laminar flow
cabinet. SOC culture tubes were incubated at 1200
rpm for 2 hours in a shaking oven. Then, 100 ul of the
stimulated stab starter culture was taken and
inoculated into LB Miller antibiotic-containing
medium (Ampicillin, 100 pg/ml, Sigma-Aldrich, USA).
After incubation at 37 °C for 16-24 hours, the
adapted bacteria were transferred to a solid LB
Miller medium. At the time of transfer, 10x dilution
was also made and inoculated culture Petri dishes.
O/N cultured and pure clones were stored in
cryotubes containing 1:1 glycerol at -80 °C.

Reproduce of Plasmids: Single colonies
produced from adapted stab plasmids were
inoculated in LB Miller broth medium with
antibiotics (Ampicillin, 100 pg/ml, Sigma-Aldrich,
USA). OD600 nm measurements were made by
taking measurements at a wavelength of 600 nm in
the spectrophotometer between 6-12 hours from
the cultures that were shaken at 37 °C and high
speed (200 rpm). Culture bottles taken on ice at
various times were isolated at various OD600 nm
values (0.02-0.05, 0.05-0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4,
0.4-0.5).

Isolation of pDNA from Bacteria Using Kit:
Single colony cultures were centrifuged at 2700 g for
15 min at +4 °C. Bacterial pellets were isolated with
the NucleoSpin® Plasmid kit for pDNA (Macherey-
Nagel™, MN) according to the manufacturer's
instructions. Before the elution step, the pDNA in the
spin column was washed two times with ethanol-
containing wash buffer and eluted by following a
two-step process. Thus, DNA suspended in the spin
column was minimized.

Isolation of pDNA from Bacteria Using Alkaline
Lysis Method: The following solutions were
prepared for pDNA isolation by the alkaline lysis
method (Green and Sambrook, 2016).

eSolution 1: 25 mM Tris-Cl (pH 8.0), 50 mM
Glucose and 10 mM EDTA (pH 8.0) were mixed and
filled to 100 ml with distilled water and autoclaved in
15 psi (1.05 kg/cm?) liquid cycle for 15 minutes.
Immediately after cooling, 100 mg/ml RNase A
(Sigma-Aldrich, USA) was added and stored at +4 °C.

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Sayi 2 155



Harran Univ Vet Fak Derg, 2022; 11 (2): 154-161

Research Article

eSolution 2: 0.2 N NaOH and 1% SDS (w/v) were
dissolved in 100 ml of distilled water and stored fresh
at room temperature.

eSolution 3: 5 M 60 ml of potassium acetate,
11.5 ml of glacial acetic acid, and 28.5 ml of distilled
water were mixed, and stored at +4 °C. It should be
ice cold before use.

oSTE Buffer: After mixing 10 mM Tris-Cl (pH 8.0),
0.1 M NaCl and 1 mM EDTA (pH 8.0), it was made up
to 100 ml with distilled water and autoclaved in 15
psi (1.05 kg/cm?) liquid cycle for 15 minutes.
Immediately after cooling, it was stored at +4 °C. It
should be ice cold before use.

All pellets were brought together and diluted
with very cold (<4 °C) STE buffer, and centrifuged at
2700 g for 10 minutes at +4 °C so that 1.5 ml of the
culture remained. The supernatant was discarded
and 100 pl of Solution 1 was added to the pellet.
After gentle pipetting, 100 pl of freshly prepared 10
mg/ml lysozyme (Hibrigen Biotech R&D, Istanbul,
Turkey) was added to the tube. Immediately after, 2
times volume (200 pl) of freshly prepared Solution 2
was added to the medium, and gently pipetting
continued. After keeping the tubes at room
temperature (25 °C) for 5-10 min, 300 pl of very cold
(<4 °C) Solution 3 was added to the medium.

After mixing the tubes gently, they were
incubated on ice for 10 min. The tubes were
centrifuged at 12.000 g for 5 minutes at +4 °C. The
supernatant was carefully taken into a pre-chilled
Eppendorf tube, 200 ul of isopropanol (Merck & Co.,
Inc.) was added and incubated at room temperature
for 10 minutes. Then, the tubes were centrifuged at
12.000 g for 15 minutes at 25 °C. Carefully discarding
the supernatant, the pellet was washed with 70%
ethanol (Merck & Co., Inc.) prepared with sterile
nuclease-free water at room temperature, and

-

centrifuged at 7500 g for 10 minutes at 25 °C. After
ethanol evaporation, the DNA pellet was dissolved
with 50 pl (according to pellet size) 1xTE (10 mM
Tris—HCI, pH 8.0, 1 mM EDTA) buffer prepared with
2.0 ug/ml DNase-free RNase A (Sigma-Aldrich, USA)
and stored at -20 °C.

Visualization in Agarose Gel: All obtained
pDNAs were loaded onto agarose gel (1%
agarose/0.5xTAE) containing Safe-Red (ABM, Inc.)
dye. Marker and all samples were electrophoresed in
1XTAE (Tris-Acetic Acid-EDTA) Buffer at 200 Volts for
15-20 minutes. The bands were visualized under UV
light with the Vilber Fusion FX gel documentation
system (Vilber Lourmat, France).

Spectroscopic Measurement: Using the pdrop
applicator (Thermo Fisher, Scientific, USA) of the
MultiskanSky Microplate Spectrophotometer device,
the concentration and absorbance values of pDNAs
obtained by both methods were recorded at 260,
280, and 230 nm. All measurements were made in
triplicate.

Statistical analysis: All statistical analyzes were
performed using MATLAB® v.7.8.0 (The MathWorks
Inc., Natick, Mass., USA). The p-value and mean
standard error was calculated using Student's t-test.

Results

Stab bacteria is resuscitated in SOC medium:

Stab bacteria containing pcDNA3-SARS-CoV-2-
S-RBD-sfGFP plasmid were first resuscitated in SOC
Outgrowth medium. In the transfer at 10x dilution,
more single colony formation was observed than in
the undiluted group. One colony was taken from the
single colonies formed and transferred to LB Miller
medium. After incubation at 37 °C for 16-24 hours,
bacterial colony growth was observed (Figure 1).

Figure 1. Image of stab bacteria containing pcDNA3-SARS-CoV-2-S-RBD-sfGFP plasmid after resuscitation in SOC Outgrowth medium. (a):
Cultivation of undiluted stab bacteria. (b): Cultivation of stab bacteria at 10x dilution. (c): Single colony cultivation of stab bacteria.

Bands are formed in one form after pDNA
isolation with the kit, and in multiple forms after
pDNA isolation with Alkaline Lysis Method: The
pDNAs isolated with the NucleoSpin® Plasmid kit and

the pDNAs isolated by the alkaline lysis method were
visualized on an agarose gel. After isolation with the
kit, there is a single pDNA band of 6736 bp in the gel
(Figure 2). However, in pDNA samples isolated by the
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alkaline lysis method, more than one form (nicked,
linear, supercoiled, circular) band was displayed on
agarose gel (Figure 3).

Figure 2. Single band (6736 bp) image of pDNA isolated using the
NucleoSpin® Plasmid kit on agarose gel (1st and 3rd well marker,
2nd well pDNA sample).

(a)
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The ideal OD600 nm value is an important
parameter that affects the concentration and purity
of pDNA: The concentrations of the samples were
also measured after the isolations were made
separately at different OD600 nm values.
Accordingly, for both isolation methods, the OD600
nm value was in the range of 0.3-0.4, and the
maximum concentration of pDNA was obtained. The
OD600 nm value was in the range of 0.3-0.4,
followed by the concentration value of 0.4-0.5, 0.2-
0.3, 0.1-0.2, 0.05-0.1, 0.02-0.05, respectively. The
lowest concentration value was found in the range
of 0.02-0.05 for both methods (Figure 4). Looking at
the A260/280 values, values close to 1.8 were found
for both methods, and the OD600 nm value was the
closest in the range of 0.3-0.4 (Figure 5). When the
A260/230 values were examined, values closer to
2.0-2.2 values were found as a result of the isolation
with the kit (Figure 6).

(b)

Figure 3. Multiband (nicked, linear, supercoiled, circular) image of pDNA isolated using alkaline lysis method on agarose gel
(1st well marker, all following wells are samples of pDNA in different band forms). (a): Two-dimensional gel imaging. (b):

Three-dimensional gel imaging.

Table 1. Spectrophotometric measurement results were obtained as a result of plasmid DNA isolation with a plasmid miniprep

kit and alkaline lysis method at ideal OD600 nm 0.3-0.4.

Method Measure Concentration (ng/pl) Az60/280 Az60/230
Measure 1 110,76 1,82 2,15

Kit Measure 2 111,25 1,81 2,16
Measure 3 110,89 1,82 2,16
Mean 110,96+0,146 1,81+0,003 2,150,003
Measure 1 2560,56 1,72 1,92

Alkaline Measure 2 2565,78 1,71 1,92

Lysis Measure 3 2568,57 1,72 1,91
Mean 2564,97+2,347 1,71+0,004 1,91+0,004
p-value <0.001 <0.001 <0.001

Isolation with the kit results in lower
concentration but higher purity pDNA:

At 0.3-0.4, which is the ideal OD600 nm value,
both the alkaline lysis and A260/280 purity values of
the pDNAs isolated with the kit were found to be
close to 1.8, according to the spectrophotometric
measurement results. However, the pDNA isolated
with the kit was found to be closer to the ideal DNA

A260/280 ratio of ~1.8. When A260/230 values are
analyzed, the pDNA isolated only with the kit is in the
range of ~2.0-2.2 values, which is the ideal A260/230
ratio (Table 1). In contrast, pDNA isolated by the
alkaline lysis method has an almost ~20-fold higher
concentration (Figure 7). Comparisons made with
the parameters specified between the methods
were found to be statistically significant (p<0.001).
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Figure 4. Graph of pDNA concentrations isolated by kit and alkaline lysis method at different OD600 nm
values. (a): NucleoSpin® Plasmid kit concentration values. (b): Concentration values of alkaline lysis
method.

Isolation with Alkaline Lysis Method

(a)

0.020.05

0.050.1 0102 0203 0.30.4 0,405
OD 800{nm) OD 600(nm)

T —

0.02.0.05 0.050.1 0.1-02 0203 0304 0405
OD 600(nm) OD 600(nm)

Figure 5. Graph of pDNA A260/280 values isolated by kit and alkaline lysis method at different OD600
nm values. (a): NucleoSpin® Plasmid kit A260/280 values. (b): Alkaline lysis method A260/280 values.
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Figure 6. Graph of pDNA A260/230 values isolated by kit and alkaline lysis method at different OD600
nm values. (a): NucleoSpin® Plasmid kit A260/230 values. (b): Alkaline lysis method A260/230 values.
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Figure 7. Graph comparing (a): concentration, (b): A260/280, (c): A260/230 values of pDNA isolated by the kit

and alkaline lysis method at ideal OD600 nm (0.3-0.4).

Discussion and Conclusion

Since the ’90s, vaccine studies with nucleic acids
targeting cancer and infectious diseases have been
ongoing (Villarreal et al., 2013; Yang et al., 2014).
While mRNA vaccines are developed in vitro, the
target antigen is frequently obtained on pDNA (Pardi
and Weissman, 2017). In particular, using pDNA
templates offers researchers a safe option to
minimize the risk of infection (Anand and Stahel,
2021). Synthetic mRNA can typically be obtained by
in vitro transcription (IVT) of plasmid DNA (pDNA)
using a bacteriophage RNA polymerase (Krieg and
Melton, 1984; Pascolo, 2006). Thus, the first step in
mRNA production is the preparation of pDNA
(Schlake, 2012), and it may also seem like the
production of the mRNA molecule requires more
effort than the production of pDNA. This is
undoubtedly related to the quick and easy obtaining
of high-quality pDNA.

pDNA contains tiny amounts of bacterial
genomic DNA and varying proportions of three forms
of pDNA (supercoiled, loose circle, or linear).
Therefore, reproducible preparation, ie
optimization, of pDNA in pure and invariant form is
required to develop a reliable mRNA vaccine
(Schlake, 2012). In this study, supercoiled pDNA,
which is the most optimized form of pDNA isolated
with the alkaline lysis method and kit, was obtained
by the alkaline lysis method. However, obtaining
pDNA in other forms besides the supercoiled form
requires recovery of the supercoiled DNA from the
agarose gel. Looking at the literature, the
supercoiled form of pDNA resulted in higher
transfection activity than nicked circular or linear
DNA (Hirose et al., 1985). Moreover, the amount of
supercoiled pDNA form in the first step of the mRNA
preparation step indicate pDNA stability and activity
(Chancham and Hughes, 2001). However, during
DNA isolation, the DNA topology can be altered by
shear stress to transform the supercoiled plasmid
into open circular (single-stranded notched), linear,
or even fragmentary (Adami et al.,, 1998). This
conformational change may affect the transfection

efficiency of pDNA. During recovery from the gel,
care must be taken not to damage the supercoiled
pDNA.

Another parameter that determines the quality
and purity of pDNA is the OD600 nm value. In the
early log stage, the OD600 nm range of 0.3-0.4 is
generally accepted as the ideal value (Zou et al.,,
2012). Considering the results, the ideal OD600 nm
value was found to be 0.3-0.4 in this study, which is
consistent with the literature. Increased bacterial
count in the late exponential growth stage of
bacteria and higher concentration were directly
related, resulting in a low number of bacteria and
low concentration in the early log phase. However,
the OD600 nm value at which growth is stopped and
isolation is started must be optimized for each
plasmid and bacterial species. Because the ideal
OD600 nm value is related to the structure of the
origin of replication in the plasmid, the plasmid copy
number, and the growth rate of the host cell.

At ideal OD600 nm and all other values, the
alkaline lysis method resulted in a very high
concentration of pDNA (2564.97+2.87 ng/ul)
compared to the kit. The alkaline lysis method has
been preferred for many years in molecular
biological studies with its easy, cheap, and high-
concentration product efficiency. However, its purity
is slightly lower than that of mass-isolated pDNA. The
purity ratio of DNA samples at 260 and 280 nm is
used to determine the purity of the DNA (Glasel,
1995) and the A260/280 ratio of ~1.8 is considered
“pure” DNA (Hassan et al., 2015). If the ratio of
A260/280 is significantly low (<1.6), it is possible to
speak of contamination of proteins and phenol
(Lucena-Aguilar et al., 2016). The A260/280 ratio
(1.7140.04) of the pDNA obtained by the alkaline
lysis method was found to be lower than the purity
of the pDNA isolated with the kit (1.81+0.04),
however, it is not at or below the limit of phenolic
contamination. Therefore, there is a tolerable
relative impurity. On the contrary, the A260/280
value is far from the pure RNA value of ~2.0 (Nouvel
et al., 2021), and also indicates the absence of RNA
contamination.
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In addition, A260/230 is the secondary
spectrophotometric parameter commonly used to
measure DNA purity (Aleksi¢ et al., 2012; Usman et
al., 2014), and DNAs in the ~2.0-2.2 range are
generally considered pure (Lucena-Aguilar et al.,
2016). This value was found as 1.91+0.04 and
2.15+0.04 for the pDNA obtained by the alkaline lysis
method and the kit, respectively. Since the rate for
pDNA isolated by the alkaline lysis method is lower
than the expected value, the effectiveness of
contaminants such as salts, guanidine HCI, EDTA,
lipids, carbohydrates or phenol can be mentioned
(Stulnig and Amberger, 1994). However, this value is
not a stable DNA quality indicator for our study due
to the saline elution buffer used in the final isolation
stage with the kit. Because in the isolation method
with the kit, there may be a higher salt concentration
increase than the DNA concentration in the sample.
Consequently, out of two pDNA samples of the same
purity, the less concentrated sample will show a
lower 260/230 ratio due to the absorbance of the
salts at 230 nm. Therefore, the fact that the finding
obtained by the alkaline lysis method is slightly far
from the ideal value does not mean it is of poor
quality.

The target antigen of the recently popular
immune weapon mRNA vaccines can be obtained
using pDNA. Amplifying target antigen from pDNA
provides a safe option for investigators and targeted
specific therapies. Especially when working with
infectious or zoonotic infectious agents such as
COVID-19, plasmids containing the relevant gene
present should be primarily preferred. On the other
hand, the supercoiled form of pDNA is ideal for
vaccine and molecular biology applications. The
alkaline lysis method can be preferred if it is desired
to obtain cheap/easy pDNA in high concentration
and supercoiled form. According to our study, the
alkaline lysis method resulted in pDNA of relatively
less purity, but a very high concentration than the
commercial kit. Before using pDNA samples, DNA
purity and quality must be determined by
conventional methods. It should also be noted that
the excellent OD600 nm value is also essential for
pDNA quality.
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Abstract: Foot-and-mouth disease (FMD) is a highly contagious animal disease that causes devastating economic losses. The
trade of live animals and derived products is only possible if the exporting country is free from disease, according to the World
Organization for Animal Health (WOAH) code for FMD. One of the most important ways to prove disease-free is to measure
the levels of non-structural protein antibodies (NPS) of FMD virus in the target population sampled. For detection of the
disease status of a herd, mass screening and assays such as Enzyme-linked immunosorbent assay (ELISA) and Enzyme-linked
immunoelectrotransfer blot assay (EITB) were developed and described in the WOAH diagnostic manual. In this study,
recombinant FMDV NS proteins were produced and tested with sera panels collected from uninfected and naturally infected
animals using a quantitative Western blot assay as an improved EITB, which enables numerical documentation and statistical
analysis. NSP band intensities were used to determine the cut-off values, differentiating infected from non-infected animals
and revealing variable sensitivity among the different NSPs. The quantitative EITB results also showed a correlation with the
NSP-ELISA results.

Keywords: Enzyme-Linked Immunoelectrotransfer Blot Assay, Foot-and-Mouth Disease Virus, Non-Structural Proteins, NSP-
ELISA, Quantitative Computerised Western blot (QCWB).

Sap Hastaligi Teshisi icin Enzim Immunotransfer Blot Testinin kantitatif bir yaklasim ile
iyilestirilmesi

Ozet: Sap hastaligi biiyiik ekonomik kayiplara neden olan ¢ok bulasici bir hayvan hastaligidir. Diinya Hayvan Saghgi Orgiitii
Sap Hastaligi koduna gére canli hayvanlarin ve bunlarin Grinlerinin ticareti, ancak, ihrag eden tlkenin hastaliktan ari olmasi
sartiyla mimkindir. Hastaliktan ariligin gosterilmesi igin en dnemli yéntemlerden biri 6rneklenen hedef popiilasyonun Sap
virsu yapisal olmayan proteinlerine (YOP) karsi olusan antikor seviyelerinin 6lgim( temeline dayanir. Bir strliniin hastalk
durumunun belirlenmesinde yaygin tarama ve Enzim bagli Immunosorbent test (ELISA) ve Enzim bagli Immunotransfer testi
(EITB) gelistirilmis ve WOAH (Diinya Hayvan Saghg Orgiitii) teshis el kitabinda tanimlanmistir. Bu calismada Sap viriisiiniin
yapisal olmayan proteinleri rekombinant olarak tretilmis, enfekte olmayan, asili ve dogal olarak enfekte olan hayvanlardan
toplanan serumlardan olusan panellerle, sayisal belgelemeye ve istatistik analize olanak veren, iyilestirilmis, kantitatif bir
Western blot kullanilarak test edilmistir. YOP bant yogunluklari, hasta ve enfekte hayvanlarin birbirinden ayirt edecek esik
degerlerin ve farkl YOP’lerin bu teshiste farkli hassasiyet gosterdiginin belirlenmesinde kullaniimistir. Kantitatif EITB sonuglari
ayni zamanda YOP-ELISA sonuglari ile korelasyon géstermistir.

Anahtar Kelimeler: Enzim-Bagli immunoelekrotransfer Blot Testi (EITB), Sap Viriisii, Yapisal Olmayan Proteinler (YOP), YOP-
ELISA, Kantitatif Western blot.

Introduction

Foot-and-mouth disease (FMD) is one of the most
contagious and economically important diseases of
cloven-hoofed animals. The causative agent is a virus
that belongs to the family Picornaviridae. Like other
picornaviruses, the virus has an approximately 8 kb
RNA genome that encodes a single polyprotein split
into 12 different proteins. Among these proteins,
there are structural virus capsid proteins, VP1-4, and

non-structural proteins (NSPs), L, 2A, 2B, 2C, 3A, 3B,
3C, and 3D. FMD virus infection elicits antibodies
against both structural and non-structural proteins.
Theoretically, purified FMD vaccines containing
inactivated virions would be expected to elicit
antibodies against structural proteins but not against
NSPs (Kitching, 2002; Kweon et al., 2003).
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FMD threatens the livestock industry of
developed countries due to their non-vaccination
policy (Orsel and Bouma, 2009). The disease is one of
the most critical factors causing poverty in
developing countries (Perry and Rich, 2007).
Vaccination has been successfully utilised to control
and eradicate the disease in many countries in
Europe and South America. FMD was eradicated
from large areas without any animal culling
(Bergmann et al., 2005). Vaccination has become a
more profitable strategy for future European
outbreaks (Orsel and Bouma, 2009). However,
vaccination can mask clinical symptoms, and
infected animals may become carriers (defined as
having the infectious virus in the pharynx more than
28 days post-infection). The role of FMD carriers is
unclear in transmission, but they still pose a risk for
FMD-free parts of the world (Davies, 2002).

An effective surveillance system has to be set
up, and not only the clinical disease but also the risks
must be controlled to gain FMD-free status in a
formerly endemic country or region. In an FMD-free
zone where vaccination is practised, serological
assays must be able to discriminate between
previously infected and vaccinated animals, as
described in the WOAH code (Anonymous, 2011).
Many ELISA-based tests have been developed for
differentiating between infected and vaccinated
animals (DIVA) by targeting antibodies to the NSPs.
Among these tests, a 3ABC recombinant protein has
been found to be the most successful protein thus
far for this purpose (Clavijo et al., 2004).

Due to some NSPs within FMD vaccines (if not
purified), some sera from vaccinated animals can
give positive reactions in the absence of infection by
NSP ELISA tests (Lee et al., 2006). Therefore, follow-
up studies supported by confirmatory DIVA assays
are critical in surveillance studies to reveal false
positive animals having no FMD history.

A highly sensitive enzyme-linked
immunoelectrotransfer blot (EITB) test that utilizes
recombinant NS proteins (2C, 3A, 3B, 3ABC, and 3D)
produced in Escherichia coli (E. coli) has been
developed as a confirmatory assay (Bergmann et al.,
1993; 1998; 2000; 2003; 2005). Although the assay
has diagnostic potential as it is sensitive, reliable,

rapid, and economical for FMD (Bergmann et al,
1993), there are some drawbacks to limiting its use,
such as it is not as simple as ELISA and it needs more
laboratory equipment. Besides, E. coli infections of
calves or vaccinations against E. coli generate anti-E.
coli antibodies in the cattle sera may produce several
non-specific bands with recombinant antigens
produced in E. coli expression system in Western blot
assays (Shen et al., 1999). Another complication of
this assay is that the molecular weight and strength
of the bands may change slightly depending on the
test conditions. Qualitative and empirical solutions
to overcome these problems increase Western blot
assay subjectivity. Hence, standardization of the
assay becomes difficult.

This study aimed to improve the known EITB by
a quantitative approach. Improving the EITB will
facilitate the screening of FMD infection in cattle
populations and identify actual NSP antibody-
positive animals.

Materials and Methods

The cattle sera used in this study are not subject
to the ethical guidelines for using animals in research
according to the current regulation in Tirkiye.

Cattle Sera:

Group 1: Cattle sera from animals with a history
of clinical disease were collected one month after an
A Iran/2005 FMD outbreak at Samsun Karakdy State
Farm in the Black Sea Region of Tirkiye in 2008. The
animals were vaccinated multiple times against FMD
previously.

Group 2: Cattle imported from a disease-free
country to a private dairy farm located at Aydin
Germencik in the Aegean Region of Tirkiye were
vaccinated twice with oil-adjuvanted FMD bivalent
vaccine (Turvac Oil, O1 Manisa, and A2 Iraq) at one-
month intervals, intramuscularly. The sera were
collected one month after the second vaccination.

Group 3: Sera from non-infected and non-
vaccinated cattle collected from the farm from which
the animals of Group 2 were obtained. The sera were
collected from imported animals before vaccination
(Table 1).

Table 1. Number of animals, vaccination and disease status.

Groups Number  Country of origin Vaccination status  Clinical Infection in herd
Group 1 119 Tirkiye Multiple Yes
Group 2 79 New Zealand Twice No
Group 3 62 New Zealand Unvaccinated No
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Production of recombinant proteins:
Oligonucleotide primers were designed to target the
FMDV 01 Manisa strain (GenBank® Accession
Number: AY593823.1) NSP coding regions; 2B, 2C,
3A, 3B, 3C, 3AB, and 3ABC. BamHI and Hindlll
restriction endonuclease recognition sites, initiation
and termination codons were added near to the 5’
and 3’ ends of each primer, respectively. RT-PCR and
purification of PCR products were performed as
previously described (Clavijo et al.,, 2006). The
pPET30c vector (Novagen, Madison, WI, USA), which
carries an N-terminal His-Tag sequence, was used for
cloning the target sequences. The ligation reaction
was performed according to the manufacturer’s
protocol following the restriction digest of both the
PCR products and the vectors. E. coli JM109 cells
(Promega, Madison, WI, USA) were used for cloning,
and E. coli BL-21 (DE3) pLysS (Novagen, Madison, W],
USA) cells were used for the expression of these
proteins.

All protein extractions and purifications were
performed using nickel-nitrilotriacetic acid (Ni-NTA)
metal-affinity chromatography matrices
(QlAexpressionist kit, Qiagen, Germantown, MD,
USA) under denaturing conditions. The eluted
protein concentrations were measured using a BCA
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Protein Assay Kit (Thermo Fisher Scientific, Waltham,
MA, USA) according to the manufacturer’s
instructions.

Design of multiplex assay system: The
multiplex assay system used two gels containing 2C-
3B or 3AB-3A recombinant protein mixtures. To
provide equal spread, running, and transfer
conditions and to prevent within-gel variation, the
protein mixtures were loaded onto the gel without a
comb. Each serum was tested in both the 2C-3B and
3AB-3A antigen systems. Antibody probing was
performed in a 20-lane multiscreen apparatus
(Miniprotean Il multiscreen, Bio-Rad Laboratories,
Hercules, CA, USA). One of the lanes was probed with
anti-his MAb (monoclonal anti-polyhistidine, H1029,
Sigma-Aldrich, St. Louis, MO, USA) to standardise the
band densities and used as molecular weight
markers. Other lanes were probed with the bovine
test sera.

Quantitative computerised Western blot test
(QCWB): According to the sizes of the recombinant
proteins, two sets of protein mixtures have been
designed. The serum samples have been tested in
the assay using two different gels for Mixture 1 (2C
and 3B) and Mixture 2 (3AB and 3A) (Figure 1).
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Figure 1. Multiplex assay format and calculating the relative intensity values (RTI). Lane R, probed with
monoclonal anti-polyhistidine, is a reference lane. The other lanes, T1-T19, were probed with bovine sample
sera. The RTIl value of each band was shown under the lane of each serum.
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Purified recombinant NS proteins  were
electrophoresed in 4-12% polyacrylamide gels
(acrylamide/bis-acrylamide  40% solution) to
evaluate their reactivities to MAb Anti-polyhistidine
and bovine sera in QCWB. The separated proteins
were transferred to nitrocellulose membranes by
electrophoresis at 25 V for 25 minutes with a semi-
dry blotter (Scie-Plas, Cambridge, UK). The blots
were first blocked with TBS-T-M, which contains 5
mM Tris, 30 mM NaCl with pH 7.6, and 0.1% Tween-
20 (0777-1L, Amresco, USA) and 5% dried skimmed
milk (Marvel, UK) in a vertical motion shaker. After
five minutes washing step with TBS-T (TBS-0.1%
Tween-20), the membranes were probed with
primary antibodies (anti-his MAb or bovine sera at a
dilution of 1:750 in TBS-T-M, respectively) in the
shaker. After three times five minutes shaking with
TBS-T, the membranes were probed with secondary
antibodies, which are secondary goat anti-mouse
(31430, Thermo Fischer Scientific, Waltham MA,
USA) or rabbit anti-bovine HRP conjugates (A5295,
Sigma-Aldrich, St. Louis, MO, USA), at a dilution of
1:1000 in TBS-T-M. After three times five minutes
shaking with TBS-T, the blots were incubated with
the chemiluminescent substrate (SuperSignal West
Pico Substrate Thermo Fisher Scientific, Waltham
MA, USA). The blots were then imaged using an
imaging station (Gel Logic 1500, Kodak, Rochester,
NY, USA). Specific band densities were acquired as
the net intensity and converted to the relative
intensity values (RTI), which were processed using
the software (KODAK Molecular Imaging Software v
4.0.5) provided with the image station. Bands of
interest were identified by their exact weight by
matching with the bands probed with anti-his MAb
using the software tools. Therefore, both non-
specific bands and the background colour were
excluded to improve the interpretation of the test,
which might be affected due to the impurity of the
recombinant proteins.

Lane R, probed with monoclonal anti-
polyhistidine, is a reference lane. The other lanes,
T1-T19, were probed with bovine sample sera. Band
images were digitised by Kodak Molecular Imaging
Software as the net intensity (Tn or Rn). Tn for each
NSP band in the bovine lanes was converted to RTlas
a percentage of the Rn of the same NSP band in the
reference lanes according to the formula (RTI=1xTn
/Rn). The RTI value of each band was shown under
the lane of each serum.

Enzyme-linked immunosorbent assay (ELISA):
NSP ELISA tests (PrioCHECK FMDV-NS, Prionics,
Switzerland) were performed according to the
manufacturer’s instructions for all sera samples. The
percentage inhibition (Pl) values were categorised
into two groups, 50-69 and 70-100, based on
validation criteria for Pl values of weak positive and

positive controls indicated in the manufacturer’s
instruction manual. The weak positives were
repeated twice and tested with another 3ABC ELISA
kit (AniGen FMD NSP Ab ELISA, Bionote Inc.
Gyeonggi-do, Republic of Korea) according to the
manufacturer’s instructions as well.

Statistical Analysis: Statistical analysis was
performed using two different software suites (SPSS
Statistics 20, IBM, New York, NY, USA, and Medcalc
V.13.2.2.0 Ostend, Belgium). Comparisons between
the groups were performed using receiver operating
characteristic curve (ROC) and Student’s t-test
analyses. The ROC analysis is the most common
method to evaluate the performance of a diagnostic
test. This analysis allows the comparison of different
test and operator efficiencies, determining
appropriate cut-off values, and monitoring the
laboratory results quality (Greiner et al., 2000). ROC
curves that display the diagnostic performances of
the proteins were drawn. The optimal cut-off values
of band intensities for each protein were determined
using the ROC curves. The diagnostic sensitivity and
specificity of the test were also established with the
help of these cut-off values. A comparison of the
areas under the ROC curves for sensitivity and
specificity calculations has been made by using
Medcalc software for the simultaneous use of
protein results for the overall performance of the
test. Correlations between EITB and ELISA results
were computed using the SPSS software mentioned
above using Pearson’s correlation coefficient. P
values of less than 0.01 were considered significant.
Significant differences between the groups were
examined by Student’s t-test for independent
samples, and P values < 0.05 were considered
significant.

Results

Quantitative computerised Western blot test
(QCWB): FMD Virus O1 Manisa reference strain NSPs
2B, 2C, 3A, 3AB, 3ABC, 3B, and 3C recombinant
proteins were expressed in E. coli. The 2B, 3ABC, and
3C proteins could not be used for further work and
were excluded from the tests due to the degradation
or low yield of these proteins.

The 2C, 3B, and 3AB proteins did not react with
sera from the non-infected groups (Groups 2 and 3).
From the infected group, detection of all of the
FMDV proteins tested was achieved. The band
densities, read by the software, were transformed
into numerical values, and the RTI values were given
under each lane (Figure 1).

ELISA: NSP ELISA (PrioCHECK FMDV NS) results
from the groups are shown in Figures 2a, b, and c. All
119 animals in the infected group (Group 1) tested
positive. Four of these 119 animals gave values
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Figure 2. NSP ELISA percentage inhibition values of Group 1 (a), Group 2 (b) and Group 3 (c) Inhibition value < 50% is defined as negative,

while an inhibition value of 2 50% is positive for the infection.

between 50 and 70% inhibition; in other words,
these four were weak positives while the other 115
were strongly positive. One animal was determined
to be a weak positive (56% inhibition) in the
vaccinated but non-infected group (Group 2). In
contrast, 2 out of 62 animals in the non-vaccinated
and non-infected group (Group 3) were determined
to be weak positives (52% and 58% inhibition). The

weak positives obtained by NSP-ELISA were retested,
and the results showed that sequential tests
detected all infected animals (Group 1). Only one
animal also tested positive in PrioCHECK had false
reactivity in the vaccinated non-infected group
(Group 2). The repeated seven weak positive sera
results are given in Table 2.

Table 2. Percentage Inhibition and Relative Intensity values of the weak positive sera.

Ear Tag  Category NSP-ELISA Quantitative EITB
PrioCHECK PrioCHECK 2" test  PrioCHECK 3@ test  AniGen 2C 3B 3AB 3A

4276 Group 3 58 39 31 19 0 0 0 0.12
4268 Group 3 52 34 22 28 0 0 0 0
6421 Group 2 56 55 48 48 0.02 0.08 O 0
6672 Group 1 64 67 67 83 0.03 0.02 0.08 0.06
6538 Group 1 68 81 78 85 0 0 0.10 0.38
6531 Group 1 68 86 82 74 002 O 0.29 0.45
6557 Group 1 60 65 67 81 0 0 0.07 0.79

-The percentage inhibition and relative intensity values above the cut-off levels marked as bold characters. The AniGen test interpretation

method was similar to the PrioCHECK ELISA.
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Statistical Analysis: The derived minimum,
maximum, mean, standard error, and standard

deviation values are evaluated by statistical analysis.
Statistical analysis of the data in Table 3 showed that

Table 3. The Pearson correlation of the Relative Intensity (RTI) values of the bands.

ELISA RTI 2C RTI 3B RTI 3AB RTI 3A
ELISA 1 0.233" 0.366" 0.552" 0.265°
RTI 2C 0.233" 1 0.577" 0.615" 0.430"
RTI 3B 0.366" 0.577" 1 0.742" 0.205"
RTI 3AB 0.552" 0.615" 0.742" 1 0.571°
RTI 3A 0.265* 0.430* 0.205* 0.571* 1

* Correlation is significant at the 0.01 level (2-tailed).

the reaction against the proteins correlated well with
each other and ELISA results. The highest correlation
was detected between 3AB and 3B (r: 0.742),

followed by that between 3AB and 2C (r: 0.615).
Briefly, the highest correlation with the ELISA results

was detected with the 3AB protein (r: 0.552),
followed by 3B, 3A, and 2C. The area under the curve
was calculated by ROC curve analysis; the largest
area under the curve was for 3AB, followed by 3B,
3A, and 2C (Figure 3).
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Figure 3. The Receiver Operating Characteristic (ROC) curve analysis of Relative Intensity (RTI) values of

individual recombinant proteins in quantitative EITB assay.

The optimum cut-off values for the RTI of the bands
were determined by using the ROC curve to obtain
the maximum sensitivity and specificity values for
the test. (Table 4). A statistically significant

difference was found among the RTl values of the 3A
protein between the vaccinated (Group-2) and the
non-vaccinated, non-infected groups (Group-3), as
assessed by independent Student’s t-tests (p<0.05).
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Table 4. Cut-off, sensitivity and specificity values of the proteins and protein combinations.

Proteins Cut-Off (RTI) Sensitivity Specificity
2C 0.010 0.739 0.709
3B 0.002 0.790 0.872
3AB 0.044 0.924 0.936
3A 0.035 0.807 0.723
3AB and 3B * 0.756 0.993
3AB and 3A * 0.781 0.964
3B and 2C * 0.655 0.929
3AB, 3B and 2C * 0.621 0.993
3AB, 3B, 2C and 3A * 0.546 0.993

*Cut-off values for single use of the proteins are also valid for multiple use of the proteins.

Discussion

The detection of infection is essential for the
control and eradication of FMD. In some countries
where widespread vaccination is used, when animals
have antibodies to the structural proteins, then
clinical disease may not be apparent, and detection
of previously infected animals can only be possible
using NSP ELISA tests. According to the WOAH code
(Anonymous, 2011), NSP-seropositivity of animals in
which NSP-free FMD vaccine is applied should be
confirmed by retesting with a confirmatory test and
follow-up investigation for the presence of ongoing
infection where the clinical disease is absent. To
evaluate the NSP ELISA test results, some alternative
tests such as Dot blot, Luminex-based multiplex
assay, or another ELISA have been developed (Clavijo
et al., 2004; Fu et al., 2011; Paton et al., 2006).

This study was designed to improve the well-
known EITB assay, which is generally used to confirm
of NSP-ELISA results. Recombinant proteins are used
in both tests. Production of recombinant NSPs of
FMDV can be difficult because of their toxic effect on
the bacterial expression system (Lewis et al., 1991).
Moreover, purification of the proteins can also be
troublesome because some proteins may be lost
during the extraction or purification steps
(Bergmann, 2000). According to our experience, the
production of some FMDV NS proteins, such as 2B
and 3C, was difficult, probably, the 2B was a too
small, and the 3C was a protease. Despite choosing a
special expression system, BL-21 (DE3) pLysS, which
is suitable for expressing toxic proteins, the 2B, 3C,
and 3ABC proteins could not be produced in

sufficient amounts for the assay. In addition, the 3C
protein was degraded during its storage.

The number of sera used in a single test was
increased using of a multichannel Western blot
apparatus so that 38 samples could be tested
simultaneously compared to 24 stripes of
conventional EITB assay (Anonymous, 2011). The
subjectivity of the test was also reduced by using
Kodak Molecular Imaging software, which converts
band densities into numerical RTI values.

In a similar study (Mackay 1998), it was found
that there was a high correlation between indirect
ELISA and EITB for reactive and non-reactive sera
results. According to their indirect ELISA results, 3A,
3B, and 3ABC had the best results. Another study
(Bronsvoort et al., 2006) showed that infected
animals could be differentiated from vaccinated
animals by detecting of antibodies against the 2C,
3A, and 3ABC proteins.

In this study, the RTl values correlated well with
each other and with the ELISA results. The most
concordant result with ELISA was obtained for the
3AB protein (Table 3). Furthermore, it was found that
the 3AB, 3B, 3A and 2C proteins could be used for
differential diagnosis by ROC analysis (Figure 3).
According to the curve, the highest diagnostic
sensitivity was obtained for 3AB, followed by 3B, 3A,
and 2C. These findings agree with the first study’s
results (Mackay, 1998), except for 2C. Our findings
showed that the 2C proteins could also be used as
another indicator of infection in the EITB assay.

It was reported that using several different NS
proteins increases the test’s specificity (Bergmann,
2005). In this study, when the 3AB and 3B proteins
were evaluated together, and both results were
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positive, the sensitivity and the specificity were
measured at 75.63% and 99.29%, respectively.
Similarly, when the reactions to all three or four
proteins were simultaneously positive, the specificity
values were above 99%. Consequently, combining
two or more proteins improved the test's specificity
compared to using single proteins. Conversely,
depending on the combinations chosen, the
sensitivities were reduced compared to the use of
single proteins. Specificity should take the highest
priority here because the quantitative EITB is
designed as a confirmatory test following ELISA and
it is desired to have a low false positivity rate. The
NSP ELISA tests have specificity problems and should
be complemented by an alternative assay such as
EITB (Espinoza et al., 2004). In our study, a few weak
positives detected in the first NSP test were
evaluated together with the sequential tests and
quantitative EITB. The results are consistent with the
animal groups when the 3AB-3B pair is considered
(Table 4). The results of this study also revealed that
not all of the proteins have to be used for evaluation.
The best combination was the 3AB-3B pair for
optimum specificity and sensitivity.

There is a continuing debate about the
presence of trace amounts of NSPs in the FMDV
vaccine formulations (Espinoza et al., 2004). An early
study (Lubroth, 1996) showed that 2C was removed
entirely during the vaccine preparation process, and
therefore repeated vaccination could not elicit
antibodies against 2C. On the other hand, another
study (Dekker and Gijsen, 1998) found 3A in the
supernatant of virus cultures. Our data support these
findings, as there were significantly more animals
reactive to 3A protein in Group 2 than in Group 3
(p<0.05).

In conclusion, quantitative EITB can contribute
to evaluating the results obtained by NSP-ELISA tests
as an essential complementary tool. False positives
and negatives can be detected more precisely with
the help of this computerized assay. Using this test
may lead to better estimations of the true
prevalence and incidence of the disease. However,
this quantitative EITB should be validated with
standard sera panels against various strains provided
by international laboratories and with some controls
for linearity, gel-to-gel variation, and reproducibility.
In addition, because the assay utilises anti-bovine
conjugates, sheep sera and anti-sheep conjugates
should also be studied to validate of the assay.
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Timokinon Uygulamasinin Akcigerler Uzerine Antioksidan Etkisinin
incelenmesi
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Ozet: Bitkiler uzun yillardan bu yana lezzet verici 6zelliklerinin disinda, hastaliklarin tedavilerinde kullaniimistir. Fitoterapi
amagcl olarak kullanilan bitkiler oldukga fazladir ve en yaygin kullanilanlarindan biri de Coérek otudur. Nigella sativanin en
o6nemli ve en yaygin kullanilan etken maddesi tohumlarindan elde edilen timokinon (thymoquinone)’dur. Yapilan galismalarin
blyilk bir ¢ogunlugunda ise timokinon ya direkt olarak kullanilmis ya da tohumdan elde edilen yaglar kullaniimistir.
CGahismamizda farkh hastaliklar Gzerine etkisi olan timokinon’un antioksidan etkisinin agiz yoluyla ve intraperitoneal yolla
uygulamalari sonrasinda akcigerler lizerine olan olasi etkilerinin invivo olarak incelenmesi amaglanmigstir. Galismada 35
adet Sprague Dawley soyu rat kullanildi. Ratlar, bir kontrol ve dért deney grubu olmak lizere toplam 5 gruba ayrildi ve deney
42 glin strdurildi. Deney gruplarina her gin dizenli olarak 1mg/kg, 2 mg/kg (intraperitoneal); 10 mg/kg, 20 mg/kg (oral
gavaj) timokinon uygulamasi yapildi. TiUm gruplardaki ratlarin akciger dokularinda farkl siddetlerde immun reaksiyonlar
gbzlendi. Sonug olarak timokinon’un farkli dozlarinin hem agiz yoluyla hem de intraperitoneal yolla uygulamalari sonrasinda
akcigerler Gzerine olan olasi immunomodilasyon etkileri karsilastirmal olarak incelenmistir. Antioksidan mekanizmada
oldukg¢a 6nemli belirtegler arasinda olan iNOS ve SOD-1'in akcigerlerdeki lokalizasyon ve ekspresyonlari in vivo olarak
gosterilmis ve timokinonun sistemdeki antioksidan etkileri gosterilmistir. Tim gruplarda farkh immun reaksiyonlarin
gbzlenmesi, timokinonun sitokin tiriine, uygulama sekillerine ve doza goére farkhiliklar oldugu sonucuna varilmistir.

Anahtar kelimeler: Akciger, Antioksidan etki, immunohistokimya, Rat, Timokinon.

Investigation of Antioxidant Effect of Thymoquinone Application on Lungs

Abstract: Plants have been used in treating diseases for many years, apart from their flavoring properties. The plants used
for phytotherapy are quite numerous. One of the most commonly used herbs is black cumin (Nigella sativa). The most
essential and common ingredient in Nigella sativa is thymoquinone, which is produced from its seeds. In most studies,
thymoquinone was used directly, or the oils derived from the seeds were used. We aimed to study the potential effects of
thymoquinone on the lungs, affected by numerous diseases, after oral and intraperitoneal administration in vivo. In our study,
35 Sprague Dawley rats were used. The rats were divided into five groups, a control group, and four test groups, and the
experiment lasted 42 days.1 ml/kg, 2 mg/kg (intraperitoneal) and 10 mg/kg, 20 mg/kg (oral gavage) thymoquinone were
administered to the experimental groups on a daily basis. Different intensities of immune reactions were observed in the lung
tissues of rats in all groups. In conclusion, this study investigated the possible immunomodulation effects on the lungs after
oral and intraperitoneal administration of different doses of thymoquinone. The localization and expression of iNOS and SOD-
1, which are among the most important markers in the antioxidant mechanism, in the lungs have been demonstrated in vivo,
and the antioxidant effects of thymoquinone in the system have been demonstrated. The observation of different immune
reactions in all groups led to the conclusion that there were differences in thymoquinone cytokine type, application methods
and dose.

Keywords: Antioxidant effect, Inmunohistochemistry, Lung, Rat, Thymoquinone.

Giris

Bitkiler insanlarin ve diger canlilarin beslenmesinde
oldukca &nemli yer tutmaktadir. Ozellikle aromatik
ve tibbi bitkiler hem lezzet artirici olarak hem de
tedavi amagl olarak gunliik hayatta oldukca fazla
kullanilmaktadir. Nigella sativa (Corek otu), bu tir
bitkiler arasinda yer alan ve uzun ge¢mise dayanan
bitkidir. Yapilan bircok calismada Nigella sativanin
antioksidan, antiinflamatuar, antidiyabetik,
antikanserojen ve immunmodaiilasyon etkileri oldugu
gosterilmistir.  Timokinon,  timohidrokinon ve

ditimokinon bitkinin aktif bilesenleri arasinda yer
almaktadir (Randhawa ve Alghamdi, 2011). Bilimsel
calismalarda en sik kullanilan etken madde ise
timokinon’dur. Timokinonun birgok kanser hiicresine
karsi sitotoksik etkili oldugu ve kanser hiicrelerine
spesifik antikor Uretiminde aktif rol oynadigi yapilan
calismalarda gosterilmistir. Salemi ve Hossainb
(2000) vyaptiklart  g¢ahsmalarinda  ¢orek otu
tohumunun 6ziinliin ve yaginin viral ve bakteriyel
enfeksiyonlara karsi etkili oldugunu go6stermistir
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(Salemai ve Hossainb, 2000). Timokinon ile yapilan
calismalarda etken maddenin belli nérofarmakolojik
etkileri de gosterilmeye calisilmis ve timokinon’un
hafif epilepside antikonviilzan olarak kullanabilecegi
ortaya konulmustur (Abuharfeil ve ark., 2001;
Hosseinzadeh ve Parvardeh, 2004; Rahmani ve Aly,
2015).

Organizmada reaktif oksijen tiirevleri (ROT) ile
enzimatik ve enzimatik olmayan anti-oksidan
savunma mekanizmalari arasinda bir dizen
bulunmaktadir. Bu dizenin ROT lehine bozulmasi
oksidatif stres olarak tanimlanir ve bu durum bazi
degisikliklere sebep olur (Kahraman ve ark., 2003).
Oksidatif stres, oksijene ihtiya¢ duyan tim canh
sistemlerde, cesitli basamaklarda olusabilen dogal
bir slirectir (Turna ve ark., 2011). Corek otu ugucu
yagl, sabit yaglara kiyasla fazla miktarda antioksidan
ozellige sahiptir (Sultan ve ark., 2009). Rasheed ve
ark.nin  (2018) yapmis olduklari ¢alismalarinda
timokinonun peroksinitrit (ONOO-) ile indlklenen
histon-A2 hasarini 6nemli dl¢lide azalttigi ve tirozin,
lizin, arjinin, prolin ve treonin aminoasitlerinin
oksidatif hasarini dnledigi bildirilmistir. Timokinonun
antioksidan etki potansiyelinin, molekul yapisindaki
kinonun  redoks ©zellikleriyle ve fizyolojik
bariyerlerden kolay ge¢mesi ile iliskili oldugu
bildirilmistir (Darakhshan ve ark., 2005). Karacigerde
yiuksek dizeyde bulunan glutatyon molekili
hicresel mekanizmalarda ©nemli role sahiptir.
Glutatyonun tiikenmesi ve bunun ardindan artan
oksidatif stres; protein inaktivasyonuna, protein
oksidasyonuna, lipit peroksidasyonuna, toplam tiyol
bilesenin azalmasina ve hiicre canhhginin kaybina
neden olabilmektedir. Timokinon uygulamalari
sonucunda malondialdehitin azaldigi, toplam tiyol
bilesen ve glutatyon seviyesinin arttigi ve boylece
oksidatif stresin azaltildigi bildirilmistir (Mollazadeh
ve Hosseinzadeh, 2014). indiklenebilir nitrik oksit
sentaz  (iINOS) dusuk miktarda salindiginda
antioksidan etki gosterirken yiksek miktarda
salindiginda oksidatif stres olusturan oksidatif stres
belirteglerinden bir tanesidir. Yapilan calismalarda
timokinonun, oksidatif streste énemli fonksiyonu
olan iNOS ekspresyonunu inhibe edebildigi ve
superoksit dismutaz (SOD) gibi antioksidan
enzimlerin ekspresyonunu indiikleyebildigi
gosterilmistir (Khalife ve Lupidi, 2007). Timokinonun
ayni zamanda da sisplatin, doksorubisin, gentamisin,
vankomisin ve civa klorlrin neden oldugu boébrek
toksisitesine; karbon tetrakloriir, siklofosfamid,
asetaminofen ve aflatoksin B1 ile indiklenen
hepatotoksisiteye ve sikloffosfomid ve
doksorubiisinin kalp toksisitesine karsi koruyucu
etkilere sahip oldugu bildirilmektedir (Faroooqui ve
ark., 2017). Ayrica siklofosfamid toluen ve bleomisin
kaynakli akciger hasarini azalttigl, benzopiren
kaynakli mide timorlerini engelledigi ve gentamisin

ototoksisitesini engelleyerek koruyucu rol aldig
bilinmektedir  (Darakhshan ve ark.,, 2015).
Timokinonun, katalaz (catalaz CAT) aktivitesini
arttirdigt  ve  timokinon  tedavisinin  iskemi-
reperfizyon (I/R) yaralanmasina karsi karaciger
dokusunu koruyabilecegi de yapilan calismalarda
bildirilmektedir (Yildiz ve ark., 2008). Calismamizin
amaci; timokinon’un farkli dozlarinin hem agiz
yoluyla hem de intraperitoneal (ip) vyolla
uygulamalari sonrasinda akcigerler tizerine olan olasi
antioksidan  etkilerinin  karsilastirmali  olarak
incelenmesidir.

Materyal ve Metot

Calisma Ondokuz Mayis Universitesi Deney
Hayvanlari Uygulama ve Arastirma Merkezi,
Ondokuz Mayis Universitesi Veteriner Fakiiltesi
Histoloji ve Embriyoloji Anabilim Dali’'nda yirutildi
(Ondokuz Mayis Universitesi Hayvan Deneyleri Yerel
Etik Kurulu, Deneysel Onay No: 2015/51). Calisma
materyali olarak 35 adet Sprague Dawley irki eriskin
disi rat kullanildi. Ratlar, Deney 1 (1mg/kg timokinon,
IP), Deney 2 (2mg/kg timokinon, IP), Deney 3 (10
mg/kg, gavaj), Deney 4 (20 mg/kg, gavaj) ve Kontrol
(herhangi bir uygulama yapilmayan) olarak 5 gruba
ayrildi ve her grup 7’ser rattan olustu (Abdelmeguid
ve ark., 2011; Al-Asoom ve ark., 2014). Calisma
sonunda akciger dokulari alinarak %10’luk tamponlu
formaldehit sollisyonunda tespit edildi. Rutin
histolojik doku takibi prosedirleri uygulanarak elde
edilen kesitlerde histolojik yapinin incelenmesi igin
Crossmon’in Ugli boyama teknigi uygulandi. Ayrica
iNOS ve SOD-1 ekspresyonunu gostermek igin
immunohistokimyasal yontemlerden streptavidin-
biotin-kompleks yontemi kullanildi. Elde edilen
preparatlar Nikon E-80i arastirma mikroskobu ve
Nikon digital-sight DS-Fil goriintileme sistemi ile
fotograflandi. immunohistokimyasal
degerlendirmeler boyanmama (-), zayif boyanma (+),
orta siddette boyanma (++) ve siddetli boyanma
(+++) ozelliklerine gore 0’dan 3’e kadar degerler
verilerek yapildi (Kayhan ve ark., 2013; True, 1990).

immunohistokimyasal Boyama: Parafin
bloklardan alinan 5u’luk kesitlerde iNOS (1/200) ve
SOD-1 (1/750)'in  varligir immunohistokimyasal
yontemlerden streptavidin-biotin-kompleks yontemi
kullanilarak gosterildi (True, 1990). Primer antikor
olarak tavsan poliklonal iNOS (Abcam, ab3523) ve
tavsan poliklonal SOD-1 (Bioss, bs-10216R) kullanildi.
Sekonder antikor olarak fare ve tavsana specific
HRP/DAB (ABC) Detection IHC kit (ab64264)
kullanildi. Kesitler deparafinize edildikten sonra
proteoliz i¢cin sitrat buffer (pH:6) soliisyonu
icerisinde, 700 watt’lik devirde mikrodalga firinda
Isitma islemine tabi tutuldu. Endojen peroksidaz
aktivitesini onlemek icin, kesitler %3’lik hidrojen
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peroksit sollisyonunda inkiibe edildi. Fosfat tampon
solisyonu (PBS) ile yikamayi takiben kesitlerde
spesifik olmayan protein baglanmalarini 6nlemek
amaciyla, kit icerisindeki serum damlatildi. Daha
sonra kesitlere 1/200 (iNOS) ve 1/750 (SOD)
dilisyonlarinda primer antikor damlatilarak +4 °C’'de
1 gece bekletildi. Yikama islemini takiben kesitlere
biotinlenmis sekonder antikor damlatildi ve yikama
isleminden sonra streptavidin-HRP komplekste
inkibe edildi. Son asamada kromojen olarak 3,3’-
diaminobenzidine (DAB) kullanildi ve hematoksilen
ile zit boyama vyapilarak preparatlar entellan
yapistirici ile kapatildi.

Bulgular

Histolojik Bulgular; Akcigerler incelendiginde,
organin distan fibréz bir kapsille sarih oldugu,
alveoler yapi, brons, bronsiyol ve damarlar net olarak
belirlendi. Organ; brons, bronsiyol ve alveoller
yoninden incelendiginde gruplar arasinda bazi
morfolojik farklilklar tespit edildi. Tim deney
gruplarinda akcigerlerdeki lenfosit infiltrasyonlarinin
ve dejenerasyonlarinin kontrol grubuna kiyasla
azaldigi belirlendi (Sekil 1).

Sekil 1. Akciger trikrom (Ugli) boyama; 1mg/kg timokinon ip (A), 2mg/kg
timokinon ip (B), 10mg/kg gavaj timokinon (C), 20mg/kg gavaj timokinon (D),
kontrol (E), akciger genel goriiniim, ok: bronsiyoller, *: alveoller, Bar 50um

immunohistokimyasal Bulgular:
immunohistokimyasal olarak iNOS ve SOD-1
ekspresyonunlari, tim gruplara ait akcigerlerin brons
ve bronsiyollerinin epitel hicrelerinin, brons ve
bronsiyollerinin duvarindaki hticrelerin ve alveol
duvarinda bulunan hicrelerin reaksiyon
yogunluguna bakilarak yapildi. Tim gruplarda brons
ve bronsiyollerin epitel htcrelerinde, brons ve
bronsiyol duvarindaki hiicrelerde ve alveol duvarinda
bulunan hiicrelerde farkh siddette boyanma
reaksiyonlari gézlendi.

iNOS;  Gruplara ait tim  preparatlar
degerlendirildiginde immun pozitif reaksiyonlarin
genellikle  brons ve  bronsiyollerin  epitel

hicrelerinde, brons ve bronsiyol duvarindaki
hicrelerde ve alveol duvarinda farkh siddetlerde
oldugu gozlendi. En yogun reaksiyonlarin kontrol
grubunda oldugu, diger gruplarda ise daha hafif
oldugu belirlendi. Kontrol grubunda brons ve
bronsiyol epitellerinde orta sidette immun
reaksiyonlar goézlendi. 10mg/kg gavaj uygulanan
gruptaki reaksiyonlar kontrol grubuna benzer iken
diger Ug¢ grupta reaksiyonlarin azaldigi tespit edildi.
Alveol duvarlarindaki reaksiyonlara baktigimizda ise,
kontrol grubunda orta siddette reaksiyonlar
gozlenirken, deney gruplarinda zayif siddette
reaksiyonlarin varlig tespit edildi (Sekil 2) (Tablo 1).
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Sekil 2. Akciger iINOS ekspresyonu, Ok:immun pozitif hiicreler: 1mg/kg timokinon ip (A),
2mg/kg timokinon ip (C), 10mg/kg gavaj timokinon (E), 20mg/kg gavaj timokinon (G),
kontrol (I) x10; 1mg/kg timokinon ip (B), 2mg/kg timokinon ip (D), 10mg/kg gavaj
timokinon (F), 20mg/kg gavaj timokinon (H), kontrol (K) Bar 50um

Tablo 1. iNOS’un ortalama immunohistokimyasal reaksiyon siddetleri.

Grup Kontrol 1.Grup 2.Grup 3.Grup 4.Grup

Grubu  (1ml/mg,ip) (2ml/mg,ip) (10mg/kg,gavaj) (20mg/kg,gavaj)
Brong ve bronsiyol epiteli  + + ++ o+ ++
Alveol Duvari * + + ++ ++

Boyanmama (-), zayif boyanma (+), orta siddette boyanma (++) ve siddetli boyanma (+++)

SOD-1; Preparatlar incelendiginde, brons ve
bronsiyollerin epitel hiicrelerinde, brons ve bronsiyol
duvarindaki hucrelerde ve alveol duvarlarinda farkli
siddetlerde immun pozitif reaksiyonlar gozlendi.
Gruplart  kendi aralarinda  ayrintii  olarak
degerlendirdigimizde; brons epitellerinde en yogun

immun pozitif reaksiyonlarin 1mg/kg ip timokinon
uyguladigimiz birinci deney grubunda, en zayif
reaksiyonun ise 20mg/kg gavaj grubunda oldugu
tespit edildi. Alveol duvarinda immun reaksiyon
siddetlerine baktigimizda kontrol grubu, 2mg/kg ip
grubu ve 20mg/kg gavaj gruplarinda reaksiyon
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siddetlerinin birbirine benzer ve orta siddette oldugu
belirlendi. 1mg/kg ip ve 10mg/kg gavaj gruplarindaki

immun reaksiyonlarin ise birbirine benzer ve zayif
siddette oldugu tespit edildi (Sekil 3) (Tablo 2).

7

et - o
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@r921) Y

o

sekil 3. Akciger SOD-1 ekspresyonu, Ok: immun pozitif hiicreler: 1mg/kg timokinon ip
(A), 2mg/kg timokinon ip (C), 10mg/kg gavaj timokinon (E), 20mg/kg gavaj timokinon
(G), kontrol (1) x10; 1mg/kg timokinon ip (B), 2mg/kg timokinon ip (D), 10mg/kg gavaj
timokinon (F), 20mg/kg gavaj timokinon (H), kontrol (K) Bar 50um

Tablo 2. SOD-1’in ortalama immunohistokimyasal reaksiyon siddetleri

Grup Kontrol 1.Grup

Grubu (1ml/mg,ip)

2.Grup 3.Grup 4.Grup

(2ml/mg,ip)  (10mg/kg,gavaj) (20mg/kg,gavaj)

Brong ve brongiyol epiteli  ++ +++

Alveol Duvari ++ +

++ ++ +

Boyanmama (-), zayif boyanma (+), orta siddette boyanma (++) ve siddetli boyanma (+++)
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Tartisma ve Sonug

Timokinon icerdigi fenolik bilesikler ve faydali
farmakolojik etkileri nedeni ile geleneksel tipta
tedaviye destek olarak vyaygin kullanimi soz
konusudur. Timokinon yiksek antioksidan 6zellige
sahip ana aktif fenolik bir bilesik icermesinden dolayi
bircok ¢alismada antienflamatuar, antimikrobiyal ve
antikanserojen  etkilere  sahip  oldugu ileri
strilmektedir. Timokinonun oksidatif hasara karsi
bobrek, karaciger, kalp, akciger ve mide lzerinde
koruyucu etkilere sahip oldugunu gosteren c¢ok
sayida ¢alisma mevcuttur (EI-Sheikh ve ark., 2015).
Ancak literatlir taramalari sonucunda antioksidan
etkisinin karsilastirmali olarak farkli doz ve uygulama
sekline gore degisiklik gosterip gostermedigini
bildiren calismalara rastlanilmamistir. Bu c¢alisma,
antioksidan etkide doz ve uygulama yontemlerinin
karsilastirilarak hangi uygulama yodnteminin ve
dozun daha etkili oldugunu degerlendirmek amaciyla
yapilmistir.

Timokinon ve akcigerler Gzerine vyapilan
calismalarda; timokinonun siklofosfamid, toluen ve
bleomisin  kaynakh akciger hasarini azalttig,
benzopiren kaynaklh mide tiimorlerini engelledigi ve
gentamisin ototoksisitesini engelleyerek koruyucu
rol aldigi vyapilan ¢alismalarda bildiriimektedir
(Guzelsoy ve ark., 2018). Calismamizda tim akciger
dokular ayrintih olarak degerlendirildi.
Timokinon’un ip ve oral gavaj yollan ile farkl
dozlarda uygulanmasinin akcigerlerin histolojik
yapisinda belirgin bir farkhlik tespit edilemedi.
Galismamizin bulgular Yinci ve ark. (2013)'nin
yapmis olduklari ¢alismanin bulgulari ile paralellik
gostermektedir. Ayrica yapilan
immunohistokimyasal boyamalar  sonucunda,
timokinon’un ip ve gavaj uygulamalari sonucunda
iNOS ekspresyonunun gavaj uygulanan iki deney
grubunda da kontrol grubuna gore arttigl gozlendi.
Beydilli ve ark. (2015) rat beyin dokusunda
timokinon ile vyaptiklari c¢alismalarinda, deney
grubunda iNOS seviyesinin kontrol grubuna goére
azalmis oldugunu bildirmisler. Usta ve ark. (2018)
karaciger ve bobrek dokusu ile yaptiklan
calismalarinda timokinon uygulamasinin kontrol
gruplarina gore azalmis oldugunu tespit etmisler. Bu
azaligi ise timokinonun nitrik oksit ve nitrik oksit
sentetaz  inhibisyonu ile  antioksidan  etki
olusturdugunu soylemislerdir. Calismamizin
bulgulari bahsedilen calismalarin (Beydilli ve ark.,
2015; Usta ve ark., 2018) bulgularindan farkhhk
gostermektedir. Yapilan literatir taramalari da goz
oniine alindiginda, bu farklhiligin nedeninin; uygulama
sekli, doz ve organa gore degisiklik gosterdigini
bildiren (Hojna ve ark., 2010) literatlr bulgulari ile
uyumluluk gosterdigi gorilmektedir.

Sunulan calismada SOD-1'in immun

ekspresyonun 20mg/kg gavaj uygulanan grupta diger
gruplara gore azaldigi, ip uygulama gruplarinda ise
kontrol grubuna benzer sekilde artmis oldugu
gozlendi. Aslanko¢ ve ark. (2019) oksidatif stres
durumu ve antioksidan mekanizma tzerine yaptiklari
¢alismalarinda SOD dizeylerinin artmis oldugunu
bildirmigler. Beydilli ve ark. yaptiklari ¢alismalarinda
timokinon uygulanan grupta SOD seviyelerinde artis
oldugunu bildirmislerdir. Desai ve ark. (2015)
tarafindan yapilan farkli bir ¢alismada timokinon
uygulamasinin SOD seviyelerini arttirdigini, bunu da
lipid peroksidasyonunu azaltarak yapmis
olabilecegini soylemisler. Calismamizda (¢ deney
grubunun bulgulari bahsedilen ¢alismalarla paralellik
gostermektedir. Parlar ve ark. (2019) akcigerde
yaptiklari galismalarinda antioksidan belirteglerin
timokinon uygulanan grupta azaldigini bildirmigler.
Mevcut calismamizda ylksek doz gavaj uygulanan
grubun bulgulari  Parlarin ve Arslan (2019)'in
bulgulari ile uyumluluk géstermektedir.

Mevcut ¢alismamizda timokinon
uygulanan deney gruplarinda hem iNOS hem de
SOD-1 ekspresyonlarinda farkl siddetlerde immun
ekspresyonlarinda azalmalarin goézlenmesi, bize
timokinon uygulamalarinin antioksidan mekanizma
Gzerine olumlu etkisi oldugunu dusindidrmastar.
Ayrica sunulan bu c¢alisma ile timokinon’un farkl
dozlarinin hem agiz yoluyla hem de intraperitoneal
yolla uygulamalari sonrasinda akcigerler tizerine olan
olasi antioksidan etkileri karsilagtirmali olarak
incelenmistir.  Antioksidan  mekanizmada ve
oksidasyonda etkili olan iNOS ve SOD-1'in
akcigerlerdeki lokalizasyon ve ekspresyonlari in vivo
olarak gosterilmis ve timokinonun sistemdeki
antioksidan etkileri gosterilmistir. iNOS ve SOD-1'in
ekspresyonlari tim gruplarda alveollerde, brons ve
bronsiyollerde gosterilmistir. Tim gruplarda farkh
immun reaksiyonlarin goézlenmesi, timokinonun
farkh uygulama sekillerinin antioksidan mekanizmayi
inaktive etmedigini; etki mekanizmasinin ise
uygulama sekline ve dozuna bagh olarak degisiklikler
gosterdigi calismamizda gosterilmistir. iNOS igin en
etkili dozun 1mg/kg ip uygulamasinin; SOD-1 igin ise
gavaj uygulamalarinin daha etkili oldugu sonucuna
varilmaktadir. Sonuglarimizi desteklemek igin, daha
fazla histokimyasal ve biyokimyasal teknikleri iceren
¢alismalarin yapilmasi gerektigini disinmekteyiz.

Etik izin

Bu calisma igin Ondokuz Mayis Universitesi
Hayvan Deneyleri Yerel Etik Kurulu, Deneysel Onay
No: 2015/51 numara ile izin alinmistir.  Ayrica
yazarlar Arastirma ve Yayin Etigine uyuldugunu
beyan etmislerdir.
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Abstract: The study aimed to analyze the skulls of Honamli, Hair, Kilis, and Saanen goats from the basal aspect using the
geometric morphometric method. In the study, 48 adult goat skulls were used for each breed in six males and females. After
the skulls were photographed from the basal aspect, 11 homologous landmarks were marked. In the study, based on the
breed, male and female Honamli, Hair, Kilis, and Saanen goat skulls were significantly separated from each other. The most
prominent clusters were seen between female Kilis and Saanen’s skulls and male Honamli and Kilis goats. As a result, it is
thought that the information obtained could create a reference for the skull remains of ruminants obtained from
archaeological excavations.

Keywords: Geometric morphometric, Goat, Landmark, Principal component analysis.

Honamli, Kil, Kilis ve Saanen Kegilerinde Kafatasinin Basal Yonden Geometrik Morfometrik Metot
Kullanilarak incelenmesi

Ozet: Calismada geometrik morfometri ydntemi ile Honamli, Kil, Kilis ve Saanen kegisine ait kafataslarinin basal yénden analizi
amaglandi. Calismada her irk igin 6’sar adet erkek ve disi olmak Uzere toplamda 48 adet ergin kegi kafatasi kullanildi.
Kafataslari basal yonden fotograflandiktan sonra 11 adet homolog landmark isaretlendi. Calismada irk baz alindiginda disi ve
erkek Honamli, Kil, Kilis ve Saanen kegi kafataslari birbirinden énemli diizeyde ayrildi. En belirgin kimelenmeler disi Kilis ve
Saanen, erkek Honamli ve Kilis kegisine ait kafataslari arasinda goriildii. Sonug olarak elde edilen bilgilerin arkeolojik kazilardan

elde edilen gevis getirenlere ait kafatasi kalintilari igin referans olusturabilecegi distiniiimektedir.
Anahtar Kelimeler; Geometrik morfometri, Kegi, Landmark, Temel bilesenler analizi.

Introduction

The domestic goat (Capra hircus) is a domesticated
species of goat generally for livestock. The goat is a
member of the Bovidae family (Ansell, 1972; Payne
and Wilson, 1999). The hair goat is a combined
productive goat breed resistant to Anatolia's
challenging climate, can be evaluated for weak
pastures, and raised in mountain villages (Gunlu and
Alasahan, 2010; Sengonca and Kosum, 2005). Kilis
goat is a crossbreed of Damascus goat with Hair goat
and is a goat breed with a very high milk yield. Kilis
goat is a goat breed widely cultivated in the
Southeastern Anatolia region, especially around
Hatay, Gaziantep, and Sanliurfa. These goats are a
goat breed with durable body structure, long walking
ability, high milk and reproductive efficiency (Gunlu
and Alasahan, 2010; Kaymakci and Askin, 1997;
Sengonca and Kosum, 2005; Yalcin, 1986). The
Honamli goats have been purely bred in the central
and western Taurus by the Honamli Yoruks for
centuries. According to Communiqué No. 2005/8503
on the Protection of Animal Genetic Resources, this
species was included in the scope of protected native

breeds in 2005 by the General Directorate of
Agricultural Research and Policies (Karadag and
Soysal, 2018). Saanen goats are bred in Europe, in
the Saanen valley of Switzerland. Since it is a goat
breed with high fertility and milk yield, it has a
widespread breeding area (Ceyhan and Karadag,
2009).

Geometric morphometry is a method that
allows the detection of shape differences that
cannot be detected with the naked eye through
landmark coordinates. It, therefore, measures the
amount of shape change by exploiting the
differences in the position between the objects of
the coordinates (Kimmerle et al., 2008; Viscosi and
Cardini, 2011; Zelditch et al.,, 2012). This method
allows the magnitude and direction of movement of
coordinates between different populations or
samples to be mapped and the result interpreted
(Bigoni et al., 2010; Frost et al., 2003). In the
literature, there are studies of small Ruminantia
revealed by geometric morphometrics (Demiraslan
et al., 2021; Demircioglu et al., 2021; Yalcin et al.,
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2010). The literature review on goats shows a limited
number of geometric morphometric method studies
(Casanova and Miquel, 2015; Demiraslan et al., 2021;
Haruda, 2017; Pares-Casanova and Domeénech-
Domeénech, 2021). Therefore, the study aimed to
analyze the skulls of four different goat breeds by
geometric morphometric methods in the basal
aspect.

Materials and Methods

This study is not subject to HADYEK permission
by Article 8 (k) of the ‘Regulation on Working
Procedures and Principles of Animal Experiments
Ethics Committees.’

The study used six males and females for each
breed, totaling 48 adult goat skulls. The skulls were
collected from slaughterhouses in the
Mediterranean, Middle, and Southeastern Anatolia
regions. The materials were macerated first by
boiling. After the maceration process, the skulls were
photographed from the basal, from a distance of 30
cm, focusing on the sutura maxillopalatina. The
photographs were converted to a Tps file using the
TpsUtil (Version 1.79) program. We marked 11
homologous landmarks on the basal of the skulls
using the TpsDig2 program (Version 2.31) (Figure 1).
Thus, the Cartesian coordinates of the landmarks
were determined. A homologous landmark

verification test was performed with the TpsSmall
(Version 1.34) program (Rohlf, 2017). Since there are
differences in skulls, such as size, position, and
direction, General Procrustes Analysis
(superimposition) was performed on the skulls to
eliminate these variables (Slice, 2005). PAST (Version
4.02) was used for this analysis (Hammer et al.,
2001). Principal component analysis was performed
with the same program on the new coordinates
obtained as a result of superimposition. Thus, the
degree of separation of the samples according to
breed or sex was determined by using covariance
analysis among the factors (Zelditch et al., 2004). In
addition, the MorphoJ program was used to show
which LMs and in which direction the shape
difference is (Klingenberg, 2011). In the study,
consensus graphs of the groups were created by
performing Relative Warp Analysis with the TpsRelw
(Version 1.70) program. The distribution of the
groups on the graph was also tested with this
analysis (Rohlf, 2017). Statistical analysis of LM
coordinate values according to groups was
performed with an ANOVA test in the PAST (Version
4.02) program.

Results

The results of the principal components analysis
are shown in Table 1. Accordingly, the first principal

Table 1. Results of principal component analysis of the basal aspect of the skulls of male and female Honamli,

Hair, Kilis and Saanen goats.

Female Male

PC Eigenvalue %Variance PC Eigenvalue %Variance
1 0,00094486 30,319 0,000796745 28,164
2 0,000671452 21,546 0,000576305 20,371
3 0,000464533 14,906 0,00037422 13,228
4 0,000300546 9,6442 0,000317092 11,209
5 0,00021416 6,8721 0,000188696 6,6701
6 0,000131522 4,2204 0,000148862 5,262
7 0,000109768 3,5223 0,000112827 3,9883
8 9,10536E-05 2,9218 9,95847E-05 3,5202
9 5,02777E-05 1,6134 7,08039E-05 2,5028
10 4,47753E-05 1,4368 4,4781E-05 1,5829
11 3,22615E-05 1,0352 2,94083E-05 1,0395
12 2,47946E-05 0,79563 2,07973E-05 0,73515
13 1,35685E-05 0,4354 1,81443E-05 0,64137
14 9,39521E-06 0,30148 1,11181E-05 0,39301
15 7,19158E-06 0,23077 9,47571E-06 0,33495
16 4,64459E-06 0,14904 5,30567E-06 0,18755
17 9,23531E-07 0,029635 2,83117E-06 0,10008
18 5,22829E-07 0,016777 1,92067E-06 0,067893
19 1,00104E-07 0,0032122 6,11772E-08 0,0021625
20 7,33543E-17 2,3539E-12 4,66223E-17 1,648E-12
21 3,93401E-17 1,2624E-12 2,20207E-17 7,784E-13
22 5,34831E-18 1,7162E-13 1,57276E-18 5,5595E-14
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component explained 30.319% and 28.164% of the
total shape difference in female and male goat skulls,
respectively.

The distribution graph of individuals according
to the first principal component and Relative Warp
analysis are shown in Figure 2. According to this,
while significant differences were observed between
breeds, the most significant separation among
females was between Kilis and Saanen goats, and the
most significant separation among males was
between Honamli and Kilis goats.

The graph showing the points where the shape
difference is concentrated in males and females

according to PCl is presented in Figure 3.
Accordingly, LM1, LM9, and LM10 in females, LM5,
LM6, LM7, and LM8 in males were the homologous
points causing the most variation.

The level of LMs at which directional differences
between individuals by breed and sex occurred are
shown in Figures 4 and 5. Directional differences
were observed in LM3 in all females, and in LM5 in
all males.

Graphics of canonical variance analysis results
are shown in figure 6. Accordingly, male goats were
grouped more clearly than females in the breed.

Figure 1. Landmarks marked from basal on the skulls of female Hair.

1. The most rostral of the fissura interincisiva, 2. rostro-oral corner of the margo alveolaris of Il. premolar tooth, 3. caudo-
oral corner of the margo alveolaris of Ill. molar tooth, 4. midpoint of the arcus zygomaticus, 5. meatus acusticus externus,
6. Processus jugularis, 7. Condylus occipitalis 8. Caudo-median point of foramen magnum, 9. Caudal of vomer, 10. Base of

choana, 11. Median point of sutura maxillopalatina).

C

e

D

Figure 2. The Scatter plots of principal component (PCA) and relative warp analysis (RWA) of male

and female Honamli, Hair, Kilis and Saanen goats.

A. PCA plot for female, B. PCA plot for male, C. RWA plot for female, D. RWA plot for male. 1-6 or brown: Honamli,
7-12 or green: Hair, 13-18 or orange: Kilis, 19-24 or red: Saanen.
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Figure 3. Transformation grid model of Honamli, Hair, Kilis and Saanen goat skulls according
to the PC1. A. female, B: male
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Figure 4. Graphs of discriminant function analysis of shape variation according to breed for
female goats. A. Hair-Honamli, B. Hair-Kilis, C. Hair-Saanen, D. Honamli-Kilis, E. Honamli-

Saanen, F. Kilis-Saanen.
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Figure 5. Graphs of discriminant function analysis of shape variation according to breed for
male goats. A. Hair-Honamli, B. Hair-Kilis, C. Hair-Saanen, D. Honamli-Kilis, E. Honamli-Saanen,

F. Kilis-Saanen.
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Figure 6. Graphical distribution of individuals according canonical variance analysis. A.Female,
B. Male. Brown: Honamli, Green: Hair, Orange: Kilis, Red: Saanen.

Discussion

In this study, the skulls of Honamli, Hair, Kilis,
and Saanen goats were analyzed by a geometric
morphometric method based on the basal- to- breed
factor. Few studies have been found in the literature
on goat skulls using the geometric morphometric
method. This situation constituted the most
apparent limitation of the study as it largely
prevented the discussion of the findings.

It has been reported that critical macro-
anatomical changes occurred in the morphology of
the cranial bones, as well as some general
morphological features of sheep and goats, with
domestication (Schaffer and Reed, 1972). Our study
examined goats’ skulls living in different
geographical regions, whose breed was registered,
by basal geometric morphometric methods. The
study’ overarching goal was to determine whether
racial dimorphism in general body appearance or
body part is also reflected in the basal skull. The first
findings in this study, which we conducted with a
limited number of materials, point to racial and
morphological dimorphism in the basal of the goat
skull.

Casanova and Miquel (2015) reported that in
the geometric morphometric examination of the
dorsal skulls of White Rasquera goats, sex
discrimination could be made, and the sagittal points

of the viscerocranium provided the greatest
contribution to this distinction. In our study, the
skulls of Hair, Honamli, Kilis, and Saanen goats were
analyzed geometric morphometrically, and it was
found that it was possible to distinguish between
goat breeds. The most important points where the
shape variation was evident were caudo-oral corner
of the margo alveolaris of molar tooth Il in females
and the meatus acusticus externus in males. It is
thought that the caudo-oral corner of the margo
alveolaris of molar tooth Il in females may be
distinctive due to differences in feeding habits. The
fact that the meatus acusticus externus is distinctive

in males suggests that it may be due to the variability
of auricle lengths according to breeds.

Demiraslan et al. (2021), in their geometric
morphometric study on the mandible of Honamli
and Hair goats, reported that Hair goats showed a
very distinct sex difference compared to Honamli
goats and that male goats were clustered compared
to female goats in terms of breed factor. In our study,
the basal of the skull was distinctly separated
according to goat breeds.

In conclusion, in this study, using geometric
morphometric methods, Honamli, Hair, Kilis, and
Saanen goat skulls were analyzed for the first time in
basal racial dimorphism. The study provides the first
inference that racial distinction between goats can
be possible from the basal skull. It can be suggested
that the study’ findings should be elaborated with
more material and by including different breeds of
goats. Thus, the geometric morphometric findings
obtained from the skull base can have a prominent
place in the taxonomy of the goat breed. Despite all
these, it is thought that the data presented in this
study will contribute to morphometric studies on the
skull of Ruminantia.
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Sigirlarda Mastitisin Teshisinde Ciftlikte Kiiltiir ve Konvansiyonel Kiiltiir
Yontemlerinin Karsilastiriimasi
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Ozet: Bu calismada, bakteriyel nedenli inek mastitislerinin teshisinde ciftlikte kiltiir ve konvansiyonel kiiltiir yontemlerinin
karsilastirilmasi, izole edilen bakterilerin bazi anibiyotiklere in vitro duyarlikliklarinin ortaya konulmasi amaglandi. Calismada
kanli agar, MacConkey agar, Edwards medium ve Columbia CNA agar (CNA) kullanildi. in vitro antibiyotik duyarliliginin
belirlenmesinde neomisin/basitrasin/tetrasiklin (30 pg/10 1U/30), sefapirin (30 pg), amoksisilin/klavulanik asit (2/1) (30 ug),
penisilin (10 1U), tetrasiklin (30 pg), klindamisin (2 pg), kanamisin (30 ug) ve sefalotin (30 ug) diskleri kullanildi. Konvansiyonal
izolasyon ve identifikasyon yontemlerinin uygulandigi ¢alismada, orneklerin %90,3’Gnden kiltlr pozitif sonug alinirken,
%9,7’sinde ise herhangi bir aerobik bakteri Gremedi. Kanli agarda yapilan izolasyonda kiltiir pozitif 6rneklerinin %17,9’unda
(n: 14) Staphylococcus aureus, %61,6’sinda (n: 48) Streptococcus spp., %7,7’sinde (n: 6) E. coli, %6,4’linde (n:5) Enterococcus
spp., %3,8’inde (n: 3) maya ve %2,6'sinda (n: 2) koagulaz negatif stafilokok (KNS) saptandi. MacConkey agara yapilan
ekimlerin %60’inda (n: 6) E. coli, %30’unda (n: 3) Enterococcus spp. ve %10’unda (n: 1) maya belirlendi. Edwards mediuma
ait ekimlerin %91,5’inde (n: 43) Streptococcus spp., %6,4’Unde (n: 3) Enterococcus spp., %2,1’'inden (n: 1) maya ve KNS
gorildi. CNA’a yapilan ekimlerin %20’sinden (n: 14) S. aureus, %68,6’sindan (n: 48) Streptococcus spp., %4,3’tnden (n: 3)
Enterococcus spp., %4,3’tnden (n: 3) maya ve %2,8’inden (n: 2) ise KNS izole edildi. Sonug olarak, mastitisli inek sutlerinde
bazi aerobik bakteriyel patojenlerin saptanmasina yonelik uygulanan ciftlikte kiltir yonteminin, konvansiyonel kaltir
yontemine benzer sonuglar verdigi ve bu yontemin enfeksiyona yonelik koruma ve kontrol programlarinda kullanilabilecegi
kanisina varildi.

Anahtar Kelimeler: Antibiyogram, Ciftlikte kiiltiir yéntemi, inek, Mastitis.

Comparison of On-farm Culture and Conventional Culture Methods in the Diagnosis of Mastitis in
Cattle

Abstract : This study aimed to compare the microbiological culture and farm-culture methods used to diagnose mastitis in
cattle. In the study, blood agar, MacConkey agar, Edwards medium, and Columbia CNA (CNA) agar were inoculated in the
media. The samples were incubated under appropriate conditions to perform microbiological analysis of milk samples. While
bacterial isolation and identification were performed in 90.3% (75) of the milk samples examined in the study, it was
determined that there was no growth in 9.7% (8) of the milk samples, and two different types of pathogens were found in
some samples. In blood agar isolation, 17.9% (n: 14) of the culture positive samples were Staphylococcus aureus, 61.6% (n:
48) Streptococcus spp, E. coli in 7.7% (n: 6), Enterococcus spp. in 6.4% (n: 5), yeast in 3.8% (n: 3) and coagulase-negative
staphylococci (CNS) in 2.6% (n: 2). E. coli was detected in 60% (n: 6), Enterococcus spp. in 30% (n: 3), and yeast in 10% (n: 1)
of the inoculations on MacConkey agar. Streptococcus spp. was observed in 91.5% (n: 43), Enterococcus spp. in 6.4% (n: 3),
and yeast and CNS in 2.1% (n: 1) of the cultures of Edwards medium. S. aureus was isolated from 20% (n: 14), Streptococcus
spp. from 68.6% (n: 48), Enterococcus spp. from 4.3% (n: 3), yeast from 4.3% (n: 3) and CNS from 2.8% (n: 2) of CNA
inoculations. As a result, it was concluded that the on-farm culture method for detecting some aerobic bacterial pathogens
in mastitic cow milk gave similar results to the conventional culture method. This method can be used in infection prevention
and control programs.

Keywords: Antibiogram, On-farm culture, Cow, Mastitis.

Giris

Mastitis, tim memeli hayvanlarda gorilebilen ve
meme  bezlerinde ¢estili  mikroorganizmalar
(Staphylococcus, Streptococcus, Escherichia coli,

bilesiminde bozulma, tedavi edilmedigi bazi
vakalarda ise olimler dahi gorilebilmektedir. Siit
inekgiliginde endemik seyreden hayvan hastaliklari

Arcanobacterium, Corynebacterium gibi) tarafindan
olusturulan yangili ve irinli bir meme hastaligidir. Stit
veren hayvanlarin en 6nemli saglik sorunlarindan biri
olan mastitislerde, siit veriminde azalma, sutin

icerisinde en fazla ekonomik kaybin, mastitisten
kaynaklandigi bildirilmistir (Dufour ve ark., 2019;
ilhan, 2018; Sharun ve ark., 2021).
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Hastaligin kesin tanisi, hastaligin nedeni ve
tedavisi arasindaki en énemli asamadir. Hastalik ne
kadar erken teshis edilirse, neden oldugu
olumsuzluklar o derece az olacaktir. Bu nedenle,
ciftlikte kullaniimak Gzere glivenilir teshis araglarina
ihtiya¢ bulunmaktadir. Mastitisin primer nedeni,
bakteriyel etkenlerdir (Cheng ve Han, 2020). Bu
bakteriler arasinda en fazla Staphylococcus aureus,
Staphyloccoccus spp., Streptococcus spp. ve E. coli
bulunmaktadir. Mastitisin tanisinda PCR'a dayali
bakteriyel identifikasyon sistemleri gelistirilmistir
(Hiitio ve ark., 2015). Ancak, bu tiir sistemler Gnemli
laboratuvar altyapisi ve uzmanlik gerektirmekte;
ayrica, numune tasima, analiz ve raporlama zaman
almaktadir. Selektif besiyeri kullanilarak olusturulan
ciftlikte-kiltir yontemi, klinik mastitise neden olan
patojenleri hizli bir sekilde tanimlamak igin
kullanilmistir (Lago ve Godden, 2018). Ciftlik kiltar
yontemi, uygulama, kullanim ve yorumlama
kolayligina sahiptir (Neeser ve ark., 2006). Bu
yontem, mastitise neden olan bakterilerin hizh
identifikasyonunu saglayarak, antimikrobiyal tedavi
kararinin alinmasi veya degistiriimesine karar
verilmesine yardimci olmaktadir (Lago ve ark., 2011).
Bu yontemin uygulanmasi ile siit inegi saghg ve
performansi olumsuz etkilenmeden, antimikrobiyal
kullanimini azalttigi bildirilmistir (Vasquezve ark.,
2017; McDougall ve ark., 2018).

ilk hazirlanan giftlikte kiltiir yénteminde,
MacConkey agar ve Kanl agar kullanilmistir. Bu
testle etkenler Gram pozitif ve Gram negatif olarak
24-32 saat iginde belirlenebilmektedir. Bu yontemin
mikrobiyolojik kaltlir metotlarindan daha dusik
maliyetli oldugu ifade edilmistir. Diger yandan
kromojenik besiyeri kullanilarak yapilan ciftlikte
kiltar testlerinde, mastitis patojenleri giplak gozle
daha kolay bir sekilde identifiye edilebildigine dikkat
cekilmistir (Ferreira ve ark., 2018). MacConkey agar
ve Factor agar kullanilarak yapilan giftlikte kiltur
sisteminin, mikrobiyolojik kiltire gore
degerlendirilmesinde sirasiyla %78 ve %83 duyarlilik
ve Ozgillige sahip oldugu belirtilmistir (Lago ve ark.,
2011). Benzer sekilde, (¢ segici besiyerinden olusan
bir ciftlikte kaltlr sisteminin, S. aureus tespit etme
duyarhhigl ve 6zgulligiini sirasiyla %97.9 ve %81.8,
Streptococcus spp. igin ise sirayla %92,6 ve %89,5
olarak tespit edilmistir (McCarron ve ark., 2009).
Ciftlikte kaltlr sistemlerinin kullanilmasiyla Gram
pozitif patojenlerin Uredigi durumlarda tedaviye
gerek oldugu, ancak Gram negatif patojenlerin veya
Ureme gorilmeyen durumlarda tedaviye gerek
olmadigl ya da iki ginlik antimikrobiyal tedavi
kullaniminin  uygun karar olacagl bildirilmistir
(Pinzon-Sanchez ve ark., 2011).

Bu calismada, laboratuvarimizda hazirlanan
ciftlikte kaltir yonteminin etkinligi ve tanisal
dogrulugu, standart mikrobiyolojik kiiltir metodu ile

karsilastirmali olarak degerlendirilerek, ¢iftlikte
kaltir sisteminin etkinligini saptamak amaglanmistir.

Materyal ve Metot

Bu calisma icin Harran Universitesi Hayvan
Deneyleri Yerel Etik Kurulundan (Harran Universitesi-
HADYEK) 03/06/2020-E.20027 numara ile izin
alinmistir.

Calismada meme bolgesinde siskinlik, kizariklik,
agri ve sut orneklerinde pihtilasma saptanan toplam
83 adet inekten alinan 83 adet sit Ornegi
mikrobiyolojik olarak incelendi. Sit oOrnekleri
National Mastitis Council (NMC, 2022) tarafindan
bildirilen sartlarda aseptik sartlarda toplandi. Sit
ornekleri alinmadan 6nce meme basi %70'lik etil
alkolle silinerek temizlendi. ilk siit érnekleri atilip,
test edilecek siitler steril falkon tlplerine alinarak,
soguk zincirde ve kisa siirede Harran Universitesi
Veteriner Fakiltesi Mikrobiyoloji Anabilim Dali
Laboratuvarina en kisa stirede ulastirildi.

Ciftlikte kiiltlir besiyeri: Bu amagla, MacConkey
agar (Merck, Germany), %5-7 koyun kanh CNA agar
(Oxoid, UK), Edwards medium (Oxoid, UK) ve %5-7
koyun kanli agar (Oxoid, UK) hazirlanarak, 4 goézli
petrilere dokuldi (Sekil 1). Gram-negatif bakterilerin
MacConkey agarda, Streptococcus spp. supheli
bakterilerin Edwards mediumda, Gram pozitif
bakterilerin ise CNA agarda izolasyonu amaglandi.
Laboratuvara getirilen sit o6rnekleri vorteksle
homojenize edildikten sonra, steril svaplarla
hazirlanan besiyerine ekildi. Petri kutulari 37 °C’de,
aerobik ortamda, 24-48 saat inkube edildi (NMC,
2022). Etkenler makroskopik ve mikroskobik
morfolojileriyle  birlikte, c¢esitli  konvansiyonel
testlere gore identifiye edildi (Quinn ve ark., 2011).
Degerlendirmede i¢ ve daha fazla sayida farkh
bakteri tlrinin redigi 6rnekler kontaminant olarak
degerlendirilirken, bir ya da daha fazla sayida saf
koloninin goriildugu érnekler ise kiiltir pozitif olarak
kabul edildi (Verbeke ve ark., 2014). Selektif
besiyerlerinde Ureyen koloniler kanh agar temel
alinarak degerlendirildi.

Sekil 1. Ciftlikte kiltiir yontemi igin hazirlanan besiyeri.
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Antibiyotik duyarlilk testi: izole edilen
bakteriler, mueller hinton agarda (Merck, Germany)
in vitro antibiyotik duyarliklik testiyle degerlendirildi
(CLslI, 2017). Bu amacgla
neomisin/basitrasin/tetrasiklin (30 pg/10 1U/30 pg,
Mast Diagnostic), sefapirin (30 pg, Mast Diagnostic),
amoksisilin/klavulanik asit (2/1) (30 pg, Oxoid),
penisilin (10 IU, Oxoid), tetrasiklin (30 pg, Oxoid),
klindamisin (2 ug, Oxoid), kanamisin (30 ug, Oxoid)
ve sefalotin (30 pg, BBL) diskleri kullanildi. CLSI
standart manuelde bulunmayan
neomisin/basitrasin/tetrasiklin i¢in <8 direncli, 9-12
orta duyarlilikta ve 213 duyarl; sefapirin icin ise <14
direngli, 14-18 orta duyarhlkta ve 219 duyarli olarak
belirlenen zon ¢aplari dikkate alindi.

\MacConkey agar

e

# “Kanh agar

.

Bulgular

izolasyon: Bu arastirmada Harran Universitesi
Veteriner Fakiltesi Mikrobiyoloji Anabilim Dali Rutin
Teshis Laboratuvarina getirilen klinik mastitisli
ineklere ait toplam 83 adet sit 6rneginin 75 (%90,7)
adetinden kiiltiir pozitif sonug alindi. Orneklerin 3
adetinden iki farkli patojen tirinin tredigi gérulda.
Toplam 78 bakterinin 14 (%17,9)'G S. aureus, 12
(%15,4)'si  Streptococcus uberis, 36 (%46,2)'s|
Streptococcus spp., 6 (%7,7)'st E. coli, 5 (%6,4)i
Enterococcus spp., 3 (%3,8)'0 maya ve 2 (%2,6)’si ise
koagulaz negatif stafilokok (CNS) olarak identifiye
edildi (Tablo 1, Sekil 2-3).

Edwards besiyen

CNA

)

Kanl agarlﬁl\

W

Sekil 2a) Ciftlikte kaltiir sistemi olarak hazirlanan MacConkey ve Kanh agarda tremis E. coli. b)
Streptococcus spp. i¢in Edwards medium, Kanl agar ve CNA da iremesinin gosterilmesi

Sekil 3. Kanl agar ve CNA’da lremis S. aureus kolonisi.

Arastirma kapsaminda izole edilen S. aureus’un
%100,0 (14 ornek)d kanh agar ve CNA’da;
Streptococcus turlerinin %100,0 (48 6rnek)’'t kanli

agar ve CNA’da, %89,6 (43)’s1 Edwards medium; E.
coli’'nin %100°G kanl agar ve MacConkey agarda;
Enterococcus tirlerinin %100,0 (5 6rnek)’ kanli agar
ve MacConkey agarda, %60,0 (3 6rnek)’t Edwards
medium ve %60,0 (3 6rnek)’'t CNA’da, maya tiirlerinin
%100,0 (3 ornek)’'t kanli agar, %33,3 (1 6rnek)’u
MacConkey agar, %33,3’0 Edwards medium ve
%100,0'ti CNA’da, KNS tirlerinin %100,0 (2)'G kanl
agar ve CNA besi yerlerinde Uredi (Tablo 3).

Antibiyotik  duyarlihk  testin  bulgular:
Arastirmamizda identifiye edilen S. aureus,
Streptococcus spp. ve E. coli suglarinin amoksisilin-
klavulanik asit, tetrasiklin, kanamisin, penisilin,
sefapirin, klindamisin, sefalotin ve
neomisin/basitrasin/tetrasikline duyarhliklari Tablo
4’de sunuldu. Calismada genel olarak Enterococcus
suslarinin tetracycline, E. coli suslarinin amoxicillin-
klavulonik  asit,  klindamisin ~ ve penisiline,
Streptococcus spp. ve S. aureus suslarinda ise test
edilen antibiyotiklere farkli olranlarda direngli
olduklari saptandi.
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Tartisma

Saghkli  beslenme acisindan temel gida
Urtnlerinden biri olan sitiin, s6z konusu olumlu
etkileri gosterebilmeleri igin, stit ve sit Grdnlerinin
saglkh hayvanlardan elde edilmesi blyik onem
tasimaktadir. Meme bolgesindeki bazi fiziksel,
kimyasal ve biyolojik nedenlerin yaninda, sit akisini
engelleyen birtakim etkiler sonucunda mastitis
olusumu gozlenebilmektedir (Stuhr ve Aulrich,
2010). Gerek klinik gerekse subklinik mastitis
vakalarinda, sit 6rneklerinde giplak gozle farkedilen
veya fark edilemeyen 6nemli degisiklir gelismektedir
(Elizabeth ve ark., 2015; Stuhr ve Aulrich, 2010).
Staphylococcus spp., Streptococcus spp. ve E. coli gibi
patojenler, ineklerdeki mastitis vakalarinin primer
bakteriyel etkenleri arasinda  bulunmaktadir.
Gergeklestirilen bu ¢alismada, 83 adet klinik olarak
mastitis teshisi konuslan ineklere ait stt 6rnegi test
edildi.

Tablo 1. Mastitisli sigirlardan elde edilen sitlerden izole
edilen bakteri tlirt ve sayisina iliskin veriler.

Tirler n %
Staphylococcus aureus 14 17,9
Streptococcus uberis 12 15,4
Streptococcus spp. 36 46,2
Escherichia coli 6 7,7
Enterococcus spp. 5 6,4
KNS 2 2,6
Maya 3 3,8
TOPLAM 78 100

Konuyla ilgili gerek klinik (Ferreira ve ark., 2011;
Kaya ve ark., 1999; Ozdemir, 2006; Tel ve ark., 2009)
gerekse subklinik (Barrett ve ark., 2005; Macun ve
ark., 2011; Tenhagen ve ark., 2006) mastitis
vakalarinda, bakteriyel patojenlerin roli arastiriimis
ve olduk¢a farkh veriler elde edilmistir. Bu
arastirmada mastitisli  ineklerden alinan st
numuneleri mikrobiyolojik a¢idan analiz edilmis ve
orneklerin ~ %92,8’inde bakteriyel izolasyon
gerceklesirken, orneklerin %7,2’sinde ise herhangi
bir iremenin olmadig goriilmustiir. Cokal ve Konus
(2012), Bandirma’da mastitisli st sigirlarina ait
orneklerin mikrobiyolojik analizinde, materyallerin
%75’'inde  aerobik  bakteri izole ettiklerini
bildirmislerdir. Benzer sekilde Fox (2009), mastitisli
divelere ait siit orneklerinde %43-87,7 arasinda
farkh oranlarda etken tespit ettigini rapor etmistir.
Ozdemir (2006), klinik mastitisli inek sitlerinden
Staphylococcus cinsine ait bakteri izole etmeyi

amagladigl  ¢alismasinda, toplam 448 6&rnegin
%65,2’sinden pozitif sonug aldigini bildirimistir. Tel
ve ark. (2009), Sanhurfa yoéresinde mastitis
vakalarinin 258'inden (%77,7) aerobik bakteriyel
etkenleri izole ettiklerini bildirmislerdir.
Gergeklestirilen bu ¢alismaya ait bulgularin, konuyla
ilgili galismalara benzerlik gosterdigi gorilmektedir.
Orneklerin  %7,2’sinden her hangi bir aerobik
bakteriyel etkenin lrememis olmasi, hayvanlarin
yakin tarihte antibiyotik almasi veya Mycoplasma
spp. gibi 0Ozel sartlarda {reyen bekterilerin
etiyolojiden sorumlu olmasiyal agiklanabilir.

Tablo 2. Sit orneklerinin elektrik iletkenligine iligkin
bulgular.

Elektrik iletkenligi Degeri n %
6 9 10,8
7 25 30,1
8 40 48,2
9 9 10,8

N: Ornek sayisi

Bu arastirmada kdltir pozitif o6rneklerin
%17,9’Unde S. aureus, %61,6'sinde Streptococcus
spp., %7,7'sinde E. coli, %6,4'inde Enterococcus
spp., %2,6’sinda KNS ve %3,8inde de maya
izolasyonu gergeklestirilmistir. Celik ve ark. (2021),
California Mastitis Testi (CMT) pozitif 226 adet inege
ait sut orneklerinin 128'inde (%56,64) patojen
mikroorganizmalar tespit etmisler. Ureyen 178 adet
mikroorganizmanin 77'sinin (%43,75) kontagiyoz,
99'unun (%56,25) cevresel mastitis etkeni, 2’sinin
(%1.12) ise maya oldugu bildirmislerdir.
Arastiricilara, Streptococcus spp., Stapylococcus spp.,
Corynebacterium spp., Bacillus spp. ve koliform
grubu bakterilerin en yiksek oranlarda identifiye
edildigine dikkat ¢cekmislerdir.

Tablo 3. Siitlerden izole edilen bakteri tiirii ve sayisi.

CNA EM MCC KA

Stapylococcus aureus 14 - - 14
Streptococcus 36 31 - 36
Streptococcus uberis 12 12 - 12
Escherichia coli - - 6 6
Enteroccocus spp. 3 3 3 5
Maya 3 1 1 3
KNS 2 - - 2

K.A: Kanli agar, MCC: Macconkey Agar, E.M: Edwards medium,
CNA: Columbia CNA agar.
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Tablo 4. Arastirmada izole ve identifiye edilen bakteri tiirlerinin antibiyotik direncine iliskin bulgular. S: Duyarli, I: Orta duyarli R: Direngli

Staphylococcus aureus Streptococcus spp. E. coli Enterococcus spp. KNS
(n: 12) (n: 48) (n:7) (n: 5) (n:2)
Antibiyotikler S(%) 1(%) R(%) S(%) 1(%) R®%) S(%) 1(%) R®%) S%) 1(%) R(%) S%) 1(%) R(%)
Sefapirin 10 2 27 9 12 3 2 2 2 3 1 1
(83,4) (16,6) (56,3) (18,8) (24,9) (42,8) (28,6) (28,6) (40,0) (60,0) (50,0) (50,0)
Kanamisin 9 2 1 15 2 31 3 4 1 1 3 1 1
(75,00 (16,7) (83) (31,3) (42) (64,5 (42,8) (57,2) (20,00 (20,00 (60,0)  (50,0) (50,0)
Klindamisin 10 1 1 20 3 25 7 2 3 2
(83,4) (8,3) (83) (41,7) (63) (52,0 (100,0)  (40,0) (60,0)  (100,0)
Amoksisilin/klavulonik asit 7 2 3 26 6 16 7 3 2 1 1
(58,3) (16,7) (25,0) (54,2) (12,5) (33,3) (100,0) (60,0) (40,0) (50,0) (50,0)
Sefalotin 2
6 2 4 13 3 32 2 2 3 2 3
- - - (100,0
(50,00 (16,7) (33,3) (27,1) (63) (66,6) (28,6) (28,6) (42,8) (40,00  (60,0)
)
Penisilin 8 4 30 18 7 2 3 1 1
(66,7) (33,3) (62,5 (37,5) (100,0)  (40,0) (60,0) (50,0 (50,0)
Novobiyosin/basitrasin/terasiklin 12 44 1 3 3 2 2 5 1 1
(100,0) (91,6) (2,1) (6,3) (42,8) (28,6) (28,6) (100,0) (50,0) (50,0)
Tetrasiklin 6 2 4 18 10 20 3 2 2 5 1 1
(50,0) (16,7) (33,3) (37,5) (20,8) (41,7) (42,8) (28,6) (28,6) (100,0) (50,0) (50,0)
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Turkiye’de yapilan baska bir calismada, test edilen
orneklerin %41’inden S. aureus, %17’sinden KNS,
%12’sinden Enterobacter aerogenes, %9,4’'linden E.
coli, %8,5'inde Streptococcus spp., %6,8inden
Klebsiella pneumonia, %5,1’inde Citrobacter spp. ve
%2,6’sinden ise Bacillus spp. sorumlu tutulmustur
(Cokal ve Konus, 2012). Tel ve ark. (2009), Sanhurfa
ybresinde CMT pozitif 181 (%72,4) inekten aldiklari
332 (%33,2) adet siit orneginin mikrobiyolojik
analizinde, 6rneklerin 84’Ginden (%32,5) S. aureus,
71l'inden  (%27,5) KNS, 23’Unden  (%8,9)
Streptococcus spp., 16’sindan (%6,2) E. coli, 15’inden
(%5,8) Arcanobacterium pyogenes, 9'undan (%3,4)
Bacillus spp., 8’inden (%3,1) Corynebacterium bovis,
7’sinden (%2,7) Micrococcus spp., 5’'inden (%1,9)
Enterobacter aerogenes, 5'inden (%1,9) Candida
spp., 4linden (%1,5) Pasteurella multocida, 4’ Ginden
(%1,5) Klebsiella pneumoniae, 4’Gnden (%1,5)
Citrobacter diversus ve 3’Unden ( %1,1) ise
Pseudomonas auriginosa olmak lzere toplam 258
aerobik bakteri izole ettiklerini bildirmislerdir. Kaya
ve ark. (1999) Aydin bolgesindeki 141 adet klinik
mastitisli  inekten  aldiklari  siit  drneklerini,
mikrobiyolojik agidan inceleyerek, antibiyotiklere
direnglerini arastirmislardir. Arastirmada
bakteriyolojik tireme gorilen vakalarin %57’sinde S.
aureus, %12’sinde Streptococcus spp., %5’inde E.
coli, %5’inde Lactobacillus spp., %5’inde Klebsiella
pneumonia, %4’Unde Corynebacterium pyogenes ve
%13’linde ise Candida albicans tespit edilmistir. Bu
bulgular, arastirmamiza ait verilerle yliksek oranda
benzerlik gostermektedir.

Bu calismada izole edilen Enterococcus cinsine
ait bakterilerin genel olarak tekrasikline, E. coli
suslarinin amoksisilin/klavulonik ait, klindamisin ve
penisiline; Streptococcus spp. ve S. aureus suslarinin
ise tim antibakteriyellere gesitli oranlarda direngli
olduklari gorildi. Bakteriyel nedenli mastitis
vakalarin sagaltiminda kullanilacak antibiyotiklerin
belirlenmesine yoéneli ¢esitli ¢alismalar yapilmistir
(Erskine ve ark., 2002; Macun ve ark., 2011; Sharun
ve ark., 2021; Tel ve ark., 2009). Yapilan ¢alismalarda
etkenlerin antibiyotiklere direngliliklerinde belirgin
faklilkarin goriilmesi, bilingsiz ve rasgele antibiyotik
kullanimi, tedavi siresinin gereginden kisa tutlmasi
ve gelisen genetik direnclilikle agiklanabilir.

Bu c¢alismada, ciftlikte kiltir yontemiyle
standart mikrobiyolojik kiltar yontemi
karsilastirilmis ve izole edilen mikroorganizmalar
yoninden benzer sonuglar elde edilmistir. S. aureus
ve E. coli her iki yontemde de ayni oranda tespit
edilmistir. Jones ve ark. (2009), Yeni Zelanda 292 st
ornegini ciftlikte kiiltir yontemiyle incelemisler ve
standart mikrobiyolojik kiltiir yéntemine benzer
sonuglar aldiklarini bildirmislerdir. Ferreira ve ark.
(2018), klinik mastitise neden olan bakteriyel
patojenleri tanimlamak igin farkli ticari ciftlikte kiltar

sistemlerini (Accumast, Minnesota, Easy System,
SSGN ve SSGNC Quad plates) karsilastirdiklar
calismalarinda, Accumast’in en dogru sonug veren
sistem oldugunu belirtmislerdir.

Sonug¢ olarak bu calismada, ciftlikte kiltar
yonteminin mastitisli inek sitlerindeki bazi aerobik
bakteriyel patojenlerin saptanmasina yonelik,
konvasiyonel kiltir yoéntemine benzer sonuglar
verdigi gorildu. Ciftlikte kiltir  yonteminin
kullaniminin, bakteriyel nedenli mastitis
patojenlerinin tespiti ve olusturulacak
koruma/kontrol  programlarinda  antimikrobiyal
kullanimini azalatarak, etkili kontrol stratejilerinin
olusturmada yardimci olacagi dustndldi.

Cikar ¢catismasi

Yazarlar bu yazl icin gercek, potansiyel veya
algilanan  ¢ikar catismasi  olmadigini  beyan
etmislerdir.

Etik izin

Bu calisma icin Harran Universitesi Hayvan
Deneyleri Yerel Etik Kurulundan (Harran Universitesi-
HADYEK) 03/06/2020-E.20027 numara ile izin
alinmistir. Ayrica yazarlar Arastirma ve Yayin Etigine
uyuldugunu beyan etmislerdir.

Finansal destek

Bu c¢alisma, Harran Universitesi Bilimsel
Arastirma Projeleri Koordinatorligla tarafindan
21007 proje numarasi ile desteklenmistir.

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yiklenen
raporda belirtildigi gibi %14 oldugunu beyan ederiz.

Tesekkiir

Bu calismada desteklerini veren Ars. Gor. Ayfer
GULLU YUCETEPE’ ye tesekkirlerimizi sunariz.
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Abstract: This research was carried out to examine the opinions of the migratory beekeepers in Afyonkarahisar regarding the
current situation and problems of the sector. A total of 37 items were assembled under four subgroups in the questionnaire
to collect the research data. The questionnaire was applied through face-to-face interviews with beekeepers during the visits
to the apiaries of the enterprises. The migratory beekeepers emphasized that marketing is the most crucial problem. They
stressed that the marketing assembled with a small number of intermediary companies and the labeling not based on
branding and quality standards reduce the retail price of bee products. Other significant problems were unannounced
agricultural pesticide spraying, increasing decline in the flora of honey plants, high equipment costs, and the lack of specific
legislation for migratory beekeeping. Also, it has been stated that there were challenges in obtaining quality queen bees,
finding location areas and meeting the living needs on the migration route, and accessing training on topics such as bee
diseases, organic beekeeping, and Apitherapy. As a result, it has been concluded that supporting migratory beekeepers with
good input and marketing management, regulations that will facilitate migration and beekeeper accommodation, and policies
to increase product quality and bee health can significantly contribute to improving their capacity to adapt to innovative and
competitive national strategies to be developed for beekeeping in the future.

Keywords: Afyonkarahisar, Beekeeping industry, Current state problems, Turkish migratory beekeepers' opinion.

Tiirk Go¢gmen Aricilarinin Aricilik Sektériiniin Mevcut Durumu ve Sorunlarina iliskin Goriisleri:
Afyonkarahisar’da Tanimlayici Bir Arastirma

Ozet: Bu arastirma Afyonkarahisar’daki gécmen aricilarin aricilik sektériiniin mevcut durumu ve sorunlarina iliskin
distncelerini incelemek amaciyla yapilmistir. Arastirmanin verilerinin toplanmasi igin gelistirilen ankette 37 adet madde doért
bélim altinda toplanmistir. Anket isletmelerin ariliklarina yapilan ziyaretler sirasinda gégmen aricilar ile ylz ylize gorusulerek
uygulanmistir. Gogmen aricilar pazarlamayi en énemli problem olarak gérmisler, 6zellikle az sayidaki araci isletmeler ile
yapilan pazarlama ile markalasma ve kalite standartlarina dayali olmayan etiketleme sorunlarinin ari Griinlerinin perakende
satig fiyatini diisirdiigini vurgulamiglardir. Diger dnemli problemler ise habersiz yapilan tarimsal ilaglama, balli bitkiler
florasinda giderek artan daralma, yiksek ekipman maliyeti ve go¢cmen ariciliga 6zel bir mevzuatin yoklugudur. Ayrica kaliteli
ana ari temini, gog rotasi tzerinde konaklama yeri bulma ve barinma ihtiyaglarin karsilanmasi ile ari hastaliklari, organik aricilik
ve Apiterapi gibi konularda egitime ulasmada zorluklar oldugu belirtilmistir. Sonug olarak, gé¢cmen aricilarin iyi girdi ve
pazarlama yonetimi, go¢ ve konaklamayi kolaylastiracak diizenlemeler, Grln kalitesini ve ari saghgini artirici politikalarla
desteklenmesinin gelecekte ari yetistiriciligi icin gelistirilecek yenilik¢i ve rekabetci ulusal stratejilere uyum kapasitelerinin
arttirlmasina 6nemli katki yapabilecegi kanaatine variimistir.

Anahtar Kelimeler: Afyonkarahisar, Aricilik sektéri, Mevcut durum ve sorunlar, Tiirk gégmen aricilarin diisiinceleri.

Introduction

According to 2019 data, 1.85 million tons of honey
are produced in a total of 90.11 million hives
worldwide. The part of global honey and beeswax
produced in Turkey, which has 8.1 million hives, is
6.2% (114 thousand tons) and 7.2% (4.737 tons),
respectively (Burucu, 2021). Most of the honey
production in Turkey, which ranks second in world
honey production, is carried out by enterprises
engaged in migratory beekeeping (Ginbey, 2007;
Koésoglu et al., 2019; TKDK, 2016). Kekegoglu et al.
(2014) also emphasized that migratory beekeeping

should be performed for high production and
profitability. According to 2020 data, before the
forest fires on the Aegean and Mediterranean coasts
in 2021, the first three regions with the most annual
honey production in Turkey are the Eastern Black Sea
Region (22.5%), Mediterranean Region (19.2%) and
Aegean Region (13.4%) (Burucu, 2021). 95% of
beekeeping enterprises in the Eastern Black Sea
Region are migratory beekeepers (Kuvanci et al.,
2017). Likewise, the Aegean region is the leader in
hive prevalence (1.7 million) and the third-largest
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honey producer, the rate of migratory beekeeping
enterprises has been reported as 82% (Ozbilgin et al.,
1999; Korkmaz et al., 2018). There are differences
between beekeeping enterprises engaged in
migratory or stationary beekeeping activities in
Turkey. These differences are more pronounced in
terms of structural features (Takma et al., 2019),
beekeeping practices (Cakmak et al., 2003), and
input and output management features
(Ginesdogdu and Akyol, 2019). Compared to
stationary beekeeping enterprises, migratory
beekeeping enterprises have a high hive capacity
(Ozbilgin et al., 1999), and they use honey bee
colonies with superior (Cengiz and Diilger, 2018).
Migratory beekeepers can extend the honey season
by moving hives on a planned route with timing to
coincide with the flowering periods of honey plants
(Korkmaz et al., 2018). It is reported that there are
differences between the technical knowledge and
skills or their approaches to the beekeeping sector of
migratory and stationary beekeepers (Borum, 2017;
Erkan and Askin, 2001). While stationary beekeepers
market the honey they produce in their retail,
migratory beekeepers use marketing channels with
intermediary institutions in the sector (Tabur and
Aziz, 2019). It has also been reported that migratory
beekeepers can independently replace the queen
bees of the colonies and recognize and distinguish
more bee diseases and pests (Erkan and Askin,
2001). According to Tabur and Aziz (2019), it has
been reported that migratory beekeepers keep
operating and production records more regularly,
and they produce with more staff, even though they
are mostly family members (Takma et al., 2019).
Migratory beekeepers have additional skills to
continue their lives in rural areas (Sandal and Kan,
2013; Seven and Akkilig, 2005), and most of them
drive their transport vehicles to transport beehives
(Akpinar and Bozkurt, 2021). Technical beekeeping
processes, production capacity, differences in local
and bureaucratic procedures, and difficulties
experienced with other stakeholders related to
finding apiaries and accommodation areas also
affect the professional perspective and attitude of
migratory beekeepers towards the beekeeping
sector and their thoughts on problems and needs
(Sandal and Kan, 2013, Seven and Akkilig, 2005). For
this reason, to increase the performance of bee
product production in Turkey, it is crucial to analyze
the sectoral and personal problems faced by
migratory beekeepers well in terms of developing
permanent solution strategies. This research was
carried out to examine the opinions of the migratory
beekeepers who carry out beekeeping activities in
Afyonkarahisar on the current situation and
problems in the beekeeping sector.

Material and Methods

The research data were collected with a four-
part questionnaire, including the current and most
important problems of the beekeeping sector in
Turkey. In the first part of the questionnaire
developed in this research, the structural problems
of the beekeeping sector (9 items); in the second
part, the particular problems of migratory
beekeeping (11 items); in the third part, the
problems related to queen bee production and
vocational training (7 items), and in the fourth part,
the problems related to the marketing of bee
products (10 items) were included. During the
development of the survey questions, besides the
current problems and essential dilemmas of the
beekeeping sector, national reports and scientific
research on the beekeeping sector were also used
(Cengiz and Diilger, 2018; Giinesdogdu and Akyol,
2019; Korkmaz et al., 2018; TKDK, 2016). Each item
in the questionnaire was subjected to a 5-point
Likert-type rating as 1 = Strongly Disagree, 2 =
Disagree, 3 = Neutral, 4 = Agree, and 5 = Strongly
Agree. The participants of the research migratory
beekeepers who the owners of the beekeeping
enterprises the study of Akpinar and Bozkurt (2021)
was conducted, sampling method and sample size
for the migratory beekeeping enterprises were
planned according to the reports of Sekaran (2003)
and the Ural and Kiig (2013). A total of 92
questionnaires were administered through face-to-
face interviews, and 84 questionnaires with no
missing and incorrect data were evaluated. This
study was approved by Afyon Kocatepe University
Local Animal Ethics Committee (AKUHADYEK -140-
18, 14 January 2019).

Statistical Analysis: The thoughts of migratory
beekeepers about the problems of the beekeeping
sector were determined by the frequency and
percentage distributions, as well as arithmetic,
mean, and standard deviation values. Cronbach's
Alpha coefficient was calculated to define the
reliability of the developed questionnaire and its
four sub-dimensions. SPSS 22.0 for the Windows
package program and Microsoft Excel 2007 program
were used for statistical analysis of the data
collected (SPSS, Inc., Chicago).

Results

Cronbach's Alpha coefficients, arithmetic mean,
and standard deviations of the questionnaire and its
sub-dimensions are given in Table 1. The Cronbach's
Alpha value, the internal consistency coefficient for
the reliability of the questionnaire, and the general
mean values were 3.99 and 0.878. The average
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values and Cronbach's Alpha coefficients for the sub-
dimensions of the beekeeping sector, including
structural, migratory beekeepings' specific problems

and current marketing problems, were 4.03, 3.54,
4.02, and 4.44

Table 1. Cronbach's Alpha coefficients, arithmetic mean and standard error values for the Questionnaire developed.

Features n Cronbach's Alpha X SD
Questionary 84 0.878 3.99 0.50
Sub dimensions
Structural problems 84 0.568 4.03 0.55
Migratory beekeeping's specific problems 84 0.677 3.54 0.65
Queen bee production and vocational training problems 84 0.756 4.02 0.72
Marketing problems 84 0.889 4.44 0.69

and were 0.568, 0.677, 0.756 and 0.889,
respectively. The descriptive statistics of the
migratory beekeepers' opinions on the structural
problems of the beekeeping sector are given in Table
2. Migratory beekeepers stated that "local farmers

spray pesticides without notice" (i =4.46) and "Short

flora and insufficient honey forests" (X=4.39) items
participated in the items at a high rate. The lowest
participation is "Difficulties in accessing service from

professionals and experts in bee diseases" (§=3.25)
and "a limited number of experts and institutions

receive consultancy service in beekeeping "(X
=3.94). The descriptive statistics of participants'
opinions on the specific problems of migratory
beekeeping are presented in Table 3. Most of the
interviewed migratory beekeepers participated in
items such as "The lack of a beekeeping law and the
narrow scope of the current beekeeping regulation"

(§=4.18) and "Insufficient beekeeping support

payment" (§=4.15). However, their level of
participation in items like "Difficulties in official
applications for finding apiary area and colony

movements" (X=2.50) and ‘'Insufficiency of
professional, experienced drivers for bee colony
transport " was the least. The results of migratory
beekeepers' opinions on problems related to queen
bee production and vocational training are given in
Table 4. In this study, the highest mean values were
calculated for items "Difficulties in communicating

and cooperating with universities" (i=4.38) and
"Short-quality training opportunities for

beekeeping" (X=4.23). Again, the mean value was
the lowest for the item "Challenges in the supply of
gueen bees and poor-quality problems of the

queens" (X=3.54). The descriptive statistics of
migratory beekeepers' opinions on the problems of
bee product marketing are shown in Table 5. The
most favorable views on the questionnaire were
"Few large intermediary companies are in the

market, so honey prices are low" (i=4.55), whereas
the most negative responses, were given to "Lack of
label and price policies based on the honey quality

classification" (X=4.27).
Discussion and Conclusion

The migratory beekeepers paid great attention to
unannounced agricultural pesticide spraying by local
farmers, the narrowness of the honey plant flora and
the low number of honey forests, and the expense of
the hives and equipment. In Afyonkarahisar,
migratory beekeepers locate close to agricultural
flowering plants and orchards in spring and early
summer. Glnesdogdu and Akyol (2019) also
reported similar results from Adana. Kiiglk et al.
(2022) and Ergilin and Altintas (2022) stated that bee
colony losses are increasing gradually (up to 42%) in
Turkey. In this study, participants were also worried
about the insufficient plant flora. The beekeepers
show great importance to global warming, climate
change, and plant loss and even take this problem
relatively more seriously than mass bee deaths. This
finding indicates that migratory beekeepers are
highly aware of the potential negative impact of
global climate change on the ecosystem and the
beekeeping sector. Topal et al. (2016) and Kosoglu et
al. (2021) also reported that climate change affects
the phenology of plants and sudden temperature
changes affect pollen and nectar sources, leading to
weak colonies, spreading disease, and increasing the
threat of bee extinction. Beekeepers noted that
beekeeping equipment and materials are expensive.
Tunca and Cimrin (2012) reported that the hive costs
of beekeeping enterprises in Thrace and Kirsehir
were high. The Apiculture Regulation does not
include any special requirements on migratory
beekeeping, except regarding allocating apiary lands
for migratory beekeepers and identifying actual or
legal entities with which beekeepers have to make
agreements for these apiaries.
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Table 2. The descriptive statistics of the migratory beekeepers' opinions on the structural problems of the beekeeping sector.

Agreement Level (%)

Items _
1 2 3 4 5 X SD
1  Difficulties in accessing and receiving service from professionals and experts in bee diseases 22.60 6.00 1430 38.10 19.00 3.25 1.43
2 Alimited number of experts and institutions receive consultancy services in beekeeping 830 240 1430 36.90 38.10 394 1.17
3 Lack of standards for hives 830 0.00 830 31.00 5240 4.19 1.15
4  Beekeeping equipment is expensive, and controls in this regard are insufficient 240 1.20 10.70 28.60 57.10 4.37 0.90
5 Climate change is due to global warming (rains, water overflows, aridness, etc.). 240 240 10.60 28.60 56.00 4.33 0.93
6  There are few honey plant varieties in flora and a shortage of honey forests 480 120 830 2140 6430 439 1.03
7  Bee and colony deaths. 9.50 7.10 16.70 25.00 41.70 3.82 1.31
8 Unannounced agricultural pesticide spraying by local farmers 1.20 120 13.10 19.00 65.50 4.46 0.85
9 Challenges in communication and cooperation with the public in the migrated region 21.40 4.80 13.10 27.40 3330 346 152

Table 3: The descriptive statistics of migratory beekeepers' opinions on the specific problems of migratory beekeeping.

Agreement Level (%)

Items 1 2 3 4 5 X SD
1 Apiary location fee requested from migratory beekeepers 13.10 2.40 19.00 2860 36.90 3.74 133
2 Complications regarding the duties and responsibilities regulated by the Beekeeping Regulation 14.20 0.00 16.70 40.50 28.60 3.69 1.28
3 Accommodation problems in apiary locations such as shelter, water, electricity, communication, etc. 11.90 0.00 1430 26.20 47.60 3.98 1.30
4 Security issues at the accommodation (robbery, predator wild animal attacks, etc.) in apiary locations. 16.70 3.60 21.40 22.60 35.70 3.57 1.43
5 Discussions among beekeepers when apiaries are located in high density in a region. 1550 3.60 10.70 33.30 36.90 3.73 1.40
6 Difficulties in official applications for finding apiary area and colony movements. 44.00 4.80 19.00 21.40 10.80 250 1.49
7 Insufficiency of professional, experienced drivers for driving bee colony transport vehicles 30.10 6,00 21.70 33.70 850 2.84 1.39
8 Practice non-standard techniques and poor-quality problems in beeswax sheet production 28,60 2.40 20.20 25.00 23.80 3.13 1.54
9 Lack of forceful cooperation between NGOs to increase beekeeping support payments 1790 4.80 19.00 2850 29.80 3.48 142
10 Insufficient beekeeping support payment 6.00 120 16.70 23.80 52.30 4.15 1.12
11 The lack of a beekeeping law and the narrow scope of the current beekeeping regulation 480 1.20 9.50 40.50 44.00 4.18 0.99
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Table 4: The descriptive statistics of migratory beekeepers' opinion on problems related to queen bee production and vocational training.

Agreement Level (%)

Items o
1 2 3 4 5 X SD
1 Inability to produce own queen bee and high queen bee fees on the market 15.50 1.20 10.70 44.00 2860 3.69 1.32
2 Challenges in the supply of queen bees and poor-quality problems of the queens 16.70 3.60 15.50 38.10 26.10 3.54 1.36
3 The lack of Turkish resources and tools is suitable for beekeepers' training on bee breeding and diseases 7.10 1.20 13.20 33.30 45.20 4.08 1.13
4  Insufficient knowledge of beekeepers in organic beekeeping issues 8.30 2.40 2140 23.80 44.10 3.93 1.23
5 Inadequate understanding of beekeepers on other current topics such as apitherapy 0.00 2.40 1790 26.20 53.50 4.31 0.85
6 Short-quality training opportunities for beekeeping 3.60 2.40 11.90 32.10 50.00 4.23 0.99
7 Difficulties in communicating and cooperating with universities 2.40 0.00 10.60 31.00 56.00 4.38 0.86
Table 5: The descriptive statistics of migratory beekeepers' opinion on the problems of the bee product marketing.
ltems Agreement Level (%) -
1 2 3 4 5 X SD

1 Difficulties in establishing quality standards for honey and honey products in the market 3.60 0.00 7.10 29.80 59.50 4.42 0.91
2 Lack of label and price policies based on the honey quality classification 2.40 1.20 1430 31.00 51.10 4.27 0.92
3 Inspections on honey quality are not widespread enough; the number of testing laboratories is small 3.60 0.00 4.80 22.60 69.00 4.54 0.88
4  Theincreasing market size of fake or cheap honey 6.00 0.00 3.60 25.00 65.40 4.44 1.02
5 Marketing problems due to undesirable residue problem 6.00 1.20 6.00 26.10 60.70 4.35 1.07
6 Deterioration of the natural structure of honey due to the addition of sugar or starch syrups (fraud in honey

quality) 6.00 0.00 9.50 22.60 6190 4.35 1.07
7 Veterinary drug residues in honey after treating the honeybee 6.00 0.00 3.60 19.00 71.40 4.50 1.02
8 Few large intermediary companies are in the market, so honey prices are low 3.60 0.00 6.00 19.00 71.40 4.55 0.89
9 Packaging and branding problems for honey 3.60 0.00 8.30 15.50 72.60 4.54 0.92
10 Incapacity of beekeepers to market their honey 3.60 3.60 6.00 11.80 75.00 4.51 1.01
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A crucial stage of migratory beekeeping is bee
colony transport. A Domestic Veterinary Report for
Animal transport during the journey is mandatory,
but no measure is envisaged to protect bee health
and welfare. Since the transportation process is
quite costly, beekeepers prefer vehicles that are not
very suitable for bee transportation, which leads to
the transfer of diseases and pests from one place to
another along with the bees. In addition, most
participants drove their bee transport vehicles
(Akpinar and Bozkurt, 2021), but they stated that
they were not professional drivers for these vehicles;
they were concerned about the adverse effects of
poor driving on bee health and welfare.

According to the participants, support
payments are insufficient (10 TL support per hive).
Participants said that the cost of mobile beekeeping
activities is higher. Késoglu et al., (2021) emphasized
that beekeeping policies and support payments
should be updated by considering the field's
realities. Problems related to apiary land (Sandal and
Kan, 2013; Tunca and Cimrin, 2012) and beekeepers'
accommodation in forest areas along the migration
route have also been reported in many parts of the
country (Korkmaz et al., 2018; Klguk et al., 2022).

The results show that both migratory
beekeepers have sufficient awareness and skills
about the official procedures, and Agriculture and
Forestry Directorates provide beekeeper-friendly
support. Nevertheless, migratory beekeepers stated
that providing apiary land is challenging and
complained about the problems such as high apiary
land cost, insufficient security (theft, animal attacks,
etc.), accommodation challenges (shelter, water,
communications, electricity, etc.), and added the
conflicts between the beekeepers that were located
very close to each other in the same region. Similar
results were reported by other researchers
(Glinesdogdu and Akyol 2019; Korkmaz et al., 2018;
Kiguk et al., 2022; Sandal and Kan 2013).

The beekeepers said they could not raise the
queen they needed and had difficulty obtaining
quality queen bees. So, it was thought that the
qgueen bee enterprises could not meet the queen bee
needs of the sector. Karaca and Karaman (2018)
reported that although queen bee enterprises have
low capacity, they raise queen bees with only half of
the operating capacity due to high production costs
and produce live bees and honey with the other half.
Difficulties in obtaining queen bees were also
detected in beekeeping enterprises in Trabzon
(KUguk et al. 2022), Malatya (Kutlu and Kilig 2020),
and Diyarbakir (Demen, 2015).

In this study, migratory beekeepers said they
need training on beekeeping and diseases. They
reported difficulty accessing the required training
(courses, Turkish books, online education tools, etc.).

In general, it has been well-recognized that the
educational status of beekeepers in Turkey is low
(Klglik et al., 2022). However, studies on vocational
training needs in beekeeping are scarce. In this
study, migratory beekeepers reported their training
needs for bee diseases, monitoring of honey quality,
marketing, and some issues such as Apitherapy or
organic beekeeping. It was thought that the
migratory beekeepers were highly aware of their
professional problems, so their training demands
were high. Erkan and Askin (2001) also determined
that migratory beekeepers feel more lack of
knowledge and demand more training than
stationary beekeepers.

For the participants, the most crucial problem
of the beekeeping industry in Turkey is marketing.
Beekeepers in Elazig (Seven and Akkilig, 2005), izmir
(Onug et al.,, 2019), and Malatya (Kutlu and Kilig,
2020) also emphasized the importance of marketing.
They produce high-quality honey but have to market
their products at a lower price than their quality, so
they have difficulty competing with fake or low-
quality honey in the same market. Onug et al. (2019)
reported that by producing residue-free and
additive-free bee products beekeepers could market
their products at a worthwhile price so businesses
can gain a competitive and sustainable structure.
The respondents said they do not know where and
how to get these services and the cost of quality,
residue, or fraud analysis. These results showed that
migratory beekeepers demanded that the
deficiencies in the beekeeping sector's production,
quality, and organization axis be eliminated.
Karacaoglu et al. (2020) said that the herbal origin of
honey (single-plant honey, multi-floral honey, etc.)
or the labeling of it using geographical indications
could reflect the quality of honey and increase the
sales price. Kigik et al. (2022) reported that three-
quarters of the beekeepers in Trabzon did not have
residue analysis in honey, and those who did apply
to institutions hundreds of kilometers away through
the Rize Beekeepers Association. The migratory
beekeepers in this research said they could not make
enough progress in product packaging and branding.
Bayramoglu et al.,, (2016) also stated that the
marketing of Bayburt honey by the producer
increases informality. Migratory beekeepers argued
that a few intermediary companies have an essential
role in the lower wholesale price of honey, and they
complain that honey quality inspections on honey
quality are not widespread enough. There are not
enough laboratories to test their honey’s quality.
Similar beekeeper complaints were reported from
other provinces (Karahan et al., 2021; Kigik et al.,
2022; Seven and Akkilig, 2005). As a result, according
to the migratory beekeepers in Afyonkarahisar, the
most critical problems of the Turkish beekeeping

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Sayi 2 198



Harran Univ Vet Fak Derg, 2022; 11 (2): 193-200

Research Article

sector are that honey and other beekeeping
products are not priced based on quality standards,
unannounced agricultural pesticide spraying, the
declining steadily of honey plant flora due to global
climate change, apiary location, and accommodation
problems, inability to obtain quality queen bees
quickly, insufficient consultancy and training
opportunities on bee diseases and beekeeping and
high production costs. Increasing public economic
support to improve the production performance and
job satisfaction of migratory beekeepers who
dominate honey production in Turkey are beneficial
to increase the adaptability of migrating beekeeping
to innovative breeding and competitive marketing
strategies by supporting public regulations
facilitating migration and beekeeper
accommodation, determining quality standards in
honey and other beekeeping products, and
supporting the association of beekeepers.
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Abstract: The aim of this study was demonstrated the relationship between the nutritional variables of ration and the fertility
parameters in the postpartum period in dairy cattle farms. All dairy cattle farms used in the present study had fertility
problems (calving range 214 months and artificial insemination number >1.8). Ration and milk samples were taken from
selected dairy cattle farms. Fertility records from herd registration systems were examined. In the study, milk urea nitrogen
(MUN) levels of the milk samples were different between the farms; the lowest was 7.37 mg/dL, and the highest was 32.92
mg/dL (P<0.001). The artificial insemination number was negatively correlated with the monounsaturated fatty acid (MUFA)
concentration of total mix ration (TMR) (r=-0.502; P<0.01). The rations at the beginning of lactation included average 31.09%
of w-6 fatty acids, 1.99% of w-3 fatty acids, and 2.95% of w-9 fatty acids. The MUN concentration of milk was negatively
correlated with long-chain fatty acids (LCFA) and linoleic acid concentrations of TMR (P<0.05). As a result, it can be said that
the easy soluble carbohydrates, crude protein, oleic acid, w-3 and w-6 fatty acids and energy levels that may be related to
fertility in dairy cattle should be well adjusted. It was concluded that targeted milk production and fertility could be achieved
by feeding as many nutrients as genetic capacity allowed.

Keywords: Dairy cattle, Energy, Fatty acids, Feed intake, Fertility, Milk urea nitrogen.

Sut Sigin Ciftliklerinde Rasyon Yag Asitleri ile Siit Ure Azotu ve Fertilite Sorunlari Arasindaki iliskinin
incelenmesi

Ozet: Bu calismanin amaci, siit sigir isletmelerinde postpartum dénemde rasyonun besinsel degiskenleri ile dol verimi
arasindaki iliskiyi géstermekti. Calismada kullanilan st sigiri isletmelerinin hepsinde infertilite sorunu (buzagilama arahgi 214
ay ve suni tohumlama sayisi 21.8) vardi. Segilen siit sigiri isletmelerinde rasyon ve sit ornekleri alindi. Strd kayit
sistemlerinden fertilite kayitlar incelendi. Calismada, stit 6rneklerinin sit Gre nitrojeni (MUN) seviyeleri isletmeler arasinda
farkli olup, en distik 7.37 ve en yuksek 32.92 mg/dL idi (P<0.001). Suni tohumlama sayisi, total miks rasyonun (TMR) tekli
doymamis yag asiti (MUFA) konsantrasyonu ile negatif korelasyon gosterdi (r=-0.502; P<0.01). Laktasyon baslangicinda
infertilite sorunu rasyonlarin ortalama yag asidi konsantrasyonlari w-6 yag asitlerinin %31.09'u, w-3 yag asitlerinin %1.99'u ve
w-9 yag asitlerinin %2.95'i idi. Sitiin MUN konsantrasyonu, uzun zincirli yag asitleri (LCFA) ve TMR'nin linoleik asit
konsantrasyonlari ile negatif korelasyon gosterdi (P<0.05). Sonug olarak, sut sigirlarinda fertilite ile iliskili olabilecek kolay
¢Oziiniir karbonhidrat, ham protein, oleik asit, w-3 ve w-6 yag asitleri ile enerji seviyesinin iyi ayarlanmasi gerektigi sonucuna
varilabilir. Hedeflenen sit dretimi ve dogurganhgin, genetik kapasitenin izin verdigi oOlgliide besinlerle beslenerek
saglanabilecegi sonucuna varild.

Anahtar Kelimeler: Enerji, Fertilite, Siit sigiri, Siit lire azotu, Yad asitleri, Yem tiiketimi.

Introduction

The ration, such as crude protein (CP), rumen
degradable protein (RDP), urea, and fatty acid
profile, effects fertility efficiency in dairy cattle. It is
desirable to have a certain level of ammonia formed
by fermentation in the rumen (Elrod et al.,, 1993;
Otto et al., 2014; Roy et al., 2011). Microorganisms
that ferment non-structural carbohydrates (starch
and sugar) in the rumen benefit from the protein
(microbial protein) formed as a nitrogen source:
microorganisms fermenting structural
carbohydrates (cellulose, hemicellulose) require only
ammonia as the nitrogen source for their

metabolism (Russel et al., 1992). In addition to the
need for ammonia for microbial growth in the
rumen, it has been demonstrated that ammonia is
needed for effective fiber digestion (Griswold et al.,
1996). The most important factor that causes an
increase in blood urea nitrogen (BUN) or milk urea
nitrogen (MUN) values are the RDP, which is a
ruminal ammonia source (NRC 2001). This excess
urea may adversely affect fertility in dairy cattle in
the postpartum period (McCormick et al., 1999;
Roseler et al., 1993). Notably, high urea nitrogen
values in the postpartum period delay the re-
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initiation of ovarian activities of dairy cattle in the
postpartum period, prolongs the postpartum first
insemination period, and increase the interval
between conception and calving (Elrod and Butler,
1993; Tamminga et al., 1997). The concentration of
MUN in milk is used to determine how much of the
CP taken by TMR is not used for microbial protein
synthesis by the microorganism but is transferred to
the general circulation. The dairy cattle TMR, rich in
alpha-linolenic  acid, can increase  blood
progesterone concentration. This hormone is
necessary for the healthy continuation of pregnancy
in dairy cattle. This hormone stimulates follicular and

luteal cells, and progesterone synthesis increases
(Lopez et al., 2005). The presented study
hypothesizes that the difference in nutritional
variables may cause infertility problems in dairy
farms under field conditions. The present study aims
to investigate, in terms of these nutrition criteria, the
reproductive issues such as non-fertility and low
pregnancy rates frequently encountered in the
postpartum period in existing dairy farms. The data
to be obtained will determine what measures the
breeders can take against the problems arising from
the ration.

50,00 —

40,00

10,00

0,00

Number of farms

Figure 1. The MUN (milk urea nitrogen) concentrations of milk samples taken from dairy cattle.

Material and Methods

In the study, feed and milk samples were taken
in dairy cattle enterprises, so there was no need for
ethics committee approval or legal permission since
no application was made on live animals.

We investigate the dairy cattle farms (=25 cows)
with infertility problems in the Nevsehir Province of
Turkey. The farms’ milk production and fertility data
were obtained from the Breeding Cattle Breeders
Association's e-Breeding Database (Table 1). The
total mix ration (forage and concentrate feed) (Table
2) used by these dairy cattle farms were collected
and analysed. The feed and milk samples were
collected at two-week intervals.

The feedstuffs samples were taken in 2 kg of
each ration component and airtight nylon bags (two
weeks apart). The dried samples were analysed for
crude protein (CP), ash, ether extract (EE), neutral
detergent fibre (NDF), acid detergent fibre (ADF),
and acid detergent lignin (ADL) contents (AOAC
1995; Van-Soest et al., 1991). The urea levels of
concentrated feeds were determined in the UV-VIS

spectrophotometer (SI Analytics, Germany) (R? =
0.9995) (Balthrop et al., 2011). All analyses were
carried out in triplicate. The non-fibrous
carbohydrate (NFC) values of TMR’s were calculated
according to NRC (2001). The total digestibility
nutrient matter (TDN), digestibility energy (DE),
metabolizable energy (ME), and net energy lactation
(NEL) were calculated according to Donker (1989).
Milk samples were taken from individual infertile
dairy cattle, approximately 50 mL twice, two weeks
apart. The samples were taken from 10 infertile dairy
cattle in 10 different dairy farms. The milk samples
were analysed for milk urea nitrogen concentration
(MUN) using commercial kits in a MUN analyses
device (cdR FoodLab Junior MUN, Italy). The EE of
TMR’s were methylated with the three-stage
procedure of Wang et al. (2015). The free
methylated fatty acids in n-hexane were detected in
a gas chromatograph with a flame ionization
detector (GC-FID, Thermo Scientific, USA) (Kara,
2020). The one-way variance analysis was conducted
on the parameters tested in different dairy cattle
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Table 1. Reproductive efficiency and other parameters of farms having fertility problems.

Average

Number N Number of " Approximate Average
milk . .. . Calving N N DM
of Breed of Number of . insemination Ovarian weight milk . -
farms cattle lactation yield of until cyst Tange; in the first yield, intake, Daily given feedstuffs, kg as DM
farms conception month 100 days, kg kg/day kg/day
(L/day) ’
Commercial Corn Corn Lucerne Sugar Wheat Oat Meadow
concentrate silage flake hay beet straw  hay hay
feed pulp
1 Holstein Multiparous 22 1.8 + 14.0 625 22 15.85 7.20 - 1.80 3.60 1.45 1.80 - -
2 Simmental Uniparous 26 1.8 + 14.5 557 26 18.76 5.40 6.16 - 4.50 - 2.70 - -
3 Holstein Multiparous 20 2.4 + 15.0 680 20 19.70 7.20 5.80 - 4.90 - 1.80 - -
4 Simmental ~ Multiparous 18 2.5 + 14.5 680 18 16.70 7.20 - - 3.6 2.32 3.60 - -
5 Simmental Multiparous 24 2.3 + 15.0 625 24 18.74 7.20 6.14 - 3.60 - 1.80 - -
6 Holstein Multiparous 24 2.6 + 15.0 680 24 19.45 7.20 415 1.80 3.60 - 2.70 - -
7 Holstein Multiparous 18 1.9 + 16.5 680 18 13.99 5.40 3.39 - 3.40 - 1.80 - -
8 Holstein Uniparous 26 2.1 + 13.5 557 26 17.33 8.10 - - 3.60 1.13 2.70 - 1.80
9 Holstein Uniparous 28 2.2 + 14.0 557 28 21.53 9.90 - 1.80 3.60 0.83 1.80 3.60 -
10 Holstein Multiparous 25 2.0 + 14.5 680 25 19.09 7.20 4.69 - 4.50 - 2.70 - -
Table 2. The chemical analysis values of dairy cattle TMR.
FarmNo CP EE Ash NDF ADF HC HemC NFC ADIN* TDN ME NEL Cp** Urea**
1 12.62¢ 2.92° 6.79¢ 38.00° 25.12¢ 22.86% 12.88¢ 39.66° 3.89 61.01° 2.342 1.39% 15.85% 0.132
2 11.64¢ 2.79° 8.18% 55.792 29.502 27.332 26.292 21.59¢ 1.65 59.47° 2.27° 1.34b 17.29% 0.122
3 11.844 5.172 8.95° 46.445 26.08° 22.21% 20.36b¢ 27.28% 2.11 60.67% 2.332 1.38% 15.93% 0.11%
4 12.15¢ 3.42% 8.20 49.00° 30.362 26.84a° 18.63¢ 27.21%¢ 3.86 59.17° 2.26° 1.34b 15.28% 0.11%®
5 12.16¢ 2.83° 9.572 46.15% 25.72¢ 20.37° 20.43b¢ 30.07° 2.00 60.79%° 2.332 1.38% 16.47% 0.10°
6 11.36¢ 2.70° 7.72¢ 48.77% 23.48¢ 25.34% 25.292 29.43b¢ 2.47 61.58° 2.372 1.40° 15.072 0.11%
7 13.02° 3.23° 9.932 47.66" 25.09¢ 21.58% 22.57° 26.15° 3.50 61.01° 2.342 1.392 18.66% 0.10°
8 13.20° 2.83° 8.95° 42.95¢ 24.99¢ 21.94% 17.96¢ 32.05% 1.78 61.052 2.352 1.392 18.43% 0.10°
9 13.612 2.98° 8.60° 41.12¢ 24.42¢ 21.69% 16.69¢ 33.68% 2.04 61.25° 2.362 1.40° 19.50° 0.09°
10 12.45¢ 3.01° 8.25b¢ 49.45b¢ 28.68° 27.252 20.77%¢ 26.82%¢ 1.84 59.76° 2.29% 1.35b 17.66% 0.11%
Means 12.40 3.19 8.51 46.53 26.34 23.74 20.19 29.39 2.51 60.57 2.32 1.37 17.04 0.11
Max. 13.66 7.07 10.06 56.65 30.41 28.41 27.19 40.77 4.32 61.60 2.37 1.41 19.80 0.14
Min. 11.26 2.34 6.70 34.55 2341 12.57 9.56 20.66 1.44 59.15 2.26 1.34 14.44 0.10
SEM 0.12 0.16 0.16 0.95 0.41 0.58 0.80 0.96 0.21 1.43 0.006 0.004 0.35 0.002
P value <0.001 <0.001 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 0.120 <0.001 <0.001 0.004 0.01 0.001

CP: crude protein, EE: diethyl ether extract, NDF: neutral detergent fiber, ADF: acid detergent fiber, HemC: hemicellulose, NFC: non-fibrous carbohydrate, ADIN: acid detergent nitrogen, TDN: total digestible
nutrients, ME: metabolic energy (as Mcal/kg DM), NEL: net energy lactation (as Mcal/kg DM). #<: The difference between the average values indicated by different letters in the same column is important.
* The ADIN value is given as % CP in the ADF residue. **: these are as % in concentrate mix feeds, SEM: Standard error of means
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Table 3. The compositions of fatty acid (g/100g fat) in dairy cattle TMR’s.

Number w-3 w-6 w-9 w-3/w-6 LA AA ALA EPA SFA UFA MUFA PUFA MCFA LCFA VLCFA
of farm

1 1.174 31.23@b 5.50 0.037¢ 26.15° 44.672b¢ 0.412b 0.25b 61.732c  38.18b¢ 5.78 32.40bcd 0.06° 97.08° 2.76°
2 1.44bcd 26.26° 5.75 0.055b¢d 21.66° 44,9420 0.29° 0.25b 66.333  33.65bcd 5.94 27.71 0.07° 94.912b 4.992
3 1.174 40.252 2.74 0.029¢ 26.592 33.5pbcde 0.423b 0.25b 55.01¢ 44,992 3.57 41.427 0.19b 95.712b 4,08
4 1.26¢ 32.552b 3.34 0.038<d 24.16°  40.6620d 0.372b 0.24 62.623c  37.40b¢ 3.58 33.82bc 0.18° 92.722b 7.11%
5 2.14abcd 31.71% 0.29 0.0673bcd 24.83b 40.273bcd 0.692b 0.6520 65.5920  34.47bcd 0.61 33.86b¢ 0.20b 96.082 3.702b
6 1.72bcd 28.06° 0.21 0.062bcd 24.51P 47.462 0.60% 0.532 69.75° 30.254 0.46 29.79bcd 0.08° 98.12° 1.80°
7 3.192 32.23% 1.89 0.0992 22.27b 31.87¢de 0.882 0.77? 62.823bc  37.76bc 2.33 35.42b 0.412b 91.952 7.932b
8 2.38% 26.340 3.13 0.09120 18.07° 28.444e 0.652 0.65% 67.31° 32.12¢d 3.39 28.72¢ 0.86° 90.192b 8.152
9 2.293bc 31.22% 2.63 0.0732bc 21.66b 32.44¢cde 0.692b 0.562 63.77%c  36.40bcd 2.88 33.51bc 0.342b 91.0620 8.50%0
10 3.132 31.052b 4.05 0.102° 19.00° 25.14¢ 0.6620 0.57% 56.70°  38.63° 4.45 34.18bc 0.942 83.32b 10.522
Means 1.99 31.09 2.95 0.066 22.89 36.94 0.56 0.47 63.16 36.38 3.30 33.08 0.33 93.11 5.95

Max. 3.45 42.98 9.44 0.12 32.28 49.22 0.95 0.83 70.59 48.54 9.88 43.73 1.63 99.34 11.65
Min. 0.75 24.90 0.18 0.02 13.42 21.79 0.20 0.06 46.92 29.43 0.38 26.60 0.03 71.16 0.61

SEM 0.79 4.16 2.60 0.02 0.68 1.49 0.04 0.04 1.65 0.79 0.48 0.74 0.35 5.52 3.53

P value <0.001 <0.001 0.085  <0.001 0.033 <0.001 0.016 0.001 0.001 <0.001 0.109 <0.001  <0.001 0.019 0.008

ALA: a-Linolenic acid (C18:3n3), LA: linoleic acid, AA: Arachidic acid, EPA: cis-5,8, 11,14,17-Eicosapentaenoic Acid (C20:5n3), DHA: cis-4,7,10,13,16,19-Docosahexaenoic Acid (C22:6n3), LCFA: Long chain fatty acids,
MCFA: Medium chain fatty acids, MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty acids, SFA: Saturated fatty acids, UFA: Unsaturated fatty acids, VLCFA: Very long chain fatty acids, SEM: Standard
error of means, 2¢: The difference between the average values indicated by different letters in the same column is important.
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Table 4. Comparison of the ration and milk variables analysed with Pearson correlation(r).

ME NEL cP NDF ADF HemC NFC ADIN MUN AIN MUFA PUFA LCFA LA ALA
TDN 0.996**  0.990**  0.297 -0.562**  -1.000** -0.159 0.520**  -0.033 -0.183 0.610**  0.362* 0.021 0.257 0.111 0.419*
ME 1 0.986**  0.336 -0.588**  -0.996** -0.191 0.538**  -0.027 -0.154 0.599**  -0.362* 0.045 0.224 0.095 0.441*
NEL 1 0.333 -0.581**  -0.990** -0.187 0.532**  -0.008 -0.209 0.571**  -0.355 0.033 0.272 0.127 0.403*
cp 1 -0.586**  -0.297 -0.547** 0.431* 0.066 0.249* -0.278 0.078 0.018 -0.384* -0.378* 0.415*
NDF 1 0.562**  0.906** -0.953** -0.187 -0.060 -0.073 0.002 -0.126 -0.055 -0.076 -0.127
ADF 1 0.159 -0.520** 0.033 0.183 -0.611** 0.362* -0.021 -0.257 -0.111 -0.418*
HemC 1 -0.871** -0.236 -0.166 0.226 -0.183 -0.140 0.066 -0.034 0.063
NFC 1 0.192 0.067 0.056 -0.012 -0.050 0.143 0.104 0.059
ADIN 1 -0.071 -0.393 0.187 0.136 0.185 0.355 -0.034
MUN 1 -0.065 0.008 0.000 -0.597** -0.376* 0.189
AIN 1 -0.502** 0.193 0.226 0.174 0.204
MUFA 1 -0.217 -0.327 -0.353 -0.548**
PUFA 1 0.081 0.500**  0.251
LCFA 1 0.781**  0.086
LA 1 0.027

NDF: neutral detergent fiber, ADF: acid detergent fiber, HemS: hemicellulose, NFC: fiber non-carbohydrate, ADIN: acid detergent nitrogen, CP: crude protein, MUN:
Milk urea nitrogen, TDN: total digestible nutrients, ME: metabolic energy, NEL: net energy lactation, LCFA: long chain fatty acids, MUFA: monounsaturated fatty acid,

PUFA: polyunsaturated fatty acid, LA: linoleic acid, ALA; Alpha linolenic acid, AIN: artificial insemination number. **: P< 0.01, *: P<0.05.
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farms. Significance was defined at P values of <0.05.
The relationship between the ration and milk
variables was determined by the Pearson correlation
and SPSS 15.0 package program.

Results

The amount and energy-protein content of
rations at the beginning of lactation in dairy cattle
farms in the Cappadocia region are given in Table 1.
The nutrient matter and energy values of TMR’s are
given in Table 2. The MUN concentrations of milk
samples taken from dairy cattle showed significant
differences among farms (P<0.001); the lowest value
was 7.37 mg/dL (in number 2 from farms), and the
highest value was 32.92 mg/dL (in number 10 from
farms) (Figure 1). The ratio of PUFA in the fatty acid
profile of the TMR’s ranged from 27% to 41%.
Linoleic acid levels were between 18.07 and 26.59%.
The alpha-linolenic acid level was between 0.29 and
0.88% (Table 3). The ME and NEL values of dairy
cattle TMR were positively correlated with ALA and
NFC levels of dairy cattle TMR and artificial
insemination number and negatively correlated with
NDF and ADF values of TMR (P<0.01). The CP value
of TMR was positively correlated with MUN
concentration (P<0.05). The MUN was negatively
correlated with LCFA and linoleic acid of TMR
(P<0.05). The artificial insemination number was
negatively correlated with the MUFA of TMR
(P<0.01) (Table 4).

Discussion

The DM consumption of the dairy cattle in some
dairy cattle farms differed according to the amount
of milk yield. In some farms, the animals decreased
the feed consumption milk yield and the postpartum
physiological needs of dairy cattle (NRC 2001).
Previous researchers associated the low DM
consumption of dairy cattle in early lactation with
plasma cholecystokinin increase linearly during
postpartum periods (Choi and Palmquist, 1996;
Opara et al., 1994). Uterine involution at the
beginning of lactation to 30-35 days to continue to
reach maximum feed intake by the rumen is another
reason (NRC, 2001). The CP levels were slightly lower
than the CP requirement calculated by the formula,
but these values were lower than the genetic
capacity of the herd (NRC, 2001). Likewise, it was
found that the ME and NEL values of TMR’s were
enough according to the current milk yield of the
animals, but they were far from the high milk
production targeted by the genetic capacity
(Alderman et al., 2001). In general, it is understood
that dairy cattle in the farms are undernourished in

terms of milk yield and have a low milk yield average.
For ideal rumen fermentation in dairy cattle diets,
25-33% NDF, 17-21% ADF, and 44-36% NFC in the
TMR are required (NRC, 2001). The mean TDN values
(60.5%) of dairy cattle TMR were lower than the
recommended TDN values (68 or 78%) of TMR’s at
early lactation for large dairy cattle breeds by NRC
(2001). The low energy and TDN of the TMR
consumed by dairy cattle may be related to the
problem of fertility. Ovarian follicles in dairy cattle
contain insulin receptors (Bossaert et al., 2010).
Postpartum ovarian activity resumption and average
oestrus cycle retention in cows can delay due to
insufficient peripheral insulin levels in the immediate
postpartum period with low NFC levels of TMR (Van
holder et al., 2005). Therefore, the glycogenic TMR’s
in the postpartum period are recommended to
increase peripheral insulin concentrations and for
normal ovarian activities of dairy cattle (Gong et al.,
2002). The dairy cattle organism directed to
gluconeogenesis due to the high energy is needed
for milk yield after calving. When plasma glucose
levels decrease, the fat mobilizes from the fat stores
in the organism and tries to provide the necessary
energy until the energy balance shifts to positive
(Gong et al., 2002; Adewuyi et al.,, 2005). In the
present study, it is thought that dairy cattle farms
experience fertility problems at the beginning of
lactation due to low NFC, fat and energy levels, and
possible ration digestibility.

The CP contents of dairy cattle TMR’s in the
investigated farms had a positive correlation with
MUN values that were parallel with the results of
Elrod et al. (1993). The effect of dietary CP or
nitrogenous compounds on milk MUN value can
make occur the urea formation in the liver with a
breakdown of RDP in the rumen and the absorbed
amino acids by the degrading of RUP in the intestine.
Under normal conditions, microbial protein is
produced by microorganisms in the presence of
alpha-keto acids by microbial fermentation from
ammonia in the rumen. However, excess ammonia is
absorbed from the rumen and mixed with the liver
to the general circulation, causing blood and MUN
levels to rise (Roy et al. 2011). Consistent with our
results, Roy et al. (2011) stated that the high NDF
value in dairy cattle TMR’s and the increase in rumen
pH value could increase NH4* absorption and blood
transfer from the rumen wall and increase the MUN
value. The 10-14 mg/dL MUN concentration is
considered normal for the MUN value in milk,
whereas <10 mg/dL can be association with low CP
or RDP in TMR or effective conversion of ruminal
ammonia to microbial protein, and >14 mg/dL MUN
value may be effective NFC insufficiency in TMR
(Aydin and Giler, 2004; Aydin, 2007). In the present
study, the milk MUN values in the two farms were
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less than 10 mg/dL, although the CP value of TMR’s
did not lower significantly may be ruminal low NFC
concentration. The MUN value was found to be
higher than 14 mg/dL in half of the investigated
farms. The difference in MUN values despite similar
CP consumption in the farms examined suggests that
other TMR contents and environmental conditions
may also be helpful. Elrod et al. (1993) reported that
the protein in the TMR is effective in the uterine
environment and that high pH in the ration may be
associated with decreased fertility in the uterus. In
the present study, it is thought that increasing MUN
value may decrease uterine pH and may adversely
affect embryo implantation.

Most of the w-3’s found in dairy cattle TMR's
are obtained from forage. Significant levels of LA,
oleic acid and ALA are feedstuffs of sunflower,
rapeseed, flaxseed, soybean, corn, safflower,
flaxseed, soybean, peanut and canola (Chong et al.,
2006). Infertility is considered a grave problem in the
dairy industry due to the increased number of
artificial inseminations per conception and the
irregular shaping of the oestrus (Lopez et al., 2005).
A negative correlation between the number of
seeding and ration MUFA concentration in the
present study seems to be related to oleic acid
concentration. Mobilization of fatty acids from
adipose tissue during metabolic stress at the onset
of lactation will increase the amount of free fatty
acids in the blood and follicular fluid and thus affect
oocyte quality. In a previous study, the effect of
three fatty acids (saturated palmitic and stearic acid
and unsaturated oleic acid) on lipid storage and
development of the oocyte was investigated and it
was found that palmitic and stearic acid had an
inhibitory effect on oocyte development, but MUFA
oleic acid eliminated this adverse effect and has a
positive impact (Aaderma et al., 2011). In the present
study, a negative correlation between milk MUN
concentration and ration LCFA and linoleic acid
levels, and the use of ammonia for microbial protein
production by rumen microorganisms may be due to
LCFA and linoleic acid reduction.

In conclusion, this study demonstrated that
possible problems related to TMR in dairy cattle
farms having fertility problems can be listed as
follows: It is thought that dairy farms experience
fertility problems in the postpartum period due to
low energy levels and possible low digestibility
(approximately 60% TDN) in TMR’s. The low levels of
oleic acid and w-3 and w-6 fatty acids are thought to
be the cause of fertility problems in dairy cattle. High
NDF values in dairy cattle TMR’s increase in rumen
pH may increase NH4* absorption and increase MUN
value in the milk. Not enough ammonia is used in
microbial protein production, which may result from
low NFC levels in diets, and the urea in general

circulation may decrease the pH of the uterus. Due
to the high level of NDF and ADF, dairy cattle may
enter a negative energy balance.

Cikar ¢atismasi

Yazarlar bu yazl igin gercek, potansiyel veya
algilanan  ¢ikar  gatismasi  olmadigini  beyan
etmislerdir.
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Abstract: This study aimed to investigate the antimicrobial resistance and virulence genes of enterococci isolated from water
buffalo’s subclinical mastitis cases. The antimicrobial susceptibilities of the isolates were determined by the disc diffusion
method. Identification at the species level of enterococci, virulence [aggregation substance (asal), gelatinase (gelE), cytolysin
(cylA), enterococcal surface protein (esp), and hyaluronidase (hyl)] and resistance genes [macrolide (ermA, ermB, mefA/E)
and tetracycline (tetK, tetl, tetM, tetO, and tetS)] were investigated by polymerase chain reaction (PCR). Overall,
Enterococcus spp. was recovered from 65 of 200 (32.5%) mastitic milk samples, comprising E. faecium (n=26), E. durans
(n=22), E. faecalis (n=12), and E. hirae (n=5). Most isolates (56.9%) were susceptible to all tested antibiotics. The rest of the
isolates showed various rate of resistance against rifampicin (23.1%), tetracycline (21.5%), quinupristin-dalfopristin (10.8%),
ciprofloxacin (7.7%), erythromycin (6.2%), and chloramphenicol (3.1%). Out of 65 enterococci, only 16 (24.6%) were detected
to have virulence genes, of which 12 were positive for gelE, seven were positive for esp, two were positive for asal, and one
was positive for hlyA. The gene cylA was not detected in any isolate tested. Resistance to tetracycline was mainly associated
with tetM. Two erythromycin-resistant isolates were positive for ermB, and one was positive for mefA/E. This study was the
first to report species distribution, antimicrobial susceptibility, and virulence traits of enterococci isolated from subclinical
mastitis of water buffaloes in Corum Province, Tirkiye.

Keywords: Antimicrobial resistance, Enterococci, Subclinical mastitis, Virulence, Water buffalo.

Subklinik Manda Mastitislerinden izole Edilen Enterokok Tiirlerinde Antimikrobiyal Direng ve
Virulans Genleri

Ozet: Bu calismada subklinik manda mastitis vakalarindan izole edilen enterokoklarin antimikrobiyal direng ve viriilans
genlerinin arastirilmasi amaglanmistir. izolatlarin antimikrobiyal duyarhliklari disk difiizyon ydntemi ile belirlendi.
Enterokoklarin, tiir diizeyinde identifikasyonu, virtilans (asal, gelE, cylA, esp ve hyl) ve direng genleri [makrolid (ermA, ermB,
mefA/E) ve tetrasiklin (tetK, tetL, tetM, tetO ve tetS)] polimeraz zincir reaksiyonu (PZR) ile arastirildi. incelenen 200 mastitisli
sut 6rneginin 65'inden (%32,5) Enterococcus spp. izole edildi ve izole edilen tirler E. faecium (n=26), E. durans (n=22), E.
faecalis (n=12) ve E. hirae (n=5) olarak identifiye edildi. izolatlarin %56,9’u test edilen tim antibiyotiklere duyarli bulundu.
izolatlarin geri kalani rifampisin (%23,1), tetrasiklin (%21.5), kuinupristin-dalfopristin (%10,8), siprofloksasin (%7,7),
eritromisin (%6,2) ve kloramfenikol (%3,1)'e karsi gesitli direng oranlari gdsterdi. izole edilen 65 Enterococcus spp.’nin sadece
16'sinin (%24,6) virtlans genlerine sahip oldugu tespit edildi. Virulens genlerine sahip izolatlarin 12'si gelE, yedisi esp, ikisi
asal ve biri de hlyA yénlinden pozitif bulundu. cylA geni incelenen higbir izolatta saptanmadi. Tetrasikline direncin esas
olarak tetM ile iliskili oldugu saptanirken; eritromisine direngli iki izolat ermB ve bir izolat ise mefA/E geni yoniinden pozitif
bulundu. Bu g¢alisma, Tlrkiye’nin Corum ilinde yetistirilen mandalarda saptanan subklinik mastitisli siit drneklerinden izole
edilen enterokoklarin tir dagilimi, antimikrobiyal duyarhlik ve virtilans 6zelliklerini bildiren ilk galismadir.

Anahtar kelimeler: Antimikrobiyal direng, Enterococcus spp., Manda, Subklinik mastitis, Virulens.

Introduction

Based on the data received from Turkish Statistical
Institute (TSI), 63 643 tons of milk were obtained
from the registered 185 574 water buffalos in
Tirkiye in 2021 (TSI, 2021). Water buffalo milk is
about 5% of the total world milk production
(Atasever and Erdem, 2008), and 0.3% of the milk
production in Tlrkiye (TSI, 2021). Even though milk

yield per animal is low in comparison with cows, the
quantity and quality of the water buffalo milk are of
great importance both for producers and consumers
(Sahin and Yildirim, 2015). Therefore, water buffalo
breeding started to be supported by the Ministry of
Agriculture and Forestry in recent years (Saridzkan,
2011).
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As in other animal species, there are many
factors affecting milk yield in water buffalos, such as
the number of lactations, calving season, and
diseases. Of these diseases, mastitis is considered a
global problem that affects milk yield and quality,
thus causing serious economic losses (Singha et al.,
2021). Mastitis pathogens are divided into two
groups depending on the infection source:
contagious or environmental pathogens. Although
mastitis control programs are effective against
contagious mastitis pathogens, these mastitis
control programs are less effective against
environmental pathogens, such as enterococci (Yang
et al.,, 2019).

Antimicrobials are widely used for the control
and prevention of mastitis cases. However,
treatment success is mainly limited due to the
antimicrobial resistance against these pathogens
(Saini et al., 2019). Another factor that affects the
frequency of mastitis cases is the virulence traits of
pathogens (Yang et al., 2019). Several virulence
factors have been described in enterococci including
cytolysin (cylA), hyaluronidase (hyl), aggregation
substance (asa), enterococcal surface protein (esp),
and gelatinase (gelE) (Vankerckhoven et al., 2004).
Of these virulence genes, cytolysin is a bacteriocin-
type exotoxin, exerts its effects on erythrocytes,
leukocytes, and macrophages. Geletinase is zinc-
dependent metalloendopeptidase, is capable of
hydrolysing gelatine, elastin, collagen, haemoglobin.
Aggregation substance is enterococcal surface
protein that contributes the formation of mating
aggregates facilitating bacterial conjugation.
Enterococcal surface protein is known to be involved
in biofilm formation. Biofilm production has been
shown to play an important role in the exchange of
antibiotic resistance genes between cells and to
increase  their  resistance  to  antibiotics.
Hyalurinidase plays a role in destroying
mucopolysaccharides of the connective tissue and
cartilage and, consequently, in spreading bacteria
(Chajecka-Wierzchowska et al. 2017).

Little information exists about enterococci from
milk samples of water buffaloes both in Tiirkiye and
in the world. Therefore, in this study, it was aimed
to investigate the antimicrobial resistance and
virulence genes of enterococci isolated from
subclinical mastitic milk samples of water buffaloes
in Tarkiye.

Materials and Methods
Ethical statements: This study is not subject to

HADYEK permission in accordance with Article 8 (k)
of the "Regulation on Working Procedures and

Principles of  Animal
Committees".

Milk Samples: A total of 200 mastitic milk
samples of water buffaloes were collected from
family-sized farms located in Corum, Tirkiye,
between June 2018 and July 2018. CMT test was
applied to buffaloes that did not show clinical signs
in mammary tissue and milk, and subclinical mastitis
was evaluated by CMT test results.

Bacterial isolation and identification: The milk
samples (100 pul) were inoculated into
Enterococcosel broth (BD, UK) and incubated at 37
°C for 24-48 h. When the color change occurred in
the Enterococcosel broth tubes, a loopful of culture
was inoculated on Vancomycin Resistant Enterococci
(VRE) agar plates and incubated for 48 h at 37 °C.
Subsequently, one presumptive colony from each
plate was randomly selected and streaked onto
Blood agar (Merck, Germany) supplemented with 5%
defibrinated sheep blood to obtain pure culture.
Following Gram staining and biochemical tests, the
isolates were confirmed and identified by the PCR
method (Layton et al., 2010).

Antimicrobial susceptibility testing: Antibiotic
susceptibilities of the isolates were determined by
disc diffusion methods using Mueller Hinton Agar
(Merck, Germany), following Clinical and Laboratory
Standards Institute (CLSI) criteria (CLSI, 2021). The
antimicrobial agents (Bioanalyse, Tiirkiye) were as
follow: ampicillin (10 pg), quinupristin/dalfopristin
(15 pg), chloramphenicol (30 ug), tetracycline (30
pg), ciprofloxacin (5 pg), erythromycin (15 pg),
vancomycin (30 pg), rifampicin (5 pg), and
gentamicin (120 ug). Staphylococcus aureus ATCC
25923 was used as a quality control strain. Multidrug
resistance (MDR) was defined as resistance against
at least 3 antimicrobial agents belonging to different
antimicrobial classes (Magiorakos et al., 2012).

Detection of macrolide and tetracycline
resistance genes: The presence of macrolide (ermA,
ermB, mefA/E) and tetracycline resistance genes
(tetK, tetl, tetM, tetO, and tetS) were investigated
using PCR as previously reported by Malhotra-Kumar
et al. (2005).

Detection of virulence genes: Virulence genes
(asal, cylA, esp, gelE, and hyl) were investigated as
previously reported by Vankerckhoven et al. (2004).

Experiments  Ethics

Results

Isolation and identification: Of the 200 mastitic
milk samples, 65 (32.5%) Enterococcus spp. were
isolated and the distribution of enterococci was
detected as follows: 26 E. faecium (40%), 22 E.
durans (33.8%), 12 E. faecalis (18.5%), and 5 E. hirae
(7.7%) (Figure 1-2).
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Figure 1. Agarose gel electrophoresis of Enterococcus species. Lane M: 100 bp plus
molecular marker, Lane 1-2: Enterococcus spp. (733 bp), Lane 3-4: E. faecalis (360 bp),

Lane 5-6: E. faecium (214 bp).
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Figure 2. Agarose gel electrophoresis of E. durans and E. hirae isolates. Lane M: 100 bp
plus molecular marker. Figure 2a. E. hirae (186 bp), Figure 2b: E. durans (286 bp)

While 37 (56.9%) of the isolates were
susceptible to all antibiotics tested, 28 (43.1%)
isolates showed various rate of resistance to
tetracycline (21.5%, 14/65), rifampicin (23.1%,
15/65), ciprofloxacin (7.7%, 5/65), erythromycin

(6.2%, 4/65), quinopristin-dalfopristin (10.8%, 7/65),
and chloramphenicol (3.1%, 2/65).

Determinants of erythromycin and
tetracycline resistance: In tetracycline-resistant
isolates, 12 isolates carried tetM and one isolate
carried tetL. Among erythromycin-resistant isolates,
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three isolates were positive for ermB and one isolate
was positive for mefA/E.

Virulence gene profiles of the isolates: In 21.5%
(14/65) of the isolates virulence genes were
detected. These isolates were found to carry one or
more virulence genes. Twelve isolates were positive

for gelE, seven were positive for esp, two were
positive for asal and one was positive for hlyA. The
gene cylA was not detected in any isolate tested
(Figure 3). Resistance phenotypes, virulence, and
resistance genes determined in Enterococcus spp.
are given in Table 1.

Table 1. Resistance phenotypes, virulence and resistance genes determined in Enterococcus spp.

Resistance Genotype Virulence Gene(s)

Species Resistance Phenotype*
E. faecium (n=2) CIP, RA

E. faecium E

E. faecium E

E. faecium RA

E. faecium TE, SYN

E. faecium (n=2) RA

E. faecium (n=3) CIP

E. faecalis TE, RA, SYN

E. faecalis TE, RA, SYN

E. faecalis TE

E. faecalis SYN

E. faecalis SYN

E. faecalis (n=2) TE, RA

E. faecalis TE, RA

E. faecalis TE, RA

E. faecalis E, TE, RA, SYN, C
E. faecalis E, TE, RA, SYN, C
E. durans (n=3) TE

E. durans TE

E. durans (n=2) RA

E. hirae (n=1) Sensitive

E. durans (n=1) Sensitive

E. durans (n=15) Sensitive

E. hirae (n=4) Sensitive

E. faecium Sensitive

E. faecalis Sensitive

E. faecium Sensitive

E. faecium (n=13) Sensitive

mefA/E, tetK -

- gelkE, esp
tetM -

tetM gelE, esp
tetM gelkE, esp
- asal, gelE
- gelE

tetM gelE, esp
tetM gelE

tetM gelE
ermB, tetM esp

ermB, tetM esp

tetM -

tetM, tetl asal, gelE
- hlyA
ermB -

- gelkE, esp
- gelE

- gelE
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Figure 3. Agarose gel electrophoresis of virulence
genes. Lane M: 100 bp molecular marker. Lane 1:
asal (375 bp)+gelE (213 bp), Lane 2: esp (510
bp)+gelE (213 bp), Lane 3: gelE, Lane 4: hlyA (276 bp),
Lane 5: esp

Discussion

Although enterococci are considered as
commensal inhabitants  of  gastrointestinal
microbiota both in humans and animals, these
agents have increasingly been reported in mastitic
milk samples (Yang et al., 2019). In this study, the
prevalence of enterococci was determined as 32.5%.
In different studies carried out in Tirkiye, the
prevalence of enterococci in milk samples of bovine
subclinical mastitis cases was reported to be 0.7%
(3/421) in Samsun (Gurler et al.,, 2015), 10.9%
(43/392) in Afyon (Kuyucuoglu, 2011), and 16%
(96/600) in Aydin (Herkmen and Tirkyilmaz, 2016).
On the other hand, in the studies conducted abroad,
the prevelance of enterococci were reported as 4.8%
(105/2185) in Korea (Nam et al.,, 2010), 15.23%
(27/177) in Canada (Cameron et al., 2016), 16.7%
(112/669) in the Czech Republic (Cervinkova et al.,
2013), and 21.3% (426/2000) in Poland (Rdzanska et
al.,, 2019). In the above-mentioned studies, the
presence of different Enterococcus species has also
been reported. In the majority of these studies, E.
faecalis was identified as the predominant species
(Kuyucuoglu, 2011; Nam et al., 2010; Cameron et al.,
2016; Rozanska et al., 2019). In contrast, E. faecium
and E. durans were found to be the predominant
species in this study. While similar observation was
reported by Kateete et al. (2013) in Uganda, Klimiene
et al. (2011) found E. durans as the predominant
species in Lithuania. Variations in prevalence rates
and species distribution could be attributed to the

isolation methods, geographical origins of the
samples, and differences in rearing conditions.

Despite enterococci having intrinsic resistance
to antimicrobials such as beta-lactams, lincosamides,
cephalosporins, trimethoprim, and aminoglycosides
(low level), emergence and dissemination of
acquired resistance is mainly related to over-and
misuse of antimicrobial agents e.g. tetracyclines,
ciprofloxacin, daptomycin, erythromycin, linezolid,
quinupristin-dalfopristin, and vancomycin. While
most of the isolates were susceptible to
antimicrobials tested, the rest showed moderate
levels of resistance to rifampicin (23.1%) and
tetracycline (21.5%) in this study. In previous
studies, high resistance rates to tetracycline and
erythromycin has been reported in enterococci
isolated from subclinical bovine mastitis cases (Yang
et al., 2019; Kuyucuoglu, 2011; Nam et al., 2010).
The high resistance observed for these agents could
be explained by the long-term and widespread use
of these antimicrobials in food-producing animals
(Yang et al., 2019).

Horizantal transfer of antimicrobial resistance
genes between bacteria is of important concern for
both human and veterinary medicine (Aslam et al.,
2012). In this study, the tetM was the most frequent
resistance gene detected among the tetracycline-
resistant isolates. Similarly, the dominance of tetM
in tetracycline-resistant enterococci from different
sources such as meat (Yilmaz et al.,, 2016), cheese
(Kurekci et al., 2016), and dogs (Boyar et al., 2017)
have been reported in previous studies conducted in
Tirkiye. Kim et al. (2019) explained the widespread
occurrence of tetM (providing ribosomal protection)
in tetracycline-resistant enterococci by localization
of this gene on conjugative transposons such as
Tn916, Tn1545, and Tn5385 leading to the easy
spread of this gene among enterococci. Moreover,
among four erythromycin-resistant enterococci,
ermB in three isolates, and mefA/B in one isolate was
detected. But, one isolate did not carry any gene
studied. Similarly, previous studies revealed the
ermB gene was the most dominant gene found in
enterococci from animals (Boyar et al.,, 2017;
Aslantas, 2019) and food of animal origin (Yilmaz et
al., 2016).

Enterococci are capable of producing various
virulence factors that play an important role in the
pathogenesis of the infections they cause (Mundy,
2000). The five virulence genes examined in this
study were reported to contribute to the virulence of
enterococci (Vankerckhoven et al., 2004). Of these
virulence genes, the gelE is a metalloproteinase,
capable of hydrolyzing casein, hemoglobin, collagen,
gelatine, elastin as well as various peptides and
proteins (Chajecka-Wierzchowska et al., 2017). In
this study, the gelE was found in 18.5% of the
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isolates. In contrast, Yang et al. (2019) reported a
higher prevalence rate (70.4%) in E. faecalis isolates.
Herkmen and Tirkyillmaz (2016) found gelE gene in
30.7% of E. faecium isolates. Another virulence
factor, the aggregation substance encoded by the
asal gene is an enterococcal surface protein
contributing to the formation of mating aggregates
that facilitates the conjugation of bacteria (Sava et
al., 2010). In the current study, 3.1% of the isolates
carried the asal gene. In contrast, a higher rate of
prevalence (24.7%) of this gene was reported by
Yang et al. (2019) in China. The esp gene encoding
enterococcal surface protein has been reported to
be related to biofilm formation in enterococci (Sava
et al., 2010). This gene was found in seven (10.8%)
isolates in this study. The prevalence of this gene was
reported as 85.2% by Yang et al. (2019) and 30.7% by
Herkmen and Turkyilmaz (2016). Hyaluronidase is an
enzyme with a molecular weight of approximately 45
kDa and encoded by the hyl gene. The enzyme plays
important role in degrading the connective and
cartilage tissue glycosaminoglycans
(mucopolysaccharides), consequently leading to the
spread of the bacteria (Chajecka-Wierzchowska et
al., 2017). This gene was detected in only one (1.5%)
E. hirae isolate in the study. Similarly, in China, Yang
et al. (2019) reported that they found the hyl gene
only in a few E. faecalis isolates (2.5%, 2/81) from
subclinical bovine mastitis.

In conclusion, the results of the study showed
that enterococci isolated from subclinical buffalo
mastitis had low levels of resistance to antimicrobials
tested and revealed a low carriage rate of virulence
genes. This might be explained by no or low
transmission of virulent and antimicrobial-resistant
enterococci via human intervention.
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Abstract: This study aimed to record the ocular fundus images of healthy Holstein calves under field conditions. The fundus
of 34 eyes of healthy 17 Holstein calves was examined with a fundus camera, which does not require mydriatics, as it has
been designed especially for animals and provides imaging with infrared light. The findings showed that the green-yellow
tapetal zone was dominant in all calves, the optic disc was oval, and the number of primary arteries and veins originating
from the center varied between 4 and 5. The vascular pattern was holangiotic. A remnant of the hyaloid artery (Bergmeister’s
papilla) was detected as a gray dot in the middle of the disc. It was noted that the non-tapetal area was homogeneous, brown-
black, and rich in choroidal vascular structure. Imaging the ocular fundus is essential in diagnosing some systemic and
hereditary diseases in farm animals. However, herd-based ophthalmoscopic screening in farm animals is difficult under field
conditions. By using this portable fundus camera, fundus examination can be performed easily under field conditions without
taking the animals to the hospital. The standard ophthalmoscopic fundus images of healthy Holstein calves presented in this
study will contribute to the literature.

Keywords: Calf, Fundus photography, Ocular fundus, Retina.

Holstein Buzagilarda Midriyatik Ajan Kullanmadan infrared Kamerayla Fundus Gériintiilenmesi

Ozet: Calismanin amaci saglkli Holstein buzagilarin okiiler fundusunun saha sartlarinda gériintiilenmesidir. Saghkh 17
Holstein buzaginin 34 fundusu midriatiklerin kullanimini gerektirmeyen, hayvanlar igin 6zel olarak tretilmis bir fundus
kamerasi ile incelendi. Tim buzagilarda yesil sari tapetal bolge baskin, optik disk ovaldi. Merkezden g¢ikan primer arter ve
toplardamar sayisi 4-5 arasinda degismekteydi. Vaskiiler desen holanjiyotik olarak kaydedildi. Tim buzagilarda diskin
ortasinda gri nokta seklinde hyaloid arter kalintisi (Bergmeister’s papilla) tespit edildi. Tapetal olmayan bolgenin homojen,
kahverengi-siyah renkte ve koroid damar yapisindan zengin oldugu kaydedildi. Ciftlik hayvanlarinda bazi sistemik ve kalitsal
hastaliklarin tanisinda okiler fundusun gorintilenmesi ¢ok énemlidir. Ancak giftlik hayvanlarinda siiri bazh oftalmoskopik
tarama saha kosullarinda oldukga zordur. Portatif fundus kamerasi ile hastalarin saha sartlarinda hastaneye getiriimeden
kolaylikla fundus muayenesi yapilabilmistir. Bu galismada saglikli Holstein buzagilarin normal oftalmoskopik fundus
gorintileri sunulmustur.

Anahtar Kelimeler: Buzadi, Fundus gériintiileme, Okiiler fundus, Retina.

Introduction

The retina is the eye layer containing light- meningoencephalitis, listeriosis, septicemia,

sensitive cells enabling vision. Defects and disorders
formed in the retina, which is associated with the
brain, affect the sense of sight. In order to detect
visual impairments, we need to know the normal
function of the retina and the diseases affecting the
retina. Early identification of conditions affecting the
retina without causing irreversible damage is vital in
terms of early treatment and prognosis. Diagnosis of
retinal disorders can be made with direct
ophthalmoscopy, indirect ophthalmoscopy,
smartphone-based ophthalmoscopy, scanning laser
ophthalmoscope, optical coherence tomography,
fluorescein angiography, ultrasonography, and
electroretinography methods (Pearce and Moore,
2013; Sirin, 2020).

Diseases such as bovine virus diarrhea (BVD),
rabies, malignant catarrhal fever (MCF), infectious

particularly in calves with scours and umbilical
infections, tuberculosis, and toxoplasmosis can
cause retinal damage. Findings of tapetal color
changes and loss of texture, attenuation of retinal
vessels, focal depigmentation, varying degrees of
retinitis, and choroiditis in the non-tapetal region
can be observed (Martin et al.,, 2019). Thorough
knowledge of the normal ocular fundus image is
essential to diagnose diseases.

Considering how common eye diseases are in
bovine (Gokge and Gengelep, 2021; Han et al., 2019;
isler et al., 2014; Sarierler and Kilic, 2003), it is
necessary to have a good knowledge of the healthy
fundus image to perform a detailed eye examination.
The normal fundus of animals consists of the
neurosensory retina, retinal pigment epithelium,
choroid, sclera, optic nerve head, and tapetum. Each
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species has a typical retinal fundus (Rajathi and
Muthukrishnan, 2020). There are some detailed
studies on the presence of retinal tapetum, visibility
of choroidal vessels, retinal vascular pattern, optic
disc position and shape, nerve fiber location, and
gross anatomic findings in cattle (Catalkaya and
Ozaydin, 2019).

Due to the large number of animals in dairy
cattle farms, veterinarians have limited time.
Fundoscopy with fundus cameras requires the use of
mydriatic agents. Fundus camera needs a wired
computer connection. There are many determining
factors such as examination area, the need for more
staff for restrain, waiting time for mydriasis, and
drug cost. In dairy cattle farms, a fundoscopic
examination should be fast, easy to apply, and
inexpensive. This study aimed to obtain detailed
standard fundus imaging of Holstein’s calves under
farm conditions with a portable non-mydriatic
fundus camera.

Material and Methods

Animals: The study was conducted on the Arif
Gurdal Dairy Farm. The Evaluation was made of 17
healthy male and female Holstein calves aged 3.5-4.5
months.

Ethical approval was granted by The Animal
Research  Ethics Committee ADU  HADYEK
(64583101/2021/169).

Fundus Examinations: All the calves included in
the study underwent ophthalmological examination.
All  the animals were healthy, with no
ophthalmological anomalies. The fundus
examination of 34 eyes was performed with no drug
administration to the animals using Ocellus-Vet
(Vivente, Tlrkiye) fundus camera (Figure 1).

Animals were examined without anaesthesia,
with proper restraining by one farm staff. While the
eyelids were opened with the left hand, the camera
was held with the right hand. Starting at a distance

Figure 1. Fundoscopy with a non-mydriatic portable fundus camera.

Figure 2. The Tapetal zone appears green-yellow. A rich vascular pattern in tapetal and non-tapetal areas is also seen. There
are multifocal areas of pigmentation of the retinal pigment epithelium (blue arrow). Dark spots/Winslow stars are observed

in the tapetal area (green arrows).
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of 10 cm, we approached the eye until we had a clear
fundus image. The device consists of an infrared LED
(white), an optical lens, and a camera with infrared
and daylight features to illuminate the eye. The
device features include a sensor resolution of 8
megapixels, a field of view of 40°, and the required
minimum pupil size of 3,5 mm. The obtained images
were recorded on the device and transferred to the
computer in jpeg format with a USB data cable.

In fundus images, tapetal colour, shape of the
tapetal area, homogenicity of the tapetum, junction
of tapetal and non-tapetal border, vascularization
(artery, vein, small vessels), structure and color of
the optic disc, and position of the optic disc were
evaluated.

Results
Fundoscopy was performed on 34 eyes of 17

Holstein calves, eight males and nine females aged
between 113-137 days.

The tapetal region, non-tapetal region, optic
disc, and retinal vessels were examined. The green-
yellow tapetal zone was dominant in all calves
(Figure 2). The optic disc was dark and oval (Figure 3)
and located in the non-tapetal area juxtaposed to
the tapetal area (Figure 4) in all calves. The disc was
seen to be cupped, with veins emerging near the
center. The number of primary arteries and veins
originating from the center varied between 4 and 5
(Figures 2-11). In some calves, artery-vein pairs
traversing in the tapetal area were intertwined
(Figure 6). The periphery of the main artery and vein
pairs in the non-tapetal region appeared paler than
their central parts (Figure 7). The small vessels
originating from the disc largely disappeared about
1-2 disc diameters away (Figure 8). The vascular
pattern was holangiotic. Hyaloid artery remnant
(Bergmeister’s papilla) was detected as a gray dot in
the middle of the disc (Figure 9) in all 17 calves. The
non-tapetal area was homogeneous with brown-
black in color and rich in choroidal vascular structure
(Figure 10).

Figure 3. Oval and dark optic disc. The Tapetal zone appears green-yellow. Winslow stars are visualized in different sizes and
morphology (green arrows). Bergmeister’s papilla is also seen (yellow arrow). Large primary retinal vessels emerge from the
optic disc's center. The periphery of the artery (white arrows) and vein (black arrows) pairs originating from the optic disc is

pale in the non-tapetal region.
Discussion

Fundus examination is one of the most
challenging but essential methods of the ophthalmic
examination. It is necessary to know the normal
fundus appearance to recognize any abnormality.
Factors such as species, breed, age, sex, and coat
color affect the normal fundus appearance (Martin

et al., 2019). The animals were housed according to
specific age groups in the establishment where the
study was carried out. We preferred weaned calves
regardless of gender. The age range was kept narrow
to reduce the effect of the age factor.

In this study, the fundus examination was
performed using an Ocellus-Vet fundus camera
which can operate with infrared light. Infrared
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Figure 4. The optic disc is located in the non-tapetal zone, slightly below the junction of the tapetal and non-
tapetal fundi. There are four primary arteries (white arrows) and four primary veins (black arrows). In the center
of the optic disc is a remnant of the posterior hyaloid vessels/Bergmeister’s papilla (yellow arrow).

Figure 5. White arrows show arteries, and black arrows show veins. There are seven primary vessels, one artery,
one vein in the tapetal zone, and three arteries and four veins in the non-tapetal zone. The yellow arrow shows

Bergmeister’s papilla.
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Figure 6. White arrowhead shows intertwined artery and vein. Multifocal pigmented areas are found (blue arrow)
in the tapetal zone. There are five primary arteries (white arrows) and four veins (black arrows) originating from
the optic disc. The yellow arrow shows Bergmeister’s papilla.

Figure 7. The arrow shows the periphery of an artery-vein pair. There are four primary arteries and five veins
originating from the optic disc.
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Figure 8. White arrows show the origin of small veins, and black arrows indicate where they disappear. The
yellow arrow shows Bergmeister’s papilla. Winslow stars appear in different sizes (green arrows).

Figure 9. Bergmeister’s papilla.
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Figure 10. Non-tapetal zone. The white arrow shows the artery, and the black one shows the vein.

Figure 11. White arrows show Winslow stars surrounded by a yellowish area.
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illumination does not cause pupil constriction,
eliminating the need for using mydriatics. It also
provides a tremendous advantage for animals
because of its handheld portability, especially in field
conditions. Although there are various examination
methods in the hospital environment, a fundus
camera that offers ease of use in field conditions will
significantly facilitate the work of veterinarians and
farm owners.

The bovine optic disc is oval with a long
horizontal axis. Catalkaya and Ozaydin (Catalkaya
and Ozaydin, 2019) reported that the optic disc could
be observed in the tapetal region, in the non-tapetal
region, or in between. In the present study, the optic
disc was seen to be located in the non-tapetal region,
with its dorsal aspect touching the tapetum. The
optic disc appears dark because it is unmyelinated
(Martin et al., 2019). In this study, the optic disc of
the calves was oval and dark.

The retinal vascular pattern is holangiotic in
dogs, cats, sheep, and primates, where the entire
retinal surface receives a direct blood supply (Maggs
et al., 2008; Sirin, 2020). In line with the literature,
the vascular pattern was holangiotic. The dorsal
arteriole and vein pair are intertwined in small
ruminants (Catalkaya and Ozaydin, 2019; Galadn et
al.,, 2006; He et al., 2012; Kang et al., 2017; Sirin,
2020), the structure of the vessels of the calves was
similar in this study. Arterioles originate more
peripherally on the disc. There can be 15 to 20
smaller vessels originating from the disc and then
disappearing 1-2 disc diameters away from the disc
and these results are similar to the literature (Maggs
et al., 2008).

Mild glial proliferation on the disc surface,
known as Bergmeister's papilla, represents the
remnant of a persistent hyaloid artery. The
Bergmeister’s papilla is routinely seen as a gray,
translucent linear structure protruding from the
center of the optic disc into the vitreous cavity in
ruminants such as cows and sheep (Galan et al.,
2006; Maggs et al., 2008; Martin et al.,, 2019;
Shunmugam et al., 2020). In the current study, the
hyaloid artery was detected in all calves.

The larger vessels disperse epiretinally rather
than running through the nerve fiber layer. In calves,
blood is usually present in the hyaloid vein for
several months (Martin et al., 2019). However, we
detected no blood in any calf in this study. In small
ruminants, it has been reported that the area around
the artery and vein pair in the non-tapetal region
appears pale (Galan et al., 2006). In this study, the
part of the pairs of major arteries and veins
advancing to the non-tapetal region was paler than
the rest because the optic nerve fibers appear to

radiate outward from the temporal portion of the
myelin disc.

Tapetal colors were seen to vary but were
usually dark green with scattered dark spots or
Winslow stars (Figure 11). Similar to the results of
Martin et al. (Martin et al., 2019), there were often
prominent pigment islets in the nasal tapetal region
bilaterally. The non-tapetal region was also detected
as dark brown. This result is similar to that reported
in goats (Sirin, 2020). Green-yellow colors were
dominant in the tapetal region of all the calves. In
another study (Catalkaya and Ozaydin, 2019), a
similar tapetal color was mentioned in some calves.
It has been previously reported that age is associated
with the tapetal area (Aksoy et al., 2011). Calves of
similar ages were preferred in the present study. The
observation of similar colors in the tapetal region of
all calves examined in the current study is thought to
be related to the evaluation of only one breed
(Holstein) of similar age.

Conclusion

Ophthalmological disease on dairy farms causes
significant economic losses along with individual
pain and suffering in animal welfare (Irby and
Angelos, 2018). Retinal fundus examination provides
information about the presence and severity of
many systemic and hereditary diseases, which will
form the basis for disease diagnosis. Knowledge of
healthy fundus images is of great value for
identifying abnormal conditions. The fundus images
of healthy Holstein calves presented in this study
may guide for future studies and contribute to
diagnosing ophthalmological diseases.

A limitation of the study is that only calves were
examined, so future studies should include adult
cattle.
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Fotal Gelisim Siiresince Sigir Karacigerindeki Sitokeratin 8 ve Sitokeratin 18
Proteinlerinin Dagilimi
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Ozet: Embriyonik gelisimin kontroliinde kritik rol alan sitokeratinler (CK), embriyogenezis esnasinda epitel hiicre gelisiminin
degisen asamalarinda farkl keratinler seklinde ekspresse edilir. CK8 ve CK18 proteinleri; gesitli parankimatoz epitel basta
olmak lizere basit epitel hiicrelerinin primer keratin cifti olarak bilinmektedirler. Karaciger; embriyonal donemde kan yapimi
ve kan hacmi regilasyonu, protein sentezi, bagisiklik sistemine katki, bliyiime sinyal yollarinin endokrin kontroli, metabolitleri
depolama, safra salgisi ve detoksifikasyon gibi ¢ok sayida fizyolojik rollere sahiptir. Bu ¢alisma; CK8 ve CK18 proteinlerinin sigir
fotal karaciger hiicrelerindeki dagilim ve lokalizasyonlarinin immunohistokimyasal yolla belirlenmesi amaciyla yapilmistir.
Calismada 6zel kesimhanelerden temin edilen 27 adet sigir fettist kullanildi. Yaslari belirlenen fetisler; gebeligin birinci (69-
89 giinltk / 9 fetis), ikinci (99-178 / 9 fetlis) ve Uglinct (190-269 / 9 fetlis) donemlerine ait olacak sekilde gruplandirildi.
Fetiislerden alinan karaciger drnekleri 18 saat boyunca %10’luk formol-alkolde tespit edildi. Rutin histolojik proseddrlerden
sonra elde edilen kesitlere immunohistokimyasal boyamalar yapildi. Boyama sonucunda; CK8 ve CK18’in gebelik siiresince
safra kanali epitel hiicrelerinde ¢ok gliglii seviyede ekspresse oldugu goérildi. Bununla birlikte hepatositlerde ise CK8 ve
CK18’in gebelik donemlerine gore degisen yogunluklarda ekspresyon gosterdikleri belirlendi. Boylece CK8 ve CK18'in; sigir
karaciger gelisiminin kontrolii, hepatositlerin ve safra kanal epitel hiicrelerinin boliinmesi, cogalmasi ve farkhilagsmalar gibi
birgcok role sahip olabilecekleri diisiintldi.

Anahtar Kelimeler: CK8, CK18, Fétal karacider, immunohistokimya, Sigir, Sitokeratinler.

Distribution of Cytokeratin 8 and Cytokeratin 18 Proteins in Bovine Liver During Fetal Development

Abstract: Cytokeratins (CK), which play a critical role in the control of embryonic development, are expressed as different
keratins at varying stages of epithelial cell development during embryogenesis. The CK8 and CK18 proteins are the primary
keratin pair of simple epithelial cells, especially of various parenchymatous epithelium. The liver has many physiological roles,
such as blood production and blood volume regulation, protein synthesis, contribution to the immune system, endocrine
control of growth signaling pathways, metabolite storage, bile secretion, and detoxification during the embryonal period.
This study was conducted to determine the distribution and localization of CK8 and CK18 proteins in bovine fetal liver cells
by immunohistochemical method. In the study, 27 bovine fetuses obtained from private slaughterhouses were used. The
fetuses whose ages were determined; were grouped as belonging to the first (69-89 days / 9 fetuses), second (99-178 days /
9 fetuses) and third (190-269 days/ 9 fetuses) periods of pregnancy. Then, liver tissue samples were taken from the fetuses
and fixed in 10% formol-alcohol for 18 hours. The tissue samples were then subjected to routine histological procedures and
immunohistochemistry staining. As a result of staining, it was observed that CK8 and CK18 were strongly expressed in bile
duct epithelial cells during pregnancy. However, it has been determined that CK8 and CK18 are expressed in hepatocytes with
varying densities according to the pregnancy periods. Thus, it was thought that CK8 and CK18 might have many roles, such as
controlling the development of the bovine liver, division, proliferation, and differentiation of hepatocytes and bile duct
epithelial cells.

Keywords: Bovine, CK8, CK18, Cytokeratins, Fetal liver, Immunohistochemistry.

Giris

Sitokeratinler (CK), keratin iceren bir ara filament
olup genellikle epitel dokusunun intrasitoplazmik
hiicre iskeletinde bulunmaktadirlar. Ara filament
proteinlerinin tanimlandigi 1970'lerde sitokeratin
(CK) olarak kullanilan terim, 2006'daki yeni sistemik
terminolojiye gore sitokeratinler ile birlikte
keratinler (k) olarak da kullanilmaya baslanmistir
(Kumar ve Jagannatha, 2018). Sitokeratinler kendi
icerisinde; ylksek molekiler agirhkli veya bazik
sitokeratinler (CK/K 1-9) ve dusik molektler agirlikli

veya asidik sitokeratinler (CK/K 10-20) seklinde
gruplandiriimistir (Moll ve ark., 1982). Sitokeratinler
her organa 0Ozel olacak sekilde ekspresse edilirken,
bir epitel hiicresinde ekspresse olan sitokeratinlerin
alt Gyeleri epitel tipine ve farklilasma modeline gore
degiskenlik gosterebilir. Bununla birlikte
sitokeratinlerin en dikkat gekici tarafi ise herhangi bir
epitel dokusunda gorilen sitokeratinin ayni
gruptakilerden en az biri ile her zaman birlikte
ekspresse olmasidir (Kumar ve Jagannatha, 2018).

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Sayi 2 225



Harran Univ Vet Fak Derg, 2022; 11 (2): 225-231

Arastirma Makalesi

Embriyonik  gelisimin  kontroliinde rol alan
sitokeratinler, embriyogenezis esnasinda epitel
hiicre gelisiminin degisen asamalarinda farkli
keratinler seklinde ekspresse edilir (Kumar ve
Jagannatha, 2018; Steinert ve ark., 1993).

Genelde birlikte ekspresse oldugu ifade edilen
CK8 ve CK18 proteinleri; cesitli parankimatoz epitel
basta olmak lzere basit epitel hiicrelerinin primer
keratin cifti olarak bilinmektedirler. Bununla birlikte
bu proteinlerin; embriyogenezisde, embriyonun ilk
olusum aninda ortaya ciktiklari ve filogenez sirasinda
en eski keratinler olarak goruldikleri de ifade
edilmistir. CK8 ve CK18; kanal kaplayan hicreler,
bagirsak ve mezotel hiicreleri gibi basit, tek katmanlh
epitel  hicrelerinin  birincil  hicre iskeleti
proteinleridir (Kumar ve Jagannatha, 2018; Liao ve
ark., 1995). Yine keratin 8 (K8) ve keratin 18’in (K18),
spesifik olarak hepatositlerde eksprese edilen baslica
ara filament proteinleri oldugu ve bu proteinlerin
hicrelerde sitozol boyunca yayilarak mekanik olarak
destek sagladigi belirtilmistir (Pan ve ark., 2013;
Strnad ve ark., 2012; Toivola ve ark., 2015). Ayrica
CK8 / CK18, sinyallemenin yapisal destegi ve
dizenlenmesi yoluyla hepatositleri korudugu da
ifade edilmistir (Lim ve Ku, 2021).

Vicudun en biyldk bezi olarak tanimlanan
karaciger hem ekzokrin hem de endokrin kisimlardan
meydana gelir. Karacigerin ekzokrin olarak ifade
edilen kismi safrayi, endokrin kismiise glikojenden ve
bazi plazma proteinlerinden glikoz gibi kimyasal
maddeler salgilar (Michalopoulos, 2007; Naik ve ark.,
2020; Subhaana ve ark., 2020). Bu metabolik
gorevlerinin yani sira karacigerin yetiskinlerde
sindirim ve bagisikhk basta olmak (izere birgok
fizyolojik slrece pozitif anlamda etki ettigi
bildirilmistir. Ayrica karacigerin canlilarda o6zellikle
metabolizma ile ilgili olarak embriyonal dénemde
kan yapimi ve kan hacmi regllasyonu, protein
sentezi, bagisikhk sistemine katki, buyime sinyal
yollarinin endokrin kontrol, metabolitleri
depolama, safra salgisi ve detoksifikasyon gibi ¢ok
sayida fizyolojik rollere sahip olduguda ifade
edilmistir (Akiyoshi ve Inoue, 2012; Trefts ve ark.,
2017). Karaciger farkl embriyolojik hiicre tiplerinden
(hepatositler, biliyer epitel hiicreleri (kolanjiyositler),
stellate hiicreleri, Kupffer hiicreleri ve karaciger
sinlizoidal endotel hicreleri) olusur. Bu hiicre
tiplerinin her biri, karaciger fonksiyonunu is birligi
icinde kontrol eden essiz gorevlere sahiptir.
Karacigerin birincil epitel hicre popilasyonu olan
hepatositler, karaciger hacminin ¢ogunu (%60")
olusturur ve bircok islevi yerine getirirler.
Hepatositlerin, besinlerin taginmasi, fotal blyime ve
gelisimdeki kritik duzenleyici hucreler oldugu
gosterilmistir. (Ham ve ark., 1979; Naik ve ark., 2020;
Trefts ve ark., 2017).

Sunulan  ¢alisma; epitel hicrelerin  ve
hepatositlerin yapisina katildigi belirtilen CK8 ve
CK18  proteinlerinin  sigir  fétal  karaciger
hicrelerindeki  dagillm  ve  lokalizasyonlarini
immunohistokimyasal yontemle belirlemek amaci ile
yapilmistir.

Materyal ve Metot

Materyal Temini ve Doku Hazirlama: Sunulan
arastirmada 6zel kesimhanelerden temin edilen
gebeligin farkli dénemlerine ait ve klinik olarak
saglkl 27 adet fetis kullanildi. Alinan fetislerin yas
tayinleri; alin-sagri uzunlugu (Crown-Rump Lenght;
CRL) 6lgimine dayah olan,”y:54,6 cm+2,46(x) cm”
esitligi  kullanilarak  belirlendi. Uygulanan bu
formulasyona gore “x” alin-sagri uzunlugunu, “y” ise
fotal yasi giin cinsinden gostermektedir (Harris ve
ark. 1983). Yaslar belirlenen fetisler; gebeligin
birinci (69-89 gunluk / 9 fetls), ikinci (99-178 / 9
fetls) ve tglncl (190-269 / 9 fetls) donemlerine ait
olacak sekilde gruplandirildi. Bu gruplandirma
dikkate alinarak tim fetislerden karaciger doku
ornekleri alindi. Alinan doku 6rnekleri tespit edilmek
amaci ile 18 saat boyunca %10’luk formol-alkole tabi
tutuldu. Ardindan dereceli alkol serilerinde dehidre
edildi. Dehidre edilen doku 6rnekleri daha sonra
metilbenzoat, benzol ve benzol-paraplast
serilerinden gecirilerek parafin bloklari haline
getirildi. Ardindan parafine gomilmis doku
orneklerinden rotary mikrotomunda (Leica RM-
2125, Germany) 5 mikrometre kalinliginda seri
kesitler alindi. Alinan kesitler immunuhistokimya
boyamas! i¢in onceden APES (3 amino propyl
triethoxysilan; Sigma—Aldrich Chemicals, St.Louis,
MO, USA) ile kaph lamlar Gizerine alindilar.

Hayvan Deneyleri Etik kurullarinin galisma usul
ve esaslarina dair yonetmeligin (15.02.2014) 8.
maddesinin k bendi 1. fikrasinda belirtildigi tzere
calismamizda kullandigimiz  materyal; mezbaha
materyali oldugundan HADYEK iznine tabi degildir.

immunohistokimyasal Prosediir: APES ile kapli
lamlara alinan seri kesitler, streptavidin-peroksidaz
prosedirl ve Zymed Histostain Plus Bulk Kit (South
San Francisco, CA, ABD, cat no: 85-9043) teknigine
uygun olarak immunohistokimya (IHC) boyamasina
tabi tutuldu. Oncelikle alinan kesitler kurumasi icin
bekletildi. Bu kurutma isleminden sonra kesitler
deparafinizasyon (ksilol ile 5’er dakikadan iki kez) ve
rehidrasyon (dereceli alkoller ile 3’er dakika)
sireclerden gegirilerek distile suda yikanmaya alindi.
Daha sonra doku 6rneklerindeki endojen peroksidaz
aktivitesini ortadan kaldirmak amaci ile kesitler
metanolde hazirlanmis %3’lik H202 soliisyonu
icerisinde 20 dk bekletildi ve sonrasinda 5’er dk (ii¢
kez) PBS (Phosphate Buffer Saline, pH: 7.4, 0.01 M)
¢Ozeltisinde yikandi. Preperatlar daha sonra

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Sayi 2 226



Harran Univ Vet Fak Derg, 2022; 11 (2): 225-231

Arastirma Makalesi

antikorun baglanacagl antijenik bolgelerin aciga
¢ikarilmasi amaci ile sitrat buffer ¢ozeltisinde (pH: 6)
952C'de 30 dakika boyunca bekletildi ve sire
sonunda oda isisina gelinceye kadar solisyon iginde
birakildi. Ardindan kesitlerde, primer antikorun
spesifik olmayan baglanmalarini 6nlemek amaci ile
bloklayici soliisyonda (Ultra V Blok, catalog: TA-125-
UB, Thermo Scientific) 15 dk tabi tutuldu ve ardindan
solisyonun uzaklasmasi saglanarak kesitler, 1:200
oraninda sulandiriimis CK8 (Mouse Monoclonal
Antibody Cytokeratin 8, katalog no: ab2530 Abcam)
ve CK18 (Mouse Monoclonal Antibody Cytokeratin
18, katalog no: ab668 Abcam) antikorlari ile +4 °C de
bir gece reaksiyona tabi tutuldu. Bu islemin ardindan
kesitler 5’er dk (¢ kez) PBS igerisinde yikandiktan
sonra oda isisinda 20 dk biyotin isaretli sekonder
antikor  (Biotinylated Goat  Anti-Polyvalent,
catalog:TP-125-BN, Thermo Scientific) ile inkube
edildi. Sonrasinda 5’er dk (3 kez) PBS icerisinde
yikamay! takiben kesitlere oda isisinda 20 dk siireyle
streptavidin peroksidaz (Thermo Fisher Scientific,
catalog: TA-125-HR) uygulandi. Son olarak kesitler
Uzerine 3.3 diaminobenzidin (DAB Substrate,
Thermo Scientific, katalog no: TA-125-HD)
damlatilarak reaksiyonun sekillenme siiresine gore
ortalama 5-15 dk bekletildi. Sonrasinda distile suda
yikanan kesitler Mayers’in Hematoksilen sollisyonu
damlatilarak 2 dk boyunca gekirdeklerin boyanmasi
saglandi. Ardindan akan ¢esme suyu altinda 5 dk
boyunca vyikanan kesitler artan dereceli alkol

serilerinden  gegirilerek suyun uzaklastiriimasi
saglandi ve ksilol’de parlatildiktan sonra dokular
entellan damlatilarak lamel ile kapatildi. Boyanan
preparatlar DS-RI1 video kamera (DS-U3, Nikon,
Tokyo, Japan) atagmanli Nikon Eclipse E400
arastirma mikroskobunda (Nikon, Tokyo, Japonya)
degerlendirildi ve fotograflari cekildi.

Yapilan immunohistokimya metodunun
dogrulugunu gostermek amaci ile negatif kontroller
kullanildi. Bunun icin de alinan karaciger kesitleri
birincil antikor yerine PBS tamponu ile inkiibasyona
tabi tutuldu.

Yari Kantitatif Degerlendirme: immunohisto-
kimyasal boyanmalarin degerlendirilmesi yogunluk
skoru (intensity score) Uzerinden yapildi. CK8 ve
CK18 ekspresyonlari igin pozitif reaksiyon gosteren
hicreler kalitatif olarak degerlendirildi. Pozitif
hlcreler boyanma yogunluklarina gére (-) negatif; (+)
zayif; (++) orta veya (+++) glicli olmak lzere dort
seviyede skorlandi (Devkota ve ark., 2006). Pozitif
boyanan hicrelerin degerlendirmelerini birbirinden
bagimsiz uzman arastirmacilar (U.T ve M.E.A)
tarafindan yapildi ve ortalama skorlar hesaplandi.
Karaciger kesitlerinde CK8 ve CK18’in ekspresyonlari
X40, X100 ve X400 biyitmede incelendi. Karacigerin
her bir bolgesinde, her bir kesit icin lg¢ rastgele
secilmis alan degerlendirildi. Sonuglar; hepatositler,
portal ven, arteria hepatika ve safra kanali epitel
hicreleri olmak Gzere ayri ayri degerlendirildi (Tablo
1).

Tablo 1: CK8 ve CK18’in immunohistokimyasal boyanma yogunluklarina ait semikantitatif degerlendirmeler.

Antikorlar Karaciger Hiicreleri 1.D6nem 2. Donem 3. Donem
Hepatositler +/++ - +
Vena Portalar - - -

cks Hepatik Arterler - - R
Safra kanal epiteli +++ +++ +++
Hepatositler ++/+++ [+ -
Vena Portalar - - -

CK1

8 Hepatik Arterler - - -
Safra kanal epiteli +++ +++ F+
Bulgular CK18 proteini icin yapilan immunohistokimya

immunohistokimya boyama sonucunda elde
edilen bulgularda, CK8’'in hepatositlerde gebeligin
birinci doneminde zayiftan ortaya yakin yogunlukta
oldugu (Sekil 1A), gebeligin ikinci ve Uglincl
donemlerinde ise immunreaksiyonun negatif oldugu
belirlendi (Sekil 2A, 3A). Bununla birlikte gebelik
siresince vena porta ve hepatik arterlerde de
immunreaksiyonun meydana gelmedigi gozlendi.
Ancak safra kanali epitel hiicrelerinde gebeligin her
l¢ doneminde gigli dizeyde bir immunreaksiyon
sekillendigi tespit edildi (Sekil 1A, 2A, 3A).

sonucunda da bu proteinin hepatositlerde gebeligin
birinci ve ikinci donemlerinde orta ve ortadan giicli
yogunluga dogru bir immunreaksiyon sekillendirdigi
ancak lglncli donemde ise negatif oldugu gorilda
(Sekil 1B, 2B, 3B). Ayrica CK8 de oldugu gibi gebelik
siresince vena portalarda ve hepatik arterlerde
immunreaksiyonun negatif oldugu saptandi. Ancak
gebelik siresince safra kanal epitel hicrelerinde
gliclii diizeyde bir immunreaksiyon meydana geldigi
tespit edildi (Sekil 1B, 2B, 3B).

Boyanmanin 6zgunligini ortaya koymak amaci
ile negatif kontroller kullanildi (Sekil 1C, 2C, 3C).
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Sitokeratin 18

1. Donem

Sekil 1: Gebeligin birinci donemindeki fotal sigir karacigerinde sitokeratin 8 (CK8) ve sitokeratin 18 (CK18)
proteinlerinin immunohistokimyasal dagilimi. VP: Vena Porta, Ok: Safra kanal epitel hiicreleri, Ok basi:

Hepatositler.

Sitokeratin 8

2. Donem

Sekil 2: Gebeligin ikinci donemindeki fotal sigir karacigerinde sitokeratin 8 (CK8) ve sitokeratin 18 (CK18)
proteinlerinin immunohistokimyasal dagilimi. VP: Vena Porta, Ok: Safra kanal epitel hiicreleri, Ok basi:

Hepatositler.

Sitokeratin 8 Sitokeratin 18

3. Donem

Sekil 3: Gebeligin liglinci donemindeki fotal sigir karacigerinde sitokeratin 8 (CK8) ve sitokeratin 18 (CK18)
proteinlerinin immunohistokimyasal dagilmi. VP: Vena Porta, HA: Hepatik Arter, Ok: Safra kanal epitel

hiicreleri, Ok basi: Hepatositler.
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Tartisma ve Sonug

Karaciger  gelisim  slrecinin,  epigenetik
modulasyon ile belirlenen karmasik bir gen
ekspresyonunun dinamik olarak degisimine bagh
oldugu bilinmektedir. Buna paralel olarak karaciger
gelisimi icin sitokeratinler, fetal proteinler ve
adezyon molekilleri basta olmak Uzere tim gen
ekspresyon drinleri koordine edilmelidir (Feng ve
ark., 2021). Sitokeratinler; hlcre boliinmesi,
hareketlilik, hlicresel mekanik butlinliginin
korunmasi ve vezikil tasinmasi gibi 6nemli hiicresel
islevleri yerine getiren hicre iskelet proteinlerinin
ara filamentleri aginda yer alirlar (Gonsebatt ve ark.,
2007). Tipik olarak epitel htcrelerinde ekspresse
oldugu bilinen sitokeratinlerden CK8 ve CK18'in;
karaciger, ekzokrin pankreas ve bagirsak gibi basit
epitellerde  degisken ekspresyon oranlarinda
goriuldugu bildirilmistir (Gonsebatt ve ark., 2007;
Schéniger-Hekele ve ark., 2006).

CK8 ve CK18 proteinlerinin  normal
karacigerdeki hepatositler ve safra kanal hicreleri
icin belirteg proteinler olarak goéruldigi ifade
edilmistir (Korver ve ark., 2021). CK8, 18 ve 19’un
embriyonal hepatositlerde ekspresse oldugu, ancak
erigkin  karacigerin ise sadece CK8 ve CK18
proteinlerini icerdigi bildirilmistir (Basturk ve Adsay,
2011). Yine baska bir arastirmada insan karaciger
gelisiminin 3.ve 4. haftalarinda hepatosit o6nci
hicreleri olan hepatoblastlar ile birlikte daha sonra
hepatositlerde ve safra kanal epitel hiicrelerinde CK8
ve CK18'in ekspresse oldugu gosterilmistir (Feng ve
ark., 2021; Terada, 2017). Diger arastirmalarda da
ayni sekilde embriyonal insan karacigerinde CK8 ve
CK18 proteinlerinin hepatositlerde ve safra kanali
hicrelerinde  lokalize  olduklart  belirtilmistir
(Bateman ve Hiubscher, 2010; Stosiek ve ark., 1990).
Yetiskin insan karacigerinde ise sitoplazmik
intermedier filament cifti olarak CK8 ve CK18'’in
hepatositlerde ve safra kanali hiicrelerinde
ekspresse oldugu ve bu proteinlerin eksikligine bagh
olarakta basta karaciger olmak (zere bircok
hastaligin gelisimine neden oldugu ifade edilmistir
(Eyken ve ark., 1988; Strnad ve ark., 2008). Genel
olarak normal doku ve organlarda gozlenen
keratinlerin  canllarda meydana  gelebilecek
hastaliklarda ekspresyon dizeylerinde dinamik
farkliliklar gézlenir. Ornegin cesitli insan karaciger
rahatsizliklarinda asirt ekspresyon yogunlugunun
oldugu ve keratin 8 ile 18’in karacigerde bulunma
yogunlugunun bozuldugu goézlenmistir (Guldiken ve
ark., 2014; Kucukoglu ve ark., 2014). Boylece bu
bilgilere dayanarak karaciger hasarinin keratin 8 ve
18 boyamasi ile tespit edilebilecegi de belirtilmistir
(Toivola ve ark., 2015).

Sicanlarda CK8 / 18'in karacigerdeki asiri
ekspresyon artisi ile bozulan regiilasyonun sican

hepatokarsinogenezise ve hepatoseliiler karsinom
olusumuna pozitif etki ettigi ifade edilmistir. Buna
bagh olarak da bu proteinlerin karaciger kanserinde
erken teshis araci olarak  kullanilabilecegi
belirtilmistir (Kakehashi ve ark., 2010). Keratin 8, 18
19 proteinlerinin inaktif edildigi farelerde karaciger
gelisiminin devam ettigi ve boylece diizenli karaciger
gelisiminin bu proteinlere bagli olmadigi bildirilmistir
(Ku wve ark., 2007). Ancak bunun yaninda bu
proteinlerin eksikligine bagl olarak bu farelerde hafif
kronik hepatit, hepatosit hiicre yapisinin bozulmasi
ve cesitli stres kosullarina karsi hassasiyet artisi
oldugu bildirilmistir (Ku ve ark., 2007; Omary ve ark.,
2002; Zatloukal ve ark., 2004). Embriyonal
doénemdeki farelerde yapilan galismada gebeligin ilk
haftasinda CK8 ve CK 18’in hepatositlerde zayif bir
immunreaksiyon  sekillendirdigi ve  gebeligin
ilerlemesine bagli olarakta bu immunreaksiyonun
normal ve hasarli hepatositlerin c¢ekirdek ve
sitoplazmasinda daha yogun oldugu bildirilmistir
(Jeong ve ark., 2005). K8/K18'in nakavt veya
mutasyon kaynakli  kusurlari karaciger hasarini
siddetlendirir ve transgenik farelerdeki karacigeri
belirli hastaliklara yatkin hale getirir. Kronik karaciger
hasari hepatoselliiler karsinom (HCC) insidansini
yukselttiginden, CK8/CK18 defektleri HCC insidansini
artirabilecek faktorlerden biri olabilir. Ayrica, bol
miktarda sitoplazmik CK8/CK18, sinyal faktorleriyle
etkilesime girerek ve bunlarin mevcudiyetini ve
konumunu degistirerek sinyal yollarini diizenledigi
de bildirilmistir (Strnad ve ark., 2008). Tavsan
karacigerinde CK18'in hepatositlerde ekspresse
oldugu ancak portal damarlarda gozlenmedigi
gosterilmistir (Wells ve ark., 1997). Kopeklerin
normal karaciger hepatositlerinde ve safra kanal
hlcrelerinde sitokeratin ekspresyonunun negatif,
tiimoral karacigerde ise pozitif oldugu belirtilmistir
(Shiga ve Shirota, 2000). Bir baska arastirmada
CK18’in saghkli kopek karacigerinde gozlendigi ve
kronik hepatitis ile ekspresyon yogunlugunun arttig
saptanmistir (Lawrence ve ark., 2018).

insan (Basturk ve Adsay, 2011; Bateman ve
Hiibscher, 2010; Feng ve ark., 2021; Stosiek ve ark.,
1990; Tereda, 2017), fare (Jeong ve ark., 2005; Ku ve
ark., 2007; Omary ve ark., 2002; Zatloukal ve ark.,
2004), tavsan (Wells ve ark., 1997) ve kopeklerde
(Lawrence ve ark., 2018) vyapilan ¢alismalara
¢ogunlukla paralel olacak sekilde bizim ¢alismamizda
da CK8 ve CK18'in sigir fotal karacigerinde ekspresse
olduklari gozlenmistir. Gebelik siresince her iki
proteinin; safra kanal epitel hiicrelerinde glicli
seviyede ekspresse olmasi bu hicrelerin gelisimi,
¢ogalmasi ve farklilasmasinda 6nemli rollere sahip
olabileceklerini diisiindlirmustir. Ayrica insan, fare,
tavsan ve bazi kopeklerde oldugu gibi sunulan
calismada da CK8 ve CK18'in hepatositlerde lokalize
oldugu gorilmistir. Fakat gebeligin  ikinci
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déneminde CK8'in, gebeligin lglincli déneminde ise
CK18 proteinin negatif oldugu belirlenmistir.
Bununda bu dénemlerdeki hiicrelerin farklilasma
durumuna ve buradaki hicrelerin fizyolojik
aktivitelerine gore degiskenlik gosterebildigini akla
getirmistir. Ayrica insan ve farelerin aksine CK18'in
gebeligin son doneminde negatif olmasi tiirler
arasindaki  farklihktan da kaynaklanabilecegini
duslindirmustr.

Sonug olarak CK8 ve CK18 proteinlerinin sigir
karacigerindeki hepatositler ve safra kanal epitel
hicreleri icinde ayrit edici belirtegler olarak kabul
edilebilecekleri disindlmustdr. Ayrica bu
proteinlerin immunohistokimyasal
lokalizasyonlarina gore; sigir karaciger gelisiminin
kontrolli, hepatositlerin ve safra kanal epitel
hicrelerinin bolinmesi, ¢ogalmasi ve
farkhlagmalarinin yani sira bircok metabolik ve
fizyolojik stireglerde kritik rollere sahip olabilecekleri
akla getirilmistir. Bunlar dogrultusunda da CK8 ve
CK18'in sigirlarda fotal yasamin siirdirilmesine katki
saglayarak tur devamliligina pozitif anlamda etki
edebilecekleri kanaatine varilmigtir.
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Evaluation of the treatment of traumatic coxofemoral luxations in dogs using
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Abstract: This study was performed on 11 dogs diagnosed with traumatic coxofemoral luxation. The direction of the luxations,
the operation details, postoperative complications, and radiographic evaluation were recorded during the study. The study
utilized the toggle pin technique, which provided open-reduction techniques for the treatment of coxofemoral luxations.
Polyester multifilament braided sutures with commercial toggle pins were employed in three cases, whereas toggle pins
obtained from Kirschner wire and monofilament nylon suture material were performed in eight patients. Clinical and
radiographic monitoring of postoperative lameness, complications, pain, and infection were assessed and recorded for
comparison. Postoperative reluxation was observed in two cases in which multifilament braided polyester suture material
was performed without other complications. In the cases without reluxation, it was noted that the animals used their limbs
comfortably on the 1st postoperative day, and their lameness scores were 0 on the 7th postoperative day. As a result of the
findings, the toggle pin technique using monofilament nylon suture could effectively treat coxofemoral luxations in dogs.
Keywords: Dog, Luxation, Suture material, Toggle pin.

Kopeklerin travmatik koksofemoral luksasyonlarinin toggle pin teknigi ile tedavisinin
degerlendirilmesi

Ozet: Bu calisma, travmatik koksofemoral luksasyon tanisi konulan 11 képekte gergeklestirilmistir. Olgulardaki luksasyonlarin
yonu, operasyon detaylari, operasyon sonrasi olusan komplikasyonlar ve radyografik gorintileri kaydedildi. Calismada agik
rediiksiyon tekniklerinden birisi olan toggle pin teknigi kullanildi. Olgulardan 3 tanesinde kullanima hazir halde satilan toggle
pin ve multifilament 6rguli polyester, 8 hayvanda ise kirschner telinden yapilmis toggle pinler ile monofilament nylon sutur
materyali kullanildi. Olgularin postoperatif topallik skorlamasi, komplikasyonlar, agr ve enfeksiyon yoninden klinik ve
radyografik takibi yapildi. Monofilament 6rgiilli polyester sutur materyali kullanilan iki olguda postoperatif reluksasyon
gorilirken, diger olgularda herhangi bir komplikasyona rastlanmadi. Reluksasyon gorilmeyen olgularda hayvanlarin
postoperatif 1. glinde ekstremitesini rahatlikla kullandig1 dikkat gekti ve postoperatif 7. glindeki topallik skorlari O olarak
belirlendi. Elde edilen bulgular sonucunda képeklerin travmatik koksofemoral luksasyonlarinda monofilament nylon sutur
kullanilarak uygulanan toggle pin tekniginin oldukga etkili oldugu gorilmistar.

Anahtar Kelimeler: Képek, Luksasyon, Stitur materyal, Toggle pin.

Introduction

The hip joint is a diarthrodial joint composed of the Cranioventral, caudodorsal, and caudoventral

acetabulum and femoral head. The ball-and-socket
design provides the joint with a broad range of
motion and stability. The ligamentum capitis ossis
femoris, joint capsule, and dorsal acetabular rim
serve as the primary stabilizers of the hip joint
(Evans, 1993). Luxation occurs when at least two
primary stabilizers lose their functional capacity
(Holsworth and DeCamp, 2003; Smith et al., 1963).
Coxofemoral luxation, which accounts for 90% of all
luxation cases in dogs, is a common problem.
Luxations are typically traumatic, and 60% of these
traumas are caused by motor vehicle accidents
(Demko et al., 2006; Trostel and Fox, 2020). As a
result of trauma-induced forces and the gravitational
pull of the gluteal and iliopsoas muscles, craniodorsal
luxations occur most frequently (Basher et al., 1986).

luxations are less common and may be related to an
avulsion fracture of the trochanter major
coincidingwith the luxation (Harari et al., 1984,
Schrader, 1994).

Closed reduction is the first treatment
technique for coxofemoral luxations, but the success
rate for craniodorsal luxations ranged from 50 to
78%. Open reduction and stabilization may be
considered if closed reduction cannot be performed,
reluxation occurs after reduction, or if the dog has
multiple injuries and requires urgent hip
stabilization. Numerous surgical techniques have
been described to treat coxofemoral luxations
(Martini et al., 2001). Because of the coxofemoral
joint's anatomical structure, applying a toggle pin is
frequently preferred. This technique is effective
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because it replaces the ligamentum capitis ossis
femoris, which contributes to passive stability. It has
been reported that patients undergoing toggle pin
stabilization have a low relapse rate, and it is a
beneficialtechnique, particularly for patients with
polytrauma (Bone et al., 1984; Demko et al., 2006;
Scott and McLaughlin, 2007).

This study evaluated the effectiveness of the
materials used in toggle pin stabilization, relapse
rates, and postoperative process.

Materials and Methods

Permission was obtained from the “Kirikkale
University Clinical Practices Ethics Committee,” and
the animal owners were informed about the study,
and a consent form was obtained for this study. The
study material consisted of 11 dogs presented to
Kirikkale University Veterinary Faculty Research and
Application Hospital between June 2020-2022 with a
complaint of lameness in the hind limbs, diagnosed
with coxofemoral luxation and treated with toggle
pins. In the clinical examinations, all of the dogs had
unilateral coxofemoral luxation. There was no
concurrent injury.

Anesthesia and analgesia: The dogs were
premedicated with medetomidine hydrochloride (80
mcg/kg) (Domitor; Zoetis, Finland) and induced with
ketamine HClI (5 mg/kg) (Ketasol 10%;
Richterpharma, Austria) via intravenous (IV) route.
Butorphanol (0.4 mg/kg) (Butomidor;
Richterpharma, Austria) was administered as an
analgesic via IV route. Afterward, the animals were
intubated, and anesthesia was maintained with
isofluorane (Adeka, Turkey). Intravenous Cefazolin
sodium (22 mg/kg) (Eqgizolin, Tim Ekip llac AS,
Turkey) was administered 30 min before the
operation and in the perioperative period.

Operative Approach: According to Cetinkaya
and Olcay (2011), some toggle pins used in operation
were formed from Kirschner wires, while others
were purchased ready-made and sterilized. The
ligament capitis ossis femoris was replaced with a
monofilament nylon or a polyester multifilament
braided yarn.

Then a hole was drilled in the acetabular fossa
with a 2.7 mm or 3.5 mm diameter drill depending
on the size of the animals, and the toggle pin was
pushed through the created hole into the canalis
pelvis (Figure 1A and 1B). Thus, when the thread was
pulled back, the toggle pin rested against the medial
wall of the acetabulum (Figure 1C). Guidewire was
used to tunnel from the fovea capitis to the third
trochanter, and a 2.0 mm or 2.7 mm diameter drill
was used depending on the animal's size (Figure 1D).
Under the guidance of a 0.80 mm Kirschner wire, the

suture material attached to the toggle pin was fed
through the tunnel (Figure 1E). After joint reduction,
a button made of Kirschner wire was used to secure
the end of the monofilament nylon to the proximal
lateral surface of the femur at the level of the third
trochanter (Figure 1F). As stated in the literature
(Wardlaw and Mclaughlin, 2018), the objective was
to preserve joint reduction until the formation of
periarticular fibrous connective tissue.
Monofilament nylon was used as suture material,
and polyester multifilament braided thread in 8 and
3 dogs, respectively.

Postoperative Care and Control: All animals
received subcutaneously 0.2 mg/kg meloxicam
(Bavet; meloxicam; Turkey) for five days, to avoid
postoperative pain and administered orally 12.5
mg/kg amoxicillin clavulanic acid (Synulox; Zoetis,
Finland) for one week. No support material was
applied to the extremity, and patients were advised
to restrict movement for three weeks.
Postoperatively, the Elizabethan collar was used for
ten days (until the sutures were removed) to prevent
the risk of suture damage. Clinical examinations and
control radiographs were taken at 1, 2, 4 weeks, and
two months postoperatively to evaluate the joint
status. Pain, infection, crepitation, and degree of
lameness were also checked. The differences
between the animals were evaluated with the
findings obtained. Postoperative lameness scoring
was numbered from 0 to 5 (0: no lameness, 5: no
weight bearing on the limb) according to a previous
study (Ramirez et al., 2015).

Results

The average age of the different breeds and
sexes of operated animals was 19.2 months (min:5-
max:38), and their average body weight was 20.5 kg
(min:11-max:28). On average, surgical intervention
was performed 2.55 days (min:1-max:4) after
trauma. Seven operated animals were male, and four
were female. Breeds of dogs were Golden Retriever
(n=2), Crossbreed (n=5), Pointer (n=1), Chow Chow
(n=1), Staffordshire (n=1), and Cane Corso (n=1).
Craniodorsal luxation was detected in all patients.
Congenital hip dysplasia was observed in onepatient
(case 11). No orthopedic abnormality except for
luxation was observed in the other animals. In three
of the animals (cases 4, 6, and 7), toggle pins made
of commercially available polyester multifilament
braided yarn were used (Table 1). In two of the
animals (cases 4 and 6, in which polyester
multifilament braided yarn was used), lameness was
observed four and five days after the operation, and
reluxation was detected in the radiographic
examination (Figure 2). Caput femoris degenerations
were discovered during the reoperation on these
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two patients, and it was decided to perform excision
arthroplasty. Patients who did not experience
reluxation began using their extremities on the 1st
postoperative day, and no abnormality was
postoperatively observed in the radiographic and

clinical examinations in the following weeks (Figures
3 and 4). Median scores of lameness was 1 (range 0-
5) on the first day and was 0 on the seventh day
postoperatively (P=0.008) for nine patients without
reluxation. (Table 2).

Figure 1. A) A hole was drilled in the acetabular fossa. B) Toogle button advanced into the acetabular hole. C) Toggle button
seat on the medial wall of acetabulum. D) A guidewire placed from fovae capitis to third trochanter and bone tunnel was
created. E) Passing the toggle suture material through the femoral bone tunnel. F) Knotting of the suture material at the

level of the third trochanter after reduction.

Figure 2: Ventrodorsal radiographic images of case 4, A) preoperative, B) immediately after surgery, C) 5th day
after surgery.
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Figure 3: Ventrodorsal radiographic images of case 9, A) preoperative, B) immediately after surgery, C) 2 months

after surgery.

Figure 4: Ventrodorsal radiographic images of case 11, A) preoperative, B) immediately after surgery, C) 14th day
after surgery.

The animal was placed in the supine position
with the injured limb on top. The operation area was
shaved, decontaminated, and prepared for aseptic
surgery. A craniolateral approach involved external
rotation and adduction of the extremity in reaching
the hip joint. The acetabulum was cleared of debris,
hematoma, fibrin, granulation tissues, and the
remnants of the detached ligament capitis ossis
femoris.

Discussion

Different reduction techniques, including intra-
and extra-capsular, have been reported in
coxofemoral luxations (Ash et al., 2011; Demko et al.,
2006; Rocherau and Bernard, 2012; Venzin and
Montazon, 2007) and some studies are recommend
using different suture materials in toggle pin fixation
one of these techniques (Bone et al., 1984; Cetinkaya
and Olcay, 2011; Hoim et al., 2005; Martini et al.,
2001). In the study by Spranklin et al. (2006), the
weight-bearing capacities of various materials were

examined in the toggle pin technique applied to
cadavers and They reported that monofilament
suture material could not support a weight of 40 kg,
causing damage to the line on the caput femoris and
causing it to rupture. Demko et al. (2006) used
monofilament nylon sutures in large breed dogs and
reported very low (11%) reluxation problems. In all
studies, toggle pin or rod fractures, ruptures in the
prosthetic ligament, fractures of the caput femoris or
colum femoris, and related reluxations were
reported as primary complications. Infection and
sinus formation are said to be related to the artificial
ligament material used. Reluxation cases are
reported to occur within two weeks postoperatively
(Kieves et al., 2014; Martini et al., 2001; Trostel and
Fox, 2020). Previous studies have reported that
polyester multifilament braided rope is more elastic
and resistant to stretching thanks to its knitting
structure (Martini et al., 2001). A previous study
conducted by Cetinkaya et al. (2011) reported that
monofilament nylon was more durable than braided
ropes in coxofemoral luxations in their study.
Another study stated that there was no difference
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Tablel: Details and clinical outcomes of 11 dogs postoperatively.

Body ) Duration of Evaluation of
Age . Luxation . .
Case Breed Sex Weight . luxation Toggle suture material outcomes
(month) direction K
(kg) (day) postoperatively
1 Mix Breed 17 18 CD/R Monofilament nylon Excellent
2 Golden Retriever 13 25 CD/L Monofilament nylon Excellent
3 Mix Breed 11 22 CD/L Monofilament nylon Excellent
4 Cane corso 5 11 CD/R Polyester multifilament braided Reluxated (5th day)
5 Stafford shire terrier 12 28 CD/L Monofilament nylon Excellent
6 Mix Breed 26 20 CD/L Polyester multifilament braided Reluxated (4th day)
7 Mix Breed M 38 21 CD/R 3 Polyester multifilament braided Excellent
8 Golden retriever M 18 23 CD/L 2 Monofilament nylon Excellent
9 Mix Breed F 24 19 CD/L 2 Monofilament nylon Excellent
10 Pointer F 23 18 CD/L 3 Monofilament nylon Excellent
11 Chow Chow M 24 20 CD/R 3 Monofilament nylon Excellent
Table2: Lameness scores at the 1st and 7th day postoperatively.

Casel Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11
Post-op 1st day 2 1 2 1 1 1 2 1 2 2 1
Post-op 7th day 0 0 0 5 0 5 0 0 0 0 0
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between braided polyester ropes and monofilament
nylon (Flynn et al., 1994). We used monofilament
nylons and polyester multifilament braided ropes as
artificial ligament materials in toggle pin
applications, frequently used in coxofemoral
luxation cases. We observed that the monofilament
nylon was more durable than polyester
multifilament braided rope and could be successfully
applied in animals under 30 kg. This study
determined that the monofilament nylon did not
break in the postoperative period, and the animals
still used the relevant leg very comfortably in the
second month of control. The findings are in good
agreement with the study of Cetinkaya et al. (2011).
We suggested that using monofilament nylons in
intra-articular stabilization is more satisfactory than
polyester  multifilament braided vyarn. No
radiographic or clinical evidence of osteoarthritis
was found in the second month of postoperative
follow-up. It should be noted, however, that dogs
weighing no more than 30 kg were used in this
research. In accordance with previous studies,
postoperative reluxation occurred within the first
week after surgery in cases where polyester
multifilament braided yarn was utilized. This is
believed to be because polyester multifilament
braided threads are less flexible than monofilament
nylons and may deteriorate more rapidly when in
contact with bone.

In coxofemoral luxations, the duration of the
operation is an essential factor in preventing caput
femoris damage, achieving reduction, and reducing
the risk of reluxation. It has been reported that the
longer the reduction time, the greater the risk of
caput femoris damage and abnormal formations in
the acetabular fossa, such as fibrin and granulation
tissue (Matthews ve Bernhart, 2021). In the present
study, animals were operated on within the fourth
post-traumatic day. No damage to the caput femoris
was found at the time of the operation. Of the two
cases with reluxation, one was operated on the
second day and the other on the first day. However,
the reason for recurrence is thought to be the low
durability of the suture material because no
recurrence was observed in the repair performed
with the monofilament nylon.

In the review by Trostel and Fox (2020), it is
emphasized that the toggle pin technique has been
the most common treatment for coxofemoral
luxations in recent years, but the relapse rate has not
decreased below 10% despite the use of different
materials. In another study involving 128 dogs with
coxofemoral luxation, the reluxation rate for toggle
pin stabilization with monofilament nylon suture
material was determined to be 24.2%. (Matthews

and Bernhart, 2021). In this study, material-induced
luxation was observed in animals with polyester
multifilament braided yarn. No luxation was
observed in animals with monofilament nylon suture
material, and the rate of luxation was similar to
Matthews and Bernhart (2021).

It has been reported that toggle pin stabilization
in coccafemoral luxations gives positive results as
long as no reluxation occurs. The most recently
reported reluxation rate following toggle pin
stabilization in large breed dogs (over 60 kg) was
reported to be 11%, and monofilament nylon suture
was used in 96% of cases (Trostel and Fox, 2020). In
the study, it was observed that the animals weighed
an average of 20 kg, and it was noteworthy that the
animals with reluxation were animals weighing less
than 20 kg. In addition to weight, it is believed that
the flexibility and tensile strength of the material
used are much more significant in the formation of
reluxation.

Coxofemoral joint luxations have historically
been treated with the Toggle pin technique.
Although different materials have been tried in the
studies, the weight and skeletal structure of the
animal are among the factors that influence success.
In this study, the lower recurrence rate of the line
used for Toggle pin application compared to the
polyester multifilament braided yarn mentioned in
the literature is deemed to be a significant finding. It
is believed, however, that stronger results will be
obtained when supported by studies involving a
greater number of animals and longer postoperative
monitoring.
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Abstract: Metabolic disorders occurring in negative energy balance (NEB) in cows cause diseases related to
immunosuppression and economic losses. Although treatment, animal welfare, and herd immunity are possible with
comprehensive clinical diagnostics combined with laboratory evaluation, the applicability and availability of these analytes in
the farm setting are often limited. Therefore, the glutaraldehyde coagulation (GC) test, a fast, practical, and inexpensive test,
help diagnose inflammatory diseases in cattle. This study aims to evaluate the effectiveness of the GC test in certain bovine
diseases whose etiology is classified as infectious or non-infectious due to clinical and laboratory examinations. The animal
material was 40 Holstein cows with various clinical findings brought to Harran University, Veterinary Faculty Animal Hospital
for diagnosis and treatment. Following the anamnesis, physical examinations of all the cows were performed. As a result of
the hemogram analysis of the venous blood samples (8-10 mL) along with the physical examination findings, the cows were
divided into two subgroups, Infectious (n:14) and Non-Infectious (n:26); GC test was performed from the venous blood
samples. In the physical examination, the respiratory rate, heart rate, and body temperature of the cows in the Infectious
Group were higher than those of the Non-Infectious Group (p<0.008). WBC and granulocyte levels of the Infectious Group
were higher than the Non-Infectious Group (p<0.000). The GC test result was 70 seconds in the Infectious Group and 165
seconds in the Non-Infectious Group (p<0.001). The optimal cut-off value was 100 seconds (sensitivity: 87%, specificity:
72.7%) for detecting the presence of an inflammatory process in the ROC analysis. As a result, it was concluded that the GC
test might give results ranging from mild to severe even in some non-infectious diseases such as rumen alkalosis, left
displacement of the abomasum and ulcer, and when evaluated along with clinical findings in a farm setting, it can provide
helpful information for the diagnosis of the diseases.

Keywords: Cattle, Diagnosis, Glutaraldehyde coagulation test, Infectious, Inflammatory.

Bazi Sigir Hastaliklarinda Gluteraldehit Koagulasyon Testinin Etkinliginin
Degerlendirilmesi: 2021-2022 Retrospektif Calisma

Ozet: ineklerde negatif enerji dengesinde (NED) olusan metabolik hastaliklar, immunsupresyona bagl hastaliklara sebep olup
ekonomik kayiplara yol agmaktadir. Hastaliklarin tedavisi, hayvan refahi ve slriniin korunmasi, kapsamli klinik diagnostikler
ile birlikte laboratuvar degerlendirilmesi ile mimkiin olsa da ciftlik ortaminda bu analitlerin uygulanabilirligi ve bulunabilirligi
genellikle kisithidir. Bu sebeple hizl, pratik ve ucuz bir test olan gluteraldehit koagulasyon (GK) testi, sigirlarin yangisal
hastaliklarinin tanisinda faydalidir. Bu galismanin amaci, klinik ve laboratuvar muayeneleri sonucu hastalik etiyolojisi
enfeksiy6z veya non-enfeksiyoz olarak siniflandiriimis bazi sigir hastaliklarinda GK testinin etkinligini degerlendirmektir.
Hayvan materyali Harran Universitesi Veteriner Fakiiltesi Hayvan Hastanesine gesitli klinik bulgularla, tani ve tedavi amaci ile
getirilmis toplam 40 adet Holstein inekti. Anamnez bilgisini takiben tim ineklerin fiziksel muayeneleri gergeklestirildi. Fiziksel
muayene bulgulariile birlikte alinan ven6z kan érneklerinin (8-10 mL) hemogram analizi sonucu, ¢alismaya dahil edilen inekler
Enfeksiy6z (n:14) ve non-Enfeksiy6z (n:26) olarak iki alt gruba ayrildi, tim ineklerin ventz kan Orneklerinden GK testi
gercgeklestirildi. Fiziksel muayenede Enfeksiy6z Grubu ineklerinin solunum sayisi, kalp ritmi ve viicut sicakligi Non-Enfeksiy6z
Gruba gore daha yuksekti (p<0.008). Enfeksiydz Grubun WBC ve grantlosit diizeyleri Non-Enfeksiy6z Gruba gére daha
yiksekti (p<0.000). GK testi sonucu Enfeksiyoz Grubunda 70 saniye iken Non-Enfeksiy6z Grubunda 165 saniyeydi (p<0.001).
ROC analizinde yangisal stire¢ varliginin tespiti igin optimal cut-off degeri 100 saniyeydi (sensitivite: %87, spesifite: %72.7).
Sonug olarak, GK testinin enfeksiyoz etiyolojide olmayan rumen alkalozu, abomazumun sola deplasmani ve Ulseri gibi bazi
hastaliklarda bile hafif siddetliden siddetliye degisen sonug verebilecegi ve ciftlik ortaminda klinik bulgularla birlikte
degerlendirildiginde hastalik tanisina yardimci bilgi saglayabilecegi kanisina varildi.

Anahtar Kelimeler: Enfeksiy6z, Gluteraldehit koagulasyon testi, Sigir, Tani, Yangisal.

Introduction
It is a well-known fact that negative energy balance insidious underlying causes of cattle diseases in
(NEB) and immunosuppression are the endemic herds and cause significant economic losses

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Sayi 2 239



Harran Univ Vet Fak Derg, 2022; 11 (2): 239-247

Research Article

(Abramowicz et al.,, 2019; Lei and Simoes, 2021;
Mostert et al., 2018). Metabolic diseases such as
fatty liver and ketosis occur in cows due to the
development of NEB (Mostert et al., 2018). There is
an increase in the amount of non-esterified fatty
acids (NEFA) due to the formation of fatty liver, and
these fatty acids are esterified to triglycerides as a
result of the oxidation of hepatic fatty acids. It has
been reported that ketosis, hypocalcemia, reticulo
pericarditis traumatica (RPT), retention, metritis,
mastitis, and increased risk of immunosuppression
and decreased reproductive performance can be
seen as a result of fatty liver (Lei and Simoes, 2021).

Immunosuppression, which develops with
metabolic diseases, especially in the NEB period,
causes many diseases and economic burdens (Liang
et al.,, 2017; Zhang and Ametaj, 2020). Immunity
should be boosted to prevent the occurrence of
diseases in this period. It is well-known that the
modern cattle industry is based on balanced
nutrition, appropriate zoo-hygienic care, animal
welfare, and herd protection (Abramowicz et al.,
2019; Roche et al., 2013). The persistence of this is
possible with comprehensive clinical diagnostics and
laboratory evaluation. Applicability and availability
of clinical assessment methods, particularly in the
farm setting, are often limited, and in addition to
this, economic concerns come forth. Thus, the
diagnostic effectiveness and practicality of these
methods used diagnosing of various diseases have
been discussed recently (Ok et al., 2009; Overton et
al., 2017). The glutaraldehyde coagulation (GC) test
is a fast, practical, and inexpensive test used to
diagnose of inflammatory diseases in cattle for years
(Aslan and Ok, 1991; Metzner et al., 2007). The GC
test primarily indicates increased serum fibrinogen
and globulin concentrations. Glutaraldehyde reacts
first-degree chemical reaction with the free amino
groups in fibrinogen and immunoglobulin to form a
clot. Thus, the GC test's clotting time provides an
estimated amount of the protein content produced
in response to the inflammatory process (Akyiiz ve
Aydin, 2022; Tschone et al., 2021, Tschone et al.,
2022).

This study aims to evaluate the diagnostic
efficacy of GC tests in some bovine diseases whose
etiology is classified as infectious or non-infectious
due toclinical examinations along with hemogram
analysis.

Materials and Methods

Ethical approval: This study was conducted
with the approval of the Harran University Animal
Experiments Local Ethics Committee dated
17/10/2022, number 2022/008.

Animal Material: The animal material of this
study consisted of 40 Holstein cows with various
clinical findings; all were admitted to Harran
University Veterinary Faculty Animal Hospital for
diagnostic and/or treatment purposes between the
dates 2021 and 2022. Following the anamnesis,
physical examinations including measurement of
respiratory rate, heart rate, rectal body
temperature, and evaluation of palpable lymph
nodes along with lung, heart, rumen, and intestinal
auscultation were performed. As a result of the
detailed clinical assessment, further diagnostic
examinations were carried out to determine
whether the existing disease was infectious or non-
infectious.

Diagnosis of Health Issues: Diseases detected in
cows of the Infectious Group were pneumonia (n:7)
and enteritis (n:7). Diagnosis of pneumonia was
made based on the presence of fever, nasal
discharge, cough, and changed respiratory character
(Demir and Bozukluhan, 2012). For the diagnosis of
enteritis, clinical findings such as diarrhea and
dehydration were considered (Bonadiman et al.,
2018).

Diseases detected in cows of the Non-Infectious
Group were abomasum ulcer (n:2), presence of
bezoars (n:1), downer cow (n:1), Hoflund syndrome
(n:1), simple indigestion (n:2), hepatic lipidosis (n:6),
reticulo pericarditis traumatic (RPT) (n:7), rumen
alkalosis (n:4), subcutaneous emphysema (n:1) and
left displacement of the abomasum (LDA) (n:1). For
the diagnosis of abomasum ulcer, the presence of
clinical findings such as abdominal pain, melena, pale
mucous membranes, indigestion, and low milk yield
were considered (Radostitis et al., 2000). For the
presence of bezoars, ultrasonographic imaging with
cessation of defecation, loss of appetite, abdominal
pain, decreased rumen motility, and succussion
splash sound in the abdomen was considered
(Abutarbush and Naylor, 2006). For the diagnosis of
Downer cow syndrome, the inability to stand up
within 24 hours and/or lie in the sternal position for
more than 24 hours without showing signs of
systemic disease, despite hypocalcemia treatment,
were taken as the criterion (Dahlberg, 2012). For
Hoflund syndrome, posterior functional stenosis
with rumen dilatation and nutritional fullness,
recurrent tympani, gradual weakness, and
bradycardic symptoms were considered (Radostitis
et al., 2007). For the diagnosis of simple indigestion,
the presence of abrupt changes in the structure,
amount, or frequency of diet in the anamnesis along
with anorexia and decrease in milk yield, and
abnormal rumen content findings such as a decrease
in the number, size, and activity of protozoa and
change in ruminal pH were considered (Constable,
2010). The criteria for the diagnosis of hepatic
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lipidosis were increased liver size, rounding of liver
borders, hyperechoid structure of the liver
parenchyma towards the abdominal wall, and
inadequate visualization of hepatic vessels as a result
of ultrasonographic examination performed through
the 10% intercostal space on the left side (Ok et al.,
2013). For the diagnosis of RPT, fever, anorexia,
increased heart and respiratory rate, ruminal stasis,
frequently recurring tympani, abdominal tension,
abdominal pain, groaning, dehydration and
weakening along with tachycardia, venous
engorgement, positive venous pulse, heart churning
or rubbing sound, and the presence of edema in the
submandibular region were considered (Roth and
King, 1991). For the existence of rumen alkalosis, the
presence of pH >7.2 with a decrease in the
movement and number of rumen infusoria was
accepted (Guzelbektes and Sen, 2014). For the
diagnosis of subacute emphysema, painless
subcutaneous crepitation on palpation, dyspnea,
and loss of appetite were considered (Muhammad et
al., 2017). For LDA, clinical findings such as sudden
onset anorexia, presence of ping sound on
auscultation, low milk yield, moderate abdominal
pain, and costal posterior enlargement of the left
fossa paralumbalis were evaluated (Fouda et al.,
2004). In addition, the suspicion of LDA was
confirmed by visualization of the abomasum on
ultrasonographic examination.

Hemogram Analysis: Hemogram analysis was
carried out from venous blood samples (8-10 mL, in
K3EDTA tubes) taken by vena jugularis venepuncture
from all cows included in the study, and the analysis
was performed using an autoanalyzer (Sysmex
Hematology Analyser, poch-100i, Japan) within 5-10
minutes after sampling. Within the scope of
hemogram analysis, leukocyte (WBC), granulocyte,
lymphocyte, and monocyte levels were evaluated.

Forming Subgroups: The results of physical
examination and hemogram analysis were used to
determine whether the present health issues were
infectious or non-infectious and to establish
subgroups. Thus, the cows included in the study
were divided into two subgroups Infectious (n:14)
and Non-Infectious (n:26) groups.

Performing Glutaraldehyde Coagulation Test:
A glutaraldehyde coagulation (GC) test was
performed on all the cows' venous blood samples,
divided into subgroups. For this reason, we used a
solution prepared from 50 mL of 25%
glutaraldehyde, 1 g of Na:EDTA, and 1 liter of 0.9%
NaCl solution (saline). The components were mixed
homogeneously and maintained in dark glass
receptacles for optimal storage. For the test, 2 mL of
blood was collected and mixed with 2 mL of the
aforementioned glutaraldehyde solution in an
anticoagulant collection tube (K3-EDTA) (Doll et al.,

1985). The GC was measured for up to 15 minutes or
until coagulation (Doll et al., 1985). We used a digital
chronometer to keep time. We interpreted the
results as 0 — < 3 minutes for severe, >3 —< 6 minutes
for moderate, >6 — <15 minutes for mild, and > 15
minutes for a non-detectable inflammatory process
(Aslan ve Ok, 1991; Doll et al., 1985; Turgut, 2000).
GC test results of all the cows included in the study
are presented in Table 3.

Statistical Analysis: All data were evaluated
using SPSS 25.00 (SPSS for Windows) statistical
software. A one-sample Kolmogorov—Smirnov test
was used to determine whether all data were
parametric or nonparametric. Nonparametric data
were presented as median (min-max) using the
Mann—-Whitney U, Kruskal-Wallis test. To investigate
how accurately the present diagnostic
glutaraldehyde coagulation test discriminates the
presence of an inflammatory state and to determine
optimal sensitivity, specificity, and cut-off values,
receiver operating characteristic curve (ROC)
analyses were performed. Statistical significance was
considered at a p<0.05 for all data.

Results

In the physical examination, the respiratory
rate, heart rate, and body temperature of the cows
in the Infectious Group were higher than that of the
Non-Infectious Group (p<0.008). Physical
examination findings are presented in Table 1.

As a result of hemogram analysis, it was
determined that WBC and granulocyte levels of the
Infectious Group were higher than the Non-
Infectious Group (p<0.000). There was no statistical
difference  between the groups regarding
lymphocyte and monocyte levels. Hemogram
analysis results are presented in Table 2.

As a result of the GC test, the coagulation time
of the Infectious Group was determined as 70
seconds, while the duration of the Non-Infectious
Group was 165 seconds (p<0.001) (Table 3). In
addition, as a result of the receiver operating
characteristic (ROC) analysis, it was determined that
the optimal cut-off value was 100 seconds
(sensitivity: 87%, specificity: 72.7%) for the
determination of the presence of an inflammatory
process. The ROC curve is presented in Figure ,1 and
ROC analysis results are shown in Table 4.

Discussion and Conclusion

Studies have shown that the GC test is a helpful
test that maintains its importance among diagnostic
tools for a long time without losing its currency
(Akylz and Aydin, 2022; Aslan and Ok, 1991;
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Metzner et al.,, 2007; Tschone et al., 2021, and fast results make the test frequently preferred in
Tschone et al., 2022). The easily accessible, cheap, determining the presence of inflammation,

Table 1. Physical examination findings.

Infectious Group (n: 14) Non-Infectious Group

Parameters median (n:2.6) p value
. median
(min-max) .
(min-max)
Respiratory rate 64 37
0.000
(breath/min) (35-80) (22-72)
Heart rate 80 64
0.000
(beats/min) (64-108) (48-84)
Body temperature 39.1 38.4
0.008
(°c) (37.9-40.2) (37.1-40)
Table 2. Hemogram analysis results.
Infec'zlno.u:“();roup Non-Infectious Group (n:26)
Parameters - median p value
median .
. (min-max)
(min-max)
WBC 15.65 9.9
0.000
(x10° cells per liter) (14.1-29.5) (4.9-18.5)
Granulocyte 11.95 6.1
0.000
(x10° cells per liter) (11.3-24.9) (2.2-12.4)
Lymphocyte (x10° 2.6 2.3
0.745
cells per liter) (2.1-5) (0.8-8.1)
Monocyte 0.65 0.5
0.582
(x10° cells per liter) (0.2-1.1) (0.2-1.7)
Table 3. Intergroup glutaraldehyde coagulation test results.
Infec’;:).u:sroup Non-Infectious Group (n:26)
Parameters - median p value
median .
. (min-max)
(min-max)
Glutaraldehyde
70 165
coagulation time 0.001
(30-280) (60-1020)
(seconds)
Table 4. Diagnostic ROC analysis result of the glutaraldehyde coagulation test.
Asymptotic 95% Confidence
Area Under Asymptotic Interval
a i b : o e
Curve Std. Error Sig. Lower Bound _ Upper Bound Cut-off Sensitivity  Specificity
0.866 0.068 0.001 0.733 0.998 100 87% 72.7%

The test result variable(s): Glutaraldehyde coagulation test has at least one tie between the positive actual state group
and the negative actual state group. Statistics may be biased.

aUnder the nonparametric assumption

bNull hypothesis: true area = 0.5
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Figure 1. Diagnostic ROC curve of the glutaraldehyde
coagulation test. Diagonal segments are produced by ties.

especially in a farm setting (Aslan and Ok, 1991;
Turgut, 2000). In the present study, a significant
difference was observed in GC test results between
the Infectious and Non-infectious groups (p<0.001).
Also, it was observed that the GC test is useful in
understanding whether the diseases are of
infectious etiology. According to the diagnostic ROC
analysis, the cut-off value of the GC test in the
differentiation of infectious and non-infectious
diseases was determined as 100 seconds,
considering the optimal sensitivity (87%) and
specificity (72.7%) values (Table 4).

Respiratory system diseases of cattle are the
most common diseases that harm the herd health
and livestock industry (Peel, 2020). It is reported that
the mortality of bovine respiratory system diseases
in the United States causes an annual loss of 907
million United States dollars (USDA, 2017). The fact
that respiratory system diseases cause high
economic losses and are observed most frequently
indicates that there is a need for up-to-date studies
on the subject. A previous study reported that the GC
test result was 2 minutes in cattle with pneumonia
(Metzner et al., 2007). In a study of 30 calves in which
the GC test was evaluated, it was reported that the
coagulation time was less than 3 minutes (severe) in
18, between 3-6 minutes in 9 (moderate), and 6-15
minutes in 3 (mildly severe) out of 30 calves (Akyiiz
et al., 2022). The GC test time of the present study
was 70 (35-90) seconds in cows of the Infectious
Group was classified as severe, and the results were
consistent with previous studies.

In cattle, especially calves, enteritis and
diarrhea are important herd health problems, with
the highest mortality causing significant economic
loss following respiratory system diseases (Aygin
and Yildiz, 2018;). In the literature review, we could
not find a study in which the GC test was evaluated
in cases of enteritis with an infectious etiology.
However, it was reported that the GC test result
ranged between 21-36 minutes (negative) in cases of

enteritis due to alimentary simple indigestion
etiology (Uhde et al., 2008). In the present study, the
GC test result of cows in the Non-Infectious Group
with simple indigestion was determined as 165 (70-
200) seconds (severe). Compared with previous
studies, the shortened GC time of the present study
may be related to the amount and composition of
feed consumed, and the time to hospital admission,
which may affect the severity of the inflammation. In
addition, due to the working principle of the GC test,
a negative test result is a typical situation where the
fibrinogen and globulin levels do not increase and/or
slightly increase (Turgut, 2000). In the present study,
the 70 (30-280) seconds (severe) GC time of the
cattle with infectious enteritis was associated with
increased amounts of globulin and fibrinogen during
the infectious process compared with the alimentary
enteritis cases. Investigation of the GC test in more
cattle with enteritis of infectious etiology is
recommended to demonstrate the diagnostic
efficiency of the test.

Abomasum ulcer in cattle is an important
condition that causes various clinical findings
according to its grade, and diffuse peritonitis is a
common finding. In cases of type-4 ulcers, the
prognosis is unfavourable, and death usually occurs
within 24-48 hours (Braun et al., 2019a, Braun et al.,
2019b). In a study conducted in cattle with
abdominal ulcers, GC test results were severe in 14%
(<3 min), moderate in 17% (3-6 min), mild (6-15 min)
in 67%, and negative in 2% (>15 min) (Braun et al.,
2019 b). The GC time of the cattle with abomasum
ulcers in the Non-Infectious Group of the present
study was determined as 165 (104-230) seconds
(severe). The higher values in the present study may
be related to the grade of abomasal ulcer. It was
reported that the severe GC test results in the
previous study were observed in cows with third-
grade abomasal ulcers (Braun et al., 2019a).
Abomasal perforation was detected in two of the
present cases, characterized by antemortem findings
such as severe melena and pale mucous membranes
and were referred to slaughter; thus, they were
evaluated as grade 4. For this reason, more severe
and widespread inflammation in grade 4 ulcer types
causes a severe GC test result. Although the GC test
results in cows with abomasum ulcer was defined as
severe in the present study, it is recommended to
investigate the diagnostic efficacy of the GC test in a
study in which abomasum ulcers are classified
according to their grade.

Reticuloperitonitis traumatica (RPT) is an
important condition that causes different degrees of
inflammation and complications in cattle due to
sharp foreign bodies ingested with feed, penetrating
the reticulum and damaging various tissues and
organs (Braun et al., 2020). In a study, GC test results
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were found to be severe in 80%, moderate in 15%,
and mild in 5% of the group with adhesive RPT. In the
same study, it was reported that in cows with non-
adhesive RPT, 30% were severe, 45% were
moderate, and 25% were mild (Akylz and Aydin,
2022). In a study conducted in cases with acute and
chronic RPT, it was reported that the GC time was
191 seconds in acute and 131 seconds in chronic
cases (Ozba, 1996). In the present study, it was
determined that the GC test result was 145 (33-360)
seconds (severe) in cattle with RPT of the Non-
Infectious Group (6 severe, 1 moderate). These
findings may be related to the severe, acute,
adhesive nature of RPT and the delayed admission
time to the hospital.

Functional gastric stenosis (Hoflund syndrome)
is a transitional disorder characterized by inhibition
of gastric passage. Compression and/or damage of
the various branches of the vagus nerve innervating
the stomach prevent passage in the pylorus, ostium
reticulomasi and/or cardia parts of the stomach and
as a result, the disease occurs (Bilal, 2004; Gul and
Issi, 2009). The results of the present study were in
agreement with the previously reported results (Gul
ve Issi, 2009). These findings may be related to the
fact that denervation in the present case was
associated with the presence of RPT (Bilal, 2004).

Although the presence of bezoar varies
according to its localization, it can cause functional
stenosis similar to Hoflund syndrome. In addition to
stenosis, it can cause compression ischemia, and
consequently necrosis, and gangrene in the affected
region. Thus, the onset of an inflammatory process
due to compression is expected (Cortés-Beltran et
al., 2022; Tschuor et al., 2010). Also, the results of
the GC test may vary according to the severity of the
inflammation in the region where the bezoars are
located. The cows affected by the presence of
bezoars in the present study had a GC time of 15
minutes (mild). The mild GC test result detected in
the present study may be associated with ischemia
and necrosis caused by the bezoar that initiates the
inflammatory process (Tschuor et al., 2010).

Left displacement of the abomasum (LDA) is an
important postpartum disease, especially in high-
yielding dairy cows (LeBlanc et al., 2005). In a study
conducted on 52 cows diagnosed with LDA, the GC
test results were determined as moderately severe
(6.5 (0.5-16) minutes) (Tschoner et al., 2021). In the
present study, there was only 1 case with LDA, and
the test was described as mild (10.5 minutes). The
very different GC values in the previous study may
indicate that the inflammatory process is related to
the displacement's time of occurrence and severity.
Since it was the first day of the cow's complaints in
the present study, a mild GC test was considered as
an expected result.

Although subcutaneous emphysema is mainly
related to respiratory distress, it can also develop
due to trauma, operative interventions, and gaseous
gangrene (Rashid and Saqi, 2017). In the literature
review, no study was found in which the GC test was
evaluated in cows with subcutaneous emphysema.
However, it was reported that the severity of
inflammation and clinical findings that may occur in
the cattle are highly variable depending on the
etiology (Rashid and Saqi, 2017). GC test result was
negative (17 min) in the cow with subcutaneous
emphysema of the present study. Anamnestic data
revealed that this case occurred due to traumatic
reasons. During the physical examination, it was
observed that the affected area was scanted and
could not contribute significantly to generalized
inflammation. Therefore, it was considered normal
that the GC test did not result in a positive.

Causes such as sudden consumption of protein-
rich feed in a short time, feeding with excessive
amounts of urea, sudden ration changes, and
providing large amounts of straw for a long time
raise the rumen pH to 7.5 and above. This condition
is called rumen alkalosis. (Vijayakumar et al., 2010).
In the literature review, no study was found in which
the GC test was evaluated in cows with ruminal
alkalosis. Since the increase in rumen pH causes a
decrease in the number of saccharolytic and
amylolytic microorganisms and an increase in E. coli,
Pseudomonas and Proteus group bacteria, the
severe and moderate cases of the present study was
associated with the inflammatory process due to
overgrowth of these aforementioned bacteria
(Guzelbektes and Sen, 2014).

Especially in the first period of the postpartum
period, the occurrence and prolongation of NEB
state in high-yielding dairy cows increase the risk of
hepatic lipidosis (Collins and Reid, 1980). Ketone
bodies, which can reach pathological levels in the
blood circulation as a result of NEB, cause
generalized inflammation with metabolic acidosis
(Ingvartsen, 2006; Lei and Simoes, 2021). Therefore,
a positive GC test result is expected. In the Non-
Infectious Group of the present study, 4 severe (128
(60-160) seconds) and 2 moderate (270 (180-360)
seconds) cases were observed. These findings may
be related to the presence of endotoxin, which
enters the blood circulation from the rumen and
contributes to the development of hepatic lipidosis
and the activation of the immune system and acute
phase response in cases of hepatic lipidosis (Ametaj,
2005).

This study has some limitations. Although the
small sample size scenario is common in medical
tests, a comprehensive study of small sample size
properties of various methods for constructing the
confidence/credible interval (Cl) for the AUC has yet
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to be included in the literature. As previously
reported (Feng et al., 2017), it was observed that the
larger the true AUC value and the smaller the sample
size, the larger the discrepancy among the results of
different approaches. Therefore, the major
limitation of this study is the limited number of
animals which may influence the results of the ROC-
based diagnostic performance analyses. Hence, the
authors recommend evaluating the promising
results of this study with a larger number of animals
with various diseases.

In the present study, the diagnostic efficacy of
the GC test was evaluated along with clinical
examinations and hemogram analysis results in
infectious diseases such as pneumonia and enteritis
and non-infectious diseases such as ulcer of the
abomasum, presence of bezoars, downer cow,
Hoflund syndrome, hepatic lipidosis, rumen
alkalosis, and LDA. Conducting future studies on
diseases that were evaluated in the present study,
but for which the GC test has not been evaluated yet,
may increase the effectiveness and prevalence of the
GC test. Although the current study results are
promising, there is a need for studies investigating
the diagnostic and prognostic efficacy of GC tests
with more animal material. As a result, it was
observed that the GC test might give results ranging
from mild to severe even in some non-infectious
diseases such as rumen alkalosis, left displacement
and, ulcer of the abomasum. It was concluded that,
especially in the farm environment where
comprehensive laboratory analyzes are difficult to
perform, when evaluated along with the clinical
findings, the GC test could provide helpful
information for the diagnosis and prognosis of
various diseases.
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Erzincan ili Siit Sigirciligi isletmelerinde Postpartum Dénem Klinik Mastitis
insidensi ve insidense Etkili Bazi Faktérler
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Gelis Tarihi: 31.10.2022 Kabul Tarihi: 12.12.2022
Ozet: Bu arastirma; Erzincan ilindeki siit sigircihgi isletmelerinde postpartum dénemin énemli endemik hastaliklarindan biri
olan klinik mastitis vakalarinin insidensi ve bu insidensin bazi yetistirici ve isletme 6zellikleri ile koruyucu hekimlik tercihlerine
gore nasil bir degisim gosterdigini tespit etmek amaciyla gergeklestirilmistir. Arastirmanin materyalini Erzincan il merkezine
bagh Damizlik Sigir Yetistiricileri Birligine Giye 910 isletmeden rastgele segilen 63 isletmenin 683 adet postpartum donem verisi
olusturmaktadir. Postpartum donem klinik mastitis insidensinin agirhkli ortalamasi %10,68 olarak hesaplanmistir. Bu
insidensin irklara gére dagilimi; Montofon ve melezi irkta %6,20; Simental ve melezi %10,71; Holstayn irkinda %15,65 olarak
hesaplanmistir. Kiglik 6lgekli, kapali tip barinak ve bagl sisteme sahip isletmelerdeki ineklerde insidens oranlari sirasiyla
%13,29; %11,44; ve %12,12 olarak ortalamadan daha yiiksek oranda oldugu ve farkhhgin p<0,05 diizeyinde (anlamh) oldugu
tespit edilmistir. Postpartum klinik mastitis insidensinin; duzenli CMT uygulamasinin yapildigi (%3,5), tcret karsiliginda
danismanlik hizmetinin alindigi (%4,31), sit sigirciligl egitiminin alindig1 (%7,39), sagim 6ncesi daldirma kabi uygulandigi
(%8,77) isletmelerdeki ineklerde daha dustik seviyede oldugu belirlenmistir (p<0,05). Postpartum klinik mastitis insidensinin
hedef insidens degeri %5 olarak hesaplanmis olup, mastitis kontrol yonteminde ihmal edilen hususlarin oldugu ve sakinilabilir
kayiplarin olustugu isletmelerdeki ineklerde insidensin ortalama %15,85 oldugu tespit edilmistir.
Anahtar Kelimeler: Endemik, insidens, Klinik mastitis, Mastitis kontrol, Postpartum, Siit sigircilig.

Incidence of Postpartum Clinical Mastitis and Some Factors That Influence This Incidence in Dairy
Herds in Erzincan Provinces

Abstract: This study was conducted to determine the incidence of clinical mastitis cases, one of the endemic diseases of the
postpartum period, in dairy cattle farms in Erzincan province and how this incidence varies according to some breeder and
farm characteristics and preventive medicine preferences. A total of 683 postpartum period data from 63 enterprises were
randomly selected from 910 animal enterprises members of the Erzincan Cattle Breeders Association. The weighted average
of the incidence of postpartum clinic mastitis was calculated as 10.68%. The distribution of the mastitis incidence was
calculated as percentage following 6.20% in the Montafon breed, 10.71% in the Simmental breed, and 15.65% in the Holstein
breed. The incidences of mastitis in small-scale of herd sizes, closed barn type, and tie-stalls barn were 13.29%, 11.44% and
12.12%, respectively. Those percentages were higher than the general average incidence of mastitis (P<0.05). On the other
hand, the incidences of postpartum clinic mastitis were also calculated according to the producer’s criteria, such as regularly
taking California Mastitis Test (3.50%), routinely taking counseling service (4.31%), being educated for dairy herds (7.39%),
applied teat dipping (8.77%). The dairy herds with the producer criteria mentioned above had a lower incidence of
postpartum clinic mastitis than the general average (P<0.05). The target incidence value of postpartum clinical mastitis
incidence was 5%. It has been determined that the incidence in cows is 15.85% on average in enterprises where there are
neglected issues in the mastitis control method, and avoidable losses occur.

Keywords: Clinical mastitis, Dairy, Endemic, Incidence, Mastitis control, Postpartum.

Giris

Turkiye’'nin Dogu Anadolu Bolgesinde yer alan
Erzincan ili; buylkbas hayvan varligi, arazi dagihmi ve
tarimsal orgitlenme durumu géz 6niine alindiginda
hayvancilik agisindan 6nemli bir potansiyele sahiptir.
Tirkiye buyikbas hayvan varliginin  %0,71i
Erzincan’da bulunup ilin tarimsal haslilasinin

%57,38'ini hayvansal Uretim degerleri
olusturmaktadir. Hayvancilik icin énemli olan cayir-
mera alanlar il arazi ylzolgiminin  %36’sini

olusturmaktadir. il genelinde 8.170 adet biyiikbas
hayvan isletmesi bulunmakta olup, bu isletmelerin
%27,93'U 1-5 bas, %20,13'l 6-10 bas, %24,60’1 11-20
bas ve %27,33’l 21 bas ve Uzeri hayvan varligina
sahiptir. Bu hayvanlarin sadece %3,6'si yerli irk olup
geri kalani kultir ve melezi irklardan olusmaktadir
(Anonim (1), 2022; Anonim (2), 2022).

Sut dretiminin ilk basamagi olan sit sigircihg
isletmelerinden temin edilen sitiun igerigini ve
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Uretim miktarini etkileyen faktorlerden birisi de
isletmelerde yaygin olarak gorilen mastitistir.
Mastitis, enfeksiyoz (bakteri, virlis, mantar ve algler)
ve enfeksiydz olmayan (fiziksel ve kimyasal)
etkenlere karsi memenin gostermis oldugu
anatomik, hiicresel ve humoral yanit neticesinde
meme bezinin yangisi olarak tanimlanmaktadir
(Biggs, 2009; Vural ve ark., 2016). Temel olarak klinik
ve subklinik olmak tizere 2 ayri formu bulunmaktadir.
Klinik mastitis; meme bezinde kizariklik, siskinlik,
agri, genel durum bozuklugu ve sitin yapisinin
degismesiyle gozle teshis edilebilirken, subklinik
mastitis ise sltteki somatik hicre sayisina bagh
olarak gelisir ve herhangi bir klinik bulgu olusturmaz
(Contreras ve Rodriguez, 2011).

Sut sigirciliginda genetik seleksiyon ve bakim-
beslemedeki gelismeler neticesinde sit verimlerinde
onemli artislar saglanmistir. Ancak verimdeki bu
iyilesmeye karsin saglk ve fertilite problemlerinde
de oOnemli Olgide artis meydana gelmistir
(Hailemariam ve ark., 2014; Ingvartsen ve ark.,
2003). Bu artislarda sut sigirciligl isletmelerinde
endemik seyirli saglik problemlerinin (eradikasyonun
mumkin olmadigi ve isletmelerde farkli dizeylerde
gorllen hastaliklar) ayri bir 6nemi bulunmaktadir
(Yildiz ve Yalgin, 2014). Sat sigirciligr isletmelerinde
sorun olusturan endemik hastaliklar, 6zellikle
peripartiruent slrecin (Drackley, 1999) (gebeligin
son 4 haftasi ile laktasyonun ilk 4 haftasini) ikinci
bollimi olan postpartum déneminde 6nemli 6lglide
verim ve finansal kayiplara neden olmaktadir
(Martins ve ark., 2013). Postpartum dénemde
maternal rezervlerin hizla kullaniimasi ile birlikte
besleme ve bakim sartlarinin vyetersiz oldugu
ineklerde immun sistem baskilanmaktadir. Bu
durumda inekler metabolik, reprodiiktif ve meme
hastaliklarina yatkin hale gelebilmektedir.

Postpartum doénemde, ineklerin %30-50'sinin
yetistirme hastaliklarindan en az birinden etkilendigi
(Leblanc, 2010), klinik mastitis vakalarinin %23,4-65’i
(Svensson ve ark., 2006; Waller ve ark., 2009; Zwald
ve ark., 2004) bu donemde meydana geldigi, klinik
mastitise yakalanma olasiliginin erken ve orta
laktasyon déneminde ge¢ laktasyon donemine gore
1,5 kat daha fazla oldugu bildiriimektedir
(Suriyasathaporn ve ark., 2000).

Endemik hastaliklar igerisinde de mastitis;
hayvan refahi ve gida glvenligi problemlerine yol
acmasi, zoonotik karakterli bir hastalik olmasi gibi
etkilerine ek olarak ciddi ekonomik kayiplarin oldugu
bir sorun olarak degerlendirilebilmektedir (Azooz ve
ark., 2020; Seegers ve ark., 2003; Vural ve ark.,
2016). Mastitis, hayvancilik isletmelerinde teshis, ilag
ve tedavi, sut veriminin ve kalitesinin dlismesine
bagh kayiplar, iscilik gibi farkl dizeylerde direkt ve
st dretim kayiplari, gelecekteki Greme kaybi ve
siriaden erken ayirma ve degistirmeye bagl kayiplar

gibi indirekt kayiplara sebep olarak 6nemli dizeyde
ekonomik etkilere yol acabilmektedir
(Aghamohammadi ve ark., 2018; Rollin ve ark., 2015;
Seegers ve ark., 2003). Holstayn ineklerde klinik
mastitisin Greme ve siit verimine olumsuz etkilerinin
oldugu, hastaligi gecirmeyen ineklere gore
buzagilama araligini 6,1 giin uzattigi ve 305 gunliik
laktasyon silrecinde 549,6 kg siit verim kaybin
oldugu, pik sit verimine ulasmadan 6nce hastaliga
yakalanan ineklerin bu dénemden sonra hastaliga
yakalananlara goére 506 kg verim kaybi oldugu
hesaplanmistir (Boujenane ve ark., 2015).

Klinik mastitis vakalarinin finansal boyutuna
bakildiginda, Turkiye’de Yildiz ve Yalgin (2014)
tarafindan yapilan arastirmada her klinik mastitis
vakasi sonucu olusan ekonomik kayiplarin (ntks
dahil) hastaligin hafif, orta ve siddetli formlarinda
siraslyla 158 It, 436 It, 1204 It ¢ig st esdegeri olarak
hesaplanmistir. Sariézkan (2019), 2019 vyili cari
fiyatlari ile hastaligin maliyetinin hafif/orta siddetli
vakalar igin laktasyon sUt veriminin %9,9’una,
siddetli vakalar igin ise %22,6’sina karsilik geldigini
hesaplamistir.

Postpartum déneme 6zgli PKM (postpartum
klinik mastitis) vakasinda ortalama 444$ (128$
direkt+316S indirekt) maliyet hesaplanmistir (Rollin
ve ark., 2015). Yildiz (2018)’'de PKM’de vaka basina
ortalama finansal kaybin literatiirde 73$ ile 621$
arasinda degistigini ve bu kayiplarin ortanca
degerinin 2125’a karsilik geldigini bildirmektedir.

Sut sigirciigr isletmelerinde klinik mastitis
kaynakli insidens oranin artmasi ve dolayisi ile olusan
finansal  kayiplarda, vyetistirici  profilinin  ve
yetistiricilerin isletmecilik prensiplerinde gz ardi
ettikleri unsurlarin  6énemli etkisi bulunmaktadir
(Suresh ve ark., 2017). Oyle ki, yetistiriciler genel
olarak karlihklarini devam ettirip sGt dretim
miktarlarini  yikseltmek igin uygun rasyon ile
ineklerini beslemeye calisirken, ¢ok az bir kismi
yasadiklari endemik hastaliklardan kaynaklanan
finansal kayiplari gbz 6ninde bulundurmaktadirlar
(Ingvartsen, 2006; Yildiz ve Yalgin, 2014).

Ulusal Mastitis Konseyi, meme sagligi kontrol
uygulamalarini  temelde 10 madde olarak
belirlemistir. Bu programda; hayvan refahina uygun,
temiz ve kuru bir gevre, dogru sagim prosedird,
sagim ekipmanlarinin uygun olmasi ve uygulanmasi,
isletme  kayitlarinin  iyi  tutulmasi, laktasyon
déneminde tedavi, biyoglvenlik dnlemleri, isletme
kayitlarinin diizenli tutulmasi ile sird bazinda
mastitis icin gercek¢i hedeflerin  belirlenerek
programin periyodik olarak gdzden gecirilmesi yer
almaktadir (Kaplila ve Vural, 2016).

Mastitis kontrol yénteminde ihmal edilen
hususlar hastaligin insidensini artirmakta ve ciddi
ekonomik kayiplara neden olmaktadir (Kiplila ve
Vural, 2016; Yildiz ve Yalgin, 2014). Bu arastirmada;
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PKM insidensi ile insidensin yetistirici, isletme
ozellikleri ve mastitis kontrol yontemlerine gére nasil
bir degisim gosterdigi belirlenmeye calisiimistir.

Materyal ve Metot

Arastirmada yer alacak isletmelerin segiminde;
Gyelik icin en az 5 bas inege sahip, kismen de olsa
pazara donlik Gretim yapan, soy kutugl verilerini
dizenli olarak tutan Damizlik Sigir Yetistiricileri
Birligine Uye isletmeler tercih edilmistir.

910 Birlik Gyesi isletmeden Orneklem
blylklGgiiniin (n) hesaplanmasinda asagidaki formiil
kullanilmistir (Dean ve ark., 2013):

n = [DEFF*Np(1-p)]/ [(d*/Z%1-a/2*(N-1)+p*(1-p)]

Formilasyonda; N=popilasyon blyuklugi
(910), p= yapilan arastirmalarda bildirilen hastalgin
gorilme sikligi (%5), d=hata payi (%5), Z1-a/2=1,96
ve DEFF=1 (rastgele ornek etkisi) olarak yapilan
hesaplamada %95 giliven araliginda 06rneklem
blylikligli 68 isletme (%94 given araliginda 49

isletme) olarak tespit edilmistir. Proje baslangicinda
90 isletme basit rastgele ornekleme ydntemiyle
secilerek veri temin formu ile isletme ziyaretlerine
baslanilmistir. isletmeler 4 kere ziyaret edilebilmis,
ilk ziyaret bilgilendirme amagli olup kayit esnasinda
dikkat edilecek hususlar belirtilmistir.  Klinik
mastitisin tespitinde yetistirici ve/veya veteriner
hekimlerin midahalede bulundugu vakalar dikkate
alinmistir. Son isletme ziyaretinde yetistirici ve
isletme Ozellikleri ile ilgili koruyucu hekimlik
tercihlerine yonelik bilgiler veri temin formu
aracihgiyla temin toplanmistir. Arastirmanin son
isletme ziyaretinde bazi isletme sahiplerine
ulasilamamis, bazilarinin verileri ise givenilir olarak
kabul edilemediginden 63 isletmeye ait 683 adet
postpartum doénem klinik mastitis verisi ile analizler
gergeklestirilmigtir.

PKM doénem olarak dogum sonrasi 30 glinlik
periyot dikkate alinmis olup insidens asagidaki
formal kullanilarak hesaplanmistir (Beaglehole ve
ark., 2006):

Postpartum klinik mastitis insidens orani (%) =

Vaka sayisi
x 100

Postpartum donemdeki hayvan sayisi

Hedef insidens 1/3’lik  dilime  gore
hesaplanmistir.

Verilerin  normalite varsayimlarini  yerine
getirememesi nedeniyle (basikhk ve carpiklik
degerlerinin yiksek olusu, Shapiro-Wilk degeri)
gruplarin karsilastirilmasinda nonparametrik testler
tercih edilmistir. Coklu gruplarin karsilastirilmasinda
Kruskal Wallis, ikili gruplarin karsilastirilmasinda
Mann Whitney U testi ile yapiimistir. Bu testlerde ve
tanimlayici istatistik analizlerinde isletme
Olceklerinde farkhliklarin insidens oranlarina etkisini
azaltmak icin aritmetik ortalama vyerine agirlikli
ortalama kullanilimistir.

istatistiki analizlerde SPSS 15.0 programi
kullaniimistir.

Bu arastirmada “Hayvan Deneyleri Etik
Kurullarinin - Calisma Usul ve Esaslarina Dair
Yonetmelik” kapsaminda etik kurul alinmasi
gerekmemektedir.

Bulgular

Arastirma kapsamindaki isletmelerde bulunan
ineklerin %64,3’0 simental ve melezi, %18,9’u
montofon ve melezi, %16,8’i holstayn irki ineklerden
olusmaktadir. PKM insidensi en yliksek %15,65 ile
holstayn irki ineklerde goriliirken, en az %6,2 ile
montofon ve melezi irki ineklerde meydana geldigi
tespit edilmistir. Tim ineklerin dikkate alindigi
hesaplamada PKM insidens degerinin %10,68 oldugu
belirlenmistir.

Hedef insidens; 1/3’luk dilimde %5 olarak
hesaplanmistir (21 isletme). Bir baska ifade ile 63
isletmenin 1/3’lik diliminde yer alan 21 isletmede
hastaligin insidens degeri %5 ve altinda olup 42
isletmedeki 429 hayvanda bu oranin ortalama
%15,85 oldugu tespit edilmistir

Mevcut arastirma igerisinde yer alan
isletmelere ait 6zellikler ve bu 6zelliklere gore PKM
insidens oranina iliskin bilgiler Tablo 1’de verilmistir.

Tablo 1'de gorildigli Uzere, arastirma
kapsamindaki igletmelerin %73’G kiguk olgekli,
%63,5’i kapali tip barinaga sahip olup, %92,1 oldukga
yuksek bir oranda bagh sistemde hayvanlarin
yetistirildigi tespit edilmistir. isletmelerin yaklasik
%90’a yakin bir kisminda revir ve dogumlarin
gerceklestigi padok bulunmamaktadir. isletme lcegi
kiicik olan, kapali tip barinaga sahip, bagh sistemin
oldugu isletmelerdeki ineklerde PKM insidens
degerinin sirasiyla %13,3, %11,4, %12,1 ile daha
yuksek seyrettigi gorilmektedir. Ayni sekilde
isletmesinde revir bélimiin bulunmadigl, dogumun
ayri bir bolme yerine ahirda gergeklestigi isletmelerin
ineklerinde insidens oranin %11,7 ve %12,6 ile daha
yuksek oldugu dikkati cekmektedir.

Yetistiricilere ait egitim ve tecriibe dizeyi,
yenilikleri  takip etme durumu, danismanhk
hizmetinden faydalanma durumuna iliskin bilgiler ve
bu bilgilere gére PKM insidens oraninin durumu ile
ilgili veriler Tablo 2’te sunulmustur.

Tablo 2’de gorildugi Uzere, isletme sahiplerinin
%68,3’Unln ilkogretim seviyesinde resmi bir egitimi
bulundugu, vyetistiricilerinin yaklasik %85’inin sit
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sigircthig ile ilgili 6zel bir egitim almadig ve islerini
baba meslegi olarak devam ettirdikleri tespit
edilmistir. Yetisicilerin yaklasik yarisinin 21 yildan
fazla bu is ile istigal etmelerine karsin, yenilikleri

%68,3 oraninda televizyonlardan takip ettikleri, Gcret
karsithigi danismanlk hizmeti alan yetistiricilerin
oraninin ise %4,8 oldugu belirlenmistir.

Tablo 1. isletme 6zellikleri ve bu 6zelliklere gdre klinik mastitis insidens oranin degisimi*.

isletme Ozellikleri isletme Orani inek PKM insidensi Std.
sayisi (%) sayisi (Agirlikh ortalama, %) Sapma
isletme olgegi Kuglk olgekli (10 bas alti) 46 73,0 316 13,3 12,8
Orta ve buyuk 6lgekli (10 bas Usti) 17 27,0 367 8,4 6,2
Barinak tipi Kapal 40 63,5 341 11,4 10,1
Acik ve yari agik 23 36,5 342 9,9 10,0
Barinak sistemi Bagli sistem 58 92,1 528 12,1 10,8
Serbest sistem 5 7,9 155 5,8 4,2
Revir Yok 56 88,9 538 11,7 10,8
Var 7 11,1 145 6,9 5,6
Dogumlarin Ahir 12,7 491 12,6 10,9
gergeklestigi yer Dogum padogu 55 87,3 192 5,7 4,9
* Tablodaki tim karsilastirmalar P<0,05 diizeyinde anlamli bulunmustur.
Tablo 2. Yetistiricilerin resmi ve mesleki egitim dizeyi ile bu 6zelliklere gére PKM insidensinin aldigi degerler”.
: Agirlikh
P . C e e Isletme Orani .
Yetistiricinin resmi ve mesleki egitim diizeyi Inek sayisi ortalama Std. Sapma
sayisi (%) %)
ilkdgretim 43 68,3 347 14,5 10,7
Resmi egitim diizeyi Lise 13 20,6 176 8,5 8,7
Universite 7 11,1 149 5,4 5,3
st sigircih@ egitimi Hayir 53 84,1 480 12,1 10,9
Evet 10 15,9 203 7,4 6,8
Baba meslegi Evet 54 85,7 536 11,2 10,1
Hayir 9 14,3 147 8,8 9,9
Az (1-10 yil) 13 20,6 155 7,1 7,9
Tecriibe Diizeyi Orta (11-20 yil) 17 27,0 256 10,2 9,3
Cok (21 yil ve Gzeri) 33 52,4 272 13,2 11,2
Yenilikleri takip etme  Televizyon 43 68,3 342 13,7 11,6
yontemi** internet 18 28,6 332 7,2 6,3
Hayir 2 3,2 24 25,0 5,0
Danigmanlik hizmeti o cisiz Olarak veteriner 58 92,1 555 11,7 10,3
hekimden
Ucret karsiligi veteriner hekimden 3 4,8 116 4,3 4,2
* Tablodaki tum karsilastirmalarda istatistiki olarak farkliliklar P<0,05 diizeyinde anlamli bulunmustur.
** 2 isletmenin verisi eksik oldugu igin hesaplamaya dahil edilmemistir.
Resmi egitim dlzeyi ilkogretim olan, sit sagimin  farkli  kisiler  tarafindan  yapildigi

sigircihgr egitimi almamis, baba meslegi olarak isini
sirdiren isletmelerdeki ineklerde insidens oranin
sirasiyla %14,5, %12,1, %11,2 ile daha yliksek oldugu
tespit edilmistir. Yenilikleri internetten takip edip
Ucret karsihg veteriner hekimlerden danismanhk
hizmeti alan isletmelerdeki ineklerde PKM insidensi
siraslyla %7,2 ve %4,3 ile oldukga diisik seviyede
oldugu gorilmektedir.

Yetistiricilerin sagim ile ilgili bazi tercihleri ve bu
tercihlere gére PKM insidens degerleri Tablo 3’te
sunulmustur. Tablo 3 incelendiginde sagimlarin;

%82,5 oraninda siralama yapilmadan rastgele
yapildigi, %15,9’unun elle gerceklestirdigi,
%77,8'inin  ayni  kisiler tarafindan  yapildig

gorilmektedir. Sagimda siralamanin yapilmadigi,

isletmelerdeki ineklerde PKM insidensinin %13,8 ve

%16,2 ile olduk¢a ylksek diizeyde oldugu
belirlenmistir.  Sagimin  ayri  {initede yapildig
isletmelerde PKM insidensinin %7,7 en disitk

seviyede iken elle yapilan isletmelerdekiineklerde bu

oran %14,5e c¢ikmaktadir. Sagimdan sonra
yemlemenin vyapilarak ineklerin sagim sonrasi ilk
yarim saat icinde vyatmasinin  engellendigi

isletmelerde de PKM insidensi %9,9 ile daha disuk
bir dizeyde iken sagim oncesi daldirma kabi
uygulamasinin hi¢ kullanilmadigi, sagim makinesinin
periyodik bakimlarinin yapilmadig isletmelerdeki
ineklerde hastaligin insidensi sirasiyla %11,3 ve
%11,7 ile daha yiksek olmasi dikkati cekmektedir.

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Sayi 2

251



Harran Univ Vet Fak Derg, 2022; 11 (2): 248-256

Arastirma Makalesi

Yetistiricilerin bazi koruyucu hekimlik uygulama
tercihleri, bilgi diizeyi ve bu o6zelliklere gére PKM
insidensinin aldig1 degerler Tablo 4’te verilmistir.

Tablo 4’de goruldigu lGzere yetistiricilerin %81’
kuru dénem meme igi antibiyotigi, %88,9’u mastitis
asisini, %95,2'si meme tipasini hig

kullanmamaktadir.  Sirasiyla bu isletmelerdeki
ineklerde PKM insidensi %12,0; %11,3 ve %12,0 ile
ortalamadan oldukga ylksek seviyededir.
Yetistiricilerin yaklasik %401t CMT uygulamasini bilse
de %85,7’si bu testi hi¢ kullanmamaktadir. Dizenli

Tablo 3. Yetistiricinin sagim ile ilgili bazi tercihleri ve bu tercihlere gére PKM insidens degerleri®.

Agirlikh

. I PR IY - . . o . . H 0, H
Yetistiricinin sagim ile ilgili bazi tercihleri Isletme sayisi Orani (%) Inek sayisi ortalama (%) Std. Sapma
Sagimda sira (6ncelik)  Evet 11 17,5 247 53 4,7
durumu Hayir 52 82,5 436 13,8 11,0
Sagim Unitesi 6 9,5 182 7,7 6,6
Sagimin yapilma sekli ~ Ahirda makine ile 47 74,6 439 11,4 10,7
Elle 10 15,9 62 14,5 11,9
Sagimi hep ayni kisi Evet 49 77,8 572 9,6 9,8
mi yapiyor? Hayir 14 22,2 111 16,2 10,0
sagimemin diizenli Evet 13 20,6 162 10,5 9,7
eldiven kullanimi Hayir 50 79,4 521 10,7 10,2
Sagim sonrasi ilk Evet 8 12,7 69 17,4 6,9
yarim saatte ineklerin
yatma durumu Hayir 55 87,3 614 9,9 10,1
Her zaman 8 12,7 114 8,8 10,8
Sagim oncesi Bazen bazl
daldirma kabi . 7 11,1 93 9,7 11,9
mevsimlerde
kullanimi
Hic 48 76,2 476 11,3 9,5
Sagim makinesi Evet 8 15,1 155 58 71
kullananlarin
makinenin periyodik
bakimini yaptirma Hayir 45 84,9 471 11,7 10,6

durumu

* Tablodaki karsilagtirmalarda sagimcinin diizenli eldiven kullanimi digindaki tercihlerde istatistiki olarak farkliliklar P<0,05 diizeyinde

anlamli bulunmustur.

Tablo 4. Bazi koruyucu hekimlik uygulama tercihleri, bilgi diizeyi ve bu 6zelliklere gére PKM insidensin aldigi degerler”.

Bazi koruyucu hekimlik uygulama tercihleri ve . o inek Agirlikh

bunlarla ilgili bilgi duzeyi Isletme sayis1  Orani (%) sayisi ortalama (%) Std. Sapma
Kurudaki tiim ineklere 9 14,3 112 8,0 9,1

Kuru dénem

antibiyotik Yok 51 81,0 507 12,0 10,5

kullanimi Mastltlse sik yakalanan ve 3 48 64 47 25
ithal hayvanlara

Mastitis agist Evet 7 11,1 163 8,6 7,9

kullanimi Hayir 56 88,9 520 11,3 10,6

Meme tipasi Evet 3 4,8 117 4,3 3,7

kullanimi Hayir 60 95,2 566 12,0 10,5

California Mastitis Evet 25 39,7 382 8,9 8,8

Testi (CMT) biliyor

mu? Hayir 38 60,3 301 13,0 11,1
Evet, dlizenli olarak 2 3,2 57 3,5 5,2

CMT uygulamasi vet, duzenli olara , X ,

yapma/yaptirma Bazen, Suipheli durumlarda 7 11,1 175 9,7 8,1

d

urumu Hayir 54 85,7 451 12,0 10,8
* Tablodaki tum karsilastirmalarda farkhliklar istatistiki olarak P<0,05 diizeyinde anlamli bulunmustur.
Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Sayi 2 252



Harran Univ Vet Fak Derg, 2022; 11 (2): 248-256

Arastirma Makalesi

olarak CMT uygulamasi yapilan isletmedeki ineklerde
PKM insidensinin %3,5 ile olduk¢a diisiik sevide
olmasi dikkat cekicidir.

isletmelerin %19,0'InIn verime gore
yemlemenin yapildigi, %9,5’inin diizenli yem katkisi
kullandigi, %6,3’Gnln konsantre yemi analiz ettirdigi,
bu isletmelerdeki ineklerde PKM insidensinin
sirasiyla %8,1, %3,6, %4,4 ile oldukc¢a diistk seviyede
oldugu tespit edilmistir.

Tartisma ve Sonug

Klinik mastitis insidensi literatiirde genelde yillik
bazda incelenmekte olup postpartum doneme 6zgi
calismalar nispeten azdir. PKM insidens orani
Erdogan ve ark. (2004) tarafindan yapilan ¢alismada
40 isletmedeki 1052 inekte %3 olarak hesaplanmis,
Suthar ve ark. (2013) tarafindan bir baska
arastirmada da 24 isletmedeki 872 inekte %4,6
olarak bildirilmistir. Suthar ve ark. (2013) ¢alismada
PKM insidens oranini italya, Hirvatistan, Macaristan,
Polonya, Sirbistan, Slovenya, Portekiz, ispanya ve
Almanya’da sirasiyla %8,7, %8,1, %7,4, %7, %29,9,
%4,1, %4,6, %2,4, %1,8 olarak hesaplamistir. PKM ile
ilgili olarak Ribeiro ve ark. (2013) tarafindan ABD’de
yapilan bir ¢alismada klinik mastitis insidens orani
%15,3, Sepulveda-Varas ve ark. (2015) tarafindan
Sili"de yapilan ¢alismada klinik mastitis insidens orani
%11,7 olarak bildirilmistir. Bu bulgularda bile PKM
insidens degerleri minimum ile maksimum degerler
arasinda 17 kat farkhhgin olmasi oldukga dikkati
¢cekmektedir. Yildiz (2018) literatiir taramasi sonucu
elde ettigi sekonder verilerin ortanca degerini
hesaplayarak PKM insidenslerinin %7’ye karsilik
geldigini hesaplamistir. Bu durum insidensin; lilkeye,
bolgeye, isletme Olcegine, barinak tipine, hayvan
irkina ve yasina, hesaplama yontemine, isletmenin
tirtine (ozel isletme, halk elinde isletmeler vb),
teshis yontemine, siddetine, hastalik kontrol yéntem
ve tercihlerine gore farkhlik goéstermesinden
kaynaklanmaktadir (Cam ve inal, 2021; Oliveira ve
ark., 2013; Risvanh ve ark., 2021; Suresh ve ark.,
2017; Yalcin ve ark., 2008). Oyle ki Ankara ilinde
sahislara ait 45 isletmede yilik ortalama klinik
mastitis insidensi %42, laktasyon insidensi %32,5,
agirlikli ayhk insidens yénteminde bu degerin %34,9
oldugu hesaplanmistir (Yildiz, 2008; Yildiz ve Yalgin,
2014). Bir baska ifade ile ayni materyalde sadece
insidens hesaplama yénteminin degismesi halinde
bile insidens degerlerinde rakamsal olarak yaklasik
%10’luk farkhhgin bile olabilmesi literatir bulgularin
karsilastiriimasindaki zorlugu gostermesi agisindan
oldukga 6nemlidir. Bu nedenle farkli tlke, bolge,
isletme, irk, bakim ve besleme gibi unsurlarda ¢ok
farkli sonuglarin gikmasi kaginilmazdir.

Bu arastirmada PKM insidensi holstayn irki
ineklerde  (%15,65), simental ve montofon
melezlerinden daha yilksek diizeyde seyrettigi tespit
edilmis olup, Cam ve inal (2021) tarafindan yapilan
arastirmada da holstayn irki sigirlarda hastaligin
simental irki sigirlara gore daha yiksek oldugu
belirtiimektedir.

Bu arastirmada; kuglk oOlgekli, kapah tip
barinagin oldugu, vyetistiricinin resmi ve mesleki
egitiminin dusik oldugu, sagimin farkh kisiler
tarafindan yapildigi isletmelerdeki ineklerde klinik
mastitis insidensinin daha ylksek oldugu belirlenmis
bu bulgular Suresh ve ark. (2017)'nin Hindistan’da
yaptigl arastirma bulgulariyla ortismektedir. Bu
¢alismada, sagimci hijyeni, sagim yoéntemi, isletme
zemininin  tlrtndn, duzenli tirnak  kesiminin
yapilmasinin, yetistirme sekli ve emziren buzagilarin
varliginin da mastitis insidensi tzerine etkisi oldugu
belirtilmistir (Suresh ve ark., 2017). Sagim yontemi
ve hijyenin koti oldugu isletmelerde klinik mastitis
insidensinin daha yiksek oldugu bildiriimektedir
(Emre ve ark., 2011). Hollanda’da yapilan ¢alismada
da E. coli'nin neden oldugu klinik mastitis vakalarinin
¢ogunlukla barinma kosullari, hijyen ve sagim
makinesi ile iligkili oldugu belirtiimektedir (Barkema
ve ark., 1999). Kanada’da bagli durakh barinak tipine
sahip islemelerde insidensin daha yiksek oldugu
tespit edilmistir (Levison ve ark., 2016).

Senturk ve ark. (2014) tarafindan vyapilan
¢alismada; sagimcilarin eldiven kullanim oranin
%8,8, teat dipping uygulamasinin %14,7, siral
sagimin %80,9, kuru dénem tedavi uygulamasinin
%30,9 oldugu bildirilmistir. Konya, Burdur ve
Kirklareli illerindeki sit sigircilik isletme sahiplerinin
%21'inin lise ve Uzeri egitim dizeyine sahip oldugu,
%79’unun sit sigircihg ile ilgili herhangi bir egitim
almadigi, %46’sinin higbir sekilde yenilikleri takip
etmedigi, %93’Unln subklinik mastitis hakkinda bilgi
sahibi olmadig elle sagimin %6,6, sagimda eldiven
kullaniminin %18,3 oraninda oldugu, sagim sonrasi
teat dipping, kuru donem antibiyotik tedavisi,
mastitis asisi, CMT uygulayan ve klinik mastitis
vakalarini diizenli olarak kaydeden dUretici oranlari
siraslyla %18, %62, %29, %15 ve %20 olarak tespit
edilmistir (Yalgin ve ark., 2010). Risvanh ve ark.
(2021) blyiik 6lgekli isletmelerde (50 bas Ustl) teat
dipping uygulama oraninin %70,4, kuru donem
antibiyotik uygulamalarinin %72,8, mastitis asisinin
%55,6 oraninda uygulanirken, kigik 6lgekli
isletmelerde (50 bas alti) bu oranin sirasiyla %19,2,
%11,9 ve %1,1 oldugu bildiriimektedir. Siit
sigircihginin  daha bilingli yapildigi Ulkelerde bu
oranlarin oldukga yiiksek oldugu gériilmektedir. Oyle
ki Kanada’da ticari isletmelerde yapilan ¢alismada
yetistiricilerin kuru dénem mastitis tedavisinin %93,
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sagim sonrasi dezenfeksiyonun %97 oraninda
uyguladiklari belirtiimektedir (Aghamohammadi ve
ark., 2018).

Arastirmamizda isletmelerin %76’sinda teat
dipping uygulanmadigl, kuru donem mastitis
tedavisin %81, mastitis asisinin %89, CMT’nin %86,
sagim makinesinin periyodik bakiminin  %84,9
oraninda hi¢ yapilmadigi, PKM insidensinin sirasiyla
%11,3, %12, %11,3, %13, %11,7 ile daha ylksek bir
dizeyde oldugunun tespiti literatir bilgileriyle
ortismektedir. Mastitis kontrol yontemleri ile ilgili
yetersizliklerin temelinde yetistiricilerin %84’(inlin
sit sigirciligina 6zgu bir egitim almamalarinin etkili
oldugu dustiniilmektedir. Bu galismada oldugu gibi,
Tirkiye sut sigircihginin daha bilingli yapildigi Burdur,
Kirklareli ve Konya illerinde bile yetistiricilerin
%75’inden fazlasinin yaptiklari is ile ilgili herhangi bir
egitim almamalan (Yalgin ve ark., 2010) oldukca
disinduricidir.

Yetistiricilerin mesleki tecribelerinin
artmasinda is ile istigal ettikleri strenin yaninda
hayat boyu edindikleri bilgilerin toplaminin énemli
oldugu bir gercektedir. Genel olarak is tecriibesinin
yukselmesi ile hastalik oraninin daha disuk olacagi
distinllirken  bu  arastirmada  yetistiricilerin
tecribeleri artikga hastalik insidensinin de arttig
gorilmustir. Bu duruma; tecriibesi daha az olanlarin
bu isi geleneksel olarak baba meslegi olarak
yapmadigi, yenilikleri ve gilincel gelismeleri daha
etkin bir sekilde takip edip danismanlik hizmeti
almalarinin  etkili oldugunu distindirmektedir.
Hayvancihg gelismis Ulke ornekleri incelendiginde
Ureticilerin yenilikleri takip etmesi ve modern
gelismelere cesitli  egitimler araciliglyla uyum
saglamasi ile isletme verimliligi ve karhihgina olumlu
katkilar saglamaktadir.

irlanda’da siit kotalarinin  gevsetilmesiyle
birlikte sektére girecek girisimcilerin profiline
bakildiginda girisimcilerin; % 7’si temel tarim
sertifikall (180 saat egitim), %72'si ileri tarim
sertifikall (24 hafta egitim, bunun vyansi ciftlik
uygulamali), %21’i lisans dereceli sertifikali (4 yillik
egitim) oldugu goérilmektedir (McDonald ve ark.
2014).

Sonug olarak disik kar marjinin s6z konusu
oldugu sektérde ozellikle Covid 19 pandemisi ve
sonrasi  olusan global ekonomik  krizlerde
yetistiricilerin maliyetlerine hakim olmasinin énemi
daha da 6n plana ¢ikmistir. PKM insidensinin yiiksek
seyrettigi  klinik mastitis kontrol ydntemlerin
yeterince uygulanmadigi, hedef insidensin lzerinde
hastaligin seyrettigi isletmelerde olusan sakinilabilir
kayiplarin azaltilmasi gerekmektedir. Bu ¢alismada
da goruldiglu Uzere sit sigin isletmelerinde;
yetistirici, sagimci ve bakicilarin mesleki yeterlilik
dizeyleri artirlmah, siri saghgi, bakim besleme,
isletme ve hastalik yonetimi ile ilgili danismanlik

hizmetleri alinmal, isletmelerin hijyen ve fiziki
sartlan iyilestirilmeli, sagim hijyeni ve mastitis
kontrol protokollerinin olusturularak 6zenli bir
sekilde uygulanmalidir. Sit sigirciigl isletmelerinin
hastalik maliyetlerini duslirecek koruyucu hekimlik
hizmetlerinin tesvik edildigi desteklemelerin 6n
plana ¢ikmasi gerekmektedir. Endemik hastaliklarin
ekonomi perspektifiyle yonetimini odak haline
getirecek sekilde yapilacak desteklemelerin Glke
hayvanciigina 6nemli  kazanimlar  saglayacagi
disinidlmektedir.

Cikar ¢atigmasi

Yazarlar bu yazl igin gercek, potansiyel veya
algilanan cikar catismasi olmadigini beyan ederler.

Etik izin

Bu calisma “Hayvan Deneyleri Etik Kurullarinin
Calisma Usul ve Esaslarina Dair Yonetmelik” Madde
8 (k) geregi HADYEK iznine tabi degildir. “Etik Beyan
formu” doldurulup tim vyazarlarca imzalanarak
sisteme yuklenmistir.

Finansal destek

Bu calismanin saha arastirmasi; “Networking to
enhance the use of economics in animal health
education, research and policy making in Europe and
beyond” adli AB projesine Dicle Universitesi Bilimsel
Arastirma Projeleri Koordinatorligi tarafindan
saglanan ek o6deneginin finansal katkilariyla
gerceklestirilmistir.

Benzerlik orani

Makalenin benzerlik oraninin sisteme yiklenen
raporda belirtildigi gibi %8 oldugunu beyan ederiz.

Agiklama

Bu calisma |I. Uluslararasi Gap Tarim ve
Hayvancilik Kongresi 25-27 Nisan 2018 sozIU bildiri
olarak sunulmustur.

Yazar katkilari

Fikir/Kavram: ASY

Tasarim: ASY, OA
Denetleme/Danismanlik: ASY
Veri Toplama ve/veya isleme: ASY
Analiz ve/veya Yorum: ASY, OA
Kaynak Taramasi: ASY, OA
Makalenin Yazimi: ASY, OA
Elestirel inceleme ASY, OA
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Abstract: Contamination of the aquatic environment and living things with pollutants is increasing daily. Among these
pollutants, heavy metals come to the forefront regarding toxicological and public health due to their widespread use, toxicity,
and resistance to degradation, as well as accumulation and biomagpnification in the food chain. The study aimed to determine
the essential (Cr, Cu, Fe, Mn, Ni, Zn) and non-essential (As, Al, Cd, Pb) metal concentrations by ICP-OES of Metapenaeus
monoceros, Penaeus japonicus, Penaeus semisulcatus (n=30) caught from the Northeastern Mediterranean, Iskenderun Bay.
The concentration of Cd, Cr, Ni, and Pb were under LOD. The concentration (ppm) ranges were Al: 0.73-38.89, As: 2.18-9.68,
Cu: 28.96-69.01, Fe: 7.85-241.36, Mn: 0.44-1.28, and Zn: 51.71-108.51 for all species. Except for the As concentrations, the
differences between mean concentrations of metals in shrimp species were not statistically significant. When the results of
the study are compared with the findings of other studies on shrimps caught from the Iskenderun Bay, it shows that Cd, Cr,
Ni, and Pb contamination levels decreased, while Cu, Fe, and Zn contamination levels increased.

Keywords: Essential metals, Non-essential metals, Metapenaeus monoceros, Penaeus japonicus, Penaeus semisulcatus,
Iskenderun Bay.

Tiirkiye iskenderun Kérfezi, Karideslerinde Esansiyel ve Non-Esansiyel Metal Konsantrasyonlari

Ozet: Akuatik ortam ve canlilarin kirleticilerle kontaminasyonu giin gectikge artmaktadir. Bu kirleticiler arasinda agir metaller
yaygin kullanim, toksisite ve bozunmaya karsi dayanikhhigi yaninda besin zincirinde birikim ve biyomagnifikasyonu nedeniyle
toksikolojik ve halk saghgi acisindan 6n plana gikmaktadir. Calismanin amaci Kuzeydogu Akdeniz, iskenderun Kérfezi’'nden
avlanan Metapenaeus monoceros, Penaeus japonicus, Penaeus semisulcatus karideslerinde (n=30) esansiyel (Cr, Cu, Fe, Mn,
Ni, Zn) ve non-esansiyel (As, Al, Cd, Pb) metal konsantrasyonlarinin ICP-OES ile belirlenmesiydi. Cd, Cr, Ni ve Pb
konsantrasyonu LOD’un altinda tespit edilmistir. Tm tirler igin konsantrasyon (ppm) araliklari Al: 0.73-38.89, As: 2.18-9.68,
Cu: 28.96-69.01, Fe: 7.85-241.36, Mn: 0.44-1.28 ve Zn: 51.71-108.51 olarak tespit edildi. As konsantrasyonlari disinda, karides
tiirlerinde ortalama metal konsantrasyonlari arasindaki farklar istatistiksel olarak &nemsizdi. Calismanin sonuglari iskenderun
Kérfezi'nden avlanan karidesler Uzerinde yapilan diger ¢alismalarin bulgular ile karsilastirildiginda, Cd, Cr, Ni ve Pb
kontaminasyon dizeylerinin azaldigini, Cu, Fe ve Zn kontaminasyon dizeylerinin ise arttigini géstermektedir.

Anahtar Kelimeler: Esansiyel metaller, Esansiyel olmayan metaller, Metapenaeus monoceros, Penaeus japonicus, Penaeus
semisulcatus, iskenderun Kérfezi.

Introduction

Aguatic environments and living organisms in chain (Altinok-Yipel et al., 2022; Esfahani et al., 2020;
Turkey, like the rest of the world, are contaminated Yarsan and Yipel, 2013).

with toxic pollutants such as heavy metals, Using crustaceans and other aquatic organisms
pesticides, and endocrine disruptors (Cucu et al., as bioindicators to investigate the level of heavy
2019; Esfahani et al., 2020; Jia et al., 2016; Nyantakyi metal contamination in the environment is a
etal., 2021; Yarsan and Yipel, 2013; Yipel and Yarsan, common practice (Jia et al., 2016; Yarsan and Yipel,
2014). Because of their widespread use, toxicity, and 2013; Yizereroglu et al., 2009). Moreover, human
resistance to biodegradation, as well as their health risk assessments on aquatic organisms in the
accumulation and biomagnification in living beings in food chain are essential and current public health
the food chain, heavy metals are significant among research topics (Baki et al., 2018; Ezemonye et al.,
aquatic pollutants (Altinok-Yipel et al.,, 2022; 2019; Liu et al., 2019; Yu et al., 2020). Shrimp and
Esfahani et al., 2020; Jia et al., 2016; Liu et al., 2019). other crustaceans are ideal bioindicators for aquatic
Heavy metal contamination of aquatic environments contamination  studies  because of their
thus poses potential risks to regional ecology, hypersensitivity and rapid response to contaminants
humans, and other living things at the top of the food such as heavy metals (Maraschi et al., 2020; Suami et
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al., 2019). Since shrimps have necessary amino acids,
minerals, vitamins, and long-chain unsaturated fatty
acids, they have a significant position in the food
chain regarding nutrition (Liu et al., 2019). About
13.3% of all seafood caught in Turkey is shrimp
(Ministry of Agriculture and Forestry, 2021).
Iskenderun Bay, located in the Northeast
Mediterranean, is an important ecological and
economic region due to its aquatic biodiversity and
aquaculture potential (Aytekin et al., 2019; Yipel and
Tekeli, 2016). In addition, there are studies on the
levels of metals reaching the Gulf of Iskenderun in
aquaculture as a result of increased agricultural,
urban, and industrial activity, as well as the potential
health risks associated with human consumption of
these products (Aytekin et al., 2019; Duysak and
Ersoy, 2014; Kaya and Turkoglu, 2017; Kaymaci and
Altun, 2016). Therefore, in similar studies,
monitoring the metal levels of seafood products
periodically and carrying out risk assessments based
on their consumption is recommended (Asare et al.,
2018; Rakib et al., 2021; Sobihah et al., 2018; Yipel et
al., 2016).

The study aimed to determine the essential (Cr,
Cu, Fe, Mn, Ni, Zn) and non-essential (As, Al, Cd, Pb)
metal concentrations in Metapenaeus monoceros,
Penaeus japonicus, Penaeus semisulcatus shrimps
caught from Iskenderun Bay in the Northeast
Mediterranean.

Materials and Methods

Materials

Shrimp samples of Metapenaeus monoceros
(n=10), Penaeus japonicus (n=10), and Penaeus
semisulcatus (n=10) species were collected from the
local seafood markets, which shrimping in
Iskenderun Bay, Northeast Mediterranean region
and kept at -20 °C until analysis. The chemicals (Nitric
acid, hydrogen peroxide) used in the study were of
analytical purity. This study is not subject to HADYEK
permission by Article 8 (k) of the "Regulation on
Working Procedures and Principles of Animal
Experiments Ethics Committees".

Methods

Samples (0.5 g) were burned with microwave
digestion in nitric acid (8 mL, 65%) and hydrogen
peroxide (2 mL, 30%) with a 15-minute ramp and
hold procedure at 1200 W, 100% power, 800 psi, and
200 °C (Cem X Press, USA). Inductively coupled
plasma-optical emission spectroscopy (ICP-OES) was
used to determine essential (Cr, Cu, Fe, Mn, Ni, and
Zn) and non-essential (Al, As, Cd, and Pb) metal
concentrations (Spectro, Germany). Method
validation was carried out on parameters limit of

detection (LOD) (ppb; Al: 0.49, As: 11.46, Cd: 1.43, Cr:
2.66, Cu: 2.19, Fe: 2.77, Mn: 1.76, Ni: 4.49, Pb: 9.97,
Zn: 2.41), recovery (74.23-98.65%), relative standard
deviation (RSD) (Al: 1.243, As: 0.599, Cd: 0.753, Cr:
1.177, Cu: 0.861, Fe: 0.752, Mn: 1.022, Ni: 0.770, Pb:
0.428 and Zn: 0.625), and correlation coefficient (R?)
(<0.999) parameters.

Statistical analysis: The data were statistically
analyzed using one-way analysis of variance
(ANOVA) and the post hoc Duncan test. P values less
than <0.05 were considered statistically significant.

Results

The arithmetic and geometric mean, median,
standard error, minimum and  maximum
concentrations (ppm) of essential (Cr, Cu, Fe, Mn, Ni,
and Zn) and non-essential (Al, As, Cd, and Pb)
elements in Metapenaeus monoceros, Penaeus
japonicus, and Penaeus semisulcatus tissues were
presented in Table 1 and Table 2. The concentration
of Cd, Cr, Ni, and Pb were under LOD. The
concentration (ppm) ranges of essential elements
were Cu: 28.96-69.01, Fe: 7.85-241.36, Mn: 0.44-
1.28,7Zn: 51.71-108.51, and the concentration (ppm)
ranges of non-essential elements were Al: 0.73-
38.89 and As: 2.18-9.68 for three shrimp species. The
mean concentrations are sorted for essentials as
Zn>Cu>Fe>Mn and for non-essential as AlI>As. Except
for the As concentrations (p<0.05), the differences
between mean concentrations of selected metals in
shrimp species included in the study were not
statistically significant.

Discussion and Conclusion

The consumption of shrimp and other seafood
products is increasing because of their high
nutritional value (protein, fat, vitamins, minerals,
etc.). However, this increase also raises some
concerns for public health due to the increased risk
of contamination in the food chain brought on by the
increased discharge of metals and other potentially
toxic pollutants into the aquatic environment
(Aytekin et al., 2019; Baki et al., 2018; Yarsan and
Yipel, 2013; Yipel et al., 2014). According to recent
studies, metal pollution in Iskenderun Bay, an
important shrimp fishing area, has increased due to
intense urban, agricultural, and industrial activities
(Aytekin et al., 2019; Duysak and Ugurlu, 2020). Ag,
Cu, Cr, Fe, Ni, Pb, and Zn concentrations in the tissues
of Penaeus semisulcatus collected from the
Iskenderun Bay were measured in the study
published by Yilmaz and Yilmaz in 2007. Even though
Yilmaz and Yilmaz stated that the amounts of Cr, Ni,
and Pb (ppm) in the muscle tissues of Penaeus
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Table 1. Essential metal concentrations (ppm) in tissues of Metapenaeus monoceros, Penaeus semisulcatus, and

Penaeus japonicus.

Species Cr Cu Fe Mn Ni Zn
Mean <LOD 45.29 24.71 0.92 <LOD 69.32
Geometric Mean <LOD 43.37 17.22 0.87 <LOD 67.83
x:;‘;’:‘::’::"s std. Error of Mean <LOD 5.99 7.38 0.13 <LOD 7.01
Minimum <LOD 29.67 2.28 0.57 <LOD 56.15
Maximum <LOD 65.51 50.45 1.28 <LOD 102.79
Mean <LOD 43.43 29.13 0.87 <LOD 69.01
Geometric Mean <LOD 41.27 22.50 0.82 <LOD 67.02
: :,';7;",;“ std. Error of Mean <LOD 6.47 8.88 0.12 <LOD 8.20
Minimum <LOD 28.96 7.85 0.53 <LOD 53.46
Maximum <LOD 69.01 64.78 1.26 <LOD 108.51
Mean <LOD 31.72 96.17 0.74 <LOD 61.91
Geometric Mean <LOD 31.69 40.81 0.69 <LOD 60.54
;‘:ﬁ:’; std. Error of Mean <LOD 0.58 46.16 0.13 <LOD 7.11
Minimum <LOD 30.14 4.97 0.44 <LOD 51.71
Maximum <LOD 33.27 241.36 1.16 <LOD 89.89
P value - 0.231 0.114 0.613 - 0.303

Table 2. Non-essential metal concentrations (ppm) in tissues of Metapenaeus monoceros, Penaeus semisulcatus,

and Penaeus japonicus.

Species Al As Ccd Pb
Mean 15.46 7.692 <LOD <LOD
Geometric Mean 7.77 7.59 <LOD <LOD
';”::’;‘ZZ:’::"S Std. Error of Mean 6.64 056  <lOD _ <LOD
Minimum 1.64 6.16 <LOD <LOD
Maximum 38.89 9.68 <LOD <LOD
Mean 2.37 4.45b> <LOD <LOD
Geometric Mean 1.94 4.32 <LOD <LOD
Penaeus std. Error of Mean 0.64 052 <lOD __ <LOD
semisulcatus —
Minimum 0.73 3.40 <LOD <LOD
Maximum 4.97 6.90 <LOD <LOD
Mean 2.32 3.42° <LOD <LOD
Geometric Mean 2.02 3.31 <LOD <LOD
Penaeus japonicus Std. Error of Mean 0.68 0.44 <LOD <LOD
Minimum 1.14 2.18 <LOD <LOD
Maximum 4.92 4.78 <LOD <LOD
P value 0.108 0.005 - -

semisulcatus were <LOD-13.1, 0.6-3.6, and 0.2-0.6,
respectively, in their research, these metals could
not be found in any of the three shrimp species in the
current study (<LOD). In the same study, the range of
muscle Cu concentration (ppm) was reported to be
17.2-42.4; however, in the current study, high
average levels were found in the species Penaeus
semisulcatus (43.43) and Metapenaeus monoceros
(45.29). Muscle Fe concentration (ppm) was
reported as 5.9-33.1 in the study, and the mean level
determined in Penaeus japonicus (96.17) species was
higher than in this study. Muscle Zn concentrations
(ppm) have been reported to range between 4.3 and
10.3, with average levels determined in all three
shrimp species being higher than in this study (Yilmaz
and Yilmaz, 2007). In a study by Firat et al. (2008)
that Cu, Cd, Cr, Fe, and Zn concentrations (ppm)
were found to be 34.24, 16.72, 60.38, 18.69, and
27.75, respectively, in Penaeus semisulcatus tissues
that were caught in the Iskenderun Bay and metal
levels other than Cd and Cr were lower than the

current study results. Cu, Cd, Fe, Pb, and Zn
concentrations were measured in the tissues of
Penaeus semisulcatus caught in the Iskenderun Bay
in the study published by Aytekin et al. (2019). While
Cd and Pb concentrations (ppm) in the muscle
tissues of Penaeus semisulcatus were reported by
Aytekin et al. to range from 6.52 to 8.33 and 22.18 to
62.75, respectively, in the current findings, these two
metals were not found in any shrimp species (<LOD).
The same study showed the average amounts of Cu,
Fe, and Zn in muscle as 19.35-34.23, 16.15-24.23,
and 37.43-61.42, respectively. The current study
found that all shrimp species had higher average
concentrations of these three metals (Aytekin et al.,
2019). Table 3 presents the research study on the
shrimp species used in this study that was not
conducted in Iskenderun Bay.

When the current study's findings are
compared to those of other studies on shrimp caught
in various parts of the world, it is clear that Cd, Cr, Ni,
and Pb contamination levels are decreased, while Cu,
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Table 3. Other studies that determined metal concentration in tissues of Metapenaeus monoceros, Penaeus
semisulcatus, and Penaeus japonicus

Country Area Species Method Metal Result Literature Current
ppm study ppm
16.01
Cu 18.71 28.96-69.01
Democratic 0.08
Atlantic Cr Suamiet.al, <LOD
i N -0.10 ’
Republic of Coast Penaeus spp. ICP-MS 2019
the Congo Ni <LOD <LOD
7n 55.90 51.71 -
-85.44 108.51
As 8.28 4.45
) Penaeus Nel.Jtro.n Fe 288 Heidariehet. 29.13
Iran Persian Gulf semisulcatus activation al. 2013
analysis Mn 25.43 - 0.87
Zn 68.73 69.01
Cu 5.33 43.43
Cd 1.57 <LOD
Saudi Arabia Red Sea Coast Penqeus AAS Ni 0.8 El Gendy et. <LOD
semisulcatus al., 2015
Pb 2.33 <LOD
Zn 17.33 69.01
Cu 2.98 43.43
cd <LOD <LOD
- . Penaeus Korkmaz et.
Tirkiye Mersin semisulcatus ICP-MS Fe 6.64 al, 2019 29.13
Pb 0.29 <LOD
Zn 14.18 69.01
As 0.39 7.69
. Mediterranean Metapenaeus Abd-Elghany
Egyptian Coast monoceros AAS cd 0.24 et. al,, 2020 <LoD
Pb 1.13 <LOD
As 9.9 7.69
Cd 0.07 <LOD
Cu 33 45.29
Cr <LOD <LOD
Mozambique Maputo Bay  Metapenaeus ICP-MS Sturve  et.
(Bembe) monoceros Mn 3.2 al., 2021 0.87
Ni 0.19 <LOD
Pb <LOD <LOD
Zn 435 69.32
As 0.65 3.42
Cu 3.78 31.72
i cd 0.09 <LOD
China Beibu f’enae'us AAS Gu et. al,
Gulf japonicus Cr 0.15 2018 <LOD
Pb 0.04 <LOD
Zn 10 61.91

Fe, and Zn contamination

increased.

levels are generally

The Iskenderun Bay, which has significant

marine ecosystem health and human health through

the food chain.

Early detection of the adverse effects of metals

ecological diversity and aquaculture potential, is
known to be under high heavy metal contamination
stress because of intensive anthropogenic activities.
As a result, metal concentrations in gulf-caught
shrimp and other fisheries are important
environmental and public health parameters that
should be monitored regularly in terms of both

and other pollutants at the organism level is
essential protecting the ecosystem's health in the
region. On the other hand, risk assessment for
consumers regarding metal and different pollutant
concentrations in fisheries, which play an important
role in the food chain, is vital to protecting public
health.
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Ozet: Hayvan popiilasyonundaki kontrolsiiz artis iiremenin denetlenmesi konusunu daha da dnemli hale getirmistir. Tim
diinyada kontrasepsiyon amaciyla halen kullanilmakta olan cerrahi ve hormonal yontemlerin birgok dezavantaji
bulunmaktadir. immiinokontrasepsiyon bu dezavantajlari ortadan kaldirmak amaciyla yeni bir kontrasepsiyon yéntemi olarak
distnilmustir. Gorevi gesitli etkenlere karsi viicudu korumak olan immiin sistemin fizyolojik tolerans etkisi gebeligin devam
etmesini saglamaktadir. immiinokontrasepsiyon ile immiin sistemin bu etkisi tersine cevrilerek gebelik ile sonuglanan
reproduiktif siireci bozmaktadir. Farkli deyisle immuin sistemin viicudun kendi reproduktif siirecinde belli asamalara/dokulara
saldirmasi ile saglanmaktadir. Bunun igin bir antijen-antikor kompleksinin olusturulmasi gereklidir. 1970’li yillardan bu yana
galisiimakta olan immuinokontraseptiyon alaninda hali hazirda zona pelusida (ZP), gonadotropin salgilatict hormon (GnRH) ve
lGteinlestirici hormon (LH) reseptoérlerine karsi asilamalar gelistirilmistir. Sunulan derleme immiinokontrasepsiyon ve
glniimizde kullanilan asilar hakkindaki bilgilerin glincellenmesi amaciyla hazirlanmistir.

Anahtar Kelimeler: GnRH asisi, inmiinokontrasepsiyon, Uremenin denetlenmesi, ZP asisi.

Immunocontraception in Veterinary Medicine

Abstract: The uncontrolled increase in the animal population has made the issue of controlling reproduction even more
critical. Worldwide surgical and hormonal methods still used for contraception have many disadvantages.
Immunocontraception has been considered a new method of contraception to eliminate these disadvantages. The
physiological tolerance effect of the immune system, whose task is to protect the body against various factors, ensures the
continuation of pregnancy. Immunocontraception reverses this effect on the immune system and disrupts the reproductive
process that results in pregnancy. In other words, it is provided by the immune system attacking certain stages/tissues in the
body’s reproductive function. For this, it is necessary to form an antigen-antibody complex. Vaccinations against zona
pellucida (ZP), gonadotropin-releasing hormone (GnRH), and luteinizing hormone (LH) receptors have already been
developed in the field of immunocontraception, which has been studied since the 1970s. The presented review has been
prepared to update the information about immunocontraception and currently used vaccines.

Keywords: Control of reproduction, GnRH vaccine, Immunocontraception, ZP vaccine.

Giris

Hayvan popilasyonundaki kontrolsiiz artis tim doneminde hayvanlar bir araya gelmekte ve

dinyada biyolojik cesitliligi ve biyolojik glvenligi
tehdit etmektedir. Arastiricilar her yil 8 ile 10 milyon
arasinda kedi ve kopegin barinaklara birakildi, bu
hayvanlardan 4 ile 5 milyonuna ise 6tenazi yapildigini
tahmin etmektedir. Ayrica sahipsiz sokak hayvani
popilasyonundaki bu artis, insan ve diger evcil
hayvanlarla ayni  habitatin  kullaniimasindan
kaynaklanan surekli temas nedeniyle hem zoonoz
hem de degerli gen kaynagi olan ve/veya ekonomik
degeri bulunan diger hayvan tirleri icin rezervuar
ve/veya vektér olarak c¢esitli  hastaliklarin
yayllmasinda da etkin rol oynamaktadir (Kutzler ve
Wood, 2006). Vahsi yasamda ise Gremenin kontroli
kuduz ve brusellozis gibi bulasici hastaliklari kontrol
altina almada etkilidir. Saldirganlik ve temas ile
yayilan bu hastaliklarda amag hayvanlarin bir araya
gelmesini  Onlemektir ve Ozellikle giftlesme

saldirganliklari artmaktadir. Ginimuzde kullanilan
itlaf ve asilama yontemlerinin hayvanlarin birbirleri
ile temasini azaltmada yeterli olmamasi nedeniyle
yeni yontemler aranmaktadir (Killian ve ark., 2009).
Hayvan popilasyonunun kontrolsiiz artisi ve yol
actigi zararlari engellemek Giremelerinin
denetlenerek hayvan sayilarini  kontrol altina
tutmakla mimkiindir. Uremenin denetlenmesinde
cerrahi ve hormonal kontrasepsiyon yontemleri
kullanilir.  Cerrahi  kontrasepsiyon hem pet
hayvanlarinda hem de vahsi yasamda en sik
kullanilan yontemdir. Ovaryohisterektomi,
ovarektomi, histerektomi, prepubertal
gonadektomi, kastrasyon ve vazektomi gibi bircok
teknigi bulunmaktadir (Khatal ve ark., 2019). Ancak
cerrahi kontrasepsiyon yontemi, geri dénlsiimsiz
olmasi, yliksek maliyetli olmasi, is gliclini arttirmasi,
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hayvanlarin yakalanmasi, tasinmasi ve postoperatif
slirecteki bakim ihtiyacinin getirdigi zorluklar, sahipli
hastalarda bazi hasta sahiplerinin bu yontemi
istememesi, anestezi ve/veya operasyon risklerinin
olmasi yaninda yol actig diger lojistik sorunlar
nedeniyle Uremenin denetlenmesi konusunda
yetersiz kalmaktadir (Soto ve ark., 2005).

Hormonal kontrasepsiyonda  progestinler,
androjenler veya GnRH analoglari gibi cesitli
hormonlar kullanilir (Asa, 2018). Bu yontemin belki
de en buyuk avantaji etkisinin geri donisimla
olmasidir. Yontemin etki siresi ve sekli kullanilan
hormona, uygulamanin vyapildigi seksiel siklus
donemine ve bireysel 6zelliklere bagh olarak degisir.
Dolayisiyla kontraseptif etkinin uzatilmasi icin
tekrarlayan uygulamalara gereksinim duyulmaktadir
ki bu da hormonal kontrasepsiyonun dezavantajla-
rindan birisidir. Bunun yaninda hormonlarin
kendilerine has dezavantajlari da bulunmaktadir.
Steroid hormonlar kilo artisi, uyusukluk veya
huzursuzluk, reprodiktif ve meme dokusunda
hiperplastik veya neoplastik degisiklikler ile
diyabetes mellitus gibi yan etkilere yol agmaktadir
(Kutzler ve Wood, 2006). Androjenler ise viicut
kokusunda artis, Uriner inkontinens, idrar
puskirtme, servikal dermiste kalinlasma ve
epiforaya neden olmaktadir (Plumb, 2002). Cerrahi
ve hormonal kontrasepsiyonun yukarida kisaca
belirtilen dezavantajlari nedeniyle alternatif yontem
arayisina girilmistir.

immiinokontrasepsiyon bu amagla, alternatif
olarak gelistiriimeye baslanmistir. Yontem
reprodiktif slirecte etkili olan hormon veya yapilara
karsi viicudun antikor Uretmesini saglamak tzerine
kuruludur (Naz ve Saver, 2016). Sunulan derlemede,
geleneksel kontrasepsiyon yontemlerine alternatif
olarak gelistirilen ve gelecekte hayvan popilasyon
kontroliinde cok 6nemli yeri olacagi 6ngorildiugu icin
konu (zerinde ¢alismalarin artarak devam ettigi
imminokontrasepsiyon yontemine ait gincel
yaklasimlar 6zetlenmistir.

1. immiinokontrasepsiyon: En genel ifadesi ile
immin sistem, vicudu bakteri, virlis, parazit,
mantar, kanser hicreleri ve toksinler gibi yabanci
materyallerden koruyan savunma sistemidir (Riaz ve
ark., 2022). immiinokontrasepsiyon ise bakteriyel,
viral ve toksik ajanlar iceren asilarla, bireyin kendi
immin sisteminin gebelikten korunmaya yonelik
olarak aktive edilerek, fertilitenin engellendigi bir
kontrasepsiyon yontemidir (Gupta ve ark., 2004). Bir
bagka ifade ile immiinokontrasepsiyon Greme ile ilgili
O0zgun proteinlere veya dokulara karsi fizyolojik
tolerans/self toleransi ortadan kaldirarak hiiméral ve
hiicresel bagisiklk tepkileri olugturmaktir. Burada
imminolojik  tolerans  devreye  girmektedir.
imminolojik  tolerans antijenlere  &zgiin  bir
immuinolojik yanit olusturulmasidir (Munks, 2012).

Olusan bu immin yanitta ise self tolerans soz
konusudur. Self tolerans kendinden olan ile olmayani
ayirt etme durumudur ve viicut kendinden olana
tepki vermemelidir. Diger bir deyisle yabanci
antijenlere tolerans (immiin sistemin viicuda yabanci
antijenlere tepki vermemesi) ve fizyolojik tolerans
(vicudun kendi antijenlerine tepki vermemesi) s6z
konusudur. Yabanci antijenlere tolerans istenmeyen
bir durumdur zira viicudu enfeksiyonlara agik hale
getirerek hayati tehlikeye kadar varabilen sonuglara
yol acar. Fizyolojik tolerans ise istenen bir durumdur
ve ozellikle fertilite ile ilgilidir. Gebeligin sekillenmesi
veya disi reprodiktif sistemin spermatozoaya
reaksiyon gdstermemesi fizyolojik toleranstir. iste
imminokontrasepsiyon s6z konusu oldugunda,
infertiliteye neden olmak igin bu self toleransin
kirilmasi gerekmektedir (Turvey ve Broide, 2010). Bu
da immin sistemini reprodiktif sistemin belirli bir
bilesenine karsi immiin yanit olusturmaya tesvik
eden adjuvanlar yardimiyla kirtir (Munks, 2012;
Turvey ve Broide, 2010). Himoral ve hiicresel immiin
sistemin uyarilmasi ile elde edilen antikorlar
kendilerine has bolgelere baglanarak reseptorleri
bloke ederek veya hormon salgilanmasini
engelleyerek reproduktif sdreci durdurmaktadir.
Dolasimdaki antikor diizeyinin diismesi durumunda
ise reproduktif slire¢ tekrar baslar (Kustritz, 2018).
Fertii  doneme geri donlse izin veren
immiinokontraseptif asilarin etkili bir yontem olusu,
sistemik yan etkisinin olmamasi, tek uygulamada
basari olanaginin bulunmasi ve diger yontemlere
kiyasla ucuz bir yontem olmasi
immiinokontrasepsiyonun  avantajlari  arasinda
sayllmaktadir (Gupta, 2022).

ideal bir immiinokontrasepsiyon asisi asagidaki
ozellikleri saglamalidir. Herhangi bir saghk riski
tasimamali, uzun etkili ve etkisi geri donisimli
olmalidir (Naz ve Saver, 2016). Hedefi sadece
reprodiktif sistem olmalidir. Reprodiktif sistem
disinda énemli bir fizyolojik ya da patolojik etkinligi
bulunmamalidir (Munks, 2012). Hem disi hem de
erkekte etkili olmali her iki cinsiyet icin farkh asiya
gereksinim duyulmamalidir. Seksiliel davranislari
azaltmalidir. Bu etki hayvanat bahgesi, giftlik ve evcil
hayvanlarda avantaj iken siri hiyerarsisinin gerekli
oldugu vahsi hayvanlarda dezavantajdir (Naz ve
Saver, 2016). Vahsi hayvanlarda ve iftlik
hayvanlarinda viicutta kalinti madde birakmamal
dolayisiyla etkisi besin zincirinin diger halkasina
gecmemelidir. Diger fertilite kontrol yontemlerine
kiyasla maliyeti daha uygun olmalidir (Munks, 2012).

ilk calismalar memeli oositini hem oviilasyon
oncesi hem de oviilasyon sonrasi saran ZP (zerine
yogunlasmistir (Skinner ve ark., 1996). Daha sonra,
endojen reprodiktif hormonlar hedef alinmistir.
immiinokontrasepsiyon icin en umut verici hormonal
antijenin ise GnRH oldugu bildirilmistir (Robbins ve
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ark., 2004). GnRH aktivitesi engellenerek, tim
reproduktif siirec engellenebilmektedir (Levy ve ark.,
2004). LH ve LH reseptérini (LH-R) hedefleyen
imminokontrasepsiyon  girisimleri de  evcil
karnivorlarda basarili olmustur (Saxena ve ark., 2002;
Saxena ve ark., 2003).

1.1.Zona Pelusida Asilari: Zona pelusida tire
0zgl  sperm-oosit  baglanmasinda, akrozom
reaksiyonunun baslatilmasinda ve implantasyondan
once oositin korunmasinda 6nemli rol oynamaktadir
(Moros-Nicolas ve ark., 2018). Bu nedenle, 1970°li
yilllardan bu yana imminokontrasepsiyon icin ZP
hedef haline gelmistir. Mekanik olarak, reseptor
bolgelerinin bozulmasi, reseptorlerin bloke edilmesi,
ZP’nin kimyasal modifikasyonu ya da ZP’ye 06zel
antikorlarin Uretilmesi infertiliteye neden olarak
immunokontraseptif etki gostermektedir (Liu ve ark.,
1989).

Zona pelusida membraninda ZP1, ZP2 ve ZP3
olarak adlandirilan farkli molekiler agirliga sahip Ug
ana bolgesel glikoprotein vardir. ZP1, diger iki dimer
(zP2-zP3) arasinda baglayici goérev yapar. ZP2,
akrozom reaksiyona giren sperm igin bir reseptordir
ve polispermiyi onler. ZP3 ise akrozom
reaksiyonunun indiiksiyonundan sorumlu birincil
sperm reseptoridiir (Kirkpatrick ve ark., 2012). ZP
antikorlarinin, ZP disinda herhangi bir hiicre ya da
dokuya baglanmamasi beklenmektedir. Bu nedenle
ZP’ye Ozel antikor Uretimi yapilabilmektedir (Barber
ve Fayrer-Hosken, 2000). ZP asisi dolasimda bulunan
antikorlarin spermin ZP'ye baglanmasini
engelleyerek etki gosterir (Kirkpatrick ve ark., 2012).
Bircok memeli tlrinde ZP  antikorlarinin
fertilizasyonu engelledigi belirlenmistir (Mask ve
ark., 2015). Mezbahalarda rahatlikla bulunabilir
olmasi ve insan ZP’si ile benzerligi nedeniyle,
immuinokontrasepsiyon arastirmalarinda  siklikla
domuz ZP’si (pZP) kullaniimaktadir. Domuz ZP3’G,
kedi, kopek, inek ve fare ZP3’l ile %65,6 ile %83,6
arasinda amino asit sekans homolojisine sahiptir
(Moros-Nicolas ve ark., 2018).

GUnUmuzde pZP ile hazirlanan ¢ adet ZP asi
preparati  bulunmaktadir: ZonaStat-H (Human
Society Of The United States, Washington, Amerika
Birlesik Devletleri), pzZP-22 (lowa Universitesi
Eczacilik Fakultesi, lowa, Amerika Birlesik Devletleri)
ve SpayVac® (ImmunoVaccine Technologies, Yeni
iskogya, Kanada). Bu {i¢ asi arasindaki fark, pZP'nin
elde edilme sekli, saflastirma yontemi ve kullanilan
adjuvanlardir (Naz ve Saver, 2016).

Zona pelusida asilari, bircok vahsi hayvan
turinde basarili sonug¢ vermistir. Amerika Birlesik
Devletleri’'ndeki vahsi bir at slrlisinde 13 yildan
uzun sireli devam eden calismada, strudeki atlar
pZP asisi ile yillik olarak asilanmigtir. Stride %92,4-
100 kontraseptif etki elde edilirken asilamayi takiben
2 yil icerisinde siriade niifus artisi gézlenmemistir

(Kirkpatrick ve Turner, 2008). ilging bir sekilde,
astlanmayan kisraklarin ortalama o6lim yasi 6,47 yil
ve art arda 3 yildan fazla asilanan kisraklarda ise
olim yasi 19,94 yil olmustur. Bu da pZP'nin yasam
siresini onemli olglide uzattigini gostermektedir
(Kirkpatrick ve Turner, 2007).

Zona pelusida asilarinin etkili dozunun, 6zellikle
yaban hayvanlarinda belirlenmesi zordur. Yapilan
calismalarda pZP'nin dozu, 50 ile 600 pg/hayvan
arasinda degisen genis bir aralikta farklilik
gostermektedir. Geyik ve atlarda etkili doz 65 ile 100
ug/hayvan arasindadir.

Dozu etkileyen her zaman hayvanin kilosu
degildir. Ornegin Turner ve ark., (2002) hem bizon
(ortalama 408 kg) hem de diinyanin en kiiglk geyigi
(ortalama 11,5 kg) olan pudu geyiginde 100 ug pZP
kullanilarak  immiinokontrasepsiyon  saglamistir
(Turner ve ark., 2002).

Diger yandan ZP asisi hayvan davranislarini
degistirebilmekte hatta lireme sezonlarini
uzatabilmekte ve  Ostris  siklusu  sayisini
arttirabilmektedir. pzZP ile asillanan kisrak ve
geyiklerde lreme sezonunun uzadigl gozlenmistir
(Nufiez ve ark., 2010). Baska bir ¢alismada 24 vyl
boyunca asilanan kisraklarda ve 11 yildan fazla
asilanan Afrika fillerinde hicbir davranis degisikligi
gozlenmemistir (Delsink ve ark., 2013; Kirkpatrick ve
ark., 2012).

1.2.Gonadotropin Salgilaticc Hormon Agilari:
Reproduktif siregteki roli  nedeniyle GnRH
muikemmel bir immiinokontrasepsiyon hedefidir.
Omurgalilarda, yapisal olarak farkli 30 GnRH formu
tanimlanmistir ve cogu omurgalida GnRH-I, GnRH-II
ve GnRH-Ill izomerleri bulunmaktadir (Kochman,
2012). GnRH kontraseptif asilar icin genellikle
memeli GnRH-I izomeri kullaniimaktadir. GnRH
kiicik bir dekapeptid olmasi nedeniyle vyeterli
diizeyde immiinojenik degildir yani tek bagina yeterli
antikor Uretimi saglayamaz. Bu ylizden GnRH
molekilinl imminojenik hale getirmek icin, keyhole
limpet hemosiyanin (hemoglobin analogu ve immiin
sistemi aktive edebilecek buyiklikte olan bir
metalloprotein), difteri toksoidi veya tetanoz
toksoidi gibi tasiyici bir proteinle konjuge edilerek
immunolojik yanitin uyarilmasi gereklidir (Meeusen
ve ark., 2007).

Gonadotropin salgilatici hormon agilarinin disi
ve erkekte kontrasepsiyon amaciyla uygulanabilir
olmasi 6nemli bir avantajdir. GnRH asilari, GnRH
molekilinin hipofiz  kokenli gonadotroplarini
uyarmasini engelleyerek folikiil uyarici hormon (FSH)
ve LH salgilanmasini 6nler. Bu hormonlarin salinimi

engellendigi  icin  seksuel  davraniglar  da
engellenmektedir (Giriboni ve ark., 2020).
Gilnimizde calismalarda kullanilan

GonaCon™, GonaCon™-Equine, GonaCon™-Blue,
Improvest®, Equity™, Bopriva, Repro-BLOC® olmak
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Uzere vyedi farkli  GnRH asl
bulunmaktadir (Naz ve Saver, 2016).

Gonadotropin salgilatict hormon asilarinda da
doz ayarlamasi zordur. Bu asilarin farkli adjuvan,
cinsiyet ve zaman araliklari ile denenmesinde ayni
tirde dahi belirli bir doz araliginin belirlenmesi
gictiir. Ornegin erkek ve disi domuzlarda 1000 veya
2000 pg GnRH asisi yapildiginda farkh seviyelerde
imminolojik yanit olusmustur. Disiler 2000 ug
dozda, erkekler ise 1000 pg dozda daha yiksek
antikor titresi Gretmistir (Killian ve ark., 2006). Disi
geyikler 1000 ile 2000 ug olmak lzere iki farkl dozda
GonaCon™ ile asilanmis ve 2000 pg dozun daha
yuksek antikor titresi olusturmasina ragmen iki
dozun yol actigl kontraseptif etkinin istatistiksel
olarak 6nemi olmadigi belirlenmistir (Killian ve ark.,
2009). GnRH asilari erkek kedilerde %67 oraninda
etkilidir (Levy, 2004). GnRH asilari disi kedilerde ise
asilama sonrasi 5 ay ile 5 yila kadar infertiliteye
neden olmustur (Robbins ve ark., 2004).

Diger yandan, bazi tlrlerde GnRH asisi yapilan
hayvanlarin viicut kondisyon skorunun

formulasyonu

yil stireli kontraseptif etki saglanmistir ve hayvanlar
daha az bir araya gelmistir. Bu da brusellozisin
yayillmasini kontrol altina almada etkili olmustur
(Killian ve ark., 2009).

GnRH asisi  baska asilar ile kombine
edilebilmektedir. Kopeklerde GnRH ve kopek
distemper virlsli iceren kombine asida, immiinojenik
uyarimda azalma olmadigi, yliksek antikor titreleri
elde edildigi, testis boyutunda azalma oldugu ve
spermatogenezisin baskilandigi géralmustir (Jung ve
ark., 2005; Vargas-Pino ve ark., 2013). GnRH
asilarinin bu ozelligi gelecekte vahsi yasamda ve
sahipsiz sokak hayvanlarinda bulasici hastaliklar ile
micadelede 6nemli bir avantaj olabilir.

Ostriis siklusu sayisini artiran ZP asilarinin
tersine GnRH asilart Ostriis sikluslarinin sayisini
azaltmaktadir. Her iki cinsiyette GnRH asilarinin yan
etkisi bulunmamaktadir (Curtis ve ark., 2008). GnRH
asilarinin, ozellikle gebeligin devami i¢cin LH
molekilline ihtiya¢ duyan tiirlerde gebe hayvanlarda
kullanilmasi  abortuslara neden olabilmektedir
(Ransom ve ark., 2014). Tablo 1’de ZP ve GnRH

yapiimayanlardan daha iyi oldugu belirlenmistir. astlarinin  karsilastirilmasi  daha detayli olarak
Kanada geyiklerinde bir GonaCon™ enjeksiyonu ile 3 verilmistir.
Tablo 1. ZP asilarinin ve GnRH asilarinin karsilastirilmasi (Naz ve Saver, 2016’dan uyarlanmistir).
Ozellik ZP Agsilan GnRH Agilan
Geri doniigim >S5yl 1-6yil
Etkiledigi cinsiyet Sadece disi Disi ve erkek
Gebelikte kullanim + -
Gonadal hormonlara etkisi - +
Seksiiel davraniglara etkisi - +
Ovaryum dokusuna 6zgiilliik + -
Gonadal patoloji + +
Soguk zincir gereksinimi + -
Besin zinciri gegisi - -
1.3. Liiteinlestirici Hormon Reseptor Asilari: Asi Benzer sekilde asilanmis kedilerin serum LH

olarak LH reseptér (LH-R) proteinlerinin kullanildig
calisma sayisi oldukga azdir. immun sistem LH
reseptorlerini, yabanci  bir  protein  olarak
gormediginden GnRH ve ZP'ye karsi bir immiin yanit
gelistiriimesinde karsilasilan benzer zorluklar LH
reseptor asilari icin de gecerlidir (Katherine ve Linda,
2013).

Luteinlestirici hormon reseptor asisi uygulanan
disi kedilerin 6strojen konsantrasyonlarinda énemli
oranda degisiklik sekillenmedigi belirlenmistir. Bu da
asilanmis kedilerde bazal folikiiler buyimenin ve
Ostrojen eksikliginin  olmadigini  gostermektedir.

konsantrasyonlarinda da ¢ok az bir fark tespit
edilmistir. Ancak Ostrojen ve LH
konsantrasyonlarinin aksine asilanan disi kedilerde
serum progesteron konsantrasyonlari azalmaktadir.
Bu veriler, dolasimdaki LH-R antikorlarinin
ovaryumdaki LHR'lerine baglanarak dogrudan
progesteron uretimini engelledigini géstermektedir.
Kedilerde LH-R asilamasi sonucunda dislk antikor
titresi elde edilse de progesteron dretimini
baskilayabilmektedir. LH-R asilari ile 11 aydan uzun
sireli kontrasepsiyon saglanmistir (Saxena ve ark.,
2003).
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Liteinlestirici hormon reseptor asisi uygulanan
kopeklerde yliksek antikor titreleri ve dislik serum
progesteron seviyeleri tespit edilmis ve bu
kopeklerin vajinal kanama, vulvada 6dem gibi Ostriis
siklusu belirtileri gostermedigi goézlenmistir. Asi,
uygulama sonrasi 12 aya kadar infertiliteye neden
olmustur. Uygulamanin vyaklasik 501. gilinlinden
itibaren antikor titrelerindeki distsle birlikte
kopekler siklik aktivitelerinin basladigina dair dis
belirtiler gostermeye baslamistir (Saxena ve ark.,
2002).

immiinokontrasepsiyon  calismalarinda  LH
ve/veya FSH reseptérlerini hedeflemenin pratik
olmayacagi c¢unkii bu molekillerin reprodiktif
sistem disinda da reseptorlerini iceren ve asilamadan
olumsuz etkilenebilecek bircok doku ve organ
bulundugu belirtilmektedir (Katherine ve Linda,
2013). Tiroid uyarici hormon (TSH) ve LH ayni alfa alt
birimine sahiptir. Bu da konraseptif asilarda LH
molekilinin hedeflenmesini sorunlu hale getirir. LH
molekilinin alfa alt birimi ile etkilesime giren
antikorlar, TSH molekiliinin de alfa alt birimi ile
etkilesime girebilir (Munks, 2012). Ayrica bu
yontemin ticari olarak bulunabilirligi, Uretim ve
pazarlama maliyetleri de immiinokontrasepsiyon asi
¢alismalarinda LH ve LH-R'nin hedeflenmesini
zorlastirmaktadir (Munson, 2006).

Sonug¢

immiinokontrasepsiyon etik, geri dénisiimli,
dokuya 6zgl etki mekanizmasi, tek bir uygulama ile
uzun siireli infertiliteye neden olmasi, yan etkilerinin
az olmasi ve kolay uygulanabilmesi gibi
avantajlarindan dolayi 6zellikle gelecekte 6n plana
¢ikmasi beklenen bir kontrasepsiyon yontemidir.
Ancak her hayvanda gerekli antikor titresinin
saglanamamasi, infertilite tGzerindeki etki siiresinin
ayni olmamasi, antikor titresinin ne zaman diismeye
baslayacaginin belirlenememesi gibi nedenlerden
dolayr imminokontraseptif asi c¢alismalari halen
devam etmektedir. Arastirmalar ZP ve GnRH asilari
Ustline yogunlasmistir. Ancak ZP asilarinin &striis
siresini  kisaltmasi, her iki cinsiyette de
kullanilamamasi  gibi dezavantajlarindan dolayi
gelecekteki ¢alismalarin GnRH asilarinin  Ustiine
yogunlagsacagi goziikmektedir.

Cikar ¢catismasi
Yazarlar bu yazi igin gercek, potansiyel veya
algilanan  ¢ikar  gatismasi  olmadigini  beyan

etmislerdir.

Etik izin

Yazarlar Arastirma ve Yayin Etigine uyuldugunu
beyan etmislerdir.

Benzerlik Orani

Makalenin benzerlik oraninin sisteme yiklenen
raporda belirtildigi gibi %3 oldugunu beyan ederiz.
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Ozet: Tavuklarin gastrointestinal kanali, besinlerin sindirilmesinde, emiliminde, bagisiklik sisteminin gelismesinde ve patojen
mikroorganizmalarin uzaklastirilmasinda hayati rol oynayan mikrobiyotayi barindirir. Dokuz yiizden fazla bakteri tiiriini iceren
mikrobiyotanin; tavugun yasl, cinsiyeti, sindirim sisteminde bulundugu yer ve tiikettigi yemden etkilendigi distinilmektedir.
Son yillarda bu konu hakkinda yapilan arastirmalar, mikrobiyotanin konagin saglik ve hastalik durumu tizerine biyik 6neme
sahip oldugunu gostermistir. Sindirim sistemi mikrobiyatasinin fonksiyonunun daha iyi anlasiimasi, gelecekte kanatli saghgi
ve Uretiminin iyilestirilmesi igin yeni firsatlar saglayacaktir. Bu makalede, tavuk gastrointestinal mikrobiyotasinin olusumu,
fonksiyonu, cesitliligi ve mikrobiyotayl etkileyen faktorler hakkinda genel bilgiler mevcut literatiirden yararlanilarak
derlenmistir.

Anahtar Kelimeler: Bagirsak sagligi, Mikrobiyom, Mikrobiyota, Tavukiar.

Digestive System Microbiota in Chickens and Its Importance

Abstract: The gastrointestinal tract of chickens harbors the microbiota, which plays a vital role in the digestion and absorption
of nutrients, the development of the immune system, and the exclusion of pathogenic microorganisms. This microbiota,
containing more than 900 bacterial species, is thought to be affected by the age and sex of the chicken, its location in the
digestive system, and the feed consumed by the chicken. Research on this subject in recent years has shown that microbiota
significantly impacts the host's health and disease status. A better understanding of the function of the digestive microbiota
will provide new opportunities for improving poultry health and production in the future. This article reviews general
information about the formation, function, and diversity of the chicken gastrointestinal microbiota and the factors affecting
the microbiota, referring to the existing literature.

Keywords: Gut health, Microbiome, Microbiota, Chickens.

Giris

Mikrobiyota, insan ve hayvanlarda belirli bir sistemi
ve/veya bolgeyi kolonize eden kommensal,
simbiyotik ve patojenik mikroorganizmalari iceren
mikrobiyal topluluklar olarak tanimlanir. Bu
mikroorganizmalarin  tamaminin  genomu ise
mikrobiyom olarak bilinmektedir (Sender ve ark.,
2016). Tavuk mikrobiyotasi icerisinde mantarlar,
virisler, protozoonlar ve arkealar da tanimlanmis
olmasina ragmen, bakterilerin daha yogun
bulundugu bildirilmistir (Sood ve ark., 2020). ABD’de
Ulusal Saglik Enstitlisu (National Institutes of Health,
NIH) ve Ulusal insan Genom Arastirma Enstitiisi
(National Human Genome Research Institute,
NHGRI) tarafindan 2008 yilinda baslatilan “insan
Mikrobiyom Projesi” ve kisa siire sonra Avrupa’da
baslatilan “insan Bagirsagl Metagenomigi Projesi”
(METAgenomics of the Human Intestinal Tract,
MetaHIT) konunun 6nemini géstermeleri agisindan
olduk¢a anlamlidir. Aslinda, oOzellikle rumen ve
bagirsak florasinin incelendigi ¢calismalar nedeniyle,
veteriner hekimlikte ayni kapsamdaki arastirmalarin
gecmisi daha kokludur (Diker, 2017). Yakin zamana

kadar kimes hayvanlarinin mikrobiyotasi Uzerine
yapilan arastirmalar, mikrobiyotanin sadece kiigik
bir  kismini kiltire  edebilen  geleneksel
mikrobiyolojik tekniklere dayanmaktaydi. Son yirmi
yilda ise, DNA dizi analizleri, kiitle spektrometresi ve
biyoinformatik alanindaki teknik ilerlemeler ve
gerceklestirilen arastirmalar neticesinde, sindirim
sistemi mikrobiyotasinin, konagin saghgi ve hastalk
durumu Uzerinde blyiik bir 6neme sahip oldugu
anlasiimistir (Kuda ve ark., 2017).

Tavuklarda Sindirim Sistemi Mikrobiyotasinin
Olusumu ve Gelisimi: Sindirim sistemi kolonizasyo-
nunun civcivlerin kulugkadan giktiktan hemen sonra
basladigi ve kulugka ortaminin mikrobiyal cesitlilik
Gzerinde biyilk bir etkisi oldugu diisinulmektedir.
Tavuklarin = yasaminin 1. giuniinde sekumda;
streptokoklar ve enterobakteriler, 3. gliniinde ise
laktobasiller,  streptokoklar, enterokoklar ve
koliformlar gibi bircok bakterinin gastrointestinal
sistemin farkli kisimlarindan izole edilebildigi
bildirilmistir (Aruwa ve ark., 2021). Ayrica tavuk ve
hindilerde gerceklestirilen bir arastirma, kanath
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hayvan tirleri arasinda mikrobiyota cesitliliginde
blylk farkliliklar oldugunu gostermistir (Stanley ve
ark., 2013). Bu cesitlilik, insan ve diger hayvanlarin
mikrobiyotasinda da bulunmustur. Bu durum hem
konakglya hem de cevresel faktorlere baglanmistir
(Simpson ve ark., 2000). Hayvansal {iretim sistemleri
arasinda kiimes hayvanlari, yavrularin annelerinden
ayrilmasi nedeni ile farkllik gostermektedir. Bu
nedenle, yumurtadan cikan civcivlerin
mikrobiyotalarinin  gelisimi  Uzerinde ebeveyn
etkisinin belirgin bir sekilde azaltilmis oldugu
disinidlmektedir. Bunun disinda, ticari
kulugckahanelerde yumurtadan ¢ikan civcivler,
kulugka galisanlari, altlik, yem ve tasima kutulari gibi
cevresel kaynaklara bagh olarak cesitli
mikroorganizmalarla karsilasirlar. Bu sebeplerle
arastirmacilar tavuk mikrobiyotasinin genis c¢apta
degisen profillere sahip olmasini, civcivlerin
yasamlarinin ilk saatlerinde kanath kaynaklh olmayan
mikroorganizma ¢esitliligine maruz kalmasi ve
azaltilmis ebeveyn etkisine bagh oldugunu
distiinmektedir (Stanley ve ark., 2013).
Mikrobiyotanin  Bilesimi:  Genel olarak
tavuklardaki mikrobiyota yas, cinsiyet, yem igerigi
gibi cesitli faktorlere gore degisir ve bu nedenle,
yayimlanan c¢alismalarda taksonomik kompozisyon
profilleri bliyik 6lgide farkhlk gostermistir. Ayrica,
mikrobiyom  konagin 6mri  boyunca birgok
degisiklige ugrar. Tek bir sube, cins veya turin konak
mikrobiyotasi Gzerindeki hakimiyetinin gegici oldugu
bildirilmistir (Marmion ve ark., 2021). Wei ve ark.
(2013), mikrobiyotayr 13 sube olarak siniflandirmis
ve Firmicutes (%70), Bacteroidetes (%12.3) ve
Proteobacteria (%9.3) subelerine esdeger olan 915
operasyonel taksonomik birimin (OTU) varligini
belirlemislerdir. Bu 915 OTU igerisinde genel olarak
Clostridium,  Ruminococcus, Lactobacillus ve
Bacteroides'in baskin oldugu 117 cins tanimlanmistir
(Clavijo ve Flérez, 2018). Firmicutes subesinde etanol
Ureten Ethanoligenes cinsinin ylksek prevalansa
sahip  oldugu  gosterilmistir.  Proteobacteria
subesinde Desulfohalobium cinsinin de baskin
oldugu tespit edilmistir (Sood ve ark., 2020).
Sindirim Sistemi Konumuna Gére Mikrobiyota
Kompozisyonu: Tavuk sindirim sisteminin bolimleri
farkli bakteri g¢esitlili§ine sahiptir. Bu nedenle
arastirmacilar her bir bélimin ayri ekosistem olarak
disinidlmesini 6nermistir (Sekelja ve ark., 2012;
Stanley ve ark., 2014). Bolumler arasindaki bakteri
kompozisyonu; bireysel genetik, cevresel kosullar,
yem ve antimikrobiyallerin kullanimi gibi faktorlere
bagli olarak degisim gosterdigi igin tipik mikrobiyal
profilleri tanimlamanin zor oldugu bildirilmistir
(Stanley ve ark., 2014). Tavuk sindirim sisteminde
yem, agizda amilaz, lipaz gibi enzimler ile sindirime
tabi tutulur ve 6zofagustan gecerek kursaga aktarilir.
Kursak, 6zofagusun genislemesi ile olusan yemlerin

depolandigi organdir. Burada yem slatilarak
yumusatilir ve proventrikulusa geger.
Proventrikulusta, hidroklorik asit ve pepsin gibi
sindirim enzimleri ile pargalanarak tasliga iletilir.
Taslik, 6gltllen, ¢ézinmeyen tahillari biriktirir ve
sindirim enzimleri araciligi ile proteinlerin sindirimini
tamamlayarak ince bagirsaga aktarir. ince bagirsak
yemin sindirimi ve emilimini sagladiktan sonra,
yemin fermente edildig§i ve her 24 saatte bir
bosaltilan bir ¢ift tiip olan sekum'a agilir. Burada
polisakkaritler gibi ince bagirsakta sindirilmeyen
yemin sindirimi saglanir. Sindirim kanalinin son
kismini olusturan kalin bagirsakta son posa emilerek
kloakadan disari atilir (Clavijo ve Flérez, 2018; Lu ve
ark., 2003; Noy ve ark., 1995; Stanley ve ark., 2014;
Uni ve ark., 1999). Tavuk sindirim sistemi profilleri
Sekil 1'de 6zetlenmistir. Kursakta, basta Gram pozitif
fakUltatif anaerobik bakteriler, ozellikle de
Lactobacillus tirleri (en yaygin tirler; Lactobacillus
salivarius, L. fermentum, L. reuteri ve L. acidophilus)
olmak tizere 108ila 10° cfu/g (1 g’da koloni olusturan
bakteri sayisi) kadar yogunlukta mikrobiyota
barindig bildirilmistir (Rehman ve ark., 2007). Tashk,
Lactobacillus spp. (etlik piliclerde 6nemli sayida L.
aviarius ve L. salivarius) ve Enterococcus spp.’nin
yogun oldugu bir kompozisyonu icermektedir
(Bjerrum ve ark., 2005). ince bagirsakta, en yogun
bakteri konsantrasyonlari baslica Lactobacillus,
Enterococcus ve gesitli Clostridiaceae’dir (Clavijo ve
Flérez, 2018). ileum mikrobiyotasi, ince bagirsak
bolimleri arasinda en ¢ok incelenen bdolimdiir.
Lactobacillus cinsinin  baskin grubu olusturdugu
(%70) ve ardindan Clostridium (%11), Streptococcus
(%6.5) ve Enterococcus (%6.5) cinslerinin bulundugu
bildirilmistir (Lu ve ark., 2003). Kanatlilarda sekum,
kalin bagirsagin en biyik taksonomik cesitlilik ve
yogunluga sahip olan bolimidir. Siphesiz, sindirim
kanalinda yeminen uzun sire (12 ila 20 saat)
tutuldugu organdir. Bu organi mikrobiyota igin
onemli bir nis yapan diger 6zellikler, su emiliminin en
yogun oldugu sindirim boélimid  olmasi, dre
diizenlemesinden sorumlu olmasi ve
karbonhidratlarin fermantasyonunu
gerceklestirmesidir. Sekum mikrobiyotasinin
zenginligi, ince bagirsakta bakteriyel sindirime
direngli olan sellloz, nisasta ve polisakkarid
bakimindan zengin yem maddelerinin sindirimi ile
iliskilendirilmektedir (Goldstein, 1989). Sekumda, en
yogun grubu Clostridium tiirleri (%65) olustururken,
bunu Fusobacterium (%14), Lactobacillus (%8) ve
Bacteroides (%5) cinslerinin izledigi bildirilmistir (Lu
ve ark., 2003).

Mikrobiyotada Bulunan Patojenler: Tavuk
mikrobiyatasi, zoonoz hastaliklara neden olan
bakteriyel topluluklari barindirir ve bunlardan en
onemlileri Campylobacteriosis ve Salmonellosis'e
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Sekil 1. Tavuk Sindirim Sistemi Profilleri (Stanley ve ark., 2014).

neden olan etkenleri icermektedir. Salmonellalar
dinyada en sik goérilen gida kaynakh hastalik
etkenleridir. Bu nedenle, hayvan kaynakl serotipler
insanlar icin potansiyel patojenler olarak kabul
edilmektedir (Yapicier ve Sareyylpoglu, 2022).
Salmonellalarin tavuk bagirsak mikrobiyomunda
kiicik bir takson oldugu ve kiimes hayvanlarinda
dagiliminda sporadik bir yerlesim gosterdigi
bildirilmistir (Liljebjelke ve ark., 2005). Salmonelia,
kanath  hayvan tirlerinde hastaliga neden
olabilmektedir. Ancak hastaliga duyarlhk; konagin
yasina, bagisiklik durumuna ve hastaliga neden olan
Salmonella serotipi veya sus tipine baghdir (Barrow,
1991). Bir baska patojen olan Campylobacter tirleri
(cogunlukla C. jejuni ve C. coli) bagirsaklarda 107 cfu
/g’a kadar hemen hemen tiim tavuk bagirsaklarinda
bulunmustur ve bu nedenle de genellikle tavuklar
icin patojenik olmadig 6ne slrllmustir (Stern ve
ark., 1995). Ancak yapilan daha giincel bir galismada
etkenin tavuk sagligini etkiledigi ve ayni zamanda
gida kaynaklh dnemli bir patojen oldugu gosterilmistir
(Humphrey ve ark.,2014). Ote yandan, Escherichia
coli, tim yasam donglisii boyunca saglikh tavuklarin
bagirsaklarinda bol miktarda bulunan bir y-
proteobakteridir. Bazi E. coli suslari, kimeslerdeki
yuksek amonyak miktarina bagh olarak Mycoplasma
gallisepticum kaynakli solunum yolu infeksiyonlarini
takiben kanatlilarda ikincil firsatg enfeksiyonlara
neden olabilir. Ayrica yumurtaci tavuklarda, yumurta
peritoniti veya salpenjit gibi patolojik degisikliklere
neden oldugu bildirilmistir (Landman ve ark, 2013).
Tavuklardan izole edilen bazi APEC (Avian Pathogenic
E. coli) suslar, insan ekstra-intestinal E. coli

patotipleriyle ortak virtilans 6zellikleri olan P-pili, S-
pili, CNF toksini, Ibe proteinleri veya K1 kapsiliine
sahip olabilir. Ancak bu o6zellikler kanath izolatlar
arasinda sporadik olarak bulunmustur (Dziva ve ark.,
2013). Buviriilans genlerine sahip APEC suslari, E. coli
referans koleksiyonu B2 grubuna ait insan bagirsak E.
coli  suglari ile filogenetik  olarak iligkili
gorinmektedir. Bu durum, bazi APEC’lerin zoonotik
olabilecegini diisindirmektedir (Ewers ve ark.,
2007). Patojenler arasinda yer alan clostridial
popllasyon; Clostridium perfringens, C. septicum ve
C. colinum gibi baz tirleri igerir. Bu tilrlerden C.
perfringens’in tavuklarda nekrotik enterite neden
oldugu ve insan patotiplerinin sahip olmadigi yeni bir
toksin tipini icerdigi rapor edilmistir (Keyburn ve ark.,
2010).

Tavuklarda Sindirim Sistemi Mikrobiyotasinin
Rolii ve Onemi: Tavuk sindirim sistemi icerisinde yer
alan karmasik ve cgesitli mikrobiyal topluluklar, alinan
yemin pargalanmasina ve sindiriimesine yardimci
olurlar. Yapilan galismalarda kanatli mikrobiyotasinin
icerigi ile yemden yararlanma oraninin iligkili oldugu
ifade edilmistir (Huang ve ark., 2021). Bu nedenle,
tavuk ile bakteriyel mikrobiyomu arasindaki
etkilesimler kapsaml bir sekilde bircok arastirma
grubu tarafindan incelenmistir. Bunun sonucunda
mikrobiyotanin;  besin  degisimi, immiinolojik
moddilasyon, sindirim  sistemi fizyolojisi ve
patojenlerin diglanmasi Gzerine gesitli etkilesimleri
oldugu gosterilmistir (Pan ve Yu, 2014).

Besin Degisimi: Tavuklarin sindirim sistemi
mikrobiyotasi, 6nemli olan besin bilesenleriyle hem
dogrudan hem de dolayh olarak etkilesimde
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bulunurlar. Bu 6nemli besinler; kisa zincirli yag
asitleri (asetik asit, butirik asit ve propiyonik asit),
organik asitler (laktik asit,formik asit), antimikrobiyal
bilesikler (bakteriyosinler) ve vitaminleri (K vitamini
ve B vitamin gruplarini) icerir ( Pan ve Yu, 2014).
Tavuk sindirim  sistemi  bakterilerinin  ¢ogu
polisakkaritleri, oligosakaritleri ve disakaritleri
birincil sekerler halinde hidrolize ederek asetat,
butirat ve propiyonat gibi kisa zincirli yag asitleri
Uretir. Ayrica kan akisini diizenler, enterositlerin
blylmesini ve ¢cogalmasini uyarir ve bagirsaklardaki
mukozal bagisikhgr etkileyen mdisin Gretimini
diizenler (Tellez ve ark., 2006). Bununla birlikte, azot
metabolizmasina da katkida bulunur. Tavuk sindirim
sistemi, karsilikli olarak bagirsak bakterilerine besin
saglayabilir. Ornegin, goblet hiicrelerinin bagirsakta
Urettigi musin, benzer sekilde kommensal bakteriler
ve patojenler icin 6nemli bir karbon, azot ve ener;ji
kaynagidir (Tellez ve ark., 2006).

Mikrobiyota ve Bagisiklik Sistemi: Bagirsaklarla
iliskili bagisikhk sistemi, saglam bir mukozal katman,
sikica birbirine baglanmig bagirsak epitel hiicreleri,
salgilanan antikorlar (immuinoglobulin  A) ile
antimikrobiyal peptitleri igerir. Yararl bir mikrobiyal
toplulugun, normal fizyolojik homeostazi korudugu
ve konakgl bagisiklik sisteminin diizenlenmesinde
onemli bir rol oynadig bildirilmistir (Sommer ve
Backhed, 2013). Tavuklarin bagisiklik sistemi hem
dogal hem de kazanilmis bagisiklik ile etkili olur.
Dogal bagisiklik bagirsak mukozasinin enfeksiyona
karsi birinci savunma hatti olup bakterilerin bagirsak
epiteline girmesini 6nleyen bir bariyer gorevi
Ustlendigi bilinmektedir (Carter ve ark., 2009).
Kazanilmis bagisikhk sistemi ile ilgili olarak;
kommensal bakterilerin bagisikhk  tepkisini
diizenledigi ve yardimci T hicrelerini uyararak
mukozal membranda koruma sagladigi  6ne
surilmektedir (Oakley ve ark., 2014). Fakat bu
mekanizmalar  henliz  tam  olarak acikhga
kavusturulmamistir. Ayrica mikrobiyotanin sitokin ve
kemokinlerin Gretimine rehberlik ettigi, B-hicre
yanitini  ve IgA  Uretimini modille ettigi
disinilmektedir (Macpherson ve Uhr, 2004).

Mikrobiyotanin Sindirim Sistemine Etkisi:
Yumurtadan ¢ikan civcivlerin sindirim sistemleri,
yasamin ilk saatlerinden itibaren mikroorganizmalar
tarafindan  kolonize  edilir.  ilk  yerlesen
mikroorganizmalar zaman iginde istikrarli ve farkh bir
popilasyonun olusmasi i¢in temel bir ortam saglar.
Baslangicta tavuklarin sindirim sistemi fakaltatif
aeroblar tarafindan kolonize edilir ve daha sonra
anaeroblar ile yer degistirir. Aerobik bakterilerin
¢ogalmasi ve  oksijen  tuketimi,  bagirsak
ekosisteminde zorunlu anaeroblarin Ureme ve
kolonizasyonunu destekleyen indirgeyici kosullari
saglar (Aruwa ve ark., 2021). Tavuk bagirsaginin i¢
ylzeyi kalsiform epitel hicreleri tarafindan

salgilanan bir mukoza tabakasi ile kaplanmistir.
Yapilan bir ¢alismada, geleneksel olarak yetistirilen
tavuklarin mukozalarindaki musin miktarinin, dusik
bakteri yiklne sahip ticari tavuklarinkine gore daha
yuksek oldugu bildirilmistir. Bu durum, bagirsak
mikrobiyotasinin mukoza tabakasinin olusumunu
dizenlemede etkili oldugunun  gostergesidir
(Mitsuhiro ve Jun-ichi, 1994). Bu hipotezi
destekleyen diger calismalar Chambers ve Gong
(2011) tarafindan derlenmistir. Ayrica patojen
protozoon ve bakteriler morfolojik degisikliklere
neden olmaktadir. Ornegin, Eimeria spp. ve C.
perfringens ile birlikte enfekte olmus tavuklarda,
bagirsak villi uzunlugunun o6nemli 6lglide azaldigi
gorilmustir ve ayni etki Salmonella typhimurium ile
enfekte olmus tavuklarda da gorulmistir (Golder ve
ark., 2011).

Mikrobiyota ve Patojenlerin Diglanmasi:
Yarismali dislama, ayni kaynak icin rekabet eden iki
tlrdn istikrarh bir sekilde bir arada
bulunamayacagini  belirtmektedir. Bu nedenle,
rakiplerden biri her zaman digerine Ustlinlik kurarak
onu dislar. Mikrobiyota, kolonilesen patojenik
bakterilerle  rekabet eder ve bagirsaktaki
patojenlerin  adhezyonu ve kolonizasyonunu
azaltabilir. Bu azalma, ortamin fiziksel isgali, belirli bir
alandaki kaynaklar icin rekabet, dogrudan fiziksel
veya kimyasal etkilesimin farkli mekanizmalari
sonucu olabilir. Ornegin mikrobiyotadaki etkenler
tarafindan bakteriyosin Uretimi 6zellikle patojenler
tarafindan kolonizasyon siirecine midahale ile
iliskilendirilmistir (Razmyar ve ark., 2017). Bu
korumaya yol acgan isleyisin kodu c¢ozlilmemis
olmasina ragmen rekabet¢i dislama islemi, etlik
tavuklarda Salmonella’nin bagirsak kolonizasyonunu
onlemede en etkili yaklasimlardan biri olmaya
devam etmektedir (Chambers ve Gong, 2011).

Mikrobiyotayi Etkileyen Faktorler

Tavugun Yasi: Tavuklarin yasi, sindirim sistemi
bakteri kompozisyonunu etkileyen en o6nemli
faktorlerden biridir. Mikrobiyotanin gelisimi ve
zamansal dalgalanmalarinin izlendigi bir calismada, 1
ginlik civcivlerde ileum ve sekumda bakteri
yogunluklarinin 108-10% cfu/g oldugu, 3. giinde 10%*
cfu/g 'a ulastigi ve sonraki 30 glinlik izleme boyunca
da nispeten sabit kaldigi bildirilmistir (Apajalahti ve
ark.,,  2004). Benzer bir ¢alisma, ileum
mikrobiyotasinin kulucka ve biiyiime asamalari (0-16
haftalik) sirasinda kademeli olarak degistigini,
yumurtlama asamasina (17 haftalik) gegtikten sonra
degisimin daha yogun oldugunu, yine sekum
mikrobiyotasinin, yumurtlama asamasina (16-25
haftalik) gectikten sonra bulylk olctide degistigini
gostermektedir (Ngunjiri ve ark., 2019). Genel olarak
tavuklarda ileri yaslarda mikrobiyota bilesiminde
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daha stabil bakteri taksonlarinin
gorulmektedir (Shang ve ark., 2018).

Cinsiyet: Kanathlarda cinsiyet farkh Uretim
sisteminin bir parcgasidir. Cinkd yumurtaci tavuk
surdleri disilerden olusurken, etlik pili¢ strtlerinde
erkekler ve disiler genellikle birlikte yetistirilir. Erkek
ve disi piliclerin bakteri topluluklarindaki farkhliklarin
bliyimeyle ilgili olmayan faktorlerden etkilendigi
disiunilmektedir (Kers ve ark., 2018). Deneysel bir
calismada, blylime hizinda 21. giline kadar higbir
farkhhk  gozlenmezken, 3. ginde bagirsak
mikrobiyota bilesiminde farkhliklar tespit edilmistir
(Lumpkins ve ark.,2008). PCR ile gii¢lendirilmis 16S
ribozomal RNA (rRNA) gen fragmanlarinin denatiire
gradyan jel elektroforezi (DGGE) ile saptandig
bagirsak mikrobiyota topluluklari, erkek ve disiler
arasinda %30'dan daha az benzerlik gostermistir
(Lumpkins ve ark., 2008). Disi ve erkek piliglerin (22
ve 42 ginlik) kantitatif PCR (qPCR) kullanilarak
karsilastirildigi baska bir calismada, sekumlarinda
Lactobacillus salyarius, L. cripatus, L. aviarius ve E.
coli  yogunlugu bakimindan farkliliklar tespit
edilmistir (Torok ve ark., 2013).

Beslenme: Tavuklarin beslenmelerinde yer alan
yem maddeleri mikrobiyotanin olusumu ve geligsimini
diizenler. Bu nedenle mikrobiyotanin olusumunda
beslenmenin  blylik etkiye sahip  oldugu
disinidlmektedir.  Protein, vyag, nisasta gibi
sindirilebilirligi  disiik yem kullanimi veya bu
maddelerin sindirilebilirligini artiracak enzim ilavesi,
i1sil islemler gibi 6nlemlerin alinmamig olmasi saglikli
mikrobiyota gelisimini olumsuz etkilemektedir
(Marmion ve ark., 2021). Tam olarak sindirilememis
yemler, patojen bakterilerin gelismesini ve
kolonizasyonunu artirmaktadir. Bunun sonucu
olarak, yemden vyararlanma orani dismekte,
blylimede gerileme gorilmekte ve konakgi
enfeksiyonlara karsi duyarli hale gelmektedir.
Ornegin soya vyag iceren diyetlerle beslenen
tavuklarin, hayvansal kaynakli yaglarla beslenen
tavuklardan daha dusik C. perfringens yogunluguna
sahip oldugu gorilmustir (Clavijo ve Flérez, 2018;
Luo ve ark., 2016).

Antibiyotikler: Kiimes hayvani yemlerine
subterapodtik seviyelerde antibiyotiklerin  dabhil
edilmesinin, yem  verimliligini ve blylime
performansini arttirdigi ve C. perfringens dahil
enterik bakteriyel patojenlerin seviyelerini azalttig
gosterilmistir (Neumann ve Suen, 2015). Bu amagla,
basitrasin metilen disalisilat ve salinomisin gibi
iyonoforlar dahil olmak Uzere klasik antibiyotik
takviyelerin yaygin olarak kullanildigi rapor edilmistir
(Johansen ve ark., 2007). Bununla birlikte, antibiyotik
kalintilarinin insan saghg Uzerindeki etkisi ve
antibiyotige direncli bakterilerin ortaya c¢ikmasi
konusundaki halk saghgi endiseleri nedeniyle, bircok
Ulke kanatli yemlerinde belirli antibiyotiklerin

olustugu

kullanimini asamali olarak kaldirarak bu riskleri
azaltmak igin adimlar atmistir (Agunos ve ark., 2019).
Son yillarda, vyeni nesil dizileme teknolojisi
kullanilarak gergeklestirilen 16S rRNA arastirmalari,
mikrobiyota profillerindeki  degisiklikleri  ayirt
etmekte onemli derecede kolaylklar saglamistir.
Yapilan son galigmalar, antibiyotik takviyeli yemlerin
gastrointestinal  sistemde vyararli  bakterilerin
¢ogunlugunu olusturan Lactobacillus, Bifidobacteria
ve Streptococcus gibi Gram pozitif bakterilerin
miktarinda 6nemli azalmalara yol ac¢tigi gosterilmistir
(Broom, 2017). Bu azalma sonrasinda Salmonella ve
Campylobacter benzeri Gram negatif bakterilerin
miktari artmistir. Bu durumun bagirsaklarda roélatif
sayisi azalan kommensal bakterilerin patojenler ile
rekabet eksikliginden kaynaklandigi
distntlmektedir (Kumar ve ark., 2019).

Probiyotikler: Probiyotikler, yeterli miktarlarda
uygulandiginda konakgi sagligina yarar saglayan canli
mikroorganizmalar olarak tanimlamistir (Smith,
2014). Ornegin bazi mikroorganizmalar, yem liflerini
ve diger besin maddelerini konakgi icin hazir hale
getirerek, daha verimli bir sekilde sindirilebilmesini
saglar (Mahmood ve Guo, 2020). Lactobacillus
konakgl icin yararli olan substratlarin sindirimi veya
fermantasyonu sirasinda, antimikrobiyal 6zellikteki
laktik asitleri tGretebilir. Bu iretimi dogal mikrobiyota
veya mikrobiyota ortaminin stabilizasyonu sayesinde
basarirlar. Lactobacillus acidophilus'tan salgilanan
bakteriyosinlerin, patojenlerin hiicrelere baglanma
ve kolonizasyonunu rekabetgci bir sekilde onleyerek
patogenezi azalttigl bilinmektedir (Alvarez-Sieiro ve
ark., 2016). Ayrica Lactobacillus takviyeli yemle
beslenen tavuklarda Salmonella ve enteropatojenik
E. coli (EPEC) popilasyonunda azalma ve antikor
Uretiminde artis oldugu bildirilmistir (Brisbin ve ark.,
2010).

Prebiyotikler: Prebiyotikler, konagin saghigini
gelistirmek icin  sindirim  sisteminde faydali
mikrobiyal aktiviteyi uyaran ve bliyiimeyi tesvik eden
cansiz besin maddeleri olarak tanimlanmaktadir.
Probiyotiklerle karsilastirildiginda; Gretilmesi daha
ucuz, konakta istenmeyen yan etki riskleri daha
disik ve dretim sirecinin daha kolay oldugu
bildirilmektedir (Clavijo ve Flérez, 2018). Cesitli
bitkilerde yaygin olarak bulunan indlin, ilgili
hidrolizatlar ve oligofruktoz, prebiyotiklerin klasik
orneklerini temsil ettigi bildirilmistir (Ricke, 2015).
Tavuklarda prebiyotiklerle ilgili cesitli calismalarda,
Salmonella, E. coli ve Eimeria spp.gibi patojenlerin
inhibisyonunda mannan oligosakkaritlerinin (maya
hicre duvarlari) etkili oldugu ve oligofruktozlarin
performansi artirdigi bildirilmistir (Stanley ve ark.,
2014). Mannan oligosakkaritleri ve lignin ile beslenen
tavuklar Uzerine yapilan bir c¢alisma; sekumdaki
yararli bakteri popillasyonunun, jejunumdaki villus
ylksekliginin ve goblet hiicrelerinin sayisinda artis
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oldugunu bildirmistir. Ayrica altliktaki E. coli
popilasyonunda azalma tespit edilmistir (Baurhoo
ve ark., 2007). Oligofruktozlarin kullanimi ile ilgili
yapilan  bir c¢alismada, Bifidobacterium ve
Lactobacillus'un tGremesini arttirdigi, ince bagirsakta
ve sekal sindirimde Escherichia coli'yi inhibe ettigi
ancak biylime performansi, sindirim enzimi
aktiviteleri, bagirsak mikrobiyotasi veya morfoloji
Uzerinde 6nemli bir etkisi olmadig1 gosterilmistir (Xu
ve ark., 2003).

Sonug¢

Son yillarda sindirim sistemi mikrobiyotasinin
taksonomik yapisi ve bagirsak saghgina katkilarini
anlamada 6nemli ilerlemeler kaydedilmistir. Yapilan
calismalar, sindirim sistemi mikrobiyal ekosisteminin
dinamiklerinin agiga cikartilmasi agisindan énemlidir.
Tanimlama ve karakterizasyon teknolojilerinde
devam eden gelismelerle  birlikte  kanath
mikrobiyomunun yeni {yelerinin  kesfedilmesi
muhtemeldir. Gelecekteki calismalarda
mikrobiyomun roliine iliskin anlayisimizi arttirmak
amaciyla, omik  (Genomik,  Transkriptomik,
Proteomik, = Metabolomik ve Metagenomik)
yaklagimlarin uygulanmasi anlamh olacaktir. Bu
alanda vyapilan c¢alismalar neticesinde tavuklarin
cevre, yem ve fizyolojik degisikliklere bagh olarak
bagirsak mikrobiyotasinin nasil yénetilecegi konusu
daha iyi anlasilacaktir.

Cikar ¢catismasi

Yazarlar bu yazl icin gercek, potansiyel veya
algilanan  ¢ikar  gatismasi  olmadigini  beyan
etmislerdir.

Etik izin

Bu calisma “Hayvan Deneyleri Etik Kurullarinin
Calisma Usul ve Esaslarina Dair Yonetmelik” Madde
8 (k) geregi HADYEK iznine tabi degildir. “Etik Beyan
Formu” yazarlarca imzalanarak sisteme yliklenmistir.
Ayrica yazarlar Arastirma ve Yayin Etigine
uyuldugunu beyan etmislerdir.

Benzerlik Orani
Makalenin benzerlik oraninin sisteme yiklenen
raporda belirtildigi gibi %5 oldugunu beyan ederiz.

Aciklama

Ankara Universitesi Saglik Bilimleri EnstitiisQ,
Mikrobiyoloji Anabilim Dali Doktora seminerinden
Ozetlenmistir.

Yazar Katkilari

Fikir/Kavram: KT, BS

Tasarim: KT
Denetleme/Danismanlik: BS
Veri Toplama ve/veya isleme: KT
Analiz ve/veya Yorum: KT, BS
Kaynak Taramasi: KT

Makalenin Yazimi: KT

Elestirel inceleme: BS

Kaynaklar

Agunos A, Gow SP, Léger DF, Carson CA, Deckert AE,
Bosman AL, Reid-Smith RJ, 2019: Antimicrobial use
and antimicrobial resistance Indicators-Integration of
Farm-Level surveillance data from broiler chickens
and turkeys in British Columbia, Front Vet Sci, 6, 131.

Alvarez-Sieiro P, Montalban-Lépez M, Mu D, Kuipers OP,
2016: Bacteriocins of lactic acid bacteria: extending
the family. Appl Microbiol Biotechnol, 100 (7), 2939-
2951.

Apajalahti J, Kettunen A, Graham,H, 2004: Characteristics
of the gastrointestinal microbial communities, with
special reference to the chicken. Worlds Poult Sci J,
60 (2), 223-232.

Aruwa CE, Pillay C, Nyaga MM, Sabiu S, 2021: Poultry gut
health—microbiome functions, environmental
impacts, microbiome engineering and advancements
in characterization technologies. J Anim Sci
Biotechnol, 12 (1), 1-15.

Barrow P, 1991: Experimental infection of chickens with
Salmonella enteritidis. Avian Pathol, 20 (1), 145-153.

Baurhoo B, Phillip L, Ruiz-Feria C, 2007: Effects of purified
lignin and mannan oligosaccharides on intestinal
integrity and microbial populations in the ceca and
litter of broiler chickens. Poult Sci, 86 (6), 1070-1078.

Bjerrum L, Pedersen K, Engberg R, 2005: The influence of
whole wheat feeding on Salmonella infection and gut
flora composition in broilers. Avian Dis, 49 (1), 9-15.

Brisbin JT, Gong, J, Parvizi P, Sharif, S, 2010: Effects of
lactobacilli on cytokine expression by chicken spleen
and cecal tonsil cells. Clin Vaccine Immunol, 17 (9),
1337-1343.

Broom LJ, 2017: The sub-inhibitory theory for antibiotic
growth promoters. Poult Sci, 96 (9), 3104-3108.
Carter AJ, Adams MR, Woodward MJ, La Ragione RM,
2009: Control strategies for Salmonella colonization
of poultry: The probiotic perspective. Food Sci

Technol, 5, 103-115.

Chambers JR, Gong, J, 2011: The intestinal microbiota and
its modulation for Salmonella control in chickens.
Food Res Int, 44(10), 3149-3159.

Clavijo V. Flérez MJV, 2018: The gastrointestinal
microbiome and its association with the control of
pathogens in broiler chicken production: a review.
Poult Sci, 97 (3), 1006-1021.

Diker KS, 2017: Hayvanlarda mikrobiyom-hayvan
mikrobiyomu. Vet Hekim Der Derg, 88 (2), 122-132.

Dziva F, Hauser H, Connor TR, van Diemen PM, Prescott G,
Langridge GC, Mellata, M, 2013: Sequencing and

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Sayi 2 274



Harran Univ Vet Fak Derg, 2022; 11 (2): 269-276

Derleme

functional annotation of avian pathogenic
Escherichia coli serogroup 078 strains reveal the
evolution of E. coli lineages pathogenic for poultry via
distinct mechanisms. Infect Immun, 81(3), 838-849.

Ewers C, Li G, Wilking H, KieBling S, Alt K, Antdo EM,
Homeier T. (2007). Avian pathogenic, uropathogenic,
and newborn meningitis-causing Escherichia coli:
how closely related are they? Int J Med Microbiol,
297 (3), 163-176.

Golder H, Geier M, Forder R, Hynd P, Hughes R, 2011:
Effects of necrotic enteritis challenge on intestinal
micro-architecture and mucin profile. Br Poult Sci, 52
(4), 500-506.

Goldstein DL, 1989: Absorption by the cecum of wild birds:
is there interspecific variation? J Exp Zool, 252 (S3),
103-110.

Huang Y, Lv H, Song Y, Sun C, Zhang Z, Chen S, 2021:
Community composition of cecal microbiota in
commercial yellow broilers with high and low feed
efficiencies. Poult Sci, 100 (4), 100996.

Humphrey S, Chaloner G, Kemmett K, Davidson N, Williams
N, Kipar A, Wigley, P, 2014: Campylobacter jejuni is
not merely a commensal in commercial broiler
chickens and affects bird welfare. MBio, 5 (4),
e01364-01314.

Johansen CH, Bjerrum L, Pedersen K, 2007: Impact of
salinomycin on the intestinal microflora of broiler
chickens. Acta Vet Scand, 49 (1), 1-8.

Kers JG, Velkers FC, Fischer EA, Hermes GD, Stegeman JA,
Smidt H, 2018: Host and environmental factors
affecting the intestinal microbiota in chickens. Front
Microbiol, 9, 235.

Keyburn AL, Bannam TL, Moore RJ, Rood JI, 2010: NetB, a
pore-forming toxin from necrotic enteritis strains of
Clostridium perfringens. Toxins, 2 (7), 1913-1927.

Kuda T, Yokota Y, Shikano A, Takei M, Takahashi H, Kimura
B, 2017: Dietary and lifestyle disease indices and
caecal microbiota in high fat diet, dietary fibre free
diet, or DSS induced IBD models in ICR mice. J Funct
Foods, 35, 605-614.

Kumar S, Shang Y, Kim WK, 2019: Insight into dynamics of
gut microbial community of broilers fed with
fructooligosaccharides supplemented low calcium
and phosphorus diets. Front Vet Sci, 6, 95.

Landman W, Heuvelink A,Van Eck J, 2013: Reproduction of
the Escherichia coli peritonitis syndrome in laying
hens. Avian Pathol, 42 (2), 157-162.

Liljebjelke KA, Hofacre CL, Liu T, White DG, Ayers S, Young
S, Maurer JJ, 2005: Vertical and horizontal
transmission of Salmonella within integrated broiler
production system. Foodborne Pathog Dis, 2 (1), 90-
102.

Lu J, Idris U, Harmon B, Hofacre C, Maurer JJ, Lee MD,
2003: Diversity and succession of the intestinal
bacterial community of the maturing broiler chicken.
Appl! Environ Microbiol, 69 (11), 6816-6824.

Lumpkins B, Batal A, Lee M, 2008: The effect of gender on
the bacterial community in the gastrointestinal tract
of broilers. Poult Sci, 87 (5), 964-967.

Luo Q, Cui H, Peng X, Fang J, Zuo Z, Deng J, Deng Y, 2016:
Dietary high fluorine alters intestinal microbiota in
broiler chickens. Biol Trace Elem Res, 173 (2), 483-
491.

Macpherson AJ, Uhr T, 2004: Induction of protective IgA by
intestinal dendritic cells carrying commensal
bacteria. Science, 303 (5664), 1662-1665.

Mahmood T, Guo Y, 2020: Dietary fiber and chicken
microbiome interaction: Where will it lead to? Anim
Nutr, 6 (1), 1-8.

Marmion M, Ferone M, Whyte P, Scannell A, 2021: The
changing microbiome of poultry meat; from farm to
fridge. Food Microbiol, 99, 103823.

Mitsuhiro F, Jun-ichi O, 1994: Nutritional and physiological
characteristics in germ-free chickens. Comp Biochem
Physiol, 109 (3), 547-556.

Neumann A, Suen G, 2015: Differences in major bacterial
populations in the intestines of mature broilers after
feeding virginiamycin or bacitracin methylene
disalicylate. J App! Microbiol, 119 (6), 1515-1526.

Ngunjiri JM, Taylor KJ, Abundo MC, Jang H, Elaish M, Kc M,
Johnson TJ, 2019: Farm stage, bird age, and body site
dominantly affect the quantity, taxonomic
composition, and dynamics of respiratory and gut
microbiota of commercial layer chickens. App/
Environ Microbiol, 85 (9), e03137-03118.

Noy Y, Sklan D (1995). Digestion and absorption in the
young chick. Poult Sci, 74 (2), 366-373.

Oakley BB, Lillehoj HS, Kogut MH, Kim WK, Maurer JJ,
Pedroso A, Cox, NA, 2014: The chicken
gastrointestinal microbiome. FEMS Microbiol Lett,
360 (2), 100-112.

Pan D, Yu Z, 2014: Intestinal microbiome of poultry and its
interaction with host and diet. Gut Microbes, 5 (1),
108-119.

Razmyar J, Peighambari SM, Zamani AH, 2017: Detection
of a newly described bacteriocin, perfrin, among
Clostridium perfringens isolates from healthy and
diseased ostriches and broiler chickens in Iran. Avian
Dis, 61 (3), 387-390.

Rehman HU, Vahjen W, Awad WA, Zentek J, 2007:
Indigenous bacteria and bacterial metabolic products
in the gastrointestinal tract of broiler chickens. Arch
Anim Nutr, 61 (5), 319-335.

Ricke S, 2015: Potential of fructooligosaccharide prebiotics
in alternative and nonconventional poultry
production systems. Poult Sci, 94 (6), 1411-1418.

Sekelja M, Rud I, Knutsen S, Denstadli V, Westereng B,
Naes T, Rudi K, 2012: Abrupt temporal fluctuations in
the chicken fecal microbiota are explained by its
gastrointestinal origin. Appl Environ Microbiol, 78 (8),
2941-2948.

Sender R, Fuchs S, Milo R, 2016: Revised estimates for the
number of human and bacteria cells in the body. PLoS
Biol, 14 (8), €1002533.

Shang Y, Kumar S, Oakley B, Kim WK, 2018: Chicken gut
microbiota: importance and detection technology.
Front Vet Sci, 5, 254.

Smith JM, 2014: A review of avian probiotics. J Avian Med
Surg, 28 (2), 87-94.

Simpson JM, McCracken VJ, Gaskins HR, Mackie RI, 2000:
Denaturing gradient gel electrophoresis analysis of
16S ribosomal DNA amplicons to monitor changes in
fecal bacterial populations of weaning pigs after
introduction of Lactobacillus reuteri strain MM53.
Appl Environ Microbiol, 66 (11), 4705-4714.

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Sayi 2 275



Harran Univ Vet Fak Derg, 2022; 11 (2): 269-276

Derleme

Sommer F, Backhed F, 2013: The gut microbiota—masters
of host development and physiology. Nat Rev
Microbiol, 11 (4), 227-238.

Sood U, Gupta V, Kumar R, Lal S, Fawcett D, Rattan S, Lal R,
2020: Chicken gut microbiome and human health:
past scenarios, current perspectives, and futuristic
applications. Indian J Microbiol, 60 (1), 2-11.

Stanley D, Geier MS, Hughes RJ, Denman SE, Moore RJ,
2013: Highly variable microbiota development in the
chicken gastrointestinal tract. PLoS One, 8 (12),
e84290.

Stanley D, Hughes RJ, Moore RJ, 2014: Microbiota of the
chicken gastrointestinal tract: influence on health,
productivity and disease. Appl Microbiol Biotechnol,
98 (10), 4301-4310.

Stern N, Clavero M, Bailey J, Cox N, Robach M, 1995:
Campylobacter spp. in broilers on the farm and after
transport. Poult Sci, 74 (6), 937-941.

Tellez G, Higgins S, Donoghue A, Hargis B, 2006: Digestive
physiology and the role of microorganisms. J Appl
Poult Res, 15 (1), 136-144.

Torok V, Dyson C, McKay A, Ophel-Keller K, 2013:
Quantitative molecular assays for evaluating changes
in broiler gut microbiota linked with diet and
performance. Anim Prod Sci. 53 (12), 1260-1268.

Uni Z, Noy Y, Sklan D, 1999: Posthatch development of
small intestinal function in the poult. Poult Sci, 78 (2),
215-222.

Wei S, Morrison M, Yu Z, 2013: Bacterial census of poultry
intestinal microbiome. Poult Sci, 92 (3), 671-683.

Xu Z, Hu C, Xia M, Zhan X, Wang M, 2003: Effects of dietary
fructooligosaccharide on digestive enzyme activities,
intestinal microflora and morphology of male
broilers. Poult Sci, 82 (6), 1030-1036.

Yapicier OS, Sareyyiipoglu B, 2022: Prevalence and rapid
identification of Salmonella Infantis in broiler
production in Turkey. Ankara Univ Vet Fak Derg, 69
(1), 1-8.

*Yazisma Adresi: Kiirsat TETIK

Ankara Universitesi, Saglik Bilimleri Enstitiisii, Veteriner
Mikrobiyoloji Anabilim Dali, Ankara, Tirkiye.

e-mail: kursatt.tetik@gmail.com

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2022; Cilt 11, Sayi 2 276



HARRAN UNIiVERSITESI VETERINER FAKULTESiI DERGISi YAYIN KURALLARI *

1- Harran Universitesi Veteriner Fakiiltesi Dergisi (Harran Univ Vet Fak Derg), zellikle Veteriner
Hekimligi bilim alani ile ilgili olmak lizere insan ve hayvan saghgini kapsayan Tiirkce ve ingilizce olarak
hazirlanmis orijinal klinik ve deneysel arastirmalar, olgu sunumlari, derlemeler (¢cagrih veya sorumlu
yazara ait derleme konusu ile ilgili en az 3 arastirma makalesinin referans listesinde olmasi gereklidir),
kisa bilimsel makale ve editére mektuplar yayinlayan hakemli bir dergidir. Dergide ingilizce
hazirlanmis makalelerin yayimlanmasina dncelik verilir. Dergi 6 ayda bir, yilda 2 sayi olarak yayinlanir.
Yayinlanan makalelerden (lcret alinmamaktadir.

2- Dergiye kabul edilen yayinlar baska bir yerde yayinlanmamis olmalidir. Es zamanl olarak
incelenmek Uzere baska dergilere génderilmis olmamalidir. Yayinlanan makalelerden dogacak her
tarlh hukuki ve cezai sorumluluk yazarlara aittir. Yazarlara yayin hakki bedeli 6denmez. Gonderilen
makaleler ve ekleri makale yayinlansin veya yayinlanmasin geri iade edilmez.

3- Daha 6nce kongrelerde teblig edilmis ve 6zeti yayimlanmis ¢alismalar, bu durum kapak sayfasinda
belirtiimek Gzere kabul edilir. Bununla birlikte yayin, tezden Uretilmis ise ve destekleyen kurulus var
ise yayinda belirtilmelidir.

4- Dergi Editorliglne ulasan makale, dergi editérligiince 6n degerlendirmeye tabi tutulur. Editorlik,
on degerlendirme sonucuna gére makaleyi reddetme veya hakem degerlendirmesine tabi tutmadan
once dizeltme isteme hakkina sahiptir.

5- Makaleler degerlendirme icin en az iki hakeme gonderilir. Makale kabul siirecinde, iki hakemin
gorislerinin farkh olmasi durumunda editor, Uglincl bir hakemin veya danisma kurulunun gorisini
alarak karar verir.

6- Harran Universitesi Veteriner Fakiiltesi Dergisi, etik ilkelere saygi cercevesinde, TUBITAK ULAKBIM
tarafindan Turkiye'de tim dniversitelerin kullanimina agmis oldugu "ithenticate" intihal tespit
programi araciligiyla génderilen tim makale, olgu sunumu ve derlemelerin 6n degerlendirmesinin
yapilmasi ve sonuglarin gonderilmesi gerekmektedir. Bu 6n degerlendirme sonuglarina gére, makale,
olgu sunumu veya derlemelerin baska kaynaklarla benzerlik oraninin %15’i (6zet, abstract ve
kaynaklar hari¢) asmamasi gerekmektedir. ‘"ithenticate" programi araciligi ile yapilacak
ondegerlendirmede benzerlik oraninin %15 degerini asmasi durumunda yayimlanmak (zere
dergimize gonderilen makale, olgu sunumu veya derlemeler degerlendiriimeye alinmayacaktir.

7- Gonderilen herhangi bir makalenin (tiim makale kategorileri igin) referanslarinin en az % 20'sinin
son bes yilda yayinlanan referanslari icermesi gerekir. Anonim kaynaklar asgari dlizeyde tutulmalidir.

8- Makale yayina kabul edildigi takdirde her tirli yayin hakkinin devredildigine dair beyanlari
kapsayan Telif Hakki Devir Sozlesmesinin tim vyazarlar tarafindan imzalanarak basimdan &nce
elektronik olarak dergi editorliigine gonderilmesi gerekmektedir. Telif Hakki Devir Sozlesmesi
gonderilmeyen makaleler yayimlamaya kabul edilmis olsalar bile basiimazlar.

9- Harran Universitesi Veteriner Fakiiltesi Dergisi'ne gonderilecek makale, olgu sunumu, derleme vb.
calismalar, https://dergipark.org.tr/tr/pub/huvfd adresinden gonderildiginde degerlendirme siirecine
alinmaktadir.

10- Harran Universitesi Veteriner Fakiiltesi Dergisi'ne génderilecek makale, olgu sunumu, derleme vb.

¢alismalar MS Word formatinda, tim fotograflar (resimler) en az 300 dpi ¢ozlnrlikte, TIFF veya
JPEG formatinda kaydedilmis olmalidir.


https://dergipark.org.tr/tr/pub/huvfd

YAZIM KURALLARI

Yazilar, MS Word formatinda, Times New Roman yaz tipinde, 12 punto, cift satir aralikh ve her
kenardan 2.5 cm bosluk birakilarak hazirlanmalidir. Makaleye satir numaralari (makalenin 2.
sayfasindan baslamak Uzere siirekli olacak sekilde) eklenmelidir. Bu sekildeki yazilar, sekil ve tablolar
dahil olmak Uzere orijinal bilimsel arastirmalar ve derlemelerde 15, kisa bilimsel makale ve olgu
sunumlarinda 5 sayfayl gegmemelidir.

Birimler ve 6lctler icin Uluslararasi Standart birimleri (SI-sistem) kullaniimalidir.

Arastirma Makaleleri: Orijinal arastirma makaleleri asagidaki ana konu siralamasina gore dizilmelidir:
Baslik, Yazar adlari (Sorumlu yazar (*) ile isaretlenmeli), Yazar adresleri, Yazar ORCID numaralari, Ozet
ve Anahtar kelimeler (3 - 6 kelime), ingilizce baslik, Abstract ve Keywords ile Giris, Materyal ve Metot,
Bulgular, Tartisma ve Sonug, Tesekkiir veya Bilgilendirme ile Kaynaklar. Her bir Tablo ve Sekil ayri
sayfalarda yer almalidir.

YAZIM DUZENI

Ozet: Orijinal arastirma makalelerinde 250, diger makale tiirlerinde 200 kelimeyi gecmeyecek sekilde
hazirlanmalidir.

Anahtar Kelimeler: En fazla 6 tane olmak Uzere her iki dildeki 6zetin altinda alfabetik sirayla
verilmelidir. Anahtar kelimeler, Tlrkiye Bilim Terimleri arasindan segilmelidir. Anahtar kelimelerin
seciminde Turkiye Bilim Terimleri internet adresinden (http://www.bilimterimleri.com)
yararlanilmahdir.

Giris: Sonuglarin anlasilabilmesi ve yorumlanabilmesi icin o konu ile ilgili yapilmis olan ¢alismalar
hakkinda bilgilere yer verilmelidir. Giris'te ¢alismanin hipotezi belirtilmelidir. Calismanin amaci bu
bollimin en sonunda acik olarak yazilmahdir.

Materyal ve Metot: Bu bélimde deneysel calismalar diger arastirmacilar tarafindan tekrarlanabilecek
yeterlilikteki detayi ile verilmelidir. Uluslararasi indeksli dergilerde yayinlanmis bir makalede
actklanan bir teknik kullanildiginda, metodun ¢ok kisa agiklanmasi ve ilgili orijinal makaleye atif
yapilmasi gereklidir. Makalede etik kurul izini ve/veya yasal/6zel izin alinmasinin gerekip gerekmedigi
bu béliimde belirtilmelidir. Materyal olarak hayvan kullanilan orijinal arastirma makalelerinde (klinik,
deneysel, saha calismalari vb.); etik kurul onayi alinmis olmalidir. Etik kurul onay/izin belgesinin
“alindig etik kurulun ismini, sayisini ve tarihini” iceren agiklayici bilgiler materyal ve metot bélimiine
yazilmahdir. Yayin kurulu etik kurul onay belgesini isteme hakkina sahiptir.

Bulgular: Arastirma bulgulari agik ve anlagilabilir sekilde verilmelidir. Bulgular, gerektiginde tablo ve
sekillerle desteklenmeli ve kisa olarak sunulmalidir.

Tartisma ve Sonug: Bulgular gereksiz ayrintiya girmeden literatirler 1siginda tartisilmali ve bulgularin
onemi vurgulanmalidir. Sonug ya da 6neri ciimlesi ile bitirilmelidir.

Tegekkiir: Calisma veya makaleye kisisel katki ve parasal destek burada belirtilmelidir.


http://www.bilimterimleri.com/
http://www.bilimterimleri.com/

Derleme: Derginin yayin alanlarindaki konularda yenilikleri iceren, glincel kaynaklardan yararlanilarak
hazirlanmis makaleler olup, yazarlarin konu ile dogrudan iliskili en az 3 adet ¢alismalarinin olmasi ve
bunlarin derleme icinde kullanilmasi durumunda yayinlanmak Gzere kabul edilebilecektir. Sorumlu
yazar, derlemesini gonderirken konu ile ilgili makalelerinin de kiinye bilgilerini dergi editorligiine
gondermelidir (makale kiinyeleri, makale metninin en son sayfasinda sunulmalidir). Harran
Universitesi Veteriner Fakdiltesi Dergisi’/nde degerlendirmeye alinan ve yayinlanan derlemeler ¢agril
derlemelerden olusmaktadir. Derlemelerde; Ozet, Giris, Sonuc ve Kaynaklar béliimleri bulunmalidir.

Olgu Sunumu: Yazarlarin, karsilastiklari yeni veya ender gozlemlenen olgularin ele alindigi, bilimsel
degere sahip bilgileri iceren eserlerdir. En fazla 15 kaynak kullanilmal ve bu kaynaklarin giincel
olmasina 6zen gosterilmelidir. Olgu sunumlari; Ozet, Giris, Olgu tanimi, Tartisma ve Sonug ile
Kaynaklar bolimlerinden olusmalidir.

Kisa Bilimsel Makale: Kisa bilimsel makalelerde dar kapsamli olarak ele alinmis, yeni bilgi ve bulgular
sunulmalidir. Arastirma makalesi formatinda hazirlanmali ve en fazla 5 sayfa olmaldir. En fazla 2
tablo veya sekil icermelidir.

Kaynaklar

Metin icinde atif yapilirken;

1. Yazar veya yazarlarin soyadindan sonra parantez icinde kaynagin yayin yili belirtilmelidir;
Adams (1998) tarafindan; Wilkie ve Whittaker (1997) tarafindan; Doyle ve ark. (2007)
tarafindan....

2. Cumlenin sonunda atif yapildiginda ise yazar ismi ve yayin yili parantez icinde belirtilmelidir;
... bildirilmistir (Adams, 1998); .... bildirilmistir (Wilkie ve Whittaker, 1997); ..... bildirilmistir
(Doyle ve ark., 2007).

3. Birden ¢ok kaynaga atif yapilmasi durumunda once alfabetik sonra kronolojik siralama
yaptimalidir;

.... bildirilmistir (Adams, 1998; Adams, 2008; Doyle ve ark., 2007; Wilkie ve Whittaker, 2006).

4. Ayniyazarin ayni yil yayinlari s6z konusu ise her biri “a” harfinden baslayarak kiictk harflerle
isaretlenmelidir;

.... (Adams, 2005a; Adams, 2005b;...).

Kaynak listesi asagidaki sekilde hazirlanmalidir:

1. Kaynak listesi yazar soyadina gore alfabetik olarak siralanmalidir.

2. Kaynaklarda yer alacak dergi adlari ISI web of Science’a gore kisaltilmali ve italik yazilmahdir.
3. Kaynaklarin yazin sekli asagidaki sekilde olmalidir.

Makale; Sullivan JC, Sasser JM, Pollock JS, 2007: Sexual dimorphism in oxidant status in
spontaneously hypertensive rats. Am J Phsiol Integr Comp Physiol, 292 (1), 64-68.

Kitap; Cadenas E, Packer L, 2001: Handbook of Antioxidants. 2nd ed., Marcel Dekker Inc., New York,
USA.

Kitaptan bir boliim: Bahk J, Marth EH (1990). Listeriosis and Listeria monocytogenes In: Foodborne
Diseases, Cliver DO (Ed), 248-256, Academic Press, San Diego. Web sayfasi: Anonim (1)
http://www.emea.europa.eu, Erisim tarihi; 01.04.2010.



Tez: Er A, 2009: Makrolid grubu antibiyotiklerin endotoksemide sitokin diizeylerine etkisi. Doktora
tezi, SU Saglik Bilimleri Enstitiisii, Konya.

Bilimsel toplantida sunulan bildiri: Allen WR, Wilsher S, Morris L, Crowhurst JS, Hillyer MH, Neal HN,
2006: Re-establishment of oviducal patency and fertility in infertile mares. In: Proceedings of the
Ninth International Symposium on Equine Reproduction, Kerkrade, Holland, pp. 27-28.

Tablo ve Sekiller: Her bir tablo ve sekil ayri sayfalara yerlestirilmelidir. Kullanim sirasina gore
numaralandirilmali, kisa basliklarla ifade edilmeli ve metin iginde tablo numarasi verilerek atifta
bulunulmalidir. Tablo basliklari makalenin yazim dilinde tablonun {ist bolimtine yazilmalidir. Tabloda
kullanilan kisaltmalar ve gerekli agiklamalar tablo altinda verilmelidir. Sekil bashklari makalenin yazim
dilinde seklin alt bolimiine yazilmahdir.



10

HARRAN UNIVERSITY VETERINARY FACULTY JOURNAL PUBLICATION RULES *

Journal of Harran University Veterinary Faculty is a refereed journal that publishes original
clinical and experimental research in Turkish and English, covering human and animal health,
especially in the field of Veterinary Science, case reports, reviews (at least 3 on the subject of
compilation of the invited or responsible author) the research paper must be on the reference
list), short scientific articles and letters to the editor. Publishing articles in English is given
priority in the journal. The journal is published electronically every 6 months and 2 issues a
year. There are no fees for published articles.

Publications accepted to the journal should not have been published elsewhere. It should not
have been submitted to other journals for review simultaneously. All legal and criminal liability
arising from the published articles belong to the authors. Authors are not paid the right to
publish. Submitted articles and their attachments are not returned, whether the article is
published or not.

The works that have been previously communicated in congresses and published with a
summary are accepted to be stated on the cover page. However, if the publication is produced
from the thesis and there is a supporting organization, it should be stated in the publication.
The article that reaches the Journal Editor is subjected to preliminary evaluation by the journal
editor. Editing has the right to reject the article according to the preliminary evaluation result
or to request correction before subjection to the reviewer.

Articles are sent to at least two referees for evaluation. In the article acceptance process, if
the opinions of the two referees differ, the editor decides by taking the opinion of a third
referee or advisory board.

TUBITAK ULAKBIM respect for ethical principles, which opened to the use of all universities in
Turkey "iThenticate" sent through plagiarism detection program, the whole article, must be
made of the case report and review of the preliminary assessment and the delivery of results.
According to these preliminary evaluation results, the similarity rate of articles, case reports
or reviews with other references should not exceed 15% (excluding abstract, abstract and
references). Articles, case reports or reviews sent to our journal for publication will not be
evaluated if the similarity rate exceeds 15% in the evaluation made through the "ithenticate"
program.

At least 20% of references to any submitted article (for all article categories) must include
references published in the last five years. Anonymous references should be kept to a
minimum.

If the article is accepted for publication, the Copyright Transfer Agreement, which includes the
declaration that any right of publication has been transferred, must be signed by all authors
and sent to the journal editor before printing. Articles without Copyright Transfer Agreement
are not published even if they are accepted to publish.

An article, case report, review etc. to be sent to Harran University Veterinary Faculty Journal.
When the works are sent to https://dergipark.org.tr/tr/pub/huvfd, they are taken into the
evaluation process.

An article, case report, review etc. to be sent to Harran University Veterinary Faculty Journal.
Works must be saved in MS Word format, all photographs (pictures) at least 300 dpi resolution,
in TIFF or JPEG format.




WRITING RULES

Manuscripts should be prepared in MS Word format, Times New Roman font, with 12 font size,
double line spacing and 2.5 cm space on each side. Line numbers (continually starting from page 2
of the article) should be added to the article. Articles of this type should not exceed 15 pages in
original scientific research and reviews, including figures and tables, and 5 pages in short scientific
articles and case reports.

International Standard Units (SI-system) should be used for units and dimensions.

Research Articles: Original research articles should be arranged in the order of the following main
topics: Title, Author names (must be marked with the responsible author (*)), Author addresses,
Author ORCID numbers, Abstract and Keywords (3 - 6 words), English title, Abstract and
Introduction to Keywords, Material and Method, Results, Discussion and Conclusion, Thanks or
Information and References. Each Table and Figure should be on separate pages.

STYLE AND FORMAT

Abstract: It should be prepared not to exceed 250 words in original research articles and 200 words
in other types of articles.

Keywords: It should be given in alphabetical order below the summary in both languages,
maximum 6. Keywords should be selected from Turkey Science Terms. Turkey Science Terms in the
selection of keywords from the internet address ( ) should be
utilized.

Introduction: In order for the results to be understood and interpreted, information about the
studies done on that subject should be included. In the introduction, the hypothesis of the study
should be specified. The purpose of the study should be clearly written at the end of this section.

Material and Method: Experimental studies should be given in this section with sufficient detail
that can be repeated by other researchers. When using a technique described in an article
published in international indexed journals, it is necessary to describe the method very briefly and
to cite the relevant original article. In the article, it should be stated in this section whether the
ethical committee permission and / or legal / special permission should be obtained. In original
research articles using animals as materials (clinical, experimental, field studies, etc.); ethics
committee approval must have been obtained. Explanatory information including the name,
number and date of the ethics committee's ethics committee approval / permit document should
be written in the material and method section. The editorial board has the right to request the
ethics committee approval document.

Results: Research findings should be given clearly and understandably. Findings should be
supported with tables and figures when necessary and presented briefly.

Discussion and Conclusion: Findings should be discussed in the light of the literature before going
into unnecessary detail and the importance of the findings should be emphasized. It should be
finished with a conclusion or suggestion sentence.

Acknowledgment: Personal contribution and monetary support to the study or article should be
stated here.



Compilation: These are articles that contain innovations on the subjects of the journal's
publications and are prepared by using current references. If the authors have at least 3 works
directly related to the subject and they can be accepted for publication. When submitting his
review, the responsible author should send the imprint information of the articles related to the
subject to the editor of the journal (article tags must be presented on the last page of the article
text). Reviews compiled and published in Harran University Veterinary Faculty Journal are invited
reviews. in the compilation; Summary, Introduction, Conclusion and References sections should
be available.

Case Report: These are the works that contain information of scientific value that the authors
discuss the new or rare cases that they encounter. Maximum 15 references should be used and
care should be taken to keep these references up to date. Case reports; It should consist of
Summary, Introduction, Case description, Discussion and Conclusion and References sections.

Short Scientific Article: In short scientific articles, it should be handled narrowly and new
information and findings should be presented. It should be prepared in the form of a research
paper and should not exceed 5 pages. Must contain no more than 2 tables or figures.

References:
While citing in the text;

1. The publication year of the reference should be specified in parentheses after the surname of
the author or authors; By Adams (1998); By Wilkie and Whittaker (1997); Doyle et al. (2007) by....

2. When cited at the end of the sentence, the name of the author and the year of publication must
be indicated in parentheses; ... have been reported (Adams, 1998); .... has been reported (Wilkie
and Whittaker, 1997); ..... has been reported (Doyle et al., 2007).

3. In case of reference to more than one reference, first alphabetical and chronological order
should be done;

.... reported (Adams, 1998; Adams, 2008; Doyle et al., 2007; Wilkie & Whittaker, 2006).

4. If the same author has publications in the same year, each should be marked in lowercase
letters, starting with the letter "a";

.... (Adams, 2005a; Adams, 2005b;...).
The list of references should be prepared as follows:
1. Reference list should be listed alphabetically by author surname.

2. The names of the journals in the references should be shortened according to the ISI web of
Science and should be written in italics.

3. Type of references should be as follows.

Journal article; Sullivan JC, Sasser JM, Pollock JS, 2007: Sexual dimorphism in oxidant status in
spontaneously hypertensive rats. Am J Phsiol Integr Comp Physiol, 292 (1), 64-68.

Book; Cadenas E, Packer L, 2001: Handbook of Antioxidants. 2nd ed., Marcel Dekker Inc., New York,
USA.



Chapter in a book: Bahk J, Marth EH (1990). Listeriosis and Listeria monocytogenes In: Foodborne
Diseases, Cliver DO (Ed), 248-256, Academic Press, San Diego. Web page: Anonymous (1)
http://www.emea.europa.eu, Access date; 01.04.2010.

Thesis: Er A, 2009: Effect of macrolide antibiotics on cytokine levels in endotoxemia. PhD thesis,
SU Health Sciences Institute, Konya.

Paper presented at the scientific meeting: Allen WR, Wilsher S, Morris L, Crowhurst JS, Hillyer MH,
Neal HN, 2006: Re-establishment of oviducal patency and fertility in infertile mares. In:
Proceedings of the Ninth International Symposium on Equine Reproduction, Kerkrade, Holland, pp.
27-28.

Tables and Figures: Each table and figure should be placed on separate pages. It should be
numbered according to the order of use, expressed in short titles, and should be cited by giving
the table number in the text. Table titles should be written in the writing language of the article in
the upper part of the table. Abbreviations and necessary explanations used in the table should be
given under the table. Figure titles should be written at the bottom of the figure in the writing
language of the article.
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