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Abstract

Conventional and real-time PCR assays were developed for detection and identification of Brucella species in bovine and
buffalo semen samples. Totally, 91 bovine and buffalo semen samples were collected from 4 major provinces of Iran in various
seasons. The animals which their semen samples were collected for this study had less than 1 year old, 1-2 years old, 2-3 years
old and more than 3 years old. Samples were cultured and DNA was extracted and novel primers have been designed using
the 1S711 target of Brucella species for conventional PCR. Positive results of PCR have been studied for presences of Brucella
abortus and Brucella melitensis. Totally, 21.56% and 14.28% of bovine and buffalo semen samples, respectively, were positive for
Brucella species. Khozestan had the highest while Sistan Va Balochestan had the lowest incidences of Brucella species in studied
regions. Samples which were collected in spring season had the highest rate of infection. Also, samples which were collected
from less than 1 year old bovine and buffalo semen samples had the highest incidence of Brucella species. Totally, 25 (24.50%)
and 4 (3.92%) bovine semen samples and 14 (15.38%) and 1 (1.09%) buffalo semen samples were positive for Brucella abortus
and Brucella melitensis.

Keywords: Brucella abortus, Brucella melitensis, Seasonal distribution, Senile distribution, Geographical distribution,
Semen, Iran

iran’da Si1gir ve Yaban Sigirlari Semen Orneklerinde
Brucella abortus ve Brucella melitensis: Kultur, Konvansiyonel ve
Real-time Polimeraz Zincir Reaksiyonu Kullanilarak Mevsimsel,
Yasa Bagh ve Bolgesel Dagilimi Uzerine ilk Klinik Calisma

Ozet

Sigir ve yaban sigirlarinin semen 6rneklerinde Brusella tiirlerinin tespit ve tanimlanmasi amaciyla konvansiyonel yontemler
ve Gercek Zamanli Zincirleme Polimeraz Reaksiyonu kullanildi. iran'da degisik mevsimlerde 4 ana bélgeden toplam 91 adet sigir
ve yaban sigiri semen 6rnekleri toplandi. Semen &rneklerinin toplandigi hayvanlar 1 yas, 1-2 yas, 2-3 yas ve 3 yas lzeri olarak
gruplandirildi. Orneklerden kiiltiir hazirlandi, konvansiyonel PCR amaciyla DNA ekstraksiyonu yapilarak Brusella tirleri icin
IS711 kullanilarak pimerler dizayn edildi. Pozitif sonuc veren 6rnekler Brucella abortus ve Brucella melitensis ydoninden incelendi.
Sigirlarin %21.56'sinda yaban sigirlarin %14.28'inde Brusella tespit edildi. Calisilan bdlgeler arasinda Khozestan en yiiksek Sistan
Va Balochestan ise en diisiik Brusella oranina sahipti. ilkbaharda toplanan érneklerde oran en yiiksek olarak bulundu. En yiiksek
Brusella orani 1 yasin altindaki hayvanlardan toplanan semen 6rneklerinde tespit edildi. Brucella abortus 25 sigirda (%24.50) ve
14 yaban sigirinda (%15,38) Brucella melitensis ise 4 sigirda (%3.92) ve 1 yaban sigirinda (%1.09) belirlendi.

Anahtar sézciikler: Brucella abortus, Brucella melitensis, Mevsimsel dagilm, Yasa bagl dagilim, Bélgesel Yayilim,
Semen, Iran
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INTRODUCTION

Brucellosis is a highly contagious zoonotic bacterial
disease of human and many species of animals worldwide
caused by gram-negative, aerobic and facultative intra-
cellular bacterium of the genus Brucella. It is an important
public health problem in many parts of the worlds, such
as the Mediterranean littoral, the Middle East and parts of
Latin America M. Brucella species are classically classified
into 6 main species 2 of which are Brucella abortus (B.
abortus) and Brucella melitensis (B. melitensis) cause
abortions in ruminants .

In some countries, especially in Europe and Asia
(including Iran), where animals like camelids and buffaloes
are kept in close contact with infected sheep, goat and
cattle, infections and abortions can also be caused by B.
melitensis and B. abortus B4

In Iran, B. abortus was first isolated from a bovine
fetus in 1944 B!, and B. melitensis was first isolated from a
sheep in Isfahan Province in 1952 ©; brucellosis has been
reported from various parts of Iran ever since. In the
majority of cases of brucellosis in Iran, B. abortus and B.
melitensis are the main pathogens. Artificial insemination is
used to induce fertility in livestock in Iran and other sites
of the world. Therefore, the quality and hygiene of semen
samples should be considered. There are various assays
for diagnosis of brucellosis such as culture, serological and
molecular methods. Culture methods require a living host
and are both time consuming and hazardous .. Previous
study showed the low accuracy of serological methods for
detection of brucellosis ©. The usual method for detection
and segregation of Brucella spp. is based on phenotypic
traits, but it is associated with a high risk of laboratory-
acquired infections and very time consuming .,

Therefore, in order to avoid these problems and
despite the high degrees of genetic similarity of Brucella
spp., several conventional and real-time Polymerase Chain
Reaction (PCR) assays that are easier, faster, safer and more
accurate than traditional methods have been developed ©19,

It seems that several risk factors like seasons, age and
geographical area have an effective role in epidemiology and
prevalence of Breucella spp. in animal hosts "2 but they
are unknown in Iran. Therefore, this present investigation
was carried out in order to study the seasonal, senile and
geographical distribution of Brucella spp. in bovine and
buffalo semen samples and identification of B. abortus
and B. melitensis in positive cases.

MATERIAL and METHODS

Samples

From January 2011 to January 2012 (in various seasons
of the year), a total of 102 bovine and 91 buffalo semen

samples were collected randomly from 43 commercial
herds in various parts of Iran (Table 1). Those were
commercial herds producing semen. The animals from
which semen samples were collected for this study were
clinically healthy and were classified into 4 age groups
(less than 1 year old, 1-2 years old, 2-3 years old and over 2
years old) (animal age has been obtained from the history
taking). All of these animals have been classified into
two groups (with and without histories of orchitis). From
each animal, 10 ml of semen were collected with using
an artificial vagina. All semen samples showed normal
physical characteristics including color and density. All
samples were collected under sterile hygienic conditions
and were immediately transported at 4°C to the laboratory
in a cooler with ice packs. All of them were cultured and
then the remaining semen samples were kept at -20°C
until processing.

Brucella Culture Method

A trial of bacterial isolation from the samples was
performed on blood agar base (Oxoid) supplemented
with 5% defibrinated sheep erythrocytes and antibiotics
(vancomycin, nalidixic acid, bacitracin, nystatin and cyclo-
heximide at the dose recommended in the OIE manual,
2000). Cultures were incubated for 10 days with 5% CO,
at 37°C. The isolated bacteria were identified according
to the conventional procedures '3,

DNA Extraction

For Brucella DNA extraction, previous method that
was introduced by Consuelo Vanegas et al." was used.
Purification of DNA was achieved using a genomic DNA
purification kit (Fermentas GmbH, St. Leon-Rot, Germany),
and the total DNA was measured at an optical density of
260 nm according to the method described by Sambrook
and Russell [,

Primer Designs and Conventional PCR

In the present study, the conventional PCR assay has
been designed by the authors. This PCR to screen the
Brucella spp. detected the DNA sequence of the gene
coding the 1S711 target reported for Brucella in the GenBank
database of the National Center For Biotechnology
Information (NCBI) (GenBank No: AF242533.1). In order to
design primers, recorded sequences of the IS711 target
have been gotten from the NCBI. The CLS sequence viewer
software (Version 6/4) has been used for alignments of
the IS711 target. Forward and reverse primers have been
designed based on the protected area in these sequences.
Thermodynamic properties of designed primers were
studied using the Gene Runner software (Version 3.05).
In order to ensure the specificity of designed primers,
the Basic Logical Alignment Search Tool (BLAST) service,
has been used. The forward primer sequence was 5'-
GCGGTCAATGTTTTCTCGCA-3, and the reverse primer
sequence was 5-TGGGGCATGTCATTGCTGAT-3'
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All of the semen samples were analyzed for presence
of Brucella using the novel conventional PCR assay. The
PCR reaction was performed in a total volume of 25 pl
containing 10 ul DNA concentrated in 2 pl of DNA sample,
0.5 mM MgCl,, 0.2 mM dNTP mix, 0.8 uM each primers
and 0.5 U/reaction of Tag DNA polymerase. Reactions
were initiated at 94°C for 5 min, followed by 30 cycles of
94°C for 50 sec, 57°C for 1 min, 72°C for 1 min and a final
elongation step at 72°C for 5 min, with a final hold at 4°C in
a DNA thermal cycler (Mastercycler Gradient, Eppendorf,
Hamburg, Germany). A negative control (sterile water),
and a positive control DNA from B. abortus strain S19
(519 vaccine strain) (Razi Institute, Karaj, Iran), were
included in each amplification run.

Gel Electrophoresis

The PCR-amplified products (IS711: 223 bp) were
examined by electrophoresis (120 V/208 mA) in a 1.5%
agarose gel, stained with a solution of ethidium bromide
(0.004 pg/ml) and examined under UV illumination.

Real-Time PCR

The real-time PCR for species segregation was based
on unique genetic loci of B. melitensis and B. abortus. The
primer set (which was designed by the author) consisted
of BMEII0466 (5'-TCGCATCGGCAGTTTCAA/CCAGCTTTT
GGCCTTTTCC-3") (112 bp) with the Cy5-CCTCGGCATGG
CCCGCAA-BHQ-2 (5'Fluorophore—3'Quencher) internal
probe for B. abortus and BruAb2-0168 (5'-GCACACT
CACCTTCCACAACAA/CCCCGTTCTGCACCAGACT-3')(222bp)
with the FAM-TGGAACGACCTTTGCAGGCGAGATC-BHQ-1
internal probe for B. melitensis. In this study, the starting
quantity of DNA from each serial dilution was plotted
as a function of threshold cycle (CT) values to obtain a
standard curve. On the other hand, the CT is defined
as the fractional cycle number at which the fluorescence
passes the fixed threshold. All of the positive samples
on conventional PCR assays were studied for presences
of B. abortus, B. melitensis, both bacteria and other species
of Brucella.

A typical 25 pl reaction contained 12.5 pl TagMan®
Universal PCR Master Mix (Foodproof® Brucella Detection
Kit), a 300 nM concentration of each forward and reverse
primer (Bioneer Corporation, Daejeon, South Korea), a
200 nM concentration of the probe (Bioneer Corporation,
Daejeon, South Korea), and 2.5 ng of sample DNA. TagMan
Master Mix real-time PCR reactions were carried out
using a Rotor-Gene 6000 instrument (Corbett Research,
Mortlake, NSW, Australia). The reaction mixture was initially
incubated for 10 min at 95°C. Amplification was performed
with 45 cycles of denaturation at 95°C for 20 sec, annealing
and extension at 62°C for 1 min. In this reaction, the
Foodproof® Brucella Internal Control (White cap) and Food-
proof® Brucella Control Template (Purple cap) were used
as an internal and positive control, respectively.

Sequencing

In order to confirm the PCR results, a sequencing
method was used. For this reason, PCR products of
some positive samples were purified with a High Pure
PCR Product Purification Kit (Roche Applied Science,
Penzberg, Germany) according to the manufacturer’s
recommendations. Single DNA strands were sequenced
with an ABI 3730 XL device and Sanger sequencing method
(Macrogen, Seoul, South Korea). The sequence of each
gene was aligned with the gene sequences recorded in
the GenBank database on the NCBI.

Statistical Analysis

Data were transferred to a Microsoft Excel spread-
sheet (Microsoft Corp., Redmond, WA, USA) for analysis.
Using the Statistical Package for the Social Sciences (SPSS)
18.0 statistical software (SPSS Inc., Chicago, IL, USA),
Analysis of Variance (ANOVA) test analyses were performed
for study the differences between incidence of bacteria
in various seasons and various ages, and differences were
considered significant at values of P<0.05. In this study, the
distribution of CT values was compared between bovine
and buffalo semen samples using an ANOVA test.

RESULTS

The results of this present study showed that 22 out
of 102 bovine semen samples (21.56%) and 13 out of 91
buffalo semen samples (14.28%) were positive for Brucella
spp. Table 1 presents the seasonal distribution of Brucella
spp. in bovine and buffalo semen samples collected from
various geographical regions.

Table 2 presents the senile distribution of Brucella spp.
in bovine and buffalo semen samples collected from
various geographical regions.

Totally, 25 bovine (24.50%) and 17 buffalo (18.68%) of
samples had the typical 223 bp fragment in gel electro-
phoresis (Fig. 1) which were positive for Brucella spp.
positive conventional PCR results were studied using
Tagman real-time PCR. Totally, 25 out of 102 (24.50%) and
4 out of 102 (3.92%) bovine semen samples were positive
for B. abortus and B. melitensis, respectively. Also, 14 out of
91 (15.38%) and 1 out of 91 (1.09%) buffalo semen samples
were positive for B. abortus and B. melitensis, respectively.
Results showed that only a bovine semen sample were
positive for presence of both B. abortus and B. melitensis.
Also, 2 bovine semen samples (1.96%) and 2 buffalo
semen samples (2.19%) were positive for other species
of Brucella (Table 3).

The sensitivity and specificity of our novel primers
for detection of Brucella spp. in bovine and buffalo
semen samples were 100% and 96% and 100% and
94%, respectively (Table 4).
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Table 1. Seasonal distribution of Brucella spp. in bovine and buffalo semen samples collected from various geographical regions

Tablo 1. Degisik bolgelerdeki sigir ve yaban sigirlarindan toplanan semen érneklerinde Brucella spp. mevsimsel dagilimi

No. of Samples Culture Positive (%) Seasonal Distribution (%)
Provinces Summer Autumn Winter Spring
Bovine | Buffalo | Bovine | Buffalo

Bovine | Buffalo | Bovine | Buffalo | Bovine | Buffalo | Bovine | Buffalo

Khozestan 30 29 9 (30) 6 (20.68) = 1(16.66)* | 2(22.22) | 2(33.33) | 1(11.11) = 6 (66.66) 3(50)
Boshehr 27 21 6(22.22) | 3(14.28) | 116.66) = 1(16.66) | 1(33.33) = = 4(66.66) | 2 (66.66)

Hormozgan 24 21 4(16.66) | 2(9.52) - - 1(25) - 1(25) - 3(75) 1 (50)
Baslii'c:;r;:ltaan 21 20 3(14.28) 2(10) - - 1(33.33) - - - 2 (66.66) 2(100)
Total 102 91 2221.56) | 1314.28) | 1(4.54) 1(7.69) | 5(22.72) | 3(23.07) | 2(9.09) - 1568.18) | 8(61.53)

* Positive samples from a total of culture positive samples

Table 2. Senile distribution of Brucella spp. in bovine and buffalo semen samples collected from various geographical regions

Tablo 2. Degisik bolgelerdeki sigir ve yaban sigirlarindan toplanan semen 6rneklerinde Brucella spp.yasa bagli dagilimi

No. of Samples | Culture Positive (%) Senile Distribution (%)
Provinces Bovine Buffalo
Bovine | Buffalo | Bovine | Buffalo
1> 1-2 2-3 3< 1> 1-2 2-3 3<
Khozestan 30 29 9(30) 6(20.68) | 5(55.55)* | 2(22.22) | 1(11.11) | 1(11.11) 3(50) 1(16.66) | 1(16.66) | 1(16.66)
Boshehr 27 21 6(22.22) | 3(14.28) 3(50) 2(33.33) | 1(16.66) = 2(66.66) | 1(33.33) = =
Hormozgan 24 21 4 (16.66) 2(9.52) 3(75) 1(25) - - 1(50) 1(50) - -
B;';zi’;;/tzn 21 20 | 301428 | 200) | 205 | 1(25 - - 2 (100) - : .
Total 102 91 22(21.56) | 13(14.28) | 13(59.09) | 6 (27.27) | 2(9.09) 1(4.54) | 8(36.36) | 3(23.07) | 1(4.54) 1(7.69)
* Positive samples from a total of culture positive samples

Fig 1. Novel conventional PCR for detection
of Brucella spp. Lane 1 is a 100 bp ladder,
lanes 2 and 3 are positive samples for
bovine and buffalo semen samples (223 bp)
and lane 4 is the positive control

Sekil 1. Brucella spp/nin PCR ile tespiti. 1.
sira 100 bp merdiveni, 2. ve 3. siralar sirasiyla
sigir ve yaban sigiri icin pozitif 6rnekler (223
bp) ve 4. sira pozitif control

223bp—3

DISCUSSION

Our study showed that the semen samples of infected
bovine and a buffalo possibly plays an important role in
distribution of brucellosis in Iran. Unfortunately, despite
the high incidences of these bacteria in bovine and
buffalo semen samples, very little research concerning
detection of Brucella in semen samples has been performed.

In addition, in the majority of cases, the semen samples
are not well screened for the presence of Brucella and
other pathogens. When laboratories do screen for them,
they commonly use traditional diagnostic methods like the
enzyme-linked immunosorbent assay (ELISA). Diagnosis
of brucellosis by the ELISA method is not recommended
because it can be unspecific and subsensitive due to
cross-reaction with other pathogens including Yersinia
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Table 3. Incidences of B. melitensis, B. abortus and other species of Brucella in bovine and buffalo semen samples collected from various geographical regions

Tablo 3. Degisik bolgelerdeki sigir ve yaban sigirlarindan toplanan semen érneklerinde B. abortus, B. melitensis ve diger Brucella tiirlerinin yogunlugu

No. of Samples | Conventional PCR (%) Novel Real-time PCR (%)
Provinces Bovine Buffalo
Bovine | Buffalo | Bovine Buffalo B. B. Unknown Both B. B. Unknown Both
abortus | melitensis bacteria | abortus | melitensis bacteria
Khuzestan 30 29 11(36.66) | 8 (27.58) | 8(26.66)* | 2 (6.66) 1(3.33) 1(3.33) | 6(20.68) = 2(6.89) =
Bushehr 27 21 7 (25.92) 4 (19.04) 6(22.22) = 1(3.70) = 3(14.28) 1(4.76) - -
Hormozgan 24 21 4(16) 3 (14.28) 3(12.5) 1(4.16) = = 3(14.28) = = =
osanve | o1 | 20 30428 | 200 | 2052 | 1(476) | - : 2010) : : :
Total 102 91 25(24.50) | 17(18.68) | 25(24.50) | 4(3.92) 2(1.96) 1(0.98) | 14(15.38) | 1(1.09) 2(2.19) -
* Positive results of total samples

Table 4. Evaluation of sensitivity and specificity of conventional PCR for detection of Brucella spp. in the bovine (A) and buffalo (B) semen samples

Tablo 4. Konvansiyonel PCR'in sigir (A) ve yaban sidirlarinda (B) Brucella spp. tespit etmedeki duyarliligi ve 6zgdilliigii

A
Sensitivity Culture Positive Culture Negative Total
Conventional PCR positive 22% 3¢ 25
Conventional PCR negative -b 74%*d 74
Total PREE Vi 99
a
*Sensitivity: -——- =100%
a+b
d
**Sensitivity: -—---- = 96%
d+c
B
Sensitivity Culture Positive Culture Negative Total
Conventional PCR positive 13*a 4¢ 17
Conventional PCR negative b 74%*d 74
Total Bz& 7 91
a
*Sensitivity: ----- =100%
a+b
d
**Sensitivity: --—-- =94%
d+c

enterocolitica, Salmonella, Escherichia coli O:157 and other
Brucella spp.'®'8, Therefore, this makes PCR as an accurate,
safe, sensitive, fast and specific assay for detection and
differentiation of Brucella spp., so essential in these cases.
Furthermore, the real-time PCR assay has some advantages
compared with the conventional PCR. It is an important
diagnostic tool yielding reliable and reproducible results,
does not require post-PCR analysis (gel electrophoresis,
hybridization), and has a limited risk of cross contamination
compared with the conventional method; however, real-
time PCR is more expensive than conventional PCR. Many

studies have shown that the conventional method for
detecting Brucella spp. is technically more time-consuming
and labor-intensive than real-time PCR assay ®'°,

To our best knowledge, this study has been introduced
a pair of primer which had the high sensitivity and
specificity for detection the I1S711 target of Brucella spp.
Also, this study is the first prevalence report of seasonal,
senile and geographical distribution of Brucella spp. in
bovine and buffalo semen samples in Iran. Our results
showed that 24.50% of bovine and 18.68% of buffalo
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semen samples were positive for Brucella spp. Also, 24.50%
and 3.92% of bovine semen samples were positive for B.
abortus and B. melitensis, respectively and 15.38% and
1.09% of buffalo semen samples were positive for B.
abortus and B. melitensis, respectively. Statistical analysis
showed significant differences (P<0.01) between B. abortus
and B. melitensis in bovine and buffalo semen samples
and between the presence of Brucella spp. in bovine
with buffalo semen samples (P<0.05).

A previous study showed that Iran, Saudi Arabia,
Jordan, Syria and Oman had the highest incidences of
brucellosis among the countries of the Near East region .,
Studies about brucellosis from various parts of Iran 1221
and various species such as sheep %, goats %, cattle 24,
buffaloes 2" and humans © indicated that brucellosis is
one of the most important endemic zoonotic diseases in
Iran. Brucellosis causes great economic losses in Iran. A
previous report from Iran indicated that the prevalence
of brucellosis was 0.037% in humans, 3.4% in sheep and
goats and 0.56% in cattle in Eastern Iran during 2002-
2006 . The prevalence of B. abortus observed in bovine
in this study (24.50%) is higher than those in Egypt
(5.44%) 2, Ethiopia (4.9%) 7, and India (18.81%) 2%, Punjab
region (20.67%) 2 but lower than those in the Sokoto
State (25.25%) B% and Kenya (77.5%) B". The incidence
of B. abortus observed in buffaloes in the present study
(15.38%) is higher than those in Egypt (0.3%) 2 and the
Punjab region (India) (13.4%) "% but is lower than that
in Africa (30%) B2, It appears that there is no prevalence
report of brucellosis caused by B. melitensis in bovine and
buffaloes, making the present study is the first prevalence
report of B. melitensis observed in bovine and buffalo
semen samples in the world.

The high incidence of brucellosis in semen samples
of an unspecific host (buffalo) in the present study
possibly indicates that these animals were maintained
in close association with infected sheep and cattle. In
addition, the high prevalence of brucellosis in animals in
Khozestan Province probably represents the low number
of veterinary facilities in this province, geographical and
climate conditions and importation of infected livestock
from neighboring countries like Iraq.

The semen samples collected in spring seasons had
the highest prevalence of Brucella spp. in bovine (68.18%)
and buffalo (61.53%) semen samples. Statistical analyses
were significant (P<0.05) for the prevalence of Brucella
spp. between spring season and winter. The main reason
for this finding is the fact that temperature and climate
maybe have effect on the prevalence of Brucella spp. in
bovine and buffalo semen samples. An explanation for the
highest prevalence of Brucella spp. in spring season might
be that during this time some climatic events such as
heat, rain, and thunderstorms, as well as variation in
barometric pressure might have occurred and may

have influence on the autonomic nervous system. These
events is known to cause reduction in the levels of
animal immunity. Therefore, several infections might also
have been occurred.

Seasonal distribution of the brucellosis were expressed
previously with the highest occurrence in May (15.9%),
June (16.3%) and July (15.1%) (spring) ", which was in
agree with our results. In Germany, the largest number
of cases was recorded in August and September B3, In
Central Greece, the largest number of outbreaks was
reported from spring B4, In countries with temperate or
cold climates there is a marked seasonal variation in the
incidence of acute brucellosis, with most cases occurring
in spring and summer.

Also, the results from this study indicated that Khozestan
had the highest while Sistan Va Balochestan had the
lowest prevalence of Brucella spp. in bovine and buffalo
semen samples. Statistical analysis were significant
for the prevalence of Brucella spp. in both bovine and
buffalo semen samples between Khozestan and while
Sistan Va Balochestan provinces (P<0.05). After analyzing
the average temperatures of these 4 seasons and provinces,
it has been found that spring season and Khozestan
province had the most constant temperature. The
high prevalence of Brucella spp. seems reasonable in
spring season and Khozestan province of Iran since
this bacterium needs moderate temperature with high
degree of moisture for growth and survival. Similarly,
regional differences have also been reported previously
from Azerbaijan 2.

Our results showed that there were strong age
distributions for the incidence of Brucella spp. in bovine and
buffalo semen samples in Iran. Results showed that 59.09%
less than 1 year old bovine and 36.36% of less than 1 year
old buffalo semen samples were positive for Brucella spp.
Also, statistical analyses were significant for the prevalence
of Brucella spp. between young bovines and buffaloes
and old bovines and buffaloes (P<0.05). This may be
explained by the fact that younger bovines and buffaloes
have weaker immune system. Thus, several infection and
illnesses maybe expected. Seasonal distributions of Brucella
have been reported previously 33,

This study showed that both B. abortus and B. melitensis,
can infect bovine and buffaloes, but the incidence of
B. abortus was higher than B. melitensis. It appears that
buffaloes are unlikely the primary hosts for Brucella, but
they can be infected with both B. abortus and B. melitensis.
Consequently, the prevalence of brucellosis in buffaloes
is dependent on the infection rate of primary hosts being
in contact with. On the other hand, spread of brucellosis
in buffaloes depends on the Brucella spp. prevalence in
other animals sharing their habitat and on the husbandry
methods of the different species.
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We also claim by this study that both bovine and
buffalo can be important reservoirs for transmission of
this zoonotic disease to humans in Iran. Our results
revealed that bovines and buffaloes less than 1 year old
in spring season and Khozestan province had the highest
prevalence of Brucella spp. in Iran. Several control programs
should be performed on Khozestan province in spring
seasons especially on younger bovines and buffaloes.
The present study shows that molecular methods such
as conventional and real-time PCR are accurate, reliable
and rapid assays for detection and identification of B.
abortus and B. melitensis in bovine and buffalo semen
samples but that the real-time PCR assay is better. It seems
that this study is the first report of direct detection and
segregation of B. melitensis and B. abortus by application
of conventional and real-time PCR assays in bovine and
buffalo semen samples in Iran. We hope that the real-
time PCR method introduced in this study as an accurate,
safe, fast, sensitive and specific assay for detection and
segregation of B. melitensis and B. abortus in clinical
samples.
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Ozet

Bu calisma, Karya, Kivircik ve Karacabey Merinosu kuzularda siitten kesim dénemi canli agirhgi yaninda Musculus longissmus
dorsi thoracis et lumborum (MLD) kasi 6zelliklerine ait ultrason 6l¢ciim parametrelerinin ortaya konmasi amaciyla yapilmistir. Anilan
Olclimler, Karacabey Merinosu (258), Karya (168) ve Kivircik (241) irkinda 2012-2013 {iretim sezonunda dogan toplam 667 bas kuzuda
gerceklestirilmistir. Yaklasik 3 aylik (115 glin) yasta kuzularda kabuk yagdi kalinligi, deri+kabuk yagi kalinhgi, kas derinligi, ortalama
glnlik canh agirlik artisi ve sttten kesim canli agirhgi icin en kiguk kareler ortalamalari sirasiyla 0.31 ¢cm, 0.55 ¢cm, 2.09 cm, 229.57
g ve 29.20 kg olarak bulunmustur. Yag kalinhigi, deri+yad kalinlid, kasi derinligi ve ortalama glinliik canli agirlik ortalamalari ile ilgili
bulgular irklar arasinda canh agirhigin degisimi ile uyumludur. Kuzularda etlenme ve yaglanma dizeyinin tahmininde kullanilan MLD
parametrelerinin her biri ile canli agirhk arasinda pozitif ve dnemli fenotipik korelasyon katsayilari elde edilmistir.

Anahtar sozciikler: Karacabey Merinosu, Karya, Kivircik, MLD, Kabuk yagi, Ultrasonik él¢ciimler

Ultrasound Measurements of Backfat Thickness and
Musculus longissmus dorsi thoracis et lumborum (MLD) Depth
at the Weaning on Karacabey Merino, Karya and Kivircik Lambs

Abstract

The experiment was conducted to determine the ultrasonic measurements of backfat thickness and Musculus longissmus dorsi
thoracis et lumborum (MLD) characteristics at weaning. Ultrasonic measurements of MLD in Karacabey (258), Karya (168) and Kivircik
(241) were performed in 667 lambs born in 2012-2013 lambing season. Least square means for backfat thickness, skin+fat thickness,
muscle depth, average daily gain and weaning weight, at the mean age of 115 days, were 0.31 cm, 0.55 cm, 2.09 cm, 229.57 g and
29.20 kg respectively. Results for backfat thickness, skin+backfat thickness, muscle depth of MLD and average daily gain and weaning
weight were compatible with differences for live weight among the breeds. All the correlation coefficients between ultrasound
measurements of MLD properties, used to determine the effect of conformation and fatness status, and live weight were positive
and statistically significant.

Keywords: Karacabey Merino, Karya, Kivircik, MLD, Backfat, Ultrasonic measurements
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Hayvanlarin et verimi bakimindan damizlik degerlerinin
tahmini onceleri karkas derecelendirme, agirlik artisi
ve konformasyon bilgilerine dayandiriimakta ve karkas
degerlendirme biiylik oranda hayvan kesildikten sonra
yapiimaktadir B Canli hayvanda karkas degerlendirme,
vicut kondisyon skoru gibi geleneksel ve kullanimi pratik
olan ancak hata varyasyonunun kimi zaman ¢ok yiiksek
oldugu subjektif yontemler ile yapilabilmektedir. Karkas
kalitesinin gelistirilmesine yonelik olarak bircok yontem
gelistirilmistir. Bu yontemlerde genel olarak, diisiik maliyete,
kolay uygulanabilirlige, kesinlik ve yiksek guvenilirlige
sahip olmasi gerektigi Gzerinde durulmustur 138, jlk defa
Wild ® tarafindan biyolojik olarak dokularin ol¢tilmesi
ve dokulardaki degisikliklerin tespit edilmesi amaciyla
kullanilan ultrason teknolojisi daha sonra Temple et al.'
tarafindan canli hayvanlarda karkas ozelliklerinin tahmin
edilmesinde kullaniimistir. Bu teknoloji zaman ve emek
acisindan buyuk tasarruf saglamasi ve yiiksek gtivenilirlige
sahip olmasi nedeniyle glinimuizde et kalitesini hedef
alan islah programlarinda yaygin olarak kullaniimakta, et
kalitesinin tanimlanmasinda ve tahmin parametrelerinin
elde edilmesinde gittikce 6nem kazanmaktadir. Ultrason
teknolojisi temel olarak iki amaca yonelik kullanilabilmek-
tedir. Bunlardan birincisi, genetik ilerleme programlarinda
ultrasona dayali 6l¢ciim sonuglarinin birer seleksiyon kriteri
olarak kullanilmasi, ikincisi ise, kesime génderilecek kuzu-
larda optimum seviyedeki yag oraninin belirlenebilmesi-
dir "2, Canl hayvanda ultrason 6l¢cimi yapilacak bolge
hayvanin dis anatomik yapisindan kolayca saptanabilmeli
ve bu bolgede yapilan doku derinligi ve alan &l¢limleri
tim viicut veya karkas kompozisyonunu dogru bir sekil-
de yansitmalidir.

Ultrason olclmleri icin daha ¢ok 12-13. kaburgalar
arasina denk gelen sirt bélgesinden yararlanilmaktadir.
Canh hayvanlarda Musculus longissmus dorsi thoracis et
lumborum (MLD) ve yag kalinligi dlgtimleri ile kesim sonrasi
yapilan 6l¢imler arasinda yliksek oranda korelasyon
belirlenmistir 1241113141,

Bati Anadolu bdlgesinde kasaplik kuzularin pazarlan-
masi direk siitten kesimde ya da sitten kesimden hemen
sonra sut kuzu olarak yapilmaktadir. Bu ¢alismada, Bati
Anadolu bdlgesinde oldukca yaygin bir sekilde yetistirilen

Karya (KR), Kivircik (KIV) ve Karacabey Merinosu (KM)
kuzularinin pazarlama donemi canli agirligi ve MLD
ozelliklerinin ultrasonla tespiti amaglanmistir.

MATERYAL ve METOT

Calismanin hayvan materyalini Bati Anadoluda yaygin
olarak yetistirilen Karya (KR), Kivircik (KIV) ve Karacabey
Merinosu (KM) irklarindan (Sekil 1) sttten kesim doneminde
ortalama 115 glinlik yasta 667 bas kuzu olusturmustur.

Hayvan materyali icin 6rnekleme yapilan lokasyonlar
ve drnek buyuklikleri Tablo 1'de verilmistir.

Ultrason 6lciimi yapilan Kivircik, Karya ve Karacabey
Merinosu sirilerinde kuzulara 1 aylik yasa kadar sadece
ana sitd 1 ayhk yastan siitten kesime kadar ana sitl ve
kuzu biyutme yemi verilmistir. Kuzularin yeme alismasi
icin Karacabey Merinosu ve Karya irkinda stizek yemleme
yontemi uygulanmistir. Kivircik irkinda ise analar meraya
ciktiktan sonra yemleme serbest olarak yapilmistir. Kuzu
canl agirliklari 50 g hassasiyete sahip elektronik baskdil
ile belirlenmistir. MLD o6l¢tmleri 12 ve 13. kaburgalar arasi
boélgede 6 cm tarama alanina sahip linear prob (8 MHz)
kullanilarak ultrason cihazi (Pie Medical Falco 100) ile
gerceklestirilmistir. Olctimlerde kas derinligi (KD) ile kabuk
yagi kalinligi (KYK) ve deri + kabuk yagi kalinligi (D+KYK)
belirlenmistir (Sekil 2).

Ele alinan 6zellikler, sistematik ¢evre etmenleri de
modele dahil edilerek varyans analizine tabi tutulmus
ve en kucuk kareler ortalamalari elde edilmistir. Ayrica,
korelasyon analizi uygulanarak ele alinan ozellikler arasi
fenotipik korelasyon katsayilari belirlenmistir. Analizler

Tablo 1. Hayvan materyalinin érnekleme sayilari ve lokasyonlari
Table 1. Location and sample sizes of animal materials

Irklar N Lokasyon Siirdi Tipi isletme Sayisi
KR 168 ADU-GKYP Elit surdi 1
KIV 241 Aydin Yetistirici strlleri 5
KM 258 KAI Elit strti 1
KAI: Koyunculuk Arastirma Istasyonu, Bandirma, Tiirkiye, ADU-GKYP: Adnan
Menderes Universitesi Grup Koyun Yetistirme Programi, Aydin, Turkiye

j—

Fig 1. Breeds in the study (KR: Karya, KIV: Kivircik, KM: Karacabey Merino)
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icin SAS 1 paket istatistik programinda bulunan GLM ve
CORR prosedyirleri kullanilmistir.

BULGULAR

Calismada kullanilan kuzularin MLD ultrason 6l¢im-
lerinin yapildigi déneme ait ortalama kuzu yasi 115 giin
olmustur. Sutten kesim canli agirligi, ortalama giinliik canli
agirlik artisi ve MLD ultrasonik Ol¢timlerine ait tanimlayici
istatistikler Tablo 2'de verilmistir.

Bu yasta kuzularin canh agirlik ve MLD o6zellikle-
rinin cok degisken oldugunu Tablo 2'de verilen tanim-
layici istatistikler ortaya koymaktadir. Tablo 2 incelen-
diginde kabuk yagi kalinhgi ve deri+kabuk yag kalin-
liginin en yuksek varyasyona sahip 6zellikler oldugu
gorilmektedir.

KR, KIV ve KM irklarina ait kuzularin sttten kesim canh
agirhklar ile MLD ozelliklerinin ultrasonik ol¢timleri igin
elde edilen en kiiclik kareler ortalama ve standart hatalari
Tablo 3'te verilmistir. Kabuk yagi kalinligi, deri+kabuk yagdi
kalinligi ve kas derinligine ait genel ortalamalar sirasiyla
0.31 cm, 0.55 cm ve 2.09 cm olmustur. Ultrasonla gercek-
lestirilen Olclimler Uzerine irk ve cinsiyetin etkisinin dnemli
(P<0.001), dogum tipi etkisinin ise dnemsiz (P>0.05)

Sekil 2. Olciilen ézellikler A- kas derinligi, B-
kabuk yagri kalinligi, B+C- deri + kabuk yagi
kalnhigi

Fig 2. Measurement characteristics; A- muscle
depth, B- backfat thickness, B+C- skin +
backfat thickness

oldugu gorilmektedir. Bunun yaninda, 6l¢im dénemi
kuzu canli agirhginin artisi kabuk yagi ve deri+kabuk
yagi kalinliginda artisa yol agmistir (P<0.001).

Kuzularin sutten kesim canli agirhdina ait genel
ortalama 29.20 kg olarak tespit edilmistir. Degerlendirmede
dikkate alinan irk, dogum tipi ve cinsiyet gibi kesikli
etmenlerin ortaya koyduklari varyasyon ile stirekli etmen
olarak ele alinan kuzu yasinin sitten kesim agriligina
etkilerinin (regresyon) timu istatistiki olarak ¢ok 6nemli
(P<0.001) bulunmustur. En disik sttten kesim canli agirlik
ortalamasi KR irkinda gozlemlenmistir. KM irkinda sttten
kesim agirlig icin elde edilen ortalama degerin diger
iki irkin oldukga Uzerinde oldugu dikkati cekmektedir.
Beklenildigi gibi ikizler tek doganlardan ve yine cinsiyet
bakimindan disiler erkeklerden daha dusiuk canh agirliga
sahip olmuglardir. Suirekli etmenlerden kuzu yasinin artisi
canli agirh@in artisinda onderlik etmistir. Gunlik ortalama
canli agirlik artisi icin elde edilen bulgular sitten kesim
agirhgi icin elde edilen bulgulara benzerdir. Beklenildigi
sekilde yiksek canli agirliga sahip irklarin daha yiiksek
ortalama gunluk canh agirlik artisina sahip olduklari
gorilmektedir.

Kuzularda etlenme ve yaglanma derecesinin tahmi-
ninde kullanilan MLD ultrason oOl¢ciim parametreleri ve
sttten kesim agirhgr arasindaki fenotipik korelasyon katsa-

Tablo 2. MLD 6l¢iimleri, siitten kesim ve ortalama glinliik canli agirlik artisina iliskin basit istatistikler

Table 2. Basic statistics for ultrasound measurements of MLD, weaning weight and avarage daily gain

Degiskenler N X £Sx Min. Mak. VK (%)

KYK (cm) 667 0.32+0.004 0.12 0.81 34.02

D+KYK (cm) 667 0.57+0.007 0.21 1.40 32.40

KD (cm) 667 2.13+0.019 1.02 3.25 23.16

SKCA (kg) 667 30.96+0.267 15.20 51.20 22.31

OGCAA (g) 667 238.6+2.800 94.77 432.22 30.29

Kuzu Yasi (gtin) 667 115.24+0.876 47.00 165.00 19.63
KYK: kabuk yagi kalinligi, D+KYK: deri+kabuk yagi kalinligi, KD: kas derinligi, SKCA: stitten kesim canli agirligi, OGCAA: ortalama glinliik canli agirlik artisi,
VK: varyasyon katsayisi
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Tablo 3. MLD ultrason 6l¢timleri, ortalama gtinliik canli agirlik artisi ve siitten kesim canli agirliklarina iliskin en-kiiclik kareler ortalamalan ve standart

hatalari
Table 3. Least squares means and standard errors for ultrasound measurements of MLD, average daily gain and weaning weight of lambs
KYK D+KYK KD OGCAA SKCA
Irklar N
P=0.000 P=0.000 P=0.000 P=0.000 P=0.000
KR 168 0.26+0.007 0.43+0.008 1.77+0.018 177.13£2.306 22.79+0.406
KIV 241 0.33+0.007 0.54+0.009 2.02+0.019 226.83+2.426 26.74+0.310
KM 258 0.35+0.006 0.69+0.008 2.47+0.017 284.74+2.197 38.07+0.290
Dogum Tipi P=0.130 P=0.066 P=0.576 P=0.013 P=0.000
1 513 0.32+0.004 0.56+0.005 2.09+0.010 233.05+1.280 30.92+0.199
2> 154 0.31+0.007 0.54+0.009 2.08+0.019 226.08+2.374 27.90+0.356
Cinsiyet P=0.000 P=0.000 P=0.000 P=0.000 P=0.000
Erkek 334 0.28+0.005 0.52+0.006 2.04+0.013 235.27+1.669 30.73+0.185
Disi 333 0.34+0.005 0.59+0.006 2.13+0.014 223.86+1.774 27.66+0.330
Reg Linear P=0.000 P=0.000 P=0.000 P=0.000
SKCA 0.007+0.001 0.01+0.001 0.03+0.002 4.320+0.232
P=0.000
Kuzu Yasi 0.154+0.010
Genel 667 0.31+0.004 0.55+0.005 2.09+0.010 229.57+1.302 29.20+0.185

KYK: kabuk yadi kalinligi, D+KYK: deri+kabuk yadi kalinligi, KD: kas derinligi, SKCA: siitten kesim canli agirligi, OGCAA: ortalama giinliik canli agirlik artisi

Tablo 4. Siitten kesim canli agirligi ve ultrason él¢iimleri arasi fenotipik
korelasyonlar (n=667)

Table 4. Correlation coefficients between ultrasound measurements and

weaning weights (n=667)

Ozellikler KYK D+KYK KD
D+KYK 0.850%**
KD 0.627*** 0.799%**
SKCA 0.534%** 0.679%** 0.771%**
KYK: kabuk yagi kalinligi, D+KYK: deri+kabuk yagi kalinligi, KD: kas
derinligi, SKCA: siitten kesim canli agirligi

yilarina ait degerler Tablo 4'te verilmistir. Elde edilen tim
fenotipik korelasyon katsayilar pozitif yonli ve énemli
(P<0.001) bulunmustur. En disuk korelasyon katsayisi
kabuk yagi kalinligi ve sitten kesim canli agirhigi arasinda
en ylksek katsayi ise kabuk yagi kalinligi ve deri+kabuk
yagi kalinhgr arasinda bulunmustur. Kas derinligi ile
deri+kabuk yagi kalinhgi ve sutten kesim canli agirhgi
arasindaki pozitif yonlu yliksek dizeydeki korelasyon
katsayilari da ilgi cekicidir.

TARTISMA ve SONUC

Bati Anadolu ve Marmara bolgesinde yetistiriciligi yapilan
Karya, Kivircik ve Karacabey Merinosu irki koyunlar Tirkiye
yerli koyun populasyonu icinde kiicik bir paya sahip
olmalarina ragmen dol verimi ve et kalitesi bakimindan
onemli irklar arasindadirlar. Bunlardan Karya ytiksek dol
verim 6zelligi yaninda kuzularinin hizli gelisme 6zellikleri,

Kivircik irki et kalitesi ve Karacabey Merinosu yapagi ve
et verimi bakimindan 6ne ¢ikmaktadir.

Arastirmanin hayvan materyalini olusturan kuzularda
sitten kesim canl agirhgr ve ultrasonik MLD &zelliklerinin
Olcimi sitten kesim doneminde (ort. 115 gilin) gercek-
lestirilmistir. Karacabey Merinosu icin elde edilen ortalama
38.07 kg'lik canli agirlik degeri ilgili literattirde bildirilen
degerlerden belirgin derecede yiiksek olup dnemli bir
Uretim potansiyeline isaret etmektedir "%, Bu durum KM
irkinda uzun yillardan beri canli agirliga yonelik yuratilen
yogun seleksiyon programinin dogal bir sonucu olarak
ortaya cikmistir. Calismada en disik canh agirhk degeri
Karya irkinda gézlemlenmistir. Elde edilen bu deger Cemal
et al.” tarafindan ayni irkta yapilan calismada elde edilen
degerden disik bulunmustur. Karya irkinda doél verimi
on plana ¢ikmaktadir nitekim calismanin yiritildiagu
isletmedeki dol verim ortalamasi 1.80 civarindadir. Bu
durum g6z 6niinde bulunduruldugunda sitten kesim
canh agirhginin diger irklardan diisiik citkmasinin isletmede
bakim ydnetim uygulamalarinda meydana gelen aksak-
liklardan kaynaklandigi distinilmektedir. Kivircik irki
icin elde edilen canli agirhk degerleri ilgili literattiriin bir
kismi ile 12021 benzerlik gostermesine ragmen Yilmaz
et al.® tarafindan Kivirctk melezi kuzularda elde edilen
degerlerden disik, Yarali and Karaca % tarafindan yine
Kivircik kuzularda yapilan calismadan yiksek bulunmustur.
Tum bu farkhliklar bakim besleme yontemlerindeki farkli-
liklar ile aciklanabilir. Tek doganlarin ikizlerden daha yiksek
canli agirlik degerine sahip olmalari konuyla ilgili literatiirle
uyum gostermektedir 3. En yiUksek ortalama ginlik
canh adirhk artis degeri canh agirhk bulgularindakine
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benzer sekilde KM irkinda gerceklesmistir. Sezenler et
al."! Karacabey Merinosu kuzularda 90. giin ortalama
glinlik canh agirlik artisi degerinin genel ortalamasini
273.36 g olarak bildirmistir.

Bu calismada ultrason olctimlerin gerceklestirildigi yas
literatlirde belirtilen alt ve Ust limitler arasindadir 1421231,
Ultrason olgumlerinin gerceklestirildigi yaslar bakimindan
Islah programlari arasinda farkliliklar bulunmaktadir. Daha
ge¢ yasta yapilan ultrason ol¢limlerinde elde edilen goériin-
tilerde dokularin ayrimi ve 6zellikle yag tabakasinin
sinirlari daha belirgin oldugu icin dlciimler daha duyarli
yapilabilmektedir. Ancak, Bati Anadoluda kuzularin sitten
kesimde hemen pazarlanmasi daha ge¢ yaslarda ultrason
Olciimi gerceklestirilmesini olanaksiz hale getirmektedir.

Genel ortalamalar; kabuk yagr kalinhgr icin 0.31 cm,
deri+kabuk yagi kalinhgi icin 0.55 cm, kasi derinligi icin ise
2.09 cm olarak bulunmustur. Kivircik ve Karya kuzularda
yapilan calismalarda kas derinligi icin benzer degerler
belirtilmistir "4, Fernandez et al."™ Merinoslar icin elde
edilen kabuk yagi kalinhigini 0.38 ¢cm olarak bildirmislerdir.
Baska bir calismada ise Suffolk ve Romanov melezi kuzu-
larda kabuk yagi kalinliklarinin 0.274 ve 0.296 cm arasinda
degistigi bildirilmistir 2",

Calismada etlenme ve yaglanmanin tahmininde kulla-
nilan MLD olctmleri ile canh agirlik arasinda pozitif yonlu
ve istatistiki olarak énemli (P<0.001) bulunan korelasyon
katsayilari konuyla ilgili yapilan ¢alismalarla 41321 uyum
icindedir. Elde edilen bulgular kas derinliginin ylksek
diizeyde canli agirlik ile iliskili oldugunu géstermektedir.

Calisma kapsaminda yapilan degerlendirmelerde irk-
lar arasinda meydana gelen istatistik farklarin surd
yonetimi, 6zellikle besleme ve/veya otlatma ile dogum
donemi kuzularin bakim uygulamalarindaki farkliliklar
yaninda genetik yapi farkhliklarindan da kaynaklanabi-
lecegi dusuintlmektedir.

Geleneksel anlamda, Bati Anadolu'da kuzular stitten
kesimle birlikte stt kuzusu olarak yiksek kasaplk degerle
pazarlanmaktadir. Degistirilmesi kisa vadede olanaksiz
goriinen mevcut Uretim sisteminde hedeflenen, yaglanma
gerceklesmeden kuzu karkasinin tiketime sunulmasidir.
Bu yaklasim sonucunda diinya standartlarinin oldukca
altinda bir agirlikta karkaslar tiiketime sunulmakta, ciddi
Uretim kayiplar sekillenmekte ve yetistiriciler arzulanan
geliri elde edememektedirler. Sttten kesimi izleyen birkag
aylk surecte ortaya ¢ikacak yaglanmanin 6nlenmesine
ve daha ylksek miktarda yagsiz et iretimine yonelik
etkin seleksiyon calismalari ile bu sorunun Ustesinden
gelinebilmesi mimkiin goriinmektedir. Et kalite ozellik-
lerinin gelistirilmesine yonelik kimi tlkelerde uygulanan
seleksiyon programlarinda ultrasonik goriintiileme sistem-
leri nemli bir yer edinmistir.

Gergeklestirilen bu calismadan elde edilen somut

bilgiler 151ginda kullanilan bu Ug¢ irktan elde edilen
ultrason olctimlerine ait bilgiler bu irklarda yuratulen islah
programlari icin seleksiyon indekslerinin olusturulmasinda
onemli katki saglayacaktir. Etkin bir seleksiyon indeksinin
olusturulabilmesi icin pedigri kayitlarini da iceren veri
tabaninin genisletilerek gerekli genetik parametrelerin
tahmin edilmesi gerekmektedir.
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Abstract

This study aims to determine the optimum fattening period according to various fattening systems under controlled conditions for
the first time in lamb fattening in Turkey. The material of the study consists of 39 Tuj and 39 Hemsin genotype male weaned lambs that
are 2.5-3 months old. The Tuj and Hemsin lambs in the study have been separated into 3 equal groups through the systematic sampling
method and subject to 90-day fattening. The amount of feed in terms of consumed dry matter for 1 kg of increase in live weight
of lambs in the intensive system was calculated as 5.69 kg and 5.90 respectively for Tuj and Hemsin lambs. The optimum fattening
period in the intensive system for Tuj and Hemsin lambs occurred between the 70th and 84th days. The marginal cost-marginal income
equality was not achieved throughout the fattening in the extensive and semi-intensive fattening periods for both genotypes. Thus, it
is estimated that the optimum fattening period in the extensive and semi-intensive systems is over 90 days. The fattening period with
the highest marginal income was on the 70", 84", and 42"¢ days respectively for the extensive, semi-intensive, and intensive systems for
Tuj lambs and this was on the 70™, 28", and 56™ days respectively for Hemsin lambs. In conclusion, it was observed that the optimum
fattening period in Tuj and Hemsin lambs was earlier in the intensive fattening period compared to other fattening periods.

Keywords: Lamb fattening, Fattening systems, Optimum fattening period, Marginal cost, Marginal income

Tuj ve Hemsin Kuzularinda Farkli Besi Sistemlerine Gore
Optimum Besi Siuiresinin Belirlenmesi

Ozet

Bu calisma ile kuzu besisinde Tirkiye'de ilk defa kontrolli kosullar altinda farkli besi sistemlerine gore optimum besi siresinin tespit
edilmesi amacglanmistir. Arastirma materyalini Tuj ve Hemsin genotiplerinden 39ar bas 2.5-3 aylik yasta stitten kesilmis erkek kuzu
olusturmustur. Calismada Tuj ve Hemsin kuzular sistematik érnekleme metoduyla esit sayida 3 besi grubuna ayrilmis ve 90 giinliik
besiye tabi tutulmustur. Entansif sistemdeki kuzular icin 1 kg canli agirlik artisi icin tiiketilen kuru madde cinsinden yem miktari Tuj ve
Hemsin kuzularinda sirasiyla 5.69 kg, 5.90 kg olarak hesaplanmistir. Tuj ve Hemsin kuzularinda entansif sistemdeki optimum besi suresi
70.ve 84. guinler arasinda gergeklesmistir. Her iki genotip icin ekstansif ve yari entansif besi sistemlerinde marjinal maliyet-marjinal gelir
esitligi besi stiresince yakalanamamistir. Dolayisiyla ekstansif ve yari entansif sistemlerde optimum besi stiresinin 90 gliniin izerinde
oldugu tahmin edilmektedir. Marjinal gelirin en yliksek oldugu besi donemi Tuj kuzularinda; ekstansif, yari entansif ve entansif sistemleri
icin sirasiyla 70., 84. ve 42. giin iken, Hemsin kuzularinda ayni sirasiyla 70., 28. ve 56. glin olarak saptanmistir. Sonug olarak; Tuj ve Hemsin
kuzularinda optimum besi siresinin diger besi sistemlerine gore entansif besi sisteminde daha erken oldugu gorilmastdr.

Anahtar sozciikler: Kuzu besisi, Besi sistemleri, Optimum besi siiresi, Marjinal maliyet, Marjinal gelir

INTRODUCTION

According to the 2013 data of TURKSTAT, 18.73% the total amount of sheep and lamb meat produced is
of Turkey’s total red meat production is provided from  56.11% . According to the 2011 data of the Food and
sheep-lamb meat. The proportion of lamb meat in  Agriculture Organization (FAO), sheep carcass weight is
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16.0 kg on average in Turkey, 14.6 kg on average in the
European Union (EU-28), 30.8 kg on average in the United
States of America, 22.4 kg on average in Australia, and
19.2 kg on average in New Zealand ©. The reasons for the
low carcasses in Turkey can be pointed out as low yield
indigenous races, high rate of early lamb slaughters, and
transfer of animals to slaughter after pasture fattening
without being subject to intensive fattening 4.,

The profitability and productivity of lamb fattening,
sub-sector of livestock, depends on some technical and
economic criteria. One or the most important economic
factors contributing to the performance of lamb fattening in
a profitable manner is the determination of the optimum
fattening period. As is the case in other economic activities,
lamb fattening is also under the effect of the “law of
diminishing returns”. Within the framework of this law,
the daily live weight gain of animals subject to fattening
gradually decrease after a certain period and after a certain
point, the live weight gain obtained daily is unable to
address fattening costs. Thus, the fattening activity should
be completed at the point where the marginal income
is equal or close to the marginal cost 4.,

This study aims to determine the optimum fattening
period for maximum profitability in the fattening of Tuj
and Hemsin lambs according to various fattening systems
under controlled conditions for the first time in Turkey.

MATERIAL and METHODS

This study was conducted upon the Board of Ethics
Approval received through the Kafkas University Faculty
of Veterinary Medicine Board of Ethics resolution no.
2011-005 of 03.03.2011. The study was conducted in the
Kafkas University Faculty of Veterinary Medicine, Training,
Research, and Practice Farm in 2012. The material of the
study consists of 39 Tuj and 39 Hemsin male lambs that
have been weaned at 2.5-3 months of age. The internal
and external parasite medication was administered to
lambs included in the scope of the study prior to fattening;
and they were allowed to orient to the pasture and feed
for a period of 10 days. Afterwards, the Tuj and Hemsin
lambs were ordered according to their live weight and
through the systematic sampling method, they were
separated into the different fattening groups of extensive,
semi-intensive, and intensive and in a way to include
26 lambs in each group, and the lambs were subject to
fattening for a period of 90 days.

The lambs in extensive and semi-extensive fattening
were grazed for 8 h a day in the pasture. Group feeding
was performed in the feeding of the lambs in the sheep
fold. In semi-intensive fattening (pasture + feed) and
intensive fattening, the lambs were given concentrated
feed prepared according to NRC (1985) as ad libitum 7,
In addition to concentrated feed, the lambs in intensive

fattening were given quality roughage. The nutritional
contents of the concentrated feed and roughage given
to lambs have been provided in Table 7. Amounts
of feed given to the lambs were recorded daily and the
live weights of the lambs were recorded on an empty
stomach in the morning in periods of 14 days and prior
to being slaughtered on the 90" day. While there was
constantly water in front of the animals in the intensive
fattening group during the fattening process, water was
provided to animals in the extensive and semi-intensive
groups at least three times a day.

The sales price of concentrated feed, roughage, labor,
electricity-water, pasture rent, and also carcass sales used
in the calculation of marginal costs and marginal income
in periods of 14 days were determined with 2012 current
prices by conducting a market research in the province
of Kars. General administrative expenditures, which are
among marginal costs was accepted as 3% ©. After the
sheep fold amortization expense was calculated using
the straight-line method, the daily amortization amount
was determined. In the extensive fattening system, there
are no concentrated feed, roughage, electricity-water,
and sheep fold amortization expenses, in the semi-
intensive fattening system, there are no roughage
expenses, and in the intensive fattening system, there
are no pasture lease fees.

The marginal income in the study were calculated by
taking marginal live weight gain, actual cold carcass yield
determined according to fattening groups, and carcass
sales prices into account and in the calculation of the
optimum fattening period, marginal cost and marginal
income equation were utilized. Sheep fold maintenance-
repair and litter floor expenses, and the secondary
incomes of manure were not taken into consideration
in the study as they were very low and did not reflect a
significant difference between fattening groups. On the
other hand, health-medication expenses were made
before fattening and only once. Thus, they have not been
included in the marginal cost. However, health-medication
expenses have been added to the fattening material cost
and included in the total cost of zero-day.

Table 1. Nutritional contents and energy values of the concentrated feed
and roughage used in the semi-intensive and intensive fattening systems

Tablo 1. Yari entansif ve entansif besi sistemlerinde kullanilan konsantre ve
kaba yemin besin madde icerikleri ve enerji degerleri

Ingredient Concentrate Feed Roughage
Dry matter (%) 88.80 90.69
Crude protein (%) 17.12 10.35
Crude cellulose (%) 5.75 32.38
Crude fat (%) 3.54 2.00
Crude ash (%) 6.48 8.86
Metabolic energy (kcal/kg) 2710 2000
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The SPSS 20.0 statistics package program was used
in the study. The descriptive statistics of the data have
been performed in the SPSS program and the T-Test and
the One-Way Analysis of Variance were utilized in the
significance check of difference between groups .

RESULTS

The cold carcass yield for Tuj and Hemsin lambs were
respectively determined as 41.58% and 41.93% in the
extensive system, 45.80% and 45.35% in the semi-intensive
system, and 48.42% and 48.05% in the intensive system.
The difference between fattening systems within both
genotypes in terms of cold carcass yield were determined
to be statistically significant (P<0.001). On the other hand,
the amount of feed in terms of roughage consumed for
1 kg live weight gain was determined for lambs in the
intensive system and calculated as 5.69 kg for Tuj lambs
and 5.90 kg for Hemsin lambs.

The optimum fattening periods of Tuj and Hemsin
lambs according to fattening periods have been
respectively provided in Table 2 and Table 3. When the
relation between marginal cost and marginal income
is examined according to fattening systems, it can be
observed that marginal income are higher than marginal
cost for Tuj and Hemsin lambs in the intensive system until
the 70™ day of fattening. However, it was determined that
the marginal income dropped under the marginal cost as
of the 84™ day in the fattening of Tuj and Hemsin lambs in
the intensive system. According to this, the optimum
fattening period for Tuj and Hemsin lambs in the intensive
system was between the 70" and 84" days, when the
marginal cost is equal to or close to the marginal income.
On the other hand, it can be observed that the marginal
income did not drop under the marginal cost in the
extensive and semi-intensive fattening systems through-
out the 90-day fattening period for both genotypes.
Thus, the designation of the optimum fattening period
in these two systems was not possible in the study process.

There was no statistical difference between fattening
systems for Tuj and Hemsin lambs in terms of fattening
initiation live weight averages (P>0.05) and it was
determined that there was a statistically significant
difference between the extensive system and other
fattening systems at the end of the fattening (P<0.05).

On the other hand, when the total costs of Tuj and
Hemsin lambs are examined, there is no statistical
difference between fattening systems until the 42" day
(P>0.05). However, it was determined that there was a
statistical difference between the extensive system and
other fattening systems in terms of total cost as of the
42" day and a statistically significant difference between
the semi-intensive system and intensive system as of
the 84™ day (P<0.001).

The fattening period with the highest marginal income
in the fattening of Tuj lambs were determined to be the
70th, 84t and 42" days respectively for the extensive,
semi-intensive, and intensive fattening systems and for the
Hemsin lambs these were respectively determined to be
the 70t, 28 and 56" days.

DISCUSSION

One of the most important input elements in livestock
is feed consumption %, In the study, the amount of
feed consumed as dry matter for 1 kg live weight gain
in the intensive fattening system was determined to be
lower in Tuj lambs compared to Hemsin lambs. There are
studies suggesting that the amount of feed as dry matter
consumed for 1 kg live weight decreases as the fattening
initiation live weight decreases in fattening activities
and they support the findings of the study. On the other
hand, as the live weight of the animal increased, the
feed conversion rate decreased throughout the fattening
period "-14,

The determination of the optimum fattening period
in livestock enterprises is of utmost importance in the
profitability and efficiency of fattening activities ", As a
matter of fact, the basic objective in fattening enterprises
is the maximization of profits, just like in all economic
enterprises. Profit maximization in businesses can be
achieved through the control of some factors inside the
business besides factors outside of the business 131,
The activity of fattening is under the impact of the law of
diminishing returns. Thus, when marginal cost in fattening
is equal to marginal income, fattening should be finalized.
This is because; at this point the maximum profit of
the period will have been achieved "9,

In the study, the optimum fattening period of Tuj and
Hemsin lambs in the intensive system was determined
to be between the 70" and 84" days, when the marginal
cost is equal or close to the marginal income. In the
study conducted by Cinemre et all'”, 10 Karayaka and 10
Sénmez X Karayaka (F,) male 2.5 month-old lambs were
subject to 91 days of intensive fattening, and the optimum
fattening period was determined to be 84 days for both
genotypes. On the other hand, in the study of Akdemir
et al'¥, a total of 80 lambs in the France X ivesi, Sakiz X
ivesi, and ivesi X ivesi genotypes were separated into four
equal groups and fed with two different concentrated
feed rations. The optimum fattening period in the studies
varied depending on the fattening period, genotype,
utilized concentrated feed, and the fattening periods in
a year at the enterprise, and it was reported to be between
49 and 63 days.

It should not be forgotten that in fattening, the
optimum fattening period may vary depending on the
fattening period, the age and genotype of the animal,
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fattening initiation live weight, live weight gain, fattening
type, feed, labor, and other elements constituting the
cost 181,

On the other hand, it can be observed that the
marginal income did not drop below or equal the
marginal cost throughout the 90-day fattening period in
the extensive and semi-intensive fattening systems for
both genotypes, and profit maximization did not happen.
When it is considered that the law of diminishing returns
applies for all economic enterprises, the optimum
fattening period occurring on a day after the 90" day
in case fattening is continued, is an undeniable fact
according to the science of economics. However, it is
considered that it is actually impossible to continue the
fattening of the lambs in the extensive and semi-intensive
system in the manner the study was planned.

Yet, in the province of Kars, where the study was
conducted, just like the most of Turkey, the pasture
season starts at the end of April each year and continues
until the end of July or the beginning of August
depending on the amount of precipitation. Thus, the
pasture season in Turkey suitable for extensive and semi-
intensive fattening is a period of approximately 90 days
covering the months of May, June, July 5. There are
many scientific studies reporting that the desired live
weight gain cannot be achieved in case grazing of animals
is continued after the pasture season and additional
feeding is required to compensate for this 2%,

On the other hand, it is considered that having lambs
in the extensive and semi-intensive system subject to the
intensive system after the pasture season until the equality
of the marginal income with the marginal cost is ensured is
not suitable in terms of biologic efficiency. This is because;
when determining the optimum feeding period slaughter
weight, market demands, and biologic efficiency should
be taken into consideration ©'\. Extension of the fattening
period in lamb fattening causes the accumulation of fat
in the carcass and as the biologic age of the lamb gets
older, the form of fattening is no longer lamb fattening.
This is not desired in terms of biologic efficiency.
According to the quality grading system of the United
States of America, fat accumulation in the lamb carcass
demonstrates positive effects to a certain point for
preserving the freshness and color of the carcass and
preventing the increase of losses and then demonstrates
adverse effects after this point ?>23, As a matter of fact,
in the study conducted by Akcapinar 2% on two groups
of lambs from the Akkaraman genotype with average
slaughter weights of 40 and 45 kg, it was reported that
as the slaughter weight increased, the fat rate and M.
Longissimus dorsi area of the carcass increased and in
addition to this, the rate of fat-free meat in the carcass
decreased.

It is considered that continuing the fattening of lambs

in the semi-intensive system in an intensive manner
after the pasture season caused fat accumulation in the
carcass. On the other hand, it is considered that in case
lambs with low weight in the extensive fattening system
are subsequently subject to the intensive fattening system,
as the biological ages of the animals will have become
older, it will no longer be lamb fattening.

In conclusion, the necessity to assess lamb fattening
in terms of not only technical criteria but also in terms
of economic criteria has been set forth. For the purpose
of utilizing the limited resources of lamb fattening
enterprises in an effective and efficient manner and
maximizing profitability, the optimum fattening period
should be calculated, and a decision should be made to
finalize fattening in this manner.

It was determined that there was a statistical difference
between the extensive system and the other fattening
systems in terms of the live weight gain throughout the
90 day fattening period of the Tuj and Hemsin lambs. On
the other hand, the optimum fattening period for both
genotypes in the intensive system was determined to
be between the 70* and 84" days. In the semi-intensive
system, the marginal income did not drop below the
marginal cost throughout the fattening period for both
genotypes. Furthermore, even though there was no
statistical difference between the semi-intensive and
intensive fattening systems at the end of the fattening
period in terms of fattening finalization live weight, in
the semi-intensive system the total cost was calculated
to be lower at a statistically significant level. In the final
analysis, it was determined that the performance of
lamb fattening by lamb fattening enterprises by employing
the semi-intensive system would be more rational for
the lamb fattening enterprise.
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Abstract

Arginase (L-arginine amidinohydrolase; (E.C.3.5.3.1) is the last enzyme of urea cycle and it catalyzes the hydrolysis of L-arginine
to urea and L-ornithine in livers of animals. It helps to the excretion process of urea from the body, which is the most soluble and
non-toxic form of nitrogen. Along with its essential role in urea synthesis, arginase is also found to have important roles in ornithine
production for polyamine, proline and glutamate synthesis and in immune system activation. Mostly found in liver tissue, arginase
enzyme is also found in non-ureolytic tissues like heart, rumen, skeletal muscle, kidney, intestine, brain, spleen, thyroid gland, salivary
gland, erythrocyte, fibroblast, macrophage, mammary gland in lactation, testicle. With this study, it was aimed to assess the inhibitory
effects of arginase in sheep spleen tissue on L-canavanine and L-lysine. Consequently, it was observed that L-lysine as a L-amino acid
and guanidine compound L-canavanine inhibits enzyme activity non-competitively.

Keywords: Arginase, L-lysine, L-canavanine, Sheep spleen tissue

L-Kanavanin ve L-Lizin’in Koyun Dalak Doku Arginaz Aktivitesi
Uzerine inhibisyon Etkisi

Ozet

Arginaz (L-arginin amidino hidrolaz; (E.C.3.5.3.1) lre dongisiniin son enzimi olup hayvanlarin karacigerlerindeki L-arginini, tGreye
L-ornitine hidrolizini katalizeleyen bir enzimdir. Azotun en iyi ¢6zlinebilir ve nontoksik formu olan tre olusumuna katkida bulunarak
vicuttan atilmasina yardimci olur. Arginaz lire sentezindeki vazgecilmez roliiniin yaninda; poliamin, prolin ve glutamat sentezi icin
ornitin Uretimini saglayip, ayrica immin sistem aktivasyonunda ve tiimér biyolojisinde de rol oynadigi saptanmistir. Arginaz enzimi
en ¢ok karaciger dokusunda bulunmakla beraber; kalp, rumen, iskelet kasi, bébrek, bagirsak, beyin, dalak, tiroit bezi, tikirik bezi,
eritrosit, fibrobast, makrofaj, laktasyondaki meme bezi, testis gibi nontireolitik dokularda da bulunmaktadir. Bu calisma ile koyun dalak
doku arginazi tizerine L-kanavanin ve L-lizinin inhibisyon etkileri incelenmesi amaglanmistir. Sonug olarak, bir L-amino asit olan L-lizin
ve guanidin bilesiklerinden L-kanavaninin enzimi non-kompetetif olarak inhibe ettigi gortldu.

Anahtar sozciikler: Arginaz, L-lizin, L-kanavanin, Koyun dalak dokusu

INTRODUCTION

Arginase enzyme (E.C.3.5.3.1), L-arginine amidino-
hydrolase), discovered by Kossel and Dakin in 1904, is the
last enzyme of urea cycle . In mammalians, there are two
isoforms of arginase that hydrolyze L-arginine to ornithine
and urea. Arginase | is the cytoplasmic enzyme of liver.
Arginase Il is found in mitochondria of extrahepatic tissues
such as brain, small intestine, and macrophages .

Liver, in which urea cycle takes place, contains most
of the arginase in the body. Arginase is also found in
extrahepatic tissues with no urea synthesis such as
kidney, brain, thyroid gland, salivary gland, erythrocytes,
thrombocytes, macrophages, rumen, mammary gland,
skeletal muscle, fibroblast, intestine, uterus and testicle 37,
It is known that arginase provides the necessary ornithine
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for proline, glutamate, and polyamine synthesis in these
tissues with no urea cycle .

Arginase enzyme is the first enzyme of polyamine
biosynthesis. Polyamines (putrescine, spermine, and
spermidine) are important molecules for cell growth
and differentiation. Ornithine, formed with the help of
arginase, is then converted to putrescine by ornithine
decarboxylase enzyme; and later putrescine joins in the
synthesis of spermine and spermidine 19,

Studies showed that serum arginase activity increases
in liver diseases, such as acute hepatitis, liver metastases,
malignant tumors of bile duct, and cirrhosis, which cause
cell destruction '),

In different studies, it is stated that arginase is a
determinant enzyme in cancer processes, because serum
and tissue arginase levels increase in some cancer cases 13,

Serum arginase levels of patients with acute and
chronic pancreatitis were found higher than control values
and arginase activity was decreased after treatment 1'%,

Increase in erythrocyte arginase levels was found in
led poisoning and diseases like pernicious anemia and
thalassemia ',

It is stated that in patients with myocardial infarction,
arginase levels were increased in the first day and in the
following day, these levels were a little lower than the
levels of the first day, but were still higher than the control
values. It was observed that in 10" day arginase levels
returned back normal 1'¢l,

Ceylan et al'”, investigated plasma arginase levels in
the blood samples taken from asthma patients and found
that arginase activities were lower than the control values.

Itis found thatarginase enzyme exists in some uricotelic
organisms and plants 189,

It is observed that urea cycle enzymes decrease in low
protein diet whereas urea cycle enzyme activities increase
in contrast to that of the ones in low protein diet when
extra protein is added % It is reported that L-ornithine
and L-lysine cause non-competitive inhibition over bovine
lumen tissue arginase 2?2, In view of these findings, we
suppose that L-lysine and L-canavanine will inhibit the
enzyme. Therefore, in this study, we aim to find the type of
the inhibition. To the best knowledge of the authors, this
is the first study in the literature which presents the results
of kinetic effect of inhibition of L-canavanine and L-lysine
on arginase level in sheep spleen tissue, which was not
studied before.

MATERIAL and METHODS

Chemicals used in this study, such as L-arginine,

diacetyl-monoxyme, thiosemicarbazide, sulfuric acid, HCl,
L-lysine, L-canavanine, KCl were obtained from the
companies Sigma, Merck and Fluka. Other chemicals
used in this study were obtained from the market and in
analytical purity.

Sheep spleens as study materials were obtained from
Elazi§ Elkas Facilities. 20 sheep from the same herd of
Akkaraman race with 2 to 3 years old and with similar
breeding conditions (shelter, caring and environmental
conditions) and similar feeding conditions were
slaughtered.

After slaughtering, the obtained spleen tissue was
taken into beaker with isotonic cold NaCl solution, after
cleaning out from blood and clots; and it was analyzed in
iced setting out of the beaker. The rest was kept in deep
freezer in -18°C for later use.

After tissue samples were cleaned out from blood
and clots, they were weighed as 1 g (weight/volume)
and completed to 6 ml with distilled water (dilution rate
1/6). Tissues were homogenized with Potter-Elvehjem
homogenizer. The homogenates were processed in +4°C
using cold centrifuge (Nuve) device for 14 min and super-
natants and pllets were seperated from one another.
Obtained supernatant was used as enzyme source.

Arginase activity was measured with spectrophoto-
metry using thiosemicarbazide-diacetylmonoxyme urea
(TDMU) method. This method is based on the detection
of urea produced by hydrolysis of L-arginine 23,

Diacetylmonoxyme is a substance that does not
directly react with urea and hydrolyzes to diacetyl and
hydroxylamine in acidic setting with temperature. After
diacetylmonoxyme is degraded to diacetyl, diacetylic acid
condensates with urea in solution and composes a yellow
compound named diazine. This yellow color is stabilized
with thiosemicarbazide and Fe*? ions 24,

Protein quantity in the homogenate was measured
with modified Lowry ! method. Alkaline copper tartrate
reagent forms complexes with peptide bonds. When
phenol reagent is added to mixture, which is processed
with copper, a color of violet purple appears. This color was
assessed in 650 nm in spectrophotometry.

While measuring the arginase levels, control was
established by using triple tubes. For degradation of
endogenous urea, 3 units of Jack-Bean urease were added
to each ml of supernatant. Then, incubation was done
in 37°C for 15 min %, Samples were diluted with 2 mM
MnCI, solution with a rate of 1x40 (v/v) and held in
metabolic water bath in 58°C for 13 min. Pre-incubation
procedure was done the same way and samples were used
as enzyme sources.

Enzyme source, which first 120 mM of L-arginine, then
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200 mM of carbonate buffer were added to, was pre-
incubated. Then, 0.3 ml of enzyme source was added to
each tube and enzymatic reaction was initiated in shaking
metabolic water bath in (pH 9.5) 37°C for 10 min. After 10
min of incubation, enzymatic reaction in each tube was
stopped with 3 ml of acid mixture. Then, 2 ml of color
reagent was added to each tube. Tubes were mixed with
vortex, then held in boiling water bath for 10 min and
color formation was implemented.

Tubes were cooled and assessed in spectrophotometry
(Shimadzu UV-240) in 520 nm of wave length. Urea levels
were assessed after absorbance values of zero time blanks
were subtracted. These procedures were also carried out
for standard study tubes and 0 to 0.6 umol of urea standard
solutions were used instead of enzyme sources and then
calibration curves were drawn.

An enzyme quantity that produces 1 umol of urea from
L-arginine in 37°Cin 1 h is called 1 unit of enzyme, while
specific activity is stated as urea/hour/mg protein.

RESULTS

Inhibitory effect of L-lysine on sheep spleen tissue
arginase activity in concentrations up to 20 mM was
investigated. It was observed that 17% of enzyme activity
was lost in 5 mM of L-lysine concentration, 28% of enzyme
activity was lost in 10 mM of L-lysine concentration, and

36% of enzyme activity was lost in 15 mM of L-lysine
concentration (Fig. 1).

In the presence of 15 mM of L-lysine and in different
L-arginine concentrations, inhibition type on sheep
spleen tissue arginase activity was determined. Data was
assessed with Michaelis-Menten (Fig. 2) and Lineweaver-
Burk (Fig. 3) curves and inhibition type was found as non-
competitive.

To assess the effect of L-canavanine on sheep spleen
tissue arginase activity, 0 to 0.6 mM of L-canavanine
was added to pre-incubation setting and findings were
evaluated in comparison to the control. It was observed
that 18% of enzyme activity was lost in 0.1 mM of
canavanine concentration, 38% of enzyme activity was lost
in 0.3 mM of canavanine concentration, 89% of enzyme
activity was lost in 0.5 mM of canavanine concentration,
and 100% of enzyme activity was lost in 0.6 mM of
canavanine concentration (Fig. 4).

To find out the inhibition type of L-canavanine on
sheep spleen tissue arginase activity, enzyme activity
was investigated in different arginine concentrations
and in the presence of 0.45 mM of L-canavanine. Data was
assessed with Michaelis-Menten (Fig. 5) and Lineweaver-
Burk (Fig. 6) curves and it was found that L-canavanine
inhibits sheep spleen tissue arginase activity non-
competitively.
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Fig 4. Inhibitory effect of L-canavanine on sheep spleen
tissue arginase activity

Sekil 4. L-kanavanin'in koyun dalak doku arginazi tizerindeki
inhibitor etkisi
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Fig 6. Presentation of inhibitory effect of L-canavanine on
sheep spleen tissue arginase activity with Lineweaver-Burk
curve

Sekil 6. L-kanavaninin koyun dalak doku arginazi Gzerindeki
inhibitor etkisinin Lineweaver-Burk egrisi ile gosterilmesi
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DISCUSSION

There are a number of inhibitors of the enzyme
arginase. Particularly, inhibition of arginase activity with
branched chained aminoacids is found in several tissues
and species 2728,

In the studies by Muszynska 2 and Muszynska and
Wojtczak B9 it was found out that ornithine and lysine
competitively; valine, leucine, isoleucine and cysteine non-
competitively inhibit arginase in rat liver.

It is reported that L-aminoacids such as valine, leucine,
isoleucine, ornithine, proline, and cysteine inhibit arginase
in bovine rumen tissue 2",

Several studies revealed that ornithine and lysine
inhibit arginase in mammary gland B and in bovine
kidney tissue B2,

Fuentes JM et al.® stated that lysine, ornithine,
valine strongly and competitively inhibit arginase in rat
mammary gland; while proline, isoleucine and leucine
cause less inhibition.

It was seen that lysine inhibits arginase in rat liver
mitochondria B4, It was stated that lysine does the best
inhibition of arginase among all amino acids and that it
inhibits the enzyme in a mixed way 24,

Also, Subrahmanyam and Reddy B proved that lysine
is a strong inhibitor of the enzyme in bovine liver and that
it inhibits the enzyme competitively.

Levillain et al.B%investigated inhibitory effects of lysine,
proline, ornithine and glutamine in different parts of
kidney tubules of ducks and stated that the most powerful
inhibitor of arginase in kidney tubules is lysine and that
ornithine and glutamine come after lysine, while proline
had no statistically significant inhibitory power.

In studies on human erythrocyte arginase, it was stated
that lysine is a competitive inhibitor and canavine is a non-
competitive inhibitor 57,

In an other study ¥, 0.5 mmol/kg of L-lysine was
injected to children between 6 to 14 years of age; and
then, increases in plasma ornithine and arginine levels and
urine ammonia concentration were detected. This case
was explained with the inhibition of the enzyme arginase.
It was suggested that this increase in plasma ornithine
was caused by inhibition of mitochondrial ornithine
transport. The study concluded that lysine may inhibit both
ornithine transcarbamylase activity and mitochondrial
ornithine uptake, preventing the conversion of ornithine
to citrulline.

In this study, inhibitory effect of L-lysine as an
L-amino acid on sheep spleen tissue arginase activity

was investigated and it was found that L-lysine inhibits
the enzyme. Inhibition type was assessed with Michaelis-
Menten and Lineweaver-Burk curves and non-competitive
inhibition of the enzyme was observed.

As a substrate for purified human liver arginase,
L-canavanine was used instead of L-arginine and an
increase in Km from 10.5 mM to 50 mM was observed by
Beriiter et al..

Non-competitive inhibition of liver arginase by
canavanine was found; however, it was found that
canavanine did not affect arginase in erythrocyte and
uterus and it was reported that canavanine can not be
used as a substrate instead of arginine 1“2,

In another study, Muszynska and Wojtczak B% stated
that they could not detect bovine liver arginase activity
when canavanine was used, but they detected a low level
of arginase activity in chicken liver.

In this study, effect of L-canavanine, as one of the
guanidino compounds, on sheep spleen tissue arginase
activity was investigated and non-competitive inhibition
of the enzyme by L-canavanine was found.

It was suggested that due to the structural similarity
between canavanine and arginase, it binds to a non-active
part of the enzyme and changes its three-dimensional
structure 21,

It is observed that arginase enzyme level varies with
respect to nutrition and hormone level. It is reported that
arginase enzyme level also varies due to protein intake diet
and this variation is not enzyme kinetics, it is the increase
in the amount of the enzyme molecules %,

Studies show that, urea cycle enzymes decrease in
low protein diet. When more proteins are added to the
diet, it is observed that the urea cycle enzyme activities
increase compared to those in low protein diet ?2. In this
study, effect of L-lysine aminoacid and L-canavanine on
arginase enzyme, which has a prominent role in urea cycle
is studied.

To the knowledge of authors no study on kinetic
properties of arginase enzyme in sheep spleen tissue has
been conducted. We hope that this new data will help for
future studies on this issue.
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Ozet

Bu arastirmada, farkli isletme kosullarinda 2011-2013 yillar arasinda yetistirilen Anadolu mandalarina ait kontrol giint siit verim
kayrtlar kullanilarak sekiz farkl laktasyon egrisi modeli karsilastiriimistir. Bu amacla, laktasyon egrisinin tanimlanmasinda Wood, Cobby
ve Le Du, Ussel, Parabolik Ussel, Kuadratik, Ters Polinomiyal, Logaritmik Kuadratik, Logaritmik Linear modelleri kullaniimistir. Laktasyon
egrisini en iyi tanimlayan modeli belirlemek icin belirtme (R?) ve kalinti standart sapma (KSS) katsayilari kriter olarak kullaniimistir. En
yuksek R? ve en dislik KSS degerlerini veren Logaritmik Kuadratik ve Kuadratik modellerin en iyi uyumu gésteren modeller oldugu
belirlenmistir. Sonug olarak, Logaritmik Kuadratik veya Kuadratik modeller ile tahmin edilen parametrelerin islah calismalarinda
kullanilmasi, bu yonde yapilacak arastirmalara 6nemli katki saglayacaktir.

Anahtar sozciikler: Laktasyon egrileri, Anadolu mandasi, Belirtme katsayisi, Kalinti standart sapma katsayisi

Comparison of Different Lactation Curve Models of
Anatolian Buffaloes

Abstract

In this study, eight different lactation curve models were compared by using test day milk yield records belonging Anatolian
Buffaloes raised in different Farm conditions between 2011 and 2013. To identify the best lactation curve models of Wood, Cobby and
Le Du, Logaritmic Quadratic, Exponential, Parabolic exponential, Quadratic, Inverse Polynomial and Logaritmic Linear mathematical
functions were used. The coefficient of determination (R?) and residual standard deviation (RSD) statistics were used for determination
of best fitted model in lactation curve. Logaritmic Quadratic and Quadratic functions are the best goodness of fit model as having the
highest Rz and lowest RSD coefficients. As a result, the parameters are estimated by logarithmic quadratic or quadratic models, for use
in breeding programs will make an important contribution to research in this field.

Keywords: Lactation curves, Anatolian Buffalo, Coefficient of determination and residual standard deviation

GiRiS

Sut verimi hayvan islahi calismalarinda tizerinde duru-
lan ekonomik 6neme sahip 6zellikler arasinda yer almak-
tadir. Anadolu mandalarinin sit verimleri 813 kg ™, 943.2
kg @ ve 925 kg B olarak tespit edilmistir. SUt verimi ile
laktasyon siresi arasinda siki bir iliskinin oldugu bircok
arastirici tarafindan bildirilmektedir 3¢, Laktasyon st veri-
mi ile yakindan ilgili laktasyon siiresi ortalamasi Afyon

Mandacilik Arastirma Enstitlisi’'nde yerli mandalarda 220
giin, melezlerde 225 giin olarak saptanmistir 7. ilaslan ve
ark.®! mandalarda ortalama laktasyon slresini 224 giin
olarak belirlemislerdir. Dogum ile kuru dénem arasinda
gecen bir siire¢ olan, laktasyon siiresi irk ve siriler arasinda
varyasyon gostermektedir. S6z konusu varyasyon genetik
yap! ve cevresel faktérlerden kaynaklanmakta olup, cev-
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resel faktorlerin varyasyonun ortaya ¢ikmasindaki roli
genetik faktorlerden daha fazladir. Laktasyon edgrisi,
dogum sonrasinda zamanla sit veriminde goézlemlenen
degisim olarak ifade edilmektedir. Stit hayvanlarinin verim
degerlendiriimesinde laktasyon egrisinin sekli stt verimi
ile birlikte degerlendirilen bir kriterdir .. Malaklama ile
baslayan sit verimi dogum sonrasinda maksimum st Ure-
tim seviyesine ulasilana kadar artar ve sonrasinda kuru
doneme kadar azalma trendine girer. Laktasyon egrile-
rinden, gunlik stt verim kayitlari ile laktasyon siit ve-
riminin tahmini, laktasyon sireleri esit olmayan mandala-
rin karsilastirilmasi, sit verimi disiik olan mandalarin
laktasyonun erken donemlerinde ayiklanmasi, siri idare
ve optimum yemleme programlarinin planlanmasinda
yararlanilabilmektedir "%, GUnUmize kadar laktasyon
egrilerinin tanimlanmasinda Wood, Dhanoa, Wilmink,
Cobby ve Le Du, Dave ve Ters Polinomiyal gibi mate-
matiksel modeller yaygin olarak kullanilmistir. St sigiri
yetistiriciliginde laktasyon egrisi ile ilgili bircok arastirma
ylratilmustdr. Ancak mandalarda bu konu ile ilgili
sinirll sayida arastirmaya rastlaniimistir. Bu konu ile
ilgili Turkiye'de %' jtalya’da '? ve Pakistan'da ¥ baz
arastirmalar yapilmistir.

Bu arastirmada, Anadolu mandalarinda laktasyon
egrilerini tanimlamada kullanilan modeller karsilastirarak,
laktasyon egrisini aciklayabilecek en iyi matematiksel
modelin belirlenmesi amaglanmistir.

MATERYAL ve METOT

Materyal

Bu arastirmada, Anadolu mandalarinin laktasyon egri-
sinin tanimlanmasinda Wood, Cobby ve Le Du, Ussel,
Parabolik Ussel, Kuadratik, Ters Polinomiyal, Logaritmik
Kuadratik, Logaritmik Linear modeller olmak (izere toplam
sekiz farkli model kullaniimistir. Arastirma materyalini
Tokat ili ve ilcelerinde 2011-2013 yillari arasinda doguran
Anadolu mandalarina ait kontrol giinii suit verim kayitlari
olusturmustur. Bu arastirma kapsaminda 536 adet 1.
laktasyon, 489 adet 2. laktasyon, 436 adet 3. laktasyon,
345 adet 4. laktasyon 248 adet 5. laktasyon olmak lizere
toplamda 2054 adet kontrol giini sit verim kaydi
degerlendirilmistir. Anadolu mandalarinin siit verimleri
Tarimsal Arastirmalar ve Politikalar Genel Midirligu ta-
rafindan desteklenen Halk Elinde Manda Islahi Ulkesel
projesi kapsaminda elde edilmistir. Kontrol glinlerinde
mandalarin sabah ve aksam kilogram olarak tespit edi-
len sit verimleri kayit altina alinmistir. Arastirmanin yapil-
digi bolgede manda yetistiriciligi ekstansif kosullarda
yapilmaktadir. Yetistiriciler 6zellikle mera doneminde
mandalara genellikle ek yemleme uygulamamakta, an-
cak kis aylarinda elde mevcut yemlere gore (saman,
kuru yonca otu, silaj vb.) ek yemleme yapmaktadirlar.
Bolgede mevsim sartlarinin otlatma icin uygun oldugu
glinlerde mandalar sabah sagimindan sonra meraya

cikartilmaktadir. Yetistiricilerin cogunlugu sagimi el ile yap-
maktadirlar. Laktasyon edrisinin tanimlanmasinda en az
ilk 5 kontrol verimi bilinen mandalara ait gunlik siit verim-
leri degerlendirilmistir 141,

Metot

Anadolu mandalarinin laktasyon egrilerinin belirlen-
mesinde Wood, Cobby ve Le Du, Ussel, Parabolik Ussel,
Kuadratik, Ters Polinomiyal, Logaritmik Kuadratik, Loga-
ritmik Linear olmak Uizere sekiz farkli model kullanilmistir.
Bu calismada laktasyon egrisini tanimlamada yararlanilan
farkli laktasyon egrisi modelleri Tablo 1'de verilmistir. Ana-
dolu mandalarinin aylik siit kontrollerinden yararlanilarak
her bir laktasyon icin farkli matematik modeller ile lak-
tasyon egrisi modelleri tahmin edilerek, siit verimlerine ait
en uygun laktasyon egrisi belirlenmistir.

Laktasyon egrisi parametreleri (g, b, c ve d) Statistica
5.0.V U paket programi kullanilarak, Levenberg Marquardt
iterasyon islemi sonucu tespit edilmistir. iterasyon yapi-
lirken, yakinsama kriteri olarak 1.0E-8 kullanilmistir. Aras-
tirmada kullanilan sekiz farkli model ile belirlenen lak-
tasyon egrisi parametrelerinin laktasyon sirasina gore de-
gisip degismedigini tespit etmek amaci ile kontrol gilinii
sut verimleri laktasyon sirasina gore gruplandinimis 1., 2.,
3., 4. ve 5. laktasyon kayitlari ayri ayri degerlendirilmistir.
Esitliklerde; Yt: laktasyonun t. gliniindeki sut verimini
(kg), t: malaklamadan gunlik verimin (kontrol gini
verimi) 6lculdigi gline kadar gegen siireyi (guin), e: tabii
logaritma tabanini, exp: matematiksel Us fonksiyonunu
a, b, ¢, d: laktasyon egrisine ait parametre tahminleri ol-
mak Uzere; a: egrinin Y eksenini kestigi noktayi, b: lak-
tasyonun baslangicinda egrinin yikselmesini, ¢ ve d: en
yuksek dlzeye eristikten sonra egrinin duslsiinii goste-
ren katsayidir. Arastirmada 1., 2., 3., 4. ve 5. laktasyonlar
laktasyon sirasina gore analiz edilmistir. Laktasyon egri-
lerinin uygunlugunu karsilastirmada, belirtme katsayisi
ve kalinti standart sapma (KSS) katsayilarindan fayda-
laniimistir.

Tablo 1. Laktasyon egrilerinin tahmininde kullanilan modeller
Table 1. Models used to fit the lactation curve

Modeller Esitlikler

Wood (WD) | Y:=atbexp(-ct)

Ters Polinomiyal (TP) Y=t/ (a+ bt + ct?

Cobby ve Le Du (CD) Y:=a - bt - a exp(-ct)
Ussel ) Y. = a exp(-ct)

Parabolik Ussel (PU) | Ye=aexp(-bt+ct?)
Kuadratik (K) +=a+ bt +ct?

Logaritmik Kuadratik (LK) t=a+bt+ct’+dlog. (t?)
Logaritmik Linear (LL) Yi=a+ bt +clog. (t)

Y: Kontrol giinii tahmini siit verimi; t: Kontrol araligi (giin); a,b,c,d:
Modellerdeki katsayilar; exp: matematiksel iis fonksiyonu
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BULGULAR

Belirtme (R?) ve kalinti standart sapma (KSS) katsa-
yilarindan, laktasyon egrisini en iyi tanimlayan mate-
matik modeli tespit etmede kriter olarak yararlaniimistir.
Arastirma sonucunda tim laktasyon ve modellerde en
yuksek R? ve en duslik KSS degerlerini veren Logaritmik
Kuadratik ve Kuadratik modellerin en iyi uyumu goste-
ren modeller oldugu tespit edilmistir. Tim laktasyon
egrileri ile elde edilen parametreler, belirtme katsayilari
(R?) ve kalinti standart sapma (KSS) katsayilari Tablo
1'de Ozetlenmistir. Ayrica, gercek ve tahmin edilen
sut verimleri ile ilgili laktasyon egrileri ilgili sekillerde
(Sekil 1, 2, 3, 4, 5 ve 6) verilmistir. Bu farkliliklar dikkate
alinarak, bu arastirmada bes farkli laktasyon sirasi grubu
icin bu arastirmada incelenen sekiz farkli matematik
model kontrol giin siit verimlerine uygulanarak laktas-
yon egrisi parametreleri tespit edilmistir. Farkl laktasyon
egrileri icin parametre ortalamalari, standart hatalari,
belirtme ve kalinti standart sapma katsayilari Tablo 2'de
verilmistir.

TARTISMA ve SONUC

Bu arastirmada, belirtme katsayisi %71 ve kalinti
standart sapma katsayilari 82" kullanilarak laktasyon
sut verimlerine en iyi uyum gosteren matematik model
belirlenmistir. Anadolu mandalarinin kontrol glnu sit
verim kayitlar kullanilarak, laktasyon egrilerinin sekli ve
bu egrileri aciklamada gerekli olan parametreler sekiz
farkli model ile tahmin edilmis ve bu fonksiyonlardan
faydalanilarak elde edilen laktasyon egrileri karsilasti-
riimistir.

Laktasyon Egrisi Parametreleri ve Model Uyumlari

Wood modeli icin farkli laktasyonlarda belirlenen lak-
tasyonun baslangicindaki egrinin Y eksenini kestigi noktayi
belirten a parametresi 1., 2., 3., 4., 5. ve tim laktasyonlar
icin sirasi ile, 5.07, 4.46, 5.74, 6.67, 5.61 ve 5.34 olarak
belirlenmistir. a parametresi en disik degerini ikinci
laktasyonda, en yliksek degerini ise dordiinci laktasyonda
almistir. Bu arastirmada Wood modeli ile belirlenen a
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Fig 1. Lactation curves according to test days (all lactations)
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Fig 3. Lactation curves according to test days (second
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Sekil 6. Kontrol glinlerine gore laktasyon egrileri (besinci
laktasyon)

Fig 6. Lactation curves according to test days (fifth lactation)

parametresi Anwar ve ark.'™ Pakistan'da Nili Rawi irki
mandalar, Barbosa ve ark.'? Brezilya'da Murrah, Akdeniz
ve Jafarabadi irki mandalar ve Keskin ve ark.?? Turkiye'de
Siyah Alacalar icin belirledigi degerden diisiik bulunmus-
tur. Arastirma bulgusunun Orman ve ark.” ilk bes lak-
tasyon icin belirledigi, (4.993, 7.66, 9.38, 7.99 ve 10.76)
degerler ile uyumlu oldugu belirlenmistir. Arastirma bul-
gusu yerli mandalarda yapilan bir arastirmada "™ belir-
lenen degerden yuksek, Jersey sigirlarda ilk yedi laktasyon
icin hesaplanan (13.13, 14.99, 16.37, 16.93, 16.89, 17.31,
16.62) degerlerden dusik bulunmustur 24, Wood modeli
kullanilarak 1., 2, 3., 4., 5., 6., 7., 8., 9. ve 10. laktasyonlarin
da olan mandalarda ! a parametresinin 29.92-49.23 ara-
sinda degistigi tespit edilmistir. italyada yapilan bir
arastirmada ise 2 farkli yas gruplarina ayrilan mandalara
a parametresinin 0.037-0.05 arasinda dedgistigi belirlen-
mistir. Yikselme hizini ifade eden b parametresi, 1.,
2, 3, 4, 5. ve tim laktasyonlar icin sirasi ile, 0.22, 0.09,

0.13, 0.45, 0.10 ve 0.19 olarak tespit edilmistir. Bu
degerler Kaygisiz'in ' Turkiye'de yerli mandalarda ilk
bes laktasyon icin tespit ettigi degerlerden dusuk, Aziz
ve ark!nin @ jlk on laktasyon icin belirledikleri degerler
ile genel olarak uyumlu bulunmustur. Pakistan’da Nili
Rawi irki mandalar tizerinde yapilan bir calismada [
b parametresi 0.341 olarak saptanmistir. Ayrica, Siyah
Alaca sigirlarda yapilan bir calismada b parametresi-
nin " 0.47 oldugu bildirilmistir. Arastirma bulgusu Keskin
ve ark/nin "7 Siyah Alacalar icin (0.47) belirledigi degerden
dustk, Orman ve ark!nin 3 Siyah Alaca sidirlarin ilk bes
laktasyonu icin, Cankaya ve ark/nin 24 Jersey irki sigirlarin
ilk yedi laktasyonu icin tespit ettikleri degerler ile genel
olarak uyumlu bulunmustur. italyada mandalar tizerinde
yapilan bir calismada 29 b parametresinin 0.255-0.368
arasinda degistigi belirlenmistir. Distis hizini ifade eden
c parametresinin ise 1., 2., 3., 4., 5. ve tim laktasyonlar
icin sirasi ile, 0.14, 0.07, 0.10, 0.23, 0.09 ve 0.12 oldugu
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Tablo 2. Farkli laktasyon egrileri icin parametre ortalamalari, standart hata, R? ve KSS katsayilari

Laktasyon Modeller a Sx b Sx 4 Sx d Sx R? KSS
WD 5.34 0.206 0.19 0.096 0.12 0.029 - - 0.932 0.046
cD 547 0.330 0.30 0.057 2.68 1.348 - - 0.931 0.061
LK 4.30 0.413 0.60 0.047 -0.06 0.030 -0.45 0.025 0.994 0.018
T laktasyonlar U 5.36 0.244 - - 0.06 0.010 - - 0.877 0.070
PU 4.68 0.245 -0.02 0.028 -0.01 0.003 - - 0.959 0.027
K 4.74 0.198 0.04 0.010 -0.03 0.012 - - 0.970 0.020
TP 0.05 0.032 0.13 0.030 0.02 0.004 - - 0.898 0.070
LL 5.21 0.146 -0.46 0.099 0.69 0.348 - - 0.951 0.034
WD 5.07 0.136 0.22 0.067 0.14 0.021 = = 0.974 0.018
cD 5.18 0.228 0.32 0.039 251 0.841 - - 0.975 0.018
LK 4.40 0.207 0.10 0.023 -0.03 0.015 -0.06 0.013 0.994 0.004
Birinci laktasyon U 5.07 0.021 - - 0.07 0.009 - - 0.916 0.051
PU 4.40 0.141 -0.018 0.017 -0.01 0.002 - - 0.989 0.007
K 4.49 0.087 -0.01 0.044 -0.03 0.004 - - 0.994 0.003
TP 0.07 0.029 0.12 0.028 0.02 0.004 - - 0.944 0.040
LL 4.89 0.077 -0.47 0.052 0.68 0.182 - - 0.98 0.009
WD 4.46 0.245 0.09 0.134 0.07 0.040 = = 0.719 0.072
cb 4.45 0.277 0.18 0.051 4.61 1.013 = = 0.654 0.072
LK 3.09 0.543 1.26 0.625 -1.10 0.040 -0.98 0.493 0.928 0.032
ikinci laktasyon U 448 0.231 - - 0.04 0.011 - - 0.665 0.067
PU 4.04 0.652 -0.01 0.084 -0.07 0.009 - - 0.841 0.057
K 4.05 0314 0.04 0.160 -0.02 0.017 = = 0.926 0.051
TP 0.02 0.004 0.19 0.044 0.01 0.006 - - 0.766 0.084
LL 4.40 0.204 -0.28 0.139 0.35 0.484 - - 0.816 0.065
WD 5.74 0.479 0.13 0.207 0.10 0.063 - - 0.722 0.259
CcD 573 0.585 0.29 0.106 3.74 1.382 - - 0.725 0.389
LK 3.28 0.593 2.17 0.683 -0.17 0.044 -1.50 0.538 0.955 0.038
Uctincii laktasyon U 5.76 0.445 - - 0.06 0.017 - - 0.697 0.235
PU 5.06 0.778 -0.02 -0.008 0.09 0.009 - - 0.759 0.224
K 5.12 0.646 0.04 0.032 -0.03 0.003 - - 0.930 0.021
TP 0.03 0.004 0.14 0.041 0.01 0.006 = = 0.670 0.224
LL 5.49 0.475 -0.39 0.323 0.79 0.126 - - 0.455 0.356
WD 6.67 0.306 0.45 0.116 0.23 0.370 - - 0.959 0.080
cD 7.21 0.585 0.58 0.059 1.68 0.277 - - 0.966 0.066
LK 5.66 0.573 -0.22 0.660 -0.04 0.022 0.34 0.052 0.985 0.035
Dérdincii laktasyon U 6.61 0.522 = = 0.09 0.018 = = 0.826 0.285
PU 5.04 0.318 -0.08 0.035 -0.02 0.004 - - 0.978 0.042
K 532 0.248 0.20 0.126 -0.07 0.013 - - 0.983 0.031
TP 0.11 0.045 0.04 0.031 0.03 0.007 - - 0.907 0.181
LL 6.28 0.153 -0.94 0.104 0.078 0.036 - - 0.881 0.037
WD 5.61 0.503 0.10 0.220 0.09 0.670 - - 0.680 0.288
cD 5.60 0.608 0.28 0.110 3.64 5.84 = = 0.687 0.282
LK 3.82 1.631 1.57 0.878 -0.12 0.121 -1.31 0.480 0.735 0.028
Besinci laktasyon U 5.62 0.045 - - 0.06 0.018 - - 0.665 0.251
PU 5.12 1.095 0.01 0.001 -0.07 0.012 = - 0.700 0.271
K 5.11 0.709 -0.01 0.003 0.02 0.003 - - 0.713 0.058
TP 0.01 0.005 0.16 0.058 0.01 0.009 - - 0.637 0.224
LL 543 0.324 043 0.292 0.22 0.019 - - 0.664 0.291

WD: Wood, CD: Cobby ve Le Du, LK: Logaritmik Kuadratik, TP: Ters Polinomiyal, U: Ussel, PU: Parabolik Ussel, K: Kuadratik, LL: Logaritmik Linear, G: Gercek
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saptanmistir. Bu parametre Kaygisiz'in " ilk alti laktasyon
icin, Aziz ve ark!nin 2 jlk on laktasyon icin belirledikleri
degerler ile uyumlu bulunmustur. S6z konusu parametre
Pakistan'da yetistirilen Nili Rawi irki mandalar icin Anwar
ve ark."¥! tarafindan 0.038 olarak tespit edilmistir. Benzer
sekilde Siyah Alaca sigirlar tizerinde yapilan bir calismada
da bu parametre 0.17 olarak tespit edilmistir 22, Arastirma
bulgusu Jersey sigirlarda ilk yedi laktasyon icin ?¥ belirlenen
degerler ile genel olarak uyumlu bulunmustur. italya'da
mandalarda yapilan bir calismada 2° ¢ parametresinin
0.005 ve 0.006 oldugu bildirilmistir. Modellerin uyumlari
degerlendirildiginde; Wood modeli ile 1., 2., 3., 4., 5. ve
tim laktasyonlar icin belirtme katsayisi ve kalinti standart
sapma katsayilari sirasi ile, 0.974, 0.004; 0.719, 0.072; 0.959,
0.080; 0.680, 0.288; 0.932 ve 0.046 olarak saptanmistir.
Arastirma bulgusu Aziz ve ark/nin 21, Laktasyon icin
belirledikleri degerden yuksek, 2., 3., 4. ve 5 laktasyonlar
icin saptadigi degerlerden disik bulunmustur. Cobby ve
Le Du modeli kullanilarak 1., 2., 3., 4., 5. ve tiim laktasyonlar
icin a parametresinin sirasi ile, 5.18, 4.45, 5.73, 7.21, 5.60 ve
5.47 oldugu tespit edilmistir. Bu arastirmada Cobby ve Le
Du modeli ile belirlenen a parametresi Keskin ve ark!nin 7!
ilk laktasyonunda olan Siyah Alaca sigirlar icin belirledigi
degerden (0.25) disiik bulunmustur. b parametresi, 1., 2.,
3., 4., 5. ve tim laktasyonlar icin sirasi ile, 0.32, 0.18, 0.29,
0.58, 0.28 ve 0.30 olarak belirlenmistir. Bu parametre Keskin
ve ark!nin 'ilk laktasyonunda olan Siyah Alaca sigirlar icin
belirledigi degerden (0.032) yiiksek bulunmustur. Disls
hizini ifade eden c parametresininise 1., 2., 3., 4., 5. ve tim
laktasyonlar icin sirasiile, 2.51, 4.61, 3.74, 1.68, 3.64 ve 2.68
oldugu tespit edilmistir. Bu degerler Keskin ve ark!nin '
ilk laktasyonunda olan Siyah Alaca sigirlar icin belirledigi
degerden (18.37) diisiik bulunmustur. Cobby ve Le Du
modeli icin ilk bes ve tiim laktasyonlar belirtme katsayisi
ve kalinti standart sapma katsayilan sirasi ile 0.975, 0.018;
0.654, 0.072; 0.725, 0.389; 0.966, 0.066; 0.687, 0.282 ve
0.931, 0.061 olarak tespit edilmistir. Gercek ve tahmin
edilen laktasyon egrileri, tim laktasyonlar icin (Sekil 1)
birinci (Sekil 2), ikinci (Sekil 3), glncu (Sekil 4), dordlincu
(Sekil 5), besinci (Sekil 6)'de sunulmustur.

Laktasyonun baslangicindaki siit verimini belirten a
parametresinin Logaritmik Kuadratik model kullanildi-
ginda, 1., 2., 3, 4., 5. ve tim laktasyonlar icin sirasi ile,
4.40, 3.09, 3.28, 5.66, 3.82 ve 4.30 oldugu saptanmistir. a
parametresi en diistik degerini ikinci laktasyonda, en yuk-
sek degerini ise dordiincii laktasyonda almistir. Giircan ve
ark.'? tarafindan yapilan bir calismada, ikinci laktasyonun
da olan mandalar icin a parametresi 3.48 olarak sap-
tanmistir. Arastirma bulgusu bu bildirisle benzerlik gos-
termektedir. Ayni model ile ylikselme hizini ifade eden b
parametresi 1., 2., 3., 4., 5. ve tiim laktasyonlar icin sirasi ile,
0.10, 1.26, 2.17,-0.22, 1.57 ve 0.60 olarak belirlenmistir.

ikinci laktasyonunda olan Anadolu mandalarinin siit
verimlerinin incelendigi bir calismada " b parametresi-
nin -0.03 oldugu tespit edilmistir. Arastirma bulgusu bu

bildiristen yiiksek bulunmustur. Dusts hizini ifade eden ¢
parametresi Logaritmik Kuadratik model ile 1., 2,, 3., 4., 5.
ve tim laktasyonlar icin sirasi ile, -0.03, -1.10, -0.17, -0.04,
-0.12 ve -0.06 olarak belirlenmistir. Belirlenen ¢ paramet-
resi Gurcan ve ark/in "% jkinci laktasyon da olan mandalar
icin belirledikleri degere yakin bulunmustur. 1., 2, 3., 4., 5.
ve tim laktasyonlar belirtme katsayisi ve kalinti standart
sapma katsayilari Logaritmik Kuadratik model ile 0.994,
0.004; 0.928, 0.032; 0.955, 0.038; 0.985, 0.035; 0.735, 0.028
ve 0.994, 0.018 olarak belirlenmistir.

Egrinin Y eksenini kestigi noktay! ifade eden a para-
metresi Ussel model ile, 1., 2., 3., 4., 5. ve tim laktasyonlar
icin sirasi ile, 5.07, 4.48, 5.76, 6.61, 5.62 ve 5.36 olarak
tespit edilmistir. a parametresi en distk degerini ikinci
laktasyonda, en yiiksek degerini ise dordiincii laktasyonda
almistir. Bu model ile belirlenen a parametresi Cankaya
ve ark/nin 24 jlk yedi laktasyon icin Jersey sigirlar icin
belirledigi degerlerden dusik bulunmustur. Yine bu model
kullanilarak dusus hizini ifade eden ¢ parametresi 1., 2., 3.,
4., 5. ve tum laktasyonlar icin sirasi ile, 0.07, 0.04, 0.06, 0.09,
0.06 ve 0.06 olarak belirlenmistir.

Bu parametre Cankaya ve ark/nin 24 ilk yedi laktasyon
icin Jersey sigirlar icin saptadigi degerler ile uyumlu bulun-
mustur. Ussel model ile 1., 2., 3., 4., 5. ve tiim laktasyonlar
icin belirtme ve kalinti standart sapma katsayilari sirasi ile
0.916, 0.051; 0.665, 0.067; 0.697, 0.235; 0.826, 0.285; 0.665,
0.251 ve 0.877, 0.070 olarak saptanmistir. Parabolik Ussel
model ile laktasyonun baslangicindaki siit verimini ifade
eden a parametresinin, 1., 2., 3., 4., 5. ve tim laktasyonlar
icin sirasi ile, 4.40, 4.04, 5.06, 5.04, 5.12 ve 4.68 oldugu
belirlenmistir. a parametresi Cankaya ve ark/nin 24 ilk yedi
laktasyon icin Jersey sigirlar icin tespit ettigi degerlerden
dusik bulunmustur.

Yukselme hizini ifade eden b parametresi Parabolik
Ussel modelile 1., 2., 3., 4., 5. ve tiim laktasyonlar icin siras
ile, -0.018, -0.01, -0.02, -0.08, 0.01 ve -0.02 olarak tespit
edilmistir. Arastirma bulgusu Cankaya ve ark!nin 24 Jersey
sigirlarda ilk yedi laktasyon icin belirledikleri degerlerden
disuk bulunmustur. Bu model ile ¢ parametresi ise 1., 2.,
3., 4., 5. ve tim laktasyonlar icin sirasi ile, -0.01, -0.07, 0.09,
-0.02, -0.07 ve -0.01 olarak saptanmistir. ¢ parametresi
Gankaya ve arknin 27 jlk yedi laktasyon icin Jersey sigirlar
icin saptadigi degerlere yakin bulunmustur. Parabolik
Ussel model ile 1., 2., 3., 4., 5. ve tim laktasyonlar icin
belirtme ve kalinti standart sapma katsayilari sirasi ile
0.989, 0.007; 0.841, 0.057; 0.759, 0.224; 0.978, 0.042; 0.700,
0.271 ve 0.959, 0.027 olarak belirlenmistir.

Kuadratik model kullanildiginda tespit edilen a para-
metresi 1., 2., 3., 4., 5. ve tim laktasyonlar icin sirasi ile, 4.49,
4.05,5.12,5.32,5.11 ve 4.74 olarak belirlenmistir. Belirlenen
a parametresi Glircan ve ark/nin " jkinci laktasyonunda
olan Anadolu mandalari icin belirledigi degerden (6.08)
dustk bulunmustur. Yikselme hizini ifade eden b para-
metresi 1., 2., 3., 4., 5. ve tim laktasyonlar icin sirasi ile,
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-0.01, 0.04, 0.04, 0.20, -0.01 ve 0.04 olarak tespit edilmistir.
Bu parametre Gurcan ve ark/nin "% ilk laktasyonunda olan
Anadolu mandalariicin belirledigi degerden (-0.02) yiiksek
bulunmustur.

Dusls hizini ifade eden c parametresi Kuadratik
model ile 1., 2,, 3., 4., 5. ve tim laktasyonlar icin sirasi ile,
-0.03, -0.02, -0.03, -0.07, 0.02 ve -0.03 olarak saptanmis-
tir. Bu parametre Glrcan ve ark/nin "% belirledigi de-
gerle uyumlu bulunmustur. Kuadratik model ile 1., 2.,
3, 4., 5. ve tim laktasyonlar icin belirtme ve kalinti stan-
dart sapma katsayilari sirasi ile 0.994, 0.003; 0.926, 0.051;
0.930, 0.214; 0.983,0.031; 0.713, 0.058 ve 0.970, 0.020 olarak
tespit edilmistir.

Laktasyon egrisi parametrelerinin tahmininde Ters
Polinomiyal modelden yararlanildiginda, laktasyonun bas-
langicindaki siit verimini belirten a parametresinin 1., 2.,
3., 4., 5. ve tim laktasyonlar icin sirasi ile, 0.07, 0.02, 0.03,
0.11, 0.01 ve 0.05 oldugu belirlenmistir. Belirlenen a
parametresi Gircan ve ark/nin ' ikinci laktasyon da
olan mandalar icin belirledigi degerden (0.69) dustk
bulunmustur. Ayni model ile ylikselme hizini ifade eden
b parametresi ilk bes laktasyon ve tim laktasyonlar icin
sirasl ile, 0.12, 0.19, 0.14, 0.04, 0.16 ve 0.13 olarak tespit
edilmistir. Bu parametre Gircan ve ark/nin 0% jkinci
laktasyonunda olan mandalar icin belirledigi degerden
(0.096) yiiksek bulunmustur. Diistis hizini ifade eden c
parametresi ise Ters Polinomiyal model ile 1., 2, 3., 4., 5.
ve tum laktasyonlar icin sirasi ile, 0.02, 0.01, 0.01, 0.03, 0.01
ve 0.02 olarak belirlenmistir. Bu parametre Keskin ve
ark/nin U7 jlk laktasyonunda olan Siyah Alaca sigirlar
(0.0001), Gurcan ve ark/nin "% jkinci laktasyonunda olan
mandalar i¢in belirledigi degerlerden (0.0015) yuksek
bulunmustur.

Logaritmik linear model icin, a parametresi, 1., 2., 3., 4.,
5. ve tim laktasyonlar icin sirasi ile, 4.89, 4.40, 5.49, 6.28,
5.43 ve 5.21 olarak saptanmistir. Bu parametre Glrcan ve
ark/nin 1% ikinci laktasyonunda olan Anadolu mandalari
icin belirledigi degerden (8.35) diisik bulunmustur. b
parametresi ise 1., 2., 3., 4., 5. ve tim laktasyonlar icin
sirasi ile, -0.47, -0.28, -0.39, -0.94, 0.43 ve -0.46 olarak
tespit edilmistir. Bu degerler Gilrcan ve ark/nin U ikinci
laktasyonunda olan Anadolu mandalari igin belirledigi
deger ile uyumlu bulunmustur.

Dusls hizini ifade eden ¢ parametresinin ise ayni
model ile ilk bes laktasyon ve tim laktasyonlar icin sirasi
ile, 0.68, 0.35, 0.79, 0.078, 0.22 ve 0.69 oldugu belirlen-
mistir. Bu parametre Gircan ve ark/nin "% ikinci lak-
tasyonunda olan Anadolu mandalari icin belirledigi
degerden dusik bulunmustur. Ters Polinomiyal model ile
1., 2, 3., 4., 5. ve tum laktasyonlar icin belirtme ve kalinti
standart sapma katsayilari sirasi ile 0.944, 0.040; 0.766,
0.084; 0.670, 0.224; 0.907, 0.181; 0.637, 0.224 ve 0.898, 0.070
olarak saptanmistir.

Bu ¢alismada 1., 2., 3., 4., 5. ve tim laktasyonlar icin d
parametresi sirasi ile -0.06, -0.98, -1.5, 0.34, -1.31 ve -0.45
olarak tespit edilmistir. Arastirma bulgusu, Glircan ve
ark!nin'%(0.97) bulgularindan diisiik bulunmustur.

Bu arastirmada farkli laktasyon siralarina gore tespit
edilen a parametreleri ile ilgili degerler genel olarak
literatiirlerde belirtilen degerler ile farkhlik gostermistir.
b, ¢ ve d parametrelerine ait degerlerin ise genel olarak
literattirler ile uyumlu oldugu belirlenmistir. Bu durum,
arastirma materyalini olusturan mandalarin siit verimleri
ile diger arastirmalarin yapildigi sirilerin st verimleri-
nin farkh olmasinin bir sonucu olabilecegi gibi, de-
netim araliklarinin (glin, hafta gibi) farkli olmasindan
kaynaklanmis olabilir. b, ¢ ve d parametrelerinin lite-
ratlrlerle genel olarak uyumlu olmasi ise bu calismada
sut verim kayitlari degerlendirilen Anadolu mandalarinin
laktasyon egrilerinin tipik laktasyon egrisi seklinde ol-
dugunu ifade etmektedir.

Laktasyon baslangicindaki sut verimini ifade eden a
parametresi ile ilgili en dustk deger Ters Polinomiyal, en
yiiksek degeri ise Wood, Cobby ve Le Du ve Ussel model-
ler kullanildiginda tespit edilmistir. Yikselme hizini ifade
eden b parametresi, 1., 2., 3. ve 4. laktasyonlarda Parabolik
Ussel ve Logaritmik Linear modeller kullanildiginda nega-
tif olarak tespit edilmistir. Ayrica, ayni parametre Kuadratik
model ile 1. ve 5. laktasyonlarda da negatif olarak be-
lirlenmistir. Cobby ve Le Du modeli kullanildiginda dists
hizin ifade eden c parametresi ile ilgili en ylksek deger
tespit edilmistir. Tim laktasyonlarda Logaritmik Kuadratik,
Parabolik Ussel modeller ile, birinci, ikinci ve dordiinci
laktasyonlarda ise Kuadratik model kullanildiginda da b
parametresi negatif olarak belirlenmistir. Logaritmik Linear
model ile 1., 2,, 3., 4., 5. ve tim laktasyonlar icin belirtme
ve kalinti standart sapma katsayilari sirasi ile 0.980, 0.009;
0.816, 0.065; 0.455, 0.356; 0.881,0.037; 0.664, 0.291 ve 0.951,
0.034 olarak tespit edilmistir. Bu calismada, tim laktas-
yon ve modellerde en ylksek R? ve en duslik KSS degerler
elde edildigi icin Logaritmik Kuadratik ve Kuadratik mo-
dellerin en iyi uyumu gosteren modeller oldugu tespit
edilmistir. Anadolu Mandalarinin kontrol giini siit verim
kayitlarindan yararlanarak, laktasyon egrisine iliskin para-
metre tahminlerinin Kuadratik, Logaritmik Linear, Loga-
ritmik Kuadratik, Linear Hiperbolik, Ters Polinomiyal,
Wilmink modelleri ile yapildigi bir calismada " model
uyumlarinin karsilastirlmasinda dizeltilmis belirtme kat-
sayist (R2d) kullaniimis ve Logaritmik Kuadratik modelin
laktasyon egrisini tanimlamada kullanilan en uygun
model oldugu belirlenmistir. Murrah irki mandalar Uize-
rinde yapilan bir calismada da ?” Wood, Multiple Reg-
resyon, Logaritmik Kuadratik ve Linear Hiperbolik model-
ler karsilastirilmis ve Logaritmik Kuadratik fonksiyonun
en iyi model oldugu belirlenmistir. Benzer sekilde yetis-
tirici kosullarindaki mandalarin laktasyon verimlerinin
degerlendirildigi bir calismada 8 en uygun modelin
Logaritmik Kuadratik model oldugu tespit edilmistir.
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Hindistan'da yapilan bir calismada ' laktasyon egrilerinin
tanimlanmasinda kullanilan Logaritmik Kuadratik mode-
lin, Wood ve Ters Polinomiyal modellerinden daha iyi
sonuc verdigi bildirilmistir. Bu bildirisler arastirma bulgu-
su ile benzerlik gostermektedir. Arastirma bulgusu ve bu
bildirislerin aksine, Brezilya'da yetistirilen Murrah, Akdeniz
ve Jafarabadi irki mandalarin sit verimleri kullanilarak
sekiz farkli matematik model ile tahmin edilen laktasyon
egrilerinin karsilastirildigi bir calismada "2 ise secilen
modeller icinde Wood modeli en uygun model olarak
tespit edilmistir. Diger taraftan Hindistan'da nehir man-
dalarinin st verimlerinin degerlendirildigi c¢alisma-
larda 1239 Jaktasyon edrilerinin tahmin edilmesinde Kuad-
ratik modelin kullanilmasinin uygun oldugu bildirilmistir.
Prasad B tarafindan gelistirilen modelin Saf ve melez
Murrah mandalarinin laktasyon egri seklini agiklamada
¢ok daha iyi sonuc verdigi bildirilmistir. Belirtme katsayisi
tim laktasyonlar icin degerlendirildiginde; Logaritmik
Kuadratik modelin laktasyon egrisindeki varyasyonun
%99.4'inl, Kuadratik modelin %97.0'ini acikladigi belir-
lenmistir. Siyah Alaca sigirlarda laktasyon egrisinin tahmi-
ninde Wood, Goodall ve Grossman modellerinin kullanil-
dig1 bir calismada ® en uygun model olarak Grossman
modeli belirlenmistir. Orhan ve Kaygisiz 2", Wood, Ussel ve
Parabolik Ussel fonksiyonlarin belirtme katsayilarini 0.626,
0.496 ve 0.611 olarak belirlemislerdir. 56z konusu calisma-
da R? yiksek, hata varyansi disuk oldugu icin Wood
modeli en iyi model olarak secilmistir. italya'da, Catillo
ve ark.B? farkli yas gruplarina ayirdiklari mandalarin lak-
tasyon kayitlarini Wood, Ters Polinomiyal, Ussel, Karisik
Log, Polinomiyal Regresyon modeli ile incelemisler,
bu modellere ait R? degerlerini 3 ve daha kiglik yasl
mandalarda sirasi ile 0.99, 0.97, 0.98, 0.98, 0.99 olarak
tespit etmislerdir. italya'da yapilan bir diger calismada 2
mandalar farkli bes yas grubuna ayrilmis, yas gruplarina
gore belirtme katsayisinin 0.99 oldugu, kalinti standart
sapma katsayilarinin ise 0.042-0.054 arasinda dedgistigi
belirlenmistir. Arastirmacilar bu sonuclara gore arastir-
mada incelenen bitin matematiksel fonksiyonlarin lak-
tasyon egrisine uyumunun ¢ok yuksek oldugunu bildir-
mislerdir. Bu calismada belirlenen belirtme katsayisi
degerleri genel olarak literatlir bildirisleri ile uyumlu
bulunmustur. Model uyumlarini degerlendirmede kriter
olarak kullanilan kalinti standart sapma katsayisi ne kadar
kuicuk olur ise, kullanilan modelin laktasyon st verimlerine
uyumu o kadar yiiksek olmaktadir. Kalinti standart sapma,
modelle tahmin edilen verimle, gercek verim arasindaki
sapmanin kullanildigi bir degerdir 12433, Bu arastirmada,
tim laktasyonlarda en yiiksek R? ve en ki¢lk KSS degeri
Logaritmik Kuadratik ve Kuadratik model ile tahmin
edilmistir. Bu arastirma bulgusunun aksine 2%, Siyah Alaca
sigirlarda en distuk KSS degeri laktasyon persistensi
modeli kullanildiginda tespit edilmistir.

Sonuc olarak, Wood, Cobby ve Le Du, Ussel, Parabolik
Ussel, Kuadratik, Ters Polinomiyal, Logaritmik Kuadratik,
Logaritmik Linear modellerinin uyum o&lcutlerine gore

Anadolu mandalari igin laktasyon egrisini tanimlayan
en uygun modelin Logaritmik Kuadratik ve Kuadratik
modeller oldugu tespit edilmistir. Manda yetistiriciliginde,
mandalara ait sut ve dol verim Ozellikleri ile beraber
laktasyon egrisinin sekli ve egri ile ilgili bazi temel
karakteristiklerin belirlenmesi basta slri yonetimini ko-
laylastirabilecedi gibi, o suriide uygulanabilecek seleksi-
yondaki basariyi olumlu yonde etkileyecektir. Genetik
ve cevresel faktorlerden etkilenebilen laktasyon egrisi
ve bu egriye ait parametreler egri tipini belirleye-
bildikleri gibi mandanin laktasyon verimini de etkile-
yebilmektedirler. Laktasyon egrileri, kontrol giini sut
verim kayitlarindan yararlanilarak laktasyon sut verimi-
nin tahmin edilmesinde, laktasyon siireleri esit olmayan
mandalarin karsilastirilmasinda, st verimi dusik olan
mandalarin laktasyonun erken dénemlerinde ayiklanma-
sinda, slirt idaresi ve optimum yemleme programlarinin
planlanmasinda kullanilabilmektedir. Genellikle laktasyo-
nun erken donemlerinde saptanan baslangi¢ verimi,
malaklama ile ilk kontrol arasinda gecen siire gibi lak-
tasyon egrisi ile ilgili 6zellikler uygulanacak seleksiyonda
kriter olarak kullanilabilmektedir. Mandalara ait bazi
seleksiyona esas parametreler daha erken yasta tespit
edilebildigi icin verimi diusik olan mandalar daha erken
bir strede ayiklanabilmekte, siiriide generasyonlar arasi
sure kisalmakta, bu parametreler kullanilarak daha isa-
betli seleksiyon kararlari alinabilmektedir. Anadolu man-
dalarinda sut verimlerinin artirilmasi yoniinde yuriti-
lecek seleksiyon calismalarinda Logaritmik Kuadratik ve
Kuadratik modellerin kullaniimasi ile laktasyon egrisinin
sekli ve bu egride bulunan parametreler yardimiyla
kullanilan modele bagli olarak bazi kriterler tespit edilip,
yapilacak seleksiyon uygulamalarinda daha yuksek isabet
saglanabilecektir.

TESEKKUR

Bu calismanin ydritilmesinde imkan saglayan Gida
Tarim ve Hayvancilik Bakanlhigi Tarimsal Arastirmalar
ve Politikalar Genel Mudirligiine ve Tokat ili Damizlik
Manda Yetistiricileri Birligine ve proje teknik elemanlarina
katkilarindan dolayi tesekkir ederim.
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Abstract

The present study was performed to evaluate the effects of addition of fish oil, soybean oil and olive oil to diet on performance and
immune response in broiler chickens. In a completely randomized design, 320 broiler chickens (Ross 308, 7 days old) were allocated to
four dietary treatments (control and three vegetable oils), four replicates with 20 chicks per each. The results showed that body weight
gain of chicks fed soybean oil was higher and feed conversion ratio was better than the other treatments in the total period (P<0.05).
The gene expression of y-interferon (IFN-y) in spleen tissue was influenced by treatments. The mRNA level of IFN-y was higher in chicks
fed fish oil than the other groups, also antibody titers against Newcastle virus in chicks fed fish oil were higher than the other groups
(P<0.05). For antibody titers against sheep red blood cell, there were no differences among treatments (P>0.05). Chicks fed fish oil had
higher relative weights of bursa of Fabricius and there were no significant differences in relative weights of spleen among treatments.
It was concluded that the source of oils in the diet may be affect the performance and immune response, the addition of fish oil and
soybean oil to the diet resulted in significant improvement of performance and immune response in broiler chickens, respectively.

Keywords: Oil sources, Gene expression, Immune response, Broiler chickens

Broylerlerde Diyetteki Yag Kaynaklarinin Performans, Serum
Kortikosteron Diizeyi, Antikor Titresi ve IFN-y Gen Ekspresyonu
Uzerine Etkileri

Ozet

Bu calisma diyete balik yagi, soya yadi ve zeytinyadi ilavesinin broyler tavuklarda performans ve bagisiklik cevabi tizerine etkisini
arastirmak amaciyla yapilmistir. Tamamiyla rastgele dizaynda 320 broyler tavuk (Ross 308, 7 glinlik) her birinde 20 tavuk bulunan
ve 4 tekrarli olmak Uzere 4 ayri diyet grubuna (Kontrol ve Ug ayr yag uygulamasi) ayrildi. Calismanin sonugclari soya yadt ile beslenen
civcivlerin diger gruplar ile karsilastinldiginda viicut agirlik artiglarinin daha yiiksek ve yem donusiim oraninin tiim periyot icerisinde
daha iyi oldugunu gésterdi (P<0.05). Dalakta y-interferon (IFN-y) gen ekspresyonu uygulamalar tarafindan etkilenmistir. IFN-y mRNA
diizeyi ile Newcastle virusa karsi antikor titresi balik yagi ile beslenen civcivlerde diger gruptakilere oranla daha ytiksekti (P<0.05).
Koyun kirmizi kan hicrelerine karsi antikor titresi bakimindan uygulama gruplari arasinda bir fark gézlemlenmedi (P>0.05). Balik yagi
ile beslenen civcivlerin gérece bursa Fabricius organ agirliklari daha yuksekti ve gérece dalak agirliklari ydniinden uygulama gruplari
arasinda belirgin bir fark tespit edilmedi. Calismanin bulgulari isiginda kullanilan yag kaynaginin performans ve bagisiklik cevabi
Uzerine etkisinin olabilecegi ve diyete balik yadi ve soya yagi ilavesinin broyler tavuklarda sirasiyla performans ve bagisiklik cevabina
onemli etkilerinin olabilecedi sonucuna varilmigtir.

Anahtar sozciikler: Yag kaynaklari, Gen ekspresyonu, Bagisiklik cevabi, Broyler

INTRODUCTION

Lipids are mainly included in poultry diets as energy  in body tissues. There are evidences that feeding the
and essential fatty acids, which they cannot be synthesized  broilers with diets containing oils, such as fish oil, soybean
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oil and olive oil have a many benefits "2, In this regard,
Dewitt et al.®! reported that addition of fish oil, sunflower
oil, and soybean oil improved feed conversion ratio. In
another study, feeding the broilers with diets containing
fish oil caused poorer feed conversion efficiency than
the control ™. Parmentier et al.”! who reported that
addition of soybean oil (as a source of omega-6 fatty
acids) to diet increased antibody production in broilers,
but other researchers *® reported a decrease in antibody
response against antigens. Another study ! reported
that the addition of soy oil to diet could increase serum
corticosterone in broilers, which has been found to be
immunosuppressive "%, John et al."%, Miles et al."® and
Korver et al." reported that addition of fish oil (as a source
of omega-3 fatty acids) to diet could increase production
of cytokines such as IFN-y. In another study, Fritsche et al.'™
reported that spleen IFN- y mRNA were lower in mice fed an
omega-3 fatty acid-enriched diet compared with mice fed
diets low in omega-3 fatty acid diet. Reports concerning
the effects of oils on performance and immune responses
are very contradictious. Moreover, in the literature, there
are very few studies concerning the comparison between
different sources of oils on antibody titers and gene
expression of cytokines, especially IFN-y. Therefore, this
study was designed to evaluate the effects of different
sources of oils on performance, serum corticosterone level,
antibody titers and IFN-y gene expression of broilers.

MATERIAL and METHODS

The study was approved by the Ethics Committee
of Islamic Azad University, Science and Research Branch
of Medical and Veterinary Sciences (approval date:
17.01.2013; no: 1292, AEC 3).

Animals and Diets

Three hundred and twenty broiler chicks (Ross 308,
7 days old) with the same weight (155+3 g) were separated
and randomly allocated into four dietary treatments and
four replicates in a completely randomized design. Birds
were housed in deep litter pens (1x2 m). The relative
humidity was controlled at 65% and temperature was set
at 32°C on day 1 and lowered gradually to 24°C for the rest
of the experiment period. Lighting schedule was 23 h light
and 1 h dark. Water and feed were provided ad libitum. Birds
were fed experimental diets from day 1 until day 42 of age in
three periods: The starter (1-7 days), grower (8-28 days) and
finisher (29-42 days). Diets were formulated based on the
corn-soybean meal (Table 1). Dietary treatments included
of: 1) diet without oil as control; 2) diet with fish oil, as source
of w-3; 3) diet with soybean oil, as source of w-6, and 4) diet
with olive oil as source of w-9. The fatty acids composition
of used oils in this study was reported in Table 2. To reduce
handling and weighting stress, average feed intake, body
weight gain and feed conversion ratio of broilers in each
pen were only measured at days 7 and 42 of age.

Humeral Immune Response

Blood samples were drawn from vein of two birds in
each penin day 13 of age. The blood samples were poured
in tubes that had no anticoagulant and centrifuged at
1.500 x g for 15 min. Sera were collected for analysis
and average antibody assessment. The titers of the anti-
body against Newcastle disease were determined by
hemagglutination inhibition test "%, At day 27 of age, sheep
red blood cell (SRBC) suspension (5% in sterile phosphate
buffered saline) was injected in breast muscle of two
birds in each pen. Seven days after each sensitization (day
34 of age), antibody titers against SRBC were measured
according to Vander Zijpp and Leenstra ' and expressed
as the log 2 of the reciprocal of the highest serum dilution
giving complete agglutination.

Quantification of Gene Expression by Real Time PCR

At the end of the period two birds per replicate were
randomly selected, individually weighed, and killed by
cervical dislocation. Their spleen were removed and
immediately stored in liquid nitrogen for messenger RNA
(mRNA) extraction. According to the kit Vivantis Company
(Malaysia), total RNA was extracted. To convert mRNA into
cDNA, Randon hexamer was used as a primer and after
attachment of primer to RNA chain by reverse transcriptase
cDNA synthesis according to the kit Vivantis Company
(Malaysia) was done.

Primer Design and Real Time PCR

To design the primers, related studies '®'” have
reviewed and showed that all the consequences were
compared to NCBI data center. Gene expression of this
cytokine was analyzed by real time-PCR (Table 3). In order to
evaluate the samples by this method regarding the above
mentioned Kit, cDNA and master mix for each sample
done. The study fulfilled in 10- microliter tubs and beside
each sample, a separate sample as 3-actin primer prepared
and were put in corbette, and according to number of
cycles and temperature, diagram were drawn. Real time
PCR was performed using Power SYBR Green PCR Master
Mix (Applied Biosystems). Comparison of each gene
expression with its control and stimulated states was
determined with the delta-delta (AA) Ct, in this method
a positive result reveals an increase in the expression of
the gene of interest in stimulated conditions, whereas a
negative result shows a decreased expression ['%,

Corticosterone Measurement and Relative Weight
of Inmune Organs

At the end of the period, two birds per replicate
were randomly selected, individually weighed, and their
blood poured in tubes with no anticoagulant and were
centrifuged at 1500 x g for 15 min, sera was collected
for analysis, corticosterone hormone concentration was
assessed by ELISA kit (Corticosterone ELISA RE52211, IBL
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Table 1. Ingredients and chemical composition of experimental rations’

Tablo 1. Deneysel rasyonlarin icerikleri ve kimyasal kompozisyonlari

Ingredients (as %) Starter Grower Finisher
Tretments 11 2, 05,00 115 T, 15, T, 15 T, Ts, T,
Corn 54.82 55.45 58.81 55.84 63.6 60.61
Soybean Meal (44%) 35.6 35.69 325 33.07 27.7 28.27
Starch 5 0 5 0 5 0
Qil 0 2.15 0 3 0 3
DCP 1.91 1.91 1.61 1.62 1.51 1.52
CaCOs 1.18 1.18 0.96 0.95 0.93 0.92
DL- Methionine 0.29 0.29 0.19 0.2 0.16 0.16
L-Lysine HCI 0.21 0.20 0.04 0.03 0.02 0.01
L-Threonine 0.11 0.11 0.03 0.03 0.01 0.01
Salt 0.27 0.27 0.32 0.33 0.32 0.33
NaHCO; 0.11 0.11 0.04 0.03 0.04 0.03
Zeolite 0 3.14 0 44 0.21 4.64
2Vitamin Premix 0.25 0.25 0.25 0.25 0.25 0.25
Mineral Premix 0.25 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100 100
Chemical composition

Energy (kcal/kg) 2840 2890 2940

Crude Protein (%) 20.57 19.26 17.5
Methionine (%) 0.59 0.48 0.43

Met+Cys (%) 0.88 0.76 0.69

Lysine (%) 1.22 1.06 0.89
Threonine (%) 0.78 0.66 0.59
Tryptophan (%) 0.22 0.21 0.19

Arginine (%) 1.30 1.20 1.1

Valine (%) 0.90 0.90 0.8

Isoleusine (%) 0.90 0.88 0.8

Calcium (%) 0.98 0.82 0.78

Av. Phos (%) 0.46 0.41 0.39

Sodium (%) 0.16 0.16 0.16

Chloride (%) 0.23 0.23 0.23
Potassium (%) 0.86 0.81 0.73

1- T;: diet without oil, T>: diet with fish oil, T;: diet with soybean oil and T: diet with olive oil
2- Vitamin-mineral premix (each kg contained): calcium, 195 g; potassium, 70 g; sodium, 18 g; magnesium, 6 g; zinc, 1.200 mg; iron, 2.000 mg; copper, 400
mg; manganese, 1.200 mg; selenium, 8 mg; cobalt, 20 mg; iodine, 40 mg; vitamin A, 200.000 IU; vitamin D, 80.000 IU; vitamin E,1.072 IU; vitamin K3, 34 mg;
ascorbic acid, 1.300 mg; thiamine, 35 mg; riboflavin, 135 mg; niacin, 1.340 mg; vitamin Bs, 100 mg; folic acid, 34 mg; vitamin Bi, 670 ug; biotin, 3.350 ug

Gesellschaft fur Immunchemie und Immunbiologie MBH, = means were compared for significant differences using the
Hamburg, Germany). Then, the birds were killed by cervical  Duncan’s multiple range tests 2",

dislocation, thereafter their bursa of Fabricius, spleen and

thymus were removed and their relative weights (organ

weight/total weightx100) were calculated. RESULTS

Statistical Analysis Effects on Performance

All values were analyzed by one-way ANOVA using the The effects of different sources of oil on feed intake,
GLM procedure of SAS software 2. When the F-test for body weight gain and feed conversion ratio of the birds
treatments was significant at P<0.05 in the ANOVA table, are shown in Table 4. There were significant effects on
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Table 2.The fatty acids composition of oils (as percent)

Tablo 2. Yaglarin yag asidi kompozisyonlari (yiizde olarak)

Fatty Acid Fish Oil Soybean Oil Olive Oil
C14:0 1.94 0.48 0.02
C16:0 19.17 10.27 18.91
C18:0 4.82 3.95 4.9
C18:1n-9 225 22.73 72.02
C18:2n-6 3.92 56.69 3.13
C18:3n-3 1.37 5.17 0.61
C20:1n-9 2.84 0.71 0.41
C20:3n-6 4.58 - -
C20:5n-3 13.26 - -
C22:5n-3 3.7 - -
C22:6n-3 21.9 - -
Table 3. Real-time PCR primers
A:: :’:‘i:icetd Sequence (5°-3°) Base (IIC“) Vol
F | ACACTGACAAGTCAAAGCCGC | 21 | 61.2 | 281
1A R AGTCGTTCATCGGGAGCTTG 20 |51.27 | 328
. F | CAACACAGTGCTGTCTGGTGGTA | 23 | 60.18 | 24.0
e R | ATCGTACTCCTGCTTGCTGATTCC | 23 | 60.49 | 27.0

Table 4. Effect of different sources of oil on performance of broilers at day
42 of age

Tablo 4. 42. giinde broylerlerin performansi tizerine degisik yaglarin
etkileri

Treatment Feed Intake Gain (g) FCR
Control 3363 1558¢ 2.15°
Fish oil 3234 1713¢ 1.88°
Soybean oil 3327 18882 1.76¢
Olive oil 3343 1858° 1.79°
SEM 46.24 3733 0.02
P-value NS * *
Value in the same column with no common superscript are differ (P<0.05);
* Significant at P<0.05; NS: Not significant (P>0.05)

body weight gain and feed conversion ratio among
treatments at 42 of age (P<0.05). Body weight gain and
feed conversion ratio were affected by the supplemented
fat sources (P<0.05). Broilers fed with soybean oil had
the highest body weight and the lowest level of feed
conversion ratio, and these differences were significant in
comparison to the other groups. By contrast there were no
feed intake differences among the treatments. Although
the highest feed intake observed in the birds fed control,
but this difference was not significant among treatments.
Also, there were no significant effect on feed conversion
ratio between treatments fed fish oil and olive oil (P>0.05).
Totally those birds fed soybean oil performed better than
the other groups.

Table 5. Effect of different sources of oil on relative weight of lymphoid
organs at day 42 of age

Tablo 5. 42. glinde gérece lenfoid organ agirliklar iizerine degisik yaglarin
etkileri

Treatment Bursa Thymus Spleen
Control 0.10° 0.34¢ 0.10
Fish oil 0.19° 0.52° 0.15
Soybean oil 0.12° 0.61° 0.13
Olive oil 0.12° 0.90° 0.11
SEM 0.01 0.09 0.02
P-value * * NS

Value in the same column with no common superscript are differ (P<0.05);
*Significant at P<0.05; NS: Not significant (P>0.05)
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Fig 1. The effects of different sources of oil on IFN-y gene expression
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Fig 2. The effects of different sources of oil on antibody titer against
hemagglutination inhibition (HI, log 2)

Sekil 2. Hemaglutinasyon inhibisyona (HI, log 2) karsi antikor titresi
Uzerine degisik yaglarin etkileri

Analysis of IFN-y mRNA Expression

The results in Fig. 7 show IFN-y mRNA expression. It
was influenced by oil sources in spleen tissue (P<0.05). The
mean of mRNA levels of IFN-y in birds fed fish oil increased
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Fig 3. The effects of different sources of oil on antibody titer against
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Fig 4. The effects of different sources of oil on corticosterone level

Sekil 4. Kortikostreol diizeyi Uizerine degisik yaglarin etkileri

in comparison to other treatments. The mean of mRNA
levels are notably greater in the birds fed olive oil and
soybean oil compared to the control diet.

Effects on Antibody Titer Against
Newcastle and SRBC

The effects of different sources of oil on antibody
titer against HI and SRBC are presented in Fig. 2 and
Fig. 3. Antibody titers against Newcastle in chicks fed with
fish oil were higher than the other groups (P<0.05).
There were no significant effect on antibody titer against
Newcastle between treatments fed soybean oil and olive
oil (P>0.05). For antibody titers against SRBC, there were no
remarkable differences among treatments (P>0.05).

Relative Lymphoid Organs Weight and
Corticosterone Concentration

The effects of different sources of oil on relative
lymphoid organs weight are shown in Table 5. The data
indicate that the chicks fed fish and olive oil had the highest

relative bursal and thymus weight, respectively (P<0.05).
There was no significant effect among control treatment
with broilers fed soybean oil and olive oil in the relative
bursal weight (P>0.05). Moreover, there was no significant
difference in weight of relative spleen weight among
treatments (P>0.05). There were significant differences for
corticosterone concentration among treatments (P<0.05).
The highest corticosteroid hormone concentration was in
broilers fed soybean oil and control treatment. Whereas
there was no significant effect of fish oil and olive oil on
corticosterone level (Fig. 4).

DISCUSSION

The main purpose of the present study was to examine
the effects of different sources of oil on performance,
serum cortisol level, antibody titers and IFN-y gene
expression in broilers. The addition of soybean oil (as
a source of omega-6) to the diet resulted in a positive
effect on performance. The results showed that chicks fed
diets containing soybean oil showed better performance
than the other groups. Our result was consistent with the
finding of some others studies that found that soybean oil
improves performance B#, The improved performance of
broilers fed soybean oil were probably because of fatty
acid composition of this oil; a long-chain n-6 fatty acid
that makes it possible to increase diet digestibility and to
enhance growth.

According to the results of the IFN-y gene expression
and poorly expressed genes of control treatment
compared with other treatments can be argued that
addition of polyunsaturated fatty acids (PUFA) in the diet
can enhance IFN-y mRNA expression significantly. These
results are compatible with several other studies '“?? that
showed feeding birds with PUFA can affect lymphocyte
proliferation. Among different treatments the fish oil
treatments showed the highest level of gene expression,
This result was agree with a study 2 that found diets
enriched with fish oil increase the activity of T-helper-1.
In addition, an in vitro study "*>?% showed that fish oil
would be expected to increase production of cytokines
such as interferon-gamma by decreasing production of
prostaglandin E, (by peripheral blood mononuclear cells).
Prostaglandin E, inhibits activity of lymphocytes. While
these results were inconsistent with studies, that reported
splenic IFN-y mRNA were lower in mice fed a n-3-PUFA-
enriched diet compared with low n-3-PUFA diet, indicating
shift from T-helper-1 to T-helper-2 of immune response '3,
Based on these studies, we concluded that the increase
of IFN-y mRNA expression in the chickens fed fish oil diet
may be attributed to enhance of innate immune cells such
as T-helper-1 with reducing production of eicosanoids
such as prostaglandin E, by peripheral macrophages .
Effects of oils on antibody titer against sheep red blood
cells were not significant. These results were inconsistent
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with studies 12>? that reported that fish oil was shown
to enhance the antibody response of chicks to sheep
red blood cells than the birds that were not treated with
fish oil. In antibody titer against Newcastle, we observed
significant differences among treatments by adding the
different sources of oil. It is concluded that by adding fish
oil, immune response improved, probably because of the
effects on long chain n-3 PUFA of fish oil on eicosanoid
levels 328 Also this result was inconsistent with the
findings of Parmentier et al.®, who reported that n-6
PUFA increased antibody production. It seems that, these
discrepant resulting might be associated with the types
and dose oil used. It was concluded that the addition
of fish oil in the diet may be resulted to enhance anti-
body titer against Newcastle due to long chain n-3
PUFA metabolical function (eicosapentaenoic acid and
docosahexaenoic acid).

Increasing of bursal weight could be interpreted as
an indicator of increase immune activity 7. The results of
this study indicated that the addition of fish oil to the diet
has a positive impact on the immune response of broilers.
Previous studies have shown that decrease in the relative
weight of lymphoid organs, are associated with blood
corticosterone levels 28, Corticosterone has been found
to be immunosuppressive. Another study revealed that
inclusion of soybean oil in the diet could induce significant
increases in serum corticosterone level. These results
agree with studies that found that on weight of bursa
Fabricius 2%, but it was not consistent with its effect on
the weight of other organs (30). The results of this study
indicated that the addition of that the addition of fish
oil and soybean oil to the diet may be resulted in better
improvement of immune response and performance in
broiler chickens.
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Abstract

This study was conducted to assess the effects of photoperiod length [Continuous lighting (24L:0D): 24 Lightness:0 Darkness;
Constant lighting (16L:8D): 16 Lightness:8 Darkness; Self-photoperiod (SP): 24 Lightness: free choice Darkness] on the performance,
carcass characteristics and heterophil/lymphocyte ratio of male broilers grown to 42 d of age. A total of 180 Ross 308 males were exposed
to one of the three lighting programmes: 16L:8D; 24L:0D and SP. In the self-photoperiod group, the percentage of animals that preferred
to use the dark chamber, progressively increased throughout the trial. Starting from the 2" week till the end of the trial, the live weights
of the animals included in the 24L:0D and self-photoperiod groups were higher than those included in the 16L:8D group (P<0.01). The
trial groups did not differ from each other for the end-trial feed consumption and feed conversion rates (P>0.05). No difference was
detected between the groups for mortality rates or carcass percentages (P>0.05). The heterophil/lymphocyte ratios (H/L) were similar
in the self-photoperiod and 16L:8D groups and were lower than those of the 24L:0D group. In conclusion; when the broilers allowed to
regulate their own photoperiod, they had similar body weights but lower stress level than those kept under commercial lighting system.

Keywords: Broiler, Carcass, Performance, Photoperiod, Stress

Broilerlerde Fotoperyod Uzunlugunun Performans Parametreleri,
Karkas Ozellikleri ve Heterofil/Lenfosit Oran1 Uzerine Etkisi

Ozet

Bu calisma, farkl fotoperiyotlarin [Strekli Aydinlatma (24L:0D): 24 saat aydinlk:0 saat karanlik; Sabit Aydinlatma (16L:8D): 16 saat
aydinlik, 8 saat karanlik; Self-fotoperiyot (SP): 24 saat aydinlik: istedigi kadar karanlk] 42. gline kadar besi uygulanan etlik piliglerin
performans, karkas 6zellikleri ve heterofil/lenfosit oranlari Gzerine etkisini belirlemek icin yapilmistir. Bir gtinliik yasta toplam 180 adet
Ross 308 erkek civcivlere 24L:0D, 16L:8D ve SP seklinde aydinlatma programi uygulanmistir. Self-fotoperiyot grubunda bulunan piliglerin
karanlk bdlmelerde zaman gecirenlerin orani denemenin basindan sonuna kadar artis gostermistir. Denemenin ikinci haftasindan
deneme sonuna kadar 24L:0D ve self- fotoperiyot gruplarinda bulunanlarin canhl agirliklari 16L8D grubunda olanlardan daha yiiksek
bulunmustur (P<0.01). Deneme sonu yem tlketimleri ve yemden yararlanma oranlari bakimindan deneme gruplarn arasinda fark
bulunmamistir (P>0.05). Oliim oranlari ve karkas parcalari bakimindan da farkhilik bulunmamistir (P>0.05). Heterofil/Lenfosit (H/L) orani
self-fotoperiyot ve 16L:8D gruplarinda benzer ve 24L:0D grubuna oranla daha diisiik bulunmustur. Sonug olarak, broylerlere, kendi
fotoperiyod donemlerini ayarlama imkani verildiginde, ticari isiklandirma sartlarinda yetistirilenler ile esit viicut agirhgina ulastiklari,
ancak daha az stresli olduklari belirlenmistir.

Anahtar sozciikler: Broiler, Karkas, Performans, Fotoperiyot, Stres

INTRODUCTION

With the arrival of spring, migratory birds migrate circadian rhythm is controlled by the visual suprachiasmatic
to temperate regions to nest and lay their eggs in their  nucleus and the medial suprachiasmatic nucleus . In
breeding grounds . It has been ascertained that, very = modern poultry production systems, artificial lighting
similar to the case in mammals, in domestic poultry, the  programmes have found common use in increasing the
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production performance. In contrast to some studies 54,
which showed no effect of continuous lighting on broiler
performance, there are many scientific reports, which
declared that the extention of the lighting period
stimulated the broilers to increase feed consumption and
body weight gain ®7.. However, it has also been reported
that continuous lighting programmes lead to several
problems, including locomotory problems, decrease in
feed conversion rate and immunosuppression, and thus,
have a negative impact on animal welfare, requiring the
extension of the dark period the animals are exposed to #'".
Besides, consumer demand and industrial operation
have increased the importance of factors related to meat
quality, such as the colour and pH value of meat and to the
best knowledge of the authors, there is a few information
in the scientific literature examining the lighting regime
and meat quality relations, in the poultry production 23],

This study was aimed at determining the effects of
three different photoperiods (24L:0D, in which the animals
were withheld from the dark; 16L:8D, in which the animals
were considered to satisfy their daily requirement of
darkness ", and the self-photoperiod, in which the animals
self-determined to use the dark chamber) on broiler
performance as well as on slaughter and carcass traits and
heterophil/lymphocyte ratios parameters.

MATERIAL and METHODS

Birds and Husbandry

All experimental procedures were performed in
accordance with the Turkish National Guidelines for the
Care and Use of Animals for Research Purposes (Certificate of
Authorisation to Experiment on Living Animals N°2014/52,
The Local Ethical Committee of Ataturk University).

The trial was conducted at the Poultry Unit of the
Research Farm of Ataturk University, Faculty of Veterinary
Medicine. One day-old Ross 308 male broiler chicks
obtained from a commercial hatchery were used in the
experiment.

Experimental Design

During the first six days, the chicks were maintained in
a brooder and kept under continuous lighting (24L:0D).
In three different experiment windowless rooms, lighted
by fluorescent, from day 7, the chicks were randomly
allocated to 1.0 x 1.0 m pens, of which the floor was
covered with 10 cm layer of wood shavings. The pens
used for housing the broilers of in the self-photoperiod
group had 1.4 x 1.0 m floor and the pens had a chamber
of 0.4 x 1.0 m in size, which was separated by an opaque,
light-proof, air-permeable cloth of 1.2 m height, and into
which the animals had the opportunity of passing at any
time. Twelve chicks were housed in each pen at a stocking
density of 0.083 m? per broiler.

The animals included in the trial were fed on broiler
chick starter diet between days 1-21 and on broiler chicken
growing diet between days 22-42 (Table 1). Throughout the
trial period, the animals were provided with ad libitum feed,
by using hanging tube type feeders, which allowed 9.34
cm space for each bird and water was supplied by nipples.

Treatments

The birds were exposed to one of the three lighting
programmes. These were: 16L:8D (22:00-06:00, turn off);
241:0D and 24L:self-photoperiod.

Total 180 Ross 308 males, twelve birds in each 5
replicates from 3 experiment groups were used in the
study.

Light intensity was 20 lux in the open pens and 0 lux in
the closed chambers. Light intensity was measured on the
head level of the birds, at the center of the pens, by using
a light meter (LT Lutron, model LX-105).

Calculation of the Performance Values

Body weight and feed consumption values were
measured by weekly weighing (1 g sensitivity). Mortality
was recorded on a daily basis. In order to assess uniformity,
at the end of day 42, each animal was weighed (10 g
sensitivity) individually and their weights were recorded.
The proportional body weight gains of the animals, were
calculated by proportioning body weight to the value
measured a week before.

Rate of Broilers that Preferred the Dark Chamber

In order to determine the number of broiler chickens
that preferred to remain in the dark chamber, the animals
were observed twice a day (at 10:00 and 22:00) throughout
the study period. The number of broilers detected in the

Table 1. The nutrient composition of the feed used in the study
Tablo1. Arastirmada kullanilan yemlerin besin madde kompozisyonlari

Composition Starter Diet Growing Diet
Dry matter (g9/kg) 880 880
Crude protein (g/kg) 240 200
Crude fiber (g/kg) 60 60
Crude ash (g/kg) 80 80
Acid-insoluble ash (g/kg) 10 10
Calcium (g/kg) 15 15
Phosphorus (g/kg) 7 6.5
Sodium (g/kg) 3 3
NaCl (g/kg) 3.5 3.5
Lysine (g/kg) 12 10
Methionine (g/kg) 5 4
Methionine + Cystine (g/kg) 9 7.5
Metabolic energy (MJ/kg) 12.90 13.40
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dark chamber per day was divided by the total number
of animals to calculate the percentage of animals that
preferred to use the dark chamber.

Sample Collection and Measurements

At the end of the trial, on 42™ day, animals were
withheld from feed at 20:00 and after 12 h, they were
slaughtered.

A sample of two birds from each subgroup (total=30
birds), with weights between + 10% of the subgroups
mean were chosen. The birds were electrically stunned,
bled for 120s, after severing both carotid arteries and at
least one juguler vein. Broilers were then scalded for 30
s at 54°C, before mechanical plucking. The birds were
eviscerated manually, washed, and allowed to drain for 10
min %), Eviscerated carcasses were tumble-chilled in ice
water for 30 min and were allowed to drain for 5 min.

The carcasses were stored at 3°C for 24 h, and then
dissected "¢,

The carcass shrink rate was calculated using the formula
given below:"”

Carcass Shrink (%) = [1- (Cold carcass weight/Hot
carcass weight)] *100

Analysis for pH

The pH values of the samples were determined using
a pH meter (SCHOTT L 6880, Lab Star

The pH value was measured using a direct probe
by thrusting the probe into the breast fillets. The pH values
measured 24 h after slaughter.

Determination of Colour Values

A Minolta model colorimeter (Model CR-200, Minolta
Corp.,) was used for the colour measurements of the
breast fillet samples, with a white tile as a reference [CIE
L value = lightness, CIE a value = redness, CIE b value =
yellowness] '8,

Determination of the Heterophil/Lymphocyte Ratio

Blood samples were collected on day 41, from 2
randomly selected birds from each pen. Two preparations
for each bird were made from the blood samples, a drop
being smeared on each of 2 glass slides. The smears were
stained using the May-Griinwald and Giemsa stains Lucas
and Jamroz, approximately 2 to 4 h after methyl alcohol
fixation. One hundred leukocytes, including granular
(heterophils, eosinophils and basophils) and non-granular
(lymphocytes and monocytes) cells, were counted on
1 slide of each bird. For the determination of heterophil
and lymphocyte counts and the heterophil/lymphocyte
ratio (H/L), the average was taken of the two preparations
counted for each bird.

Statistical Analysis

Data were presented as means + standard error and
subjected to one-way ANOVA using the GLM procedure
of SAS version 8.02 2%, Significant differences between
the photoperiods applied were distinguished by Fisher’s
least significant difference (P<0.05) multiple range test.

Wilcoxon signed-rank analysis was conducted on the
data from the initial comparison of the percentages of
the animals that preferred to use the dark chamber.

Individual body weights were recorded at 42 d of age
to assess the final BW uniformity. Pen uniformity was
expressed as the CV (variation coefficient) of BW (standard
deviation/mean x 100). Due to the variation coefficients
calculated having determined not to display a normal
distribution pattern; the non-parametric Kruskal-Wallis
test was applied. The significance level of the differences
observed between the groups was determined using the
Mann - Whitney U Test.

RESULTS

Regulation of Photoperiod

The percentages of the animals that preferred to use
the dark chamber are given in Table 2. Accordingly, the
percentage of the animals which preferred to use the
dark chamber in the morning was 21.77+1.21%; while
the percentage of those, which preferred being in the
dark chamber in the evening, was 21.13+1.14% (P>0.05).
The number of animals that preferred to spend time
in the dark chamber increased with age of the animals
(P<0.001).

Performance

The differences observed between the body weights of
the animals at the beginning of the trial were statistically

Table 2. Percentage of broilers that chose the dark chamber, with respect
to age (%)

Tablo 2. Yasa gore karanlik bélmede zaman gecirmeyi tercih eden piliclerin
orani (%)

Days RCD (%)
7-14 8.33¢
15-21 10.71¢
22-28 24.05°
29-35 32.26*
36-42 33.61°
Total 21.77
SEM 1.33
P 0.000
RCD (%): Rate of broilers that chose the dark chamber (%); a, b, c: Means
within a column with no common superscripts differ significantly (P<0.05);
SEM: Standard error of means




866
The Effect of Photoperiod Length ...

Table 3. The impact of three different photoperiod treatments on body weight (g) and relative growth rates (wt/wt) between days 7 and 42

Tablo 3. Yedinci-42. glinler arasinda li¢ farkli muamelenin canli agirlik (g) ve relatif biiylime oranlar lizerine etkisi (wt/wt)

Body Weight (g) Relative Growth Rates (wt/wt)
pays SP 24L:0D 16L:8D SEM P SP 24L:0D 16L:8D SEM P
7d 140 141 143.0 1.19 0.081
14d 351° 350° 316.2° 5.70 0.001 2.52° 2.49° 2.19° 0.03 0.000
21d 765° 770° 697° 14.45 0.006 2.18 2.20 2.21 0.04 0.863
28d 1197° 1186° 1118° 1213 0.001 1.56 1.54 1.61 0.02 0.085
35d 1840? 18272 1720° 22.69 0.005 1.54 1.54 1.54 0.02 0.992
42d 2499* 2530° 2395P 21.51 0.002 1.36 1.39 1.39 0.02 0.426
SP: Self-photoperiod; a.b: Means within a row with no common superscripts differ significantly (P<0.05); SEM: Standard error of means

Table 4. The impact of three different photoperiod treatments on cumulative feed consumption (g/bird) and feed conversion rate (g/g) between days 7 and 42

Tablo 4. Yedinci-42. glinler arasinda li¢ farkli muamelenin yem tiiketimi (g/pilic) ve yemden yaralanma oranlari lizerine etkisi (g/g)

Daily Feed Consumption During Different Periods (g/bird) Feed Efficiency (g feed consumption/g gain)
pays SP 24L:0D 16L:8D SEM SP 24L:0D 16L:8D SEM P
7-14 257 244 230 12.46 0.338 1.21 1.17 1.35 0.08 0.294
7-21 897 951 922 15.49 0.083 1.45° 1522 1.68° 0.05 0.019
7-28 1594 1675 1657 43.55 0414 1.52 1.60 1.71 0.05 0.085
7-35 2765 2873 2698 47.75 0.067 1.63 1.70 1.72 0.03 0.198
7-42 4225 4340 4117 63.896 0.086 1.79 1.82 1.83 0.03 0.601
SP: Self-photoperiod; a.b: Means within a row with no common superscripts differ significantly (P<0.05); SEM: Standard error of means

Table 5. The mean and median CV (variation coefficient) values of the birds
at 42" days of the trial

Tablo 5. Deneme gruplarina ait CV (varyasyon katsayisi) ortalama ve
medyan degerleri

group and highest in the 24L:0D group. The differences
between the trial groups were statistically significant
(P=0.038) (Table 5).

Treatment Homogeneity (mean + SE) Median Carcass Yields
sp 9.24+1.28% 8.09 The results of the analysis of variance for slaughter
54100 B 02 and carcass characteristics are presented in Table 6. The
: S : influence of the length of the light period on slaughter
16L:8D 11.73+1.20° 10.61 traits, excluding blood and feathers, was found to be
P 0038 statistically insignificant (P>0.05).

SP: Self-photoperiod; a.b: Means within a row with no common superscripts It was determined that the length of the light period

differ significantly (P<0.05); SE: Standard error had no effect on carcass percentages.

insignificant (P>0.05). In the following weeks, the effect of
photoperiod on daily body weight values was found to be
statistically significant (P<0.01). From week 2 until the end
of the trial, higher and relatively similar daily body weights
were measured for the self-photoperiod and 24 L groups,
and the values pertaining to these two groups were lower
than those of the 16 L group (Table 3).

Cumulative feed consumptions and Feed conversion
rates are shown in Table 4. The length of the light period
does not affect cumulative feed consumption. Differences
between the trial groups for Feed conversation rate were
found to be statistically insignificant (P>0.05).

Uniformity was determined to be lowest in the 16L:8D

The ultimate pH values measured at 24 h post-mortem
are given in Table 6.

The color parameters, the L* and a* values, determined
for the three trial groups, were observed not to differ
statistically, yet the yellowness values of the self-photo-
period and 24 L groups were lower than those of the 16
L group (Table 6).

Carcass shrink percentages in the 16L:8D had the
highest (1.14) level, where 24L:0D and self-photoperiod
groups were determined as 0.93 and 0.94, respectively
(P=0.028). The comparison of the trial groups demonstrated
only the 16L:8D group and the self-photoperiod group
to statistically differ from each other (P=0.002). The multi-
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Table 6. Slaughter, carcass, pH and colour traits of the broilers included in the three trial groups

Tablo 6. Ug farkli deneme grubunda bulunan piliclere ait kesim, karkas, pH ve renk 6zellikleri

Slaughter Characteristic Carcass Characteristic

Parameters SP 24L:0D | 16L:8D SEM P Parameters SP 24L:0D | 16L:8D SEM P
BWBS (g)' 25442 2407 2336° 484 0.017

HCY (%)? 75.1 74.0 749 0.43 0.195 Neck (%) 5.61 5.68 5.46 0.19 0.704
Blood (%) 4.01%* 4.24° 3.54° 0.17 0.026 | Tail (%) 1.07 1.14 1.18 0.07 0.546
Feather (%) 4.94% 5.43° 4.84° 0.17 0.049 | Wing (%) 1.3 11.2 11.4 0.19 0.724
Head (%) 2.60 2.58 2.73 0.09 0.481 Whole Legs (%) 39.8 39.1 39.5 0.59 0.731
Offals (%) 4.86 4.98 5.16 0.16 0.445 | Whole Breast (%) 422 42.9 425 0.58 0.705
Gizzard (%) 2.11 2.23 2.24 0.12 0.714 pHu? @72 6.14° 6.072 0.02 0.041
Liver (%) 1.76 1.83 1.96 0.07 0.108 | CIEL value* 52.6 54.4 52.5 0.64 0.071
Heart (%) 0.59 0.54 0.62 0.03 0.248 | CIEavalue® 5.04 3.17 3.64 1.10 0.456
Feet (%) 4.05 4.16 3.95 0.09 0.262 | CIE bvalue® 5.952 6.37° 7.76° 0.32 0.000

SP: Self-photoperiod; a.b: Means within a row with no common superscripts differ significantly (P<0.05); SEM: Standard error of means; ' BWBS; g: Body
weight before slaughter; 2 HCY, %: Hot carcass yield; > pHu: ultimate pH; the pH at 24 h post-mortem; * CIE L: lightness; *: CIE a: redness; ¢ CIE b: yellowness

1,40
1,204 T
= 'I'
g g
= 2
1,00
-
f j Fig 1. Carcass Shrink (%) values belonging to the groups
"
" g
E B0 = Sekil 1. Gruplara ait sicak/soguk karkas fire (%) degerleri
o
[0
A0
16[::3]] 14[.1:0D Self Phnrtnprrind
Treatment

Table 7. The heterophil/lymphocyte ratios and mortality rates of the broiler Stress and Mortality
chickens included in the three trial groups
The Heterophil/lymphocyte ratio of the self-photo-

Tablo 7. Uc farkli deneme grubunda bulunan piliclere ait heterofil/lenfosit

ve 6liim oranlari period and 16 L groups were found to be similar, whilst
(G HLR Mortality % the ratio of the 24 L group differed (Table 7).

Self 040° 0.00 In the self-photoperiod and 24L:0D groups, the
24L:0D 0.94° 0.00 survival rate was 100%, and in the 16L:8D group, this rate
16L:8D 0.52b 330 was 96.70%. This difference was found to be statistically

insignificant.

SEM 0.07 0.013 significant

P 0.000 0.134
SP: Self-photoperiod; HLR: heterophil/lymphocyte ratios; a,b: Means DISCUSSION
within a column with no common superscripts differ significantly (P<0.05);
SEM: Standard error of means Regulation ofPhotoperiod
faceted comparison of the other groups did not reveal the In conventional broiler production systems, for animals

presence of any statistically significant difference (Fig 1). that reach a final body weight less than 2.5 kg, it is
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suggested that the lighting program be adjusted as
23L:1D between days 0-7, as 20L:4D from day 8 till at least
3 days before slaughter, and as 23L:1D at least three days
before slaughter . According to the criteria applied in
the European Union, in lighting programmes adjusted to a
24-h cycle, there needs to be 6 h dark period per day, and
4 h of this period should allow for the exposure of animals
to continuous darkness 2. Savory and Duncan ® reported
that broilers preferred to spend approximately 9% of the
day in the dark. In the present study, it was observed
that the percentage of animals that preferred to use the
dark chamber increased from 8.33% during the first 7-14
days post-hatching, to 33.61% at the end of the trial. The
percentages of animals preferred to use dark chamber was
seemed to increase linearly with the age.

Performance

In the present study, from the second week of the
trial, the chickens included in the self-photoperiod group
achieved body weights similar to those of the 24L:0D
group and higher than those of the 16L:8D group. At the
end of the trial, the relative growth rate of the birds were
similar in all groups. This result may have arisen from
the animals having spent longer periods of time in the
dark chamber during the last few days before slaughter.
In a study, in which male broilers were exposed to three
different lighting schedules, Rozenboim et al.®! reported
that the groups exposed to 23L:1D and 16L:8D did not
display any statistically significant difference for the final
body weights measured on day 42. Similarly, it has been
indicated that lighting schedules of 20L:4D and 16L:8D
did not produce any statistically significant difference for
broiler body weights .

It is suggested that broiler chickens modify their
feeding behaviour according to the lighting programme
they are exposed to 2*], Lewis et al.? suggested that, the
extension of the photoperiod length during the period
up to day 21 increased feed consumption, while between
days 22-35, photoperiods longer than 6 hours resulted
in similar feed consumption rates.

In another study, the extension of the scotoperiod
during days 7-32 reduced feed consumption, increased
feed conversation ratio but all groups had consumed equal
amounts of feed . Scott 2! reported that the application
of a lighting schedule of 23L:1D during the first 10 days post-
hatching enabled optimum feed consumption in broilers,
thus uniform body weights and intestinal development.
Feed restriction in the early growth period has been
reported to result in decreased final body weights and
daily body weight gain, but has been indicated not to alter
feed conversion rates 8. This result is in contrast wiht the
other finding Ayasan et al.”® which indicate that feed
restriction had significant effects on feed intake and feed
conversion ratio. Similar to the findings of Lippens et
al?® during the first week of the present trial, the 16L:8D

group was determined to have consumed feed 10.6%
less than the self-photoperiod group and 5.9% less than
the 24L:0D group. This was considered to have resulted
in an effect, similar to the feed restriction in the early
growth period.

It should be noted that decline in uniformity in the
body weights of broiler chickens results in the decrease
of the retail market value of the end product.

In contrast to our findings, Griffin et al.BY stated
that increased photoperiod reduced the uniformity,
however Lien et al.B" declared no effect of photoperiod
on uniformity. According to present study, the delayed
growth in the 16L:8D group may be attributed to the
decrease in uniformity.

Carcass Yields

Hot carcass percentage were not affected by photo-
period length in the present study. This is in line with the
findings of Coban et al.”! in male quails and Downs et al.??,
who was also found no significant differences between
carcass Yyields of broilers housed under different lighting
programmes.

In the present study, the internal organ weights of the
animals in all groups were similar. In male quails, Coban
et al”, also reported that internal organ percentages were
not affected by photoperiod.

In this study, similar to body weight gain, feather
development was also influenced by photoperiod length.
The potential muscle development of animals depends on
the formation of muscle fibrils in the prenatal period and
the hypertrophy of these fibrils in the postnatal period.
Berri et al.B¥, upon examining the cross-sections of the
fibrils of the major pectoral muscle and assessing breast
meat quality traits, determined that the correlation
coefficient calculated for phenotype was statistically
significant and positive while the correlation coefficient
calculated for drip loss was statistically significant and
negative. In present study, in the 16L: 8D group, the carcass
shrink rate (%) was higher and the pH value was lower
than other groups. It was considered that the animals
in this group had small fibril diameter due to lower body
weight gain.

In contrast to present findings, Renden et al.l'%,
compared the effect of 23L:1D and 16L:8D; and noted
that in the 23 h lighting group, breast meat of the
carcasses increased; while the animals exposed to short
lighting period, the rate of whole legs of the carcasses
were higher than the ones, exposed to long photo-
period. Lewis et al.”! indicated that continuous lighting
increased the percentage of breast meat. Similarly, Lien
et alB®" confirmed that the extension of the light period
from 16 h to 23 h increased the percentage of the whole
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breast. In the present study, in contrast to previous results,
whole breast and leg percentages were not affected
by photoperiod.

Stress and Mortality

Gross and Siegel B4 suggested that, in birds, the
heterophil/lymphocyte should be used for detecting
long-term environmental effects. In response to increased
environmental stress, the heterophil/lymphocyte ratio
increases.

In the present study, the heterophil/lymphocyte ratios
of the self-photoperiod and 16L:8D groups were lower
than those of the 24L:0D group. Similarly, Coban et al.”,
recorded lower H/L ratio in self photoperiod group than
quails exposed to continuous lighting. Campo et al.®
was in line with our findings and stated that continuous
lighting programmes induced the stress in broiler chickens,
thereby, resulting in the increase of the heterophil/
lymphocyte ratio. However, Lien et al.®" reported that the
heterophil/lymphocyte ratios of the two groups exposed
to short and long photoperiod were equal.

It has been noted that rapid growth rates achieved in the
early stages of life through the application of long lighting
programmes bring about increased mortality 11263536,
In the present study, mortality rates were similar in all
groups, in agreement with the results of Lien et al.B",
indicating no significant effect of lighting on mortality.

According to the present study, it is concluded that; (I)
If given an opportunity to prefer to use a dark chamber in
the pen, the broiler chickens do choose. (Il) When allowed
to prefer their dark period by instinct (self photoperiod
group), the broiler chickens reached higher final body
than 16L:8D hours lighting, as recommended by EU. (lll) As
indicated by H/L ratio, it seemed that the stress levels were
equal in both “16-hours lighting’ and ‘self photoperiod’
groups and H/L ratio was highest in 24 hours’ lighted
chickens. (IV) Except for feather and blood ratio of the
bird, carcass and slaughter parameters were not affected
by photoperiod.

According to the present study, ‘self photoperiod
method' is seemed to have a potential to be a choice/profit
for poultry production and may be applied on some other
species (e.g. laboratory animals) in the future. Further
studies are needed to understand the physiological
mechanism and welfare status of the animals, exposed to
self photoperiod conditions.
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Abstract

From January to June 2009 the biggest livestock market and five bovine farms of Bejaia department (Northcentral Algeria) were
visited in order to undertake an epidemiological survey on warble fly infestation (WFI). A total of 3.442 and 226 bovines were clinically
examined in both market and farms, respectively. The prevalence was higher in farms (18.1%) than in the animal market (3.7%). On the
contrary, the intensity of infection was highest in the market (12.61+7.78 vs 7.5+4.15). The husbandry system exerts a significant effect
on the prevalence of WFI, being the prevalence highest under extensive management. However, cattle age, sex and breed did not
exert a significant effect on WFI prevalence. Breed was the only factor influencing the intensity of infection; the Montbeliarde breed
was the most heavily infested as compared to the crossbreed and the local breed.

Keywords: Bovine hypodermosis, Prevalence, Intensity, Risk factors, North-central Algeria

Kuzey-Orta Cezayir'de Sigir Hypodermosis:
Yayginlik, Enfeksiyon Yogunlugu ve Risk Faktorleri

Ozet

Buvelek sinedi enfestasyonu (WFI) tizerine bir epidemiyolojik arastirma gerceklestirmek Uizere Ocak-Haziran 2009 doneminde
Bejaia Bolgesi'nin (Kuzey-Orta Cezayir) en biiyik hayvan pazari ve bes sigir ¢iftligi ziyaret edildi. Pazar ve marketlerde sirasi ile toplam
3.442 ve 226 sigir klinik olarak muayene edildi. Prevalansin ciftliklerde (%18.1) hayvan pazarina gore (%3.7) daha ylksek oldugu
belirlendi. Fakat, enfeksiyonun siddetinin pazarda (12.61+7.78 vs 7.5+4.15) en yliksek olarak gozlemlendi. Ekstansif yetistiricilikte
en ylksek yayginliklta olan WFI prevalansi Uzerine yetistirme sistemi dnemli bir etki gostermektedir. Ancak, sigir yas, cinsiyet ve irk
ozelliklerinin WFI yayginhg@i tizerinde 6nemli bir etki gostermedigi belirlendi. Enfeksiyon yogunlugunu etkileyen tek faktor olarak irk
6zelligi bulundu; melez ve yerli irk ile karsilastirildiginda Montbeliarde irkinin en agir enfestasyona maruz kaldigi gézlemlendi.

Anahtar sozciikler: Sigir hypodermosis, Prevalans, Yogunluk, Risk faktérleri, Kuzey-orta Cezayir

INTRODUCTION

Cattle hypodermosis is a myiasis caused by larvae
of Hypoderma bovis and Hypoderma lineatum (Diptera:
Oestridae) and characterized by the presence of warbles
under the skin of infested animals. Hypodermosis may also
infect humans accidentally ™,

Bovine hypodermosis is still widely distributed all over
the Northern hemisphere @ where has been noticed in

more than 50 countries from North America, Europe,
Africa and Asia; nevertheless, warble fly infestation (WFI)
has been occasionally found in the south of Equator,
Argentina, Chile and in South of Africa as a consequence
of cattle importation &

These parasites have an annual synchronized biological
cycle, from summer to the following spring. The first endo-
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parasitic stage migrates through the deep connective
tissues of their hosts. In spring, larvae reach the dorsal
subcutaneous tissue and molt into the second and third
larval stages, producing swellings on the skin along the
back called warbles. Mature third larval stages fall on the
ground and pupate at the end of spring; one month later
the adult stages emerge. These flies are unable to feed and
consequently, have a short life of one week; they spread
the disease by laying their eggs on the hair of the cattle.
Hypoderma spp. cause economic losses by reducing milk
production (10-15%) and affecting weight gain (20%),
welfare, bovine immune defense mechanisms and the
leather industry (more than 10 warbles represent 50%
devaluation of hides) ™.

In Algeria little data exist about WFI B, In the North East
of the country several aspects of this disease had been
explored in the 90s by Benakhla et al®”, but the knowledge
must be updated. Unfortunately, in Algeria, like in so many
countries where warble flies are present, cattle breeders
are confronting with severe economic losses in the absence
of a warble management program.

The present study was carried out to determine the
prevalence of WFI, its intensity and the risk factors involved
in the incidence of this myiasis in northcentral Algeria.

MATERIAL and METHODS

Study Area

The study was conducted in the department of Bejaia
(Fig. 1), located in North-central Algeria (36°45°'N5°04°E).
This department belongs to the Tellian Atlas and has a
superficies of about 3223.48 km? Climate is Mediterranean
one with hot/dry summers and wet/fresh winters.

Animals

In order to determine the prevalence and the intensity of
WFI, the biggest livestock market of Bejaia, located in Sidi
aich city, was fortnightly visited, from January to June 2009.
This market receives bovines from different departments
from northern Algeria. A total of 3.442 animals were
examined visually and by palpation of the dorsal area to
register the presence and the number of warbles.

In addition, to establish the risk factors involved in the
occurrence of bovine hypodermosis, five cattle farms with
different husbandry systems (intensive, semi-extensive or
extensive) were monthly visited during the same period of
time, with a total of 226 animals examined (32 males and
194 females). Sex, breed, age and husbandry system were

S

MOROCCO

Fig 1. Location of Bejaia department
(North-central Algeria)

Sekil 1. Bejaia Bolgesi'nin konumu
(Kuzey-Orta Cezayir)
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taken into account as risk factors. Three categories of age
were considered: animals younger than two years (n=51),
between two and five years (n=93) and bovines older than
five years (n=82). Four breeds were taken in account in
our study: local breed (n=97), Prim Holstein breed (n=14),
Montbeliarde breed (n=39) and Crossbreed (n=76).

Naturally emerged larvae (n=29) were collected and
preserved in ethanol 70° and subsequently identified by
using the morphological keys as described by James @
and Zumpt ©.,

Statistical Analysis

Three parametric statistical tests were used in the
studying the risk factors involved in WFI. Pearson’s Chi-
squared test was used to study the effect of husbandry
system, age, breed and sex on the prevalence. Fisher’s
exact test (2-sided) was exploited for the same goal as
precedent. Chi-squared automatic interaction detector
(CHAID) was used after chi-squared test to classify results
in homogeneous groups. For the examination analysis of
the intensity of infection, a unifactorial association analysis
(ANOVA) was applied on the 42 positive animals detected
in the farms sampled.

Statistical analyses were done using R statistical package
(R v.2.15.2; 2012-10-26). CHAID algorithm was performed
with Answer Tree 3.1 (SPSS Inc., Chicago, IL USA) 1'%,

RESULTS

Prevalence and Intensity of Infestation

Table 1 represents the monthly evolution of the
prevalence by Hypoderma spp. recorded in the animal
market. The inspection of the animals and the warble
counting enabled us to note that on 3.442 inspected
animals 129 were found to be warbled, which represented
an overall prevalence of 3.7%. In the present study, the
prevalence in the animal market increased progressively
until April (7.1%); after this month the number of infested
animals began to descend until June. No animal was found
infested after the first week of June. The mean intensity of
infestation in the animal market was 12.6+7.78; the highest
intensity (13.1+7.35) was recorded in March.

Analysis of Risk Factors

Table 2 shows the prevalence and intensity of infestation
in the five studied farms, along with the management
system in each of them. The overall prevalence in the farms
was 18.1%, with an intensity of infestation of 7.5+4.15. The
prevalence is higher on cattle under extensive and semi-
extensive husbandry systems. Pearson’s Chi-squared test
revealed a significant effect of management system on the
WFI (x2= 19.555; Fisher’s exact test P<0.001). The CHAID
algorithm divided population studied in three groups,

Table1. Monthly evolution of the prevalence and the intensity of infestation in Bejaia livestock market (Northcentral Algeria)

Tablo 1. Aylik yayginlik gelisimi ve Bejaia hayvan pazarinda enfestasyon yogunlugu (Kuzey-Orta Cezayir)

Month Number of Examined | Number of Infested Prevalence Total Number Intensity of

Animals Animals (%) of Warbles Infestation
January 150 4 2.7 35 8.7+3.09
February 507 10 2.0 49 4.9+2.51
March 791 46 5.9 604 13.1£6.20
April 678 48 7.1 306 6.4+3.24
May 674 18 2.7 84 4.7+£2.47
June 642 3 0.5 4 1.3+0.58
TOTAL 3442 129 3.7 1082 12.6+7.78

Table 2. Prevalence and intensity of infestation in the farms according to the management system

Tablo 2. Ciftliklerde yonetim sistemine gore yayginlik ve enfestasyon yogunlugu

Farm Management System Exan'\:itr':::eli:i:nals Prevalence Intensity of Infection
Farm 1 Semi-extensive 162 21 (12.9%) 5+2.28

Farm 2 Semi-extensive 15 7 (46.6%) 13+3.21

Farm 3 Intensive 19 0 (0%) 0

Farm 4 Extensive 16 9 (56.2%) 6.6+2.82

Farm 5 Semi-extensive 14 5(35.7%) 12+3.03
TOTAL 226 18.1 7.5+4.1
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Positive

Node 0
% n
{ 0.000 81.4 184 |
{ ™ 1.000 186 42|
{ Total 100.0 226 |
""""""""" [ =

Husbandry system
Adj. P-value =0.000. Chi-
squared=19.263. df=2

Fig 2. Classification tree produced
by the CHAID algorithm when
considering different factors

Sekil 2. Farkli faktorler géz 6niline
alindiginda CHAID algoritmasi tara-

findan Uretilen siniflandirma agaci

Intensive Semi-extensive Extensive
Nodle 1 Nodle 2 Nodle 3
Category % n Category % n Category % n
0.000 100.0 19 0.000 82.7 158 0.000 438 7
H 1.000 00 0 ® 1,000 173 33 N 1.000 562 9
Total 84 19 Total 845 191 Total 71 16

intensive, semiextensive and extensive management,
in ascending prevalence order (Fig. 2). No significant
association between WFI prevalence and age, breed or sex
was detected.

Likewise, one analysis of variance (ANOVAs) did
not detect significant effect of the sex of the animals
or management system on the intensity of infestation.
However, the precedent parametric test showed a very
significant association between breed and intensity
of infestation (F=10.96; P=0.002). With Tukey multiple
comparisons of means, the Montbeliarde breed was
detected as the most heavily infested or the most sensitive
to WFI. Besides, the effect of farm on intensity of infestation
was very significant (F=20.97; P<0.001). The Tukey test
shows two homogeneous groups (farms 1 and 4, and
farms 2 and 5). Curiously, there was no effect of age on the
parasitic burden.

Out of the 29 identified larvae, 16 (55%) was found to
belong to H. lineatum and 13 (45%) to H. bovis.

DISCUSSION

The results of the present study provide initial
baseline data on epidemiological assessment of the
disease in northern Algeria, which is necessary before the
implementation of any control and eradication program.

No animal was found infested after the beginning of
June. This result did not fully agree with those of a previous
survey done in an Algerian slaughterhouse ¥, in which
nodules were found from beginning of October until the

end of April. Those differences could be explained by the
change in weather conditions from one year to another.
Indeed, Hypoderma sp. biology, as occurs with most of
insects, is noticeably conditioned by weather conditions;
climate directly influences the development of free stages
of the parasite, affecting the chronology of this myiasis,
specially the time of appearance of warbles in the back,
emergence of the prepupal grubs, pupation on the ground
and adult emergence, and the intensity of infestation ['".

The higher prevalence in farms versus animal market
could be due to the fact that the major part of bovines
came from different departments from northern Algeria
where the climate and the management system are
different.

The rates of infestation found in our study were lower
than those recorded by Benakhla et al.”? in the Northeast
of Algeria, and in our opinion, this fact could be mainly
explained by the widely use of avermectins in Bejaia
department by cattle breeders. It has been demonstrated
simultaneously, in North America "? and in France ¥, that
ivermectin was highly effective even, at very low dosages
(0.2 mg/per kg weight) against the endo-parasitic stages
of Hypoderma spp. In addition, it is usual to notice a wide
variation in the prevalence of WFI among different parts
of the world and even within the same country . This
variation in the rate of prevalence of WFI in different areas
might be due to the differences in the environmental
conditions (topography of the land, season, humidity,
temperature, rain fall, wind velocity) affecting the
development of the warble flies ',

In our survey, H. bovis (45%) and H. lineatum (55%)
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were found infesting cattle, although there was a slight
predominance of H. lineatum. This statement agrees
with previous investigations ©. It is crucial to identify the
distribution of the two species, firstly because H. bovis
is currently believed to affect only cattle living in the
Northern countries, and secondly because the impact of
H. bovis on animal welfare and health is more important
than H. lineatum due to the fact that if treatments are not
carried out promptly, when first stage larvae are still in
the peri-rachidian channel, paralysis of the hind quarters
may occur. This finding is of relevance for the correct use
of drugs against hypodermosis .

The management system was found to exert an effect
on the prevalence of bovine hypodermosis, since cattle
at pasture have more chances to contact with warble flies
than those kept in stables. This result agrees with several
previous studies "', Ahmed et al"” observed that the
major risk factor for hypodermosis positivity is the free
grazing practices.

Differences in parasitic burden among breeds
showed a very consistent pattern in the present study,
the Montbeliarde breed seemed to be the most heavily
infested. This would suggest that there was apparent
breed preference on the part of the ovipositing flies.
Certain breeds have been shown to harbor greater
numbers of grubs '8, According to Charbon and Pfister "
the differences are a result of differences in skin thickness
which affect larval survival. However, Panadero et gl
considered that the difference between breeds is mainly
caused by differences in the husbandry system. In
our case, this difference might be due to the fact that
the Monbeliarde is a dairy breed and dairy cows in
Algeria spend long time in pasture. It is well known that
daily duration of pasturage affect directly the parasitic
burden.

Curiously, no significant difference among age has been
found. However, it is important to point out that a certain
degree of resistance against the infestations by Hypoderma
is acquired after repeated exposures of the animal to the
parasite 222, Therefore, if an old animal had been never
exposed to the parasite, it would have the same sensibility
as a younger one. Indeed, some authors such as Ahmed
et al® found no differences in the intensity of infestation
with respect to different factors studied including age,
breed, etc, except for previous exposure to the parasite,
so animals that had presented warbles in previous years
showed less warbles than those no previously infested. It is
concluded that management system is the most important
factor affecting the prevalence of bovine hypodermosis.

There was no significant difference of intensities respect
to the sex of the animals. Other authors found that the
males were more heavily infested than females 424
because most males are kept tied at the stables, so they
are less exposed to the parasite than females.

Finally, the possibility of an underestimated prevalence
of WFI mostly in the animal market cannot be ruled out
as it was based on direct examination. Further studies by
using more sensitive techniques like ELISA ?Z are needed
for an early diagnose of bovine hypodermosis before the
larvae reach the back and subsequently to avoid economic
losses by implementing an early efficient treatment against
warble fly infestation.
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Abstract

The aim of this study was to investigate the neuroprotective effects of caffeic acid phenethyl ester (CAPE) on phosphodiesterase 4
(PDE4) mRNA isoenzymes, oxidant and antioxidant defence in ischemia/reperfusion (I/R) injured rat brains. Twenty-one rats were randomly
divided into three equal groups: sham-control, ischemia/reperfusion (I/R) and I/R+CAPE. Rats in sham-control group underwent only surgical
intervention without bilateral common carotid artery occlusion. Ischemia/reperfusion was induced by bilateral common carotid artery
occlusion with atraumatic clips for 30 min, followed by artery reopening. The I/R+CAPE group was subjected to the same surgical procedure
as I/R group, but CAPE was administered intraperitoneally at the dose of 15 umol kg™ twice, 1 h before occlusion and at 12 h of reperfusion.
The rats were sacrificed 24 h after I/R. The cAMP concentration was analyzed by ELISA and PDE4 isozyme mRNA transcriptions were evaluated
by gRT-PCR methodology in the brain cortex. Ischemia-induced NO production was significantly attenuated by CAPE in the cerebral cortex.
CAPE significantly enhanced GSH-Px activity, while SOD, CAT and XO activities non-significantly changed, as compared to the I/R group. CAPE
significantly decreased PDE4A and PDE4B transcripts, without changing cAMP levels compared to I/R group. Ischemia-induced neurologic
deficit scores were reduced by CAPE. These results suggest that CAPE slightly modulates the antioxidant defense system and NO release in
rat brain during global cerebral ischemia/reperfusion injury. In addition, CAPE treatments produce the neuroprotective effect by reducing the
levels of some PDE4 transcriptions.

Keywords: CAPE, Brain, Ischemia/reperfusion, Antioxidant activity, cAMP-phosphodiesterase 4, Neuroprotective effect, Rat

Rat Beyinlerinde Global iskemi-Reperfiizyon Hasari1 Uzerine
Kafeik Asit Fenetil Esterin Noroprotektif Etkisi

Ozet

Bu calisma iskemi-reperfiizyon (I/R) hasarli rat beyinlerinde fosfodiesteraz 4 (PDE4) mRNA izoenzimleri, oksidant ve antioksidant savunma
sistemi Uzerine kafeik asit fenetil ester (KAFE)'in néroprotektif etkilerini arastirmak amaciyla yapildi. Yirmi bir adet rat rastgele Ug¢ esit gruba
ayrildi. Sham-kontrol, iskemi/reperflizyon (I/R) ve I/R+KAFE. Sham-kontrol grubundaki ratlara bilateral common carotid arter okliizyonu
yapilmaksizin sadece cerrahi miidahalede bulunuldu. iskemi/reperfiizyon (I/R) bilateral common carotid arterlerin atravmatik klempler ile 30
dakika okltizyonu ve takiben arter klempleri acilarak reperfiizyonu ile saglandi. I/R+KAFE grubu I/R grubu ile ayni cerrahi ustile tabi tutuldu
fakat okllizyondan 1 saat 6nce ve reperfiizyondan 12 saat sonra iki defa 15 pmol kg"' dozunda intraperitoneal KAFE verildi. Ratlar iskemi/
reperflizyondan 24 saat sonra sakrifiye edildi. Beyin korteksindeki cAMP diizeyi ELISA ile, PDE4 mRNA izoenzim transkripsiyonlari ise gRT-PCR
ile degerlendirildi. KAFE iskemi ile uyarilan beyin korteksindeki NO uretimini &nemli oranda azaltti. I/R grubu ile karsilastirildiginda SOD, CAT
ve XO aktivitelerini KAFE anlamli diizeyde degistirmezken, GSH-Px aktivitesini Snemli oranda arttirdi. KAFE cAMP diizeyini degistirmeksizin
PDE4A ve PDE4B diizeyini 6nemli oranda azaltti. iskemi ile uyarilan nérolojik hasar skorlari KAFE tarafindan azaltildi. Bu sonuclar KAFE'nin
global beyin iskemi/reperflizyon hasari sirasinda rat beyinlerinde antioksidant savunma sistemini ve NO salinimini hafifce dengeledigini
onerir. Ayrica KAFE bazi PDE4 izoenzim dlzeylerini azaltarak noroprotektif etki saglar.

Anahtar sézciikler: KAFE, Beyin, iskemi/reperfiizyon, Antioksidant aktivite, cAMP-fosfodiesteraz 4, Néroprotektif etki, Rat
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INTRODUCTION

Reactive oxygen radicals (ROS) are likely participants
in the pathogenesis of cerebral ischemia-reperfusion (I/R)
injury. Transient focal and global cerebral I/R triggers a
plethora of cellular and molecular events that promotes
neuronal cell death in several regions of the brain due to
glutamate excitotoxicity, oxidative stress, inflammation
and apoptosis 4. Studies show that nitric oxide (NO)
has beneficial properties to I/R injury including increase
of blood flow produced by cerebral vasodilatation and
inhibition of inflammation ™. NO is also a free radical and
initiates various pathophysiological events by reaction with
superoxide anion to form peroxinitrite, on the contrary
of its protective effects in various models of I/R injury >4,

Mammalian cyclic nucleotide phosphodiesterases (PDEs)
are composed of 21 genes and are categorized into 11
families based on sequence homology, enzymatic properties,
and sensitivity to inhibitors, the enzymes that hydrolyze
and inactivate cyclic adenosine monophosphate (cAMP)
and cyclic guanosine monophosphate (cGMP) 7., As PDE4
is the major cAMP-hydrolysing family in many cells types, it
represents a promising therapeutic target. The PDE4 family
is composed of four subfamilies (PDE4A, PDE4B, PDE4C
and PDE4D) encoded by different gene loci, and each
of them has been shown to produce several mRNAs by
alternative splicing ®. Most recently, it has demonstrated
that rolipram, selective PDE4 inhibitor, attenuates memory
deficits produced by global brain ischemia .,

Caffeic acid phenethyl ester (CAPE), an active component
of propolis, has been shown to possess anti-inflammatory,
immunomodulatory, anticarcinogenic, and antioxidant
properties %% |t has also been shown that CAPE
treatment significantly reduces the infarction size and
neuronal damage in ischemia-induced brain injury and
suppresses cerebral lipid peroxidation 2"\, To date, no
studies have been reported that how CAPE treatment
affects the levels of cAMP and PDE4s after transient global
brain ischemia. For this purpose, the present study was
designed to evaluate the neuroprotective effects of CAPE
on PDE4 mRNA isoenzymes, oxidant and antioxidant
defence in transient global cerebral ischemia rat model.

MATERIAL and METHODS

Transient Global Cerebral Ischemia in Rats

Experimental procedures were approved by Mustafa
Kemal University, Veterinary Faculty Ethics Committee
for the use and care of laboratory animals (25.04.2007,
no:09). Experiments were performed on adult male wistar
rats weighing 250-275 g. They were given free access to
food and tap water. All animals were maintained under a
controlled temperature (21+1°C) and humidity (55-60%)
throughout the experiment. Twenty-one healthy rats were

randomly divided into three equal groups: Sham-control,
ischemia/reperfusion (I/R), I/R+CAPE. The experimental
and surgical procedures in groups were performed as in the
following: All rats were anesthetized intraperitoneally with
xylazyn hydrochloride (4-5 mg/kg, Rompun, Bayer, Turkey)
and ketamine HCl (40-50 mg/kg, Alfamine, Egevet, Turkey)
and placed on heat blanket during surgical operation.
Sham-control (sham-operated) group: Rats underwent
only surgical intervention without bilateral common
carotid artery (BCCA) occlusion. Briefly, the right and left
common carotid arteries (CCAs) were isolated through a
ventral midline cervical incision and separated carefully
from vagosympathetic nerve. Ischemia-reperfusion (I/R)
group: The common carotid arteries (CCAs) were isolated
through a ventral midline cervical incision and separated
carefully from vagosympathetic nerve by microsurgical
procedures. Transient global cerebral ischemia was
achieved by temporarily occluded (30 min) CCAs using
atraumatic aneurysm clips and the opening in the skin
was closed with wound clips. Reperfusion was achieved by
declamping the arteries after 30 min. The surgery line was
routinely closed. The rats in the sham-control and I/R groups
were received intraperitoneally dimethyl sulfoxide (DMSO)
at the dose of 15 umol kg’ twice, 1 h before occlusion
and at 12 h of reperfusion. Ischemia-reperfusion + CAPE
(I/R + CAPE) group: The rats in this group were subjected
to ischemia/reperfusion with the same procedure in I/R
group as mentioned above and treated with CAPE (Sigma,
Germany). CAPE was dissolved in sterile DMSO (Sigma,
Germany) and administered intraperitoneally at the dose
of 15 umol kg’ twice, 1 h before occlusion and at 12 h
of reperfusion. The CAPE doses used were chosen on the
basis of previous experiments ', Body temperature was
maintained at approximately 35.2+0.4°C with a heating
pad until the animal had recovered from surgery. The rats
were sacrificed 24 h after reperfusion with the anesthetic
procedure reported above. Venous blood samples (5 ml)
were taken by cardiac puncture into tubes with EDTA.
Plasma was separated by centrifugation at 3.000 rpm for
15 min and was stored at -20°C until use. Immediately
after taking blood specimen, brain was carefully removed,
washed with ice-cold physiological saline and were rapidly
stored at -20°C until analyses.

Assessments of Neurologic Deficit and Behavior

A neurologic evaluation was performed 24 h after the
onset of the experiments by an investigator blinded to
the study groups, using a neurologic deficit score (NDS)
as described previously, with several modifications %4,
The four categories of reactions and the functions with
associated tested were: the general behavioral deficit,
cranial nerve reflexes, sensory-motor deficit, balance and
coordination. The presence or absence of the appropriate
reaction was scored. See Table 1 for the exact procedure
used. The NDS could range from 0 to 100, an NDS of 0
reflects normal brain function and an NDS of 100 reflects
brain death.
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Tissue Homogenization

Tissue samples were homogenized in a PBS buffer
(pH 7.0) containing complete protease inhibitor mixture
(Sigma, Germany). Homogenates were centrifuged at 4°C,
15.000 rpm for 10 min and the soluble fraction was retained.
Protein concentrations of supernatants were measured
by the method of Bradford " using bovine serum albumin
as a standard.

The Analysis of Oxidant/Antioxidant Stress Markers

Lipid peroxidation levels were assessed by measuring
malondialdehyde (MDA) concentration in tissues (umol/
mg protein) %, The method was based on thiobarbituric
acid (TBA) reactivity. 2.5 mL of 20% trichloroacetic acid
was added to the 0.5 mL of plasma and then 1 mL of
0.675% TBA was added. The coupling of lipid peroxide with
TBA was carried out by heating at 95°C water bath for 30
min. After cooling in cold water, the resulting chromogen
was extracted with 4.0 mL of n-butyl alcohol by vigorous
shaking. Separating of the organic phase was facilitated by
centrifugation at 3.000 rpm for 10 min and its absorbance
was determined at 535 nm by spectrophotometer.

Catalase (CAT) activity was measured according to
the method of Luck 7. One unit of CAT activity was
defined as the amount of enzyme required to decompose
1 mol of H,0, in 1 min in a tube containing 2.95 mL of
a freshly prepared 30% H,0, in phosphate buffer
(pH 7.0), 50 ul of tissue supernatant or plasma were added.

The rate of decomposition of H,0, was measured
spectrophotometrically at 240 nm for 1 min. Using the
reaction time (At) of the absorbance (A1 and A2), the
following equation was generated to calculate the
rate constant (k): k = (2.3/At)(log A1/A2). The enzyme
activity was expressed as k/mg protein in tissues. Total
superoxide dismutase (SOD) activity in the homogenates
was determined according to the method of Sun and
colleagues "8, The method is based on the inhibition of
nitroblue tetrazolium (NBT) reduction by the xanthine/
xanthine oxidase system as a superoxide generation.
The enzyme activity was measured in the ethanol
phase of the lysate after addition of 1.0 ml ethanol/
chloroform mixture (5/3, v/v) to the same amount
of sample and the tubes were centrifuged. One unit of
SOD was defined as the enzyme amount causing 50%
inhibition in NBT reduction rate. SOD activity was expressed
as U/mg protein in tissues. Nitric oxide (NO) concentration
in plasma (umol/L) and tissue (umol/mg protein) samples
were determined indirectly by measuring the nitrite
levels based on Griess reaction "9, Samples were firstly
deproteinized with 75 mmol zinc sulphate. Total nitrite
was determined by spectrophotometer at 545 nm after
conversion of nitrate to nitrite by copperized cadmium
granules. Xanthine oxidase (XO) activity was measured
as the rate of uric acid production when xanthine was
incubated with tissue homogenates (U/g protein) 2%,
Glutathione peroxidase (GSH-Px) activity was detected
in the tissue homogenates by a kinetic method using a
commercial kit (RANSEL by Randox Lab. UK). GSH-Px

Table 1. Neurologic deficit scores (NDS) for rats with global cerebral ischemia-reperfusion

Tablo 1. Global beyin iskemi-reperfiizyonlu ratlarda nérolojik hasar skorlari

Neurologic Evaluations Function Studied

Grades and Points

Consciousness

1. General behavioral deficits

Explore spontaneously (0)

Sleepy (5)

Epileptic seizures (10)

No attempt (comatose) (20)

Respirations

Normal (0) Abnormal (10)

Feeding

Normal (0) Absent (5)

Water intake

Normal (0) Absent (5)

Vision (follows hand)

Present (0) Absent (5)

Corneal reflex

Present (0) Absent (5)

2. Cranial nerve reflexes
Whisker movement

Present (0) Absent (5)

Hearing (turning to clapped hands)

Present (0) Absent (5)

3. Sensory motor deficits Leg and tail movements

Normal (0) Paralysis (20)

Ability to walk

Present (0) Absent (5)

Righting reflex

Present (0) Absent (5)

4. Balance and coordination

Climbing the wall of a wire cage

Normal (0)
Weakness of one limb (5)
Weakness of more than one limb (10)

Total score

100
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activity was expressed as U/mg protein. The intracellular
cAMP concentration was determined in the brain
homogenates (Cayman Chemical, USA) using enzyme-
linked immuno-sorbent assay (ELISA).

RNA Isolation and Real-Time QRT-PCR Analyses

Transcription levels of samples were performed by
a gRT-PCR system (CFX96 Touch™-USA). Total RNA from
tissues was extracted using TRIZOL reagent (Sigma, USA)
according to the manufacturer’s instructions. The rat
primer sets (Thermo Electron Corporation, Germany) used
for PCR reactions are given in Table 2. B-Actin was used as
endogenous control, and each sample was normalized on
the basis of its B-actin content. Cycling conditions included
reverse transcription at 42°C for 30 min, incubation at
94°C for 30 s and 40 cycles of 94°C for 10 s [a denature
temperature of PCR profile at 95°C for 5 s, according to
the manufacturer’s instructions (SYBR Green Quantitative
RT-PCR Kit, Sigma)] and 60°C for 10 s for annealing and
72°C for 30 s extension step. The cycle number required to
achieve a definite fluorescence signal (crossing point, CP)
was calculated by the second derivative maximum method
(CFX Manager™ software, gbase™"s).

Statistics

Statistical analyses were accomplished with the use
of the SPSS computer program (version 13.0). All data were
expressed as meanS.E. The differences between groups
in biochemical, molecular and neurological deficit scores
were evaluated using one-way analysis of variance (ANOVA)
with Tukey'’s tests for post hoc comparisons. P values less
than 0.05 were considered statistically significant.

Table 2. List of primer sequences used for RT-PCR analyses

Tablo 2. RT-PCR analizi icin kullanilan primer dizileri

RESULTS

CAPE Attenuates Ischemia-Induced
Neurologic Deficit Scores

In the current study, three rats died as total, ischemia/
reperfusion (I/R) group: 2, and I/R + CAPE group: 1. No
rat died in the sham-control group. Ischemia-induced
neurologic deficit scores were significantly higher than
the sham-operated rats (67.4+12.3, 18.5+1.3, respectively,
Fig. 1, P<0.01). CAPE administration was able to attenuate
ischemia-induced neurologic deficit scores 24 h after I/R
(46.4+12.1, 67.4+12.3, respectively, Fig. 1, P>0.05).

CAPE Slightly Modulates the Oxidant and
Antioxidant Defense System

Transient global cerebral ischemia caused to significant
increase in NO levels in brain homogenates, and this
elevation was significantly inhibited by CAPE treatment
(P<0.05, Table 3). On the other hand, NO production was
decreased in plasma samples of occluded animal, but
CAPE reserved plasma NO suppression (P<0.05, Table
3). CAPE non-significantly decreased ischemia-induced
cerebral cortex MDA concentration (Table 3). The activity of
cerebral cortex XO significantly increased in the ischemic
group (P<0.05, Table 3), but CAPE non-significantly
decreased this elevation. Significant increase in cerebral
cortex SOD activity in the ischemia group (P<0.01, Table
3) was not effectively changed by CAPE. While there was
no difference in the cerebral cortex CAT activity between
the groups, CAPE significantly prevented the reduction
in GSH-Px activity caused by ischemia (P<0.05, Table 3).

Gene Forward Primer (5’-3’) Reverse Primer (5’-3')

PDE4A GCG GGA CCT AGC TGA AGA AAT TCC CAG GGT GAGTCC ACATCG TGG
PDE4B CAG CTC ATG ACC CAG ATA AGT GG GTCTGC ACA AGT GTA CCATGTTGC G
PDE4C ACT GAG TCT GCG CAG GAT GG CACTCCTCTTCCTCT GCT CTC CTC
PDE4D CCCTCTTGA CTGTTATCATGC ACA CC GAT CCT ACATCATGT ATT GCA CTG GC
B-actin CAT CGT CAC CAACTGGGA CGA C CGT GGC CAT CTCTTG CTC GAA G

Table 3. Effects of CAPE administration (15 umol kg”') on the antioxidant-oxidant enzyme activities and cAMP levels in cerebral cortex, and NO in plasma

after 24 h ischemia-reperfusion injury

Tablo 3. iskemi-reperfiizyon hasarindan 24 saat sonra plasma NO ile cerebral cortex antioksidant-oxidant enzim aktiviteleri ve cAMP diizeyleri iizerine KAFE

(15 umol kg'')’ in etkileri

MDA NO NO SOD CAT cAMP
GSH-Px (U/mg Xo
Groups (umol/mg (umol/mg (umol/L (U/mg (k/mg ) . (pmol/mg
. . A A protein) (U/g protein) .
protein) protein) plasma) protein) protein) protein)

Sham-control 0.49+0.04 2.80+0.83 7.5£1.63 0.26%0.01 0.191+0.02 10.8+0.93 0.54+0.04 2.13£0.11

I/R 0.67£0.06 5.04+0.48* 2.1+0.86* 0.53+0.04" 0.186+0.02 6.9 £0.29% 1.44+0.19¢ 1.98+0.14

1/R+CAPE 0.57+0.14 3.02+0.77 9.6+1.27 0.55+0.06* 0.219+0.04 10.6+1.22 1.32+£0.19* 1.94+0.08
Data were presented as mean + S.E. from six rats in each group. * P<0.05, * P<0.05, T P<0.01 vs sham-control group, * P<0.05 vs sham-control and I/R+CAPE
group, I/R: Ischemia-reperfusion
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100 -
90 - Neurologic D2eI|i1cit Scores (%)

Sham-control I/IR IIR+CAPE

Fig 1. Effects of CAPE on neurologic deficit scores after 24 h ischemia-reperfusion injury. Ischemia-
stimulated neurologic deficit scores were attenuated by CAPE. Data are presented as mean + S.E.
from seven rats in each group. f P<0.01 vs sham-control group. I/R: ischemia/reperfusion

Sekil 1. iskemi-reperfiizyondan 24 saat sonra nérolojik hasar skorlari {izerine KAFE'in etkisi. iskemi
ile uyarilan norolojik hasar skorlari KAFE tarafindan azaltildi. Degerler herbir gruptaki 7 rat'in
ortalama + standart hatasi olarak verildi. * P<0.01, sham-kontrol grubu ile karsilastirildiginda. I/R:
iskemi/reperflizyon

3.5 n
o Sham-control u|/R I/IR+CAPE

= 24 h
w#

i
in
1

e
.

PDE4 mRNA franscriptions
(fold changes)

PDE4A PDE4B PDE4D

Fig 2. The fold change values of PDE4A, PDE4B and PDE4D mRNA transcriptions in qRT-PCR analyses
after 24 h ischemia-reperfusion injury.

Global cerebral I/R compared to sham-control PDE4A and PDE4D transcriptions were elevated by
2.31 and 1.44-folds after 24 h, respectively. PDE4B transcription was decreased by 2.34-fold. CAPE
compared to I/R significantly decreased PDE4A and PDE4B transcriptions by 1.25 and 2.26-folds,
respectively. Non-significant decrease of PDE4D transcription was detected after 24 h. Neither
global cerebral I/R nor CAPE unchanged PDEA4C transcription in the rat cerebral cortex (data not
shown)

Data were presented as mean + S.E. from six rats in each group. * P<0.05, * P<0.001 vs I/R group;
#P<0.05, #P<0.001, vs sham-control group; I/R: Ischemia/reperfusion

Sekil 2. iskemi-reperfiizyon hasarindan 24 saat sonra gRT-PCR analizinde PDE4A, PDE4B ve PDE4D
mRNA kat degisim degerleri.

Sham-kontrol ile karsilastirildiginda global beyin I/R, PDE4A ve PDE4D transkripsiyonlarini 24 saat
sonra soylendigi sira ile 2.31 ve 1.44 kat arttirdi. PDE4B transkripsiyonu 2.34 kat azaltildi. I/R ile
karsilastirildiginda KAFE, PDE4A ve PDE4B transkripsiyonlarini sdylendigi sira ile 1.25 ve 2.26 kat
onemli oranda azaltti. PDE4D transkripsiyonu 24 saat sonra 6nemsiz oranda azaldi. Global I/R ve
KAFE rat beyin korteksinde PDE4C transkripsiyonunu degistirmedi (veri gosterilmedi).

Degerler herbir gruptaki 6 rat'in ortalama + standart hatasi olarak verildi. * P<0.05, * P<0.001, I/R
grubu ile karsilastinldiginda; * P<0.05, # P<0.001, sham-kontrol grubu ile karsilastirildiginda; I/R:
iskemi/reperfiizyon
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CAPE Inhibits Global Cerebral
Ischemia-InducediIncreasesin PDE4 mRNA Expression

Ischemia-induced cerebral cortex cAMP levels were not
changed by CAPE treatment (Table 3). Global cerebral I/R
compared to sham-control raised PDE4A (P<0.001) and
PDE4D (P<0.05) mRNA transcrips by 2.31 and 1.44-folds
in rat cerebral cortex 24 after I/R, respectively (Fig. 2),
and also decreased PDE4B by 2.34-fold (Fig. 2, P<0.001).
Whereas, CAPE treatment significantly decreased PDE4A
(P<0.05) and PDE4B (P<0.001) expressions compared to
I/R by 1.25 and 2.26-folds 24 h after I/R, respectively (Fig.
2). CAPE has also non-significantly decreased PDE4D
transcription by 1.05-fold. Neither ischemia-reperfusion
nor CAPE unchanged the PDE4C mRNA transcription in
the rat cerebral cortex (data not shown).

DISCUSSION

So far, CAPE treatment has not been reported how it
affects the levels of cAMP and PDE4 transcripts. We found
that the global cerebral ischemia/reperfusion (I/R) and
CAPE treatment non-significantly decreased in cerebral
cortex cAMP levels after 24 h reperfusion (Table 3). Our
cAMP findings are partially consistent with those of Choi
et al.2" 24 h after I/R. As similar to that reported in an
earlier study #2, CAPE treatment may influence the cAMP
levels by increasing activity of cAMP-responsive element
binding protein, and thus it may inhibit ischemia-induced
oxidative stress and inflammation. A recent study ® has
demonstrated that cerebral ischemia led to increases in
activity of PDE, primarily PDE4. However, it is still unknown
whether specific PDE4 subtypes are differentially expressed
after global cerebral I/R injury in rat cerebral cortex. This
study firstly explains that the cerebral I/R significantly raised
PDE4A and PDE4D expressions in the rat cerebral cortex
at 24 h reperfusion, and also PDE4B mRNA was decreased
(Fig. 2). Accordingly, a more recent study reports increased
PDE4D expression following global cerebral ischemia . In
addition, despite different experimental models, our data
are in agreement with PDE4A increases newly reported by
traumatic brain injury 24, The phosphodiesterase (PDE4) is
the predominant PDE isozyme in various leukocytes and
plays an important role in the regulation of inflammatory
cell activation 7. Consistent with our data previous studies
reported that the brain PDE4A, PDE4B and PDE4D mRNA
transcripts are highly expressed, whereas PDE4C is
absent 2529, Furthermore, previous studies observed that
chronic antidepressant treatment increased PDE4A and
PDE4B gene expression in rat cerebral cortex, but PDE4D
gene expressions were unchanged %728 Additionally,
our results firstly shown that CAPE treatment significantly
decreased PDE4A and PDE4B transcripts 24 h after I/R
compared to I/R (Fig. 2). However, PDE4D transcription
was not significantly changed (Fig. 2). The current study
clearly suggests that CAPE treatments produce the neuro-

protective effect by reducing the levels of some PDE4
isosyme transcriptions with a mechanism similar to
phosphodiesterase inhibitors, and also may be useful for
the treatment of cerebral ischemia.

The present study clearly showed that the cerebral
cortex NO production was stimulated 24 h after global
cerebral I/R (Table 3), and this was inhibited by CAPE
treatment. CAPE, a structural derivative of flavonoids,
possesses its antioxidant properties by inhibiting the
gene expressions and/or catalytic activity of certain free
radical producing enzymes such as NOS %%, |n consistent
with the NO sera data presented here (Table 3), Tsai and
colleagues " noted that pretreatment with CAPE increased
NO bioavailability in plasma at 24 h of reperfusion in rats
subjected to focal and global brain ischemia. CAPE is
able to inhibit the reaction of NO with superoxide anion
to prevent the formation of peroxinitrites which is more
toxic oxidant than either NO or superoxide anion alone ™.
It was previously reported that NO has protective effects
during ischemic injury, although in a narrow concentration
range, overproduction may facilitate or mediate neuro-
toxicity 5639, Indeed, NO could act with a dual action
either protective or pro-oxidant . This dual effect of
NO in cerebral ischemic injury has been suggested that
the effects depend on the stage of evolution of tissue
damage and NOS isoforms. Immediately after induction
of ischemia, NO is synthesized by endothelial NOS (eNOS)
and neuronal NOS (nNOS), but later times after ischemia
NO is synthesized by iNOS Pl As previously reported 59,
we suggest that an increase in NO production may be due
to stimulation of all NOS subtypes expression in the brain.
In addition, the increase in NO bioavailability induced by
CAPE is attributed to its strong free radical scavenging
ability in lipophilic environments.

Xanthine oxidase (XO) is an important oxidant enzyme
which catalyzes the reduction of O, initiating to the
formation of superoxide anion and H,O,. In the present
study, ischemia-stimulated increases in the XO activity
could be reduced by CAPE (Table 3). A few studies have
reported similar results in the XO activity in relation to
I/R injury, which is time and dose dependent manner "1,
Similar to our study, it is demonstrated that ischemic
circumstances lead to the accumulation of hypoxanthine
and stimulates XO activity . The activity of GSH-Px, which
detoxifies H,0, while oxidizing reduced GSH to oxidized
GSSG, was depressed during I/R ™. In the present study,
cerebral cortex GSH-Px activity significantly decreased
after 24 h ischemia. However, the decrease in the GSH-Px
activity was prevented by CAPE treatment (Table 3). The
curative effect of CAPE on GSH-Px activity could be due
to scavenging ROS produced during oxidative stress B,
Superoxide dismutase (SOD) is an antioxidant enzyme
which plays key role to convert the superoxide anion to
less toxic compound H,0, and molecular oxygen. Toyoda
and Lee B2 showed that SOD activity enhanced in some
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ischemic regions of brain parallel to this study (Table 3).
Horakova and colleagues B3 have reported a reduction
in GSH-Px activity, but an increase in the SOD activity in
rat brain ischemia model induced by the ligation of the
common carotid artery for 260 min and followed by a
reperfusion of 10 min. Another study B4 reported that
MnSOD increased in hippocampus 24, 48 and 72 h after
ischemia, coincident with the marked reduction in the
activity of glutathione-related enzymes. In the presented
study, CAPE exhibited a slight antioxidant effect with
regarding to cerebral cortex SOD and CAT enzyme activities
(Table 3). Our CAT results are in agreement with the study
of Mishra and colleagues ©°., It has also been explained
the stimulation of antioxidant enzymes in brain I/R as
the transient substrate induction B°. Therefore, it may
be explained that free radicals produced in moderate
ischemia were not intense enough to affect the catalase
activity which is kept in peroxisomes.

The neurological evaluations shown that CAPE treatment
could attenuate ischemia-induced cerebral neurologic
deficit scores (Fig. 1). This finding is in agreement with our
previous study showing that CAPE reduces the infarction
percentage and neurological damage against focal
permanent middle cerebral artery occlusion ", In addition
to its antioxidant properties, this neuroprotective effect
is supported further by the decrease of PDE4 isoforms in
this current study. Therefore, we propose that CAPE plays
a protective role for therapy against neuronal death after
transient BCCA occlusion with its preconditioning and
therapeutic effects.

In conclusion, these results suggest that CAPE
administrations slightly modulate the antioxidant defense
system and NO release in rat brain during peracute global
cerebral ischemia-reperfusion injury. In addition, CAPE
treatment produces the neuroprotective effect by reducing
the levels of some PDE4 isosyme transcriptions.
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Abstract

In order to determine the prevalence of Newcaste Disease Virus (NDV) in ducks in Guangdong province of China, 10 NDVs were
isolated in domestic ducks. Eight isolates were pathogenic as determined by MDT, ICPI and cleavage site of F protein. The F genes of
10 isolates were sequenced, all the genes and their deduced amino acids were compared with 32 reference strains. 5 isolates were
clustered in genotype VII (VIId), 3 isolates were classified as genotype IX and 2 isolates were classified as genotype. The subgenotype
Vlild isolates possessed the motif 112R-R-Q-K-R-F117, and the genotype IX isolates possessed the motif 112R-R-Q-R-R-F117. The 8 NDV
isolates exhibited a high ICPI, they were classified as velogenic type of NDVs and were collected between the years of 2006 and 2010.The
genotype | isolates possessing the motif 112G-K-Q-G-R-L117 were collected in 2005, they were exhibited a low ICPl and were classified
as lentogenic type of NDVs. The NDVs of subgenotype VIl are now dominant and have been implicated in most of the recent ND outbreaks
in duck farms in Guangdong province. These findings provide data on genetics and molecular evolution of NDV in ducks in China and
emphasize importance of NDV surveillance for improving of strategies for the control of the disease.

Keywords: Newcastle Disease Virus, Duck, Genotype, Pathogenicity

Cin'de Evcil Ordeklerden izole Edilen Newcastle Hastalig:
Viruslarinin Genotipik ve Patojenik Karakterizasyonu

Ozet

Cin'in Guangdong Bolgesindeki drdeklerde Newcastle Hastaligi Virusu (NDV) prevalansini belirlemek amaciyla evcil 6rdeklerden 10
NDV izole edildi. MDT, ICPI ve F proteininin ayriima yeri dikkate alinarak sekiz izolatin patojenik oldugu belirlendi. 10 izolatin F genlerinin
sekanslariyapildi, tim genler ve onlara ait amino asitler 32 referans tiirleri ile karsilastirildi. 5 izolat genotip VII'de toplanirken (VIid), 3 izolat
genotip IX ve 2 izolat genotip olarak siniflandirildi. Subgenotip VIID izolatlari 112R-R-Q-K-R-F117 motifine sahipken genotip IX izolatlari
112R-R-Q-R-R-F117 motifi gosterdi. 8 NDV izolati yliksek ICPI sergilerken bunlar NDV'nin velojenik tipi olarak siniflandirildi ve bu érnekler
2006 ile 2010 yillari arasinda toplandi. 112G-K-Q-G-R-L117 motifine sahip olan genotip | izolatlari 2005 yilinda toplandi. Bunlar disik
ICPI gosterdi ve NDV'nin lentojenik tipi olarak siniflandirildi. Subgenotip VII'nin NDV'leri simdi dominant olup Guangdong Bélgesindeki
ordek ciftliklerinde son zamanlardaki cogu ND salginlarinda belirlenmistir. Bu bulgular Cin'de 6rdeklerdeki NDV'lin genetik ve molekdler
gelisimi hakkinda bilgi vermekte ve hastaligin kontrol stratejileri hakkinda NDV takibinin dnemini ortaya koymaktadir.

Anabhtar sézciikler: Newcastle Hastaligi Virusu, Ordek, Genotip, Patojenite

INTRODUCTION

Newcastle disease (ND), which is caused by ND virus = commercial poultry industry around the world and has
(NDV), is one of the most serious diseases affecting the  caused significant economic loss. NDV belongs to the
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Avulavirus genus within the family Paramyxoviridae and
is designated avian paramyxovirus type 1(APMV-1), one of
12 identified APMVs serotypes 2. The virus is enveloped
with negative-stranded RNA genome of approximately
15 kb that encoding six structural proteins, including the
nucleocapsid protein (NP), phosphoprotein (P), matrix
protein (M), fusion protein (F), an attachment protein, the
hemagglutinin-neuraminidase, and a large polymerase
protein (L). Additionally, two non-structural proteins, V
and W are derived from P gene by a process called RNA
editing respectively 59,

NDV strains can be classified into two major classes
(class I and 1l) on base of genetic and antigenic analyses.
The class | (1-9 genotypes) viruses are distributed world-
wide in wild birds and chickens, and the class Il (IX
genotypes) viruses include most virulent viruses, some
avirulent viruses and vaccine viruses #. The NDVs currently
circulating worldwide exhibit multiple lineages and highly
diversive geneticity 9,

ND has been classified as an Office International
des Epizootics (OIE) “List A" disease . Although NDV
isolates are of a single serotype, and numerous live and
inactivated vaccines have been developed to control the
disease, naturally occurring pathogenicities from avirulent
(lentogenic) to mildly virulent (mesogenic) and highly
virulent (velogenic) are still in a wide range . Highly
virulent strains of NDV are not only found in poultry in
China, but also circulate in a large number of countries
worldwide. In addition, more avian species are naturally or
experimentally susceptible to NDV, and some NDV strains
are now becoming particularly virulent in avian species,
e.g. duck, which had generally been resistant to clinical
disease with virulent NDV infections "%,

The incidences of ND outbreaks in domestic ducks
have gradually increased in different regions since the
1990s. It becomes more difficult to prevent and control
the disease when NDV is circulating in different avian
species "3, In China, many isolates have been isolated
from domestic ducks in recent years. Most of isolates
are lentogenic and have not lead to great losses to duck
farms. Occasionally when a velogenic strain is isolated, it
is particularly urgent to evaluate potential risk to domestic
ducks 151 While there have insufficient knowledge of
pathogenic characterizations and molecular analyses of
NDV isolated from domestic ducks in China, and we also
have limited knowledge of the relationship between the
Chinese representative NDV isolated from chickens and
the strains isolated recently from domestic ducks in China.
Therefore, continuous surveillance of domestic ducks may
help better understand the NDVs circulating in China.

In this study, to clarify the genotypic and pathogenic
characterization, 10 NDVs were isolated from outbreaks in
domestic ducks in China from 2005-2010, the full-length F
gene of the isolates was amplified by RT-PCR and sequenced.

F protein cleavage site sequences were analyzed. Molecular
genetic analysis was performed to compare the evolution
epidemiology and pathotype of these genes with those
of reference strains published in GenBank.

MATERIAL and METHODS

Virus Isolation and Biological Characterization

Between the years of 2005 and 2010, ND-suspected
field samples from different duck farms were collected.
The viruses were isolated and purified by the limiting
dilution method in 9-day-old specific-pathogen-free
(SPF) embryonated chicken eggs (ECE) using standard
procedures. The virus identity was confirmed by
haemagglutination-inhibition (HI) assay with polyclonal
chicken antiserum to NDV.

Pathogenicity Test

Intra-cerebral pathogenicity index (ICPI) tests in 1
day-old chicks were done as previously described. Initial
pathotyping of the isolates involved virus inoculation of
9-day-old embryonated SPF chicken eggs to determined
the mean death time (MDT) for the embryos. All tests
were performed using the standard procedures devised to
distinguish these viruses ™.

RNA Isolation and RT-PCR

Viral RNA was extracted directly from the allantoic
fluid of the NDV-inoculated embryos with using HP total
RNA purification kit (Omiga, US). The sense primer was F-A
(5’-GCCATTGCYAAATACAATCC-3'), and the sequence S1-R
(5'- GGCTCCTCTKACCG -TTCTAC-3') was used as antisense
primer. The expected size of a PCR-amplified fragment is
1993 bp in length. Briefly, the PCR was performed in 50
uL reaction mixture. The PCR reactions were subjected
to 30 cycles consisting of denaturation for 1 min at 94°C,
annealing for 30 s at 53°C, and extension for 90 s at 72°C
followed by a final extension cycle at 72°C for 8 min.

Cloning and Sequencing of PCR Products

RT-PCR products were analyzed on 1% agarose gels
and sequenced after cloning into the pMD18-T (Takara,
Dalian, China). F nucleotide in each NDV isolate was
sequenced in the forward and reverse directions at least
five times and the consensus sequence was determined.

Analysis of Nucleotide and Deduced Amino
Acid Sequences

32 NDVs were chosed as reference strains which
including current vaccine strains such as LaSota and Clone
30, classical viruses and typical prevailing strains isolated
in China and other counties. The reference strains were
classified as genotyes I-IX, and at least 2 strains were chosed
every genotype. The detailed information and Genbank
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accession numbers of NDV reference strains were shown
in Table 1. Nucleotide and deduced amino acid sequences
of full-length F genes of 10 NDV isolates and reference
strains were aligned using MEGALIGN program in DNAStar
software in this study. In all NDV stains (including 10
isolates and reference strains), the deduced amino acid
residues (1-125) of F genes were aligned and compared,
and the variation of amino acid residues (including F
cleavage sites) were analyzed.

Phylogenetic Analysis

Comparative analysis of part of F aa residues (1-125) in
all NDVs obtained in this study (including 10 isolates and

32 references strains). A phylogenetic tree was constructed
using MEGA4.1 software (Molecular Evolutionary Genetics
Analysis, version 4.0) by Neighbor-Joining method.
The evolutionary distances were computed by Pair
wise Distance method using the Maximum Composite
Likelihood Model.

RESULTS

Virus Isolation and Identification

All 10 NDV strains were isolated from ND-suspected
field samples from ducks of different breed and age in

Table 1.The NDV preference strains and their accession numbers used for phylogenetic analysis

Tablo 1. NDV referans tipleri ve patojenite analizi i¢in erisim numaralari

NDV Isolates Genotype Host Accession Number Cleavage Site Country
PHY-MLV42 | Chicken DQ097394 GKQGRL Hungary
Ulster-67 | Chicken AY562991 GKQGRL Ireland
V4 | Chicken AF217084 GKQGRL Australia
B1 Il Chicken AF375823 GRQGRL American
Clone30 Il Chicken Y18898 GRQGRL American
LaSota Il Chicken AY845400 GRQGRL China
AUS-Victoria-32 1 \ M21881 RRQKRF Australia
Mukteswar 1] Chicken EF201805 RRQRRF N
Herts-33 \% Chicken AY741404 RRQRRF England
Italien \% Chicken EU293914 RRQRRF Italien
Largo/71 Vv Pet birds AY562990 RRQKRF American
44083/93 Anhinga AY562986 RRQKRF American
211472/02 Gamefowl AY562987 RRQKRF American
Argentian-97 Vi Pigeon AY734536 RRQKRF Argentina
Belgium248VB Vi Pigeon EF026584 RRQKRF Belgium
Pigeon-1 Vi Pigeon AJ880277 RRQKRF Hungary
Dove Italy Vi Dove AY562989 RRQKRF Italy
FP1-02 Viid Duck FJ872531 RRQKRF China
JSD0812 Vild Duck GQ849007 RRQKRF China
GM Viid Chicken DQ486859 RRQKRF China
SD09 Viid Duck HQ317395 RRQKRF China
SDWF02 Viid Duck HM188399 RRQKRF China
SF02 Viid Goose NC_005036 RRQKRF China
Z) Viid Goose AF431744 RRQKRF China
TW2000 Vile Chicken AF358786 RRQKRF China/Taiwan
UAE-AE232-96 Vilb Chicken AF109884 KRQRRF Britain
D-83-95 Vila \ AF001118 RRQKRF Hungary
TW-84C Vlic \ AF083965 RRQKRF China/Taiwan
AF2240 Vil \ AF048763 RRQKRF Malaysia
F48E9 IX Chicken AY508514(F) RRQRRF China
JS-1-97 IX Chicken FJ436305 RRQRRF China
FJ-1-85 IX Chicken FJ436304 RRQRRF China
Note: GKQGRL, Gly-Lys-GIn-Gly-Arg-Leu; GRQGRL, Gly- Arg -GIn-Gly-Arg-Leu, RRQKRF; Arg - Arg -Gin- Lys -Arg-Leu; RRQRRF, Arg - Arg -GIn- Arg -Arg-Leu;
KRQRREF, Lys - Arg -GIn- Arg -Arg-Leu
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2005-2010 in Guangdong province (Table 2). The isolates
were characterized by HI assays, and conformed by
genomic sequencing and the nucleotides BLASTn analysis.

Pathogenicity Analysis

Table 2 presents the initial biological characterizations
of 10 NDV isolates, including ICPI and MDT. 8 Guangdong
field isolates of NDV with MDT of 45.8-58.8 h and with ICPI
of 1.7-1.96 were classified as velogenic NDVs, 2 isolates
were classified as lentogenic NDVs with MDT beyond 168 h
and with ICPI of 0.15 and 0.21. The results were consistent
with cleavage site motifs. Table 2 also lists the initial
biological characterizations of the 10 NDV isolates.

Phylogenetic Analysis

A phylogenetic tree was constructed based on the
nt sequences of the full-length F gene in all the 10 field
isolates of NDV and the corresponding region of the other
32 NDV strains retrieved from GenBank. The field isolates
and reference strains were classified as genotyes I-IX. 5
field isolates were classified into genotype VIl and all these
NDVs were further subclassified into subgenotype VIid
(Duck/CH/GD/SD-06, Duck/CH/GD/SD-06 I, Duck/CH/GD/
SD-09, Duck/CH/GD/JY-08, Duck/CH/GD/SS-10). 3 isolates
were classified into genotype IX (Duck/CH/GD/FS-06,
Duck/CH/GD/YF-09, Duck/CH/GD/NH-10) and 2 isolates
(Duck/CH/GD/SH, Duck/CH/GD/SZ-05) were classified into
genotype | (Fig. 1).

The Divergence of nt and aa Sequences

The nt and deduced aa sequences of the 10 isolates
were compared. The nt and aa sequences data of 32 NDV
reference strains obtained from the GenBank database
(Table 1) were used for comparison. The results of sequence
analysis showed that the total length of F gene is 1617 bp,
the homology of nt and aa sequences between 10 isolates
and 32 reference strains were 83.5%-99.8% and 86.5%-
99.5%, respectively. Further analysis was also carried
out. 5 isolates (Duck/CH/GD/SD-06, Duck/CH/GD/SD-06,

Duck/CH/GD/JY-08, Duck/CH/GD/SD-09, Duck/CH/GD/
SS-10) showed great nt and aa identities (96.9-98.8%
and 96.8-98.9% respectively) with the velogenic NDV
GM strain (Accession number DQ486859, genotype VII).
3 isolates (Duck/CH/GD/FS-06, Duck/CH/GD/YF-09, Duck/
CH/GD/NH-10) were highly nt and aa sequences similar
(99.5-99.7% and 99.1-99.3%, respectively) to NDV F48E9
strain (Accession number AY508514, genotype IX). 10
isolates had homology of 83.5-89.2% and 86.6-92.6%
respectively at nt and aa level with strain LaSota (Accession
number AY845400, genotype Il), the common vaccine
strain used in China. Of all the 10 isolates, 2 strains (Duck/
CH/GD/SH-05, Duck/CH/GD/SZ-05) shared greater nt and
aa identities (88.9-89.2% and 92.4-92.6%, respectively)
with LaSota than other 8 NDV strains (Fig. 2).

Amino acid Variation of the F Proteins of Recent
NDV Isolates

Proteolytic cleavage site motifs (residues 112-117) of
F protein in the 10 isolates were analyzed. The F cleavage
sites in 5 NDV strains isolated in 2008, 2009 and 2010
(Duck/CH/GD/SD-06, Duck/CH/GD/SD-06 I, Duck/CH/GD/
SD-09, Duck/CH/GD/JY-08, Duck/CH/GD/SS-10) possessed
aa sequence '"?R-R-Q-K-R-F'7. The motif is commonly
found in strains that are highly virulent in chickens,
especially in genotype VIl viruses. The 3 NDVs (Duck/
CH/GD/FS-06, Duck/CH/GD/YF-09, Duck/CH/GD/NH-10)
isolated in 2006, 2009 and 2010 exhibited the sequence
motif "2 R-R-Q-R-R-F "7, which is another common motif in
the other virulent NDVs including strain F48E9 (a genotype
IX virus). Additionally, 2 NDV strains (Duck/CH/GD/SH-05,
Duck/CH/GD/SZ-05) isolated in 2005 were shown to have
a lentogenic motif (?G-K-Q-G-R-L'"”) composed of 2 basic
amino acids at the F cleavage site (Table 2).

Table 3 shows the aa residues 1-125 of F protein of
different genotypes. An important aa residue substitution
at the highly conserved region of Q114K was noted in
the five isolates (Duck/CH/GD/SD-06 |, Duck/CH/GD/SD-
06 1, Duck/CH/GD/SD-09, Duck/CH/GD/JY-08, Duck/CH/

Table 2. Details of the 10 NDV isolates investigated in this study
Tablo 2. Bu calismada arastirilan 10 NDV izolatin detaylari

Strain City Year of Isolation MDT/h ICPI Cleavage Site Genotype
Duck/CH/GD/SH-05 Sihui 2005 >168h 0.15 GRQGRL |
Duck/CH/GD/SZ-05 Shenzhen 2005 >168h 0.21 GKQGRL |

Duck/CH/GD/SD-06 | Shunde 2006 51.75h 1.94 RRQKRF Vi
Duck/CH/GD/SD-06 Il Shunde 2006 54.86h 1.78 RRQKRF Vi
Duck/CH/GD/FS-06 Foshan 2006 48h 1.95 RRQRRF IX
Duck/CH/GD/JY-08 Jieyang 2008 458 1.96 RRQKRF Vi
Duck/CH/GD/YF-09 Yunfu 2009 57.6 1.93 RRQRRF IX
Duck/CH/GD/SD-09 Shunde 2009 56.4 1.95 RRQKRF Vi
Duck/CH/GD/SS-10 Sanshui 2010 51.6 1.89 RRQKRF IX
Duck/CH/GD/NH-10 Nanhai 2010 58.8 1.7 RRQRRF Vi




889

WANG, LI, SUN, GAO
LIU, HE, REN

o0

97

|8

ik Duck/CHGOVED-06 1

W
b Dk CHIGDYSS-10

GM DOaBBASE
SD0E HOI1TI8E

a4 | A& Duck/CHGDVSD-09
oo |: SOWFOZ HM 188356

JED0E12 GOE4R00T

i Duck/ CHIGDVSD-06 i
- EJ1 AF431T44

FP1-02 FJaT72531

ik Duck/CH/GOV Y -08
SFO02 NC_D0S0036

TWII000 AFIGETEEG

Vi

Vi

[ oo

61 TW.B4C AFOBI0GS e . .
Fig 1. Phylogenetic tree of the
N0 T VoM b & nt sequences of NDV strains on a
Pigeon-1 AJBBOZTT variable portion (nt1-374) of the F
Argeaniian-B7 AY 734536 gene. (A) The recent Chinese NDV
I strained were isolated in domestic
65 [— Belicmanevs Erazenns ducks in this study in 2005-2010.
B L - Diowe italy AYSE2560 Accession number and other back-
- 21147202 AYSE208T ground information of the reference

: strains are in Table 1 and Table 2
p (4 |
as 408D AY SEIDHD Sekil 1. F geninin degisken kismin-
AF2240 AFOSETE3 I daki (nt1-374) NDV'nin nt sekansinin
filogenetik agaci. (A) Bu calisma
“'I PHY-MLVAZ DCO0AT304 kapsaminda glincel Cin NDV turleri
51 Ullster-67 AYS62601 2005-2010 yillari arasinda evcil
P V4 AF217084 / ordeklerden izole edildi. Referans
tlrlerinin erisim numarasi ve diger
| i Dokl TN a O bilgileri Tablo 1 ve Tablo 2'de yer
x 3 A& Duck/CHIGVSE-0S almaktadir
B1 AF3I75823
o0 | | Cloned0 Y8060 F/s
B4 | LaSota AYBL5400
Harts-33 A T4 1404

S— E v
italien ELIZH3014

g Sy i
Mukiteswar EF201805

ik Duck CHGOVFS-08

| i

s CH-FJ-1-88 F 436304

ik Duck/iCH/GOWY F-08

100§ & Duck/CHIGDVNH-10
CH-JS-1-87 FJ438308
FABED AYS0R514

ooz

X

GD/SS-10) of subgenotype VIid of NDVs. The aa residue
changed at position 3 (S to F) in 3 isolates and at position
24 (Sto G) in 2 isolates in the 5 isolates mentioned above.
It is interesting to note that one aa residue is unique to
3 isolates of genotype IX at aa position 3 (S to P). One aa
residue is changed at amino acid position 24 (S to C) to
2 isolates of genotype. These mutations may alter the
pathogenicity and antigenicity of recent Guangdong
NDVs isolated in domestic ducks (Table 3).

DISCUSSION

The first ND outbreak was recorded in poultry in
1926. Since then, four major epizootics occurred in the
world causing considerable economic losses to poultry
industry "7, In China, outbreak of Newcastle disease
(ND) was first reported in poultry in 1928, the standard
strain F48E9 was isolated in 1948 for the first time. There
often, ND became endemic in chicken flocks and large-
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scale ND outbreaks were controlled with the wide spread
use of ND vaccines. However, ND is still recognized as a
major disease of poultry, for the disease is enzootic in some
areas and non-typical ND infections occur frequently 1182,

In the past twenty years, more and more hosts were
found susceptible to NDVs. At present, over 200 avian
species are naturally or experimentally susceptible to
NDVs, e.g. duck, geese, green-winged teal and wood
duck. Wild aquatic bird species are considered the natural
reservoir of NDVs, some reports have revealed that wild
aquatic birds may play an important role in the evolution
of NDV ©2Y, The birds mostly harbor lentogenic NDVs, the
strains apparently have the potential to become velogenic
after transmission and circulation, and the virulence of
these viruses has increasing trends. In ducks, many NDVs
have been isolated in different country in recent years,
studies on genetic diversity among the isolates revealed
that most of the NDVs belong to class | with low virulence,
occasionally a velogenic strain is isolated '>2>24, Due to
the lack of surveillance, little is known about distribution,
pathogenic and molecular characterizations of NDV in
domestic ducks.

This study presents the characterization of NDVs
isolated from domestic ducks in Guangdong province
of China. It highlights the importance of domestic ducks
in the epizootiology of ND. It has been reported that the
virulence of NDV is associated with ICPI and the cleavage
site in the F protein. ICPI of 0.7 or greater in 1 day-old
chicken or presence of three basic amino acids (R or K)
at the F protein cleavage site between aa residues 113
and 116 indicate the virulent form of NDV. In this study,
we determined the virulence of 10 isolates on base of the
criteria. Our results showed that the F cleavage sites in 5
NDV isolates possessed a virulent amino acid sequence
112R-R-Q-K-R-F117. 3 isolates exhibited another virulent
sequence motif 112 R-R-Q-R-R-F117, the 8 field isolates in
current study exhibited MDT of 45.8-58.8 h in embryonated
chicken eggs and ICPI of 1.7-1.96 were classified as

velogenic NDVs. The rest of 2 NDV isolates were shown to
have a lentogenic motif (112G-K-Q-G-R-L117) composed
of 2 basic amino acids at the F cleavage site, they were
classified as lentogenic NDVs also with MDT beyond 168
h and with ICPI of 0.15 and 0.21. The finding indicate that
the domestic ducks can harbour virulent strains of NDV
and that it consequently may constitute a serious threat
to the commercial duck farms. Further analysis showed
that some aa residues in F protein of different genotypes
changed. These mutations may alter the pathogenicity
and antigenicity of recent Guangdong NDVs isolated in
domestic ducks 229,

Sequence comparison and phylogenetic analysis of
the 8 NDV isolates were used to predict the genotypes
and to determine the origin of NDV outbreaks. Our
results showed that 5 isolates belong to genotype Viid,
and indicated great nt and aa identities (96.9-98.8%
and 96.8-98.9%, respectively) with the velogenic strain
GM. 3 isolates are genotype IX, shared high nt and aa
similarities (99.1-99.7% and 99.1-99.3%, respectively) to
F48E9. Two strains belonged to genotype | had a higher
homology than 8 isolates mentioned above at nt and
aa level with strain LaSota (genotype Il). These results
are not in agreement with some studies reporting the
detection of lentogenic NDVs in wild birds and domestic
ducks 7822242728 Byt the results are consistent with some
other reports with the detection of velogenic NDVs in
wild birds and domestic ducks, for example, Zhang et
al.l, reported subgenotype Viid of NDV as a predominant
genotype spread in waterfowl in China and Yang et al.?!
discovered the presence of VIl genotype NDVs in wild
in Serbia.

In China, the most commonly used live vaccine LaSota
and Clone-30 belong to genotype I, while in the past
decade, the predominant NDV strains were genotype
VIl viruses in China. The prevailing field NDV strains have
significant differences from the current vaccine strains
in their biology, serology and genetics, which might
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Table 3. Amino acid variation of F protein (aa 1-125) of different genotypes

Tablo 3. Degisik genotiplerin F proteininin (aa 1-125) amino asit varyasyonu

Majority Positions
Sequences 3(4|5|8|9|11/16(17|19|20|22|24|26/|30|52|71| 101 104 | 106 | 107 | 112 | 115 | 117 | 121 124
S| K/{P/R|I[A|I | T/ I M|l |S|[I|S|I]|K R G v T R K F 1 S
Ulster-67 -|R|S|-|-|V|T|V|V|IA|E|-|V]|-]-|- - E - = G G L - G
PHY-MLV42 PIR|S|-|T|-|T|V|L|VIA|l-|V]|-]|-]|- - E - - G G L - G
\Z) - R|S|-|-|V|T|V|V Al - |V |-]-]- - E - = G G L - G
Duck/CH/GD/SH-05 -|R[S|-|-|V|T|V| VI IAA|C|V|-]|-]- - E - - G G L = G
Duck/CH/GD/SZ-05 -|R[S|-|-|V|T|VI VI IAA| C|V|-]|-]- = E - = G G L = G
Clone30 -l - |- K|IN|-|T| 1|V A V]-]|-|N|-]|- - E - - G G L - G
B1 -|R|-|K|N|-|T|I [V A|V|-]-|N|-|- = E = = G G L = G
LaSota -/R|[-|K|N|-|T| 1 |V| A V]-]|-|N|-]|- = E - - G G L - G
AUS-Victoria-32 PIR|S|-[-| 1 |[T| 1| -]A|A|-[V|-]-]- = E = = = = = = =
Mukteswar PIR|S|-|-|V|T|I|-|T|A|l-|V]|-]|-]|- - E - = = R = = -
Italien S RIS - -V -] - AT -] -] -] - E - - - R - - -
Herts-33 S| RIS |- | -V |- |-V T|-]-]-1]-]- - E = = = R = - -
211472/02 S - - W -V - - T - - - - - = = = = = = = =
44083/93 SR - - LV |T|-|-|T]-]-1-|-1-]- - - A = = = = = -
Largo/71 R T e e O T e e AL e A I N I A - - - - - - - -
Dove Italy I e e e O A N A B I A R N N - - - S - - - - -
Belgium248VB T e e ) (I [ )Y/ B [ R I [ - - - S - - - - -
Argentian-97 =l=0l=01=101=01=0=1=1=1"l=1=]=1=1=]-:= = = = S = = = = =
Pigeon-1 Sl Y T T - - - S G - - - -
D-83-95 === 1T[Y]|=]=]=]=|=]=/=/=]=]-= K = = S = = = \Y% =
UAE-AE232-96 = ==l=1=1S|N[Y]=(=I=]=]=]=]-= = E = S K R = \% =
TW-84C == |@|S|Y]|=]|=]=]=|=]=]=[=]=]-= K = = S = = = \Y =
JSD0812 = ==0l=01=1=1=1T]=1=1C|=]=[|YV]R K = = S = = = \% =
Z) -l -l Ly -f-1-1--1-1-1-1G|-|-|VI|R K = = S = = = \Y =
TW2000 sl wm|s|=1==]=1=1=]=/=1=/=/=|Y]-= K - - S = = = v -
SF02 -/ R - -|-|-]-1-/-|-]-/G|-|-|V]|R K = = S = = = Vv =
SDWF02 - - - W - - - - - - - -]-]-|V]|R K - = S = - - \% G
SD09 e ) I 7 W [ (R [ A K = = S = = = \% =
GM Fl==]=]=1=1=1=1=]=1==]=/]=/|¥]& K = = S - = = v -
FP1-02 S - - - - -G -]-|V]|R K - - S - - - V -
Duck/CH/GD/SD-061 | F | - | - | - | - | - | - | -|-|-|-|-|-]-]V|R K - - S = = - \Y -
Duck/CH/GD/sSD-061l | F | - | L |- | -|-|-|-|-|-]-|G|-]-|]V]|R K - - S - - - \% -
Duck/CH/GD/JY-08 -l -l - - - - V- --]-1G|-|-|V|R K = = S = - = \Y =
Duck/CH/GD/SD-09 =l=0=01=01=1=1=0l=01=01=1=1=01=1/1=[Y]R& K = = S = = = \Y G
Duck/CH/GD/SS-10 Fl=1=1]=]=l=1=1=1=1=/=]=]=]=[|YV]& K = = S = = = v =
AF2240 — (5= ST T T - - - - - - - - \% -
F48E9 S| - | SIN| V|- |T|V|-|AA|l-|V|N]|- E A = = R = = =
JS-1-97 -l -|SIN|V |- |T|V|-|AA|-|V|IN|-]|- - E A - - R - - -
FJ-1-85 -l - | S|IN| V|- |T|V|-|A[A|-|V|IN|-|- = E A = = R = = =
Duck/CH/GD/FS-06 Pl -|S|N|V|-|T|V|-]|A|A|-|V|IN|-]|- = E A - = R = = =
Duck/CH/GD/YF-09 Pl -|SIN|V|-|T|V|-|]A Al-|V|N|-|- = E A = = R = = =
Duck/CH/GD/NH-10 | P | - | SN |V |- | T |V | -|A|A|- |V |N|-]|- = E A = = R = = -
Only sequences that differ from the majority sequences are shown. Strains in bold are isolated and characterized in the present study. The representative strains are from published
data and their source reference is presented in Table 1
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be considered as major reasons for the ND outbreaks,
and brought enormous pressure for NDV control and
prevention.

In summary, we have demonstrated that more than
one genotype of NDVs are circulating in the domestic
ducks in Guangdong province of China, and NDV isolates
of subgenotype VIld are predominant strains. It is of
particular importance to characterize epidemic strains in
domestic ducks and identify new candidates for vaccine
upgrades which are efficacious and provide adequate
Cross protection.
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Abstract

Mycotoxins are secondary metabolites produced by microfungi like Aspergillus, Penicillium, Fusarium, Alternaria. The enniatins
are cyclic peptide mycotoxins and have produced by several strains of Fusarium sp. They have got biological activities like
acting as enzyme inhibitors, antifungal and antibacterial agents. In this research the mutagenic effects of enniatin A1 and B1
were investigated with Ames assay. Ames is a test system which can detect mutations at celluler level. In this test Salmonella
typhimurium TA98 and Salmonella typhimurium TA100, both in the presence and absence of S9 metabolic activation was used.
Five different concentrations of Enniatin A1 and B1 (12.5 uM, 25 uM, 50 uM, 100 uM, 200 uM) were exposed to these strains. In
all test strains (Salmonella typhimurium TA98 and Salmonella typhimurium TA100) Enniatin A1 and B1 did not show mutagenic
effect.

Keywords: Ames test, Enniatin A1, Enniatin B1, Salmonella typhimurium

Enniatin A1 ve B1 Mikotoksinlerinin
Ames Salmonella Mikrozom Testi ile Mutajenitesi

Ozet

Mikotoksinler Aspergillus, Penicillium, Fusarium, Alternaria gibi bazi mikrofunguslar tarafindan Uretilen sekonder meta-
bolitlerdir. Enniatinler birka¢ Fusarium susu tarafindan Uretilir ve siklik peptid mikotoksinlerdir. Enniatinler antifungal, anti-
bakteriyel ajan ve enzim inhibitorl olarak hareket etmek gibi biyolojik aktivitelere sahiptir. Bu calismada Enniatin A1 ve B1'in
mutajenik etkileri Ames testiyle arastirildi. Ames hiicresel seviyedeki mutasyonlari belirleyen bir test sistemidir. Bu testte
Salmonella typhimurium TA98 ve Salmonella typhimurium TA100 suslari metabolik enzim olan S9'lu ortamda ve S9’suz ortamda
kullanildi. Enniatin A1 ve B1'in 5 farkli konsantrasyonu (12.5 uM, 25 uM, 50 uM, 100 uM, 200 uM) bu suslara uygulandi. Bitln test
suslarinda(Salmonella typhimurium TA98 ve Salmonella typhimurium TA100) Enniatin A1 ve B1 mutajenik etki gostermedi.

Anahtar sozciikler: Ames testi, Enniatin A1, Enniatin B1, Salmonella typhimurium

INTRODUCTION

Enniatins are fungal metabolites produced by several
species of Fusarium, and were first isolated in 1947 by
Gaumann et al."?. Enniatins are members of a family of
fungal N-methylated cyclic hexadepsipeptides and consist
of three residues of D-2-hydroxyisovaleric acid alternating
with three of N-methyl branched-chain L-amino acids such
as valine, leucine, or isoleucine. Enniatin A contains only
N-methyl isoleucine residues, whereas other enniatin
homologues contain other patterns of branched-chain
amino acids Bl Enniatins are non-ribosomal, cyclic hexa-

depsipeptides with general cation chelating, ionophore &,
and they have got biological activities like acting as enzyme
inhibitors, e.g. acyl-CoA-cholesterol-acyl transferase ® and
cyclic nucleotide phosphodiesterase ¥, antifungal and anti-
bacterial agents, and immunomodulatory substances €3,
They are also anthelmintic, cytotoxic and phytotoxic
activities 11, Although they can accumulate in Fusarium-
infected grain, enniatins have not been associated with
any animal disease outbreaks nor been shown to cause
disease in experimental animals ¥, but Watjen et al.” said

& lletisim (Correspondence)
+90 312 4845635/150
>4 beyzi@gazi.edu.tr
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that Enniatins have important impact on human health
and they can cause outbreaks in humans and animals 2.
They are also known as phytotoxins and are associated
with plant diseases characterized by wilt and necrosis 3.
Enniatins exert potent cytotoxic activity against cancer cell
lines *'¥, and can act also as potent inhibitors of an ABC
membrane transporter related to multidrug-resistance '\,
These properties make them candidate compounds for
further development as drugs, particularly as potent
cytotoxic effects against several cancer cell lines 219,

The aim of this study was to investigate the mutagenic
effects of enniatin A1 and B1 using Ames test. Salmonella
typhimurium TA98 and TA100 was used both in the
presence and absence of a liver microsome (59).

MATERIAL and METHODS

Mutagenic effects of Enniatin A1 and B1 were investigated
with Ames test system. The Ames test was performed
with or without S9 mix using the incorporation method of
exposure in accordance to the work of Maron and Ames ['7),

Sample Preparation and Doses

Enniatin A1 and B1 were disolved in the Dimethyl
Sulfoxide (DMSO). Each of them stored in DMSO for best
to best dissolve. The stock was stored room temperature.
Non-toxic doses of the compounds for standard
test strains was determined and the five non-cytotoxic
dose (200-100-50-25-12,5 uM) of each substances were
studied.

The Bacterial Strains

The tester strains used were histidine requiring
Salmonella typhimurium TA98 and TA100. The culture
stocks were stored at -80°C. While the TA98 strains were
used for determining the frameshift, TA100 was used to
determine the base pair exchange "8, The tester strain
was freshly prepared by pre-culturing for 12 h at 37°C
in nutrient broth No. 2 and suspension was used for the
assay. To carry out experiments healthy, strains have
been checked at regular intervals whether the strains
have the original mutations.

Procedure in Presence of Liver Microsome (S9)

100 uL of the test solution for each concentration, 300
uL biotin/histidine solution and 100 pL of a cell suspension
from an overnight culture ((1-2) x 10° cells/mL) were added
to 3 mL of top agar (kept at 45°C) and vortexed the mixture.
Experiments with S9, 500 uL of S9 mix was added. The
entire mixture was transferred on the minimal agar plate.
Samples were tested on triplicate plates in independent
parallel experiments. The plates were incubated at 37°C
for 48-72 h and then bacterial colonies on each plate
were counted.

Positive Control

100 pL 2 Amino flourene, 300 pL biotin/histidine
solution and 100 pL of a cell suspension from an over-
night culture ((1-2) x 10° cells/mL) were added to 3 mL
of top agar (kept at 45°C) and vortexed the mixture.
Experiments with S9, 500 pL of S9 mix was added. 2AF was
used as positive controls with metabolic activation. The
entire mixture was transferred on the minimal agar plate.
Samples were tested on triplicate plates in independent
parallel experiments. The plates were incubated at 37°C
for 48-72 h and then bacterial colonies on each plate
were counted.

Solvent Control

100 pL of dimethylsulfoxide (DMSO), 300 pL biotin/
histidine solution and 100 pL of a cell suspension from an
overnight culture ((1-2) x 10° cells/mL) were added to 3
mL of top agar (kept at 45°C) and vortexed the mixture.
Experiments with S9, 500 pL of S9 mix was added. The
entire mixture was transferred on the minimal agar plate.
Samples were tested on triplicate plates in independent
parallel experiments. The plates were incubated at 37°C
for 48-72 h and then bacterial colonies on each plate
were counted.

Spontaneous Control

300 pL biotin/histidine solution and 100 pL of a cell
suspension from an overnight culture [(1-2) x 10° cells/
mL] were added to 3 mL of top agar (kept at 45°C) and
vortexed the mixture. Experiments with S9 500 uL of S9
mix was added. The entire mixture was transferred on
the minimal agar plate. Samples were tested on triplicate
plates in independent parallel experiments. The plates
were incubated at 37°C for 48-72 h and then bacterial
colonies on each plate were counted.

Procedure in Absence of Liver Extract (S9)

All the steps in this stage are the same as previous
part. But, here, liver microsome extract (S9) was not used.
4-nitrophenyldiamine was used as a positive control for
TA98, Sodium Azide was used for TA100.

RESULTS

Mutagenecity Enniatin A1 and Blwere investigated
with Ames test. In the Ames assay S. typhimurium TA98
and S. typhimurium TA100 strains were used: Strain TA98
detects frame-shift mutations whereas TA100 detects
base-pair substitutions. The test results of Enniatin A1 and
B1 are summarised in Table 1 and Table 2. Analyzing test
results, all doses of Enniatin A1 and B1, in the presence
and absence of S9 enzyme was determined to be non-
mutagenic. Results were compared with the number of
colonies of spontaneous control group.
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Table 1. Results of mutagenecity of Enniatin A1 with Ames test in different
S. typhimurium strains (TA98 and TA100) in the presence or absence of S9-
mix

Tablo 1. Enniatin A1'in Ames testi ile farkli S. typhimurium (TA98 ve TA100)
suslarinda S9 enzimi varliginda ve yoklugunda mutajenite sonuglari

Strain
-S9 +S9 -S9 +S9
Spontaneous control 34+3 29+5 152+12 | 25248
Solvent control (DMSO) 30+2 35+5 149+6 | 270+20
200 pM Enniatin A1 33+3 28+4 1464 | 281+4
100 uM Enniatin A1 38+8 29+5 | 141+11 | 25711
50 UM Enniatin A1 37+4 39+4 | 144420 | 27113
25 pM Enniatin A1 37+7 29+10 | 153£16 | 243+26
12,5 uM Enniatin A1 3245 28+6 | 176+11 | 247+20
Positive control
il:\le:lt'\ricl)e:ediamine 1235%35 ) : :
Sodium azide = = 1720£30 =
2 Aminoflourene - 1240+20 - 2327+16

Table 2. Results of mutagenecity of Enniatin B1 with Ames test in different
S. typhimurium strains (TA98 and TA100) in the presence or absence of
S9-mix

Tablo 2. Enniatin B1'in Ames testi ile farkli S. typhimurium (TA98 ve TA100)
suslarinda S9 enzimi varliginda ve yoklugunda mutajenite sonuglari

Strain
-S9 +S9 -S9 +S9
Spontaneous control 34+3 29+5 152412 | 252+8
Solvent control (DMSO) 30+2 3545 149+6 | 270+20
200 pM Enniatin B1 36+5 34+3 | 136+10 | 243+24
100 uM Enniatin B1 3443 36+3 | 150+18 | 245+22
50 uM Enniatin B1 3345 28+2 | 183+13 | 275+16
25 uM Enniatin B1 3316 34+3 167+£20 | 267+10
12,5 uM Enniatin B1 3416 2943 160£15 | 240+5
Positive control
4p'l\:l:trr\ci)lec:'nediamine 1235435 ) : :
Sodium azide = = 1720£30 =
2 Aminoflourene - 1240+20 - 2327+16

DISCUSSION

Enniatins are non-ribosomal, cyclic hexadepsipeptides
with general cation chelating ionophore and antibiotic
activities Bl Enniatins have got various biological
activities &', These properties make them candidate
compounds for further development as drugs 2. For
these reasons; evaluating the mutagenic, cytotoxic, anti-
microbial effects of enniatin A1 and B1 is important.

Studies on the mutagenic effects of enniatins are found
of limitedly. Behm et al.'®, investigated mutagenic effects
of Enniatin B with Salmonella Ames test system. They used
S. typhymurium TA98, 100, 102 and 104 strains with five
different concentrations (100 nM, 1 uM, 10 uM, 30 uM,
100 uM). No mutagenecity of Enniatin B was detected in
their research "%, Our results support the findings of Behm
et al.'%, Studies of the cytotoxic effects of enniatins have
been evaluated by MTT assay by Lu et al.'?. They reported
that ENs cytotoxicity depend on their concentrations, and
also on their combination with other mycotoxins '2. The
effect of EN A,, B, and B, on cell viability determinated in
rat hepatoma (H4IIE), human hepatoma (HepG2), and
rat glioma (C6) cell lines using the tetrazolium salt (MTT)
assay. The enniatins showed a moderate toxicity in C6
glioma and HepG2 hepatoma cells &,

Antimicrobial effect of Enniatin were studied against
Escherichia coli, Enterococcus faecium, Salmonella enterica,
Shigella dysenteriae, Listeria monocytogenes, Yersinia
enterocolitica, Clostridium perfringens, Pseudomonas
aeruginosa, and Staphylococcus aureus by Meca et al.l'?,
Enniatin B was found no toxic, at tested concentrations
on the strains S. aureus CECT 240, E. coli CECT 4782, and
S. dysenteriae CECT 584 but all the others strains tested
showed inhibitory activity dependent on the quantity
utilized ",

In conclusion the Ames test showed us that Enniatin
A1 and B1 did not posses mutagenic activity. Further
mutagenicity tests should perform to reach whole decision
about their safety.

REFERENCES

1. Gdumann E, Roth S, Ettlinger LE, Plattner PA, Nagel U: Enniatin, ein
neues, gegen Mykobakterien wirksames Antibiotikum. Experientia, 3,
202-203, 1947.

2. Follmann W, Behm C, Degen GH: The emerging Fusarium toxin
enniatin B: in-vitro studies on its genotoxic potential and cytotoxicity
in V79 cells in relation to other mycotoxins. Mycotox Res, 25, 11-19, 2009.

3. Desjardins AE, Proctor RH: Molecular biology of Fusarium mycotoxins.
Int J Food Microbiol, 119 (1-2): 47-50, 2007.

4. Tomada H, Huang XH, Cao J, Nishida H. Nagao R, Okuda S, Tanaka
H, Omura S, Arai H, Inoue K: Inhibition of acyl-Coa: Cholesterol
achyltransferase avtivity by cyclodepsipeptide antibiotics. J Antibiot, 45,
1626-1632, 1992.

5.Watjen W, Debbab A, Hohlfeld A, Chovolou Y, Kampkotter A, Edrada
RA, Ebel R, Hakiki A, Mosaddak M, Totzke F, Kubbutat MHG, Proksch
P: Enniatins A1, B and B1 from an endophytic strain of Fusarium tricinctum
induce apoptotic cell death in H4IIE hepatoma cells accompanied by
inhibition of ERK phosphorylation. Mol Nutr Food Res, 53, 431-440, 2009.

6. Fairlie DP, Abbenante G, March DR: Macrocyclic peptidomimetics -
forcing peptides into bioactive conformations. Curr Med Chem, 2, 654-
686, 1995.

7. Fusetani N, Sugawara T, Matsunaga S, Hirota H: Orbiculamide A: A
novel cytotoxic cyclic peptide from a marine sponge Theonella sp. J Am
Chem Soc, 113,7811-7812, 1991.

8. Hyun U, Lee DH, Lee C, Shin CG: Apoptosis induced by enniatins H
and MK1688 isolated from Fusarium oxysporum FB1501. Toxicon, 53, 723-



896
Mutagenecity of Enniatin A1 ...

728, 2009.

9. Jestoi M: Emerging Fusarium-mycotoxins fusaproliferin, beauvericin,
enniatins, and moniliformin-A review. Crit Rev Food Sci Nutr, 48, 21-49,
2008.

10. Firakova S, Proksa B, Sturdikova M: Biosynthesis and biological
activities of enniatins. Pharmazie, 62, 563-568, 2007.

11. Scherkenbeck J, Jeschke P, Harder A: PF1022A and related
cyclodepsi-peptides. Curr Top Med Chem, 2,759-777,2002.

12. Lu H, Fernandez-Franzén M, Font G, Ruiz MJ: Toxicity evaluation
of individual and mixed enniatins using an in vitro method with
CHO-K1 cells. Toxicol In Vitro, 27 (2): 672-680, 2013. DOI: 10.1016/j.
tiv.2012.11.009.

13. Gaumann E, Naef-Roth St, Kern H: Zur phytotoxischen wirksamkeit
der enniatine. Phytopathologische Zeitschrift, 40, 45-51, 1960.

14. Dornetshuber R, Heffeter P, Kamyar MR, Peterbauer T, Berger W,
Lemmens-Gruber R: Enniatin exerts p53-dependent cytostatic and p53-
independent cytotoxic activities against human cancer cells. Chem Res

Toxicol, 20, 465-473, 2007.

15. Hiraga K, Yamamoto S, Fukuda H, Hamanaka N, Oda K: Enniatin
has a new function as an inhibitor of the Pdr5p, one of the ABC transporter
in Saccharomyces cerevisiae. Biochem Biophys Res Commun, 25, 328 (4):
1119-1125, 2005.

16. Behm C, Degen GH, Follmann W: The Fusarium toxin enniatin B
exerts no genotoxic activity, but pronounced cytotoxicity in vitro. Mol
Nutr Food Res, 53, 423-430, 2009.

17. Maron DM, Ames BN: Revised methods for the mutagenicity test.
Mutation Res, 113, 173-215, 1983.

18. Uysal A, Durak Y, Aladag MO: Investigation of mutagenic effects
of some plant growth regulators on Salmonella/microsome test system.
Fresenius Environ Bull,19 (10): 2170-2175, 2010.

19. Meca G, Sospedra |, Valero MA, Maiies J, Font G, Ruiz MJ:
Antibacterial activity of the enniatin B, produced by Fusarium tricinctum
in liquid culture, and cytotoxic effects on Caco-2 cells. Toxicol Mech
Methods, 21 (7): 503-512, 2011.



JournAL Home-PacE: http://vetdergi.kafkas.edu.tr
20 (6): 897-902, 2014 ONLINE Susmission: http://vetdergikafkas.org RESEARCH ARTICLE
DOI: 10.9775/kvfd.2014.11333

Clinical and Electrophysiological Mapping of
Nerve Root Injury Following Trauma of Brachial Plexus:
A Retrospective Study in 23 Dogs and 42 Cats

Omer BESALT 's*  Pinar CAN'  Murat CALISKAN !

' Ankara University, Faculty of Veterinary Medicine, Surgery Department, TR-06110 Diskapi, Ankara - TURKEY

Article Code: KVFD-2014-11333 Received: 08.04.2014 Accepted: 01.06.2014 Published Online: 18.06.2014

Abstract

Objective of this study is to report mapping of nerve root injury with clinical and electrophysiological examination in cats and dogs
following trauma of brachial plexus (TBP). Medical record of 65 patients (23 dogs and 42 cats) with brachial plexus injury without any fracture
between July 2009 and January 2014 were reviewed. Needle electromyography, motor nerve conduction and/or sensory nerve conduction
and somatosensory evoked potentials (SEP) of the forelimb were studied. Injured area was examined at necropsy in 3 cases (1 dog, 2 cats), and
in 11 cases (4 dogs, 7 cats) during surgery. Assessment of cutaneous zone innervation revealed caudal brachial plexus lesion in 40 cases (29 cat
and 11 dogs) and complete brachial plexus lesions in 25 cases (13 cats, 12 dogs). Nociception was also absent at the denervated cutaneous
zone in all cases. Complete avulsion of isolated radial nerve roots was diagnosed in 11 cats and 5 dogs, and injury of isolated radial nerve
roots was diagnosed in 4 dogs and 11 cats. Rest of the cases had complete avulsion (17 cats, 14 dogs) or injury (3 cats) of radial nerve roots
in addition to other nerves’ of the brachial plexus. In conclusion, Radial nerve roots prone to TBP, but other nerve roots of brachial plexus can
also be affected. Electrophysiological assessment of TBP should be carried out as an ancillary diagnostic tool for determining affected nerves
and type of lesion for radial nerve.

Keywords: Brachial plexus injury, Trauma, Electrophysiology, Dog, Cat

Travmatik Brakial Pleksus Yaralanmalarinin Klinik
ve Elektrofizyolojik Olarak Degerlendirilmesi:
23 Kopek ve 42 Kedide Retrospektiv Bir Calisma

Ozet

Bu calismanin amaci kedi ve kdpeklerde brakial pleksus travmasini takiben olusan sinir koki hasarinin klinik ve elektrofizyolojik muayene
ile haritalanmasini bildirmektir. Calismada herhangi bir kiriga bagh olmaksizin gelisen brakial pleksus yaralanmasi ile Haziran 2009 ve Ocak
2014 arasinda klinigimize basvuran 65 hastanin (23 kopek, 42 kedi) medikal kayitlari incelendi. Elektrofizyolojik olarak igne elektromyografi,
motor sinir iletimi ve/veya sensorik sinir iletimi ve somatosensorik uyandiriimis potansiyeller calisildi. Hasarli bolge ti¢ hastada (1 kdpek, 2 kedi)
nekropside, 11 hastada ise (4 kdpek, 7 kedi) cerrahi girisim sirasinda incelendi. Kutanéz innervasyon alanlarinin degerlendirilmesi sonucunda
40 olguda (29 kedi, 11 kdpek) kaudal ve 26 olguda (14 kedi, 12 kdpek) total brakial pleksus yaralanmasi belirlendi. Ayrica bitiin olgularda
denerve kutandz alanlarda nosisepsiyon yoktu. On bir kedi ve 5 kdpekte izole radial sinir kdklerinin total avulziyonu belirlendi. Dort kopek ve 11
kedide izole radial sinir koki hasari tespit edildi. Geriye kalan vakalarda radial sinir ile birlikte diger brakial pleksus sinirlerinin total avulziyonu
(18 kedi, 14 kopek) ya da hasari (3 kedi) belirlendi. Sonug olarak, brachial pleksusu olusturan sinirlerden radial sinir travmatik olarak en ¢ok
yaralanan olsa da diger sinirlerin de yaralanmasi s6z konusudur. Travmatik brakial pleksus lezyonlarinin degerlendirilmesinde elektrofizyolojik
muayene, lezyonun tipinin ve etkilenen sinirin belirlenmesi agisindan yararli bir tani araci olarak g6z 6ntinde bulundurulmalidir.

Anahtar sozciikler: Brakial pleksus hasari, Elektrofizyoloji, Travma, Képek, Kedi

INTRODUCTION

Traumatic brachial plexus injuries are explained as  severely from the body, and the entire shoulder mechanism
traction injury, which occurs while the limb is abducted is driven away from its normal position 2. Brachial plexus
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injuries are the most common neurological disorder of the
forelimb in small animals 3. They can occur separately,
or can be accompanied by fractures of the humerus or
Horner's syndrome ™,

The dorsal and ventral rootlets of the C6-T2 spinal
cord segments form the spinal nerves from which the
ventral branches arise and interweaving of them lead to
the formation of the brachial plexus. Individual peripheral
nerves coming from brachial plexus descend distally to
innervate the muscles of the forelimb. The dorsal branches
that arise from spinal nerves innervate paraspinal muscles
and skin 2%, Following trauma different nerves of the
brachial plexus can be affected in different degrees,
and the combination of these multiple injuries causes
varying degree of deficits effecting forelimb muscles B
The prognosis for most brachial plexus injuries is poor for
functional return of the limb .

Recent development in imaging technology provide
to diagnosis brachial plexus nerve roots lesion in human,
but limited number of study published in dogs .
Ultrasonography is another valuable diagnostic tool in
the setting of suspected brachial plexus lesion especially
a mass or traumatic lesion in humans ©. However, the
functional integrity of brachial plexus injury can be
evaluated through neurological and electrophysiological
examination. Cutaneous sensation can be used as a clinical
tool in localizing peripheral nerve lesions. Autonomous
zones are those sensory areas of the skin supplied only by
particular nerve lesions. The clinician should be familiar
with these autonomous zones. With brachial plexus
injuries, there may be inconsistency in patterns of sensory
versus motor deficits as the ventral nerve roots appear to
be more susceptible to damage than the dorsal roots ©.
Reports for electrophysiological examinations of dogs
and cats are limited in number®. The objective of this
study was to report mapping of nerve root injury with
clinical and electrophysiological examination of traumatic
brachial plexus injury in dogs and cats.

MATERIAL and METHODS

Medical records of Ankara University Faculty of Veterinary
Medicine Department of Surgery were searched between
July 2009 and January 2014 for the cases presented with
the clinical signs of brachial plexus injury without any
fracture and had electrophysiological examination. Breed,
age, sex, aetiology and the time passed since trauma were
recorded.

Neurological examination findings were retrospectively
analysed to record clinical signs of injury to radial, median-
ulnar, musculocutaneous and suprascapular nerves. Each
nerve involved was diagnosed by its characteristic clinical
findings. Radiological examination was also carried out
to diagnose fracture and/or luxation of the forelimb. The

distribution of sensory loss in an affected limb has great
localizing value because lesions can be pinpointed to a
particular nerve or within two to three spinal cord segments.
The total area innervated by a particular cutaneous nerve
is termed “cutaneous area”. The cutaneous area includes
a peripheral overlap zone innervated by other cutaneous
nerves and a central autonomous zone innervated solely
by that nerve. These zones can be detected clinically
using a method termed the “two-step pinch technique” .
The motor deficits associated with brachial plexus injury
were accepted as the major clinical signs for determining
affected nerve. According to the cutaneous sensation
and affected nerves, brachial plexus injury was further
classified as cranial (C6-C7 nerve roots - loss of shoulder
movement and elbow flexion), caudal (C8-T2 nerve roots -
elbow flexion are spared) or complete (C6-T2 nerve roots -
loss of extension and flexion in all joints) lesion .

Electrophysiological assessment was carried out under
general anesthesia. This was achieved using xylazine
hydrochloride (2 mg/kg IM, Alfazyne®, Izmir, Turkey) and
ketamine hydrochloride (15 mg/kg, IM, Alfamine®, Izmir,
Turkey). All of the electrophysiological assessments were
performed after the 5 day from the injury.

Stainless steel disposable monopolar needle electrodes
(diameter: 0.3 mm and length: 12 mm) were used for all
recordings and stimulations. The recording electrodes
were attached to a 5-channel electromyography - evoked
potentials (EMG/EP) system (Medelec, Oxford).

Electromyography: In all cases digital extensor muscles,
triceps brachii muscles, biceps brachii muscles, superficial
and/or deep digital flexor muscles, supraspinatus muscle,
infraspinatus muscle, deltoid muscle and paraspinal
muscles were assessed for presence of denervation
potentials (fibrillation potentials, positive sharp waves and
complex repetitive discharges).

Motor nerve conduction studies: This was carried out for
radial and ulnar nerves. Frequency limits for recording were
10 Hz-2 KHz, sweep duration was 10 msec. A rectangular
0.1 ms duration stimulus at supramaximal intensity was
used and at least 3 consecutive, repeatable compound
muscle action potentials (CMAP) were recorded. The distal
stimulation point of the radial nerve was at the flexor
angle of the elbow. A cathode electrode was inserted
near the radial nerve, just lateral to the cephalic vein
and an anode was inserted subcutaneously about 1 cm
laterally. The proximal stimulation point of the radial nerve
was at the mid-portion of the humerus. Active electrode
was inserted sub facially over the common extensor
digitalis muscle, and the reference electrode was inserted
subcutaneously 1-2 cm laterally to the cathode electrode.
The distal stimulation point of the ulnar nerve was at the
medial aspect of the elbow joint and just caudally to the
epicondylar crest of the humerus. The cathode electrode
was inserted subcutaneously over the olecranon. The
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proximal stimulation point of the ulnar nerve was at
the medial aspect of proximal third of humerus and just
cranial to brachial arteries. Recording was carried out from
the digital flexor muscles. Ground electrode was inserted
between stimulating and recording electrodes.

Sensory nerve conduction studies: This was carried
out for radial and ulnar nerves. The stimulation point for
the radial nerve was from its superficial branch over the
carpal joint. Recording was from the radial nerve over
the craniolateral elbow joint and the reference electrode
1-2 cm laterally to the radial nerve. The stimulation point
for the ulnar nerve was from its dorsal branch over the
metacarpal bones and recording was from the same point
as for distal ulnar nerve stimulation point for motor nerve
conduction study. The ground electrode was inserted
between stimulating and recording electrodes. Presence
of sensory nerve action potentials (SNAP) with profound
denervation in related muscles was accepted as an
indicator of dorsal root avulsion.

Somatosensory Evoked Potential (SEP): SEP was
performed in radial nerve SNAP recorded cases. The radial
nerve was stimulated as described before for motor nerve
conduction studies, and SEP was recorded from the scalp
and 250 responses were averaged. Presence of the potential
was accepted as an indicator of dorsal root integrity, and
absence was accepted as preganglionic loss of integrity.

Results of the neurological examination and electro-
physiological assessment were compared.

RESULTS

Twenty-three dogs and 42 cats matched the inclusion
criteria. All animals had forelimb paresis or paralysis without
fracture or luxation of the forelimb. Dog breeds presented
were mainly medium to large size breeds. (Anatolian Sheep
dog (n=5), Doberman (n=1), Rottweiler (n=1), German
Sheperd dog (n=1), Golden Retriever (n=2), Afghan Hound
(n=1) and mixed breed (n=12, minimum 15 kg). Cat breeds
were mainly domestic shot haired except two Angora cat
and three Van cat. The mean age was 2.68 years (5 months-9
years) for dogs and 1.78 years (1 months-8 years) for cats. The
sex dispersion was 14 male, 9 female for dogs, and 24 male,
18 female for cats. The etiology of the brachial plexus injury
was traffic accidents (n=13 dogs, n=8 cats), falling from
heights (n=2 cat), fighting (n=1 dog), and unknown causes
(n=9 dog, n=32 cats). All the cases were outdoor pets.

The mean time between trauma and presentation was
12 days (5-60 days). The left fore limb was involved in 17
dogs (73.9%) and the right fore limb in 6 dogs, and the
left fore limb in 31 cats (73.8%) and the right fore limb in
11 cats. Two cats were presenting Horner’s syndrome in
addition to brachial plexus injury.

Cutaneous sensation mapping were suggestive of

complete brachial plexus trauma in 13 cats and 12 dogs
(38.46%), and caudal brachial plexus trauma in 29 cats
and 11 dogs (61.54%). Nociception was also absent at the
area without cutaneous twitches. Cranial brachial plexus
trauma was no seen in any case.

The affected nerves based on needle EMG in dogs
were; isolated radial nerve (n=10, 43.47%), radial, ulnar
-median, suprascapular and musculocutaneous nerves
(n=8) and radial, ulnar - median nerves (n=2), and radial,
ulnar - median, musculocutaneous nerves (n=3) (Fig. 1a-
1b). The radial nerve was unexcitable after stimulating
from the distal point in 17 dogs, while in the remaining
6 cases, the motor nerve conduction velocity was lower
than 40 m/s.

The affected nerves in cats were; isolated radial nerve
(n=22, 52.38%), and radial, ulnar - median nerves (n=7,
16.66%), and radial, ulnar - median, suprascapular nerves
(n=2), and radial, musculocutaneous (n=2), and radial,
ulnar-median, suprascapular, musculocutaneous nerves
(n=9). The deltoid muscle was not evaluated in cats
because of its small size. The radial nerve was unexcitable
after stimulating the distal point in 25 cats (62.5%), while
means motor nerve conduction velocity were under the
reference values in the rest. Radial SNAP was recorded in
six dogs and 15 cats, while SEP was reliable and repeatable
in 3 of dogs and 12 of cats.

The type of lesion for radial nerve, identified by electro-
physiological examination was avulsion of the isolated
radial nerve roots in 11 cats and 5 dogs (Fig. 2). Isolated
radial nerve injury or avulsion of some of its roots was
diagnosed in 11 cats and 4 dogs (Fig. 3). Rest of the cases
had avulsion (17 cats, 14 dogs) or injury (3 cats) of radial
nerve concomitant to other nerves of the forelimb.

The C6-8 and T1 nerve roots found to be avulsed in the
post mortem examination of 2 euthanized cats. However
just C7 and C8 nerve roots were avulsed in one cat. Post
mortem examination of one of the dogs revealed that all
the nerve roots of brachial plexus were avulsed (Fig. 4). The
lower part of the brachial plexus was exposed surgically
in 11 cases (4 dogs, 7 cats). Among these cases, avulsed
stump of probably C7 and C8 nerve roots was seen in 2
dogs and 4 cats. There was no abnormality in the exposed
area in the rest of cases.

When the clinical signs were compared to the affected
nerve which was diagnosed by the needle EMG, cranial
brachial plexus trauma was not seen individually in both
methods and the results was at the same line.

DISCUSSION

In this study, the involved nerves and preganglionic or
postganglionic injury for radial nerve roots was depicted
by electrophysiological evaluation. Most of the cases had
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Fig 1. a- Abnormal spontaneous activity, in
the form of positive sharp waves in extensor
digitorum communis muscle in a dog; b- Abnormal
spontaneous activity in the form of mainly fibrillation
potentials in triceps brachii muscle in a dog

Sekil 1. a- Bir kopekte ekstensor digitorum
kommunis kasinda agirlikli olarak pozitif keskin
dalgalardan olusan anormal spontan aktivite, b-
Bir kdpekte triseps brachii kasinda agirlikli olarak
fibrilasyon potansiyellerinden olusan anormal spon-
tan aktivite

Fig 2. In SEP study, triphasic reproducible potentials
following stimulation of radial nerve and recording
from scalp in cats with radial nerve injury

Sekil 2. Radial sinir hasari olan bir kedide yapilan
SEP calismasinda, radial sinirin uyarilmasiyla olusan
ve kafadan kaydedilen trifazik tekrarlanabilir potan-
siyeller

avulsion-type (preganglionic) injuries of the radial nerve
in both dogs and cats, and there was no other case with
isolated nerve injury of forelimbs except for the radial
nerve based on clinical and needle EMG results of this study.

Traumatic brachial plexus injury is a traction injury,
which usually results from traffic accidents 9. Although
unknown causes and traffic accidents were cited in equal
numbers in the present study. The cases presented as
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Fig 4. Macroscopic appearance of root avulsions in dog.

Sekil 4. Kopekte sinir koku avulziyonunun makroskopik gorinimu

unknown causes were identified as their forelimbs could
not support their body weight and all of them were kept
outdoors. It is not wrong to assume some sort of trauma
(traffic accidents or falling from height) could be cause
behind the initial trauma. All of the dog cases in this
retrospective study were medium to large sized dogs.
This indicates a relationship between body weight and
traumatic injury to brachial plexus. We speculate that the
force responsible for injury is greater in larger dogs. The
body side involved in TBP was predominantly (73.84%) the
left in both dogs and cats. However, this interesting finding
is likely being coincidental; the authors think it should
be investigated in more detail.

Spinal nerve roots are more susceptible to traction
injury. This is likely because they contain less connective
tissue than the extra-vertebral neural structures. This is
possibly why the nerve roots are often avulsed from the
spinal cord intradurally rather than the more peripheral
portions of the nerves """, Caudal and complete avulsions
are more common than cranial avulsions and cause more
severe clinical signs "2, They both cause paralysis of the

Fig 3. Sensory nerve action potential following
stimulation from superficial branch of radial nerve
over the carpal joint and recording from the nerve
over the craniolateral elbow joint in a dog

Sekil 3. Bir kopekte karpal eklem Uzerinden gegen
radial sinirin stperfisiyal dalinin uyarimi sonucu
olusan ve kraniyolateral dirsek eklemi Gzerindeki
sinirden kaydedilen sensorik sinir aksiyon potansiyeli

triceps brachii muscle, so the animal cannot extend the
elbow or bear weight on the affected limb. In this case
series the incidence of caudal brachial plexus injuries was
higher (69.04%) than complete brachial injury in cats,
however caudal brachial plexus injury was 47.82% in
dogs. Cranial avulsion was not diagnosed in the current
retrospective cases. These differences between both
species should be followed in more detail. The absence
of cranial lesions can be explained by the concentrated
force in this area is weaker than the caudal area, or the
differences between roots of two area (eg. Amount of
fibrose tissue around the roots).

The affected radial nerve was seen as isolated or
associated with other nerves in both dogs and cats in
the current study. There was no other isolated nerve
involvement of the forelimb in any case. These findings
indicate that radial nerve which innervates the main
weight bearing muscles of the fore limb is dominant
clinically and electro physiologically. However multiple
nerve injuries are common because they share some of the
nerve root. When the associated nerve was evaluated,
the ulnar median and musculocutaneous nerve was
affected most commonly. These findings are important
for prognosis and also to justify the treatment procedure
like tendon transposition for restoration of phalangeal
extension.

Electrophysiological assessment of traumatic injury
of the brachial plexus is the most reliable method in
human and veterinary medicine '*'%, Electrophysiological
findings are found to be more characteristic for the axonal
degeneration that occurs after the 5" day, and most
authors prefer to evaluate 5-10 days after trauma. The
ventral nerve roots are most often involved in humans .
Electrophysiological examination was performed after 5
days in all cases in the current study. The radial nerve was
found to be unexcitable during standard nerve conduction
studies in 40 cases. This finding represents axonal
degeneration. Sensory nerve conduction studies are
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the first choice to determine whether the injury site
is preganglionic or post-ganglionic ">, When the
damage to the sensory fibers is proximal to the dorsal
root ganglia, the distal sensory fibers are viable, thus
producing normal sensory nerve action potentials in
the forelimb. In contrast, if the injury is to the nerve
forming the plexus, Wallerian degeneration of axons
distal to the injury occurs and no sensory nerve action
potential would be detectable. Somatosensory evoked
potentials can also be used to estimate pre-ganglionic or
postganglionic involvement of brachial plexus roots in
humans 78, However, in un excitable nerve SEP cannot
be recorded reliably. In this study, the type of injury was
elucidated by standard sensory nerve conduction studies,
but in cases where there was doubt; SEP was studied to
clarify root avulsion or brachial plexus lesion. The presence
or absence of SNAP and/or SEP was found to be valuable
as an indicator of the type of lesion. Decrease in nerve
conduction velocity relative to the previously reported
reference values was interpreted as partial involvement of
the nerve 161920

EMG may be helpful in assessing the functional integrity
of brachial plexus in determining the extent and severity
of brachial plexus lesion and in distinguishing such a
lesion from nerve root or peripheral nerve pathology '\
In the current study, paralysis of involved nerves of the
extremity was diagnosed with needle EMG. Identification
of denervation activity in a muscle was accepted as an
indicator of paralysis of its nerve. Spontaneous denervation
activity was found in all animals that underwent needle
EMG examination. The results were in agreement with the
clinical examination results.

Management methods and prognosis differ for brachial
plexus injury depending on the nerve involved and the type
and the level of the lesions present (pre—postganglionic) ©'.
One of the most important roles of electromyography
in traumatic brachial plexus injury is to clarify whether
nerve root avulsion or brachial plexus injury is present ',
However anatomical confirmation is the best way to make
clear conclusions. In this case series avulsed roots were
seen in 8/11 cases that were surgically explored. Even
though in 3 cases there was no abnormality at the brachial
plexus after exposing surgically, in both clinically and
electrophysiologically diagnosed complete brachial
plexus injury.

In conclusion, large size dogs have a predisposition for
traumatic brachial plexus injury and the nerve roots of
the radial nerve are affected predominantly in both dogs
and cats. Before planning treatment for traumatic brachial
plexus injury, the possibility of involvement of associated
nerves in addition to the radial nerve and also the fact
that avulsion-type injuries are dominant in dogs and cats
should be kept in mind. In electrophysiological evaluation

(EMG, sensory and motor nerve conduction studies and
SEP) can be suggested to identify the nerves involved and
the type of injury.
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Ozet

Bu calismanin amaci, Japon bildircini yumurtalarinin délliliik Gzerine etkisi olan mevsim, seleksiyon ve yerlesim sikligi faktorlerine
gore veri madenciligi yontemi ile siniflandiriimasi ve bu faktorlerin etkisinin belirlenmesidir. Calismada seleksiyon yapilmis bir hattan
ve rastgele ciftlestirilmis bir kontrol hattindan 3 farkli mevsimde (Yaz, Kis ve Sonbahar) elde edilen 180 disi bildircin kullanilmistir.
iki farkli tip kafeste barindirilan (160-240 cm2/bildircin) bildircinlardan 12 haftalik yasta bir hafta boyunca toplanan 1141 kulugkalik
yumurta calismanin materyalini olusturmustur. Arastirmada kullanilan siniflandirma algoritmalari sirasiyla YSA, RBF Network, Naive
Bayes, KStar, ve Ridor algoritmalaridir. S6z konusu bu algoritmalara gére olusturulan modellerin karsilastirmasinda Kappa istatistigi,
Ortalama Mutlak Hata (OMH), Ortalama Hata Karekok (OHK), Goreli Mutlak Hata (GMH) ve Goreli Hata Karekok (GHK) performans
kriterleri kullanilmistir. Analizler sonucunda, yapilan karsilastirmada performans kriter degerleri sirastyla OMH: 0.002, OHK: 0.05, GMH:
%1.07, GHK: %14.50 ve Kappa: 0.98 olan Ridor algoritmasina gore olusturulan modelin en az hata ile siniflandirma yaptigi gérilmustar.
Yapilan bu calisma ile %99.73 dogru siniflandirma basarisi ile bildircin yumurtalarinin genel olarak %85'inin dolli, %15'nin ise lireme
kapasitelerinin diisiik oldugu tespit edilmistir.

Anabhtar sézciikler: Bildircin, Siniflandirma, Ureme, Veri madenciligi, WEKA

A Data Mining Application in Animal Breeding: Determination of
Some Factors in Japanese Quail Eggs Affecting Fertility

Abstract

The purpose of this study, classification with data mining methods according to the factors of season, selection, and frequency
of settlement which have an effect on fertility in Japanese quail eggs, and is to determine the effect of these factors. In this study,
180 female quails in three different seasons (summer, winter and autumn) which were obtained from a selection line and a control
line were used. 1141 hatching eggs collected from quails which were hosted on two different types of cages (160-240 cm2/quail)
during a week at 12 weeks of age have formed the material of study. Classification algorithms used in the study are YSA, RBF Network,
Naive Bayes, KStar, and Ridor algorythms, respectively. In the comparison of the models formed according to these algorithms, Kappa
statistic, Mean Absolute Deviation (MAD), Mean Square Root Error (MSE), Relative Absolute Error (RAE), Relative Square Root Error (RSE)
performance criteria were used. As a result of analysis, it has been seen in the comparison made that the model formed according to
Ridor algorithm that has MAD: 0.002, MSE: 0.05, RAE: 1.07%, RSE: 14.50% and Kappa: 0.98 performance criteria values, respectively, has
made the classification with minimum error. With this study conducted, it was determined that 85% of the quail eggs fertile and 15%
of them has low reproduction capacity with the accurate classification success of 99.73%.

Keywords: Classification, Data mining, Reproduction, Quail, WEKA
GIiRIS

Veri madenciligi gliniimizde hizla ilerleyen bir bilgi  sakh kalmis dnemli bilginin agiga cikarilmasi icin uygula-
teknolojisi olmakla birlikte blyik veri setlerinin icerisinde  nan bir yontem olarak tanimlanmaktadir. S6z konusu
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yontem veri tabani bakis agisi, makine 6grenimi ve
istatistiksel bakis acisi gibi G¢ farkli unsurun birlesimiyle
uygulanmaktadir. Veri madenciliginin temelleri 1990’li
yillarda ortaya konulmus ve bazi bilgisayar teknikleri
sayesinde veri Uzerinden o6rlinti ve model siralamalari
Ureten bir veri tabanindan bilgi kesfi sureci olarak ta-
nimlanmistir M. Literatlirde yer alan veri madenciligi
tanimlarinda belirtilen ortak amag, ¢ok fazla sayidaki
bilginin bir ambarda muhafaza edilmesi ve bu bilgiler
arasindan 6z bilginin kesfedilmesidir. Veri madenciliginde
veri islemede izlenen islem adimlari sirasiyla, verinin
temizlenmesi, ise yarar bilgilerin secimi (6nisleme), islen-
mis verilerinin donldsimu ve veri madenciligi uygula-
malariyla orlnti tanimlama ile yorumlama sayesinde
anlamli bilgilere ulasilmasi seklinde siralanmaktadir.

Hayvancilik alaninda kullanimi oldukca yeni olan veri
madenciligi yontemi daha ¢ok siniflandirma ve tahmin
amacli yapilan calismalarda kullanilmistir. Britanya'da sigir
surllerinde biyoguvenlik konusunda calisan Ortiz-Pelaez
ve Pfeiffer @, hastalik risklerine gére hayvan popilasyon-
larini siniflandirmak amaciyla bir veri madenciligi calismasi
yapmislardir. S6z konusu ¢alismada veri madenciligi yon-
temlerinden lojistik regresyon, siniflandirma agaci ve fak-
tor analiz yontemleri kullaniimistir. Sonug olarak, yogun
yetistiricilik yapilan alanlarda hastalik riskinin daha yiiksek
oldugu ve yetistirime sikhigi ile hastalik riski arasinda
pozitif yonli iliski bulundugu belirlenmistir. Kamphuis
ve ark.Bl, klinik mastitis'in tespitinde yaygin kullanilan bir
veri madenciligi algoritmasi olan karar agaci yontemin-
den yararlanmislar ve yontemin otomatik sagim sist-
emlerindeki modellerle benzerlik gosterdigi bilgisine
ulasmislardir.

Kanatli hayvanlarin damizlik stirtilerinde ekonomik re-
tim icin kuluckadan ¢ikan civcivlerin sayica ¢ok olmasi
istenmektedir. Elde edilen civciv sayisini etkileyen faktor-
lerden en dnemlilerinden birisi dollalukttr “. Bu o6zellik,
genetik ve cevresel faktorlerin etkisi ile sekillenmekte ve
dolli-dolstz seklinde binomial bir dagihs gostermekte-
dir. Dolltltk ozelliginin kalitim derecesi dislk seviyede
oldugundan, s6z konusu o6zelligin i1slahinda daha ¢ok
cevrenin iyilestirilmesi izerinde durulmaktadir B.. Kanatli
hayvanlarda dolluligu etkileyen cevresel etmenler; disi-
erkek orani, damizlik hayvanlarin yasi, agirhgi, saghgi ile
yumurtalarin depolanma siiresi ve depolama sicakhgi,
uygulanan bakim-yonetim ve besleme kosullari olarak
siralanmaktadir 1,

Bu calismada iki farkli hattaki Japon bildircinlarindan
farkli mevsim ve yerlesim sikliklarinda elde edilen kulug-
kalik yumurtalarda tespit edilen dolltlik 6zelligi Gzerinde
durulmus, mevsim, yerlesim sikligi ve genotip faktorlerinin
dolliluk Gzerindeki etkileri veri madenciligi yontemi ile
arastirilmistir.

Arastirmada veri madenciliginde yaygin olarak kulla-
nilan YSA, RBF Network, Naive Bayes, KStar, ve Ridor gibi

siniflandirma algoritmalarindan yararlaniimis ve en iyi
siniflandirma algoritmasina gore olusturulan model ara-
aligiyla yumurtalarin dollilik durumlari siniflandiriimistir.
Ayrica, dolli - dolstiz siniflarin olusturulmasinda en etkili
olan faktoriin varligi cesitli istatistiksel yontemlerle aras-
tinlmig ve karsilastirmali olarak incelenmistir.

MATERYAL ve METOT

Materyal

Arastirma materyalini Akdeniz Universitesi biinyesinde
barindirilan seleksiyon yapilmis bir hattan ve rastgele
ciftlestirilmis bir kontrol hattindan 3 farkli mevsimde
(Yaz, Kis ve Sonbahar) elde edilen 30’ar disi bildircindan
12 haftalik yasta bir hafta boyunca toplanan 1141 ku-
luckalik yumurta olusturmustur. Arastirmada dort kusak
boyunca 4. hafta yuksek canl agirigina gore fenotipik kitle
seleksiyonu yapilmis bir hat ve bunun paralelinde dort
kusak boyunca sansa bagl ciftlestirilen bir kontrol hattina
ait bildircinlar kullanilmistir. Seleksiyonda fenotiplere gore
en yuksek canli agirhda sahip disilerin %30'u, erkeklerin
%10'u damizhk olarak secilmistir. Seleksiyonla her iki hattin
nasil elde edildigine dair detayh bilgi Narinc ve Aksoy !
tarafindan bildirilmistir. Denemede (i mevsimde kullanilan
toplam 6 grupta erkek-disi orani 1:3 olup; damizliklar %20
ham protein, 2800 kcal/kg metabolik enerji iceren karma
yem ile beslenmistir ©. Bildircinlara yem ve su ad-libitum
olarak saglanmis, deneme siresince glinlik 16 saatlik
aydinlatma uygulanmistir. Bildircinlar iki farkl tip kafeste
barindirlmig ve yarisina 160 cm?/bildircin diger yarisina
da 240 cm?/bildircin yerlesim sikhgr saglanmistir. Haftalik
olarak toplanan yumurtalar kulucka makinesine konulmus
ve 18 gunliik kulucka sonrasinda yumurtalar dolli-délsiiz
olarak kayit edilmistir.

Metot

Veri madenciliginde verilerden bilgiye ulasmak igin
cesitli metotlar kullaniimaktadir. Bu metotlarda bircok
algoritmanin mevcut olmasindan dolayi hangisinin opti-
mum sonug verdigini bulmak amacl bir ¢cok calisma ya-
pilmistir. Yapilan bu calismalarin her birinde ise farkli so-
nuglar elde edilmistir. Bunun nedeninin ise kullanilan veri
kaynagdi, veriler Uzerinde yapilan donlsiimler, 6nisleme
ve algoritma parametrelerinin se¢ciminden kaynaklandigi
gOrulmistar ©,

Calismada kulucgkalik bildircin yumurtalarinda dollilik
durumunu belirlemek lizere Weka (Waikato Environment
for Knowledge Analysis) 3.4.5 surlimiinde yer alan sinif-
lama algoritmalarindan sirasiyla YSA, RBF Network, Naive
Bayes, KStar, ve Ridor algoritmalari kullaniimistir U9, Veriler,
oncelikle veri madenciligi stirecinde belirtilen islem basa-
maklarina gore analiz icin uygun hale getirilmistir. Verilerin
islenmesinden 6nce yapilan bu hazirlik asamasinda, on-
celikle analiz icin uygun veriler secilmis, yapilan uygun
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kodlama ile de bu verilerin 6n islemesi ve donustirul-
mesi saglanmistir. S6z konusu bu algoritmalar veri setine
sirastyla uygulanmis ve algoritmalarin dogruluk derece-
lerinin karsilastirilmasinda sirasiyla, Kappa istatistigi, Orta-
lama Mutlak Hata (OMH), Ortalama Hata Karekok (OHK),
Goreli Mutlak Hata (GMH) ve Goreli Hata Karekok (GHK)
degerleri kullanilmistir. S6z konusu esitlikler ve esitliklerde
yer alan terimler asagida verilmistir 1",

G. R.C.
K:PG_PB’ Pzzul ' P:; s
1-P, ¢ n b n>
; Y1 —yi‘
OMH = — ,
n
Z (yl _YE)
i= Vi
GMH(%) = -x100,

Ps ve Pg sirasiyla gozlenen ve beklenen olasiliklari,
Gy i-inci satir ve sutundaki gozlenen frekansi, R;: i-inci

satirdaki toplam frekansi, C; i-inci sttundaki toplam
frekansi ve N:Toplam gozlem sayisini, y: i-inci sinifin tah-
min dederi ve y; i-inci sinifin gercek degerini goster-
mektedir 113,

Weka programinda olusan siniflarin degerlendirilmesi
icin Ki kare test istatistigi kullanilmistir. Sonugclar frekans
ve ylzde olarak belirtilmistir. Ki kare istatistiginin hesap-
lanmasinda SPSS 15.0 programinda yararlanilmistir 14,

BULGULAR

Kulugkalik yumurtalarin dolliliuk (dolli-doélsiz) durum-
larini siniflandirmak amaciyla veri madenciligi algoritma-
larina gore olusturulan modellere ait Kappa istatistigi,
Ortalama Mutlak Hata (OMH), Ortalama Hata Karekok
(OHK), Goreli Mutlak Hata (GMH) ve Goreli Hata Karekok
(GHK) kriterlerinin degerleri Tablo 1'de verilmistir. Algorit-
malara gore yumurtalarin dollilik durumlarinin dogru
siniflandirma basari ylizde degerleri %85.71 ile %99.73
arasinda elde edilmistir (Sekil 1). S6z konusu modellerin
diger basari performanslarn karsilastirildiginda ise Ridor
algoritmasina gore olusturulan modelin ortalama mutlak
hata OMH: 0.002, OHK: 0.05, GMH: %1.07 ve GHK %14.50
degeri ile en dusik hata degerlerine sahip oldugu gorul-
mektedir (Tablo 1). Siniflandirma basarisi en iyi olarak

Tablo 1. Siniflandirma algoritmalari ve dogruluk oranlari
Table 1. Classification algorithms and accuracy rates

Dogruluk Olgiitleri Naive Bayes KSTAR YSA RBF Network Ridor
Dogru Olarak Siniflandirilan Ornek Sayisi 978 1045 1125 1039 1138
Yanlis Olarak Siniflandirilan Ornek Sayisi 163 96 16 102 3
Dogru Siniflandirilan Ornek % 85.71 91.58 98.59 91.06 99.73
Yanlis Siniflandirlan Ornek % 14.28 8.41 1.40 8.93 0.26
Kappa istatistigi 0.00 0.55 0.94 0.51 0.98
Ortalama Mutlak Hata (OMH) 0.22 0.12 0.02 0.15 0.002
Ortalama Hata Karekok (OHK) 0.33 0.21 0.11 0.26 0.05
Goreli Mutlak Hata (GMH) % 93.20 49.96 11.69 61.10 1.07
Goreli Hata Karekok (GHK) % 97.11 60.91 33.51 76.79 14.50
100 1 99,73
a5 -
g
[]
sekil 1. Veri madenciligi algoritmalarinin dogru siniflan-| | E
dirmadaki performanslari £ 90 1
4
Fig 1. The performances of selected algorithms of data| | 3
mining 85 -
80
Naive Bayes Kstar RBF Network YSA Ridor
Algoritmalar
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Dalsiiz

Genotip

Dalli

Seleksiyon hatty

Sekil 2. Ridor algoritmasina gére
her bir etki faktori icin dollulik
Yerlesim Sikh ozelligine ait dagihmlar

Fig 2. Distributions of fertility trait
according to the Rider algorithm
for each impact factor

160 em*/ildircin 240 em*ildiren

Tablo 2. Etki faktérlerine ait gézlem sayilar ve Ki kare test istatistigi
sonuglari (n, %)

Table 2. The number of observations of the impact factors and Chi-square
test statistic results (n, %)

Etki Faktorii fD‘(’;‘)‘ Df°('j/:‘)z T;”':f,/:')’“ De;eri

Mevsim
Kis 280 (%24.5) 48 (%4.2) 328 %28.7
Sonbahar 326 (%28.6) 22 (%1.9) 354 %30.5 FrE
Yaz 372 (%32.6) 93 (%8.2) 465 %40.8

Genotip
Kontrol 638 (%55.9) 90 (%7.9) %63.8 "
Seleksiyon 340 (%29.8) 73 (%6.4) %36.2

Yerlesim sikhgi
240 cm? 568 (%48.9) 66(%5.8) %54.7 "
160 cm? 410 (%36.8) 97 (%8.5) %45.7

**P:0.01; *** P<0.001

belirlenen bu algoritmaya goére olusan modelin Kappa
istatistigi 0.98 degeri ile uyum derecesi bakimindan ¢ok iyi
olarak tanimlanmaktadir.

Ridor algoritmasina gore yapilan analiz sonucunda
gercekte 978 adet yumurtanin dollilik durumu “var” ola-
rak dogru, 3 tanesi “yok” olarak hatali bir sekilde siniflan-
dirirken, 163 adet yumurta ise dollik durumu “yok” olarak
dogru bir sekilde siniflandirmistir. Buna goére toplamda 3
adet yumurtanin doéllilik durumu bu algoritma ile hatali
siniflandirmis, geriyekalan 1138taneyumurta%99.73 basa-
ri orani ile dogru siniflandirmistir (Tablo 1). Ridor siniflan-
dirma algoritmasina gore yumurtalarin doélli-délsuz ola-
rak siniflandiriimasinda etkili olan genotip, mevsim ve
yerlesim sikhgi faktorlerinin etkileri Weka programindan
yararlanilarak cizilen grafikler aracihigiyla incelenmis ve
Sekil 2’de sunulmustur. Her bir faktére gore cizilen gra-
fiklerde, mavi renkler ile gosterilen dollilik durumunun
kirmizi renk ile gosterilen dolsliz olanlara nazaran daha
fazla oldugu gorilmektedir. Ayrica bu renklerin her bir
mevsim (kis, yaz ve sonbahar), yerlesim sikligi (160-240
cm?/bildircin) ve genotip (kontrol-seleksiyon sirlisi) icinde
kiimelenmesi birbirinden farklilik géstermektedir (Sekil 2).
Veri madenciliginin Ridor algoritmasina gore elde edilen
bu grafiklerden yumurtalarin délli ve dolsiiz siniflardaki
frekans dagilimlan ki kare test istatistigi ile arastiriimis ve

sonuglar Tablo 2'de verilmistir. Arastirmaya konu olan ve
dollulik Uzerine etkileri arastirilan mevsim, genotip ve
yerlesim sikhidi gruplarina ait dollulik oranlari ise Sekil 3'te
sunulmustur.

TARTISMA ve SONUC

Arastirmada kuluckalik yumurtalarn dollilik ozelli-
gine gore (dolli-dolsiz) siniflandiriimast icin veri madenci-
liginde yer alan farkli algoritmalarindan yararlanilmis ve
dogru siniflandirmalarindaki ytizde basari oranlar karsi-
lastirmali olarak incelenmistir (Tablo 1). Yapilan karsilas-
tirma sonucunda Ridor algoritmasinin en az hata ile daha
basarili sonuclar Urettigi gortlmustir (Sekil 7). Bu algo-
ritmaya gore olusturulan model ile yapilan siniflandirma
sonucunda, farkli mevsim ve yerlesim sikliklarinda yetis-
tirilen iki hattan Japon bildircinlarina ait kuluckalk yu-
murtalarda dollilik orani %85.71 oldugu belirlenmistir
(Tablo 1).

Japon bildircini rasyonlarinda Yucca bitkisi tozu kulla-
niminin Greme performansina etkisini arastiran Ayasan '},
deneme gruplarinda déllilik oraninin %85.09 ve %85.42
oldugunu, gruplar arasinda anlaml bir farklilik olmadigini
bildirmistir. Ana yasi, baba yasi ve yumurta agirlik siniflarinin
dollultk oranini etkiledigini ortaya koyan Sari ve ark.!'?), s6z
konusu calismalarinda déllilik oraninin %85.32-93.72 ara-
lidinda oldugunu bildirmislerdir. Benzer bir calismada da ['”!
yumurta agirligi, depolama sicakhigr ve depolama siresi
faktorlerinin bildircin yumurtalarinda déllilik oranini
etkiledigi tespit edilmis ve dolluliik oranlarinin %73.28-
86.31 arasinda degerler aldigi bildirilmistir. Bu calismada
saptanan dollllik ortalamasi (%85.71), her li¢ calismanin
sonuclariyla uyumlu bulunurken, Japon bildircinlarinda
dolliluk ozelliginin arastinldig bircok calismada ['82% sap-
tanan degerlerle (%79.3-94.8) de uyumlu olmustur. .

Mevsim, genotip ve yerlesim sikliklarinda olusan dolli-
dolsizligun Ki kare analizi ile incelenmesi sonucunda ise
dolsiiz yumurta oranlarn bakimindan en yiiksek degerin
(%8.2) yaz mevsiminde meydana geldigi, bu mevsimde
elde edilen her 5 kulugkalik yumurtadan birinin dolsiiz
oldugu ortaya cikmistir (Tablo 2). Oysa, kis ve sonbahar
mevsimlerinde elde edilen kuluckalik yumurtalarda dolli-
IUk oranlari sirasiyla %85.36 ve %93.67 olarak tespit edil-
mistir (Sekil 3). Bu durum, Renaudeau ve ark.?" tarafindan
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bildirilen yiiksek yaz sicaklarinin ciftlik hayvanlarinin tGreme
yetenedi ve dolliluk ozelligi Gzerine olumsuz etkilere
sahip oldugu gorisini desteklemektedir. Bildircinlar kul-
lanilarak gerceklestirilen calismalar sonucunda yerlesim
sikliginin dollilik ozelligi Gizerinde etkili bir cevresel unsur
oldugunu bildirilmistir 22, Benzer bulgular bu arastirmada
da saptanmis, yerlesim sikliginin dolliluk 6zelligi Gzerinde
etkisi anlaml bulunmus (Tablo 2) ve genis bir yerlesim
sikligina (160 cm?/bildircin) sahip olan bildircinlarin yumur-
talarinda dollilik orant %89.59 olarak bulunurken, bildircin
basina 160 cm?alanda yetistirilen bildircinlarda bu oranin
%80.87'ye geriledigi ortaya konulmustur (Sekil 3). Anthony
ve ark.?® tarafindan gerceklestirilen arastirma sonuglarina
gore, Japon bildircinlarinda doérdiinci hafta canl agirhgini
arttirmak icin gerceklestirilen seleksiyon uygulamasinin
dollilik 6zelligi Uzerine negatif etkisi bulunmaktadir.
Benzer sonuca bu ¢alismada da rastlanmistir. Seleksiyon
ile canli agirhi@r artinlmis hattan elde edilen kulugkalik
yumurtalarda dollilik orani %82.32 olarak saptanmisg,
buna karsin herhangi bir seleksiyon uygulanmayan kontrol
surtsiinde ise ayni 0zellik %87.64 olarak bulunmustur.

Bu calismada mevsim, genotip ve yerlesim sikhgr fak-
torlerinin Japon bildircinlarindan elde edilen kulugkalk
yumurtalarda saptanan dolllik 6zelligine etkilerinin ol¢ul-
mesi icin bir veri madenciligi uygulamasi gerceklestirilmis-
tir. Bugline kadar ekonomi, sanayi ve saglik alaninda
yogun bir sekilde kullanilan, ancak tarim alaninda nadir
uygulamalari bulunan veri madenciliginin hayvancilik
alaninda toplanan verilerle de kolaylikla uygulanabilecegi
ortaya konulmustur. Ozellikle biiyiik veri setleri ile calisilan

hayvan islahi alaninda veri madenciligi uygulamalar ile
verinin islenmesi asamasinda oldukc¢a kolaylik saglana-
bilecegi dislintilmektedir.
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Abstract

Limbal epithelial stem cells are the source of regeneration of the corneal epithelium in normal and diseased conditions
and it is proven that they are located at the area known as limbus. Maintaining avascularity and clearity of the cornea is a crucial
role in homeostasis and integrity of the eye. This study focuses on cats and dogs limbal derived mesenchymal stem cells (LMSCs)
differentiation potentials into keratinocytes for developing a culture model for corneal diseases. Limbus-derived mesenchymal stem
cells were obtained from the limbus of terminated fetuses of the pregnant dogs (45 d) and cats (35 d). Explant cultures were allowed
to grow in the culture medium untill 3" passage. LMSCs differentiated into keratinocytes and allowed to grow into the decelularized
amniotic membrane (AM) until three layer formation is maintained. Characterization was carried out by transition of cells from all
three germ layers (osteogenic, chondrogenic and adipogenic). Histology and immunohistochemistry was carried out with cytokeratin
19 (CK 19) and pancytokeratin detected in the cornea. Three lineage differentiation and keratinocyte transformation was succesfully
maintained. Immunohistochemically LMSCs were confirmed for the cell surface markers and cells were positive for CD90, CD44 and
CD49 and negative for CD45 and CD11b\c. LMSCs are potentially the native cells of the cornea and reconstruction of the cornea with
these cells will have a better outcome.

Keywords: Cat, Dog, Cornea, Keratinocytes, Limbal mesencymal stem cell (LMSC)

Kedi ve Kopeklerde Limbal Kok Hiicrelerin Kiiltiirii ve
Keratinositlere Farklilastirilmasi

Ozet

Limbal epitel kok hiicrelerin limbus olarak bilinen bdlgede bulunduklari kanitlanmis olup normal ve hastalik durumlarinda
kornea epitelinin yenilenmesinden sorumludurlar. Korneanin damarsizliginin ve saydamliginin devami, géziin homeostazisinin ve
bitunliglnin korunmasinda 6nemli role sahiptir. Bu calismada kedi ve kdpeklerin korneal hastaliklarinin tedavisinde kulanilmak
lUzere keratinositlere farklilastirilan limbal kaynakli mezenkimal kok hicrelerin (LMSCs) farklilagsma potansiyelleri ve kiltir ozellikleri
Uzerinde durulmaktadir. Limbus kaynakl mezenkimal kok hiicreler gebe kdpek (45 gtin) ve kedilerin (35 gilin) istenmeyen gebeliklerinin
sonlandiriimasi ile elde edilen fotuslardan elde edilmistir. Eksplant kilturler, kaltlr ortaminda Uglincl pasaja kadar biyimeye
birakilmistir. Keratinositlere farkllastiriimis LMSCs deselliilerize amniyotik membran (AM) tizerinde ti¢ katman olusumu saglanana kadar
Uremeye birakilmistir. Hiicrelerin karakterizasyonu her lic germ tabakasina (osteojenik, kondrojenik ve adipojenik) hiicrelerin gegisi
ile saglanmistir. Histoloji ve immonohistokimyasal analizler gerceklestirilmis ve korneada sitokeratin 19 (CK 19) ile pansitokeratinin
pozitifligi gosterilmistir. Keratinositlere ve her (ic germ tabakasina donlisim basari ile gerceklestirilmistir. Immunohistokimyasal
olarak LMSC'ler hiicre ylizey isaretleyicileri tespit edilmis ve CD90, CD44 ve CD49 icin pozitiflik, CD45 ve CD11b\c icin ise negatiflikleri
belirlenmistir. LMSC'ler kornea dokusunun kendi hiicreleri olmasi sebebiyle, ileriki calismalarda bu hicreler kullanilarak kornea
onarimindan daha iyi sonuglar alinacag diistiniilmektedir.

Anahtar sozciikler: Kedi, Kbpek, Keratinosit, Kornea, Limbal mezenkimal kék hiicreler (LMSC)
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INTRODUCTION

Many eye diseases such as abnormal growth or
disorders of the corneal epithelium are observed in
veterinary ophthalmology. Among them, the most
common are corneal ulcers, neurotrophic ulcers,
feline corneal necrosis (FKN), keratoconjunctivitis sicca
(KCS), Uber-Reiters Syndrome, Feline herpesvirus type-1
(FHV-1) I,

The use of stem cells in veterinary medicine is limited.
Limbal stem cells found within the basal layer of the
limbal epithelium are responsible for continious renewing
the entire corneal epithelium and ensures the integrity
of the eye >4, The XYZ hypothesis clearly explains the
epithelial cell renewal in the eye. X (proliferation of basal
cells) + Y (proliferation and centripedal migration of limbal
cells) = Z (epithelial cell loss from the surface). Under
normal conditions the cells that are lost from the corneal
epithelium are renewed by epithelial cells derived from
the limbal stem cells. When limbus area is damaged, limbal
stem cell deficiency related disorders can be seen. These
are as follows; corneal ingrowth of conjunctival epithelium,
neovascularization, scarring, chronic inflammation,
pain and reduced vision 59, In cases of unilateral limbal
stem cell deficiency limbal autograft can be harvested
from the healthy eye. when limbal stem cell deficiency
is bilateral a limbal allograft from a living relative or
cadaver donor can be applied. Unfortunately corneal
allografts may couse some problems like patient
rejection of the graft or avalibility of the graft in the
time it is needed. As an alternative to limbal grafting
corneal stem cell theraphy or exvivo expanded limbal
epithelial cells can be used and these cells can preserve
the structural and functional integrity of the cornea.
The use of limbal stem cells in corneal defects are very
effective, although not yet available ®. The use of
limbal stem cells in the treatment of diseases by in vitro
cultivation is considered.

Compared to bone marrow derived stem cell limbal
mesenchymal stem cells are the native cells of the eye and
will ensure a better corneal healing when used in cornea.
Limbal mesenchymal stem cells differentiation into kerato-
cytes and use of these cells in the corneal diseases is
believed to show a better outcome.

The aim of this study is to focus limbal derived
mesenchymal stem cell culture characteristics and
optimization of the cell culture conditions and to show
their differentiation capacity into keratocytes in cats
and dogs. In this way, we are intending to treat primarily
corneal diseases and then stem cell deficiency related
diseases. In future therapeutic use of limbal-derived
mesenchymal cells is aimed to clinically diagnosed
corneal ulcer, Uber-Reiters syndrome, FKN, KCS and
FHV-1 patients.

MATERIAL and METHODS

Fetus samples were collected from the bitches of
both cats and dogs while termination of the unwanted
pregnancies during the ovariohysterectomy operation.
Samples were used with the permission of the Board
of Ethics in Animal Experiments of Ankara University
(20.01.2014/53184147-50.04.04/3800). Samples taken
from fetuses were transferred to the laboratory as fresh.
Transferred newborn dogs and cats eyes were placed
into the Dulbecco’s Modified Eagle’s Medium (DMEM)
(Lonza, Belgium).

Limbus region was determined and divided into small
pieces. The removed tissue was divided into segments. The
explants were performed by the method of cultivation,
and then seeded in T25 flasks and incubated at 37°C in
a humidified atmosphere 5% CO,.77% DMEM (Lonza,
Belgium), 20% fetal bovine serum (Lonza, Belgium) 2%
L-Glutamine (Lonza, Belgium) 1% Penicillin, streptomycin,
amphotericin (Biological Industries, Israel) composed
medium was added. Medium was replaced every 2-3 days
and nonadherent cells were discarded. At aproximately
70% confluence, adherent LSCs were passaged at split
ratio of 1:2 using 0.25% trypsin in PBS. The cells were
grown untill the 3 passage.

All placental samples were obtained under sterile
conditions after elective caesarean delivery from the same
bitches. To separate the amniotic membrane from the
whole placenta, the amniotic membrane was peeled off
from the chorionic membrane mechanically. Under sterile
conditions, the collected amniotic membranes were rinsed
with normal saline (0.9%) several times. Generally, amniotic
membrane (AM) composed of epithelial monolayer and an
avascular stroma. Under a laminar flow hood, the placenta
was first washed free of blood clots with sterile saline and
later in 4%, 8%, and 10% dimethylsulphoxide (DMSO)
and phosphate buffered saline (PBS) for 5 min each.
The membrane was then flattened onto a nitrocellulose
paper, with the epithelium/basement membrane surface
up. The amniotic membrane was then cut into 5-5 cm
pieces. Each of them was placed in a sterile vial containing
10% DMSO medium. The vials were frozen at -70°C.
The membrane was defrosted immediately before use
by warming the container to room temperature for 10
minutes, and rinsed three times in saline. Limbal derived
MSCs (grown into 3™ passage) growth medium was was
replaced by keratinocyte differention medium. Limbal
derived MSCs differentiation into keratinocytes were as
follows: medium change was carried out 3 days intervals
and the differentiation was maintained in 14 days the
differentiation was ended in total 21 days. Before seeding
onto the amniotic membrane the cells were stained
with Kodak invivo fluorescent stain to allow the folllow
of the cells in vivo by Kodak equipment. Initially the AM
was prapared then the cells were seeded and allowed to
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differentiate into keratinocytes. Keratinocyte seeding onto
the AM was carried out in six well plate and 5x10* cells
were seeded in total. The second layer of cells were seeded
onto the first layer and allowed to grow for 4-6 days with
2 days intervals medium change. The third layer of cells
were seeded onto the second layer and allowed to grow
for 4-6 days with 2 days interval medium change. This
three layer tissue formation maintained in 30 days and at
the end of 30 days the medium is replaced with formol
and fixed. Three layer of cells on the both side of the
membrane could be visualised and this sandwich structure
is embedded into parafine. The tissue block is stained with
hematoxylin-eosin and immunohistochemically surface
markers are visualised.

The LMSCs were seeded at a density of 5x10* cells\cm?
in six-well plates at P3 and differentiated into adipogenic,
chondrogenic or osteogenic differentiation medium for
21 days as previously described 7. The differentiation of
cells into the adipogenic, osteogenic, and chondrogenic
lineages was determined using different histological
staining techniques. Von Kossa staining demonstrated
deposition of minerals in osteogenic cultures. Adipogenic
differentiation was evaluated using Qil red O to reveal lipid
droplet accumulation in the cell cytoplasm and Alcian
blue (pH 2.5) staining was used to reveal chondrogenic
differentiation based on the production of a ground
substance matrix. Each passage was photographed and
in each passage in days 1, 3, and 6 photography was
documented as well. In all these staining methods, the
nuclei were counterstained with Mayer’s hematoxylin and
the stained cells were examined under a light microscope.

For cytokeratin 19 (CK19) and pancytokeratin staining,
frozen section tissue slides were fixed in cold methanol
for 30 min, followed by two PBS washes. After being
blocked in 5% skim milk at room temperature for 1 h, slides
were incubated with a mouse antibody against human/

mouse CK19 (1:500, Millipore, Billerica, MA, USA), followed
by incubation with DyLight 488-conjugated goat anti-
mouse IgG (1:500, Jackson ImmunoResearch Laboratories,
Inc. West Grove, PA, USA), or DyLight 594-conjugated
goat anti-rabbit IgG (1:500, Jackson ImmunoResearch
Laboratories, Inc.) at room temperature for 30 min. Nuclei
were then stained with hematoxylene eosin and samples
were assessed under a fluorescence microscope (Leica
Microsystem).

RESULTS

The third passage cat and dog LSCs were grown in T25
culture flasks and showed fibroblast-like morphology. At
the beginning of the culture period, dog cells showed
better proliferation than cat LSCs. But overall, throughout
the culture period, the confluence of the cells was similar
(10-12 days). By the end of the first week, both the cat
and dog LSCs displayed interconnection and monolayer
confluence was observed.

The cultured LMSCs typically showed colony forming
unit fibroblast CFU-U morphology both in cat and dog
cultures (Fig. 1). LMSCs were cultured in normal medium
and the expression of a panel of cell surface markers were
studied. Analysis of LMSCs cultured in normal medium
confirmed the cell surface markers for mesenchymal
stem cells. At P3 95% of cells were positive for CD90, CD44
and CD49 and negative for CD45 and CD11b\c.

The ability of LMCSs to differentiate into adipogenic,
osteogenic and chondrogenic lineages were assesed. It is
observed that LMSCs differentiated into all three lineages
when cultured in a normal medium. In adipogenic cultures
the Qil red O stained fat vacuoles were observed throughout
the culture (Fig. 2). Chondrogenesis was observed with
Alcian blue staining of glycosaminoglycans. Deep staining

Fig 1. The cultured LMSCs showing colony forming unit
fibroblast (CFU-U) morphology both in cat and dog cultures

Sekil 1. Kedi ve kopeklerde kiiltiire edilmis LMSC'lerde koloni
forming fibroblast (CFU-F) yapilarinin gézlenmesi
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Fig 2. Adipogenic differentiation with Oil red O stain showing
fat vacuoles throughout the culture

Sekil 2. Adipogenezin gostergesi olan Oil red O bayama ile
yag damlaciklarinin kiltlirde yaygin olarak gézlenmesi

Fig 3. Chondrogenic differentiation with Alcian Blue showing
glycosaminoglycans

Sekil 3. Kondrojenik farklilasmada glikozaminoglikanlarin
Alcian Blue ile boyanmasi

Fig 4. Osteogenic differentiation with Von kossa showing
calcium deposition in cultures

Sekil 4. Osteojenik farklilasmada kalsiyum birikimlerinin Von
Kossa ile boyanmasi
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Fig 5. The LMSCs differentiation into keratinocytes

Sekil 5. Limbal kaynakli mezenkimal kok hucrelerin kera-
tinositlere dontisima
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Fig 6. Positivity of CK19 and pancytokeratin bilaterally on amniotic
membrane

Sekil 6. CK 19 ve pansitokeratinin amniyotik membran tzerinde cift

tarafli pozitifligi

of chondrogenic nodules can be seen in cultures (Fig.
3). Osteogenic differentiation was shown by Von Kossa
staining of calcium deposition in cultures. Also individual
bone nodules can be seen in the cultures (Fig. 4).

The LMSCs were put through the procedure for
keratinocyte differentiation (Fig. 5) and subsequently
analysed by using flow cytometry for CK19 and pancyto-
keratin markers of progenitor and diffrentiated corneal

epithelium respectively. The high positivity of CK19 and
pancytokeratin was observed in both sides of the amniotic
membrane with a multilayer manner (Fig. 6).

DISCUSSION

The placenta is comprised three-layer structure of the
amnion, chorion and decidua. The roles of the placenta
are to provide nutrients and oxygen, which are essential
for fetal survival and development. The amnion is a thin,
nonvascular membrane, which has a two-layer structure:
an epithelial monolayer and a stromal layer . In particular,
the amnion is the sac that binds the fetus and constructs
the environment. The amniotic membrane has clinical
applications in covering wounds and burn lesions and
ocular surface reconstruction '%. Recently, canine stem
cells have been studied for use in cell therapy "2, However,
they have been confined to limited stem cell sources.
Most of the cells were isolated from canine adipose-
derived tissue, umbilical cord blood or bone marrow 312,
Therefore, limbal mesenchymal stem cells provided from
the fotal tissue seems to be a new cell source for corneal
reconstruction. Beyond this, these cells are the native cells
of the eye itself and it is thought that with the use of these
cells a better corneal healing and more transparent cornea
could be obtained.

Systemic transplantation of a high dose of MSCs
reduces induced inflammatory damage to the cornea
by secretion of TNF-a-stimulated gene/protein 6 with
minimal engraftment %, which shows that systemic
administration is not an efficient way to deliver stem cells
to the cornea, a physiologically avascular tissue. However,
the abundant paracrine effect of MSCs contributes to
inhibition of inflammation. It has been reported that BM-
MSCs expanded on an amniotic membrane can reconstruct
cornea by inhibiting inflammation and angiogenesis 7.
Alternatively, application of stem cells with the help of
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the amniotic membrane provides stem cells with direct
contact with the corneal epithelium and stroma on a
damaged cornea.

Wound healing is essential for tissue regeneration.
Corneal transparency determines visual acuity. Corneal
tissues are physiologically composed of the corneal
epithelium, stroma and endothelium. Clarity of the cornea
depends on an intact corneal epithelium, tight organisation
of epithelial cells, constant water content, and regular
arrangement of keratocytes and keratocyte produced
extracellular matrix in the stroma 829, For the future
applications, when LMSCs differentiated into keratinocytes
are applied to the corneal wound, it is believed that it will
reduce the time needed for healing of the corneal opacity.

In our previous study, we found that cell-cell
interactions between stem cells were crucial for cell
signalling 2, Recently, application of autologous MSCs
to the bottom of a corneal ulcer for a persistent sterile
corneal epithelial defect has been reported 22, The corneal
stroma is connective tissue maintained by keratocytes %3,
Administration of stem cells to the cornea with an epithelial
defect provides a diffuse distribution of cells in the stroma,
and which favors direct stem cells-keratocyte interactions.
Furthermore application of keratocytes with the help
of amniotic membrane will result with a better corneal
healing and transparent cornea. At the same time it will
reduce the time of these cells to turn into keratinocytes.

Initially it is believed that anti inflammatory effect of
stem cells will inhibit the cellular response and at a late
stage promotion of the differentiation of stem cells into
keratinocytes will have a high impact corneal transparency.
Disorders like corneal ulcers, neurotrophic ulcers, feline
corneal necrosis (FKN), keratoconjunctivitis sicca (KCS),
Uber-Reiters Syndrome, Feline herpesvirus type-1 (FHV-
1) associated disorders can be cured with cultured limbal
epithelial stem cells. Furthermore the fetal limbal stem
cell cultivation and differentiation into keratinocytes is a
simple and a reliable method of delivering stem cells to
cornea for corneal tissue regeneration. Once it is produced
it can safely and effectively be used in the same species
and also be stored for subsequent applications.
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Abstract

Mast cells are heterogeneous cell populations that play significant roles in many organs and systems and involve various
physiological processes. We aimed to evaluate mast cells in the ovine oviduct mucosa by means of their staining and ultrastructural
characteristics. The ovine oviduct samples of Akkaraman breed were collected from the slaughterhouse and they are categorized
as luteal and oestral phases. They were fixed either with 10% formalin or IFAA and stained with Toluidine blue and Alcian blue
and Safranin O (Ab/SO). Mast cells were located near blood vessels and basal membrane. Compared to 10% formalin fixed tissues,
the number of mast cells were higher in IFAA fixed tissues (P=0.003). Importantly all mast cells Ab(+) and SO(-) so that they were
categorized as mucosal type. The number of mast cells did not differ between luteal and oestral phases (P>0.05). However, there were
significant differences among different regions of the oviduct with a less count in the isthmus regions (P=0.006). Transmission electron
microscopy revealed that the oviduct mast cells contained two types of granules: an electron lucent, electron dense. Some electron
lucent granules contained an eccentrically located crystal-like structure. The significance of less mast cell counts in the isthmus and the
eccentrically located single crystal-like structure should be further investigated in future studies.

Keywords: Mast cell, Oviduct, Ovine, Sexual cycle, Electron microscopy

Ostral ve Luteal Donemlerdeki Koyunlarin Oviduktunda
Mast Hiicrelerinin incelenmesi

Ozet

Mast hicreleri bircok organ ve sistemdeki cesitli fizyolojik stireclerde énemli rolleri bulunan heterojen hiicre toplulugudur.
Bu calismada koyun ovidukt mukozasindaki mast hiicrelerini boyanma 6zellikleri ve ince yapi diizeyinde incelemeyi amacladik.
Mezbahanede kesim sirasinda ostral ve luteal donemleri Akkaraman koyunlarinin oviduct 6rnekleri alindi. Alinan 6rnekler %10 formol
ve IFAA ile tespit edilerek Toluidin blue ve Alcian blue-Safranin O (Ab/SO) ile boyandi. Mast hiicrelerinin, kan damarlarinin ve ovidukt
epitelinin bazal membranina yakin olarak yerlestigi gorlldu. IFAA ile tespit edilen dokulardaki mast hiicre sayisinin %10 formolle
tespit edilen dokulara gére daha fazla oldugu belirlendi (P=0.003). Dikkat cekici olarak mast hicrelerinin tamaminin Ab(+) ve SO(-)
oldugu goruldi. Luteal ve 6stral donemler arasinda mast hiicre sayisi yoniinden fark bulunamadi (P>0.05). Fakat ovidukt bolgeleri
arasinda istatistiksel olarak 6nemli fark vardi ve mast hiicre sayisi istmusta daha azdi (P=0.006). Elektron mikroskobik incelemelerde
mast hicrelerinin elektron acik ve elektron koyu olmak Uzere iki tip granil icerdigi ortaya konuldu. Bazi elektron acik grantllerde
eksantrik yerlesimli elektron koyu kristal benzeri bir yapinin varhgi gézlendi. istmusta mast hiicrelerinin daha az sayida gériilmesinin
ve granlllerdeki eksantrik yerlesimli kristal benzeri yapinin daha sonraki calismalarda arastirilmasi dSnemlidir.

Anahtar sozciikler: Mast hiicresi, Ovidukt, Koyun, Sekstiel siklus, Elektron mikroskop

INTRODUCTION

Mast cells are connective tissue cells that contain  exhibit strong metachromasia due to heparin and highly
numerous basophilic granules in the cytoplasm and sulfated proteoglycans present in their granules M.
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Taking origin from the bone marrow, mast cells circulate
in the blood stream without presence of granules and
subsequently migrate to connective tissue sites and then
differentiate to mature types that begin synthesis of
specific granules 2, Based on staining feature, size, and
location, mast cells are classified, especially in rodents, into
two groups: atypical mucosal mast cells (MMC) and typical
connective tissue cells (CTMC) Bl While MMCs are found
especially in the lamina propria of the gastrointestinal
(Gl) tract and respiratory canal, CTMCs are found in the
peritoneum, skin, and submucosa of the Gl tract . Mast
cells can also be classified based on protease contents of
the granules. The first type only contains tryptase such
that MMCs are categorized in this category. The second
type contains chymase carboxypeptidase and catepsin
in addition to tryptase such that CTMCs are categorized
in this category. The third type contains chymase and
carboxy peptidase ©. Such proteases directly affect tissues
in which they are located . Under influence of various
mediators released into vicinity of connective tissue,
mast cells can differentiate to each type, from MMC to
CTMC and CTMC to MMC ™,

Mast cells are commonly found in connective tissues
of the several organs and they play critical roles in
hypersensitivity reactions and bacterial inflammations .
In addition, mast cells have critical roles in angiogenesis,
inflammation and tissue regeneration .. Located near
vasculature, numerous mast cells are found in skin and
mucosa. In addition their critical roles in innate immunity,
they also have roles in required immune response &,
Among the mast cell granule contents are histamine and
heparin, which are known to induce vascularization and
endothelial cell proliferation ™.

In the reproductive tract, mast cells contribute to
cellular immune response and to formation of the anti-
bacterial barrier .. It is known that heparin is physiologically
important for sperm capasitation “.. It has been proclaimed
that histamine inhibits cytotoxic lymphocyte activity . In
turn, reproductive hormones estrogen and progesterone
can activate mast cells through receptors "". In response
to estrodiol, mast degranulate and release a variety of
bioactive substance. For instance, an in vitro study showed
that estrodiol increases histamine release from rat mast
cells 7, Histamine increases the capillary permeability in
the ovarium during ovulation. Increase in blood flow and
vascular leakage result in edema in the oviduct ['2,

Hormonal changes during sexual cycle may influence
mast cell metabolism as they respond to sexual hormones.
The mast cell involvement in physiology of the female
reproductive tract and hormonal influence on mast cells as
well as cascade of events following mast cell degranulation
are still of a scientific interest "'. The oviduct is an
important region of the reproductive tract for being the
fertilization sites. Mast cells are considered as important
components of the reproductive physiology as bioactive

molecules contained in granules directly involved in
several physiological events such as vasodilatation and
vasoconstrictions, which are very common during the
sexual cycle. In support to this notions, histamine and
5-hydroxytriptamine (5-HT), commonly found in mast
cells granules, are present in high concentration in the
rat oviduct "%, The sheep is an economically important
domestic animal and, thus, we aimed to investigate mast
cell distribution and ultrastructural characteristic of the
ovine mast cells present in the oviduct.

MATERIAL and METHODS

The oviduct samples were collected from the Kazan
Slaughterhouse. The ovine oviduct samples were collected
from 14 sheep of Akkaraman breed, 7 samples representing
oestral phase and 7 samples representing luteal phase of the
sexual cycle. The phase of the sexual cycle was determined
based on macroscopic evaluation of the ovarium "3 and
RIA ' test to determine progesterone concentration on
blood samples collected at slaughter.

For light microscopic evaluation, the oviduct samples
were further divided into three parts: fimbria, ampulla
and isthmus. Such subregions were divided into two
pieces and one piece was fixed in 10% formalin and the
other was fixed in isotonic formaldehyte acetic acid (IFAA).
Following routine histological procedure, all samples were
embedded in paraffin blocks Bl. From the paraffin blocks, 5
pum thick two consecutive sections were cut for Toluidine
blue and Safranin O staining. Such a double consecutive
sectioning was repeated with a 30 um interval for 10 times.
One section was stained with 0.5% Toluidine blue (pH 4)
prepared in Mc llvaine’s citric acid disodium phosphate
buffer and the other section was stained with Alcian blue/
Safranin O (Ab/SO) >, On a same slide, an IFAA fixed
and a 10% formalin fixed sample were placed and stained.
For staining positive control, the rat intestine and rat skin
were used for MMC and CTMC, respectively.

For Transmission Electron Microscopy, a modified
Karnovsky’s method was followed 178, Briefly, tissues
were pre-fixed in gluteraldehyte-paraformaldehyte (pH
7.4) for 24 h, washed in cocdylate buffered for 3 h, and
further fixed in 1% osmic acid for 2 h. Tissues were then
kept in 0.5% uranyl acetate for 2 h, in graded alcohol,
and propylene oxide and then embedded in Araldite
M. The 300-400 Angstrom thick sections cut from these
blocks were contrasted according to the Veneable and
Coggeshall " methods and evaluated using the Carl Zeiss
EM 9S-2 model transmission electron microscopy.

Mast cells in the lamina propria of the oviduct were
counted in the Toluidine blue stained sections according
to previously used methods '82%, Briefly, using an 100
-square ocular micrometer (eye piece graticule), mast cells
were counted in per unit at the 40x objective. For each
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section, 10 randomly selected areas were counted. Then
all counted data of per unit area were converted into the
number of mast cells in 1 mm? area.

Data processing was performed with the SPSS 15.0
(SPSS, Inc., Chicago, IL, USA). The normality of all data
was assessed by Shapiro-Wilk Test. To compare the IFAA
fixation with formol fixation, Mann Whitney U Test was
used. The difference between oestral and luteal phase
within the same oviduct region were assessed with either
Mann Whitney U Test or Student T-test. The numerical
distribution (mm?) of mast cells with %10 formol fixation
in the various regions of the oviduct during the luteal and
oestral phases was evaluated by Kruskall-Wallis analysis
of variance. Post hoc comparisons were performed using
Mann-Whitney U test with Bonferroni corrected. Other
parameters were analyzed by One-way analysis of variance
(ANOVA). When the F values were significant, Duncan’s

-
iy
-

-

Multiple Range Test was performed. P values less than 0.05
were considered as significant for all statistical calculations;
however, in Mann Whitney U test with Bonferroni corrected,
P value less than 0.016 was considered as significant.

RESULTS

Mast cells were generally localized to vessel surroundings
and near the basal membrane (Fig. 1A). Mast cells in
Toluidine blue stained sections were observed oval in shape
with metachromatically stained cytoplasmic granules and
easily distinguishable nucleus (Fig. 1B). Metachromasia
was more prominent in the IFAA fixed tissues.

Mast cells were present in various tunics of the
oviduct; however, we only counted those in the lamina
propria. In general, IFAA fixed oviduct samples exhibited
a higher number of mast cells compared to formalin
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Fig 1. Light microscopic views of the ovine oviduct mast cells. A- Mast cells (arrow heads) are located around capillaries (c) and
near the basal membrane (bm) as exemplifies in this ampulla region, B- Ovine oviduct mast cells (arrows) in higher magnification
obtained in the fimbria, C- In the isthmus, the number of mast cells (arrows) is limited, but well illustrated in IFAA fixed samples,
D- As exemplified this section of the fimbria, all oviduct mast cells in alcian blue/safranin O staining (Ab/SO) are Ab(+) and SO(-)
A: oestral phase, IFAA fixation, B: luteal phase, 10% formalin, C: oestral phase, IFAA fixation, and D: oestral and 10% formalin
fixation. Toluidine blue staining (A, B and C) and Alcian blue/Safranin O staining (D). Bar=120 um in A and C, 40 um in B and 160

Sekil 1. Koyun ovidukt mast hicrelerinin 1sik mikroskopik goriinttisti. A- Mast hicreleri (ok baslari) kapillerlerin ¢cevresinde (c)
ve bazal membran (bm) yakinlarinda gorildd, ampulla, B- Koyun ovidukt mast hticrelerinin (oklar) daha yiiksek biyutmedeki
goriintiisi, fimbriya, C- Istmusta mast hiicre sayisi (ok/ar) sinirliydi, ancak IFAA ile tespit edilen dokularda daha iyi belirlendiler, D-
Resimdeki fimbriya bolgesinde gorildigu gibi tiim ovidukt mast hiicreleri Ab(+) ve SO (-) boyandi. A: 6stral donem, IFAA tespiti,
B: luteal donem, %10 formol tespiti, C: 6stral donem, IFAA tespiti, D: 6stral donem, %10 formol tespiti. Toluidine blue boyamasi
(A, B ve C) and Alcian blue/Safranin O boyamasi (D). Bar A ve C'de 120 um, B'de 40um ve D'de 160 um
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fixed oviduct samples, both in oestral and luteal phase
(P=0.003) (Table 1). No statistically significant difference
was detected between oestral and luteal phase within
the same oviduct regions and same fixative (P>0.05). The
number of mast cells per counted area in different regions
of the oviduct for luteal and oestral phases was presented
in Table 2 and Table 3.

In formalin fixed samples (Table 2), there were
significant differences among different regions of the
oviduct both luteal and estral phases (P=0.006). The
isthmus has significantly less mast cell counts compared
to the other regions (Fig. 1C). The ampulla tends to have a
higher number of mast cells compared to the fimbria, but
difference is not significant (P>0.05).

Table 1. The numerical distribution (mm?) of mast cells in the ovine oviduct segments during sexual cycle (oestral and luteal
phases): comparison of IFAA and 10% formalin fixation

Tablo 1. Sekstiel siklusta (6stral ve luteal dénem) ovidukt béliimlerindeki (mm?) mast hiicrelerinin sayisal dagilimi: IFAA ve %10

formolde karsilastiriimasi

Parameter IFAA Fixation

10% Formol Fixation P value

Relative number of mast cells 88+9.11"

50.67+6.47 0.003

The data were expressed as mean + standart error. * There was a significantly difference between the groups within the same row

Table 2. The numerical distribution (mm?) of mast cells in the various regions of 10% formol fixed ovine oviduct samples collected

during the luteal and oestral phases

Tablo 2. %10 formalinle tespit edilmis 6stral ve luteal dénemlerdeki koyun ovidukt drneklerinin farkli bélgelerindeki (mm?) mast
hiicrelerinin sayisal dagilimi

Phase of the Oestrous Cycle n Ampulla Isthmus Fimbria P value
Luteal phase 7 82.29+11.80° 11.43+2.95° 61.71£15.782 0.006
Oestral phase 7 82.29+15.392 11.43£11.43 54.86+9.14° 0.006

different superscripts letters (“:°) are significantly different

Data were analyzed with Kruskal Wallis test. Data were given as mean + standard error. Mean values within the same row with

Table 3. The numerical distribution (mm?) of mast cells in the various regions of IFAA fixed ovine oviduct samples collected during
the luteal and estral phases

Tablo 3. IFAA ile tespit edilmis Ostral ve luteal donemlerdeki koyun ovidukt 6rneklerinin farkli bélgelerindeki (mm?) mast hiicresinin

sayisal dagihmi

Phase of the Oestrous Cycle n Ampulla Isthmus Fimbria P value
Luteal phase 7 134.86+24.90* 29.71+£6.47° 105.14+18.76* 0.002
Oestral phase 7 102.86+21.48 57.14+19.08 98.29+19.26 NS

The data were analyzed with One way ANOVA. Data were given as mean tstandart error. Mean values within the same row with
different superscript letters (“*) are significantly different, NS: Not significant

Fig 2. Transmission electron microscopic features of the ovine oviduct mast cells. A- Mast cells have an electron dense (1) and an
electron lucent (2) granules. Some electron lucent granules have an eccentrically located crystal-like structure (3). B- The higher
magnification of the mast cell granules. Luteal phase, isthmus (A,B)

Sekil 2. Koyun ovidukt mast hiicrelerinin elektron mikroskobik 6zellikleri. A- Mast hticreleri elektron koyu (1) ve elektron acik
(2) grandller icermektedir. Bazi elektron acik grantller eksantrik yerlesimli kristal benzeri yapi tasimaktadir (3). B- Mast hiicre
granillerinin daha yiiksek biytutmedeki goriintiisii. Luteal dénem, istmus (A,B)
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In IFAA fixed samples (Table 3), there were significant
differences among different regions of the oviduct during
the luteal phase (P=0.002). Similar to formalin fixed tissues
of the luteal phase, the isthmus has significantly less
mast cell counts compared to the other regions and the
ampulla tends to have a higher number of mast cells
compared to the fimbria, but difference is not significant
(P>0.05). On the other hand, the regional differences
during oestral phase was insignificant although the
isthmus considerably less mast cell counts (P>0.05).

In Ab/SO stained tissues, mast cells Ab(+) and SO(-) in
all regions of the oviduct in both oestral and luteal phase
samples (Fig. 1C).

In transmission electron microscopic evaluation, the
oviduct mast cells exhibited two types of cytoplasmic
membrane bound granules: electron dense, electron
lucent granules (Fig. 2A,2B). Some electron lucent granules
had an eccentrically located crystal structure (Fig. 2A,2B).

DISCUSSION

Mast cells execute numerous biological activities
due to a wide range of bioactive molecules they contain
in granules ¥, Mast cells with different types of granules
may locate in different regions of the body. Based on
their fixation and histochemical staining characteristics,
mast cells were classified especially in rodents into two
categories: MMC and CTMC B!, The MMC granules contain
chondroitin sulfate and little histamine contents; on
the other hand, the CTMC granules contain heparin and
higher amount of histamine content. MMCs are resistant
to metachromatic staining when fixed in formalin based
fixatives *2'. They can better preserve staining features
in Carnoy’s fixatives and fixatives containing acetic acid
and low concentrated formalin and they are best stained
with cationic dyes . Due to formalin sensitivity of MMCs,
Toluidine blue can stain well both MMCs and CTMCs in
IFAA fixed tissues Bl Mast cells studies conducted on
the bovine uterus ?Z and canine skin ! indicated that
the mast cell counts in IFAA fixed tissues were higher.
Similarly, the results the present study indicated that
the IFAA fixed ovine oviduct of Akkaraman breed had a
higher number of mast cells per counter area in all regions.
Thus, we also think that ovine mast cells exhibited some
sensitivity to formalin. In the present study, we presumed
that both types of mast cells (MMC and CTMC) were stained
with toluidin blue in IFAA fixed ovine oviduct tissues. How-
ever, in AB/Safranin O staining, another staining technique
used in differentiation between MMC and CTMC "¢, we
did not find any evidence regarding CTMC presence as
all samples were Safranin O negative. It has been used to
observe mast cell heterogeneity in various species. For
instance, in bovine oviduct and ovarium 824 and uterus ??
mast cells in AB/Safranin O staining were AB(+) and SO(-).
Similarly, the AB/SO combined technique to determine

mast cell heterogeneity in the goat reproductive tract
resulted in AB(+) and SO(-) .. Mast cells in the ovine
respiratory system were AB(+) reactive 9. In the present
study, mast cells in the ovine oviduct were determined
as AB(+) and SO(-). Such staining characteristics in the
present study indicate that mast cells in the ovine oviduct
are MMCs and CTMCs are either absent or limited in
number. Furthermore, the ovine oviduct was similar to
the bovine and caprine reproductive systems by means
of mast cell staining feature. In the mean time, one
should not forget that each mast cell type interchanges
phenotypically to another type ™. In our study, IFAA fixation
did not affect AB/SO staining as all mast cells in formalin
and IFAA fixed tissues were AB(+) and SO(-).

The oviduct is an import part of the genital tract
as it is the place for fertilization and fosters embryo
during embryogenesis ). As reported by two previous
studies %24 the number of mast cells increases in the
bovine oviduct mucosa especially in the isthmus during
the luteal phase of the cycle. On the other hand, the
number of mast cells increases in the bovine ovarium
during the oestral phase compared to luteal phase '8,
Another study 2 reported that the number of mast cells
in the cow endometrium increased during the luteal
phase of the cycle. In the present study, the number mast
cells in the lamina propria of the ovine oviduct did not
change significantly between luteal and oestral phases
of the cycle. However, there were significant differences
among the oviduct regions. The isthmus had a less
number of mast cell counts. As the isthmus serves as a
sperm reservoir prior to fertilization, the significance of
less mast cell counts in the isthmus should be investigated
with respect to sperm deposition and microphysiology
of the region.

Electron microscopic studies revealed that mast cells
in the bovine endometrium #2, oviduct *¥ and ovarium "¢
contain two types of granules, one of which contains
thin particular granules and the other one contains
homogenous granules. Similar types of granules have
been reported in mast cells found in the ovine respiratory
system 29, In addition to these two types, a third type has
been defined, an intermediate type, between the former
two types by means of electron density ?¢. We classified
the ovine oviduct mast cell granules into two categories:
an electron dense and electron lucent. Notably, an
eccentrically located electron dense crystal-like structure
with well define edges was located in some of the electron
lucent granules. It is known that the electron density and
physical characteristics of the granule contents of mast
cells granules is related to biochemical properties of mast
cell granules, in which a number of bioactive molecules
are entrapped 9, Crystals with different shapes have been
reported on human mast cells 28, The significance of the
eccentrically located crystal-like structure in the ovine
mucosal mast cells should be further investigated.
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In conclusion, mast cells in the lamina propria of the
oviduct are classified as MMCs since they are AB(+) and
SO(-). They are generally located near blood vessels.
Mast cells are also found near the basal membrane. The
number of mast cells in the lamina propria of the oviduct is
not different between luteal and oestral phases. However,
there are significant differences among different regions
of the oviduct with a less count in the isthmus regions,
significance of which should be investigated. The oviduct
mast cells contain two types of granules: an electron
lucent, electron dense. Some electron lucent granules
contain an eccentrically located crystal-like structure.
Such crystal-like structure should be further investigated
for their content and biological significance.
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Abstract

In this study, concentrations of cardiac troponins (cTnl and cTnT) and using a cassette kit which is a qualitative assay were used
to investigate the diagnosis of myocardial damages due to different diseases in dogs. Study groups were composed of dogs with
distemper infection (DI) (Group |, n=8), parvoviral infection (PVI) (Group Il, n=18) and dilated cardiomyopathy (DCM) (Group IlI, n=18).
Healthy dogs were included for each group as control. Levels of troponins (cTnl, cTnT) were determined by commercially available
ELISA kits and cassette kits were used for qualitative assays. The mean concentrations of cTnlin Groups |, Il and Ill were 2.26+0.41 ng/ml,
2.41+0.98 ng/ml and 5.076+1.32 ng/ml, respectively. Positive cTnl and cTnT expressions were determined in groups as 5/8 (62.5%) and
4/8 (50%) in group |; 5/18 (27.7%) and 5/18 (27.7%) in group Il and 13/18 (72.2%) and 6/18 (33.3%) in group llI, respectively. In healthy
control dogs, cTnl and cTnT were determined to be negative. The cTnl concentrations were more reliable cardiac marker in dogs with
cardiomyopathy. Moreover, cTnl and cTnT casette kits used in this study may be valuable diagnostic tools to diagnose the myocardial
damage in dogs with DI, PVl and DCM for the small animal practioners.

Keywords: Cardiac troponin, Cardiomyopathy, Distemper, Parvoviral infection, Dog

Dilate Kardiyomiyopati, Distemper ya da Parvoviral infeksiyonlu
Kopeklerde Kardiyak Troponinin Hizh Analizi

Ozet

Bu calismada, kopeklerdeki farkli hastaliklara bagli miyokardial dejenerasyonlarin teshisinde kardiyak troponin (cTnl, cTnT)
konsantrasyonlari ve kalitatif analiz yapan kaset kitlerinin kullanimi arastirildi. Calisma gruplari distemper enfeksiyonlu (DE) (Group
I, n=8), parvoviral enfeksiyonlu (PVE) (Group Il, n=18) ve dilate kardiyomiyopatili (Group lll, n=18) kdpeklerden olusturuldu. Her bir
grubun kontroli icin saglikli kdpekler calismaya dahil edildi. Ticari ELISA kitleri ile troponin (cTnl, cTnT) diizeyleri belirlendi ve kalitatif
analizler icin kaset kitler kullanildi. Grup |, Il ve lll'de ortalama cTnl diizeyleri sirasiyla 2.26+0.41 ng/ml, 2.41+0.98 ng/ml ve 5.076+1.32
ng/ml idi. Pozitif cTnl ve cTnT varligi da sirasiyla grup I'de 5/8 (62.5%) ve 4/8 (50%); grup II'de 5/18 (27.7%) ve 5/18 (27.7%), ve grup
lII'te 13/18 (72.2%) ve 6/18 (33.3%) olarak belirlendi. Saglikli kontrol kdpeklerinde cTnl ve cTnT testlerinin negatif oldugu belirlendi.
Kardiyomiyopatili kdpeklerde kalp biyobelirtegleri daha glivenilirdi. Ayrica cTnl ve cTnT kaset kitlerinin kiiclik hayvan pratisyenleri icin;
DE, PVE ve kardiyomiyopatili kopeklerde miyokarditisi belirlemek icin faydali bir teshis araci olabilecedi belirlendi.

Anahtar sozciikler: Kardiyak troponin, Kardiyomiyopati, Distemper, Parvoviral enfeksiyon, Képek

INTRODUCTION

Cardiovascular diseases in dogs are commonly cardiac arrhythmias and myocardiopathies are among
encountered by pet veterinarians. Cardiac valve diseases, the most common causes of heart failure in dogs ™.
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>4 aonmaz@yahoo.co.uk


http://vetdergi.kafkas.edu.tr/

922
The Rapid Analyses of Cardiac ...

Damage of the myocardium for a variety of reasons
such as infections, toxications, nutritional deficiencies
and idiopathic disorders also occurs in dogs. One of the
mechanisms of damage of the myocardium is acute
inflammation in the myocardial wall due to thrombo-
embolic diseases caused by bacterial, viral or other
parasitic microorganisms 2, Myocardial damage may also
occur due to bacteremia, sepsis, pericarditis or endo-
carditis. It is difficult to determine the presence of acute
myocardial damage and in many occasions it can not
be diagnosed '3,

Myocardium damage may be classified according
to etiopathogenesis '3, Setahemolytic Streptococcus,
Staphylococcus, Neosporacaninum, Distemper, Parvovirus,
Dirofilaria imminitis, micotic factors, various drugs
(Adriamycin, Isoprenalin) and tumors can cause myo-
cardial damages in dogs 2. Physical examination, electro-
cardiography, echocardiography and analysis of serum
biochemical parameters are important in the clinical
evaluation of myocardial diseases in dogs. The levels of
myoglobin, creatin kinase - myocardial band (CK-MB),
lactate dehydrogenase (LDH) and aspartat amino-
transferase (AST) enzyme activities are commonly used
in the diagnosis of myocardial diseases. The levels of
these biomarkers can be used alone or together with to
evaluate patients with cardiac injury and they are the
most important indicators of cardiac cell death or necrosis
in humans or animals .

Cardiac troponins (cTn) can also be important
indicators of myocardial damage since they leak out of
the myocardial cells under inflammatory conditions 7.,
The troponin complex consists of a group of proteins.
There are three different types of troponins and they are
classified according to their functions: cardiac troponin
| (cTnl), cardiac troponin T (cTnT) and cardiac troponin C
(cTnC). Troponin is important in mediating the interaction
between actin and myosin in the sarcomere. When there
is a damage of the myocardium, the levels of these
enzymes increase in the circulation. As a result of acute
myocardial syndrome and necrosis, cTnT and cTnl are
released into circulation &, The kits and assays that used
to detect the levels of the troponins in humans have
also been used in dogs " In recent publications, the
concentration of cTnl has been investigated in different
canine cardiovascular diseases, including congenital cardiac
diseases '>'%13 acquired cardiac heart diseases such
as arrhythmogenic right ventricular dysplasia ', peri-
cardial effusion '*'7'8 cardiac contusion ™, experimental
infarction 2%, cardiovascular injury, pacing, cardiotoxic drugs
with positive and inotropic effects 2" neoplasia ?? dogs
with dilated cardiomyopathy 3 and parvoviral enteritis 4.
A previous study also showed to use cTnl to evaluate the
efficacy of antiarrhythmia treatment in dogs °!,

However, to the best of our knowledge, the clinical use
of troponin cassette kits and cTnT concentration values

have not been established in dogs with distemper and
parvovirus infections.

In this preliminary study, our goal was to determine the
expression of cTnl and cTnT by using qualitative immune
chromatographic cassette kits and to measure the serum
concentrations of cTnl and cTnT by quantitative ELISA
methods in dogs with dilated cardiomyopathy (DCM),
parvovirus infection (PVI) and distemper. With the aim of
diagnosis of myocardial injury in clinical practice, accuracy
of quick cTn kits was investigated. In addition, we wished
to determine the advantages and disadvantages of using
either cTnT or cTnl to determine myocardial injury in dogs
with cardiomyopathy.

MATERIAL and METHODS

Animals

The study group consisted of dogs of various ages and
breeds that had different cardiac disorders with cardiac
and/or non-cardiac causes. Dogs with DCM, Distemper
and PVI were provided from the clinic of the Faculty of
Veterinary Medicine of Erciyes University between 2007
and 2009. These dogs were grouped according to their
diagnosis as follows: Dogs with Distemper infection (Group
I, n=8), dogs with Parvoviral infection (Group Il, n=18) and
dogs with Dilated Cardiomyopathy (Group I, n=18). The
control group consisted of healthy mixed breed dogs (40
male, 29 female) from the Kayseri Municipal dog shelter.
The control group was divided into 4 groups according
to age: 1-6 months (n=17), 6-12 months (n= 10), 1-5 years
(n=21) and 5-10 years (n= 21). The general appearance,
hair coat, lymph nodes, mucosa (mouth, conjunctive,
vaginal), body temperature, heart rate, respiratory rate
were examined. Regular clinical examinations of all systems
were performed. To determine presence of parvovirus and
distemper infections, canine parvovirus casette test kit
10 (Orgenics, Israel) and canine distemper casette test kit
(Orgenics, Israel) were utilized.

Cardiac Examinations and Sample Collection

Rightlaterolateral (L/L) dorsoventral (D/V) radiographs,
and echocardiographic and electrocardiographic (ECG)
records were taken from dogs with cardiologic disorders.
Referance values were assessed by the animal’s body
weight. Cases of DCM also have been identified as outside
of FS 25-40%. In dogs with distemper or PVI only ECG
findings were recorded.

P and T waves amplitudes, duration of P, T and QRS
complex, PQ and QT interval were determined on the
ECG recording. Transmission gel applied by shaving the
hairs on the 4*-6'" intercostal area for echocardiographic
examinations. The contraction of the heart muscle and
valves were evaluated with 2-D echocardiography. The
interventricular septum thickness (IVS) left ventricular
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diameter (LVD), left ventricular posterior wall thickness
(LVW) and LA/Ao ratio were measured by M-mode
echocardiography in systolic and diastolic phases
separately. From these values, The fractional shortening
(FS%) and the ejection fractions (EF%) were calculated
automatically.

Blood samples (2 mL) were collected into a tube
containing heparin for the troponin cassette test. Four
mL of blood was also collected in tubes without anti-
coagulants for the biochemical analyses. To obtain serum
samples, blood samples were centrifuged at 3.000 rpm for
15 min. In addition, 2 mL of blood samples were collected
in EDTA containing vacuum tubes for hematological
examination.

The Results of cTnl and cTnT Cassette Tests, cTnl
and cTnT Concentrations and Selected
Biochemical Parameters

In order to determine the presence of heart-derived
troponin | (cTnl) in the blood of the dogs, Card-l kit
Combo test kits (BioMarket, Finland) were used. For
determination of troponin-T (cTnT) in the blood Trop-T
Sensitive Rapid Assay (Roche, Germany) were employed.
Clinical examination, echocardiography, radiography
and ECG tests on the dogs were all done on the same
day and all results were recorded. The concentration of
cardiac Tnl was determined using an ELISA reader (Bio-
Tek ELX 50; USA). cTnl analysis was performed using a
commercial ELISA kit containing 96-well plates which
were coated with a monoclonal antibody according
to manufacturer’s recommended protocol (Multiscan
Spectrum Thermo, Finlandiya). Quantitative assessment
of cardiac TnT was done at the Kayseri Research and
Teaching Hospital Emergency laboratory using Troponin T
Stat Elecsys 04660307 (Lot No: 15263501, Roche) kits with
an electrochemiluminescence immunoassay technique
using a Cobas e 411 device. Some selected biochemical
parameters such as; aspartate transaminase (AST), lactate

dehydrogenase (LDH) and creatinine kinase (CK), were
measured with spectrophotometric commercial kits
(Biolabo, France) in serum samples.

Statistical Analysis

Statistical analysis was performed using One-way
ANOVA followed by Dunnett’s t-test for comparison
the patient and control groups and a Tukey test was
used to compare cTn positive and negatives within the
groups. Statistical significance was considered to be
P<0.05. The results are expressed as means + standard
deviations (SD).

RESULTS

Findings of Serum Biochemical Analysis

Apart from CK, LDH and AST no other significant
changes in biochemical parameters were detected (Table 1).
Particularly in group llI, the mean CK and LDH parameters
were found to be increased statistically significantly
compare to other groups. Based on this, the CK and LDH
activities in cTn | positive dogs were significantly higher
when compared to both the cTn negative dogs and the
control group (P<0.001). The mean AST activity in the cTn
positive group was also found to be significantly higher
than the cTn negative and control groups (P<0.001).

Cardiologic Findings in Group I and Il

The elongation of the R wave length, the expansion of
the T wave amplitude, P-wave amplitude, sinus tachycardia
and sinus arrhythmia findings were determined in ECG
examinations in group I. Sinus Tachycardia, arrhythmia
and P wave abnormalities were also observed in dogs with
Parvovirus infection.

Cardiologic Findings in Group Il
In right L/L and D/V radiographs of dogs with DCM,

Table 1. Mean levels of selected biochemical parameters in cardiac Troponin kit positive and negative dogs. Results are present as mean=SD

Tablo 1. Gruplarda kardiyak Troponin kit negatif ve pozitif olan képeklerin diger biyokimyasal bulgulan. Sonuglar ortalama=SD olarak verildi

Groups Casette Kit Result LDH (IU/L) CK (IU/L) AST (IU/L)
Tn (+) n=5 21.87£11.50 27.21£12.12 4.33+3.99°
Group | |
C:f:rso 28.51+13.33 30.88+10.97 0.55+031"
Tn (+) n=5 44.96+17.35 22.635+7.95 2.11£1.20°¢
Group Il = I
;’fﬁrz" 38.72+18.89 22.61£15.31 0.70+0.58 ¢
Tn (+) n=13 89.94+27.58 2 500.02+125.14° 21.05+1.21¢
Group Il
P C::‘Zrzc" 35.78+41.30° 27.76£7.90° 0.84+0.95
Different letters in the same column represent statistical difference. P value is P<0.001
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generalized or ventricular expansion of the heart, dorsal
deviation of the trachea, steepen of the posterior border,
loss of details in the thorax, pleural effusion, and diffuse
radiopacity in the thorax were observed (n=18). In dogs
with right heart dilatation (6 dogs); pouch formations on
the dorsal posterior border of myocardium and pulmonary
venous congestion were observed. Arrhythmia and LA/Ao
ratio were >2 in M-mode graphs in all dogs. In the right

(62.5%) and 4/8 (50%) in group I; 5/18 (27.7%) and 5/18
(27.7%) in group Il and 13/18 (72.2%) and 6/18 (33.3%) in
group lll, respectively (Table 3). In healthy control dogs,
cTnl and ¢TnT were negative. Cardiac troponins were
determined within 30 min after admission to the clinic of
Internal Medicine. cTn kits results with the number of cTn
positive animals are given in the Table 1. Pictures of cTn
kits used in the study are shown in Fig. 1, 2, and 3.

Table 2. Mean cardiac Troponin | and Troponin T concentrations in dogs with distemper infection (group I), parvovirus infection (group ) and dilated

cardiomyopathy (group lll). Results are present as mean+SD

Tablo 2. Distemper, Parvoviral enfeksiyonlu ve dilate kardiyomyopatili kbpeklerde ortalama kardiyak Troponin | ve Troponin T konsantrasyonlari. Sonuglar
ortalama=SD olarak verildi

Groups Casette Kit Results ;lr:al:gi{gg 3:::91{23
Tn(+) n=5 2.26+0.41° 0.15+0.24
Group | Control n=15 0.27+0.13° 0.01+0.00
P value 0.025 NS
Tn(+) n=5 241+£0.98° 0.01+0.00
Group Il Control n=12 0.09+0.03 ® 0.01+0.00
P value 0.001 NS
Tn(+)n=13 5.076+1.32° 0.08+0.06
Group Il Control n=42 0.18+0.09° 0.01+0.00
P value 0.001 NS
P value was determined between cTn (+) and cTn (-), and was set at P<0.05. Different letters (a, b, c) in each group show statistical difference. NS, not
significant

parasternal short axis view of the interventricular septum
(IVS) and posterior wall (PW), the reduction in the wall
thickness, increase in values of left ventricular space
(LVID) were observed in echocardiography in all dogs of
group lll.

Doppler echocardiographic examinations determined
in sufficiency of mitral and tricuspid valves with varying
degrees. In addition, above 2 mm pericardial fluid was
observed in the 2-D ultrasound in 8 dogs.

Results of cTnl and cTnT Measurements

The cTnl and cTnT concentrations of cTn positive animals
in each group are given in Table 2. In all three groups,
the cTnl concentrations were found to be statistically
significantly higher in the cTn positive cases than in the
cTnl negative cases and the control group. The mean cTnT
concentrations were not statistically significantly different
in all groups. Mean concentrations of cTnT positive cases
were higher than those of cTnl negative cases in the group |
and Il but were not statistically significant.

Results of cTn Casette Tests

A total of 44 sick dogs admitted to the clinics of
Veterinary Hospital between 2007 and 2009 and diagnosed
as Distemper infection, Parvovirus infection and dilated
cardiomyopathy were included in this study. Positive cTnl
and cTnT expressions were determined in groups as 5/8

Table 3. Cardiac Troponin cassette kit findings in dogs with distemper
infection (group ), parvovirus infection (group Il) and dilated
cardiomyopathy (group Il)

Tablo 3. Distemper (group ), Parvoviral enfeksiyonlu (grup II) ve dilate
kardiyomiyopatili (grup ll) képeklerde kardiyak troponin kaset kit
bulgulari

cTnl cTnT
Groups n
+ (%) - + (%) -

Group | 8 5(62.5) 3 4(50) 4

Group |l 18 5(27.7) 13 5(27.7) 13

Group Il 18 13(72.2) 5 6(33.3) 12
Numbers describes proportionof positivity or negativity determined
by the cassette kits. cTnl: cardiac Troponin |, cTnT: cardiac Troponin T

DISCUSSION

In the present study, commercial cassette kits were
successfully used to assess myocardial damage in dogs.
To the best of our knowledge, the usage of these cassette
kits has not been reported in dogs before. As the sequence
of amino acids in these proteins is very much alike in
different species 9, it was possible to diagnose myocardial
disorders in dogs by kits used in humans. Additionally
these cTn kits have been validated for use in the cow 27,
calf 2821 and lambs B% Recently, an high-sensitivity
immunoassay (direct chemiluminometric method) has
been described in clinically affected dogs '>'3l, But these
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Fig 1. A terrier presented with bloody diarrhea and bloody vomit (hemorrhagic gastroenteritis), A- cTnT positive; B- cTnl positive (double

Sekil 1. Kanli ishal ve kanli kusma ile basvuran 14 yasindaki terrier (hemorajik gastroenteritis), A- cTnT Pozitif; B- cTnl pozitif (okuma

Fig 2. Positive cTnl test in a dog with distemper

Sekil 2. Distemperli bir kopekte pozitif cTnl test

Fig 3. Positive cTnT results obtained from a dog with respiratory
difficulties and fatigue symptoms due to mild DCM

Sekil 3. Hafif DCM nedeni ile solunum gticligii ve yorgunluk semptomu
gosteren bir kopekten elde edilen pozitif cTnT sonuglari

assay process different from the process reported in
this study.

In this preliminary study, positivity rates for both
cTnl and cTnT casette kits were determined in dogs
with distemper infection parvoviral infection and DCM.
Positive cTnl rates were higher than those of cTnT in
group | and lll, however, cTnT were determined as similar
rates in group Il (Table 3). These data suggest that cardiac
cTnT may be positive in more acute cases such as parvo-
viral infection (group Il). Although the concentration of
cTn | has been reported to be increased in pericardial
effusions ', in our study the three cases with defined
diastolic heart failure and pericardial effusion were
negative for cTn | and cTn T based on the results from the
casette kits. Since the clinical symptoms were mild, it is
possible that in these cases, the myocardium was not yet
fully affected.

Acccording to the casette kits results of our study,
where result of cTn | cassette kits was higher than those
of cTnT in all groups, we speculate that cTnl kit is more
sensitive marker than cTnT kits in dogs with myo-
cardial damage (Table 3). In previous studies with healthy
dogs [%15171831 dogs with myxomatous mitral valve
disease, arrhythmia 2321 and dogs with congenital heart
failure 29, the concentrations of myocardium troponins
and especially cTnl were determined B,

It was reported that the life expectancy of the dogs
was longer when the troponin concentrations were low
and that the life expectancy was drastically reduced
when the troponin concentrations increased 3?4, The
low troponin levels indicate that there is no distinct,
active cardiomyocyte death. The dogs that survived
cardiac diseases and lived for 1, 2 or 3 years had cTnl
concentrations of 0.18 ng/mL, 0.07 ng/mL and 0.05 ng/
mL, respectively. In this study, it was determined that
positive cassette cTnl kit results compatible with high cTnl
concentrations (Table 2).

Cardiac Tnl results of this study were in agreement
with those of Kocaturk et al.”. They postulated that high
cTnl levels were likely to contribute to increasing mortality
rate and shortening survival length in dogs with parvoviral
enteritis. O'Brien et al.?" compared the cTnl in tissues
from different species using a new immunoassay method
with the goal of determining human cTnl. Their data
showed that cTnl is a perfect candidate to be a biomarker
of cardiac injury in mammals. In our study, we also used
the diagnostic systems that were developed for human.
In healthy dogs, the plasma cTnl levels were determined
to be between 0.03 ng/mL and 0.07 ng/mL (average 0.02
ng/mL). Guglielmini et al.®¥ found that average cTnl was
0.10 ng/mL (range 0.10-0.17 ng/mL) in healthy dogs.
The mean cTnl concentrations of the 1-6 months, 6-12
months and 1-5 years old dogs were 0.09+0.03 ng/mL,
0.27+0.13 ng/mL and 0.18+0.09 ng/mL, respectively, in the
present study. These findings were consisted with previous
studies 334, There were no significant differences in dogs
with different ages. It seems that age might not influence
to these parameters. A cTnl level of approximately 1 ng/mL
and lower were determined to be normal for healthy dogs.
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However, the normal cTnl levels in our study were close
to the results obtained by Fonfara et al.®? where dogs
without distinct cardiac disease had a cTnl concentration
of 0.21-0.26 ng/mL.The higher values reported in previous
studies might be due to methodology and the use of
different animals. In a study where the cTnl concentrations
of dogs with cardiac diseases were determined using three
different analyzers, it was shown that the values obtained
by each method were similar but were impossible to
compare with each other 5%,

The reliability of cTnT concentrations was interpreted
as quite low in the present study. As mean cTnT levels were
very close to those of control, group |, group Il and lll. We
supposed that cTnT analyses had an insufficient sensitivity
in the present study. Moreover, Apple et al.*® reported that
cTnl assays providing a measurable signal in the absence
of a cTnT signal in rat, dog and monkey. Additionally, cTnl
is more sensitive than ¢TnT and its values 3-7-fold higher
than from cTnT with any given heart damage 7.,

In our study, the mean LDH levels in all groups were
found to either be within the limits or lower than the
normal range. On the other hand, the CK activity was found
to be significantly higher in dogs with cardiomyopathy
using the cassette kits for troponin (500.02+125.14 1U/L)
compared to the control data from the same group
(27.76+£7.90 IU/L) and to other groups. This difference
was interpreted as the evidence of cardiac damage in the
present study which similarly reported by Jurlander et
al.™. In addition, this study showed that cTnl positive dogs
had increased CK activity that parallels with an increase in
the cTnl concentration and these parameters can be used
as specific markers for diagnosis of myocardium damage
in dogs. Our results were in agreement with a study that
showed cTnl is important and highly specific serological
marker 138,

When the cTnl, CK and LDH values compared, it
was found that they were not correlated. The cTnl
concentrations were significantly higher in the cTnl
positive cases compared to cTnl negative cases, whereas
there were no distinct differences in the CK and LDH
values in these groups. Furthermore, the lacks of tissue
specifity and sensitivity and short half time in blood
stream of above enzymes have major limitation factors 57
for the diagnosis. Due to this reason, analysis of serum
cTnl is more sensitive in diagnosing myocardial damages
than the other conventional biochemical markers such
as CKand LDH.

A usual cardiovascular system examination includes:
disease history, physical examination, complete blood
count, serum biochemical analysis, ECG and chest
radiographs B9. In our study, dogs with cardiac diseases
were subjected to all the tests listed above, their clinical
findings and mean LDH, CK and AST results (Table 1)
were consistent with the literature Bl These parameters

could be used to differentiate between cardiac and
non-cardiac patients, but the cTn parameters were
more potent biomarkers for the diagnosis of myocardial
diseases. In addition, the results from the cassette cTn kits
made diagnosis stronger along with evidence obtained
from the physical examination, electrocardiography, echo-
cardiography and biochemical analyses.

In conclusion, expression of cTnl with practice kits and
analysis of cTnl concentrations are sensitive determinant
of both myocardial damage due to parvoviral myocarditis
and distemper and dilated cardiomyopathy in dogs.
The concentration of cTnl and cTn cassette kits can be
utilized by small animal practioners for the diagnosis of
developing myocardial defects. Additionally due to the
rapid diagnosis of myocardiopathies with cassette kits
without the need for sophisticated laboratory techniques,
these quick kits are an important helper diagnostic tool
for small animal practioners. Cardiac troponin analyzes
should not be disregarded in assessing the prognosis
of abovementioned diseases. These cassette kits may
also be beneficial to evaluate mortality rate in veterinary
emergency and critical care medicine.
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Abstract

The aim of this study was to evaluate the effects of 3 -1,3-(D)-glucan as an antioxidant and tissue protective agent and study
the biochemical, histopathologic, and immunohistochemical effects of first therapeutic proteasome inhibitor bortezomib on the
liver for treating relapsed multiple myeloma. The experiment included 36 adult male rats, which were divided into four treatment
groups: control (healthy); bortezomib-treated; 3-1,3-D-glucan-treated; and bortezomib + 3-1,3-(D)-glucan-treated. Each group was
subdivided into two subgroups based on time of sacrifice (48 or 72 h). After the experiments, superoxide dismutase (SOD) activity
and lipid peroxidation (LPO) amounts were determined, and immunohistochemical and histopathological changes were examined
in all rat liver tissues.  -1,3-(D)-Glucan treatment normalized changes of LPO and stimulated an over activity of endogenous SOD.
The results of the histopathologic parameters showed that treatment with B -1,3-(D)-Glucan in the bortezomib group ameliorated
the development of non-specific reactive hepatitis (NSRH) and Kupffer cell activation via NF-kB. Administration of 3 -1,3-(D)-Glucan is
effective in reversing tissue damage induced by bortezomib in rat livers.

Keywords: Bortezomib, 3-1,3-(D)-glucan, Oxidative stress, Liver, Histology

Sicanlarda Bortezomib indiiklii Karaciger Hasarinda B-1,3-(D)-
Glukan’in Hepatoprotektif Etkileri

Ozet

Bu calismanin amaci, relaps multiple miyelom tedavi etmek icin kullanilan ilk terap&tik proteazom inhibitori olan bortezomibin
karaciger uzerine immunohistokimyasal, histopatolojik ve biyokimyasal etkilerini arastirmak ve bir antioksidant ve doku koruyucu
ajan olarak B-1,3-(D)-glukanin etkilerini degerlendirmekdi. Deney; kontrol (saghkh), bortezomib ile tedavi, B-1,3-(D)-glukan ile
tedavi ve bortezomib + B-1,3-(D)-glukan ile tedavi olmak tizere dort tedavi grubuna bdliinen 36 yetiskin erkek sican icerdi. Her bir
grup sakrifikasyon zamanina (48 veya 72 saat) gore iki alt gruba ayrildi. Deneylerin bitiminden sonra, stiperoksit dismutaz (SOD)
aktivitesi ve lipid peroksidasyon (LPO) miktarlar olculdi ve tiim sican karaciger dokularinda immunohistokimyasal ve histopatolojik
degisiklikler incelendi. B-1,3-(D)-glukan ile tedavi LPO degisikligini normalize etti ve endojen SOD aktivitesi asiri uyardi. Histopatolojik
parametrelerin sonuglari, bortezomib grubunda B-1,3-(D)-glukan ile tedavi NF-kB yoluyla Kupffer hiicre aktivasyonunu ve non-spesifik
reaktif hepatit (NSRH) gelisimini regiile ettigini gosterdi. B-1,3-(D)-glukan uygulamasi, sican karacigerinde bortezomibin neden oldugu
geri dondrilebilir doku hasarinda efektifdir.

Anahtar sozciikler: Bortezomib, 3-1,3-(D)-glucan, Oksidatif stress, Karaciger, Histoloji
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INTRODUCTION

Proteasome is a multicatalytic protein complex and
the major non-lysosomal system for intracellular protein
degradation in the eukaryotic cells. Proteasomes work in
concert with the marking protein ubiquitin and generate
the ubiquitin-proteasome pathway. This pathway is
responsible for the controlled degradation of a wide
range of proteins, including cellular regulators that control
processes such as the cell cycle, apoptosis, inflammation,
cell migration, angiogenesis, and transcription . Many
studies have shown that the proteasome system can act
as a cellular defense mechanism because it prevents the
accumulation of aggregation misfolded/oxidized proteins
generated by post-translational modification errors or
oxidative stress .

Bortezomib, a dipeptidyl boronic acid, is the first
reversible 26S proteasome inhibitor used for the treatment
of multiple myeloma (MM) in humans ¥I. The initial target
for bortezomib use in MM was the blocking of pathways
of nuclear factor-kappa B (NF-kB) by limiting proteasomal
degradation of inhibitor of kappa B alpha (IkBa). Although
the first studies argued that bortezomib could inhibit
all pathways of NF-kB, later studies have shown that it
activates only the canonical pathway in neoplastic cells of
MM ¥, Bortezomib was also found to be effective on NF-
kB pathways in cancer types other than MM Pl The drug
has been shown beneficial in animal-model studies of
autoimmune diseases such as myasthenia gravis, psoriasis,
arthritis, and autoimmune encephalomyelitis .

Therapeutic effectiveness of anti-cancer drugs is
associated with severe side effects due to their toxicity 7.
Bortezomib is one of the more widely used anti-cancer
drugs for a number of cancers and is metabolized in
the liver, which can develop drug toxicity due to these
metabolisms ®. A few bortezomib-based studies on the
liver have shown that the 26S ubiquitin-proteasome
pathway may play an etiologic role in the development
of liver disorders, especially endoplasmic reticulum
stress, insulin resistance, alcoholic liver disease, and lipid
metabolism ©. Earlier, an experimental study on rates
revealed that the therapeutic dose of bortezomib and
its deboronated metabolites M1 and M2 dealkylated to
form M3 and M4 could causes liver toxicity. This study
also showed a decrease in cytochrome P450 content
and activity and an important increase in palmitoyl-CoA
activity in ex vivo analyses of rat liver samples %, However,
this present research has not found studies about oxidant
and antioxidant parameters in bortezomib-induced liver
toxicity. Many studies, though, have demonstrated that
oxidative stress is responsiple for chemotherapeutic drug-
induced liver toxicology ""\. In mitigation of chemotherapy
side effects, some antioxidant drugs or agents with anti-
cancer effects have been determined helpful depending
on the reducing effect on oxidative stress '?. Many studies

have shown that beta-1,3-D-glucan, an antioxidant and
anti-cancer agent, has protective antioxidant activity
against chemotherapy-induced liver toxicity '3l

B-1,3-(D)-Glucanis a long chain polymer of D glucose
from the cell wall of baker's yeast (Saccharomyces
cerevisiae), fungi, and plants. Many experimental studies
have demonstrated its pharmacological properties,
especially its immunomodulator, antioxidant, and anti-
tumor effects ", The immunomodulator effects of B-1,3-
(D)-Glucan are on innate immune cells andare enlisted for
immune system reinforcement in humans . B-1,3-(D)-
Glucan acts as an agonist on dectin-1 and complement
receptor 3 (CR3) on the surface of innate immune cells 1",
Recent studies indicate that B-1,3-(D)-Glucan also
promotes activation of CR3 in granulocytes and destroys
iC3b-opsonized tumor cells via granulocyte bound-CR3 I'7.,
In addition, B-1,3-(D)-Glucan is a potent antioxidant that
has been reported to prevent oxidative damage in liver
and renal ischemia/reperfusion injury 18,

This present research aims to determine whether
an antioxidant such as B-1,3-(D)-Glucan could provide
a protective effect against bortezomib-induced liver
damage, using both stereological, histopathological, and
biochemical methods.

MATERIAL and METHODS

Animals

The animals were housed in facilities and the
experiments conducted in accordance with international
guidelines, and the studies were approved by the
Institutional Animal Care and Use committee of Ataturk
University. This study used 36 adult male Sprague-Dawley
rats (230-250 g) from the Ataturk University Experimental
Animal Laboratory (ATADEM-Approval No: 2013-03/96).

Chemicals

Bortezomib (Velcade®) was purchased as a lyophilized
powder (Velcade; Janssen-Cilag, Beerse, Belgium) and dis-
solved in a sterile saline solution at final concentration. 3-1,3-
D-glucan was purchased from Sigma-Aldrich (Steinheim,
Germany). All chemicals for laboratory experimentation
were purchased from Sigma-Aldrich (Germany).

Experimental Design

Four groups (control; bortezomib-treated; 3-1,3-D-
glucan-treated; and bortezomib + 3-1,3-D-glucan-treated)
were formed for the research study. Bortezomib, -1,3-D-
glucan, and bortezomib + (3-1,3-D-glucan groups were
subdivided into two subgroups of six rats each based
on time of sacrifice: 48 or 72 h after drug administration.
The rats in the bortezomib and bortezomib + 3-1,3-D-
glucan groups were injected subcutaneously (sc) once
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with 0.2 mg/kg of bortezomib on the first day of the
study M. The rats in the bortezomib group were not
given any treatment after the bortezomib injection until
sacrifice. The rats in the bortezomib + {3-1,3-D-glucan
group were injected intraperitoneally (ip) with 75 mg/kg
of B-1,3-D-glucan every day after bortezomib injection
until sacrifice. The rats in the -1,3-D-glucan group were
injected ip with 75 mg/kg of B-1,3-D-glucan every day
until sacrifice 13,

All six groups were sacrificed with an overdose of a
general anesthetic (thiopental sodium, 50 mg/kg). The
livers were then quickly removed from the rats and washed
in ice-cold saline. Half of the tissues were transferred to a
biochemistry laboratory and kept at —80°C for biochemical
analyses, while the other half were fixed in a 10% formalin
solution for histopathological analyses.

Histopathological Analyses

Preparation of Liver Tissues for Histopathology: The
livers were fixed in 10% formaldehyde, dehydrated in a
graded alcohol series, embedded in paraffin wax, and
sectioned using a Leica RM2125RT microtome (Leica
Microsystems, Wetzlar, Germany). In this study, 4 um
thick sections from paraffin blocks were obtained using
a systematic randomized sampling method (stereological
method) for immunohistochemical and histopathologic
examinations.

Histopathological Examination of the Liver: Sections
4-um thick for histopathological examinations were
stained with H&E and periodic acid-Schiff (PAS). All livers
were examined by light microscopy for histopathological
evaluation of the following parameters: H&E staining
for sinusoidal expansion; inflammatory cell infiltrates;
sinusoidal expansion; hyperthrophic degeneration; necrotic
cell deaths, apoptotic cell deaths.

Biochemical Analyses

Preparation of Liver Tissues for Biochemical Analysis:
Rat livers were kept at -80°C for biochemical investigation.
To prepare the tissue homogenates, the liver tissues
were ground with liquid nitrogen in a mortar, and 0.5 g
was weighed for each group and treated with 4.5 mL of
an appropriate buffer. This mixture was homogenized
on ice using an IKA® Ultra-Turrax homogenizer (IKA
Labortechnik, Staufen, Germany) for 15 min. Homogenates
were filtered and centrifuged using a refrigerator
centrifuge at 4°C. The supernatants were then used to
determine enzymatic activities. All assays were carried out
at room temperature. To prepare the tissue homogenates,
tissues were ground with liquid nitrogen in a mortar. The
ground tissues (0.5 g each) were then treated with 4.5 mL
of the appropriate buffer. The mixtures were homogenized
on ice using an Ultra-Turrax homogenizer for 15 min.

SOD Activity: SOD activity was measured according to

Sun et al.?. The estimation was based on the generation
of O, produced by xanthine and xanthine oxidase, which
react with nitro blue tetrazolium (NTB) to form formazan
dye. SOD activity was then measured at 560 nm by the
degree of inhibition of this reaction, and was expressed
as millimole per minute per milligram of tissue (mmol/
min/mg tissue).

LPO Determination: The level of gastric LPO was
determined by estimating MDA using the thiobarbituric
acid test @Y, The rat livers were promptly excised and
rinsed with cold saline. The livers were weighed and
homogenized in 10 mL of 100 g/L KCI. The homogenate
(0.5 mL) was added with a solution containing 0.2 mL
of 80 g/L sodium laurylsulfate; 1.5 mL of 200 g/L acetic
acid; 1.5 mL of 8 g/L 2-thiobarbiturate; and 0.3 mL of
distilled water. The mixture was incubated at 98°C for 1 h.
Upon cooling, 5 mL of n-Butanol:pyridine (15:I) was added.
The mixture was vortexed for 1 min and centrifuged for 30
min at 1875 x g. The absorbance of the supernatant was
measured at 532 nm. The standard curve was obtained
by using 1,1,3,3-tetramethoxypropane, and recovery was
over 90%. The results were expressed as nanomol MDA
per gram of tissue (nmol/g tissue).

Immunohistochemical Analysis

In addition to the histopathological analyses, activity
in Kupffer cells was detected by immunohistochemical
staining of NF-kB protein (p65). Immunohistochemical
staining for NF-kB protein was performed by an automated
method on the VENTANA BenchMark GX System (Ventana
Medical Systems, Inc.) with an ultraView Universal DAB
Detection Kit on 4-p sections from a representative block
in each rat. After deparaffinization to water, the antigenic
determinant sites for NF-kB were unmasked in citrate
buffer with steam for 60 min.The primary antibody used for
NF-kB, an IgG1 class mouse monoclonal directed against
the p65 (F-6) relA component of the NF-kB complex (Santa
Cruz sc8008, CA), was used at a dilution of 1:80 for 32 min
at 37°C. The slides were then incubated with the diluted
antibody, followed by application of ultraView Universal
DAB detection kit (Ventana Medical Systems, Inc.). DAB
was used as a chromogen and hematoxylin as a counter
stain. Similarly, processed sections from human prostate
cancer were used as positive controls for p65 (RelA)
immunostaining, respectively. The specificity of staining
was confirmed by the inclusion of negative control slides
processed in the absence of primary antibody on tissue
from the same animal.

In liver tissue, the numerical density of nuclear
immunoreactivity for NF-kB of Kupffer cells was evaluated
according to stereological analyses.In this study, unbiased
counting frame and fractionator methods to estimate
numerical density of NF-kB nuclear localization in the
Kupffer cells were used. Each glass microscope slide was
sampled using the fractionator principle of the stereology
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software (Stereo Investigator® version 8.0, Micro Bright-
Field, Colchester, Vermont, USA). NF-kB-positive nuclei
were counted by using a 63x Leica Plan Apo objective
(NA = 1.40), which allowed accurate recognition. The
coefficient of error (CE) for the estimations was the last
calculated value. The generally accepted highest limit of
CEis 5% (22).

Data Analysis

The statistical analysis of all parameters was performed
by one-way analysis of variance (ANOVA) followed by
Duncan’s multiple range test (DMRT) using the IBM® SPSS
software package, version 19.00 (SPSS Inc., Chicago, IL).
Statistical significance was considered P<0.05. All the
results were expressed as meanzstandard error of the
mean (SE) for the six rats in each group.

RESULTS

Histopathological Results for Liver Toxicity

All zones (periportal, midzonal, and centrilobular) of

liver acinus in the control and (3-1,3-D-glucan-treated
groups exhibited a typical appearance (Fig. 1A and B,
Table 1). Liver tissues in the bortezomib and bortezomib +
[-1,3-D-glucan-treated groups showed histopathological
changes, such as cell degeneration, inflammatory cell
infiltrates and foci, necrotic, and apoptotic cells (Fig. 2A, B,
G, and D, Table 1). While these histopathological changes
were at severe level at hour 72 (Fig. 2B and Table 1), they
were at moderate level at hour 48 in the bortezomib-
treated groups (Fig. 2A and Table 7). Inflammatory cell types
were generally lymphocytes and macrophages, which
organized both aggregates (foci) and diffuse, and were
situated in the all zones of liver acinus (Fig. 2A and B,
Table 7). Necrotic and degenerative cells (hypertrophic and
abnormal membrane counters) were dense and focal with
inflammatory responses. In addition, Councilman bodies
(apoptotic cell death) and hypertrophic Kupffer cells
(tissue macrophages) were observed within parenchyma
in these groups (Fig. 2A and B, Table 1).

Bortezomib induced these histopathological changes,
which decreased via -1,3-D-glucan treatments at both
hours 48 and 72 (Fig. 2C and D, Table 1). The liver tissues

Fig 1. The normal appearance of
organized plates of hepatocytes,
which are separated by sinusoidal
capillaries in control group (A) and
-1,3-D-glucan group (B); Scale
barsin A, B, 30 um

Sekil 1. Kontrol (A) ve (3-1,3-D-
glukan (B) grubunda sinlizoidal
kapillerle ayrilan hepatositlerin or-
ganize kordonlarin normal goru-
nlmleri. A, B ‘deki dlcek barlar, 30
um

Table 1. Histopathological score for rat liver tissues treated singly and in combination with bortezomib or 3-1,3-D-glucan

Tablo 1. Tek basina ve kombinasyon halinde bortezomib ya da 3-1,3-D-Glukan ile tedavi edilen sican karaciger dokulari icin histopatolojik skor

Data :
Control B-1,3-D Bortez:amlb

glucan 48" h

Hypertrophic hepatocyte _ it

degeneration

Sinusoidal . . St

expansion

Necrotic cell ) ) s

deaths

Inflammatory _ _ Tt

cell foci or infiltrates

Hypertrophic ) )

Kupffer cells A

- none; + minimal; ++ mild; +++ moderate; ++++ severe

Group
Bortezomib Bortezomib+f-1,3-D- Bortezomib+f-1,3-D-
72t h glucan 48t h glucan 72t h
++++ ++ ++
++++ + ++
ottt + ++
++++ - +
++++ - +
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Fig 2. A- Irregular thickened hepatocyte plates with inflammatory cell infiltrates, Councilman bodies (black
arrow) and hypertrophic Kupffer cells (white arrows) in parenchyma of livers from bortezomib-treated (hour
48) group, B- Severe inflammatory cell infiltrates with hepatocytes debris, Councilman bodies (small square)
in parenchyma of livers from bortezomib-treated (hour 72) group, C- Necrosis in hepatocytes (white arrow)
and moderate level hypertrophic and binucleate hepatocytes in midzonal and centrilobular zones of the liver
tissue from bortezomib + B-1,3-D-glucan-treated (hour 48) group, D- Degenerative and binucleate (black
arrow) hepatocytes and migration and adhesions of inflammatory cells (mono and polymorphonuclear
leukocytes) within sinusoids in livers from Bortezomib + -1,3-D-glucan-treated (hour 72) group. Scale bars
in A, B, C,and D, 30 um

Sekil 2. A- Bortezomib ile tedavi (saat 48) grubunda karaciger parankimasinda hipertrofik Kupffer hiicreleri
(beyaz oklar), Councilman cisimcikleri (siyah ok) ve inflamatuvar hiicre infiltrasyonlari ile diizensiz kalinlasmig
hepatosit kordonlari, B- Bortezomib ile tedavi (saat 72) grubunda karaciger parankimasinda Councilman
cisimcikleri (kiigiik kare) ve hepatosit debrisleri ile siddetli inflamatuvar hucre infiltrasyonlari C- Bortezomib+
$3-1,3-D-glukan (saat 48) ile tedavi grubunun karaciger dokusunun midzonal ve sentrilobuler bolgelerinde orta
duizeyde hipertrofik ve iki niikleuslu hepatositler ve hepatositlerde nekrozis (beyaz ok), D- Bortezomib + 3-1,3-
D-glukan (saat 72) ile tedavi grubunun karacigerlerinde sintizoidler icinde inflamatuvar hiicrelerin (mono ve
polimorfontikleer I6kositler) adhesyonu ve goci ve dejeneratif ve iki niikleuslu hepatositler (siyah oklar). A, B,
C ve D deki 6lcek barlar, 30 um

of the bortezomib + (3-1,3-D-glucan-treated group at
hour 72 had no Councilman bodies, only mild level
necrotic and degenerative cells within midzonal and
centrilobular zones, and minimal level inflammatory areas
(mono and polymorphonuclear leukocytes) within and
around sinusoids, minimal level hypertrophic Kupffer cells
(Fig. 2D and Table 1). The bortezomib + -1,3-D-glucan-
treated group at hour 48 showed no Councilman bodies
or inflammatory cells and had minimal level necrotic and
mild level degenerative cells, moderate level binucleate

hepatocytes within midzonal and centrilobular zones,
and normal appearance Kupffer cells. The general liver
histological structures of the Bortezomib + B-1,3-D-
glucan-treated group at hour 48 were close to the control
group (Fig. 2C and Table 1).

Biochemical Results for Oxidant and
Antioxidant Parameters

The lipid peroxidation amounts (as indicators of
oxidative stress of livers) for the treatment and control
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Fig 3. Effects of bortezomib, 3-1,3-D-glucan, and bortezomib
+ -1,3-D-glucan treatments in levels of lipid peroxidation
(LPO) in rat livers (mean + S.E.M.) [I; control, II; 3-1,3-D-glucan,
Ill; bortezomib (hour 48), 1IV; bortezomib + -1,3-D-glucan
(hour 48), V; bortezomib (hour 72), VI; bortezomib + B-1,3-D-
glucan (hour 72)].

Sekil 3. Bortezomib, (-1,3-D-glukan, ve bortezomib +
3-1,3-D-glukan tedavilerinin sican karacigerlerinde lipid
peroksidayon (LPO) seviyelerine etkileri (ortalama + S.E.M.)
[I; kontrol, Il; B-1,3-D-glukan, Ill; bortezomib (saat 48), IV;
bortezomib + -1,3-D-glukan (saat 48), V; bortezomib (saat
72),VI; bortezomib + -1,3-D-glukan (saat 72)]

Fig 4. Effects of bortezomib, 3-1,3-D-glucan, and bortezomib
+ B-1,3-D-glucan treatments in activity changes of super-
oxide dismutase (SOD) in rat livers (mean + S.EM.) [I;
control, Il; B-1,3-D-glucan, lll; bortezomib (hour 48), 1V;
bortezomib+3-1,3-D-glucan (hour 48), V; bortezomib (hour
72),VI; bortezomib + B-1,3-D-glucan (hour 72)]

Sekil 4. Bortezomib, 3-1,3-D-glukan, and bortezomib + 3-1,3-
D-glukan tedavilerinin sican karacigerlerinde siiperoksit
dismutaz (SOD) aktivite degisimlerine etkileri (ortalama +
S.E.M.) [I; kontrol, II; -1,3-D-glukan, Ill; bortezomib (saat 48),
IV; bortezomib + (-1,3-D-glukan (saat 48), V; bortezomib
(saat 72), VI; bortezomib + 3-1,3-D-glukan (saat 72)]
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groups are shown in Fig. 3. Hepatic MDA levels in the
bortezomib treatment groups (hours 48 and 72) with the
increasing influence of time-dependence was significantly
higher than the control group (P<0.05). Administration
of B-1,3-D-glucan significantly reduced the tissue MDA
levels (26.7%) at hours 48 (25.7%) and 72 in hepatic MDA
levels increased by bortezomib treatment.

The hepatic SOD enzyme activities for all treatment
and control groups were measured to understand the
behavior of the antioxidant defense mechanism and were
shown in Fig. 4. In both bortezomib treatment groups
(hours 48 and 72), SOD activity was higher than the
control group (P<0.05). Administration of 3-1,3-D-glucan
significantly elevated the tissue SOD activity at hours 48
and 72 in hepatic SOD activity comparing all groups.

Immunohistochemistry Results for p65 (RelA)
Activity in Kupffer Cells

Kupffer cells are specialized macrophages located in
the walls of the sinusoids and play an important role in
late-phase hepatotoxicity. Early-phase hepatic injury-
induced (xenobiotics dependent) Kupffer cells produce
cytokines and growth factors via canonical NF-kB pathway.
Activated Kupffer cells increase other inflammatory
cell migration from the liver microcirculation to the
parenchyma and lead to hepatic cell death by uncontrolled

inflammation. NF-kB activation is measured by p65 (NF-«kB
subunit) migration to the nucleus in Kupffer cells. Thus,
this study investigated the numerical density of nuclear
p65 localization of Kupffer cells in liver tissues of the
control and treatment groups using immunohisto-
chemical staining and stereological methods (Fig. 5). The
numerical density of nuclear p65 (RelA) for treatment and
control groups are shown in Fig. 6.

The immunohistochemistry results showed no
statistically significant differences between the control
group and B-1,3-D-glucan,Bortezomib + (3-1,3-D-glucan
(hour 48) groups in numerical density of p65, as determined
by stereological examination of the liver tissues (P>0.05).
However, this data was high at hour 48 and very high
at hour 72 after bortezomib treatments (P<0.05).
Bortezomib treatment-induced increased nuclear p65
localization was decreased via 3-1,3-D-glucan treatments
at hours 48 and 72 (P<0.05).

DISCUSSION

Hepatotoxicity associated with chemotherapeutic
agents is of interest to clinicians and researchers. The
chemotherapeutic agents are among the more commonly
used drugs associated with hepatotoxic effects ranging
from acute to chronic damage, hepatitis, steatosis
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Fig 5. Unbiased counting frames used for numerical calculation of nuclear p65 localization by fractionator method (63x). Nuclear p65
hitting inclusion lines were calculated [Bortezomib + (3-1,3-D-glucan group (hour 48)]

Sekil 5. Parcalama yontemi (63 x) tarafindan niiklear p65 lokalizasyonu sayisal hesaplamasi icin kullanilan tarafsiz sayim cerceveleri.
Dahil hatlara isabet eden niklear p65 hesaplandi [Bortezomib + -1,3-D-glukan grubu (saat 48)]
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Fig 6. Effects of Bortezomib, 3-1,3-D-glucan, and Bortezomib
+ B-1,3-D-glucan treatments on changes in nuclear p65
localization in Kupffer cells (mean + S.E.M.) [I; control, II; 3-1,3-
D-glucan, lll; bortezomib (hour 48), IV; bortezomib + 3-1,3-D-
glucan (hour 48), V; bortezomib (hour 72), VI; bortezomib +
3-1,3-D-glucan (hour 72)]

Sekil 6. Bortezomib, (3-1,3-D-glukan, and bortezomib +
3-1,3-D-glukan tedavilerinin sican karacigerlerinde Kupffer
niklear p65 lokalizasyon degisimlerine etkileri (ortalama +
S.E.M.) [I; kontrol, II; 3-1,3-D-glukan, Ill; bortezomib (saat 48),
IV; bortezomib + (3-1,3-D-glukan (saat 48), V; bortezomib
(saat 72), VI; bortezomib + 3-1,3-D-glukan (saat 72)]

cholestasis and granuloma 3. Bortezomib (PS-341 or
Velcade®) is a modified dipeptidyl boronic acid 26S
proteasome inhibitor for the treatment of multiple
myeloma which is the second most common hematological
cancer (after non-Hodgkin's lymphoma) 4. Although
Hideshima et al.”” reported bortezomib is 1.000-times
more effective for triggering apoptosis on myeloma cells
than normal plasma cells. There is limited information
aboutits effects on other normal cells because of new drug
marketing. Phase studies have shown that the drug had
tolerable adverse effects, such as peripheral neuropathy,
gastrointestinal symptoms, thrombocytopenia, and hypo-
tension in non-target organs 9. However, a few case

reports clinically determined that bortezomib increased
liver enzymes (aspartate aminotransferase, alanine amino-
transferase, and lactate dehydrogenase) levels 7.,

According to literature, bortezomib-induced hepato-
toxicity has been rarely characterized and or studied.
This research evaluated the time-dependent histo-
pathological, biochemical, and immunohistochemical
changes of liver tissues in rats given bortezomib. The
first observation was that nonspecific reactive hepatitis
(NSRH) or focal hepatitis was histologically observed in
the liver tissue of rats given bortezomib alone. NSRH is
an entity characterized by the presence of Kupffer cell
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mobilization, portal inflammatory infiltration, and
focal periportal necroinflammatory areas (generally
mononuclear cells) with acidophilic cells (Councilman
bodies) through the liver parenchyma 28, Drug-induced
NSRH is rare and determined in some drugs such as
naproxen, aspirin, and paclitaxel 2. This present study is
the first to report that bortezomib causes drug-induced
NSRH. According to these findings, liver tissues 48 h after
bortezomib treatment showed a large number of focal
necrotic areas with prominent inflammatory responses
in all zones of the liver acinus. Inflammatory responses
were associated with the relationship between activated
(hypertrophic) Kupffer cells and mononuclear cells.
This study also showed wide sinusoidal expansion and
hypertrophic changes in hepatocytes in liver parenchyma
(without focal necroinflammatory areas) in this group. By
hour 72, bortezomib-treated livers had noticeably greater
numbers and sizes of focal inflammatory cell infiltrations,
necrotic areas, and other degenerative changes than
those observed at 48 hours.

In summary, this study demonstrated that bortezomib
treatment-induced prominent liver degeneration was
apparent by hour 48 and gradually increased until hour
72. Drug-induced liver toxicity is a common cause of liver
injury and generally occurs two pathophysiological
processes. In the first pathway, drugs and their metabolites
with possible toxic effects directly affect the biochemistry
of the cell primarily due to increased oxidative stress and
changes of intracellular signaling pathways associated
with apoptotic or necrotic cell death in hepatocytes
(mainly), endothelial cells, and cholangiocytes. In the
second pathway, these also caused immune response in
inflammatory cells and triggered cellular damage and
apoptotic or necrotic cell death in parenchymal cells 5%,
As a result, these two pathways are related to the
occurrence of inflammatory and oxidative products in
the liver B, Oxidative stress is often implicated in various
deleterious processes resulting from an imbalance
between pro-oxidants (reactive oxygen species [ROS]
and/or reactive nitrogen species [RNS]) and antioxidants
in favor of the pro-oxidants 2. ROS are formed through
oxidative processes within the cell but can be produced
at elevated rates under pathophysiological conditions.
The excessive ROS may attack polyunsaturated fatty acids
of the cellular membrane and initiate lipid peroxidation
within the cell, which results in the formation of
Malondialdehyde (MDA). Malondialdehyde, a reactive
aldehyde, is the major product of lipid peroxidation
and widely used to indicate LPO level 3. Antioxidant
reactions inhibit the oxidation of cellular compounds via
antioxidant enzymes and molecules such as SOD, CAT,
GPx, and GR. SOD is the first line in the defense process
against superoxide radicals produced by oxidative
reactions and is a significant parameter to evaluate cellular
antioxidant activity B4, In the biochemical analysis the
terms of SOD and LPO values, this study revealed that

bortezomib treatment elevated SOD and LPO values
at hours 48 and 72, increasing with time. However, the
increase in the LPO values was higher than the increase
in the SOD values of livers in the bortezomib groups
compared to other groups. This finding suggested that
oxidant-antioxidant balance is broken in favor of the
oxidants in cells, or insufficient levels of antioxidants and
oxidative stress occur. This elevation is probably related
to elevated endogenous pro-oxidants associated with
first pathway and increased exogenous pro-oxidants
associated with second pathway (resident macrophages
[Kupffer cells] and infiltrating phagocytes) according to
this study’s histopathologic findings.

Although bortezomib is a potent apoptotic activator
via proteasome inhibition, this research showed that it
caused necrotic (hypertrophic changes) and necrotic cell
deaths via oxidative stress in focal necroinflammatory
and other areas in rat livers. In a preclinical in vivo
toxicity study in rats, an increase in liver enlargement
(35%) caused by the induction of increased peroxisomal
acyl-CoA oxidase (60%) activity and after a repeat dose
of bortezomib was observed "%, This data overlaps to
hypertrophic changes of hepatocytes in the present study,
and increasing LPO amounts may be related to increased
peroxisomal acyl-CoA oxidase activity and other oxidases
by induced bortezomib treatments. LPO values above
vital limits may break down membrane integrity, causing
necrotic death B, In addition, apoptotic cell deaths
(Councilman bodies) were only observed in the focal
necroinflammatory areas as well as necrotic cell deaths.
Apoptotic cell deaths could result from inflammatory
responses of mononuclear cells #¢. Other than direct
effects of bortezomib and its metabolites because it
was only observed in necroinflammatory areas. It was
shown that Kupffer cells have an important role in the
initiation and maintenance of this immune response in
necroinflammatory areas because of the time-dependent
increase in hypertrophic changes and p65 activity.
Activated canonical p65 pathway-dependent increased
proinflammatory cytokine secretion, such as tumour-
necrosis factor (TNF) and interleukin-6 (IL-6) in Kupffer
cells induces the activation and migration of mono-
nuclear cells B738 toward necroinflammatory areas.
Furthermore, endothelial cells were shown to have a
role in endothelial dilatation-dependent this migration.

In conventional therapies, cancer patients often
receive complementary medical treatment to prolong
survival and reduce toxicity in non-target organs. It's
necessary that the substances used in complementary
therapy have protective effects as well as anti-cancer
properties 59, 3-1,3-D-glucan has been shown in Japanese
medicine, experimental studies, and clinical trials to
enhance the effectiveness of chemotherapeutic agents
on the neoplastic cells and have protective effects on
non-target organs “*2, Therefore, this present experiment
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examined the effects of -1,3-D-glucan. Whether (3-1,3-
D-glucan had adverse effects on the liver compared
to the control group was first examined. Delaney et
al.® reported that 3-1,3-D-glucan had no toxic effects
on animals. Similarly, this study did not reveal toxic
effects in parenchyma or Kupffer cells according to
immunohistochemical and histopathologic analyses.
However, LPO values showed an increase in physiological
levels. Next, this study examined the effectiveness of
[-1,3-D-glucan as a protective agent against liver damage
induced by bortezomib. (-1,3-D-glucan significantly
eliminated bortezomib-induced NSRH findings at both
48 and 72 hours. However, some histopathologic changes
were observed in both groups. Diffuse hypertrophic
hepatocyte degeneration (an irreversible cell damage),
non-focal necrotic deaths and sinusoidal dilatation were
observed in the middle-middle, minimal-middle, and
minimal-middle levels at 48 and 72 hours respectively.
Hypertrophic Kupffer cells and non-focal inflammatory
cell infiltrates were also observed at minimal levels at 72 h.

In summary, these findings showed that cellular
degeneration and inflammatory response were significantly
decreased in both groups. These findings were also
parallel with decreasing values of LPO, an important
indicator of cellular damage and reduced Rel A activity as
an indicator of inflammatory processes. According to our
results, B-1,3-D-glucan decreased LPO levels by increasing
defense mechanisms such as the activity of SOD enzymes.
This may indicate the presence or trend of increasing
amounts of superoxide radicals, which could be linked
with an enhanced SOD activity “4. Indeed, the increased
SOD activity would also protect tissues from oxidative
stress, which reveals that the accumulation of superoxide
anion radicals might be responsible for an increased
LPO ¥4, Descending necrotic deaths and decreased LPO
values probably must remain below the threshold value
required for the activation of Kupffer cells, so it can cause
an inflammatory response is not generated. In addition,
B-1,3-D-glucan increased activity on other cellular
antioxidative enzymes, and its free radical scavenging
activity “* might contribute to the reduction of oxidative
stress and cellular degeneration and eliminate NSRH
findings. In addition, in this group, absence of apoptotic
death, these deaths did not occur with the direct effect
of bortezomib and again seems to be associated with the
inflammatory process.

To knowledge, this present study is the first to show
that, based on biochemical, immunohistochemical,
and histopathological findings, the administration of
bortezomib causes increased tissue damage and NSRH in
rat livers, and 3-1,3-D-glucan may decrease the increasingly
toxic effects of bortezomib by regulating Kupffer cell
activation and suppressing oxidative stress leading to
NSRH. In light of this information, -1,3-D-glucan may be
used as a supportive agent for reducing the side effects of
bortezomib therapy.
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Ozet

Galismada, farkli yetistirme donemlerindeki yumurtaci tavuklarda Salmonella aranmasinda farkli metotlarin degerlendirilmesi, elde
edilen izolatlarin serotiplendirilmesi, ribotiplendirilmesi ve antibiyotiplendirilmesi ile Salmonella yayginhginin belirlenmesi amaclandi.
Bu amacla, 58 adet ticari yumurtaci tavuk kiimesinden yetistirmenin 15., 25. ve 40. haftalik dénemlerinde alinan toplam 174 adet drag
svap Ornegi, Salmonella varligi agisindan standart kiltiir metodu olan ISO (ISO 6579:2002/Amd 1:2007 - 1SO) ve 2 farkli gercek zamanli
polimeraz zincir reaksiyonu (rPCR) sistemi (Light Cycler SYBR Green | rPCR - LCSGIrPCR ve DuPont BAX Q7 rPCR - BAXrPCR) kullanilarak
analiz edildi. incelenen 58 kiimesin 17 adedi (%29.31), 174 adet drag svap drneginin 15. ve 25. haftalik dénemlerde 6'sar (%3.44 ve %3.44),
40. haftada ise 10 adedi (%5.74) olmak Uizere toplam 22'si (%12.62) her 3 metotla Salmonella yoniinden pozitif olarak bulundu. Elde edilen
22 adet Salmonella izolatinin 20'sinin (%90.90) Salmonella enterica subsp. enterica olup 9'unun Enteritidis (SE) (%40.9), 7'sinin Infantis (SI)
(%31.8), 1'inin Hadar (%4.5), 1'inin Montevideo (%4.5), 1'inin Colombo (%4.5) ve 1'inin de Spartel (%4.5) serovari oldugu, 2'sinin (%9.10) ise
Salmonella enterica subsp. arizonae ile Salmonella enterica subsp. houtenae alttiirlerine ait oldugu belirlendi. Ayrica izolatlarin test edilen
24 antibiyotigin 23'lUne karsi direng olusturdugu, en yiksek direng oraninin Ampicillin (%100), Neomycin (%100), Penicillin G (%100)
ve Erythromycin'e (%95.45) karsi oldugu saptandi. Calismanin sonucunda, yumurtaci tavuklarda Salmonella’'nin hizli deteksiyonunda
LCSGIrPCR ve BAXrPCR sistemlerinin I1SO metodunu destekleyici olarak kullanilabilecedi, incelenen tiim yetistirme donemlerinde
Salmonella enterica subsp. enterica varliginin ylksek oldugu belirlendi.

Anahtar sézciikler: Salmonella, Yumurtaci tavuk, Drag svap, I1SO, Real-time PCR, Serotiplendirme, Ribotiplendirme,
Antibiyotiplendirme

Detection of Salmonella from Layer Flocks and Typing
of the Isolates

Abstract

This study aimed to evaluate different detection methods in determining Salmonella prevalence in layers of various rearing periods,
and to serotype, ribotype and antibiotype the isolates. For this, 174 drag swab samples taken from 58 commercial layer flocks of 15, 25,
and 40 week age were analyzed for Salmonella by ISO standard culture method (ISO 6579:2002/Amd 1:2007 - I1SO) and by 2 real time
polymerase chain reaction (rPCR) systems (Light Cycler SYBR Green | rPCR - LCSGIrPCR and DuPont BAX Q7 rPCR - BAXrPCR). Seventeen
out of 58 (29.31%) flock samples, and 6 of the 15™ and 25" weeks'(3.44% and 3.44%), and 10 (5.74%) of the 40" week’s drag swab samples
were Salmonella positive by all 3 methods. Twenty out of 22 Salmonellaisolates (90.90%) were Salmonella enterica subsp. enterica, including
serovars of 9 Enteritidis (SE) (40.9%), 7 Infantis (SI) (31.8%), 1 Hadar (4.5%), 1 Montevideo (4.5%), 1 Colombo (4.5%), 1 Spartel (4.5%), and
2 subspecies (9.10%) as Salmonella enterica subsp. arizonae and Salmonella enterica subsp. houtenae. Also isolates showed resistance to
23 of 24 antibiotics, with the highest resistances to Ampicillin (100%), Neomycin (100%), Penicillin G (100%) and Erythromycin (95.45%).
Results indicate that both LCSGIrPCR and BAXrPCR systems can be used to complement ISO method in rapid detection of Salmonella from
layer chickens, and that there is high prevalence of Salmonella enterica subsp. enterica in all rearing periods examined.

Keywords: Salmonella, Layer chicken, Drag swab, ISO, Real-time PCR, Serotyping, Ribotyping, Antibiotyping
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GiRiS

Ulkemizde ve diinyada kanath enddistrisinde énemli
bakteriyel zoonoz hastaliklardan biri olan salmonellozis,
yumurtaci tavuk yetistiriciliginde de hem ekonomik ka-
yiplara neden olarak hem de kontamine Uriin tiiketimine
bagl olusabilecek gida zehirlenmeleri ile insan saghgini
olumsuz etkileyerek problem olmaya devam etmektedir ™.

Salmonella varhgiin standart kultir metotlar ile tes-
piti 5-11 glin stirmekte @ bu nedenle etkenin o6zellikle
yetistirme donemlerinde erken belirlenebilmesi ve gerekli
onlemlerin alinabilmesi icin daha kisa siirede sonug
veren hizli ve ekonomik farkli deteksiyon sistemleri de
kullanilmaktadir 4. Kanatli hayvanlara ait farkh 6rnek
tiplerinde Salmonella aranmasi calismalarinda, LightCycler
SYBR Green | gercek zamanli polimeraz zincir reaksiyonu
(LCSGIrPCR) sisteminin bircok kez glvenli olarak kullanil-
dig bildiriimektedir #€. Salmonella teshisinde bir diger
gercek zamanl PCR sistemi olarak DNA'ya baglanan boya-
lara alternatif bir sistem ile kullanima hazir hedef-spesifik
problu tabletleri iceren DuPont BAX Salmonella sisteminin
(BAXrPCR) de cesitli gida, su, cevresel ornekler ve fekal
orneklerde basariyla kullanildigi rapor edilmektedir 712,

Salmonellalarin tiplendirilmesi, epidemiyolojik yonden
kontrol énlemlerinin alinabilmesi agisindan 6nem tasimak-
tadir. Klasik serotiplendirme, uygun laboratuvar sartlari,
uzmanlik, malzeme ve zaman gerektirdigi icin sadece
referans laboratuvarlarda gerceklestirilebilmektedir. Ribo-
tiplendirme bazi calismalarda, genotiplendirmede altin
standart yontem olarak kabul edilen Pulsed Field Gel
Electrophoresis (PFGE) testi kadar duyarli bulunamasa
da, PFGE testinden ¢ok daha kisa slirede sonug¢ vermesi,
uzman personel ve laboratuvar sartlarina gereksinim gos-
termeyen kapali otomotize bir sistem olmasi ile bir defada
bircok 6rnegin calisiimasini gerektiren epidemiyolojik
calismalarda alternatif olmasi yoniinden yaygin kullanim
alani bulmaktadir >, Salmonella tiplendirilmesinde kul-
lanilan antibiyotiplendirme ile ilgili olarak son yillarda
yapilan calismalarda 6zellikle hayvan ve insan saghgi
agisindan 6nem tasiyan antibiyotiklere karsi etkenin ¢oklu
direnc gelistirdigi bildirilmektedir 517,

Bu calismayla, farkh yetistirme dénemlerinde yumur-
taci tavuklara ait drag svap oérneklerinde Salmonella aran-
masinda ISO metodu ile LCSGIrPCR ve BAXrPCR sistemleri
degerlendirilecek, elde edilen izolatlarin serotiplendiril-
mesi, ribotiplendirilmesi ve antibiyotiplendirilmesi ile
yetistiriciligin yogun olarak yapildigi bolgelerde saghkh
goriinen yumurtaci tavuklardaki Salmonella yayginhgi
belirlenecektir.

MATERYAL ve METOT

Calisma, Uludag Universitesi Tip Fakdiltesi Arastirma
Etik Kurulu onayi (Karar No: 2011-02/04) ile gerceklestirildi.

Salmonella Standart Suslari

Antibiyotiplendirme disinda tiim analizlerde Salmonella
enterica subsp. enterica serovar Enteritidis 64K (M.Y. Popoff,
Institut Pasteur, 28 rue du Dr Roux, 75015 Paris Cedex
15, France) ve Salmonella enterica subsp. enterica serovar
Typhimurium NCTC 12416 (Turkiye Halk Saghgi Kurumu,
Ankara) pozitif kontrol olarak kullanildi.

Ornek

2013-2014 yillan arasinda, Afyon, Balikesir, Bursa,
izmir, Karaman, Konya, Manisa illerinde bulunan 58 farkli
isletmeye ait (klinik semptom gbzlenmeyen) yumurtaci
tavuk kimeslerinden yetistirmenin 3 farkli doneminde
(15., 25. ve 40. haftalarda) 2'ser adet olmak (zere toplam
348 adet drag svap 6rnegi alinip soguk zincir kosullarinda
laboratuvara getirilerek 2 saat icerisinde analize alindi 1'®.,

Kiiltiir

Herbir kiimese ait 2 drag svap 6rnegi (ortalama 300
g) oncelikle steril polietilen bir poset icerisinde disaridan
elle masaj yapilarak homojenize edildi. Homojenize edilen
bu 6rnekten steril olarak 25 g alindi ve 6n zenginlestirme
amaci ile icerisinde 225 ml Buffered Peptone Water ISO
(BPW-ISO, Oxoid, CM1049B) bulunan steril polietilen
posette 37°C'de 18 saat inkiibe edildi. inkiibasyon sonunda
rPCR calismalarinda kullanilmak tizere 1 ml 6rnek alinarak
-20°C'de saklandi. On zenginlestirme asamasi sonrasindaki
tim izolasyon islemleri ISO metoduna gore uygulandi ',
Biyokimyasal identifikasyon ise API 20E (bioMerieux, Marcy
L'Etoile 20120, France) kullanilarak gerceklestirildi.

Serotiplendirme ve Ribotiplendirme

O- ve H- grup antijen reaksiyonlari temel alinarak,
White- Kauffmann-Le Minor Semasi 2°! ve Guibourdenche
ve ark/na gore P ticari antiserumlar (Becton Dickinson,
USA) kullanilarak gergeklestirildi. Ribotiplendirme oto-
matize Riboprinter sistemi (Dupont Qualicon, Wilmington,
DE, USA) ile kullanim kilavuzunda belirtildigi sekilde
uygulandi 2,

Antibiyotiplendirme

Salmonella izolatlarinin antibiyotik diren¢ profilleri
disk agar diflizyon metodu ile belirlenerek Clinical and
Laboratory Standards Institute (CLSI)’a gore degerlendi-
rildi 2%, Test edilen 24 antibiyotik ve konsantrasyonlari:
Amikacin (AK, 30 pg, Oxoid CT0107B), Amoxycillin (AML,
10 ug, Oxoid CT0161B), Ampicillin (AMP, 10 ug, Oxoid
CT0003B), Azithromycin (AZM, 15 pg, Oxoid CT0906B),
Cefoxitin (FOX, 30 pg, Oxoid CT0119B), Ceftriaxone (CRO,
30 pg, Oxoid CT0417B), Cephazolin (KZ, 30 pg, Oxoid
CT0011B), Chloramphenicol (C, 30 pg, Oxoid CT0013B),
Ciprofloxacin (CIP, 5 ug, Oxoid CT0425B), Colistin (CT,
10 pg, Oxoid CT0017B), Doxycycline hydrochloride (DO,
30 pg, Oxoid CT0018B), Enrofloxacin (ENR, 5 pg, Oxoid
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CT0639B), Erythromycin (E, 15 pg, Oxoid CT0020B),
Forfenicol (FFC, 30 pg, Oxoid CT1754B), Gentamicin
(CN, 10 pg, Oxoid CT0024B), Nalidixic acid (NA, 30 pg,
Oxoid CT0031B), Neomycin (N, 30 ug, Oxoid CT0033B),
Ofloxacin (OFX, 5 ug, Oxoid CT0446B), Oxytetracycline
(OT, 30 pg, Oxoid CT0041B), Penicillin G (P, 10 units,
Oxoid CT0043B), Streptomycin (S, 10 pg, Oxoid CT0047B),
Sulphamethoxazole/Trimethoprim 19:1 (SXT, 25 pg, Oxoid
CT0052B), Sulphonamides Compound (S3, 300 g, Oxoid
CT0059B), Tetracycline (TE, 10 pg, Oxoid CT0053B). Kontrol
amacl olarak CLSIda belirtilen E. coli (ATCC 25922) ve S.
aureus (ATCC 25923) standart suslan kullanildi 23,

Primerler

LCSGIrPCR'da Salmonella invA-spesifik primerler ©24,
BAXrPCR'da ise DuPont BAX System PCR Assay for
Salmonella 2 kiti (Part D14368501, DuPont, USA) PCR
reagent tabletleri icerigindeki primerler kullanildi.

Templeyt Hazirlama ve rPCR

LCSGIrPCR'da kaynatma metoduyla ™ hazirlanan
templeyt DNA, BAXrPCR'da ise DuPont BAX System PCR
Assay for Salmonella 2 kitinde (Part D14368501, DuPont,
USA) belirtilen sekilde elde edilen DNA kullanildi.
LCSGIrPCR parametrelerinin uygulanmasi ve sonug¢ deger-
lendirilmesi Temelli ve ark/na goére ™, BAXrPCR para-
metrelerinin uygulanmasi ve sonug¢ degerlendirmesi ise
DuPont BAX System PCR Assay for Salmonella 2 kit (Part
D14368501, DuPont, USA) bilgileri ile BAX sistem kullanim
kilavuzunda belirtilen sekilde yapildi.

istatistik

SPSS Windows (SPSS Inc. USA)'un 20.0 versiyonu 2
kullanilarak yapildi. Farkli yetistirme dénemlerine ait
orneklerin Salmonella pozitiflik oranlari Uzerindeki etki-
sini belirlemek icin Ki-Kare testi uygulandi. Degerler ara-
sindaki olasi farklihigin 6nem derecesi P<0.05 diizeyinde
incelendi.

BULGULAR

Kiiltiir

incelenen toplam 58 kiimesin 17 adedinin (%29.31),
farkli yetistirme donemlerinde alinan 174 adet 6rnegin 15.
ve 25. haftalik donemlerde 6'sar adedi (%3.44 ve %3.44),
40. haftada ise 10 adedi (%5.74) olmak Uzere toplam
22 adedi (%12.62) Salmonella yoniinden pozitif olarak
bulundu (Tablo 1).

Serotiplendirme ve Ribotiplendirme

Yirmi iki adet Salmonella izolatinin serotiplendiril-
mesi ve ribotiplendirilmesi sonrasinda 20'sinin (%90.90)
Salmonella enterica subsp. enterica olup 9'unun Enteritidis
(SE) (%40.9), 7'sinin Infantis (SI) (%31.8), 1'inin Hadar

(%4.5), 1'inin Montevideo (%4.5), 1'inin Colombo (%4.5)
ve 1'inin de Spartel (%4.5) serovari oldugu, 2'sinin (%9.10)
ise Salmonella enterica subsp. arizonae ile Salmonella
enterica subsp. houtenae alttirlerine ait oldugu belirlendi
(Tablo 1).

Antibiyotiplendirme

izolatlarin tiimiinde test edilen 24 antibiyotikten
Amikacin haricinde 23'line karsi diren¢ bulundu. En yiik-
sek direng¢ oraninin Ampicillin (%100), Neomycin (%7100),
Penicillin G (%100) ve Erythromycin'e (%95.45) karsi
oldugu, test edilen diger antibiyotiklerde bulunan direng
oranlarinin ise azalan sirayla OT (%72.72), DO, CN, NA
(%50), TE (%45.45), S3 (%40.90), ENR, FFC, S, SXT (%36.36),
AZM, C (%31.81), FOX, KZ, CT (%22.72), CRO, CIP, OFX
(%9.09) oldugu saptandi. Coklu diren¢ (MDR) ydniinden
22 izolattan 2'si en az 4 (AMP/E/N/P), 1'i en ¢cok 18 adet
antibiyotige karsi direncli bulundu (Tablo 1).

rPCR

LCSGIrPCR ve BAXrPCR sistemlerinin sonuglarinin
kiltir metodunda elde edilen sonugclar ile ayni oldugu
belirlendi (Tablo 1).

istatistiksel Bulgular

Farkli yetistirme donemlerine ait Salmonella pozitif
bulunan ornekler arasindaki farkliligin istatistiksel olarak
onemli olmadigi saptandi (P>0.05).

TARTISMA ve SONUC

Bu calismada, yumurta tavukculugunun yogun oldugu
bolgelerde saglikh goriinen sirilerde farkli metot ve
sistemler ile Salmonella yayginhgr degerlendirilerek elde
edilen Salmonella izolatlarinin alttlr/serotipleri ile anti-
biyotik direng profilleri belirlenmistir.

incelenmis olan kiimeslerin %29.31'inde Salmonella
tespit edilmis olup bu sonu¢ yumurtacr tavuk kiimes-
lerinde Salmonella varligini arastiran Eyigor ve ark/nin ¢
sonucu (%27.7) ile uyumlu iken Ata ve Aydinin 2! so-
nucundan (%12) yiksek bulunmustur. Alinan drag svap
orneklerindeki %12.62'lik Salmonella oraninin ise benzer
ornek tipi kullanilan calismalardan Eyigor ve ark.”® (%11.1)
ile Pitesky ve ark/nin 2 (%11.9) bulgularina paralel, Eyigor
ve ark/nin® bir diger ¢alismalarinda elde ettikleri bulgudan
(%4) yiiksek, Zhang ve ark/nin? sonucundan (%18) duistik
oldugu saptanmistir. Calismamizda, 3 farkh yetistirme
doneminde uygulanan drag svab 6rneklemelerinde 15. ve
25. haftalik dénemlerde daha disiik (%3.44), 40. haftada
ise daha yuksek (%5.74) oranda Salmonella tespit edilmis
olmasina ragmen yapilan istatistiksel analiz sonrasinda
bu farkin 6nemli olmadigi saptanmistir (P>0.05). Bulgu-
larimiza benzer bir sekilde, Mahmud ve ark.'"” tarafindan
Salmonella prevalansinin yetistirmenin 20-25. haftalarina
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gore 40. ve sonrasindaki haftalarda daha yiiksek oldugu
ancak bu farkin istatistiksel olarak 6nemli olmadigi rapor
edilmistir. Pitesky ve ark.?®, Salmonella insidansinda yu-
murta tavuklarinda ilerleyen haftalarda artis oldugunu ve
doénemler arasindaki bu farkin istatistiksel olarak énemli
oldugunu bildirmislerdir. Diger bir calismada ise Li ve
ark.™ yetistirmenin erken dénemlerinde (18. hafta) en
yiksek oranda Salmonella prevalansi elde ettiklerini
ancak bu farkin istatistiksel olarak 6nemli olmadigini be-
lirtmislerdir. Bulgularimiz ile diger calismalarin sonuclari
arasindaki farkhhklarin (1) 6rnekleme stratejisi (sadece
rastgele 6rnekleme, programli rastgele ornekleme ile
belirlenen periyot/yastaki tavuklardan belirli siklikla ve
sayida yapilan 6rnekleme), (2) 6rnekleme yapilan bdl-
ge(ler) ve mevsim, (3) tavuk irki, yetistirme ve kimes
ozellikleri, (4) ornek tipi (drag svap, kloakal svap, barsak
ornegdi, cevre ornegi), (5) kullanilan test metodu (metot/
sistem farkliliklari ile bunlarin duyarlilik, 6zginlik, 6rnege
uyumlulugu) gibi degiskenlerin tekil ve/veya kombine
etkilesimlerinden kaynaklandigi distiiniilmektedir.

Galismada kullanilan iki farkli hizli deteksiyon sistemi-
nin (LCSGIrPCR ve BAXrPCR) standart kiltiir metodu
(ISO)'na paralel olarak, 174 6rnedin 22 (%12.62)'sinde
Salmonella pozitif sonug verdigi tespit edilmistir. Yumurtaci
tavuklarda drag svap orneklerinde Salmonella'nin hizli
deteksiyonunda standart kiltirt destekleyici olarak
LCSGIrPCR'In test edildigi ve sonug olarak bu sistemin
kiltar ile bire bir uyumlu oldugunu bildiren calisma-
lar ©29 bulgulanimizi destekleyici niteliktedir. Bunun ya-
ninda ¢alismamizla benzerlik gésteren Sommer ve ark.!'2
tarafindan rPCR ve BAXrPCR sistemleri ile 1SO standart
kiiltir metodunun kullanimlarinin degerlendirildigi bir
calismada, yumurtaci kimeslerden alinan bot svap 6rnek-
lerinden ayni oranda, yiksek duyarlilik ve 6zgunlik ile
Salmonella tespit edildigi bildirilmistir. Ayrica, Eriksson
ve Aspan B! calismalarinin sonucunda, fekal érneklerden
Salmonella tespitinde BAXrPCR'In 1SO kiltir metodun-
dan sonra ikinci en iyi performansi gosterdigini rapor
etmislerdir.

Calismamizda elde edilen izolatlarin tiplendirilmesi
sonrasinda, en yuksek oranda SE (%40.9) ve SI (%31.8)
oldugu belirlenmistir. Ulkemizde ve diinyada SE’in en
dominant serovar oldugunu gosteren bircok calisma
bulunmaktadir #6262930 2012 yilinda Lapuz ve ark/nin
BY yumurtaci tavuklarda SE'i ve SIi sirasiyla en yiksek
(%7.14) ve ikinci en ylksek (%1.07) serovar olarak
belirttikleri calisma bulgularimiza paralellik gosterirken,
S. serovar Kentucky'nin %62 oraninda dominant serovar
olarak rapor edildigi " ve S. serovar Infantis'in %11.1 ile
en dominant serovar olarak bildirildigi 52 farkl calismalar
da bulunmaktadir. Bulgularimiz SE'in uygulanan asilama
programlarina ragmen Ulkemizde halen yumurtaci tavuk
kiimeslerinde var olan en dominant serovar oldugunu
gOstermesi yoniinden énem arz etmektedir.

izole ettigimiz salmonellalarin tiimiinin Ampicillin

(%100), Neomycin (%100), Penicillin G (%100) ve
Erythromycin'e (%95.45) karsi direncli oldugu bulunmus-
tur. Salmonellalarin antibiyotik direngliligi ile ilgili kanatl
hayvanlarda yapilmis bircok calisma bulunmakla birlikte
ozellikle calismamizda kullanilan 6rnek tipi temel alina-
rak bir degerlendirme yapildiginda, 2012 yilinda Temelli
ve ark.'® tarafindan yumurtaci tavuklardan elde edi-
len Salmonella izolatlarinin Neomycin, Penicillin G ve
Erythromycin’e karsi olan diren¢ bakimindan bulgula-
rimiza paralel ancak Ampicillin direncliligi acisindan
bulgularimizdan farkh olarak disik bulundugu rapor
edilmistir. Ayni yilda Mahmud ve ark/nin " yumurtaci
tavuk kokenli Salmonella izolatlarinda yaptiklari anti-
biyotiplendirme sonrasinda, sirasiyla Penicillin G'ye ve
Ampicillin’e karst bulduklari %100 ve %99'luk direng
oranlari da bulgularimiza paralellik gdstermektedir.

Calismada test edilen 24 antibiyotikten Amikacin ha-
ricinde 23’lUine karsi izolatlarin timinde direng olustugu
belirlenmistir. Benzer sekilde Temelli ve ark.'¥ tarafindan
yapilan bir calismada Amikacin'e karsi disik (%7.6)
oranda bir diren¢ gozlendigini rapor edilmistir. Coklu
direng yoniinden 22 izolattan 2'si en az 4 (AMP/E/N/P), 1'i
en ¢ok 18 adet antibiyotige karsi direncli bulunmus olup
bu antibiyotiklerin (aminoglikozid grubundan Neomycin,
makrolid grubundan Erythromycin, penicillin grubundan
Ampicillin ve Penicillin G) yapilan diger ¢calismalarda 1'%
da MDR profillerinde temel olarak yer aldigi tespit edil-
mistir. Bu durumun, adi gecen bu antibiyotiklerin insan
ve hayvan hekimliginde bakteriyel infeksiyonlarda primer
tedavi amaciyla siklikla ve yanlis olarak uygulanmasi ile
iliskili oldugu dustnulmektedir.

Galismanin sonucunda, yumurta tavukculugunun yo-
gun oldugu bolgelerde Salmonella'nin hizli deteksiyo-
nunda LCSGIrPCR ve BAXrPCR sistemlerinin ISO metodunu
destekleyici olarak kullanilabilecegi, tim yetistirme do-
nemlerinde Salmonella varhginin yiiksek oldugu belir-
lenmistir. Ayrica Salmonella izolatlarinin buytk bir kismi-
nin SE oldugu ve tamamina yakininin ¢oklu antibiyotik
direncliligi gosterdigi ortaya konulmustur.
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Abstract

Although most consumers are sensitive about the origin of the meat they consume, adulteration of meat products is not uncommon.
For this reason, the development of reliable methods for animal species identification in meat products is an important research priority for
food scientists. Species-specific protein- and DNA- identification methods generally used for this purpose. ELISA and protein electrophoresis
are used for protein, PCR is used for species-specific DNA identification. Because DNA is known to be more resistant to processing than
protein, PCR methods are generally considered as more sensitive for processed foods. However, processing conditions may also degrade
DNA resulting in decreased DNA quality and yield. In this study, the individual and combined effects of heat treatment and low pH on the
identification of animal species in meat products by PCR were evaluated. Beef sausage mixtures containing two different amounts of meat
from a secondary species (either poultry, pork, or horse) were prepared and were subjected to heat treatment (65°C, 85°C, and 121°C)
and pH adjustment (5.2 and 6.2). PCR screening for the four animal species was performed using DNA extracts of these meat samples.
The results showed that, the combined effect of high temperature and low pH significantly affects the detection limit of the PCR method.
Nevertheless, even low levels of adulteration can still be detected fallowing heat treatment.

Keywords: Animal species identification, PCR, Heat processing, DNA degradation, Low pH

Proses Kosullarinin Et Uriinlerinde Hayvan Tiiriiniin
PCR ile Teshisine Etkisi

Ozet

Bircok tuketicinin tlkettigi etin orijini konusunda hassasiyetinin bulunmasina karsin, et trlinlerinde yapilan hileler oldukga siktir. Bu
sebeple, ¢cesitlihayvan tiirlerinin et Grlinlerinde tespit edilmesinde kullanilacak gtivenilir metotlarin gelistirilmesi, gida bilimcilerinin dncelikli
calisma konularindandir. Bu amacgla, tiire spesifik protein yada DNA'nin tanimlanmasi yontemleri kullanilir. Protein tanimlanmasi igin ELISA
ve protein elektroforezi kullanilirken, tlre spesifik DNA tanimlanmasinda PCR yonteminden yararlanilir. DNA'nin proses kosullarina daha
dayanikli oldugu bilindiginden, PCR islem gérmus urilinlerde daha hassas olarak kabul edilmektedir. Buna karsin, proses kosullari DNA
Uzerine de yikimlandirici etki gostererek, DNA kalite ve miktarini zayiflatabilir ve béylece PCR metotlarinin islenmis Grtinlerde kullanimini
sinirlandirabilir. Bu calismaile 1sil islem ve diisiik pH'nin bagimsiz ve kombine etkisinin et trtinlerinde hayvan tirliniin PCR ile teshisine olan
etkisini incelenmistir. Bu amagla, iki farkli seviyede ikincil bir tire ait (tavuk, domuz yada at) et katilmis olan deneysel sigir sosis karisimlari
yaygin olarak kullanilan proses sartlarini temsil etmek tizere isil isleme (65°C, 85°C, and 121°C) ve pH ayarlamasina (5.2 and 6.2) tabi tutuldu.
Bu karisimlarin DNA ektraktlarinin, PCR ile tir tayini testleri gergeklestirildi. Elde edilen sonuglar, diistik pH ve isil islemin kombine etkisinin
tespit limiti zerine oldukca 6nemli etkisi oldugunu, ancak distk miktarlardaki karisimin tespit edilmesinin miimkiin oldugunu gésterdi.

Anahtar sozciikler: Hayvan tiirii tayini, PCR, Isil islem, DNA yikimlanmasi, Diisiik pH

INTRODUCTION

The composition of food is a major concern of consumption, several factors including economic, food
consumers today. In the case of adulterated meat product  safety (allergy) and moral reasons (religious belief), trigger
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such apprehensions. Among these concerns, consumers
are most sensitive because of religious factors and do
not tolerate even trace amounts of adulteration of meat
products with forbidden meats like pork. Nevertheless, the
results of several studies and market cases have shown that
meat products are frequently adulterated with forbidden/
cheaper meats that undeclared on the product 4, and
for this reason, there is an increased demand for effective
methods for the identification of foreign animal species in
meat products .

Several methods of species identification in meat
products have been employed in a number of studies ©?,
and in most cases these methods are based on either
protein-or DNA-analysis®®. Speciesidentification methods
based on protein analysis include immunologic techniques
such as ELISA, as well as electrophoretic methods 26719,

However, species identification is often required for
heat-treated meat products and heat processing can cause
denaturation of proteins, thus limiting the sensitivity of
protein-based tests #1112, On the other hand, due to its
stability and resistance to degradation, most analytical
methods today use DNA B3l Moreover, conventional-
and real time- PCR are frequently used because of the
sensitivity and specificity of these methods '"'#16l, The
results of several studies have shown that these methods
are also reliable for the analysis of heat-treated meat 1'%,
however, processing conditions have been shown to have
an effect on DNA fragment size and thus on the sensitivity
of PCR detection "8, In this study, we aimed to evaluate
the individual and combined effects of pH and heat
treatment on the identification of certain animal species
in meat samples using PCR.

MATERIAL and METHODS

Preparation of Experimental Meat Samples

Beef, poultry, domestic pork, and horse meat were
used to prepare experimental sausage mixtures for use in
this study. Beef sausage mixture was prepared from 73%
beef, 15% beef fat, 0.03% NaNOs, 0.5% paprika, 1% black

Table 1. Summary of the primer pairs used in the study

pepper, 1% cumin, 3% salt, 0.5% mixed spices, 5% potato
starch, and 1% sugar. To this mixture, selected amounts
of poultry, pork, or horse meat were added to give final
concentrations of 0.1 and 0.5% of a secondary animal
species in the meat mixture. The mixtures were finely
blended, after which each mixture was divided into two
groups. The pH of one group was adjusted to both 5.2, and
that of the second group to 6.2 by the addition of 0.5 N
either lactic acid or NaOH. Following pH adjustment, each
group was further divided into three subgroups. One was
heated to 65°C, another to 85°C (internal temperature, 15
min heating) and the third subgroup was autoclaved at
121°Cfor 15 min.

DNA Extraction

DNA was extracted and purified in duplicate from all
sausage mixtures as well as from raw meat samples of
each species used for testing the primer specificities. DNA
extraction was carried out using a NucleoSpin™ Tissue
DNA isolation kit (MACHEREY-NAGEL GmbH and Co.,
Germany) according to the manufacturer’s instructions.
Extracted DNA was quantified by measuring UV absorption
at 260 nm using a Spektonic Aquamate spectrometer
(ThermoSpectronic, UK).

PCR Primers and PCR Conditions

Species-specific primers for horse, pork, poultry, and
beef DNA were used. The sequences and origins of each
primer set are summarized in Table 1. All PCR reactions
were carried out using a Bioneer Thermocyler (Bioneer
Corporation, South Korea). PCRs of poultry, horse, and
pork primers were performed as multiplex-PCR reactions,
while beef PCR reactions were performed separately as
simplex reactions. Multiplex PCR amplification reactions
were performed in total volumes of 50 ul containing
50 ng genomic DNA, 25 pl of the PCR mastermix 2*
(Fermentas, Turkey) and 3, 4, and 5 pmol of poultry,
pork, and horse primer sets, respectively. Simplex PCR
amplification reactions were performed in total volumes
of 25 pul containing 50 ng genomic DNA, 12.5 pl of the
PCR mastermix 2% (Fermentas, Turkey) and 2.5 pmol of
beef primer set.

Tablo 1. Calismada kullanilan primer ciftlerinin ozeti

Target Gene Primer Sequences (5’ — 3') Length of PCR product Reference
Horse CTCAgATTCACTCgACgAgggTA:

Horse g 97-0R999TR9 439 bp 09l
SIM gACCTCCCAgCTCCATCAAACATCTCATCTTgATgAAA
Pork1 CTA CAT AAg AAT ATC CACCACA

Pork 290 bp =l
Pork2 ACATTg Tgg gAT CTT CTA ggT
Poultry1 TgA gAA CTA CgA gCA CAA AC

Poultry 183 bp &
Poultry2 g9g CTATTg AgCTCACTgTT
Beef CTAgAAAAGTgTAAgACCCGTAATATAA

Beef J 91979 J J 274 bp 1L
SIM gACCTCCCAgCTCCATCAAACATCTCATCTTgATGAAA
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The amplification protocol used for multiplex PCR
reactions was as fallows:10 min at 94°C; amplification for
30 s at 94°C, 60 s at 60°C and 60 s at 72°C for 35 cycles; and
final extension for 5 min at 72°C. For simplex reactions the
protocol used consisted of 10 min at 94°C; amplification
for 30 s at 94°C, 30 s at 60°C and 30 s at 72°C for 35 cycles;
and final extension for 5 min at 72°C 319,

Agarose Gel Electrophoresis

The PCR products were electrophoresed through a 2%
agarose gel, containing 0.05% ethidium bromide. As a size
reference, a 100 bp DNA ladder (Generuler, Fermentas,
Turkey) was used. Visualization of the agarose gels was
performed using a UV transilluminator, and the images
were captured using DNR Minibis Pro analysis software
(St. Paul, USA).

RESULTS

DNA Yield

The DNA concentration in extracts was calculated by
using the 260 nm absorbance values for evaluation of
the effects of processing conditions on DNA quantity. The
overall average DNA concentrations were 30.8 ng/ul and
27.9 ng/ul for pH 5.2 and pH 6.2 sausages, respectively.
The detailed concentrations of the samples are given in
Table 2. The results did not showed a significant difference
in relation with the processing conditions.

Species Detection

DNA extractions were carried out in duplicate for all
experimental sausage batches, and PCR reactions were
then repeated to obtain four amplification results for each
sample. The results of the replicated amplifications are
summarized in Table 3.

For quality control purposes, in each PCR reaction, a no
template control (sterile MILLI Q water) was include
(negative control), and a mixture of DNA extracted from raw
meat samples of all four species was used as positive controls.

According to these results presence of all three
secondary species could be detected in both concentrations
(0.1 or 0.5%) after 65°C heating in both pH 5.2 and
6.2 sausage mixtures. The agar gel electrophoresis
results of 65°C heated meat mixtures containing 0.1%
foreign species meat are given in Fig. 1. The results were
similar for 85°C heated sausage mixtures. The agar gel
electrophoresis results of 85°C heated meat mixtures
containing 0.1% foreign species meat are given in Fig. 2.
However the results of 121°C heated mixtures different form
the above results and detection could not be possible in
pH 5.2 sausage mixtures while it was possible for pH 6.2
sausage mixtures (Fig. 3).

The band intensities of bands corresponds to samples
containing 0.1% secondary meat species were indistinct
compare to samples containing 0.5% secondary meat

Table 2. Absorbance values and concentration of the DNA extracts
Tablo 2. DNA ekstraktlarinin absorbans degerleri ve konsantrasyonlari

pH Heat Absorbance | DNA Concentration
65°C 0.024 30.2

5.2 85°C 0.029 35.2
121°C 0.022 27.0

Mean 0.025 30.8
65°C 0.017 21.0

6.2 85°C 0.022 27.5
121°C 0.028 353

Mean 0.022 27.9

* absorbance values and concentrations are means of all 0.1 and 0.5% samples

Table 3. PCR screening results of experimental samples determined with primer pairs for poultry, horse and pork

Tablo 3. At, domuz ve kanatli eti icin primer ciftleri ile incelenen deneyesel érneklerin PCR tarama sonuglari

Species mixture pH Heat Horse* Pork* Poultry*

65°C 4/4 4/4 4/4
5.2 85°C 4/4 4/4 4/4
121°C 0/4 0/4 0/4

0.1%
65°C 4/4 4/4 4/4
6.2 85°C 4/4 4/4 4/4
121°C 4/4 4/4 4/4
65°C 4/4 4/4 4/4
5.2 85°C 4/4 4/4 4/4
121°C 0/4 0/4 0/4

0.5%
65°C 4/4 4/4 4/4
6.2 85°C 4/4 4/4 4/4
121°C 4/4 4/4 4/4

* number of the positive results in all 4 replicated amplifications
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Fig 1. Multiplex PCR results of 65°C heated 0.1% samples

A- Pork (Lane-1:100 bp DNA ladder, Lane 2-5:pH 5.2, Lane 6-9:pH 6.2), B- Poultry (Lane-1:100 bp DNA ladder, Lane
2-5:pH 5.2, Lane 6-9:pH 6.2), C- Horse (Lane-1:100 bp DNA ladder, Lane 2-5:pH 5.2, Lane 6-9:pH 6.2)

Sekil 1. 65°C'de isitilmis %0.1 6rneklerin multipleks PCR sonuglari
A- Domuz (Sira-1:100 bp DNA marker, Sira 2-5:pH 5.2, Lane 6-9:pH 6.2), B- anatli (Sira-1:100 bp DNA marker, Sira 2-5:pH
5.2, Sira 6-9:pH 6.2), C- At (Sira-1:100 bp DNA marker, Sira 2-5:pH 5.2, Sira 6-9:pH 6.2)

Fig 2. Multiplex PCR results of 85°C heated 0.1% samples

A- Pork (Lane-1:100 bp DNA ladder, Lane 2-5: pH 5.2, Lane 6-9: pH 6.2), B- Poultry (Lane-1: 100 bp DNA ladder, Lane 2-5:
pH 5.2, Lane 6-9: pH 6.2), C- Horse (Lane-1: 100 bp DNA ladder, Lane 2-5:pH 5.2, Lane 6-9: pH 6.2)

Sekil 2. 85°C'de isitilmis %0.1 6rneklerin multipleks PCR sonuglari
A- Domuz (Sira-1:100 bp DNA marker, Sira 2-5: pH 5.2, Sira 6-9: pH 6.2), B- Kanatli (Sira-1: 100 bp DNA marker, Sira 2-5:
pH 5.2, Sira 6-9: pH 6.2), C- At (Lane-1: 100 bp DNA marker, Sira 2-5:pH 5.2, Sira 6-9: pH 6.2)

i bp -

Fig 3. Multiplex PCR results of 121°C heated 0.1% samples

A- Pork (Lane-1: 100 bp DNA ladder, Lane 2-5: pH 5.2, Lane 6-9: pH 6.2), B- Poultry (Lane-1:100 bp DNA ladder, Lane
2-5:pH 5.2, Lane 6-9:pH 6.2), C- Horse (Lane-1:100 bp DNA ladder, Lane 2-5:pH 6.2, Lane 6-9:pH 5.2)

Sekil 3. 121°Cisitilmis %0.1 6rneklerin multipleks PCR sonuglari

A-Domuz (Sira 1: 100 bp DNA marker, Sira 2-5: pH 5.2, Sira 6-9: pH 6.2), B- Kanatli (Sira 1:100 bp DNA marker, Sira 2-5:pH
5.2, Sira 6-9: pH 6.2), C- At (Sira 1:100 bp DNA marker, Sira 2-5:pH 6.2, Sira 6-9:pH 5.2)

species. The results of sausage mixtures containing pork
meat are given in Fig. 4.

The presence of beef could be possible in all samples
regardless of the PH and heat treatment (Fig. 5). However
band intensities of pH 5.2 sausages were weaker compare
to pH 6.2 samples.

DISCUSSION

The results of several studies have shown that heat
processing strongly effects the detectability of species-

specific DNA in meat products and thus significantly
decreases the sensitivity of PCR 121719 Fyrthermore,
the results of a study by Bauer et al.?” showed that the
combined effect of low pH and heat is stronger than
the individual effects of conditions on PCR detection of
Genetically Modified DNA in food products. The effects of a
similar set of conditions on the detectability of species-specific
DNA in meat products was assessed in the present study.

The first and important step of PCR screening is to
extract sufficient amount of detectable DNA Y. Therefore,
the amount of DNA extracted from experimental sausages
was screened by measuring the absorbance at 260 nm in
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Fig 4. Multiplex PCR results of 65°C heated pork samples
(Lane-1:100 bp DNA ladder, Lane 2-5:0.1% pH 5.2, Lane
6-9:0.1%, pH 6.2, Lane 10-13:0.5%, pH 5.2, Lane 14-17:
0.5% pH 6.2, Lane 18: Ext negative control, Lane 19:
meat mixture positive control, Lane-20: PCR negative
control)

Sekil 4. 65°C'de 1sitilmis domuz sosis érneklerinin
multipleks PCR sonuglar (Sira-1:100 bp DNA marker,
Sira 2-5: %0.1 pH 5.2, Sira 6-9:%0.1, pH 6.2, Sira 10-13:
%0.5, pH 5.2, Sira 14-17:%0.5 pH 6.2, Sira 18: Ektraksiyon
negatif kontrol, Sira 19: et karisimi pozitif kontrol, Sira
20: PCR negatif kontrol)

274 by

Fig 5. Simplex (beef) PCR results of 121°C heated samples (Lane-1:100
bp DNA ladder, Lane 2-5:pH 5.2, Lane 6-9:pH 6.2)

Sekil 5. 121°C sisitimis 6rneklerin simpleks (sigir) PCR sonuglari (Sira-
1:100 bp DNA marker, Sira 2-5:pH 5.2, Sira 6-9:pH 6.2)

order to determine the effect of temperature and pH. The
results were not found to differ significantly between low-
and high- pH meat samples or between batches subjected
to different temperatures.

The results of the PCR testing performed on DNA
extracts are given Table 3 and the PCR amplification
products of heat-processed experimental sausage samples
visualized on agarose gels are shown in Fig. 1, 2, 3, 4 and
5. The results of the multiplex PCR reactions carried out on
sausage meat prepared from binary meat mixtures showed
that the meat species of all three secondary species can
be detected after heating at 65 and 85°C in both 0.1 and
0.5% mixtures regardless of the pH (Fig. 7 and 2). These
findings are in keeping with those reported by Kesmen et
all', which showed that 0.1% of foreign meat in sausage
mixture was detectable after heating at 72°C. Despite
a combination of low pH and high temperature being
applied in our study, the detection limit of PCR method,
like that in the study by Kesmen et al.'%, was low (0.1%).

As shown in Fig. 4, agarose gel bands corresponding
to samples containing smaller amounts of foreign meat
(0.1%) were indistinct compared to those corresponding
to samples containing larger amounts of foreign meat
(0.5%). Band intensities of PCR products on agarose gels

are known to be proportional to DNA concentration 22,
and thus although these observed differences cannot
be used for quantitative purposes, they demonstrates
the negative effect of processing on the amplification of
DNA by PCR.

The multiplex PCR experiments carried out in this
study showed that even 0.1% of foreign species meat is
detectable in samples subjected to heating at 121°C (15
min, pH 6.2). These results differ from those reported by
Kesmen et al!l'?, which showed that the limit of detection
of foreign meat mixture was increased to 0.5% when
the mixture was heated at 120°C for 30 min; however,
this difference may accounted for by the difference in
heat exposure time (15 min vs 30 min). In another study
by Arslan et al.l'” it was shown, like our study, that PCR
detection of beef was possible for autoclaved beef meat
samples. In another study which horse meat was cooked at
120°C ", findings differed from those reported here and
by Arslan et al.'”: horse DNA was not detectable fallowing
autoclaving process despite the samples consisting of
100% horse meat compared with the 0.1% horse meat
used in our study. Arslan et al'’, attribute the discrepancy
between findings of the two studies to difference in
target DNA fragment size. The primers used in our study,
however target fragment equal in size to those targeted
in the study by Matsuagana et al." and thus the difference
is more likely to result from the different extraction
methods used in the two studies. Hird et al." have shown
that autoclaving and canning processes strongly affects
the DNA fragmentation. Fragmented DNA is not extracted
with the same efficiency as intact DNA by some DNA
extraction methods; and because it is more difficult to
precipitate short DNA fragments compared with larger
ones, this is particularly true for methods including a
DNA precipitation step. The extraction method used in
our study is a spin column-based method, while that
used in the study by Matsuagana et al.™ is precipitation-
based method.

PCR experiments in this study showed differences
for meat samples adjusted to different pHs, specifically
between low pH (pH 5.2), 121°C heat-treated samples
and pH 6.2, 121°C heat-treated samples. Foreign species
present in meat samples at either 0.1 or 0.5% were not
detectable in low pH (5.2) samples subjected to heating
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at 121°C, while they were detectable in pH 6.2 samples
(Fig. 3). Kesmen et al.?? previously showed that 0.1%
of foreign species in a meat mixture is detectable in
fermented sausages. The final pH of the fermented meat
was not reported; however, the pH of the meat is likely to
have been low due to 15 days ripening process applied.
Considering the results of Kesmen et al?? (low pH-no heat
treatment) and our results for pH 6.2 autoclaved meat
samples showed that the effect of combined processing
conditions (low pH and high temperature) is stronger
than the conditions applied individually. Similarly, Pascoal
et al."? reported that the combined effect of heat and
high pressure might result in stronger DNA degradation.

In the case of simplex PCR experiments for the
detection of beef in meat samples, detection was possible
in all samples irrespective of the processing conditions
applied (Fig. 5). This finding can most likely be attributed
to the high concentration of beef present in the final
sample product. As shown in Fig. 5, the agarose gel bands
corresponding to pH 5.2 samples that were autoclaved
were significantly weaker than those corresponding to pH
6.2 samples subjected to autoclaving, demonstrating that
the degrading effect of 121°C heat treatment on DNA
was more pronounced in samples subjected to low pH.

Certain cases, the low limit of detection of PCR methods
can be considered a disadvantage in the identification
of foreign animal species in meat products: accidental
contamination across processes can result false- positive
identification of meat adulteration. However, the low limit
of detection associated with PCR is required in instances
in which even trace amounts of foreign animal species are
unacceptable, such as in cases where certain species are
not tolerated for religious reasons.

In conclusion, our results demonstrated that PCR
identification of foreign animal species represented at
low levels in meat products is possible even after severe
heat processing. Food additives commonly used in meat
production did not interfere with the results of this study.
It was also shown that the combined effect of pH and
high temperature on DNA integrity was stronger than
the effect of either condition individually, and the limit
of detection of the PCR method used was significantly
increased by these conditions. During industrial meat
processing, various conditions are applied in combination.
Considering the likelihood that the combination of such
processes negatively affects the detectability of foreign
animal species in meat products as demonstrated in this
study, we recommend that method validation studies
for PCR detection of foreign animal species should be
performed for different types of meat products subjected
to different processing conditions. We also recommend
that further studies on animal species quantification
methods be conducted, especially in the case of meat
from animal species, which are of economical concern
such as poultry.
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Abstract

The objective of this study was to investigate how follicular dynamics are affected by changing the initial injection times of PGF2a and
GnRH in the Cosynch protocol in Montofon cattle that have been administered presynchronization. Initially, all cattle whose corpus luteum
was identified were administered an injection of PGF2a. Six days after estrus was identified, the Cosynch protocol was started. In keeping
with this, Group | (Gl; n=9) was administered GnRH on day 0 and PGF2a 7 days later. Fifty-six h later, artificial insemination was performed
and GnRH was injected. In the second group of cows (Gll; n=10), PGF2a was administered in the Cosynch protocol 8 days after the first GnRH
injection. Fifty-six h later, artificial insemination was performed and GnRH was injected. Development of the follicle and the corpus luteum was
monitored each day with ultrasonography. On days 6, 7 and 8 of the procedure, a statistically significant difference in the follicle diameters was
identified between the groups (P<0.05). No significant difference between the groups was identified in the dominant follicle diameter during
artificial insemination (P>0.05). In conclusion, we determined that for cattle administered the Cosynch protocol on the 6th day of the sexual
cycle, extending the application time of PGF2a by one day in did not affect the size of the Graafian follicle.

Keywords: Cow, Corpus luteum, Cosynch, Follicular dynamics

. Presenkronizasyon ile Ostrusu Uyarilan Montofon Irki
Ineklerde Seksiiel Siklusun Erken Luteal Doneminde Uygulanan

Cosynch Protokoliinde PGF2a ve GnRH Uygulama Zamaninin
Degistirilmesinin Follikiiler Dinamik Uzerine Etkisi

Ozet

Bu calisma ile presenkronizasyon olusturulan Montofon irki ineklerde Cosynch protokoliindeki ilk GnRH ile PGF2a uygulanma arasi
zamaninin degistirilmesinin follikiiler dinamikleri Gizerine etkisini arastirmak amaclanmustir. ilk olarak corpus luteum belirlenen tiim ineklere
tek doz PGF2a enjekte edildi. Ostrus tespitinden sonraki 6. giiniinde Cosynch protokoliine baslandi. Bu dogrultuda Grup 1'de (Gl; n=9) 0.
giin GnRH, 7 giin sonra PGF2a enjekte edildi. Bu uygulamadan 56 saat sonra suni tohumlama yapildi ve GnRH enjekte edildi. ikinci gruptaki
ineklerde (GlI; n=10) ise Cosynch protokoliindeki PGF2q, ilk GnRH enjeksiyonundan 8 glin sonra uygulandi. Bu uygulamadan 56 saat sonra
suni tohumlama yapildi ve GnRH enjekte edildi. Follikiil ve corpus luteum gelisimi ultrasonografi ile guinliik takip edildi. Uygulamanin 6, 7 ve
8. glinlerinde gruplar arasinda follikiil caplarinda istatistiksel olarak dnemli bir fark belirlendi (P<0.05). Suni tohumlama sirasinda dominant
follikdl capi buylkliginde gruplar arasinda fark belirlenmedi (P>0.05). Sonug olarak, sekstiel siklusun 6. gliniinde Cosynch protokolii
uygulanan ineklerde PGF2a uygulama zamaninin bir giin uzatilmasinin graaf folliktiltiniin byuklGgiinu etkilemedigi belirlendi.

Anahtar sézciikler: inek, Corpus luteum, Cosynch, Follikdiler dinamik
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INTRODUCTION

For cattle to be able to calve every year, it is very
important that signs of estrus be regularly monitored and
to identify the best time for artificial insemination (Al)
accordingly. Reproductive performance is limited on most
farms because they fail to identify the signs of estrus more
than 50% of the time. The rate of identifying estrus is low
because the external signs of estrus are short and infrequent,
as well as the fact that protocols for identifying estrus are
limited . Pursley et al.”? developed the Ovsynch protocol
to eliminate these problems in cattle. The Ovsynch protocol
ensures follicular development and maturation of follicles
during luteolysis prior to ovulation 23, With the first GnRH
injection, the existing dominant follicles start ovulation
and approximately 2 days later a new wave of follicles
begins ™. At this time, one follicle gains dominance and
the other large follicles (subordinate) undergo atresia. This
separation occurs 6 days after the first GnRH injection ©4l.
In the Cosynch program, which is a modified form of the
Ovsych program, Al is performed at the same time as the
second GnRH injection. A number of studies performed
by researchers on cattle have reported pregnancy rates of
22.6%-58.5% with the Ovsynch and Cosynch synchronization
programs Y. It has been observed that changing the
time of the second GnRH injection in the Ovsynch and
Cosynch synchronization protocols has an effect on the
pregnancy rates for lactating milk cows. In addition, it
has been determined that pregnancy rates are higher in
cows administered Ovsynch 56 (second GnRH injection
administered 56 h after the PGF,, injection). Furthermore,
it has been reported that cows administered Cosynch 48
(Al performed with the second GnRH injection 48 h after
the PGF,, injection) had higher pregnancy rates than
those administered Cosynch 72 (Al performed with the
second GnRH injection 72 h after the PGF,, injection) 7.
Pursley et al.”? achieved the highest pregnancy rate in
the Ovsynch protocol with insemination performed 16 h
after the second GnRH injection. Similarly, an increase
in pregnancy rates was achieved by administering the
Ovsynch protocol after 12-14 days in cows receiving PGF,,
treatment at an interval of 14 days .

The objective of this study was to examine Montofon
cows whose estrus was stimulated with presynchronization
and investigate the effect on follicular dynamics starting
the Cosynch synchronization program in the early luteal
phase (the 6™ day) of the sexual cycle and administering
the PGF,, injection in the Cosynch protocol 8 days after the
first GnRH injection.

MATERIAL and METHODS

Animals

This study was approved by the Kafkas University Local

Ethics Committee for Animal Experiments, Kars, Turkey
(KAU-HADYEK; 2010/04-09).

This study was performed on 19 clinically and
gynecologically healthy Montofon cows who were at
least 45 days postpartum and were fed on dry grass and
concentrate feed (minimum of 88% dry content, minimum
of 16% crude protein, maximum of 14% crude cellulose,
maximum of 9% crude ash, maximum of 1% HCl acid-
insoluble ash, approximately 1.6% calcium, 0.4% phosphor,
0.4% sodium, 1% NaCl and 2.500 kCal/kg of metabolic
energy). Rectal and ultrasonography examinations (Titan®,
Sonosite, USA, 5 MHz) were used on all cows to verify
that uterine involution was complete in postpartum
period. After the corpus luteum was identified in the cow
during the ultrasonographic examination, PGF,, (2 ml, IM,
0.075 mg, D-Cloprostenol, Dalmazin®, Vetas, Turkey) was
administered and an electronic heat detection device
(DEC®, IVM, France) able to identify the start time of estrus
with an accuracy of 2 h was attached to the sacrum in
order to identify signs of estrus. The day that estrus began
was recorded as day 0 of the sexual cycle and the Cosynch
protocol was started on day 6 (in the early luteal phase
of the estrus cycle). After starting the Cosynch protocol,
ultrasonographic measurements were made every day
on both groups of cows to determine the sizes of the
follicles and corpus luteum on the ovary. Measurements
were made after identifying the follicle or CL that had the
largest diameter on the screen. Daily ultrasonographic
examinations were continued from the beginning of the
Cosynch protocol until fertilization occurred. Furthermore,
6 days after Al, ultrasonography was used to investigate
the presence of the corpus luteum to determine whether
or not ovulation had occurred. In addition, body condition
scoring (BCS) was measured for the groups from the
beginning of the study using a 5-point system with
quarter-point increments 1'%,

Study Procedure

Group | (GI): This group of cows (n=9; average age of
5.0+0.5 years; BCS: 3.2+0.3; average milk production:
8.1£0.9 L) was administered a single dose of PGF,, for the
purpose of presynchronization. The Cosynch protocol was
started on the sixth day of the cycle after signs of estrus
were identified in a given cow. According to this protocol,
GnRH (2 mL, IM, 25 ug, Lecirelin acetate, Dalmarelin®,
Vetas, Turkey) was administered on day 0. Seven days later,
PGF,, (2 mL, IM, 0.075 mg, D-Cloprostenol, Dalmazin®,
Vetas, Turkey) was administered, followed by Al and a
GnRH injection 56 h after that (Fig. 1).

Group Il (GllI): This group of cows (n=10; average age
of 5.0+0.5 years; BCS: 3.1+0.3; average milk production:
8.8+0.9 L was administered a single dose of PGF,, for
the purpose of presynchronization. As in Gl, the Cosynch
protocol was started on the sixth day of the cycle after
estrus symptoms were identified in a given cow. In contrast
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to the first group, however, this group was administered
PGF,, 8 days after the GnRH injection. Fifty-six hours after
prostaglandin F,, was administered, Al was performed and
GnRH was administered. In this group, it was not possible
to perform Al on one animal because it developed severe
diarrhea (Fig. 2).

Statistical Analysis

Statistical analysis of the findings obtained in the study
was performed using the SPSS 16.0 statistical program.
One-way ANOVA was used in the statistical analysis of
follicle sizes, corpus luteum diameters, BCS, age and
milk production for the groups. Chi-square was used for
statistical analysis of the ovulation rate and accessory
corpus luteum development rate. P<0.05 was considered
to be statistically significant.

RESULTS

Dominant follicle sizes in the cows during the first
application of GnRH in the Cosynch protocol were found
to be 12.3+3.3 mm in Gl and 12.4+2.2 mm in Gll. At that
same time, the size of the corpus luteum (CL) was observed
to be 20.4+£3.2 mm in Gl and 20.5+3.8 mm in Gll. No

Table 1. Follicle, CL diameters and ovulation in the groups on different days

statistically significant difference was found between the
groups (P>0.05) with regard to the sizes of the dominant
follicle and CL during the first administration of GnRH in
the Cosynch protocol. For both Gl and Gll, development of
an accessory CL was not identified in 2 cows. No statistically
significant difference was found between the groups
(P>0.05) with regard to the sizes of the dominant follicle
and CL during administration of PGF,, in the Cosynch
protocol (day 7 for Gl and day 8 for Gll). In addition, no
statistically significant difference was found between the
groups with regard to the follicle size in measurements
performed 24 h after PGF,, was administered in Gl and GlI
(14.2+£1.0 and 13.0+2.0; P>0.05; Table 7).

It was determined that there was no statistically
significant difference in GI's follicle size as compared with
Gll as of day 4 of the study (P=0.06). However, follicle
diameters were found to be statistically different between
the groups on days 6, 7 and 8 (Fig. 3; P<0.01).

Fig. 4 shows the follicle sizes measured in the daily
ultrasonographic examinations of the ovary after the
Cosynch protocol was started (day 0) in Gl and Gll, while Fig.
5 shows the CL diameters. In our study, we determined that
the subordinate follicles began to undergo atresia after

Tablo 1. Gruplarin farkli giinlerdeki folliikiil ve CL ¢aplari ve ovulasyon oranlari

Parameters e e P

Size of dominant follicle during the first administration of GhnRH (mm) 12.3+£33 12422 P>0.05
Size of CL during the first administration of GnRH (mm) 20.4+3.2 20.5+3.8 P>0.05
Rate of developing an accessory CL (%) 77.7 (7/9) 88.8 (8/10) P>0.05
Size of dominant follicle during administration of PGF,. in the Cosynch protocol (mm) 13.3+1.3 12.0+2.2 P>0.05
Size of CL during the administration of PGF.. in the Cosynch protocol (mm) 23.2+5.1 22.4+3.7 P>0.05
Size of the Graafian follicle during artificial insemination (mm) 14.4+1.2 13.5+1.9 P>0.05
Ovulation rate 6 days after artificial insemination (%) 75 (7/9) 100 (9/9) P>0.05
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Fig 4. Follicle development in Gl and Gl during the period lasting from the beginning of the Cosynch protocol until the time artificial insemination
was performed (F1: Dominant follicle, F2: Subordinate follicle)
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Fig 5. Corpus luteum development in Gl and GlI during the
period lasting from the beginning of the Cosynch protocol
until the time artificial insemination was performed (CL:
Corpus luteum)

Sekil 5. Gl ve Gll'de Cosynch protokolili baslangicindan suni
tohumlama yapilincaya kadar gegen siirede corpus luteum
gelisimi (CL: Corpus luteum)

10

day 6 of the protocol in Gl (8.2+2.7 mm) and after day 7 in
Gll (8.3x2.4 mm) (Fig. 4). Measurements taken on these

days did not reveal any statistically significant difference
between the subordinate follicle diameters (P>0.05).
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DISCUSSION

The response to administering GnRH in cows varies
depending on the development phase of the follicle.
Ovulation occurs 100% of the time from a follicle that is
developing with GnRH, 33% of the time from a follicle in
the static phase and 1% of the time from a follicle that is
in the regression phase 213, It has been reported that the
pregnancy rate is higher when

the Ovsynch protocol is administered between days
5-12 of the sexual cycle in dairy cows. Starting the Ovsynch
protocol in the late luteal stage may cause estrus before
the second GnRH injection as well as premature CL
regression. As a result, an abnormal CL may develop
from the ovulating follicle, producing a small amount of
progesterone, which can cause a reduction in pregnancy
rates B In our study, we started the Cosynch protocol on
day 6 of the cycle in order to achieve the best follicle for
ovulation.

Follicular waves are optimally synchronized for some
cows in the Ovsynch protocol, but they are not sufficiently
synchronized for other cows. Insufficient development of
follicular waves depends on the initial response to GnRH.
Differences in the dominant follicle’s development stage
when the second GnRH is administered causes negative
results "4, Presynchronization with PGF,, prior to starting
the Cosynch protocol has been observed to increase the
pregnancy rate in multiparous cows ®. Studies on cows
that have been administered presynchronization have
reported follicle diameters of 15.5 mm ' and 14.4 mm 1'%
during the first GnRH injection administered in the
Ovsynch protocol. Furthermore, the ovulation rate was
found to be 69.5% after this procedure ", In our study, we
found the dominant follicle to be 12.3 mm in Gl during the
first GnRH injection administered in the Cosynch protocol
and 12.4 mm for GIl in which PGF,, was administered at
a different time. Furthermore, the ovulation rate after
administering GnRH was found to be 77.7% and 88.8%,
respectively (P>0.05). In our study, measurements taken
on days 6, 7 and 8 revealed that dominant follicle dia-
meters were larger in Group | than Group Il and we found
that there was a statistically significant difference between
these follicles. In one study performed on heifers, the
PGF,, injection time was changed (7 or 8 days after the
first GNRH injection) and progesterone was administered
during this time period. In that study, follicle diameter was
found to be 13.5 mm before ovulation and the ovulation
rate was reported to be 100% in the heifers in all groups "7,
In addition, preovulatory follicle diameters of 14.0 mm 1!
and 15.7 mm ['® have been reported during the second
GnRH injection administered in the Ovsynch protocol
with presynchronization. Furthermore, the ovulation rate
was found to be 96.2% after the second GnRH injection ',
In our study, we also found the preovulatory follicle
diameter to be 14.4 mm and 13.5 mm, respectively, during

the second GnRH injection in both groups. We found the
ovulation rate to be 75% in Group | and 100% in Group II.
Ourfindings are similar to the results of the aforementioned
study. Assey et al."® found the average corpus luteum
diameters to be 20.8+0.1 mm at day 7 after PGF,, injection
in cows. Similarly in mentioned study, we found the
corpus luteum diameters to be 23.2+5.1 mm in Group |
and 22.4+3.7 mm in Group ll. Rastegarnia et al." found
the average corpus luteum diameters to be 12.5+0.29 mm
in river buffalo while administering PGF,, in the protocol.
Based on this data, we found the corpus luteum diameters
to be larger when PGF,, was administered. Similar to our
findings, Bulbul et al.?” found no effect on the diameter of
CL following initiation of the Ovsynch protocol between
on day 0 and 8 of sexual cycle in Montofon cows.

In a study performed on cows that were administered
the Cosynch protocol, follicle size at ovulation when
administering GnRH 56 h after the PGF,, injection was
found to be smaller than Cosynch 72 and larger than
Cosynch 48 1. Ovulation of the maturing dominant follicle
is stimulated with the first GnRH injection and a new
follicular wave is produced within approximately 2 days .
In both groups in our study, the existing dominant follicles
ovulated with the first GnRH injection, followed by a new
follicular wave 2 days later. Studies on follicle dynamics
have observed a significant difference in growth of the
dominant follicle and the subordinate follicle by 6 days
after the GnRH injection. It has been reported that in the
following days, the subordinate follicle will undergo atresia
while the dominant follicle will develop even further for
ovulation. It has been observed that the subordinate
follicle grows approximately 8 mm and then becomes
smaller, in contrast to the dominant follicle ®¢.. Similarly,
our study also found that the subordinate follicles in
both groups grew approximately 8 mm and then became
smaller. Furthermore, these follicles began to undergo
atresia on day 6 in Group | and on day 7 in Group Il.

In conclusion, our study determined that changing
the injection time of PGF,, after the first GnRH injection
in the Cosynch protocol does not affect the follicle size at
ovulation.
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Abstract

In this study, the presence of Escherichia coli (E. coli) O157:H7 was investigated in minced meat samples. E. coli O157:H7 was detected
in six (7.5%) of the minced meat samples. Examination of the positive isolates for the presence of virulence genes; stx1 was determined in
oneisolate, stx2 in three isolates and both stx7 and stx2 were found in one isolate. Also eae genes were observed in all the positive isolates.

Keywords: E. coliO157:H7, Minced meat, PCR

Tiiketime Sunulan Kiymalarda Escherichia coli O157:H7'nin ve
Bazi Viruilens Genlerinin Arastiriimasi

Ozet

Bu calismada, tiiketime sunulan kiyma orneklerinin Escherichia coli (E. coli) O157:H7 ydniinden incelenmesi amagclandi. Kiyma
orneklerinin 6'sinda (%7.5) E. coli O157:H7 tespit edildi. Bu kiyma izolatlari, viriilens genleri bakimindan incelendiginde bir tanesinde stx7,
U¢ tanesinde stx2 ve bir tanesinde hem stx7 hem de stx2 geni tespit edildi. Ayrica izolatlarin timiinde eae genlerinin varligi gézlendi.

Anahtar sozciikler: E. coli O157:H7, Kiyma, PCR

INTRODUCTION

Shigatoxin producing Escherichia coli (STEC) strains
are included in the significant foodborne pathogens
and O157 is known as the most shigatoxin (stx) releasing
serotype . This serotype cause severe diseases in
humans such as hemorrhagic colitis (HC), thrombotic
thrombocytopenic purpura (TTP), hemolytic uremic
syndrome (HUS) characterized with hemolytic anemia,
thrombo-cytopenia and renal failure 2,

E. coli 0157 was firstly reported in the United States in
1982 and gave rise to serious outbreaks in many countries
in decades B It has been reported that most of the 0157
infections in the US were raised from foods and most
of these infections were resulted from consumption of
contaminated foods including ground beef 1,

Cattle are considered as the main reservoir of the agent
and agents in digestive tract cause contamination of meat
and meat products during slaughtering. On the other

hand, contamination come up through the environmental
route or while dressing ©. Besides this, the pathogen
can enter the production chain in storehouses, butchers,
markets, restaurants etc. and pose risk for public health ©,

E. coli 0157 has some virulence factors such as flagellar
antigen H7, (fliCh7) shigatoxins (stx), and intimin (eae). Stx
has a similar structure with Shigella dysenteriae type 1
toxin and inhibits protein synthesis and cause cell death
due to affecting ribosomal RNA ®\. Additionally, the agents
adhere to intestinal epithelial cells with eae adhesion
and cause various diseases in humans .

Detection of STEC O157 strains in meat and stool
samples by conventional methods is time consuming,
owing to the existence of other bacterial species in
samples. On the other hand, investigating the E. coli 0157
and its virulence genes can be carried out in a short time
by Polymerase Chain Reaction (PCR) tests.
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The aim of this study was to isolate E. coli 0157 from
minced meat samples obtained from restaurants, grilled
meatball restaurants and butchers and to investigate the
presence of shigatoxin (stx, and stx,), intimin (eae), 0157
(0157 rfbE), and H7 antigen (fliCh7) genes by PCR.

MATERIAL and METHODS

Sample Collection

A total of 80 minced meat samples were collected from
butchers, restaurants and grilled meatball restaurants in
Elazig province between December 2009 and November
2010. Approximately 50 g minced meat sample were
put into sterile stomacher bags and transferred to the
laboratory within 2 h in cold chain conditions. All the
samples were analyzed on same day in the laboratories
of Department of Microbiology, Faculty of Veterinary
Medicine, University of Firat.

Isolation

Ten grams of minced meat sample was put into sterile
bags and treated with 100 ml enrichment broth that
composed of modified tryptone soy broth (mTSB) (CM0989,
Oxoid)] containing 20 mg/l novobiocin (SR0181, Oxoid).
The samples were homogenized in mTSB broth using a
stomacher (Bag mixer, Interscience, France) for 2 min.
Liquid part of sample was transferred to erlenmayer
flask and left for incubation at 41.5°C for 24 h for
preenrichment. After incubation, pre-enriched samples
were plated onto CT-SMAC (sorbitol MacConkey’s agar
[SMAC; CM0981, Oxoid] containing 0.05 mg/L Cefixime
and 2.5 mg/L tellurite [SR0172; Oxoid]) both directly and
with Immuno Magnetic Separation (IMS) and incubated at
37°Cfor 24 h.

Samples were subjected to IMS, using dynabeads anti-£.
coli 0157 (Dynal Biotech, Oslo, Norway), as described by
the manufacturer. The pellet was resuspended in 50 uL of
distilled water and used for cultivation. Forty microliters
of the samples from IMS and a loopful (5 mm diameter)

Table 1. Primer sequences and lengths of PCR amplification products

from pre-enrichment broths were plated onto CT-SMAC
and incubated at 37°C for 24 h.

Non-sorbitol-fermenting (3-glucuronidase negative (pale)
colonies were selected for the detection of O157 (rfbE)
and virulence genes by PCR.

DNA Extraction and PCR

A few suspicious colonies grown on CT-SMAC medium
were transferred into microcentrifuge tube and homo-
genized with 300 pl sterile distilled water. DNA extraction
method and PCR amplification protocol was performed
according to our previous study ), and the presence of
0157 rfbE, fliCh7, stx,, stx,, and eae, genes were investigated
in sorbitol negative isolates by PCR with specific primer
pairs (Table 1).

The amplified products were detected by ethidium
bromide (0.5 pg/ml) staining after electrophoresis at 80 V
for two hours in 1.5% agarose gel. A reference strain of E.
coli O157:H7 (ATCC 43895) was included as positive control
and distilled water was used as a negative control at all
steps of the assay (Fig. 1).

RESULTS

Twenty five of minced meat samples cultured on CT-
SMAC medium were found to be negative for sorbitol
and B-glucuronidase. Of the 25 isolates, 11 were obtained
from direct plating and 14 were by IMS method. Isolates
determined by direct plating and IMS were different,
none of them was detected with both (direct plating
or IMS) methods. In the O157-specific PCR analysis E. coli
0157 was identified in six of IMS isolates but none of the
direct plating isolates were found to be positive for E. coli
0157 (Fig. 1).

All 0157 strains were examined for the existence of
stx,, stx,, fliCh7 and eae virulence genes by PCR assays. The
stx, gene was detected in only one and stx, was in three
of isolates. One of the isolates possessed both stx, and

Tablo 1. PCR amplifikasyon drtinlerinin primer sekanslari ve uzunluklari

Gene Primer Oligonucleotide Sequence (5°-3') Fragment size (bp) Reference
72 VT1-A CGCTGAATGTCATTCGCTCTGC 302 -
! VT1-B CGTGGTATAGCTACTGTCACC
. VT2-A CTTCGGTATCCTATTCCCGG 516 B
2 VT2-B CTGCTGTGACAGTGACAAAACGC
0157-AF AAGATTGCGCTGAAGCCTTTG o
Q57 v 0157-AR CATTGGCATCGTGTGGACAG 5l
fich7 H7-F GCGCTGTCGAGTTCTATCGAGC 625 -
H7-R CAACGGTGACTTTATCGCCATTCC
cae eaeAF GACCCGGCACAAGCATAAGC 384 -
eaeAR CCACCTGCAGCAACAAGAGG
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Fig 1. Escherichia coli O157 specific polymerase chain reaction products
of isolates obtained from minced meat samples. M: Marker, P: Positive
control, N: Negative control, 1, 2, 3, 4, 5, 6: Positive isolates

Sekil 1. Kiyma orneklerinden elde edilen izolatlarin Escherichia coli
0157 spesifik polimeraz zincir reaksiyonu trtinleri. M: Marker, P: Pozitif
kontrol, N: Negatif kontrol, 1, 2, 3, 4, 5, 6: Pozitif izolatlar

products, in Turkey 72, In other studies performed in
different countries, the prevalence of E. coli O157 was
reported to vary from 0.2% to 15% ['*\. High isolation rate
such as 73% has been reported in South Africa 'l

In the present study, E. coli O157:H7 was detected in
7.5% (6/80) of minced meat samples by both conventional
and molecular methods. This proportion is in parallel
with previous studies except the researchers conducted
in South Africa. The differences between the results may
be due to cultivation method, sample size and resource,
geographical region, season and degree of dispersion of
E. coli O157: H7 infections in the region ',

Immunomagnetic separation (IMS) is an easy, rapid
and reliable assay, which has been widely used for
epidemiological studies of E. coli O157:H7 and has provided
to accomplish efficient recovering microorganisms from
heterogeneous samples %, In the current study higher E.
coli O157:H7 isolation rate was obtained by IMS, although
all of the direct plated samples were found to be negative.
This conclusion suggests that combination of conventional
culture method and PCR assay are more advantageous
than single cultivation methods for identification of E. coli
0157:H7 serotype.

It has been reported that the virulence factors such as

Table 2. Distribution of virulence genes of Escherichia coli 0157 isolated from minced meat samples

Tablo 2. Kiyma 6rneklerinden elde edilen Escherichia coli O157 izolatlarinin viriilens genlerinin dagilimi

PoI:il:in::Iesr:I::es SI: l:::::: (onf) NuPn;:i:i:,:f:;:\ chIes 0157 rfbE fliCh7 eae stx, stx, stx, + stx,
1 + + + - - -
2 + + + - - -
3 + + + - - -
4 8 (%3'5) + + + - + -
5 + + + - + -
6 + + F + + +
Total 80 6 6 6 6 1 3 1

stx,. Neither stx, nor stx, genes were determined in three
of isolates. All of the E. coli 0157 isolates were positive for
fliCh7 (H7) and eae genes (Table 2).

DISCUSSION

The most important source of E. coli O157 originated
infections in humans is foods and animal products have a
significant role. Raw or undercooked meats may pose the
agent. Although E. coli O157 has been found in animals
such as cattle, sheep, pigs, and goats, studies indicated
that poultry may also carry it and pose health risk to
humans 'Y,

The prevalence of E. coli 0157 was reported to vary
between 0-6% in studies conducted on meat and meat

stx,, stx, and intimin are frequently associated with HC
and HUS in humans "% In this study, multiplex PCR results
showed that 16.6% and 50% of E. coli O157:H7 isolates
were found to be positive for stx, and stx, respectively and
pose a severe health risk to humans. Studies conducted
on cattle and cattle meats were declared high amount of
stx, gene presence in E. coli 0157 serotype ™. Also all the
E. coli O157:H7 isolates in the present study were found
to possess intimin that leads to diarrhea (and encourage
HC) in humans by an attaching and effacing (A/E) ability.
This result was in parallel with previous studies 2.

In conclusion, this study revealed that some of the
marketed minced meats were contaminated with E. coli
0157:H7. All the isolates were determined to possess
the eae gene and 50% of them were found to contain at
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least one of the stx, or stx,, which are important in the
development of HC and HUS conditions. The consumption
of these meats may have potential risk for human health.
Taking hygienic precautions and complying with Hazard
Analysis and Critical Control Point (HACCP) and Good
Manufacturing Practice (GMP) requirements in all steps
of processing meat and meat products are important to
prevent the E. coli O157:H7 infections in humans.
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Abstract

An approximately 2-year old domestic short hair female cat weighting 2.750g was presented to Firat University Veterinary Teaching
Hospital with a history of depression, anorexia and weight loss for the last 15 days. Clinical examination revealed incoordination,
hyperaesthesia, circling, head tilt, posterior paraparesis, absence of the pupillary reflex in both eyes, opisthotonus and anisocoria.
Blood samples were examined for hematological, RT-PCR and biochemical analyses. The cat died without any improvement of clinical
findings although symptomatic treatment was made. Necropsy revealed that distinct ocular lesions such as hyphema and thick
proteinous exudate accumulation in vitreous in both eyes. Microscopically; there was pyogranulomatous vasculitis in meninges, sclera,
corpus ciliare choroid, retina was partially detached in the right eye with retinal epithelial hypertrophy. The kidneys contained focal
subcapsular, gray to yellow raised nodules varying from 3 to 10 mm in diameter, and there was discrete fatty degeneration in the liver.
The RT-PCR revealed that RNA for FCoV was positive in the blood sample. As a result; the non-effusive form of FIP with distinct ocular
involvement was diagnosed through clinical, pathological and polymerase chain reaction (PCR) findings.

Keywords: Anisocoria, Cat, Eye, Feline infectious peritonitis, Hyphema

Tiirkiye'de Bir Kedide G6z Lezyonlariyla Belirgin Feline Enfeksiyoz
Peritonitis Olgusu

Ozet

Firat Universitesi Hayvan Hastanesi'ne onbes giindiir siiren depresyon, anoreksi ve canli agirlik kaybi sikayetiyle yaklasik 2 yasinda
ve 2.750 g agirhiginda, evcil, kisa tlyli disi bir kedi getirildi. Klinik muayenede inkoordinasyon, hiperestezi, ddnme, basi egme, posterior
paraparesis, her iki gézde pupilla refleksinin olmayisi, opistotonus ve anizokori belirlendi. Hematolojik, biyokimyasal ve RT-PCR
analizleri icin kan 6rnekleri alindi. Semptomatik tedaviye ragmen klinik bulgularda hicbir iyilesme olmaksizin kedi 6ldu. Nekropside,
her iki gézde vitreusta yogun protein tabiatinda eksudat birikimi ve hifem’le belirgin okiiler lezyonlar ortaya konuldu. Mikroskobik
olarak; meninkslerde, sklerada ve korpus silyar koroidde pyogranulomatoz vaskiilitis gdzlenirken sag gézde ise retina, kismen ayrilmis
olarak epitelyal hipertrofili sekilde belirlendi. Bobrekler fokal subkapsular 3-10 mm capina kadar degisen gri-sari noddlller iceriyordu
ve karacigerde farkli yerlerde yag dejenerasyonu vardi. Kan érneginde RT-PCR ile FCoV niikleik asiti pozitif olarak tespit edildi. Sonug
olarak; klinik, patolojik ve RT-PCR bulgularina gére g6z lezyonlariyla belirgin non-efiizif feline infeksiyéz peritonitis tanisi konuldu.

Anahtar sézciikler: Anizokori, Kedi, Gbz, Feline infeksiy6z peritonitis, Hifem

INTRODUCTION

Feline infectious peritonitis (FIP) is a fatal, immune-  with FECV is highly common and specific antibodies are
mediated disease triggered by infection with a feline  presentin up to 90% of cats in catteries and in up to 50% of
coronavirus (FCoV) M. FCoV strains are subdivided into  those in single-cat households. However, only about 5% of
two distinct biotypes, feline enteric coronavirus (FECV)  FECV-infected cats develop FIP in a cattery environment .
and feline infectious peritonitis virus (FIPV). Infection Based on widely accepted in vivo mutation theory, FIP
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arises by mutated enteric FECV in infected cat B. The
average age for development of FIP is between 6 months
to 2 years old . Two major forms of FIP, an effusive and
a non-effusive form, are recognized. In some cases of
non-effusive FIP, body effusion can develop at the
terminal stage of the diseases and become a mixed-type
of FIP upon necropsy .

Cats with a strong humoral immunity and a weak
or absent cell-mediated immune response against FIPV
develop a persistent viremia and effusive FIP. Effusive
disease results from widespread deposition of immune
complexes in blood vessels and complement activation
leading to vessel damage, vasculitis and leakage of
serum and protein into body cavities 4. Cats with partial
cell-mediated immune responses along with humoral
immunity develop the more chronic non-effusive form
of FIP, which is characterized by immune mediated
(delayed hypersensitivity-like) granulomatous, frequently
perivascular, lesions in abdominal viscera, lungs, brain
and eyes 243, QOcular involvement is common, leading
to a variety of changes such as iris color, dyscoria or
anisocoria secondary to uveitis, sudden loss of the vision
and hyphaema 7., Although FIP cases were described in
totally four cats ®'% and two captive lions "%, there is no
case report adressing ocular changes of FIP in Turkey. The
aim of this report is to present clinical and pathological
findings of a non-effusive FIP case with distinct ocular
involvement.

CASE HISTORY

An approximately 2-year old weighting 2.750 g
domestic short hair female cat was presented to Firat
University Veterinary Teaching Hospital The history
indicated that the cat had been adopted from street by
the owner 6 month ago and she had depression, anorexia
and weight loss for the last 15 days. Her vaccinations
were current for feline herpesvirus-1 and feline calicivirus
and feline parvovirus.

Clinical examination revealed depressed appetite,
inco-ordination, hyperesthesia, circling, head tilt, posterior
paraparesis, absence of the pupillary reflex, opisthotonus
and anisocoria (mydriasis in the right eye and myosis in
the left eye). Rectal temperature, heart and respiratory
rates were 39.6°C, 160 beats per minute and 60 breaths
per minute, respectively. Abdominal ultrasounography
was performed.

Following physical and ultrasonographic examination,
blood samples were collected for hematological and
biochemical analyses. The serum was separated by
centrifugation at 2.000 g at 4°C for 10 min and stored
at -20°C until use. Red blood cell (RBC) and white blood
cell (WBC) count, hemoglobin (Hb) level, and packed cell
volume (PCV), measurements were obtained by using

manual methods. Serum alanin amino transferase (ALT),
aspartate aminotransferase (AST), total protein (TP), total
bilirubin (TB), direct bilirubin (DB), blood urea nitrogen
(BUN), creatinine (CRSC), albumin (ALB) and globulin (GLB)
levels were determined with a biochemistry analizator
(Dimension ARX, Dade Behring). Following physical
examination, blood samples were obtained for complete
blood cell count (CBC), serum biochemistry (Dimension
ARX, Dade Behring) and serological analyses.

Abdominal ultrasound revealed no significant finding.
CBC was unremarkable including RBC: 7.3 105/uL, Hb: 11
g/dL, PCV 35% and WBC: 5.8 10%/pL. Serum biochemistry
analyses showed moderately elevated AST activity (108
U/L), however ALT (23 U/L), TP (7.3 g/L), TB (0.3 umol/L),
DB (0.1 umol/L) BUN (28 mmol/L), CRSC (0.9 umol/L)
were in normal ranges. ALB was slightly under the lower
limit of normal range and GLB was near the upper limit of
normal range (ALB 2.5 g/dL, GLB 4.8 g/dL) 3.

Based on history and clinical findings (mild pyrexia,
weight loss, dullness, depressed appetite, hyperaesthesia,
circling, head tilt, opisthotonus, posterior paraperesis,
absence of the pupillary reflex, uveitis, anisocoria and
hyphaema), tentative diagnosis of FIP was made. Although
symptomatic treatment including oral (prednisolone)
and topical steroids (prednisolone acetate 1%) together
with fluid therapy was instituted, the patient’s condition
worsened and died in following day and, subsequently
complete necropsy was performed on the cat with
histologic evaluation of tissues. Complete necropsy was
performed and samples of kidney, eyes, liver, spleen,
tongue, brain, intestines and lungs were fixed in 10%
formalin and embedded in paraffin wax. Five um sections
were stained with hematoxyline and eosin (H-E) for
histological examination.

A reverse transcriptase (RT)-PCR was performed in
order to detect RNA of FCoV in the blood and brain tissue
samples as described previously by Simons et al."l,

Hyphyma which is more prominet in left eye, cloudy
appearence of anterior chamber and bilateral pupillary
dilatation (Fig. 1A). Macroscopically; upon vertical
sectioning of the globes, there was severe hyphema and
thick proteinous fluid accumulation in vitreous of the
both eyes (Fig. 1B). The kidneys contained focal sub-
capsular, gray to yellow raised nodules varying from 3 to
10 mm in diameter. There was discrete fatty change in
the liver. The alimentary track had no abnormalities, nor
spleen, heart and brain. The results of RT-PCR revealed
that FCoV was positive in the blood sample (Fig. 1C). For
RT-PCR reactions, the primers were chosen from the
highly conserved M gene sequence of the FCoV genome.
As a control to check the efficiency of the RNA isolation
from the blood samples and the subsequent reverse
transcriptase reaction, a glyceraldehyde-3-phosphate
dehydrogenase (GAPDH gene). After PCR, The DNA bands
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Fig 1. A- Hyphyma which is more prominet in left eye, cloudy appearence of anterior chamber and bilateral pupillary dilatation,
B- Accumulation of proteinous exudate in vitreous and hemorrhage in anterior chamber, C- The RT-PCR results using primer
pairs for FCoV M gene and GAPDH gene region (for FIPV 295bp, 195 bpfor GAPDH). M: 100 bp DNA ladder (Fermentas, Lithuania)
Line 1: Brain tissue (FIPV), Lane 2: Leukocyte sample (FIPV), Lane 3: Brain tissue (GAPDH gene), Lane 4: Leukocyte sample (GAPDH),
D- Vasculitis in cerebral meninges containing mixed inflammatory infiltrate in inner and outer surface of vessels (arrows)

Sekil 1. A- Sol gézde daha belrgin bir hifem, 6n g6z kamerasinin bulanik gérinimu ve cift tarafli pupilla dilatasyonu, B- Vitreusta
protein6z eksudat birikimi ve anteriyor kamarada kanama, C- FCoV M geni ve GAPDH gen bélgesi icin kullanilan primer eslesmelerine
gore RT-PCR sonuglari (FIPV 295bp, 195 bpfor GAPDH). M: 100 bp DNA basamag (Fermentas, Litvanya) Sira 1: Beyin dokusu (FIPV), Sira
2: Lokosit 6rnegi (FIPV), Sira 3: Beyin dokusu (GAPDH), Sira 4: Lokosit 6rnegi (GAPDH), D- Damarlarin i¢ ve dis ylizeyinde miks yangisal
infiltrat iceren vaskulitis (oklar)

-
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Fig 2. A- Optic nerve meningitis (arrow) and optic neuritis characterized by perivascular infiltration (arrows), B- Pyogranulomatous
inflammatory reaction in corpus cilliare and perivascular infiltrations in scleara (arrows), C- Necrotic changes in muscle (arrows)
and perivascular lymphoplasmacytic infiltrations, D- Vasculitis (arrows), interstitial lymphohistiocytic infiltration in choroidea and
hypertrophic retinal pigment epithelium (arrow head)

Sekil 2. A- Perivaskiler infiltrasyon ile belirgin optik sinir meningitis (ok) ve optik noritis (oklar), B- Korpus siliare’de pyo-
granulomatoz inflamatuar reaksiyon ve sklerada perivaskiler infiltrasyon, C- Kas liflerinde nekrotik degisimler (oklar) ve
perivaskiiler lenfoplazmasitik infiltrasyonlar, D- Vaskdlitis (oklar), koroidde intersitisyel lenfohistiositik infiltrasyon ve retinal

pigment epitelinde hipertrofi (ok basi)
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were observed under UV light and photographic records
were made. 195 bp band were positive reaction control
provided by the Feline GAPDH gene. 295 bp band were
positive as feline coronavirus. Microscopic changes
were limited to the meninges, optic nerves, eyes, and
kidneys. Most of these changes were characterized by
mixed inflammatory reaction together with vasculitis
and perivascular infiltration. Meninges showed foci of
pyogranulomatous to lymphobhistiocytic infiltration and
vasculitis (Fig. 1D). Perivascular inflammatory reaction
was more prominent in orbital meninges and optic
nerve (Fig. 2A). There was a pyogranulomatous pan-
uveitis and anterior uveitis in the left and right eye,
respectively. The interstitial and perivascular inflammatory
infiltrate contained neutrophils, lymphocytes and foamy
macrophages with a higher neutrophilic component
in iris, ciliary process, ciliary body and sclera (Fig. 2B).
Pyogranulomatous vasculitis by mixed inflammatory
infiltrate was limited to the iris and sclera in the right
eye. There was mild edema, focal mild perivascular
lymphohistiocytic infiltrations and few hemosiderine
containing macrophages in iridial stroma in the left
eye. There was moderately fibrino-purulent exudate
accumulation with considerable foamy macrophages
in vitreous in both eyes. Rhabdomyocytes showed
moderate to severe degenerative to necrotic changes
and perivascular infiltrations of pure lympho-plasmacytic
cells (Fig. 2C). The choroid was expanded by mixed cellular
infiltration, mild pigment incontinence and showed
vasculitis (Fig. 2D). Retina was partially detached due to
subretinal exudate in non-tapetal region. The other lesions
included mild corneal and conjunctival edema. Renal
changes consisted of focal pyogranulomatous nephritis
characterized by infiltration of cell mixture including
lympho-histiocytes and neutrophiles in renal cortex and
rarely medulla. Pyogranulomas were non-necrotic and
there were diffuse hydropic changes in renal tubules and
multifocal hyaline casts in tubular lumen.

DISCUSSION

As there is no gold standard for diagnosis of FIP
and the lesions are diverse and highly variable, it is
always challenge to make histo-pathological diagnosis.
However, in the present case the diagnosis was based
on histopathology and PCR . Consistent with the earlier
reports, clinical signs including mild pyrexia, weight
loss, dullness, depressed appetite were determined in
the present case. Mild pyrexia had probably caused to
tachycardia and tachypnea. Signs referable to spinal cord
involvement, such as incoordination, hyperaesthesia,
circling, head tilt, posterior paraperesis were also
present 2%, As the eye is the last effected organ in FIP and
the cat could die before it's involvement, the ocular
pathology might not be observed in most cases. In the
present case, involvement of the organs other than eye

was mild. Ocular lesions were bilateral and included
protein rich fluid accumulation in ocular compartments,
uveitis, vasculitis, pure lymphoplasmacytic infiltrations
and rhabdomyositis were fairly characteristic and almost
pathognomonic for FIP 2671 QOcular involvement is
relatively common in dry form, leading to a variety of
changes, such as iris colour, anisocoria secondary to
anterior uveitis, sudden loss of the vision and hyphaema ©7,
These ocular signs completely coincided with the findings
determined in this case. Although there are some reports
indicating ocular lesions of FIP in the worldwide, ocular
lesions in FIP have not been reported in Turkey.

A very common laboratory finding in cats with FIP is
an increase in total serum protein concentration caused
by a rise in globulins U5 This is found in about 50% of
cats with effusion and 70% of cats without effusion ™.
Albumin level remains normal or falls slightly "¢, Low
albumin level is usually associated with protein loss
caused by glomerulopathy secondary to immune complex
deposition or by extravasation of protein-rich fluid
during vasculitis '"".. GLB level increases, possibly through
stimulation of B cells by interleukin-6, which is produced
as part of the disease process "%, In the present case,
although serum total protein was in the reference ranges,
ALB was slightly under the lower limit of normal range
and GLB was near the upper limit of normal range. Other
laboratory parameters (liver enzymes, bilirubin, urea,
creatinine) can be variably elevated depending on the
degree and localization of organ involvement, however
they are generally not diagnostic 7. In the present
case, those values were in the reference ranges out of
slightly increased AST level. Slightly increased AST level
was probably associated with discrete fatty change. In
this study, the non-effusive FIP was diagnosed through
history, clinical, pathological and polymerase chain
reaction (PCR) findings.

Collectively; FIP should be considered in differential
diagnosis of diseases showing similar findings in cats.
Distinct ocular lesions in combination with the other
findings may be useful criteria in the diagnosis of FIP.
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Abstract

Mupirocin is an important antibacterial agent used in both humans and animals topically, especially against nasal carriage and
decolonization of methicillin-resistant Staphylococcus pseudintermedius. In this report, a S. pseudintermedius strain was isolated from
a dog with pyoderma. Molecular identification of this strain was performed by digestion of pta gene with Mbol enzyme. High-level
mupirocin resistance was determined by agar dilution method and amplification of ileS-2 gene. Sequence analysis of 16S rRNA and
ileS-2 gene of S. pseudintermedius was also performed and both sequences were accessed in GenBank. This is the first report of a high-
level mupirocin resistant S. pseudintermedius strain from a dog with pyoderma in Turkey.

Keywords: Antibiotic resistance, Dog, Mupirocin, Staphylococcus pseudintermedius

Kopek Kokenli Bir Staphylococcus pseudintermedius Susunda
Yiiksek Seviye Mupirosin Direnci Olgusu

Ozet

Mupirosin insan ve hayvanlarda 6zellikle metisilin direncli Staphylococcus pseudintermedius’'un dekolonizasyonuna ve burun
tastyiciigina karsi kullanilan énemli bir antibakteriyel ajandir. Bu ¢alismada, piyodermali bir kdpekten S. pseudintermedius izole
edildi. Bu susun molekiler teshisi icin pta geni Mbol enzimi ile kesildi. Ylksek seviye mupirosin direnci agar dilusyon metodu ve
ileS-2 geninin ¢ogaltiimasiyla ortaya kondu. S. pseudintermedius’un 16S rRNA ve ileS-2 genlerinin dizi analizi yapilarak her iki genin
sekanslari GenBank’a kayit ettirildi. Bu rapor, Turkiye'de piyodermali bir kdpekten izole edilen ilk yiksek seviye mupirosin direncli S.
pseudintermedius olgusunu bildirmektedir.

Anahtar sozciikler: Antibiyotik direnci, K6pek, Mupirosin, Staphylococcus pseudintermedius

INTRODUCTION

described in detail 2. Acquired antibiotic resistance in S.
pseudintermedius, challenges the treatment of infected
animals and concerns public health closely, since it

Staphylococcus pseudintermedius is an important,
opportunistic, coagulase-positive staphylococcus species
that is frequently isolated from skins of healthy dogs

and dogs with cutaneous infections particularly canine
pyoderma. Canine pyoderma is generally treated with
antibacterial shampoos and topical or systemic antibiotics.
Nevertheless, inaccurate or ampiric misuse of antibiotics
are the leading factors in development of bacterial
antibiotic resistance. Recently, multidrug-resistant S.
pseudintermedius (MDRSP) to different antibiotic classes
and methicillin-resistant S. pseudintermedius (MRSP) is

is thought to have a zoonotic potential. In 2006,
Van Hoovels et al.B! demonstrated the first zoonotic
description of S. pseudintermedius.

Penicillins, cephalosporins, tetracyclines, macrolides,
fusidic acid, chloramphenicol, aminoglycosides and
fluoroquinolones are used in the treatment of canine
pyoderma frequently. Beside this, mupirocin is also an
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important agent used in both humans and animals topically,
especially against nasal carriage and decolonization of
methicillin-resistant Staphylococcus aureus (MRSA) and
MRSP . Mupirocin resistance in S. aureus is classified in
categories according to MIC values. Low-level mupirocin
resistance MICs are between 8-256 mg/L, whereas
MICs above or equal to 512 mg/L referred to high-level
mupirocin resistance. High-level resistance to mupirocin
in Staphylococci generally acquired by horizontal gene
transfer, especially those carry ileS-2 gene on conjugative
plasmids . We here report a high-level mupirocin resistant
S. pseudintermedius strain from a dog with pyoderma for
the first time in Turkey.

CASE HISTORY

Swap and skin samples taken from a 5 year old,
female Rottweiler, clinically diagnosed as pyoderma was
accepted for microbiological investigation. Skin swap
samples, skin scrapings and hair from the edge of lesions
were taken for bacteriological and fungal examination.
Fungal culture was found to be negative.

Swap samples were cultured on blood agar containing
5-7% ovine blood and incubated aerobically at 37°C for
24 h. After incubation, suspected colonies were Gram
stained and treated with catalase, coagulase and DNAse
tests. Microbact Staphylococcal 12S Identification System
(Oxoid MB 1561) was used to identify coagulase-positive
staphylococci. For further phenotypic identification,
-galactosidase, resistance to polymyxin B and acetoin
production were also tested.

Molecular identification of S. pseudintermedius was
carried out by PCR-restriction fragment length poly-
morphism method of Bannoehr et al.®”, and genomic
DNA was extracted by a modified phenol-chloroform
extraction method as described previously by Ardic
et al.”., A 320 bp fragment of pta gene was amplified in
a 50 pl total volume with 1.5 mM MgCl,, 0.5 U Tag DNA
Polymerase (Fermentas, Lithuania), 200 pM each dNTPs,
5 pl PCR reaction buffer (1x), 4 pl template DNA and
0.2 uM of each primer (pta_f1, AAA GAC AAA CTT TCA
GGT AA, and pta_r1, GCA TAA ACA AGC ATT GTA CCQ).
DNA amplification was performed with the following
thermal cycling conditions: an initial denaturation at
95°C for 2 min followed by 30 cycles of 95°C for 1 min, 53°C
for 1 min, and 72°C for 1 min with final extension at 72°C
for 7 min. Amplified products were digested enzymatically
with 5 U Mbol for 2 h at 37°C. Two fragments (213 bp
and 107 bp) of pta gene confirming S. pseudintermedius
identification were detected after the digested products
were resolved by 2% agarose gel electrophoresis.

Agar dilution method (MIC value) and PCR assay (ileS-
2 gene) was used to determine the high-level mupirocin
resistance in S. pseudintermedius. Serial dilution of

mupirocin beginning with a concentration of 1024 mg/L
in Mueller-Hinton agar was prepared according to Clinical
and Laboratory Standards Institute guidelines ©®. Mupirocin
MIC value of S. pseudintermedius isolate was found as 512
mg/L. Staphylococcus aureus ATCC 29213 was served as
quality control strain in all tests.

In order to verify high-level mupirocin resistance
genotypically, ileS-2 gene was amplified according to
the PCR method of Anthony et al.®.. Primers (mupA, TAT
ATT ATG CGA TGG AAG GTT GG, and mupB, AAT AAA ATC
AGC TGG AAA GTG TTG) each with a concentration of
50 pmol were used in a 50 pl PCR mixture that contains;
reaction buffer (1x) (50 mmol/L KCl, 10 mmol/L Tris-HCI;
pH 9.0), 2.5 mM MgCl,, 200 uM each dNTPs, 1.5 U of Taq
DNA Polymerase (Fermentas, Lithuania) and 5 pl template
DNA. Same amplification conditions were used as
mentioned above in identification of S. pseudintermedius
by PCR-RFLP. After agarose gel electrophoresis, an
amplicon with a size of 458 bp was visualized by UV
transilluminator. A high-level mupirocin resistant, ileS-
2 gene positive S. aureus strain obtained from culture
collection of Department of Microbiology, Faculty
of Veterinary Medicine, Ankara University, Ankara,
Turkey was used as positive control. Sequence analysis
of 16S rRNA and ileS-2 gene of S. pseudintermedius was
performed by Sanger sequencing method on an Applied
Biosystems 3130 Genetic Analyzer, using standard
protocols. Both sequences were included in GenBank
with the corresponding accession numbers KC561085 for
ileS-2 and KC561086 for 16S rRNA, respectively.

Staphylococcus pseudintermedius was identified by
both phenotypic and molecular methods as described
above. Beside this high-level mupirocin-resistant S.
pseudintermedius with a MIC value of 512 mg/L was found.
High-level mupirocin resistance was also confirmed by
the amplification of ileS-2 gene genotypically.

DISCUSSION

Zoonotic potential and acquisition of resistance
to different antibiotics increased the interest in S.
pseudintermedius recently. Although new studies are being
published on MDRSP and MRSP, there are few reports
about mupirocin resistance in S. pseudintermedius
isolated from dogs. Loeffler et al.'% investigated
mupirocin and fucidic acid resistance in coagulase-
positive staphylococcal isolates from dogs and cats.
High-level mupirocin-resistant S. pseudintermedius strain
could not be detected and the results (89.7% of all
MICs <0.25 mg/L) were found to be compatible with
previous studies. Authors concluded their research
that both mupirocin and fucidic acid could be used in
treatment of superficial staphylococcal infections and
decolonization of multi-resistant strains of S. aureus and
S. pseudintermedius.



969
MUSTAK, SAREYYUPOGLU, DiKER

High-level mupirocin-resistance in a S. pseudintermedius
isolate from a dog with canine pyoderma was reported for
the first time with this study in Turkey. This is an important
result, since, mupirocin is known as an important
antimicrobial agent used in eliminating nasal carriage and
treatment of MRSA, MRSP, and MDRSP strains in animals
and humans. Hurdle et al."", reported that conjugative
transfer of mupirocin resistance between different
Staphylococcus species and acquisition of high-level
mupirocin resistance could occur during treatment with
mupirocin. Regarding zoonotic potential of the agent
and likelihood of transfer of antibiotic resistance amongst
staphylococci and/or other competent microorganisms,
it can be concluded that comprehensive research and
studies should be performed on prevalence of mupirocin
resistance in staphylococci of animal origin.
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Abstract

Doppler ultrasonography has been becoming an essential tool in veterinary medicine, especially in theriogenology. It has being
widely used for the evaluation of fetal well-being in pathologic pregnancies in human medicine. The paper highlights the usage of
Doppler ultrasonography in veterinary obstetrical pathologies with a review of literature of human and veterinary medicine. Four cats
with dystocia and their fetuses were evaluated for fetal and maternal hemodynamics. As a conclusion, flow velocity of the fetal and
feto-maternal vessels can inform us of the existence of the pathology related to gestation and also can help choosing the method of
treatment in veterinary medicine.

Keywords: Cat, Dystocia, Doppler ultrasonography, Feto-maternal vessel

Kedilerde Gii¢ Dogum Sirasinda Fotal ve Foto-Maternal
Damarlarin Doppler Degerlendirilmesi: Dort Olgu

Ozet

Doppler ultrasonografi, basta teriyojenoloji olmak Uzere veteriner hekimlikte siklikla basvurulan yéntemlerden biri olmaya
baslamistir. insanlarda 6zellikle patolojik gebeliklerde fotal iyilik halinin degerlendirilmesi amaciyla yaygin olarak kullaniimaktadir.
Bu makalede, tip ve veteriner hekimliginde yer alan literatiirlerin derlenmesiyle beraber, veteriner obstetrik patolojilerde Doppler
ultrasonografi kullaniminin aydinlatiimasi amaglanmistir. Glic dogum sikayeti bulunan dort adet kedi ve bu kedilere ait fotuslarda fotal
ve maternal hemodinamik degerlendirilmistir. Sonug olarak, fotal ve féto-maternal damarlara ait akim hizlarinin gebelik patolojilerinin
belirlenmesinde kullanilabilecegdi ve glic dogum olgularinda tercih edilecek tedavi metodunun belirlenmesinde yardimci olabilecedi
distinulmustar.

Anahtar sozciikler: Kedi, Glic dogum, Doppler ultrasonografi, F6to-maternal damar

INTRODUCTION

Doppler ultrasonography (D-USG) is a non-invasive
technique which enables us to follow the physiologic and
physiopathologic differences in the circulation between
mother and fetus. However D-USG alone is not sufficient
for the evaluation of fetal well-being, but this technique
enables the doctor to diagnose fetal distress earlier than
other tests M. Obstetric D-USG gives the doctor a reliable
opportunity to review maternal and fetal hemodynamics
by investigating the vessels like the umbilical artery and

vein, uteroplacental arteries, fetal thoracic aorta, fetal
caudal vena cava and fetal cerebral artery 3. Abnormal
vascular placental development in fetal and/or maternal
compartments may be an indicator of intrauterine growth
restriction, fetal distress and early pregnancy failure 4,

Both in medical science and veterinary gynaecology,
using D-USG with the aim of monitoring pregnancy and
research is becoming increasingly widespread. There are
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limited number of studies %71 about feline fetal D-USG.
This is the first report of fetal D-USG in cats with dystocia.
The present paper contains the evaluation of maternal and
fetal haemodynamic characters of four cats diagnosed
with dystocia.

CASE HISTORIES

The presented four cases were referred to the
Department of Obstetrics and Gynaecology, Faculty of
Veterinary Medicine, Istanbul University, Turkey. The
patient’s information was documented in Table 1. After a
detailed anamnesis and physical examination, existence of
the fetal heartbeat of each fetus was checked with B-mode
real-time ultrasonography (MyLab 5-Vet ESAOTE’, Genova,
Italy) using a microconvex probe of 5 MHz. Immediately
after the recording of a fetal heart rate, pulsed-wave
Doppler (PWD) sonography was performed to the most
caudal fetus. First, the vessel was visualized using Color-
Doppler mode and subsequently the PWD sonography
mode of the device was turned on. The angle of insonation
was approximately 60° in all examinations. Pulsatility (PI)
and resistance index (RI) of umbilical artery, uteroplacental

Table 1. Case information, fetal heart rates and Doppler indices of the cats

artery, fetal thoracic aorta and fetal inferior vena cava were
recorded and the waveform of each vessel was assessed
qualitatively.

The cat and her kittens in Case 1 and the kittens in Case
2 and 4 died within 24 h of the operation while the other
cats and kittens in Case 3 recovered. The fetal heart rates
and Doppler findings are presented in Table 1.

There was a high resistance in the umbilical artery of
Case 1 and 4 and in the fetal aorta of Case 1 and 2. Pl values
of fetal vena cava were high in Case 1, 2 and 4.

According to qualitative Doppler waveform analysis,
a decreased “a” wave during atrial systole was detected in
the inferior vena cava of Case 2 (Fig. 1). Also decreased end
diastolic flow in fetal aorta was clearly seen in the same
fetus (Fig. 2).

DISCUSSION

There are many techniques of Doppler analysis.
However, analyzing the pulsatilty of the Doppler waveform
is one of the widely accepted approaches in clinical use.

Tablo 1. Olgularaliliskin bilgiler, fétuslara ait Doppler bulgulari ve kalp atim sayilari

car fifteen days ago

begun 3h before

infection

Information Case 1 Case 2 Case 3 Case 4
Age 4-year-old 4-year-old 3-year-old 6-year-old
Breed Mixed-breed Mixed-breed Siamese Persian
Given birth to a kitten 10 h
e The cat had been struck by a | Vaginal bleeding which had Lower respiratory tract before. The second and dead

kitten was taken out from the
birth canal 5 h later

Clinical findings

Haemorrhagic vaginal
discharge, paraplegia,

Haemorrhagic vaginal
discharge, general condition

Severe dyspnea, muco-
purulent nasal discharge,

General condition was good,

dyspnea, 35.7°C was good, 37.7°C 39.7°C 37°C
Gestational age o - . .
g 58t day 62" day 58" day 63"day
Severe anemia (RBC
Hematological 3.1x10'?/l and HCT 22%), In normal range Leukocytosis (WBC In normal range
findings Leukocytosis (WBC 9 23.7x10%1) 9
25.6x10%/1)
warm crystalloid (25 ml/ A .
kg NaCl 0.9%, Mediflex?, Am0).<|C|II|n and clavulanic
acid (8.75 mg/kg SC,
Treatment Eczacibasi-Baxter) and - ® -
; R Synulox®, Pfiezer) and O,
colloid (5ml/kg Gelofusine®,
) treatment for three days
Irengun) i.v.
Operation c-section c-section c—sect.lon Bireleny) c-section
medical treatment)
Fetal heart rate (bpm) 150 125 225 189
PI RI PI RI PI RI PI RI
A. umbilicalis 1.45 0.74 1.19 0.75 1.08 0.69 1.47 0.75
Fetal aorta 2.81 0.90 2.64 0.91 1.73 0.81 2.68 0.89
Fetal vena cava 1.31 0.77 1.46 0.85 0.45 0.38 1.47 0.84
Uteroplacental artery 0.45 0.36 0.31 0.27 0.59 0.44 0.65 0.49

PI: Pulsatility, RI: Resistance index
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Fig 2. A decreased end diastolic flow in fetal aorta of Case 2

Sekil 2. Olgu 2'ye ait fetal aortada sekillenen “azalan diyastol
sonu akimi”

A Doppler index is calculated as a ratio and is, therefore,
virtually angle-independent !,

Normal fetal heart rate in kittens is 193-263bpm.
The cases in which the fetal heart rates are below these
levels suggest developing hypoxia and fetal distress .
A tentative diagnosis of hypoxia and fetal distress was
given in all cases except case 3. Progressive hypoxia
causes a decreased, reversed or absent end diastolic flow
in thoracic aorta 2. Indeed, a decreased end diastolic flow
in fetal aorta was detected in Case 2.

Three major pathologies are described in the umbilical
artery blood flow in human medicine. They are high PI
and Rl values; absent end diastolic flow and reversed end
diastolic flow . In recent studies of veterinary practice =57
it has been reported that the Pl and RI of the umbilical
artery progressively decrease and reach the lowest level at
delivery. The Pl and Rl values of the umbilical artery at the

Fig 1. A decreased “a” wave during atrial systole in the inferior
vena cava of Case 2

Sekil 1. Olgu 2'nin inferior vena kavasinda atrial sistol
boyunca sekillenen azalan “a” dalgasi

prenatal period were found in the range of 1.05-1.39 and
0.70-0.75 respectively in these studies. When compared
to these results, the umbilical artery Rl values were in the
same range as in the other research, whereas Pl values
in Case 1 and 4 were a little higher than the others. The
high resistance in the umbilical artery of these cases may
be a result of fetal distress or hypoxia. Another important
pathology in the umbilical cord is the pulsation in the
umbilical vein. This finding is a manifestation of a serious
fetal decompensation or fetal heart failure 28, However, no
abnormal finding was seen in the umbilical vein of our cases.

A normal utero-placental transport is essential for the
developing fetus. Otherwise, fetal growth retardation may
occur and end-diastolic velocity in the descending aorta
may be reduced, reflecting a change from low arterial
downstream impedance to high arterial downstream
impedance at fetal trunk and placental level. Consequently,
pulsatility index values will be raised "', Onen et al."



974
Doppler Evaluation of Fetal ...

have stated that high Pl values of fetal aorta are strongly
correlated with poor pregnancy outcome, fetal distress and
a high c-section rate. In the presented cases, Pl values of
fetal aorta were found higher in Case 1, 2 and 4 compared
to the findings of Scotti et al.?l. The increased Pl value of
these cases may indicate fetal distress and intrauterine
fetal growth restriction. However, all of the kittens in these
cases died within 24 hours of c-section.

The Doppler indices from fetal venous vessels give
more reliable information about fetal acidosis than indices
from arterial vessels "2, Since the oxygenated blood comes
from the placenta to the fetal heart via the inferior vena
cava, alterations in the pattern of vena cava flow is an
indicator of fetal condition ''¥l. Rizzo et al.'? have concluded
that the inferior vena cava has a greater efficiency when
compared to the ductus venosus. Furthermore, ductus
venosus flow is greatly influenced by other vasoactive
factors 4. Therefore, the inferior vena cava was chosen
for the Doppler measurements in the presented cases. The
flow velocity waveform of the inferior vena cava displays
a biphasic flow profile with two peaks during ventricular
systole and diastole. In contrast to the ductus venosus
waveform, absence or retrograde flow may occur during
atrial contraction "3, A decreased “a” wave during atrial
systole was detected in the inferior vena cava of Case 2.
However, this condition was not identified as a pathologic
condition. Mori et al." reported two different abnormal
waveforms in the inferior vena cava of intrauterine growth
retarded fetuses: one with a high-pulsatile pattern and the
other with a slight and low-pulsatile pattern. The authors
explained this abnormal pattern as reduced ventricular
filling caused by impaired contractility and reduced
ventricular output. However, no abnormal pattern was
found in the inferior vena cava of the presented cases.

The D-USG measurement of the uteroplacental blood-
stream is an important tool for evaluating materno-fetal
circulation "7, Scotti et al.®! have reported that Pl and Rl
values of uteroplacental arteries decrease significantly as
the pregnancy progresses. In spite of this, Pereira et al.”
have indicated that Pl and Rl of uteroplacental arteries
were invariable throughout pregnancy, except for a
sudden increase of Pl on Day 63. The values of Pl and RI
of uteroplacental arteries in Case 3 were similar to those
observed by Scotti et al.®”}, while the other cases were
dissimilar. The higher indices in Case 1, 2 and 4 may be
identified with the low perfusion in the uteroplacental sites
of these cases. It is known that the higher the resistance
(RI) the lower the perfusion; in addition, the increasing Pl
values indicate decreasing perfusion of the tissue &,

The Doppler ultrasonography is routinely used
in human medicine to recognize several obstetrical
pathologies. Similarly, assessing the number of fetal heart-
beats and flow velocity of the fetal, feto-maternal vessels
can inform us of the existence of the pathology related
to gestation and also can help choosing the method of

treatment in veterinary medicine. This issue, however,
requires more studies and more statistical analysis.
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Abstract

Uterine infections affect the hypothalamus, hypophysis, ovaries and uterus. These infections inhibit the development of dominant
follicles, prevent both the release of the luteinizing hormone (LH) and ovulation, reduce the size of the corpus luteum (CL), and
decrease progesterone production. As these infections reduce fertility or cause infertility, they result in major economic losses. The
diagnosis of uterine infections by means of various techniques and the detection of the severity of the infection enable the selection
of the most appropriate treatment method and the estimation of the success rate that may be achieved with the application of the
particular treatment method selected. This review aims to provide researchers and veterinary practitioners with practical information
on the prevalence of postpartum uterine infections and currently applied diagnostic and treatment methods.

Keywords: Cow, Uterine diseases, Reproductive performance

ineklerde Uterus Enfeksiyonlari ve Ureme Performansi
Uzerine Etkisi

Ozet

Uterus enfeksiyonlari hipotalamus, hipofiz, ovaryum ve uterus Uzerine etki eder. Bu enfeksiyonlar; dominant follikil gelisimini
baskilar, luteinize edici hormon (LH) salinimini ve ovulasyonu engeller, korpus luteumun (CL) daha kiigiik ve progesteron Uretiminin
daha az olmasina neden olur. Fertilitenin diismesine veya infertiliteye neden olarak ciddi ekonomik kayiplar olusturur. Uterus
enfeksiyonlarinin gesitli yontemlerle teshisi ve enfeksiyon siddetinin belirlenmesi, uygun tedavi yonteminin belirlenmesine ve tedavi
yontemi basarisinin tahminine olanak saglar. Sunulan derleme ile postpartum uterus hastaliklarinin yayginligi, glincel teshis ve tedavi
yontemleri hakkinda arastirmacilara ve veteriner hekimlere pratik bilgiler sunulmaya calisildi.

Anabhtar sézciikler: inek, Uterus enfeksiyonlari, Ureme performansi

INTRODUCTION

The parturition period is characterized by high THE DEFENCE SYSTEM
risk. During this period, the risk of the development of
microbial uterine infections increases, due to several OF THE UTERUS

reasons including the possible physical damage of the
birth canal, and retained placenta. The occurrence of a
negative energy balance in this period further increases

Prior to parturition, pathogenic microorganisms are
not found in the uterus. The elimination of the mechanical

this risk. Uterine infections have a negative impact on
animal welfare and reproductive performance, and
lead to major economic losses M. This review aims to
provide detailed literature information on the incidence,
pathogenesis, classification and diagnosis of uterine
infections, their effects on fertility, economic impact and
available treatment options.

protective barriers of the uterus with parturition enables
the access of microorganisms to the organ . For the
bacterial contamination of the uterus to occur, pathogens
must firstly pass the anatomical barriers of the uterus
(the sphincter of the vulva and the cervix uteri). The
microorganisms, which manage to pass thefirst barrier, are
later tried to be eliminated by the regional and systemic
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defence mechanisms of the uterus. In uterine infections,
the inflammatory cells, which first infiltrate to the site
of infection, are the neutrophil leukocytes 2. Apart from
neutrophil leukocytes, lymphocytes also play a major role
in uterine immunology. Pathogens, which are opsonized
by the humoral defence system, are phagocytized by
neutrophil leukocytes. The endometrium constitutes the
first line of defence against bacteria, owing to the Toll-like
receptors (TLRs) it bears and the antimicrobial proteins
it secretes. The TLRs are capable of recognizing the
molecules of bacterial pathogens (lipopolysaccharides,
lipoteichoic acid and the deoxyribonucleic acid of the
bacteria), and upon recognition, secrete prostaglandin E,
(PGE,) and antimicrobial proteins from uterine epithelial
cells B, These proteins are secreted locally by the tumor
necrosis factor, interleukin-6 and interleukin-8, following
the recognition of the pathogens by the TLRs “, and lead
to the secretion of acute-phase proteins from the liver.
Acute-phase proteins are molecules, which are effective in
the elimination of uterine infections ©.

THE INCIDENCE OF METRITIS
AND ENDOMETRITIS

The incidence of clinical metritis in cows and heifers has
been reported as 18.6% and 30%, respectively . Sheldon
et al® have determined the incidence of clinical metritis
during the first two weeks of the postpartum period as
25-40%. It has been indicated that the incidence of clinical
metritis at herd level ranges between 5% and 26%, and
is on average 17% V. Furthermore, the incidence of
subclinical endometritis has been reported to range from
19% to 74%, and to be 53% on average "%, The large
differences observed between the incidences determined
in previous studies have been attributed to the diagnostic
methods employed, the method used for the classification
of uterine infections, the postpartum period in which
the uterine infection was diagnosed, the general traits of
the bovine animals included in previous research, their
parity, and the management of the herds included in
previous studies ',

PATHOGENESIS OF UTERINE
INFECTIONS

Following parturition, in 80 to 100% of animals,
the uterus becomes contaminated with bacteria 13l
Uterine infections develop upon the establishment of
pathogenic microorganisms onto the mucosa, their
colonisation and penetration of the epithelial layer, and
the production of toxins by these microorganisms U4,
The development of uterine infections depends on the
immune status of the animal, the species and number of
pathogenic microorganisms contaminating the uterus,
and several other environmental and individual factors 2,

Different opinions exist on the impact of nutrition on the
development of uterine infections. The increase in insulin
resistance, decrease in feed consumption, ocurrence of
a negative energy balance, and loss of body weight in
animals in advanced gestation lead to the weakening
of the defence system U, It has been ascertained that
the rate of uterine bacterial contamination is above 90%
during the first few days after calving '?, and decreases to
78% on day 30 postpartum, to 50% on day 45 postpartum,
and to 9% by day 60 postpartum 1617,

The most common bacterium encountered in uterine
infections during the first few days of the postpartum
period is Escherichia coli. After the first week postpartum,
Fusobacterium necrophorum and Trueperella pyogenes
also become involved in uterine infections '#'%, Certain
bacteria, including Campylobacter fetus and Trichomonas
fetus, are specific to cases of endometritis 2%, Nevertheless,
bacteria of the genera Clostridia, Pepticoccus and
Peptostreptococcus, as well as several unidentified Gram
positive and Gram negative anaerobic bacteria and aerobic
and facultative anaerobic pathogens such as alpha-
haemolytic streptococci, Arcanobacterium pyogenes and
Escherichia coli may also cause endometritis 121617:20],
Uterine infections are most commonly observed following
twin births, dystocia, surgical interventions employed
to aid in cases of dystocia, retained placenta, stillbirth,
prolapsus uteri, artificial insemination, copulation, and the
use of intrauterine irritants 214,

In the postpartum period, the puerperal discharge
(remains of the fetal membranes, endometrial sloughing,
fetal fluids, etc.) constitutes an ideal environment for
microbial growth. The elimination of the puerperal
discharge from the uterus reduces the bacterial load
of the organ Y, Furthermore, during the postpartum
period, the oestrogen level increases in cattle. Oestrogen
increases the blood supply and enables the infiltration of
white blood cells, including neutrophil leukocytes, to the
uterus. This hormone also induces the secretion of vaginal
mucus. This mucus enables the reduction and discharge
of the bacterial load of the uterus . Oestrogen also
increases the number of oxytocin receptors in the uterus
and the susceptibility of the myometrium to contractions.
Muscle contractions both accelerate uterine involution
and decrease the bacterial load of the uterus by enabling
the elimination of bacteria in the puerperal discharge ©?2.
Previous studies have suggested that ovulation in the
early postpartum period has no effect on the incidence of
subclinical metritis 23,

CLASSIFICATION AND DIAGNOSIS
OF UTERUS INFECTIONS

Metritis is defined as the inflammation of the superficial
and deep layers of the uterus. Depending on the severity
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of metritis, degeneration and leukocyte infiltration may
be observed in some or all layers of the uterus "4, Acute
puerperal metritis occurs during the first two weeks after
parturition (mostly during days 4-10 postpartum). Animals
suffering from acute puerperal metritis, in general, present
with toxaemia, septicaemia and pyemia. Cases of acute
puerperal metritis are characterized by an enlarged
uterus with a a tapered wall, reddish brown coloured
and malodorous vaginal discharge, and systemic signs
including fever (40-41°C), increased heart and respiratory
rates, anorexia, diarrhoea and shock '3, Clinical metritis is
defined as a uterine infection, which develops until day 21
postpartum with no systemic disorder, but displays purulent
or mucopurulent discharge P4, Clinical endometritis
develops as from the third week postpartum. In such
cases, the uterus is filled with a purulent or mucopurulent
content, and if the cervix uteri is open, a vaginal discharge
of a character the same with that of the uterine content
may be observed B\ Subclinical endometritis is the
inflammation of the uterus, which does not present with
any of the signs observed in clinical endometritis, but
causes reproductive disorders 2%, The excessive infiltration
of neutrophil leukocytes is observed in subclinical cases ™.
Subclinical endometritis is reported to develop between
days 35-60 postpartum in 35 to 50% of animals, and
to prolong the parturition-conception interval and to
reduce fertility °2%, Pyometra is characterized by the
accumulation of a purulent exudate in the uterus and the
persistence of the corpus luteum (CL) 22, If the ovulation
occurs before the elimination of the microorganisms in
the uterus, then the CL is maintained 2%, During the
period in which the uterus is under the influence of
progesterone, generally the cervix uteri is tightly closed
and the purulent exudate begins to accumulate in the
cornu uteri. In some cases, a small amount of purulent
vaginal discharge may be observed 2. Pyometra is very
rarely associated with systemic findings 2. In general,
pyometra progresses into chronic endometritis 2.

Puerperal metritis presents with both local and
systemic clinical findings. Fever is common and both the
heart rate and respiratory rate are altered. A malodorous
reddish coloured uterine discharge is observed Z. Animals
with clinical metritis do not present with any impairment
of the general condition. An enlarged and incompletely
involuted uterus " and a purulent or mucopurulent vulvar
discharge are observed . The method most commonly
used in the diagnosis of clinical endometritis is vaginal
examination. This method is based on an evaluation of the
colour and purulency of the discharge ®'%. Clean vaginal
discharge containing transparent mucus is scored as O,
while discharge with a greater amount of transparent
mucus but a low level of pus is scored as 1. Discharges
containing white or yellow pus at a level lower than 50%
are scored as 2, while discharges containing yellow and
white pus at a level greater than 50%, and which may
sometimes also contain blood, are scored as 3 ', The

scoring of the vaginal discharge according to its odour is
as follows: odourless=0, malodorous or putrified=1 ¥,

The ultrasonographic measurement of the diameter of
the cornu uteri and cervix uteri, the quantity of fluid in the
lumen of the uterus, and the thickness of the endometrium
provide insight on the presence of endometritis and its
severity 2528, Animals with a cervix uteri diameter greater
than 7.5 cm on postpartum day 20 are considered to
suffer from clinical endometritis . Bacterial isolation can
be performed with endometrial swabs and endometrial
biopsy samples taken during the postpartum period 529,
If no colony growth is observed the score is considered as
0, while the growth of less than 10 colonies is scored as 1.
The growth of 10 to 100 colonies is scored as 2, the growth
of 101 to 500 colonies as 3, and the score of the growth
of more than 500 colonies is 4 Pl. Another method used
for the diagnosis of endometritis is biopsy sampling 3%
Endometrial cytology (the lavage and cytobrushing of
the uterus) has a very important place in the diagnosis of
endometritis '“*", Subclinical cases of endometritis are
best diagnosed based on the evaluation of neutrophil
leukocyte infiltration by cytological examination 4?28, The
percentage of neutrophil leukocytes and the neutrophil
leukocyte/lymphocyte ratio increase in postpartum uterine
infections 32, Cows determined to have a neutrophil
leukocyte percentage >18% between postpartum days
20-33 29, >10% between postpartum days 34-47 '4, and >5%
between postpartum days 40-60 are considered to have
developed subclinical endometritis "% In recent years, it
has become possible to diagnose uterine infections by
the polymerase chain reaction (PCR) technique %, and
based on the levels of acute-phase proteins (creatine
kinase, haptoglobulin, a,-acid glycoprotein, non-esterified
fatty acid (NEFA), B-hydroxy butyric acid (BHBA) and nitric
oxide levels) B+%71. The reduction of dry matter intake
by pregnant animals during advanced gestation results
in the mobilisation of NEFA from fat tissue. The body
levels of NEFA and BHBA increase B8, Decreased levels of
dry matter intake and increased NEFA levels inhibit the
immune system and cows become prone to infection 839,
Hammon et al.B? determined that serum NEFA and BHBA
levels increased significantly in animals with subclinical
endometritis and puerperal metritis, when compared to
healthy animals. Although BHBA levels have been reported
not to be correlated with the bactericidal capacity of
polymorphonuclear leukocytes B9, literature reports
are available, which suggest ketone bodies to induce
adverse effects on the migration of polymorphonuclear
leukocytes (PMN) and to damage the structure of PMN
prior to their migration “%. It has been indicated that the
risk of the development of metritis is three-fold higher in
animals with high BHBA levels during the first two weeks
after parturition . Walsh et al.*? indicated that animals
with increased BHBA levels presented with reduced
conception rates after the first postpartum insemination,
and suggested that increased BHBA levels led to a lower
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number of conceived cows by postpartum day 140, and
to a prolongation of the parturition-conception interval.
In the past few years, the reagent test strips have also
found use in the diagnosis of subclinical endometritis 57,
These test strips provide information on the hydrogen
ion (pH level), leukocyte esterase, and protein levels of
the uterine lavage fluid 3. The level of leukocyte esterase
is an indicator of the presence of white blood cells in the
lavage fluid. The principle of measurement is based on
the formation of a purple colour as a result of the reaction
of indoxyl carbonic acid with neutrophil esterase. The
intensity of the colour varies with the number of leukocytes
involved in the reaction ¥4, Animals with endometritis
have been determined to present with increased pH
values and increased leukocyte esterase and protein
levels. It has been ascertained that the correlation of
endometritis with the pH value is stronger than that
with the leukocyte esterase level or protein level ¥, The
diagnosis of pyometra is based on the ultrasonographic
detection of a CL on the ovarian surface, fluid accumulation
of heterogenic ecogenicity in the uterus lumen and uterine
enlargement. Furthermore, although the cervix uteri is
physiologically closed, in some cases the accumulation of
pus may be observed in the vagina "4,

EFFECT OF UTERINE INFECTIONS
ON OVARIAN FUNCTIONS AND
FERTILITY

Uterine infections may cause the formation of chronic
endometrial scars, the narrowing of the oviduct, and the
adherence of the bursa to the ovaries (at an approximate
rate of 2%). Although uterine infections have been
suggested not to have any impact on the formation of a
new follicular wave or on the peripheral level of the follicle
stimulating hormone (FSH) ©, they have been detected to
have effect on the hypothalamus and the hypophysis “.,
Once absorbed from the uterus lumen, endotoxins
released from the wall of Gram negative bacteria pass into
the peripheral blood circulation, and prevent the secretion
of the gonadotropin releasing hormone (GnRH) from
the hypothalamus and the luteal hormone (LH) from the
hypophysis. These toxins also reduce the susceptibility of
the hypophysis to the secretion of endocrine and exocrine
GnRH 046471 | ipopolysaccharides secreted by Gram
negative bacteria, inhibit the transcription of steroidogenic
enzymes, including 17B-hydroxylase/17,20-lyase and
P450 aromatase, and thereby, inhibit follicular activity “8.
In this context, it has been determined that, in animals
in which the uterus is exposed to a high level of bacterial
contamination following parturition, the growth of the
first dominant follicle slows down, the oestrogen level
decreases, when compared to healthy animals a smaller
CL develops following ovulation, the production of the
progesterone hormone decreases and the development

of ovarian cysts increases 9% On the contrary, Striive et
al.P" suggested that the effect of metritis on luteal activity
was temporary and limited to the first oestrus cycle after
parturition, and indicated that no alteration occurred
either in the size of the CL or in the progesterone levels in
the following postpartum oestrus cycles.

Another disorder caused by uterine infections in
endocrine functions is the impairment of the luteolytic
mechanism. It has been determined that, in uterine
infections, due to the damage of the endometrium,
inadequacy of the secretion of PGF, alpha is observed 172,
while the secretion of luteotropic PGE, from the uterine
epithelial cells and stromal cells is induced as a result of the
direct effect of bacterial toxins on these cells. It has been
detected that PGE, leads to the persistence of the CL, and
thus to the continued production of progesterone from
the CL. In this event, the onset of oestrus is prolonged and
the uterine immune mechanism, known to be susceptible
to oestrogenic effect, proves to be insufficient 339,

Since genital infections cause the disorder of ovarian
and uterine functions, the parturition-first insemination
and parturition -conception intervals are prolonged 1“2,
Sandals et al.’¥ indicated that clinical endometritis
prolonged the parturition-conception interval for a period
of 9 days. In another study, it was determined that the
parturition-conception interval was 14 days longer in
animals diagnosed with endometritis, in comparison to
healthy animals 7. Barlund et al.”® suggested that the
parturition-conception interval was 24 days longer in
animals suffering from endometritis, when compared to
healthy animals. Similarly, Goshen et al.*¥ determined this
interval to be 25 days longer in animals with endometritis.
In a research conducted by Kasimanickam et al., it was
ascertained that the rate of pregnancy of animals with
endometritis (41%) was lower than that of healthy animals
(51%). Similarly, Goshen et al.>¥ determined that the
preganancy rate of animals with clinical metritis was 20%
lower than that of healthy animals. Furthermore, LeBlanc
et al.® detected a reduction of 27% in the total pregnancy
rate due to chronic endometritis.

TREATMENT OPTIONS FOR
UTERINE INFECTIONS

Postpartum uterine infections are treated with anti-
biotics, hormones or their combinations ®*. The use of
these therapeutic agents is aimed at the elimination of
pathogens from the uterus, the induction of the uterine
immune system, and the elimination of the adverse effects
of inflammation products on fertility &2,

Antibiotics and PGF, alpha analogues are used for the
parenteral treatment of uterine infections ©. The most
commonly used antibiotic is ceftiofur hydrochloride,
which is a member of the family of third-generation broad



979
KACAR, KAYA

spectrum cephalosporins F°. In severe cases of uterine
infection, the antibiotic treatment is combined with
intravenous fluid treatment and the administration of
anti-inflammatory agents %,

Prostaglandin F, alpha has been shown to be
effective in the treatment of uterine infections 7. The
administration of exogenous PGF, alpha both induces the
secretion of endogenous PGF, alpha from the uterus and
enables the development of the immune functions 27,
It has been reported that the use of PGF, alpha and its
analogues during dioestrus resulted in approximately
90% of the cows showing oestrus 8. Each oestrus enables
the self-cleansing of the uterus by means of physiological
leukocytosis and increased uterine motility . Oestrogen
increases uterine contractions, mucus production and
leukocyte infiltration to the uterus 222, Another systemic
method used for the treatment of uterine infections
is homeopathy. Homeopathic substances enable the
organism to stimulate itself and trigger the onset of the
treatment process %, The administration of Tarantula
cubensis extract, a homeopathic substance, to animals in
the early postpartum period, has been demonstrated to
both decrease the incidence of retentio secundinarum
and accelerate uterine involution ©', Similarly, the last
period of pregnancy levamisole treatment (2.5 mg/kg)
has been reported to accelerate uterine involution 2,
Some reports indicate that trace elements have effect on
the immune functions ©*¢4, On the other hand, Machado
et al.® reported that some trace elements (zinc, copper,
manganese and selenium) did not alter leukocyte activity.

In cases of chronic endometritis and subclinical endo-
metritis, intrauterine treatment is preferred. Intra-uterine
treatment methods aim to maintain a high concentration
of therapeutics in the endometrium. Thereby, it is ensured
that the therapeutics penetrate at a limited level to the
deeper layers of the uterus or to the other genitalia .
Mostly, the antibiotics of choice for intrauterine treatment
are chlortetracycline ¥ and ceftiofur hydrochloride ¢!,
Furthermore, peroxyacetic acid 78, meta-cresol sulfonic
acid (Lotagen®) %, ozone %, mixtures prepared from
healing herbs (AV/RMI/45) " and Pelargonium sidoides
extract (EPs 7630) 2, proteolytic enzymes including
chemotrypsin, trypsin and papain 73, liquid paraffin 74,
hyperimmune sera produced against Arcanobacter
pyogenes and Escherichia coli 7, formo-sulphathiazole, the
phytotherapeutic EucaComp® 7® and hypertonic dextrose
solution (50%) are also used for intrauterine treatment 7.

It has been demonstrated that treatment (peroxy-
acetic acid, Lotagen® and PGF, alpha) do not alter the
levels of C-reactive protein, plasma lipopolysaccharides,
and serum creatinase aspartate aminotransferase, which
are all important criteria used in the diagnosis of endo-
metritis 1©7.7879],

Apart from intrauterine treatment methods, in recent

years, intravaginal bacteriophages have also found use
against Esherichia coli, which is a major cause of uterine
infections, with an aim to prevent the development of
infections in the postpartum period. Although having
been demonstrated to show beneficial effects when used
in vitro %, the use of intravaginal bacteriophages has been
proven to be ineffective in vivo ",

ECONOMIC IMPLICATIONS OF
UTERINE INFECTIONS

Uterine infections not only reduce fertility and cause
infertility, but also adversely affect animal welfare ©,
Uterine infections cause major economic losses as a result
of several reasons, including among others, reduced
reproductive performance, decreased milk yield, the culling
of infected animals from the herd, and the prolongation
of the parturition-first insemination and parturition-
conception intervals #9282 Taking into consideration all
possible reproductive disorders, Overton and Fetrow ®3!
calculated the loss arising from the culling of animals
from the herd up to day 60 postpartum, due to metritis,
as 85 USD per case, the loss for reduced milk yield as 83
USD, and the total loss as 109 USD. It is estimated that the
annual cost of metritis ranges between 329 USD and 386
USD per case. The economic implications of endometritis
have not been investigated in detail in Turkey before.
In a previous study conducted in the United Kingdom
between the years 1998 and 1999, the daily cost of
the prolongation of the parturition-conception interval,
due to endometritis, to the holding was reported as 3
Euros ®4. In another research conducted in the United
Kingdom, the direct and indirect costs of uterine infections
at country level were reported to exceed 16 million Euros
per year ],

RECOMMENDATIONS

The peripartum period is of critical importance for
uterine health and fertility. The increased growth rate of
the foetus in the advanced stages of gestation and the start
of milk production after parturition increase the energy
requirements of the animal. This requires the feeding of
animals with good quality roughage and high-energy feed.
The ideal body condition score for bovine animals in this
period is indicated as 3.00-3.75. A negative energy balance
triggered by poor nutrition after parturition affects the
restart of the oestrus cycle, the normalisation of the sexual
cycle, and the success achieved with artificial insemination.
The cleanliness of the calving paddocks, and compliance
with disinfection and hygiene rules during interventions
to aid birth and dystocia, have an important role in
reducing the risk of uterine infections. Regular controls
during the postpartum period enable the monitoring
of the uterine involution process, the differentiation of
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physiological and pathological changes and the treatment
of infected animals without delay. Furthermore, the access
of the veterinary practitioner to the records kept on the
farm and to information on the previous parturition of
the cow, the diseases the animal has undergone, whether
the animal has given brith to twins, the oestrus intervals,
findings of the last gestational examination and previous
inseminations of the animal, as well as the oestrus and
ovulation synchronization protocols and treatments
the animal has been subjected to, all shed light on the
reproductive problems of the animal and aid in diagnosis
and treatment.

CONCLUSION

This review provides an assessment of the current
approaches to uterine infections. Light uterine
inflammation is generally eliminated by means of the
immune system of the organism. Uterine infections
not able to be eliminated by the defence system of the
body affect the reproductive performance. Although the
economic implications of uterine infections are not able
to be precisely measured, these infections are well known
to have negative effects of varying degree on both the
reproductive performance and yields. With the acquisition
of increased information on the correlation between
uterine infections, the immune system and reproductive
performance, it has become ever more important to
develop protection and treatment strategies for infertility
caused by uterine infections.
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Dear Editor,

Canine degenerative osteoarthritis and discospondylitis
are serious disorders of locomotor system with many
etiologic factors contributing to pathogenesis ', Canine
brucellosis caused by Brucella canis is one of these factors
and enlargement of lymph nodes, uveitis, osteomyelitis,
polyarthritis, glomerulonephritis, pyogranulomatous
dermatitis, epididymitis, orchitis, scrotal dermatitis (some-
times scrotal necrosis) are other clinical signs of this
infection B9, This letter is written to underline the
possibility of canine brucellosis caused by other Brucella
species, and to share an interesting case of dog brucellosis
originated from ruminants with colleagues.

A 4% years old male Labrador dog was brought to
the clinic with complaints of reluctance to walk; inability
to jump into a car; growling when his back was touched
and lethargy. As it was learned from the patient’s story, the
complaints were become apparent during past 6 months,
but since two years he does not want to sit after walking
due to swelling and pain in the testicles, and therefore
he had been castrated. On physical examination, body
temperature, pulse and respiratory rates were within
normal values and pain was recorded on palpation of
the left hip joint and lumbar region. When raised on hind
legs, it was noted that he could not tolerate this position
more than 30 seconds. Laboratory examination revealed
that WBC count (19.57 x10°/L), % values of basophils and
neutrophils were increased and % value of lymphocytes was
decreased. Serum CRP level was quite high (119 mg/L). On
radiographic examination, signs of degenerative osteo-
arthritis were observed in right hip joint (Fig. 1A and B)
and lumbar-coccygeal vertebrae (Fig. 1C and D). A Brucella
infection had aroused suspicion due to the orchitis and
castration story. His serum sample gave negative result

for Brucella canis with an immunochromatographic test kit
(Brucella IC®, Biopronix, Agrolabo SpA, Italy), but it was
positive with Rose Bengal plate test (SeroLam®, Seromed,
Istanbul) which detects IgG and IgM formed against smooth
Brucella species. According to the test results, dog was
thought to be infected with one of these bacteria species:
Brucella melitensis (sheep and goats), Brucella abortus (cattle)
or Brucella suis (swine). While this development has been
shared with the owner, it was learned that the dog had run
around in neighboring goat farm since his puppyhood.
Isolation of specific bacteria was not able because synovial
fluid sampling of the relevant joints was not possible.
Based on the serological tests results and owner’s last
information, the dog’s disease was considered as ruminant
originated brucellosis,and concerned pathologies (orchitis,
diskospondylitis and degenerative right hip osteoarthritis)
were thought to be related to this overlooked and chronic
infection. Dog was treated for 2 months with doxycycline
(2 times a day 300 mg, oral route, Monodoks® 100 mg
capsules, Deva, Istanbul) and streptomycin sulfate (1 g IM
andin 1, 3, 5 and 8 weeks for 7 days, Streptomycin® vial, IE
ULAGAY, Istanbul). After 1 month of therapy, blood serum
CRP level was found in normal levels (9 mg/L). By future
phone calls with the owner, it was learned that the dog can
swim, get in the car, play ball and has no more back pain.

The presented case teaches us 3 important lessons:
1- Dogs with epididymitis, orchitis, scrotal dermatitis, uveitis,
osteoarthritis or discospondylitis may be candidates of
canine brucellosis. 2- During serological examinations,
we must not only refer with Brucella canis specific tests.
3- Serological tests for B. melitensis, B. abortus or B. suis
infections must absolutely be in diagnostic protocols
particularly fordogs whose close contact with farm animals
or have the possibility of eating farm animals’ placenta or
drinking their milk.

& lletisim (Correspondence)
+90 248 2132102
DA sirriavki@hotmail.com
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joint (A) and (B) with degenerative osteoarthritic
lesions (red arrows). Similar lesions (green arrows)
in coccygeal (C) and lumbar (D) vertebrae and
joints.
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