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Investigation of Pseudomonas Species in Chicken Drumstick Samples

Hayriye Yesim CAN™

"Hatay Mustafa Kemal University, Faculty of Veterinary Medicine, Department of Food Hygiene and Technology, Hatay, Turkey

ABSTRACT

This study aimed to detect the contamination of refrigerated poultry meat with psychrotrophic bacteria, such as
Psendomonas species. Psendomonas spp. can grow well in the skin and muscle of poultry meat by using
carbonhydrates and amino acids at refrigeration temperature (4 °C). They are mainly responsible for the spoilage
of poultry meat with their enzymatic activiy. For this purpose, a total of 107 chicken drumstick samples were
analyzed for the presence of Pseudomonas species (Pseudomonas fragi, Psendomonas fluorescens, Psendomonas putida,
Psendomonas lundensis, Psendomonas aernginosa). Of the samples, 92.5% found to be contaminated with Psexdomonas
spp. A total of 99 isolates were confirmed as Pseudomonas spp. by PCR, targeting the 765 rDN.A gene. Among the
99 isolates, 78.7% were identified as P. fluorescens, whereas P. fragi, P. putida, P. lundensis, and P. aernginosa were not
detected in the study. The findings show that P. fluorescens is the most prevalent species in refrigerated poultry
meat, thus posing a potential risk for the spoilage of poultry meat.

Keywords: PCR, Poultry Meat, Psexdomonas, Spoilage

kkk

Pili¢ Baget Orneklerinde Pseudomonas Tiirlerinin Aragtirilmast
oz

Bu c¢alismada, sogukta muhafaza edilen kanatl etlerinin Pseadomonas tirleri gibi psikrotrofik bakterilerle
kontaminasyonunun belitlenmesi amaglandt. Psexdomonas’lar soguk muhafaza sartlarinda (4 °C’de) kanath etindeki
karbonhidratlar ile amino asitleri kullanarak deri ve kasta kolaylikla gelisebilir. Enzimatik aktiviteleri ile kanatlt
etlerinin bozulmasindan esas olarak sorumludurlar. Bu amacla, toplam 107 adet tavuk baget 6rneginde Pseudomonas
tirlerinin (Pseudomonas fragi, Psendomonas fluorescens, Psendomonas putida, Psendomonas lundensis, Psendomonas aernginosa)
varligt analiz edildi. Orneklerin % 92.5'inin Psexdomonas spp. ile kontamine oldugu bulundu. Toplam 99 izolat, 765
rDNA geni hedef alinarak Pseusdomonas spp. yoninden PCR ile dogrulandi. Calismada 99 izolatin %78,7'si P.
fluorescens olarak identifiye edilitken, P. frag:, P. putida, P. lundensis ve P. aeruginosa tespit edilemedi. Bulgular, sogukta
muhafaza edilen kanath etlerinde P. fluorescens'in en yaygin tir oldugunu ve dolayisiyla, kanath etinin bozulmast igin
potansiyel bir risk olusturdugunu géstermektedir.

Anahtar kelimeler: Bozulma, kanatli eti, PCR, Pseudomonas
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INTRODUCTION

The people widely consume chicken meat due to
being rich from essential amino acids, zinc, iron and
group B vitamins, easily digestible besides being an
economic animal protein source. Many factors
beginning from production to consumption (the
infections in the live birds, breeding, transporting,
slaughtering, packaging, storage, and distribution
conditions) affect the microbial flora of poultry meat
(Okolocha and Ellerbroek 2005).

High post-rigor pH and water activity (ay) values of
poultry meat are risk factors for microbial spoilage
(Allen et al. 1997). The competitive ability of the
microorganisms that lead to food spoilage is good,
and they cause structural changes in the food with
their proteolytic and lipolytic enzymes. Pseudomonas
spp. are the most commonly isolated psychrotrophic
bacteria from food, and they lead to spoilage in foods
stored at refrigeration temperatures by growing under
acrobic conditions (Salvat et al. 1997, Geornaras et al.
1999, Mead 2004, Ercolini et al. 2007, Al-Rodhan
and Nasear 2016, Caldera et al. 2010).

Poultry meat is commonly consumed with the skin,
and the initial microbial load of the skin is generally
high. Although the initial microbial load in poultry
meat varies depending on sanitary and hygienic
practices, technical design, and cross-contaminations
in the slaughterhouse, its high shortens the product's
shelf life (HOll et al. 2016, Morales et al. 2016). While
the initial microbial flora originating from live birds
usually includes Gram-positive bacteria, they leave
their place in Gram-negative bacteriae (Pseudomonas,
Flavobacteria, Acinetobacter, Moraxella, and
Enterobacteriaceae) in the final product over time. So,
the final product may carry a risk for the presence of
the microorganisms that cause spoilage like
Psendomonas spp. and pathogens such as Salmonella,
Campylobacter, Clostridium  perfringens, Escherichia  coli
O157, Listeria monocytogenes, and Staphylococcus anreus.
The undesired levels of the abovementioned
microorganisms in the final product indicate the
insufficient sanitisation in the slaughterhouse, that
hygienic practices are not cared during or after
slaughter ~ process,  cross-contamination  and
recontamination in the plant. Because Psexdomonas
spp. are usually destroyed at the scalding stage of the
poultry slaughtering process (Mead 2004, Okolocha
and Ellerbroek 2005, Wang et al. 2018). So, although
the systems like HACCP that aims food safety in
poultry production primarily target pathogen bacteria
control, they also make a certain reduction in the level
of spoilage-causing bacteriae. Thereby, the HACCP
system positively contributes to shelf life of the
product and public health (Mead 2004, Morales et al.
20106).

Hygienic practices during slaughtering, cold storage
conditions, packaging techniques, post-rigor pH value
of the product, species, and level of the
psychrotrophic bacteria in the flora may be effective
in spoilage of the poultry meat. The post-rigor pH
value of the chicken leg is higher than that of the
chicken breast, so spoilage can be faster here.
Psendomonas species may become dominant in the
flora by quickly growing in chicken leg and breast
meat. When the level of Pseudomonas reaches 107-108
cells per square centimeter, color change, off-odort,
and slime formation occur. The unwanted
metabolites that arise from protein degradation are
reported to cause these changes (Allen et al. 1997,
Nychas et al. 2008).

Usually, in fresh meat, the number of Psexdomonas is
low and they grow during storage in cold and the
number gradually increases. They easily compete with
the other spoiler microorganisms in the flora as they
can grow in cold and normal atmospheric conditions
due to their oxidative properties. So, the spoilage in
storage in the cold usually occurs from Pseudomonas.
The frequently isolated Psexdomonas species in poultry
stored in cold are reported P. frag, P. fluorescens, P.
putida, and P. lundensis (Geornaras et al. 1999, Ercolini
et al. 2007, Nychas et al. 2008, Morales et al. 20160,
Kumar et al. 2019).

Cold storage is the most commonly applied
procedure for prolonging the shelf life of poultry
meat. So, the presence and the level of
psychrophile/psychrotrophic  microorganisms  that
lead to spoilage in poultry meat have critical
significance for determining shelf life. The present
study was conducted to investigate Pseudomonas
species (P. fragi, P. fluorescens, P. putida, P. lundensis, P.
aeruginosa) in  chicken  drumsticks stored at
refrigeration temperature (4°C) by using PCR
method.

MATERIAL and METHODS

Sampling, Isolation and Identification of
Pseudomonas
In the present study, 107 packaged chicken
drumsticks belonging to different companies and sold
in Hatay province consisted of the study sample.
Psendomonas isolation was done with the rinse method
in the samples taken under aseptic conditions and
brought to the laboratory under a cold chain. For pre-
enrichment, each sample was put into sterile plastic
bags and 100 ml Tryptic Soy Broth (Merck, 105459)
was added. After the samples were shaken and
washed during 1 min within the bag, the broth was
closed and incubated at 30°C for 24 hours. One loop
of culture suspension was taken from pre-enrichment
broth and streaked on Psexudomonas Agar Base (Oxoid,
CMO0559) containing Psendomonas CFC  supplement
(Cetrimide, Fucidin, Cephalosporin, Oxoid, SR0103).
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Plates were incubated at 30°C for 24 hours. The
oxidase positive, straw-coloured colonies were
selected and suspended into tubes containing 4-5 ml
of Brain Hearth Infusion broth (Oxoid, CMO225).
The broth culture was incubated at 30°C for 18-24
hours under aerobic conditions.

For DNA extraction, 1 ml of broth culture was taken
to eppendorf tube and centrifuged at 6000xg for 2
min. Supernatant was thrown and the following
procedures were applied in order as instructed in the
commercial kit (GF-1 Bacterial DNA Extraction, GF-
BA-100, Vivantis). The obtained DNAs were stored
at -20°C.

Verification of Isolates as Pseudomonas spp.,
and Pseudomonas aeruginosa

According to the amplification protocol described by
Spilker et al. (2004), PCR was done by using primer
pairs for amplifying the 618 bp (genus- specific;
Psendomonas spp.) and 956 bp (species-specific; P.
aeruginosa) 16S tDNA gene sequence (Table 1). Two
ul of DNA extract was taken and added to 23pl PCR
mixture  (2.5pl of  10xPCR  buffer, each
deoxynucleoside triphosphate at a concentration of
0.25 mM, 1 U Tag polymerase, 1 ul of each primer at
10 uM concentration, and 2 mM MgCl) and a total
of 25 pl mixture was subjected to amplification.
Amplification conditions included initial denaturation
at 95°C for 2 min, 25 cycles of denaturation at 94°C
for 20 sec, primer annealing at 58°C for 20 sec, and
primer extension at 72°C for 40 sec in a thermal
cycler (Boeco, Germany), and final extension at 72°C
for 1 min.
Molecular  Identification of Pseudomonas
Species

Table 1. Primers used in this study

The obtained isolates were identified by PCR with
regard to Pseudomonas  fluorescens, Pseudomonas  frags,
Psendomonas  putida, Psendomonas Ilundensis by using
specific primer pairs described by Al-Rodhan and
Nasear (2016), Ercolini et al. (2007), Morales et al.
(2016). For the verification of isolates for P. fluorescens,
a total of 25 pl of PCR mix (1 pl of each primer, 12.5
ul DreamTaq Green Master Mix (K1081, Thermo
Scientific), and 5 pl of template DNA) was subjected
to amplification. Amplification conditions included
initial denaturation at 94°C for 2 min, 35 cycles of
denaturation at 94°C for 45 sec, primer annealing at
59°C for 45 sec, primer extension at 68°C for 2 min,
and final extension at 72°C for 5 min (Al-Rodhan and
Nasear, 2016). Isolates were analyzed with multiplex
PCR for P. fragi, P. putida and P. lundensis. For this
purpose, a total of 20 pl PCR mix (0.4 pl of each
primer, 1.2 pl reverse primer, 10 pl DreamTaq Green
Master Mix (Thermo Scientific), 1 ul of template
DNA) was prepared. For multiplex PCR,
amplification conditions included initial denaturation
at 94°C for 1 min, 30 cycles of denaturation at 94°C
for 30 sec, primer annealing at 60°C for 30 sec,
primer extension at 72°C for 1 min, and final
extension at 72°C for 7 min (Morales et al. 2010).

Positive Control
Psendomonas  fluorescens ATCC 13525 was used as
positive control in the study.

Electrophoresis and Imaging Procedure

The amplified DNAs were loaded to 1.5% agarose gel
and subjected to electrophoresis procedure at 100 V
for 50 min (CS-300V, England). At the end of this
procedure, specific amplicons for Pseuxdomonas were
analyzed at UV-transulliminator (UVP, USA) with the
aid of positive control and DNA Ladder (Bioatlas,
Estonia).

Gene Primer Sequence (5’- 3’) Target Annealing  Size Reference
temp (°C)  (bp)
168§ rDNA F1 GACGGGTGAGTAATGCCTA Psendomonas spp. 54 618 Spilker et al.
(2004)
R1 CACTGGTGTTCCTTCCTATA
F2 GGGGGATCTTCGGACCTCA P. aernginosa 58 956
R2 TCCTTAGAGTGCCCACCCG
168§ rDNA  F3 TGCATTCAAAACTGACTG P. fluorescens 59 850 Al-Rodhan and
R3 AATCACACCGTGGTAACCG Nasear (2016)
carA F4 CGTCAGCACCGAAAAAGCC P. fragi 60 370 Ercolini et al.
R TGATGRCCSAGGCAGATRCC (2007),
F5 ATGCTGGTTGCYCGTGGC P. putida 60 230 Morales et al.
R TGATGRCCSAGGCAGATRCC (2016)
F6 TGTGGCGATTGCAGGCATT P. lundensis 60 530
R TGATGRCCSAGGCAGATRCC
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RESULTS

In the study, Pseusdomonas spp. were detected in 99 out
of 107 chicken drumstick samples (92.5%) (Figure 1).
In total, P. fluorescens was isolated from 78 samples
(72.8%), and it was found to that it constituted the
dominant flora for Pseudomonas (Figure 2). The other
Psendomonas species (P. aeruginosa, P. fragi, P. putida, and
P. lundensis) were not detected in the samples.

M 123 4 56 78 91011 M

> 500 bp

Figure 1. PCR analysis of Pseusdomonas spp. isolates
[M: 100 bp DNA marker, 1-11: Pseudomonas spp.
Positive isolates (618 bp)]

M 14 13 12 11

e -
- - -”----- -~ - «SSObp

500 bp

T o - -

Figure 2. PCR analysis of Pseudomonas fluorescens
isolates [M: 100 bp DNA martker, 1: Positive control
(Psendomonas fluorescens ATCC 13525), 2-14: Some of
P.fluorescens positive isolates (850 bp)]

DISCUSSION and CONCLUSION

Globally, it is estimated that about 1/3 of the food
produced for human consumption is lost or wasted
each year (FAO, 2011). Food’s becoming unavailable
to introduce to consumers due to microbial or
chemical spoilage is an important food loss (Morales
et al, 2016). Meat and meat products account for
approximately 21% of food losses in Europe and
North America (Nychas et al., 2008). According to
the world meat projection, poultry is the second most
consumed meat worldwide and is expected to rank
first by 2022 (OECD-FAO, 2013). In this context,
the fact that chicken meat is generally consumed with
its skin, mainly due to its nutritional content, and that
the post-rigor pH and aw value are suitable for
microbial growth limits the shelf life of poultry even
under cold storage conditions. Poultry is susceptible
to spoilage, and storage temperature is critical for
spoilage. However, cold storage conditions of poultry
create the typical microflora of poultry by bringing
the microorganisms that grow in this condition in the
foreground (HOll et al., 2016; Morales et al., 2016).

P. fluorescens was predominantly isolated from the
chicken drumstick samples in the present study.

Similarly, Morales et al.(2016) detected P. fragi and P.
flnorescens most in chicken breast meat. Phenotypically,
P. fluorescens was found to show proteolytic, lipolytic
and lecithinase activity, while P. fragi was found to
produce mainly proteolytic enzymes. As the result of
the study, the researchers reported that there are
important phenotypical and genotypical differences
among  Pseudomonas species from poultry meat.
Differently, Caldera et al. (20106) isolated P. fragi and
P. putida most from meat products. Also, when they
have investigated the enzymatic activities of their
isolates at 5°C and 25°C, they have detected that 30%
of them showed proteolytic activity at 5°C, whereas
10% showed proteolytic activity at 25°C.

In addition, the packaging method also determines
the spoilage of poultry meat. HOll et al. (2016) used a
modified atmosphere packaging (MAP) method with
two different gas mixtures (65% N2 + 35% COo; 80%
Oz + 20% COy) for the packaging of chicken breast
meats. The samples were packaged in both
atmospheric conditions and incubated for 14 days at
4°C and 10°C. At the end of the ecighth day,
Pseudomonas, Carnobacterium and Brochothrix
thermosphacta were found to form the dominant flora
in the samples packed with the MAP method with
high O content. However, in the MAP method with
low O3 content, the dominant species responsible for
spoilage were found to be Carnobacterium, Serratia and
Yersinia at 4°C, while it was found to be Hafria alvei at
10°C.  Consequently, reseatchers  recommend
packaging poultry with MAP with a high O» content,
due to its being less harmful and as pathogenic
bacteria such as Yerinia cannot grow. Another
advantage of packaging poultry with MAP with a high
Oz content is it inhibits the growth of an important
food pathogen, Campylobacter jejunt, which poses a risk
for poultry meat (Rajkovic et al., 2010). Usually,
poultry is packaged in conditions where the CO2/N>
concentration is high and the Oz concentration is
reduced. Because oxymyoglobin formation and
preservation of bright red color are not required in
poultry meat as it is required for red meat (Sante et
al., 1994). Besides, Pseundomonas, which is one of the
most important spoilage factors in poultry meat is
very sensitive to high CO:z concentration, thus
inhibiting their growth (H6ll et al., 2016).

Different decontamination practices in poultry can
increase the microbiological quality and shelf life of
products by creating different levels of inhibition on
both pathogenic and spoilage bacteria (Mead, 2004).
In this context, Okolocha and Ellerbrock (2005)
applied decontamination by spray or dip method with
acid and alkaline agents (1% lactic acid and 10%
trisodium phosphate) in poultry carcasses. The
authors have reported that decontamination with the
immersion method was more effective, and an
average of 0.2-2.4 logarithmic reduction in
Psendomonas number was obtained as a result of
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storage at 4°C for 6 days. They also stated that the
sensoric evaluations were also positive by the
consumers, and accordingly, with acid or alkali
applications within the legal limits, poultry can be
stored at 4°C for at least 6 days, preserving its quality.

Biofilm formation by P. fluorescens is also an important
problem for the poultry industry, and this event can
cause cross-contamination throughout the production
process. Next time, this bacterium can also get
resistance against disinfectants used in the poultry
plant (Geornaras et al, 1999; Wang et al, 2018;
Kumar et al., 2019).

In conclusion, the present study has revealed that the
prevalence of Pseudomonas spp. is quite high in chicken
drumstick samples stored at refrigeration temperature
(4°C) and P. fluorescens was found to be the dominant
species. Pseudomonas species except for Pseudomonas
aeruginosa have not been included in food safety
management systems as they do not cause any
infection in humans. Howevet, Pseudomonas spp. are
primarily responsible for microbial spoilage in poultry
samples kept in cold and distributed under cold chain,
which is extremely important in terms of the quality
and shelf life of poultry in today's global conditions.
On the other hand, the presence of Pseudomonas in
poultry may facilitate the growth of Campylobacter jejuni
due to the microaerophilic environment that they
create. This is an adverse event and thereby,
Psendomonas as an important spoilage bacterium that
should not be overlooked by focusing only on
pathogen bacteriae in the poultry production chain.
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ABSTRACT

Neospora caninnm and Toxoplasma gondii are intracellular protozoan parasites that cause economic losses in goats.
Both parasites are similar in features and cause abortions in goats. For this reaon, in this study, it was aimed to
determine the seroprevalence of N. caninum and T. gondii in Honamli goats bred in Burdur province. The study
material consisted of 273 Honamli goats aged between 2-7 years in 11 different goat herds. While 69 of these
goats were aborted in the 5th month of pregnancy, the remaining 189 were normal goats that gave birth to
healthy kid. In the findings; IN. caninum specific antibodies were determined in eight (2.9 %) blood serum taken
from the goats included in the study. In the blood serum of three goats (1.1 %), N. caninum suspectable antibody
positivity was detected. Toxoplasma gondji specific antibodies were determined in seven (2.6 %) blood serum taken
from the goats included in the study. In the blood serum of three goats (1.1 %), T. gondii suspectable antibody
positivity was detected. As a result, it was observed that IN. caninum and T. gondii had low serprevalence levels in
Honamli goats bred in Burdur province.

Keywords: ELISA, Goat, Honamli Goat, Neospora caninum, Toxoplasma gondii, Seroprevalence.

kkk

Burdur Ilinde Honaml Kegilerinde Neospora Caninum ve Toxoplasma Gondii'nin Seroprevalansi
oz

Neospora caninum ve Toxoplasma gondii kegilerde ekonomik kayiplara neden olan hiicre i¢i yerlesim gosteren
protozoer parazitlerdir. Her iki parazitte Ozellik olarak benzerlik gostermekte ve kegilerde abortlara yol
acmaktadir. Bu nedenle bu calismada, Burdur ilinde yetistirilen Honamli ki kecilerde N. caninum ve T. gondifnin
seroprevalansinin belirflenmesi amaglanmistir. Caligma materyalini 11 farkli keci stiristinde, yaglart 2-7 yas arasinda
degisen toplam 273 adet Honamli 1rki ke¢i olusturmustur. Bu kegilerin 69 tanesini gebeligin bes aylik déneminde
abort yapan kegiler olustururken, kalan 189 tanesini normal saglikli yavru doguran keciler olusturmaktadir.
Bulgularda; ¢alismaya dahil edilen kecilerden alinan kan serumlarinin sadece (%o 2.9) 8' inde N. caninum spesifik
antikor varhg saptanmustir. Ug keginin kan serumda (% 1.1) ise, N. caminum sipheli antikor pozitiflik
belirlenmistir. Calismaya dahil edilen kecilerden alinan kan serumlarinin, sadece (%o 2.6) 7' sinde T. gondii spesifik
antikor varhigt saptanmistir, Ug keginin kan serumda (% 1.1) ise, T. gondii stipheli antikor pozitiflik belirlenmistir.
Sonu¢ olarak, Burdur ilinde yetigtitilen Honaml 1kt kecilerde N. caninum ve T. gondifnin dustk serprevalans
diizeyine sahip oldugu gorilmustiir.

Anahtar kelimeler: ELISA, Ke¢i, Honaml Kegisi, Neospora caninum, Toxoplasma gondii, Seroprevalans.
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INTRODUCTION

Neosporosis is a protozoan disease caused by
Neospora caninum. 1t causes cyst formation in host
tissues (Dubey 1999). This disease causes abortions in
domestic livestock and deer. It also causes infections
in the nervous system in horses and dogs. Dogs are
the last hosts of IN. caninum. It is also known that
wolves (gray and coyote worms) are the last host of
the disease. Although neosporosis does not show any
specific clinical signs in adult cattle, it causes
abortions in sheep, goats and young pregnant cattle.
In addition, calves born from cattle infected with .
caninum  are weak and in  poor condition.
Neuromuscular anomalies can be observed in calves
born this way in a few days after birth (Aktas et al.
2005). Dogs play an important role in the spread of
the disease. Cattle and goats should not be grazed on
pastures where dogs are overpopulated (Dubey and
Lindsay 1996). Today, vaccine development studies
are carried out to prevent the disease. Vaccines
prepared from tachyzoites of the agent against
neosporosis are used in regions where the disease is
common (Andrianarivo et al. 1999).

Toxoplasmosis is one of the most common parasitic
zoonotic diseases worldwide caused by Toxoplasma
gondii (Tenter et al. 2000). T. gondii was first detected
in the tissues of a hamster-like wild rodent named
Ctenodactylus gundi by Nicolle and Manceaux (1908) in
the laboratories of the Pasteur Institute in Tunisia in
1908 (Dubey 2008, Dubey 2009). It is an obligate
intracellular protozoan belonging to the class
Coccidea of the Apicomplexa subphylum. They cause
toxoplasmosis infection by localizing in all cells
except erythrocytes of humans and many animals.
Cats are the last host of the parasite. Its intermediate
hosts are poultry, mammals and humans (Koldren
and Dubey 2020). Toxoplasmosis causes abortions in
cattle, sheep and goats. The disease is transmitted to
humans by consumption of Toxoplasma infected
meats and food and beverages contaminated with
sporulated oocysts from the final host, and causes an
important public health problem (Dubey and Beattie
1988, Tenter et al. 2000, Akoz et al. 2009).

N. caninum and T. gondii are intracellular protozoan
parasites that cause economic losses in goats. Both
parasites are similar in features and cause abortions in
goats (Dubey and Beattie 1988, Dubey and Lindsay
1996, Tenter et al. 2000, Akoz et al. 2009). Toxoplasma
gondii has zoonotic properties. It causes serious health
problems that threaten public health. Developing an
effective treatment method against diseases and
performing preventive medicine in a healthy way will
be possible by determining the epidemiological
spread of these diseases. The aim of this study was to
evaluate the seroprevalence of N. caninum and T. gondi
in Honamlt goats bred in Burdur province, Turkey.

MATERIAL and METHODS

Study Area

The research was evaluated at the meeting of
Anadolu University Animal Experiments Local Ethics
Committee, dated 04.06.2018, with registration
number 18-37. According to the decision numbered
825172047.09100/2018-4, there was no ethical
objection. In addition, this research was supported by
Anadolu University Scientific Research Projects
Commission as project number 18055215.

Animals and Serum

This study was carried out on Honamli goats, which
are one of our domestic goat breeds, bred in Burdur
province, Turkey. The study material consisted of 273
Honamlt goats aged between 2-7 years in 11 different
goat herds. While 69 of these goats were aborted in
the 5th month of pregnancy, the remaining 189 were
goats that gave birth to normal healthy kid.

Eight milliliter of blood was taken from the vena
jugularis of goats into vacuum tubes with coagulation
factor. Collected blood was brought to the laboratory
and centrifuged at 3500 rpm for 10 minutes.
Extracted serums were placed in capped plastic tubes
and stored at -20 °C until testing.

Detection of N. caninum and T. Gondii
antibodies

In order to investigate N. caninum and T. gondii
antigens from the serums, noncompetitive Enzyme
Linked Immunosorbent Assay (ELISA) kits
(Sinogeneclon ELISA Kit) were used in accordance
with the procedure (Sandwic ELISA Method-
Noncompetitive). As a result of the test, the plates
were read in an ELISA Microplate reader (Biotek
Synergy/H1/USA) at a wavelength of 450 nm. As a
result of the test, the % inhibition value was obtained.
It was calculated according to the specific procedure
of the kit with the specified formula. In the tests
applied for both parasites, positivity and negativity
were determined according to the following criteria;
Test validity: Positive control mean =1.00; Negative
control mean =0.10.

Critical Calculation (CUT OFF): Critical = Average
of Negative control well + 0.15.

Negative verdict: Example OD <Critical Calculation
(CUT OFF) TG and NC are Negative.

Positive decision: Example OD2 Ciritical Calculation
(CUT OFF) TG and NC are Positive.

Statistical analysis

The findings were evaluated using the IBM SPSS 22.0
for Windows package program. Cross-tabs were used
to determine the compositional distribution of the
variables. Spearman Correlation analysis was used to
determine the relationship between variables.

145



RESULTS

In the findings; N. caninum specific antibodies were
determined in only eight (2.9 %) blood serum taken
from the goats included in the study. In the blood
serum of three goats (1.1 %), N. caninum suspectable
antibody positivity was detected. 1. gondii specific
antibodies were determined in only seven (2.6 %)
blood serum taken from the goats included in the
study. In the blood serum of three goats (1.1 %), T.
gondii suspectable antibody positivity was detected
(Table 1 and Table 2).

When the aborted goats are examined in terms of N.
caninum, two goats were determined as N. caninum
seropositive and one goats were determined as .
caninum suspectable. The distribution of N. caninum
according to herds; one goat in Ovactk 1, and one
goat in Ovacik 2 were determined as seropositive.
One goat in Kuzkéy 1 were determined as

suspectable (Table 1).

When the non-aborted goats are examined in terms
of N. caninum;, six goats were determined as NN.
caninum seropositive and two goats were determined

as N. caninum suspectable. The distribution of N.
caninum according to herds; one goat in Bagsaray 1,
two goat in Bagsaray 3, one goat in Bagsaray 4, one
goat in Kuzkdy 2, and one goat in Ovacik 2 were
determined as seropositive. One goat in Bagsaray 1,
and one goats in Bagsaray 2 were determined as
suspectable (Table 1).

When the aborted goats are examined in terms of T.
gondii; one goat was determined as 1. gondii
seropositive. The distribution of T. gondii according to
herds; positivity was determined in Ovactk 2 (Table
2).

When the non-aborted goats are examined in terms
of T. gondii; six goats were determined as T. gondii
seropositive and two goats were determined as T.
gondii suspectable. The distribution of T. gondii
according to herds; one goat in Bagsaray 1, one goat
in Bagsaray 2, one goat in Bagsaray 3, one goat in
Bagsaray 4, one goat in Celtik¢i 1, and one goat in
Ovactk 2 were determined as seropositive. One goat
in Bagsaray 1, and two goats in Bagsaray 3 were
determined as suspectable (Table 2).

Table 1. Distribution of IN. caninum in aborted and non-aborted goats by herds.

N. caninum Aborted goats Non-aborted goats
Village Negative | Positive |Suspectable [Total Negative | Positive | Suspectable [Total
Bagsaray 1 Count 6 0 0 6 28 0 1 29
% of Total 8.3% 0.0% 0.0% 8.3% 13.9% 0.0% 0.5% 14.4%
Bagsaray 2 Count 8 0 0 8 27 1 1 29
% of Total | 11.1% 0.0% 0.0% 11.1% 13.4% 0.5% 0.5% 14.4%
Bagsaray 3 Count 7 0 0 7 25 2 0 27
% of Total 9.7% 0.0% 0.0% 9.7% 12.4% 1.0% 0.0% 13.4%
Bagsaray 4 Count 9 0 0 9 30 1 0 31
% of Total | 12.5% 0.0% 0.0% 12.5% 14.9% 0.5% 0.0% 15.4%
Bagsaray 5 Count 3 0 0 3 7 0 0 7
% of Total 4.2% 0.0% 0.0% 4.2% 3.5% 0.0% 0.0% 3.5%
Geltikgi 1 Count 7 0 0 7 21 0 0 21
% of Total 9.7% 0.0% 0.0% 9.7% 10.4% 0.0% 0.0% 10.4%
Celtikei 2 Count 1 0 0 1 9 0 0 9
% of Total 1.4% 0.0% 0.0% 1.4% 4.5% 0.0% 0.0% 4.5%
Kuzkoy 1 Count 6 0 0 6 13 0 0 13
% of Total 8.3% 0.0% 0.0% 8.3% 6.5% 0.0% 0.0% 6.5%
Kuzkdy 2 Count 10 0 1 1 8 1 0 9
% of Total | 13.9% 0.0% 1.4% 15.3% 4.0% 0.5% 0.0% 4.5%
Ovacitk 1 Count 7 1 0 8 13 0 0 13
% of Total 9.7% 1.4% 0.0% 11.1% 6.5% 0.0% 0.0% 6.5%
Ovactk 2 Count 5 1 0 6 12 1 0 13
% of Total 6.9% 1.4% 0.0% 8.3% 6.0% 0.5% 0.0% 6.5%
Total Count 69 2 1 72 193 6 2 201
% of Total | 95.8% 2.8% 1.4% 100.0% [ 96.0% 3.0% 1.0% 100.0%

146




Table 2. Distribution of T. gondii in aborted and non-aborted goats by herds.

T. gondii Aborted goats Non-aborted goats
Village Negative Positive | Suspectable [Total Negative [ Positive [Suspectable [Total
[Bagsaray 1 Count 6 0 6 27 1 1 29
% of Total 8.3% 0.0% 8.3% 13.4% 0.5% 0.5% 14.4%
[Bagsaray 2 Count 8 0 8 28 1 0 29
% of Total 11.1% 0.0% 11.1% 13.9% 0.5% 0.0% 14.4%
[Bagsaray 3 Count 7 0 7 24 1 2 27
% of Total 9.7% 0.0% 9.7% 11.9% 0.5% 1.0% 13.4%
[Bagsaray 4 Count 9 0 9 30 1 0 31
% of Total 12.5% 0.0% 12.5% 14.9% 0.5% 0.0% 15.4%
[Bagsaray 5 Count 3 0 3 7 0 0 7
% of Total 4.2% 0.0% 4.2% 3.5% 0.0% 0.0% 3.5%
Celtik¢i 1 Count 7 0 7 20 1 0 21
% of Total 9.7% 0.0% 9.7% 10.0% 0.5% 0.0% 10.4%
Celtik¢i 2 Count 1 0 1 9 0 0 9
% of Total 1.4% 0.0% 1.4% 4.5% 0.0% 0.0% 4.5%
Kuzkéy 1 Count 6 0 6 13 0 0 13
% of Total 8.3% 0.0% 8.3% 6.5% 0.0% 0.0% 6.5%
Kuzkéy 2 Count 11 0 11 9 0 0 9
% of Total 15.3% 0.0% 15.3% 4.5% 0.0% 0.0% 4.5%
Ovacitk 1 Count 8 0 8 13 0 0 13
% of Total 11.1% 0.0% 11.1% 6.5% 0.0% 0.0% 6.5%
Ovactk 2 Count 5 1 6 12 1 0 13
% of Total 6.9% 1.4% 8.3% 6.0% 0.5% 0.0% 6.5%
Total Count 71 1 72 192 6 3 201
% of Total 98.6% 1.4% 100.0% 95.5% 3.0% 1.5% 100.0%

In correlation findings; while there was a low and
statistically insignificant positive correlation between
abortion and T. gondii (t=0.073; p=0.230); a low and
statistically insignificant negative correlation was

found between abortion and N. caninum (1= - 0.004;
p=0.941). A moderate and statistically significant
positive correlation was found between 1. gondii and
N. caninum (£=0.615; p<0.001) (Table 3).

Table 3. Correlation findings between T. gondii, N. caninum and abortion.

Spearman's rho Abortion T. gondii | N. caninum
[Abortion Correlation Coefficient 1.000 073 -.004
Sig. (2-tailed) . 230 941
N 273 273 273
T. gondii Correlation Coefficient .073 1.000 .549%*
Sig. (2-tailed) 230 . .000
N 273 273 273
N. caninum Correlation Coefficient -.004 549%* 1.000
Sig. (2-tailed) 941 .000 .
N 273 273 273

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

Neospora caninum, protozoan parasite of the phylum
Apicomplexa that lives as obligate intracellular tissue
cysts. It causes a disease called neosporosis, which
affects many systems (Donahoe et al. 2015). In order
to determine the seropositivity of N. caninum in goats,
ELISA test, Indirect Fluorescent Antibody Test
(IFAT) methods are used. In studies conducted
according to these methods, the lowest rate of
seropositivity was found to be 0.7 % and the highest
26.6 % in the world (Naguleswaran et al. 2004,
Tembue et al. 2011). There are limited studies on the
seroprevalence of N. caninum on goats in Turkey. For
the first time in Turkey, Sevgili et al. (2003)
determined the IN. caninum antibody level as 5 % in
goats in Sanhurfa by ELISA test. In addition, Sevgili
et al. (2003) reported that this rate did not show a
significant difference on race and age. Afterwards,
Utiik et al. (2011) determined 13.8 % positivity in
Saanen goats and 2.4 % positivity in Hair goats with
ELISA test in FElazig, Erzurum and Kirsehir
provinces. Cayvaz et al. (2011) obtained a positivity
rate of 25.9 % with ELISA test in goats in the Nigde
region. Ozdamar et al. (2021) determined
seropositivity in 8.69% of goats with ELISA test in 5
different study centers in Ordu's Mesudiye district.
According to these studies, the lowest rate of
seropositivity in goats in Turkey was 2.4 % and the
highest was 25.9 %. In parallel with this information,
in our study; N. caninum specific antibodies were
determined in only 8 (2.9 %) blood serum taken from
the 273 goats included in the study. In the blood
serum of three goats (1.1 %), N. caninum suspectable
antibody positivity was detected (Table 1). When the
findings are compared with the results of other
studies; it showed similarity to the values determined
in hair goats in Elazig, Erzurum and Kirsehir
provinces. It showed a lower course than the values
detected in other studies.

Toxoplasma gondiz, which has zoonotic importance,
causes important reproductive system diseases in
both humans and animals (Ataseven et al. 2000). Its
distribution in the world varies. Age, education,
lifestyle, nutrition and cleanliness play an important
role in this difference (Dubey and Battie, 1988). In
order to determine T\ gondii seropositivity in goats,
ELISA test, IFAT test, Sabin-Feldman Dye Test
(SFDT), Indirect Hemagglutination (IHA)
Complement Fixation Test (CFT), Modified
Agglutination Test (MAT), Direct Agglutination Test
(DAT) and Latex Agglutination Test (LAT) methods
have been used (Karaca et al. 2007, Czopowicz et al.
2011, Almerfa et al. 2018, Bozukluhan et al. 2018).
Many studies have been carried out using these
methods in the world. According to these studies, the
rate of . gondii seropositivity in goats varies between
5.6 % and 100 %. Toxoplasma gondii seroprevalence in
goats in Turkey was determined for the first time by

Weiland and Dalchow (1970). According to this
study, the seropositivity of T. gondii in goats in Turkey
was reported as 51.6 % (Ataseven et al. 2006). Babtr
et al. (1997) determined the seroprevalence of T.
gondii as 63.15 % by using SFDT test in goats in
Cankirt province. Muz et al. (2013) determined 35.9
% positivity by using ELISA test in Hatay province.
Ataseven et al. (2000) determined the seroprevalence
of T. gondii as 72.7 % using SFDT test in local goat
breeds in Fastern and Southeastern Anatolia Regions.
Karaca et al. (2007) determined the seroprevalence of
T. gondii as 80.61 % by using SFDT test in goats in
Van province. In another study conducted in the
same province, was reported that the seroprevalence
of T. gondii was 33.3 % using the IHA test (Ttutlinci
et al. 2003). Ural et al. (2009) determined the
seroprevalence of T. gondii as 81.08 % in SaneenxKilis
goats and 82.53 % in Angora goats using the SFDT
test in Ankara. Yagct et al. (1997) reported that T.
gondii seroprevalence was determined as 54 % using
the SFDT test in goats in Ankara province. It has
been reported that T. gondii seroprevalence was
determined as 43.87 % using the SFDT test in
Angora goats in Eskisehir (Babir et al. 1999). It has
been reported that the seroprevalence of 1. gondii was
determined as 95.24 % using the SFDT test in
Aleppo goats in Kilis province (Beyhan et al., 2013).
According to studies conducted with different
methods in goats in Turkey, T. gondii seropositivity
rates vary between 12.1 % and 95.24 %. In parallel
with this information, in our study; 1. gondii specific
antibodies were determined in only seven (2.6 %)
blood serum taken from the goats included in the
study. 1. gondii suspectable antibody positivity was
detected 1.1 % in goats (Table 2). When the findings
are compared with the results of other studies; it was
determined that T. gondii seroprevalence in Honamlt
breed goats in Burdur province was lower than other
studies. This result suggests that the goats are
constantly fed on the rocky areas in the region with
vegetation. In addition, it is known that the breeders
in the region take serious control measures in their
herds in order to ensure breeding and prevent
diseases. Among these measures; it is thought that the
selection of female progenies who have better
condition and complete their development stages
without any disease as breeding and the inclusion of
breeding goats that did not abort in the previous
pregnancy periods in the production contribute to
this result.

Neosporosis progresses with non-specific symptoms
such as abortion, congenital anomaly and stillbirth in
domestic animals (Bjérkman and Uggla 1999). Cayvaz
et al. (2011) stated that there was no statistically
significant relationship between aborted goats and IN.
caninum seropositivity. Similarly, Ozdamar et al. (2021)
reported that there was no statistical relationship
between aborted goats and N. caninum seropositivity.
In this study, a low and statistically insignificant
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negative correlation was found between abortion and
N. caninum (r= - 0.004; p=0.941) (Table 3). Similarly,
T. gondii is known to cause abortion in goats (Unzaga
et al., 2014). It was determined that the seropositivity
of T. gondii in aborted goats in Adana and Hatay
provinces was 15.1 % by ELISA and 12.1 % by IHA.
Oz et al. (1995) reported that there was no statistically
significant difference (p>0.05) between aborted goats
and non-aborted goats. In this study, a low and
statistically insignificant positive correlation between
abortion and T. gondii (1=0.073; p=0.230) (Table 3).

N. caninum is similar to T. gondii in many features
(Bjorkman and Uggla 1999). Therefore, IN. caninum
was identified as T. gondii and misdiagnosed (Dubey
1999, Reichel 2000). It is stated that especially T.
gondii and N. caninum give a cross-reaction in the
diagnosis (Gondim et al. 2017). For this reason,
research on N. caninum should also be investigated in
terms of toxoplasmosis for a correct diagnosis.
Bartova and Sedlak (2012) stated in their study
conducted in the Czech Republic that all samples
found positive for N. caninum wete also positive for T.
gondii antibodies.

In our study; seropositivity was determined for both
T. gondii and N. caninum. And also there was a
moderate  and  statistically  significant  positive
correlation was found between T. gondii and N.
caninum (+=0.615; p<0.001) (Table 3).

CONCLUSION

In this study, two important parasitic abortion
factors, IN. caninum and T. gondii were studied together
in Honamli goats reared in Burdur, Turkey. A new
literature has been added to the very few literature,
especially on the seroprevalence of N. caninum in
Turkey. As a result of the study, the presence of both
parasites, which cause abortion in goats in the region,
was reported. It has been demonstrated once again
that both diseases are extremely important for public
health in the region with the consumption of raw or
undercooked goat meat and goat milk.
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ABSTRACT

Diclofenac (DF) is among non-steroidal anti-inflammatory drugs and in high doses it has toxic effects on various
tissues, including the heart. Chrysin (CRS) has many beneficial effects such as antioxidant and anti-apoptotic. In
the present study, the effects of CRS on DF-induced cardiotoxicity were investigated. For this purpose, after DF
and/or CRS treatments wete applied to Sprague Dawley rats, the markers of oxidative stress, endoplasmic
reticulum stress and apoptosis in heart tissues and serum CK-MB levels were analyzed. The data obtained
displayed that oxidative stress induced by DF was alleviated by triggering the expression of SOD, CAT and GPx
enzymes and increasing GSH levels after CRS administration, and a decrease in MDA levels occurred. It was also
determined that the expressions of ATF-6, PERK, IRE1 and GRP78, which are ER stress markers and induced
by DF, were downregulated after CRS treatment. Additionally, CRS suppressed Bax and Caspase-3 expressions
and increased Bcl-2 expression in connection with ER stress. Another finding of this study demonstrated that
CK-MB levels, which are an important indicator of heart damage, decreased after CRS administration. As a result,
CRS provided a significant protection against cardiotoxicity caused by DF.

Keywords: Cardiotoxicity, chrysin, diclofenac, endoplasmic reticulum stress, oxidative stress.

*kkk

Ratlarda Diklofenak ile Indiiklenen Kardiyotoksisite Uzerine Krisinin Etkilerinin Oksidatif Stres,
Endoplazmik Retikulum Stresi ve Apoptoz Belirtegleri ile Degerlendirilmesi

oz

Diklofenak (DF), steroid olmayan anti-inflamatuar ilaglar arasindadir ve yitksek dozlarda kalp dahil cesitli
dokularda toksik etkiler géstermektedir. Krisin (KRS) antioksidan ve anti-apoptotik gibi bir¢ok yarath etkiye
sahiptir. Sunulan ¢alismada DF ile indiiklenen kardiyotoksisite tizerine KRS nin etkileri aragtirdmistir. Bu amacla
Sprague Dawley ratlara DF ve/veya KRS uygulamalari yapildiktan sonra kalp dokularinda oksidatif stres,
endoplazmik retikulum stresi ve apoptoz belirtecleri ve serum CK-MB seviyeleri analiz edildi. Elde edilen veriler
DF ile indiklenen oksidatif stresin KRS uygulamasindan sonra SOD, CAT ve GPx enzimlerinin
ekspresyonlarinin tetiklenmesi ve GSH seviyelerinin artmast ile hafifledigini ve MDA seviyelerinde azalma
meydana geldigini gostermektedir. Ayrica ER stres belirtecleri olan ve DF’nin indiikledigi ATF-6, PERK, IRE1 ve
GRP78 ekspresyonlarinin KRS tedavisinden sonra asagi yonlii diizenlendigi belirlendi. ER stresi ile baglantili
olarak KRS’ nin Bax ve Kaspaz-3 ekspresyonlarint baskiladigi ve Bcl-2 ekspresyonunu arttirdigt da elde edilen
veriler arasindadir. Ayrica kalp hasarinin 6nemli bir gostergesi olan CK-MB seviyelerinin KRS uygulamasindan
sonra azaldigl gorilldi. Sonug olarak DF’nin neden oldugu kardiyotoksisiteye karst KRS nin 6énemli bir koruma
sagladig tespit edildi.

Anahtar Kelimeler: Diklofenak, endoplazmik retikulum stresi, kardiyotoksisite, krisin, oksidatif stres.
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GIRIS

Steroid olmayan anti-inflamatuar ilaclar (NSAID), agr
ve inflamasyonun kontroli i¢in bircok tlkede yaygin
olarak kullanidmaktadir (Alabi and Akomolafe, 2020;
Prince, 2018). ABD’de her yil yaklastk 70 milyon
NSAID’nin  regete edildigi bilinmektedir (Prince,
2018). Bunlarin normal terap6tik dozlarinin hafif yan
etki gOsterdigi ancak agir1 dozlarda ciddi toksisite
sergiledigi  bildirilmistir. NSAID’lerin  ¢ogu COX
enzimlerini (COX-1 ve COX-2) inhibe etmektedir.
COX-1 ve COX-2, gastrointestinal, renal ve
kardiyovaskiiler homeostazin korunmasinda S6nemli
bir rol oynayan arasidonik asidin eikosanoidlere
doéntsimini katalize ederler (Abdulmajeed et al.,
2015; Alabi and Akomolafe, 2020). Son yillarda, klinik
uygulamalarda NSAID’lerin kullaniminin  gtivenligi
sorgulanir hale gelmistir. Ote yandan kardiyovaskiiler
sonuglart degerlendirme kapasitesine sahip randomize
ve kontrolli caligmalarin  eksikligi  nedeniyle,
NSAID’lerin kullanimi ile kardiyovaskiiler riskte artisa
iliskin kanitlar yetersiz kalmaktadir. Bununla birlikte,
ileriye donik klinik caligmalarin ve meta-analizlerin
sonugclary, bu ilaglarin, artan miyokard enfarktlsi,
iskemik kalp hastaliklari, kalp yetmezligi ve arteriyel
hipertansiyon  riskini iceren Onemli olumsuz
kardiyovaskiler etkilere neden oldugunu
gostermektedir (Abdulmajeed et al., 2015).
Diklofenak (DF), fenil asetik asitten turetilen ve
#4’hidroksidiklofenak seklinde metabolize edilen secici
olmayan bir NSAID’dir (Prince, 2018). DF, anti-
inflamatuar, analjezik, antinosiseptif 6zelliklerinden
dolayt romatoid artrit ve agr1 tedavisinde yaygin olarak
kullanilmaktadir.  DF’nin  terapotik  faydalarina
ragmen, kayda deger ciddi yan etkilere sahip oldugu
bilinmektedir. ~ Bunlar  arasinda  gastrointestinal
toksisite ve akcigerler, kalp, karaciger ve bobrek
dokularinda meydana gelen hasar 6nemli bir yere
sahiptir (Abdulmajeed et al., 2015). DF kalp krizi ve
fel¢ riskini yaklastk %40 oraninda arttirmaktadir
(Ghosh et al, 2016). Yiksek dozlarda DF'nin
mitokondriyal transmembranda hasara neden olan
glutatyon konjugasyonunun azalmasina neden oldugu
bilinmektedir. Bunlar toksik metabolitleti olusturur ve
hticresel membranlarda peroksidatif hasara neden
olan antioksidan aktiviteyi azaltir ve bdylece nekroz
olusumuna ve ATP tretiminin azalmasina neden olur
(Prince, 2018). Bu nedenle dogal olarak olusan ve
antioksidan Ozelliklere sahip bilesiklerin kullaniminin
DF toksisitesine karst 6nemli koruma saglayacagi
diustntlmektedit.

Cesitli meyve ve sebzelerde bol miktarda bulunan
flavonoidler, farkli farmakolojik 6zellikleri nedeniyle
bircok saglik sorununa karst etkin bir sekilde
kullanilmakta ve yeni aragtirmalar icin umut
vermektedir (Heriturk et al, 2021). Krisin (KRS),

yaygin olarak kullanilan ve bircok bitki 6zii, bal ve
propoliste bulunan flavonoid aile tyelerinden biridir
(Kucukler et al,, 2021). KRS nin antioksidan, anti-
inflamatuar, antikanser, antidiyabetik, antialerjik ve
antiapoptotik  6zellikleri  bircok ¢alismanin  odak
noktast olmus (Aksu et al., 2018; Taslimi et al., 2019;
Temel et al, 2020) ancak DF’nin neden oldugu
kardiyotoksisite tizerine etkileri aragtirilmamustir.
Sunulan c¢alismada DFnin kalp hasarina karsi
KRS’nin potansiyel koruyucu etkileri oksidatif stres,
endoplazmik retikulum stresi ve apoptozda rol
oynayan bazi  biyolojik  belirtecler  lizerinden
arastirilmistir.

MATERYAL VE METOT

Calismada kullanilan hayvanlar ve etik kurul
onay1

Calismada 35 adet Sprague Dawley erkek rat
kullanidi.  Agirliklart 250-300 g olan  hayvanlarin
yaslart 12-14 hafta arasindayd:. Barindirildiklart ortam
sartlart 24 £ 1 °C sicaklik, %45 + %5 nem ve 12 saat
aydinlik/karanlik dongisiine sahipti. Ratlar standart
laboratuvar yemi ve musluk suyu ile ad libitum olarak
beslendiler. Calisma icin etik kurul onayr Atatiirk
Universitesi ~ Hayvan  Deneyleri ~ Yerel — Etik
Kurulu’ndan alinmistir (Onay no: 2021-10/248).

Deney tasarimi

DF ve KRS nin dozlart 6nceki ¢alismalar referans
alinarak belirlendi (Ileriturk et al., 2021; Prince, 2018).
Calismaya baglamadan 6nce hayvanlar her grupta 7
adet olacak sekilde 5 farklt gruba ayridd: ve 1 hafta
boyunca ortama adaptasyonlart saglandi. Gruplar ise
su sekilde tasarlands,

1. Grup (Kontrol); hayvanlara sadece 5 gin
intaperitoneal (i.p.) yoldan 0,5 ml serum fizyolojik
verildi.

2. Grup (KRS); hayvanlara 5 giin siire ile oral olarak
50 mg/kg/gtin dozunda KRS verildi.

3. Grup (DF); Hayvanlara kalp toksisitesi olusturmak
icin 4. ve 5. gunlerde 50 mg/kg/vicut agitligt i.p. DF
uygulandi.

4. Grup (DF + KRS 25 mg/kg); hayvanlara 5 glin ard
arda oral olarak 25 mg/kg/giin KRS verildi ayrica 4.
ve 5. gunlerde 50 mg/kg/vicut agithigt ip. DF
uyguland.

5. Grup (DF + KRS 50 mg/kg); hayvanlara 5 gin ard
arda oral olarak 50 mg/kg/giin KRS verildi ayrica 4.
ve 5. gunler 50 mg/kg/vicut agiligt ip. DF
uyguland:.

Deney sonunda hayvanlar hafif sevofloran anestezisi
alinda dekapite edilerek kalp dokulart ve kanlar
alindr.

Serumda CK-MB seviyelerinin belirlenmesi

Ratlardan alinan kanlar sart kapakli serum tiplerine
aktarildt ve 4000 rpm’de +4 °C santriftij edilerek
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serumlart ayrildi. Serumlarda Mindray Perfect Plus
400 cihazi vasitastyla CK-MB seviyeleri analiz edildi.

Kalp dokusunda lipid peroksidasyon derecesinin
belirlenmesi

Kalp dokusunda lipid peroksidasyon derecesi
malondialdehit (MDA) seviyelerinin  Slgimi  ile
belirlendi. Bunun i¢in ratlardan almnan kalp dokulart
stvi azot ile dondurulduktan sonra homojenizatérde
toz hale getirildi. Daha sonra dokular %1,15lik KCl
icerisinde homojenize edilerek +4 °C ve 3500 rpm’de
15 dakika boyunca santrifuj edildi. Elde edilen
stpernatantta lipit peroksidasyon (LPO) derecesi
MDA’ nin tiyobarbitiirik asit ile reaksiyonu sonucu
olusturdugu rengin 532 nm’deki absorbansinin
6lcumune dayanan metot ile analiz edildi (Placer et al.,

1966).

Kalp  dokusunda
belirlenmesi

Kalp dokusunda glutatyon (GSH) seviyelerinin analizi
icin homoijenatlar 10000 rpm’de 20 dakika boyunca
santrifiijlenerek siipernatantlar elde edildi. Daha sonra

glutatyon  seviyelerinin

Tablo 1. Primer dizilimleri
Table 1. Primer sequences

Sedlak and Lindsay (1968)’in yontemi kullanilarak
dokuda GSH seviyeleri analiz edildi.

Real-Time PCR analizleri

Toz hale getirilen kalp dokularindan 100 mg alinarak
steril ependorf tliplere aktarildi. Daha sonra QIAzol
Lysis Reagent (Qiagen, Cat: 793006, Germany)
kullanilarak treticinin verdigi talimatlar ile total RNA
izolasyonu yapidi. Elde edilen total RNA’larin
konsantrasyonlart NanoDrop cthazinda belitlendi ve
alinan sonuglara goére total RNA esitlemesi yapildi.
Total RNA’lardan c¢DNA sentezi High-Capacity
cDNA Reverse Transcription Kiti (Applied
Biosystems™ Cat: 4368814, USA) ile firmanin verdigi
talimatlara gére gerceklestirildi. cDNA’lar dizilimleri
Tablo 1’de sunulan genlerin mRNA transkript
seviyelerinin  belirlenmesinde  kullanildi.  RT-PCR
asamasinda SOD, KAT, GPx, Bax, Bcl-2, Kaspaz-3,
ATF-6, PERK, IRE1 ve GRP78 genlerine ait
primerler, SYBR Green PCR Master Mix, RNaz free
water ve cDNA’lar ile mix hazirlandi. Sonrasinda
ROTOR-GENE Q (Qiagen, Germany) ile ¢ tekrarlt
olarak analiz islemi yapildi. [ | -aktin housekeeping gen
olarak kullanddi ve elde edilen CT degetlerinden
Livak and Schmittgen (2001)in 2—DeltaDeltaCT
metodu ile gbreli mRNA transkript seviyeleri
hesaplandh.

Gene Sequences (5-3%) Length (bp) Accession No

SOD F: AATGTGGCTGCTGGAAAGGA 171 NM_017050.1
R: GCTTCCAGCATTTCCAGTCT

KAT F: CTGAGAGAGTGGTACATGCA 130 NM_012520.2
R: AATCGGACGGCAATAGGAGT

GPx F: CAAGGTGCTGCTCATTGAGA 139 NM_030826.4
R: ATGTCCGAACTGATTGCACG

Bcl-2 F: GACTTTGCAGAGATGTCCAG 214 NM_016993.2
R: TCAGGTACTCAGTCATCCAC

Bax F: TTTCATCCAGGATCGAGCAG 154 NM_017059.2
R: AATCATCCTCTGCAGCTCCA

Kaspaz-3  F: ACTGGAATGTCAGCTCGCAA 270 NM_012922.2
R: GCAGTAGTCGCCTCTGAAGA

ATF-6 F: TCAACTCAGCACGTTCCTGA 130 NM_001107196.1
R: GACCAGTGACAGGCTTCICT

PERK F: GATGCCGAGAATCATGGGAA 198 NM_031599.2

R: AGATTCGAGAAGGGACTCCA
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IRE1 F: GCAGTTCCAGTACATTGCCATTG 163 NM_001191926.1
R: CAGGTCTCTGTGAACAATGTTGA

GRP78 F: CATGCAGTTGTGACTGTACCAG 143 NM_013083.2
R: CTCTTATCCAGGCCATATGCAA

B-Aktin F: CAGCCTTCCTTCTTGGGTATG 360 NM_031144.3

R: AGCTCAGTAACAGTCCGCCT

SOD: Stperoksit dismutaz, KAT: Katalaz, GPx: Glutatyon peroksidaz, Bcl-2: B hiicreli lenfoma 2, Bax: Bcl-2 ile
iliskili X proteini, ATF-6: aktive edilmis transkripsiyon faktérii 6, PERK: cift sarmalli RNA ile aktive olan kinaz
(PKR) benzeri ER kinaz, IRE1: enzim 1 gerektiren inositol, GRP78: glukozla diizenlenen protein 78.

Istatistiksel Analizler

Kalp  dokularinda  gerceklestirilen  analizlerin
istatistiksel degerlendirmesi IBM SPSS programinda
yapidi. Deney gruplart arasinda istatistiksel farkin
olup olmadig One-way ANOVA ve Tukey’s post hoc
tests ile belirlendi. Sonuglar ortalamatstandart sapma
olarak sunuldu.

BULGULAR
Diklofenak ve krisin verilen ratlarin serum CK-
MB seviyeleri
Ratlara DF ve KRS verildikten sonra kalp hasarinin
belitlenmesi i¢in serumda CK-MB seviyeleri belirlendi

ve sonuclar Sekil 1’de sunuldu. Elde edilen verilere
gore DF  wverilen hayvanlarin  serum CK-MB
seviyelerinde kontrol grubuna gére artts meydana
geldigi goruldd  (p<<0.05). Bununla birlikte KRS
tedavisinin kalp hasarina karst koruma saglayarak CK-
MB seviyelerini DF grubuna gére 6nemli derecede
azalttit  belirlendi  (p<0.05). Ote yandan KRS
tedavisinin dozlari arasinda anlamh bir farkin olmadigt
tespit edildi.

CK-MB

300 1
250
200 A

S 150 1
100 A

50 -

o

(o
Mo

0 T
Kontrol KRS

DF DF+KRS DF+KRS
25 50

Sekil 1: Diklofenak ve krisin uygulamalari sonrasinda ratlarin serum CK-MB seviyeleri. Ttm veriler ortalama®SD
olarak ifade edildi (n=7). Sttunlardaki farklt harfler (a—c) gruplar aras: istatistiksel farklilig1 géstermektedir (p<<0.05).
(CK-MB: Kreatin kinaz-MB, DF: Diklofenak, KRS: Krisin)

Figure 1: Serum CK-MB levels of rats after diclofenac and chrysin administration. All data were expressed as
mean®SD (n=7). Different letters (a—c) on the columns show a statistical difference (p<0.05).

Diklofenak ve krisin verilen ratlarin kalp
dokularinda oksidatif stres durumu

DF ve KRS uygulamalarindan sonra kalp dokusunda
oksidatif stres durumunu belirlemek icin doku MDA
ve GSH seviyeleri ile SOD, KAT ve GPx
enzimlerinin mRINA transkript seviyeleri analiz edildi.
Sonuglar Sekil 2’de 6zetlenmistir. DF uygulamasinin
kalp dokusunda GSH seviyeleri ile SOD, KAT ve

GPx enzimlerinin mRNA transkript seviyelerini
onemli derecede azalttg belirlendi (p<0.05). Ayrica
MDA seviyelerinin DF grubunda kontrol grubuna
gore artis gosterdigi ve oksidatif strese neden oldugu
gorildi  (p<0.05). KRS tedavisinden sonra GSH
seviyelerinde artis oldugu (p<0.05) ancak dozlar
arasinda anlamli bir fark olusmadig: tespit edildi. KAT
ve GPx enzimlerinin mRNA transkript seviyelerinin
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ozellikle 50 mg/kg verilen grupta DF grubuna gére
arttigi belirlendi  (p<0.05). DF ve DF+KRS 25
gruplart arasinda SOD enziminin ekpresyon seviyeleri
anlamlt bir fark olusturmazken, KRSnin 50 mg/kg
uygulamasinin  SOD  ekspresyonunu  yukart yonli
dizenledigi  gorildi  (p<0.05). Ayrica MDA
seviyelerinin KRS tedavisi ile doz bagimli olarak
azaldigr (p<0.05) ve boylece DF ile tetiklenen
oksidatif stresin hafifledigi belitrlendi.
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Sekil 2: Diklofenak ve krisin uygulamalari sonrasinda ratlarin kalp dokularinda oksidatif stres durumu. Ttm veriler
ortalama®SD olarak ifade edildi (n=7). Stitunlardaki farklt harfler (a—d) gruplar arasi istatistiksel farkliligt
gostermektedir (p<0.05). (DF: Diklofenak, GSH: Glutatyon, GPx: Glutatyon peroksidaz, KAT: Katalaz, KRS:
Krisin, MDA: Malondialdehit, SOD: Stperoksit dismutaz)

Figure 2: Oxidative stress status in heart tissues of rats after diclofenac and chrysin administration. All data were
expressed as mean®SD (n=7). Different letters (a—d) on the columns show a statistical difference (p<0.05).

Diklofenak ve krisin verilen ratlarin kalp
dokularinda apoptoz durumu

Sekil 3’te verilen sonuglara gére DF verilen ratlarin
kalp dokularinda anti-apoptotik protein olan Bcl-2
ekspresyon seviyelerinin azaldigi, apoptotik belirtecler
olan Bax ve Kaspaz-3 ekspresyonlarinin ise yukari
yonlii diizenlendigi belirlendi (p<0.05). Ote yandan
50 mg/kg KRS tedavisinin Bcl-2 mRNA transkript
seviyelerini DF  grubuna gore arttirdigr goriildi

(p<0.05). 25 mg/kg KRS tedavisinin ise Bcl-2
ckspresyonunu etkilemedigi belirlendi. Ayrica Bax ve
Kaspaz-3 mRNA transkript seviyelerinin her iki
dozda da azaldigr tespit edildi (p<0.05). Kaspaz-3
ckspresyonu tzerinde dozlar arasinda anlamli bir
farkin olusmadigi da elde edilen veriler arasindadir.
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Sekil 3: Diklofenak ve krisin uygulamalari sonrasinda ratlarin kalp dokularinda apoptoz durumu. Ttm veriler
ortalama®SD olarak ifade edildi (n=7). Stitunlardaki farkli harfler (a—d) gruplar arasi istatistiksel farkliligi
gostermektedir (p<0.05). (Bax: Bcl-2 ile iligkili X proteini, Bcl-2: B hiicreli lenfoma 2, DF: Diklofenak, KRS: Krisin)
Figure 3: Apoptosis status in heart tissues of rats after diclofenac and chrysin administration. All data were
expressed as mean®SD (n=7). Different letters (a—d) on the columns show a statistical difference (p<0.05).

ratlarin  kalp
stres

krisin verilen
retikulum

Diklofenak ve
dokularinda  endoplazmik
durumu

Kalp dokusunda ER stresinin belirlenmesi i¢in ATT-
6, PERK, IRE-1 ve GRP78 genlerinin ekspresyon
seviyeleri RT-PCR analizi ile belirlendi. DF verilen
ratlarin kalp dokularinda ATF-6, PERK, IRE1 ve
GRP78 mRNA  transkript  seviyelerinin  artis
gostererek ER  stresine neden oldugu belirlendi
(p<0.05). ATF-6 ve GRP78 ckspresyonlarinin KRS
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tedavisinden sonra doz bagimli olarak azaldig
gorildi (p<0.05). IRE-1 ekspresyonunun disik doz
verilen KRS tedavisinde DF grubu ile fark
olusturmadigr ancak yiiksek doz verilen grupta 6nemli
derece azaldigi tespit edildi (p<0.05). PERK
ckspresyonunun ise DF grubuna gére hem disik
dozda hem de yiliksek dozda azaldigt (p<<0.05) ancak
dozlarin  kendi aralarinda  anlamh  bir fark
olusturmadigt géralda.
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Sekil 4: Diklofenak ve krisin uygulamalari sonrasinda ratlarin kalp dokularinda endoplazmik retikulum stres durumu.
Tim veriler ortalama®SD olarak ifade edildi (n=7). Stitunlardaki farkl harfler (a—d) gruplar aras: istatistiksel farkliligs
gostermektedir (p<<0.05). (ATF-6: aktive edilmis transkripsiyon faktéri 6, DF: Diklofenak, GRP78: glukozla
dizenlenen protein 78, IRE1: enzim 1 gerektiren inositol, KRS: Krisin, PERK: cift sarmalli RNA ile aktive olan
kinaz (PKR) benzeri ER kinaz)

Figure 4: Endoplasmic reticulum stress status in heart tissues of rats after diclofenac and chrysin administrations.
All data were expressed as meantSD (n=7). Different letters (a—d) on the columns show a statistical difference
(p<0.05).

TARTISMA

Bazt  calismalar, kardiyomiyositlerde COX-2’nin
inhibisyonunun, NSAID alan hastalarda kalp
yetmezligine katkida bulunabilecegini one
sirmektedit. Bunun nedeni kardiyomiyositlerde
COX-2nin segici olarak silinmesinin kalp debisini
baskilamast ve indiklenmis aritmojeneze duyarliligi
artirmasidir (Ghosh et al., 2016). Bir NSAID olan
DF’nin de yaygin kullanimi gz 6niine alindiginda DF
kaynakli kardiyotoksisite acil olarak ¢6ziilmesi gereken
saglik sorunlarindan biridir. Bu nedenle sunulan
calismada DFnin  kardiyotoksik —etkisi —izerine
KRS nin potansiyel etkileri arastirilmistir.

Diklofenak  kaynakli  toksisite = mekanizmasinin
mitokondriyal disfonksiyon ve artan oksidatif stresi
icerdigi bilinmektedir (Aycan et al., 2018). Oksidatif
stres hiicrelerde asit  miktarda  reaktif oksijen
tirlerinin - (ROT)  dretildigi durumlarda meydana
gelmektedir (Semis et al., 2021b) ve DF’nin in vivo
metabolizmasy, ROT’larin agirt dretimi  ile
iliskilendirilmistir. Bu da sonug olarak oksidatif stres,
genomik hasar ve hiicresel apoptoz ile Sliime neden
olur (Owumi et al., 2020). MDA, ¢oklu doymamis yag
asidi oksidasyonunun bir yan trinidir ve lipid
oksidasyonunun ve oksidatif stresin bir gostergesidir
(Kugiikler et al,, 2022). Sunulan c¢alismada DF’nin
kalp dokusunda oksidatif strese neden olarak MDA
seviyelerini arttirdigt diistiniilmektedir. Ote yandan
antioksidan 6zelligi ile bilinen KRS’nin DF kaynakl
ROT’larin stpiirilmesini saglayarak oksidatif stresi
hafiflettigi ve MDA seviyelerini azalttig1 gérildi.
SOD, KAT ve GPx gibi enzimatik ve GSH gibi
enzimatik olmayan antioksidanlar, oksidatif hasara
maruz kalan hicrelerin korunmasinda 6nemli bir rol
oynar (Eldutar et al, 2017). SOD superoksit
radikalinin hidrojen peroksite doénistirtilmesinden
sorumluyken, hiicreler icin oldukea toksik bir bilesik
olan hidrojen peroksit KAT ve GPx tarafindan su ve
molekiiler oksijene parcalanmaktadir. GSH  ise
oksidatif metabolizma sonucu meydana gelen serbest
radikalleri ~ baglayarak  okside forma (GSSG)
donismekte  ve  vicudu  oksidatif  hasardan
korumaktadir (Gur et al., 2021b). Ote yandan gesitli
toksik ajanlar antioksidan enzimlerin aktivitelerinde
azalmaya neden olmaktadir (Adeyemi and Olayaki,

2018; Giur et al.; Gur et al., 20212; Kandemir et al.,
2017). Ayrica artan ROT’lar GSH’t GSSG formuna
dontstirerek GSH depolarinin  tiikenmesine sebep
olmaktadir (Aja et al., 2020; Radwan et al.,, 2018).
Tum bunlar bir araya gelerek oksidatif strese neden
olmakta ve canlt organizmalarda hayati rolleri bulunan
makromolekiillere hasar vererek dokularin islevlerinin
yitirilmesine yol agmaktadir (fleritiirk et al., 2021;
Kuzu et al, 2021; Yardim et al, 2021). Sunulan
calismada da DFnin SOD, KAT ve GPx
ekspresyonlarint baskiladigi ve muhtemel artan ROT
seviyelerine baglt olarak GSH depolarinin azaldigr ve
oksidatif stres meydana geldigi belirlendi. Ote yandan
KRS nin SOD, CAT ve GPx enzimlerinin gen
ekspresyonlarint tetikledigi ve ROT’larin
temizlenmesiyle GSH depolarinin yenilendigi goriildi.
Endoplazmik retikulum (ER) &karyotik hiicrelerde
hayati bir role sahiptir. ER’nin goérevleri arasinda
transmembran proteinlerin biyosentezi, proteinlerin
¢ boyutlu yapilarinin olusumu ve translasyon sonrast
modifikasyonlarinin yani sira kalsiyum homeostazi,
lipid ve steroid biyosentezi yer almaktadir(AL-Megrin
et al., 2020; Liu et al., 2015). Cesitli faktorler, ER'de
katlanmamis veya yanlis katlanmis proteinlerin
birikmesine neden olan endoplazmik retikulum stresi
adt verilen htcresel bir streci indiikler (Semis et al.,
2021c). ROT’larin da bu siregte 6nemli bir rol
tstlendigi bilinmektedir (Yardim et al, 2020). ER,
stres durumu meydana geldiginde, katlanmamusg
protein yanitt (UPR) olarak bilinen bir dizi sinyal
yolunun aktivasyonu ile bu stirece yamit vermektedir
(Jiang et al, 2009). Ik etapta UPR’nin meydana
gelmesi ile hiicrelerde normal fonksiyonlar geri
getirilmeye calisilir. Ancak UPR siirecindeki uzama
hticrelerde islev bozuklugu ile bitlikte apoptoza neden
olabilmektedir (Yardim et al., 2020). Memelilerde ER
transmembran protein sensotleri olan enzim 1
gerektiren inositol IRE1), ¢ift sarmalli RNA ile aktive
olan kinaz (PKR) benzeri ER kinaz (PERK) ve aktive
edilmis transkripsiyon faktéri 6 (ATF6) UPR’ye eslik
etmekte ve ER stresinin 6nemli gOstergeleri olarak
kabul edilmektedir (Deng et al., 2016). GRP78 ise ER
tabanli bir saperon ve ER homeostazinin merkezi
dizenleyicisidir (Celik et al., 2020). DF’nin de ER
stresini  tetikledigine dair kanitlar bulunmaktadir
(Foufelle and Fromenty, 2016). Sunulan calismada
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DFnin kalp dokusunda muhtemelen ROT’larin
artisina bagli olarak ER homeostazini bozdugu ve
ATF-6, PERK, IRE1 ve GRP78 ekspresyonlarint
tetikleyerek UPR  yanitin1 aktive ettigi  belirlendi.
Apoptotik belirtecler de g6z 6ntine alindiginda kalp
dokusunda UPR yanitinin uzayarak apoptoza neden
oldugu da séylenebilir. Ote yandan KRS tedavisinin
kalp dokusunda ATF-6, PERK, IRE1 ve GRP78
ekspresyonlarint baskidadigi ve bdylece ER stresini
hafiflettigi gorildii. KRSnin bu etkisi apoptozun
baskilanmast ile bitlikte kalp dokusunu DF’nin hasar
verici etkisinden korudugunu distindirmektedir.
Apoptoz, doku homeostazint saglayan oksidatif hasar
dahil olmak tzere cesitli fizyolojik ve patolojik
uyaranlarin  yonlendirdigi normal bir hiicre 6lum
strecidir (Kandemir et al., 2018). Yiiksek derecelerde
meydana gelen apoptoz, cesitli patolojik durumlarin
temel nedenlerinden biri olarak degerlendirilmektedir
(Semis et al., 2021a). Ayrica biriken kanitlar oksidatif
stres ve apoptoz arasinda yakin bir iliskinin oldugunu
gostermektedir (Aja et al., 2020; Yesildag et al., 2021).
Aktif merkezlerinde sistein kalintilar1 bulunan ve
aspartata Ozgii olan kaspazlar apoptotik siirecin
merkezinde yer alan proteolitik  enzimlerdir.
Mitokondri tarafindan tretilen ROT’lar sitokrom ¢
salinimina ve bu da kaspaz-9 aktivasyonuna neden
olur. Kaspaz-9 aktivasyonu ile apoptozun en 6nemli
gostergelerinden  biri  olan  kaspaz-3 etkin hale
gelmektedir (Semis et al., 2021c; Yardim et al., 2020).
Bcl-2  mitokondriyal dig membrana baglanarak
sitokrom ¢ saliimint engellemekte ve béylece anti-
apoptotik islev gostermektedir (Ansari et al., 2017).
Bax proteini ise biylime faktorlerini tiketerek
apoptozu desteklemektedir (Geng et al., 2015). Yakin
tarihli bir ¢alismada DF’nin kalp dokularinda kaspaz-3
protein ekspresyonunun alan %’sinde 6nemli bir
artisa ve bcl-2 protein ekspresyonunun alan %’sinde
o6nemli bir disiise neden oldugu bildirilmistir (Oda
and Derbalah, 2018). Sunulan calismada RT-PCR ile
analiz edilen Bax ve kaspaz-3 mRNA transkript
seviyelerinin DF verilen grupta 6nemli derecede artis
sergiledigi  belitlendi.  Ayrica  DFnin  Bcl-2
ckspresyonunu  baskilayarak ~ muhtemel  olarak
mitokondriden sitokrom ¢ ve kaspaz-3 gibi apoptotik
faktorlerin serbest birakilmasina ve béylece igsel bir
apoptoza sebep oldugu diisiiniilmektedir. Ote yandan
KRS tedavisinin Bax ve kaspaz-3 ekspresyonlarint
baskiladigi Bcl-2 ekspresyonunu ise aktive ettigi
gorildi. Boylece KRS’nin apoptozun baskilanmasi
yoluyla DF kaynakli kardiyotoksisiteyi hafifletebilecegi
belirlendi. Cesitli toksik ajanlar tarafindan farkh
dokularda meydana getirilen toksisitelerde de KRS nin
anti-apoptotik etki gostererek dokulart  korudugu
bildirilmistir (Aksu et al., 2018; Celik et al., 2020;
Hanedan et al., 2018; Kandemir et al., 2020).

CK-MB, hiicre enerji metabolizmasinda hayati bir
role sahip olan ve akut kardiyak hasar icin kesin bir
belirte¢ olarak kabul edilen kreatin kinazin alt tipidir.

Bu biyobelirtecin serum dizeylerinin  yiikselmesi,
dejeneratif veya nekrotizan kardiyak miyositlerin
bozulmus hiicre membranindan sizmasina
baglanabilir (Oda and Derbalah, 2018). Onceki bir
calismada DF uygulamasinin CK-MB seviyelerinde
artisa neden oldugu bildirilmistir (Arafa et al., 2020).
Sunulan calismada da DF uygulamasi ile kardiyak
hasar meydana geldigi ve bdylece serum CK-MB
seviyelerinde artis oldugu diistiniilmektedir. Ote
yandan KRSnin kalp dokusunu DFnin yikict
etkisinden korudugu CK-MB’nin seruma saliniminin
azalmasindan anlasilmaktadir.

SONUC

Calismadan  elde edilen tim veriler birlikte
degerlendirildiginde DF’nin oksidatif strese neden
olarak zincirleme reaksiyonlarla ER stresine ve
akabinde apoptoza neden oldugu ve buna bagh olarak
ratlarin kalp dokularinda hasar meydana getirebilecegi
gorildd. Bununla birlikte KRS tedavisinin DF
kaynaklt oksidatif stresi hafifleterek ER stresine ve
apoptoza karst koruma saglayabilecegi ve boylece kalp
dokusunu  DFnin  toksik  etkilerine  karst
koruyabilecegi belitlendi.

Cikar Catismast: Yazarlar bu yazt igin gercek,
potansiyel veya algilanan ctkar catismasi olmadigini
beyan etmislerdir.

Yazarlarin Katki Orant: 'CG: %60, OK: %20,
FMK: %20

Etik Izin: 'Bu calisma ATAUNI HADYEK 10/248
numara ve 25.11.2021 tarih ile izin almistir.

2 Bu yazida sunulan veri, bilgi ve belgeler akademik ve
etik kurallar cercevesinde elde edilmistir.

Finansal Destek: Bu calismada herhangi bir finansal
destek alinmamustir.
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ABSTRACT

Protozoan diseases cause deaths in horses and serious economic losses. Some of them have zoonotic potential and are
important for public health. The aim of this study was to determine the seroprevalence of tissue (Neospora spp. and
Toxoplasma gondii) and blood (Theileria equi and Babesia caballiy protozoa of horses, raised for touristic purposes, in the
Nevsehir provice Central Anatolia Region of Turkey. For this aim, a total of 105 blood samples were collected from female
horses from various breeds between the ages of 3-24 in Nevschir province. Sera samples were tested against anti-Neospora
spp., 1.equi and B.caballi antibodies with c-ELISA method, while Sabin Feldman Dye Test was used for the detection of anti-
T.gondii antibodies. At the end of the serologic examination, it was determined that two of 105 (1.90%) horses had anti-
Neospora spp.; nine (8.57%) had anti-T.gondii; two (1.90%) had anti-B.caballi and 77 (73.33%) had anti-T.equi antibodies. Mixed
infections were also detected in one horse (0.95%) caused by T.equi, B.caballi and T.gondii, one (0.95%) by T.equi and B.caballs,
two (1.90%) by Neospora spp. and T.equi and in six horses (5.71%) by T.gondii and T.equi. There was no statistically significant
difference between the age groups and Neospora spp., T. gondii and B.caballi seropositivity, while high T.equi seroprevalence
was found to be significant in horses over 7 years old with the chi-square test. With this study, it was set forth that the
exposure rate to T.equi in horses in Nevsehir province in the Central Anatolia region is quite high; also the prevalence
increases with age, and protozoal mixed infections are likely to occur, which should not be ignored in treatment.
Keywords: Horse, Nevsehir, Blood and Tissue Protozoa, Serology, Turkey.

Kook
Nevsehir Ilinde Turistik Amagh Yetigtirilen Atlarda Theileria equii, Babesia caballi, Neospora spp. ve Toxoplasma

gondirnin Serolojik Yéntemlerle Aragtiritlmasi

oz
Protozoal hastaliklar atlarda Sliimlere ve ciddi ekonomik kayiplara neden olur. Bazilarinin zoonotik potansiyelleri ise halk
saglig1 agisindan 6nem arz eder. Bu ¢aligmanin amact Nevsehir ilinde turistik amaglarla yetistirilen atlarda doku (Neospora spp.
ve Toxoplasma gondii) ve kan (Theileria equi ve Babesia caballi) protozoonlarinin yayginligint belirlemektir. Bu amagla yaslar1 3-24
arasindaki 105 disi attan kan almnarak serumlart c¢ikardmistir. Elde edilen serumlar Neospora spp., T.equi ve B.caballi
antikorlarina karst c-ELISA ve T.gondii antikorlarina karst da Sabin-Feldman Dye testleri ile incelenmistir. Calisma sonucunda
105 atn ikisinde (%1,90) anti-Neospora spp., dokuzunda (%8.57) anti-T.gondiz, ikisinde (%1,90) anti-B.caballi ve 77
(%73,33)’sinde de anti-T.equi antikorlart tespit edilmistir. Atlardan birinde (%00,95) T.equz, B.caballi ve T.gondii, birinde (%00,95)
T.equi ve B.caballi, ikisinde (%1,90) Neospora spp. ve T.equi ve alusinda (%5,71) ise T.gondii ve T.equinin neden oldugu miks
enfeksiyonlar belirlenmigtir. Ki-kare testi ile = 7 ve >7 yas gruplart ile Neospora spp., T.gondii ve B.caballi seroprevalanslart
arasinda istatistiksel agidan 6nemli bir fark bulunmazken, 7 yas tizerindeki atlarda yitksek T.equi seroprevalansinin 6nemli
oldugu goriilmiistiir. Bu calisma ile I¢ Anadolu bélgesinde Nevsehir ilinde atlarda T.equi’ye maruziyet oranmnin oldukca
yuksek oldugu, prevalansin yasla birlikte artti@i, ayrica protozoon kaynakli miks enfeksiyonlarin goriilebilecegi ve bunun
tedavide g6z ardi edilmemesi gereken bir durum oldugu ortaya konmustur.
Anahtar kelimeler: At, Nevsehir, Kan ve Doku Protozoonlari, Seroloji, Ttrkiye.
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Paraziter protozoonlar atlarda verim kayiplarina ve
olimlere neden olan 6nemli patojen etkenlerdendir.
Bu protozoon etkenlerden en Onemlileri arasinda
Theileria equi, Babesia caballi Neospora spp. ve Toxoplasma
gondii bulunmaktadir (Dubey 2016, Taylor ve ark
2016, Dubey ve ark 2017).

Theileria  equi ve B.caballi tektirnaklilarin  equine
piroplasmosis etkenleridir (Wise ve ark, 2014).
Etkenler atlara Ixodid keneler araciligtyla biyolojik
olarak veya enfekte atlarin kaniyla bulasik igne, cerrahi
aletler ile enfekte hayvanlardan saghkli hayvanlara
yapilan kan transflizyonu ile mekanik olarak
nakledilebilmektedir (Wise ve ark 2014, Taylor ve ark
2016). Equine piroplasmosis hemen hemen tim
diinyada goriilmekle birlikte 6zellikle tropikal ve
subtropikal bélgede endemiktir (Knowles 1996).
Hastalik atlarda genellikle hemolitik anemiye neden
olmakla  birlikte bazen bébrek ve karaciger
bozukluklarina, abortlara ve ¢oklu organ yetmezligi
gibi sistemik enfeksiyonlara ve nadiren de Jlime
neden olabilmektedir (Wise ve ark 2014).

Equine neosporosis Neospora soyundaki tirlerin
atlarda meydana getirdigi hastaliga verilen addir.
Neospora soyundaki N.caninum ve N.hughesi titleri
atlarda klinik semptomlara neden olmaktadir. Bu
tirlerden N.caninunun son konagt képek, dingo, kurt
ve cakal iken  N.bughessnin  son  konagl
bilinmemektedir (Marsh ve ark 1998, Dubey ve ark
2017). Etkenler ara konak olan atlara son konaklarin
diskilartyla dis ortama cikan ve sporlanan ookistlerin
ag1z yoluyla alinmastyla bulasmaktadir (Dubey ve ark
2017). Neosporosis atlarda sinirsel semptomlara,
bébrek ve akciger hasarina, abortlara ve nadiren de
olimlere neden olabilmektedir (Veronesi ve ark 2008,
Dubey ve ark 2017).

Toxoplasma gondii tim dinyada en 6nemli zoonoz
protozoon ectkenlerden bitisidir. Toxoplasma gondirnin
son konagi evcil ve yabani kediler iken, ara konaklari
ise koyun, ke¢i, insan, at ve kus gibi sicakkanh
canlilardir (Dubey 2016). Etken hemen hemen tim
diinyada insanlarda oldukea yaygindir ve hatta Avrupa
kitasinda her yil yaklasik 2 milyon insanin T.gondii ile
enfekte oldugu tahmin edilmektedir (WHO 2021).
Toxoplasma gondii insanlarda ¢ogunlukla asemptomatik
olarak seyrederken immun sistemi zayif insanlarda bas
agrist, bitkinlik, kas agrisi ve lenfadenopatiye, daha
once etkenle karsilasmamis gebe annelerde ise
dustiklere ve konjenital hasarli ¢ocuklarin dogmasina
neden olmaktadir (Dubey 2016). Atlar etkenle;
sporlanmis  T.gondii  ookistleri  bulunan  besin
maddelerinin (ot ve su gibi) ag1z yoluyla alinmastyla
enfekte olmaktadir. Atlarda toxoplasmosis genellikle
subklinik enfeksiyonlara neden olurken, ates, ataksi,
retinal dejenerasyon, ensefalomyelitis ve attk gibi

atipik klinik semptomlara da neden olabilmektedir
(Miao ve ark 2013).

Tirkiye’de atlarda kan ve doku protozoonlarinin
yayginliginin  serolojik  yontemlerle  arastirilmast
amaciyla ¢ok sayida calisma yapilmistir (Akkan ve ark
2003, Akca ve ark 2004, Balkaya ve Erdogmus
2006a,b, Oncel ve ark, 2007, Acici ve ark 2008,
Karatepe ve ark 2009, Karatepe ve ark 2010, Sar1 ve
ark 2010, Karatepe ve Karatepe 2012, Zhou ve ark
2016, Akkoyun ve Oguz 2019). Ancak yapilan
literatiir taramast sonucunda I¢ Anadolu Boélgesinde
bulunan ve turistik amaclt at yetistiriciliginin yogun
olarak yapidigi Nevschir ilinde atlarda kan ve doku
protozoonlarinin  yayginligr ile ilgili bir calismaya
rastlanmamistir. Bu calismanin amact Nevsehir ilinde
turistik amaclt olarak yetistirilen atlarda kan (1. egui ve
B.caballiy ve doku (Neospora spp. ve T. gondii)
protozoonlarinm yaygmhgini serolojik yontemlerle
belirlemektir.

MATERYAL METOD

Calisma materyali 2015-2016 yillart arasinda Nevsehir
ilinde turistik amach yetistirilen yaslari 3-24 arasinda
degisen, farkhh  irklardan 105 disi at ile
olusturulmustur. S6z konusu atlardan kan 6rnekleri
serum tiplerine almarak soguk zincir sartlar
saglanarak Veteriner Kontrol Merkez Aragtirma
Enstitiisi’ne getirilmistir. Kan 6rneklerinden serumlar
oda sicakliginda 4000 rpm’de 10 dk siireyle santrifiij
yapilarak cikardmistir. Cikartlan serumlar 1,5 ml lik
mikrosantrifiij tiiplerine alinarak serolojik yontemlerle
T.equi, B. caballi, Neospora spp. ve T.gondii yoninden
incelenene kadar -20°C’lik derin dondurucularda
saklanmustir.

Calisma kapsaminda atlardan elde edilen kan
serumlarinda  Tlegui, B.caballi ve Neospora spp.
antikorlarinin  yayginliginin  arastirilmast  amactyla
competitive ELISA (cELISA) kitleri (VMRD®,
Pullman, ABD) kullanilmustir. Testler tretici firmanin
talimatlarina gbre yapilmis ve sonuglar 630 nm optik
dansitede microplate okuyucu ie (ELx 800 UV,
Universal Microplate Reader, Bio-Tec Instruments,
Inc.) degerlendirilmistir. Test sonuglarinin
degerlendirilmesinde  T.egui ve  B.caballi  yizde
inhibisyon degeri %40°dan fazla olan 6rnekler pozitif,
%40°dan  kiicik  olanlar ise negatif olarak
degerlendirilmistir. Neospora spp. yontnden sonuglarin
degerlendirilmesinde ise ylzde inhibisyon degeri
%30°dan biyiik olan 6rnekler pozitif, %30°dan ki¢lik
olanlar ise negatif olarak kaydedilmistir.

Calisma sirasinda Tlegui, B.caballi ve Neospora spp.’nin
aragtirilmast amactyla yapilan c-ELISA y6nteminin
dogru calisip calismadiginin belirlenmesi amaciyla her
testte Uretici firma tarafindan saglanan pozitif ve
negatif kontrol 6rnekler kullanilmigtir.
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Serum 6rneklerinde anti-T.gondii antikorlarinin varligs
Turkiye Halk Sagligi Kurumu Parazitoloji Merkez
Referans Laboratuvarinda canlt takizoitler ve metilen
mavisi kullanilarak Sabin-Feldman Boya Testi ile
arastirtlmustir. Serum  ornekleri, 56°C’de 30 dakika
streyle inaktive edildikten sonra serum fizyolojik ile
1/16, 1/64, 1/256 ve 1/1024 titrelerde
sulandirilmistir. Her bir diliisyondan 25 pl alinarak
T.gondii negative ve C2, C3, C4, Mg2 ve properdinden
zengin activator serum ile esit oranda karistirilmigtir.
Antijen olarak, 48 saat araliklarla pasajlanmis 3-4
haftalik Swiss Albino cinsi sicanlardan elde edilen
T gondii Rh susu kullanilmistir. Daha sonra 37°C°de 50
dakika inkibe edilen 6rnekler 25pl alkalin metilen
mavisi (pH:11) ile muamele edilmistir. Her bir
Ornekten 20pl alinarak 15tk mikroskobunda 400
biyitmede incelenmistir. Takizoitlerin %50’sinden
fazlasinin boya almadigy, 1:16 ve tizeri titreler pozitif
olarak degerlendirilmistir.

Bu ¢alisma igin gerekli olan etik kurul izni Etlik
Veteriner Kontrol Merkez Arastirma  Enstiti

Mudirligth  Yerel Etik Kurulu'ndan —alinmistir
(27.11.2015 tarih ve 2015/7 nolu karar).

Calisma sonuglarinin istatistiksel degerlendirilmesinde
Ki-kare (X?) testi kullanilmistur.

BULGULAR

Calisma sonucunda 105 atn ikisinde (%1,90) anti-
Neospora  spp., dokuzunda (%8.57) anti-T.gondii,
ikisinde (%1,90) anti-B. caballi ve 77 (%73,33)’sinde de
anti-T.equi antikorlar1 tespit edildi. Atlardan birinde
(%00,95) T.equi, B. caballi ve T.gond, birinde (%00,95)
T.equi ve B. caballi, ikisinde (%1,90) Neospora spp. ve
T.equi ve alusinda (%5,71) ise T.gondii ve T.equinin
neden oldugu mix enfeksiyonlar belirlendi (T'ablo-1).

Ki-kare (X?) testi ile < 7 ve >7 yas gruplan ile
Neospora spp., T.gondii ve B.caballi seroprevalanslart
arasinda  istatistiksel acidan  O6nemli bir fark
bulunmazken (p>0.05), 7 yas tzerindeki atlarda
yiksek T.equi seroprevalansinin  6nemli  oldugu

(p<0.05) gériildii.

Tablo 1. Calismada atlarda tespit edilen protozoonlar ve yas gruplarina gore yayginligt
Table 1. Protozoa detected in horses in the study and their prevalence according to age groups

Neospora spp. T. gondii T. equi B. caballi
Yag  AtSayist(@) 0T 0 ) n(d) | % () n(+) % () n(+) % (+)
<7 43 1 2.32 4 9.30 26 60.46 - 0.00
>7 62 1 1.61 5 8.06 51 82.25 2 3.22
Toplam 105 2 1.90 9 8.57 77 73.33 2 1.90
TARTISMA hem klinik enfekte hem de tezervuar atlarin

Atlar tim diinyada oldugu gibi Tirkiye’de de yillarca
tarim, ulasim ve askeri alanda kullanidmak tzere
yetistirilmistir. Gintmiizde ise daha ¢ok spor, yaris,
hobi ve turistik amaglt at yetistiriciligi yapilmaktadir
(Yilmaz ve Wilson 2013). Paraziter protozoonlarin
insan ve diger hayvan tiirlerinde oldugu gibi atlarda da
verim kayiplarina ve hatta 6limlere neden oldugu
bilinmektedir (Wise ve ark 2014, Dubey 2016, Taylor
ve ark 2016, Dubey ve ark 2017). Bu calisma ile
Nevsehir ilinde turistik amach olarak yetistirilen atlar
T.equi, B.caballi, Neospora spp. ve T.gondii yoninden
serolojik yontemlerle incelenmistir.

Equine piroplasmosis atlarda gorilen 6nemli kene
kaynakli protozoal hastaliklardandir. Hastalik at
yetistiricilifinde verim kayiplarina ve tlkeler arasinda
at ticaretinin engellenebilmesi (6zellikle hastaligin
gorilmedigi tlkelere endemik bélgelerden yapilan at
ticareti) nedeniyle ciddi ekonomik kayiplara neden
olmaktadir (Wise ve ark 2014). Ayrica T.equi ve
B.caballi enfeksiyonlarindan sonra atlar uzun stre
etkenlerle enfekte kalabilmektedir ve enfekte atlar
vektor keneler icin enfeksiyon kaynagt olmaktadir
(Wise ve ark 2014, Taylor ve ark 2016). Bu nedenle

belirlenmesi  equine piroplasmosisten korunmada
oldukc¢a 6nemlidir (Wise ve ark 2014). Atlarda equine
piroplasmosisin teshisinde mikroskobik, molekiiler ve
serolojik teshis yontemleri kullandmaktadir (OIE
2018).  Mikroskobik  teshis  yontemleri — akut
enfeksiyonlarin  teshisinde  basarili  bir  sekilde
kullanilirken, paraziteminin az oldugu olgularda veya
kronik enfeksiyonlarin teshisinde uygun bir yéntem
degildir (OIE 2018). Molekiiler teshis yontemleri ise
hem akut hem de kronik enfeksiyonlarin teshisinde
basarili  bir sekilde kullanilabilmektedir. Ancak
molekiiler teshis yontemleri sirasinda kullanilan alet-
ckipmanlar ve kimyasallar pahalidir (Wise ve ark.,
2014). Serolojik teshis yOntemleri ise kronik
enfeksiyonlarin  teghisinde  basarili  bir  sekilde
kullanilmast ve kisa stitede cok sayida hayvanin test
edilmesine olanak saglamast nedeniyle genis capl
epidemiyolojik calismalarda siklikla tercih
edilmektedir (Wise ve ark 2014, OIE, 2018). Bu
calismada atlarda T.equi ve B.caball’nin serolojik
teshisinde c-ELISA yontemi kullantlmistir. Atlarda
equine piroplasmosis dinyanin farkli bélgelerinde
farkll oranlarda bildirilmistir. Onyiche ve ark (2020)
tarafindan  yapilan bir meta-analiz ¢alismasinda
dinyanin farklt bolgelerinde atlarda B.caballinin %00-
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90,9, T.eguinin ise %0,5-82,9 arasindaki degisen
oranlarda bulundugu bildirilmistir. Turkiye’de ise
serolojik yontemler kullanilarak yapilan caligmalarda
bolgelere gére degismekle birlikte B. caballrnin %0-38,
T.equinin ise %0-64,45 oranlarinda yaygin oldugu
tespit edilmistir (Akkan ve ark 2003, Balkaya ve
Erdogmus 2006a,b, Acici ve ark 2008, Sevinc ve ark
2008, Karatepe ve ark 2009, Sart ve ark 2010, Kurt ve
Yaman 2012, Akkoyun ve Oguz 2019). Bu calismada
ise atlarda %1,90 (2/105) oraninda B.caballi, 077,33
(77/105) oraninda ise T.egui antikotlart tespit
edilmistit. Bu calisma ile edilen B.caballi yayginlig
Turkiye’de yapilan bircok c¢alismadaki degerlerden
daha dugsik iken, T.eguwi yayginligi ise Tirkiye’de
glintimiize kadar yapilan calismalardaki
yayginliklardan daha yiksek bulunmustur (Akkan ve
ark 2003, Balkaya ve Erdogmus 2006a,b, Acici ve ark
2008, Sevinc ve ark 2008, Karatepe ve ark 2009, Sar
ve ark 2010, Kurt ve Yaman 2012, Akkoyun ve Oguz
2019). Calismamiz ile diger calismalardaki yayginlik
farkliiginin -~ nedenlerinin;  ¢alismalarda  kullanilan
testlerin farkli olmasina, 6rneklenen hayvan sayisinin
farkli olmasina ve ayrica etkenlerin kene kaynakli
patojenler olmasi nedeniyle c¢alisma alanlarindaki
uygun vektdr tirlerinin bulunup bulunmamast gibi
faktorlere bagl olabilecegi distiniilmektedir. Ayrica
yapilan  bircok  calismada  atlarda  anti-T.egui
antikorlarinin anti-B.caballi antikorlarina oranla daha
yiksek oranlarda tespit edildigi goriilmistir (Akkan
ve ark 2003, Kurt ve Yaman 2012, Akkoyun ve Oguz
2019, Onyiche ve ark 2020). Bu calismada da T. egui
yayginliginin B.caballiye oranla daha yiksek oldugu
gorilmustir. Ayrica calismada yedi yasindan biyik
atlarda T.equi’nin yayginliginin yedi yasindan kigtk
atlara oranla daha yuksek oldugu ve bu farkliligin
istatistiksel acidan 6nemli oldugu tespit edilmistir. Bu
durumun T.egzuinin kene kaynakli bir patojen olmast
nedeniyle hayvanlarin yaslar arttikga vektor kenelere
maruz kalma ihtimalinin daha yitksek olmasindan ve
dolayistyla enfeksiyona yakalanma ihtimalinin daha
yiksek olmasindan kaynaklandigt dustintlmektedir.
Ayrica Wise ve ark (2014)’nin gesitli yazarlara atfen
bildirdigine gbre T.equi enfeksiyonlarinda tedavi
uygulanmaz ise atlar 6miir boyu parazitle persiste
enfekte kaldigl, ancak B.caballi enfeksiyonlarda ise
tedavi uygulanmazsa bile atlarin belli bir stre sonra
paraziti tamamiyla elimine ettigini bildirmislerdir. Bu
durumda atlarda T.egui’ye karst 6mir boyu bir antikor
cevabt olurken B.caball7ye kast ise daha sinirh bir stre
antikor cevabt olmaktadir. Bu nedenle bizim
calismamizda ve diger bircok calismada T.equ:
seroprevalansinin  B.caball’'ye oranla daha yaygin
oldugu dustintilmektedir.

Equine neosporosis dinyanin farkli bélgelerinde
bildirilmis ve hastaligin yayginliginin aragtirilmasi
amaciyla yapilan calismalarda; yayginligin Amerika
kitasinda %0-85,7, Asya’da %2-77,8 ve Avrupa’da
%0,3-55,2 oraninda atlarda seropozitiflik saptanmistir
(Dubey ve ark 2017). Turkiye’de ise yapilan

calismalarda  %0-24 oraninda seropozitiflik  tespit
edilmistir (Sevgili ve ark 2003, Kilbas ve ark 2008,
Karatepe ve Karatepe 2012, Zhou ve ark 2016). Bizim
calismamizda ise atlarin %1,90’ninda  Neospora spp.
antikorlart  saptanmustir.  Atlarda  neosporosisin
teshisinde NAT (Neospora direct agglutination test),
IFAT (indirect fluorescent antibody test) ve ELISA
(enzyme-linked immunosorbent assay) gibi farklt
serolojik yontemler kullanilabilmektedir (Dubey ve
ark  2017). Yapilan calisgmalarda neosporosisin
yayginliginin farkli oranlarda ¢ikmasinin nedeninin;
numune alinan hayvan sayisina ve hayvanlarin yasina,
calismalarda kullanilan serolojik yontemlerin farklh
spesifite  ve sensitiviteye sahip olmastyla ve
yontemlerde belirlenen cut-off degerlerinin  farkls
olmastyla ilgili olabilecegi dustintilmektedir (Bartova
ve ark 2010).

Toxoplasmosis Antartika kitast dahil tim dinyada
gorilen en 6nemli paraziter protozoondur (Dubey
2016). Toxoplasma gondii insan dahil bircok sicak kanlt
canlida hastalik meydana getirdigi gibi atlarda da
6nemli klinik semptomlara neden olabilmektedir. Bu
nedenle diinyada atlarda T.gondiinin  yayginhiginin
arastirilmast amactyla bircok calisma yapilmis ve
yayginligin ilkelere gére degismekle birlikte %0,40-
72,2 arasinda degisen oranlarda oldugu tespit
edilmistir (Younis ve ark 2015, Dubey 2016).
Turkiye’de ise yayginligin %2,7-48,7 arasinda degistigi
farkli aragtirmalarla ortaya konulmustur (Aktas ve ark
1999, Inci ve ark 2002, Sevgili ve ark 2004, Akca ve
ark 2004, G6z ve ark 2007, Gucli ve ark 2007,
Karatepe ve ark 2010, Gazyagci ve ark 2011, Zhou ve
ark 2016). Bizim calismamizda ise atlarin %8,57
(9/105) anti-T.gondii antikotlari tespit edilmistit.
Calismamizda tespit ettigimiz yayginlk Malatya
(%0,4) (Aktas ve ark 1999), Nigde (%7,2) (Karatepe
ve ark 2010), Sanlhurfa (%7,5) (Sevgili ve ark 2004) ve
Izmirde (%3,7) (Zhou ve ark 2016) vyapilan
calismalarda daha yiksek diger calismalardan ise
disiik oldugu gbrilmistir. Dinyada ve Turkiye’de
yaptlan ¢alismalarda atlarda  Tigondirnin  farkh
oranlarda tespit edilmesi hayvanlarin  beslenme
sekline, ¢aligmalarda 6rneklenen hayvan sayilarina ve
serolojik  testlerin  sensitivite ve  spesifitelerine,
hayvanlarin  yaglarina ve Orneklenen hayvanlarin
barinma alanlarinin etrafinda etkenin sonkonaginin
bulunup bulunmamasina goére farkli olabilecegi
disuntlmektedir.

SONUC

Bu calisma ile bildigimiz kadariyla ilk kez Nevsehir
ilinde turistik amaclt yetistirilen atlarda T.egui, B.caballz,
Neospora spp. ve T.gondiinin yayginligt serolojik
yontemlerle incelenmis ve ¢alisma sonucunda atlarin
bu protozoon tiirlerinden biriyle enfekte olabilecegi
gibi miks enfeksiyonlarin da gorildigi  tespit
edilmistir. S6z konusu paratizer protozoonlarin
atlarda verim kayiplarina ve hatta Slimlere neden
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oldugu bilinmektedir. Ayrica yukarida bahsedilen
protozoonlar atlarda spesifik klinik semptomlara
(anemi, ikterus ve abort gibi) neden olabildigi gibi
bazen ise spesifik olmayan semptomlara (ates, sinirsel
semptomlar karaciger ve bobrek yetmezligi gibi) da
neden olabildigi bilinmektedir. Bu nedenle at
yetistiriciliginin - yapildigt bélgelerde atlarda  klinik
semptomlar veya verim kayiplarinin  gériilmesi
durumunda T.egui, B.caballi, Neospora spp. ve T .gondii
gibi protozoon titlerinin de veteriner hekimler
tarafindan g6z Oniinde bulundurulmas: gerektigi
dusuntlmektedit.

Cikar Catigmasi: Yazarlar bu yazt icin gercek,
potansiyel veya algilanan c¢tkar catigmast olmadigini
beyan etmislerdir.

Etik Izin: Bu calisma FEtlik Veteriner Kontrol
Merkez Arastirma Enstitist Mudurligd Yerel Etik
Kurulu 27.11.2015 tarih ve 2015/7 nolu karatr ile Etik
Izni alinmistir. Ayrica yazarlar Arastirma ve Yayin
Etigine uyuldugunu beyan etmislerdir.

Finansal Destek: --
Acgiklama: --
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ABSTRACT

The medical records of 35 cats (44 eyes) with feline eosinophilic keratitis (FEK) diagnosed between 2016 and
2021 were reviewed. The mean age at the presentation of cases diagnosed with FEK was 4.12 years (3 months-13
years). Domestic shorthair was the dominant breed, accounting for 68.57% of cats (24/35). FEK was unilateral in
74.28% of the cases, and the most frequently affected position was the superotemporal quadrant of the cornea
(75% of the eyes). The cytological examination of the cornea and conjunctiva showed a mixture of multiple
eosinophils, plasma, and mast cells, confirming the diagnosis of FEK. Eosinophils were found in 86.36% of the
corneal and conjunctival scrapings. We performed the polymerase chain reaction test for feline herpes virus type
1 in 12/35 cats. Viral DNA was detected in 20% of these cats. The cats were treated with a subconjunctival
corticosteroid, a topical antibiotic-corticosteroid combination, artificial tear drops, and antiviral gel containing
ganciclovir. At one to two weeks after the initial examination, the clinical signs markedly improved. The
controlled and regular use of topical corticosteroids brought the lesions under control and resolved FEK without
recurrence at least for six months.

Keywords: Eosinophilic, Feline, Keratitis, Proliferative, Steroids.

kkk

Kedilerde Eozinofilik/Proliferatif Keratitis: (2016-2021) Retrospektif Caligma
oz

2016 ve 2021 yullart arasinda teshis edilen 35 eozinofilik keratitisli kedi (FEK) vakasinin (44 g6z) tibbi kayitlart
gbzden gecirildi. FEK tanist konulan olgularin ortalama sunum yast 4,12 yidi (3ay-13 yil). Domestik shorthair,
kedilerin (24/35) %68.57’ni olusturan baskin cinsti. Durum, vakalarin %74,28’sinde tek tarafliydr ve en stk
etkilenen pozisyon korneanin superotemporal kadrantydi (gézlerin %75’1). Kornea ve konjunktivanin sitolojik
incelemesi, FEK tanisini dogrulayan ¢ok sayida eozinofil, plazma ve mast hiicresi karisimi gésterdi. Eozinofiller,
korneal ve konjonktival kazimalatin %.86.36'sinda bulundu. 12/35 kedi i¢in kedi herpes virisii tip 1 (FHV-1) i¢in
polimeraz zincir reaksiyonu (PCR) gerceklestirdik. Bu kedilerin %20'sinde viral DNA tespit edildi. Kediler
subkonjunktival kortikosteroid, topikal bir antibiyotik-kortikosteroid kombinasyonu, suni géz yast damlast ve
gansiklovir iceren antiviral jel ile tedavi edildi. Ilk muayene edildikten 1-2 hafta sonra klinik belirtiler dikkate deger
bir sekilde iyilesti. Kontrollii ve diizenli topikal kortikosteroid kullanimi lezyonu kontrol altina aldi ve en az 6ay
boyunca hastaligs nitks etmeden ¢6zdi.

Anahtar kelimeler: Eozinofilik, Kedi, Keratitis, Proliferatif, Steroidler.
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INTRODUCTION

Feline eosinophilic keratitis (FEK), also known as
proliferative  keratitis, proliferative  eosinophilic
keratitis, or eosinophilic plaque, is a slowly
progressive infiltrative keratopathy that starts with a
progressive and superficial vascularization of the
perilimbal cornea and is characterized by the
infiltration of the corneal epithelium and stroma by
mast cells, eosinophils, neutrophils, lymphocytes, and
plasma cells (Ahn et al. 2010, Dean and Meunier
2013, Edwards et al. 2015, Lucyshyn et al. 2021).
Although an association between FEK and feline
herpes virus type 1 (FHV-1) has been suggested in
cats, the precise pathogenesis of FEK remains
unknown, and the cellular profile is typically
consistent with type 1 (IgE-mediated) or type IV
(Hodges 2005, Romaneck and Sebbag 2021). The
literature also contains views suggesting a connection
between this condition and the feline eosinophilic
granuloma complex (Chisholm 1989).

Although the diagnosis of FEK is based on
pathognomonic findings during the ophthalmic
examination, the definitive diagnosis is confirmed by
corneal cytology (Chisholm 1989, Spiess et al. 2009,
Edwards et al. 2015). Treatment options vary and
often involve a long-term process. Various drug
combinations can be tried until the most effective
treatment protocol is determined (Spiess et al. 2009.
Treatment  recommendations  usually  include
corticosteroids and/or megestrol acetate. Initially, the
use of topical or subconjunctival corticosteroids is
recommended, and if this treatment fails, megestrol
acetate may be required (Chisholm 1989).

This retrospective study aimed to investigate the
breeds, age range, and clinical and cytological features
of cats with FEK and determine the efficacy of
corticosteroid and antiviral topical formulations in the
treatment of the disease. The hypothesis was that
corneal lesions would regress with the use of topical
corticosteroids and recurrence would occur when this
treatment was discontinued, but the systemic side
effects of oral formulations, such as megestrol acetate
would not be observed.

MATERIAL and METHODS

The records of cats referred to xxxxxx between
January 2016 and April 2021 and were diagnosed with
FEK were reviewed. The cats were included in the
sample based on a confirmed diagnosis of FEK
through the corneal cytology identification of
inflammatory cells, such as eosinophils, mast, and
plasma cells. The definitive diagnosis of FEK was
made based on clinical examination findings and
presence of eosinophils in corneal cytology.

Animals

The study material consisted of 35 cats of different
breed, age, and sex characteristics, which were
referred to our clinic between January 2016 and April
2021 and diagnosed with uni/bilateral FEK based on
ophthalmoscopic findings, pathognomonic
appearance of the ocular surface, and cytological
examination. Only the cases that were registered in
the system were included in the sample.

Methods

Data including breed, age, sex, ophthalmological
tindings, affected eye(s) and duration, location of the
lesion, clinical status of the cases, diagnostic tests,
medical treatment and time to resolution, and
recurrence status were recorded. The distribution of
FEK cases according to age group, breed, sex,
duration, and eye is presented in table 1 and the
distribution of lesion localization, cytology and
clinical findings are reported in table 2. After
obtaining the detailed anamnesis of the cases, physical
and ophthalmological examinations were performed.
The cases underwent a complete ophthalmic
examination, including topical fluorescein staining,
Schirmer’s tear test, intraocular eye pressure
measurement with tonometry (TonoVet, Kruuse,
USA), indirect ophthalmoscopy after mydriasis
(tropicamide ophthalmic solution), and fundus
examination. The ophthalmoscopic examination
revealed blepharospasm, ocular discharge,
conjunctivitis, corneal opacity, and superficial
vascularization, and cobblestone-like pink plaques
affecting the cornea in varying locations (Fig 1).
While the clinical diagnosis was tentatively based on
the characteristic appearance of corneal lesions, e.g.,
proliferative, white-pink, edematous, irregular, and
vascularized tissue and white-yellow corneal plaques
(Fig 2), the definitive diagnosis was made upon the
cytological examination of corneal/conjunctival
scrapings, based on the presence of inflaimmatory
cells, such as eosinophils, masts, plasma supporting
the provisional diagnosis of FEK (Fig 3). Diagnostic
tests performed included the cytological examination
of corneal (Fig 4) and conjunctival specimens and
real-time quantitative polymerase chain reaction
(PCR) test for FHV-1. For the cytological evaluation,
specimens were scraped from the cornea and
conjunctival regions with pink and white plaques
using a blunt-tipped corneal knife or cotton-tipped
swabs with the cats under local anesthesia. The
specimens spread on slides were air dried and stained
with Diff-Quik. The cytological examination was
performed wusing a light microscope at 40x
magnifications. Lesion localizations in the cornea
were classified as the relevant corneal quadrant
(superotemporal (Fig 5), or inferonasal (Fig 6), central
area, or whole cornea if the lesions covered most of
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the corneal surface, as described by Dean and
Meunier.

Treatment

Written informed consent to accept medical
treatment was obtained from each guardian prior to
initiating medical treatment. After local anesthesia,
first topical dexamethasone (Decort, Deva, Turkey)
was administered to all the eyes wusing a
subconjunctival insulin injector of 2-4 mg per eye. In
eyes where proliferative lesions were accompanied by
corneal ulcers (10/35), a topical antibiotic ofloxacin
(Exocin, Abdi Ibrahim, Turkey, two drops for three
to six times) and artificial tear drops (sodium
hyaluronate (Dryex, Abdi Tbrahim, Turkey, two drops
for three to six times) and antiviral topical ointment
ganciclovir  (Virgan, Fharmila-thea, Turkey, two
times) were applied.

For all the eyes without corneal ulcer or those with
healed accompanying ulcers, moxifloxacin, and
dexamethasone (Moxidexia®, Abdi Ibrahim, Turkey,
two drops for four to six times), sodium hyaluronate
(Dryex, Abdi Ibrahim, Turkey, two drops for four to
six times) and 1.5 mg ganciclovir ointment (Virgan,
Thea Pharma, Turkey, twice a day) were prescribed as
the same treatment protocol.

In all the cases, positive results were obtained with
medical treatment over varying durations, with the
treatment lasting longer in some, but the use of
Immunosuppressive agents other than
subconjunctival and topical steroids was not required
in any of the cats. Despite the intensive and long-
term use of topical steroids, including FHV-1 positive
cases, none developed any complication (corneal
infection, deep ulcer, or melting ulcer). Follow-up
examinations were recommended at the first, second
and four weeks after starting treatment. When the
clinical complaints disappeared, topical steroids were
continued for a minimum of three weeks to a
maximum of two months to eliminate the possibility
of recurrence. The frequency of treatment was
gradually reduced depending on the response and
severity of the initial disease. This reduction was
typically undertaken after the complete resolution of
lesions, with the daily treatment frequency being
decreased to one dose per week (Fig 7 (ab,c)).
Photographs of the eyes were taken at each visit to
assess the changes (Fig 8 (a,b). After the lesions
healed, follow-up evaluations were performed at the
second, sixth, 10th and 12th months, two and three
years. The guardians of the cats that were not referred
for a follow-up visits were contacted by phone, and
information about the clinical status of the cases and
photographs of the final appearance of the eyes were
obtained.

RESULTS
Signalment

During the five-year study period, 35 cats (44 eyes)
were diagnosed with FEK and treated. The mean age
of the affected cats at the time of diagnosis was 4.12
years, and the age range ranged from three months to
13 years. There was male 23 (65.71%) and 12
(34.28%) female cats, of which five and four were
non-sterile, respectively. Domestic cats, both
shorthair and longhair, were the most affected breeds
(82.85%, 29/35). In addition, three other breeds were
also represented, namely Siamese (5.71%, 2/35) (Fig
9), British Shorthair (5.71%, 2/35), and Persian
(5.71%, 2/35) (Fig 10).

Clinical findings

In most cats, only one eye was affected (74.28%,
26/35). The left eyes were more frequently affected
than the right eyes (18/35 versus 8/35). Nine cats
had bilateral lesions, of which eight had lesions in
both eyes at presentation, while one cat developed
eosinophilic lesions in the left eye at one year after
presentation. Corneal lesions were most found in the
superotemporal quadrant of the cornea (75%, 33/44),
followed by the inferonasal quadrant (18.18%, 8/44)
(Fig 11) and less frequently in the central surface
(6.8%, 3/44). In two cases with lesions in the
inferonasal quadrant, lesions were also seen in the
nictitating membrane. It was determined that the
proliferative lesions started from the limbal region in
two cases (Fig 12) with the involvement of the
superotemporal quadrant and three cases with that of
the inferonasal quadrant and covered a very large area
of the corneal surface starting from the limbal region
and progressing toward the central cornea. Three
cases had a history of stomatitis and mandibular
sequester in addition to ocular lesions. The mean
duration of clinical complaints was 2.47 months
(range, 1 week-3 months). In three cats, clinical
complaints had first started one or two years eatlier
and recurrence occurred a few weeks before the cases
were referred to our department.

The preliminary diagnosis of the lesions was based on
the clinical presentation and/or anamnesis of the
cases. All the cases had corneal vascularization and
infiltration. The eyes that were classified as minimally
affected (11/44, 25%) had mild superficial corneal
vascularization, edema, and/or fibrosis without
plaque (Fig 13). In mildly, moderately, and severely
affected eyes, there were plaques with or without
corneal changes, covering approximately >25%
(33/44, 75%), 26-75% (9/44, 20.45%), and 76-100%
(2/44, 4.54%) of the cornea, respectively. Sandy-
white corneal plaques were evident in 30 eyes
(68.18%) of the 26 cats (Fig 14). A history of corneal
ulceration before disease onset was recorded in 7/44
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eyes (15.90%; 7/35 cats, 20%). At the time of
diagnosis, 10/44 eyes (22.72%; 10/35 cats, 28.57%)
had lesions and surrounding corneal ulcers. Of all the
35 cats diagnosed with FEK, 24 (68.57%) presented
with additional conjunctivitis, and 17 eyes of 16 cases
had non-healing corneal ulceration.

Cytological findings

Corneal and/or conjunctival cytology was performed
in all the cases. Among the 44 eyes of 35 cats,
eosinophils were detected in 38 (86.36%), mast cells
in 25 (56.81%), plasma cells in 14 (31.81%),
neutrophils in 28 (63.63%), and lymphocytes in six
(13.63%).

Results of the PCR test for FHV-1

Twelve of the 35 cats were tested for FHV-1 using
the PCR (tears) test. DNA was detected in 50%
(6/34, 5 males and 1 female) of these cats, while 50%
(6/34, 3 males and 3 females) did not have FHV-1.
The remaining 23 cats were not tested for various
reasons, such as the guardian’s financial constraints
and refusal of the test.

Treatment and Outcomes
All the 35 cats positively responded to treatment,

evidenced by a reduction in the size of the lesions or
disappearance of cosinophilic plaques, regression of

corneal vascularization, and resolution of the
previously described fluorescein-positive areas (Fig
15(a,b)). Healing times with topical medical treatment
ranged from 12 days to 4 months, with a mean
duration of 1.2 months. At the follow-up sessions
undertaken at one-week intervals, significant
regression of the corneal lesions was seen in 20.45%
of the eyes at the first follow-up (10-14 days), 27.27
% at the second follow-up (15-21 days), 29.54% at
the third follow-up (21-30 days), and 22.72% at the
fourth follow-up (30-45 days and later). Three of the
35 cats made slow but gradual improvement, and
their problem was eventually resolved within two to
three months. The cases were followed up for a
period of six months to three years after recovery.
Corneal lesions reappeared in 11.76% of the cats
within six months to one year. All the recurrences
resulted from the discontinuation of treatment by the
guardians. Response to topical steroid treatment took
a long time in 6.81% of the cats. Blepharospasm and
epiphora were observed in three cases, although their
clinical complaints were not the same. Mild corneal
scarring was observed in some of the cases (37.14%,
13/35) despite chronic topical steroid treatment.

The frequency of treatment required to maintain
remission varied between the cats. Three of the 35
cats relapsed when treatment was discontinued. All
these cats responded to treatment when the treatment
was started again.

Table 1. Distribution of FEK cases according to the age group, sex, breed, duration, and eye

Item n %
Age group (yrs)

<1 9 25.71
1-<5 19 54.28
5-10 4 11.42
>10 3 8.57
Sex

Male 23 65.71
Female 12 34.28
Breed

Domestic Shorthair 24 68.57
Domestic Longhair 5 14.28
Siamese 2 5.71
British Shorthair 2 5.71
Persian 2 5.71
Duration

2-3 weeks 14 35
4-6 weeks 17 48.57
7+ weeks 4 11.42
Eye

Left 18 51.42
Right 8 22.85
Both 9 25.71
TOTAL 35 100
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Table 2. Distribution of lesion localisation, cytology, and clinical signs in FEK cases

Item n( eyes) %
Affected tissue/s

Co 14 31.81
Conj 1 2.27
Co+Conj 27 61.36
Co+NM 2 4.54
Lesion location

ST 33 75

IN 8 18.18
C 3 6.81
Cytology

E 38 86.36
M 25 56.81
P 14 31.81
N 28 63.63
L 6 13.63
Clinical signs

PL 32 72.72
H 31 70.45
V 37 84.09
ED 38 86.36
U 10 22.72

Co: Cornea, Con: Conjunctiva, IN: Inferonasal, ST: Superotemporal, C: Central, NM: Nictitans membrane, E:
Eosinophil, M: Mast cells, P: Plasma cells, N: Neutrophil, L: Lymphocyte, PL: Plaque, H: Hyperemia, V:
Vascularization, ED: Edema, UL: Ulcer

Figure 1. Cobblestone lesions covering the large sutface of the cornea in a cat. (Case 13).
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Figure 2. Corneal edema, irregular vascularized tissue, and white-yellow corneal plaques in a cat. (Case 9).

Figure 3. Corneal scraping of the left affected eye showing eosinophil and neutrophil. Diff-Quick staining, 40x magnification.
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Figure 4. Superficial corneal epithelial cell deposits on cytological examination.

Figure 6. White plaque and neovascularization on the inferonasal quadrant of the cornea of the left eye in a 2-year-old

Domestic longhair cat.
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Figure 7. A. First appearance of eosinophilic keratitis in the right eye of a 13-year-old Domestic shorthair cat. B. 12 days with

1% topical dexamethasone, C. Appearance after 3 weeks of treatment.
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Figure 8. A. First appearance of the eosinophilic plaque covering the large part of the left cornea of case 6. B. Appearance of

the left cornea after 4 weeks of treatment with 1% topical dexamethasone.

Figure 9. Corneal vascularization and mild plaque in the superotemporal quadrant in a 10-year-old Siamese cat.
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Figure 10. Corneal plaque and neovascularization in the right corneal superotemporal quadrant in a 3-month-old Persian cat.

Figure 11. Feline eosinophilic keratitis. Note the raised white corneal plaques and dense corneal edema.
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Figure 12. Corneal white plaques and conjunctival hyperemia originating in the limbal region in a one-year-old cat.

Figure 13. Supertficial corneal vascularization, edema, and/or plaque-free fibrosis in a 1-yeat-old cat.
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Figure 14. Proliferative (eosinophilic) keratitis. There is a thick white plaque on the lateral conjunctiva that

extends over a dense neovasculatrized cornea.

Figure 15. A. Dense proliferative keratitis of the right cornea in a 6-year-old cat. B. After 3 weeks of topical steroid therapy
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DISCUSSION and CONCLUSION

Proliferative or eosinophilic keratitis has been
described as a rare and progressive inflammation
known to similarly affect the epithelium and stroma
of the cornea and/or conjunctiva of cats and horses
and characterized by a cellular infiltration of
eosinophils, mast cells, neutrophils, lymphocytes,
plasma cells, and sometimes histiocytes (Hodges
2005). It has been reported that lesions
characteristically begin as single or multiple focal,
raised pink plaques like granulation tissue in the
peripheral  area, progress toward  superficial
vasculatization and stromal infiltration in the entire
cornea, and have a granular or cobblestone
appearance. In addition to the cornea, this condition
can also invade the inner surface of the eyelids and
the membrane of the bulbar conjunctiva, resulting in
more widespread inflammation in the eye (Ahn et al.
2010).

In the current study, the corneal lesions were mostly
located in the superotemporal quadrant of the cornea
(75, 33/44), followed by the inferonasal quadrant
(18.18%, 8/44) and less frequently observed in the
central surface (6.81%, 3/44). Depending on the time
from the emergence of the lesions to presentation,
there were fluffy pink plaques like granulation tissue
in the cats referred to our department at the initial
stage, while in advanced stages, the cases presented
with white or chalky plaques. These findings are
consistent with the previous reports describing the
formation of lesions and their position in the cornea.
We also determined that the size of the lesions vatied
according to the chronicity, and the cats generally had
more disturbing symptoms as the lesions progressed.
All the cats had superficial vasculatization and
stromal infiltration of the cornea. Irregularly shaped,
pink to white infiltrates with rough corneal plaques
were present in 68.18% of the examined eyes. In two
cases where the inferonasal quadrant was involved,
lesions were also seen in the nictitating membrane. In
five cases, the proliferative lesions started from the
limbal region and progressed to the central cornea,
covering a very large area of the corneal surface. Of
all the cats with FEK, 22.72% also had corneal ulcers
in and around their lesions at the time of the
diagnosis of the disease. The rate of corneal ulcers
accompanying FEK was 22.72% in our study, which
was like the findings previously reported by Dean and
Meunier (33.3%), Spiess (28.63%), and Morgan et al.
(24%0) and higher than the rate determined by Paulsen
(13%).

FEK lesions tend to be more common in young and
middle-aged, sterilized males, and domestic shorthair,
longhair and purebred cats (Stiles and Coster 2016).
Most of the data obtained from the current study,
such as the mean age at diagnosis (4.19 years) (range 3
months to 13 years), breed and sex of the cats
affected, and the eye affected by the lesion are

consistent with previously published results. The
affected cats varied in age at the first presentation,
but FEK was usually seen in young to middle-aged
adult cats. In previous studies and our study,
domestic cats were identified as the most affected
breeds (82.85%). However, in the current study, there
were also three pure cat breeds representing Persian
(5.71%), Siamese (5.71%) and British Shorthair
(5.71%) cats. FEK lesions are usually unilateral, but if
left untreated or treated inappropriately, the disease
can affect both eyes (Ahn et al. 2010). Generally, first,
one eye is affected, and a few months later, the
second eye begins to show symptoms. Bilateral
lesions usually occur when the treatment of the first
lesion is ineffective (Ahn et al. 2010). According to a
retrospective study, approximately 80% of the FEK
cases were unilateral (Ahn et al. 2010). In a study
indicating no age, breed, or sex predisposition to the
disease, it was reported that the lesions occurred
unilaterally in 66% of the cases (Chisholm 1989). In
our study, most of the cases, 74.28% (n = 20),
presented with a unilateral lesion, while the remaining
nine cases had bilateral lesions, and the left eyes were
more frequently affected than the right eye.
According to Dean and Meunier, the right and left
eyes were equally affected. In two cases, one eye was
affected first, while the second eye showed symptoms
months later. Bilateral involvement was defined as
disease progression. While the sex ratio of the male
and female cats affected by these lesions was close to
1 according to the studies of Nasisse et al. and Dean
and Meunier, it was observed that males (23/35) were
predominantly affected by these lesions at a rate of
65.71%. Similarly, previous studies by Spiess, Morgan
et al. and Paulsen et al. reported that the lesions
affected male cats more.

The probable diagnosis of FEK is often based on the
characteristic appearance of lesions on an ophthalmic
examination, and this disease is suspected when there
is a history of failure to respond to antibiotic therapy
(Chisholm 1989, Hodges 2005). Under normal
conditions, eosinophils and mast cells are not seen in
healthy cat corneas. The clinical appearance and
corneal infiltration of one of these two inflaimmatory
cells in the corneal cytology is pathognomonic for
proliferative FEK. Although this disease may have a
classical, almost pathognomonic appearance in cats,
the definitive diagnosis is made based on the
cytological examination of corneal scrapings or light
microscopy of corneal biopsies (Hodges 2005, Ahn et
al. 2010). Diagnostic samples are obtained using the
Microbrush® applicator, cotton swabs, Kimura
spatula, or the blunt (handle) tip of a scalpel blade
(Spiess et al. 2009). In the current study, a history of
unresponsiveness to long-term antibiotic therapy and
ophthalmological examination findings of some cases
created suspicion of the disease, but the definitive
diagnosis was confirmed based on cytological
findings, as described in previous publications (Spiess
et al. 2009, Stiles and Coster 2016, Sancak et al. 2011).
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A blunt-tipped corneal knife or cotton swabs were
used in the cytology of the affected areas. The
cytological appearance was like what was previously
described (Spiess et al. 2009, Dean and Meunier 2013,
Stiles and Coster 2016). The results showed the
presence of mainly eosinophils (86.36%), neutrophils
(63.63%) and mast cells (72.85%), while lymphocytes
and plasma cells were seen less frequently.

The etiology of eosinophilic keratitis has not yet been
fully determined, but the literature contains various
assumptions, including parasite invasion, allergic
components, and immune reactions (Stiles and Coster
2016). Some studies suggest that eosinophilic keratitis
emerges as an immune response to an antigenic
stimulus. Considering the cellular profile, it is
suggested that the eosinophilic response can be
explained by a type 1 or type IV hypersensitivity
reaction. In a previous study, the disease was
considered to develop idiopathically (Hodges 2005).
However, none of these ideas have been confirmed
to date. In another study, eosinophilic keratitis was
associated with FHV-1 diagnosed based on a PCR
analysis (Stiles and Coster 20106). In the current study,
hypotheses based on systemic clinical findings and
anamnesis were made in some of the cases in which
the disease etiology could not be precisely determined
due to the necessary tests not being performed for
reasons such as the financial constraints of the
guardians or due to the results of the examination not
being significant. We determined that 20% of the
cases were positive for FHV-1. However, as reported
in previous studies (Chisholm 1989, Hodges 2005),
we consider that FHV-1 positivity in the samples
taken from the eyes of cats does not necessarily
indicate that the two diseases have a cause-and-effect
relationship.

The most common form of treatment for FEK has
been identified as medical therapy with ant-
inflammatory drugs. Due to its chronic character, the
disease can only be controlled but not cured. Long-
term or even life-long treatment at a low and effective
dose is required to control the disease. Topical
steroids are the first choice for treatment due to their
high efficacy and minimal side effects, and they are
crucial in the success of treatment (Raczynska et al.
2003). However, their use in FEK is not completely
risk-free. In the presence of FHV-1, which plays an
important pathogenic role in the etiology of the
disease, long-term immunosuppressive therapy can
theoretically facilitate the recurrence of an FHV-1
infection  (Chisholm 1989, Hodges  2005).
Nevertheless, the topical application of antiviral drugs
provides an advantage for treating suspected cases of
herpetic keratitis. Other recommended treatments for
the disease include systemic corticosteroids and
megestrol acetate (Ovaban; Schering-Plough Animal
Health, Pointe Claire, Quebec) and recently applied
topical formulations of cyclosporine, tacrolimus
(Aydin and Aktas 2021) and megestrol acetate (Stiles

and Coster 2016). However, oral corticosteroids
should not be used as first-line drugs due to the high
dose required for immunosuppression and possible
side effects. Megestrol acetate has been suggested to
be beneficial in cats with a history of recurrent FEK,
but caution should be exercised since it causes
adrenocortical suppression, polyphagia, behavioral
changes, diabetes mellitus, mammary hyperplasia, and
neoplasia, and it is not licensed for use in cats and has
a half-life of eight days. Depending on the clinical
manifestation, other methods can be used in addition
to local and systemic drug use (Chisholm 1989,
Hodges 2005). In large-scale granulomas, a superficial
keratectomy can usually accelerate the healing process
(Hodges 2005). In our study, the size of the lesions,
their clinical appearance, and the symptoms of the
cases widely differed, the etiology of the disease could
not be precisely determined, and the viral etiology
was dubious; therefore, topical corticosteroids were
simultaneously — applied with antivirals.  After
treatment, no ocular clinical signs related to an FHV-
1 infection were observed in any of the cases with
FHV-1 positivity at the time of presentation. In most
of our cases, the topical steroid application resulted in
the  disappearance of white plaques and
neovascularization by the second to fourth day of
treatment, and the disease was taken under control
within a few weeks. However, a few cats required
intermittent drugs to keep the disease under control.
Mozgan reported that the recurrence rate of FEK was
over 04%. The author noted that recurrence
developed at six months after treatment, and clinical
symptoms disappeared after 20 days of the topical
application of 1% prednisolone. In another study
conducted with 65 cats, Morgan et al. reported a
recurrence rate of 64%, and recurrence was observed
in all treatment modalities (Hodges 2005). In our
study, the recurrence rate in controlling FEK with
topical steroids was determined as 11.76%.
Recurrence developed after 6 months, and the clinical
complaints disappeared after two to three weeks of
topical dexamethasone. In conclusion, as in previous
studies, it was determined that feline eosinophilic
keratitis was mostly seen in unilateral domestic
short/longhair cats. The clinical appearance of the
lesions was pathognomonic; however, it was easily
performed by cytological examination at 40x
magnification to confirm the diagnosis. Also, topical
steroid and antiviral ophthalmic solutions were
determined to be effective treatments in the control
of FEK in all cases presenting to our referral center.

Cikar Catigmasi: Yazarlar bu yazi igin gercek,
potansiyel veya algilanan cikar catismasi olmadigint
beyan etmislerdir.

Etik Izin: Bu ¢alisma klinigimize rutin g6z
hastaliklar1 sikayeti ile sevk edilen ve medikal tedavi
uygulanan klinik ¢alismadir. Her hastaya recete edilen
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medikal tedavi i¢in hasta sahiplerinden tedaviyi kabul
ettiklerini gésteren imzali onam belgesi alinmistir.

Finansal destek: Finansal destek alinmamistir.

Tesekkiir: Bu calismada sitolojik inceleme sirasinda
desteklerini veren Veteriner Hekim Erhan GULCIK’e
tesekkiirlerimi sunarim.
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Retrospective Evaluation of Cardiopulmonary Diseases in Cats and Dogs: 570
Cases
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ABSTRACT

Retrospective evaluation of the cardiopulmonary data is the main point in prevention and treatment of the
diseases. In this study, it was aimed to retrospectively evaluate the data of 570 client-owned patients (321 dogs
and 249 cats) referred to cardiology unit. The clinical findings, electrocardiographic data, echocardiography and
blood analyses were evaluated. Acquired heart disease in 214 patients (37.54%), congenital heart disease in 38
patients (6.6%), and diseases affecting the lower and/or upper respiratory tract in 98 patients (17.19%) were
found. Dilated cardiomyopathy was the most common acquired heart disease, and patent ductus arteriosus was
the most common congenital heart disease in dogs. In cats, hypertrophic cardiomyopathy was the most common
acquired heart disease, while tricuspid valve dysplasia was the most common congenital heart disease. It was
concluded that clinical findings, physical examination and diagnostic applications should be evaluated together in
the diagnosis of cardiopulmonary diseases.

Key words: Cardiopulmonary, cat, dilated cardiomyopathy, dog, heart disease, mitral
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Kedi ve Képeklerde Kalp Hastaliklarinin Retrospektif Degerlendirilmesi: 570 Hasta

(074

Kardiyopulmoner verilerin retrospektif degetlendirilmesi hastaliklarin  6nlenmesinde ve tedavisinde temel
noktadir. Bu ¢aligmada kardiyoloji birimine getirilen 321’1 képek ve 249’u kedi olmak tizere toplam 570 sahipli
hastanin verilerinin retrospektif degerlendirilmesi amaglandi. Hastalarin klinik bulgulari, elektrokardiyografik
verileri, ekokardiyografileri ve kan analizleri degerlendirildi. 214 hastada (%37,54) edinsel kalp hastalig1, 38 hastada
(%6.6) konjenital kalp hastaligi, 98 hastada (%17,19) alt ve/veya st solunum yollarini etkileyen hastaliklara
rastlandi. Képeklerde edinsel kalp hastaliklarindan en ¢ok dilate kardiyomyopati, konjenital kalp hastaliklarindan
ise patent ductus arteriosus tespit edildi. Kedilerde ise hipertrofik kardiyomyopati en ¢ok karsilasilan edinsel kalp
hastaligt olurken, trikiispit kapak displazisi ise en ¢ok gortlen konjenital kalp hastaligtydi. Sonug olarak
kardiyopulmoner hastaliklarin teshisinde klinik bulgular, fiziksel muayene bulgulart ve diyagnostik metodlarin
beraber degerlendirilmesi gerektigi kanisina varildi.

Anahtar kelimeler: Dilate kardiyomyopati, kalp hastaliklari, kardiyopulmoner, kedi, képek, mitral.
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INTRODUCTION

Quality time between pets and owners has increased
associated with the restrictions in people's social lives
due to COVID-19 pandemic in all over the world
(Ho et al. 2021). Increased interest and concern of
owners with their pets has resulted in increased
contact between veterinarians and owners as well
(Jalongo 2021).

According to the data collected from different
vetetinary clinics in 2014, Ozen et al. reported that
the number of client-owned cats and dogs in Ankara
region is between 15-20 thousand and 25-30
thousand, respectively (Dogukan et al. 2014). A better
understanding of the absolute and relative
prevalences of common diseases in a certain
population can be used to identify differential
diagnoses and prioritize breed, research, and health
control efforts. In addition, results from prevalence
studies can facilitate the identification of strategic
plans necessary for animal welfare. For this purpose,
the prevalence of the diseases in 3,884 dogs were
evaluated and published with data obtained from
different  centers (ONeill et al.  2014b).
Cardiopulmonary system diseases were among the
most frequently described disorders. Similarly, in a
study conducted on 3584 cats, it was reported that
the prevalence of cardiac diseases was particularly
high (O’Neill et al. 2014a).

Cardiopulmonary diseases are common in dogs and
cats. Late diagnosis in eatly stages of cardiac disorders
leads late treatment applications with poor prognosis.
Defining  the etiology and incidence  of
cardiopulmonary disorders is the main point in
preventing the disease and treatment applications.
Although the presence of some retrospective studies
including cardiopulmonary disorders in Turkey
(Cihan and Yimaz 2011, Kibar et al. 2008), there is
few cases in these studies.

The purpose of the current study was therefore to
reflect the retrospective evaluation of
cardiopulmonary disorders in dogs and cats.

MATERIAL and METHOD

Animals

The study population consisted of 570 non-pregnant
client-owned dogs and cats referred with
cardiopulmonary signs or routine cardiopulmonary
examination during the time period between
26.09.2020-26.09.2021. All cases were evaluated for
signalment,  anamnesis,  clinical  signs  and
cardiopulmonary examination findings.
Cardiopulmonary diagnosis were defined by the
conbinations of clinical applications including blood
analyses (WBC, LYM, NEUT, EOS, LYM, RBC,
HCT, MCV, MCH, MCHC, RDW, PLT, Urea,
Creatinin, Glucose, Total Bilirubin, ALP, ALT, GGT,
CK, Na, K, P) and imaging procedures
(Electrocardiography, echocardiography). 2D B and

M  mode, color-flow and spectral doppler
Echocardiography (Philips Affinity 50®
Echocardiography System) obtained from the right
and left parasternal long and short axis positions and
apical views were performed to identify the structural
heart disease in all cases. Clinic ECG were recorded
by a 12-lead ECG machine (Edan SE 1201®, 50
mm/sec,10 mm/mV) for 2 minutes in some cases
lying right lateral recumbency without any sedation.
Laterolateral and ventrodorsal thoracic radiographic
images were also obtained in some cases. Diagnosis
of heartworm disease were performed using rapid test
kits (Uranotest Quattro®) and peripheral smears. All
cases had antiparasitic therapy and routine
vaccination. All cases were treated with appropriate
medications.

Statistical Analysis

Descriptive  statistics were performed using IBM
SPSS Statistics software Version 23.0. Categorical
variables included in the study were calculated as
"Frequency (n) - Percent (%)". Quantitative variables
were shown as "Mean * Standard deviation". Results
were presented as a table in all data.

RESULTS

The data of 570 client-owned dogs and cats referred
with cardiopulmonary clinical signs or routine
cardiopulmonary examination were retrospectively
evaluated. While 214 patients (37.54%) had acquired
heart disease, congenital heart disease was diagnosed
in 38 patients (6.6%) (Table 1). The most common
acquired heart disease in dogs was dilated
cardiomyopathy (DCM) (45.19 %), followed by
myxomatous mitral valve disease (MMVD) with 34.07
%. In cats, hypertrophic cardiomyopathy (HCM)
(68.35%) was the most common acquired heart
discase, followed by restrictive cardiomyopathy
RCM) with 10.13% (Table 1). In other referred
patients; chronic  bronchitis  (42/570, 7.36%),
tracheitis /laryngitis (25/570, 4.38%), lung metastasis
following mammary tumor operation (8/570, 1.40%),
acute bronchitis (6/570, 1.05%), bronchopneumonia
(5/570, 0.87%), tracheal collapse (6/570, 1.05%),
tracheobronchitis  (6/570, 1.05%), diaphragmatic
hernia (3/ 570, 0.5%), idiopathic pleural effusion
(3/570, 0.5%), brachiocephalic syndrome (2/570,
0.35%), and peritoneopericardial —diaphragmatic
hernia (PPDH) (2/570, 0.35%) determined. 111
(19.47%) patients were referred for preoperative
cardiopulmonary examination, while 99 (17.36%)
were referred for routine cardiopulmonary controls.

Breed distributions in patients with various heart
disease were shown in Table 2. Distribution of
clinical signs in patients with DCM included exercise
intolerance and dyspnea (15/61, 24.59%), ascites
(10/61, 16.39%), exetcise intolerance and coughing
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(8/61, 13.11%), coughing (7/61, 11%), 47), dyspnea
(6/61, 6.5%), dyspnea and ascites (2/61, 3.27%) and
exercise intolerance (15/61, 24.59%). Secondary
hypothyroidism in 10 dogs with DCM were also
defined. Clinical signs in MMVD dogs were coughing
(23/47, 48.93%), exercise intolerance (16/47, 34%),
coughing and exercise intolerance (7/47, 14.89%),
and dyspnea (1/47, 2.12%). Mitral regurgitation with
concomitant tricuspid disease was defined in 8
MMVD dogs. The most common clinical signs in cats
with HCM was dyspnea (43/54, 80%). Thete was no
clinical signs in 11 cats (20.37%) diagnosed with
HCM. In RCM cats, the most common clinical sign
was also dyspnea.

Electrocardiographic findings in dogs with DCM
(n=38) included atrial fibrillation (n=15, 39.47%), left
ventricular enlargement pattern (n=9, 23.7%),
ventricular tachycardia (n=8, 21%), biventricular
enlargement pattern (n=3, 7.9%), left bundle branch
block (n=2, 5.26%) and P mitrale (n=1, 2.63%).
Echocardiographic ~ examinations  revealed left
ventricular dilatation (n=32, 51%), left ventricular and
atrial dilatation (n=18, 29%), biatrial dilatation (n=0,

9.7%), and mitral regurgitation (n=6, 9.7%). The
electrocardiographic findings (n=27) of dogs with
MMVD were as follows; P mitrale (n=12, 44%), sinus
arrhythmia (n=8, 26.6%), ST depression (n=3, 11%),
P pulmonale (n=3, 11%), and biphasic T wave (n=1,
3%). In echocardiographic examinations in MMVD
dogs, mitral regurgitation (n=47, 100%y), left atrial
enlargement (n=19, 40.47%), tricuspid regurgitation
(n=8, 17%) and mitral prolapse (n=5,10.6%) was
determined as well. In cats with HCM (n=20),
electrocardiography revealed ventricular premature
complex (n=8 , 40%), atrial fibrillation (n=5, 25%),
ventricular tachycardia (n=3, 15%), atrial premature
complex ( n=2, 10%) and sinus tachycardia (n=2,
10%). Echocardiographic examination of cats with
hypertrophic cardiomyopathy revealed thickening of
the intraventricular septum and/or left ventricular
free wall in all cats. Obstructive aortic stenosis was
detected in five cats (9%y). Other findings were left
atrial enlargement (n=24, 44%), systolic anterior
motion (SAM) (n=12, 22.2%) and smoke in the left
atrium (n=7, 13%), respectively.

Table 1. Characterisation of Cardiac Diseases

Age Sex
AQUIRED HEART DISEASE Dogn (%) Catn (%) Totaln (%) Dog Cat 3 9
. 61 (45.19) 4 (5.006) 65 (30.37) 8.64%3.67 TT5E 33 28

DCM (n:10/65 hypothyroid dogs) 9

. - 54 (68.35) 54 (25.23) - >41E3.9 41 13
HCM (HOCM included) 1
MMVD 46 (34.07) - 46 (21.50) 11.72£3.14 - 31 16
RCM - 8 (10.13) 8 (3.74) - 8+4.6 7 1
Endocarditis 5 (6.33) 5(2.34) - 3+2.01 2 3
Cardiac Mass 3(2.22) - 3 (1.40) 8+2.11 - 2 1
Dirofilariasis 2 (1.48) - 2 (0.93) 4%3.12 - 2 0
Cardiorenal Syndrome 13 (9.63) - 13 (6.07) 7+2.12 - 9 4
Mitral Regurgitation 4 (2.96) 3 (3.80) 7 (3.27) 8+3.21 5+2.1 5 2
FATE - 5(6.33) 5 (2.34) - 3t1.2 3 2
Mitral Prolapse 3(2.22) - 3 (1.40) 6132 - 1 2
Tricuspid Prolapse 3(2.22) - 3 (1.40) 3%1.1 - 1 2
CONGENITAL HEART DISEASE
PDA 7 (29.17) - 7 (18.42) 5125 - 7 -
ASD 2 (8.33) 4 (28.57) 6 (15.79) 4.5%1.0 1+1.8 2 4
TVD veya TR 2 (8.33) 4 (28.57) 6 (15.79) 11£2.0 0.8+22 4 2
VSD (Muscular, Supracristal VSD
included) 1(4.17) 5(35.71) 6 (15.79) 2 14220 2 4
AS 5 (20.83) - 5 (13.16) 11+1.9 - 2 3
PS 5 (20.83) - 5 (13.16) 24+1.2 - 3 2
Aortopulmonary Window 1(4.17) - 1 (2.63) 1 - -1
SSS 1(4.17) - 1(2.63) 5 - -1
Kartegener Syndrome - 1(7.14) 1 (2.63) - 4 -1
TOTAL 159 93 252

DCM: Dilated Cardiomyopathy, HCM: Hypertrophic Cardiomyopathy, HOCM: Hypertrophic Obstructive Cardiomyopathy, MMVD:
Myxomatous Mitral Valve Disease, RCM: Restrictive Cardiomyopathy, FATE: Feline Arterial Thromboembolism, PDA: Patent Ductus
Arteriosus, ASD: Atrial Septal Defect, VSD: Ventricular Septal Defect, TVD: Tricuspid Valve Dysplasia, TR: Primary Tricuspid Regurgitation,
AS: Aottic Stenosis, PS: Pulmonary Stenosis, SSS: Sick Sinus Syndrome.
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Table 2. Breed Distributions

Dog Breeds DCM, n (%) MMYVD, n (%) HCM, n (%) RCM, n (%)
Golden Retriever 22 (36.1) - - -
Mix Breed Dogs 10 (16.4) - - -
Cocker Spaniel 8 (13.1) 1(2.1) - -
Malaklt 1(1.6) - - -
Pomeranian 1 (1.6) - - -
Setter 2 (3.3) - - -
Terrier types 3 (4.9 18 (38.3) - -
Kurzhaar 2(3.3) - - -
Kangal 5(8.2) - - -
Bulldog 1 (1.6) - - -
Belgian Malinois 1 (1.6) - - -
Rottweiler 4 (6.6) - - -
Beagle 1 (1.6) - - -
Cavalier King Chatles - 7 (14.9) - -
Kai - 3(6.4) - -
Pekingese - 13 (27.7) - -
Chihuahua - 3(6.4) - -
Pincher - 1(2.1) - -
Jack Russell - 1(2.1) - -
Cat Breeds

British Short Hair - - 12 (22.2) 1(12.5)
Mix Breed Cats - - 13 (24.1) 4 (50)
Scottish Fold - - 18 (33.3) -
Persian - - 9 (16.7) -
Chinchilla - - 1(1.9) -
Siamese - - 1(1.9) -
Van Cat - - - 1(12.5)
Ankara Cat - - 2 (25)

RCM: Restrictive Cardiomyopathy (n:8).
DISCUSSION

Although some difficulties are possible in
determining the prevalence of congenital heart
disease in dogs and cats, some malformations can
cause directly perinatal mortality without any cardiac
murmurs. Breed predispositions may also affect the
type of possible congenital heart disease (Oliveira et
al. 2011). In the study presented here, congenital
heart disease was detected in 24 dogs and 14 cats. In
accordance with the current literatures (Coté et al.
2011a, Oyama and Strickland 2015, Garncarz et al.
2017), the most common congenital heart diseases in
dogs and cats were patent ductus arteriosus (PDA,
n=7) and tricuspid valve dysplasia (n=0), respectively.
Dilated cardiomyopathy (DCM) characterized by
systolic dysfunction and poor prognosis usually
affects large breed dogs (Martin et al. 2010).
Researches have reported the predispositions in large
breed dogs including Doberman Pincher, Irish
Wolfthound, Great Danes, Boxer, American Cocker,
Bulldog, Golden Retriever and Saint Bernard (Dukes-
McEwan et al. 2003, Vollmar et al. 2013, Bélanger et

DCM: Dilated Cardiomyopathy (n:61 dogs), HCM Hypertrophic Cardiomyopathy (n:54), MMVD: Myxomatous Mitral Valve Disease (n:46),

al. 2005, Fascetti et al. 2003, Backus et al. 2000,
Backus et al. 2003). In the current study, similar
findings were also observed. 22 dogs diagnosed with
DCM phenotype were Golden Retrievers. It is also
known the reasons of genetic, nutrition,
inflammation, infiltration, ischemia, drug/toxin-
induced cardiomyopathy, immunological disorders,
metabolic diseases, biochemical changes and chronic
tachycardia are the possible etiological factors in
DCM (McCauley et al. 2020, Freid et al. 2021, Beier
et al. 2015). Therefore, other predisposing factors
should be considered in patients with DCM. In this
study, many of them have been ruled out by the
diagnostic procedures and concomitant
hypothyroidism was detected in 10 dogs with dilated
cardiomyopathy. In the present study, most of the
dogs with DCM were male and over the middle-aged
as consistent with the reports previously reported
(Freid et al. 2021, Colakoglu et al. 2017, Martin et al.
2009, Dukes-McEwan 2010).

Similar to the results of previous studies, atrial
fibrillation was most common arrhythmia in
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electrocardiographic records of dogs with DCM
(Martin et al. 2009). Echocardiographic examination
findings in this study have also been found to be
compatible with the literature (Bonagura and Visser
2021, Tidholm et al. 2001).

Myxomatous mitral valve disease (MMVD) is a
chronic degenerative heart disease usually occurring
in middle-aged small breed dogs. Degenerative
changes preventing valve function over time cause
mitral  insufficiency. Concomitant degenerative
changes on tricuspid valves have also been defined
with mitral valve changes. Congestive heart failure,
pulmonary hypertension, pulmonary edema and
arrthythmias may occur in the later stages of the
disease as well (Borgarelli and Buchanan 2012). In the
study here, all MMVD dogs were small breeds (<15
kg) as consistent with the previous studies (Mattin et
al. 2015, Kim et al. 2017). 6 years or older dogs with
MMVD in the study presented here have supported
the fact that mitral valve disease was more common
in older ages of dogs (Colakoglu et al. 2017, Kim et
al. 2017, Mattin et al. 2015, Borgarelli and Buchanan
2012). Similar to the studies reporting that
degenerative mitral valve disease was more common
in male animals (Keene et al. 2019, Mattin et al. 2015,
Petri¢ 2015), male dogs were majority among dogs
with MMVD. Although myxomatous mitral valve
disease mainly affects the mitral valve, it is known
that the tricuspid valve is also affected in 30% of
cases (Keene et al. 2019). In the study, degenerative
changes and related tricuspid regurgitation were
observed in the tricuspid valve in 8 dogs. Kim et al.
have reported the sinus arrhythmia in 40 dogs
(40/168, 23.8%) as a result of their retrospective
study of MMVD (Kim et al. 2017). These results
appear to be similar to our study. Increased LA
volume and stroke volume in dogs with MMVD
occurs due to regurgitant flow from the left ventricle.
This is a compensatory mechanism necessary to
prevent pulmonary congestion and maintain
ventricular filling (H6llmer et al. 2017). In the study
here, left atrial enlargement was also remarkable in 19
dogs (n=19, 40.47%).

Hypertrophic cardiomyopathy (HCM) is the most
common acquired heart disease in cats. The disease is
characterized by a non-dilated and thickened left
ventricle free wall. For the exact diagnosis of the
disease as primary cardiomyopathy, secondary
disorders including hypertension and hyperthyroidism
associated with left ventricular thickening should be
ruled out (Trehiou-Sechi et al. 2012, Payne et al
2013). While the disease can cause congestive heart
failure, thromboembolism or sudden death, some cats
may remain asymptomatic for years and may not
cause any systemic disorders (Payne et al. 2013). In
accordance with the literatures (Wilkie et al. 2015,
Payne et al. 2015), HCM fenotype was most
frequently identified in cats with heart disease
referred to cardiology unit. Although there are studies

showing a higher risk of developing HCM in pure
breeds (Luis Fuentes et al. 2020), further studies are
required. In this study, the majority of cats with HCM
phenotype were pure breeds (n=40). We think this
situation is associated with the distribution of cats in
Ankara region. In consistent with the reports
previously described — (Trehiou-Sechi et al. 2012,
Spalla et al. 2016, Payne et al. 2013, Rush et al. 2002),
cats with HCM are predominantly male ( n=41) in
this study as well. The higher incidence of ventricular
premature complexes and atrial fibrillation in our
study is consistent with the reports (Trehiou-Sechi et
al. 2012, Payne et al. 2010). Echocardiography is the
best method for diagnosing HCM. Thickening of the
left ventricular free wall, interventicular septum or
papillaty muscles are the main echocardiographic
changes in this disease (Ware and Ward 2019). The
echocardiographic findings in the study were similar
to the data previously published (Trehiou-Sechi et al.
2012, Spalla et al. 2016, Ferasin et al. 2003).
Restrictive cardiomyopathy (RCM) is a myocardial
disease characterized by severe diastolic dysfunction,
atrial enlargement, normal left ventricular wall
thickness, and normal/slightly decreased systolic
function. Echocardiography is also the best method
for the diagnosis of RCM including myocardial and
endocardial forms (Locatelli et al. 2018). In
retrospective studies, RCM has been described as the
second most common cardiomyopathy in cats
(Locatelli et al. 2018, Spalla et al. 2016). RCM cats in
this study were also the second most common
cardiomyopathy as consistent with the reports
previously described. In a necropsy study of 304 cats,
Kimura et al. (Kimura et al. 2016) most observed the
endocardial form of RCM and reported that RCM is
much more common in cats contrary to popular
belief. They have attributed the reasons why the
incidence of the disease is known to be low to the
localization of endocardial fibrotic tissues, the quality
of the devices for imaging, and the experience of the
operator. The predominance of male sex (8/9) in cats
with RCM in our study was consistent with previous
studies (Kimura et al. 2016, Locatelli et al. 2018).
Similar to the studies reporting the wide age range of
the RCM (Locatelli et al. 2018, Kimura et al. 2016,
Chetboul et al. 2019), in the study herein we also
observed the wide age range in cats (3-15 years).
Although the prevalence of dilated cardiomyopathy in
cats is not clearly known, it is known that it is less
common compared to hypertrophic cardiomyopathy.
Despite the addition of taurine to commercial cat
foods, it is still possible to observe the dilated
cardiomyopathy in cats (Coté et al. 2011b). The main
cause of idiopathic dilated cardiomyopathy in cats
with normal taurine levels is not fully understood
(Sevim and Colakoglu 2021, Ferasin et al. 2003). In
our study, dilated cardiomyopathy was diagnosed in 4
cats known to be fed commercial foods. Levels in 2
cats measured taurine concentrations were observed
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within reference ranges. As a result, only two cats
could be classified as idiopathic  dilated
cardiomyopathy. In remaining two cats, the taurine
level could not be determined due to economic
concerns.

CONCLUSION

It was concluded that clinical symptoms and physical
examination findings with diagnostic applications
should be considered together in the evaluation
process of cardiopulmonary diseases. It was also
considered that DCM and MMVD were the most
common heatt disease in dogs.
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ABSTRACT

In geriatric dogs, there is an increase in the incidence of clinical manifestations of different diseases in relation to
age. One of the most important of these diseases is prostatic hyperplasia. It is known that 3-10% of male dogs
brought to veterinarians for examination have prostatic hyperplasia. Prostate diseases are generally not
differentiated by evaluation of clinical signs. Ultrasonography, enzymatic measurements and biopsy are required
for definitive diagnosis. Determining which diagnostic tools to use in possible situations is of great importance in
establishing the correct diagnosis and correct treatment protocol. In this study, it was aimed to evaluate the
results of ultrasonography and specific enzyme measurement in the diagnosis of prostatic hyperplasia in geriatric
dogs. In the ultrasonographic examination performed in 24 geriatric dogs, the mean value was determined as
prostate length 4.88+0.15 cm, prostate width 3.98%0.11 cm, prostate height 3.46+0.13 cm and prostate volume
35.18%2.01 cm?. In dogs diagnosed only with prostatic hyperplasia; as the mean value, prostate length was
4.9310.24 cm, prostate width was 3.74+0.11 cm, prostate height was 3.63%£0.11 cm, and prostate volume was
34.9712.44 cmd. PSA level was measured as <0.006 ng/mL in all dogs in the study.

Keywords: Hyperplasia, Dog, Prostate, PSA, Ultrasonography.

kkk

Geriatrik Kopeklerde Prostat Hiperplazisinin Tanisinda PSA ve USG Sonuglarinin Kargilagtirmal
Degerlendirilmesi

Oz

Geriatrik donem képeklerde, yasla iliskili olarak, farkl hastaliklarin klinik goriilme insidansinda bir artis sekillenir.
Bu hastaliklarin en 6nemlilerinden biri de prostat hiperplazisidir. Veteriner Hekimlere muayene igin getirilen erkek
kopeklerin % 3-10'unda prostat hiperplazisine rastlandigt bilinmektedir. Prostat hastaliklari, genellikle, klinik
belirtilerin degerlendirilmesiyle ayirt edilememektedir. Kesin tani igin ultrasonografi, enzimatik 6lctimler ve
biyopsi gerekir. Olast durumlarda hangi teshis araglarimin kullanilacagini belirlemek dogru tani ve dogru tedavi
protokoliiniin ortaya konmasinda biiyiik 6énem arz eder. Bu ¢aligmada geriatrik dénem kopeklerde prostat
hiperplazisinin tanisinda ultrasonografi ve spesifik enzim Ol¢im sonuglarinin degerlendirilmesi amaglandi.
Geriatrik 24 kopekte yapilan ultrasonografik muayenede, ortalama deger olarak, prostat boyu 4.88%0.15 cm,
prostat eni 3.981+0.11 cm, prostat yiiksekligi 3.46£0.13 cm ve prostat hacmi ise 35.181+2.01 cm?3 olarak belitlendi.
Sadece prostat hiperplazisi tanist konan képeklerde ise; ortalama deger olarak, prostat boyu 4.93+0.24 cm, prostat
eni 3.74%0.11 cm, prostat yiksekligi 3.63+0.11 cm ve prostat hacmi ise 34.97+2.44 cm?’ olarak tespit edildi.
Caligmadaki képeklerin tamaminda PSA duzeyi <0.006 ng/mL olarak 6lctldi.

Anahtar Kelimeler: Hiperplazi, Képek, Prostat, PSA, Ultrasonografi.
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GIRIS

Kopek prostatt proksimal iretrayr cevreleyen cift
loblu bir yapidadir. Dorsal ve ventral sulkusa sahip
olan bu bez ayni zamanda fibromiskiiler bir kapsiille
cevrilidir (Evans ve Christensen, 1993). Prostatin sag
ve sol loblarint ayiran belirgin bir medyan septumu
bulunmaktadir (Kutzler ve Yeager, 2005). Her bir lob
ayrica trabekilletle lobillere bélunir. Tubuloalveolar
bezler lobiller icinde yer alir ve prostat salgilar
bezleri uretraya bosalan kiiciik kanallar yoluyla terk
eder (Smith, 2008).

Kopeklerde gorilen yaygin  prostat hastaliklar
arasinda  prostat hiperplazisi  ((bening prostat
biyiimesi (BPH)), prostatit, prostat kistleri ve prostat
adenokarsinomu yer almaktadir. Képeklerde prostat
hastaliklar1 vakalarinin %50'den fazlast bening prostat
hiperplazisi (BPH) ile iligkilidir (Krawiec ve ark,
1992). BPH genellikle yasa baglt ortaya cikan bir
hastalik olarak dikkat cekmektedir (Lévy ve atk,
2014). BPH bes yasin tzerindeki erkek kopeklerde
%80 diizeyinde goriliir. Ozellikle dokuz yasin
tzerindeki  kopeklerin  ise  %95%inin  etkilendigi
bildirilmistir (Korodi ve ark, 2008). Bu hastalikta
klinik olarak; kanli prostat stvisi, kabizlik, distiri ve
tenesmus izlenir. Kistrlagtirlmamis képekler vakalarin
buyik cogunlugunu teskil etmektedir. Bununla
birlikte kisirlastirilmis kdpeklerde de prostat tiimorleri
ve enfeksiyonlart gbzlenebilir (Wilson, 2011).

Kopeklerde prostat bezinin baglica salgt Grini olan
kopek prostata 6zgii esteraz (CPSE), insan prostata
Ozgi antijenine (PSA) benzer ve PSA gibi serin
proteaz yapidadir. CPSE  ve PSA  hormonal
dizenleme alundadir ve serum  testosteron
aktivitelerindeki diigtisler serum ve seminal plazma
konsantrasyonlarinda azalmaya neden olur (Dube ve
ark, 1986). PSA’nin prostat kanseri (PCa) ve BPH gibi
insan prostat bozukluklarinda klinik uygulamada
6nemli bir biyokimyasal belirte¢ oldugu bildirilmistir.
PSA prostatin epitel hiicrelerinde tiretilen glikoprotein
yapida bir enzimdir. Immiinohistokimya kullanilarak
prostatik dokuda gosterilebilir ve serum ve seminal
stvida tespit edilebilir. Asirt PSA tretimi ve/veya
epitelin  bozulmasi ve kan-glandiler bariyerindeki
degisiklik PSA'min epitel cevresindeki dokuya ve
sonug olarak kan dolasimina difiizyonuna yol agarak
serum PSA seviyelerinin ylkselmesine neden olur
(Roehtborn, 1999).

Noninvaziv bir yontem olan ultrasonografi insanlarda
prostatin  degerlendirilmesi amaciyla ik kez 1967
yilinda kullandmistir (Edson Pontes ve ark, 1984). O
zamandan  ginimiize,  ultrasonografi  prostat
anormalliklerini arastirmak ve Ozellikle parankim
boyutunu ve ckotekstirini  incelemek  icin
kullanilmaktadir (Gunzel ve ark, 2001). Prostatin
ultrasonografik goriintilemesi; prostatin boyutu, sekli,
i¢ yapisl, ekojenitesi ve ekoteksttirtindeki degisiklikler

ve yani sira sinir yapist ve kapsilii hakkinda da bilgi
sahibi olmamizi saglar (Zohel ve Castellano, 1995,
Atalan ve Holt, 1999). Prostat bezinin parankimasi
saglikli képeklerde orta derecede ekojeniteye sahiptir
ve homojendir. Ince ila orta derecede kaba bir eko
dokuya sahiptir. Prostat smirt tamamen diizdir ve
ekojenik bir kapstl ile karakterizedir. Prostat bezinin
enine kesitinde ortada loblar arasinda ve sagital
goriinimde ise hipoekoik bir bélge olarak iki prostat
lobu arasinda prostatik tretra gorilir. Prostatin genel
sekli ovaldir (Nyland ve Mattoon, 2002, Penninck,
2015).

Prostat parankiminin ultrason goérintisiinde gorilen
degisiklikler fokal veya diffiz olabilir. Ekojenite
acisindan ise degisimler hipoekoik, hiperekoik ve miks
ekojenitede goriilebilirler. Artmis prostat boyutu
(prostatomegali) prostat anormalliklerinin ¢ogunda
yaygin ancak spesifik olmayan bir bulgudur. Benzer
sekilde, prostat ekojenite degisiklikleri de cogu prostat
bozuklugunda goérilebilmektedir. Bununla birlikte, bu
degisiklikler belitli bir prostat hastaligini tek bagina
dogrulamada veya saf dist birakmada yeterli
olmayabilir (de Souza ve ark, 2017). BPH'de prostat;
normal veya genel olarak artmis parankim ekojenitesi
ve homojen veya homojen olmayan yayilan ¢izgili eko
doku ile simetrik olarak biyimektedir. Baz
durumlarda prostat kigiik kistler icerebilir. Bu kistler
baslangicta yaklasik 1-2 milimetre ¢apa sahiptir, ancak
hastalik ilerledik¢e ¢aplari 2-3 santimetreye kadar
buytyebilir. Bu degisiklikler, sonug olarak, prostatin
ultrasonografik olarak petek tarzinda bir yapida
gorinmesine neden olabilir (Penninck, 2015, de
Souza ve ark, 2017). Ultrasonografi prostat
hastaliklarinda en stk kullanilan tani yéntemlerinden
biri olmasina ragmen, bu teknik bazt zorluklarla da
karst  karstyadir. Gozlemei  deneyimi/bagimliligs,
ultrasonografi kullaniminda karsilagilan en 6nemli
zorluklardandir (Khanbazi ve ark, 2021).

Bu  calbismada, geriatrik  kopeklerde — prostat
hiperplazisinin (BPH) tanisinda ultrasonografik l¢im
verileri ve spesifik enzim Ol¢lim sonuclarindaki

degisim degerlendirildi.
MATERYAL VE METOD

Sunulan calismanin materyalini; 6zel bir Veteriner
klinige (Pasteur Veteriner Poliklinigi, 1zmit, Tirkiye)
getirilen, sahiplerinin verdigi anamnezle paralel olarak,
trolojik problemden stiphelenilen yedi yas ve Uzeri
(geriatrik  déneme girmis) 24 erkek kopek (10°u
kisitlastirdmis, 14’4 kasirlastiilmamis) — olusturdu.
Hastalarda 6ncelikli olarak prostatin ultrasonografik
muayenesi gerceklestirildi. Buna ek olarak tim
hastalarda PSA 6lcildi. PSA analizi icin vena
cephalica’dan alinan kan Ornekleri (serum) kullanilds.
Olgiimler 6zel bir laboratuvarda (Yiksel Tant Tibbi
Tahlil Laboratuvari, Izmit, Tiirkiye) ve beseri PSA kiti
(Elecsys total PSA/Cobas®, Roche) kullanilarak
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yapildt. Ultrason Sl¢timleri (Siemens, Affiniti 50) i¢in
her képek dorso-ventral pozisyonda konumlandirilds
ve prostat boyunca longtidunal ve transversal
goruntller alindi. Prostatin kraniokaudal (uzunluk, L),
transversal (genislik, W) ve dorsoventral (derinlik, D)
caplart “cm” olarak Ol¢tldi. Prostatik hacim (cm?)
formile gore hesaplandt: Volume = Length * Width *
Height * 0.523 (Ruel ve ark, 1998).

Sunulan c¢alismada OSl¢imi yapilan ve elde edilen
verilerde ortalama ve ortalamanin standart hata
degerlerinin  hesaplamast  ve yam sira BPHl
kisirlastirdmis  ve  kisitlastirilmamis  képekler  arast
prostat volimi acisindan istatistiki degetlendirme (2-
Sample t-test) Minitab bilgisayar program: (Versiyon
18.1, Minitab, Inc.) kullanilarak yapildi.

BULGULAR

Calisma materyalini olusturan 10’u kisirlastirilmis ve
144 ise kisirlastirlmamus, toplam 24 hastanin yas
ortalamast  9.88%£0.39 yi, vicut aguhklart ise
13.83%11.31 kg olarak belirlendi. Sadece BPH tanist
konan 14 képegin (81 kisilastirdmus,  G’st ise
kisirlastirilmamus) ise yas ortalamasi 10.2910.46 yil ve
viicut agirliklart  ortalamast ise 14.07X1.77 kg’du
Materyali olusturan kopeklerde gerceklestirilen tim
uygulama ve Slgiimler rutin klinik faaliyetle iligkilidir.
Gergeklestirilen ultrasonografik muayene sonuglarina
gore bu hastalarin 14’ande BPH tespit edilirken, buna
ek olarak; bir képekte prostat neoplazisi, dort képekte
prostatitis ve bes képekte ise prostat kisti belirlendi

(n=10). 24 hastanin 16’sinda herhangi bir ilave kronik
hastalik bulunmazken, sekiz hastada ek olarak; bobrek

yetmezligi, diabetes mellitus ve kalp yetmezligi teshis
edildi.

Yapilan Sl¢iimlerde materyali olusturan 24 kdpekte,
ortalama deger olarak, prostat boyu 4.88%0.15 cm,
prostat eni 3.98%0.11 cm, prostat ylksekligi
3.46%0.13 cm ve prostat hacmi ise 35.18%£2.01 cm?
olarak belitlendi. Sadece BPH tanist  konan
kopeklerde ise; ortalama deger olarak, prostat boyu
4.93%0.24 cm, prostat eni 3.7420.11 cm, prostat
yiksekligi 3.63+10.11 cm ve prostat hacmi ise
34.97+£2.44 cm’ olarak tespit edildi. BPH harici,
prostat neoplazisi, prostatitis ve prostat kisti tanist
alan 10 kopekte ise, gerceklestirilen Olcimlerde
ortalama prostat boyu (length) 4.80+0.15 cm,
ortalama prostat eni (width) 4.34%0.16 cm ve
ortalama prostat yuksekligi (height) 3.22+0.25 cm
olarak belirlendi. Bu kopeklerde ortalama prostat
hacmi (volume) 35.46%3.56 cm3, ortalama yas
9.30%0.65 ve ortalama viicut agirligi ise 13.50£2.02 kg
olarak hesaplandi (Tablo 1). Materyali olusturan
kopeklerde (n=24) gerceklestirilen PSA  analiz
sonugclart, tim kopekler icin; <0.006 ng/mlL olarak,
laboratuvar tarafindan Dbelirtilen referans sinirlar
(0.000-4.000 ng/mL) dahilinde, belitlendi.
Kisirlastirdmis ve kisirlastirdmamis BPH’l képekler
arasinda  prostat hacmi yoniiyle gerceklestirilen
karsilagtirmada ise istatistiki acidan 6nem arz eden bir
fark tespit edilmedi (p=0.179).

Tablo 1. Calisma materyalini olusturan képeklerde elde edilen veriler (meantSE).
Table 1. Data obtained in dogs that make up the study material (mean®SE).

L (cm) W (cm) H (cm) V (cm?) Yas (yi) CA (kg
Total 4.88%0.15 3.98%+0.11 3.46+0.13 35.18+2.01 9.88+0.39 13.83+1.31
(n=24)
BPH 4.9310.24 3.7410.11 3.6310.11 34.97+2.44 10.2910.46 14.07+1.77
(n=14)
Non-BPH 4.80£0.15 4.34£0.16 3.22+0.25 35.46%3.56 | 9.30+0.65 13.50%+2.02
(n=10)

Total; calisma materyalini olusturan tim kopekler, BPH; bening prostat hiperplazi teghis edilen képekler, Non-BPH; prostat
neoplazisi, kisti veya prostatit teshis edilen kopekler, CA; viicut agirhigy, L; ortalama prostat boyu (length), W; ortalama prostat
eni (width), H; ortalama prostat yiiksekligi (height), V; ortalama prostat hacmi (volume), SE; standart error mean.

191



TARTISMA VE SONUG

BPH kopeklerde yasla orantlli olarak yaygin hale
gelmektedir. Geriatrik  dénem  kdpeklerde BPH
oraninin ~ %90in  {izerinde oldugu  bildirilmigtir
(Christensen, 2018). Sunulan calismada BPH tespit
edilen kopeklerin yas ortalamasiin 10.29£0.46 yil
olmast bu sonugla uyumludur.

Sunulan arastirmada, materyali olusturan toplam 24
kopegin 14’4 (%58.33) ultrasonografik olarak BPH
tanust almistir. Benzer sekilde, kdpeklerde prostatla
iligkili hastaliklarin %50'den fazlasinin BPH ile iligkili
oldugu bildirilmistir (Krawiec ve ark, 1992).

Amorim ve ark. (2004), saglikli képeklerin serum ve
idrar 6rneklerinde beseri kit ile PSA 6lemis ve
ortalama serum PSA dizeyini 0.005 ng/dl olarak
bildirmistir. Bu arastirmada 4-6 yas kopeklerde PSA
diizeyi 0.005 ng/dl ve 7-11 yas kopeklerde ise 0.006
ng/dl olarak belitlenmigtir. PSA konsantrasyonlar
prostat  dokusundaki morfolojik  degisikliklerle
iliskilendirilmektedir (Amorim ve ark, 2004). Sunulan
calismada da, materyali olusturan 24 ve yine Ozel
olarak BPH tespit edilen 14 kopegin tamaminda
setum PSA dizeyi <0.006 ng/mL olarak olculdu.
Koépek serumunda veya seminal plazmada PSA'nin
saptanamamasinin bu stvilardaki PSA
konsantrasyonunun kullandan testin  duyarliiginin
altinda kalmasi ya da kdpek prostat bezi tarafindan
PSA  dretilmemesi ile iligkili olabilecegi rapor
edilmistir (Bell ve ark, 1995). Bell ve ark. (1995),
yapmis olduklart bu calismada, BPH tespitinde PSA
Slgimiinin tek basina yeterli olmadigint bildirmistir.
Bu sonu¢ sunulan calisma ile uyumlu olup,
ultrasonografik olarak BPH tespit edilen kdpeklerde
PSA ol¢imiiniin tanida tek basina yeterli olmadig
kanisina varildi.

Ruel ve ark. (1998) tarafindan, ortalama yas1 4.25 ve
ortalama canlt agirhigs 15 kg olan, 100 saglikli képek
lzerinde yuritilen bir calismada; ortalama prostat
boyu 3.4£1.1 cm, ortalama prostat eni 3.3+0.7 cm,
ortalama prostat yiksekligi 2.8+0.8 cm ve ortalama
prostat hacmi ise 18.9115.5 cm? olarak Sl¢ilmiistur.
Sunulan c¢alismada ise ultrasonografik  kontrolii
yapilan ve BPH tanis1 konan 14 kopekte; ortalama
deger olarak, prostat boyu 4.93+0.15 cm, prostat eni
3.74£0.11 cm, prostat yiksekligi 3.631+0.11 cm ve
prostat hacmi ise 34.97+2.44 cm?® olarak hesaplandi.
Bu 14 kopegin ortalama yast 10.2910.46 yil ve
ortalama vicut agihg ise 14.07£1.77 kg’di. Bu
sonuclar BPH’ye baglt olarak prostatta gorilen
bliylimeye ve yasa bagh olarak BPH goriilme
sikhigindaki artisa olasilikla (Korodi ve ark, 2008, Lévy
ve ark, 2014) isaret etmektedir. Benzer sekilde Russo
ve ark. (2012) ve Nizanski ve ark. (2020)’de yaptiklart
arastirmada BPH’li képeklerde prostattaki biylimeyi
ortaya koymustur. Ote yandan bu arastirmada, BPH

harici, prostat neoplazisi, prostatitis ve prostat kisti
tanust alan 10 koépekte ortaya konan ultrasonografik
Olcim sonuglar;, BPH’a benzer sekilde, prostat
boyutlarinda ve hacminde (35.461+3.56 cm?) bir artis
oldugunu ortaya koydu. Bu durum; neoplazilerin,
kistlerin ve prostatitisin, boyut olarak, total prostat
hacminde artisa yol agmasiyla iliskili olabilir (Galosi ve
ark, 2009, Zhang ve ark, 2012, Werner ve Riese,
2021).

Wilson (2011), yaptigt calismada kisirlastirilmamis
kopeklerin  prostatla  iligkili  olgularin  buytk
cogunlugunu olusturdugu bildirilmis olmakla birlikte,
sunulan bu ¢alismada BPH tanist konan 14 kdpegin
81 ksirlastirdmis ve  6’st kasirlastirlmamisti.
Kistrlagtirilmis képekler BPH teshis edilen hastalarin
yaklastk  %57’sini  olusturdu.  Ote  yandan
kisirlastirdmis ve kisirlastirlmamis BPHL képekler
ortalama prostat hacmi acisindan karsilastinildiginda,
strastyla, 35.7974.00 ve 33.87£2.39 cm’ olarak
belirlenen degerler arasinda istatistiki acidan énem arz
eden bir fark belirlenmedi (p=0.179).

Sunulan c¢alismada elde edilen veriler; prostat
hastaliklarinin klinik degerlendirilmesinde
ultrasonografinin 6nemli bir enstruman oldugunu,
ultrasonografik olarak elde edilen prostat o&l¢iim
verilerindeki (en, boy, yikseklik ve hacim) pozitif
yonli degisimin BPH’in tanisinda 6nem arz ettigini ve
képeklerde PSA 6lgtimlerinin prostat hastaliklarinin
tanisinda, olasilikla, tek basina belirleyici olmadigint
ortaya koydu. Bu baglamda daha biiyiik bir 6rneklem
tzerinde  yiritilecek  benzer calismalarla  bu
arastirmada elde edilen sonuclarin desteklenmesi
onerilir. Geriatrik dénem erkek koépeklerde, prostat
hiperplazisi klinik muayenede mutlaka g6z 6ntinde
bulundurulmali ve bu kopeklerin, ilerleyen yasla
birlikte, ultrasonografiyi de iceren diizenli klinik
kontrolleri saglanmalidir.
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ABSTRACT

Dogs and humans are in constant interaction which can be in the form of close friendship, or sometimes an attack by
dogs on people. Dog bite cases are common in the world and S#reptococcus species are often isolated from these cases
and most frequently isolated species is St#eptococcus canis. Streptococens minor which was described in 2004 has been
isolated in dog bite cases. This research was aimed to reveal the presence of S. minor in canine oral flora. In this study,
19 Gram-positive cocci were isolated from 50 dog oral swab samples. Of 19 isolates, 17 isolates were catalase-negative
and were typed genotypically by PCR and sequencing. Eight isolates were identified as S. minor. S. minor isolates were
found to be resistant to tetracycline at a rate of 75% and susceptible to other antibiotics at various rates. Trimethoprim
resistance gene was detected in one S. minor isolate and tetracycline resistance gene was found in one S. minor isolate.
The results of this research, it has been shown that S. mznor can be isolated from dogs oral flora and it can appear as a
potential bacterial pathogen in dog bite cases.

Keywords: Antibacterial Drug Resistance, Dogs, Molecular Sequencing Data, Streptococcus.

*kkk

Streptococcus Minor; Kopek Isiriklarinda Potansiyel Patojenik Bakteriyel Etken Olabilir Mi?

Képek siriklarinda Streptococcus minor
0z

Kopekler ve insanlar, yakin arkadaslik veya bazen képeklerin insanlara saldirmasi seklinde olabilen strekli bir etkilesim
halindedir. Kopek 1sirik vakalart diinyada sik goriilmektedir. Bu vakalardan siklikla Szreptococcns titleti izole edilir ve en
stk izole edilen tir Steptococcus canis'tir. 2004 yilinda taumlanan Streptococcus minor kdpek 1sirmast vakalatinda izole
edilmistir. Bu arastirmada kopek agiz florasinda S. minor varliginin ortaya konulmast amaglanmustir. Bu ¢alismada, 50
kopek oral svap 6rneginden 19 Gram porzitif kok izole edilmistit. Ondokuz izolattan 17'si katalaz negatif oldugu
belitlenmis ve PCR ve dizileme ile genotipik olarak tiplendirilmistir. Sekiz izolat S. minor olarak tamimlandt. S. winor
izolatlarinin tetrasikline %75 oraninda direngli ve diger antibiyotiklere ¢esitli oranlarda duyarli oldugu bulunmustur. Bir
8. minor 1zolatinda trimetoprim direng geni, bir S. minor izolatinda ise tetrasiklin direng geni saptanmustir. Bu arastirma
sonucunda S. winorun képeklerin agiz florasindan izole edilebilecegi ve képek 1sirik vakalarinda potansiyel bir bakteriyel
patojen olarak ortaya ¢ikabilecegi gosterilmistir.

Anahtar Kelimeler: Antibakteriyel Tla¢ Direnci, Kopekler, Molekiler Dizi Verileri, Streptococens.
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INTRODUCTION

Living with animals enrich the lives of humans and
including pets in daily routines ensure social
interaction, exetcise, emotional supports and social
connectedness. Dogs are the closest friends of
people, they live in the same home environment with
people and they feed on foods of animal origin (Bata
et al. 2020). Researches have focused on the subject
of microbiota and especially focused on the
microbiota of the gastrointestinal tract. Studies have
shown that the gastrointestinal microbiota is closely
related to the oral cavity microbiota (Zarco et al
2012). The normal oral flora of dogs contains a large
number of microorganisms  which  includes
Porphyromonas, Fusobacterium, Streptococcus,
Capnocytophaga  genera and members of the
Pastenrellaceae and Neisseriaceae families (Sturgeon et al.
2013, Oh et al. 2015, Isaiah et al. 2017, Bell et al.
2020, Ruparell et al. 2020). Some of these
microorganisms can form a basic health barrier
together with the immune system (Marsh 1994), but
some of them may be pathogenic, cause periodontitis,
dental caries and systemic disease. Dogs' age, food
consumption, health status, and environmental
factors influence oral microbiome composition.
When dogs' health deteriorates, pathogenic oral
bacteria can cause systemic infections (Fowler et al.
2001). However, pathogenic bacteria can show
zoonotic properties as a result of the contact of dogs
with impaired health and sometimes even biting
people (Chen et al. 2010). Dog bite cases seen in
humans are one of the important health problems in
the world. It starts with common wound infections
associated with dog bite and can develop into local
and systemic infections if left untreated (Tabaka et al.
2015, Goldstein et al. 2018). It is known that 3-18%
wounds of dog bites ate infected with the dog's oral
flora (Tabaka et al. 2015, Damborg et al. 2016) and
wound infections are generally an infection involving
anaerobic and aerobic bacteria. Streptococcal species are
commonly involved in canine bite wounds and
infections. Streptococcus canis and Streptococens pyogenes are
the most common pathogens in dog bite cases.
However, Streptococcus  minor  species, which was
identified by molecular methods in 2004, has also
started to be reported in dog bite cases. Infections
caused by S. minor can be ovetlooked due to the
facultative anaerobic nature of the organism and the
difficulty of identifying a-hemolytic streptococci at
the species level with current laboratory techniques
and 5. minor does not react with Lancefield groups A,
C, D, F or G antisera. S. minor has the potential to be
the primary pathogen in dog bites (Vancanneyt et al.
2004, Tre-Hardy et al. 2016).

In this study, it was aimed to reveal the presence of S.
minor species, which has recently gained importance in
dog bite cases, in canine oral flora and its antibiotic
susceptibility.

MATERIAL AND METHODS

Sample Collection

Samples were taken with cotton swabs from oral
cavities of randomly selected 50 dogs. The oral swab
samples were transported at +4°C to the
microbiology laboratory.

Phenotypic Identification

Each swab sample was plated on 5-7% Columbia
Blood Agar. Plates were incubated for 24-48 h at
37°C microaerophilic condition. After the incubation,
plates were examined and small, smooth, translucent
and alpha-hemolytic colonies were subcultured to the
Triyptic Soy Agar to obtain of pure cultures. When
pure colonies were obtained, each colony was isolated
according to the Gram staining microscopy, and
catalase tests. Gram-positive cocci and catalase-
negative isolates were determined and were recorded
as suspected Streptococcus sp (Razali et al. 2020).

Genotypic Identification

DNA Extraction

DNA extraction were performed from isolates as
Streptococcus sp. recommended by the manufacturer
using the Genomic DNA Purification Extraction Kit
(Thermo Fisher Scientific™) for use in PCR. The
DNA samples were stored in cryotubes at -20°C up
to the PCR.

16S rRNA PCR for Streptococcus sp.

For molecular identification of the 16S rRNA genes
were amplified using universal primers (27F and
1492R) by SimpliAmp Thermal Cycler Applied
Biosystems (Thermo Fisher Scientific™). PCR
amplicons were electrophoresed on 2% agarose gel
and were visualized on UV transilluminator (Vilber
Lourmat). 16S tRNA gene specific bands at 1450 bp
were considered positive (Lane 1991).

Purification and Sequencing of PCR Product
PCR amplicons were purified with enzymatic
purification kit for sequencing. Purified PCR
products concentrations were prepared ~50ng for
sequencing PCR. PCR products were sequenced with
1492R PCR primers (3.2 pmol) using the Big Dye
Terminator Ready Reaction Mixv 3.1. Nucleotide
sequences were run on an ABI Prism 310 Genetic
Analyser (Applied Biosystems). The nucleotide
sequences of PCR products was analysed using
Standard Nucleotide BLAST® NCBI Genomic
Reference Sequences. The results obtained were
compared electronically with the NCBI Blast®
nucleotide sequences and the percent similarity rates
were determined (Turner et al. 1999).
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Determination of Antimicrobial Susceptibility
For the determination of antibiotic susceptibility
pattern of the Streptococcns minor isolates were used the
Kirby-Bauer disc diffusion method (CLSI 2016).
Antibiotic discs were used comprising ampicilline
(10pg), streptomycin (300pg), vancomycin (30ug),
erittomycin  (15pg), florfenicol (30pug), cefotaxime
(30ug), cefepime (30ug), trimethoprim (20pg),
methicillin (5pg), tetracycline (30pg),
sulfamethoxazole-trimethoprim  (25pg), amoxicillin-
clavulanic acid (30pg), penisilin (10 IU) (Oxoid,
Hampshire, England).

Determination of Antibiotic Resistance Genes

For detection of antibiotic resistance genes, PCR
protocols were examined by list of references in
Table 1. PCR master mix were prepared a total

Table 1. Antibiotic resistance gene primet sequences

volume of 25 pl; including of 5ul 10X PCR Buffer,
2.5 mM MgCl2, 200 uM dNTP’s, 0.5 uM of each
primer (F & R), 2U Taq DNA polymerase, 3ul
template DNA. The amplification conditions were as
follow; an initial denaturation step at 94°C for 8 min;
by 32 cycles of denaturation at 94°C for 60 s,
annealing at 55°C for 80 s and elongation at 72°C for
2 min; 1 cycle of final elongation at 72°C for 10 min.
(Randall et all. 2002, Toro et al. 2005, Mammeri et al.
2005, Van et al. 2008). PCR products were
electrophoresed on 2% agarose gel and were
performed on Vilber Lourmat UV transilluminator.
The PCR product bands were evaluated on target
gene product size (Table 1).

Primers Sequences (5'-3") Size of Product (bp) Target gene  References
aadAl-F~ TATCCAGCTAAGCGCGAACT - Streptomycin
aadA1-R ATTTGCCGACTACCTTGGTC resistance andatetat
tetA-F GGTTCACTCGAACGACGTCA o Temcycline oo
tetA-R CTGTCCGACAAGTTGCATGA resistance andat etk
tetB-F CCTCAGCTTCTCAACGCGTG 34 Tetracycline oo
tetB-R GCACCTTGCTGATGACTCTT resistance ’
dfrAl-F GGAGTGCCAAAGGTGAACAGC 267 Trimethoprim 1, 0
dftAl-R GAGGCGAAGTCTTGGGTAAAAAC resistance '
Qnr-F GGGTATGGATATTATTGATAAAG 0 Floroquinolone
Quar-R CTAATCCGGCAGCACTATTTA resistance ammett et
aac[3]-IV-F  CTTCAGGATGGCAAGTTGGT 256 Genamicin
aac[3]-IV-R TCATCTCGTTCTCCGCTCAT resistance '

Sull-F TTCGGCATTCTGAATCTCAC - Sulfonamide oo
Sull-R ATGATCTAACCCTCGGTCTC resistance )
blaSHV-F ~ TCGCCTGTGTATTATCTCCC s Cephalothin
blaSHV-R CGCAGATAAATCACCACAATG resistance ’
CITM-F  TGGCCAGAACTGACAGGCAAA 162 Ampicillin Van et al 2008
CITM-R TTTCTCCTGAACGTGGCTGGC resistance ’

ereA-F GCCGGTGCTCATGAACTTGAG 419 Brytomycin o
ereA-R CGACTCTATTCGATCAGAGGC resistance ’

RESULTS

Phenotypic and Genotypic Identification

In this study, 19 (38%) Gram-positive, cocci were
isolated from 50 oral swab samples of dogs. The
catalase test was performed on 19 Gram-positive
isolates; 2 (10.5%) isolated found to be catalase-
positive and 17 (89.5%) isolates found to be catalase-
negative. Gram-positive, catalase-negative 17 (89.5%)
isolates were evaluated Sweprococens sp. 17 (89.5%)
Streptococcus sp. suspected isolates were passaged on
Tryptic soy agar plates and DNA extractions were

performed. PCR analysis was performed on obtained
DNA using universal primers. All Streptococens PCR
products (n=17) were visualised at 1450 bp bands in
gel image analysis.

The 17 PCR products showing the band on 1450 bp
were subjected to Sanger sequencing. As a result of
Sanger sequence analysis, 8 (47%) of 17 isolates were
identified as Sweptococens minor and other 9 (53%)
Streptococcus isolates could not be typed by the Sanger
sequencing method. Of the 5 (66%) Streptococcus
isolates were 97% similarity to Streptococcus minor strain
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B-5-2 AP strain (Accesion Number MT510388.1) and
the other 3 (44%) Streptococcus isolates were 97%
similarity to Streptococcus minor strain B-3-MS-7- AP
strain (Accession Number MT492055.1).

It was found that the antibiogram results of
Streptococcus minor isolates were 100% susceptible to
ampiciline, vancomycin, cefotaxime, cefepime,

Table 2. S. minorisolates antimicrobial susceptibility profile

sulfamethoxazole-trimethoprim, amoxicillin-
clavulanic acid; 87.5% susceptible to streptomyecin,
florfenicol, trimethoprim, methicillin; 75% sensitive
to erythromycin and penicillin; 75% resistant to
tetracycline (Table 2).

S. minor |[AMP | S v E FFC |CTX |CFP |TMP |M T SXT [AMC |P

Isolates | (10pg) | (300pg) | (30pg) | (15pg) | B0pg) | (30pg) | (B0pg) | (20pg) | (Gpg) | (B0ng) |(25pg) | (B0pg) | (10IU)

1 S S S R S I S S S R S S S

2 S S S S S S S S S R S S S

3 S S S R R S S S S R S S S

4 S R S I S S S S S R S S S

5 S S S S S S S S S R S S R

6 S S S S S S S R S R S S S

7 S S S S S S S S S I S S S

8 S S S S S I S S R S S S R
100% S | 87.5% S [100% S [ 75% S [87.5% S [100% S [100% S | 87.5% S | 87.5% S [75% R [ 100% S [100% S | 75% S

AMP: Ampicilline, S: Streptomycin, V: Vancomycin, E:
AMC: Amoxicillin-clavulanic acid, P: Penisilin

In the antibiotic resistance gene analyzes, tetracycline
resistance gene was found in the one S. minor isolate
and the trimethoprim resistance gene was found in
the one S. minor isolate. The antibiotic resistance
genes were not detected on the other S. minor (n=06)
isolates.

DISCUSSION

Dogs come into contact with the environment, there
are also dog-to-dog differences in their oral
microbiome.  Generally, Profeobacteria, — Firmicutes,
Bacteroidetes and Fusobacteria are commonly reported in
the oral bacterial composition. In addition,
Porphyromonas, Fusobacterium, Streptococcus,
Capnocytophagae and Pastenrella species are also found in
canine oral microbiomes at varying rates (Sturgeon et
al. 2013, Bell et al. 2020, Ruparell et al. 2020).

Oral microbiota is related to the oral health of dogs,
but there is an increase in the number of pathogen
Gram-positive and Gram-negative bacteria with
periodontal diseases. Bacteria found in the oral cavity
of dogs appear as potentially dangerous agents in dog
bites in humans. E.coli, Streptococcus, Staphylococcus and
Klebsiella, ~ Pastenrella  species are among these
pathogens. The most common species isolated from
dog bites is Pasteurella species (50%), while Streprococcus
species  (46%) is the second causative agent
(Abrahamian and Golstein 2011). Streptococcus species

Eritromycin, FFC: Florfenicol, CTX: Cefotaxime,
CFP: Cefepime, TMP: Trimethoprim, M: Methicillin, T: Tetracycline, SXT: Sulfamethoxazole-trimethoprim,

can cause septicemic infections, especially by passing
through bite wounds into the circulation. S#eprococcus
species play an important role in infections such as
endocarditis, septic arthritis, pharyngitis and cellulitis.
Streptococcus canis is one of the most important species
isolated from bite wounds (Stefanopoulos and
Tarantzopoulou 2005). Ohtaki et al. (2013) identified
Streptococcus canis from the femur fracture site of a 91-
year-old woman. Researchers reported that the dog
lived in the same house with its owner. It is
noteworthy that Streptococcns canis was isolated from
the wound site, although there were no bite cases.
There are literatures about Streptococcus canis, which
causes bacteremia and ulcers on the skin, such as this
case (Bert and Lambert 1997, Takeda et al. 2001, Lam
et al. 2007). Takeda et al. (2001) reported that they
isolated  Streptococcns  canis  from  septicemia  that
occurred 2 weeks after the dog bite in a 75-year-old
woman.

In recent years, with the development of molecular
diagnostic methods, identification of new Streprococcus
species has begun. Vancanneyt et al. (2004) were
identified St#reptococcus minor for the first time in canine
tonsils. Streptococcus minor is also included in the oral
Streptococcus species. Then, Tre-Hardy et al. (2016)
identified Streptococcns minor from the bite wound of a
51-year-old woman. Thus, Streptococcus minor was
isolated for the first time as a wound infection agent
originating from dog bite.
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CONCLUSION

In this study, it was concluded that with the
development of molecular diagnostic techniques,
Streptococcus minor will play an important role in dog
bite cases like other S#eptococcus species. For this
reason, it was Important to investigate whether
Streptococcus minor species exist in canine oral flora. For
this purpose, 8 (16%) Streptococcus minor identifications
out of 50 oral swab samples were made using
sequence-based  diagnostic methods. In  the
antibiogram analysis, it was determined that most of
the isolates were sensitive to antibiotics, but
resistance to tetracycline was 75%. Tetracycline and
trimethoprim resistance genes were found to be in
only two of these isolates.

As a result, Streptococcus minor species have an
important potential to become a zoonotic pathogen
in dog bite cases in the coming years. In the diagnosis
of  Streptococcus  minor infections, it should be
investigated whether there is dog contact or not.
Septicemic and ulcerative infections can develop
within about 2 weeks after dog bites. In these cases, it
is recommended that the identification of Streptococcus
species in isolation from wound infections should be
made by molecular methods and that Streprococcns
minor species, which may be the primary pathogen
should be taken into consideration.
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ABSTRACT

The main objective of this study was to investigate the effect of nisin and thyme oil on Listeria monocytogenes and
Staphylococcus anrens inoculated in cream. Milk skim was used in the study, a total of 12 groups including L.
monocytogenes and S. aurens were inoculated and the study was divided into two work packages. In the first work
package, L. monocytogenes were inoculated into each group. Subsequently, 5 mg/kg and 10 mg/kg of nisin and
0.25% and 0.5% thyme oil were added to groups other than bacterial control group. The same procedure was
applied in the second work package, which is . auress. Microbiological follow-up of the prepared samples on the
0, 3, 5 and 7th storage days was performed. In addition, pH, ORP (Oxidation Reduction Potential) and ay
analyzes were performed. Three replications of the experimental groups formed in both work packages were
carried out and two parallel samples were analyzed from each sample. In the study, it was determined that using
0.5% thyme oil showed a high antimicrobial effect in samples containing I.. monocytogenes and S. anrens (p<0.05).
Although thyme oil inhibits bacterial growth, it is observed that the sharp aroma of thyme oil suppresses the
unique taste and smell of cream.

Keywords: Cream, L. monocytogenes, Nisin, S. aurens, Thyme oil
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Nisin ve Kekik Yaginin Kaymaga Inokiile Edilen Listeria monocytogenes ve Staphylococcus aureus
Uzerine Depolama Siiresince Etkisi

(074

Bu arastirmanin temel amaci, nisin ve kekik yaginin kaymaga inokile edilen Listeria monocytogenes ve Staphylococeus
anrens Uzerine etkisini incelemektir. Arastirmada siit kaymagi kullanilmis, kontrol 6rnedi de dahil olmak tzere L.
monocytogenes ve S. anreus inokile edilen toplam 12 grup olusturulmus ve ¢alisma iki is paketine ayrilmustir. Birinct is
paketinde her bir gruba L. monocytogenes inokule edilmistir. Daha sonra bakteri kontrol grubu haricindeki gruplara 5
mg/kg ve 10 mg/kg nisin ile %0,25 ve %0,5 kekik yag1 eklenmistir. S. aureus olan ikinci is paketinde de ayni
islemler uygulanmistir. Hazitlanan 6rneklerin 0., 3., 5. ve 7. depolama giinlerindeki mikrobiyolojik takibi
yapilmustir. Ayrica pH, ORP (Oksidasyon Rediiksiyon Potansiyeli) ve ay analizleri yapilmustir. Her iki is paketinde
de olusturulan deneme gruplarinin 3 tekerriirld tretimi gerceklestirilmis ve her bir 6rnekten 2 paralelli olacak
sekilde analiz gerceklestirilmistir. Arastirmada %0,5 kekik yagi kullaniminin L. monocytogenes ve S. aurens igeren
orneklerde daha fazla antimikrobiyal etki gésterdigi belirlenmistir (p<0,05). Kekik yaginin bakteri gelisimini inhibe
ettigi belirlenmekle birlikte, kekik yaginin keskin aromasinin kaymagin kendine has tat ve kokusunu baskiladig
gbzlenmistir.
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GIRIS

Sit ve triinleri, insanlarin saglikli, dengeli ve yeterli
beslenebilmeleri icin gerekli olan yag, protein, mineral
ve vitaminleri barindirmaktadir (Baysal 2004).
Kaymak, stt yagindan elde edilen yaklastk %060
oraninda yag iceren bir siit drinidir. Afyonkarahisar
basta olmak lzere Erzurum, Kilis, Edirne, Kocaeli,
Istanbul, Ankara ve Bursa illerinde de geleneksel
yontemler ile  kaymak  dretimi  yapilmaktadir
(Hasdogan 2004). Ttrkiye’de 6zellikle manda ve inek
stutlerinden kaymak Uretimi yaygindir. Ancak yag ve
kuru madde icerigi ile kaymak baglama 6zelligi ytiksek
oldugu icin en iyi kaymak manda sttiinden elde edilir
(Ipekcioglu ve Giirler 2017). Avrupa’nin giineydogu
bolgeleri (Sirbistan, Bosna-Hersek, Karadag) ile Tran,
Afganistan ve Hindistan’da da kaymak benzeri
trtinler Gretilmektedir (Pudja ve ark. 2008).

Gida kaynaklt hastaliklar gin gectikge artmakta ve
o6nemli saglik sorunlari haline gelmektedir. Patojen
mikroorganizmalarin neden oldugu hastaliklar ise en
tehlikeli grupta yer almaktadir (Anyogu ve ark. 2021).
Kaymak icerdigi besin 6geleri, yitksek su orani ve
fermente drin olmamasindan dolayt  patojen
mikroorganizmalarin  dremeleri icin elverisli  bir
ortamdir (Ipekgioglu ve Giirler 2017).

L. monocytogenes dogada yaygin olarak bulunan,
bircok ¢evresel etmene karst diren¢ gdsteren,
buzdolab1 sicakhiginda treyebilen gida kaynaklt
patojen bir bakteridir (Zamuz ve ark. 2021). Bu
Ozellikleri ile L. monocytogenes et, siit ve siit trinleri,
deniz driinleri ve sebzeler gibi cesitli gidalarda dogal
olarak bulunabilmekte ve gelisme gosterebilmektedir
(EFSA 2019). Turk Gida Kodeksi Mikrobiyolojik
Kriterler Yonetmeligi'ne gore; L. monocytogenes icin
tolerans yoktur, limit degeri “Bulunmamali/25¢”
seklindedir (Anonim 2011).

Stafilokoklar insanlarda ve hayvanlarda cesitli
enfeksiyonlara ve intoksikasyonlara neden olan
bakterilerdir. Koagulaz negatif ve koagulaz pozitif
stafilokoklar enfeksiyon olusturabilmekteditler ancak
gida intoksikasyonlarinin en Onemli etmeni S.
aureus’tur (Cheung ve ark. 2021). S. aureus genis pH
ve sicaklik arahgmnda gelisme gosterebilmekte ve
bircok gida maddesinde canliligini koruyabilmektedir
(Abdeen ve ark. 2020). Sit ve stt trtnlerindeki en
o6nemli kontaminasyon kaynagi mastitisli ineklerin
sttleri ile saglikl ineklerden elde edilen temiz stitlerin
birbirine karismast ve isletme hijyenine dikkat
edilmemesidir  (Kuplali  ve ark. 2002). Gida
isletmelerindeki personelden hapsirma, Sksiirme gibi
refleksler ile kontaminasyon meydana gelebilmektedir.
Bununla birlikte enfekte olmus deriden de gidalara
gecebilmektedir (Bergdoll ve Wong 2000).
Bakteriyosinlerin ~ gidalart  korumak  amaciyla
kullanlmalarinin en 6nemli nedenlerden biri GRAS
(Generally Recognized As Safe) maddeler listesinde
yer almasidir. Diger sebepler ise sicaklik ve pH’ya
karst direncli olmalari, patojen mikroorganizmalara
karst antimikrobiyal etki géstermeleridir (Ibrahim ve

ark. 2021). Nisin, lantibiyotikler grubunda bulunan,
laktik asit bakterilerinden biri olan Lactococcus
lactis’in urettigi 1. smuf bakteriyosinler arasinda yer
alan bir bilesiktir (Cheigh ve Pyun 2005). Ulkemizde
peynir, kaymak, irmik, puding, pastdrize stvi yumurta
gibi drtnlerde 3-12,5 mg/kg araliginda degisen
dozlarda kullanimina izin verilmektedir (Anonim
2013). Diger bakteriyosinlere oranla  nisinin
antibakteriyel etki alani daha fazladir. Gram pozitif
bakterilerin neredeyse tamami Uzerinde etkilidir
(Arauz ve ark. 2009). Selat olusturucu ajanlarla birlikte
kullanildiginda gram negatif bakteriler tzerinde de
etkin oldugu belirtilmistir (Boziaris ve Adams 1999).
Nisin gida endistrisinde bakteriyel kontrol igin
degisik dozlarda (100-2000 IU g—1) yaygin olarak
kullanilmakta olup (Khelissa ve ark. 2021) L.
monocytogenes’e  karst  yiksek  etkili  oldugu
belirtilmistir (Zhang ve ark. 2021). Nisin hedef hiicre
zarinda porlar olusturarak hicre icin gerekli mikro
molekiillerin sizmasina sebep olur. Hedef membran
ile ilk temastan nisinin C-terminal bélgesi sorumludur.
Nisin C-terminal bolgesi ile hedefteki
fosfatidilgliserole ~ baglanir, miiteakiben gézenek
olusumu ve ani hicre 6limi gerceklesir (Liu ve ark.
2022).

Kekik, Labiateae ailesine ait odunsu ve aromatik bir
bitkidir. Kekik yag1 ise 60’dan fazla maddeyi yapisinda
bulundurmaktadir. Kekik yaginin en énemli bilesikleri
timol  (%44-60), karvakrol (%2,2-4,2), p-simen
(%18,5-23,5), monoterpen hidrokarbonlar ve c-
terpinen  (%16,1-18,9)’dir (Baranauskiene ve ark.
2003). Bunlardan karvakrol ve timoliin antimikrobiyal
etkinliginin yiksek oldugu bildirilmistir (Benli ve Yigit
2005). Kekik yaginda bulunan fenolik bilesiklerin
mikroorganizmalarin  hlcre  zarindaki  fosfolipit
tabakastni uyarip, hticre icinde bulunan yasamsal
oneme sahip yapilarin gecirgenligini artirarak veya
mikroorganizmalarin enzim sistemlerini bozarak etki
ettigi belirtilmektedir (Helander ve ark. 1998; Lambert
ve ark. 2001).

Bu caligmada, kaymaga inokile edilen Listeria
monocytogenes ve Staphylococcus aureus iizerine
nisin ve kekik yaginin depolama siiresince etkisi
arastirllmistir.

MATERYAL ve METOT

Materyal

Arastirma kapsaminda yerel bir siit isletmesinin, inek
sutinden Urettigi kaymaklar kullantlmistir.  Sit
kaymagi orijinal ambalajinda  ve soguk zincir
kirllmadan laboratuvara getirilmis, zaman ge¢meden
isleme alinmustir. Calismada kullanilan kaymaklarin
aragtirmaya konu olan patojenleri icerip icermedigi
kaymak kontrol grubu olusturularak incelenmistir.
Arastirmada Listeria monocytogenes RSKIK 02028 ve
Staphylococcus  aureus ATCC 25923  suslarnt
kullanilmistir.
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Calisma Gruplarinin Hazirlanmasi

Her bakteri icin 2 adet kaymak kontrol, 2 adet bakteri
kontrol, 5 mg/kg vel0 mg/kg nisin (Merck, Almanya)
e %0,25 ve %0,5 kekik yagt (Origanum onites,
Manolya Dogal Aromatik Uriinler Gida San. ve Tic.
Ltd. Sti. Izmir) eklenerek toplam 12  grup
olugturulmustur. Bakteri kontrol gruplarinda sadece
ilgili bakteri kullanilmistir. Ug tekerriirli ve iki
paralelli olarak yurttilen ¢alismanin 0., 3., 5. ve 7.
depolama  glinlerinde  mikrobiyolojik  analizler
yapilmustir. Ayrica pH degeri (WTW pH 3110 Set 2),
Oksidasyon Rediiksiyon Potansiyeli-ORP  (WTW
Sentix ORP Elektrodu) ve su aktivitesi degeri-aw
(Testo FF 650) dlgulmustir.

Kontaminasyon Sivisinin Hazirlanmasi

Ayri calisma gunlerinde olmak tzere -80 °C’de
bulunan suslardan 40 upl alinarak CASO Broth
(Merck, Almanya) besiyerine aktarilmistir. Daha sonra
L. monocytogenes 30 °Cde, S. amrens 37 °C’de 24 saat
inkiibe edilmistir. Inkiibasyon sonrast suslar 5000
rpm’de 5 dakika santrifiij (Eppendorf Centrifuge 5810
R) edilmistir. Stipernatant uzaklastirilarak peletlerin
tzerine %0,9’luk steril fizyolojik tuzlu sudan 10 ml
eklenerek vorteks aracihgi ile pelet dagilmistir ve
santrifilj islemi tekrarlanmustir. Bu islem 3 defa
yapildiktan sonra suslarin bulundugu peletler %0,1’lik
peptonlu su icinde siispanse edilerek birlestirilmistir
(Yal¢in ve Arslan 2011).

Orneklere Bakteri ve Antimikrobiyal Madde
Eklenmesi

Aragtirma  kapsamindaki kaymak kontrol grubu
haricindeki her bir calisma grubu tek bir bakteri ile
kontamine edilmigtir. Kontaminasyon dizeyi 0,5
McFarland ile ayarlama ve sonrasinda seri dilisyonlar
yapilarak 5 log KOB/ml olacak sekilde ayarlanmis ve
bakteri adaptasyonu icin 30 dakika beklenmistir. Nisin
gruplarini  olugturmak icin 500 ppm  nisin
¢ozeltisinden C ve M gruplarina 1 gram, D ve N
gruplarina 2 gram eklenmistir. Kekik yag1r gruplarini
olusturmak icin ise E ve P gruplarina 250 ul, F ve R
gruplarina ise 500 pl kekik yagr eklenmistir. TUm
ckleme asamalarindan sonra 6rnekler steril cam baget
ile manuel olarak 2 dakika strecince aseptik sartlarda
aynt kisi tarafindan karstirilarak  homojenizasyon
saglanmistir. Bu agamayt takiben 30 dakika daha
beklenip 0. glin analizleri yapilmistir. Hazirlanan
gruplar depolama stitecince buzdolabinda (+4 °C)
muhafaza edilmistir.

Mikrobiyolojik Analizler

L. monocytogenes  inokile  edilen  6rneklerin
mikrobiyolojik analizleri Yalcin ve Arslan’in (2011),
belirttigi yonteme gbre yapilmustir. Seri dilisyonlar
hazirlanarak PALCAM Agara (Merck, Almanya)
ekimler yapilmis ve petriler 3012 °C’de 24-48 saat
inkiibe edilip siyah haleli ve gri olan koloniler
sayilmistir. S, aurews  inokile edilen 6rneklerin
mikrobiyolojik analizleri Burnham ve ark. (2008),

belirttigi yontem ile yapimistir. Baird Parker Agara
(BPA-Merck, Almanya) ekimler yapilmis ve petriler
3712 °C’de 24-48 saat inktbe edilip seffaf zonlu, 1-2
mm c¢apli parlak siyah renkli koloniler sayilmistir. Her
iki bakterinin sayim sonuglart logl0 kob/g olarak
hesaplanmustir.

Istatistiksel Analiz

Arastirmada elde edilen veriler SPSS (Statistical
Package for Social Sciences) Windows 22.0 programi
kullanilarak analiz edilmistir. Gruplar arasindaki fark
Kruskall hallis, grup icerisindeki tekrarli Ol¢timler
arasindaki fark Friedman ve Wilcoxon testi ile
incelenmistir.

BULGULAR

Kontrol grubu kaymakta L. monocytogenes ve S. aurens
aragtirilmis ancak  herhangi  bir  bulguya
rastlanmamustir.

L. monocytogenes ile kontamine edilen kaymaklarda
saptanan bakteri sayilart Tablo 1’de verilmistir.
Herhangi bir inhibisyon uygulamast yapimayan B
grubunda depolama sonunda 241 log arti
belitlenmistir. Bunun yaninda 5 mg/kg nisin
uygulanan C grubunda 2.71, 10 mg/kg nisin
uygulanan D grubunda ise 2.75 log ¢ogalma
belitflenmistir. Diger yandan %0,25 kekik yag1
kullanilan grupta 2.39 ve %0,5 kekik yagi ilave edilen
grupta 2.30 log c¢ogalma tespit edilmistir. Her iki
maddenin de calismamizda kullandan dozlarinin
kaymakta L. monocytogenes tzerine inhibisyon etkisi
belirlenmemistir. Gruplar icerisinde L. monocytogenes’e
karst en etkili olan %00,5 kekik yagidir.

L. monocytogenes  kullanilan  gruplarda aw  degeri
depolama siiresince dalgali seyir géstermistir. Tuim
gruplar icerisinde en diisitk degerin 79,051£0,49 ile A
grubunun 3. depolama gliniinde, en yliksek degerin
ise 96,3520,89 ile B grubunun 0. giniinde oldugu
belirlenmistir ~ (Tablo  2). ORP  degetlerine
baktigimizda en disiik degerin 2,4310,24 (D grubu, 0.
gln), en yiksek degerin ise 104,03£2,4 (A grubu, 3.
gtin) oldugu tespit edilmistir (Tablo 3). Tum gruplarda
pH degerlerinin 0. giine kiyasla depolama sonunda
distiigi ve bu disisin istatistiki olarak 6nemli
oldugu (p<0,05) ortaya konulmustur (Tablo 4).

S. aureus ile kontamine edilen kaymaklarda saptanan
bakteri sayilart Tablo 5’te verilmistir. Nisin ve kekik
yagl kayma@a inokile edilen S. aureus’u depolama
stresince inhibe etmistir. Kekik yagr kullanilan
gruplarda bakteri sayisindaki azalmanin istatistiki
olarak 6nemli oldugu (p<<0,05) belirlenmistir (Tablo
5).

S.  awrews  kullanilan  gruplarda aw  degerinin
depolamanin 0. glinti ile son giinii arasindaki farklarin
istatistiki olarak 6nemli oldugu (p<<0,05) belitlenmistir
(Tablo 6). ORP sonugclarini inceledigimizde en dusiik
deger 3,7310,21 (N grubu-10mg/kg nisin, 0. gin), en
yiksek deger ise aynt grubun 5. glintinde 215,67%0,57
olarak tespit edilmistir (Tablo 7). N grubu hari¢ diger
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arastirma gruplarinda pH degerlerinin 0. giine kiyasla
depolama sonunda dustiigi ve bu disistn istatistiki 8).

olarak 6nemli oldugu (p<0,05) bulunmustur (Tablo

Tablo 1. Nisin ve kekik yagt ilave edilmis kaymaklardaki L. monocytogenes sayilart (log10 kob/g)

Grup Depolama Siiresi (Giin)

0 3 5 7
B 5,4210,0942 7,58+0,0984 7,67£0,068 7,83£0,06¢
C 5,3610,2142 7,68+0,0182 7,7310,02B:b 8,07£0,03¢=
D 5,280,004 7,61£0,168 7,83£0,048> 8,03£0,21¢a
E 5,4710,0742 7,39+0,038> 7,5920,058¢ 7,8610,3382
F 5,4610,0842 7,34+0,098> 7,46£0,108¢ 7,7620,098

abe: Ayni siitunda (V) farklt harflerle gésterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.
ABC: Ayni satirda (=) farklt harfletle gosterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.
Veriler Aritmetik ortalama * Standart sapma olarak verilmistir.

(B: Bakteri kontrol grubu, C: 5 mg/kg nisin eklenmis grup, D: 10 mg/kg nisin eklenmis grup, E: %0,25 kekik yagi
eklenmis grup, F: %0,5 kekik yag1 eklenmis grup)

Tablo 2. L. monocytogenes ile kontamine kaymak gruplarinda a,, degerleri

Grup Depolama Siiresi (Giin)
0 3 5 7

A 82,42%0,32¢d 79,05%0,490d 92,5240,214b 86,47%0,26B4
B 96,35%0,894 88,0510,36¢b 89,72+0,458d 84,67£0,43D¢
C 95,63+0,96A2 86,2210,59¢C¢ 88,480,328« 86,67%0,27¢4
D 88,82+0,878> 86,60%0,37C¢ 91,43+0,41Ac 89,4710348¢
E 87,721+0,47Ce 86,63%0,200¢ 93,5240,30A2 91,73£0,288>
F 87,80£0,50P¢ 89,4310,19¢Ca 91,480,398« 93,4710,164

abe: Ayt stitunda (\)) farkli harflerle gosterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.
ABC: Aynt satirda (=) farkl harflerle gosterilen veriler arasinda p<<0,05 dlizeyinde istatistiksel fark bulunmaktadir.
Veriler Aritmetik ortalama * Standart sapma olarak verilmigtir.

(A: Herhangi bir uygulama yapilmayan grup, B: Bakteri kontrol grubu, C: 5 mg/kg nisin eklenmis grup, D: 10 mg/kg
nisin eklenmis grup, E: %00,25 kekik yag1 eklenmis grup, F: %0,5 kekik yagt eklenmis grup)

Tablo 3. L. monocytogenes ile kontamine kaymak gruplarinda ORP degerleri

Grup Depolama Siiresi (Giin)
0 3 5 7

A 12,8210,40¢4 104,0312,47 8,73£0,290f 76,770,368
B 33,37£0,4042 20,42£0,33¢f 15,8210,32P4d 22,47£0,398¢
C 17,15£0,59¢¢ 81,17£0,834b 69,60£0,31Ba 12,55+0,32bf
D 2,43+0,240f 47,57£0,48B¢ 44,83+0,65¢ 127,2740,514
E 18,63%0,56¢> 58,600,644 9,60£0,424¢ 57,330,208«
F 10,12£0,38Pe 72,0310,74A¢ 18,3310,26C¢ 36,68+0,278d

abe: Ayt stitunda (\) farkli harflerle gosterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.
ABC: Ayni satirda (=) farklt harflerle gosterilen veriler arasinda p<0,05 dizeyinde istatistiksel fark bulunmaktadir.
Veriler Aritmetik ortalama * Standart sapma olarak verilmistir.

(A: Herhangi bir uygulama yapilmayan grup, B: Bakteri kontrol grubu, C: 5 mg/kg nisin eklenmis grup, D: 10 mg/kg
nisin eklenmis grup, E: %0,25 kekik yagt eklenmis grup, F: %0,5 kekik yagi eklenmis grup)
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Tablo 4. L. monocytogenes ile kontamine kaymak gruplarinda pH degetleri

Grup Depolama Siiresi (Giin)
0 3 5 7

A 6,2610,038> 6,280,028 6,7710,0342 5,5410,03C
B 6,3310,038 5,9010,02¢b 6,5710,024b 5,5610,02P=
C 5,75+0,03A¢ 5,540,038« 5,25+0,03C¢ 4,461+0,02P¢
D 5,661+0,0284 5,78%+0,03A¢ 5,550,04C¢ 5,4310,030>
E 5,7510,04A¢ 5,73%0,034d 5,290,038« 4,76+0,03¢d
F 5,4410,03Ce 5,75%0,044d 5,4710,038d 5,25%0,03D¢

abe: Ayni stitunda (\y) farkli harflerle gosterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.

ABC: Aynu satirda (=) farkls harflerle gésterilen veriler arasinda p<<0,05 diizeyinde istatistiksel fark bulunmaktadir.
Veriler Aritmetik ortalama * Standart sapma olarak verilmistir.

(A: Herhangi bir uygulama yapilmayan grup, B: Bakteri kontrol grubu, C: 5 mg/kg nisin eklenmis grup, D: 10 mg/kg
nisin eklenmis grup, E: %0,25 kekik yag1 eklenmis grup, F: %0,5 kekik yag1 eklenmis grup)

Tablo 5. Nisin ve kekik yagt ilave edilmis kaymaklardaki S. anreus sayilari (logio kob/g)

Grup Depolama Siiresi (Giin)

0 3 5 7
L 5,59£0,114 5,68£0,024 5,72£0,004 5,70£0,014
M 5,36£0,274b 5,30£0,164b 5,38£0,204b 5,3520,204b
N 5,560,094 5,47£0,01A¢ 5,480,004 5,52£0,044Ab
P 5,810,084 5,67£0,0342 5,680,064 5,47%0,308>
R 5,75+0,154¢ 5,62%0,2142 5,400,238« 5,30£0,18B>

abe: Ay stitunda () farkli harflerle gosterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.

ABC: Ayni satirda (=) farklt harflerle gosterilen veriler arasinda p<0,05 dizeyinde istatistiksel fark bulunmaktadir.

Veriler Aritmetik ortalama * Standart sapma olarak verilmigtir.
(L: Bakteri kontrol grubu, M: 5 mg/kg nisin eklenmis grup, N: 10 mg/kg nisin eklenmis grup, P: %0,25 kekik yagi

eklenmis grup, R: %0,5 kekik yagi eklenmis grup)

Tablo 6. S. aureus ile kontamine kaymak gruplarinda a, degerleri

Grup Depolama Siiresi (Giin)
0 3 5 7

A 82,4240,32C¢ 79,05%0,49D¢ 92,5240,214b 86,47%0,268¢
L 94,5210,354 83,37%0,25¢d 91,47%0,2884 83,42%0,38¢d
M 90,7520,49¢¢ 89,2240,30P¢ 94,5520,4042 92,58%0,2782
N 91,80%0,47¢b 92,62%0,2082 94,78%0,3842 90,67%0,290b
P 89,4240,36P4 90,88%0,34¢b 94,50%0,2842 92,50£0,338a
R 89,5240,33Bde 89,5520,468¢ 92,4720,24A¢ 92,7210,464

abe: Ayni stitunda () farkli harflerle gosterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.

ABC: Ayni satirda (=) farkli harfletle gosterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.

Veriler Aritmetik ortalama * Standart sapma olarak verilmistir.

(A: Herhangi bir uygulama yapilmayan grup, L: Bakteri kontrol grubu, M: 5 mg/kg nisin eklenmis grup, N: 10

mg/kg nisin eklenmis grup, P: %0,25 kekik yag: eklenmis grup, R: %0,5 kekik yagi eklenmis grup)
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Tablo 7. S. anrens ile kontamine kaymak gruplarinda ORP degetleri

Grup Depolama Siiresi (Giin)
0 3 5 7

A 12,8240,40¢¢ 104,03£2,404b 8,7310,29D¢ 76,77£0,368¢
L 26,12%0,598a 26,03£0,448¢ 92,78+2,27A¢ 18,3010,34¢f
M 19,131+0,52Pd 86,33+1,27Cc 134,95+2,644b 112,621+0,38B4
N 3,73+0,210f 52,15+1,84¢d 215,67£0,574a 209,33£0,758a
P 23,32%0,64¢¢ 10,50%0,37bf 76,65£0,438d 116,5710,28A¢
R 24,78%0,68¢b 114,67£0,7784 5,321+0,230f 171,6210,234b

wbe: Ayt stitunda () farkli harflerle gosterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.
ABC: Aynu satirda (=) farklt harflerle gésterilen veriler arasinda p<0,05 dizeyinde istatistiksel fark bulunmaktadir.

Veriler Aritmetik ortalama * Standart sapma olarak verilmistir.
(A: Herhangi bir uygulama yapilmayan grup, L: Bakteti kontrol grubu, M: 5 mg/kg nisin eklenmis grup, N: 10
mg/kg nisin eklenmis grup, P: %0,25 kekik yagi eklenmis grup, R: %0,5 kekik yagt eklenmis grup)

Tablo 8. S. aurens ile kontamine kaymak gruplarinda pH degerleri

Grup Depolama Siiresi (Giin)
0 3 5 7

A 6,26%0,038 6,28%0,02B 6,77£0,034 5,54£0,03¢
L 06,17£0,024b 5,79£0,048¢ 5,45%0,03¢> 4,49%0,070¢
M 5,62£0,05Ad 5,52£0,048¢ 5,33£0,03C¢ 4,7520,04Pd
N 5,44£0,048¢ 5,95+0,024b 5,24+0,03¢d 5,421+0,038>
P 5,65£0,03Ad 5,65£0,04Ad 5,46%0,038> 4,47%0,03C¢
R 5,76£0,034¢ 5,54£0,038¢ 5,47£0,058> 4,90£0,05¢¢

abe: Aymu stitunda () farkli harflerle gosterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.
ABC: Ayni satirda (=) farklt harfletle gosterilen veriler arasinda p<0,05 diizeyinde istatistiksel fark bulunmaktadir.
Veriler Aritmetik ortalama * Standart sapma olarak verilmistir.

(A: Herhangi bir uygulama yapilmayan grup, L: Bakteri kontrol grubu, M: 5 mg/kg nisin eklenmis grup, N: 10
mg/kg nisin eklenmis grup, P: %0,25 kekik yag1 eklenmis grup, R: %0,5 kekik yagi eklenmis grup)

TARTISMA

Kaymaklarin mikrobiyal yiki elde edildikleri hayvan,
isletmelerin  hijyenik kosullari, hatali yapilan 1sil
islemler, dretim sonrasinda meydana  gelen
kontaminasyonlar ve muhafaza asamasinda yapilan
hatalara bagl olarak artmaktadir (Karapinar ve Gontl
1999).

Nisinin digik pH degerlerinde daha aktif oldugu,
dustik protein ve yag oranlarina sahip gidalarda ve
pH<6,0’da en etkili oldugu (Okercke ve Montville
1991) ve aktivitesinin yiiksek yag oranlarinda biyiik
Olctide azaldigt (Jung ve ark. 1992) belirtilmistir. Buna
ragmen yag oranmn ve pH’nin nisin  Gzerine,
dolayisiyla da bakterilerin inhibisyonu tzerine etkisi,
Ozellikle kullanilan nisin konsantrasyonuna baglh
olarak degismektedir (Carminati ve ark. 1989; Jung ve
ark.1992). Ayrica nisinin yaygin kullaniminin L.
monocytogenes’te rastgele ve susa gore degisebilen direnc
gelisimine neden olabilecegi belirtilmistir (Gravesen
ve ark. 2002).

Bruno ve atk. (1992), 2,5 ug/ml nisinin (pH 6,5) L.
monocytogenes suslarinin membran potansiyelini bozarak
5 log’luk bir azalmaya neden oldugunu saptamislardir.
L. monocytogenes’in nisine karst duyarliliginin saptandigt

bir c¢alismada, 10 pg/ml dizeyindeki nisinin L.
monoeytogenes ATCC 19115, UAL500 ve Scott A
suslarinin 10? kob/ml olan baslangic populasyonunda
6-7 log’luk bir diisiis meydana getirdigi ve ortama tuz
flavesinin  nisinin  bakterisit  etkisini  arttirdift
bildirilmistir (Harris ve ark. 1991). Tarafimizdan
yapilan ¢alisgmada 5 mg/kg ve 10 mg/kg dozlarinda
kullantlan nisin 7 giinlik depolama siiresince
kaymaktaki bakteri sayisinda herhangi bir azalma
meydana getirmemistir. Bunun nedeni ise kaymaktaki
yiksek yag oraninin (%60) nisinin etkisini azaltmasi
olabilir.

Boussouel ve ark. (2000), tarafindan yagsiz siitlerle
yapilan bir ¢alismada, 100 ve 200 IU’lik nisinin L.
monocytogenes’t inhibe ettigi belirtilmistir. Bhatti ve ark.
(2004), homojenize, pastorize ve ¢ig siitlere ilk olarak
10* kob/ml oraninda L. monocytogenes ve 0-500 TU/ml
arahigindaki farkli dozlarda nisin ilave etmislerdir.
Yapilan calisma sonucunda L. monocytogenes sayisinin
azaldigint tespit etmislerdir. Kim ve ark. (2008), sttte
sarimsak suyu ve nisinin L. monocytogenes Gzerindeki
etkinligini arastirmak icin 62,5, 125, 250 ve 500 IU/ml
nisin kullanmislar ve bu oranlarin guiglii antilisterial
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etkisinin oldugu sonucuna varmislardir. Abdala ve
ark. (1993), pastorize siite 104-10° kob/ml diizeyinde
L. monocytogenes Scott A ve 25 pg/ml nisin ekleyerek
trettikleri peynirlerde, 60 giinlik depolama siiresince
L. monocytogenes’in inhibe olmadigini saptamuslar ve
buna neden olarak da peynitlerin pH degerlerinin
yiksek olmasindan dolayt nisinin etkili olamadigini
belirtmislerdir. L. monocytogenese karst nisinin etkisinin
aragtirldigt calisma gruplarimizda pH degerlerinin 5-6
araliginda olmasinin  nisinin  bu  bakteriye karst
etkinligini stnirlandirdigt diistiniilmektedir.
Aktirkoglu ve Erol (1999), beyaz peynirde 30 pg/ml
nisin  kullaniminin  depolamanin  60. glniinde L.
monocytogenes’i tamamen yok ettigini ifade etmislerdir.
Yapmis oldugumuz arastirmada ise 5 mg/kg ve 10
mg/kg dozlarinda kullanilan  nisinin 7  gunliuk
depolama stresince L. monocytogenes tizerine herhangi
bir bakterisidal etkisi gézlenmemistir. Uriin tipi, pHt
ve icerigi, depolama ya da kullanidan antimikrobiyal
maddenin doz arttirimu ile gidalarda L. monocytogenes
varliginin degiskenlik gosterebilecegi
dustunilmektedir. Arastirmamizda hem nisinin hem
de kekik yaginin kullanildigi gruplarda su aktivitesi
degerinin  diisiik  olmast  bunun yaninda ORP
degerinin dalgali seyir gdstermesi bu maddelerinin
kaymak ortaminda L. monocytogenes’e karst etkinlik
gOstermesini engellemis olabilir.

Bitkisel antimikrobiyal maddeler Gr (+) bakterilere
Gr (-) bakterilerden daha etkilidir (Yalgin ve Uyanik
2019). Calismada kullanilan dozlarin Gram (+) bakteri
olan L. monocytogenese karst etki etmedigi ancak diger
bir Gram (+) bakteri olan S. aurens’a karst istatistiki
6neme sahip (p<0,05) azalma sagladigi belirlenmistir.
Rasooli ve ark. (2006), 250 ppm dozundaki kekik
esansiyel yaginun, kiltir ortaminda L. monocytogenes’s 20
dk. icerisinde 7 log diizeyinden tespit limitinin altina
distirdigint ifade etmislerdir. El-Zehery ve ark.
(2021), kekigin Listeria monocytogenes (ATCC 19116)
susunda kiltir ortaminda 24.5 mm’lik inihibisyon
zonu olusturdugunu belirtmistir. Fenolik bilesiklerin
L. monocytogenese karst etkinliginin doza, bakteri
susuna ve urinin yapistna gbre degisebilecegi
belirtilmistir (Zamuz ve ark. 2021). Karvakrol, timol,
nisin ve dgenolin farkhh doz ve kombinasyonlarinin
sttte kontrol grubuna gbre L. monocytogenes sayisinda
degisik diizeylerde azalma sagladigt ifade edilmistir
(Alves ve ark. 2016). Gidalardaki bakteri gelisimini
kontrol altina almak icin ¢oklu bariyer teknolojisi
kullantlmaktadir (Zamuz ve ark. 2021). Butil gallat ile
kombine edilen nisinin 5 ayrt L. monocytogenes susunu
inhibe ettigi belirtilmistir (Li 2017). Arastirmamizdaki
maddelerin doz kombinasyonlarinin farkli etkinlik
goOsterecegi varsayilmaktadir.

Jamuna ve ark. (2005), nisinin faklt Gram (-) ve Gram
(+) mikroorganizmalar tzerine etkisini
incelemislerdir. Nisinin 40 IU/ml ve {zeri
konsantrasyonlarda sivi besi yerinde kullanimi L.
monocytogenes, S. aureus, C. sporogenes Uzerine etkili
olmus; Gram (-) baktetilerden E. ¢/ direncli
bulunmus, Psexdomonas ise daha yiksek (320 IU/ml)

konsantrasyonlarda inhibe edilmistir. Arastirmamizda
kullanilan nisin miktarlar1 kaymaga inokiile edilen .
anrens Uzerine bakterisidal etki yapmamis (p>0,05)
ancak bakteri tizerinde baskilayict etki géstermistir.
Pites ve ark. (2008), natamisin, nisin ve
nisin+natamisin iceren seliloz esasht filmler ureterek
dilimlenmis mozzatella peynirindeki S. aureus ATCC
6538 tizerine antimikrobiyel etkinligini 1242 °C’de 15
gin sireyle aragtirmuglardir. Nisin igeren selilloz
filmletin S. aurens ATCC 6538 tizerine antimikrobiyel
etki gostermedigini ifade etmislerdir. Pinto ve ark.
(2011), nisinin serro peynirinde 100 IU/ml ve 500
1U/ml dozlarinda kullaniminin 5. aurens  sayisint
olgunlasmanin 7. gininde sirastyla 1,2 ve 2,0 log
azalttigini  tespit etmislerdir. Ultra filtrasyondan
gecirilen sttten uretilen ve 8 °Cde depolanan
peynitlerde, 2 pg/g nisinin S. awrens sayisint 4 log
azaltug belirtilmistir (Mohammadi ve Jodeiri 2014).
Calismamizda kullanilan nisin dozlarinin +4 °C’de 7
gunlik depolama siresince kaymakta S. aureus
sayisinda herhangi bir azalma olusturmadigt ancak
bakteri gelisimini baskiladigt belirlenmistir. Nisinin S.
anrens’a karst etkinliginin az olmast, dozuna ve
kaymaktaki yag oranina baglanabilir.

Gida intoksikasyonlarinda en ¢ok gortlen toksin
tipinin, toksisitesi en yiiksek olan SEA oldugu, bunu
SEB ve SED tiplerinin takip ettigi bildirilmektedir
(Yidirim ve ark. 2016). Arastirmada kullandigimiz S.
anrens  ATCC 25923 A tipi  enterotoksin
olusturmaktadir. Soejima ve ark. (2007), yagsiz siite 1-
2 log kob/ml S. aurens inokile edip calkalayarak 35
°Cde inklibe etmislerdir. Bu kosullatin S. awress
gelisimini  ve SEA  dretimini  hizlandirdigini
bildirmiglerdir. Kaymakta enterotoksin treten 5.
anreus gelisimini 6nlemek amaciyla yaptigimiz deneysel
calismada kullanilan 5 mg/kg ve 10 mg/kg nisinin
bakteri sayisint azaltict yonde bir etkisi olmamis ancak
bakteri gelisimini baskilamustir. Kekik yagmnin 90,25
oraninda kullanilmasi 7. depolama giintinde, %0,5
oraninda kullandmast ise 5. depolama glntinden
itibaren S.  amrews sayisii  azaltct  yonde  etki
gostermistir.  Gram (+) bakterilere karst etkinligi
bilinen (Ustiindag ve Yalgin, 2017) nisinin her ikisi de
Gram (+) olan L. monocytogenes ve S. aurens’a karsi
kaymak ortaminda etkisiz kaldig1 belirlenmistir.

SONUGC

L. monocytogenes  eklenen  gruplarda  kullanilan
antimikrobiyal maddeler ile miktarlarinin depolama
stresince bakteri tizerinde herhangi bir baskilayict
etkisi gbzlenmemisgtir. Bunun tersine depolama
sonunda  bakteri  sayistun  arttgr  (p<0,05)
belitlenmistir. 5. awrens  eklenen gruplarda ise
kullanilan nisin miktarlarinin olumlu etkisi olmamig
ancak %00,25 kekik yag1 7., % 0,5 kekik yag1 ise 5.
depolama glntiinde 0. glne oranla inhibisyon
saglamistir. Olusan bu etkilerin ise istatistiki acidan
o6nemli (p<0,05) oldugu sonucuna varlmistir. Tim
deneme gruplarinda yapilan a,, ORP ve pH analiz
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sonuclarina  bakildiginda  bakterilerin ~ Griin - ve
depolama  sartlarina  gére yagamsal farkhiliklar
gosterdikleri tespit edilmistir.

Kaymagin raf dmriniin kisa olmasindan dolay1 7 giin
olarak  belitlenen  depolama  stresi, sonraki
calismalarda  daha uzun  tutularak  kullanidan
maddelerin ve miktarlarinin etkinligi arastirilabilir.
Ayrica daha ylksek dozlarin kullanimimnin nasil etki
edecegine yonelik c¢aligmalar da yapilabilir. Ancak
nisinin gidalarda kullanimi  igin belitlenen limit
degerlerin asilmamast gerekmektedir. Kekik yagt icin
ise belirlenen limit deger yoktur. Kaymak gibi kendine
Ozgll tat ve aromaya sahip bir Urlinde, baskin tat ve
kokuya sahip bir maddenin kullanimi, kaymagin
tiiketilebilirligini olumsuz yonde etkileyebilir.

Cikar Catigmasi: Yazarlar bu yazt icin gercek,
potansiyel veya algilanan ctkar catigmasi olmadigini
beyan etmiglerdir.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katki saglamis olduklarint beyan etmislerdir.

Etik izin: Bu calisma “Hayvan Deneyleri Etik
Kurullarinin - Calisma  Usul ve Esaslarina Dair
Yoénetmelik” Madde 8 (k) geregi HADYEK iznine
tabi degildir.

Finansal Destek: Bu calismada herhangi bir
kurumdan maddi destek alinmamistir. Yazatlar 6z
kaynaklari ile calismayr finanse etmislerdir. Beyan
edetiz.

Tesekkiir: Bu calismada desteklerini veren Dr. Ali
SOYUCOKa tesekkirlerimizi sunariz.

Agiklama: Bu caligma ilk isim yazarin tezinden
Uretilmistir. Bu calisma daha 6nce herhangi bir
kongre/sempozyumda sunulmamustir. Yayinlanmast
icin herhangi bir dergiye goénderilmemistir. Beyan
ederiz.
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ABSTRACT

Sambucus nigra (S.nigra) is used in the treatment of many diseases and disorders thanks to its antioxidant,
anticarcinogenic, immunostimulating, antiallergic, antiviral, and antibacterial properties. Ghrelin has anti-
inflaimmatory effect on oxidative damage in various organs and cell types. The aim of this study was to
immunohistochemically examine the chymase, tryptase, and ghrelin in rat lung after S. nigra administration. A
total of 16 male rats were used in the study. The rats were assigned to two groups, control and S. nigra. 1st
control group (n=8): No application was made. 2nd S. nigra group (n=8): S. nigra extract was administered at 15
mg/kg by oral gavage for 14 days. Tryptase, chymase, and ghrelin-positive cells were found in the lung tissue in a
spindle-shaped, round, or oval shape. When the groups were evaluated within themselves, a significant increase in
the number of tryptase, chymase, and ghrelin positive cells was observed in the S. nigra treated group. This study
showed that S. nigra, which has an immunomodulatory and antioxidant effect, increases the expression of
chymase-, tryptase- and ghrelin-positive cells in the lungs. Additionally, based on our findings, it can be said that
mast cells can produce, store and release ghrelin.

Keywords: Chymase, ghrelin, lung, Sambucus nigra, tryptase
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Sigan Akcigerinde Sambucus Nigra’nin Kimaz, Triptaz ve Ghrelin Pozitif Hiicrelerin
Uzerindeki Etkisinin Immiinohistokimyasal Olarak Incelenmesi

Oz

Sambucus nigra (S. nigra) antioksidan, antikanserojenik, immiin sistemi uyarici, antialerjik, antiviral ve
antibakteriyel &zellikleri sayesinde birgok hastalik ve rahatsizhgin tedavisinde kullanilmaktadir. Ghrelin, cesitli
organlarda ve hiicre tiplerinde oksidatif hasar tizerinde anti-inflamatuar etkilere sahiptir. Bu ¢alismanin amacy, S.
nigra uygulamasindan sonra sican akcigerinde kimaz, triptaz ve ghrelin imminopozitif huicrelerinin
immiunohistokimyasal olarak incelenmesidir. Calismada toplam 16 erkek sican kullanildi. Sicanlar kontrol ve S.
nigra olmak tizere iki gruba ayrildi. 1. kontrol grubu (n=8): herhangi bir uygulama yapilmadt. 2. S. nigra grubu
(n=8): S. nigra ckstresi 14 giin streyle oral gavaj yoluyla 15 mg/kg dozunda uygulandi. Akciger dokusunda
yuvarlak, oval veya mekik seklinde triptaz, kimaz ve ghrelin pozitif hicreler bulundu. Iki grup kendi icinde
degerlendirildiginde S. nigra uygulanan grupta triptaz, kimaz ve ghrelin pozitif hicre sayisinda 6nemli artig
gozlendi. Bu ¢alisma, immiinomodilator ve antioksidan etkiye sahip olan S. nigra'nin akcigerde kimaz, triptaz ve
ghrelin pozitif hiicrelerin ekspresyonunu arttirdifini géstermistir. Ayrica mast hicrelerinin diger bagisiklik
hticreleri gibi ghrelin tretebildigi, depolayabildigi ve serbest birakabildigi actklanmaya ¢alistlmigtir.
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INTRODUCTION

Sambucus nigra (S. nigra) is a widespread species of
the Caprifoliaceae family that grows in most of
Europe, western Asia, northern Africa, and the
United States (Fazio et al. 2013). Because of its
antioxidant,  anticarcinogenic, immune  system
boosting, antiallergic, antiviral, and antibacterial
characteristics, S. nigra has been used in folk medicine
for generations to treat a variety of ailments and
problems (Oniszczuk et al. 2016). It contains high
levels of polyphenols, especially flavonols, phenolic
acids and anthocyanins. At the same time, these
compounds are known as radical scavengers, which
protect the body against oxidative stress and lipid
peroxidation (Duymus et al. 2014). Herbal
supplements, including S. nigra, have been known to
be used to boost immunity against respiratory
diseases (Wieland et al. 2021). Moreover, it has been
suggested that S. nigra may help in the treatment of
upper respiratory tract symptoms and shorten the
duration of the common cold or flu (Hawkins et al.
2018).

Mast cells (MCs) are tissue-resident sentinel cells with
densely packed secretory granules. (Metcalfe et al.
1997). MCs are capable of secreting a variety of
biologically  active mediators, cytokines, and
chemokines. MC-derived mediators can affect the
biological activities of adjacent cells and tissues
(Mukai et al. 2018). These cells are multifunctional
effector cells involved in innate immunity, host
defense, hypersensitivity, and allergic disease (Da
Silva et al. 2014). MCs exhibit substantial
heterogeneity based on their granule content and
protease expression patterns (Dwyer et al. 2016).
Based on protease content, two types of MCs have
been identified immunohistochemically: tryptase
positive mast cells (MCr) and chymase positive mast
cells (MCrc) (Titlinct et al. 2020). Tryptase is stored
in the secretory granules of MCs, from which it is
released after degranulation following cell stimulation
(Schwartz et al. 1981). Under various physiological
and pathological settings, tryptase is involved in the
activation, proliferation, and migration of many
mesenchymal cells, including endothelial cells and
fibroblasts (Sonneck et al. 2006). Chymase is an
intracellular, granular-associated, neutral serine
protease produced mainly by MCs. It plays a role in
regulating extracellular matrix proteolysis, which
promotes tissue remodeling (Hamada et al. 1999). In
addition, MCrc can promote vascular proliferation,
atherosclerosis and tissue fibrosis (Miyazaki et al.
2000). In experimental studies, chymase has been
shown to reduce fibrosis in lung tissue (Tomimori et
al. 2003, Sakaguchi et al. 2004).

Ghrelin is an endogenous peptide that interacts with
the growth hormone secretagogue receptor la
(GHSR1a) (Kojima and Kangawa, 2005). The

presence of ghrelin and its receptor in a wide range of
tissues has been determined by gene expression
studies in humans and rats (Akalu et al. 2020).
Ghrelin regulates growth hormone secretion, cell
proliferation, appetite increase, and inflammation
through GHSR1a (Nakazato et al. 2001). It has anti-
inflaimmatory effects on oxidative damage in various
organs and cell types (Raghay et al. 2020). The
expression of ghrelin can be modulated by factors
such as peptide hormones, neurotransmitters,
glucose, fatty acids, neurotransmitters and enzymes
(Akalu et al. 2020). It has been reported that ghrelin is
expressed in immune tissues and modulates immune
function (Chowen and Argente. 2017). Furthermore,
it is stated that ghrelin may have an effect on
hematological parameters, which may increase
lymphocyte count by stimulating lymphopoiesis
(Narin and Cetin, 2010). Moreover, Stefanov et al.
(2017) suggested that MCs in rat stomachs can
produce, store, and release ghrelin like other immune
cells.

The aim of this study was to investigate the effect of
S. nigra on the immunohistochemical distribution of
chymase-, tryptase- and ghrelin-positive cells in rat
lung. Also, the lack of data on the ability of MCs to
express, store and release ghrelin motivated this
study.

MATERIAL and METHODS

Animals

All procedures were approved by the FEthical
Committee of Ondokuz Mayis University (Decision
no: 11.03.2020, number 15).

In this study, 16 male rats, weighing 250-300 g, that
were used. The rats were kept in a standard cage with
12 hours of light and 12 hours of darkness in a 22°C
ambient temperature environment and were given ad
libitum and tap water.

Experiment Groups

Ist control group (n=8): there was no application
made. 2nd S. nigra group (n=8): S. nigra extract was
administered at a dose of 15 mg/kg by oral gavage for
14 days (Bidian et al. 2021). Then, cervical dislocation
was performed under anesthesia and lung tissue
samples were collected for immunohistochemistry.
The lung tissue samples were fixed for 24 h in a 10%
formaldehyde solution, and tissue sections were cut
from the prepared paratfin blocks with a thickness of
5 pm.

Immunohistochemistry

The lung sections were stained
immunohistochemically with Streptavidin  biotin
complex. Immunopositive cells were determined
using anti-rabbit polyclonal chymase (1/200 dilution,
Biorbyt, orb11030), mouse monoclonal tryptase
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(1/200 dilution, Abcam, ab2378), and rabbit
polyclonal anti-ghrelin antibody (1/400 dilution,
Abcam, ab129383) (True, 1990). As a secondary
antibody, Histostain Plus (Zymed kit: 85-6743) was
used. Pollowing deparaffinization, sections were
heated in a 700-watt microwave oven in a citrate
buffer (pH=6) solution for proteolysis. The tissues
were treated in a 3 % hydrogen peroxide solution to
inhibit endogenous peroxidase activity. To prevent
nonspecific protein binding in sections, serum in the
kit was instilled after washing with phosphate buffer
solution (PBS). The primary antibody was applied to
the samples, which were then kept at +4 0C
overnight. The negative control group's tissues were
treated with only PBS solution. Following the
washing procedure, sections were treated with a
biotinylated secondary antibody and incubated with
streptavidin-horseradish peroxidase complex. Finally,
3, 3'-diaminobenzidine (DAB) was utilized as
chromogen, and the samples were counterstained
with hematoxylin and then coated with entellan.

Microscopical Evaluation and Positive Cell
Counts

Following histochemical and immunohistochemical
staining, tissue samples were examined under an
microscope (Nikon Eclipse 50i) in terms of
immunoreactivity. Chymase-, tryptase- and ghrelin-
positive  cell  distribution  was evaluated
semiquantitatively. The following criteria were
employed in semiquantitative evaluation: no positive
cell in the scanned area (-), 1-2 cells (%), 3-4 cells (+),
and 5-6 cells (++) (Ertugrul et al. 2021).

The immunopositive cells were scored from 0 to 3
semi-quantitatively (Samrao et al. 2012) as follows. A
histoscore was derived from the immunopositive cell

A 28

distribution, 0: no positive cell in the scanned area (-),
+1: 1-2 cells (%), +2: 3-4 cells (+), +3: 5-6 cells (++).

Statistical Analysis

The IBM SPSS Statistics Version 22.0 statistical
software program was used for all statistical analyses.
The Shapiro-Wilk W test was used to determine
whether the distribution was normal. Depending on
the normality of the data, comparisons between
control and S. nigra groups were performed by
independent Student's t-test for parametric data. The
findings were presented as mean = SEM (standard
error of the mean), and statistical significance was
accepted at p < 0.05.

RESULTS

Tryptase- and Chymase- Immunopositive Cells
In the light microscopic examination, MCr and MCrc
with positive immune reactions were cleatly
distinguished in brown color. Tryptase and chymase
positive cells were found in the lung tissue in a
spindle-shaped, round, or oval shape. (Figures 1A,
2A). MCr and MCrc were observed around the
sacculus alveolaris, in the visceral pleura of the lung,
the bronchial wall, and connective tissue in the
terminal and respiratory bronchioles' walls (Figures
1B, 2B). Also, MCrc and MT¢ were observed to be
mostly located near the blood vessels and bronchus-
associated lymphatic tissue (BALT). When the two
groups are evaluated among themselves, a significant
increase in the number of MCr and MCrc was
observed in the S. nigra treated group. MCrc and
MT¢ were seen individually or in groups in the lung
tissue (Table 1).

B 10 ym

Figure 1: Lung tissue immunostained with antibodies against tryptase; (A) Control group, (—): tryptase
immunopositive cell, (asterix): blood vessel, (B) S. nigra group, (—): tryptase immunopositive cell, (asterix): blood

vessel, original magnification X40; range bar, 10 pm.
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Figure 2: Lung tissue immunostained with antibodies against chymase; (A) Control group, (—): chymase
immunopositive cell, (asterix): alveolar space, (B) S. nigra group, (—): chymase immunopositive cell, (SA): sacculus
alveolaris, original magnification X40; range bar, 10 pm.

Table 1. Tryptase-. chymase- and ghrelin- immunopositive cell numerical density

Control group (mean = SEM)

S. nigra group (mean + SEM)

Tryptase immunopositive cell 0.73 £ 0.06 1.28 £ 0.09**
Chymase immunopositive cell 0.72 £0.05 1.31 £0.11%*
Ghrelin immunopositive cell 1.82 +£0.07 2.15+0.11%

* p<0.05 and #p<0.001

Ghrelin- Immunopositive Cells

Immunohistochemistry revealed that brown ghrelin-
positive cells were scattered throughout the lung
tissue, including perivascular areas. In lung tissue,
ghrelin-positive cells were spindle-shaped, round, or
oval. Ghrelin-positive cells were observed around the
sacculus alveolaris, in the interalveolar septal
connective tissue, on the periphery of the bronchi,
and around blood vessels (Figure 3A). Ghrelin-
positive cells were also observed inside and at the
margin of the bronchus-associated lymphatic tissue in
the lungs. In the lung tissue, ghrelin-positive cells
were mostly seen separately or in groups (Figure 3B).

A significant increase in ghrelin positive cells was
observed after S. nigra administration compared to
the control group (Table 1).

When we compared ghrelin-positive cells with MCr
and MCrc, we also found that ghrelin-positive cells
had similar morphology (similar size and shape) and
localization to MCr and MCrc, which reacted
positively to immune staining. In addition, ghrelin-
positive cell density increase after S. nigra application
allowed us to suggest that MCs can produce, store
and release ghrelin in rat lung.
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Figure 3: Lung tissue immunostained with antibodies against ghrelin; (A) Control group, (—): ghrelin
immunopositive cell, (asterix): alveolar space, (B) S. nigra group, (—): ghrelin immunopositive cell, (BALT):
bronchus-associated lymphatic tissue, original magnification X40; range bar, 10 yum.

DISCUSSION

Numerous food components, due to their
immunomodulatory properties, have been shown to
activate MCs as well as modulate the synthesis of MC
mediators (Uranga et al. 2020). Cells of the immune
system are highly sensitive to changes in metabolism
status. They can affect by changes in circulating
hormones, which can affect immune responses and
cytokine expression (Baatar et al. 2011).

Chymase plays an important role in the regulation of
coagulation by activating and catalyzing the
degradation of thrombin and plasmin (Dell'Ttalia L]
and Husain, 2002). MCrc has been shown to
contribute  to  tissue  remodeling, fibroblast
mitogenicity, and angiogenesis in lung tissue (Mitani
et al. 1999). Increased numbers of MCrc have been
found in chronic asthma (Van der Velden et al. 2012),
lungs with interstitial pneumonia (Hirata et al. 2007),
and blunt lung trauma (Titincd at al. 2020). It is also
known to cause an increase in MCrc in many
conditions such as viral infections, asthma, chronic
obstructive  pulmonary  syndrome, pulmonary
hypertension, and fibrosis in the lungs (Kosanovic et
al. 2015). However, although there are studies on
some active substances with protective effects on the
organism in the literature, we have not found any
studies on the effects of S. nigra on chymase
expression in the lung. Because of this, our study is
the first one conducted in this field. There are studies
in the literature on the effects of other active
ingredients on the number of MCrcs. For example, in
a study evaluating the effects of thymoquinone (TQ)
application method and dose on the expression of the
cytokines in the rat spleen, it was observed that TQ,
which has an immunomodulatory effect, did not
directly affect the number of MCrc (Ertugrul et al.
2021). However, Hayiroglu et al. (2016) emphasized
that chymase expression increases in metabolic
diseases such as diabetes and hormonal changes.
Moteover, it was found in the study conducted by

Tutincu et al. (2020) that MC counts were closely
related to polyphenolic antioxidants with anti-
inflaimmatory effects. It was reported that there is a
close relationship between increased chymase
expression and resveratrol application. In this study,
we found that S. nigra, an immune system stimulating
product, may have positive effects on MCrc in the
lung. It is well known that MCs play a key role in lung
pathophysiology. We think that increased MCrc with
S. nigra application may have a beneficial effect on
possible lung disorders.

Tryptase is a neutral protease that plays an important
role in allergic diseases, cytokine release, adhesion
molecule expression, and smooth muscle bronchi
contraction (Pejler et al. 2010). Also, tryptase is a
known potent growth factor for epithelial and
smooth muscle cells of the airways in lung tissue
(Payne and Kam, 2004). It has been observed that the
number of MCrs increases in diseases acute lung
injury, sepsis, pneumonia (Zhao et al. 2014).
Montelukast (Cetinel et al. 2011), which is used in the
treatment of asthma, and ketamine (Li et al. 2014),
which can be used for pain relief and sedation, have
been shown in studies to cause an increase in the
number of MCrs. Furthermore, resveratrol, an active
element in the structure of many plants that has an
antibacterial effect and can be utilized against
infections, has been shown to increase MCrs
(Tutinct et al. 2020). Additionally, it was
demonstrated that capsaicin increased the density of
tryptase-positive cells. (Tutuncu and Ertugrul, 2019).
Immunostaining against tryptase found in the
granules of MCs is one of the most effective methods
for identifying MCs. Parallel to the above studies, it
has been demonstrated that MCrs behavior can vary
according to different active substances. In this study,
it was observed that S. nigra, effectiveness was
investigated recently can also affect the number of
MCrs. It is known that MCs are multifunctional
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effector cells involved in host defense. Based on the
study's findings, it can be said that S. nigra may be
effective in protecting the lung tissue indirectly by
increasing the number of MCrs.

Ghrelin regulates many cellular functions and
physiological processes, including apoptosis, vascular
permeability, and both innate and adaptive immunity.
It also contributes to the healing of vatrious lung
diseases such as pulmonary edema, emphysema,
cystic fibrosis, and pneumonia (Chen et al. 2008,
Schwenke et al. 2008). Ghrelin is known to regulate
the expression of inflimmatory cytokines and plays
an important role in immune cell function (Xia et al.
2004). Ghrelin-producing cells are found in various
tissues such as the hypothalamus, pituitary, stomach,
heart, lung, pancreas, intestine, kidney, testes, and
ovaries (Gnanapavan et al. 2002). Volante et al. (2002)
observed by immunochemistry using a specific
antibody that ghrelin-producing cells have a
polygonal or elongated shape and are found in small
clusters in fetal, infant, and adult human lungs. It has
also been shown that ghrelin-positive cells in the lung
are found mainly around the bronchi, in the
bronchiolar wall, and in the alveolar septa (Ivanova et
al. 2021). Stefanov et al. (2017) reported that in
double immunofluorescence staining, both ghrelin
and tryptase are expressed by the same MCs in rat
stomachs. Additionally, it was demonstrated that
ghrelin-positive cells have a similar morphology and
location to MCrs. Moreover, co-localization with
tryptase immunoreactivity in serial sections from the
porcine bile duct suggested that most ghrelin-positive
cells might also be MCrs (Stefanov, 2021). Stefanov
et al. (2021) wused immunohistochemistry to
investigate the distribution of ghrelin cells and MCrs
in the domestic pig and found that the numbers of
ghrelin and tryptase immunoreactive positive cells
both varied in parallel to the tunicas of the common
hepatic duct. Furthermore, it was shown that the
percentages of ghrelin- and tryptase-positive cells
increased in parallel with age in the interalveolar septa
of the rat lung (Ivanova and Stefanov, 2021). Our
data showed that S. nigra increased ghrelin
immunopositive cell expression. In addition, an
increase in tryptase immunopositive cells was also
observed in our study. Also, we found that ghrelin-
and tryptase-positive cells were morphologically
similar to each other. This approach does not allow
for precise identification but considering in our study,
ghrelin, tryptase positive cells, which increased in
density with S. nigra application, and previous studies,
it might be concluded that MCs can produce and
secrete ghrelin.

CONCLUSION

This study showed that S. nigra, which has an
immunomodulatory and antioxidant effect, increases

the expression of chymase-, tryptase- and ghrelin-
positive cells in lung. Also, it has been tried to explain
that MCs can produce, store and release ghrelin like
other immune cells. In conclusion, we think that the
findings we obtained in this study will contribute to
the literature on the potential role of S. nigra, the MC,
and ghrelin in the respiratory and immune systems.
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ABSTRACT

Mesenchymal stem cells are widely used in the treatment of many diseases, including osteoarthritis, due to their
ability to differentiate into cartilage. The high chondrogenic differentiation potential of synovial fluid-derived
mesenchymal stem cells increases the importance of these cells in osteoarthritis treatments. Addition of BMP-9
and TGF-B3 into chondrogenic differentiation medium, increases chondrogenic differentiation and they also
cause hypertrophic effects on chondrocytes. In our study, it was aimed to demonstrate the effects of BMP-9 and
TGF-B3 on cell hypertrophy by adding them into the chondrogenic basal medium during in vitro chondrogenic
differentiation. In the study, stem cells in passage 5 and chondrocytes in passage 1 were cultured in a transwell co-
culture system and six experimental groups were formed. Cell hypertrophy was demonstrated by examining
MMP-13 and RUNX -2 gene expressions, in stem cells where chondrogenesis were induced in transwell co-
culture. Although the addition of BMP-9 and TGF-833 to the chondrogenic medium increased hypertrophic gene
expressions in experimental groups compared to control, the results were not statistically significant. The addition
of BMP-9 and TGF -B3, separately or in combination, during the chondrogenic differentiation of stem cells does
not cause significant chondrocyte hypertrophy.

Keywords: Cartilage, Chondrogenesis, Hypertrophy, Synovial Fluid, Transwell Co-culture

kkk

BMP-9 ve TGF-33 Eklenmis Kondrojenik Farklilagsma Medyumunun Transwell Ko-kiiltiirde Hipertrofi
Uzerine Etkisi
oz

Mezenkimal kok hiicreler, kikirdaga farklilasma yetenekleri nedeniyle osteoartrit dahil bir¢ok hastaligin tedavisinde
yaygin olarak kullanidmaktadir. Sinoviyal stvi kokenli mezenkimal kék hicrelerinin kondrojenik farkhilagma
potansiyellerinin fazla olmast bu hiicrelerin osteoartrit tedavilerindeki 6nemini artirmaktadir. Kondrojenik
farkhlasma medyumuna ilave edilen BMP-9 ve TGF-33 biytime faktérleri kondrojenik farklilagmayi artirir ve ayni
zamanda kondrositlerde hipertofik etkilere sebep olur. Calismamizda in vitro kondrojenik farklilasma esnasinda
kondrojenik bazal medyuma ilave edilen BMP-9 ve TGF-63"in hiicre hipertrofisi tizerine etkilerinin gésterilmesi
amaglandi. Calismada transwell ko-kulttr sisteminde 5. pasajdaki kok hiicreler ve pasaj 1'deki kondrositler bitlikte
kiltire edildi ve altt deney grubu olusturuldu. Hiicre hipertrofisi, transwell ko-kiltiriinde kondrogenezin
indiklendigi koék hiicrelerde MMP-13 ve RUNX-2 gen ckspresyonlart incelenerek gésterildi. BMP-9 ve TGFE-
33"in kondrojenik ortama eklenmesi, kontrol grubuna gére deney gruplarinda hipertrofik gen ekspresyonlarini
artirmasina ragmen bu arts istatistiksel olarak anlamli degildi. K6k hiicrelerin kondrojenik farklilagsmast esnasinda
BMP-9 ve TGF-33’tn ayrt ayrt veya birlikte kullanilmast énemli derecede kikirdak hiicresi hipertrofisine neden
olmamaktadir.
Anahtar Kelimeler: Hipertrofi, Kikirdak, Kondrogenezis, Sinoviyal Stvi, Transwell Ko-kiltir
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INTRODUCTION

Synovial fluid mesenchymal stem cells (SFMSCs)
have gained importance due to their potential for
treatment of osteoarthritis in recent years (Sekiya et
al. 2021). It is known that SFMSCs have good
therapeutic potential due to their immunosupressive
functions (Lee et al. 2015). Besides, they have ability
to differentiate into adipocytes, osteocytes and
chondrocytes (Jones et al. 2008). Regarding
chondrogenic potential of mesenchymal stem cells, it
has been suggested that SFMSCs are a better choice
compared to other stem cell sources such as bone
marrow and adipose tissue (Jones et al. 2008, Murata
et al. 2014). Chondrogenesis has been triggered by
means of transforming growth factor beta (TGF-B)
family proteins including bone morphogenetic
proteins (BMPs) (Kurth et al. 2007, Scarfi 2016). It
has been reported that TGF-B2 and TGF-63 have
better potential to form cartilage than TGF-81 (Barry
et al. 2001). TGF-B3 with dexamethasone on
chondrogenic medium enhances aggrecan, type II
collagen and cartilage oligomeric matrix protein
(COMP) gene expressions on chondrogenesis.
(Detfoul et al. 2006). Moreover, TGF-33 blocks the
terminal differentiation and triggers the initial stages
of chondrogenesis (Van der Kraan et al. 2009). Kurth
et al. (2007) also demonstrated that this growth factor
enhances extracellular matrix production of cartilage.
However, Kubosch et al. (2016) showed that TGF-33
added culture medium also increases hypertrophy in
transwell ~ system  which  includes  synovial
mesenchymal stem cells and chondrocytes.

BMP-9 has also higher chondrogenic potential
compared to BMP-6 and BMP-2 (Cheng et al. 2016).
Nonetheless, BMP-9 not only  stimulates
chondrogenic  differentiation but also  causes
hypertrophy (Blunk et al. 2003). While TGF-
activates Smad 2/3 pathway, BMP activates Smad
1/5/8 (Massagué and Wotton 2000). BMPs can
induce Runt Related Transcription Factor (RUNX)-2
activity, which is a transcription factor of
osteogenesis, via that pathway (Tang et al. 2009).
Matrix Metalloproteinase-13 (MMP- 13) is considered
as a hypertrophy marker since it is related with
calcification (D’angelo et al. 2000). Besides, it was
showed that in osteoarthritis (OA) cartilage,
upregulation of RUNX-2 gene can increase
expression of MMP-13 (Wang et al. 2004). In
transwell co-culture, where there is no cell-cell
contact, it is possible to observe the cellular changes
mediated by the paracrine secretions among the cells,
which provides an advantage over other culture
systems (Renaud and Martinoli 2016). Moreover, it
mimics in vivo cartilage environment when
chondrocytes and tissues cultured in it (Aung et al.
2011). It was shown that bone marrow mesenchymal
stem cells and chondrocytes which were cultured in
transwell system with chondrogenic differentiation

medium (containing 10 ng/ml TGF-B3), decreased
Collagen X gene expression which is considered as a
hypertrophy marker (Ahmed et al. 2007). However, it
is unknown whether addition of TGF-83 with BMP-9
or BMP -9 alone to differentiation medium in
transwell co-culture induce hypertrophy in the cells
during chondrogenesis.

In this study, we established a transwell co-culture
system  which include SFMSCs and bovine
chondrocytes (BCs). We cultured SFMSCs and BCs
using  chondrogenic  differentiation  medium
supplemented with BMP- 9 and TGF-B3 in transwell
co-culture and detected hypertrophic markers of
MMP-13 and RUNX-2.

MATERIALS AND METHODS

Cell Culture of SFMSCs
All procedures were approved by the Ethical

Committee of Afyon Kocatepe University, Turkey

(AKUHADYEK-06-22; 27.01.2022).

Bovine joints were brought from the slaughterhouse
(n=0) tor collecting synovial fluid and articular
cartilage. For SFMSCs isolation, approximately 3-5
mlL  of synovial fluid was collected from the
metatarsophalangeal joint. High glucose (hg)-DMEM
(Sigma-Aldrich, USA) with 10% fetal bovine serum
(FBS) (Biowest, South America) was diluted with
synovial fluid at a ratio of 1:2 in a 15 mL centrifuge
tube. It was centrifuged at 300 g for 10 min. After
discarding the supernatant, the cell pellet was
suspended with DMEM-hg (Sigma-Aldrich, USA)
containing 10% FBS (Biowest, South America), 1%
L- Glutamin (Gibco, UK), 1% penicillin -
streptomycin (Gibco, UK), 0.1% amphotericin B
(Biochrom, Germany) and cultured in an incubator
with 5% CO; at 37 °C in a 25 cm? culture flask. After
reaching 70-80% confluence, the cells were passaged.
In the 4th passage, the cells were seeded in 6-well
plates for transwell co-culture.

Cell Culture of BCs

BCs were obtained from the metatarsophalangeal
joint of bovine (n=6). The cartilage was cut with a
scalpel blade and put into phosp%late buffer saline
with 1% pen-streptomycin. For enzymatic tissue
digestion, minced cartilage pieces incubated in hg-
DMEM containing 0.3%  collagenase tg)e 11
(Sigma,USA) for 25 minutes and then in hg-DMEM
containing 0.06 % collagenase type 11 for 24 hours at
37°C. On the following day, chondrocytes were
filtered through a 70 um cell strainer and centrifuged
at 400 g for 10 min (Bernstein et al 20%9).
Subsequently, cell pellet was suspended with hg-
DMEM containing 10% FBS, 0.10}03 amphotericin %,
1% penicillin -streptomycin and seeded into 25cm?
flasks. As soon as reaching 70-80 % confluence, the
cells were used for transwell co-culture.
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Use of BMP-9 and TGF-33 with Transwell Co-
culture

For chondrogenic induction, 6 groups were planned
and shown in table 1. While SFMSCs were used at
passage (P) 4, chondrocytes were used at P1. SEMSCs
were seeded as 15.000 cells per cm? into the surface
of 6-well plate then chondrocytes were placed as
15.000 cells per cm? at the top the wells using 0.4 pm
transwell inserts (Millipore, USA). As SFMSCs basal
medium, hg-DMEM with 10% FBS, 1% penicillin -
streptomycin and 0.1% amphotericin B was used. For
basal chondrogenic medium, hg-DMEM consisting
of 5% FIBS, 0.1 mM dexamethasone (Sigma,
Belgium), 50 mM L-ascorbic acid (Dr. Ehrenstorfer
GMbH, Germany), 1% ITS-Premix (Gibco, USA), 1
mM sodium pyruvate (Lonza, Belgium), 0.35 mM
proline, 1% non -essential amino acid (Lonza,
Belgium) and 1% penicillin-streptomycin  (Gibco,
UK) was prepared. Chondrogenic differentiation was
performed for 21 days according to groups given in
table 1. Negative control group (Ist group) and 3rd
group were cultured with SFMSCs basal medium and
other groups were cultured with basal chondrogenic
medium supplemented with TGF-83, BMP-9 or
both. Medium was changed every 3 days.
Chondrogenic differentiation protocol was moditied
from the method of Mackay et al (1998).

Table 1. Experimental Groups

Groups

1st Group: SFMSCs+ SFMSC Basal Medium

Real Time PCR

After culturing BCs together with SFMSCs in the
chondrogenic differentiation medium for 21 days in
transwell coculture, the cells were collected and stored
at -80°C for real time PCR analysis. A commercial
RNA isolation kit (TRIzol Reagent, Thermo, USA)
was used for extracting total RNA by following the
instructions of the manufacturer and the amount of
total RNA was measured with nanodrop. Afterwards,
cDNA synthesis was performed according to the kit's
instructions (A.B.T., Tutkey). 2x qPCR SYBR Gtreen
Master Mix kit (A.B.T., Turkey) was used for Real-
Time PCR analysis. RUNX-2 and MMP-13 were
demonstrated as PCR markers, and GAPDH was
included as the housekeeping gene (Table 2).

Statistics

2-8Aet method was used for analysis of real time PCR
results and statistics were performed with SPSS 22
software. Shapiro-Wilk univariate normality test was
used in order to evaluate the normality of the data.
Due to the absence of normal distribution, a non
parametric testing was performed using Kruskal-
Wallis tests. Data were presented as mean and
standard error values in table 3. Kruskal-Wallis test
was used to perform multiple comparisons between
the groups. Groups were compared with first group
which is negative control (Table 3). Statistical
significance was determined as p=0.05.

2nd Group: SFMSCs+ Chondrogenic Basal Medium with 10ng/ml TGF-33

3rd Group: SFMSCs+ BCs+ SFMSC Basal Medium in Transwell System

4th Group: SFMSCs+ BCs+ Chondrogenic Basal Medium with 10ng/ml TGF-33

Transwell System

5th Group: SFMSC+ BCs+ Chondrogenic Basal Medium with 10ng/ml BMP-9 in

Transwell System

6th Group: SFMSC+ BCs+ Chondrogenic Basal Medium with 10ng/ml BMP-9 and 10ng/ml
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Table 2. Real Time PCR Primers

Genes Forward

RUNX-2 CCGGCAGTCGGCTTCRTCGA
MMP-13 GACCCAGGAGCACTCATGTT
GAPDH TGGGCAAGGTCATCCCTGAGC

Reverse Tm
AGGGTGGAAATGAGGGGCGA 64 °C
GGTCTTCATCTCCTGGACCATA 64 °C
TCCACAACAGACACGTTGGGA 64 °C

Table 3. Demonstration of MMP-13 and RUNX2 gene expressions. MMP-13: Matrix Metalloproteinase-13,
RUNX-2: Runt Related Transcription Factor-2 n: sample size, x: mean, Sx: standard error, p: significance, ns: not

significant

Groups

x T Sx

1st Group RUNX-2
2nd Group RUNX-2
3rd Group RUNX-2
4th Group RUNX-2
5th Group RUNX-2
6th Group RUNX-2
P

1st Group MMP-13
2nd Group MMP-13
3rd Group MMP-13
4th Group MMP-13
5th Group MMP-13

6th Group MMP-13
P

YooY e YN I=)

0.9140.28
- 2.10%1.48

2.27+1.40
3114084

2.25+0.40
4224121

NS

6 1.8610.67
6 2.10%0.67
6 3.40%2.62
6 3.5540.80
6 \ 2.74%1.00
6

3.70£1.05
NS

RESULTS AND DISCUSSION

It is known that co -culture system is superior for
chondrogenesis than monolayer culture (Xu et al.
2018). Kubosch et al. 2016 indicated that paracrine
effects of chondrocytes increased chondrogenic
induction of synovial membrane derived stem cells in
transwell culture. In this study, we also tried to
establish an in vitro transwell co -culture system by
combining BCs and SFMSCs to better mimic the
environment of natural articular cartilage.

In the beginning of chondrogenic differentiation of
the stem cells, Smad 2/3 and Smad 1/5/8
phosphorylation are necessary. Whereas TGF-8
activates Smad 2/3 phosphorylation and blocks
terminal differentiation, BMP activates Smad 1/5/8
phosphorylation  and  triggers  chondrogenic
hypertrophy (Lopez-Ruiz et al. 2018). TGF-83 and
BMP-9 are added into condrogenic differentiation
medium to differentiate stem cells into chondrocytes
TGF- B3 at a concentration of 10ng/ml has been
widely used for chondrogenesis in both co-culture

systems (Qing et al. 2011, Wu et al. 2012) and
monolayer culture (Sekiya et al. 2012). Kubosch et al.
2016) showed that transwell culture which includes
chondrocytes and synovial mesenchymal stem cells
treated with 10 ng/ml TGF-B3 into culture medium
increased Collagen X(COL X) expression which is a
hypertrophy gene whereas Ahmed et al. (2007)
indicated that bone marrow mesenchymal stem cells
and chondrocytes which were cultured in same
culture system with same amount of TGF -83
decreased COL X gene expression. In our study, we
also observed that compared to negative group, TGB-
B33 upregulated both RUNX2 (2.10+1.48) and MMP-
13 (2.10£0.67) expressions. Besides, compared to
group 2, in transwell co-culture of synovial fluid
derived stem cells with chondrocytes, TGB-33 also
increased RUNX2 (3.11+0.84) and MMP-13
(3.55+0.80) expressions more in group 4. In other
words, the paracrine effect of chondrocytes increased
the chondrogenic hypertrophy of SFMSCs in
transwell culture. But the statistically significance was
not seen between these groups (table 3).
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BMP-9 has high chondrogenic potential on alginate
and pellet culture when used at a concentration of
100 ng/ml (Majumdar et al. 2001, Morgan et al
2020). However, it has been showed that 10 ng/mL
BMP-9 possess higher chondrogenic potential than
100ng/ml BMP-9 on C3H10T1/2 mesenchymal stem
cells in micro mass culture (Cheng et al. 2016). Also,
the hypertrophic potential of BMP- 9 on
chondrogenesis has been lesser investigated. In the
study of Morgan et al. (2020), it was revealed that the
doses of 50, 100 and 200 ng/ml BMP-9 were highly
effective in  chondrogenic  differentiation  of
chondroprogenitor cells but that doses also caused
high hypertrophy. Also, it was determined that the
doses of 6, 12.5 and 25ng/ml showed to lead neither
high  chondrogenic  differentiation nor  high
hypertrophy in that study. In another study, it was
showed that 25ng/ml BMP -9 had a hypertrophic
effect inactivated by 0.1 ng/ml TGF-81 in
chondrocytes.

In our study, the highest hypertrophy was observed
in 6th group for both MMP-13 (3.70£1.05) and
RUNX-2 (4.22£1.21) mRNA levels and the lowest
was seen in the 2nd group for both MMP -13
(2.10£0.67) and RUNX-2 (2.10£1.48) compared to
negative group. The 5th group which was
supplemented with 10ng/ml BMP-9 was obsetved to
have higher gene expressions rates than 2nd group
for MMP-13 (2.74+1.00) and RUNX-2 (2.25+0.40)
gene expressions. In addition, the 4th group which
was supplemented with 10ng/ml TGF -63 also
showed more hypertrophic condition with higher
MMP-13 (3.55£0.80) and RUNX-2 (3.11£0.84) gene
expressions than the 5th group. With these results, we
could suggest that 10ng/ml TGF-33 is more effective
than 10 ng/ml BMP-9 to induce hypertrophy in
transwell co-culture. When we compare the 3rd group
with the 4th group, we think that addition of TGF-33
to transwell culture may have been triggered
hypertrophy as Kubosch et al. (2016) stated. Even if
we see an increase in the gene expressions indicating
the cell hypertrophy from data, compared with
negative group the observed the increase in the
experimental groups was not statistically significant

(p>0.05) (Table 3).
CONCLUSION

In conclusion, the hypertrophic effect of these doses
of BMP-9 and TGF-83 during chondrogenesis is
limited. The fact that paracrine effects of
chondrocytes with these growth factors can induce
chondrogenesis with minimal hypertrophy indicates
that they are potential candidates for chondrogenesis.
In addition, the investigation of the possible
hypertrophic effects of different doses of these
growth factors at distinct time periods of cell culture
during chondrogenesis will be significant for future
researches.
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ABSTRACT

Encouraging horses to do tasks willingly during training relating to their welfare is important. Horses are trained
for desensitization using de-spooking tracks. In this study, the efficacy of using the clicker method during
desensitization to obstacles and novel objects is investigated. Fourteen Arabian horses participated in the study.
Their success in completing the tasks, as well as their heart rate and behaviour were examined. The average
achievement for the hanging pool noodle door task was significantly higher (P<0.05) in the clicker group (100%)
than in the control group (43%). Average heart rate is highly significant (P<0.01) in the clicker group (139.28
pes/minute) than the control group (109.42 pcs/minute). In the scope of frightening behaviours, "trot" was
determined highly significant (P<0.01) in the control group than the clicker group. Clicker training appears to
provide an advantage due to its ease of application, low cost, and fast learning by horses. The findings suggest
that this method is advisable because of its efficacy during desensitising of horses using the de-spooking track.
Fulfilling tasks willingly during training is also important for the horse’s welfare and trainer’s safety.

Key Words: Behavioural training, clicker method, desensitising, horse, learning theory

kkk

Clicker Yonteminin Atlarda Duyarsizlagtirma Egitimine Etkisi
oz

Egitim sirasinda verilen gorevi kendi istekleriyle yerine getirmeleri, atlarin refaht ve basarilari agisindan oldukea
onemlidir. Bu amagla atlarin temel egitimleri sirasinda trkekliklerinin azaltilmasi ve gesitli seslere, nesnelere karst
alismalarinin saglanmast icin duyarsizlastirma egitimlerinde bazi parkurlardan yararlamlmaktadir. Bu arastirmada
atlarin farklt zemin Gzerinde ylriime ve nesneler arasindan ge¢me (dar alan, top, semsiye, halka, branda, yandan
engelli kapt ve tstten engelli kapi) gibi bazi gbrevleri yerine getirmesi sirasinda clicker metodunun kullaniminin
atin parkurdaki bagarisina etkisi arastirdmustir. Bu amagla 14 bas Arap kisraktan yararlanilmugtir. Atlarin parkurda
gorevleri yerine getirme basarilari, kalp atim hizlari ve davransslart incelenmistir. Ustten engelli kapt gorevini
basarma ortalamasi, clicker uygulanan grupta (%100) kontrol grubuna (%43) gore 6nemli diizeyde (P<0.05)
yiksek bulunmustur. Ortalama kalp atim hizt clicker uygulanan grupta (139.28 adet/dk) kontrol grubuna (109.42
adet/dk) gore 6nemli diizeyde (P<0.01) yuksek olmustur. Kontrol grubunda clicker uygulanan gruba gére; ani
durma, stratli veya dértnala kalkma davraniglarinin 6nemli derecede (P<<0.01) yitksek oldugu belirlenmistir. Sonug
olarak, clicker yonteminin atlar tarafindan hizla 6grenilen, uygulamasi kolay ve maliyeti diistik bir yéntem olmasi
ve aynt zamanda gOrevlerin basarilmasindaki etkinligi nedeniyle at egitiminde kullanilmast tavsiye edilebilir.
Bununla birlikte, clicker metodu kullanilarak atin gérevleri kendi istegiyle yerine getirmesinin hem antrenériin
givenligi hem de hayvan refahi acisindan 6nemli oldugu séylenebilir.
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INTRODUCTION

Today, horses used for sports are expected to
perform very different movements and tasks. Horses
learn these behaviors through training. At the end of
a proper and effective training process, horses can
successfully sustain the effective behaviors learned for
many years. However, if the relationship between
horse and human is formed as a result of pressure
and is not based on mutual trust, the horse may not
feel safe and may exhibit some instinctive behaviors
such as running away, resisting and fighting. This
situation may endanger the safety of horse specialists
(farrier, trainer, veterinarian, rider, etc.) and can also
lead the loss of horses through injury or behavioural
problems. For these reasons, behavior-based training
methods based on learning theory are recommended.
Learning becomes more effective with the
development of techniques in the field of animal
training. The training process itself becomes more
efficient through the application of learning theory,
which is rooted in the psychology, of animal
behaviour (Breland and Breland 1951, 1966, Skinner
1938, 1951). Training processes are based on
communication between the trainer and the animal.
Learning can be defined as a process of adaptive
changes in individual behaviour as a result of
experience (Thorpe 1963). Learning theory is non-
associative learning, which includes habituation and
sensitisation processes, and associative learning,
which includes classical and operant conditioning
processes. One of the main learning processes
involved in the training of horses involves operant
conditioning, also known as instrumental learning
(McLean and Christensen 2017). The use of positive
reinforcers within the scope of learning theory gives
favourable results in horse training. Clicker training,
in which positive reinforcers are used, started to be
preferred in the 1990s and continues to be popular
today (Kurland 2001). Various forms of clicker
training have been used to teach a variety of tasks to
horses (Flannery 1997, Ferguson and Rosales-Ruiz
2001, Williams et al. 2004).

Skinner’s theory of operant conditioning (1938)
proposes that animals learn to “operate” their world
based on the consequences of their behaviours.
According to this theory, behaviors followed
immediately by a  desirable  consequence
(reinforcement) become more likely to occur again,
while behaviors followed immediately by an
undesirable consequence (punishment) become less
likely to occur. In behavior-based training, the animal
is taught step by step to exhibit a certain behaviour in
response to a specific stimulus. During the operant
conditioning process, the trainer provides the desired
response to the animal by making a "click" sound or
by giving an auditory stimulus with a specific word
after the hores exhibits the desired behaviour
(Skinner 1951, Pryor 2005).

With the clicker method, the trainer gives the animal
a reinforcement with rewarding words or food after
the auditory stimulus. In this way, the animal learns
which behaviour is rewarded through trial and error.
In the shaping procedures, the aim is to teach
complex tasks by dividing them into parts; in this
way, complex actions can be simplified (Lindsay
2000). Training can become more effective in a short
time with the use of the clicker method. It is reported
by Pryor (1999) that the use of the clicker method in
the training of animals speeds up the learning of new
tasks. Pryor explains this effect of training with three
mechanisms. First, the clicker acts on the initially
neutral stimulus, pairing with the repeated primary
reinforcer, as a conditional and secondaty reinforcer.
Second, the clicker acts as a marking signal by
enabling the animal to distinguish a particular
behaviour by reaching the primary reinforcer as a
result of an event. Finally, the clicker acts as a bridge
between behaviour and primary reinforcer, indicating
that the primary reinforcer will come (Pryor 1999,
Pryor 2005, Skinner 1938, Williams 1994). The
potential of the clicker stimulus to improve animal
learning may not only increase the rate of behaviour
acquisition but also reduce animal frustration and
further enhance the relationship between trainer and
animal (Bartlett 2010, Lindsay and Wood 2007,
Bornhede 2010, Ferguson and Rosales-Ruiz 2001,
Danisan and Ozbeyaz 2021). Today, the clicker
method is successfully applied in the training of many
animal species such as dogs (Lindsay and Wood 2007,
D’Onofrio 2015), pigs (Paredes-Ramos et al. 2020)
mice (Leidinger et al. 2017), goats (Langbein et al.
2007) and horses (Danisan and Ozbeyaz 2021).
Desensitization is studied under non-associative
learning. Four main Desensitization techniques can
be derived from the applied animal behaviour
literature:  systematic ~ Desensitization,  counter-
conditioning, overshadowing; and response
prevention (McLean 2008, Mills et al. 2010).
Systematic Desensitization technique is used in the
modification of some behaviors in horses to prevent
behavioural problems. Within the scope of the
training, a stimulus is given to the horse, which
gradually increases. The horse is rewarded for giving
the desired response to the stimulus and the stimulus
level is increased. With this technique, the response
threshold is increased gradually (MclLean and
Christensen 2017). For example, police horses are
often systematically desensitised to noise, smoke,
flags, rapidly advancing people and objects. Also,
therapy horses can be desensitised to objects, peoples
behaviour patterns and some therapathic games etc.
In this study, horses were passed through the de-
spooking  track  which was  prepared for
desensitization training by using the clicker method.
The effect of using this method on the success of the
horse on the track was investigated while it
performed tasks such as passing over novel grounds
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and between static novel objects (road cones, ball,
umbrella, ring, tatp, and lateral and hanging pool
noodle doors).

MATERIAL and METHODS

Animals

The animal material of the research consisted of 14
Arabian mares (4-24 years old) bred in the
Mahmudiye district of Eskisehir province in Turkey.
This study was carried out in December 2016.

Study Design

The horses (n=14) were divided into the clicker
group (n=7) and the control group (n=7).
Desensitization training was used twice for all horses
in the clicker groups (clickerl and clicker 2) and the
control groups (control 1 and control 2). There were
in seven static novel objects (road cones, ball,
umbrella, ring, tarp, laterally pool noodle door,
hanging pool noodle door) on the de-spooking track
in the test arena. Horses passed over or between the
objects.

The horses in the control group were given an
audible stimulus to walk with the trainer. If they did
not walk, negative reinforcement was applied via
pressure to the halter. The horses in the clicker group
were given an audible stimulus and used a target stick
to walk with the trainer. The target stick were
introduced to the horses and within three seconds
after the horses touched the stick, the "click" sound
was made with the help of a clicker device. A small
pieces of carrot was given to the horses as a positive
reinforcement.

The horses’ behaviour and heart rate were recorded
by a Polar Equine M400 device, which was fastened
to the left side of the horse just behind the front leg
with an elastic girth. Horses were recorded on video
using a Go-Pro Action Camera when they do tasks.
The behavioural responses of the horses were
evaluated using an equine ethogram (Table 1) within
the scope of curiosity, fright and threat behaviours.
The types of behaviour included were: alert, nibble,
sniffing/licking (cutiosity behaviours); snort, neigh,
head high, balk, vigilance, trot (fright behaviours); ear
laid back, paw, stomp, kick (threat behaviours). The
data on the behavioural and physiological responses
of the horses were obtained only in their first trial on

the de-spooking track. In both groups, ethological
analyses were made according to whether seven
horses showed behaviors in with seven different
novel objects (7x7=49 behaviour).

In statistical analysis, differences between the groups
in terms of accomplishing tasks and behaviors were
analysed with the Chi-square method, and differences
between the groups in terms of heart rate were
analysed with the t-test. SPSS 14.01 (license number:
9869304) package program was used for statistical
analysis (Anonymous 2022).

RESULTS

Comparison of the success rate for the tasks on the
de-spooking track between control-1, control-2,
clicker-1 and clicker-2 groups are given in Table 2. In
all groups, the success rate of navigating narrow
spaces (with road cones), ball, umbrella and lateral
pool noodle door tasks was 100%. While the success
rate of the ring task was 71% in the control-1 group
and the clicker-1 group, it was 100% in the control-2
group and the clicker-2 group. In the control-1,
control-2, clicker-1 and clicker-2 groups, the success
rate of the walking on the tarp task was determined as
43%, 71%, 71% and 100%, respectively. In the
hanging pool noodle door task, the rate of
accomplishing the task was found as 43%, 57%,
100% and 100% in the control-1, control-2, clicker-1
and clicker-2 group, respectively. Average heart rate
was 139.28 pcs/minute in the clicker group and
109.42 pcs/minute in the control group.

Results on curiosity, fright and threat behaviors are
given in Table 3. From curiosity behaviours; alert,
sniffing/licking and nibble behaviors were 0%, 6%
55%, 45% and 41%, 45% in control-1 and clicker-1
groups respectively. Sniffing/licking behaviors were
not observed in both groups. From fright behaviours;
snort, neigh (vocalisation), head high, balk, vigilance
and trot behaviors were 24%, 14%; 2%, 0%; 16%,
16%; 35%, 8%; 12%, 8% and 35%, 8% in control-1
and clicker-1 groups respectively. From threat
behaviours, the ears laid back (pinned) was 14% and
10% in control-1 and clicker-1 groups respectively.
Paw was 2% in the control-1 group and stomp and
kick behaviour were not observed in both groups.
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Table 1. Behaviors evaluated within the scope of the research

Behaviour Description

Alert Rigid stance with the neck elevated and the head oriented toward the
object or animal of focus. The ears are held stiffly upright and forward
and the nostrils may be slightly dilated. (McDonnell and Haviland
1995).

Nibble With jaws closed the upper lip is moved upward and downward against
an object, typically without dental contact of the object. Comments:

Curiosity

Behaviour Nibbling of an object is typically one of the first play responses
associated with an investigative approach of the object (McDonnell and
Poulin 2002).

Sniffing/Licking Sniffing and/or licking an inanimate object may be as if to investigate
the odor, texture, shape, taste, and size of an object. Sniffing and licking
of a herd mate sometimes precedes and appears to initiate mutual
grooming (Keiper 1985).

Snort Short explosive exhalations from nostrils (Boyd and Houpt 1994).

Neigh A high amplitude call of long duration that fluctuates in frequency and

(Vocalisation) is given on expiration (Boyd and Houpt 1994).

Fright Head high Nose above the withers (Hall et al. 2014).
Behaviour Balk Stopping suddenly while walking (McGreevy et al. 2009).

Vigilance Standing still with elevated neck, intently orientated head and ears (Le
Scolan et al. 1997).

Trot A two-beat gait (Seaman et al. 2002).

Ears laid back Ears pressed caudally against the head and neck (McDonnell and
Haviland 1995).

Paw Striking a vertical or horizontal surface, or the air with a forelimb

Threat (Seaman et al. 2002).
Behaviour Stomp One foreleg is raised and lowered, sharply and firmly striking the
ground, usually repeatedly (McDonnell and Haviland 1995).
Kick One or both hind legs lift off the ground and rapidly extend backwards

toward another stallion, with apparent intent to make contact

(McDonnell and Haviland 1995).
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Road cones Umbtrella Ball

Ring Tarp

Lateral pool noodle door Hanging pool noodle door

Figure 1: Study Design
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Table 2. Comparison of task success rates in groups

Road cones Ball Umbrella Ring Tarp Laterally pool noodle Hanging pool noodle
Groups door door
Passed Not Yo Passed Not Yo Passed Not % Passed Not % Passed Not % Passed Not Yo Passed Not Yo
passed passed passed passed passed passed passed
Control 1 7 0 100 7 0 100 7 0 100 5 2 71 3 4 43 7 0 100 3 4 43
Control 2 7 0 100 7 0 100 7 0 100 7 0 100 5 2 71 7 0 100 4 3 57
P A . - - - - A
Clicker 1 7 0 100 7 0 100 7 0 100 5 2 71 5 2 71 7 0 100 7 0 100
Clicker 2 7 0 100 7 0 100 7 0 100 7 0 100 7 0 100 7 0 100 7 0 100
P - - - - - - -
Control 1 7 0 100 7 0 100 7 0 100 5 2 71 3 4 43 7 0 100 3 4 43
Clicker 1 7 0 100 7 0 100 7 0 100 5 2 71 5 2 71 7 0 100 7 0 100
P , , , , , , *
Control 2 7 0 100 7 0 100 7 0 100 7 0 100 5 2 71 7 0 100 4 3 57
Clicker 2 7 0 100 7 0 100 7 0 100 7 0 100 7 0 100 7 0 100 7 0 100
P - - - - - - -

*: Significant (P<0.05), -: Insignificant
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Table 3. Comparison between behaviors in the de-spooking track (7 horses x 7 novel objects = 49 behaviors were evaluated in each group)

Curiosity Behaviours

Groups Alert Sniffing Touching Licking-Nibbling
Did Did not % Did Did not % Did Did not % Did Did not %
Control 1 0 49 0 27 22 55 20 29 41 0 49 0
Clicker 1 3 46 6 22 27 45 22 27 45 0 49 0
P - . - A
Fright Behaviours
Groups Snort Neigh Head high Balk Step back-sideways Trot-Gallop
Did Did not % Did Did not % Did Did not % Did Did not % Did Did not % Did Did not %
Control 1 12 37 24 1 48 2 8 41 16 17 32 35 6 43 12 17 32 35
Clicker 1 7 42 14 0 49 0 8 41 16 4 45 8 4 45 8 4 45 8
P _ _ _ $ok _ *ok
Threat Behaviours
Groups Ears laid back Stomp Paw-Kick
Did Did not % Did Did not % Did Did not %
Control 1 7 42 14 1 48 2 0 49 0
Clicker 1 5 44 10 0 49 0 0 49 0
P -

**: Significant (P<0.01), -

Insignificant
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DISCUSSION

In this study, when the findings in Table 2 are
evaluated in general, it can be seen that the second
trials are more successful than the first ones and the
clicker groups are more successful than the control
groups. In the second trial of the clicker group, it was
determined that all horses were successful in all tasks.
This situation shows that the horses’ success rate for
the tasks is higher on a known track than on a track
encountered for the first time. In addition, it can be
said that the clicker method increases the success rate
of the horses in achieving the tasks.

Negative reinforcement, a traditional method, is
widely used in horse training. However, there has
been an increase in the use of positive reinforcement
in recent years. In positive reinforcement studies
related to the loading of horses onto a trailer; it has
been reported that positive reinforcement shortens
the loading time and reduces associated stress. Thus,
it is effective in eliminating negative behaviors during
loading (Ferguson and Rosales-Ruiz 2001, Dai et al.
2019, Hendriksena et al. 2011). Sankey et al. (2010)
state that horses trained with positive reinforcement
also show more positive behaviors in their
subsequent relationships with people. In training
studies on horses, it has been reported that positive
reinforcement supports learning by motivating
horses' behaviour (Hockenhulla and Creighton 2013),
increases the welfare of horses (Bornhede 2010), is a
safer method because it increases the welfare of
horses (Slater and Dymond 2011), they have exhibit
less frightened and threatening behaviors (Danisan
and Ozbeyaz 2021) and they are more willing to
participate in training (Innes and McBride 2008).
Freymond et al. (2014) also report that in horses they
trained for various exercises, negative reinforcement
groups were more nervous and experienced more
negative emotions than with positive reinforcement.
Similarly, in this study, pausing and trotting behaviors
resulting from fear behaviors were found to be
significantly higher (P<0.01) in the control group
than in the clicker group. Reducing fear and threat
behaviors with the use of positive reinforcement will
make training easier and safer for both the rider and
the horse.

The clicker method, which is applied as a secondary
reinforcer in positive reinforcement, has been applied
in different animal species and in the fulfillment of
different tasks in recent years. Lindsay and Wood
(2007) report in their study on dogs that the clicker
method reduces training time and food supplements
required to leatn the behaviour. Similatly, D'Onoftio
(2015) states in his study that the clicker is an
effective method in dog training. On the other hand,
Smith and Davis (2008) state in their study that there
was no difference between clicker and the control
groups in terms of learning the behaviour, but the
clicker group forgot the learned behaviour later than

others. Paredes-Ramos et al. (2020) report that the
clicker method reduces the number of repetitions
required to learn to bring an object among piglets and
enables faster learning. Leidinger et al. (2017) states
that mice trained with the clicker method learn
quickly and perform all tasks successfully. Langbein et
al. (2007) states that the clicker method facilitates
learning in goats, with the animals being more willing
to fulfill the task and performing the task in a shorter
time and with fewer trials, and with the incidence of
abnormal behaviour reduced. These findings show
that the clicker method can be used effectively in
different species and different tasks.

There are so far few clicker studies in horses. Bartlett
(2010) reports that clicker training provides a basis
for creating a positive partnership between the trainer
and the horse to take by encouraging an active role in
the learning process. Flannery (1997) states in his
study that the rate of performing the tasks correctly
was higher in the clicker group. Danisan and Ozbeyaz
(2021) who compared three different training
methods in horses in their study, found that
obedience behaviour and the rate of success in the
task were higher and startle-threat behaviors were
lower with the clicker method. McCall and Burgin
(2002) and Williams et al. (2004) reported in their
study on horses that the clicker method did not
reduce training time compared with using only food
as a primary reinforcer, and there was no difference
between the groups in terms of the forgetting time of
the behaviour. However, McCall and Burgin (2002)
state that horses that have received secondary
reinforcement in the past respond more accurately
than other horses in a new training. In this study, we
determined that the rate of achievement of the tasks
was higher in the clicker group. In the second trial of
the clicker group, it was determined that all horses
were successful in all tasks. In addition, fear
behaviors were found to be significantly higher in the
control group than in the clicker group. These
findings, suggest that the clicker method increases the
welfare of horses by reducing negative emotions and
increases the success rate of tasks.

Some trainers are discouraged from using food
rewards in training programmes based on positive
reinforcement because of concerns that hand feeding
will lead to undesirable oral exploratory behaviour
(Waran et al. 2002, Hart 2008). Hockenhulla and
Creighton (2010) report in their study that there was
no relationship between clicker training and
undesirable oral behaviour of hotrses, and that the risk
factors for these behaviors may have arisen from
outside this practice. In our study, there was no
finding that food-based positive reinforcement was
associated with undesirable oral behaviors in horses.
These findings suggest that horse owners should not
be discouraged from wusing food-based positive
reinforcement techniques with their horses.
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From their training study in horses, Sankey et al.
(2010) report that the mean heart rate in the negative
reinforcement group was higher than the positive
reinforcement group. Innes and McBride (2008)
determined that the heart rate of horses that were
given positive reinforcement in the later stages of the
trial was significantly higher than that of horses given
negative reinforcement. In the study, the increase in
heart rate was associated with increased
adrenaline/noradrenaline release during training in
anticipation of food reward, as horses in the positive
reinforcer group appeared to be highly motivated to
the task. Similarly, in this study, the average heart rate
was found to be significantly higher (P<0.01) in the
clicker group (139.28 pcs/minute) than the control
group (109.42 pcs/minute). This may be because of
the food reward excites the horses.

CONCLUSION

It is seen that training based on learning theory is
more efficient for horses. It has been observed that
horses voluntarily fulfill tasks thanks to the positive
reinforcements used in operant conditioning
processes. This reduces the frequency of behavioural
responses related to fright and threat in horses, thus
minimising risks in management and training.

As a result, clicker training provides an advantage in
desensitization training of horses due to its ease of
application, low cost, and fast learning by horses.
Research findings show that this method is advisable
due to its effectiveness during the desensitization of
horses on the de-spooking track.
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ABSTRACT

This study is aimed to compare the effects of combined supplementation of Yucca schidigera (YS) and
clinoptilolite as a zeolite source to diet on the blood IL-13, IL-6 and TNF-a and thyroid hormones
concentrations in sheep. A total of 24 sheep were divided four groups as the Control, YS group, Zeolite and YS
+ Zeolite group and each group was contained 6 animals. The basal diet was given to animals in control group,
while the animals in the Zeolite, YS and YS + Zeolite groups were fed with the experimental diet contained the
basal diet plus 3% clinoptilolite, 1500 ppm YS and 1500 ppm YS + 3% clinoptilolite, respectively. The blood
samples were taken from the animals in the end of experimental period lasted 30 days. The plasma IL-1§3, IL-0,
TNF-a, T3 and T4 concentrations were determined by using the commercial ELISA. The supplementation of YS
decreased the plasma IL-18 concentration and the combined supplementation of Zeolite and YS lowered the
plasma TNF-a concentration. The plasma 1L-6, T3 and T4 concentrations were not affected by the treatments.
As a result, it was concluded that the combined supplementation of zeolite and YS, which are two natural feed
additives, instead of adding them separately to the feed, may affect the proinflammatory cytokines production in
sheep blood.

Keywords: Cytokines, saponins, sheep, thyroid hormones, zeolite.

kkk

Koyunlarda Yeme Yucca Schidigera ve Zeolit Katilmasinin Kan Sitokin ve Tiroid Hormon Diizeylerine
Etkileri

Oz

Bu ¢alisgmanin amact, koyunlarda yeme steroidal saponin iceren Yucca schidigera (YS) ve zeolit kaynag olarak
klinoptilolitin birlikte ilavesinin kan IL.-18, IL-6, TNF-o ve tiroid hormon diizeylerine etkilerini karsilastirmaktir.
Calismada, toplam 24 koyun kullanidi ve koyunlar her biri 6 hayvan iceren Kontrol, YS, Zeolit ve YS + Zeolit
olmak tizere dort gruba ayrildiKontrol grubundaki hayvanlar temel yemle beslenirlerken, YS gruptaki hayvanlar
yeme 1500 ppm diizeyinde YS ilave edilmis yemle, Zeolit gruptaki hayvanlar %3 diizeyinde klinoptilolit ilave
edilmis yemle ve YS+Zeolit gruptakiler ise 1500 ppm YS ile %3 klinoptilolit ilave edilmis yemle beslendiler.
Toplam 30 giin siiren deneme déneminin sonunda, hayvanlardan kan 6rnekleri alindr. I1L-18, IL-6, TNF-a, T3 ve
T4"%n plazma diizeyleri, ticari kitler kullanilarak ELISA cihazinda belirlendi. Yeme YS ilavesi plazma I1.-18
diizeiyini azalttirken, YS+Zeolitin birlikte yeme ilavesi ise plazma TNF-a diizeyini disiirdi. Buna karsin,
¢alismada, uygulamalarin 11.-6, T3 ve T4 dizeylerine etkisinin olmadig: tespit edildi. Sonug olarak, iki dogal yem
katki maddesi olan zeolit ve YS’nin yeme ayri ayri katilmasi yerine bitlikte ilavesinin koyun kaninda proinflamatuar
sitokinlerin tretimini etkileyebilecegi kanaatine varildi.

Anahtar kelimeler: Koyun, saponinler, sitokinler, tiroid hormonlari, zeolit.
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GIRIS

Insanlarin  beslenmesinde 6nemli  bir hayvansal
protein kaynagini olusturan sigir, koyun ve keci gibi
ruminant hayvanlanin yetistiriciligi; yogun iretim
teknikleri, kapsamli ve dengeli beslenme, otomasyon
ekipmant ve diger yeni teknolojiler ile giin gectikee
gelisme gostermektedir. Rumene yerlesmis olan
mikroorganizmalar sayesinde bitki ve kaba yemleri
enerji kaynagt olarak kullanabilmeleri ruminant
hayvanlarin = sindirim  fizyolojisi bakimindan ¢ok
onemli  bir Ozelliktir. Bu nedenle, ruminant
hayvanlarin tek mideli hayvanlarin kullanamadiklar
disiik kaliteli besinleri degerlendirmeleri ve bunlar et
ve sit gibi insanlarin blylk gereksinimi olan proteinli
maddelere donustiirmeleri hem vyetistiricilere hem de
ilke eckonomisine Gnemli katki  saglamaktadir
(Cammack ve ark., 2018). Bununla birlikte, ruminant
hayvan yetistiriciliginin daha ekonomik olmast ve
karliligini 6nemli 6l¢lide artirmak icin  tiikettikleri
yemin, ¢ok sayida mikroorganizmalari barindiran
rumende optimum bir mikrobiyel fermentasyona
maruz kalmalart ve bu fermentasyonun gelistirilmesi
gerekmektedir (Kutlu ve Serbester, 2014). Rumende
fermentasyon devam ettikce kana metabolit gegisi
stirmekte ve hayvanlarin tikettikleri yemin icerigi ve
rumen fermentasyonunun duzenliligi kan metabolit
duzeyindeki degisiklikler tzerine énemli etkenlerden
birini olusturmaktadir (Durmus ve ark., 2017). Bu
nedenle, rumen fermentasyonunun manipilasyonu,
ruminant hayvanlarin verimlerini iyilestirmenin en
etkili yollarindan biridir.

Cevre kirliligi, bulagict hastaliklarin patlamast ve gida
givenligi endigeleri gUnimiiz modern hayvan
yetistiriciligini  rahatsiz  eden ¢ ciddi endiseyi
olusturmaktadir. Bu nedenle, hayvanlarin
beslenmesinde kullanilan yem ham maddeleri ile yem
katki maddelerinin hayvan yetistiriciligini etkileyen bu
endiselere yol agmamasi gerekmektedir. Hayvanlarda
verimi artirma, kalitesi yiksek besin  madde
gereksinimlerini  karstlama ve yemlerden daha iyi
yararlanma hedefi yem katki maddeleri ad: verilen bir
sektortin olusmasina yol agmustir (Kutlu ve Serbester,
2014).  Enzimler, antibesinsel  faktorler  ve
antibiyotikler, yem katki maddeleri olarak yemden
yararlanmayt gelistirmek ve hayvan verimini artirmak
amactyla kullanimaktadir. Bununla birlikte, insan
tiketimine yoOnelik hayvansal trtinlerin  glivenligini
saglamak ve cevresel endiseleri gidermek icin hayvan
yemlerine antibiyotiklerin yem katki maddesi olarak
kullantlmast tzerinde sosyal bir bask:t vardir. Son
yillarda, antibiyotiklerin yem katki maddesi olarak
kullantimindan  kaynaklanan — mikroorganizmalarin
gelistirdigi direng ve cevre Kkirliliginin azaltilmasina
katki saglayacak potansiyele sahip dogal yem katki
maddelerinin, hayvansal tretim sektoriinde buyiik
onem kazandigi gozlenmektedir (Chattopadhyay,
2014, Shaaban ve ark., 2021). Bu yem katki maddeleri

arasinda tzerinde en yogun c¢alislanlar arasinda
zeolitler (Colpan, 2013) ve saponin igerigi yiksek
bitkiler (Bodas ve ark., 2012, De Sousa ve ark., 2019,
Chen ve ark., 2021) de yer almis olmasmna ragmen
hala biyolojik etkilerinin tam olarak ortaya konmasi
saglanamamustir.

Yem katki maddelerinin hayvansal tretim ve hayvan
saglhigl acisindan risk olusturmadan, hem teknolojik
hem maliyet agisindan dinya ile rekabet edilebilir ve
stirdiirtlebilir sekilde tretimi gerekmektedir. Bu
nedenle, ruminant hayvan yetistiriciliginde, yem katki
maddesi olarak antibiyotiklerin yerine kullanilacak
givenli ve etkili yem katki maddelerinin bagisiklik
sistemine olan etkilerinin tespit edilmesi; patojenleri
kontrol etme, hayvan vicut savunma sistemlerini
destekleme, rumen ve bagirsak saghgini tesvik etme
ve yemden yararlanmayi iyilestirmedeki etkinliklerini
gostermesi  bakimindan 6nem arz etmektedir. Bu
beklentiye yonelik artan ilgiye baglt son yillardaki
yapilan arastirmalarda, zeolit ve saponinlerin s6z
konusu alanda tmit verici Gzellikler tasidigi ortaya
konmustur (Eryavuz ve ark., 2015, De Sousa ve atk.,
2019, Chen ve ark., 2021, El-Nile ve ark., 2021).
Zeolitlerin ve saponin igerigi yiiksek Yucca schidigera
(YS)'nin yalnuzeca agirlik artigt, yem verimliligi ve
sagligl dahil olmak tzere ciftlik hayvanlart ve kiimes
hayvanlarinin performansinu iyilestirmekle kalmayip,
aynt zamanda hayvan giibresinden kaynaklanan
amonyak emisyonlarint azaltugl ve sonu¢ olarak
hayvan tesislerinde kokuyu kontrol ettigi gosterilmistir
(Chen ve ark., 2021, El-Nile ve ark., 2021). Bununla
birlikte, yem katki maddesi olarak hem zeolit hem de
YS'min bitlikte kullandmasinin  6zellikle ruminant
hayvanlarda  olusturduklart  biyolojik  etkilerin
karsilastirilmasina  yonelik  calismalar  oldukea
yetersizdir. Yem katki maddesi olarak zeolit ve YS'nin
ruminant hayvanlarin yemine birlikte katilmasinin
sitokinlere etkilerini ortaya koyan bir ¢alisma
bulunmamaktadir. Bu calismanin hipotezi; ruminant
hayvanlarin gastrointestinal kanal icerisinde etkisini
gosterdigi bilinen zeolit ve YS'nin yeme birlikte
takviyesinin proinflamatuar sitokinlerin Gretimini ayri
ayrt katilmalarina gére diisiirebilecegi seklindedir. Bu
nedenle arastirma; iki dogal yem katki maddesi olan
zeolit ve YS’nin yeme katilmasinin koyunlarin kaninda
pro-enflamatuar sitokinler ve tiroid hormonlar
diizeylerine etkilerini karsilastirmak ve ikisinin birlikte
kullantlmastyla olusacak etkilesimi belirlemek amactyla
planlanmustir.

MATERYAL ve METOT

Hayvan Materyali

Afyon Kocatepe Universitesi Hayvan Deneyleri Etik
Kurulw'ndan (AKUHAYDEK — 281-17 referans nolu
49533702/160 sayili arastirma) onay alindiktan sonra
calisma baglatilmustir. Calismada, Afyon Kocatepe
Universitesi Veteriner Fakiiltesi ciftliginde var olan 24
adet merinos 1wkt erkek koyun kullanidmistir.
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Calismada  koyunlar; Kontrol, Zeolit, YS ve
Zeolit+YS gruplart olmak tizere 4 gruba ayrildt ve her
grupta 6 bas koyun birbiriyle karigmayacak sekilde ayr1
boélmelere konuldu. Ciftlikte uygulanan bakim ve
besleme sartlarina gére barindirillan koyunlara; kaba
yem olarak bugday samani ve yonca kuru otu
verilirken, karma yem olarak kimyasal bileseni Tablo
1'de verilen ticati fabrika yemi verildi. Hayvanlar; yeni
dogan kuzularda yeme %15 ve %3 diizeyinde
klinoptilolit ilavesinin hematolojik degetler tzerine

ve ark., 2010) hareketle %3 klinoptilit ilave edilmis
yem ve 1500 ppm YS ilavesinin kuzularda rumen
amonyak diizeyini dustrdigi yontindeki
bildiriminden (Eryavuz ve ark., 2015) hareketle de
1500 ppm ilave edilmis yem ya da hem %3
klinoptiloit hem de 1500 ppm YS birlikte ilave edilmis
ve mikserde karistirilmig  yemlerle  beslendiler.
Calismada kullanilan  klinoptilolit Gordes Zeolit
Madencilik Sanayi ve Ticaret Anonim Sirketi’den, YS
ise Ekol Gida Tarim Hayvancilik Sanayi Ticatet

olumsuz etkisinin olmadigi bildiriminden (Norouzian Anonim Sirketi ‘den temin edildi.
Tablo 1. Ticari Fabrika Yeminin Kimyasal I¢erigi (%)

Ham Protein (HP) 16

Ham seliloz (HS) 11

Ham Yag (HY) 35

Ham Kiil (HK) 9

Sodyum 0.3

Tum gruplardaki hayvanlar 15 giin boyunca yeme
alistirma dénemi ve sonrasinda 30 gin arastirma
dénemi olmak Uzere toplam 45 gin siireyle kendileri
icin hazirlanmis olan yemle beslendiler. Onlerinde
siirekli temiz igme suyu bulundurulan hayvanlara,
ginde sabah ve aksam olmak tzere iki 6gin yem
verildi, aynt 6giin icerisinde de kaba ve karma yemler
farklt verildi.

Vena jugularisden heparin iceren tlplere yeterli
miktarda kan O&rnekleri, calismanin son giiniinde
sabah yemlemesinden 6nce, usuliine uygun olarak
alindi. Bu kan Orneklerinin plazmalart 10 dakika
boyunca 3000 rpm’de santrifiij yapilarak elde edildi.
Plazma 6rnekleri 1.5 ml’lik ependorf tiiplere konuldu
ve analizler yapilincaya kadar -20°C’  derin
dondurucuda tutuldu. Analiz icin plazmalarin
¢ozdirilmesinden sonra Interl6kin-18 (IL-18 ),
tumor nekrozis faktor alfa (TNF-a), interlokin-6 (IL-
0) ile T3 ve T4 dizeyleri ticari kitler kullamilarak
(SUNRED, Shanghai Sunred Biological Technology
Co., Ltd., Cin) ELISA cihazinda, iretici firmanin
katologunda Snerdigi gibi Slglimleri  yapiarak
belirlendi.

Calisgmada elde edilen verilerin istatistiksel analizi
SPSS 16.0 istatistiksel paket programi kullanilarak
degerlendirildi. Degiskenler ortalama * standart hata

olarak ifade edildi. Verilerin normallik testleti ile
gruplar arasindaki istatistiksel farklart saptamak icin
ANOVA testi, post-hoc test olarak Duncan testi
uyguland. Tstatistiksel anlamlilik p<0.05 olarak alindu.

BULGULAR

Denemenin son giintinde sabah yemlemesinden 6nce
alinan kan 6rneklerinde yapilan Slgiimlerle elde edilen
plazma IL-1§3, IL-6 ve TNF-« ile tiroid hormon
diizeylerine yonelik veriler Tablo 2’de g6sterilmistir.
Yeme % 3 diizeyinde zeolit katlmasinin plazma IL-
18, IL-6 ve TNF-u ile tiroid hormon duzeylerinin
Kontrol grubu hayvanlarinkinden farkliik
gostermedigi tespit edildi. 1500 ppm YS ilave edilmis
yemle beslenen koyunlarin plazma IL-18 dizeylerinin
Kontrol grubundaki hayvanlarinkinden 6nemli oranda
(P<0.05) disiik oldugu, buna karsin incelenen diger
parametreler  bakimindan  6nemli  bir  degisim
gostermedigi gozlendi. Hem zeolit hem de YS ilave
edilmis yemle beslenen koyunlarin plazma TNF-«
diizeylerinin; Kontrol grubuna gore istatistiksel
anlamda 6nemsiz, buna karsin, Zeolit ve YS grubuna
gore 6nemli oranda (P<0.05) distk oldugu bulundu
(Tablo2).

Tablo 2: Koyunlarda yeme zeolit, Yucca schidigera (YS) ve zeolit + YS ilavesinin plazma IL-18, IL-6 ve TNF-o ile

tiroid hormon diizeylerine etkisi (n=6, Ort.=SH).

Parametreler Kontrol Zeolit

IL-1B (pg/ml) 2.06+0.164% 1.71£0.284
TNF- a (pg/ml) 1.18+0.067* 1.36+0.124
IL-6 (pg/ml) 1.30+0.167 0.99+0.223
Ts (ug/L) 1.98+0.121 2.00+0.154
T, (ug/L) 35.5+5.54 32.4+3.79

YS Zeolit+YS
1.37+0.142° 1.85+0.143%
1.42+0.063° 1.04+0.034°
0.88+0.236 1.38+0.268
1.80+0.215 2.11£0.216
30.9+4.59 39.145.16

ab: Ayni satirda farkli harf tasiyan degerler farkhidir (P< 0.05). IL-13: Interleukin 1 Beta, IL-6: Interleukin 6, TNF-a:

Tumor Nekrozis Faktor.

235



TARTISMA

Hayvanlarin saglik ve hastalik durumlarinda kandaki
metabolit duzeylerindeki degisimlerin belirlenmest,
veteriner hekimler ile yetistiriciler icin 6nemli verileri
olusturmakta ve hayvanin saglhigt ve beslenme durumu
hakkinda bilgiler vermektedir. Metabolitlerin kan
diizeyleri; hayvanlarin 1k, fizyolojik durum, yas ve
beslenmeleri ile mevsime baglt olarak degismektedir.
Bu calismada; koyunlar, antibiyotiklere alternatif dogal
yem katki maddelerinden olan, zeolit % 3, YS 1500
ppm ve zeolit %3 + YS 1500 ppm diizeyinde ilave
edilmis yemlerle beslendiler. Calismada; zeolit kaynagt
olarak, sertligi ve kiiciik parcaciklara ince bir sekilde
ogutilme kabiliyeti nedeniyle ¢ok sayida uygulama
icin en uygun tipi oldugu bildirilen (Wu ve ark., 2013)
klinoptilolit ~ kullanilmistir.  Calismada  koyunlarin
yemine ilave edilen klinoptilolit dizeyi (30000
mg/kg), hayvanlarin yeminde toksik olmayan dizey
olarak bildirilen (EFSA, 2013) dizeyin (10000 mg/kg)
oldukea tstiindeydi. Bununla birlikte, Bartko ve ark.
(1983), bu ¢alismada kullanilan diizeyinden ¢ok daha
fazla dizeyde (her bir kg canlt agirlik icin 0.15 g)
koyunlarin ~ yemine klinoptilolit ilave ettikleri
calismada, koyunlarin saglk durumlarinda ve genel
davraniglarinda  bir  farklilik  gbzlemediklerini
bildirmekteditler.

Bagisikhik  sisteminin = 6nemli  bilesenleri  olan
sitokinlerden  olusan interl6kinlerin, hayvanlarin
yemine katilan besin bilesikleri tarafindan plazma
diizeylerinde degisiklikler oldugu gézlenmistir (Su ve
ark., 2016). Yapilan calismalarda, YSnin biyolojik
etkilerinin icerdigi siteroidal saponinlerden
kaynaklandigi ifade edilmektedir (Eryavuz ve ark.,
2015, De Sausa ve ark., 2019). Nitekim, koksidiozlu
etci piliclerin yemine YS saponinleri ilave edildiginde
duodenum ve c¢ekal tonsillerde IL-13  gen
ckspirasyonunun azaldigi gézlenmistir (Oelschlager ve
ark., 2019). Bununla bitlikte, YS'nin biyolojik
fonksiyonlarinin sadece saponin bilesenlerinin varlig
nedeniyle olmayabilecegi de ifade edilmektedir (Cheek
ve ark., 20006, Kigctikkurt ve ark., 2016). Nitekim,
YS’nuin, resveratrol gibi polifenollerden de zengin bir
kaynak oldugu bildirilmektedir (Piacente ve ark,,
2005). Resveratrolin, splenositlerde, artan resveratrol
seviyesi ile  birlikte IL-18 ve TNF-a gen
ekspresyonunun da distigi ve 1L-18 ve TNF-a gibi
proinflamatuar  sitokinlerin  transkripsiyonunun
baskilanmasina neden olabildigi ifade edilmektedir
(Zhang ve ark., 2014). Resveratroliin, immiinostipresif
farelerde IL-1a / B, IL-2 ve TNF-a seviyeleri gibi
bagisikhk  fonksiyonuna  baghh  serum  sitokin
konsantrasyonlarint doza baglt olarak yukari yonde
regiile edebilecegi bildirilmektedir (Lai ve ark., 2016).
Bu caligmada; yeme YS ilavesinin IL-18’nin plazma
duizeyini azalttig1 ancak zeolitlerle birlikte katilmasinin
bu etkiyi ortadan kaldirdigr gézlendi. Elde edilen bu
bulgu; splenositlerde, artan resveratrol seviyesi ile

birlikte IL-1B3 gen ekspirasyonunun azaldigt (Zhang ve
ark., 2014) ile koksidiyozlu etlik piliclerde YS
saponinlerin duedonumda IL-13 gen ekspirasyonunu
azaltugl yonindeki bildirimleri (Oelschlager ve ark.,
2019) desteklemektedir. Bununla birlikte, ¢alismada;
yeme YS ilavesinin, plazma IL-6 ve TNF-«
diizeylerine etkisinin olmadigr tespit edildi. YS’nin
yeme ilave miktarlarinin da sitokinler tizerine etkisinin
oldugu, yuksek dizeylerinin imminolojik durumu
bozabilecegi ve hastaliklara karst  duyarliliklan
artirabilecegi ileri strtlmektedir (Su ve ark., 2010).
Nitekim, kanath yemine 100 ppm’den daha yiiksek
dozlarda YS takviyesinin, IL.-6 Gretiminin azalmasi ile
sonuclandigr gbzlenmistir (Su ve ark., 2016). Bu
calismada, yeme YS ilavesinin plazma IL-6 ve TNF-a
diizeylerine etkisinin olmamast, yeme katilan diizeyi
ve hayvan tirlerinin farkliigindan kaynaklanabilir (Su
ve ark, 2016). Kumiz  kemik iliginden
polimorfoniikleer 16kositlerin gecis stiresini kisaltarak
dolagima gegislerini hizlandirdigy bildirilen (Suwa ve
ark., 2000) IL-6’nin, bu c¢alismadaki uygulamalardan
etkilenmemesi, dolasimdaki polimorfoniikleer 16kosit
sayisina da etkilerinin olmayacagini gostermektedir.
Nitekim, koksidiyozlu etlik piliclerin yemine YS
saponinleri ilave edildiginde, kanda 16kosit sayisinin
etkilenmedigi gbzlenmistir (Oelschlager ve ark., 2019).
Calismada, yeme  zeolit takviyesinin  plazma
proinflamatuar  sitokinlere  etkisinin =~ olmamasi;
Tirtaatmadja ve ark (2015)mn in vitro insan kant
kullanarak yaptiklart calismada, zeolitlerin sitokin
diizeylerini  etkilemedigi yonindeki gozlemlerini
desteklemektedir.

Dolasimdaki  proinflamatuar sitokinlerin  seviyesi
Olgiilerek immunolojik etkileri degetlendirebilmenin
miumkin oldugu bildirimi (Elsabahy ve Wooley,
2013) dikkate aliirsa, calismada elde edilen
bulgularin; yeme zeolit ve YS ilavelerinin bu ¢alismada
kullamlan  diizeylerinin ~ ruminant  hayvanlarin
immunolojik  durumlarini  bozmayacagina  isaret
etmektedir. Ayt zamanda, dogal yem katki maddesi
olarak gerek zeolitlerin gerekse YS’nin ayri ayrt ya da
birlikte ruminant yemine ilave edilmesinin IL-13 ve
TNF-o’'nin plazma diizeylerini diisiirmesi nedeniyle,
bagisiklik homeostazini koruyabildigini ve bagisiklik
sisteminin daha fazla aktivasyonunu 6nleyebilecegine
isaret etmektedir. Nitekim, IL-18’nin, bir bagisiklik
tepkisinin baslatdmasinda ¢ok 6nemli olan metabolik,
hormonal ve hucresel degisikliklere yol acabilecegi
ileri strtlmektedir (Klasing, 2007). Bu calismada elde
edilen bulgularin, ruminant yemlerine YS ve
YS+Zeolit ilavelerinin  antiinflamatuar  6zelliklere
sahip  olabilecegini ve  enflamatuar  yanitin
hafifletilmesi icin etkili bir strateji olarak hizmet
edebilecegini  dustindirmektedir. Ruminant
hayvanlardaki bagisiklik durumlarina etkilerinin daha
fazla aydinlatlmasi icin  hem pro- hem de
antiinflamatuar sitokinlerin birlikte degerlendirildigi
yeni ¢alismalara ihtiyag bulunmaktadir.
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Hicresel fonksiyonlarin dizenlenmesinde 6nemli
rolleri bulunan (Huszenicza ve ark., 2002) tiroid
hormonlarinin  plazma duizeylerindeki degisimlerin
bagsiklik sistemlerini de etkileyebilecegi
bildirilmektedir (Marchiori ve ark., 2015, Kandir ve
Keskin, 2016). Nitekim, hipotiroidili hastalarda TNF-
o, 1L-6 ve C-reaktif protein (CRP) seviyelerinin
yikseldigi bulunmustur (Tayde ve ark. (2017).
Hipotiroidizmli hastalara levotiroksin verildiginde,
verilmeyenlere gore; plazma IL-1, 1L-6 ve TNF-a
duizeylerinin 6nemli oranda daha distik oldugu ve
anti-enflamatuar sitokin olan IL-10 dizeylerinin ise
6nemli oranda daha yiiksek oldugunun gozlemlendigi
bildirilmektedir (Matrchiori ve ark., 2015). Bu
calismada, koyunlarin yemine zeolit ve YS ilavelerinin
tiroid hormonlarinin  plazma diizeylerine etkisinin
olmadigr gézlendi. Bu bulgu; ruminant hayvanlarda,
yem katki maddesi olarak katilan zeolit ve YS’nin
tiroid hormonlar1 ile proinflamatuar  sitokinlerin
degerlendirildigi ik bulgular olmast nedeniyle,
calismada kullamilan diizeyde koyunlarin yemine ilave
edilecek zeolit ve YS’nin hem ayr1 ayr1 hem de birlikte
katilmasinin sitokin dretiminde etkisi oldugu bildirilen
(Matrchiori ve ark., 2015) tiroid hormonlarina etkisinin
olmadigint gdstermektedir.

SONUC

Koyunlarin yemine zeolit, YS ve zeolit+YS ilavesi,
proinflamatuar  sitokinlerden  IL-6’nin  plazma
duizeylerine etkisi olmamis ancak YS ilavesi 1L-13, ve
YS+zeolit ilavesi ise TNF-o’nin plazma diizeylerini
azaltmistir. Bu durum; YS ve zeolitin ruminant
hayvanlarin  yemine birlikte ilave edildiklerinde,
hayvanlarin immiunolojik ve enflamatuar
mekanizmalarint = bozmayacagt  gibi  inflamatuar
yanitlarinin hafifletilmesine de katkida
bulunabilecegini disindirmektedir. Bu c¢alismada
elde edilen bulgular; hayvan beslenmesinde katks
maddesi olarak yemde kullanilan YS ve zeolitlerin
hem ayri ayrt hem de birlikte kullanidmasina bagl
ruminant hayvanlarin bagisiklik sisteminin
calismasinda 6nemli aracl molekiillerden
proinflamatuar sitokinlere olan etkilerine yonelik ilk
bulgulart  olusturmakta ve yeni  perspektifler
sunmaktadir. Bununla bitlikte, immun sistemin
kompleksligi, diger sistemlerle olan etkilesimi ve
Olctilen sitokinlerin multifonksiyonel olmalart dikkate
alindiginda, YS ve  YS+zeolit  takviyesinin
proinflamatuar  sitokinlerin  ekspresyonunu  veya
fonksiyonunu nasil diizenledigi bilinmemektedir. Bu
nedenle, YS ve YS+zeolit takviyesinin ruminant
hayvanlarda enflamatuar yanit Uzerindeki yararlt
etkisinin altinda yatan mekanizmalar ile bunlarin
fizyolojik etkilerinin aydinlatilmasi icin daha fazla
aragtirma yaptlmast gerekmektedir.

Cikar Catigmasi: Yazarlar bu yazt icin gergek,
potansiyel veya algilanan ctkar catigmast olmadigini
beyan etmislerdir.

Etik Izin: Bu calisma Afyon Kocatepe Universitesi
Hayvan Deneyleri Yerel Etik Kurulu
(AKUHADYEK)  281-17  referans  numarali
49533702/160 nolu karart ile Etik Izni alinmustir.
Ayrica  yazarlar  Arastirma  ve Yaymn  Etigine
uyuldugunu beyan etmislerdir.

Finansal Destek: Bu c¢alisma Afyon Kocatepe
Universitesi Bilimsel ~Arastirmalart  Koordinasyon
Birimi tarafindan desteklenmistit (Proje kodu: 17
Kariyer 250).

Agiklama: Bu calismanin bir kisim verileri, "2nd
International FEurasian Conference on Science,
Engineering and Technology (EurasianSciEnTech
2020) October 07-09, 2020 / Gaziantep, Turkey"
yapilan kongrede Ozet Bildiri olarak sunulmustur.

KAYNAKLAR

Bartko, P., Vrzgula, L., Prosbova, M., Blazovsky, J. 1983.The
effect of feeding zeolite (clinoptilolite) on the health
status of sheep. Vet.Med. (Praha). 1983; 28: 481-492.

Bodas, R., Prieto, N., Garcia-Gonzalez, R., Andres, S.,
Giraldez, F.J., Lopez, S. Manipulation of rumen
fermentation and methane production with plant
secondary metabolites. Anim Feed Sci Technol.,, 2012;
176:78-93.

Cammack, KM., Austin, K J., Lamberson, WR., Conant,
GC., Cunningham, HC. RUMINNAT NUTRITION
SYMPOSIUM: Tiny but mighty: the role of the rumen
microbes in livestock production. ]. Anim. Sci,, 2018;
96:752-770. doi:10.1093 /jas/skx053

Chattopadhyay, M.K. Use of antibiotics as feed additives: a
burning  question. Front. Microbiol., 2014;
doi.org/10.3389/fmicb.2014.00334

Chen, F., Lv Y., Zhu, P., Cui, C., Wu, C., Chen, J., Zhang,
S., Guan, W. Dietary Yucca schidigera extract
supplementation during late gestating and lactating sows
improves animal performance, nutrient digestibility, and
manure ammonia emission. Frontiers Vet.Sci., 2021; 8:
676324. DOI:10.3389/ fvets.2021.676324

Cheeke, PR., Piacente, S., Oleszek, W. Anti-inflammatory and
anti-arthritic effects of Yucca schidigera: A review. J.
Inflam., 2006; 3: 6.

Colpan, I. Kanatli beslenmesinde  zeolitin  etkileri.
Vet Tavuk.Dern.Derg.Mektup, Ankara, 2013; 11:12-22.

De Sousa, O.A., Cooke, R.F., Brandido, A.P., Schubach,
M.K., Schumaher, T.F., Bohnert, D.W., Marques,
R.S. Productive and physiological responses of feeder
cattle supplemented with Yucca schidigera extract during
feedlot receiving. J. Anim. Sci., 2019; 97:208-219.

Durmus, I., Evcimen, M., Salim, M.N., Kiigiikkurt, I., Ince,
S., Eryavuz, A. Koyunlarda yemlemeden sonra kan
oksidan-antioksidan ~ denge ile bazt  biyokimyasal
parametrelerdeki  degisimlerin  belitlenmesi.  Kocatepe
Vet]., 2017; 10:1-6.

EFSA Panel on Additives and Products or Substances used in
Animal Feed. Scientific Opinion on the safety and
efficacy of clinoptilolite of sedimentary origin for all
animal species. EFSA J., 2013; 11: 1-14.

El-Nile, A., Elazab, M., El-Zaiat, H., El-Azrak, K., Elkomy,
A., Sallam, S., Soltan, Y. In vitro and in vivo assessment
of dietary supplementation of both natural or nano-
zeolite in goat diets: Effects on ruminal fermentation and

237



nutrients  digestibility.  Animals, 2021; 11: 2215.
https://doi.org/10.3390/2ani11082215

Elsabahy, M., Wooley, KL. Cytokines as biomarkers of
nanoparticle immunotoxicity, Chem. Soc. Rev., 2013; 42:
5552-5576.

Eryavuz A., Kigiikkurt I., Ince S., Fidan AF., Aver G.,
Biilbiil T. Kuzularda Rasyona Yucca Schidigera Tozu
Katilmasi ve Ginlik Dozunun Rumen Fermentasyonu ile
Verime Etkilerinin Arastirilmasi. Kocatepe V.J., 2015; 8:
1-10.

Huszenicza, GY., Kulcsar, M., Rudas, P. Clinical
endocrinology of thyroid gland function in ruminants.
Vet. Med. (Czech), 2002; 47: 199-210.

Kandir, S., Keskin, E. Serum IL-18, IL-6, 1L-10 and TNF-«
Levels in Thyroidectomized Rats. Kafkas Univ Vet Fak
Derg., 2016; 22: 297-300.

Klasing, K. C. Nutrition and the immune system. Br. Poult.Sci.,
2007; 48:525-537.

Kucukkurt I, Akkol EK, Karabag F, Ince S, Suntar I,
Eryavuz A, Sozbilir NB.
regulatory properties of Yucca schidigera extracts on the
biochemical parameters and plasma hormone levels
associated with obesity. Rev. Bras. Farmacogn., 2016; 206:
246-250.

Kutlu HR, Serbester U. Ruminant beslemede son gelismeler.
Tirk Tarim — Gida Bil. Tek, Derg., 2014; 2(1): 18-37.

Lai X, Pei QS, Song X, Zhou X, Yin ZQ, Jia RY, Zou YF, Li
LX, Yue GZ, Liang XX, et al. The enhancement of
immune function and activation of NF-jB by resveratrol-
treatment  in  immunosuppressive mice. Int
Immunopharmacol., 2016; 33:42—47.

Marchiori, R.C., Pereira, L.A., Naujorks, A.A., Rovaris,
D.L., Meinerz, D.F., Duarte, M.M., Rocha, ].B.
Improvement of blood inflaimmatory marker levels in

Determination of the

patients with hypothyroidism under levothyroxine
treatment. BMC Endocr. Disord., 2015; 15:32 DOI
10.1186/512902-015-0032-3.

Norouzian M.A, Valizadeh R, Khadem AA, Afzalzadeh A,
Nabipour A. The effects of feeding clinoptilolite on
hematology, performance, and health of newborn lambs.
Biol Trace Elem Res., 2010; 137:168--176.

Oelschlager, M.L., Rasheed, M.S.A., Smith, B.N., Rincker,
M.]., Dilger, R.N. Effects of Yucca schidigera-derived
saponin supplementation duting a mixed FEimeria
challenge in broilers. Poultry Science, 2019; 98: 3212—
3222.

Piacente S, Pizza C, Oleszek W. Saponins and phenolics of
Yucca schidigera Roezl: chemistry and bioactivity.
Phytochem Rev., 2005; 4:177-190.

Shaaban, M.M., Kholif, E.A., El Tawab, A.M., Radwan, M.
Thyme and celery as potential alternatives to ionophores
use in livestock production: their effects on feed
utilization, growth performance and meat quality of Barki
lambs.Small Rum.Res., 2021, 200: 106400.
DOTI:10.1016/j.smallrumres.2021.106400

Su JL, Shi BL, Zhang PF, Sun DS, Li TY, Yan SM. Effects of
yucca extract on feed efficiency, immune and
antioxidative functions in broilers. Braz Arch Biol
Technol., 2016; 59:¢16150035.

Suwa T, Hogg JC, English D, van Eeden SF. Interleukin-6
induces demargination of intravascular neutrophils and
shortens their transit in  marrow. Am. J. Physiol. Heart
Circ. Physiol., 2000; 279: H2954—60.

Tayde, P., Bhagwat, N., Sharma, P., Sharma, B., Dalwadi,
P., Sonawane, A., Subramanyam, A., Chadha, M.,
Varthakavi, P. Hypothyroidism and depression: are
cytokines the link? Indian J. Endocrinol. Metab., 2017;
21:886-892.

Tirtaatmadja, N.; Mortimer, G.; Ng, E.-P.; Ahmad, H,
Mintova, S.; Serpooshan, V.; Minchin, R,
Mahmoudi, M. Nanoparticles-induced inflammatory
cytokines in human plasma concentration manner: An
ignored factor at the nanobio-interface. J. Iran. Chem.
Soc. 2015; 12: 317-323.

Wu Y., Wu Q., Zhou Y., Ahmad H., Wang T. Effects of
Clinoptilolite on Growth Performance and Antioxidant
Status in Broilers. Biol. Trace Elem. Res., 2013; 155: 228-
235.

Zhang CY, Tian YD, Yan FB, Kang XT, Han RL, Sun GR,
Zhang HR. Modulation of growth and immunity by
dietary supplementation with resveratrol in young
chickens receiving conventional vaccinations. Am. J. Vet.
Res., 2014; 75:752-759.

238



Instruction for Authotrs

Kocatepe Veterinary Journal (KV])has the policy with One Medicine OneHealth. Research article, reviews,
brief communication and case reports, lettersto editor and book reviews are also welcome for consideration
to publisharticles of high scientific and ethical standards.
The journal is published four times a year. The publication of the text andfigures is free of change.
Acceptance of papers for the KVJ is undertaken by Editors. Editorial Board members adjudicate in the case
of conflicting or adverse repotts.
Manuscripts are accepted for consideration on the understanding thatthey are for publication solely in KV]
and that they neither have beenpublished nor are under consideration for publication elsewhere.
Submissionalso implies that all authors have approved the paper for release and are inagreement with its
content. Upon acceptance of the article by the journal, theauthor(s) will be asked to transfer the copyright of
the article to thePublisher.
Each author accepts all ethical responsibility of the article and all authors agree with the content of the study.
After article is checked by Professional Plagiarism Prevention program, article will be sent to authors.
Articles ate checked by iThenticate® program, when plagiarism or self-plagiarism are detected, they will not
be evaluated for publication.
If animals are used in the studies, study should be approved by an Ethical Committee, Name of Ethical
Committee and Approved Number should be mentioned in the Material and Method section. Editor may be
reject directly the article, if animal is exposed to stressful or painful conditions.
Authors accept ethical rules when article is sent for publication. Author(s) should send CopyrightTransfer
Agreement, after acceptance of article.
Each author accepts all ethical responsibility of the article and allauthors agree with the content of the study.
Article should be written using Garamond, font of 11 point, with 1.5 line spacing, margins of the A4
paper should be 2.5 cm from all edges (Word97-2010.doc). Abbreviations should be written in SI.
Research article submittedto Kocatepe Veterinary Journal should be divided into the following
sections:
Title page (Abstract, Key words without authors name and adress), Materials and Methods, Results,
Discussion, Conclusions, References, Tables, Graphics, Figures.
Title page: Papers should be headed with the full title, the initial letters ofname and surnames of the authors,
the name and address of the institution wherethe work is carried out. The telephone number, fax number and
e-mail address ofthe corresponding author should also be provided. The title should be short,specific and
informative.

Abstract Should be no more than 200words, outlining in a single paragraph.

Keywords, 5 keywords that describe the crucial points of the paper should beprovided. Keywords should

be chosen fromTurkey Science Term (www.bilimterimleri.com)
Introduction, an updated literature related to paper and aim(s) of the study shouldbe clearly given in this
section.
Materials and methods, a clear account of materialsused and methods employed should be given and it
should beapplicaple/trepeatable by other researhers.
Results, as concise as possible. Text, tables and figures illustrating the samedata should be limited and
succinctly outline the pertinent outcomes of thestudy.
Discussion: Results of the study should be discussed with directly relevantreferences. This section may also
be divided into subsections.
Conclusions: This section should state clearly the main conclusions of theresearch. Results should not be
repeated.
Acknowledgements, it is adviced to acknowledge persons or institutions directly orindirectly involved in the
study.

References

References in the text should be made as follows: Kara (2012) desctibed. / . was reported (Zembheri 2015,
Eryavuz and Yeni, Eryavuz et al. 2015). List of references should be given alphabetically in the reference
list. Different publications having the same author(s) of same year should be writtenas 2011a, 2011b. Web
address should be referenced as anonim for example Anonim 2015. Only official web pages should be used.
Author name(s) and date sould be written bold. The reference list at the end of the paper should be written
asbelow.



Journal:

Ince S, Kucukkurt I, Cigerci IH, Fidan AF, Eryavuz A. The effects of dietary boric acid and borax
supplementation on lipid peroxidation, antioxidant activity, and DNA damage in rats. ] Trace Elem Med Biol.
2010; 24(3):161-164.

Book section:

Juneja R, Koide SS.Molecular Biology of Reproduction, In: Reproduction in Farm Animals, Ed; HafezB,
Hafez ESE, 7% Ed., LippincottWilliams and Wilkins, Philadelphia, USA. 2000; pp. 354-361.

Web page:

Anonymous. http://www.tuik.gov.tr/VeriBilgi.do?tb_id=46&ust_id=13;Accessien date: 02.01.2012.

Thesis:

Yeni D. Some andrological parameters and biochemical properties in relation toseason in rams. PhD thesis,
Atyon Kocatepe University Health Science Institute, Afyonkarahisar,2010.

Tables: Tables should be presented in a separate page atthe end of manuscript.

Graphics: Figures should be presented in a separate page atthe end of manuscript.

Figures : Figures should be presented in a separate page atthe end of manuscript. Figures should be 80 or
160 mm, minimum 300 dpi.

Titles of tables, graphics and figures should be both Turkish and English.

Brief Communications: Briefcommunications should be consise but complete description of a
limitedivestigation, which will not be included in a later publication. They shouldnot exceed 1600 words.
They should bear no more than two tables or figures. ANABSTRACT should be given but no other sections.
Typesctipts should be clearlymarked Brief Communication.

Review Articles: Review articles related to allmedical topics are welcome for publication. They should give
an update onrecent advances in a particular field and be targeted at research veterinariansor clinicians who are
not necessarily working in the same field. The lengthshould not exceed 4500 words. It should have a precise
abstract. Author ofreview should have at least two citations. For each issue maximum 2 reviews arepublished.

Case Reports: Reports of SINGLE or small numbers of cases willbe considered for publication in KVJ if
the case(s) are patticularlyunusual/rare or the report contributes materially to the literature. A casereport
should not exceed 1500 words and must comprise a Summary (maximum 150words), Introduction, Case
History and Discussion. The report should accomplishone of the followings:

J To be a substantially novel presentation

. To be a technique or treatment that wouldsubstantially alter management and prognosis of the
described condition

U The first clinical report or first case(s) ofdiseases in a particular location where epidemiology is an

important factor
— To exemplify bestpractice in medical science.
Letters to The Editor: Letters describingcase reports or original material may be published in the KV] and
will bepeer-reviewed prior to publication. Letters making critisisms on recentlypublished papers in the KV]J
will also be considered and the correspondingauthors of the original paper will be invited to respond
accordingly.

All articles sent to KV] (Kocatepe Veterinary Journal) ONLINE submition only.

During submition documentswhish are listed below, have to instal to the system;

1. Title Page: Author and institution names

2. Main text: Author and institution names should NOT be.Tables(s), graphic(s) and figure(s) etc. Should
be an the last page of article,olso title of them both in Turkish and English.

3. Article addition: Table(s), graphic(s) andfigure(s) should have been installed to the system separately.

4. Author Approval Form (Cover Letter): All authorsneed to sing it and install to the system. Signatures
should be wet signuturesand send to the Editorial Board of Kocatepe Veterinary Journal.

5. Copyright: All authors need to sing it and install to thesystem. Signatures should be wet signutures and
send to the Editorial Board ofKocatepe Veterinary Journal.


http://www.tuik.gov.tr/VeriBilgi.do?tb_id=46&ust_id=13
http://www.emanuscript.org/
http://kvj.aku.edu.tr/wp-content/uploads/sites/56/2015/11/TITLE-PAGE.doc
http://kvj.aku.edu.tr/wp-content/uploads/sites/56/2015/11/kvj_Yazar_onay_formu.pdf
http://kvj.aku.edu.tr/wp-content/uploads/sites/56/2015/11/kvj_Copyright.pdf

