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Determination of Oxidative Stress and Antioxidant Activities in Dogs Infected with
Canine Distemper Virus
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ABSTRACT Supraphysiological reactive oxygen species (ROS) has been linked to a variety of diseases, including cancer,
inflammation, and neurodegeneration. One of the diseases pathophysiologically associated with ROS
accumulation is canine distemper (CD). The purpose of this study was to compare lipid peroxidation and
antioxidant biomarkers in dogs infected with canine distemper virus (CDV) to healthy dogs. The animals in
this study consisted of a total of 20 dogs, 10 CDV-positive dogs (Trial group) aged 0-12 months of different
breeds and sexes, and 10 healthy dogs (Control group) aged 0-12 months of different breeds and sexes.
Thiobarbituric acid reactive substances (TBARS), glutathione (GSH) and superoxide dismutase (SOD) were
evaluated with commercially available enzyme-linked immunosorbent assay kits using serum samples. While
the activities of GSH and SOD were statistically lower in CDV positive animals compared to healthy animals
(p<0.05), the level of TBARS was significantly higher (p<0.05). In conclusion, current study findings that CDV
increases lipid peroxidation activity in serum while decreasing antioxidant enzyme levels may be useful for
future research.

Keywords: Antioxidants, Canine distemper virus, Lipid peroxidation.

0z Canine Distemper Viriis Enfeksiyonu Bulunan Koépeklerde Oksidatif Stres ve
Antioksidan Aktivitelerin Belirlenmesi

Suprafizyolojik reaktif oksijen tiirleri (ROS), kanser, inflamasyon ve noérodejenerasyon dahil olmak ilizere
cesitli hastaliklarla iliskilidir. Patofizyolojik olarak ROS birikimi ile iligkili diger hastaliklardan biri de kopek
distemperi’dir (CD). Bu ¢alismanin amaci, canine distemper virlisii (CDV) ile enfekte koépeklerde lipid
peroksidasyonu ve antioksidan biyobelirtecleri saglikli kopeklerle karsilastirmakti. Bu ¢alismadaki hayvanlar,
0-12 aylik farkl irk ve cinsiyetlerden 10 CDV pozitif kopek (Deneme grubu) ve 0-12 aylk farkl irk ve
cinsiyetlerden 10 saglkli kopek (Kontrol grubu) olmak iizere toplam 20 kopekten olusmaktadir.
Tiyobarbitiirik asit reaktif maddeler (TBARS), glutatyon (GSH) ve siiperoksit dismutaz (SOD) seviyeleri
serumdan ticari olarak temin edilebilen enzim baglantili immiinosorbent tahlil kitleri ile degerlendirildi. GSH
ve SOD aktiviteleri, CDV pozitif hayvanlarda saglikli hayvanlara kiyasla istatistiksel olarak daha diisiik iken
(p<0.05), TBARS seviyesi 6nemli 6l¢clide daha yiiksekti (p<0.05). Sonug¢ olarak, CDV'nin serumdaki lipid
peroksidasyon aktivitesini artirirken antioksidan enzim diizeylerini azalttigina dair mevcut ¢alisma bulgular1
gelecekteki arastirmalar icin faydali olabilir.

Anahtar Kelimeler: Antioksidanlar, Canine distemper viriist, Lipid peroxidation.

INTRODUCTION of the end products of polyunsaturated fatty acids
peroxidation in cells (Mariutti 2022). The increase in free
radicals causes overproduction of MDA. The presence of
oxidative damage can be detected by measuring MDA,

- which is released because of oxidative damage to
double bonds of DNA bases, breaking a hydrogen atom macromolecules by the effects of free radicals in body

from these and causing chain oxidation reactions to start, fluids and tissues by biochemical methods (Yazic et al.

thereby disrupting their structure (Bedard and Krause 2021; Avci et al. 2014; Hatipoglu and Keskin 2022). MDA
2007). The most crucial product formed in the last step of can be chemically analyzed as a component of

lipid peroxidation is malondialdehyde (MDA). MDA is one thiobarbituric acid reactive substances (TBARS) to assess

Reactive oxygen species (ROS), which are formed due to
the increase in oxidative stress in the cell, affect the
double bonds of lipid and protein molecules as well as the

*Corresponding author: drhatip@selcuk.edu.tr 67
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lipid peroxidation (Gutteridge and Halliwell 1990; Dik et
al. 2019). Glutathione (GSH) is the most critical low
molecular weight antioxidant synthesized in cells. It is
found in all mammalian tissues, especially in the liver (Lu
2009). The decrease in the level of GSH in the cell is due
to the deterioration of the oxidant/antioxidant balance
due to the decline of the defense mechanism against ROS.
As a result, peroxidative tissue damage occurs. (Halder et
al. 2016). Superoxide dismutase (SOD) is an enzyme that
catalyzes the dismutation of superoxide radicals (02-) to
molecular oxygen (02) and hydrogen peroxide (H202) and
provides an effective defence against oxidative stress
(Wang et al. 2018). SOD is the only antioxidant enzyme
that scavenges the superoxide anion by converting this
free radical to oxygen and hydrogen peroxide, thus
preventing peroxynitrite production and further damage
(Radi 2018).

Although physiological (beneficial) ROS confer several
advantages in living organisms as signaling molecules,
supraphysiological (harmful) ROS can cause harmful
effects leading to oxidative damage to lipids, proteins,
carbohydrates, RNA, and DNA. (Stuart et al. 2018; Sies
and Jones 2020). Supraphysiological ROS has been
associated with various diseases, including cancer,
inflammation, and neurodegenerative diseases (Wang et
al. 2021). One of the diseases pathophysiologically
associated with ROS accumulation is canine distemper
(CD) (Vandevelde and Zurbriggen 2005; Mahajan et al.
2018). CD caused by canine distemper virus (CDV) is a
viral infection that affects the digestive, respiratory and
central nervous systems (Beineke et al. 2009). CD is a
severe immunosuppressive and neurological illness
characterized by widespread demyelination lesions in the
central nervous system's grey and white matter (Beineke
etal. 2009). Itis stated that these lesions are induced by
virus replication and severe oxidative stress (Vandevelde
and Zurbriggen 2005; Karadeniz et al. 2008) associated
increased plasma concentrations of oxidative stress
biomarkers with supraphysiological ROS accumulation,
leading to disruption of antioxidant systems during CD.
(Karadeniz et al. 2008).

This study aimed to determine lipid peroxidation and
antioxidant biomarkers in dogs infected with canine
distemper virus and compare them with healthy dogs.

sensitivity: 97.96%, relative specificity: 97.50%) was
performed according to the manufacturer’s instructions.
Also, in order to rule out any concurrent diseases, Canine
Adenovirus 2, Canine Influenza virus, Canine Coronavirus
Ag (Asan Easy Test CAV2 / CIV / CCV Ag®, ASAN Pharm.
Co., Ltd. Gyeonggi-do Korea, relative sensitivity: 93.10%,
relative specificity: 97.50%) tests were performed on all
the dogs. All test results were determined to be negative.
Moreover, microscopic fecal examinations of all dogs
were performed with an appropriate method (zinc sulfate
centrifugal flotation method for Isospora spp., centrifugal
flotation method with a solution of sodium nitrate
(NaNO03, SG=1.32) for Toxocara canis and other parasite
eggs), and all were determined to be negative as well. As a
result, dogs with positive nasal/ocular CDV Ag test results
were included in the Trial Group (n=10). Dogs with
normal clinical findings and negative CDV, CAV?, CIV, CCV
Ag test results were considered healthy and included in
the Control Group (n=10).

TBARS (TBARS Assay Kit, Cat. No: E0132Ca, BT LAB,
China), GSH (Cat No: EA0021Ge, BT LAB, China) and SOD
(Item No: 706002, Cayman USA) were evaluated with
commercially available enzyme-linked immunosorbent
assay Kkits using serum samples extracted from blood
samples obtained using a jugular venepuncture technique
from dogs with CDV and healthy dogs. Measurements
were performed on an enzyme-linked immunosorbent
assay reader (MWGt Lambda Scan 200, Bio-Tek
Instruments, Winooski, VT, USA) according to the
manufacturer’s instructions.

Statistical Analysis

Data analysis was evaluated using SPSS 25.00 (SPSS for
Windows®) statistical software and one sample
Kolmogorov-Smirnov test was applied to determine
whether all data were parametric or non-parametric. Data
were evaluated using analysis of variance and a t-test as
the post hoc test. A P-value of p<0.05 was accepted as the
limit of statistical significance.

MATERIAL AND METHODS

The study protocol was approved by the Ethics
Committee (Veterinary Faculty, Selcuk University, Konya,
Turkey, Decision No: 2020-124).

The animal material of this study consisted of 20 dogs in
total which were brought to Animal Hospital either for
diagnosis and/or treatment and routine check-up and/or
vaccination purposes. All were aged between 0 and 12
months, unvaccinated client-owned mixbreed dogs.
Anamnestic data revealed that clinical findings including
nasal and ocular discharge, wheezing, and neurological
symptoms such as tremors, myoclonus and chewing gum
fits that would suggest the presence of CDV infection were
present for at least 7 days.

The inclusion criteria of dogs suspected of being infected
with CDV were based on anamnestic data, clinical
examinations and rapid diagnostic test application
results. To confirm suspicion of CDV infection, both ocular
and nasopharyngeal secretions were obtained with sterile
wet swabs and CDV antigen (Ag) test (Asan Easy Test CDV
Ag®, ASAN Pharm. Co., Ltd. Gyeonggi-do Korea, relative

68

RESULTS

While a statistical decrease was noted in the activities of
antioxidant parameters measured in CDV+ animals
compared to healthy animals (p<0.05), a significant
increase was found in the level of lipid peroxidation.
(p<0.05).

0.6 * 15+

*
B

GSH
sSOoD
TBARS

0-
CDV Control CDV Control

CDV Control

Figure 1: The changes in GSH, SOD and TBARS levels in
CDV+ and control dogs. Values are expressed as mean *
SEM. The '*' symbol in the columns shows a statistical
difference (p<0.05) when compared to the control group.
(CDV+; Canine Distemper Virus Positive Group)

DISCUSSION AND CONCLUSION

Oxidative stress is defined as an imbalance in the body's
generation of reactive oxygen species (ROS), which
impairs the body's capacity to detoxify reactive
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intermediates or repair damage to organs and cellular
systems caused by ROS. (Finaud et al. 2006). However,
since oxidative stress affects various systems, including
redox signalling pathways, a more accurate description of
oxidative stress is "disruption/dysregulation of signalling
and redox control” (Jones 2006). Intracellular redox
balance is closely related to antioxidant defence systems.
When the redox balance is disturbed, reactive species can
cause extensive damage to cell membrane lipids and
proteins, DNA and cellular organelles (Burton and
Jauniaux 2011). It has been determined that oxidative
stress is formed, and antioxidant capacity is decreased
due to various viral infections. (Paracha et al. 2013; Avci
et al. 2014U; Degirmencay et al. 2021). The relationship
between oxidative stress and antioxidant capacity in
veterinary medicine in canine parvoviral enteritis (Panda
et al. 2009), acute enteropathies (Candellone et al. 2022),
canine monocytic ehrlichiosis (Pugliese et al. 2022),
atopic dermatitis (Kapun et al. 2012) and malignant
mammary neoplasms. This study aimed to reveal the
relationship between CDV, oxidative stress, and
antioxidant defence system mechanisms.

ROS accumulation is linked to the pathogenesis of canine
distemper (Vandevelde and Zurbriggen 2005).
Furthermore, Karadeniz et al. (2008) found that in dogs,
the activation of oxidative stress indicators increased
while the content of antioxidant molecules dropped.
(Karadeniz et al. 2008). Current study results show that
serum samples of dogs naturally infected with CDV have
increased lipid peroxidation activity (p<0.05) and
decreased antioxidant defence system enzyme levels
compared to healthy dogs (p<0.05) (Figure 1). Previous
studies indicate that CD infection causes oxidative stress
and consequent lipid peroxidation, and by-products cause
damage to various tissues (Degirmencay et al. 2021;
Viscone et al. 2022). Viruses are thought to influence
cellular redox balance by increasing the activity of
oxidants like MDA and inhibiting the synthesis of
antioxidant enzymes like SOD, CAT, and GSH (Camini et al.
2017). OS and lipid peroxidation products may interfere
with viral reproduction by causing oxidative damage to
host tissues and viral components (Schwarz 1996;
Peterhans 1997; Beck 2000; Camini et al. 2017). Oxidative
damage to infected and neighbouring cells may
potentially limit viral propagation (Camini et al. 2017).
However, the extent to which oxidative damage benefits
the host by limiting viral replication is unknown for most
viral infections (Valyi-Nagy and Dermody 2005).
Moreover, it has been stated that at the start of the
infection, ROS fights the disease, and the host views this
as a protective mechanism that can lead the cell to the
apoptotic pathway (Maher and Schubert 2000; Camini et
al. 2017). It’s claimed that as viral replication progresses,
an imbalance in cellular redox homeostasis occurs,
resulting in the formation of more ROS (Reshi et al. 2014).
As a result, oxidative stress caused by viral infections is
thought to modulate adhesion, metabolism, cell turnover,
and death (Ha et al. 2010; Choi and Ou 2006; Camini et al.
2017). Based on the research thus far, it is assumed that
oxidative stress is associated with various aspects of the
pathogenesis of various viral etiological agents (Camini et
al. 2017).

As a result, this study, which we found that CDV increases
lipid peroxidation activity in serum and decreases
antioxidant enzyme level, may be illuminating for further
research. We think all aspects of the physiopathological
mechanisms related to oxidative stress caused by CDV
should be investigated. To better understand how the

host responds to viral infection and CDV acts in the cell, a
more detailed examination of signaling pathways, lipid
peroxidation mechanisms, inflammatory responses, and
antioxidant enzymes may be helpful to elucidate the
therapeutic mechanisms that can use to fight and prevent
CDV.
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ABSTRACT Bovine Ephemeral Fever (BEF) is a viral infection that causes a significant decrease in milk and meat
production, infertility in cows and bulls, abortion and a significant economic loss due to its rapid spread in the
herd. Partial budgeting method was used in the study to measure the economic impact of vaccine use and
non-vaccination use. In line with preventive medicine, it has been determined that if animals are vaccinated
regularly, there is an average of $8.10 vaccination cost per animal, but the average treatment cost of an
animal that has not been vaccinated during the epidemic is $20.2. It was determined in the economic analysis
that in addition to the treatment costs, the loss of milk for a dairy cow increased to approximately $85, for a
livestock to $148 with the loss of condition, but the economic loss increased due to high morbidity. In this
context, early diagnosis, detection and monitoring of spreading conditions are as extremely important as
vaccination in the fight against BEF infection. It can be said that the economic loss will be minimized with the
vaccination and preventive medicine practices to be made by rapid intervention to the disease with the early
warning system created by the Ministry of Agriculture and Forestry for this purpose in Turkey.

Keywords: Bovine ephemeral fever, Cattle, Turkey.

0z Tiirkiye’de Ug Giin Hastahigi ve Ekonomik Boyutu

Bovine Ephemeral Fever (BEF), siit ve et iiretiminde 6nemli bir diisiise, inek ve bogalarda kisirliga, diisiiklere
ve slriide hizla yayillmasi nedeniyle dnemli ekonomik kayiplara neden olan viral bir enfeksiyondur.
Calismada ags1 kullaniminin ve as1 kullanmamanin ekonomik etkisini 6l¢mek i¢in kismi biitceleme yontemi
kullanilmistir. Koruyucu hekimlik dogrultusunda, hayvanlar diizenli agilanirsa hayvan basina ortalama 8,10 $
as1 maliyeti oldugu, salgin sirasinda asilanmayan bir hayvanin ortalama tedavi maliyetinin ise 20,2 $ oldugu
belirlendi. Yapilan ekonomik analizde tedavi maliyetlerine ek olarak kondisyon kaybu ile birlikte siit inegi i¢in
siit kaybinin yaklasik 85$, besi hayvani i¢in 148$ oldugu, ancak yiiksek morbidite nedeniyle ekonomik kaybin
arttifl belirlendi. Bu baglamda BEF enfeksiyonu ile miicadelede asilama kadar erken teshis, yayilma
kosullarinin tespiti ve takibi de son derece 6nemlidir. Tiirkiye'de Tarim ve Orman Bakanlig1 tarafindan bu
amagla olusturulan erken uyari sistemi ile hastaliga hizli miidahale edilerek yapilacak asilama ve koruyucu
hekimlik uygulamalari ile ekonomik kaybin en aza indirilecegi sdylenebilir.

Anahtar Kelimeler: Sigir, Sigir li¢ giin hastaligi, Ttirkiye.

genus Anopheles bancroftii and Culicoides are considered
as potential biological vectors of the disease, and the
disease can also occur with the bites of these flies or the
injection of the virus (Alkan et al. 2017). Although the
disease first appears sporadically, the morbidity rate
reaches 100% at the end of the incubation period (Tonbak

INTRODUCTION

Bovine Ephemeral Fever (BEF), which is an economically
important viral disease, was first described in 1906 in
South Africa (Oztiirk 2012; Pyasi et al. 2021). This is
locally referred to as three-day disease since infected

animals usually recover after three days (Kirkland 2002;
Walker 2009). The causative agent of the disease is Bovine
Fever Ephemerovirus (BEFV), which is in the
Ephemerovirus genus in the Rhabdoviridae family (Nandi
and Negi 1999). BEFV was isolated from bovine blood in
the 1960s and from mosquitoes in the 1970s (Walker and
Klement 2015). BEF, apart from the Culicine and
Anopheline mosquitoes, especially the stinging flies of the

et al. 2013a; Abdullah et al. 2020; Pyasi et al. 2021).
Animals that survive a BEF outbreak become immune for
life and are very rarely reinfected (Tonbak et al. 2013b). It
is also reported that the morbidity of the disease is higher
in female and premature cattle (Liu et al. 2017).

The clinical symptoms of the disease last 1-3 days and
usually heal spontaneously at the end of the 3rd day

*Corresponding author: cemayvazoglu@hotmail.com
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(Kirkland 2002; Nandi and Negi 1999). Sudden onset of
high fever (the disease rises up to 41-42°C in 12-18 hours),
nasal discharge, eye discharge, swelling of the eyelids and
general disorders are noted in cattle with BEF (Yeruham et
al. 2002). Symptoms are more severe on the 2nd and 3rd
days of the illness. Myalgia in the muscles, painful swelling
in the joints, tremor, coordination disorder, lameness,
lying in the lateral position in some animals, loss of
swallowing reflex, apathy towards the environment,
emphysema and paralysis occur in advanced stages
(Abdullah et al. 2020).

Bovine Ephemeral Fever infections cause a significant
decrease in milk production in particular, and
complications such as mastitis may occur in some animals,
milk yield is not restored in cows that survived the disease,
and meat production is decreased in livestock animals. The
disease also causes infertility in female cattle and bulls,
abortion in pregnant cattle, and a significant economic loss
due to its rapid spread in the herd (Nandi and Negi 1999;
Yeruham et al. 2002)

Bovine Ephemeral Fever has been reported in more than
40 countries, primarily in Africa, Asia, and countries in the
Arabian Peninsula (Em et al. 1997). The first findings
regarding the presence of BEF infection in Turkey were
reported by Girgin et al. (1986), and it occurs at regular
intervals (1999, 2003, 2008, 2012, 2020) especially in the
South-East regions of Turkey close to the Syria, Iraq and
Iran border (Oguzoglu et al. 2013; Tonbak et al. 2013a).
Tonbak et al. (2013b) reported in their study that cattle in
the eastern, southern, western, Black Sea and Marmara
region provinces of Turkey were also affected.

The impact of BEF has been more severe in Turkey due to
the increase in the number of animals imported from
abroad, the increase in the number of productive breeds
produced and global climate changes, and has caused
significant economic losses in the livestock sector.
Although BEF responds to anti-inflammatory and calcium
treatment, these drugs can only reduce the symptoms of
lameness and stiffness to a certain extent (Oztiirk 2012).
The only way to protect against this infection is
vaccination.

In this study, it was aimed to determine the economic
losses by examining the reflection of vaccinated and
unvaccinated cattle with BEF on dairy and fattening
enterprises.

Partial budgeting method was used in the study to
measure the economic impact of vaccine use and non-
vaccination use. Only the expenses required by the partial
change were taken into account in the partial budgeting
method, and since the other expense items do not change,
they were not taken into account in the total cost
calculation. The technical and economic parameters and
their values are given in Table 1.

Table 1. Technical and economic parameters.

MATERIAL AND METHODS

Ethical approve for this study was conducted the
permission of Ardahan Provincial Directorate of
Agriculture and Forestry dated 18.08.2021 and numbered
E-29486769-325.99-2374077.

Ten veterinarians who practiced clinics in Cukurova
Region in June 2020 when the disease emerged and agreed
to participate in the survey were interviewed in order to
determine the economic loss caused by Bovine Ephemeral
Fever, and the data obtained as a result of the interview
were calculated and presented in tables.

The cost of the disease was calculated in the study
according to two different scenarios.

Scenario 1. Estimated cost due to regular vaccination of
the enterprise every year was calculated.

Scenario 2. The estimated economic loss that may occur
as a result of not vaccinating the livestock enterprise was
calculated.
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Technical Parameters Mean Min Max  Reference
- Study
0,
Morbidity (%) 80.0 60.0 90.0 finding
. Study
0,
Mortality (%) 5.0 0.0 10.0 finding
Study
0,
Abort rate (%) 3.0 1.0 6.0 finding
Rate of reformed (%) 150 100 200  owdy
finding
Loss of condition (%)  13.0 100 150 0%
finding
Protection rate of Study
vaccinations (%) 965 9 1000 finding
Economic
Value
Parameters
. Aziz-
Loss of milk per cow 1759 kg Boaran et
al. (2014)
1-liter raw milk price USK
0373 (2021)
Price of 1 kg body ESK
weight for reformed 197 %
: (2021)
animal
RESULTS

Two doses of vaccine are administered to cattle, calves and
calves of all ages, 21 days apart, at least one month before
the disease season in order to prevent BEF, which is an
economically important viral disease. Vaccination's
protection rate of 96,5% determined interviews with the
veterinarians (Table 1). It is sold in the market as 2 bottles
in 5-dose bottles with a dilution bottle and lyophilized. The
market value of the vaccine is $20.23, and the cost of
vaccination against infection (scenario 1) is given per
animal and per herd of 50 heads in Table 2.

It is seen when Table 2 is examined that if animals are
vaccinated regularly in line with preventive medicine,
there is an average of $8.10 per animal, and an
approximate cost of $430 for a livestock farm with 50
heads.

According to the data obtained as a result of the interviews
with the veterinarians, the estimated economic loss per
animal and a livestock enterprise with 50 heads in the
absence of vaccination is given in Table 3.

It is seen when Table 3 is examined that while the
treatment cost of an animal that was not vaccinated during
the epidemic was $20.2 on average, this value increased to
$85 with the loss of milk for a dairy cow, and $148 for a
livestock with loss of condition. It has been calculated in
Table 3 that these losses increase with the increase in the
number of animals and death rate, and the estimated loss
in a 50 head dairy farm has increased to $5.381 and to
$7.902 in a fattening farm.
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It was also stated in the interviews with the veterinarian
working in the field that the enterprises made an
additional cost of approximately $ 138.7 to combat
insecticides when the disease broke out as an epidemic.

Table 2. Cost of vaccination ($) (Scenario 1).

50 titles in a

Expense items Per Animal

pack

Vacc'mat.mn cost (1st 4.05$ 202.31%
application)

Vacc_mat_lon cost (2nd 4.05$ 202.31$
application)

Veterinarian vaccination 23.12 ¢
fee

Total vaccination costs 8.10% 427.74 %

Table 3. The cost of the disease ($) if the vaccine is not
administered (Scenario 2).

. per 50 titles in
Costitems ($) Animal a pack*
a. Treatment cost

- Anti-inflammatory
o 20.20 $
- Vitamin B Complex
! p (24.28)* 808.0$
- Vitamin C
- Antibiotic**
b. Loss of milk 65.08 $ 2.603.2$
c. Body weight loss 128.05$  5.124.0$
d. Loss due to death*** 985.00 $ 1.970.0 $
Total loss
For a dairy cow (a+b)/for a 50 head 85.28 % 5381.2%
dairy business (a+b+d)
For one livestock (a+c)/for 50 heads 14825%  7.902.0%

(a+c+d)

*: Calculated over the morbidity rate (80%),
**: Where necessary (secondary infection),

***. Calculated over the reformed animal value.

DISCUSSION AND CONCLUSION

Bovine Ephemeral Fever (BEF) is a viral disease that can
cause significant losses in high-yielding cattle and
buffaloes and is characterized by the disappearance of
clinical findings in a short period of 3-4 days (Nandi and
Negi 1999). The disease manifests itself at certain intervals
in many regions with tropical, subtropical and hot climates
such as Asia, Africa, Australia and the Middle East (Nandi
and Negi 1999; Walker and Klement 2015). BEF can be
seen sporadically or in large endemic waves, but the onset
and severity of outbreaks cannot be predicted (Sackett et
al. 2006). However, it has been reported in studies that the
disease is seen especially in extreme heat and after
precipitation after drought (Walker 2009). As a matter of
fact, it has been reported that the mean temperature of
BEF infection has increased by 50% since the 2000s (He et
al. 2016). In this context, the spread of BEF depends on the
abundance and mobility of the susceptible cattle
population and the formation of suitable conditions
(suitable climate, air, humidity, temperature, etc.) for the
vector to multiply (Sellers 1980).

The disease has been reported to occur at certain intervals
(1999, 2003, 2008, 2012) in Turkey, especially in the
South-East regions of the country close to the border with
Syria, Iraq and Iran (Tonbak et al. 2013a). It was stated in
interviews with veterinarians that BEF affected cattle in
Sanliurfa, Diyarbakir, Adiyaman and Adana provinces from
mid-May to early October in the southern part of Turkey in
2020, after a long break. Although climatic conditions are
among the primary reasons for the infection to be seen in
border provinces of Turkey, it can be said that
unregistered animal movements from the border are also
effective.

Bovine Ephemeral Fever infection in cattle is expressed in
a wide spectrum ranging from indistinct clinical findings to
death (Abdullah et al. 2020; Oztiirk 2012). BEF infection is
an inflammation-based disease and is one of the rare viral
diseases in which early treatment applications
(nonsteroidal  anti-inflammatory  application) are
beneficial (Abayli 2018). It may show symptoms
resembling milk fever (tachycardia, lying down, stiffness,
muscle tremors, paralysis, torticollis, loss of swallowing
reflex) during the febrile phase due to a temporary
decrease in serum Ca amount (Uren et al. 1987). In this
context, calcium preparation should be given. Anti-
inflammatory agents as well as vitamin B and C
preparations can be given to support the animal's immune
system and increase its resistance. Isotonic fluids can be
given if the patient has dehydration (Abaylh 2018). It was
determined in the study that an average treatment cost of
$20.2 was made, depending on the severity of the disease.
Antibacterial drugs are ineffective since the infection is of
viral origin, however the cost of treatment per animal
increases to $24.3 if certain antibacterial preparations are
used against secondary infections with the approval of the
veterinarian. However, it should be noted here that the
economic loss in the enterprise increases with the sudden
and rapid emergence of clinical findings in animals in the
enterprise in a short time due to the high morbidity of the
disease. As a matter of fact, it was estimated in the study
conducted that 40 animals became ill and a cost of 808%
could occur to the enterprise when the disease was
calculated over 80% morbidity in a 50-headed enterprise.

The economic effects of bovine ephemeral fever can be
significant, the virus is more severe in cows with high milk
yield, especially during the lactation period or in high-
condition beef cattle (St George 1988). For this reason, it
may lead to a decrease in milk production in dairy
enterprises and loss of condition in fattening enterprises
(Aziz-Boaron et al. 2017). The sales value of the livestock
decreases depending on the body weight loss and clinical
symptoms of the disease in the interviews with
veterinarians. In this context, livestock sold at the value of
reformed animals negatively affect the profitability of the
enterprise. It was determined in this study that the loss in
case of infection for a livestock increased to $148.

The most important effect of the disease on dairy
enterprises is the decrease in milk production. It has been
reported in studies that milk production has decreased by
45-70%, and this rate could even reach 90%, but it has
reached only 85% of its previous yields 2-3 weeks after
infection (Davis et al. 1984; Nandi and Negi 1999, Newton
and Wheatley 1970). It can be said that abortion cases are
also effective in the decrease in milk production. As a
matter of fact, the rate of abortion due to infection was
found to be 3% (0-6%) in the interviews. Similar to the
findings of this study, Uren et al. (1987) reported that
infection causes abortion at a rate of 5.1% and it is seen
especially in the eighth or ninth months of pregnancy. In
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this case, it can be said that it will also cause calf loss in
addition to one-year milk production in cows. It has been
reported in a recent study that the virus causes an average
of 175.9 kg of milk loss (Aziz-Boaron et al. 2017).

Weight loss due to BEF infection was reported as 20% in a
study conducted in Australia (Sackett et al. 2006). The
average body weight loss in cattle in the region was
determined as 13% in interviews with veterinarians and it
was calculated in the analysis that an average of $128 body
weight loss in beef cattle.

The average mortality rate in the region was 5%, and the
rate of culling due to disease was 15% in interviews with
veterinarians. Similar to this finding, it reported a
mortality rate of 2.0% and 8.6% in 1990 and 1999,
respectively (Yeruham et al. 2002). On the other hand,
Tonbak et al. (2013b) and Walker and Klement (2015)
reported unlike this finding that mortality rates by disease
or culling were 10-20%. It has been reported in the
studies conducted that deaths are due to complications
such as pneumonia, coma-toxication, paralysis, loss of
reflexes, and dehydration (Abayl 2018). As a matter of the
fact, it was reported in interviews with veterinarians that
animals generally occur due to respiratory difficulties.

Although the death rate in BEF outbreaks has increased
recently, the overall mortality rate is low. The death of
valuable breeding animals, decrease in milk quality and
yield, abortion, temporary infertility in bulls, loss of
condition in beef cattle, treatment costs are the main
economic losses caused by BEF (Uren 1987; Walker 2013).
As a matter of fact, it was reported in a study conducted in
Israel that there was an average loss of $280 for a lactating
cow, and the loss due to the BEF epidemic in the 1970s
exceeded $200 million (Walker 2009). It has been stated
that the economic loss in Australia can reach 100-200
million dollars during severe BEF epidemics (Walker
2013).

Bovine Fever Ephemerovirus infection has been reported
to result in persistent immunity (Mackerras et al. 1940;
Nandi and Negi 1999; Walker and Klement 2015). That's
why researchers made an effort to produce a vaccine. To
date, 4 types of BEF vaccines have been developed (live-
attenuated vaccines, inactivated vaccines, sub-unit G
protein-based vaccines and recombinant vaccines), and
live-attenuated, inactivated and subunit vaccines are used
the most in the field (Walker and Klement 2015). In a 1985
study, it was reported that the protection rate of the
vaccine was 99.99% when Quil A (a purified saponin
derivative) was added to the attenuated BEF vaccine. A
different study reported that an oil emulsion BEF vaccine
developed and tested in Taiwan showed 100% protection
(Hsieh et al. 2006). In our study, the protection rate of the
vaccines used in parallel with the literature was
determined as = 96%.

In conclusion, early diagnosis, detection and monitoring of
spreading conditions are extremely important in the fight
against BEF infection, which causes significant economic
losses in the dairy and livestock industry as it causes many
yield losses and deaths. In this context, studies are carried
out to predict the disease with fly traps set up in many
regions of the country to combat vectorial diseases by the
Ministry of Agriculture and Forestry. In this respect, it can
be said that the economic loss will be minimized with the
early warning system and the vaccination and preventive
medicine practices to be made by rapid intervention to the
disease in the coming years.
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0z Sunulan c¢alismada tlireme mevsiminde bulunan Romanov koyunlarinda senkronizasyon protokoliine
baslandigl giin D vitamini enjeksiyonunun kuzulama performansi ve bazi fertilite parametreleri iizerine
etkisinin arastirilmasi amaglandi. Calisma 2-4 yasli 40 adet Romanov irki koyunda yiiriitiildii. Senkronizasyon
protokoliine baslandig giin ilk gruptaki koyunlara (n=23) D vitamini enjeksiyonu (1 ml, Provet-D3®, Provet,
Tiirkiye) yapilirken, ikinci gruptaki koyunlara (n=17, kontrol grubu) 1 mL serum fizyolojik kas ici olarak
enjekte edildi. Kizginliklar1 senkronize etmek amaciyla tiim koyunlara 14 giin siire ile vagina i¢i stinger (20
mg flugestone asetat, Chronogest®, Fransa) uygulandi ve ¢ikarildiktan hemen sonra 300 IU gebe kisrak serum
gonadotropini (eCG; Chrono-Gest/PMSG®, Almanya) kas i¢i olarak uygulandi. Her iki grupta 6strus (%100),
gebelik (%100) ve kuzulama orani (%100) benzerdi. Cogul kuzulama oraninin D vitamini uygulanan grupta
(%91.3) daha yiiksek oldugu saptandi. Fekundite ve verimlilik orani da D vitamini uygulanan grupta daha
ylksekti. Sonu¢ olarak D vitamini uygulamasinin senkronizasyon protokoliinden elde edilecek yavru
veriminin artmasina Kkatki saglayabilecegi diisiiniilmektedir. D vitamini enjeksiyonlarinin fertilite
parametreleri iizerindeki etkilerini daha net ortaya koyabilmek i¢in daha kapsamli ¢alismalarin yapilmasi
gerektigi sonucuna varilmistir.

Anahtar Kelimeler: D vitamini, Gebelik orani, Koyun, Ostrus senkronizasyonu.

ABSTRACT Effect of Vitamin D Injection with Synchronization Protocol on Some Reproductive
Parameters in Romanov Sheep in Breeding Season

In the present study, it was aimed to investigate the effect of vitamin D injection on lambing performance and
some fertility parameters on the day the synchronization protocol was started in Romanov sheep in breeding
season. The study was carried out in 40 Romanov sheep aged 2-4 years. The sheep in the first group (n=23)
were injected with vitamin D (1 ml, Provet-D3®, Provet, Turkey) on the day the synchronization protocol was
started, while the sheep in the second group (n=17, control group) were injected intramuscularly with 1 mL
of saline. In order to synchronize the estrus, intravaginal sponge (20 mg flugestone acetate, Chronogest®,
France) was applied to all sheep for 14 days and 300 IU pregnant mare serum gonadotropin (eCG; Chrono-
Gest/PMSG®, Germany) was injected intramuscularly immediately after removal. Estrus (100%), pregnancy
(100%) and lambing rates (100%) were similar in both groups. It was determined that the rate of multiple
lambing was higher in the vitamin D administered group. Fecundity and productivity rates were also higher
(91.3%) in the vitamin D administered group. As a result, it is thought that the application of vitamin D may
contribute to the increase in the yield of offspring to be obtained from the synchronization protocol. It has
been concluded that more comprehensive studies are needed to more clearly reveal the effects of vitamin D
injections on fertility parameters.

Keywords: D vitamin, Pregnancy rate, Sheep, Estrus synchronization.

GiRiS ostruslarin senkronizasyonu amaciyla en fazla kullanilan

hormon PGF2a (luteal fazin kisaltilmasi) veya progesteron
Hayvan yetistiriciliginde verimliligin saglanmasi icin en (luteal fazin yapay olarak uzatilmasi)'dur (Jainudeen ve
6nemli unsur liremenin optimal diizeyde devam etmesidir. ark. 2000; Kusina ve ark. 2000; ibis ve Agaoglu 2016;
Bu amagla koyun yetistiriciliginde hormonal uygulamalar Kagar ve ark. 2016; Soydan ve Sen 2018).

ve beslenme stratejisinde degisiklikler yapilarak verim

artinlmaya  cahisilmaktadir. Mevsim  ici  donemde D vitamini steroid hormon ailesine ait yagda ¢6ziinen bir
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vitamindir. Ureme {izerindeki etkilerini D vitamini
reseptorii aracilifiyla gergeklestirmektedir. D vitamini
reseptorleri ovaryum, uterus, endometriyum ve plasenta
gibi pek ¢ok dokuya yayillmistir (Shahrokhi ve ark. 2016;
Yang ve Ma 2021). D vitamininin néroendokrin sistem ve
ovaryum fizyolojisinin diizenlenmesinde anahtar rol
oynadigl Dbildirilmistir. Ayrica embriyonun canhlgi,
implantasyonun korunmasi ve dogurganlik iizerine olumlu
etkisinin oldugu agiklanmistir (Yang ve Ma 2021). Ayrica D
vitamininin implantasyonu kolaylastirmada rol
oynayabilecegi bildirilmektedir. Aktif D vitamini olan
kalsitriol, T hiicre fonksiyonunu ve endometriyal
hiicrelerden sitokin iiretimini azaltarak implantasyon
basarisinda etkili oldugu bildirilmektedir (Turan 2018). D
vitamini, optimal fetal biiylimeyi desteklemek i¢in
plasentanin biiytimesini ve aminoasit, yag ve glikoz gibi
besinlerin taginmasini degistirmektedir. Plasentada besin
tasinmasindan sorumlu genlerdeki varyasyonun D
vitamini reseptoriindeki degisiklikten etkilenebilecegi
bildirilmektedir. Bu durum D vitamininin f{otiisteki
potansiyel rolii hakkinda bilgi sunmaktadir (Cleal ve ark.
2017).

Romanov koyununun anavatani Rusya’dir (Ricordeau ve
ark. 1990; Kuru ve ark. 2022). Yiiksek ddl verimine ve
cevreye iyi uyum yetenegine sahiptir. Olgunluk yasina
erken ulasmaktadir, uzun bir ¢iftlesme sezonuna ve kisa
bir andstrus periyoduna sahiptir (Ricordeau ve ark. 1990;
Sen ve Ugurlu 2021; Kuru ve ark. 2022). Yiiksek ovulasyon
ve ¢oklu dogum oranina sahiptir (Kuru ve ark. 2022).

Sunulan c¢alismada mevsim i¢i doénemdeki Romanov
koyunlarinda senkronizasyon protokoliine baslandig: giin
D vitamini enjeksiyonunun bazi lireme parametreleri ile
yavru agirliklar lizerine etkisini belirlemek amaglanmistir.

MATERYAL VE METOT

Hayvan Materyali

Bu calisma, Kafkas Universitesi Hayvan Deneyleri Yerel
Etik Kurulu'ndan 25.10.2021 tarihinde 158 sayili izin
alinarak yapilmistir.

Aragtirma 2021 yii Ekim ayinda Kars ilindeki 6zel bir
isletmede yetistirilen 2-4 yasl, 48-50 kg canl agirliginda,
klinik olarak saglikli ve laktasyonda olmayan 40 adet
Romanov 1rki koyunda yiritildi. Calisma da fertil ve
saglikli oldugu bilinen 6 adet kog¢ kullanildi. Hayvanlara
giinliik 800 gr arpa verildi. Kuru yonca ve su ad libitum
olarak verildi. Doguma yakin ortalama 10 giin vitamin,
mineral ve maya karisimi iceren yem katkisi (Euromix,
Royal, Tirkiye) verildi.

Calisma Yontemi

Calismaya dahil edilen koyunlar rastgele iki gruba ayrildi.
Senkronizasyon protokoliine baslandig1 giin (Sekil 1) ilk
gruptaki koyunlara (n=23) 1 ml D3 vitamini enjeksiyonu
(1000000 1U, Provet-Ds, Provet, Tiirkiye) yapildi. ikinci
gruptaki koyunlar (n=17) ise kontrol grubu olarak
degerlendirildi ve uygulama giinii 1 mL serum fizyolojik
kas ici olarak enjekte edildi. Tiim koyunlara 14 giin siire ile
viicutta kalacak sekilde intravaginal siinger (20 mg
flugeston acetat, Chronogest®, Fransa) yerlestirildi.
Siingerler c¢ikarildiktan hemen sonra tiim koyunlara 300 1U
eCG (Chrono-gest/PMSG, Almanya) enjeksiyonu yapild1 ve
16 saat sonra koclar siirtiye katildi. Ko¢ katimindan sonra
giinde 2 defa (12 saat arayla) 30 dakika siiresince
ostruslar takip edildi. Ostruslarin tarih ve saatleri
kaydedildi. Ciftlesmeyi takip eden 30. giin ultrasonografi
cihaz1 (Hasvet 838 model, Hasvet, Tiirkiye) ile gebelik
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muayeneleri yapildi. Her koyun icin kuzulama tarihi ve
yavrularin cinsiyeti kaydedildi.

Reprodiiktif parametreler, agagidaki formiiller kullanilarak
kaydedilen bulgulardan hesaplanarak elde edildi. Bu
parametreler;

— Ostrus orani [Ostrus gésteren koyun sayisi/ Senkronize
edilen koyun sayisi]x100,

— Gebelik orant [Gebe koyun sayisi/Ostriisleri belirlenip asim
yaptirilan koyun sayisi]x100,

— Fertilite  [Kuzulayan koyun sayisi/Ciftlesen  koyun
sayisi]x100,

—Dogum orant [Doguran koyun sayisi/Gebe koyun
sayisiJx100,

— Kog alti koyun bagsina kuzu sayisi (fekundite) [Dogan kuzu
sayisi/Ciftlesen koyun sayisi],

— Doguran koyun basina kuzu sayist (litter size) [Dogan
kuzu sayist /Doguran koyun sayisi],

—Tek yavru dogumu [Bir kuzu ile kuzulayan koyun
sayisi/Dogum yapan koyun sayisi]x100,

— Coklu kuzulama [Iki veya daha fazla kuzu ile dogum
yapan koyun sayisi/Dogum yapan koyun sayisi]x100

seklindedir.

Istatistik Analiz

Verilerin analizleri SPSS® (SPSS 18, IL, USA) programinda
yapildl. Gruplar arasinda ylizde oranlar1 Kki-kare
yontemiyle karsilastirildi. Yavru agirliklart Student T testi
ile analiz edildi. p<0.05 6nemli kabul edildi.

D vitamini grubu
.. Intravaginal
D vitamini siinger Ostrus takibi
! ! Gebelik Muayenesi
) = = |
0. giin 14.gin 21 gin Ciftlesmeden
eCG 30 giin sonra
Kontrol grubu
Serum Intravaginal
Fizyolojik siinger Ostrus takibi
A Gebelik Muayenesi
0 ] L) =
0. giin 14.gin  21.Giin Ciftlesmeden
eCG 30 giin sonra

Sekil 1. Gruplarda deney dizayni.
Figure 1. Experiment design in groups.

BULGULAR

Intravaginal siinger uygulanan koyunlarin higbirinde
siingerin diismedigi tespit edildi. Romanov koyunlarinda
mevsim i¢i ddnemde yapilan senkronizasyon protokoliine
ait reprodiiktif parametre sonuglar1 Tablo 1’de sunuldu.
Ko¢ katimi ile 6strus arasi siirenin 6-30 saat arasinda
degistigi ve Ostrus oraninin her iki grupta %100 oldugu
belirlendi. Senkronizasyonu takiben tiim koyunlarda
gebelik sekillendi. Hicbir koyunda embriyonik 6liime
rastlanmadi. Cogul dogum oraninin D vitamini uygulanan
grupta (%91.3) daha yiiksek oldugu saptandi (p<0.001).
Doguran koyun basina kuzu sayisi oraninin D vitamini
uygulanan grupta (2.4+0.2) kontrol grubundan (2.1+0.2)
ylksek oldugu belirlendi. D vitamini uygulanan grupta 2’si
tekli, 21'i c¢oklu kuzulama ile toplam 55 kuzu elde
edilirken, kontrol grubunda ise 5’i tekli, 12’si ¢oklu yavru
dogumu ile toplam 35 kuzu elde edildi. D vitamini
uygulanan grupta dogan yavrularin 33’ erkek, 22’si disi



[The Effect of Vitamin D Injection on Reproduction in Romanov Sheep]

Van Vet J, 2022, 33 (3) 76-79

iken, kontrol grubunda 13’i erkek, 22’sinin disi oldugu
belirlendi. Kontrol grubundaki 4 kuzunun dogumu takip
eden saatlerde 6ldiigii belirlendi.

Dogan kuzularin ortalama yavru agirliklar1 Tablo 2’'de
sunuldu. Ortalama yavru agirhiklarinin D vitamini
uygulanan grupta 2.67+0.08, kontrol grubunda ise
2.58+0.09 kg oldugu belirlendi. Yavru agirliklan
bakimindan gruplar arasinda fark olmadigl saptandi
(p=0.46).

Tablo 1. Gruplardaki fertilite parametreleri.

Table 1. Fertility parameters in the groups.

Parametreler D vitamini Kontrol
"Sl":;z;l:/l(s;illen koyun 23 17
Ostrus cevap orani (%) 23/23 (100) 17/17 (100)
Gebelik orani (%) 23/23 (100) 17/17 (100)
Kuzulama orani (%) 23/23 (100) 17/17 (100)
Tek yavru dogumu (%) 2/23(8.7) 5/17 (29.1)
Coklu kuzulama (%) 21/23(91.3)2  12/17(70.59)>
ikiz (%) 11/23 (47.83) 7/17 (41.18)
Ugiiz (%) 9/23(39.13) 4/17 (23.53)
Dordiiz (%) 1/23 (4.35) 1/17 (5.88)
]‘fgzglfg;gf’““ basina 55/23(2.39)  35/17 (2.06)
El‘l’zgl‘l‘gz‘;ll;fy““ bagina 24402 2.1+0.2
Olim orani (kuzu) 0 4

n=koyun sayisy, @ b: Ayni satirdaki farkl harfler istatistiksel
farki gosterir (p<0.001).

Tablo 2. Gruplardaki kuzu dogum agirliklarinin
karsilastirilmasi.

Table 2. The comparison of lamb birth weights in the
groups.

Ortalama
Gruplar yavru Disi kuzu Erkek kuzu
p agirhg agirhg (kg) agirhg (kg)
(kg)
D vitamini 2.67+0.08 2.51+0.15 2.77+0.09
Kontrol 2.58+0.09 2.63+0.12 2.49+0.14
TARTISMA VE SONUC

Sunulan ¢alismada {ireme mevsiminde kizginliklar:
toplulastirmak  amaciyla  yapilan  senkronizasyon
protokollerinden elde edilen yavru veriminde artis
saglamak amaciyla bu protokollere ek olarak D vitamini
uygulamasi yapilmistir. Koyunlar mevsime bagl poliostrik
hayvanlar oldugundan dolayr mevsim basinda 0Ostrus
gosterip gebe kalan koyun ile mevsim sonunda 0Ostrus
gosterip gebe kalan koyun arasinda olduk¢a uzun bir
zaman farki séz konusu olabilmektedir. Bu durumda
dogumlarin farkli zamanlarda gergeklesmesine, dolayisiyla
siride tek tip bakim ve Dbesleme programinin
yapilamamasina, barinakta dogumlara uygun bdlmelerin
ayarlanamamasina ve meralarin etkin bir sekilde
kullanilamamasina neden olmaktadir. Tiim bu gerekgeler
daha fazla isgiiciine ve ekonomik kayba neden olmaktadir
(Alkan ve ark. 2012). Bu sebeple asim sezonu cesitli
senkronizasyon protokolleri yapilmaktadir. Ugar ve ark.
(2002) tarafindan progesteron+eCG uygulamalar1 ile
senkronize edilen koyunlarda siinger ¢ikarildiktan sonraki
24-56 saatler arasinda Ostruslar gézlemlenmis ve dstrus

oranini %100 olarak belirlemislerdir. Bir diger calismada
14 giinliik intravaginal progesteron uygulanan koyunlarda
fertilite oranmmin %75 oldugu saptanmistir. 12 giin
progestagen+eCG enjeksiyonu yapilan Romanov+Pelibuey
koyunlarinda 6strus orani %100 elde edilirken, fertilite
oraninin %65 oldugu belirlenmistir. Koyun basina dogan
kuzu sayist1 2.0+0.4, fekundite ise %140 olarak
belirlenmistir. Tekil gebelik oran1 %7.7, ¢ogul gebelik
orani ise %92.3 olarak belirlenmistir (Macias-Cruz ve ark.
2013). Sunulan c¢alisma da ise bu c¢alismalarla benzer
sekilde o&strus oranlari %100 oldugu belirlenirken,
fertilitenin daha yiiksek oldugu (%100) saptandi. Hem
kontrol hem de D vitamini uygulanan grupta kuzulayan
koyun basina yavru sayisinin ve fekunditenin daha yiiksek
oldugu goriildii. Bu degerler yoniinden olusan bu pozitif
farkin kullanilan eCG dozundan kaynaklanabilecegi
diistinilmektedir.

D vitamini disilerin fertilitesinde 6nemli rol oynamaktadir
(Kwiecinski ve ark. 1989). Bu etkisini cinsiyet
hormonlarinin steroidogenezisini diizenleyerek
olusturmaktadir (Muscogiuri ve ark. 2017). Insanlarda
yapilan ¢alismada ovaryumdaki D vitamini reseptorlerine
granuloza ve kumulus ooforus hiicrelerinde rastlanmistir.
Bilindigi lizere disilerde cinsiyet steroid hormonlarinin
tiretimi en fazla granuloza hiicrelerinde olmaktadir. Bu
durum D vitamini reseptorii araciligl ile D vitamininin
steroidogeneziste  rol alan  anahtar  enzimlerin
ekspresyonunu ve aktivitesini diizenleyerek treme
tizerine etki edebilecegini gostermektedir. D vitamininin
hem ovaryumdan hem de plasentadan progesteron ve
ostradiol Uretimini artirdig1 bildirilmektedir (Muscogiuri
ve ark. 2017). Ayrica D vitamini foto-plasental birimlerden
kalsiyum transportunda rol oynamaktadir (Cleal ve ark.
2017, Muscogiuri ve ark. 2017). Kalsiyumun subklinik
yetersizliginin ruminantlarda iireme kayiplarinda 6nemli
oldugu bildirilmektedir (Gabryszuk ve Klewiec 1996). D
vitamini bagirsaklardan ve bébreklerden kalsiyumun geri
emiliminde ve kemiklerden kalsiyum mobilizasyonunda
rol oynamaktadir (Gabryszuk ve Klewiec 1996). Kalsiyum
enjeksiyonu yapilan 3 yash koyunlarda fertilitenin 6nemli
oranda arttif1 saptanmustir. Benzer sekilde kuzulayan
koyun basina yavru veriminin de sayisal olarak daha
yliksek oldugu belirlenmistir (Gabryszuk ve Klewiec
1996). D vitamini yetersizligi bulunan disi ratlarda
dogurganligin ve yavru veriminin azaldig1 belirlenmistir. D
vitamini yetersizliginde normal ve saglikli yavru diinyaya
gelme oraninin %73 oraninda azaldigr saptanmistir
(Kwiecinski ve ark. 1989). Pirlak koyunlarinda yapilan bir
calisma da ¢iftlesme giini A, D3 ve E vitamini
enjeksiyonunun bazi reprodiiktif parametreler iizerine
etkisi arastirllmistir. Bu ¢alismada Ostrus orani %92.5,
kontrol grubunda ise %90 belirlenirken, gebelik oranlari
sirasiyla %87.5 ile %75 oldugu saptanmistir (Birdane ve
ark. 2020). Koyunlarda progesteron temelli
senkronizasyon protokollerinin uygulandigi bir diger
calismada CIDR uygulandig1 veya ¢ikarildigr giin A ve E
vitamini+Se enjeksiyonu yapilan grupta gebelik ve
kuzulama oraninin kontrol grubuna goére daha yiiksek
oldugu belirlenmistir (Koyuncu ve ark. 2019). Yine E
vitamini ve Selenyum enjeksiyonu yapilan bir ¢alismada
koyunlarda fekunditenin (148.1) kontrol grubundan
(115.4) o6nemli oranda yiiksek oldugu tespit edilmistir
(Koyuncu ve Yerlikaya 2007). Gebelik doneminde D
vitamini uygulanan hayvanlarda hayatta kalma oraninin
daha yiiksek oldugu mortalite oranimin azaldigl
bildirilmektedir. Gebeligin son déneminde D vitamini
enjeksiyonunun koyunlarda {ireme performansini ve
kuzularin sag kalimini iyilestirdigi agiklanmistir (Kobeisy
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ve ark. 2021). Bu c¢alismalarin yani sira, Zhou ve ark.
(2019) yaptiklar1 ¢alismada, D vitamini ile koyun basina
dogan yavru sayisi arasinda bir iligki belirlememislerdir.
Yukaridaki c¢alismalar ile Kkarsilastirildiginda sunulan
calismada senkronizasyona baslandigi giin D vitamini
enjeksiyonunun ¢ogul gebelik oranini artirdigi ve
fekundite oraninin daha yiiksek oldugu belirlendi. Bu
artisin D vitamininin folikiilogenezis tzerine pozitif etki
yapmasindan kaynaklanabilecegi diisiiniilmektedir (Yang
ve Ma, 2021).

Zhou ve ark. (2019), D vitamini ile dogan yavru agirliklari
arasinda pozitif bir iliskinin oldugunu bildirmislerdir.
Sunulan c¢alismada ise ortalama yavru agirliklar
bakimindan gruplar arasinda 6énemli bir fark olmadigi
saptanmistir.

Sonug olarak senkronizasyon protokoliine baslandig giin
D vitamini enjeksiyonunun c¢ogul gebelik oranini ve
fekundite oranini artirarak stiriide verimliligin artmasina
katki saglayabilecegi diistiniilmektedir. Fertilite ile D
vitamini uygulamasi arasindaki iliskinin daha net ortaya
konulabilmesi i¢in yemlerden alinan vitamin diizeyi ve kan
D vitamini seviyesinin belirlenerek daha net sonuglarin
ortaya konulmasi gerekmektedir.
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0z Bu calismanin amaci, medetomidin/ketamin (MED-KET) ve ksilazin/ketamin (KSZ-KET) anestezisindeki
kedilerde kisa siireli kardiyovaskiiler etkilerini ve atipamezol ile bu etkilerinin geri doéniisimiini
ekokardiyografi teknigi ile arastirmakti. Eriskin 20 disi kedi (agirhig1 2.2-3.6 kg ve yasi1 0.5-5.5 arasinda)
ovariyohisterektomi i¢in getirildi. Elektrokardiyogram, invaziv olmayan kan basinci 6l¢limii, solunum sayisi,
kalp atimi ve periferik oksijen diizeyi anestezi siiresince izlendi. Her iki grup anestezi indiiksiyonundan sonra
sol ventrikiil ¢ap1 (%LVD) ve sol ventrikiil firlatma fraksiyonu (EF) azalmasi (T0’a karsi T1, p<0.05)
gostermistir. Bununla birlikte azalma ve baslangi¢c degerlerine doniis gruplar arasinda istatistiki olarak
farkliydl. Sonug¢ olarak, MED-KET ve KSZ-KET ile anestezi sonrasi ekokardiyografik degerlerin anlaml
diizeyde etkilendigi ve atipamezoliin, ovariohisterektomi gibi abdominal cerrahiler sonrasinda kedilerde hizl
ve glivenli bir sekilde baslangi¢ degerlerine doniis i¢in faydali olabilecegi kanisina varild.

Anahtar Kelimeler: Antagonist, Atipamezol, Ekokardiyografi, Kalp.

Comparison of the Effects of Medetomidine/Ketamine and Xylazine/Ketamine
Anesthesia and Its Reversal by Atipamezole on Cardiovascular Functions in Cats

The aim of this study was to investigate the short-term cardiovascular effects of medetomidine/ketamine
(MED-KET) and xylazine/ketamine (XYZ-KET) anesthesia regimes and its reversal (atipamezole) in cats
through using echocardiography. Twenty sexually intact female cats (weighing between 2.2 and 3.6 kg, and
between 0.5 and 5.5 years of age) referred for ovariohysterectomy procedure. Electrocardiogram, non-
invasive blood pressure, respiratory rate, heart rate and pulse oximetry were monitored throughout the
anesthesia. Both groups showed declines in left ventricular diameter (LVD%) and left ventricular ejection
fraction (EF) after anesthesia induction (TO vs. T1, all, p<0.05); nevertheless, the reduction and starting
pattern of LVD% and left ventricular EF presented important intergroup distinction. In conclusion,
echocardiographic values effected significantly after anesthesia with MED-KET and XYZ-KET; and
atipamezole can be useful for return to baseline values quickly and safely in cats after abdominal surgery such
as ovariohysterectomy.

ABSTRACT

Keywords: Antagonized, Atipamezole, Echocardiography, Heart.

GIRIS

Hem deneysel modeller hem de tedavi islemleri igin
hayvanlar tibbi mudahaleler sirasinda anesteziye siklikla
ihtiya¢c duyulur. Kardiyovaskiiler sistemin anesteziklere
tepkisi, doza, deneysel modele ve ajan secimine bagh
olarak ¢ok farklh olabilir (Wessler ve ark. 2011; Vilar ve
ark. 2018; Simonini ve ark. 2022). En ¢ok kullanilan idame
ve indiiksiyon anestezi prosediirlerinin parasempatik ve
sempatik  sinir  sistemlerini, miyokardin  kasilma
ozelliklerini ve damar tonusunu etkiledigi bilinir (Wessler
ve ark. 2011; Lin ve ark. 2021; O'Gara ve ark. 2022).

Medetomidin, gii¢lii kas gevsetici 6zelliklere sahiptir. Ayni
zamanda sakinlestirici bir analjeziktir. Medetomidin
genellikle hayvanlar1 radyografi veya oral muayene gibi
cerrahi olmayan prosediirler i¢in hareketsiz hale getirmek
icin genel anestezi Oncesi premedikasyon amaciyla
kullanilir. Son derece spesifik bir a2 adrenerjik agonistidir
(Kihig ve ark. 2004). Medetomidin baslangi¢ta sedasyon ve
primer hipertansiyona neden olur, daha sonra artan damar
ici uygulama ile bradikardiye yol agar ve kan basincini
normale veya hafif altina digiiriir (Salla ve ark. 2017;
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Hollis ve ark. 2020).

Xylazine, az adrenerjik reseptdr agonist 6zelliklerine sahip
sakinlestirici  bir  ajandir.  1962'de  Almanya'da
antihipertansif olarak kullanilmak {izere sentezlendi.
Ancak sonrasinda hayvanlarda gii¢li yatistirici etkileri
oldugu tespit edildi (Kilig¢ 2004; Anandmay ve ark. 2016).
llag, kopeklerde intravendz uygulamadan sonra aort
akisinda istatistiksel olarak anlamli bir azalma, kalp
hizinda azalma, periferik direngte artis ve kan basincinda
baslangicta artis ve ardindan bir diisiis gergeklestirir
(Anandmay ve ark. 2016; Hopster ve ark. 2017). Képeklere
ksilazin enjeksiyonunun kusmaya neden olabilecegi, goz ici
basincinin belirgin sekilde yiikseldigi fark edilmistir
(Anandmay ve ark. 2016).

Bir fensiklidin ve siklohekzam tiirevi olan ketamin siklikla
anestezi baglatmakta kullanilan N-metil-D-aspartat
antagonistidir. Limbik, retikiiler aktive edici ve
talamokortikal sistemler tizerinde etkilidir (Erhard ve ark.
2001; Kili¢ ve ark. 2001; Lee and Jones 2018). Ketaminin
kullanimi kisitlandiran artan kalp debisi, damar direnci ve
kalp hiz1 gibi degisik kardiyovaskiiler etkileri mevcuttur.

Her biri atipamezol ile antagonize olabilen
medetomidin/ketamin (MED-KET) ve ksilazin/ketamin
(KSZ-KET) kombinasyonu ile anestezi, hayvanlar igin
yararli bir anestezi teknigi olarak tanimlanmistir (Astner
1998; Henke ve ark. 2005; Baumgartner 2010). Bu ilag
kombinasyonlarinin bariz faydalari, tim bilesenler i¢in
atipamezoliin rekabete dayali tersine cevrilebilirligi ile
ilgilidir, bu da anestezik derinligin kontroliinde bir
iyilesmeye, daha kisa bir uyanma evresine ve daha az
hipotermi olusumuna yol acar (Astner 1998; Henke ve ark.
2005; Baumgartner 2010).

Anesteziklerin dogrudan vaskiiler etkilerinin incelenmesi
icin  ultrasonografi gibi  goriintileme  teknikleri
uygulanabilir (Lee ve ark. 1990; Baumgartner ve ark.
2008; Baumgartner ve ark. 2010). Anestezik ilaglarin,
kardiyovaskiiler sistemin ¢esitli verileri (6rnegin, kan
basinci, ventrikiiler kasilma ve kalp hizi) {lizerinde farkh
etkiler olusturdugu iyi bilinmektedir ve ¢ogu hastada
goriiniir bir doz-yanit iliskisi vardir (Smith 2009; Riha ve
ark. 2012).

Prospektif calismalar1 degerlendiren son zamanlardaki
literatiir bilgiler, insanlarla karsilastirildiginda (Lunn ve
Mushin 1982; Raisis ve ark. 2005) képeklerde ve kedilerde
(Dyson ve Maxie 1999; Raisis ve ark. 2005) anestezi ile
birlikte intraoperatif morbidite ve mortalitenin daha fazla
oldugunu gostermektedir. Cesitli anestezik ajanlarin kdpek
kardiyovaskiiler fonksiyonu lizerindeki etkileri ve bunlarin
intraoperatif oOliimlere katkilar1 konusunda g¢alismalar
yapimistir (Dyson ve Maxie 1999; Raisis ve ark. 2005).

Kediler i¢cin kardiyak morfoloji ve fonksiyonun normal
degerleri yaymlanmistir (Allen 1982). Bununla birlikte,
degisik anestezik prosediirlerin uygulandig1 kedilerde
kardiyak fonksiyon ve morfoloji ile ilgili makaleler eksiktir.
Derin Kkardiyovaskiiler etkilerin belirlenmesi ge¢mis
arasgtirmalarda istikrarli bir bulgu olmustur. Bununla
birlikte, Kkedilerde MED-KET ve KSZ-KET anestezi
prosediirlerinin  dogrudan kardiyovaskiiler etkileri
hakkinda ¢ok az bilgi bulunmaktadir. Bu ¢alismanin
hipotezi, kardiyak fonksiyon ve morfolojinin hem

medetomidin/ketamin ~ hem de  ksilazin/ketamin
anestezisinden etkilendigidir.
Bu ¢alismanin amaci, MED-KET ve KSZ-KET

anestezisindeki kedilerde kisa siireli kardiyovaskiiler
etkilerini ve atipamazol ile bu etkilerinin geri doniistimiinii
ekokardiyografi teknigi ile arastirmakti.
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MATERYAL VE METOT

Bu calisma Manas Universitesi Hayvan Deneyleri Yerel Etik
Kurulu'ndan 17.03.2016 tarihinde 2016-03/2 sayili izin
alinarak yapilmistir.

Calismaya canli agirliklan 2.2 ile 3.6 kg; yaslar1 0.5 ile 5.5
arasinda olan 20 disi kedi dahil edildi. Bu kediler 4 aylik
bir siire igerisinde Kklinigimize ovariohisterektomi
operasyonu i¢in getirilmisti.

Anestezi

Kediler, her grupta on kedi olacak sekilde iki gruptan
birine rastlantisal olarak dahil edildi (TO, baslangic). Grup
1'de (T1: premedikasyondan sonraki 10. dk) kedilere
medetomidin 80 pg/kg kasici (Ki (Tomidin, Provet,
Tiirkiye) ve 2 mg/kg Ki ketamin hidrokloriir (Alfamin,
Egevet, Tiirkiye) ile karistirilarak tek enjeksiyonla anestezi
baglatildi. Benzer sekilde 2. gruptaki kedilere ksilazin
hidrokloriir 2 mg/kg KI (Alfazin, Egevet, Tiirkiye) ve
ketamin hidrokloriir 10 mg/kg Ki (Alfamin, Egevet,
Tirkiye) ile karistirilarak tek enjeksiyonla uygulandi.
Elektrokardiyogram, kalp hizi, solunum hizi, non-invaziv
kan basinci ve periferik oksijen diizeyi anestezi boyunca
izlendi (Guoteng Co Ltd, Cin) (T2: operasyon
baslangicindan sonraki 15. dk; T3: son dikis sonrasi).
Ovariyohisterektomi prosediiriiniin sonunda, anestezi
atipamezol 200 pg/kg Ki (Reversal, Provet, Tiirkiye; T4:
atipamezol enjeksiyonu sonrast 10. dk) kullanilarak
tersine gevrildi.

Ekokardiyografi

Her kedi, ultrasonografik ol¢limler i¢in 6n hazirlik olarak
tras edildi. 2D ve M-mod ekokardiyografi olglimleri,
kediler sag lateral yatar pozisyondayken yapildi.
Ekokardiyografi i¢cin 7.0 MHz mikrokonveks prob
kullanildi. Prob bir ultrasonografik sistem (SIUI, G. Kore)
ile birlikte kullanildi. Kardiyak verilerdeki degisiklikleri
arastirmak icin kalbin ekokardiyografik degerleri
degerlendirildi. Kalp baslangicta sag parasternal kisa
eksen diizleminde 2D mod ile goriintilendi. Bu
goriintiiden, sol ventrikiilin arka duvarina dik olarak
papiller kaslar ve interventrikiiler septum seviyesinde bir
M-mod klavuz ¢izgisi yerlestirildi. Odacik 6l¢iimleri, M
mod goriintileriyle yapildi. Sol ventrikiil sistol sonu ¢api
(LVSD), arka duvarin tepe yukar defleksiyonu noktasinda,
arka duvar kalinligi ise sistol sonunda Olgildi.
Ekokardiyografik incelemede, ultrasonografi cihazinin
ekardiyograf yazilimi tarafindan hesaplanan fraksiyonel
kisalma (FS), sol ventrikiil ¢cap1 % (%LVD) ve ejeksiyon
fraksiyonu (EF) élciildii. Olciimler TO, T1, T3 ve T4 zaman
noktalarinda (T2 haric) gergeklestirilmistir.

M-mod ve 2D ekokardiyografide sistolik fonksiyon
degerleri anestezi indiiksiyonundan dnce ve ardindan TO,
T1, T3 ve T4 =zaman noktalarinda (T2 haric)
degerlendirildi. Kedilerin grup atamasi hakkinda
bilgilendirilmeyen ayni arastirmaci, tim
ekokardiyografileri  gerceklestirdi. = Ekokardiyografik
degerler anestezi protokollerinin etkileri ile iligkiliydi. Bu
degerler, T2 zaman noktasi hari¢ her zaman noktasi icin
hesaplanmistir. Her hayvanin verileri istatistiksel
degerlendirmeye dahil edildi. Hicbir hasta calismadan
cikarilmadi.

Operasyonlar ve Verilerin izlenmesi

Hayvanlar anestezi sirasinda spontan olarak solumaya
devam ettiler. Hebir hastanin kalp hizi, solunum hizi, non-
invaziv kan basinci ve periferik oksijen diizeyi TO, T1, T2,
T3 ve T4 zaman araliklarinda monitdrize (Guoteng Co Ltd,
Cin) edilerek izlendi (veriler gosterilmemistir). Bu
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fizyolojik veriler, T2 zaman noktas1 hari¢ ultrasonografik
muayene ile es zamanl olarak kaydedildi.

Kedilerde T1 zaman noktasi sonrasi ovariohisterektomi
yapildl. Her ameliyat ayni jinekolog tarafindan veteriner
ogrencileriyle birlikte yapildi. Operasyon sirasinda baska
bir anestezik veya analjezik ila¢ uygulanmadi. Ameliyattan
24 saat sonra tiim kediler taburcu edildi.

istatistiksel Analiz

Sayisal verilerin istatistiki olarak incelenmesi i¢in
ortalama * standart hata (SH) degerleri kullanildi.
Orneklem biiyiikliigii kiiciik oldugundan ve veriler normal
dagilmadigindan, istatistiksel analiz parametrik olmayan
testler kullanilarak yapildi. ilacin etkilerinin medyan
degerlerden farkli olup olmadigin1 test etmek igin
Friedman testi kullanildi. Gruplar arasi karsilastirmalar
Mann-Whitney U testi ile, 6l¢iimler arasindaki farklar ise
Wilcoxon testi ile yapildi Istatistiksel anlamllik, esit
varyans ve iki tarafli giiven araligi varsayimiyla p<0.05
olasilik degeri olusturulmugtur. Istatistiksel analizler SPSS
Version 22.0 kullanilarak yapild: (SPSS Inc., IBM Company,
233 S. Wacker Drive, Chicago, Illinois 60606).

BULGULAR

Calismaya dahil edilen hayvanlarin demografik bilgileri
(viicut agirhgl, viicut kondisyon skoru ve yas)
karsilastirildiginda baslangi¢ dlglimleri agisindan gruplar
arasinda istatistiksel olarak anlamli farklilik g6zlenmedi
(Tablo 1).

Tablo 1. Her iki grup icin hayvanlarin verileri ve
baslangictaki fizyolojik degerler (Ort + SH).

Table 1. Animal data and baseline (T0) physiological
variables for both groups (Mean # SE).

Olgu verileri MED-KET KSZ-KET p
BW (kg) 2.55+0.13 288010  0.071
BCS 2.67 £ 0.21 3.0 £ 0.00 0.111
Age (years) 1.00 + 0.30 2.86+0.72 0.140
Baseline HR 162.00 +58.00 125.67+25.06 0.560
(beats/minute)

Baseline RR

(breaths/min) 12.00 + 1.00 13.0£0.88  0.942
Baseline BP 117501050  104.00+7.21  0.092
(mmHg)

Baseline SPO; 94.00 + 1.15 92.00+0.00  0.078
(mmHg)

BCS: viicut kondisyon skoru; BP: kan basinci; BW: viicut agirhigi; HR: kalp
atimy; RR: solunum sayisi; SPO2: oksijen diizeyi.

Olgularda tespit edilen kalp hizi, solunum hizi, non-invaziv
kan basinci ve periferik oksijen diizeyi baslangi¢ 6l¢iimleri
acisindan gruplar arasinda istatistiksel olarak anlaml
farklilik gozlenmedi. Tiim fizyolojik baslangi¢ (TO) verileri,
kediler i¢in beklenen referans araliklari i¢indeydi (Tablo
1).

MED-KET ve KSZ-KET grubundaki ardisik sistolik
fonksiyonel degisiklikler Tablo 2'de karsilastirilmistir.
MED-KET  grubunda medetomidin ve  ketamin
enjeksiyonundan sonra sistol sonu hacim 6nemli 6l¢iide
artmistir. Zamanlar arasinda istatistiksel olarak anlamli bir
fark vardir (p=0,006). Baslangic ile karsilastirildiginda T1
ve T3'te istatistiksel olarak anlamh bir fark vardi (sirasiyla
T1, T3’de T0’a karsy; p=0.0287 ve p=0.018); ancak degerler
T4'e gore baslangictan onemli olciide farklh degildi
(swrasiyla TO, Tl'e karsi T4 p=0.128 ve p=0.075). Sol
ventrikill EF, T1 ve T3'te (sirasiyla p=0.028 ve p=0.018)
T0'dan 6nemli dlglide azald1 ve T4'te (p=0.091) baslangi¢
degerlerine dondii. Sol ventrikil EF anlik olarak
diismesine ragmen, ¢eyrek degeri kabul edilebilir sistolik

fonksiyon icindeydi [T1: 69.2 (64.2-83.6), T3: 69.0 (56.0-
79.8)].

KSZ-KET grubu icinde, sol ventrikiil arka duvar1 kalinhig
ksilazin ve ketamin uygulamasindan sonra énemli 6l¢iide
azaldi (swrasiyla, T1, T3 degeri baslangic ile
karsilastirildiginda, p=0.043 ve p=0.091); daha sonra
T4'teki baslangi¢c degerine dondii (baslangi¢c ve T1'e karsi
T4, p=0.735 ve p=0.043). %LVD, T0'dan T1 ve T3'te 6nemli
olglide azald1 (sirasiyla p=0.018 ve p=0.176); ve T4'te
baslangi¢ degerlerine dondi (p=0.499). Sol ventrikiil EF'de
benzer degerler gozlendi (T1, T3, T4'e karsi TO: 85.0, 66.1,
71.8,90,1, p=0.018, 0.091 ve 0.499, sirasiyla; T1'e kars1 T4,
p=0.018). Sol ventrikiil EF anlik olarak diismesine ragmen,
ceyrek degeri kabul edilebilir sistolik fonksiyon i¢indeydi
[T1: 66.1 (48.7-93.1), T3: 71.8 (31.8-98.4)].

MED-KET ve KSZ-KET gruplarn arasindaki sistolik
fonksiyon tizerindeki etkinin karsilastirilmasi Tablo 2'de
gosterilmektedir. Her iki grup, anestezi indiiksiyonundan
sonra %LVD ve sol ventrikil EF'sinde diisiis gosterdi
(baslangi¢ ve T1, tiimii, p<0.05); bununla birlikte, %LVD ve
sol ventrikiller EF'nin azalis degeri ve baslangi¢ degeri,
gruplar arasinda istatistiki olarak anlaml farkhilik
gosterdi. %LVD'de, baslangi¢ verileri 2 grup arasinda
benzerdi (p=0.949, birincil diisiis T1 ve T3'te (sirasiyla
p=0.443, p=0.609), ancak bu noktadan sonra KSZ-KET
grubu %LVD kontrolii asamasinda daha yiliksek bir
normale doniis gosterdi [T4: 41.90 (23.10-63.30),
p=0.029] (Tablo 2). Sol ventrikiil EF'de karsilastirilabilir
bir deger gosterildi: baslangi¢ ve baslangi¢ T1 ve T3'teki
azalma 2 grup arasinda benzerdi (p=0.949, 0.371 ve
0.609); yine de bu noktadan sonra KSZ-KET grubu normale
doniis gosterdi ve dnemli 6l¢iide ileri dereceli sol ventrikiil
EF'si MED-KET'dekilerle karsilastirild1 [T4: 73.33 (63.60-
93.50), p=0.029] (Tablo 2).

MED-KET ve KSZ-KET grubundaki seri M-modu
ekokardiyografik degisiklikler Tablo 3'te
karsilagtirlmistir. MED-KET grubu iginde LVIDd,
medetomidin ve ketamin enjeksiyonundan sonra énemli
6l¢iide artmistir. Zamanlar arasinda istatistiksel olarak
anlamh bir fark vardi (p=0.049). T3 ile TO arasinda
istatistiksel olarak anlamli bir fark vardi (T3 ve TO,
p=0.028); ancak bu, istatistiksel olarak anlaml bir fark
olmaksizin T4'te diizeldi (sirasiyla TO, T1 ve T4 p=0.176 ve
p=0.128).

Sistol sonunda sol ventrikiiliin i¢ ¢ap1 (LVIDs), T1 ve
T3'teki baslangi¢ degerinden (sirasiyla p=0.028, p=0.018)
onemli Olciide artt1 ve T4 ile baslangi¢c degerine déndii
(p=0.128). T1 ve T3'te T4'e karsi istatistiksel olarak
anlamli bir fark vardi (sirasiyla T1, T3'e kars1 T4 p=0.028,
p=0.018), ancak T0'a kars1 T4'te istatistiksel olarak anlaml
bir fark yoktu (p=0.128).

Sistol sonu interventrikiiler septum kalinhigr (IVSs),
medetomidin ve ketamin enjeksiyonundan sonra énemli
Olgiide arttl. T4'e kars1 TO'da istatistiksel olarak anlamli bir
fark vardi (T4'e karsi TO, p=0.043). KSZ-KET grubu icinde,
LVIDs, ksilazin ve ketamin uygulamasindan sonra énemli
olgiide artt1 (sirasiyla T1, T3'e kars1 baslangig, p=0.028 ve
p=0.091), ancak daha sonra T3'te baslangi¢c degerine geri
dondii (baslangig, T1l'e karsi T4, p=0.398 ve p=0.063,
sirasiyla). T1'e karsi TO'da istatistiksel olarak anlamli bir
fark vardi (p=0.028), ancak T3 ve T4'te TO0'a Kkarsi
istatistiksel olarak anlaml bir fark yoktu (sirasiyla T3, T4'e
kars1 TO, p=0.091 ve p=0.398).

MED-KET ve KSZ-KET gruplarnt arasindaki M-mod
ekokardiyografiye etkisinin karsilastirilmasi Tablo 3'te
sunulmustur. Gruplar arasinda zaman icinde istatistiksel
olarak anlamli farklilik géstermedi.
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Tablo 2. MED-KET ve KSZ-KET grubunda seri sistolik fonksiyon verilerindeki degisimler.

Table 2. The serial systolic functional changes in MED-KET and XYZ-KET group.

Group TO T1 T3 T4 p
MED-KET 33.05+5.25 36.10 + 6.41 35.76 + 4.69 40.55 +3.21
1IVS% 0.482
KSZ-KET 50.00 + 6.37 37.16 +3.93 33.87+£6.27 40.17 + 4.12
p 0.200 0.798 0.898 0.847
MED-KET 75.69 £10.73 43.14 £ 6.70 63.35 % 6.66 54.80 +£17.25
LVPW% 0.848
KSZ-KET 81.82+16.84 39.55 + 5.34"t 54.94 + 1491 89.61 + 17.92t
p 0.848 0.749 0.522 0.223
MED-KET 55.63 + 4.46 36.27 + 2.69 36.44 +2.41 41.90 +5.34
LVD% 0.371
KSZ-KET 53.99 + 5.65 35.30 +£4.99" 44.33 +9.03 60.59 + 5.11t
p 0.949 0.443 0.609 0.029
MED-KET 3.09 £ 0.49 13.29 £8.9 5.39+0.41 3.79£0.40
EDV 0.481
KSZ-KET 4.45+0.87 6.65 +1.45 541+1.13 4.73 £0.52
p 0.224 0.522 0.749 0.276
MED-KET 0.43+£0.15 2.82 £1.36" 1.73 £0.23" 0.88 +0.14
ESV 0.798
KSZ-KET 0.59 £0.18 2.62+0.74 2.09 £ 0.89 0.50 £0.15
p 0.650 0.522 0.798 0.158
sv MED-KET 2.67 £0.38 441+755 3.62+£0.29 2.90 £0.52 0.482
KSZ-KET 3.88+0.79 4.02+0.83 3.31+0.42 4.21+0.44 '
p 0.249 0.564 0.749 0.124
EF MED-KET 87.36+3.18 69.23 + 2.60" 69.05 + 3.05" 73.33+5.39 0.522
KSZ-KET 85.06 + 4.37 66.11 + 5.77°t 71.80 +£9.81 90.17 + 2.95t '
p 0.949 0.371 0.609 0.029
o MED-KET 0.57 £0.07 1.71 £ 1.35 0.48 +0.08 0.50 £0.15 0.655
KSZ-KET 0.77 £0.21 0.58+0.13 0.43 £0.09 0.61+0.19 '
p 0.564 0.478 0.897 0.653

CO: Kardiak ¢ikis; EDV: diyastol sonu hacim; ESV: sistol sonu hacim; EF: ejeksiyon fraksiyonu; %IVS: interventrikiiler septum fraksiyonel kalinlig1 %; %LVD: sol
ventrikiil kalinhg %; %LVPW: sol ventrikiil arka duvar kalinhig1 %; SV: vurum hacmi *p<0.05: TO ile karsilastirildigindaki gruptaki fark, tp<0.05: T1 ile
karsilagtinldiginda T4 de gruptaki fark.

Tablo 3. MED-KET ve KSZ-KET grubunda seri M mod ekokardiyografik veriler.
Table 3. The serial M-mode echocardiographic changes in MED-KET and XYZ-KET group.

Group TO T1 T3 T4 P
MED-KET 11.41+£0.72 17.39 £ 3.69 14.14 + 0.55" 12.44 £ 0.50
LVIDd 0.949
KSZ-KET 13.57 £ 1.14 14.49 £ 1.51 14.45 £ 1.02 13.53 £0.59
p 0.133 0.810 0.873 0.271
MED-KET 511+0.71 10.41 + 1.50" 9.24 £ 0.45" 7.08 £ 051t
LVIDs 0.609
KSZ-KET 6.07 £0.75 9.76 £ 1.53" 9.05+1.71 5.30+0.77
p 0.431 0.810 0.936 0.099
MED-KET 4.48 +0.34 5.17+ 0.64 5.08 £1.02 4.79 £ 0.43
Pwd 1.000
KSZ-KET 4.80 +0.39 5.44 £ 0.65 5.08 £ 0.24 4.81+0.65
p 0.520 0.810 0.261 0.854
MED-KET 7.65 +0.22 7.40 £0.76 7.30 £0.90 7.20 £ 0.54
PWs 0.250
KSZ-KET 8.61+0.48 7.57 £0.83 8.33+£0.94 9.18 £1.09
p 0.115 0.810 0.469 0.199
MED-KET 3.45+0.34 3.20 £0.57 3.33+£0.32 3.68 £0.47
1vSd 0.898
KSZ-KET 3.10 £0.39 3.34£0.49 3.52+£0.36 4.21+0.33
p 0.474 0.747 0.629 0.461
MED-KET 5.33+0.58 6.04 +1.78 5.52+0.50 6.32 £ 0.59"
IVSs 0.201
KSZ-KET 6.68 £ 0.33 5.51+0.86 5.66 + 0.54 7.24+0.31
p 0.073 0.936 0.873 0.580

IVSd: diyastol sonu interventrikiiler septum kalinligy; IVSs: sistol sonu interventrikiiler septum kalinhigy; LVIDd: diyastol sonu sol ventrikiil ¢api; LVIDs: sistol
sonu sol ventrikiil capi; PWd: diyastol sonu arka duvar kalinligy; PWs: sistol sonu arka duvar kalinligl. *p<0.05: TO ile karsilastirildigindaki grup icindeki fark,
1p<0.05: T1 ile T3 arasinda gruptaki fark.
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TARTISMA VE SONUC

Anestezik ilaglar dogrudan ve dolayll olarak
hemodinamik ve kardiyak performansi etkiler (Hanatani
ve ark. 1998; Yang ve ark. 1999; Roth ve ark. 2002;
Kawahara ve ark. 2005). Anestezik ilaglar, patofizyolojik
ve fizyolojik durum ile bu verilerdeki degisiklikleri
degerlendirirken  énemli bir  ajandir. izofluran,
pentobarbital, dexmedetomidine ile ketamin ve ksilazin
kombinasyonu gibi bir¢ok anestezik ilag, kedilerin kalp
fonksiyonunun ekokardiyografi ile saptanmasi icin
siklikla kullanilir (Allen 1982; Dyson ve Maxie 1999;
Zatroch ve ark. 2019).

Bu c¢alisma; iki farkll anestezi protokoliiniin kedilerde
kardiyovaskiiler fonksiyonlar tizerindeki etkilerinin ve bu
etkilerin atipamezol kullanilarak tersine cevrilmesinin
ekokardiogarfik muayene ile karsilastirilmasi amaciyla
yapildi.

Ketamin, dissosiyatif bir anestezik durumda caligan bir N-
metil-D-asparat reseptér antagonisti olarak adlandirilir.
Kalp tizerindeki uyarici sempatomimetik ve parasempatik
sistem etkileri tizerindeki onleyici etkilerin
kombinasyonu nedeniyle, ketamin arteriyel basmci ve
kalp hizin1 artirmak i¢in tretilmistir. Arter basincindaki
artisin kardiyak debideki artisla birlestigi, ancak atim
hacminde degisiklik olmadig1 belirtilmistir (Baumgartner
ve ark. 2010a). Riou ve ark. (1990), ketaminin miyokard
tizerinde  muhtemelen sarkoplazmik  retikulumun
bozulmus islevi nedeniyle negatif bir intropotik etki ve
artan Caz+ akisiyla iligkili pozitif bir inotropik etkiye
dayanan ikili bir karsit etkiye sahip oldugunu bildirmistir.
Sunulan bu c¢alismada ketamin uygulamasi azalmis sol
ventrikil fonksiyonu ile iliskili bulundu. Diislis, sempatik
tonusun kesilmesine bagh olarak ikincil olabilir. Sistolik
fonksiyon  verilerinden EF  degerinde TO ile
karsilastirildiginda T1 zaman noktasinda hem MED-KET
hem de KSZ-KET grubunda; LVPW% ve LVD%
degerlerinde KSZ-KET grubunda; ESV degerinde ise MED-
KET grubunda istatistiki olarak anlamli fark oldugu
belirlendi.

MED-KET anestezisi, T1 ve T3 zaman noktalarinda hem
EF'de 6nemli 6l¢iide bir diisiis hem de ESV degerinde
artis1 sagladi. Bunun esas olarak kalp hizindaki diistiisiin
bir sonucu olabilecegi diisiiniildii. KSZ-KET anestezisi ise,
T1 zaman noktasinda hem EF'de hem de % LVD'de 6nemli
bir diistis sagladi.

Atipamezol kimyasal olarak 4-(2-etil-2,3-dihidro-1H-in-
den-2-il)-1H-imidazol-hidrokloriir olarak tanimlanir. Hem
merkezi hem de periferal a2-adrenoreseptorlerinde
rekabetci, giiclii, olduk¢ca secici bir antagonisttir
(Ancrenaz 1994; Zatroch ve ark. 2019). Atipamezol,
kopeklerde medetomidin veya MED-KET anestezisini
tersine ¢evirmek icin yaygin olarak kullanilmistir
(Talukder ve ark. 2009). Sunulan bu ¢alismada MED-KET
grubunda sistolik fonksiyon verilerinden ESV ve EF
ortalamalari T3  zaman  noktasinda  baslangig
degerlerinden istatistiki olarak anlaml farklilikta iken;
atipamezol uygulamasi sonrasinda T4 zaman noktasinda
anestezi Oncesi degerlerine geri doéniis saglandi. Yine
MED-KET grubunda M mod ekokardiyografide belirlenen
LVIDd ve LVIDs ortalamalar1 operasyon bitiminde (T3)
baslangic degerlerinden istatistiki olarak anlamh
farklilikta iken; atipamezol uygulamasi sonrasinda T4
zaman noktasinda anestezi 6ncesi degerlerine geri doniis
saglandi.

Sonug olarak, kedilerde MED-KET ve KSZ-KET ile anestezi
sonrast ekokardiyografik degerlerin anlaml diizeyde

etkilendigi ve atipamezoliin ovariohisterektomi gibi
abdominal cerrahiler sonrasinda hizli ve giivenli bir
sekilde baslangic degerlerine donilis icin faydal
olabilecegi kanisina varildi.
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ABSTRACT Fluorine toxicity occurs in different parts of the world. It is caused by the increase in the fluorine level in the
waters, especially due to the dissolution of volcanic rocks over time. Water with high fluorine content can be
taken with plant and animal irrigations, and foods obtained from plants and animals, or it can be taken directly
with drinking water. In this study, the effects of chitosan (CS) and chitosan oligosaccharide (COS) on some
serum trace minerals and vitamin levels in experimental fluorosis rats were investigated. Six groups were
formed as control, fluorosis, fluorosis CS and COS groups, healthy CS and COS groups. CS and COS were
administered orally for 28 days at a dose of 250 mg/kg. At the end of the study, ketamine anesthesia was
administered and the heart was directly cannulated. Trace minerals (Cu, Zn, Mn, Fe, Se) and vitamins (retinol,
a-tocopherol, D3) were analyzed. Cu, Zn, Se and Mn levels were found to be decreased in the F group compared
to the control group. A significant increase was found in the Zn level in the F+CS group and in the Cu, Zn and Se
levels in the F+CS group compared to the values in the F group. Serum retinol and a -tocopherol levels were
decreased in the F, F+CS, F+COS and CS groups. In conclusion, our findings showed that there was a decrease
in serum Zn, Cu, Se, retinol and a-tocopherol levels in rats with fluorosis, and COS was more effective than CS
against the decrease in mineral and vitamin levels.

Keywords: Fluorosis, Serum, Sodium fluoride, Trace elements, Vitamin.

0z Deneysel Florozis Olusturulan Ratlarda Serum Mineral ve Vitamin Seviyeleri
Uzerine Kitosan ile Kitosan Oligosakkaritin EtKisi

Flor toksikasyonu diinyanin farkl yerlerinde meydana gelir. Ozellikle volkanik kayaclarin zamanla ¢éziinmesi
nedeniyle sulardaki flor seviyesinin artmasindan kaynaklanir. Flor icerigi yiiksek olan sular ile bitkilerin
sulanmasi, hayvanlarin bu sulari tiikketmesi sonrasi, bitki ve hayvanlardan elde edilen besinlerle veya dogrudan
icme suyuyla alinabilir. Bu ¢alismada, deneysel florozisli ratlarda kitosan (CS) ve kitosan oligosakkaritin (COS)
bazi serum eser mineralleri ve vitamin diizeyleri izerine etkileri arastirildi. Kontrol, florozis, florozis CS ve COS
gruplari, saglikli CS ve COS gruplari olmak iizere alt1 grup olusturulmustur. CS ve COS, 250 mg/kg'lik bir dozda,
28 gilin boyunca oral yoldan uygulandi. Calismanin sonunda ketamin+ksilazin anestezisi uyguland1 ve kalp
direkt kaniile edildi. Serumda eser mineraller (Cu, Zn, Mn, Fe, Se) ve vitaminler (retinol, a-tokoferol, D3) analiz
edildi. Florozis grubunda (F), kontrol grubuna gore Cu, Zn, Se ve Mn seviyelerinde azalma oldugu goriildi. F+CS
grubunda Zn seviyesinde ve F+CS grubunda Cu, Zn ve Se seviyelerinde F grubuna gore anlaml bir artis tespit
edildi. F, F+CS, F+COS ve CS gruplarinda serum retinol ve a -tokoferol seviyeleri azaldi. Sonug olarak,
bulgularimiz florozisli ratlarda serum Zn, Cu, Se, retinol ve a-tokoferol diizeylerinde azalma oldugunu, mineral
ve vitamin diizeylerindeki azalmaya karsi1 COS'un CS'den daha etkili oldugunu gosterdi.

Anahtar Kelimeler: Eser elementler, Florozis, Serum, Sodyum floriir, Vitamin.
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INTRODUCTION

Since fluorine has a high electronegative property, it is
found in nature in the form of salt (fluoride) by combining
with other elements. These salts are solids such as sodium
fluoride (NaF) and calcium fluoride (CaF?). Fluorides found
in natural drinking water are the biggest source of fluorine
taken into the body. The highest possible amount of fluoride
in water is stated by the World Health Organization as 1.5
mg/L. Consumption of drinking water with fluorine above
these values for a long time causes fluorine toxicity called
fluorosis (Varol and Varol 2010; Cetin et al. 2020). In
fluorosis, oxidative stress is induced by reactive oxygen
species (ROS), which directly react with biomolecules,
damaging lipids, proteins and DNA, causing cell and/or
organ damage (Yur et al. 2013).

Antioxidant enzymes such as superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GSH-Px) and
vitamins (vitamin C, vitamin E and -carotene) have great
importance in protection against this damage (Yur et al.
2013). The relationship between ROS formation,
antioxidant defense systems and lipid peroxidation in
fluorosis has been extensively investigated, but different
results have been obtained (Reddy et al. 2003). In fluorosis,
vitamins A, C and E help protect the organism from the
harmful effects of oxidative radicals. At the same time,
vitamin D plays an important role in improving fluoride-
induced toxicity (Altug et al. 2013). Dietary antioxidants
and consumption of antioxidant-rich foods have a beneficial
effect on alleviating oxidative stress in fluorosis (Mesram et
al. 2017; Bulduk et al. 2022). CS, which is used as a natural
antioxidant, is obtained by deacetylating the biopolymer
chitin. COS obtained by the reduction of CS or chitin have a
strong antioxidant effect. In addition, COS and CS have
biological activities such as antibacterial, antiinflammatory
and immune-enhancing activities (Toz and Deger 2018).
Antioxidant vitamins protect the oxidant-antioxidant
balance by using ways such as clearing ROS, repairing tissue
damage, and increasing antioxidant capacity. Trace
elements take part in vital events such as serving as
antioxidants in the body, being a cofactor of various
enzymes, balancing membranes, and helping the functions
of hormones (Cetin et al. 2020; Bulduk et al. 2022). In
previous studies, changes in serum/tissue vitamin and
mineral levels due to fluorosis were investigated (Bouaziz
et al. 2007; Yasar and Yur 2008; Altug et al. 2013; Comba
and Cinar 2016). However, no study was found on the effect
of CS and COS on mineral and vitamin levels in fluorosis.
Therefore, in this study, the effects of CS and COS on serum
mineral (Cu, Zn, Mn, Fe, Se) and vitamin (retinol, a-
tocopherol, vitamin D3) levels in rats with experimental
fluorosis were evaluated.

Wistar albino rats were eight to ten weeks old, weighing
150 to 200 g. The control group received normal drinking
water. Drinking water of the fluorosis group (F) and
fluorosis-induced experimental groups were given as 100
ppm sodium fluoride water (Zhang et al. 2014). Fluorosis
and CS group (F-CS), CS group, fluorosis and COS group (F-
COS) and COS groups were formed. CS (Pan et al. 2016) and
COS (Zong et al. 2012) were administered orally at 250
mg/kg/day, the studies continued for an average of four
weeks. At the end of the experiment, the rats were placed in
the dorsoventral position after ketamine HCI (50 mg/kg)
and xylazine (10 mg/kg) (i.p) administration. The hearts of
the rats were directly cannulated and blood samples were
taken into vacuum tubes. In tubes without anticoagulant,
the blood was centrifuged at 3000 rpm for 5 minutes. After
the serums were separated, they were kept at -18 °C
temperature until analysis.

Biochemical Analysis

Fe and Mn analysis of the serum obtained from the blood in
the study were measured using atomic absorption
spectrometry (AAS, Thermo Scientific, IEC 3000 Series). Cu,
Zn, Se analysis were performed using inductively coupled
plasma optical emission spectrometry (ICP-OES, Thermo
Scientific, ICAP3000 Series) and vitamin (retinol, «o-
tocopherol, D3) analyzes using high performance liquid
chromatography (HPLC, Agilent 1100 Series) device.

Statistical Analysis

After the test for the data of the groups, it was seen that they
had a normal distribution. One-way Analysis of Variance
(ANOVA) was used to compare the data, and Duncan's test
was used for multiple comparisons between groups. Data
were presented as mean * standard deviation (SD). A P
value of 0.05 was accepted as the statistical significance
level in the calculations. All analyzes were performed using
the SPSS (23.0) package program.

MATERIAL AND METHODS

Ethical approval was registered with the document dated
28.07.2020 and numbered 2020/07-03 of Van Yuzuncu Yil
University Animal Experiments Local Ethics Committee.

Sodium fluoride (CAS Number: 7681-49-4), CS (CAS
Number: 9012-76-4), COS (CAS Number: 148411-57-8)
were obtained from Sigma-Aldrich. This study was carried
out in Van Yuzuncu Yil University Experimental Animals
Unit, using 42 male Wistar albino rats. During the
experiment, rats were housed in rooms with 12 hours of
darkness and 12 hours of light and a temperature of 22+2°C.

Experimental Procedure

The study was planned as 12 weeks. 42 male Wistar albino
rats were divided into 6 groups, with 7 rats in each group.
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RESULTS

Serum Cu, Zn, Mn and Se levels were decreased in the F
group compared to the control group. Compared to the F
group, there was a non- significant increase in Cu and Se
levels in the F+CS group, but an important increase in the
F+COS. The difference in Cu and Se levels was insignificant
between the F+CS and F+COS groups. There was a
significant increase in Cu level in the CS and COS groups
compared to the control group. Serum Zn levels were found
to be significantly decreased in Group F. When compared
with the control and F groups, it was determined that the Zn
level increased significantly in the CS, COS, F+CS and F+COS
groups.

It was found that serum Mn levels were significantly
decreased in the F and F+CS groups compared to the control
group. It was determined that there was no difference in Mn
levels between all CS and COS applied groups and F group.
Retinol levels were found to be decreased in the F, CS, F+CS
and F+COS groups compared to the control group. There
was no significant difference between control and COS
groups retinol levels. Compared to the control group, a-
tocopherol levels were found to be significantly lower in all
F- treated groups and in the CS group. There was an
increase in a-tocopherol level in the F+COS group compared
to the F group. It was determined that there was a similarity
between the control group and the COS group in a-
tocopherol levels. It was determined that there was no
significant difference in serum Fe and vitamin D levels in all
groups.
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Table 1. Serum trace mineral and vitamin levels of control and experimental groups.

Parameter C F F+COS Ccs oS
(ppm) (n=7) (n=7) (n=7) (n=7) (n=7)

Cu 1.34+0.12b 1.13+0.064 1.16+0.21¢d 1.30+0.14bc 1.52+0.14a 1.58+0.04a
Zn 1.36+0.02b 1.14+0.03¢ 1.84+0.14a 1.71£0.15a 1,7740.07a 1.88+0.19 2
Mn 0.55+0.02 0.41%0.03b 0.42+0.03 b 0.43%0.02ab 0.45+0.053b 0.47+0.07ab
Fe 3.38+1.43 2.37+0.19 2.84+0.37 2.76%0.67 2.72+0.36 3.26%0.30

Se 1.11£0.072 0.9120.02¢ 0.99+0.03bc 1.05+0.04ab 1.07£0.112 1.12+0.032
Retinol 0.23+0.01a 0.1620.03b 0.1620.02b 0.1620.01b 0.16+0.02b 0.20+0.032
a-Toc 2.20+0.082 0.24+0.08 d 0.78+0.56¢4 1.00+0.34¢ 1.20+0.30bc 1.72+0.63ab
Vit D 0.27+0.07 0.19+0.06 0.24+0.02 0.27+0.10 0.27+0.05 0.27+0.03

Values are expressed as Mean # SD, different letters in the same line show statistical significance (p<0.05). C: control group, F:
fluorosis group, F+CS: fluorosis and chitosan group, F+COS: fluorosis and chitosan oligosaccharide group, COS: chitosan
oligosaccharide group, CS: chitosan group. a-Toc: a-tocopherol, Vit D: Vitamin D. One-Way Analysis of Variance (ANOVA) was
used to compare the values of the groups, and Duncan's test was used for multiple comparisons between groups.

DISCUSSION AND CONCLUSION

Although fluorine is considered an important trace element
considering its role in stabilizing teeth and bones, it is
known that high fluoride intake (>1 ppm) causes toxic
effects. Fluoride toxicity is known to affect teeth and bones.
However, it has harmful effects on the liver and kidneys as
well as other tissues and organs (Tkachenko et al. 2021;
Cetin et al. 2019). Studies by many researchers have shown
that oxygen radical formation and lipid peroxidation are
among the harmful effects of chronic fluorosis (Chlubek and
Poland 2003; Yur et al. 2013; Komuroglu et al. 2022). It has
been reported that the use of antioxidants and antioxidant-
rich foods can act as an antidote in the treatment of
fluorosis in the prevention of oxidative stress-induced lipid
peroxidation (Samal et al. 2016; Mesram et al. 2017). Chitin
is a biopolymer found in the skeleton of insects such as crab
shrimp and in the fungi. CS and COS, known as prebiotics,
are obtained by enzymatic or chemical hydrolysis of chitin.
CS and its derivatives have been the subject of research due
to their abundance in nature, non-toxicity and antioxidant
activities. It has been stated that CS and CS derivatives show
antioxidant properties due to active hydroxyl and amine
groups. It has been reported that CS and its derivatives,
those with low molecular weight and the broken forms of
intermolecular hydrogen bonds, will have more antioxidant
properties (Xie et al. 2001). Trace minerals are elements
that are required at the micro level as part of daily diets.
Trace elements are essential for metabolic functions. Fe for
CAT, Se for GSH-Px, Cu, Zn and Mn elements for SOD act as
cofactors. In the case of a decrease in these elements,
deterioration in the antioxidant mechanism is observed
(Ersoy et al. 2011; Tkachenko et al. 2021). Trace element
concentration in body fluids and tissues varies depending
on disease state, gastrointestinal tract absorption, food
intake, age and gender (Underwood 2012).

Vitamins are organic compounds that the body needs in
trace amounts in order to maintain growth, development
and health in living organisms. Vitamins show these effects,
which are important for the organism, in the form of direct
or indirect participation in many biochemical and
physiological events in metabolism. In addition, it is
reported that vitamins play a role in the execution of
functions such as prophylaxis of diseases, treatment of
acute diseases, protection of cancer and coronary diseases

(Champe et al. 2005). There are some studies on vitamin
levels and trace element in experimental fluorosis. In this
study, the effects of CS and COS on serum trace mineral (Cu,
Zn, Se, Mn, Fe) and vitamin (retinol, a-tocopherol, D3) levels
in experimentally fluorosis induced rats were investigated.
It has been determined that there are changes in serum
mineral levels in human (Tkachenko et al. 2021; Ersoy et al.
2011; Pei-zhong, Zhong-jie, and Tao 2002; Meral et al. 2004;
Chen et al. 2002; Meral et al. 2004; Ersoy et al. 2011;
Tkachenko et al. 2021) and animal (Kahl et al. 1973; Donald
et al. 1979; Kessabi et al. 1983; Marash et al. 1995; Singh
and Swarup 1999; Tao et al. 2005; Tao et al. 2006; Kant et
al. 2009; Altug et al. 2013) studies in fluorosis. Different
results have been reported regarding mineral levels in
natural or experimental fluorosis studies in animal species.
In this study, decreased serum Cu levels in rats with
experimental fluorosis were similar to those reported in
sheep (Marash et al. 1995), goats (Altug et al. 2013), cattle
(Singh and Swarup 1999; Czerny et al. 2000; Samal et al.
2016), pigs (Tao et al. 2005) and humans (Chen et al. 2002;
Meral et al. 2004; Ersoy et al. 2011; Tkachenko et al. 2021)
with fluorosis. In our study, a significant decrease was
found in the Zn level as well as in the Cu level. This result is
inconsistent with some studies stating that the difference in
Zn levels between the control and fluorosis groups were
similar (Altug et al. 2013; Marash et al. 1995), but it is
consistent with the results other than these studies. Cu
plays a vital role in lipid metabolism in humans and animals
(Samal et al. 2016). Plasma Cu and cholesterol
concentrations are opposite to each other. In our previous
research with the animals used in this study, we found that
the serum cholesterol level increased significantly (Ozdek
et al. 2020). As Czerny et al. (2000) stated, this increase in
cholesterol level may have caused a decrease in Cu level.
The fact that the change in Fe level was not statistically
significant in our study is consistent with the study result of
Tkachenko et al. (2021). However, it does not match data
from studies that found significant decreases (Altug et al.
2013; Samal et al. 2016) and rises (Chen et al. 2002) in Fe
levels. Fluorine increases the absorption and utilization of
Fe (Tao et al. 2005). A study of rats treated with fluoride
showed a reduction in blood Fe with a concomitant increase
in bone marrow and liver Fe uptake (Kahl et al. 1973). Also,
Tao et al. (2005) found decreased Fe content in serum,
spleen, liver, kidney and bone of rabbits treated with
fluoride. It has been suggested that excessive fluoride

88



[Ugur OZDEK et al.]

Van Vet J, 2022, 33 (3) 86-91

intake impairs Mn metabolism (Singh 1982). It has been
shown that the amount of serum Mn is decreased in pigs
(Tao et al. 2005), humans (Meral et al. 2004) and goats
(Altug et al. 2013) and increase in cattle (Singh and Swarup
1999). Tkachenko et al. (2021) found that the decrease in
Mn level in humans was not significant.

In this study, in agreement with the literature mentioned
above, the amount of serum Mn was significantly reduced
in rats with fluorosis (Altug et al. 2013; Tao et al. 2005;
Meral et al. 2004). Decreased serum Mn level in this study,
as suggested in the previous study (Li, Tan, and Zhang
1990), may be due to the formation of insoluble structures
in the digestive system due to the decrease in absorption of
Mn in the body. There is little literature on the effects of
fluoride on serum Se levels. In our study, we found that
serum Se amount were decreased in rats with fluorosis.
Similarly, Tkachenko et al. (2021) found that there was a
decrease in serum Se amounts at children with endemic
fluorosis. Se is a necessary cofactor for the activity of
several enzymes involved in the antioxidant system. Se is an
essential component of GSH-Px. Se increases fluoride
excretion in rats with fluorosis and is involved in the
regulation and recovery of free radicals and lipid
metabolism disorders. Se can help reduce high fluoride
levels. Hence, it can protect the skeleton against floride
toxicity. The curative effect of Se is related to its role in
various physiological functions, in addition to its
biologically active antioxidant role. Reddi et al. (2009)
showed that Se can have a positive effect against fluoride
exposure. Studies in children with chronic fluorosis have
reported that decreases in blood GSH-Px activity are due to
low levels of Se (Tkachenko et al. 2021; Tkachenko and
Skaletska 2009). Fluorine, a highly electronegative halogen,
has high affinity for the electropositive element. In our
study, the reduction of fluorine by forming complexes with
trace minerals such as Cu, Zn and Mn in the gastrointestinal
tract or the protective roles of these minerals from
oxidative stress by formation of free radicals may be due to
the decrease in serum levels of these minerals. In our
previous research, it was revealed that fluorosis caused
deterioration in antioxidant defense by increasing oxidative
stress in the liver of rats (Ozdek et al. 2021). The decrease
in blood Cu, Zn and Mn levels may have been effective in the
decrease in SOD, the decrease in Fe level CAT and the
decrease in Se level may have been effective in the decrease
in GSH-Px enzyme activity. Vitamins play an important role
in maintaining the oxidant antioxidant balance. Studies on
vitamin levels regarding fluoride exposure are both scarce
and conflicting. Apart from its protective effect on lipid
peroxidation, vitamin E also has regulatory effects on
humoral and cell-mediated immunity (Altiner et al. 2017).
High a-tocopherol levels in serum have been detected in
guinea pigs (Vatassery, et al. 1980) and goats (Altug et al.
2013) in chronic fluorosis. In the study conducted at sheep
with fluorosis, no significant change was found in vitamin E
levels (Yasar and Yur 2008). In this study, a significant
decrease was observed in serum a-tocopherol levels in rats
with fluorosis, unlike the literature above.

Lipid peroxidation and oxidative stress are effective in the
pathogenesis of fluorosis. This decrease in serum o-
tocopherol level may be related to the increase in oxidative
stress and lipid peroxidation. In this study, it was
determined that the amount of retinol in the serum
decreased significantly in rats with fluorosis. It has been
stated that serum [3-carotene and vitamin A levels are low
in sheep with fluorosis, which is due to oxidative stress
caused by inadequate food intake and high fluorine levels
(Yasar and Yur 2008). In a study conducted in animals with
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fluorosis, it was stated that the level of vitamin A changed
due to reasons such as feeding season, amount of feeding
and food supplementation, while the level of retinol did not
change. Vitamin D provides the mineral (Ca, P) balance in
the body and is an important biomolecule for muscle, bone
health and immune system. Studies conducted in goats with
fluorosis (Altug et al. 2013) and pigs with experimental
fluorosis (Andersen et al. 1986) have determined that
serum vitamin D is at a level that facilitates the absorption
of Ca absorption during digestion. As in the literature above,
the differences in serum vitamin D levels in fluorosis were
insignificant in this study. The physicochemical properties,
molecular weights and deacetylation degrees of CS and its
derivatives determine. CS and its derivatives with low
viscosity and good solubility were preferred more in the
studies. Their molecular weights are low (Laokuldilok et al.
2017). Derived from CS by chemical and enzymatic
hydrolysis, the COS form is more soluble than the main
component. COS reduces the level of cholesterol and the
number of pathogenic bacteria in the intestinal tract. It
strengthens the immune system and has anticarcinogenic,
antioxidant and antidiabetic effects (Leblebicier and
Aydogan 2018). Studies of liver toxicity with carbon tetra
chloride (CCl4) have shown that CS (Ramasamy et al. 2014)
and COS (Yan et al. 2006) have significant antioxidant
effects. In the study in which lead poisoning was created, it
was determined that the amount of protein oxidation in the
blood increased, the amount of reduced glutathione and
total thiol decreased. However, with the application of CS
and its derivatives, it was determined that lead was
removed from the blood and there were different degrees
of improvement in biochemical parameters. As a result, it
has been stated that CS and its derivatives are beneficial for
mitigating lead-induced oxidation damage in vivo (Wang et
al. 2016). In a study on lead poisoning, it was stated that CS
was effective in removing lead from the circulation and
therefore strengthened the antioxidant defense system in
erythrocytes and prevented oxidative damage (Toz and
Deger 2018). In this study, it was shown that the amount of
serum Cu and Zn increased in the groups as a result of the
application of CS and COS, but the changes in Se, Fe and Mn
levels were not statistically significant. Leblebicier and
Aydogan (2018) support our result by detecting an increase
in plasma Cu amounts and an insignificant increase in Zn
levels in chicks treated with COS. This supports the
hypothesis that prebiotics positively affect mineral
absorption. Because indigestible carbohydrates facilitate
the transfer of water to the large intestine, prebiotics can
increase mineral absorption in the cecum, thus increasing
the volume of fluid in which the minerals can dissolve. It
also increases the absorption of ionized minerals by
reducing cecum pH and fermentation (Roberfroid 2000). In
our study, it was determined that the Zn levels in the F+CS
group, and the Cu, Zn and Se levels in the F+COS group
increased significantly compared to the F group, and there
was no significant difference in the Fe and Mn levels. In a
study, it was found that although chitosans with different
molecular weights and degrees of deacetylation did not
have a significant effect on Fe, Zn and Cu levels in the liver,
spleen, heart and kidneys of mice, medium molecular
weight CS significantly increased Fe, Zn and Cu levels in the
liver (Zeng et al. 2008). In a study in which chitin and CS
were applied, it was stated that both chitin and CS were
increased to 10% and 20% levels in the diet, and Fe
absorption was suppressed in animals consuming 10% CS.
In addition, it was determined that there was a positive
balance for P, Ca, Mg, Zn and Cu. It has been stated that the
inability of rats to use Fe in the diet and the body's loss of
Fe is due to the inflammatory state of the small intestine
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caused by CS and, to a lesser extent, chitin (Gordon and
Williford 1983). The significant and/or insignificant
decreases in the levels of fat-soluble vitamins in the groups
treated with CS and COS may be due to the inhibitory effects
of these substances on lipid absorption in the intestines. It
has been stated that COS has an undesirable effect by
causing a significant decrease in plasma vitamin E level
(Koide 1998). It has been reported that the long-term
addition of CS to the diet in rats with polyhypovitaminosis
may cause fat-soluble vitamin deficiencies (Vrzhesinskaia
et al. 2011). In conclusion, our findings showed that there
was a significant decrease in serum Cu, Zn, Se, retinol and o-
tocopherol levels in rats with fluorosis, and COS was more
effective than CS against the decrease in mineral and
vitamin levels.
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0z Organizmadaki en yaygin doku tiirii olan bag dokusunu olusturan unsurlar arasinda bag doku lifleri vardir.
Bunlar kolajen lifler, retikiiler lifler ve elastik liflerdir. Yagam i¢in temel organlardan biri olan karaciger,
viicudun en biiylik bezidir ve bag doku organin catisini olusturmaktadir. Karacigerin bag dokusu
hastaliklarindan etkilenen bir organ oldugu diisiiniildiigliinde organin ¢atisini olusturan bag doku daha fazla
onem kazanmaktadir. Bu ¢alismanin amaci, Japon bildircini ile Broiler tavuk karacigeri bag doku liflerinin
varligi ve dagilimimi karsilastirmali olarak histolojik metotlarla ortaya koymaktir. Calismada 6’ sar adet
eriskin tavuk ve bildircin karaciger doku ornekleri kullanilmistir. Karacigerden alinan doku orneklerine
retikiiler lifleri gdstermek icin Gordon Sweet's glimiisleme yontemi, elastik lifler icin Verhoeff's Van Gieson
(EVG) ve kolajen lifler i¢cin Masson Trichrome boyama teknigi uygulanmistir. Boyanan preparatlar 1sik
mikroskobunda incelendikten sonra fotograflar c¢ekilerek gruplar arasindaki farkliliklar histolojik olarak
degerlendirilmistir. Tavuk karacigeri Glisson kapsiiliinde ve portal araliga ait olusumlarin ¢evresinde kolajen
liflerin daha kuvvetli boyandig1 goriildii. Retikiiler lifler, tavuk karacigerindeki hepatositlerin ¢evresinde,
vena sentralis duvarinda ve Glisson kapsiiliinde bildircin karacigerinden daha yogun olarak gorildii. Elastik
liflerin ise hem bildircin hem de tavuk karacigerinde benzer yapida ve oranda oldugu fark edildi.

Anahtar kelimeler: Bag doku, Bildircin, Karaciger, Tavuk.

ABSTRACT Histological Examination of Liver Connective Tissue Fibers in Broiler Chickens and
Japanese Quails

Connective tissue fibers are among the elements that make up the connective tissue, which is the most
common type of tissue in the organism. The liver, one of the basic organs for life, is the largest gland in the
body and connective tissue forms the roof of the organ.Considering that the liver is an organ affected by
connective tissue diseases, the connective tissue that forms the roof of the organ gains more importance. The
aim of this study is to reveal the presence and distribution of connective tissue fibers in Japanese quail and
broiler chicken livers by histological methods. As material, liver tissue samples of 6 adult chickens and 6
quails were used. Gordon Sweet's silver method was applied to show reticular fibers, Verhoeff’ s Van Gieson
for elastic fibers and Masson Trichrome staining technique for collagen fibers were applied to tissue samples
taken from liver. After the stained preparations were examined under a light microscope, their photographs
were taken and the differences between the groups were evaluated histologically. It was observed that
collagen fibers stained more strongly in chicken liver Glisson's capsule and around the formations of the
portal space. Reticular fibers were seen more densely in the wall of central vein, between hepatocytes and
Glisson's capsule in the chicken liver than in the quail liver. Elastic fibers were found to be similar in structure
and proportion in both quail and chicken livers.

Keywords: Chicken, Connective tissue, Liver, Quail.

GIRIiS artiklarindan ve toksik maddelerden temizleme, fotusta ve
o o N . yenidogan dénemde kan yapimi gibi 6nemli fonksiyonlara
Yasam i¢in temel organlardan biri olan karaciger, viicudun sahiptir (Petorak 1986; Aydin ve ark. 2000). Karacigerin

en biiyik bezidir (Gartner ve Hiatt 2006). Elastik kivaml
ve kolaylikla parcalanabilen bir yapiya sahiptir (Junqueira
ve Charneiro 2005). Safra salgilama, glikojen, lipid, vitamin
ve demir gibi maddeleri depolama, kani metabolizma

bu fonksiyonlari, organin prenatal ve postnatal donemdeki
morfolojik gelisimi ile birlikte ortaya ¢ikmaktadir (Sentiirk
ve Karabiyik 2019). Karacigerde meydana gelebilecek
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herhangi bir fonksiyon bozuklugu viicuttaki tiim sistemleri
etkiler (Esrefoglu 2004).

Bag dokusunun liflerini uzun yapilar bigiminde
polimerlesmis proteinler olusturur.

Organizmadaki en yaygin doku tiirii olan bag dokusunu
olusturan unsurlar arasinda bag dokusu lifleri (iplikleri)
vardir. Bag dokusunun sekilli unsurlar1 olan lifler protein
yapisindaki uzun peptid zincirlerinden meydana gelirler
(Girgin ve ark. 2011). Bag dokusunun ¢ ana lif tipi
kolajen, retikiiler ve elastik liflerdir. Bu lifler farkl tip bag
dokular1 arasina esit olmayan sekilde dagilmistir
(Junqueira ve Charneiro 2005). Kolajen lifler, bag
dokusunun en bol bulunan yapisal bilesenidir ve
dokularda lif demetleri seklindedirler (Ertiirkoglu 2007;
Girgin ve ark. 2011). icerdikleri zincirlerin
kombinasyonuna gore en az 27 farkll tipte kolajen
siniflandirilmistir.  Bu kolajenler arasinda en yaygin
bulunan Tip |, II ve III kolajenlerdir. Kolajen lifler esneme
ve yliksek gerilme giicliine sahiptirler. Isik mikroskop
altinda incelendiginde dalgali yapida olup, belirgin bir
uzunlugu ve genisligi yoktur. Her lifin icinde esit ¢aplarda
kolajen lifler bulunur. Viicudun farkli bélgelerinde ve
gelisimin farkll asamalarinda bu liflerin ¢ap1 degisir.
Histolojik preparatlarda asit boyalarla boyanirlar.
Hematoksilen-eozinle pembe, Masson'un ii¢lii boyamalari
ile mavi ya da yesil renkte goriiniirler. Kolajen liflerden
daha ince olan elastik lifler, dokulara esneklik ve gerilme
ozelligi kazandirir. Kolajen liflerle beraber oriilerek
dokunun gerilmesine siirlama getirir ve asir1 esneyerek
yirtilmasini dnler. Elastik lifler kolajen igermezler. Gelisim
esnasinda, organlarda veya bag dokularinda en son ortaya
cikan lif elastik liftir. Karaciger kapsiiliinde ve portal
alanlarda bulunan ince elastik lifler Orsein ve Rezorsin-
fuksin ile boyandiginda secilebilirler. Isik mikroskobunda
homojen goriiniirler (Girgin ve ark. 2011). Retikiiler lifler
¢ok ince fibriller halindedirler ve tip III kolajenden
meydana gelirler. Elastik liflere baglanmazlar fakat kolajen
liflere baglanirlar (Ertiirkoglu 2007). Dallara ayrilip
anastomozlasarak aglar olustururlar. Retikiler lifler 151k
mikroskobu incelemelerinde glimiis tuzlariyla siyaha
boyanarak kolayca goriilebilirler. Retikiiler lif aglar
embriyonik dokularda da bulunurlar. Bu liflerin miktar1
dokularin olgunluk derecesini gosterir (Girgin ve ark.
2011).

Karaciger, kollajen ve elastik liflerden zengin bag
dokusundan yapilmis Glisson kapsiilii ile sarilidir (Karagoz
2002). Karaciger parankimasina dogru  glisson
kapsiiliinden dallar uzanarak organmi lop ve lopguklara
(lobiillere) ayirir (Petorak 1986). Boylece karaciger, ince
bag doku boélmeleri ile lopguklardan olusur (Swatland
1994). Ancak kanatlilarda organi saran bu kapsiil ve
interlobuler septum ¢ok incedir, belirgin bir lopguk yapisi
yoktur. Duvarinda Tip 1 kolajen lifler iceren vena
sentralisin bulundugu her bir tnite, bir lopgugun karsilig
kabul edilir (Aktimsek 2004; Kaya ve ark. 2017; Tasc1
2018). Bag dokusu, lopguklarin birlestigi yerlerde artis
gosterir. Enine kesitlerde iiggen biciminde segilen bu alan
portal bolge (Glisson {i¢cgeni=Kiernan araligl)'dir
(Esrefoglu 2004). Bu bolgede Arteria hepatica, vena
interlobularis ve duktus biliferusdan olusan Kkaraciger
ticliisii (trias hepatis) bulunur (Rashidi ve Sottile 2009). Bu
ticli yapidan veniiliin genellikle duvari ince, liimeni genis
ve diizensizdir. Arter duvar1 veniile gore daha kalin,
ltimeni kiiciik ve diizenlidir. Duktus biliferus ise tek kath
kiibik epitel ile ortilidiir ve bazal membranlarini
olusturan tip IV kolajeni tiretirler (Swatland 1994; Elias
1955). Karacigerin besleyici damar1 olan A. hepatica ve
fonksiyonel damari olan V. porta araciligiyla karaciger
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lopguklarina gelen kan siniizoidlere agilir. Sinuzoidlerle
tasinan kan vena sentralis (V. sentralis)'e dogru ilerler
(Kaya ve ark. 2017). Kalbe kan tasinmasini saglayan vena
sentralis etrafinda, portal alanlara dogru isinsal olarak
hepatositler yerlesmistir (Esrefoglu 2004). Lopg¢ugun
merkezinden periferine dogru ilerleyerek birbirleri ile
anastomoz yapan siniizoid bosluklari ile ¢evrili hepatosit
kordonlar1 bulunur. Hepatositlerin olusturdugu bu
kordonlar Remark kordonlaridir. Karaciger kordon
olusumu, organin kimyasal islevleri ve metabolizma
fonksiyonlar i¢in olduk¢a 6nemlidir. Sinuzoid duvarn ile
hepatositler arasinda perisiniizoidal aralik (Disse araligi)
bulunur (Hamburger ve Hamilton 1951; Luzzatto 1981).
Karacigerde hepatositlerin olusturdugu remark kordonlari
arasinda bulunan sinuzoid duvarinin olusumuna endotel
hiicrelerinden bagka, Kupffer' in yildiz hiicreleri, pit
hiicreleri ve yag depolayan (Ito) hiicreler de katilir
(Suksaweang ve ark. 2004). Bu hiicre tiplerinin her biri,
hepatik fonksiyonlar1 diizenlemek i¢in olduk¢a 6nemli
islevlere sahiptirler (Rashidi ve Sottile 2009).

Karaciger bag dokusu hastaliklarindan 3 sekilde
etkilenebilir: sistemik bag dokusu hastaliklarina bagh
karacigerin etkilenmesi, otoimmiin karaciger hastaliklari,
sistemik bag dokusu hastaliklarinda kullanilan ilaglarin
karaciger Ttzerindeki etkileri (Kaya ve ark. 2017).
Karacigerin bag dokusu hastaliklarindan etkilenen bir
organ oldugu diisiiniildiigiinde organin ¢atisini olusturan
bag doku daha fazla dnem kazanmaktadir (Ghosh ve
Emery 1970; Kaya ve ark. 2017). Bu calisma, Japon
bildircinlart ile Broiler tavuklarin karaciger bag doku
liflerinin varligt ve dagilimlarinin histolojik olarak
karsilastirilmasi amaciyla yapilmistir.

MATERYAL VE METOT

Bu calisma icin Sivas Cumhuriyet Universitesi Hayvan
Deneyleri Yerel Etik Kurulu'ndan izin alinmistir (Say1:513
Tarih: 22.02.2022).

Calismada 6 adet Ross irki eriskin Broiler tavuk ile 6 adet
erigkin Japon bildircini kullanilmistir. Tavuklarin bakim ve
beslenmesi yem ve su kisitlamasi yapilmadan temel rasyon
verilerek 24 saat aydinlik ortamda gerceklestirilmistir.
Eriskin tavuk ve bildircinlarin servikal dislokasyonundan
sonra, Kkaracigerin cesitli yerlerinden doku Ornekleri
alinarak tespit islemi i¢in %10’luk tamponlu formole
alimmistir. Histolojik preparasyon icin tespit edilen tavuk
karaciger ornekleri, %10'luk tamponlu formolden %96
alkol, absol alkol, metil benzoat ve benzol serilerinden
gecirilerek paraplastta bloklanmistir. Bloklardan alinacak
5 pum' lik kesitlere retikiiler lifleri gostermek i¢in Gordon
Sweet's gilimiisleme (Sigma- Aldrich lot: HC157186)
yontemi, elastik lifler icin Verhoeff' s Van Gieson (Beslab
lot: 022022.006) ve kolajen lifler icin Masson Trichrome
(Beslab lot: 022022.009) boyama teknigi uygulanarak
boyanan preparatlar Zeiss Primo Star model 1s1k
mikroskobunda incelenip fotograflar1 ¢ekilerek gruplar
arasindaki farkliliklar histolojik olarak degerlendirilmistir.

BULGULAR

Erigkin bildircn  ve tavuklardan alinan Kkaraciger
dokularinda, kolajen liflerin varligmmi ve dagilimini
gostermek amaciyla Masson Trichrome boyama yontemi
uygulandi ve kolajen lifler, koyu mavi renkte ayirt edildi.
Kolajen lifler hem bildircin hem tavuk eriskin karaciger
dokusu ile uyumlu olarak, Glisson kapsiiliinde ve portal
alanlarda (Kiernan araligl) belirgin bir kat halinde
gozlendi. Fakat tavuklara kiyasla bildircin karacigerinde
daha az miktarda kolajen liflere rastlandi. Ayrica
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bildircinlarda bulunan kolajen lif demetleri daha inceydi
(Sekil 1, 2, 3).

Sekil 1. Eriskin bildircin (A), eriskin tavuk (B) karaciger
kesitleri. Oklar: Kolajen lifler. Masson Trichrome boyama.
Bar: 50 pm.

Figure 1. Liver sections of adult quail (A) and adult
chicken (B). Arrows: collagen fibers. Masson Trichrome
staining. Bar: 50 pm.

Sekil 2. Eriskin bildircin (A), eriskin tavuk (B) karaciger
kesitleri. Oklar: Kolajen lifler. Masson Trichrome boyama.
Bar: 20 um.

Figure 2. Liver sections of adult quail (A) and adult
chicken (B). Arrows: collagen fibers. Masson Trichrome
staining. Bar: 20 um.

Sekil 3. Eriskin bildircin (A), eriskin tavuk (B) karaciger
kesitleri. Oklar: Kolajen lifler. Masson Trichrome boyama.
Bar: 50 pm.

Figure 3. Liver sections of adult quail (A) and adult
chicken (B). Arrows: collagen fibers. Masson Trichrome
staining. Bar: 50 pm.

Elastik lifleri gostermek icin uygulanan Verhoeff s Van
Gieson lif boyama yontemi ile elastik lifler mor, kolajen
lifler pembe boyandilar. Eriskin bildircin ve tavuk
karaciger kesitleri incelendiginde, Kiernan araliginda
kolajen liflerle oriilii sekilde ince elastik lifler goriildii.
Parankim hiicreleri arasinda ince elastik liflere rastlandi
(Sekil 4, 5).

Sekil 4. Eriskin bildircin (A), eriskin tavuk (B) karaciger
kesitleri. OKklar: Elastik lifler. Yildiz: kollagen lifler.
Verhoeff’ s Elastic Van Gieson boyama. Bar: 100 pm.
Figure 4. Liver sections of adult quail (A) and adult
chicken (B). Arrows: elastic fibers. Stars: collagen fibers.
Verhoeff’ s Elastic Van Gieson staining. Bar: 100 pum.

a 4 { L
Sekil 5. Eriskin bildircin (A), erigkin tavuk (B) karaciger
kesitleri. Oklar: Elastik lifler. Verhoeff” s Elastic Van Gieson
boyama. Bar: 100 pum.
Figure 5. Liver sections of adult quail (A) and adult
chicken (B). Arrows: elastic fibers. Verhoeff’ s Elastic Van
Gieson staining. Bar: 100 pm.

Gordon Sweet's giimiisleme yontemi ile, eriskin bildircin
ve tavuk karaciger dokusundaki retikiiler (tip-III kolajen
lifler) liflerin koyu siyah renkte, Glisson kapsiiliinde, vena
sentralis duvarinda, karacier parankim hiicreleri
(hepatositler) arasinda birbirleriyle anastomoz yapan {i¢
boyutlu bir ag yapist olusturduklar1 goriildi. Eriskin
tavuklarda retikiiler lifler daha kuvvetli boyand1 (Sekil 6,
7).
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Sekil 6. Eriskin bildircin (A), erigkin tavuk (B) karaciger
kesitleri. Oklar: Retikiiller lifler. Gordon Sweet's
glimiisleme ydntemi. Bar: 50 um.

Figure 6. Liver sections of adult quail (A) and adult
chicken (B). Arrows: reticular fibers. Gordon Sweet's silver
method. Bar: 50 um.

Sekil 7. Eriskin bildircin (A), eriskin tavuk (B) karaciger
kesitleri. Oklar: Retikiiller lifler. Gordon Sweet's
glimiisleme ydntemi. Bar: 20 um.

Figure 7. Liver sections of adult quail (A) and adult
chicken (B). Arrows: reticular fibers. Gordon Sweet's silver
method. Bar: 20 pum.

TARTISMA VE SONUC

Karacigeri distan saran Glisson kapsiilii kollajen ve elastik
liflerden zengin bag dokusundan yapilmistir (Esrefoglu M
2004). Kanath hayvanlarda Glisson kapstlii
memelilerdekinden daha incedir ve interlobuler septum
¢ok incedir, tipik lopguk yapisi yoktur. Vena sentralisin
bulundugu her bir iinite bir lopgugun karsilig1 kabul edilir
(Swatland 1994; Tas¢1 2018). Lopguklarin birlestigi
yerlerde bag dokusu artar. Enine Kkesitlerde iiggen
bigiminde segilen bu alan Kiernan araligidir. (Sentiirk ve
Karabiyik 2019).

Karacigerin bag dokusu hastaliklarindan etkilenen bir
organ oldugu diisiiniildiigiinde, organin ¢atisini olusturan
bag doku daha fazla énem kazanmaktadir. (Kaya ve ark.
2017). Karaciger, bag dokusu hastaliklarindan temelde 3
sekilde etkilenebilir: sistemik bag dokusu hastaliklarina
baghh karacigerin etkilenmesi, otoimmiin Kkaraciger
hastaliklari, sistemik bag dokusu hastaliklarinda kullanilan
ilaclarin karaciger tizerindeki etkileri.
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Rauterberg ve ark. (1981), karacigerdeki bag dokusunun
parankimal dokuya oranla ¢ok daha az oldugunu ancak
organin isleyisini siirdiirmesi i¢in olduk¢a Onemli
oldugunu belirtmislerdir. Normal bir Kkaracigerdeki,
histolojik olarak tanimlanmis bag dokusunun periportal
alanlarda, vena sentralis etrafinda ve Glisson kapsiiliinde
bulundugunu  belirterek  fibrotik  karaciger ile
karsilastirmaya calismislardir (Rauterberg ve ark. 1981).
Japon bildircinlan ile yapilan bir ¢alismada ise (2018),
karaciger Kkapsiiltiniin elastik ve kolajen lifler icerdigi
belirtilmistir. Kiernan araliginda belirgin bag doku alani
oldugu bildirilmistir (Karan ve ark. 2018). Yaptigimiz
calismada bu bulgular ile uyumlu olarak, periportal
alanlarda, vena sentralis duvarinda ve Glisson kapsiiliinde
kolajen liflere rastlanilmistir. Broiler tavuklarla yapilan
bagka c¢alismada, Glisson kapsiiliinde ve loblar arasinda
bag dokunun bulundugunu gostermislerdir. Fakat bag
doku liflerinin cesidini belirlemek icin ilgili histolojik
boyamalar yapilmamistir. Sadece bag dokunun (kolajen
lifler) varligini gosteren temel histolojik boyama
yontemini kullanmiglardir (Tarek ve ark. 2019). Yaptigimiz
calismada, bag doku liflerini birbirinden ayirt etmemizi
saglayan ti¢ ayr1 histolojik boyama kullanilmistir. Eriskin
bildircin ve tavuk karaciger kapsiiliinde ve loblar arasinda
kolajen liflerden bagka elastik lifler de gorilmiistiir.
Boyamalar sonucunda, kolajen, elastik ve retikiiler lifler
arasinda en ¢ok kolajen liflere rastlanilmistir. Bildircin
karacigerini erigkin tavuk karacigeri ile karsilastirdigimiz
zaman ise bildircin karacigerinde kolajen liflerin daha az
ve ince yapida oldugunu gozlemledik. Eriskin bildircin ve
tavuklardaki elastik lifler, benzer oranda ve yapida
goriildiiler. Kolajen liflerden farkli olarak, parankim
hiicreleri arasinda da elastik lifler bulunmaktaydi. Erigkin
bildircin ve tavuk karaciger dokusundaki retikiiler liflerin
koyu siyah renkte, vena sentralis duvarinda, karaciger
parankim hiicreleri arasinda ve Glisson kapsiiliinde
birbirleriyle ag yapisi olusturduklari goriildii. Fakat erigkin
tavuklarda retikiiler lifler daha kuvvetli boyandi.

Bag doku tiplerini, miktarin1 ve dagilimimi belirlemek
karaciger  histopatolojisiyle  ilgili olarak  yapilan
calismalarda hastaligin tanisi i¢in olduk¢a 6nemlidir.
Ornegin hiicre dis1 matriksteki morfolojik degisikliklerin
yorumlanmasina dayali olarak yapilan bir ¢alismada, akut
ve kronik karaciger hasar1 arasindaki histolojik ayrimi
yapabilmek icin kollajen tipini ve elastik liflerdeki
degisiklikleri belirlemeye c¢alismislardir (Hall ve ark.
2021). Yapilan bagka ¢alismalarda, karaciger sirozunun
karakteristik 6zelliginin kolajen lif miktarinin artmasiyla
birlikte bag dokunun birikim gosterdigi bildirilmistir
(Kanta 2016). Karaciger bag doku liflerinin histoloji
yapisinin bilinmesi, karaciger bag doku hastaliklarinin
altta yatan nedenlerinin anlasilmasi ve tedaviye yardimci
olmasi acisindan klinik olarak olduk¢a 6nemlidir (Youssef
ve Tavill 2002). Bu bilgiler dikkate alindiginda, yaptigimiz
calismanin farkh alanlardaki arastirmacilar i¢in de temel
histolojik veriler saglayabilecegini diisiinmekteyiz. Kanath
tiirlerinin sindirim sistemi organlar ile ilgili detaylarin
bilinmesinin s6z konusu tiirlerin verimliligini artiracagi
gibi sindirim sistemi hastaliklarinin tedavisine de 6nemli
katkilar saglayacagi diisiiniilmektedir.

Karaciger; canlilarin  bliylimesini ve  verimliligini
diizenleyen, viicut icin olduk¢a ©nemli biyokimyasal
olaylarda gorev alan hem metabolik hem de inflamatuvar
olaylardan etkilenen bir organdir. Dolayisiyla bag dokusu
hastaliklarindan  etkilenmemesi  diisliniilemez. = Bu
baglamda disiiniilecek olursa organin catisini olusturan
bag doku elemanlarinin karsilastirmali olarak ele alinmasi
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temel bilgiler diizeyinde elde edilebilecek bulgularin
bilimsel birikime katkisi olduk¢a 6nemli olacaktir.

CIKAR CATISMASI

Yazarlar bu calisma i¢in herhangi bir ¢ikar catismasi
olmadigini beyan ederler.
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Bu calisma, Hakkari ilindeki kiigiikbas hayvancilik isletmelerinin (96 isletme) mevcut durumunun ortaya
konulmasi amaciyla yapilmistir. isletmeler icin hazirlanan anket verileri 129 sorudan olusturulmustur. Anket
verileri SPSS istatistik yazilim programi ile degerlendirilmistir. Hakkari ili kiigiikbas hayvan isletmelerinin
%>59.4’linlin Akkaraman koyunu ve Kil kegisi yetistiriciligini birlikte yaptigi tespit edilmistir (p<0.01).
isletmelerin %59.4’tiniin yem ihtiyacinin temininde satin alma yoluna gitmek zorunda kaldig1 (p<0.05) ve
yem bitkisi olarak en fazla yonca ekimini (%37.5) tercih ettikleri bulunmustur. Kiiciikbas hayvan
yetistiricilerinin %40.6’s1 hayvancilik destegi almadigini ifade etmistir. Yetistiricilerin %87.5’i desteklerin
yetersiz oldugunu bildirmistir (p<0.01). Yetistiricilerin sadece %28.1'i mera ot kalitesini iyi olarak ifade
etmistir (p<0.05). Yetistiricilerin %52.1’i yayla olanag1 oldugunu bildirirken yaylaya en ¢ok (%30.2) mayis
ayinda c¢iktiklar1 (p<0.05) ve 6 ay (%40.6) kaldiklar1 saptanmistir (p<0.01). Kog/teke katiminin asim
déneminde yapilma orani %55.8 bulunurken geri kalaninda (%44.2) biitiin y1l boyunca siiriide tutulmaktadir.
Dogumlarin baslangici en fazla subat (%52.1) ayinda olmakta ve ¢ogunlukla (%41.7) nisan ayinda tiimiiyle
bitmektedir. Damizlik se¢iminde en o©6nemli kriterler olarak, saglik/yas (%35.4) ve ciisse (%33.3)
bulunmustur. Kii¢iikbas hayvan yetistiricilerinin en 6nemli sorunlarinin yem maliyetinin ytliksek olmasi, mera
kalitesinin yetersiz olmasi, yayla faaliyetlerindeki sorunlar ve ileri yaslardaki erkeklerin damizlikta
kullanilmasi oldugu tespit edilmistir.

Anahtar Kelimeler: Aile isletmesi, Anket yéntemi, Hakkdri, Kiiciikbas hayvan yetistiriciligi.

ABSTRACT

Current Situation and General Problems of Small Ruminant Enterprises in Hakkari
Province

This study was carried out in order to reveal the current situation of small ruminant breeding enterprises (96
enterprises) in Hakkari province. The survey data prepared for enterprises was formed from 129 questions.
The survey data were evaluated with the SPSS statistical software program. It has been determined that
Akkaraman sheep and hair goat are bred together in 59.4% of the sheep and goat farms in Hakkari (p<0.01).
It was found that 59.4% of the enterprises had to buy to supply their feed needs (p<0.05) and they mostly
preferred alfalfa cultivation (37.5%) as a forage crop. 40.6% of small ruminant breeders stated that they did
not receive livestock support. 87.5% of the breeders reported that the supports were insufficient (p<0.01).
Only 28.1% of the breeders expressed the pasture grass quality as good (p<0.05). While 52.1% of the
breeders reported that they had plateau opportunities, it was determined that they mostly (30.2%) went to
the plateau in May (p<0.05) and stayed for 6 months (40.6%) (p<0.01). While the participation rate in the
ram/goat mating period was 55.8%, in the rest (44.2%) rams and goats were kept in the herd throughout the
year. Lambing took place in February (52.1%) the most, and mostly (41.7%) completely ended in April.
Health/age (35.4%) and body size (33.3%) were found to be the most important criteria for breeder
selection. It has been determined that the most important problems of small ruminant breeders are high cost
of feed, insufficient pasture quality, problems in plateau activities and use of older men in breeding.

Keywords: Family enterprise, Hakkdri, Small ruminant breeding, Survey method.
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GIRIS

Tarimsal faaliyetlerle birlikte yerlesik diizene gecen
insanoglu bu sayede en temel besin ihtiyaclarinin
liretimini saglamaya baslamistir. Bu faaliyetler icerisinde
degerlendirilen hayvancilik faaliyetleri ise evcillestirilen
hayvanlarin  beslenme, {ireme ve c¢ogalmalarini
kolaylastirarak onlarin {iriinlerinden ve is giiciinden
faydalanmay1 kapsamaktadir (Gokburun 2018; Sahin ve
Doganay 2000).

Kiigiikbas hayvan yetistiriciligi bakimindan, Dogu Anadolu
Bolgesi'ni diger cografik bolgelerden ayiran en onemli
ozelligi genis mera alanlarinin bulunmasidir (Askin ve ark.
1996). Hakkari ili 369.610 ha cayir-mera alaniyla (Ertus
2019) iilke yiizolglimiiniin %17’sini olusturan toplam
cayir-mera alaninin  (Gokburun 2018) %Z2.46'sin1
olusturmakta ve hayvancilifinin bu bolgede tercih
edilmesinin en o6nemli nedenlerinden biri olmaktadir
(Ertus 2019). Celik (2015), Tiirkiye’de 81 ilin hayvancilik
verilerini, illerin benzerlik ve farkliliklarini ortaya koyarak
konumlarinin tespit edilmesi amaciyla ¢ok boyutlu
6lcekleme yontemiyle analiz etmistir. Analiz sonuglarina
gore, incelenen degiskenler bakimindan Hakkari ilinin de
icinde bulundugu ve agirlikh olarak Dogu Anadolu illerinin
oldugu baz iller Tiirkiye hayvancilik faaliyetine en biiyiik
oranda pozitif katki yapan yerlesim yerleri olarak
saptanmistir. 2021 yili itibariyle Dogu Anadolu Bolgesi
koyun varligi (6 426 408 bas) Tiirkiye koyun mevcudunun
(45 177 690 Dbas) yaklasitk olarak %14.22'sini
olustururken, Hakkari ili (453 757 bas) Dogu Anadolu
Bolgesi koyun mevcudunun yaklasik %7’sini, Tiirkiye'nin
(45 177 690 bas) yaklasik %1’ini olusturmaktadir. Benzer
sekilde Dogu Anadolu Bolgesi ke¢i mevcudu (1 743 457
bas) oransal olarak Tiirkiye keci popiilasyonunun (12 341
514 bas) %14.13’lint kapsarken, Hakkari ilinin keci
mevcudu (222 962 bas) Dogu Anadolu Bolgesi'nin yaklasik
%12.79’unu ve Tiirkiye'nin %1.81'ini olusturmaktadir
(TUIK 2022).

Yunanistan’daki koyun yetistiriciligi uygulamalarinin ig
farkli bicimde yapildigi bildirilmistir. Bunlardan ilkinin
kiictik stiri  biiytikligindeki ytliksek verimli koyun
irklarinin barinaklarinda entansif olarak yetistiriciliginin
yapilmasi, ikincisinin kiigik ve orta siiri biiytikligiine
sahip isletmelerde (30-80 bas) agilda yetistirilen
koyunlarin giliniin baz saatlerinde ¢ayirda otlatilmasi ve
son olaraksa verimi disiik koyun irklarmin biyik
kapasiteli isletmelerde ¢ogunlukla merada otlatilmasi (7-9
ay) olarak ifade edilmistir (Hadjigeorgiou ve ark. 2002).
Mera’ya dayal bir ekonomik faaliyet alani olan kiigiikbas
hayvan yetistiriciliginin yapilabilmesi igin, yeterli mera
alaninin olmasi énemlidir (Deniz 2018).

Kaymakgi ve ark. (1998), yaptiklari calismanin sonucunda,
Tiirkiye’de koyunlarin ¢ogunlukla meraya dayali olarak
beslendigini bildirmistir. Ayrica meralarda otlatma
faaliyetinin 6-8 ay siirdiigii ve yaylacilik faaliyetinin devam
ettigi tespit edilmistir. Ko¢ katiminin serbest yontemlerle
yapildigt ve koglarin siirlide uzun zaman kaldigl
belirtilmistir. Siiriiye ko¢ katiminin eyliil, ekim ve kasim
aylarinda yapildig), kuzularin siitten kesim yasmin 4 ay,
sagima dogumdan 1-3 ay sonra baslandigi ve sagim
siiresinin yaklagsik olarak 4-4.5 ay oldugu saptanmistir.

Akkaraman koyunlarinin meraya ¢ikma déneminin nisan-
kasim aylarim1 kapsadigr ve kog¢ katiminin eyliil-ekim,
dogumun subat ve mart aylarinda yapildigi saptanmistir
(Sireli 1996).

Genis cayir-mera alanlariyla  ekstansif yetistirme
kosullarinin baskin oldugu Hakkari ilinin kii¢iikbas hayvan
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yetistiriciliginde potansiyelini yeterince kullanamadigi
diistiniilmektedir. Bu c¢alismada, Hakkari ili kiiglikbas
hayvan yetistiricilerinin mevcut durumu tespit edilerek
sorunlarin ¢éziimiinde katki sunmasi amag¢lanmistir.

MATERYAL VE METOT

Bu ¢alismanin yapilmasi igin gerekli izinler Van Yiziinci
Y1l Universitesi Fen ve Miihendislik Bilimleri Yayin Etik
Kurulu'ndan almmistir (Karar no: 2021/08/02; Karar
tarihi: 17.12.2021).

Bu calismanin materyalini Hakkari ili Merkez, Cukurca,
Yiiksekova, Semdinli ve Derecik ilcelerinde faaliyet
gosteren tabakali 6rnekleme metoduyla (Erkus ve ark.
1996) secilen 96  kiiglikbas hayvan isletmesi
olusturmustur. Veriler 129 sorunun bulundugu anket
formu yoluyla isletme sahipleriyle yiiz yiize yapilan
goriismeler sonucunda olusturulmustur.

istatistik Analiz

96 isletmeden 129 sorudan olusan anket calismasinda,
kategorik degiskenlere ait seviyelerin tespiti i¢cin frekans
ve yiizde degerleri olarak ifade edilmistir. Ankette sorulara
verilen cevaplar arasinda istatistiki olarak fark olup
olmadigin1 belirlemek i¢in iki grup oran testi (two
proportion test) uygulanmgtir. Istatistik analiz igin SPSS
(ver: 25) paket programi kullanilmistir.

BULGULAR

Isletmelerdeki Kiiciikbas
Hayvanciligin Durumu

Hayvan Irklar1 ve

Tablo 1'de isletmelerde yetistiriciligi yapilan kii¢likbas
hayvan 1rklar1 ve hayvanciligin durumu ile genel bilgiler
verilmistir.

Hakkari ili kii¢iikbas hayvan isletmelerinin biiyiik bir orani
(%59.4) Akkaraman koyunu ve Kil kecisi yetistiriciligini
birlikte yapmakta, %19.8'i yalmizca Kil kegisi, %11.4'11 ise
yalnizca Akkaraman koyunu bulundurmaktadir.
Isletmesinde yalmzca Akkaraman koyunu yetistirenlerle
yalmzca Kil Kkegisi yetistirenler arasindaki fark istatistiki
olarak oOnemsiz bulunurken, bunlarla; her iki tiri
bulunduran isletme sayilariyla aralarindaki fark onemli
(p<0.05) bulunmustur. isletmelerin biiyiik bir kism1 (%75)
daha once bagka bir hayvan tiiri bulundurmadigini
bildirmis ve daha 6nce bulunduranlarla aralarindaki fark
istatistiki olarak oOnemli (p<0.01) bulunmustur. Yoére
hayvanciliginin geriledigini diisiinen isletme sahiplerinin
oraniyla (%78.1) tersini diisiinen isletme sahipleri
arasindaki farkin istatistiki olarak dnemli oldugu (p<0.01)
saptanmistir.  Yoredeki  hayvancihigin  geriledigini
diisiinenlerin en 6nemli nedenleri; yem fiyati ile yasaklar
(%28.2), yem fiyati (%18.7) ve yem fiyat1 ile ¢oban
(%15.6) olarak bulunmustur. Bu tli¢ degisken arasindaki
fark istatistiki olarak 6nemsiz bulunmustur.

isletmelerin Yem ihtiyaci

Hakkari ili kiigiikbas hayvan yetistiricilerinin yem temin
yontemleriyle ilgili cevaplar1 Tablo 2’de verilmistir.

Yem ihtiyacini satin alma yoluyla karsilayan isletmelerle
(%59.4) kendi olanaklariyla tireten isletmeler arasindaki
fark istatistiki olarak 6nemli (p<0.05) bulunmustur. Yem
satin almanin en fazla kéyden (%31.2) ve ilce merkezinden
(%11.5) yapildig1 ifade edilmistir. isletmelerde yillik en
fazla satin alinan yem miktarlar1 1-10 ton (%38.6) ve 11-
20 ton (%30.2) olarak saptanirken aralarindaki farkin
istatistiki olarak 6nemsiz oldugu tespit edilmistir. Bu iki
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secenek ile diger alim miktarlar1 arasindaki fark istatistiki
olarak 6nemli bulunmustur (p<0.05). Hakkari ili kiiglikbas
hayvan yetistiricilerinin = ankette  belirtilen yem
kaynaklarindan sirasiyla yonca (%37.5), bugday (%20.8),
arpa (%2.1) ve korunga (%3.1) ekimini tercih ettikleri
saptanmistir.

Tablo 1. Isletmelerin kiigiikkbas hayvan 1rklar1 ve
hayvanciligin durumu.

Table 1. Small ruminant breeds of enterprises and status
of livestock.

isletme Oran
sayisi (n) (%)

Isletmedeki hayvan irklar

Cevap yok 9 9.4
Akkaraman 11 11.4a™
Kil kegisi 19 19.8a™
Akkaraman+Kil kegisi 57 59.4b™
TOPLAM 96 100.0

Daha dnce baska hayvan tiiri
de bulunduranlar

Evet 24 25.0a"

Hayir 72 75.0b™

TOPLAM 96 100.0

Hayvancilik yorenizde

gerilediyse nedenleri

Evet 75 78.1a™
Yem fiyati 18 18.7a™
Yasaklar 2 2.1b™
Yem fiyati+yasaklar 27 28.2a"
Yem fiyati+¢coban 15 15.6a™
Mera béliinmesi 4 4.2b™
Yem fiyat1 ve go¢ 3 3.0b™
Yem+yasak+¢oban 4 4.2b™
Yem+mera boliinmesi 2 2.1b™

Hayir 14 14.6b™

Fikrim yok 7 7.3

TOPLAM 96 100.0

a, b: Ayni stitundaki farkli kii¢iik harfler istatistiksel olarak
anlamhdir (*p<0.05; **p<0.01).

Yetistiricilerin Faydalandig1 Hayvansal Destekler

Anket ¢alismasina katilan kiiciikbas hayvan yetistiricilerin
desteklerle ilgili bilgileri Tablo 3’de verilmistir.

Yetistiricilerin 6nemli bir kismi (%40.6) hayvancilik
destegi almadigini belirtirken destek aldigini ifade eden
isletmelerle arasindaki fark istatistiki olarak 6nemsiz
bulunmustur. Bunun yani sira destekleri yetersiz bulan
isletmelerle (%87.5) yeterli bulanlar arasindaki farkin
istatistiki olarak dnemli (p<0.01) bulundugu saptanmistir.
Calismada yetistiriciler en fazla yem ihtiyaglarina yonelik
destek talebinde (%49.0) bulunurken basta nakit (%33.3)
ve canli hayvan (%12.5) olmak iizere diger taleplerle
arasindaki farklar istatistiki olarak 6nemli (p<0.05)
bulunmustur.

Mera Kullanimi ve Otlatma Ozellikleri

Calismanin yapildigi kiigiikbas hayvan isletmelerinde
meradan yararlanma ve otlatma 6zellikleri ile ilgili anket
sonuglar1 Tablo 4’de verilmigtir. Isletmelerin meradan
yararlanma orani (%89.6) ve meralarin kdy ortak mall
olma orani (%87.5) yliksek olarak bulunurken diger
seceneklerle aralarindaki farklar istatistiki olarak 6nemli
bulunmustur (p<0.01).

Tablo 2. isletmelerin yem ihtiyaci.
Table 2. Feed needs of enterprises.

Isletme
S:YISI (n) Oran (%)
Yem temini
isletmesinde iiretiyor 39 40.6a*
Satin aliyor 57 59.4b"
Koéyden 30 31.2
flce merkezinden 11 11.5
Il merkezinden 3 3.1
il disindan 9 9.4
Devlet destegiyle 2 2.1
Diger 2 2.1
TOPLAM 96 100.0
Yillik satin aldiginiz yem
miktar1
Cevap yok 3 31
1-10 ton 37 38.6a"
11-20 ton 29 30.2a"
21-30 ton 15 15.6b"
31-40 ton 4 4.2c"
41-50 ton 3 3.1c"
51 ton+ 5 5.2¢
TOPLAM 96 100.0
Ekimi tercih edilen yem
bitkisi
Cevap yok 5 5.2
Bugday 20 20.8a**
Arpa 2 2.1b™
Yonca 36 37.5a"
Korunga 3 3.1b™
Diger 30 31.3a™
TOPLAM 96 100.0

a, b: Ayni stitundaki farkh kiictik harfler istatistiksel olarak
anlamhdir (*p<0.05; **p<0.01).

Koy ile mera mesafesi 6nemli oranda 6-10 km (%40.6) ve
<5 km (%27.1) olarak tespit edilirken aralarindaki farkin
istatistiki olarak ©nemli (p<0.05) oldugu saptanmistir.
Siriiler meralara g¢ogunlukla ortak stirii olusturularak
(%67.7) ¢ikarildigl ve meraya ¢ogunlukla (%82.3) nisan
ayinda ciktiklari, ekim ayinda ise dondiikleri saptanirken
bu sorulara verilen diger seceneklerle aralarindaki fark
istatistiki ~olarak  6nemli (p<0.01) bulunmustur.
Yetistiricilerin %54.2’si merada miinavebeli otlatma
yaparken %45.9'u mera otlarin1 orta kalite olarak
siniflandirmis ve bu sorulara verilen diger seceneklerle
aralarindaki farkin istatistiki olarak o6nemli (p<0.05)
oldugu tespit edilmistir. Yetistiricilerin %62.5'i ek
yemleme uygulamasi yapmadigini bildirirken yapanlarla
aralarindaki fark istatistiki olarak o6nemli (p<0.01)
bulunmustur.

Yayla Kullanim1

Hakkari bolgesinde ankete Kkatilan yetistiricilerin yayla
kullanimi1 ile ilgili bilgileri Tablo 5’de verilmistir.
Yetistiricilerin %52.1'1 yayla olanagi oldugunu, %44.8'i ise
olmadigini bildirmis ve aralarindaki fark istatistiki olarak
o6nemsiz bulunmustur. Ankete cevap verenlerin ¢ogunlugu
mayls ayinda (%30.2) yaylaya ciktiklarini bildirirken
cevap verilen diger aylarla aralarindaki farkin 6nemli
(p<0.05) oldugu saptanmistir. Yaylada kaldiklar1 6 aylik
siire (%40.6) ve yaylalarin kdy ortak mali oldugu (%53.1)
en ¢ok cevap verilen segenekler olurken diger seceneklerle
aralarindaki farklar 6nemli (p<0.01) bulunmustur.
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Tablo 3. Yetistiricilerin hayvansal destek beklentileri.

Table 3. Animal support expectations of breeders.

Tablo 5. Yayla olanaklari.
Table 5. Plateau possibilities.

lzl:;::le Oran
(n) (%)
S(e)ﬁap 21 21.9
Hlayva:jncﬂlk destegi Evet 36 375
aima durumu Hayir 39 40.6
TOPLAM 96 100.0
Cevap 2 2.1
yok
Evet 3 3.1a™
Desteklerin yeterliligi ~ Hayir 84 87.5b™
Fikrim 7 73
yok
TOPLAM 96 100.0
Cevap 1 1.0
yok
Nakit 32 33.3a"
. . Canh .
Tercih edilen destek hayvan 12 12.5b
Yem 47 49.0c
Diger 4 4.2d”
TOPLAM 96 100.0

a, b: Ayni stitundaki farkl kiiciik harfler istatistiksel olarak
anlamhdir (*p<0.05; *p<0.01).

Tablo 4. Mera kullanimi ve otlatma 6zellikleri.
Table 4. Pasture use and grazing characteristics.

isletme
sayis1  Oran (%)
(n)
Meradan Cevap yok 3 3.1
yararlanma Evet 86 89.6a™
durumu Hayir 7 7.3b™
Cevap yok 8 8.4
rl\r/[u"eﬁliiyeti }fﬁy ortak mal 84 87.5a™
Ozel milk 4 4.1b"
Cevap yok 9 9.4
Mera-kéy <5 26 27.1a
mesafesi 6-10 39 40.6b"
(km) 11-15 16 16.7¢*
16 + 6 6.2d”
Cevap yok 11 11.4
Mera gidis- Mart-Kasim 4 4.2a™
donitis Subat-Ekim 2 2.1a™
Nisan-Ekim 79 82.3b™
Siiriiniin Cevap yok 9 9.4
meraya Tek aile stiriisii 22 22.9a"
gitmesi Ortak stirii 65 67.7b*
Merada Cevap yok 10 10.4
miinavebeli Evet 52 54.2a
otlatma Hayir 34 35.4b
Cevap yok 10 10.4
Mera ot Iyi 27 28.1a"
kalitesi Orta 44 45.9b"
Zayif (Kotii) 15 15.6a"
Cevap yok 12 12.5
El;gﬁr;rfgle Evet 24 25.0a"
Hayir 60 62.5b™

a, b: Ayni stitundaki farkl kiictik harfler istatistiksel olarak
anlamhdir (*p<0.05; *p<0.01).
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Isletme
SaSYISl (n) Oran (%)
Cevap yok 3 3.1
Zﬁﬁigl Var 50 52.1
Yok 43 44.8
Cevap yok 39 40.6
Yayla cikis Nisan 17 17.7a*
zamani Mayis 29 30.2b"
Haziran 11 11.5a"
Cevap yok 40 41.7
Yaylada 3 8 8.3a™
kalis stiresi 4 6 6.3a™
(ay) 5 3 3.1b™
6 39 40.6c™
Cevap yok 40 41.7
Yayla Koy ortak mali 51 53.1a™
miilkiyeti Ozel miilk 2 2.1b*
Kiralik 3 3.1b™

a, b: Ayni stitundaki farkh kiictik harfler istatistiksel olarak
anlamhdir (*p<0.05; *p<0.01).

Asim Dénemi Uygulamalari

Asim donemi ile ilgili uygulamalar Tablo 6’da verilmistir.
Hakkari ilindeki yetistiricilerin kog/teke katimi biiyiik
oranda (%89.6) serbest asim olarak yapilirken elde asimla
aralarindaki fark dnemli (p<0.01) bulunmustur. Serbest
asim yapan isletmelerde kog/teke katiminin asim
déneminde yapilma orant %55.8 bulunurken geri
kalaninda (%44.2) kog¢ ve tekeler biitiin yil boyunca
sliride tutulmakta ve iki uygulama arasindaki farkin
istatistiki olarak énemsiz oldugu saptanmstir. Isletmelerin
cogunlukla (%57.3) 20-25 disiye 1 erkek olarak planlama
yaptig bildirilirken diger seceneklerle arasindaki farklar
istatistiki olarak o6nemli (p<0.01) bulunmustur. Asim
baslangi¢ ve bitis aylarina ¢ogunluk cevap verememekle
birlikte (%68.8 ve %74) cevaplayanlar icinde en fazla
sirasiyla agustos (%14.6) ve ekim (%9.3) aylar1 olarak
ifade edilmistir. Isletmelerin cogunlugunun (%55.2)
ciftlesme Oncesi ek yemleme yapmadigl ve yapanlarla
arasindaki fark istatistiki olarak énemli (p<0.01) oldugu
saptanmistir.

Dogum Bilgileri

Dogum bilgileri Tablo 7’de verilmistir. Kog¢/teke katim
dénemine bagh olarak gerceklesen dogum baslangi¢larinin
en fazla sirasiyla; subat (%52.1), ocak (%39.6) ve aralik
(%8.3) aylarinda oldugu tespit edilmistir. Ocak ve subat
aylar1 arasindaki fark énemsiz bulunurken diger aylarla
aralarindaki farklar énemli (p<0.01) bulunmustur. Nisan
(%41.7), mart (%28.1), mayis (%25), haziran (%3.1) ve
subat (%2.1) aylarinda siirtideki dogum faaliyeti tiimiiyle
biterken nisan ay1 ile diger aylar arasindaki farklarin
onemli (p<0.01) oldugu tespit edilmistir. Dogumlarin en
yogun oldugu ay énemli oranda (%85.4) subat ay1 olurken
kendisini takip eden ocak (%11.5) ve mart (%3.1)
aylariyla arasindaki fark istatistiki olarak 6nemli (p<0.01)
bulunmustur. Hakkari ilindeki kiiclikbas hayvan
isletmelerinin %44.8’inde temizlik veya kirecleme gibi
doguma o6zel herhangi bir hazirhk faaliyetinde
bulunulmazken, %55.2’sinde hazirhk yapildigi ve
aralarindaki farkin istatistiki olarak onemli olmadigi
saptanmustir. Isletmelerin yalmzca 9%22.9’'unda  6zel
dogum boélmesi bulundugu ve farkin istatistiki olarak
onemli (p<0.01) oldugu saptanmistir.
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Doguma yardimci oldugunu bildiren (%83.3) ve bu
yardimin yavrunun annesini emmesine yardim olarak
ifade edenler (%65.6) istatistiki olarak onemli (p<0.01)
bulunmustur. Dogumda kuzu/oglak tartiminin o6nemli
oranda (%91.7) yapilmadig tespit edilirken farkin
istatistiki olarak 6nemli (p<0.01) oldugu saptanmistir.

Damizlik Secimi Uygulamalar

Tablo 8'de kiiciikbas hayvan isletmelerinde; erkek ve
disilerin damizlikta kullanim yaslar1 ve siireleri, damizlik
secim  oOlgiti ve damizhk fazlasi  hayvanlarin
degerlendirilme yontemleri verilmistir. Damizlikta
kullanim yas1 disi koyun, kog, disi kegi ve tekelerde
sirasiyla; %70.8, %68.7, %83.4 ve %87.5 oranlarinda 2 yas
olarak tespit edilmis ve diger yaslarla aralarindaki farklar
istatistiki olarak 6nemli p<0.01) bulunmusgtur.

Tablo 6. Asim donemi uygulamalar.
Table 6. The mating period applications.

Damizlik seciminde; saglik/yas (%35.4), ciisse (%33.3) ve
tip (%21.9) en oOnemli kriterler olarak bulunurken
aralarinda istatistiki olarak 6énemli bir fark bulunmamaistir.

Bununla birlikte bu o6l¢iitlerle en diisiik kriter olarak tespit
edilen siit verimi (%3.1) arasindaki farklar istatistiki
olarak &énemli (p<0.01) bulunmustur. Incelenen
isletmelerin koyun ve kegilerinin damizlikta kullanim
siiresi; koyun (%39.6), ko¢ (%38.5), keci (%42.7) ve
tekelerde (%41.7) 6nemli oranda 7 yas olarak tespit
edilmis ve diger yaslarla aralarindaki farklar istatistiki
olarak o6nemli p<0.01) bulunmustur. Damizlik fazlasi
hayvanlarin  ¢ogunlukla kurbanlik (%51) olarak
degerlendirildigi ve diger onemli tercihler olan besiciye
satis (%20.8) ve isletmede besiye alma (%17.7)
yontemleriyle aralarinda istatistiki olarak 6nemli farklar
(p<0.01) bulundugu saptanmistir.

Tablo 7. Dogum bilgileri.
Table 7. Birth information.

isletme o
saysi (n) Oran (%) isletme oran (%)
Cevap yok 10 10.4 sayisl (n)
Serbest asim 86 89.6a™ Dogumlarmn Aralik 8 8.3a"
Kog/teke agim baslangici Ocak 38 39.6b™
Asim déneminde 48 55.8 Subat 50 52.1b™
yontemi siiriide ”
Kocg/teke biitiin 38 44.2 subat 2 2.1a
yil siiriide ’ y Mart 27 28.1b™
Elde asim 0 ob* bDi‘zi‘i‘mla““ Nisan 40 41.7¢"
Cevap yok 8 8.3 Mayis 24 25.0b™
Kog alti 10-15 5 5.2a" Haziran 3 3.1a"
koyun 20-25 55 57.3b™ Dogumlarm en Ocak 11 11.5a"
sayist 25-30 25 26.1c™ yogun oldugu Subat 82 85.4b*
30-45 3 3.1a" ay Mart 3 3.1c”
Cevap yok 66 68.7 Doguma ozel Evet 53 55.2
May1s 2 2.1a" ?tizr;rilzlﬁk Hayir 43 44.8
A Haziran 2 2.1a"™ kirecleme vs)
b$“l“ Temmuz 2 2.1a" Ozel dogum Var 22 22.9a"
aylangle Agustos 14 14.6b™ bolmesi Yok 74 77.1b™
Eulil ) > 1a Doguma Evet 80 83.3a"
yiu 4a yardimci olma .
Diger 8 8.3b™ durumu Hayir 16 16.7b
Cevap yok 71 74.0 Cevap yok 4 4.2
Temmuz 2 21" éot 29 30.22"
- . . Dop oguma 2a
Asim bitis Agustos 3 3.2b y;rgdliﬁabigimi miidahale
Ekim 9 9.3¢” Kuzu/oglak
Diger 11 11.4c* emrélesme 63 65.6b
yardim
Ciftlesme Cevap yok 35 36.5 Dogumda Evet 8 8.32™
oncesi ek Evet 8 8.3a™ kuzu/oglak Havir 88 91.7b*
yemleme Hayr 53 55 op* tartimi y :
a, b: Ayni stitundaki farkh kiiciik harfler istatistiksel olarak
Cevap yok 79 823 anlamhdir (*p<0.05; *p<0.01).
Ek yem Dane yem 6 6.2a"
kaynagi Fabrika yemi 6 6.2a"
Diger 5 5.3a"

a, b: Ayni stitundaki farkl kiiciik harfler istatistiksel olarak
anlamhdir (*p<0.05; *p<0.01).
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Tablo 8. isletmelerin damizlik stok durumu.
Table 8. Breeder stock status of enterprises.

Isletme
iaylsl O(I;an
(n) (%)
Cevap yok 16 16.7
Koglarda damizlik 1.yas 2 2.1a™
kullanim yas (y1l) 2.yas 66 68.7b™
3+ 12 12.5¢”
. Cevap yok 16 16.7a™
Disi koyunlarda 1.yas 2 21b™
damizlik kullanim "
yast (yil) 2.yas 68 70.8¢
3+ 10 10.4a™
Tekelerde damizlik Cevap yok 8 8.3 -
kullanim yas (y1l) 2.yas 84 87.5a
3+ 4 4.2b™
. ) Cevap yok 7 7.3
Disi kegilerde 1 4 412"
damizlik kullanim yas -
yast (y1]) 2.yas 80 83.4b
3+ 5 5.2a"
Cevap yok 6 6.3
Damizlik se¢im C}'.isse i 32 33.3a"
sliitii Siit verimi 3 3.1b™
Saglik /yas 34 35.4a™"
Tipe gore 21 21.9a™
Cevap yok 14 14.6
Koglarda damuzlikta ; >.2a”
kl(l)l(‘iaanlni1 si?relszi s 14 14.6b™
(yil) 6 23 24.0b™
7 37 38.5¢”
8 3 3.1a"
Cevap yok 15 15.6
Disi k lard 4 2 2.1a"
dallilnchl}i;z lilillz;mm > 16 16'7b:
stiresi (y1l) 6 22 22.9c
7 38 39.6d™
8 3 3.1a"
Cevap yok 8 8.4
Tekelerd 4 6 6.2a™
dznizelfktf; kullanim > 13 13.5b™
s 6 24 25.0c”
stiresi (y1l)
7 40 41.7d”
8 5 5.2a"
Cevap yok 8 8.4
Disi kecilerd 4 5 5.2a"
d;i;llziﬁl(tzrkﬁllamm > 1 11.5b™
stiresi (y1l) 6 25 26.0c”
7 41 42.7d"
8 6 6.2a"
Cevap yok 4 4.2
Damizhk »
olarak satis 6 6.3
Damuzlik fazlasi Besiciye 20 20.8b"
hayvanlarin satis
degerlendirilmesi IsleFmede 17 17 7b"
besiye alma
Kurbanlik 49 51.0¢"
satis

a, b: Ayni stitundaki farkl kiigtik harfler istatistiksel olarak
anlamlidir (*p<0.05; *p<0.01).
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TARTISMA VE SONUC

Ulke kosullarina adaptasyon yeteneginin iyi olmasi
nedeniyle Tiirkiye koyun mevcudunun ortalama %45’ini
olusturan Akkaraman koyununun (Ceyhan ve ark. 2019)
ve keci mevcudunun yaklasik %98’ini olusturan Kil
de yaygin olarak yetistirildigi saptanmistir. Hakkari ili
kiiciikbas hayvan isletmelerinin biiytk bir orani (%59.4)
Akkaraman koyunu ve Kil Kkegisi yetistiriciligini birlikte
yapmakta, %19.8’i yalnizca Kil kecisi, %11.4’li ise yalnizca
Akkaraman koyunu bulundurmaktadir. Bu isletmelerin
biiyiik bir kisminin (%75) daha énce bagka bir hayvan tiirii
bulundurmamasi istikrarli  bir  kiigiikbas  hayvan
yetistiriciligi yapildigim ifade etmektedir. Isletmecilerin
%78.1'1 yore hayvanciliginin geriledigini diistinmektedir.
Nitekim 2015-2021 yillar1 arasinda Hakkari ilindeki koyun
mevcudunda yaklasik olarak %33 oraninda bir azalmanin
oldugu saptanmistir (TUIK 2022). Ankete katilanlar bunun
en onemli nedenlerinin; yem fiyati ile yasaklar (%28.2),
yem fiyati (%18.7) ve yem fiyat1 ile ¢oban (%15.6)
oldugunu bildirmistir (Tablo 1). Bu sonug¢ 6zellikle
beslenme sorununun hayvan yetistiricilerinin en énemli
sorunu oldugunu ortaya koymaktadir.

Hakkari ili kiiciikbas hayvan yetistiricilerinin hayvansal
kaba yem olarak ankette bildirilenler i¢cinden en fazla
yonca ekimini (%37.5) tercih ederken; bugday (%20.8),
arpa (%2.1) ve korunga (%3.1) diger yem kaynaklarn
olarak siralanmistir (Tablo 2). Yonca bitkisinin; Hakkari
Merkez (%77.5), Yiiksekova (%82.7), Semdinli (%86.2) ve
Cukurca (%88.5) ilgelerinde yapilan bir baska ¢alismada
da ekimi en fazla yapilan kaba yem kaynagi oldugu tespit
edilmistir (Ertus 2019). Hayvan yetistiriciliginde en 6nemli
maliyet unsuru olan yem masrafin1 (Satar ve Sakarya
2021) azaltabilmek icin daha fazla yem bitkileri ekiminin
yapilmasi ekonomik bir yetistiricilik i¢in 6nemlidir.
Hakkari ili kiigiikbas hayvan yetistiricilerinin 6nemli bir
kism1 (%40.6) hayvancilik destegi aldigimi belirtirken,
yetistiricilerin 6nemli bir kismi da (%21.9) cevap vermek
istememistir. Yetistiricilerin biiyiik bir cogunlugu (%87.5)
desteklerin yetersiz oldugunu bildirmistir (Tablo 3).
Nitekim yapilan bir arastirmada Hakkari ilinin de
bulundugu Dogu Anadolu Boélgesi kiigiikbas hayvan
isletmelerinin toplam gelirleri icerisinde desteklemelerin
%2.73’lik bir oranla yetersiz oldugu saptanmistir (Satar
ve Sakarya 2021). Mevcut calismada yetistiriciler en fazla
yem ihtiyaclarina yonelik destek talebinde (%49.0)
bulunurken bunu sirasiyla nakit (%33.3) ve canli hayvan
(%12.5) talepleri izlemistir. Sanhurfa’daki kiigiikbag
hayvan yetistiricilerinin 6nceliklerini kredi (%63.0),
pazarlama (%13.0) ve  bilgi (%10.7) destekleri
olustururken (Amak 2018), Mardin ili isletme sahipleri
sirastyla; finansal (%62.3), yem (%13.0) ve hayvan saghgi
(%9.1) destek talepleri oldugu tespit edilmistir (San 2019).
Hakkari ilindeki yem kaynaklar1 (¢ayir, mera ve yem
bitkileri) mevcut hayvan varliginin beslenmesinde olduk¢a
yetersiz kalmasindan dolay1 (Ertus 2019) yem ihtiyacina
yonelik destek talebi diger illerden daha yiiksek oranda
saptanmis olabilir.

Incelenen kiigiikkbas hayvan isletmelerinin  %89.6’s1
meralardan faydalandigini ifade ederken (Tablo 4); bu
oran Karaman (%76) (Sahinli 2014) ve Kii¢iik Menderes
Havzas1 koyunculuk isletmelerinden (%65.48) (Aydiner
2018) yuksek, Kirsehir ilindeki orandan disik (%97)
(Simsek 2019) bulunmustur. Meralar yiliksek oranda
(%87.5) koy ortak mali olarak bulunmustur (Tablo 4). Bu
oran; Nigde ili (%95.8) (Ceyhan ve ark. 2015), izmir yéresi
(%97.7) (Kandemir ve ark. 2015) ve Kiicik Menderes
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Havzas1 koyunculuk isletmeleriyle (%90) (Aydiner 2018)
benzer, Karaman (%68) (Sahinli 2014) ve Sivas ili
isletmelerinden (%70.65) (Cikili  2019) yiiksektir.
Meralara c¢ogunlukla ortak siirii olusturularak (%67.7)
cikilmaktayken Kirsehir ili yetistiricileri (Ceyhan ve ark.
2015) siirtlerini genellikle aile siirtisti (%84.4) olarak
gotiirmekte, ortak siirii yontemi diisiik oranda (%15.6)
tercih edilmektedir. Siirtilerin meraya ¢ogunlukla (%82.3)
nisan ayinda ¢iktiklarl, ekim ayinda ise doéndikleri
saptanmistir (Tablo 4). Meraya ¢ikis zamani olarak nisan
ay1 Nigde ilinde (%55.2) (Ceyhan ve ark. 2015) ve Ardahan
ilinde de (%66.7) (Demir ve ark. 2015) tercih edilmekle
birlikte oransal olarak mevcut c¢alismadan daha diisiik
bulunmustur. Meradan doniis ay1 olaraksa aralik ay1 Nigde
(%56.3) (Ceyhan ve ark. 2015) ve Ardahan illerinde
(%80.3) (Demir ve ark. 2015) daha ¢ok tercih edilmekte
oldugu bulunmustur. Yetistiricilerin ¢ogunlugu (%54.2)
merada miinavebeli otlatma yaptiklarini ifade etmistir.
Yetistiricilerin %45.9'u mera otlarin1 orta kalite olarak
siniflandirmakla birlikte yetistiricilerin %25°’i ek yemleme
uyguladigin1  bildirmistir (Tablo 4). Ek yemlemenin,
yetistiricilerin bir kismi tarafindan tercih edilmesinden bu
yetistiricilerin meralar1 yeterli bulmadig1 anlasilmaktadir.
Bursa ili yetistiricilerinin de mevcut ¢alismaya gore daha
biiyiik bir oram (%44.7) mera déneminde ek yemleme
ihtiyact duydugunu bildirmistir. (Dénmez 2008). Hakkari
ilinin de icinde oldugu cografyada hiikiim siiren kurak
iklimden dolay1 yaz aylarindaki diisiik yagis miktarindan
ve erken baslayan yaz sicaklarindan etkilenen mera
alanlarinda, kapasitesinin istiinde siiriilerle ve uzun
stirelerde yapilacak otlatma (Turan ve ark. 2015) ve
miinavebeli otlatma sisteminin uygulanmamasinin (Sahinli
2014) mera alanlarim1 6nemli o6lgiide zayiflatmasi
nedeniyle ek yemleme ihtiyaci gereksinimi anlagsilabilir bir
durumdur.

Yetistiricilerin %52.1'1 yayla olanagi oldugunu, %44.8'i ise
olmadigini bildirmistir. Ankete cevap verenlerin ¢cogunlugu
mayis ayinda (%30.2) yaylaya ¢iktiklariny, 6 ay kaldiklarini
(%40.6) ve yaylalarin kdy ortak mali oldugunu (%53.1)
bildirmistir (Tablo 5). Diyarbakir ilindeki isletmelerin
¢ogunlukla haziran ayinda (%65.8), cogunlukla kéy ortak
mal1 (%67) olan yaylara ¢iktiklar1 ve 4 ay kaldiklar: tespit
edilmistir (Dellal ve ark. 2002). Hakkari ili Yiiksekova
ilcesinde yapilan bir arastirmada da kiigilkbas hayvan
yetistiricilerinin  %94.3’liniin yayla olanag1 oldugu,
%69.4'linlin  yaylaya haziran ayinda ¢ktigimm ve
%33.3'inlin 4 ay kaldig1 saptanmistir (Yilmaz 2016).
Mugla ilinde ovada kislayan siiriiler mayis-haziran
doneminde yaylalara ¢ikarilirken, eylil-ekim aylarina
kadar kalmaktadir (Aydin ve Keskin 2018). Dogu Anadolu
Bolgesi'nin daglik arazi yapisi ve genis cayirlik alanlara
sahip olmasi kiiciikbas hayvan yetistiriciligi icin 6nemli bir
altyap1 saglamakla (Karaca ve ark. 1993) birlikte
isletmelerin smirh yayla faaliyeti yoreye 6zgi giivenlik
politikalarinin bir sonucu olabilir.

Bu calismada Hakkari ilindeki yetistiricilerin kog/teke
katim1 biiyiik oranda (%89.6) serbest asim olarak yapildig1
ve kog/teke katiminin asim déneminde yapilma oraninin
%55.8 oldugu saptanmistir. isletmelerin gogunlukla
(%57.3) 20-25 disiye 1 erkek olarak planlama yaptif
bulunurken asim baslangi¢ ve bitis aylarina c¢ogunluk
cevap verememekle birlikte en fazla sirasiyla agustos
(%14.6) ve ekim (%9.3) aylan ifade edilmistir. Ayrica
isletmelerin ¢ogunlugu (%55.2) ciftlesme oOncesi ek
yemleme yapmadig1 saptanmistir (Tablo 6). Van ilindeki
isletmelerin biiytik ¢ogunlugunun (%95.08) serbest asim
uyguladigi, kog ve tekelerin ¢ogunlukla (sirasiyla %55.71
ve %54.61) yalnizca asim mevsiminde siiriiye katildigl

bildirilmistir (Karakus ve Akkol 2013). Nigde ilinde biiytik
oranda (%96.9) serbest asim yapilmakta, koglar
cogunlukla (%69.8) yalnizca kog¢ katim déneminde siiriide
bulundurulmaktadir. Ko¢ basina ortalama 34 disi
hesaplanmakta, ko¢ katimi1 biiyiilk oranda Eyliil-Ekim
aylarinda yapilmakta (%83.4) ve ekim-kasim aylarinda
sonlandirilmaktadir (%94.8). Isletmelerin %75’i asim
donemi 6ncesi ek yemleme yapmaktadir (Ceyhan ve ark.
2015). Izmir ilindeki kiiciikbas hayvan isletmelerinin
tamami (%100) serbest asim yontemini uygulamakta ve
kog/tekelerin siiriide bulundurma siireleri ¢ogunlukla
(%97.1) 6 ay ve lizeri olmaktadir. Asim 6ncesi ek yemleme
yapan isletmelerin orani ise %52.7 bulunmustur
(Kandemir ve ark. 2015). Yiiksekova’da yapilan bir
calismada isletmelerin tamami (%100) serbest asim
yontemini uygularken, yetistiricilerin 6nemli bir kisminin
(%62) ko¢ alti koyun sayisini 20-25 koyun olarak
hesapladigl saptanmistir. Yetistiriciler kog¢/teke katiminin
baslangici olarak en yiiksek oranda eylil ay1 (%63.4),
bitisini ise ekim ay1 (%36.6) olarak bildirmistir (Yilmaz
2016). Mugla ilindeki yetistiricilerin ¢ogunlugunun koglar:
tiim y1l boyunca siiriide tuttugu (%58) ve ankete katilan
yetistiricilerin  ¢ogunlugunun kog¢ katimi oOncesi ek
yemleme yaptig1 (%68) bildirilmistir (Aydin 2017). Mersin
ili yetistiricilerinde ise ¢iftlesme 6ncesi ek yemlemenin
cogunlukla (%68) uygulanmadig tespit edilmistir (Bebek
ve Keskin 2018). Gaziantep ilinde diizenli bir kog/teke
katim zamani olmamakla birlikte haziran ay1 %19.6
oraniyla diger aylardan daha yliksek bulunmustur ve kog
katimi 6ncesi ¢ogunlukla (%57.1) ek yemleme yapildig
saptanmustir  (Giil ve Ornek 2018). Erzincan ilinde
isletmelerin tamamina yakininda (%93) serbest asim
uygulamas1 yapilirken ko¢ katim ddnemi Oncesi biiyiik
oranda (%91) ek yemleme yapilmaktadir (Ozyiirek ve ark.
2018). Gokgeada kiiglikbas hayvan isletmelerinde de kog
katim yontemi olarak serbest asim uygulamasinin (%77.6)
tercih edildigi bildirilmistir (Ozsayin ve Everest 2019).
Ulkenin degisik cografyalarindaki isletmelerinde serbest
asim uygulamasinin yiiksek oranda tercih edilmesi
kog/teke katiminda geleneksel yonteminin kullanilmaya
devam edildigini gostermektedir. Tirkiye'nin de icinde
bulundugu kuzey yarim kiirede yazin sona ermesine yakin
baslayan ve sonbahar sonlarina kadar devam eden ve halk
arasinda ‘kog¢/teke katim1’ mevsimi olarak da ifade edilen
iireme sezonu (Ibis ve Agaoglu 2016) mevcut calismadaki
zamanlamayla uyumludur. Asim dénemi dncesi yapilacak
ek yemleme uygulamasinin dol veriminin artmasinda
o6nemli katkilar sagladig1 bilinmektedir. Bununla birlikte
cogunlukla ek yemleme uygulamasimin sinirli kalmasinin
nedenleri yetistiricilerin ek yemleme uygulamasinin
onemini yeterince bilmemeleri ve yem fiyatlarindaki
ylukseklik olabilir.

Hakkari ilinde dogumlarin en fazla subat (%52.1) ve ocak
(%39.6) ayinda yasandig ifade edilmistir (Tablo 7). Nigde
ilinde de dogumlar ocak ve mart arasinda olmakla birlikte
bliytik oranda (%56.3) subat ayinda (Ceyhan ve ark. 2015)
gerceklesmektedir. Bununla birlikte Canakkale’de kasim
ayinda baslayan dogumlar ocak ayinin sonuna kadar (Ayag
2014) devam etmektedir. Kiiciikmenderes havzasi
bolgesinde de dogumlar ekim ve ocak aylar1 arasinda
(Aydiner 2018) gerceklesmektedir. Bunun nedeni batidaki
asim doneminin boélgedeki mandiralarin siit toplama
zamanina gore ayarlanmasindan (Ayag 2014) ve dogudaki
dogumlarin zorlu gecen kis mevsiminden dolay1 daha ge¢
planlanmasindandir (Aydiner 2018). Hakkari ilindeki
kiiciikbas hayvan isletmelerinin %44.8'inde temizlik veya
kirecleme gibi doguma &zel herhangi bir hazirhk
faaliyetinde bulunulmazken, %55.2’sinde hazirlik yapildig:
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ve isletmelerin yalnizca %22.9'unda 6zel dogum bdélmesi
bulundugu saptanmistir (Tablo 7). GAP Bolgesi illerindeki
yetistiricilerin = ¢ogunlugu (%54.6) doguma hazirhk
yaptigini ifade ederken (Dellal ve ark. 2002),
Kiicikmenderes havzas1 yetistiricilerin  %72.94"linde
doguma hazirhik yapilirken ankete katilan isletmelerin
%52.94'linde dogum bolmesinin oldugu (Aydiner 2018)
bulunmustur. Ayrica Afyon ili kiciikbas hayvan
barmnaklarinin %86.70’inde (Serttas 2019) ve Yozgat ili
barmaklarinin %63.5’inde de (Tifek¢i 2020) dogum
bélmesinin bulundugu bildirilmistir. Ozellikle Tiirkiye’'nin
batisindaki illerdeki yetistiricilerle kiyaslandiginda gerek
dogum hazirhig1 gerekse de dogum bélmesi bulundurma
bakimindan Hakkari ili yetistiricilerinin yetersiz kaldig1
anlasilmaktadir. Bu konuda yetistiriciye yonelik daha fazla
bilgilendirme yapilmasi gerektigi diisiiniilmektedir.
Yetistiricilerin  %83.3'i doguma yardimci oldugunu
bildirmistir. En fazla (%65.6) yapilan yardim bi¢iminin
yavrunun annesini emmesine yardim olarak saptanirken,
yetistiricilerin =~ %30.2’si zor doguma miidahalede
bulunmak olarak cevaplamistir (Tablo 7). Yiiksekova'da
yapilan benzer bir ¢alismada (Yilmaz 2016) yetistiricilerin
doguma yardim (%94) ve zor doguma miidahale (%31.9)
oranlarinda mevcut c¢alismayla benzerlikler tespit
edilirken, kuzunun anasini emmesine yardimda (%31.9)
yariya yakin bir oranda azalma tespit edilmistir. Kuzu
telefatinin diistiriilmesi icin yetistiricilere ilgili kurumlarca
dogumla ilgili teknik ve saglik hizmetlerinin daha da
yayginlastiritlmasi1 6nemlidir. Hakkari ilinde dogumda
kuzu/oglak tartimi da oldukg¢a diisiik oranda (%8.3)
yapilirken (Tablo 7), izmir yéresindeki isletmelerle benzer
(%2.8) (Kandemir ve ark. 2015), Kiiciikmenderes havzasi
isletmelerinden olduk¢a diisiik (%51.19) (Aydiner 2018)
bulunmustur. Kuzu/oglak tartiminin diisik oranda
yapilmasi, yavrularin dogum agirhigina gebelikte yapilan
ek yemlemenin olas1 pay1 hakkinda bilgi sahibi olmayi
sinirlayabilir.

Damizlikta kullanim yasi disi koyun, kog, disi kec¢i ve
tekelerde sirasiyla; %70.8, %68.7, %83.4 ve %87.5
oranlarinda 2 yas olarak bulunmustur (Tablo 8). Mevcut
c¢alismanin damizhkta kullanim yas1 Viransehir ilgesi
isletmelerindeki disi koyunlarla (18 ay), Nigde ili
isletmelerindeki disi (17.8 ay) ve erkek (18.2 ay)
koyunlarla (Ceyhan ve ark. 2015) ve Yiiksekova ilgesi
isletmelerindeki disi (18 ay) ve erkek (21 ay) kii¢likbas
hayvanlarla (Yilmaz 2016) benzer bulunurken, Mugla
ilindeki koyun ve Kkegilerde c¢ogunlukla tercih edilen
(swrasiyla %78 ve %52) 8-12 aylik yasa (Aydin ve Keskin
2018) ve Kiglikmenderes havzasi isletmelerindeki
disilerin biiyiik oranda (%75.31) ilk defa kullanildig:
damizlik yasina (12 ay) (Aydiner 2018) goére daha geg
bulunmustur. Uygun kosullar nedeniyle isletmesinde 1slah
melezlemesi sonucu melez genotip  bulunduran
yetistiriciler melez disileri daha erken yasta damizlikta
kullanmis olabilir. Clinkii melez genotip bulunduran
isletmelerdeki hayvan materyalleri biiytik olasilikla yiiksek
gelisme hizi ve iyi besleme kosullarina sahiptir. Damizhik
seciminde; saglik/yas (%35.4), ciisse (%33.3) ve tip
(%21.9) en 6nemli kriterler olarak bulunmustur (Tablo 8).
(Ozkan (2008) Viransehir ilgesi isletmelerinde iyi gelismis,
goriintisi iyi olan hayvanlarin damizliga ayrildigin
bildirmistir. Yilmaz (2016) Yiiksekova ilgesinde damizhk
seciminde en fazla; clisse ve ananin siit verimi (%20),
clisse (%16.9), tip (%10.9) ve ciisse ve tip (%10.9) gibi
ozelliklerin dikkate alindigim saptamigtir. Isletmelerde
kayit tutma olmadigindan damizlik se¢iminde subjektif
kriterlerin dikkate alinmasi normal bir durumdur.
Incelenen isletmelerin koyun ve kegilerinin damizlikta
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kullanim stiresi; koyun (%79.2), kog¢ (%77.1), keci (%80.2)
ve tekelerde (%80.2) 6nemli oranda 5-7 yas olarak tespit
edilmistir (Tablo 8). Bursa ilinde damizlikta kullanma
siiresi koyunlarda genellikle 5-6 y1l (%72.4), koglarda ise
2-3 yas (%85.1) olarak bulunmustur (Dénmez 2008).
Tiifekgi (2020) Yozgat ilindeki damizlikta kullanim
siirelerini koyunlarda 4-8 yas (%88) olarak tespit ederken
koclarda 6nemli oranda 2 yil (%47) olmak iizere 2-4 yil
(%92) olarak saptamistir. Kecilerde de benzer sekilde
disilerde 4-8 yas (%87) ve erkeklerde 6nemli oranda 2 y1l
(%41) olmak tizere 2-4 y1l (%89.5) bulunmustur. Hakkari
ilindeki isletmelerin kiiciikbas hayvanlarda 6zellikle
erkeklerin damizlikta kullanim siiresini uzun tutmasi
generasyonlar arasi silireyi uzatan olumsuz bir etki
yapmaktadir. Damizlik fazlasi hayvanlar ¢ogunlukla
kurbanlik (%51) olarak degerlendirilirken, besiciye satis
(%20.8) ve isletmede besiye alma (%17.7) diger
degerlendirme yontemleri olarak bulunmustur (Tablo 8).
Bursa’'daki isletmelerde damizlik fazlasi hayvanlarin
kasaplara satis1 (%29.8) tercih edilirken (Dénmez 2008),
GAP Bolgesi illerinde besicilere (%75.3) (Dellal ve ark.
2002), Yiiksekova'da ise en ¢ok kurbanlik ve damizlik
(%26.1) amagh satis yoluyla degerlendirme (Yilmaz 2016)
yapildigr bulunmustur. Hakkari ilinde kesimhane sikintisi
nedeniyle dogrudan et olarak kasaplara satiglarda sikinti
yaratmis olabilir.

Tarimsal istatistiklerle ilgili yapilan bu anket ¢alismasinda
bazi kaygilar (vergi korkusu, o6nyargi vs.) nedeniyle
yetistiricinin sorularin bir kismini cevaplandirmasinda
isteksiz davranmasina neden oldugu goézlenmistir. Buna
ilave olarak tarimsal faaliyetlerle ilgili zaman igerikli bazi
sorulara da cevap vermede sikinti yasanmistir. Arastirma
sonucunda Hakkari ili kiigiikbas hayvan yetistiricileri
beslenme masrafini en 6nemli sorun olarak ifade etmistir.
Nitekim yetistiricilerin en fazla yem ihtiyaclarina destek
talep ettigi bulunmustur. Yetistiricilerin énemli bir kismi
mera kalitesinin yetersiz oldugunu vurgulamistir. Yetersiz
kalitedeki mera alanlarinin 1slah edilmesi, kapasitesini
asmayan slriilerle ve slirelerde otlatma yapilmasi
saglanmalidir. Bolgenin yayla faaliyetlerine uygun cografik
yapist olmakla birlikte bdlgenin kendine 6zgii kosullar:
nedeniyle uygulanan giivenlik politikalar1  sonucu
yeterince degerlendirilememektedir. Isletme sahipleri
asim doéneminde ek yemleme faaliyetlerinin sinirh olarak
yapildigini bildirmistir. Bu durumun nedeni yiiksek yem
masraflari ve d6l veriminin artmasinda sagladigi katkilarin
yeterince bilinmemesi olabilir. Isletmelerde temizlik veya
kirecleme gibi herhangi bir doguma hazirlik ve 6zel dogum
boélmesi bulundurma faaliyeti sinirli  bulunmustur.
isletmelerde 6zellikle erkeklerin damizlikta kullanma
sliresinin uzun tutulmasi nedeniyle jenerasyonlar arasi
slire uzadig da tespit edilmistir.
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ABSTRACT

Abortions, fetal mummification, calf anomalies, and infertility problems constitute most of the reproductive
problems in cattle. Viruses play a significant role in the cause of these cases. In cattle, these agents are known
as primary abortion agents and the most common of these agents are Bovine Viral Diarrhea Virus (BVDV),
Bovine Herpes Virus Type 1 (BoHV-1), and Bovine Herpes Virus Type 4 (BoHV-4). The objective of this
research is to determine the potential role of BVDV, BoHV-1, and BoHV-4 as viral abortion agents in cattle
housed in the Van district. For this, a total of 115 animal specimens (blood, serum, vaginal swab, vaginal fluid
discharge, nasal swab, and abortion material) from 100 abortion, early embryonic deaths, and infertility cases
in cattle over the age of 2-5 years old were collected. All samples for detection of BVDV, BoHV-1 and BoHV-4
genomes were tested by the Polymerase Chain Reaction (PCR) technique using specific primers encoding
Panpesti 5'-UTR, Glycoprotein C (gC) and Glycoprotein B (gB) genes, respectively. Result out of the samples
tested, 41.73% were positive for BVDV and all samples were negative for BoHV-1 and BoHV-4. In conclusion,
the presence of BVDV in cattle in the Van region and its role in the occurrence of abortion cases was
emphasized for the first time. It is necessary to the consideration of viral abortions and determine the
etiology of abortion cases and genital system problems. According to this, we need to focus on the detection of
persistently infected (PI) animals for prevention and control of infection and the most effective way of
vaccinating susceptible populations.

Keywords: Abortion, BoHV-1, BoHV-4, BVDV, Cattle, Van.

0z

Van Yéresi Sigirlarinda Bovine Viral Diyare Virus, Bovine Herpes Virus-1 ve Bovine
Herpes Virus-4 Nedenli Abort Olgularinin Molekiiler Olarak Arastirilmasi

Sigirlarda goriilen reprodiiktif problemlerin basinda abortlar, fotal mumifikasyon, anomali yavru dogumlari
ve dol tutmama sorunlar1 gelmektedir. Bu olgularin sebeplerinin arasinda viruslar énemli bir paya sahiptir.
Viral enfeksiyonlarin en yaygin olanlar1 ve sigirlarda primer abort etkenleri olarak bilinen; Bovine Viral
Diarrhea Virus (BVDV), Bovine Herpes Virus Tip 1 (BoHV-1) ve Bovine Herpes Virus Tip 4 (BoHV-4)
viruslaridir. Van yoéresinde yetistirilen sigirlarda BVDV, BoHV-1 ve BoHV-4 enfeksiyonlarinin viral abort
etkenleri olarak olasi roliinlin ortaya ¢ikmasi bu arastirmanin 6ncelikli hedefi olarak belirlenmektedir. Bu
amagla, abort, erken embriyonik &liimler, anomalili yavru dogumlar1 ve fertilite problemi olan 2-5 yaslari
arasinda 100 adet sigirdan toplam 115 adet 6rnek (Tam kan, kan serumu, vaginal swab, vaginal siv1 akintisi,
nazal swab ve abort materyali) alindi. Bu érnekler BVDV, BoHV-1 ve BoHV-4 niikleik asit varli§1 yoniinden
sirastyla Panpesti 5’-UTR, Glikoprotein C (gC) ve Glikoprotein B (gB) genini kodlayan spesifik primerler
kullanilarak Polimeraz Zincir Reaksiyonu (PCR) teknigi ile test edildi. S6z konusu érneklerin %'41.73’i BVDV
niikleik asiti varlig1 yoniinden pozitif olarak degerlendirildi, BoHV-1 ve BoHV-4 niikleik asiti yoniinden pozitif
ornege rastlanmadi. Sonug olarak, Van yoresindeki sigirlarda BVDV enfeksiyonunun varligi ve abort olgularin
olusumundaki rolii ilk kez ortaya konulmus; abortlarin ve genital kanal problemlerin etiyolojisinin
belirlenmesine ve viral abortlara dikkat ¢ekerek, enfeksiyonunun korunma-kontrol programinda uygulanan
en etkili yolun persiste enfekte (PI) hayvanlarin tespiti ve duyarli popiilasyonun asilanmasi iizerinde
durulmasi vurgulanmistir.

Anahtar Kelimeler: Abort, BoHV-1, BoHV-4, BVDV, Sigir, Van.
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INTRODUCTION

The potential impact of viral infections on fertility and
reproduction is frequently ignored, despite the fact that
they continue to be a significant source of economic loss
for the modern cattle industry. Although most deaths in
cattle occur around birth and one week of age, the rate of
embryonic loss is generally higher than perinatal loss.
Most abortions occur sporadically, and just <5% of
pregnant animals have abortions (Wathes et al. 2020).
Average abortion rates in cattle herds are 1.5-2%, and a
higher abortion rate might result in financial losses.
Therefore, abortions are considered a significant loss in
milk and meat production, so it is crucial to identify the
agents and implement effective control measures to
prevent them (Yildirim et al. 2011).

The causative agents of abortion are classified as infectious
and non-infectious. Non-infectious causes include genetic,
hormonal disorders, breeder-link (such as care-feeding),
climatic conditions (such as heat stress), iatrogenic, and
toxic factors. Infectious agents include microorganisms
such as bacteria, fungi, protozoa, and viruses. Among the
infectious agents that cause abortions, the role of viruses is
considerable. The viral agents that infect the genital
system, infertility and abortions in cattle are listed in Table
1. Bovine Viral Diarrhea Virus (BVDV), Bovine Herpes
Virus Type 1 (BoHV-1), and Bovine Herpes Virus Type 4
(BoHV-4) are known as the viral agents commonly seen in
cases of reproductive disorders in cattle such as abortion,
neonatal death, and births with congenital abnormalities
(Dogan and Bilge Dagalp 2017; Bilge Dagalp et al. 2020).

Table 1. The list of important viral agents causing
abortions in cattle (Dogan and Bilge Dagalp 2017).

. . . Species
Virus Family Subfamily/Genus P /
Agent
.. BoHV-1.1
BoHV-1* Herpesviridae Alfahe‘rp esvn‘“mea/ BoHV-
Varicellavirus
1.2a
BoHV-4* Herpesviridae Gammahejrp es'vmne/ BoHV-4
Rhadinovirus
P - BVDV-1
* ’
BVDV Flaviviridae Pestivirus BVDV-2
BTV
" - ..
BTV Reoviridae Orbivirus (1-27)
AKAV* Bunyaviridae Orthobunyavirus/ AKAV
Simbu serogrup
SBV* Bunyaviridae Othobuny avirus/ SBV
Simbu serogrup
RVFV Bunyaviridae Phlebovirus RVFV
Aino virus Bunyaviridae Orthobunyavirus Aino virus
EHDV Reoviridae Orbivirus EH]lj[\]/)(l—
Wesselborn Flaviviridae Flavivirus WSL
virus
LSD Poxviridae Chordopoxvirinae Capi:LpSOXV
Bovine - . . BoPV
. Parvoviridae Bovine parvovirus
parvovirus (1-3)

BoHV-1 and BoHV-4 infections affect the respiratory and
genital systems, and BVDV infection can occur with various
clinical manifestations in the respiratory, genital, and
gastrointestinal systems. These viruses can also cause
deadly fetal infections by crossing the maternal and fetal
barrier following viremia (Ackerman and Engels 2006). In
viral infections, molecular diagnostic techniques such as
polymerase chain reaction (PCR) for direct detection of the
viral genome have been determined as a specific and
sensitive alternative method, since PCR is 2-100 times
more sensitive and provides results faster than compared
to virus isolation (Van Engelenburg et al. 1993).
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BVDV infection: BVDV causes diarrhea and acute
infection in cattle known as contagious viral diarrhea (VD)
(Denise Goens 2002). The fatal form of BVDV was defined
as Mucosal Disease (MD). BVDV belongs to the Pestivirus
genus of the Flaviviridae family; it is enveloped,
approximately 12.3-12.5 kilobases (kb) in length, single-
strand, positive sense RNA genome, and surrounded by a
5'-3" untranslated region (UTR) (Baker 1995). Two
different genotypes, BVDV-1 and BVDV-2, have been
defined due to variation in the nucleotide sequence of the
5' UTR, envelope glycoprotein (E2) and autoprotease
(Npro) coding regions of the BVDV genome (Vilcek et al.
1994). The first live BVDV vaccine was administered in
1961, and immunotolerance persistent infection (PI) was
described in animals in 1973 (Denise Goens 2002). There
are two different biotypes of BVDV, including
cytopathogenic (cp) and non-cytopathogenic (ncp) strains.
BVDV-cp strains were isolated from cattle diagnosed with
MD, while ncp strains are common in nature and cause
persistent infected (PI) in calves (Schweizer et al. 2006).

BVDV infection is endemic in cattle populations in many
districts of the world. According to serological studies
conducted in various geographical regions, the incidence
of BVDV infection in individual cattle ranges from 40-90%
and in cattle herds from 28-66%, with 0.5-2.5% of calves
detected as PI (Oguejiofor et al. 2019). PI animals have a
significant role in infection transmission. These animals
asymptomatically infect healthy animals in the herd with
their body fluids. Furthermore, the use of infected bulls in
natural copulation or artificial insemination procedures is
a significant factor in virus spread (Kirkland et al. 1991).
Acute BVDV infection not only causes clinical symptoms in
the respiratory, gastrointestinal, reproductive, and central
nervous system, but it also causes reproductive problems
including abortion, infertility, early embryonic deaths, and
congenital malformations. The severity of the infection
varies based on the virus's biotype, virulence, and the
period of pregnancy at the time of infection. PI calves are
born as a result of BVDV infection after 30 days of
pregnancy (Baker 1995; Oguzoglu et al. 2012). Therefore,
studying the presence and possible effects of BVDV on
cattle abortions and reproductive problems is critical for
designing and developing effective control-eradication
strategies, including vaccination.

BoHV-1 infection: BoHV-1 causes infection in cattle with a
variety of clinical symptoms such as rhinotracheitis,
pustular vulvovaginitis and balanoposthitis, abortion,
infertility, conjunctivitis, and encephalitis. The respiratory
form of this infection is known as "infectious bovine
rhinotracheitis" (IBR), a severe and highly contagious
respiratory system disease, whereas the genital form in
cows is known as "infectious pustular vulvovaginitis"
(IPV), which is abortion and lethal systemic disorders in
newborns are the most serious effects of this form
(Muylkens et al. 2007).

BoHV-1 is a significant pathogen in cattle and belongs to
the Herpesviridae family, Alphaherpesvirinae subfamily,
Varicellovirus genus. Viral genome with 135-140 kb in
length and double-stranded DNA encodes nearly 70
proteins, 33 of which are structural proteins (SP) and 15
non-structural proteins (NSPs). According to genetic
diversity and clinical symptom variety, BoHV-1 isolates are
classified into three subtypes: BoHV-1.1, BoHV-1.2a, and
BoHV-1.2b (Spilki et al. 2004; ICTV 2012).

BoHV-1 infection is transmitted between animals directly
or indirectly. Direct transmission usually occurs in direct
contact with an infected animal, while indirect
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transmission occurs through nasal exudate, genital
secretions, fetal fluids, fetal tissues, and semen.
Transmission of infection also occurs during artificial
insemination and embryo transfer applications with
infected semen. This infection causes economic losses due
to weight loss in animals, a decrease in milk production,
and restrictions on animal trade (Van Schaik et al. 2001).

BoHV-1 affects all cattle populations worldwide, with a
high prevalence of infection in Australia, New Zealand,
Canada, the United States, Zaire, Italy, Belgium, India, and
Turkey (Dagalp et al. 2012). The control of the infection
with vaccination usually prevents the development of
clinical signs and can significantly reduce the spread of the
virus after infection. However, vaccination cannot
completely prevent the disease. Since BoHV-1 is a latent
infection and highly contagious virus, vaccination is
usually recommended at 4-6 months of age after
decreased passive immunity in calves (Kaur 2016).

BoHV-4 infection: BoHV-4 is a worldwide distributed
virus that is characterized by symptoms such as
reproductive and respiratory system disorders, mastitis,
dermatitis, and conjunctivitis in cattle and causes
considerable economic losses in cattle breeding due to the
direct or indirect effects of these problems. The virus was
first isolated from cattle with respiratory symptoms in
Hungary in 1963 and later in the USA (Mohanty et al.
1971). Subsequently, the virus was isolated from cattle
with clinical signs such as conjunctivitis, pneumonia and
upper respiratory tract infections, skin lesions, mamillitis,
enteritis, postpartum metritis, chronic metritis, and
mastitis (Bilge Dagalp et al. 2020).

BoHV-4 is a member of the Herpesviridae family,
Gammaherpesvirinae subfamily, and Rhadinovirus genus
(ICTV 2012). The virus contains an enveloped, 100 nm
diameter icosahedral nucleocapsid and a proteinaceous
tegument. The viral genome consists of 144 + 6 kb of
double-stranded linear DNA (Zimmermann et al. 2001).
Primary replication of the virus occurs within epithelial
cells in the mucosa. Then the virus infects blood
mononuclear cells and has an affinity for vascular
endothelium, mammary tissue, endometrium, and fetal
tissues. This virus causes latent persistent infection in
blood leukocytes, spleen macrophages, and endothelial
cells that can be reactivated by corticosteroids or stress in
various tissues (Dagalp et al. 2012; Chastant-Maillard
2015).

Control of the BoHV-4 infection can be achieved by
applying good hygienic measures and removing
seropositive animals from the herd. Infected cows should
be isolated after calving since high amounts of viruses can
be shed in uterine exudates in cases of metritis. Direct
contact between seropositive and seronegative animals
should be avoided, as the virus is generally spread through
the respiratory route (Thiry et al. 1990).

Based on the above-mentioned data, determining the
potential impact and etiology of BVDV, BoHV-1, and BoHV-
4 infections on abortion is extremely important due to the
intensive animal husbandry and extensive production of
animal products in the Van region. Therefore, the aim of
this study was to conduct a molecular investigation into
the role of BVDV, BoHV-1, and BoHV-4 infections in cattle
abortion cases in the Van province for the first time.

MATERIAL AND METHODS

The study was approved by the Van Yuzuncu Yil University
Animal Experiments Local Ethics Committee (Approval
date: 26/03/2020, Decision no: 2020/03).

Study Area and Sampling

This study was carried out on cattle bred by the public in
the province of Van, located in the Eastern Anatolia region
of Turkey, from September 2019 until June 2021. One
hundred cattle with abortions, past aborted and early
embryonic deaths (69 abortions, 28 past aborted and 3
embryonic deaths) aged 2-5 years and unvaccinated
against the above-mentioned infections were sampled. A
total of 115 animal specimens were taken from 100 cattle,
including 97 EDTA blood, three blood serum, four vaginal
swabs, three vaginal fluid discharge, one nasal swab, and
seven abortion materials.

DNA and RNA Extraction

Blood samples (4 mL) taken into tubes with anticoagulant
(EDTA) (Vacuette, Austria) were centrifuged for 10
minutes at 3000 rpm, the upper plasma was discarded,
and the leukocyte layer was transferred to sterile 1.5 mL
tubes. After washing the leukocytes with the antibiotic PBS
three times, they are stored at -80 °C for use in molecular
studies. Abortion materials were homogenized in 1/10
antibiotic PBS in a homogenizer, then centrifuged for 10
minutes at 3000 rpm, and the supernatant was taken into
a sterile stock tube. Swab and fluid samples were
centrifuged for 10 minutes at 3000 rpm in a sterile tube
after vortexing, and the supernatant was stored in a sterile
stock tube at -80°C to be used in studies for virological
control. Viral RNA isolation for detection of BVDV nucleic
acid and viral DNA isolation for detection of BoHV-1 and
BoHV-4 was performed on a total of 115 samples taken
into tubes using a universal RNA extraction kit for
purification of genomic RNA (EURx, Poland) and a
universal DNA extraction kit for isolation of DNA (EURx,
Poland) as indicated in the manufacturer’s
recommendation. The extracted genomic RNA (gRNA) and
DNA samples were stored at -80°C until used in the
following study phase.

BVDV, BoHV-1 and BoHV-4 Nucleic Acid Detection

To detect the presence of BVDV nucleic acid after RNA
extraction, reverse transcription PCR (RT-PCR) assay was
employed on all RNA samples, using the OneStep RT-PCR
kit (Grisp, Portugal) as described in the manufacturer’s
recommendation. An RT-PCR assay was run using primers
encoding the 5'-UTR Panpesti gene region as described
previously with minor modification (Vilcek et al. 1994).
Briefly, sense and antisense primers
(5’-ATGCCCTTAGTAGGACTAGCA-3’ and 5-
TCAACTCCATGTGCCATGTAC-3") were used to amplify a
288 bp length fragment of BVDV. In the RT-PCR assay,
positive and negative controls were processed with all
samples as a standard control. The thermocycler
conditions in the RT-PCR reaction were set as one cycle for
reverse transcription at 45 °C for 15 minutes, followed by
a single cycle at 94 °C for 5 minutes and 35 cycles at 94 °C
for 30 seconds and 56 °C for 45 seconds and 72 °C for 1
minute. Finally, extension is followed by a single cycle at
72 °C for 10 minutes.

To detect the BoHV-1 genome, PCR assay was performed
on all extracted DNA samples using the method described
by Van Engelenburg et al. (1993) with some modifications.
The detection of the BoHV-4 genome was performed using
a PCR assay on all extracted DNA samples as described by
Wellenberg et al. (2001) with minor modification. The
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primer sequences for amplification of the gene regions
encoding the glycoprotein C (gC) gene for BoHV-1 (gC1:5'-

TGTGACTTGGTGCCCATGTCGC-3' and gC2:5'-
GAGCAAAGCCCCGCCAAGGAG-3') and the glycoprotein B
(gB) gene for BoHV-4 (gB1:5'-
CCCTTCTTTACCACCACCTACA-3' and gB2:5'-

TGCCATAGCAGAGAAACAATGA-3') were used to amplify a
389 bp and 615 bp length PCR product, respectively. PCR
reaction mixture containing 3 pl of extracted DNA, 0.5 uM
each primer, 2.5 uM 10X Taq buffer and 1.5 mM MgCI2, 0.5
ul ANTP mix (10 mM), and 0.5 ul (5u/pl) of Taq DNA
polymerase in a total volume of 25 pl. In the PCR assay,
positive and negative controls were processed with all
samples as a standard control. The thermocycler
conditions in the PCR assay were set as one cycle at 94 °C
for 5 minutes and 35 cycles at 94 °C for 30 seconds and 56
°C for 45 seconds and 72 °C for 1 minute. Finally, extension
is followed by single cycle at 72 °C for 10 minutes.

Statistical Analysis

In this study, SPSS (IBM SPSS for Windows ver. 22)
statistical package program was used for the analysis of all
data.

Table 2. Sample types, number of material and viral
nucleic acid detection in PCR assay in the tested animals.

The BVDV
number  RT-PcR  DOHV-1  BoHV-4
Sample Type L. PCR PCR
of positive i CR
materials (%) positive  positive
Leukocyte 97 39
Serum 3 1
Vaginal swab 4 3
Vaginal discharge 3 1
Nasal swab 1 .
Abortion material 7 4
48
Total 115 (41.73%)

RESULTS

The expected size of amplicons following RT-PCR and PCR
processes were run on a 1.5% agarose gel accompanied by
positive and negative controls, visualized in a UV
transilluminator (Figure 1). In an RT-PCR assay using
panpesti primers, it was determined that 48 samples out of
115 samples (34/100 animals) were positive for BVDV
nucleic acid. Based on sample types, 39 leukocytes
(39/97), one blood serum (1/3), three vaginal swabs
(3/4), one vaginal fluid (1/3), and four abortion materials
(4/7) were evaluated positively for BVDV nucleic acid.
Thus, the BVDV positivity rate was determined as 41.73%
in total samples and 34% on an animal basis. In order to
detect the presence of BoHV-1 and BoHV-4 DNAs, the PCR
products obtained following the PCR process were run on
a 1% agarose gel and visualized on a UV transilluminator.
In 115 samples tested by PCR, no fragment was amplified
at 389 bp or 615 bp length, and there was no positivity for
BoHV-1 and BoHV-4. Data for sample types and PCR
results for BVDV, BoHV-1 and BoHV-4 were summarized in
Table 2.

I

w2 & 4 9 M

Figure 1. The result of BVDV in the RT-PCR assay. Line M:
100bp DNA ladder, Line 1: Positive control, Line 2:
Negative control, Line 3 and 5: positive animal samples,
Line 4: Negative animal sample.
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DISCUSSION AND CONCLUSION

In this study, the roles of BoHV-1, BoHV-4 and BVDV in the
abortion cases were investigated virologically in cattle
housed in Van province. BVDV is widespread all over the
world and causes significant economic losses in cattle
breeding due to its effects on reproduction and health. The
seropositivity rates varied in different regions and were
reported at between 12% and 89% (Cowley et al. 2014).

BVDV infection was first detected and diagnosed based on
clinical disease findings in cows in Turkey in 1964 (Onciil
et al. 1964). According to studies on BVDV infection
carried out in various districts of Turkey, the seropositivity
has been determined to be 50% on average, and it was
reported that the infection is widespread, persistently
infected animal births, and abortion can occur at any stage
of the infection (Burgu et al. 2003; Yildirim et al. 2011;
Oguzoglu et al. 2012; Yilmaz 2015; Bilgili and Mamak
2019; Timurkan and Aydin, 2019). In the last 5 years,
studies focused on BVDV infection in different regions of
Turkey reported that, the average seropositivity rate was
56.97%, the average rate of PI animals was 2.8%, and the
average rate of BVDV nucleic acid presence in cattle with
abortion problems was reported as 44.68% (Yilmaz et al.
2016; Ozgiinliikk and Yildirnm 2017; Aldemir and Basbug,
2019; Bilgili and Mamak, 2019; ince 2020; Demirsoy and
Mamak 2020; Glirgay et al. 2020).

In this study, the presence of BVDV nucleic acid was
detected at 41.73% (48/115) on a sample basis and 34%
(34/100) on an animal basis in samples collected from
cattle with reproductive disorders or abortion problems in
the RT-PCR assay. It is clear that the results of the study
carried out to support the findings of the studies (Yilmaz et
al. 2016; Glirgay et al. 2020) carried out in areas close to
the Van province and in other provinces of Turkey. It is
thought that the high rate of animals found positive for
BVDV infection was due to the fact that the majority of the
sampled animals were managed in animal husbandry with
traditional methods, PI animals were not detected and
removed, and vaccination programs are not implemented.
As a result of the information received from animal farm
owners, it was concluded that the hygiene of the
enterprise was insufficient and there was a lack of
information about the control and prevention of disease.

BoHV-1 infection is recognized as an acute and latent viral
infection with variable prevalence and incidence rates
depending on geographic location and breeding factors in
different countries (Van Schaik et al. 2001). Numerous
studies regarding viral agents in cases of cattle abortion
and seroprevalence of BoHV-1 in Turkey indicate the
importance of BoHV-1 infection (Alkan et al. 2005; Dagalp
et al. 2012; Tuncer-Goktuna et al. 2016; Dogan and Bilge
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Dagalp 2017; Yilmaz et al. 2017; Yilmaz et al. 2020). The
average seroprevalence rate for BoHV-1 as determined by
serological research in various regions of Turkey in recent
years was 36.22% (Ozgiinliik and Yildirim 2017; Altun et
al. 2019; Gur et al. 2019; Kadiroglu et al. 2020). Altun et al.
(2019) investigated the presence of BoHV-1 using the q-
real time-PCR method in Erzurum and it was reported that
the presence of BoHV-1 nucleic acid was 13.33%. In a
study conducted in the provinces of Ankara, Corum,
Kirikkale, and Yozgat, a positivity rate of 0.39% was found
in PCR assay in blood samples found to be BoHV-1
seropositive in cattle with abortion and infertility
problems (Aslan et al. 2015).

In this study, no positivity for BoHV-1 nucleic acid was
found among 115 samples collected from 100 cattle in PCR
assay. It can be noted that the results are identical with
those of a study conducted in the province of Kars, which
is close to the sampled Van province (Yilmaz et al. 2016),
as well as with those of a study including the provinces of
Konya, Aksaray, and Nigde (Sevik and Avc 2015). It is
believed that the inconsistency between these results and
those of studies done on other districts of Turkey may be
due to a wide range of factors such as geographic location,
virus circulation, and growth conditions.

BoHV-4, which causes reproductive problems in many
animal species, particularly cattle, was identified in both
healthy and aborted cattle in the world, including in
Turkey. This virus is a contributing factor in cases of cattle
abortion along with other pathogens such as viruses,
bacteria, and protozoans (Bilge Dagalp et al. 2020).

Numerous studies conducted on BoHV-4 in many
countries, including Turkey, revealed varying
seropositivity rates in cattle. The presence of BoHV-4
infection was first demonstrated serologically in Turkey in
2007, when 877 bovine serum samples were tested by
ELISA in the study, and the seropositivity rate was
reported as 54.3% (Bilge Dagalp et al. 2007). Another
study (Bilge Dagalp et al. 2010) investigated the BoHV-4 in
a dairy cattle herd with metritis problems serologically
and molecularly; seropositivity was 69.6%, and BoHV-4
nucleic acid detection was 29%. A study on the potential
role of BoHV-4 in cow infertility determined that the
seropositivity rate was 69% in animals with fertility
problems and 44% in healthy-looking animals in the same
herd (Giir and Dogan 2010). In a study conducted on the
presence of BoHV4 in the abortion of dairy cattle using
ELISA, it was determined that 29.3% of samples had
BoHV-4 specific neutralizing antibodies (Yildirim et al.
2011). Dagalp et al. (2012) in a study on the herpesviruses
on the occurrence of reproductive disorders in dairy cattle
herds in Turkey, detected BoHV-4 nucleic acid in the
samples of leukocytes, vaginal swabs, and abortion
materials by PCR technique as 26.1% and 33.6% in vaginal
swab and leukocyte samples, respectively. In a study
conducted in Kars province, 48 abortion materials were
tested for the presence of BoHV-4 nucleic acid, and as a
result, BoHV-4 could not be detected in any sample
(Yilmaz et al. 2016). Similarly, in a study conducted to
investigate the role of herpesviruses and pestiviruses in
ruminant abortion cases in the Marmara region of Turkey
using a PCR assay, no BoHV-4 was found in any of the
tested samples from 81 aborted fetuses (Tuncer Goktuna
et al. 2016). Furthermore, in another study (Aslan et al.
2015) of BVDV, BoHV-1, BoHV-4, and BoHV-5 infections in
cows in Ankara, Corum, Kirikkale, and Yozgat provinces,
the seropositivity rate for BoHV-4 was 28.78% and BoHV-
4 genome was not detected by PCR in seropositive blood
samples. In a recent study, Bilge Dagalp et al. (2020)

molecularly investigated the etiological role of BoHV-4 in
cows with fertility problems, and the positivity rate was
reported as 65.7%.

In the current study, the presence of BoHV-4 infection on
115 animal specimens was analyzed by PCR and no
positivity was found. The results of this study are similar
to those of studies by Aslan et al. (2015), Tuncer Goktuna
et al. (2016), and Yilmaz et al. (2016). According to study
reports, the age of the animal considerably affects the
seroprevalence, it increases after 2-3 years of age. In a
study in Turkey related to it, while the seroprevalence of
infection was determined as 42% in animals before the age
of 2 years, it was reported that it was 62% in animals older
than 2 years (Bilge Dagalp et al. 2007). The majority of the
animals sampled within the study are 2-3 years old.

As a result, no co-infection was identified among the
animal samples of the above-mentioned infections. It is
clear that our findings support the above-mentioned
similar studies describing the presence of BoHV-1, BoHV-4
and BVDV nucleic acids in cattle in Turkey. The most
important outcome of our study has been to demonstrate
the role of BVDV infection in abortion cases in cattle in Van
province for the first time. In addition to the high
prevalence of the BVDV genome in abortion cases, this
indicates a causal relation between BVDV and fertility
problems such as abortion, birth with unviable calves in
cattle and the existence of persistently infected (PI)
animals in Van province.

In conclusion, we consider that BVDV alone or in
association with other pathogens such as bacteria, fungi,
parasites, and metabolic factors contributed to the
development of abortion problems. Based on these data;
cases of viral abortions caused or contributed by BVDV,
BoHV-1, and BoHV-4 infections are common in Turkey,
and sanitation measures are difficult to implement in
publicly owned enterprises in rural areas. Therefore, the
most effective way to control viral persistent infections
such as pestiviruses and herpesviruses may be the
detection of PI animals and vaccination of the susceptible
population. It is necessary to conduct additional studies
using epidemiological data from BVDV, BoHV-1, and BoHV-
4 infections as well as molecular characterization of field
viruses in various clinical cases in order to understand
their responsibility for the economic losses in cattle
husbandry in Turkey.
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ABSTRACT

Measurements of blood glucose concentrations are frequently used to diagnose and monitor diseases in
sheep. Portable blood glucometers are widely used in human medicine because of their practicality. However,
there are not enough studies on the accuracy of these devices in sheep. In this study, it was aimed to
determine the changes in the measurement values of two different portable blood glucometers and
biochemistry autoanalyzer devices. The study was carried out on a total of 47 Kangal sheep, 17-18 months
old, healthy and sick. According to the clinical examination, 35 healthy sheep (Group 1) and 12 patients
whose hematocrit and total protein values were higher than the reference values were included in the study
(Group 2). Glucose concentrations measured with portable glucometers were compared with the result
obtained using the biochemistry autoanalyzer device. The agreement between the measured values was
evaluated by Pearson correlation analysis and Bland-Altman plots. In addition, Tukey's test was performed to
evaluate glucose measurement between groups. In the study found that there were -3.63% and 6.83%
differences in the blood glucose measurement readings between the Optium Xceed (0X), On Call Pluss (CP),
and biochemistry autoanalyzer devices in Group 1. These figures were found to be 6.08% and 9.66% in Group
2. The variety of measurement differences between the biochemistry autoanalyzer and glucometers should
therefore be known in the clinical evaluation of blood glucose levels.

Keywords: Glucometer, Glucose, Hematocrit, Sheep.

0z

Ureme Sezonu Baslangicinda Koyunlarda Portatif Seker Olgiim Cihazlarimin Klinik
Dogrulugunun Degerlendirilmesi

Koyunlarda hastaliklarin tanisini koymak ve takibini izlemek i¢in siklikla kan glikoz konsantrasyonlarinin
olctimlerinden yararlanilmaktadir. Tasimabilir kan glukometreler beseri hekimlikte pratiklikleri nedeniyle
yaygin olarak kullanilmaktadir. Ancak, bu cihazlarin koyunlarda dogrulugu tizerine yeterli sayida ¢alisma
yoktur. Bu ¢alismada iki farkli taginabilir kan glukometre ile biyokimya otoanalizér cihazi 6l¢iim degerlerinin
degisimlerinin belirlenmesi amaglandi. Calisma 17-18 aylik saglikli ve hasta olmak tizere toplam 47 kangal
irk1 koyun tzerinde gercgeklestirildi. Yapilan klinik muayene goére 35 saglikli koyun (kontrol grubu) ile
hematokrit ve total protein degerlerinin referans degerleri disinda yiiksek olan 12 hasta koyun c¢alismaya
dahil edildi (hasta grubu). Tasmabilir glukometreler ile o6lgiilen glikoz konsantrasyonlari, biyokimya
otoanalizér cihaz1 kullanilarak elde edilen sonuglarla karsilagtirildi. Olgiilen degerler arasindaki uyum
Pearson korelasyon analizi ve Bland-Altman grafikleri ile degerlendirildi. Ayrica gruplar arasindaki glikoz
olctimiinii degerlendirmek icin Tukey testi yapildi. Calismada Grup 1’de Optium Xceed (0X), On Call Pluss
(CP) ve biyokimya otoanalizér cihazlari arasindaki kan glukoz 6l¢iim degerlerinin degisimleri sirasiyla,
-3.63% ve 6.83% olarak belirlendi. Grup 2 ‘de ise bu degerler 6.08%, 9.66% olarak saptanmistir. Sonug
olarak; Klinik olarak kan glikoz seviyelerinin degerlendirilmesinde, biyokimya otoanalizor ile glukometrelerin
arasindaki 6l¢iim farklarinin degisimleri bilinmelidir.

Anahtar Kelimeler: Glikoz, Glukometre, Hematokrit, Koyun.

INTRODUCTION studies are required for their safety. In veterinary practice,

blood glucose concentration measurements are frequently

Portable glucometers have started to be widely used in the used to diagnose and monitor certain diseases (Cohen et

field of medicine due to their practicality. However, the al. 2009; Tauk et al. 2015; Renaud et al. 2022). Glucose
reliability of these devices is a matter of debate and clinical ' '
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monitoring is necessary to determine some diseases such
as pregnancy toxemia, which is frequently encountered in
sheep, and to establish a blood glucose curve. Especially in
the diagnosis of pregnancy, early diagnosis and taking
necessary precautions are important to prevent loss of
mother and offspring (Kabakci et al. 2003; Brozos et al.
2011; Aly and Elshahawy 2016).

In practice, a biochemistry autoanalyzer is needed for the
measurement of blood glucose concentration in the field of
medicine. However, continuous application of this method
is impractical in field conditions due to the difficulty of
animal transport or the need for equipped laboratories for
the examination of blood samples. Portable glucometers
are devices used to quickly and easily measure blood
glucose concentration. In herd health, blood glucose levels
are evaluated to monitor lactating sheep, monitor the
condition of critically ill patients, and plan short-term
treatment strategies (Wiedmeyer et al. 2005; Mair et al.
2016; Ekici et al. 2021).

The aim of this study is to compare the results of blood
glucose concentrations obtained by using 2 portable
glucometers with the biochemistry autoanalyzer device. In
addition, it is to reveal the changes in these devices of
animals whose total protein and hematocrit levels are
outside the reference values.

package program SPSS (ver. 15). The statistical
significance level for the calculation was taken as p<0.05.

MATERIAL AND METHODS

The study protocol was approved by the Sivas Cumhuriyet
University Ethics Committee (Approval No: 2022 /534).

This study was carried out a total of 200 head, 17-18
months old healthy and patient Kangal sheep before the
breeding season. According to the clinical examination, 35
healthy sheep (Group 1) and 12 patient sheep were
included in the study. It was determined that hematocrit
(PCV) and total protein (TP) values of all sheep in the
patient group were outside the reference values.

Group 1 Healthy group, hematocrit (27-45%), total protein
(6.0-7.9 g/dL)

Group 2 Patient group, hematocrit (>45%), total protein
(>8 g/dL)

After systematic clinical examination of all animals used in
the study, hematocrit measurements were measured with
microhematocrit tubes (3 min centrifugation at 11,800 x g
in a micro-hematocrit centrifuge). Blood samples were
taken from Vena Jugularis of the sheep included in the
study using a 2.5 mL plastic syringe. The measurements of
fresh blood samples were made in portable glucometer
devices AbottOptium Xceed, (USA) and On Call Pluss
(German). The blood sample without anticoagulant was
taken into sterile plastic tubes and centrifuged at 3000
rpm for 10 minutes. Glucose, total protein and triglyceride
measurements were made from the obtained serum
samples using a biochemistry autoanalyzer in fresh blood
(Mindray BS-200, PRC).

Statistical Analysis

Shapiro Wilk-Smirnov was used to assess the study's
numerical data's distribution. The glucose concentrations
evaluated within the parameters of the study were found
to have a normal distribution. The difference between
groups was determined using One-way ANOVA and Tukey
post hoc test. The agreement between glucose levels
obtained by various devices was assessed using Bland-
Altman plots and Pearson correlation analysis. The
computations were performed using the statistical
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RESULTS

This study was conducted among 47 sheep, 17-18 months
old, 42-46 kg in weight, and body condition score (BCS) in
the range of 3-3.5, with glucose concentrations between
40-93 mg/dL.

The sheep included in the study were divided into 2
different groups according to their total protein and
hematocrit values. Animals in Group 1 whose total protein
and hematocrit values were within the reference range
were included (PVC 27-47%, total protein 6.0-7.9 g/dL).
Sheep included in Group 2 were accepted as those outside
the reference values (Frye et al. 2022).

Table 1 show the mean glucose values measured with 0X,
CP and Biochemistry autoanalyzer in sheep, minimum-
maximum values, and the importance of the differences
between the groups. In the study, it was determined that
there were statistically insignificant differences between
the measurements of the OX portable device and the
biochemistry autoanalyzer device in Group 1 and Group 2
(Table 1).

Table 2 shows the correlation values of glucose values
measured with OX, CP, and Biochemistry autoanalyzer. It
was determined that there was a 0.714 correlation
between glucose values measured in OX and biochemistry
autoanalyzer.

Bland-Altman method was applied to evaluate the
relationship between the results of glucose concentrations
measured in OX, CP and biochemistry autoanalyzer device.
The evaluation results for each sample of the two
measurement methods are shown in Figure 1-4. In this
study, the difference between the accuracy of the OX and
the CP blood glucose meter and the biochemistry
autoanalyzer device was determined as -3.63% (Figure 1)
and 6.83% in group 1 animals, (Figure 2) respectively.
Among group 2 animals, 6.08% (figure) and 9.66% (figure
4) were detected. In figure 4, it was determined that the
greatest difference was between the values measured on
the CP and the biochemistry autoanalyzer between Group
2 animals. It was determined that the least difference was
between OX and biochemistry autoanalyzer devices in the
Group 1.
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Figure 1. Bland-Altman Plot for Comparison of Optium
Xceed and Biochemistry Autoanalyzer Measurement
Techniques for Group.
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Table 1. Glucose Means, Minimum-Maximum Values and Significance of Differences Between Groups in Healthy Sheep

(Group I).
Glucose Optium Xceed On Call Pluss Biochemistry autoanalyzer p
(mg/dL) X+ Sk X+ Sk X+ Sk
73.30+12.892 62.83+13.82b 68.60+11.514b
Groupl (45-99) (34-99) (40-93) 0.007
Group II 74.58+9.592 58.83+£13.39> 64.92+10.042 0.006
(55-85) (45-95) (44-78) :

-1 p>0.05 * p<0.05 **: p<0.01 *** : p<0.001, a, b: Differences between group means containing different letters of the same

column are significant (p<0.05).

Table 2. Correlation of Glucose Levels Between Optium
Xceed, On Call Pluss and Biochemistry Autoanalyzer
Devices.
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Figure 2. Bland-Altman Plot for Comparison of On Call
Pluss and Biochemistry Autoanalyzer Measurement
Techniques for Group 1.
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Figure 4. Bland-Altman Plot for Comparison of On Call
Pluss and Biochemistry Autoanalyzer Measurement
Techniques for Group 2.
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Figure 3. Bland-Altman Plot for Comparison of Optium
Xceed and Biochemistry Autoanalyzer Measurement
Techniques for Group 2.

DISCUSSION AND CONCLUSION

Glucometers are widely used in human medicine because
they provide fast results (Karon et al. 2008). Diagnostic
parameters that are suitable for animal species, reliable
and can give fast results are extremely important in the
field of veterinary medicine. Evaluation of glucose levels in
sheep health plays an important role in clinical
intervention and patient follow-up. Therefore, it is
important that glucometer readings are accurate and
precise. Failure to do so can lead to critical medical errors
(Kabakci et al. 2003; Cohen et al. 2009; Tauk et al. 2015;
Renaud et al. 2022).

Numerous factors have been tested in different studies
that could potentially affect the accuracy of measurements
obtained with portable blood glucose devices, including
sample volume, PCV, source of blood (venous, arterial or
capillary blood), hemolysis of blood samples, blood
temperature, environmental factors (Devreese and Leroux
1993; Arens et al. 1998; Ginsberg 2009) Considering these
data, in this study, animals were divided into 2 groups as
those within reference limits and those with high PCV and
TP values. Blood samples with hemolysis in all groups
were not included in the study and all samples were
provided under the same environmental conditions.

In some studies, it has been shown that high PCV may
cause erroneous blood glucose readings, and there may be
more pronounced errors in the presence of hyperglycemia
(Tang et al. 2000; Lane et al. 2015). Its effects on glucose
and hematocrit measurements have been expressed in
different studies (Karon et al.2008; Paul et al.2011; Lane et
al. 2015). It has been reported that when lipid and protein
levels are at high limits, it can cause changes in the liquid

114



[Onur BASBUG and Abdurrahman TAKCI]

Van Vet )], 2022, 33 (3) 112-116

part of the blood, thus causing measurement errors in the
test strip of the glucometer (Ginsberg 2009).

In this study, the accuracy of 2 portable blood glucose
meters was evaluated by comparing the differences
between the values obtained using the spectrophotometric
method in the biochemistry autoanalyzer device. In
addition, in sheep with high PCV and TP concentrations,
the comparison of portable blood glucose devices with a
biochemistry autoanalyzer was shown in the study. In the
study, although there were insignificant differences
between the glucose levels measured with 2 glucometers
and the biochemistry autoanalyzer device in both groups,
significant changes were determined between the
glucometers at the rate of p=0.007. In addition, the highest
level of correlation (0.871) was found between the
biochemistry autoanalyzer and the OX glaucometer.

The compatibility of the measurements of different devices
with other reported devices is evaluated by method
comparison methods. In this context, taking into account
the distribution of the data of different devices, Pearson's
correlation analysis for dependent groups and Bland-
Altman method are statistical methods that are frequently
used to determine the consistency between measurement
techniques (Van Stralen et al. 2008; Giavarina 2015; Aykal
etal. 2016).

A popular statistical method for contrasting the medical
approach is the Bland-Altman Method. The first step in
these comparisons is to create a scatterplot showing the
discrepancies between the measured values' means.
Measurement errors are included in the means versus
differences plot for the data points. It enables the
investigation of any potential connections between If the
differences are normally distributed, it is predicted that
95% of them would fall between "-1.96sd and +1.96sd"
and that they will be randomly dispersed around zero. The
Bland-Altman analysis objectively reveals the evaluation of
different methods or tests and leaves the evaluation of the
acceptability level of the differences to the interpretation
of the physician (Bland and Altman 1999; Eren et al. 2013).
In this study, the difference between the accuracy of the
OX and the CP blood glucose meter and the biochemistry
autoanalyzer device was determined as -3.63% and 6.83%
in group 1 animals, respectively (Figure 1-2). Among
group 2 animals, 6.08% and 9.66% were detected (Figure
3-4). When the Bland-Altman analysis and correlation
results are evaluated, it shows parallelism with the
analytical performance of the devices used in glucose
concentration measurement with different methods used
in the study. Correlation coefficients (r) values in the range
of 0.70-0.89 are expressed as high correlation (Johnson et
al. 2009; Domori et al. 2014). In the study, the r value of
0.871 between the OX and the biochemistry analyzer
device shows that there is a high correlation between the
two devices.

The results of this study show that; The difference
between the accuracy of the OX and CP blood glucose
meter and the biochemistry autoanalyzer device for
glucose levels in sheep before the breeding season is
within acceptable limits. However, we still think that it
would be beneficial for clinicians to evaluate the
differences between these groups in terms of both the
follow-up and treatment of patients.
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ABSTRACT This study was designed to investigate the changes in total oxidant (TOS)/antioxidant (TAS) and oxidative
stress index (OSI) levels in liver and kidney tissues of mice pre-treatment of artemisinin against oxidative
stress that may occur in mice administered pentylenetetrazole (PTZ). Swiss albino mice (Male) (n=42) were
used in the study. The mice were divided into six groups and each group had seven animals (n=7): (1) Control
(C) /saline Group, (2) PTZ (35 mg/kg) Group, (3) Valproate (VPA) (100 mg/kg) + PTZ Group, (4) Artemisinin
(ART) (30 mg/kg) + PTZ Group, (5) ART (60 mg/kg) + PTZ Group, (6) ART (120 mg/kg) + PTZ Group. Mice
received injections intraperitoneally (ip). After the treatments, the animals were observed for seizures for 30
minutes. On the last day (day 26) of the experiment, the PTZ loading dose (75 mg/kg) was administered to
the mice and then the animals were sacrificed. TAS, TOS and OSI levels were measured in liver and kidney
tissue. PTZ increased TOS and decreased TAS in liver and kidney tissue. ART significantly increased TAS and
decreased TOS in liver tissue at increasing doses (p<0.05). ART was not very effective in kidney tissue.
However, TAS levels in kidney tissue were significantly higher when VPA was compared with other groups
(p<0.05). In this study, it can be assumed that PTZ-induced oxidative stress may be due to the activation of
glutamate receptors in peripheral tissues. ART may have a protective effect against liver damage due to PTZ-
induced oxidative stress and hypoxia. This effect may be due to the antioxidant capacity of ART.

Keywords: Artemisinin, Kidney, Liver, Oxidative stress, Pentylenetetrazol.

0z Artemisinin Uygulamasinin, Pentilentetrazol ile indiiklenen Farelerin Karaciger ve
Bobrek Dokusunda Total Oksidan/Antioksidan ve Oksidatif Stres indeksi Uzerine
EtKisinin Arastirilmasi

Bu ¢alisma, pentilentetrazol (PTZ) uygulanan farelerde olusabilecek oksidatif strese karsi artemisinin 6n
tedavisinin farelerin karaciger ve bobrek dokularinda toplam oksidan (TOS)/antioksidan (TAS) ve oksidatif
stres indeksi (OSI) diizeylerindeki degisiklikleri arastirmak igin tasarlanmistir. Galismada Isvigre albino
fareleri (Erkek) (n=42) kullanild1. Fareler alt1 gruba ayrildi ve her grupta yedi hayvan (n=7) vardi: (1) Kontrol
(C) /salin Grubu, (2) PTZ (35 mg/kg.) Grubu, (3) Valproat (VPA) (100 mg/kg) + PTZ Grubu, (4) Artemisinin
(ART) (30 mg/kg) + PTZ Grubu, (5) ART (60 mg/kg) + PTZ Grubu, (6) ART (120 mg/kg) + PTZ Grubu. Fareler,
intraperitoneal (ip) olarak enjeksiyonlar uygulandi. Uygulamalardan sonra hayvanlar 30 dakika boyunca
noébetler i¢in gézlendi. Deneyin son giiniinde (26. giin) farelere PTZ yiikleme dozu (75 mg/kg) uyguland: ve
ardindan hayvanlar sakrifiye edildi. Karaciger ve bébrek dokusunda TAS, TOS ve OSI diizeyleri 6l¢iildii. PTZ,
karaciger ve bobrek dokusunda TOS'u artird1 ve TAS'1 azaltti. ART, artan dozlarda karaciger dokusunda TAS"
onemli ol¢lide artird1 ve TOS'u azaltti (p<0.05). ART boébrek dokusunda ¢ok etkili degildi. Ancak bobrek
dokusundaki TAS diizeyleri VPA diger gruplarla karsilastirildiginda anlaml olarak yiiksekti (p<0.05). Bu
calismada, PTZ kaynakli oksidatif stresin, periferik dokularda glutamat reseptorlerinin aktivasyonundan
kaynaklanabilecegi varsayilabilir. ART, PTZ'nin neden oldugu oksidatif stres ve hipoksiye bagh karaciger
hasarina karsi koruyucu bir etkiye sahip olabilir. Bu etki, ART'nin antioksidan kapasitesine bagl olabilir.

Anahtar Kelimeler: Artemisinin, Bébrek, Karaciger, Oksidatif stres, Pentilentetrazol.
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INTRODUCTION

It is known that seizures due to epilepsy cause oxidative
stress (0S) not only in the nervous system but also in other
systems of the organism (Hamed 2017). OS is caused by
the imbalance in the oxidant/antioxidant defense system
of the organism as a result of the overproduction of free
radicals (Demirci-Ceki¢c et al. 2022). This imbalance
contributes to the formation of various diseases in the
cardiovascular, digestive and nervous systems (Bhatti et
al. 2022). Epilepsy is one of the neurodegenerative
diseases that affect people worldwide. This disease can
increase the formation of free radicals with recurrent
seizures (Xu and Fan 2022). In addition, it has been
reported that in epilepsy, prolonged and recurrent
seizures may cause lipid peroxidation and mitochondrial
dysfunction in peripheral organs such as the liver and
kidney, which are sensitive to oxidative stress (Dillioglugil
etal. 2010).

PTZ is a widely used agent to induce epilepsy-like tonic
and clonic seizures in experimental animals (Goudarzi et
al. 2020). In experimental studies using the PTZ model, it
has been reported to increase oxidative stress in the brain
(Lietal. 2021).

The liver and kidney are the detoxification organs of the
organism (Ulusu et al. 2020). They are tissues that protect
the body from environmental toxins and various
xenobiotics, including drugs. Therefore, they are organs
sensitive to oxidative stress. The mechanism of epilepsy
disease is not fully understood. However, the diagnosis of
acute liver failure, which develops as a complication of
grand mal seizures, is determined by the evaluation of
neurological disorders and liver damage markers together.
In addition, hypoxia and steatosis-related factors that may
develop due to recurrent seizures in peripheral organs are
also considered (Dillioglugil et al. 2010; Rodrigues et al.
2013).

ART, which is obtained from the plant Artemisia annua, is
an agent used in the treatment of malaria worldwide
(Dehkordi et al. 2019). It has also been shown to have anti-
inflammatory, antibacterial, and anticancer effects. It has
been reported that ART has an effect on the GABA
receptor, which plays an important role in epilepsy, and is
an NMDA receptor antagonist (Dehkordi et al. 2019; Kim
etal. 2014; Kiss et al. 2021).

In this context, in this study, it was aimed to investigate the
protective potential of ART in liver and kidney tissue
against tissue damage that may occur due to oxidative
stress that may occur in mice induced by PTZ.

MATERIAL AND METHODS

This study was approved by Van Yuzuncu Yil University
(Turkey) Animal Researches Local Ethics Committee
(YUHADYEK-28/07/2022-2022/07-14).

Animals and Experimental Design

In the experimental study, 42 Swiss albino mice were used.
Mice were given access to standard pellet chow and water.
mice were maintained on a 12-hour light/dark cycle.
Afterward, the experimental animals were randomly
divided into six groups of seven animals each. The first
group was given saline (0.9% NaCl ip), and the second
group was given isotonic dissolved PTZ (35 mg/kg, ip).
The third group was given the reference drug valproate
(VPA) (100 mg/kg, ip). Artemisinin in different doses of
30, 60 and 120 mg/kg was administered to the fourth, fifth
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and sixth groups. The last four groups (Groups 3,4,5,6)
were injected with PTZ (35 mg/kg, ip) 30 minutes later.

Seizure Model

The PTZ-kindling epilepsy model was carried out with
minor modifications to the method used by Ilhan et al.
(Ilhan et al., 2005) Mice received a total of 11 injections of
PTZ (35 mg/kg) every other day for 24 days. One hour
before PTZ-treated, different doses of ART and VPA were
administered. Mice were then observed for 30 minutes for
tonic and clonic seizures. In addition, on the 26th day of
this study, PTZ (75 mg/kg ip) dose was administered to
the test groups (PTZ, VPA, ART). This dose is convulsion
(clonic and tonic), status epilepticus and lethality dose
(Ilhan et al. 2005; Kiasalari et al. 2013). Following PTZ
injection, for 30 minutes, the presence of seizures and
lethality were evaluated, recorded and scored.

Obtaining Homogenate from Liver and Kidney Tissue
Samples

Mice were sacrificed, and tissues were removed and
washed with isotonic saline. Phosphate buffer (pH 7.4, 1.8
mL 50 mM) was added to liver and kidney tissues (200
mg). Homogenization was achieved with a homogenator
device (Ultra Turrax-T25). The obtained homogenate was
centrifuged at 10000 rpm for 30 minutes. The
supernatants were then stored at -80 °C until the day of
the study. Protein concentrations of tissues were
determined by the method of Lowry et al. (1951).

TOS Measurement of Liver and Kidney Tissue

TOS level was measured in liver and kidney tissue
homogenates using a commercial kit (Rel Assay Kit
Diagnostics, Turkey). Tissue TOS results were expressed as
umol H202 equivalent/gr protein (Erel 2005).

TAS Measurement of Liver and Kidney Tissue

TAS levels in liver and kidney tissue homogenates were
measured using a commercial kit (Rel Assay Kit
Diagnostics, Turkey). Tissue TAS results were expressed as
mmol Trolox equivalent/gr protein (Erel 2004).

OSI (Oxidative stress index) Measurement

OSl is calculated as a percentage of the ratio of TOS to TAS.
To find the OSI values, the unit of TAS is converted to
umol/gr protein. OSI levels were calculated according to
the formula expressed below (Cikman et al. 2014).

OSI = (TOS, p mol H202 equivalent/gr protein) / (TAS, p
mol Trolox equivalent/gr protein)/100)

Statistical Analysis

Descriptive statistics were obtained for the groups used in
the study. Data were expressed as Mean + SEM. A one-way
ANOVA analysis of variance was used to compare the
groups, followed by the Tukey post hoc test. SPSS (IBM
SPSS for Windows, ver.24) program was used for the
calculations.

RESULTS

In this study, the effects of artemisinin on the liver and
kidney tissue in mice treated with PTZ were evaluated.
The liver tissue TOS level of the PTZ group was found to be
higher than all other groups (p<0.05). The liver tissue TOS
levels of the control (C) and ART-120 groups were similar
(P>0.05), and liver TOS levels were found to be
significantly lower when these two groups were compared
with the PTZ, VPA, ART-30 and ART-60 groups (p<0.05).
When the liver TOS level of the VPA group was compared
with the ART-30 and ART-60 groups, there was no
statistical significance (p>0.05). The liver tissue results are
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shown in figure 1. TOS levels in kidney tissue were high in
PTZ and ART-120 groups (p<0.05). Group C kidney tissue
TOS level was lower than all other groups (p<0.05). Among
the ART groups, the lowest TOS level was found in the
ART-30 dose (p<0.05). The kidney tissue results are
shown in figure 2. TAS levels of liver tissue are shown in
figure 1. The liver TAS level of the PTZ group was found to
be lower than the other groups (p<0.05). The ART-120
group was found to be significantly higher than the other
groups (p<0.05). The liver TAS level of group C was similar
to the ART-30 group, significantly higher when compared
to the PTZ, VPA and ART-60 groups, and significantly
lower compared to the ART-120 group (p<0.05). Kidney
tissue TAS levels of PTZ, ART-30 and ART-120 groups
were found to be low (p<0.05). TAS level of kidney tissue
in the VPA group was found to be significantly higher than
in all other groups. While the kidney tissue TAS level of the
control group was significantly lower than the VPA group,
it was found to be significantly higher than the PTZ, ART-
30, ART-60 and ART-120 groups (p<0.05, Figure 2).
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Figure 1. Comparison of the values of parameters
measured in Liver homogenates. *Different letters in the
same column represent statistical significance (p<0.05). C:
Control/saline, PTZ: pentylenetetrazol, VPA: Valproate,
ART: artemisinin, TAS: Total antioxidant status, TOS: Total
oxidant status, OSI: Oxidative stress index Values are mean
+ SD. n =7 per group;

Liver tissue OSI value was higher in the PTZ group
compared to all other groups. The lowest OSI value was
found in the ART120 group and this value was found to be
significantly lower when compared to the groups (p<0.05).
The OSI value of group C was found to be significantly
higher than the ART120 group and significantly lower than
the PTZ, VAR, ART30 and ART60 groups (p<0.05, Figure
1). In kidney tissue, group C OSI value was found to be
significantly lower when compared to all other groups.
PTZ group OSI value was lower than all groups (p<0.05,
Figure 2).
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Figure 2. Comparison of the values of parameters
measured in kidney homogenates. *Different letters in the
same column represent statistical significance (p<0.05). C:
Control/saline, PTZ: pentylenetetrazol, VPA: Valproate,
ART: artemisinin, TAS: Total antioxidant status, TOS: Total
oxidant status, OSI: Oxidative stress index Values are mean
* SD. n =7 per group;

DISCUSSION AND CONCLUSION

Oxidative stress (0S) may occur due to an excessive
increase in free radicals in the body or insufficiency of the
antioxidant defense system (Buyukuslu and Yigitbasi
2015). OS causes DNA damage and lipid peroxidation in
the cell. This may contribute to the formation of tissue
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damage (Bulduk 2022; Kurt et al. 2022). OS has been
suggested to trigger the occurrence of various diseases.
One of these diseases is epilepsy. Researchers reported
that OS increases epileptic seizures and decreases the
antioxidant defense system. Also, free radical production
can increase recurrent seizures (Akbas et al. 2005). These
recurrent seizures can lead to lipid peroxidation and
oxidant/antioxidant imbalance in hepatocyte cells in the
liver. In addition, it may cause fulminant liver failure, one
of the complications of epilepsy (Rodrigues et al. 2013). It
has also been reported that long-term use of antiepileptic
drugs may cause hepatotoxicity by increasing liver enzyme
levels (Cengiz et al. 2000; Ichai et al. 2003). Experiment
results found that TOS increased and consumed TAS in
PTZ-administrated groups. It was observed that ART
increased the TAS level with increasing doses. In
particular, the high dose of ART was better than the
control and reference drug groups. The data of this study
are compatible with previous studies (Akbas et al. 2005;
Dillioglugil et al. 2010; Obay et al. 2008; Rodrigues et al.
2013; Sudha et al. 2001). Researchers show in their
studies that epilepsy disease can trigger stress in the liver.
In a previous study, they suggested that liver damage may
be caused by ischemia and hypoxia due to epileptic
seizures (Decell et al. 1994). ART affected the OS stress
parameters in liver tissue. It has been reported that ART
suppresses apoptosis induced by anesthetic drugs (Xu et
al. 2017). It has also been suggested that ART has a strong
antioxidant capacity against OS that can be caused by free
radicals (Ahmed-Laloui et al. 2022; Egwu et al. 2022). They
hypothesized that oxidative stress in the liver in
experimental epileptic seizures would be due to the
activation of glutamate receptors (Akbas et al. 2005). Our
results suggest that the effect of ART in the liver is either
by reducing lipid peroxidation in hepatocyte cells or by
inhibiting glutamate receptor activation.

Armagan et al. (2008) reported that PTZ administration
increased lipid peroxidation and decreased antioxidant
enzymes (SOD, CAT) in the kidney. Moreover, it has been
reported that rats treated with PTZ have increased urea,
creatinine, uric acid and cystatin c levels. In the same
study, kidney DNA fragmentation and MDA levels
increased with PTZ. They also suggested that total
antioxidant capacity decreased (Tousson et al. 2019). In
their study conducted by different research groups, they
reported that PTZ administration increased lipid
peroxidation in the kidney, but there was no change in
endogenous antioxidant levels (Kapucu et al. 2021; Uma
Devi et al. 2006). As a matter of fact, in our study, it was
determined that TOS levels increased and TAS levels
decreased in the kidneys of mice treated with PTZ. Our
results were similar to the literature. In recent studies, it
has been hypothesized that PTZ administration causes 0OS
by activating glutamate receptors. It has been reported
that these receptors may be the source of OS occurring in
peripheral organs due to seizures (Kapucu et al. 2021;
Littjohann et al. 2009). ART pretreatment did not
significantly improve total oxidant/antioxidant levels in
the kidneys of PTZ-treated mice. The moderate dose of
ART showed a modest increase in antioxidant levels. It has
been reported that ART has curative effects in studies on
kidney disorders (Xia et al. 2020). It has been reported
that ART used in the treatment of lupus nephritis improves
the creatinine clearance rate (Lu 2002). It has been
reported that ART used in the treatment of lupus nephritis
improves the creatinine clearance rate. They also claimed
to improve proteinuria and glomerular permeability (Jin et
al. 2009). In light of the literature, it is seen that ART and
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its derivatives have therapeutic effects on kidney tissue.
However, in this study, it was determined that there was
no significant curative effect against OS stress caused by
PTZ in kidney tissue.

It was determined that PTZ increased the TOS level and
decreased the TAS level in the liver and kidney tissues of
the mice. ART pretreatment showed antioxidant
properties by reducing oxidative stress in the liver. ART
was less effective in kidney tissue. Although ART is
currently used effectively against malaria, it may be useful
in reducing oxidative stress in peripheral tissues that can
be caused by epileptic seizures. Further experimental and
clinical studies are needed to understand the mechanism
of the beneficial effects of ART.

CONFLICTS OF INTEREST

The authors report no conflicts of interest.

ACKNOWLEDGMENT

This study was approved by Van Yuzuncu Yil University
(Turkey) Animal Researches Local Ethics Committee
(YUHADYEK-28/07/2022-2022/07-14).

AUTHOR CONTRIBUTIONS

Idea / Concept: YK

Supervision / Consultancy: YK

Data Collection and / or Processing: YK
Analysis and / or Interpretation: YK
Writing the Article: YK

Critical Review: YK

REFERENCES

Ahmed-Laloui H, Zaak H, Rahmani A, et al (2022). Assessment of
artemisinin and antioxidant activities of three wild Artemisia species
of Algeria. Nat Prod Res, 1-9.

Akbas SH, Yegin A, Ozben T (2005). Effect of pentylenetetrazol-induced
epileptic seizure on the antioxidant enzyme activities, glutathione and
lipid peroxidation levels in rat erythrocytes and liver tissues. Clin
Biochem, 38 (11), 1009-1014.

Armagan A, Kutluhan S, Yilmaz M, et al (2008). Topiramate and Vitamin
E Modulate Antioxidant Enzyme Activities, Nitric Oxide and Lipid
Peroxidation Levels in Pentylenetetrazol-Induced Nephrotoxicity in
Rats. Basic Clin Pharmacol Toxicol, 103 (2), 166-170.

Bhatti JS, Sehrawat A, Mishra J, et al (2022). Oxidative stress in the
pathophysiology of type 2 diabetes and related complications: Current
therapeutics strategies and future perspectives. Free Radic Biol Med,
184,114-134.

Bulduk B (2022). Effect of chitosan application on lung tissue in rats with
experimental fluorine toxicity. J Health Sci Med, 5 (4), 969-972.

Buyukuslu N, Yigitbasi T (2015). Reactive Oxygen Species and Oxidative
Stress in Obesity. Clin Exp Health Sci, 5 (3), 197.

Cengiz M, Yiiksel A, Seven M (2000). The Effects of Carbamazepin and
Valporoic Acid on the Erythrocyte Glutathione, Glutathione Peroxidase,
Superoxide Dismutase and Serum Lipid Peroxidation in Epileptic
Children. Pharmacol Res, 41 (4), 423-425.

Cikman O, Ozkan A, Aras AB, et al (2014). Radioprotective effects of
nigella sativa oil against oxidative stress in liver tissue of rats exposed
to total head irradiation. J Invest Surg, 27 (5), 262-266.

Decell MK, Gordon B, Silver K, et al (1994). Fulminant hepatic failure
associated with status epilepticus in children: Three cases and a review
of potential mechanisms. Intensive Care Med, 20 (5), 375-378.

Dehkordi FM, Kaboutari ], Zendehdel M, Javdani M (2019). The
antinociceptive effect of artemisinin on the inflammatory pain and role
of GABAergic and opioidergic systems. Korean J Pain, 32 (3), 160-167.

Demirci-Cekig S, Ozkan G, Avan AN, et al (2022). Biomarkers of Oxidative
Stress and Antioxidant Defense. ] Pharm Biomed Anal, 209, 114477.

Dillioglugil MO, Kir HM, Demir C, et al (2010). Effect of
pentylenetetrazole and sound stimulation induced single and repeated
convulsive seizures on the MDA, GSH and NO levels, and SOD activities
in rat liver and kidney tissues. Brain Res Bull, 83 (6), 356-359.

Egwu CO, Pério P, Augereau JM, et al (2022). Resistance to artemisinin
in falciparum malaria parasites: A redox-mediated phenomenon. Free
Radic Biol Med, 179, 317-327.

Erel O (2004). A novel automated method to measure total antioxidant



[Antioxidant Potential of Artemisinin]

Van Vet J, 2022, 33 (3) 117-121

response against potent free radical reactions. Clin Biochem, 37 (2),
112-119.

Erel O (2005). A new automated colorimetric method for measuring total
oxidant status. Clin Biochem, 38 (12), 1103-1111.

Goudarzi R, Zamanian G, Partoazar A, et al (2020). Novel effect of
Arthrocen (avocado/soy unsaponifiables) on pentylenetetrazole-
induced seizure threshold in mice: Role of GABAergic pathway.
Epilepsy Behav, 104, 1-5.

Hamed SA (2017). The effect of antiepileptic drugs on the kidney function
and structure. Expert Rev Clin Pharmacol, 10 (9), 993-1006.

Ichai P, Huguet E, Guettier C, et al (2003). Fulminant hepatitis after grand
mal seizures: Mechanisms and role of liver transplantation. Hepatol, 38
(2), 443-451.

Ilhan A, Gurel A, Armutcu F, Kamush S, Iraz M (2005). Antiepileptogenic
and antioxidant effects of Nigella sativa oil against pentylenetetrazol-
induced kindling in mice. Neuropharm, 49 (4), 456-464.

Jin 0. Zhang H, Gu Z, et al (2009). A Pilot Study of the Therapeutic Efficacy
and Mechanism of Artesunate in the MRL/Ipr Murine Model of
Systemic Lupus Erythematosus. Cell Mol Immunol, 6 (6), 461-467.

Kapucu A, Kaptan Z, Akgun Dar K, Kkaleler i, Uziim G (2021). Effects of
Erythropoietin Pretreatment on Liver, Kidney, Heart Tissue in
Pentylentetrazol-Induced Seizures; Evaluation in Terms of Oxidative
Markers, Prolidase and Sialic Acid. ] Ist Faculty Med, 84 (4), 464-471.

Kiasalari Z, Khalili M, Roghani M, Heidari H, Azizi Y (2013).
Antiepileptic and Antioxidant Effect of Hydroalcoholic Extract of Ferula
Assa Foetida Gum on Pentylentetrazole- induced Kindling in Male
Mice. Basic Clin Neurosci, 4 (4), 299- 306 .

Kim W, Choi W], Lee S, et al (2014). Anti-inflammatory, Antioxidant and
Antimicrobial Effects of Artemisinin Extracts from Artemisia annua L.
Korean ] Physiol Pharmacol, 19 (1), 21-27.

Kiss E, Kins S, Zoller Y, et al (2021). Artesunate restores the levels of
inhibitory synapse proteins and reduces amyloid-f and C-terminal
fragments (CTFs) of the amyloid precursor protein in an AD-mouse
model. Mol Cell Neurosci, 113, 103624.

Kurt S, Eski F, Mis L (2022). Monitoring of oxidative stress and TNF-a
status during the healing process in hair goats with metritis. T/VR, 6
(1), 15-18.

Li D, Bai X, Jiang Y, Cheng Y (2021). Butyrate alleviates PTZ-induced
mitochondrial dysfunction, oxidative stress and neuron apoptosis in

mice via Keap1/Nrf2 /HO-1 pathway. Brain Res Bull, 168, 25-35.

Lowry OH (1951). Protein measurement with the Folin phenol reagent. /
Biol Chem, 193, 265-275.

Lu L (2002). Study on effect of Cordyceps sinensis and artemisinin in
preventing recurrence of lupus nephritis. Chin J Integr Med, 2 (3), 169-
171.

Liittjohann A, Fabene PF, van Luijtelaar G (2009). A revised Racine’s
scale for PTZ-induced seizures in rats. Physiol & Behav, 98 (5), 579~
586.

Obay BD, Tasdemir E, Timer C, Bilgin HM (2008). Dose-dependent
effects of ghrelin on pentylenetetrazole-induced oxidative stress in a
rat seizure model. Peptides, 29 (3), 448-455.

Rodrigues AD, Scheffel TB, Scola G, et al (2013). Purple grape juices
prevent pentylenetetrazol-induced oxidative damage in the liver and
serum of Wistar rats. Nutr Res, 33 (2), 120-125.

Sudha K, Rao AV, Rao A (2001). Oxidative stress and antioxidants in
epilepsy. Clin Chim Acta, 303 (1-2), 19-24.

Tousson E, Keshta ATH, Hussein Y, Fekry RM, Abo-Ghaneima WK
(2019). Renal Protective Effect of Ginkgo biloba and L-carnitine
Extracts against Pentylenetetrazol Induced Toxicity, Oxidative Stress,
Injury and Proliferation Alternation in Epileptic Rats. Annu Rev Cancer
Biol, 32 (2), 1-13.

Ulusu NN, Aydemir D, Oztasci B, Barlas N (2020). Influence of the
butylparaben administration on the oxidative stress metabolism of
liver, kidney and spleen. Turk ] Biochem, 45 (6), 689-694.

Uma Devi P, Kolappa Pillai K, Vohora D (2006). Modulation of
pentylenetetrazole-induced seizures and oxidative stress parameters
by sodium valproate in the absence and presence of N-acetylcysteine.
Fundam Clin Pharmacol, 20 (3), 247-253.

Xia M, Liu D, Liu Y, Liu H (2006). The Therapeutic Effect of Artemisinin
and Its Derivatives in Kidney Disease. Front Pharmacol, 11, 380.

Xu G, Huang YL, Li P, Guo HM, Han XP (2017). Neuroprotective effects of
artemisinin against isoflurane-induced cognitive impairments and
neuronal cell death involve JNK/ERK1/2 signaling and improved
hippocampal histone acetylation in neonatal rats. ] Pharm Pharmacol,
69 (6), 684-697.

Xu Y, Fan Q (2022). Relationship between chronic hypoxia and seizure
susceptibility. CNS Neurosci Ther, 1-17.

121



Van Vet ], 2022, 33 (3) 122-129

= VAN VETERINARY
Van Veterinary Journal (& K

https://dergipark.org.tr/tr/pub/vanvetj
Cite this article as: Yilmaz HC, Yoriik M (2022). The Effects of Bisphenol A on the Distribution and Heterogeneity of !

Mast Cells in Rat Digestive Tract. Van Vet ], 33 (3), 122-129. DOI: https://doi.org/10.36483 /vanvetj.1173575

ISSN: 2149-3359

Original Article e-ISSN: 2149-8644

The Effects of Bisphenol A on the Distribution and Heterogeneity of Mast Cells in Rat

Digestive Tract

Halil Cumhur YILMAZL*® Mecit YORUK!

1 Van Yuzuncu Yil University, Faculty of Veterinary Medicine, Department of Histology, 65080, Van, Turkey
Received: 10.09.2022 Accepted: 06.11.2022

ABSTRACT

Bisphenol A (BPA) is a chemical component used in plastic products around the world. This study aims to
examine the effects of these chemical compounds to which humans are frequently exposed in everyday life,
on the heterogeneity and distribution of mast cells in the gastrointestinal system. For the study, 24 male
Wistar albino rats were divided into 4 groups (control, sham, 25 mg/kg, and 50 mg/kg BPA treated). BPA was
dissolved in corn oil and administration was done by oral gavage for thirty days. Gastrointestinal tissue
samples taken from animals anesthetized with inhalation anesthesia were fixed using BLA (Basic Lead
Acetate) and Carnoy fixation. Then, following routine tissue follow-up, they were blocked with Paraplast.
Sections (6 um) taken from the blocks were stained using Toluidine blue (TB) and Alcian blue-safranine O
8GX (AB-SO) combined dyes. Counting and statistical analysis of the mast cells in the TB-stained sections
were performed. According to the results of the analysis, a higher number of mast cells was observed in the
BLA fixation solution, while the increase in the number of mast cells was statistically significant in the groups
treated with BPA (p<0.05). In the combined AB-SO 8GX staining results, AB (+), S (+), and Mix (+) mastocytes
were found in almost all sections of the digestive tract. As a result of this staining process, again, no difference
was found in the semi-quantitative evaluations performed including the groups treated with BPA. Although
BPA does not affect the heterogeneity of mast cells, it does affect their distribution. Therefore, it is assumed
that further studies will need to be carried out.

Keywords: Bisphenol A, Gastrointestinal tract, Heterogeneity, Mast cell.

0z

Bisphenol A'nmin Rat Sindirim Kanalindaki Mast Hiicrelerinin Dagilimi ve
Heterojenitesi Uzerine Etkileri

Bisphenol A (BPA) diinya genelinde plastik iiriinlerinde ¢ok yaygin olarak kullanilan kimyasal bir bilesendir.
Bu ¢alismanin amaci insanlarin giindelik hayatlarinda oldukg¢a sik olarak maruz kaldigi BPA'nin mast
hiicrelerinin heterojenite ve dagilimi iizerine etkilerinin arastirilmasidir. Calisma icin 24 adet erkek Wistar
Albino sigan 4 gruba (Kontrol, Sham, 25mg/kg ve 50 mg/kg) ayrildi. Bu gruplarin hepsine giinliik standart
diyet uygulanirken sham grubuna misir yagy, diger iki gruba ise (25mg/kg ve 50mg/kg) misir yag icerisinde
¢oziindiiriilmiis olarak BPA 30 giin siire ile gavaj yoluyla verildi. Inhalasyon anestezik ile uyutulan deney
hayvanlarindan alinan sindirim kanali doku 6rnekleri Basic Lead Acetate (BLA) ve Carnoy tespit soliisyonlar1
kullanilarak tespit edildi. Ardindan rutin doku takibi yapilarak paraplast ile bloklandilar. Bloklardan alinan 6
um kalinhigindaki kesitler toluidine blue (TB) ve alcian blue-safranin O 8GX (AB/SO) kombine boyalari
kullanilarak boyandi. TB ile boyanan kesitlerde mast hiicrelerinin sayimi ve istatistiksel analizleri yapildu.
Analiz sonuglarina gére BLA tespit soliisyonunda Carnoy tespitine oranla daha fazla sayida mast hiicresi
gozlemlenirken, BPA uygulanan gruplarda mast hiicre sayilarindaki artis istatistiksel olarak anlamli bulundu
(p<0.05). AB-SO 8GX kombine boyama sonuglarinda ise sindirim kanalinin incelenen neredeyse her kesitinde
AB (+), S (+) ve mix (+) mast hiicrelerine rastlandi. Ancak S (+) ve mix (+) Mast hiicrelerinin sayilar1 genel
olarak bakildiginda AB (+) mast hiicrelerine oranla olduk¢a diisiiktii. Yine bu boyama metodu neticesinde
BPA uygulanan gruplar da dahil olmak iizere yapilan semi kantitatif degerlendirmelerde bir fark tespit
edilemedi. Sonu¢ olarak BPA'min mast hiicrelerinin heterojenitesine bir etkisi istatistiksel olarak tespit
edilemese de dagilimlarina etkisi oldugu gozlendi. Bundan dolay1 daha ileri ¢calismalarin yapilmasi gerektigi
diisiiniilmektedir.

Anahtar Kelimeler: Bisphenol A, Gastrointestinal kanal, Heterojenite, Mast hiicresi.
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INTRODUCTION

Bisphenol A is an organic compound classified in the group
of phenols. According to the International Union of Pure
and Applied Chemistry (UIPAC), its name is 4,4-dihydroxy
2,2-diphenyl propane (Cas no: 80-05-7) (Mikolajewska et
al. 2015). First synthesized in 1891, BPA monomers are
obtained as a result of a condensation reaction with two
parts phenol and one-part acetone (O’Brien 2013). BPA is
a chemical that can be used in polycarbonate plastics for
food and beverage containers and epoxy resins in the
lining of metal cans (Bodin et al. 2014). Bisphenol A is
available in a wide range of products, including food
storage containers, water bottles, the inner lining of food
and beverage cans, electronic devices, thermal papers,
medical devices, and materials used in dental treatment to
which many people are exposed (Ozaydin et al. 2018). In
addition to all these, it is also used in the manufacture of
many products such as baby bottles and pacifiers, glasses,
lenses, compact discs, window panels, including children's
toys (Mikolajewska et al. 2015).

This chemical, which is produced in very high quantities,
can pass into food and beverages from the containers
where it is used under normal conditions. High
temperatures (boiling, heating) greatly increase the rate of
exposure and penetration (Braniste et al. 2010). BPA can
enter the body through ingestion, inhalation, or dermal
contact (Mikolajewska et al. 2015). However, since it can
leak into food and beverage containers, the main exposure
is through the digestive system (Sztmanska et al. 2018).
Research shows that when BPA enters the body, it is
rapidly absorbed in the gastrointestinal tract and
metabolized in the liver and intestines (Mikolajewska et al.
2015). This happens with the glucuronidation activity of
the body (Sakamoto et al. 2002). But newborns and babies
with low glucuronidation activity are at real risk
(Mikolajewska et al. 2015).

The main way of exposure is diet. However, the endocrine
effects on the intestinal barrier function in direct contact
with oral BPA have not yet been elucidated (Braniste et al.
2010). Similarly, what is known about its effects on mast
cells is very limited. Although there have been studies on
mediator release from mast cell granules (O'Brien et al.
2014a, 2014b), no information has been found on the
effect of BPA on the heterogeneity and distribution of
these cells.

Mast Cells

Mast cells are one of the important effector cells of the
immune system. Recent studies show that they have
immunomodulatory roles in both health and disease
(Wernersson and Pejler 2014). Mast cells are present in
almost all vascularized tissues in mammalian and non-
mammalian vertebrates (Ribatti 2018). In general, mast
cells are concentrated in places where antigens such as the
skin, respiratory and digestive systems can enter the body
(Ertugrul et al. 2017). This is because mast cells are one of
the first cells that help the body take precautions against
the ingress of foreign substances (Welle 1997).

These tissue cells, which contain pronounced cytoplasmic
granules, have an important role in allergic reactions.
They are taking place in pathophysiological conditions
such as congenital and acquired immunity, wound healing,
fibrosis, tumors, and autoimmune diseases (Puxeddu et al.
2003). These cytoplasmic granules may have been
previously synthesized and stored, or they may have been
synthesized after stimulation (Ertugrul et al. 2017). The
immunological activity of mast cells is explained by the
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release of these substances (Welle 1997). Together with
these substances in the granules, mast cells are divided
into two groups as connective tissue mast cell (CTMC) and
mucosal mast cell (MMC) considering their location, origin,
response to the detection solutions used, histochemical
differences (Ertugrul et al. 2018). Unlike rodents, their
classification in humans is made according to their
protease content. According to this classification, there are
mast cells containing only tryptase (mast cell tryptase -
MCT) and mast cells containing chymase, cathepsin G, and
carboxypeptidase (mast cell tryptase, Chymase - MCTC)
together with tryptase. Humans have a third type of mast
cell, which carry only chymase (mast cell chymase-MCC)
(Ergiin 2016).

Differences in mast cells also manifest themselves in their
detection and staining properties. Connective tissue mast
cells can be stained after fixating with 10% neutral
buffered formalin, while mucosal mast cells can only be
stained if they are fixated using non-aldehyde fixatives
such as Carnoy (ethanol + chloroform + acetic acid) (Tikoo
et al. 2018). In light of all this information, Carnoy and BLA
(Basic lead acetate) are recommended in any microscopic
study to fixate mast cells (Strobel et al. 1981). The most
commonly used dyes to distinguish mast cells under a
microscope are Toluidine Blue (TB) and Alcian
Blue/safranin o (AB-SO) dye combinations. Without
separating the mast cell type, toluidine blue staining shows
metachromasia by staining the cell granules from purple to
red, and mast cells are easily distinguished (Ribatti 2018).
In the combined staining used to determine heterogeneity,
both types of mast cells can be stained with Alcian Blue,
while safranin o stain gives positive results only in
connective tissue mast cells (Uslu and Yoriik 2013).

The gastrointestinal tract houses the largest population of
mast cells in the body. Mast cells respond to external and
internal stimuli thanks to the variety of receptors they
have on their surfaces. With the increased passage of
lumen antigens into the mucosa, the intestinal barrier is
disrupted, which further facilitates mucosal mast cell
activation, inflammatory responses, and mast cell-enteric
nerve interaction (Albert-Bayo et al. 2019).

In this sense, it is not known how BPA affects the
heterogeneity and distribution of mast cells after
absorption in the intestines, where it is most commonly
taken up in the body. This study aims to try to explain this
issue.

MATERIAL AND METHODS

This study has been approved by the Local Ethics
Committee of Van Yuzuncu Yil University (decision date:
07.03.2019 and numbered: 2019/2).

Experimental Design and Application of BPA

24 male Wistar Albino rats (these rats reached adult age in
the same period) with an average weight of 200-250 g.
were supplied as experimental animals from Van YYU
Experimental Application and Research Center. These rats
were divided into four different groups. Two of these four
groups received BPA at doses of 25 mg/kg/day and 50
mg/kg/day (Schwetz and Harris 1993, Tolba and Mandour
2018). This BPA application was done by oral gavage by
dissolving in corn oil (Menard et al. 2014; Aydemir et al.
2018; Ozaydin et al. 2018; Tolba and Mandour 2018). No
extra was applied to the control group. In the Sham group,
corn oil oral gavage was applied for positive control.
During the thirty-day exposure study (Tolba and Mandour
2018), their daily diet (pellet feed-ad libitum nutrition)



[The Effects of Bisphenol A on Mast Cells]

Van Vet J, 2022, 33 (3) 122-129

was continued as normal in all experimental groups
(Aydemir et al. 2018).

The exposure study was terminated by using an isoflurane
inhalation anesthetic in experimental animals (Veilleux-
Lemieux et al. 2013). Tissue samples were then taken.

Microscopic Examination

Tissue samples taken from the organs forming the
digestive tract (esophagus, ventriculus, duodenum, ileum,
jejunum, cecum, colon) were fixated by immersion method
using Carnoy (Strobel et al. 1981) and BLA (Basic Lead
Acetate) (Becker et al. 1985) solutions. The tissues were
then processed using routine histological technique and
blocked with paraplast (Enerbeck 1966a). The sections
prepared from these blocks were stained with 0.5%
Toluidine Blue (TB) (Enerbeck 1966b) for identification
and counting of mast cells and Alcian Blue-Safranin O 8GX
(AB-SO 8 GX) combined dyes to determine their
heterogeneity (Tung 1991; Bancroft and Cook 1994).

In the sections prepared with Toluidine Blue, cell counts
were performed on 24 randomly determined areas (since
there was no previous study on the subject in the
literature, the histological layers were ignored and the
evaluation was made) without taking into account their
histological layers. These counts were made using 100
square ocular micrometers (eyepiece graticule) at a lens
magnification of 40. Arithmetic averages of the data
obtained as a result of the enumeration of mast cells were
taken. These data were then converted to the number of
mast cells in a unit area of 1 mm?2 (Mulisch and Welsch
2015) (Romeiss mic. teq.).

Statistical Analysis

Descriptive statistics for continuous variables; expressed
as average, standard deviation, minimum, and maximum
values. In terms of the relevant feature; a 3-factor Factorial
Analysis of Variance was performed to determine whether
there was a difference between the levels of organ and
group factors. Following the analysis of variance; In
identifying different groups and organs Duncan’s multiple
comparison test was used. Since the interactions were
found to be statistically important multiple comparisons
were made at the level of subgroups. The statistical
significance level was taken as 5% in the calculations and
SPSS (ver: 20) statistical package program was used for
the calculations.
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RESULTS

Microscopic Findings

The first finding was that the Carnoy and BLA fixative
solutions protected mast cells and granules quite well.
Among these two fixative solutions, it was observed that
the BLA fixative solution was more suitable than the
Carnoy fixative solution (Figures 1A (BLA), 1B (Carnoy)).
In histological staining, Toluidine Blue showed
metachromasia in all organ sections taken and showed
mast cells purple-violet color. In Alcian Blue-Safranin O
staining, Alcian Blue positive (AB+), safranin positive (S+),
and mix positive (Mix+) mast cells were easily
distinguished, and the granules in the cells were mostly
observed in homogenous appearance. (Figures 24, 2B, 2C,
2D). In all organ sections, mast cells were mostly observed
in the lamina propia and submucosa layers, while mast cell
numbers were more or less sparse in the other layers. In
Toluidine Blue staining the shapes of the mast cells and
granules were fully consistent with the general
information about these cells. In the regions where the
number of mast cells in the BPA groups increases, there is
also a decreased appearance of granules (Figure 3B).

Statistical Analysis Results

When the statistical analysis results of mast cell count in
toluidine blue staining were examined, more mast cells
were detected in tissue samples detected with BLA fixation
solution than Carnoy. When the number of mast cells was
examined regardless of the fixative and experimental
group, the highest number of mast cells was found in the
cecum and the least in the ventriculus section. It is thought
that this may be because there is more absorption in the
intestinal parts than in the ventriculus. When the
experimental groups are examined, the increase in the
number of mast cells is noticeable in the groups where
BPA is applied in doses of both 25 mg/kg/day and 50
mg/kg/day. When this increase is evaluated based on
organs, it is seen that the number of mast cells in the
jejunum, cecum, and colon sections increases (Table 1)
(<0.05). According to the semiquantitative evaluations in
tissue samples stained with AB-SO 8 GX Combined dye, no
significant difference was found between the S+, AB+, or
Mix+ features of mast cells. Again, it was seen that this
situation was similar when evaluated separately within the
experimental groups and fixatives (Table 2). Accordingly,
no significant heterogeneity could be detected.
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Figure 1. TB staining of mast cells in BLA (A) and Carnoy (B) solutions.
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Figure 2. Mast cells in AB-SO staining. Mix+ (A-B), S+ (C), AB+ (B-D).

o
I

Figure 3. Mast cells in TB staining. The appearance of mast cells in Sham (A) and 50 mg/kg/day (B) groups in the cecum.
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Table 1. Descriptive statistics and comparison results of mast cells.

GROUP

Fixative  Organ 1-Control 2-Sham 3-BPA-25mg/kg 4-BPA-50mg/kg

Av. Std. dev. Min. Max. Av. Std. Dev. Min. Max. Av. Std. Dev. Min. Max. Av. Std. Dev. Min. Max.

Esophagus b 50.72 1435 33.28 70.56 Cd#38.72 6.26 32.64 49.28 a55.72 21.08 3592 84.00 c44.27 9.59 3520 57.92
Ventriculus ¢30.37 11.25 19.20 52.00 d30.05 9.71 1792 4464 b37.60 9.08 29.28 5328 3552 11.28 2192 4992
Duodenum ab 6693 1846 44.64 9520 a77.71 1338 61.28 92.64 a#74.51 1822 60.00 108.64 b66.83 1540 4592  92.00
1-Carnoy Ileum b# 56.83 9.58 48.64 7392 ab#5851 2277 4128 96.64 a#61.81 1492 36.64 7520 b74.69 1096 59.20 89.28
Jejunum Bab 62.0 19.60 48.64 101.92 B#50.13 1440 36.64 7120 B#67.95 1591 49.28 90.56 Aa#93.28 1258 7856 109.28
Cecum Ba# 7840 1525 64.00 105.28 Bab# 69.60 24.55 40.64 97.92 Ba#64.27 1511 51.20 90.56 Aa#100.79 1632 7120 115.20

Colon Bc#1549 253 12.64 18.56 Ba#19.25 1241 528 41.28 Ab#32.48 9.60 2320 4864 Ac#38.03 1335 1856 57.28

Esophagus Bd 38.13 575 30.56 47.20 ABc47.04 3.80 4192 53.28 Ad5395 1097 43.20 69.28 ABd43.07 11.75 28.00 57.92
Ventriculus d 33.04 497 2528 3792 c43.15 17.49 2592 69.92 d42.03 9.79 3456 60.00 d34.72 12.55 2592  59.20
Duodenum bc94.37 28.66 55.20 126.56 b 85.49 31.57 28.64 12192 b106.16 2097 84.64 13520 c83.07 17.77  68.64 105.92
2-BLA lleum b106.08 15.33 80.00 121.28 b90.03 19.42 7392 127.20 b105.47 1453 8192 127.20 bc95.63 2149 76.00 121.92
Jejunum Bc81.39 19.58 67.20 11840 B82.85 5.02 77.28 92.00 Ab116.93 11.66 100.00 131.20 Ab110.37 1257 96.64 128.64
Cecum Ba134.03 26.42 84.64 163.20 Ba138.75 12.57 121.28151.20 Aa185.31 37.43 153.92 249.92 Aa173.25 16.86 150.56 194.56

Colon Bc60.37 13.73 39.20 76.00 B58.05 20.86 29.28 92.00 A79.25 14.06  60.64 9792 Abc95.15 11.24 80.00 113.92

A. B. C - The difference between groups that receive different capital letters within the same fixative and organ (on the same
line) is statistically significant (p<0.05) (Comparison of groups.).

a. b. ¢ | The difference between the organs receiving different lowercase letters within the same group and fixative (in the
same column) is statistically significant (p<0.05) (Comparison of organs.).

#: The difference from the second fixative is significant (p<0.05).

Table 2. Results of semi-quantitative evaluation of AB-SO staining of mast cells.

CONTROL SHAM BPA-25mg/kg BPA-50mg/kg
Carnoy BLA Carnoy BLA Carnoy BLA Carnoy BLA
AB +++ + +++ + +++ + +++ +
Esophagus SO ++ ++ ++ + + +++ + +++
Mix ++ +++ + +++ ++ ++ ++ ++
AB +++ + +++ ++ ++4+ + +++ ++
Ventriculus SO ++ + + + + + + +
Mix ++ +++ ++ +++ ++ +++ ++ +++
AB +++ +++ +++ +++ +++ +++ +++ +++
Duodenum SO - - + - + - - +
Mix + + - + + + + +
AB +++ +++ +++ +++ +++ +++ +++ +++
Ileum SO - + - - - - - -
Mix - + + - + - - -
AB +++ +++ +++ +++ +++ +++ +++ +++
Jejunum SO - t + - t - * -
Mix - + - - + - + -
AB +++ +++ +++ +++ +++ +++ +++ +++
Cecum SO + + + - + + + +
Mix + + ++ + ++ ++ + ++
AB +++ +++ +++ +++ +++ +++ +++ +++
Colon SO - - - + + + + -
Mix - + + + + + +

(-) Not available (*) Very rare (+) Rare (++) Few (+++) Too many.

126



[Halil Cumhur YILMAZ and Mecit YORUK]

Van Vet ], 2022, 33 (3) 122-129

DISCUSSION AND CONCLUSION

This study, it was aimed to investigate the effects of BPA
taken by digestion on the heterogeneity and distribution of
mast cells in the organs that make up the gastrointestinal
tract. There is only a limited amount of literature on the
effects of BPA on immune system cells and especially on
mast cells (O'Brien et al. 2014a, 2014b).

Results in direct proportion to the literature information
were obtained from the fixative solutions used in the
study. In the literature, it is emphasized that better results
are obtained with BLA and IFAA detections in the
respiratory tract of geese and ducks (Uslu and Yériik
2013). Similarly, in a study conducted on dog skin, a
greater number of mast cells were fixated in the fixative of
BLA (Becker et al. 1985). In a study conducted in the
digestive tract of turkeys, it is stated that basophilic
granules are observed more clearly in the tissues fixated
by BLA (Uslu and Yoriik 2008). The research findings are
in parallel with all these studies in both types of mast cells.

The most preferred dye for the demonstration of mast
cells in histological preparations is TB staining, which
shows metachromasia. But for the determination of
heterogeneity, AB-SO combination dye is preferred.
Metachromasia was easily distinguished in this study, as in
TB staining of geese and duck (Uslu and Yoriik 2013),
turkey (Uslu and Yérik 2008), quail and chicken
(Kurtdede and Yoriikk 1995), cattle, sheep and goat
(Ertugrul and Kurtdede 2017). As a result of AB-SO
staining, AB+, S+, and mix+ mast cells were detected along
the rat digestive tract. Tung Wang (1991) has observed
that as a result of AB-SO 8GX staining in the small
intestines of chickens, mast cells in the villi contain only
blue-colored dyed granules, while those in the submucosa
contain both blue and red granules. In their study of the
digestive tract, Yoriik and Uslu (2008) report that
connective tissue mast cells are stained red and mucosal
mast cells are painted blue, and S+ stained mast cells are
very rare. Again, in the study conducted by Yoriikk and
Karaca (2004), similar results were obtained in terms of
the AB-SO staining properties of mast cells and the regions
where they are located. The findings obtained as a result of
AB-SO staining in all these studies are directly
proportional to this study.

In this study of rats' digestive tract, mast cells were seen in
the esophagus, stomach, and colon parts of the digestive
tract, mostly in the submucosa layer. In other parts of the
digestive tract, the density is in the areas where the villi
and crypts are. Statistically, mast cells were detected at
least in the stomach (avg: 35,81) and at most in the cecum
(avg: 118, 04) parts. In the groups that received BPA, the
number of mast cells increased considerably compared to
the non-applied groups. It is possible to see that this
increase is especially in the jejunum, cecum, and colon
parts (Table 1).

In the studies of Strobel (1981) in human jejunum,
Ertugrul (2017) in the urinary systems of cattle, sheep, and
goats, and Uslu (2013) in the goose respiratory tract, the
density of mast cells detected in lamina propria in the
regions where villus and crypts are located is seen as in
this research. The increase in the number of mast cells was
similarly detected in a study conducted on the canine
intestinal mucosa (Eren et al. 2000). Likewise, Sokol
(2013) says that mast cell counts are always higher in
inflammatory bowel disease (IBD) situations. Mast cells
increase in inflammatory skin diseases such as atopic
dermatitis and psoriasis, as in IBD, but also in diseases
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such as celiac, and irritable bowel syndrome (Frossi et al.
2018).

In a study on the activation of mast cells (Akin 2017), two
conditions are identified in which this activation can cause
pathological clinical symptoms. The first are situations in
which mast cells are produced qualitatively and
quantitatively abnormally, and the second is when mast
cell activation is disproportionate to the need to protect
the body from perceived danger. This can occur when
there is an imminent threat from infections, physical
triggers, poisons, or allergens. An extreme example of
abnormal mast cell activation is anaphylaxis. In this study,
as a result of BPA application, it was observed that there
was an increase in the number of mast cells in the
digestive tract, especially in the cecum section, and that
there was a decrease in cell granules, especially in the villi
areas of the digestive tract. In light of this information, it is
thought that BPA activates mast cells quite a lot. The
increase and abnormal activation of mast cell counts in the
digestive tract may also affect released mediators, visceral
sensitivity, and intestinal barrier function, as noted in
another study (Ramsay et al. 2010).

BPA, a monomer of polycarbonate plastics and epoxide
resins, has been shown to function as an endocrine active
compound and increase the inflammatory response
(O'Brien et al. 2014a). According to the statistical analysis
results obtained in this study, the increase in the number
of mast cells in the experimental groups where BPA was
applied and the decreased appearance in the granules of
mast cells that stood out at the microscopic level also
support this information.

In the literature, O'Brien et al. have two studies
investigating the release of BPA from mast cell lines
through mediators (2014a, 2014b). In the first of these
studies, the relationship between BPA exposure in the
perinatal period and asthma pathogenesis in the adult
period was examined. To determine this relationship,
asthma-related inflammatory mediators were evaluated
through mediators of bone marrow-derived mast cells
(BMMQ). In this study, it was determined that the release
of cysteinyl leukotrienes (CysLT), PGD2, TNF-a, and IL-13
from BMMCs increased in adulthood as a result of
perinatal BPA exposure, and a link was established
between perinatal BPA exposure and irregularity of mast
cells in adulthood (O'Brien et al. 2014b). The second study
investigated whether short-term BPA exposure in mice
(amounts thought to be exposed to humans) would
increase the release of histamine and CysLTs from BMMCs.
In this study, acute BPA exposure increased the release of
histamine and CysLTs from mast cells in vitro. (O'Brien et
al. 2014a) The findings obtained from these two studies
that BPA can stimulate mast cells and increase mediator
release coincide with the findings of our study. (Figures
3A,3B)

As can be seen from the results of statistical analysis
(Table 1), the increase in mast cell numbers occurring in
the digestive tract of experimental animals where BPA was
administered through oral gavage was detected in the
jejunum, cecum, and colon. In their study, Sakamoto et al.
(2002) showed that orally administered BPA by dissolving
in olive oil  was glucuronized, by  UDP-
glucuronyltransferase UGT2B1 in the liver in rats, and
excreted into the bile. They found that most of the
Bisphenol A glucuronide (BPA-GA), which passes through
bile into the small intestine, is deconjugated in the cecum.
After BPA administration (after 15 min), they detected
BPA-GA in the small intestine, but free BPA in the contents
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of the cecum and colon. They have stated that BPA is
reabsorbed in the colon because the free BPA detected in
the colon is less than in the cecum. This information
suggests that the increase in the number of mast cells
detected in the cecum and colon may be related to the
digestive parts where free BPA is present.

BPA is a chemical that is widely used around the world and
can have negative effects on the lives of almost all living
things. It was concluded that further studies were needed
to increase knowledge about the effects of this chemical on
immune system cells, disease, tissue, and organ. In this
study, the heterogeneity and distribution of mast cells in
BPA-treated experimental animals were tried to be
revealed. Since there is not enough literature information
in terms of the effects of BPA on immune system cells,
especially mast cells, it is thought that this study will
contribute to the literature on this subject.
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0z Bu ¢alismanin amaci fermantasyon ve kurutma boyunca tarhana hamurunda meydana gelen organik asit
profilinin belirlemektir. Tarhana fermantasyonun 0., 3., 5., 7., 9., 11, 13 ve 15. giinlerde ve kurutmanin
meydana geldigi 16., 17., 19. ve 21. giinlerde drnekler alinarak yiiksek basingl sivi kromatografisinde (HPLC)
okzalik asit, tartarik asit, formik asit, malonik asit, laktik asit, asetik asit, sitrik asit, stiksinik asit ve propiyonik
asit igerikleri arastirllmistir. Calismamizdaki tarhana hamurunda okzalik asit, formik asit ve malonik asit
belirlenmemistir. Hem fermantasyon hem kurutma islemi sirasinda en yiiksek diizeyde bulunan organik
asitlerin laktik asit, asetik asit ve propiyonik asit oldugu goriilmiistiir. Ayrica Pearson Korelasyon testi
sonuclarina gore siiksinik asidin diger organik asitler ile tartarik asit ve propiyonik asit arasinda bir
korelasyon gozlemlenmemistir. En yiiksek korelasyon laktik asit ve asetik asit arasinda bulunmustur
(r=0.911, p<0.01). Calismamizda tarhana hamurunun kurutulmasi sirasindaki organik asitlerinin
belirlenmesi, tarhana ¢orbasi yapiminda {riinde bulunabilecek organik asitler hakkinda fikir vermesini
saglayarak tarhana ¢orbasinin fonksiyonel bir gida olmasina katki saglayacagi diistiniilmektedir.

Anahtar Kelimeler: Asit, Fermantasyon, Kromatografi, Kurutma, Tarhana, Yiiksek basingli sivi.

Determination of Organic Acid Kinetics in Tarhana Dough During Fermentation
and Drying

The aim of this study is to determine the organic acid profile of tarhana dough during fermentation and
drying. The content of oxalic acid, tartaric acid, formic acid, malonic acid, lactic acid, acetic acid, citric acid,
succinic acid and propionic acid in tarhana samples were taken on the Oth, 3rd, 5th, 7th, 9th, 11th, 13th, and
15th days of fermentation and on the 16th, 17th, 19th, and 21st days of drying in tarhana and samples were
analyzed via high-pressure liquid chromatography (HPLC). It was determined that the organic acids found at
the highest levels during both fermentation and drying processes were lactic acid, acetic acid and propionic
acid. In addition, according to the Pearson Correlation test, no correlation was observed between succinic
acid with other organic acids and between tartaric acid and propionic acid. The highest correlation was found
between lactic acid and acetic (r=0.911, p<0.01). It is thought that our study will contribute to tarhana soup
being a functional food by providing an idea about the organic acids that can be found in the product while
making tarhana soup.

ABSTRACT

Keywords: Acid, Chromatography, Drying, Fermentation, High pressure liquid, Tarhana.

GIRiS kaynaklardir. Bu mikroorganizmalarin lipolitik, proteolitik
ve amilolitik aktiviteleri sonucunda iriiniin aromasi ve

Tarhana, bugday unu, yogurt, kirmizi biber, domates,
sogan, tuz ve nane karigiminin fermantasyonu sonucu elde
edilen fermente bir gidadir (Ozdemir ve ark. 2018).
Tiirkiye'de yaygin olarak tretilen ve tiiketilen bu fermente
iiriin; fermantasyon siiresi, kurutma siiresi, ingredientlerin
cesidi ve miktar1 gibi nedenlerden dolay1 bolgesel
farkliliklar gostermektedir (Kémiircii ve Bilgicli 2022).
Yogurt, kaymak ve tahil unlar1 gibi yapisinda laktik asit
bakterilerini ve mayalar1 iceren bu gidalar fermantasyon
icin gerekli mikroorganizmalar bakimindan 6nemli

tadi olusmaktadir (de Vuyst ve Leroy 2007). Laktik asit
bakterileri fermantasyon boyunca asit olusumundan
sorumlu tutulurken mayalar ise aroma ve tadin
olusmasindan sorumlu tutulmaktadir (Tamang ve ark.
2020). Fermantasyon sicaklig1 genellikle 30-35°C arasinda
siiresi ise turetildigi bolgelere gore farklilik gostermekte
olup 5 ile 21 giin arasinda degismektedir (Tangiiler 2014;
Soyugok ve ark. 2021).

Hamur fermantasyonu sayesinde tarhana B grubu

= *Corresponding author: asoyucok@mehmetakif.edu.tr
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vitaminler, mineral maddeler ve amino asit miktari
bakimindan zengin bir kaynak olmaktadir (Géncii 2020).
Ayrica kompleks protein yapilarin fermantasyon sirasinda
hidrolize edilmesiyle bu yapilarin sindirilebilirligi de
artmaktadir (Karahan ve ark. 2019).

Laktik asit bakterileri tarafindan organik asit iiretimi ve
kurutma sirasinda fazla nem miktarinin uzaklasmasi
patojen mikroorganizmalara karsi1 bakteriyostatik bir etki
saglayacagindan iriiniin raf émriini arttirmaktadir (Tuluk
ve Ertas 2019). Fermantasyon sirasinda olusan organik
asitler; son triinlin duyusal 6zelliklerinin, stabilitesinin ve
kalite parametrelerinin korunmasinda katki
saglamaktadirlar (Yazic1 2016). Tarhananin tat ve aroma
maddeleri laktik asit fermantasyonu sirasinda olusan
laktik  asit, etil alkol ve karbondioksitten
kaynaklanmaktadir. Laktik asit fermantasyonu sayesinde
tarhananin laktoz intoleransia sahip kisiler tarafindan
tliketilebilir hale gelebildigi bilinmektedir (Karahan ve ark.
2019). Homofermentetif laktik asit bakterileri sadece
laktik asit iretirken, heterofermentetif laktik asit
bakterileri laktik aside ek olarak asetik asit ve formik asit
iiretmektedir. Ozdemir ve ark. (2018), tarhana
hamurundaki organik asitlerin laktik, siiksinik ve asetik
asitler oldugunu ifade etmislerdir. Tarhana fermantasyonu
boyunca olusan asetik asit kiif gelisimini 6nlemekte ve
tarhana aromasinin olusmasina katki saglamaktadir
(Magala ve ark. 2013).

Tarhananin beslenmedeki 6nemi dikkate alindiginda Tiirk
mutfaginda o6nemli bir yeri vardir. Bu nedenle cesitli
arastirmacilar tarafindan tarhana tiretimi, ham maddeleri,
fermantasyon siiresi ve baslatici kiiltiir kullanim imkanlari
arastirllmistir. Yapilan bir ¢alismada, ¢élyak hastalari icin
glutensiz tarhana lretiminde bugday unu yerine lupin,
nohut, kuru fasulye ve karabugday unlarinin kullanim
imkaninin oldugu ifade edilmistir (Tuluk ve Ertas 2019).
Atar ve Ozsisli (2022) tarafindan yapilan bir calismada;
arastirmacilar hashas tohumunun Beysehir tarhanasinda
kullanim imkanini ortaya koymusturlar. Gohari (2022)
tarafindan yapilan bir ¢alismada, kiona ve nohut unu ilave
edilmis tarhanin kdpiirme, su tutma ve emiilsiyon
kapasitelerinin arttug: ifade edilmistir. Ozdemir ve ark.
(2018) tarhana aromasinin olusmasinda Lactobacillus
alimentarius ve Pichia kudriavzevii'nin etkili oldugu ve
esterlesme, alkol olusumu ile birlikte organik asitlerin
varliginin da aroma iizerinde rol oynadifini ifade
etmislerdir. Yapilan bir calismada, tarhana tiretiminde
yogurt yerine kefir kullaniminin fermantasyon aktivitesini
arttirdig1 ve yogurdun yerine iyi bir alternatif oldugu ifade
edilmistir (Demirci ve ark. 2018).

Bu calismada tarhana hamurundan fermantasyon, o6n
kurutma ve son kurutma boyunca 6rneklem yapilarak
organik asit degisimi arastirilmis ve organik asitler
arasindaki iligki istatistiksel ortaya konmustur.

unu, nohut unu, yogurt ve tuz ilave edilerek homojen hale
gelinceye kadar yogurulmustur. 30-32°C sicaklikta 15 giin
fermantasyona birakilmistir. Fermantasyonun sonunda
(16. giinde) kiiciik pargalar halinde 6n kurutmaya
birakildiktan sonra 17. giinde toz haline getirilerek 21.
giinde tarhana iiretimi tamamlanmistir.

Organik Asit Analizi
-Kullanilan organik asitler ve standartlarin hazirlanmast;

Bu ¢alismada kullanilan okzalik asit, tartarik asit, formik
asit, malonik asit, laktik asit, asetik asit, sitrik asit, siiksinik
asit, propiyonik asit standartlar1 Sigma-Aldrich (Amerika
Birlesik Devletleri) markasindan temin edilmistir.

Okzalik asit; 100 mg/L, tartarik asit; 1000mg/L, formik
asit; 1000 mg/L, malonik asit; 1000 mg/L, laktik asit; 1000
mg/L, asetik asit;1000 mg/L, sitrik asit; 100 mg/L,
stiksinik asit; 1000 mg/L ve propiyonik asit; 100 mg/L
konsantrasyonunda stok ¢ozeltileri hazirlanmistir.

-Ornek hazirlama;

Tarhana orneklerinden organik asit ekstraksiyonu su ile
yapilmistir. Tipe 5 g tarhana 6rnegi tartilir ve iizerine 25
ml deiyonize su ilave edilmistir. Su icerisinde iyice
homojenize edildikten sonra tiipler calkalayicida 250
rpm’de 4 saat boyunca bekletilmistir. Tiipler 1900 x g'de
15 dakika santrifiijlendikten sonra 0.45 mikron filtreden
gecirilerek érnekler enjeksiyona hazirlanmistir.

-Yiiksek basingli sivi kromatografisi (HPLC) calisma sartlari;

Enjeksiyon LC20 AT pompaya sahip DAD dedektorlii
Shimadzu LC2040 Prominence Marka HPLC (Tokyo,
Japonya) sisteminde gergeklestirilmistir. Mobil faz ise 10
mM NH4H2PO4 (pH 2.6, H3PO4) analiz 1 ml/dk akis hizinda,
10 ul enjeksiyon hacminde, 40°C kolon sicakliginda
olmustur. Kolon firini olarak CTO-10ASVp ve InertSustain
C18 5 um 250 mm *4.6mm kolonu kullanilmistir. Sonuglar
LC Solution bilgisayar paket programi kullanilarak
hesaplanmistir. Her organik asit i¢in kromatografik sartlar
Tablo 1’de verilmistir.

Tablo 1: Her bir organik aside ait alilkonma siiresi,
kalibrasyon denklemi ve LOD degeri.

Table 1: Retention time, calibration curve and LOD for
each organic acid.

MATERYAL VE METOT

Materyal

Tarhana yapiminda Soyugok ve ark. (2021) tarafindan
onerilen miktarlarda bugday unu, nohut unu, sogan, kapya
biber, domates ve tuz materyal olarak kullanilmistir. Ham
maddeler yerel saticilardan 2022 yilinin agustos ayinda
temin edilmistir.

Tarhana Yapimi

Soganin kabugu soyulduktan sonra yikanmis ve dogranmis
kapya biber ve domates ile birlikte yaklasik 90 dakika
kaynatilmistir. Soguyan sebze karisimi bir blender (Arzum,
Tiirkiye) yardimiyla pulp haline getirildikten sonra bugday
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Organik Allkonma R2 Kalibrasyon LOD

asitler siiresi denklemi (mg/L)

Okzalik 2.69 0999  y=7727.37+47192.6 1

asit

Tartarik 2.99 0999  y=974.876+31736.8 10

asit

Formik 327 0999  y=532.490-22181.8 20

asit

Malonik 3.82 0999  y=572.424x+152.14 50

asit

Laktik asit 443 0999  y=426.337+6448.36 100

Asetik asit 4.87 0999  y=294.631+108753 150

Sitrik asit 5.48 0997 y=636.586x+9932.65 150

z‘s’i':S‘“‘k 6.80 0998 y=402.428x-1612.75 100

apsri‘;p'y”‘k 1057 0999  y=287.231+2042.74 10
istatistik Analiz
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Fermantasyonun 0., 3., 5., 7., 9, 11, 13. ve 15. giinlerinde
o6n kurutmanin 1. giiniinde ve son kurutmanin 1. ve 3.

giinlerinde  drnekler alimmistir.  Yapilan analizler
sonucunda depolama giinleri boyunca organik asit
diizeylerinde farklhliklar istatistiksel olarak ortaya
konmustur. Verilerin istatistiksel olarak

degerlendirilmesinde IBM SPSS Statistics Paket programi
Version 25 stirimii kullanmilmistir. Sonuglar tek yonli
varyans analizi (ANOVA) ile degerlendirildikten sonra
onemli bulunmasi halinde (p<0.05) Duncan ¢oklu
karsilastirma testi uygulanmistir. Ayrica organik asitlerin
birbirleriyle olan iligkilerini belirlemek icin Pearson
Correlation Testi kullanilmistir. Analizler 3 paralelli
yapilmis olup sonuglar ortalamazstandart sapma olarak
verilmistir.

BULGULAR

Tarhana fermantasyonu sirasinda meydana gelen organik
asit degisimi Sekil 1’de gosterilmistir. Fermantasyon ve
kurutma siireci boyunca tarhana érneklerinde okzalik asit,
formik asit ve malonik asit miktarlar1 tespit limitlerinin
altinda kalmistir. Organik asit sonuglari Tablo 2’de

verilmis olup fermantasyon ve kurutma boyunca meydana
gelen degisimler o6nemli bulunmustur (p<0.05).
Fermantasyonun 0. giiniinden 15. giliniine kadar en yliksek
miktarda bulunan organik asidin asetik asit oldugu
belirlenmistir (p<0.05). Fermantasyonunun son giiniinden
itibaren 6n kurutma ve son kurutma boyunca laktik asit
yiiksek miktarda tespit edilmistir (p<0.05).
Fermantasyonun ilk 13 giiniinde en fazla miktarda
bulunan 3 organik asidin asetik asit, laktik asit ve siiksinik
asit oldugu belirlenmistir. (p<0.05). Kurutma siiresince
Pearson Korelasyon testi sonuglarina gore tartarik asit
sonuglary; laktik asit (r=0.740) ve asetik asit sonuglari
(r=0.767) ile korelasyona sahip oldugu bulunmugstur
(p<0.01). Laktik asit sonuglarinin ise asetik asit (r=0.911),
sitrik asit (r=0.820) ve propiyonik asit (r=0.722) ile
korelasyona sahip oldugu tespit edilmistir (p<0.01). Asetik
asit ise sitrik asit (r=0.764) ve propiyonik asit (r=0.464) ile
korele bulunurken sitrik asit sadece propiyonik asit
(r=0.586) ile korele bulunmustur (p<0.01). Sitrik asit ve
tartarik asit (r=0.385) arasinda korelasyonun onemlilik
derecesi 0.05 olarak bulunmustur. Stiksinik asidin ise diger
organik asitlerle bir Kkorelasyona sahip olmadig1
bulunmustur (Tablo 3).

Tablo 2. Fermantasyon ve kurtuma boyunca organik asit miktarinda meydana gelen degisim (ug/g).

Table 2. Change of organic acid amount during fermentation and drying process (ug/g).

Tartarik asit Laktik asit Asetik asit Sitrik asit Siiksinik asit Propiyonik asit
0 868.60+21.2041 2713.80+£66.00H 4550.00+111.002H 673.73+16.44<C 1871.10£94.40H 365.10+8.911
3 1589.40+38.804¢ 5913.80+14.00%6 7190.00+175.0026 432.72+10.56M 2653.40+64.70¢ 1192.60+29.10¢H
5 1965.50+47.90<E 9651.00+23.004F 9668.00+236.002EF  1452.00+35.409%E  3080.10+75.10bE 1525.00+37.204¢
7 2856.20+69.7094  11114.00+27.00"E  11613.00+283.002¢ 901.50+22.00F 3334.20+81.30° 2323.90+56.70¢E
9 2522.00+61.50498¢  12072.00£29.00¢  13376.00+326.0024  1672.80+40.80°°  3720.80+90.80¢AB 2316.50+56.504E
11 2596.60+63.308  10971.00£26.00°t  10354.00+253.002°>  1418.60+34.60°E 258.06+6.30 2176.30+53.10¢F
13 2498.90+60.904¢¢  11445.00+27.00°PE  12859.00+314.002®8 1963.00+47.90¢AB  3515.00+85.70« 2406.90+58.704E
15 1996.50+48.70F  11368.00+27.002PE  10461.00+255.00"®  1856.40+45.30¢C  3614.90+88.20<B¢C 2451.80+59.804E
16 1920.80+46.80F  10966.00+26.002E 9236.00+225.00F 1399.10+34.10%F  2465.00+60.1046 5092.50+124.20A
17  2161.20£52.70°>  11646.00+28.002®  10010.00+244.00°E  1630.10+39.80™  3281.40+80.004° 4622.70+112.80B
19  1686.40+41.109F  12593.00+30.00s8  12747.00+311.00®8  1975.40+48.20%  3314.50+80.80" 3895.00+95.00bP
21 2243.90+54.70>  13129.00+32.0024¢  11885.00+290.00*¢  1904.40+46.40%¢  3837.80+93.604A 4426.70+108.00<C

Sonuglar ortalama # standart sapma olarak verilmistir. a-f(—):Farkli harflerle gosterilen ortalamalar arasindaki fark istatistiksel olarak 6nemlidir (P<0.05).
A-1 ({): Farkli harflerle gosterilen ortalamalar arasindaki fark istatistiksel olarak 6nemlidir (p<0.05).

Tablo 3. Pearson Korelasyon Testi sonuglari.

Table 3. Results of Pearson Correlation.

Laktik asit Asetik asit Sitrik asit Siiksinik asit Propiyonik asit
Tartarik asit 740" 767" .385" -.240 .285
Laktik asit - 911~ .820™ -.028 722"
Asetik asit - 764 .096 464
Sitrik asit - ,161 .586"
Siiksinik asit i 014

**; Pearson Korelasyon Testine gore 0.01 diizeyinde 6nemli bulunmustur.

*: Pearson Korelasyon Testine gore 0.05 diizeyinde 6nemli bulunmustur.
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Sekil 1. Glinlere gore organik asit iceriginin dagilim.
Figure 1. Distribution of organic acid content for days.

TARTISMA VE SONUC

Tarhanada meydana gelen organik asitler kullanilan ham
madde ya da mikroorganizma aktiviteleri sonucunda
olusmaktadir (Kumral 2015). Tarhana fermantasyonunda
olusan baslica organik asitler; laktik asit, asetik asit ve
propiyonik asittir (Bozkurt 2006).

Laktik asit tarhana fermantasyonunda yogurttan
gelebildigi gibi laktik asit bakterileri tarafindan
karbonhidratlarin parcalanmasiyla da tretilebilmektedir.
Heterofermentetif laktik asit bakterileri laktik asidin
yaninda asetik asit, propiyonik asit ve piriivik asit gibi
diger organik asitleri de {lretebilmektedir (Bozkurt ve
Giirbiiz 2008). Kullanilan sebzelerden kaynakl sitrik asit
de bulunabilmektedir (Erbas ve ark. 2006). Kumral
(2015), fermantasyon siiresinin uzadik¢a asetik asit
miktarinin arttigini ve asetik asit ve laktik asidin un ¢esidi
ve fermantasyon siiresinden etkilendigini ifade etmistir.
Erbas ve ark. (2006), tarhana fermantasyonu sirasinda
olusan laktik asitteki azalmayr propiyonik asit
bakterilerinin laktik asidi substrat olarak kullanilmasindan
kaynaklandigini ifade etmislerdir.

Isik Dogan ve Yilmaz (2022), fermantasyonun 0. giiniinde
laktik asit diizeyini Kastamonu Tarhanasinda 0.681 g/100
g, Bursa Tarhanasinda 0.085 g/100 g tespit etmislerdir.
Ayrica arastirmacilar 7. giinlin sonunda Kastamonu
Tarhanasinin laktik asit diizeyini 1.364 g/100 g ulastigini;
Usak Tarhanasinin laktik asit diizeyinin 2.121 g/100 g
ulastigini ifade etmislerdir. Arslan-Tontul ve ark. (2018)
1slak tarhana oérneklerinin laktik asit miktarinin ortalama
0.632 g/100 g diizeyinde oldugunu ifade etmislerdir.

Erbas ve ark. (2006) tarafindan yapilan bir ¢calismada, 1slak
tarhananin organik  asit  profili incelenmistir.
Arastirmacilar 3 gilin sonunda tarhana hamurunun laktik
asit miktarinin 13.58'den 20.26 g/kg'a, asetik asit
miktarinin 4.85'ten 7.78 g/kg'a ve propiyonik asit
miktarinin 2.44'ten7.58 g/kg’a ¢iktigini ifade etmislerdir.
Ayrica arastirmalar fermantasyon sonunda sitrik asitte
meydana gelen azalmanin nedenini laktik asit bakterileri
ve mayalar tarafindan kullanilmasindan kaynaklandigini
belirtmislerdir.
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Ozel (2021), tarhana hamurunun pasajlayarak tekrar
tarhana iretiminde kullanimin arastirdigi bir ¢alismada;
fermantasyon kosullarinin  organik asit miktarim
etkiledigini ve tavsiye ettigi 3.70 pH ve 25 °C’de pasajlama
edilen tarhana hamurunun laktik asit ve asetik asit
miktarlarinin sirasiyla 945-1106 mg/100g ve 81-94
mg/100g arasinda degistigini ifade etmistir. Bozkurt ve
Giirbiiz (2008), tarhana yapiminda kullanilan yogurt
miktarinin artmasiyla laktik asit miktarinin arttigini ama
yogurt kullanimina bagh olarak nem ve yag miktarinin
artmasi raf démriinii olumsuz etkiledigini ifade etmislerdir.

Giil ve Con (2019) tarafindan yapilan bir ¢alismada farkl
laktik asit bakterilerinin tarhana fermantasyonunun
organik asit profilini nasil etkiledigini arastirmiglardir.
Arastirmacilar en  yiiksek laktik asit icerigini
fermantasyonun 7. ve 10. giiniinde 17942 ve 17878 mg/kg
diizeyinde bulmuslardir. Calismamizda ise 21. giinde laktik
asit miktar1 en yiliksek seviyeye olan 13129 pug/g
ulasmistir. Calismamiz fermantasyon ve kurutma islemini
de kapsadig1 ve 21 giin boyunca devam ettigi Giil ve Con
(2019) tarafindan yapillan c¢alisma ile farkhlik
gostermektedir. Ancak fermantasyon stireci incelendiginde
laktik asidin 9. giinde en yiiksek seviyeye ulastigl
gozlenmektedir. Aynmi1 ¢alismada asetik asit miktarinin
fermantasyonunun 10. giiniinde en ytiksek diizeye ulastig
ve sonra distiigli rapor edilmis olup bu durumun
calismamizla benzerlik gostererek asetik asit miktarinin
fermantasyonunun 9. giiniinden itibaren diisiis gosterdigi
tespit edilmistir (Sekil 1). Propiyonik asit bulgularimizin
Giill ve Con (2019) tarafindan yapilan ¢alismaya kiyasla
benzer sekilde arttigi ancak arastirmacilarin 15 giinlik
fermantasyon sonunda propiyonik asit igerigini 4006
mg/kg olarak bulurken c¢alismamizda ise 2451 pg/g
diizeyinde bulunmustur.

Magala ve ark. (2014) 1slak tarhana érneklerinin siiksinik
asit dilizeyinin fermantasyonunun 2. giiniinden sonra
neredeyse sabit kaldigini séylemislerdir. Benzer bu durum
calismamizda da Kkarsilagilmistir. Ayrica arastirmacilar
fermantasyonunun 6. giiniinde siiksinik asit diizeyinin
1.286-1.384 g/100 g oldugunu belirtmislerdir.
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Yapilan bir ¢alismada, tarhanada bulunan L. alimentarius
ve P. kudriavzevii'nin laktik, stiksinik ve asetik asitlerinin
birikmesinde etkili olduklar1 ve sinerjist etki gostererek
tarhana orneklerinde giicli bir korelasyona sahip oldugu
belirtilmistir (Ozdemir ve ark. 2018). Benzer bir
calismada, tarhanada kullanilan L. farciminis, P.
kudriavzevii ve L. alimentarius laktik asit bakterinin
tarhanada sirasiyla laktik asit, siiksinik asit ve asetik asit
iretiminden sorumlu oldugu ifade edilmistir (Yazic1 2016).

5 adet geleneksel ve 4 adet ticari olarak iiretilmis toplam 9
adet Usak tarhanasinin fermantasyon boyunca organik asit
profilinin arastirildig1 bir calismada, en yiliksek diizeyde
bulunan organik asitlerinin laktik ve siiksinik asitleri
oldugu ve bu organik asitleri asetik asit izledigi
bulunmustur (Yazict 2016). Bu bulgular c¢alismamizla
benzer olarak, fermantasyon boyunca laktik, siiksinik ve
asetik asit fermantasyonla birlikte arttig1 goriilmiistiir.

Bozkurt ve Giirbiiz (2008), tarafindan yapilan ¢alismada,
arastirmacilar sitrik asidin fermantasyonla degil cesitli
sebzelerden dolay1 tarhanada bulunabilecegini ifade
etmislerdir. Bulgularimizda da sitrik asit miktarinin diger
organik asitlerle kiyaslandiginda genellikle en diisiik
oldugu fermantasyon boyunca meydana gelen artisin da
diger organik asitlerin kismi  buharlasmasindan
kaynaklandigr gorilmistir (Erbas ve ark. 2006).
Bulgularimizin daha onceki Erbas ve ark. (2006), Magala
ve ark. (2013) ve Ozdemir (2016) tarafindan yapilan
calismalar ile uyumlu oldugu tespit edilmistir.

Calismamizla benzerlik gosteren bir calismada Isparta,
Maras ve Usak Tarhanalarinda fermantasyon boyunca
formik asit olusumunu goézlemlenmedigi belirtilmektedir
(Isik Dogan ve Yilmaz 2022).

Calismamizda tarhana fermantasyonu ve Kkurutma
siirecinde organik asit profilinde meydana gelen degisimi
ortaya konulmustur. Tarhana fermantasyonu sirasinda
olusan laktik asit yogurt gibi fermente siit iiriinlerinden
gelebildigi gibi fermantasyon sirasinda karbonhidratlarin
parcalanmasiyla da olusmaktadir. Calismamiz literatiir ile
uyum gostererek laktik asit ve asetik asidin tarhana
fermantasyonunda bulunan baslica organik asitler
oldugunu ortaya koymustur. Kurutma sirasinda
propiyonik asit miktarinin 6nemli dlizeyde arttig1
bulunmustur. Tarhana fermantasyonunda okzalik, malonik
ve formik asit diizeylerinin dedeksiyon limitinin altinda
kaldig1 gorilmiistiir. Tarhana fermantasyonunun daha
cesitli organik asitlerle ¢alisilmasi bu konuda bilgilerin
tazelenmesi ve eksiklerin giderilmesine katki saglayacagi
diisiiniilmektedir.
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0z Bu arastirmada, taze yoncaya %5 ve %10 oraninda elma katilarak yapilan yonca silajinin kalite parametreleri
degerlendirildi. Bu amagla, %5 oraninda bugday samani ilavesiyle kuru maddesi artirilan yoncaya iki farkl
diizeyde Altin ¢ekirdek elmasi ilave edilerek laboratuvar silolar1 hazirlandi. Kontrol grubu ve deneme gruplari
10 tekerriirden olusturuldu. 1 litrelik kavanozlarda hazirlanan silajlar 60 giin sonra agildi Silaj
numunelerinde fiziksel ve kimyasal analizler yapildi. Koku, dis goriiniis ve renk degerlendirmesinde biitiin
silajlar “Orta kalite” olarak puan aldi. Yonca silajina elma ilavesinin kuru madde (KM), ham kiil (HK), ham
protein (HP), asit deterjan lif (ADF) ve noétral deterjan lif (NDF) icerigine etkisinin kontrol grubuna kiyasla
istatistiksel olarak 6nemli olmadig tespit edildi. Silajlarin pH degerlerinin 5.46 - 5.72 arasinda oldugu, ancak
gruplar arasinda énemli bir farklilik olmadig: tespit edildi. Silajlarda laktik asit (LA) diizeyinin %10 elma
katkisi ile énemli derecede yiikseldigi, asetik asit (AA) ve propiyonik asit (PA) diizeyinin dnemli derecede
distligii belirlendi (p<0.05). Biitirik asit diizeyinde ise gruplar arasinda énemli bir farklilik olmadig: gérildii.
%10 Elma katilan silajlarin toplam azot icerisindeki amonyaga baglh azot (NH3N-TN) oranlar1 kontrol grubu
silajlara gore onemli derecede yiliksek bulundu (p<0.05). Sonug¢ olarak, yonca silajina katilan %10
diizeyindeki elmanin silaj kalitesini iyilestirdigi, ancak ileride yapilacak ¢alismalarda kuru madde diizeyi daha
yliksek yonca silajlarinda elma katkisiyla daha iyi sonuglar alinabilecegi kanaatine varilmistir.

Anahtar Kelimeler: EIma, Kalite, Katki, Silaj, Yonca.

ABSTRACT The Effect of Apple (Malus Pumila) Additive on Alfalfa Silage Quality

In this research, the quality parameters of alfalfa silage made by adding 5% and 10% apples to fresh alfalfa
were evaluated. For this purpose, laboratory silos were prepared by adding two different levels of
Altingekirdek apples to the alfalfa dry matter was increased with the addition of 5% wheat straw. The control
group and experimental groups were formed from 10 replications. The silages prepared in one liter jars were
opened after 60 days. Physical and chemical analyzes were made on silage samples. All silages were scored as
"Medium quality" in terms of odor, appearance and color. It was determined that the effect of adding apple to
alfalfa silage on dry matter (DM), crude ash (CA), crude protein (CP), acid detergent fiber (ADF) and neutral
detergent fiber (NDF) content was not statistically significant compared to the control group. It was detected
that the pH values of the silages were between 5.46 - 5.72, but there was no significant difference between the
groups. It was determined that lactic acid (LA) level increased significantly with 10% apple addition, and
acetic acid (AA) and propionic acid (PA) levels decreased significantly in silages (p<0.05). It was observed
that there was no significant difference in butyric acid level between groups. Ammonia-bound nitrogen
(NH33N-TN) ratios in total nitrogen of silages containing 10% apple were found to be significantly higher
than the control group silages (p<0.05). As a result, it has been concluded that 10% apples added to alfalfa
silage improved the silage quality, but in future studies, better results can be obtained with the addition of
apple in alfalfa silages with higher dry matter levels.

Keywords: Additive, Alfalfa, Apple, Silage, Quality.

GiRiS Yaprak yoniinden zengin ve ot verimi oldukea yiiksek olan
yonca, yaprak saplarinin ince ve zayif olmasi sebebiyle,
kurutulmasindan hayvanlara yedirilmesi asamasina kadar
gecen siirede O6nemli besin madde kayiplari olusmakta
veya fazla yagis alan bolgelerde kurutmanin tam olarak
yapilamamasi nedeniyle, kiiflenme ve mikrobiyal bozulma

Yonca, baklagil yem bitkileri icerisinde ¢ok yillik ve yil
icerisinde ¢ok bicimli bir bitki olup, basta protein olmak
lizere, besin maddeleri yoniinden zengin lezzetli bir yem
bitkisidir (Erglin ve ark. 2011; Orak ve Gokkaya 2014).
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nedeniyle 6nemli besin madde kayiplar1 olusmaktadir
(Ergiin ve ark. 2011; Orak ve Gokkaya 2014). S6z konusu
fiziksel ve mikrobiyolojik kayiplarin énlenmesi i¢in yonca
otunun suda ¢6zlinebilir karbonhidrat icerigi yiiksek bir
materyal ile silolanmasi bir ¢o6ziim olabilmektedir.
Yoncanin kolay c¢6ziinebilir karbonhidratlar yo6niinden
yetersiz olusu ve tampon Kapasitesinin yiiksekligi
sebebiyle silolanirken katki maddelerine ihtiyag
duyulmaktadir (Kurtoglu 2008; Mut ve ark. 2020). Bu
amagla, melas, tahil taneleri ve bazi yem bitkileri gibi kolay
¢ozlinebilir karbonhidrat kaynaklarinin ilavesi (Das ve ark.
2022) fermantasyon inhibitorii olarak organik asitler (Ke
ve ark. 2017) veya fermantasyonu iyilestirmek icin
bakteriyel inokulantlar (Kog ve ark. 2017; Kizilsimsek ve
ark. 2020; Besharati ve ark. 2021) kullanilmasi yonca
silajinda istenen fermantasyonu saglamaktadir. Yine bu
katkilara alternatif olarak seker icerigi yiiksek meyve
posalari da bu amagla kullanilmaktadir.

Canbolat ve ark. (2010), yonca silajina degisik diizeylerde
lizlim posasi ilave ettikleri ¢alismalarinda; Silaja eklenen
lizlim posasi miktari arttik¢a ham protein, ham kiil, NDF ve
ADF diizeylerinin azaldigl, suda ¢dziinen karbonhidrat,
ham yag ve polifenol miktarlarini arttig1 belirtilmistir ve
lizlim posasinin yonca silajinda karbonhidrat kaynagi
olarak kullanilmak istenildiginde 160-200 g/kg (KM)
oraninda kullanilabilecegini bildirmislerdir.

Karbonhidrat kaynag olarak gladicya meyvesinin yonca
silajinda kullanilabilirligini belirlemek i¢in laboratuvar
kosullarinda hazirlanan silajlarin fermantasyon, aerobik
stabilite, in-vitro gaz lretimi, mikrobiyolojik o6zellikleri
tizerindeki etkilerini inceledikleri ¢alismada (Canbolat ve
ark. (2013), taze yonca materyaline 0, 20, 40, 60, 80 ve 100
g/kg (KM) oranlarinda gladigya meyvesi katilmistir. Katkili
silajlarda, ham protein, ham yag, ham kiil, NDF ve ADF
oraninin azaldigini, suda ¢oziinebilen karbonhidrat ve
toplam besin maddesi igerigini arttigi bildirmistir. Bu
arastirma sonunda, yoncada karbonhidrat kaynag: olarak
80 ile 100 g/kg (KM) diizeyinde gladicya meyvesini
kullanilabilecegi rapor edilmistir.

Kolay ¢o6ziinebilir karbonhidratlar bakimindan zengin bir
meyve olan elma bu 6zelligi dolayisiyla 6nemli bir
potansiyele sahiptir. Biitlin bir elma yaklasitk %15
diizeyinde karbonhidrat icermektedir. Elma, cesitlere,
yetistirildigi bolgelere ve depolama siirelerine baglh olarak
degismekle birlikte, ortalama %15-16 kuru madde (KM)
(Campeanu ve ark. 2009), %10-12 toplam seker (Ali ve
ark. 2004; Campeanu ve ark. 2009; Lee 2012; Begic-Akagic
ve ark. 2014) ve %11-12 toplam asit (Hecke ve ark. 2006)
icermektedir. Taze elma suyunun pH degeri ise 3.23 ile
6.54 arasinda degismektedir.

Ciftci ve ark. (2005), elmanin yonca silajina, seker ve arpa
kirigr yerine eklenmesinin arastirildigl calismada; %1
seker, %10 arpa king ve %10 elma katkilh gruplarin
Uclinlin de silaj kalitesinin iyi oldugu, ADF ve NDF
seviyelerinin besin maddesi igeriklerinin benzer oldugu,
pH ve amonyak sonuglar1 bakimindan énemli bir farklilik
goriilmedigi belirtilmistir. Yonca benzeri bitkilerin silaj
yapilmas1 sirasinda elma gibi seker orami fazla olan
meyvelerin silaja kolay eriyebilir karbonhidrat kaynagi
olarak eklenebilecegi sonucuna varmiglardir.

Ozellikle pazar degeri ve tiiketime sunulma 6zelligi diisiik
baz1 yerel elma tiirlerinin sezonda yiiksek miktarda
tretilmesi ve ayni oranda tiiketime sunulamamasi
dolayisiyla, silajlarda suda ¢o6ziinebilir karbonhidrat
kaynag1 olarak kullanabilmektedir. “Altin ¢ekirdek” adl
elma c¢esidinin yukarida belirtilen o6zelliklerden seker
oraninin yiiksekligi, asit bir yapiya sahip olmasi, pH ve
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ekonomik degerinin disik olmasi nedeniyle, zor
silolanabilen yonca silajina kolay eriyebilir karbonhidrat
kaynag1 olarak kullanilabilirliginin arastirilmasi fikrini
dogurmustur.

“Altin ¢ekirdek elmas1” Rosaceae familyasindan, malus
pumila tiirii icinde anilan soguk ve iliman iklime adapte
olan bir meyvedir. Diger meyve tiirlerindeki elma ¢esitleri
1 y1l verimlj, ertesi y1l verim ¢ok diisiik iken, Altin ¢ekirdek
elmasinin hem her y1l yiiksek verim vermesi, hem de diger
tiirlere ait gesitlerde i¢ kurdu zarari goriiliirken, bu gesitte
buna rastlanmamasi 6zelligi yetistirici tarafindan gézlenen
onemli 6zelliklerindedir. Tiim bu 6zelliklerine ragmen hali
hazirda sofralik 6zelligini kaybetmesi ve pazar degerinin
diismesi dolayisiyla yetistiriciligine yonelik cok talep
olmamakta ve bu o6zellikleri dolayisiyla hayvan yemi
olarak kullanilmasi hem yem ¢esitliliginin artmasini
saglamak hem de tiretim maliyetinin diistiikligi ile iilke
ekonomisine katki saglayacag diislincesini olusturmustur.

Bu arastirma, yonca silajina farkli oranlarda Kkatilan
elmanin, silajin fermantasyon kalitesi ve besin madde
icerigi izerine etkisinin arastirilmasi amaciyla yapilmistir.

MATERYAL VE METOT

Van Yiiziincii Y1l Universitesi Hayvan Deneyleri Yerel Etik
Kurulu'ndan 01.09.2022 tarihinde Karar No: 2022/08-16
saylll yaziyla etik izni alinmasina ihtiya¢ yoktur onayl
alinmistir.

Silajlarin Hazirlanmasi

Arastirmada kullanilan yonca, ¢iceklenme déneminin
baslangicinda Van’in Muradiye ilgesinde 2019 yilinin
haziran ayinda hasat edildi. Altin ¢ekirdek cesidi elma ise
yine Van piyasasindan temin edildi. Ot dograma
makinesinde 1-3 cm uzunlugunda dogranan yoncaya %5
oraninda bugday samani kuru maddeyi arttirmak amaciyla
ilave edildi. Kuru maddesi bugday samaniyla arttirilmis
yonca silaj yapilmak icin 3 gruba ayrildi. 1. grup kontrol
grubudur sadece yonca ve bugday samanindan
olusmaktadir. 2. grupta ise yonca materyalinde agirhik
esasinda gore %5 oraninda elma katilmis gruptur. 3. grup
ise yine ayn1 yonca materyaline agirlik esasina gore %10
oraninda elma eklenmis gruptur. Kontrol ve deneme
olarak toplamda 3 grubun her birinden 10 tekrar olacak
sekilde 30 adet 6rnek 1 It'lik agz1 kapakli cam kavanozlara
850 g agirhik standardina gore sikistirilarak dolduruldu.
Agz1 sikica kapatilan cam kavanozlar hava almayacak
sekilde bantlanarak 45 giin siireyle 151k gérmeyen bir
odada fermantasyona birakildi.

Fiziksel Ozellikler

Kirk bes giin sonra kavanozlar agilarak 6rnekler alindi ve
fiziksel degerlendirmesi (renk, striiktiir ve koku) Alcicek
ve Ozkan (1997)n bildirisine gore yapildi. Silajlara ait
kuru madde ve pH degerleri belirlendikten sonra, Fleig
skorlar1 ve kalite derecelendirmesi de yapilmistir (Kilig
1986).

Analitik Yontemler

Silolama sonucunda agilan silaj kavanozlarindan alinan
érnekleri pH degerleri pH metre ile belirlendi. Orneklerde
Kuru madde (KM) diizeyi A.0.A.C (1990)’a gore, ham
protein (HP) analizleri, Akyildiz (1984)'1n bildirdigi
Kjeldahl yontemi ile Asit Deterjan Lif (ADF) ve Notral
Deterjan Lif (NDF) analizleri ise Van Soest ve ark.
(1991)'na gore ANKOM Fiber Analyzer cihaz ile yapildi.
Derin dondurucuda -18°C’de dondurulmus olan silaj sivisi
ornekleri ¢ozdiiriilerek asetik asit, propiyonik asit, biitirik
asit ve laktik asit analizi Leventini ve ark. (1990)nin
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bildirdigi yonteme gore, HPLC cihazi kullanilarak Van
Yiiziincii Y1l Universitesi Bilim Arastirma ve Uygulama
Merkezi'nde yapilmistir.

istatistik Analiz

Calismada elde edilen veriler, SPSS (2006) paket
programda ONE-WAY ANOVA prosediiriine gore analiz
edilmis, gruplar arasi farklihgin belirlenmesinde Duncan
Coklu Karsilagtirma Testi uygulanmustir. Istatistiksel énem
derecesi p<0.05’e gore degerlendirilmistir (Diizglines ve
ark. 1983).

BULGULAR

Elma ilavesi yonca silajinin besin madde ve kimyasal
kompozisyonuna tesiri Tablo 2’de sunulmustur. Yapilan
calismada; yonca silajina kolay eriyebilir karbonhidrat
kaynagi olarak farkli oranlarda elma ilavesinin, yonca
silajina ait besin maddeleri {izerine etkisinin istatistiksel
bir 6nemi olmadig1 belirlenmistir. Kontrol ve deneme
gruplarina ait KM oranlar1 sirasiyla; 213.74, 213.38,
205.17 g kg1 KM olarak belirlenmisgtir.

Yonca silajina ilave edilen elmanin, silaj kimyasal
kompozisyonu tlizerine etkileri degerlendirildiginde; silaj
pH degeri ve organik asitlerinden biitirik asit igerigi
bakimindan gruplar arasinda istatistiksel farkin olmadigi

tespit edilmistir. Fakat, silaj NH3N-TN, organik asitlerden;
laktik asit, asetik asit ve propiyonik asit icerikleri
bakimindan ise gruplar arasindaki farkin istatistiksel
olarak o6nemli oldugu tespit edilmistir (p<0.05). Silaj
NH3N-TN bakimindan kontrol grubunun (29.99+1,51),
%10 elma ilave edilen gruba (22.31+2.60) kiyasla daha
ylksek degerde oldugu belirlenmistir. Silaj laktik asi
bakimindan %10 elma ilave edilen grubun (8.87+1.32),
kontrol grubu (4.75+0.62) ve %5 elma ilave edilen gruba
(3.78+0.26) gore daha yiliksek degerde oldugu tespit
edilmistir. Asetik asit agisindan ise silaj kontrol grubunun
(49.73£2.21), %10 ilave edilen deneme grubuna
(39.92+2.38) kiyasla daha yiiksek oldugu belirlenmistir.
Silaj propiyonik asit bakimindan kontrol grubunun
(13.01£1.07), Yonca + %5 elma (5.69+0.45) ve Yonca +%5
Elma (7.84+1.06) gruplarina kiyasla daha yiiksek oldugu
tespit edilmigtir.

Silajlarin Fleig Puanina gore kalite smiflandirilmasi ise
Tablo 4’de sunulmustur. Silajlara ait KM ve pH degerleri
kullanilarak elde edilen Fleig puani, yonca silajinda
(kontrol) %23.22 olarak belirlenirken, Yonca + %5 Elma
silaji ve Yonca +%?10 Elma silajlarinda ise sirasi ile %23.65
ve %23.28 olarak belirlenmistir (p<0.001).

Tablo 1. Yonca, bugday samani ve elma’nin besin madde kompozisyonlari, (KM).

Table 1. Nutrients composition of alfalfa, wheat straw and apple, % (DM).

Besin Maddeleri Yonca Bugday Samani Elma
KM 19.44* 90.63 17.25*
HK 9.42 9.88 481
HP 9.20 2.04 3.13
oM 90.58 90.12 94.26
ADF 25.59 36.48 8.59
NDF 33.82 67.15 6.45

*: Yas Materyal, KM: Kuru madde, HK: Ham kiil, HP: Ham protein, OM: Organik madde, ADF: Asit deterjan lif, NDF: Noétral

deterjan lif.

Tablo 2.Yonca silajlarinin besin maddeleri ve kimyasal kompozisyonu (g kg1 KM).

Table 2. Nutirents and chemical composition of alfalfa silages (g kg1 DM).

Yonca (Kontrol) Yonca + %5 elma Yonca + %10 elma p<

Besin Maddeleri

KM 213.74+1.74 213.38+3.02 205.17+3.92 0.096
HP 100.11+1.97 112.51+5.57 104.64+4.03 0.119
HK 109.07+1.57 107.99+1.74 103.51+2.24 0.102
ADF 388.03+4.19 382.87+6.33 372.68+5.19 0.135
NDF 525.39+4.60 523.42+7.23 526.23+5.98 0.944
oM 890.93+£1.57 892.01+1.74 896.49+2.24 0.102
Kimyasal Kompozisyon

pH 5.72+0,09 5.57+0.07 5.46+0.11 0.142
NH3N-TN* 29.99+1.51a 24.07+2.553b 22.31+2.60V 0.060
LA 4.75+0.62b 3.78+0.26b 8.87+1.322 0.001
AA 49.73+£2.21a 41.99+3.32ab 39.92+2.38b 0.037
PA 13.01+1.072 5.69+0.45b 7.84+1.06b 0.000
BA 31.53+1.84 32.58+£1.92 36.21+2.46 0.268

ab: Ayni satirda degisik harflerle gosterilen ortalamalar arasindaki fark énemlidir (p<0.05). KM: Kuru Madde, HP: Ham
Protein, HK: Ham Kiil, ADF: Asit Deterjan Lif, NDF: Nétral Deterjan Lif, OM: Organik Madde, NH3N-TN*: Toplam azot igerisinde
amonyaga bagl azot, %, LA: Laktik Asit, AA: Asetik Asit, PA: Propiyonik Asit, BA: Biitirik Asit, g/kg KM.
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Tablo 3. Fiziksel 6zelliklerine gore silajlarin puanlamasi ve kalite siniflandirmasi.

Table 3. Scoring and quality classification of silages according to their physical properties.

Koku Puan Dis Goriiniis Puan Renk Puan Toplam Kalite
Kuvvetli bitirik asit Yaprak]ar]n Renk (,‘Ok az
Kontrol kokusu, 2 yapisl biraz 2 degismis (saridan 1 5 Orta
NHs-kokusu bozulmus kahverengiye)
Silolandig1 andaki
Yonca+ Kuvvetli biitirik asit Yapraklarin rengini koruyor
%5 kokusu, 2 yapisl biraz 2 (soldurulmus 2 6 Orta
Elma NHs-kokusu bozulmus silajda
kahverengi)
v K Silolandig1 andaki
Yonca+ Kuvvetli biitirik asit la prakve rengini koruyor
%10 kokusu, 2 saprarin yapist (soldurulmus 2 5 Orta
bozulmus, kiiflii o
Elma NHs-kokusu . silajda
ve kirli .
kahverengi)
Tablo 4. Silajlarin Fleig puanina gore kalite siniflandirmasi.
Table 4. Quality classification of silages according to Fleig score.
. Kalite
Gruplar KM, % pH Fleig Puani
Sinifi
Yonca Silaji 21.41a 5.72 23.22 Diisiik Kalite
Yonca +%>5 Elma Silaj1 21.25ab 5.57 23.65 Diisiik Kalite
Yonca +%10 Elma Silaj1 20.57v 5.46 23.28 Diisiik Kalite
p< 0.082 0.814 0.984

a,b: Ayni siitiinda farkl harflerle gdsterilen ortalamalar arasindaki fark 6nemlidir (p<0.05).

TARTISMA VE SONUG

Ruminant beslenmesinde 6nemli yeri olan, fakat silaj
yapilmasi diger bitkilere gére daha zor olan yoncanin, silaj
fermantasyonu ve Kkalitesini arttirmak amaciyla kuru
maddesi %5 oraninda bugday samaniyla desteklenerek
(Kontrol grubu), suda eriyebilir karbonhidrat kaynagi
olarak Altin ¢ekirdek ¢esidi elmanin %5 (Yonca + %5
elma) ve %10 oraninda (Yonca + %10 elma) elma ilave
edilmesi ile hazirlanan silaj gruplarinin, besin maddeleri
ve kimyasal kompozisyon degerleri Tablo 2’de mevcuttur.
Tablo incelendiginde elma ilavesinin yonca silajinin besin
maddeleri {lizerine istatistiksel olarak etkisinin olmadigi,
diger yandan elma katkisinin yonca silajinin kimyasal
kompozisyonunu 6nemli derecede etkiledigi belirlenmistir
(P<0.001). Silajlara ait kuru madde degerleri Yonca
(Kontrol), Yonca +%5 Elma ve Yonca+ %10elma
gruplarinda sirasiyla %21.37, %21.34 ve %20.52 olarak
tespit edilmistir. Yonca silajinin kuru madde igerigi her ne
kadar istatistiksel olarak benzer olsa da elma Kkatkisi
arttikca rakamsal olarak azalmistir. Bu azalmanin sebebi
elmanin kuru maddesinin (%17.25), taze yoncanin kuru
maddesine (%19.44) gore daha diisik olmasma
baglanabilir.

Bu arastirmada elma katkisi yapilan yonca silajlarinin ham
protein degerleri birbirine benzerlik gostermektedir.
Nitekim oOnceki benzer c¢alismalar da bunu destekler
niteliktedir. Ciftci ve ark.’nin (2005), yaptig1 calismada
yonca silajina ilave edilen %1 seker, %10 arpa ve %10
elma gruplarinda ham protein degerleri yonca silajinin
ham protein degerleriyle istatistiksel olarak benzerlik
oldugu tespit edilmistir.
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Yapilan c¢alismada ham kil degerlerine bakildiginda
istatistiksel manada bir onemlilik olmamakla birlikte, en
yliiksek ham kil miktar1 (%10.91) Yonca (Kontrol)
grubunda belirlenirken en az ham kil miktari ise (%10.35)
Yonca +%10 elma grubunda tespit edilmistir. Silaj
gruplarinda elma miktar1 ¢ogaldikga ham kil miktarinin
azaldig1 gorilmistiir. Dogan (2019), yaptig1 ¢alismada %5
ve %10 elma posasi katilan yonca silaj gruplarinda degisen
ham kil miktarlarinin benzer oldugu ve rapor ettigi
sonuclarin sunulan ¢alismay1 destekler nitelikte oldugu
belirlenmistir. Yine Ciftci ve ark. (2005), silaj materyali
olarak taze yonca kullandiklar1 calismalarinda, %10 elma,
%1 seker ve %10 arpa kirmasi katkilari ile hazirladiklari
silajlarin ham kil iceriklerini sirasiyla %14.87, %14.15 ve
%14.39 olarak benzer bulmuslardir. Bulunan degerler
sunulan ¢alismanin ham kiil degerlerinden yiiksek olmakla
birlikte, her iki ¢alismada da gruplar arasindaki ham kiil
degerleri istatistiksel olarak benzer bulunmustur.

ADF miktar), silajlarin sindirilme derecesiyle alakali
bilgiler veren 6nemli bir parametredir. ADF miktar1 ne
kadar yiiksekse o yemin sindirilme derecesi ise o kadar
azdir. Mevcut calismada elma ilavesiyle yonca silajinin ADF
miktarinin diistiigii, fakat istatistiksel olarak benzer
oldugu, Yonca, Yonca+%5 elma ve Yonca+%10 elma
silajlarinda sirayla %38.80, %38.29 ve %37.27 oldugu
tespit edilmistir. Nitekim Yakisir ve Aksu (2019), yaptig1
calismada belli oranlarda MKSPP ilave edilen yonca
silajinin ADF miktarinin 6nemli o6l¢ide distiigiini ve
sindirilebilirlik derecesinin arttigini bildirmistir. Ancak
sunulan arastirmada taze yonca %25.59 ADF oranina
sahipken, %8.59 ADF degerine sahip elmayla silaj
yapildiginda ortaya ¢ikan elma katkili silajin ADF oraninda
beklenen diisiis olmamis ve gruplarin ADF diizeyinin
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benzer oldugu belirlenmistir. Cift¢ci ve ark.’nin (2005),
yoncaya elma katarak yaptiklar1 silajlarda ADF
degerlerinin diger gruplarla ayni oldugunu bildirdikleri
calisma sunulan calisma ile benzer sonuclar icermektedir.
Duru (2019), yaptigt arastirmada yoncaya degisik
oranlarda  ekledigi lavantanin ADF  degerlerinin
istatistiksel olarak bir farklilik olmadigini rapor etmistir.
Benzer sekilde Dogan (2019), yaptig1 ¢alismada yoncaya
%5, %10 ve %15 oranlarinda elma posasi ilave edilen
silajlarda ADF degerlerinin dnemli Ol¢lide degismedigini
belirlemistir. Sunulan ¢alismada bildirilen ADF degerleri
diger literatiir bildirilisleri ile uyumludur.

NDF degeri hayvanin yiyebilecegi yem o6lc¢iistini
gosterdiginden, NDF yiizdesi ytkseldikee, lif icerigi arttig
icin hayvanlarda yem tiiketimi azalir. Bu ¢alismada Elma
katkisi, yonca silajinin NDF degerini istatistiksel olarak
degistirmezken rakamsal olarak yiikselisin oldugu tespit
edilmistir. Elma organik madde agisindan zengin bir
meyvedir (%94.26). Taze yoncayla birlikte silaj
yapildiginda silajlarin organik madde bakimindan artmasi
beklenir. Silaj gruplarinda elma katkisi arttik¢a rakamsal
olarak bir artisin oldugu, fakat istatistiksel olarak bu
artisin 6nemli olmadigi ve organik madde agisindan
silajlarin benzer oldugu belirlenmistir.

Yonca (Kontrol), Yonca + %5 Elma ve Yonca + %10 Elma
silaj gruplarinin pH degerleri sirasiyla 5.72, 5.57 ve 5.46
olarak tespit edilmistir. Istatistiksel olarak her ii¢ silajin da
aralarinda pH degeri yoniinden farklilik bulunmamistir.
Rakamsal olarak pH yoniinden diisiis olsa da elma katkili
silajlarda beklenen pH diisiisii tespit edilmemistir. Dogan
(2019), yaptig1 calismada Kontrol, %5, %10 ve %15 elma
katkili yonca silajlarinin pH degerleri sirasiyla 4.65, 4.30,
4.23 ve 4.18 olarak bulmus ve saf yonca silajina oranla pH
degerlerinin  istatistiksel olarak 6nemli derecede
distiigiinii  belirlemistir. Canbolat ve ark. (2013),
karbonhidrat kaynagi olarak gladigya meyvesini taze
yonca materyaline 0, 20, 40, 60, 80 ve 100 g/kg (KM)
oranlarinda kattigi c¢alismalarinda, pH degerinin tiim
gruplarda artan meyve miktar1 ile dogru orantili olarak
onemli diizeyde distiglinii belirtmislerdir. Kontrol
grubunda 5.37 olan pH degerinin artan meyve katkili her
grupta gittikce 6nemli oranda diiserek 100 g/kg kullanilan
en son grupta pHnin 4.17° ye kadar distigini
bildirmislerdir. Yapilan ¢calismalarda karbonhidrat kaynagi
meyve Kkatkilarimin pH’y1 genel olarak distirdigi
bildirilmistir. Bu sonuglar mevcut ¢alismanin sonuglari ile
uyumlu degildir. Sunulan c¢alismada pH'da beklenen
diisiisiin saglanamayisi, silaj materyali olarak kullanilan
yoncanin kuru madde igeriginin (%19.44) disiik
olusundan kaynakli olabilecegini diisiindiirmektedir.
Nitekim kullanilan ilk bigim yoncanin besin madde
analizleri de (HP: %9.20, ADF: %25.59 NDF: 33.82)
vejetasyonun erken doéneminde bicilmis olabilecegi
kanisin1 giliclendirmektedir. $oyle ki, pH degerlerinin
verildigi ve katki olarak kolay eriyebilir karbonhidrat
kaynagi meyve ve posalarinin kullanildig1 silajlarin
yapildig1 yonca ana materyali ile kiyaslandiginda, sunulan
¢alismanin  yonca materyalinin bu ¢alismalardaki
yoncalardan (%22-34 KM) oldukea diisiik kuru maddeye
sahip oldugu gorilmektedir.

Silajlara ait NH3N-TN degeri Yonca (Kontrol), Yonca +%5
Elma ve Yonca +%10 Elma gruplarinda sirasiyla %29,99,
%24,07 ve %22 olarak tespit edilmistir. Bu deger %5 ve
%10 oraninda elma katkisi olan silajlarda giderek diismiis
ve de %10 katkih silajda kontrol silajma gore onemli
oranda diistiigii goriilmiistiir. Benzer sekilde, Canbolat ve
ark. (2013), yonca silajina gladicya meyvesi katarak
yaptiklar1 c¢alismalarinda, meyve Kkatilan gruplardaki,

meyve katki orani arttikca NH3N-TN degeri 6nemli dl¢iide
diismiistlir. Bu etkinin, gladicya meyvesinin yapisinda
bulunan tanenin, silolama baslangicinda ¢dziinebilir
proteinlerle kompleks bilesikler olusturdugu ve bdylece
proteinlerin mikroorganizmalar tarafindan parcalanmasini
onleyerek, silajdaki amonyak  konsantrasyonunu
diistirdiigiini bildirmislerdir.

Laktik asit; silaj icerisinde olusan diger organik asitlerden
(asetik, propiyonik ve biitirik asit) silajin  pH’sim
azaltmada daha etkili oldugu i¢in, en fazla olusmasi istenen
organik asittir. Yapilan c¢alismada silajlarin laktik asit
degeri, Yonca +%10 Elma grubunun (8.87+1.32), kontrol
grubu (4.75%£0.62) ve Yonca +%5 Elma grubuna
(3.78+£0.26) gore onemli oranda daha yiliksek degerde
oldugu belirlenmistir (p<0.05). Sunulan calismada elma
ilavesinin silajlarin laktik asit degerini 6nemli derecede
arttirdig1 tespit edilirken, bunun sebebinin de elmanin
yliksek oranda suda ¢oziiniir karbonhidrat iceriginden
dolay1 silaj laktik asit degerini ylikseltmesine
baglanmaktadir. Oztiirk ve ark. (2006)'nin, yonca silajina
ilave ettikleri misir ve Hashemzadeh-Cigari ve ark.
(2011)nin  yoncaya melas ekleyerek  yaptiklari
calismalarinda, laktik asit diizeyini 6nemli oranda yliksek
bulduklarini bildirmesi mevcut c¢alismanin sonuglarini
desteklemektedir. Bununla birlikte yonca silajinin kolay
eriyebilir karbonhidrat kaynag katkili ve katkisiz olarak
yapildigr diger calismalarda (Khadem ve ark. 2009;
Kamalak ve ark. 2012; Yakisir ve Aksu 2019) laktik asit
diizeylerinin sunulan ¢alismadan daha yiiksek oldugu
goriilmektedir. Bu ¢alismalarda kullanilan yoncalarin kuru
madde igeriginin sunulan ¢alismadaki yoncanin kuru
maddesinden yiiksek olusu, mevcut ¢alismada erken
vejetasyon siirecinde bigilmis ve diisiik kuru madde ile
silaji yapilmis yoncanin yetersiz laktik asit olusumuna
sebebiyet verdigi kanaatine varilmistir. Asetik asit degeri
ise silaj kontrol grubu (49.73£2.21) ile %5 elma ilave
edilen grupta (41.99+3.32) benzer bulunurken, %10 elma
ilave edilen grupta (39.92+2.38) onemli diizeyde diisiik
oldugu belirlenmistir (p<0.05). Silajda laktik asit oraninin
artmasiyla asetik asit miktarinda azalma meydana
gelmistir. Elma katkisinin asetik asit diizeyini diistirdiigii
ve silajda asetik asitteki bu diislisiin, ¢ogunlukla silaj
kullanilan ruminantlarin silaj tiiketimini arttirabilecegi
yoniiyle avantaj olarak degerlendirilecegi bildirilmistir
(Kamalak ve ark. 2012). Diger taraftan propiyonik asit
degerinde ise elma katkili her iki grupta da (%5 Elma
(5.69£0.45) ve %10 Elma (7.84+1.06)) kontrol grubuna
(13.01+1.07) kiyasla dnemli diizeyde diislis olmasi, silaj
kalitesi agisindan olumlu oldugu diisiiniilebilir. Khadem ve
ark’nin (2009), yonca silajina ilave ettikleri arpa unu
katkisinin silajin PA ve AA diizeyini 6nemli derecede
diisiirdiigiine ait bildirdigi sonuclar sunulan calismanin
sonuglari ile uyumludur. Silajlarin BA degerleri ise biitiin
gruplarda benzer olarak bulunmustur.

Silajin Fiziksel o6zelliklerine goére alinan puanlar ise;
Kontrol ve Yonca + %10 Elma gruplarinda 5, Yonca + %5
Elma grubunda ise 6 puandir. Kalite Siniflandirmasi ise
“Orta” dir (Tablo 3). Bugday Samani ile kuru madde orani
arttirillmis  yonca silajinin  elma ilavesi ile fiziksel
ozelliklerinde ve kalite standartlarinda herhangi bir etkisi
olmadig1 Dbelirlenmistir. Fleig puanina gore Kkalite
siniflandirmasinda ise, Kontrol, Yonca + %5 Elma ve Yonca
+ %10 Elma gruplarinda sirasiyla %23.22, %23.65 ve
%23.28 oldugu tespit edilirken, elma ilavesinin yonca
silajinin fleig puanina etkisi olmadigi ve gruplarin
birbirleriyle benzer oldugu belirlenmistir. Tiim gruplarin
kalite standartlar ise flieg puanlamasinda “Diigtik Kalite”
oldugu bulunmustur.
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Sonug¢ olarak, yonca silajina %5 ve % 10 oraninda suda
¢Oziinebilir karbonhidrat kaynag: olarak eklenen elmanin
silajin  kalitesi tlizerine etkilerinin incelendigi bu
arastirmada, yonca silajina katilan %10 diizeyindeki
elmanin silaj kalitesini iyilestirdigi, ancak 6zellikle
silajdaki organik asitlerin olusumu ve dolayisiyla istenen
diizeyde pH diisiisiinii saglayabilmek icin, ileride yapilacak
calismalarda kuru madde diizeyi daha yiiksek yoncaya
elma katilarak yapilan silajlardan daha iyi sonuglar
alinabilecegi kanaatine varilmistir.
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Yazarlar bu c¢alisma i¢in herhangi bir ¢ikar catismasi
olmadigini beyan ederler.
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Yara, canli dokunun anatomik ve fiziksel biitlinliigiiniin bozulmasina bagh olarak; dokunun mevcut fizyolojik
faaliyetlerinin tamaminin veya bir kisminin ortadan kalktig1 durum olarak tanimlanabilir. Giiniimiizde yara
iyilesmesini hizlandirmak ve siireci kisaltmak adina farkl bir¢ok tedavi protokolii giincel yara tedavilerinde
siklikla kullanilmaktadir. Gelisen teknoloji ve tip alanindaki gelismelere baglh olarak ortaya ¢ikan medikal
irtnler tedavinin seyrinide etkilemistir. Bu ¢alismada Winstar albino ratlarda olusturulan kesik yaralarinda,
C. asiatica ekstrakti, ¢inko oksit ve alaptidum iceren merhemlerin yara iyilesmesi lizerine olan etkilerinin
histopatolojik olarak incelenmesi amag¢lanmistir. Bu amagla 36 adet winstar 1rki rat rastgele 6nce onikiserli
daha sonra bu gruplar kendi aralarinda altisarli gruplara ayirilmistir. Olusturulan ¢alisma gruplar: 5. ve 10.
glin olmak tlizere gruplandirilmistir. Gruplara genel anastezi altinda tiras ve dezenfeksiyonun ardindan sirtin
sag ve sol bolgesine tiim katlar1 icerecek sekilde 2 adet kesik yarasi olusturulmus ve bu yaralara sabah aksam
olmak iizere merhemler uygulanmistir. 5. ve 10. giin sonunda sakrifiye edilen ratlardan alinan érnekler
laboratuvara histopatolojik inceleme i¢in génderilmistir. Yapilan ¢alisma sonunda alaptidum ve ¢inko oksit
iceren merhemlerin uygulandig1 gruplarda epitelyal rejenerasyonun daha erken tamamlandigl ve dermiste
fibrovaskiiler bag doku proliferasyonunun daha erken olgunlastig1 gériilmiistiir.

Anahtar Kelimeler: Alaptidum, Centella asiatica, Cinko oksit, Yara iyilesmesi.

ABSTRACT

Clinical and Histopathological Comparison of the Efficacy of Ointments Containing
Centella Asiatica extract, Zinc Oxide and Alaptidum in Wound Healing

Wound, depending on the deterioration of the anatomical and physical integrity of living tissue; It can be
defined as the situation in which all or some of the existing physiological activities of the tissue disappear.
Today, many different treatment protocols are frequently used in current wound treatments in order to
accelerate wound healing and shorten the process. Medical products that emerged depending on the
developing technology and developments in the field of medicine also affected the course of treatment. In this
study, it was aimed to histopathologically examine the effects of ointments containing C. asiatica extract, zinc
oxide and alaptidum on wound healing in cut wounds in Winstar albino rats. For this purpose, 36 winstar
albino rats were randomly divided into groups of twelve and then six groups among themselves. The created
study groups were grouped as 5t and 10th days. After shaving and disinfection under general anesthesia, 2
cut wounds were created in the right and left areas of the back, including all layers, and ointments were
applied to these wounds’ morning and evening. At the end of the 5t and 10th days, the samples taken from the
sacrified rats were sent to the laboratory for histopathological examination. At the end of the study, it was
observed that epithelial regeneration was completed earlier and fibrovascular connective tissue proliferation
matured earlier in the groups in which ointments containing alaptidum and zinc oxide were applied.

Keywords: Alaptidum, Centella asiatica, Wound healing, Zinc oxide.

GIRIS

ark. 2018; Dai ve ark. 2020; Herman ve Bordoni 2022).
Yara cesitli nedenlerle meydana gelebilir. Bunlar, fiziksel
ve kimyasal yanma, hayvan 1sirig1 ya da sokmasi, cesitli

Yara deri, miikdz membranlar ve organlarda fiziksel,
kimyasal, radyasyon, termal, cerrahi midahale veya
patolojik olarak dokularin (deri, deri alti dokular, kaslar,
tendonlar, sinirler, damarlar ve hatta kemik)
biitiinliigiiniin bozulmasidir (Uyar ve ark. 2017; Negut ve

metabolik bozukluklar, travma, ila¢ etkilesimleri, ya da
beslenmedeki yetersizlikler sonucunda meydana gelebilir
(Ozkorkmaz ve Ozay 2009; Negut ve ark. 2018). En cok
karsilasilan yara semptomlarina bakacak olursak yaranin
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lokalize oldugu bolgede fiziksel hasarlar, kanama, duyu ve
fonksiyon kaybi, yara g¢evresinde kizariklik, act zonklama
hissi, bolgedeki dokularda biiziisme ve akinti dikkat ¢eker.
Yaralar kismi ve tam kalinhiktaki yaralar gibi
siniflanabilirken yine akut ve kronik yaralar, acik ve kapali
yaralar olarak da smniflanabilir. Ozellikle kronik yaralar
sekillendikleri bolge ve silirecin uzunluguna bagh olarak
hastanin yasam Kkalitesini etkilerler (Ozkorkmaz ve Ozay
2009; Fossum 2013; Ozel 2018). Yaralarin iyilesmesi icin
belirli bir siire verilemedigi gibi makul siireler icinde
iyilesmeyen yaralar i¢in kronik yara ifadesi kullanilir.
Diyabet, periferik damar hastaliklarinin artmasiyla birlikte
derinin total biitlinliigiinii bozan akut ve kronik yaralarin
goriilme siklig1 da artmistir (Kuzay 2019; Mutlu ve Yilmaz
2019). Yara sagaluminda yaraya yaklasim yaranin
niteligine bagh olarak degismektedir. Yara sagaltiminda
komplikasyonun en az ve iyilesme siirecinin en hizh
oldugu secenekler tizerinde durulmali ve iyilesme siireci
olabildigince kisaltilmalidir (Rizalar ve ark. 2019). Yara
iyilesmesi siirecinde yaranin lokalize oldugu bolge,
canlinin tiirt ve yaranin kontaminasyon derecesi goz
oniinde bulundurularak uygun sagaltim segenekleri
degerlendirilmelidir ~ Biitlin yaralar ayni prensiple
iyilesmekle birlikte biitiin sistemleri igeren hiicresel,
fizyolojik ve biyokimyasal olaylar biitiiniidiir (Parsak ve
ark. 2007). Yara iyilesmesi temelde 4 sathada gerceklesir
bunlar sirasiyla; hemostaz, inflamasyon, proliferasyon ve
epitelizasyon ile maturasyon ve remodeling evresidir
(Kuranel 2012).

Sonu¢ olarak bu c¢alismada; Winstar albino ratlarda
olusturulan kesik yaralarinda ¢inko oksit ve alaptidum
iceren merhemlerin yara iyilesmesi {zerine olan
etkilerinin ~ histopatolojik  etkilerinin  incelenmesi
amaglanmistir.

MATERYAL VE METOT

Calisma Van Yiiziincii Y1l Universitesi Hayvan Deneyleri
Yerel Etik Kurulu'ndan 30/09/2021 tarih ve 2021/09-13
sayili karar ile izin almarak Van Yiiziincii Y1l Universitesi
Deneysel Tip Uygulama ve Arastirma Merkez
Miidirligi’'nde yapilmistir.

Hayvan Materyali

Calismada her biri ortalama 250 gr agirliginda 36 adet
Wistar cinsi albino erkek rat kullanilmistir. Ratlara yaralar
olusturulmadan 6nce genel anestezi saglamak amaciyla 5
mg/kg ksilazin hidrokloriir (Basilazin® %’2, 50 ml, Bavet)
ile 80 mg/kg ketamin hidrokloriir (Ketasol®, interhas)
(Erman 2021) aymi enjektore cekilerek, birlikte
intraperitoneal olarak uygulanmistir (Smith 1993).

Kesik Yarasinin Olusturulmasi

Anesteziye alinan ¢alisma ve kontrol grubundaki 36 adet
Wistar cinsi albino rat denemelerden 6nce bdlgenin tiras
ve dezenfeksiyonun yapilmasinin ardindan rastgele 3 ayri
gruba ayrilmistir. Tiras ve dezenfeksiyon isleminin
tamamlanmasina miiteakip ratlarin sirt bolgesinin bir adet
sagina ve bir adet soluna 1 cm biiyiikliiglinde olacak
sekilde tam katli deri ensizyonu gergeklestirilerek iki adet
kesik yarasi olusturuldu.

ila¢ Materyali

Bu calismada 3 farkl ticari ilag kullanilmistir. Kullanilan
ilaglar Centella asiatica ekstrakti (Madecassol® %1, 40 gr,
Bayer), c¢inko oksit (Sudocrem®, 60gr, Teva) ve
alaptidumdur (Alaptid®, 20gr, Bioveta).

Hayvan Deneyleri

Calismada kullanilan 36 adet Winstar irki ratin sirtlarina
iki adet tam kat deri ensizyonu olusturulduktan sonra
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rastgele 3 gruba ayrilmistir. Olusturulan bu gruplar ise
kendi icinde 2 gruba ayrilarak toplamda 6 adet grup
olusturulmustur. Sol taraftaki yara boélgesine 1. gruptaki
ratlara C. asiatica ekstrati, 2. gruptaki ratlara ¢inko oksit ve
3.  gruptakilere  alaptidium  iceren = merhemler
uygulanmistir. Ayrica tim gruplarda sag taraftaki yara
bolgesi ise kontrol yarasi olarak belirlenmistir (Sekil 1).

Sekil 1: Ratin sirt kisimlarina olusturulan yaralar.
Figure 1: Wounds on the back of the rat.

Grup 1, Grup 2 ve Grup 3 de bulunan ratlarin sag
tarafindaki yaralar kontrol yarasi olarak kalmis ve yara
iizerine sadece izotonik soliisyon uygulanmistir. Sol
taraflarindaki yaraya ise 10 giin boyunca grup 1'e C.
asiatica ekstrati, grup 2’'ye ¢inko oksit ve grup 3’e
alaptidium iceren merhemler sabah aksam olacak sekilde
giinde toplamda 2 kere uygulanmistir. Erken ve ge¢ donem
yara iyilesmesinin izlenmesi i¢in (Falcioglu 2017;
Hancioglu 2018) 12’ser rattan olusan bu 3 grupta 5. glinde
6 rat, 10. giinde ise kalan 6 rat sakrifiye edilmistir.

Histopatolojik inceleme icin Ornek Alinmasi

Toplamda 36 adet rat calisma sirasinda 3 farkli gruba
ayrildi her grupta kendi icinde 6’sarl1 iki gruba ayrilmistir.
1. gruptaki 6 rat, 2. gruptaki 6 rat ve 3. gruptaki 6 rat 5.
giin sonunda sakrifiye edilmistir. Kontrol grubunu 1. 2. ve
3. gruplardan rastgele her gruptan 2 adet olmak tzere
alman ornekler olusturmustur. Geriye kalan 18 rat yine
ayni sekilde 10. giin sonunda sakrifiye edilmistir.
Deneklerden ornekler, yara bdlgesinden ve lezyonsuz
cevre dokudan yaklasik 0,5 cm kadar kalinligl icerecek
sekilde alinarak ve patoloji laboratuvarina géonderilmistir.
Laboratuara gonderilen ornekler %10’ luk tamponlu
formaldehit solusyonunda 72 saat fikse edilmistir. Rutin
takip islemi kapsaminda; doku 6rnekleri alkol serilerinden
gecirilerek dehidrasyonlari, ksilol serilerinden gecirilerek
seffaflandirilmalart  saglanmis ve daha sonrasinda
parafinde bloklanmistir. Bu bloklardan mikrotomda (Leica
RM 2135) 4pm kalinliginda alinan kesitler Hematoksilen-
Eozin (H&E) boyama teknigine gore boyanarak 1sik
mikroskobunda incelenmistir.

BULGULAR
Morfolojik Bulgular

Calisma boyunca alinan fotograflarda Image ]2 programi
kullanilarak yara o6l¢limleri yapilmistir. Yapilan bu
6l¢iimler sonucunda olusan degerler Sekil 2’de verilmistir.
Calismanin 5. ve 10. gilinlinde yapilan makroskobik
incelemelerde kontrol grubuna ait ratlarin yara
bolgelerinde diger tedavi gruplarina gore kismen diizensiz
bir kabuklanma go6zlenmistir. 1. grupta yaralarda
kabuklanma daha az fakat yara boélgesinde serdz sivi
mevcuttur. 2. grup ve 3. grupta ise kabuklanma daha
dtizenli bir gériiniime sahiptir. 10. giinde kontrol grubunda
yara iyilesmesinin biiylikk oranda tamamlanmadigl
goriiliirken, 1. grup, 2. gurup ve 3. gruplarda yara izlerinin
kismen kayboldugu gézlenmistir (Sekil 2).
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Tablo 1: 5. ve 10. giin nekropsi yapilan ratlarin yara bolgelerinde rejenerasyonla ilgili saptanan histopatolojik degisikliklerin

skorlanmasi.
Table 1: Scoring the histopathological changes related to regeneration in the wound areas of rats necropsied on the 5th and
10th days.
5. giin 10. giin
Histopatolojik ghsut.o_;]){a;cl(()llo;?k
degisiklikler egisIkiierin
813 derecesi Kontrol 1.grup 2.grup 3.grup Kontrol 1.grup 2.grup 3.grup
6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6
Epitelyal * 4 4 3 3 0 5 - 1
rejenerasyon o 2 2 2 3 1 1 1 2
ok - 1 - 5 - 5 3
Fibrovaskiiler . 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6
Bas Dok - 4 2 3 6 6 1 -
s * 2 3 3 - 0 3 5
roliferasyonu ok _ 1 N ) i 2 1
6/6 6/6 6/6 4/6 6/6 6/6 6/6 6/6
Akut * 2 4 3 3 1 - 5 4
Inflamasyon o 3 2 3 4 6 1 2
kskok 1 - 1 - -
5. Giin Histopatolojik Bulgular
Kontrol l. Grup 2. Grup 3. Grup Kontrol Grubu
Kontrol grubunda; (A) derinin yara olusturulan

Sekil 2. Gruplar aras1 morfolojik degisiklikler.
Figure 2. Morphological changes in between groups.

Histopatolojik Bulgular

Parafin bloklardan Rotary mikrotomla 4-5 um’lik kesitler
alinmasimin ardindan, kesitler hematoksilen-eozin (HE)
yontemle boyanarak isik mikroskobunda incelenmis ve
fotograflanmistir (Nikon 80i, DS-RI2; Nikon, Japan).
Kesitler histopatolojik olarak; epitelyal rejenerasyon, akut
inflamasyon, anjiyogenezis (vaskiilarizasyon) ve fibrozis
(fibrovaskiiler bag doku proliferasyonu) bakimindan
degerlendirilmistir. Saptanan histopatolojik degisikliklerin
derecesi; hafif (*), orta (**) ve belirgin (***) seklinde
skorlanmis ve Tablo 1’de verilmistir.

bolgelerinde (N harfleri arasindaki alanda); kismi bir
epitelyal rejenerasyon (*) saptanmistir. * isaretli bolgenin
daha biiyiik goriintilemesinde; (B) normal (N) bdlgenin
hemen saginda epitelyal rejenerasyonun yara kabugu
altindan ilerledigi ve ¢ok kisa bir alanda izlenebildigi (*),
ileriki bolgelerde tistte yara kabugu altta purulent bir
eksudat, daha alt kisimlarda ise fibrovaskiiler bag doku
proliferasyonu (FBV BD P) gozlenmistir (Sekil 3A-B).

1. Grup

1. grupta; (A) derinin yara olusturulan bélgelerinde (N
harfleri arasindaki alanda); kismi bir epitelyal
rejenerasyon (*) saptanmigtir. * isaretli bolgenin daha
biiyiik gorintiilemesinde; (B) normal (N) bélgenin hemen
saginda epitelyal rejenerasyonun purulent eksudat- yara
kabugu altindan ilerledigi ve ¢ok kisa bir alanda
izlenebildigi (*), ileriki bolgelerde iistte yara kabugu altta
purulent bir eksudat, daha alt kisimlarda ise fibrovaskiiler
bag doku proliferasyonu (FBV BD P) goézlenmistir (Sekil
4A-B).

2. Grup

Derinin yara olusturulan bolgelerinde (N harflerinin
solundaki alanda); ¢ok kismi bir epitelyal rejenerasyon
(ok) saptanmistir. Epitelyal rejenerasyonun yara kabugu-
purulent eksudat altindan ilerledigi ve ancak ¢ok kisa bir
alanda izlenebildigi (ok), ileriki bolgelerde iistte yara
kabugu altta purulent bir eksudat, daha alt kisimlarda ise
fibrovaskiiler bag doku proliferasyonu (FBV BD PR)
gozlenmistir. Diger bir olguda (B) derinin yara olusturulan
bolgelerinde (N harflerinin sagindaki alanda); belirgin bir
epitelyal rejenerasyon (*) saptanmistir.  Epitelyal
rejenerasyonun baslangi¢c bdlgelerinde keratinizasyonun
(oklar) da olustugu dikkati cekmistir. Dermiste ise
anjiyogenezisden zengin belirgin fibrovaskiiler bag doku
proliferasyonu (FBV BD P) gozlenmistir (Sekil 5A-B).
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Sekil 3: A. Kontrol grubunun 5. giin histopatolojik
bulgular1 (H&E) (1000 um), N: normal deri bolgesi, *: kismi
epitel rejenerasyon, B. Kontrol grubunun 5. giin
histopatolojik bulgular1 (H&E) (200 um), N: normal deri
bolgesi, *: kismi epitel rejenerasyon, FBV BD P:
fibrovaskiiler bag doku proliferasyonu

Figure 3: A. Histopathological findings of the control
group on the 5t day (H&E) (1000 pm), N: normal skin
area, *: partial epithelial regeneration. B. Histopathological
findings of the control group on the 5t day (H&E) (200
um), N: normal skin area, *: partial epithelial regeneration,
FBV BD P: fibrovascular connective tissue proliferation.

3. grup

3. grupta; (A) derinin yara olusturulan bdlgelerinde (N
harfleri arasindaki alanda); belirgin bir epitelyal
rejenerasyon saptanmamistir. Kalin oklar arasindaki
bolgenin daha biiyiik goriintiilemesinde; (B) normal (N)
boélgenin hemen saginda epitelyal rejenerasyonun heniiz
yeni basladigl ve ¢ok kisa bir alanda izlenebildigi (ince
oklar arasi), ileriki bolgelerde tistte purulent bir eksudat
(*), daha alt kisimlarda ise fibrovaskiiler bag doku
proliferasyonu (FBV BD P) gozlenmistir (Sekil 6A-B).

Sonu¢ olarak denemenin 5. giiniinde kesilen ratlarda
cogunlukla benzer bulgular saptanmis olup epitelyal
rejenerasyonun ¢ok zayif oldugu, ancak 2. grupta bir ratta
epitelyal rejenerasyonun ve fibrovaskiiler bag doku
proliferasyonunun olduk¢a belirgin oldugu dikkati
¢ekmistir. Bu gruplarin hemen hepsinde en iistte degisen
miktarlarda nekrotik eksudattan olusan bir yara kabugu
vardir. Hemen altinda da makrofaj, mikrofaj, eritrosit ve
plazmatik bir kitleden olusan eksudat gériilmistiir. Daha
alt kisimlarda (dermiste) ise yeni damar (anjiyogenezis)
olusumlarindan zengin aktif ve gevsek bag doku
proliferasyonu izlenmistir (Sekil 3, 4, 5, 6).

10. Giin Histopatolojik Bulgular
Kontrol Grubu

Kontrol grubunda; bir olgu disinda epidermiste epitelyal
rejenerasyonun (*) tamamlandigl, dermiste fibrovaskiiler
bag doku (FBV BD PR) proliferasyonun (fibrozis)
olgunlastifi, kollajence zenginlestizgi ve  hiicresel
infiltrasyonlarin azaldig1 saptanmistir (Sekil 7A-B).
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Sekil 4: A. 1. grubun 5. giin histopatolojik bulgular1 (H&E)
(1000 um), N: normal deri bolgesi, *: kismi epitel
rejenerasyon, FB V Pr: fibrovaskiiller bag doku
proliferasyonu, B. Kontrol grubunun 5. giin histopatolojik
bulgular1 (H&E) (200 um), N: normal deri boélgesi, *: kismi
epitel rejenerasyon, FBV BD P: fibrovaskiiler bag doku
proliferasyonu.

Figure 4: A. Histopathological findings of the 1st group on
the 5th day H&E) (1000 um), N: normal skin area, *: partial
epithelial regeneration. B. Histopathological findings of the
control group on the 5t day (H&E) (200 pm), N: normal
skin area, *: partial epithelial regeneration, FBV BD P:
fibrovascular connective tissue proliferation.

1. Grup

Sadece 1 olguda epidermiste epitelyal rejenerasyonun (*)
tamamlandigl, ancak bu olguda rejenere epitel katmanin
da daha az sayida epitel hiicresinden olustugu, ayrica
epitelyal rejenerasyonun (*) heniliz tamamlanmadigl
(oklar) olgularda daha belirgin olmak iizere, dermiste
fibrovaskiiler bag doku (FBV BD PR) proliferasyonun
heniiz tam olgunlasmadig (fibrozis yetersiz) yani daha
aktif bir bag doku goriiniimiinde oldugu ve hiicresel
infiltrasyonlarin devam ettigi saptanmistir (Sekil 8A-B).

2. Grup

Bu grupta, bitin olgularda epidermiste epitelyal
rejenerasyonun (*) tamamlandigl, dermiste fibrovaskiiler
bag doku (FBV BD PR) proliferasyonun g¢ogunlukla
olgunlastig1 (fibrozis), kollajence zenginlestigi ve hiicresel
infiltrasyonlarin azaldigr saptanmistir. Ayrica epitelyal
rejenerasyonunun tamamlandig1 bolgelerde bazi olgularda
ayni zamanda rejenere epitelin yer yer dermise dogru
papiller uzantilar (oklar) da olusturdugu, stratum
korneum ve stratum bazale (germinativ hiicrlerinin de)
tabakalarinin da rejenere oldugu dikkati ¢ekmistir (Sekil
9A-B).
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(500 pm), N: normal deri bélgesi, —: purulent eksudat, FBV
BD PR: fibrovaskiiler bag doku proliferasyonu, B. 2.
grubunun 5. giin histopatolojik bulgular1 (H&E) (200 pm),
N: normal deri bdlgesi, *: epitel rejenerasyon, -:
keratinazasyon, FBV BD PR: fibrovaskiiler bag doku
proliferasyonu.

Figure 5: A. Histopathological findings of group 2 on day 5
(H&E) (500 pm), N: normal skin area, —: purulent exudate,
FBV BD PR: fibrovascular connective tissue proliferation,
B. Histopathological findings of group 2 on day 5 (H&E)
(200 um), N: normal skin area, *: epithelial regeneration,
—: keratinization, FBV BD PR: fibrovascular connective
tissue proliferation.

(1000 um), N: normal deri bolgesi, —: epitel rejenerasyon,
*: purulent eksudat, B. 3. grubunun 5. giin histopatolojik
bulgular1 (H&E) (200 pum), N: normal deri bélgesi, *:
purulent eksudat, —: epitel rejenerasyon, FBVD:
fibrovaskiiler bag doku proliferasyonu.

Figure 6: A: Histopathological findings of group 3 on day 5
(H&E) (1000 pm), N: normal skin area, —: epithelial
regeneration, *: purulent exudate, B. Histopathological
findings (H&E) on day 5 of group 3 (200 um), N: normal
skin area, *: purulent exudate, —: epithelial regeneration,
FBVD: fibrovascular connective tissue proliferation.

200 pm = Z -

= = ZX =
Sekil 7: A. Kontrol grubun 10. giin histopatolojik bulgular:
(H&E) (500 pm), N: normal deri bolgesi, *: epitel
rejenerasyon, FBV BD PR: fibrovaskiiler bag doku, B.
Kontrol grubunun 10. giin histopatolojik bulgular1 (H&E)
(200 pm), N: normal deri bolgesi, *: epitel rejenerasyon,
FBV BD PR: fibrovaskiiler bag doku proliferasyonu.

Figure 7: A. Histopathological findings (H&E) (500 um) of
the control group on the 10th day, N: normal skin area, *:
epithelial regeneration, FBV BD PR: fibrovascular
connective tissue, B. Histopathological findings (H&E) of
the control group on the 10th day (200 pm), N: normal skin
area, *: epithelial regeneration, FBV BD PR: fibrovascular
connective tissue proliferation.

A s B e e\
Sekil 8: A. 1. grubun 10. giin histopatolojik bulgulari
(H&E) (500 pm), N: normal deri bolgesi, *: epitel
rejenerasyon, FBV BD PR: fibrovaskiiler bag doku, B. 1.
grubunun 10. giin histopatolojik bulgular1 (H&E) (500 pm),
*: epitel rejenerasyon, —: yetersiz epitel rejenerasyon, FBV
BD PR: fibrovaskiiler bag doku proliferasyonu.

Figure 8: A. Histopathological findings on day 10 of group
1 (H&E) (500 pm), N: normal skin area, *: epithelial
regeneration, FBV BD PR: fibrovascular connective tissue,
B. Histopathological findings of group 1 on day 10 (H&E)
(500 pm), *: epithelial regeneration, —: insufficient
epithelial regeneration, FBV BD PR: fibrovascular
connective tissue proliferation.
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Sekil 9: A. 2. grubun 10. giin histopatolojik bulgular:
(H&E) (500 pm), N: normal deri bolgesi, *: epitel
rejenerasyon, FBV BD PR: fibrovaskiiler bag doku, B. 2.
grubunun 10. giin histopatolojik bulgular1 (H&E) (500 pm),
*: epitel rejenerasyon, —: papil, FBV BD PR: fibrovaskiiler
bag doku proliferasyonu.

Figure 9: A. Histopathological findings of group 2 on day
10 (H&E) (500 pm), N: normal skin area, *: epithelial
regeneration, FBV BD PR: fibrovascular connective tissue,
B. Histopathological findings on day 10 of group 2 (H&E)
(500 pm), *: epithelial regeneration, —: papilla, FBV BD PR:
fibrovascular connective tissue proliferation.

3. Grup

Bu grupta biitiin olgularda epidermiste epitelyal
rejenerasyonun (*) tamamlandigl, dermiste fibrovaskiiler
bag doku (FBV BD PR) proliferasyonun (fibrozis)
olgunlastigi, kollajence  zenginlestigi ve  hiicresel
infiltrasyonlarin azaldig saptanmistir (Sekil 10A-B).

Sonu¢ olarak calismanin 10. giiniinde kesilen ratlarda
gruplar arasinda benzer bulgular gézlenmekle birlikte; 3.
grup ve Ozellikle de 2. grupta epitelyal rejenerasyonun
diger gruplara gore daha giiclii bir sekilde gergeklestigi,
fibrozisin kollajence zengin oldugu ve hiicresel
infiltrasyonlarin da daha az bulundugu saptanmistir.
Ayrica rejenere epitelyal tabakanin daha c¢ok hiicreden
olustugu, rejenere epitelin dermise dogru papiller
uzantilar olusturdugu ve tek sirali germinativ hiicrlerinin
de rejenere oldugu dikkati cekmistir (Sekil 7, 8, 9, 10).
Sonucta 2. ve 3. gruplarda epitelyal rejenerasyonun daha
erken tamamlandigl ve demiste fibrovaskiler bag doku
proliferasyonunun daha erken olgunlastigi séylenebilir.

TARTISMA VE SONUC

Yara tedavisi, tip tarihinin baslangicindan  beri
arastirmacilarin temel ilgi alani olmustur. Son yillarda
gelisen tip ve teknolojiye bagh olarak ortaya ¢ikan modern
yara ortiileri ve merhemler tedavilerin seyrini olumlu
yonde etkilemistir. Yara tedavilerinde kullanilan degisik
icerik ve muhteviyata sahip merhmeler ve tipta sik¢a
kullanilan  geleneksel bitkiler hakkinda literatiire
bakildiginda konuyla alakali bir¢ok ¢alismanin oldugu
gorilmistir (Kurtoglu ve Karatas 2009; Fossum 2013;
Karasu ve Bakir, 2016; Li ve ark. 2020; Bao ve ark. 2022;
Jin ve ark. 2022; Zeng ve ark. 2022).
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Sekil 10: A. 3. grubun 10. giin histopatolojik bulgular:
(H&E) (500 upm), N: normal deri bolgesi, *: epitel
rejenerasyon, FBV BD PR: fibrovaskiiler bag doku, B. 3.
grubunun 10. giin histopatolojik bulgular1 (H&E) (200 pm),
*: epitel rejenerasyon, —: papil, FBV BD PR: fibrovaskiiler
bag doku proliferasyonu.

Figure 10: A. Histopathological findings of group 3 on day
10 (H&E) (500 pm), N: normal skin area, *: epithelial
regeneration, FBV BD PR: fibrovascular connective tissue,
B. Histopathological findings on day 10 of group 3 (H&E)
(200 pum), *: epithelial regeneration, —: papilla, FBV BD PR:
fibrovascular connective tissue proliferation.

Erman (2021) yaptig1 ¢calismada magnezyum siilfat iceren
krem formundaki topikal ajanlarin yara iyilesmesi {izerine
olan ¢alismada kremlerin kontrol grubuna goére 7. giinde
daha fazla anjiyogenezis sekillendirdigi goriilmiistiir. Han
ve ark. (2017) yaptigi c¢alismada da Nigella sativa ve
Hypericum perforatum uygulanan yaralarda kontrol
grubuna gore 7. giinde anjiogenezin daha zengin oldugu
goriilmiistiir. Yapilan bu ¢alismada da Erman (2021) ve
Han ve ark. (2017) nin yaptif1 ¢alismalara benzer olarak
erken donemde ¢inko oksit ve alaptidum igeren
kremlerinin yara boélgesinde anjiyogenezisi kontrol
grubuna gore daha da artirdigini goriilmiistiir. Calismanin
bu sonuglari diger ¢alismalarla benzerlik gostermektedir.

Altan ve ark. (2015) yilinda yaptiklar1 ¢alismada Sari
Kantaron (Hypericum perforatum) bitkisisinin yara
iyilesmesi iizerine olan etkilerini incelemisledir. Bitkinin
yapisinda ihtiva ettigi amentoflavon, hiperforin ve
hiperisin gibi maddeler bitkiye antiinflamatuar,
antibakteriyel ve antiviral birtakim o6zellikler kazandig1 ve
yapilan bu c¢alismada Hypericum perforatum bitkisinin
enflamasyon periyodunu kisalttig1 ayni zamanda fibroblast
goclinli hizlandirdig, kollajen depolanmasini artirdifl ve
daha iyi epitelizasyona neden oldugu kanitlanmistir.
Yapilan bu tez c¢alismasinda 10. giinde ¢inko oksit ve
alaptidum iceren kremlerinin uygulandigi gruplarda
kontrol ve C. asiatica ihtiva eden merhemlerin uygulandigi
gruplara gore daha erken bir epitel rejenrasyonun
sekillendigi ve demiste fibrovaskiiler bag doku
proliferasyonunun daha erken olgunlastigl goézlenmistir.
Yapilan bu tez c¢alismasindaki sonuclarin, Altan ve ark.
(2015) tarafindan yapilan ¢alismanin sonuglariyla benzer
etkileri oldugu goriilmektedir.
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Glingér (2013) yara iyilesmesinde sik kullanilan visne
cekirdegi yagi, ¢corek otu yagl ve toros goknari reginesinin
yara iyilesmesi lizerine etkisini incelemistir. Yara
iyilesmesinde biyokimyasal ve histopatolojk inceleme icin
altisarli sham, kontrol, visne cekirdegi yagi, corek otu yagi
ve toros goknari reginesi rat gruplari olusturulmustur. Bu
gruplarda tam kat yara modeli olusturularak 7. ve 14.
glinde alinan dokularda oksidatif stres ve eser element
(Zn, Cu, Se) parametreleri degerlendirmislerdir.
Histopatolojik inceleme de ise, akut ve kronik
inflamasyon, damar proliferasyonu, ylizeyin kapanmasi,
epitelizasyon, fibroblast aktivite artis1 ve Kkollejende
kabalasma parametreleri yoniinden incelenmis ve
biyokimyasal ve histopatolojik incelemeler sonunda sham
ve kontrol gruplar ile tedavi gruplar1 kiyaslandiginda
anlamh farklibk bulundugu yapilan degerlendirme
sonucunda visne ¢ekirdegi yagi ve ¢érek otu yag1 grubunda
iyilesme stireleri daha erken olup, mikroskobik
degerlendirme sonucu da rejenerasyon olusumu agisindan
belirgin farklilik g6zlenmistir.

Calismada 5. giin sonrasi alinan 6rneklerde kontrol, ¢inko
oksit alaptidum ve C. asiatica ekstrati ihtiva eden
merhemin uygulandigi grubun histopatolojik olarak
degerlendirilmesi sonrasi; gruplar arasinda g¢ogunlukla
benzer bulgularin oldugu, epitelyal rejenerasyonun c¢ok
zaylf oldugu, ancak ¢inko oksit ihtiva eden merhemin
uygulandig1 gruplarda bir ratta epitelyal rejenerasyonun
ve fibrovaskiiler bag doku proliferasyonunun oldukca
belirgin oldugu dikkati ¢ekmektedir. Bu gruplarin hemen
hepsinde en istte degisen miktarlarda nekrotik
eksudattan olusan bir yara kabugu tespit edilmistir.
Hemen altinda da makrofaj, mikrofaj, eritrosit ve
plazmatik bir kitleden olusan eksudat goriilmiistiir. Daha
alt kisimlarda (dermiste) ise yeni kapillar damar
(anjiyogenezis) olusumlarindan zengin aktif ve gevsek bag
doku proliferasyonu izlenmistir.

Calismanin 10. giinli sonras! alinan drneklerde ise, gruplar
arasinda benzer bulgular gézlenmekle birlikte; alaptidum
ve oOzellikle de cinko oksitin uygulandigi gruplarda
epitelyal rejenerasyonun diger gruplara gore daha giicli
bir sekilde gerceklestigi, fibrozisin kollajence zengin
oldugu ve hiicresel infiltrasyonlarin da daha az bulundugu
saptanmistir. Ayrica rejenere epitelyal tabakanin daha gok
hiicreden olustugu, rejenere epitelin dermise dogru
papiller uzantilar olusturdugu ve tek sirali germinativ
hiicrlerinin de rejenere oldugu dikkati cekmektedir.

Sindak ve ark. (2017)'nmin yaptifi calismada Japon
Bildircinlarinda  (Coturnix  Coturnix Japonica) yara
iyilesmesinde topikal olarak menengi¢c yag ile farkh
deneysel karisimlarin etkileri karsilastirilmistir. Buna gore
10. glinde alinan 6rneklerde menengi¢ yag:1 ve C. asiatica
ekstrat1 karisimi uygulanan ratlarda bag doku artisinin
menengic yagl ve rifamisin karisimi uygulanan ratlara goére
daha belirgin oldugu; menengi¢, menengi¢c yag1 ve C.
asiatica ekstrati karisimi ile menengi¢ yag1 ve rifamisin
karisim1 uygulanan gruplarda da epitelizasyonun basladig:
goriilmustir. Yapilan bu tez calismasinda 10. giinde alinan
orneklerde cinko oksit ve alaptidum uygulanan ratlarda
epitelizasyonun giiclii oldugu kontrol grubu ve C. asiatica
ekstrakti uygulanan grupta ise Sindak ve ark. (2017)'nin
yaptig1 calismada oldugu gibi epitelizasyonun zayif oldugu
belirlenmistir.

Falcioglu (2017)'nun yaptig1 calismada tam kat deri yarasi
olusturulmus ve bu yaralara trombositten zengin
membran uygulamasi yapilmistir. 10. giinde alinan yara
orneklerinin histopatolojik incelenmesinde de
epitelizasyon goézlenmistir. Sunulan bu tez ¢alismasinda

cinko oksit ve alaptidum merhemlerinin uygulandigi
ratlarda epitelizasyonun, 10. giinde Falcioglu (2017)'nun
calismasindaki sonuglarla benzer ¢iktig1 gériilmiistiir.

Hancioglu (2018)’'nun ratlarda kesi yarasinda ankaferd
blood stopper ampul uygulamasinin yara iyilesmesi
tizerine olan etkilerinin incelenmesinde 10. gilindeki
histopatolojik bulgularda fibrozisi belirgin olarak artirdig:
gorillmistiir. Yapilan bu tez ¢alismasinda da ¢inko oksit ve
alaptidum merhemlerinin uygulandig1 ratlarda Hacloglu
(2018)nun  buldugu sonuglarla benzer sonuglar
bulunmustur.

Sonug¢ olarak 5. ve 10. giin sonunda alinan o6rneklere
bakilarak yapilan histopatolojik degerlendirmede; 2. grup
ve 3. gruptaki ratlarda epitelyal rejenerasyonun daha
erken tamamlandigl ve dermiste fibrovaskiiler bag doku
proliferasyonunun daha erken olgunlastigi goriilmustir.
Cinko oksit ihtiva eden merhemin kullanildig: ratlarda (2.
grup) morfolojik olarak yaralardaki kapanma alaptidum
iceren merhem kullanilan ratlardaki (3. grup) yaralarin
kapanma oranina benzer sonuglar vermistir. C. asiatica
ekstrat1 ihtiva eden merhemin uygulandigi ratlarda ve
kontrol grubundaki ratlarda ise morfolojik olarak
yaralarin kapanma orani benzer olup ¢inko oksit ve
alaptidum iceren merhemlerin uygulandig1 gruplara gore
yetersiz oldugu gozlemlenmistir.

Alaptidumun tiim sicakkanli gida dist hayvanlarinda
kullaniliyorken ¢inko oksitin beseri olarak dahi
kullaniliyor olmasi, daha ulagilabilir bir iiriin oldugunu
gostermektedir. Ayrica her ne kadar morfolojik olarak
alaptidum ihtiva eden merhem diger merhemlere gore
daha iyi sonuglar gostersede, histopatolojik olarak ¢inko
oksit ihitva eden merhemin yara iyilesmesinde kullanilan
diger merhemlerden epitel rejenerasyon ve fibrovaskiiler
bag doku proliferasyonu agisindan daha iyi sonuglar
verdigi gorilmiistiir.
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