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PREFACE

Veterinary medicine is a branch of medicine related to animal health,
public health, preventive medicine, food safety and therefore human
health. Most human infectious diseases (about 60%) are caused by
animals, and veterinarians are very important in protection of public
health from these diseases (such as COVID-19, Ebola, HIV, SARS,
MERS, Avian flu) that can be transmitted from animal to human, and
from human to animal. In addition to health services, veterinarians
also make a significant contribution to the country's economy by
ensuring food safety from farm to fork.

Nowadays, there is a great need for veterinarians due to the use of
experimental animals in health researches, especially in
pharmaceutical raw materials and cosmetic products researches.
During these researches, it is also the duty, authority and
responsibility of veterinarians to ensure that they live in prosperity and
serve humanity by providing their natural conditions and by giving the
least harm to the animals. Therefore in this book; it is aimed to

present basic and clinical developments in veterinary medicine.
Hoping to be useful to readers with this book.

Prof. Dr. Tiinay KONTAS ASKAR




ONSOZ

Veteriner hekimlik hayvan sagligi basta olmak tizere, halk sagligi,
koruyucu hekimlik, gida giivenligi ve dolayisi ile insan saglig: ile
ilgili bir hekimlik dalidir. insanlarin bulasicit hastaliklarinin ¢ogu
(vaklasik % 60) hayvanlardan kaynaklanmaktadir ve hayvandan
insana, insandan hayvana gecebilen zoonoz adi verilen bu
hastaliklardan (Covid-19, Ebola, HIV, SARS, MERS, Kus gribi gibi)
halk sagliginin korunmasinda veteriner hekimler en 6n sirada gorev
almaktadir. Ayrica veteriner hekimler; saglik hizmetlerinin yaninda,
saglikli hayvansal iiretimin ve gilivenilir gidaya ulasim saglanmasi

acisindan iilke ekonomisine de 6nemli katki saglamaktadirlar.

Gilinlimiizde saglik arastirmalarinda, o6zellikle ilag hammadde ve
kozmetik iirlinleri aragtirmalari i¢in deney hayvani kullanilmasi sebebi
ile veteriner hekimlere biiyiik ihtiya¢ duyulmaktadir. Bu arastirmalar
sirasinda hayvanlara en az zarar verilerek; dogal sartlar1 saglanarak,
refah i¢inde yasamalar1 ve insanliga hizmet etmelerini saglamak yine

veteriner hekimlerin gorev, yetki ve sorumlulugundadir.

Bu nedenle bu kitapta; bu kadar onemli sorumluluklar yiiklenen,
ciftlikten catala gida giivenliginin saglanmasinda en etkili olan
veteriner hekimlik ile giincel temel ve klinik gelismeleri sizlere

aktarilmasi amac¢lanmaistir.

Kitabimizin okuyuculara faydali olmasini dilerim.

Prof. Dr. Tiinay KONTAS ASKAR
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INTRODUCTION

Dirofilariasis is a zoonotic disease of canids which particularly causes
cardiopulmonary diseases (Saritas et al, 2005; Montaya et al, 2006).
Dirofilaria immitis is the causal agent of canine heartworm illness,
and it is transmitted by various genera and species of mosquitoes
(Sevimli et al, 2007). Dogs are the main hosts of this parasite. In
dogs, D. immitis adults specially exist in pulmonary arteries, in the
right-side of the heart (Cakiroglu and Meral, 2007). Dirofilaria species
can also be transmitted to humans by mosquitoes and cause human
disease (Kartashe et al, 2011). Dogs between the ages of 4-7 compose
the most vulnerable group (McCall et al, 2004; Oncel and Vural,
2005). Dirofilariasis generally proceeds as clinical and subclinical.
Despite the presence of microfilers in the peripheral blood in most of
subclinical events, symptoms in dogs may not be seen (Venco et al,
2014).

Pathogenic mechanisms against adult worms or microfilaria involve
host inflammatory response and factor released by filarial parasites
(Mendez et al, 2014). Both innate and acquired immune responses are
characteristic of natural dirofilaria infection. Due to do stimulation of
innate host defense system by proinflammatory cytokines (TNF-a, IL-
1, IL-6 from macrophages) in infection, the occurance and sway of
other cytokines (IL-2, IL-8, IL-10) and cytotoxic factors like free
oxygen radicals and nitric oxide (NO) increase (Knot, 1939; Kramer
et al, 2008). Cytokines plays an essential role in growing and

formation of inflammatory response, and immunity level in diseases.




Macrophages, neutrophil and other phagocytic cells are substantial
components of the host’s defense towards the parasite. And induced
NO synthase (iNOs) and TNF-a are important proinflammatory
mediators of dirofilaria infection (Kruidenier et al, 2003). Nitric oxide
is an essential cytotoxic and cytostatic mediator for several
intracellular parasites and plays important role in chronic diseases. It
Is stated the interaction between NO and myeloperoxidase (MPO)
may have an extensive impact on the toxic content of neutrophils
(MccCall et al, 2004; Mendez et al, 2014). Myeloperoxidase (MPO) is
an antimicrobial enzyme and plays important roles in the chronic

process of diseases (Montoya et al, 2006).

Different scala of inflammation arise from the result of vascular and
pulmonary tissue damage caused by mature forms and microfilariae
during dirofilaria infection (Morchon et al, 2007). Although the
immune response induced by an infection with Dirofilaria immitis has
been the subject of many investigations (Oncel and Vural, 2005;
Saritag et al, 2005; Sevimli et al, 2007; Simon et al, 2007), the
pathways that lie behind the host resistance and pathogenesis in
Dirofilariasis are not wholly revealed. More over most dogs infected
with chronic heartworm disease do not display any clinical sign. We
therefore aimed to determine the inflammatory changes in different
clinical forms of canine dirofilariasis by determining the levels of
nitric oxide (NO), myeloperoxidase (MPQO), and cytokines (TNF-a
and IL-1B). We also aimed to determine the positive predictive value

of MPO in the diagnosis of different clinical forms of the disease.
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1. MATERIAL AND METHODS

100 privately owned dogs were enrolled in this study. Of the total 100
owned dogs, 70 dogs were positive for D. immitis, and 30 dogs were
not infected. They were between age of 1-11 years and 15-35 kg body
weight in various gender and sex. Dogs without a diagnosis and
treatment of heartworm infection in the past 24 months based on the
history of this study. Dogs that had been previously diagnosed and
treated with an adulticide within 24 months were excluded from the

study.

The animals were added to the appropriate groups after clinical
examinations which utilized modified Knott test and antigen-ELISA
assay; Dogs, lacking any clinical signs, a negative Knott test and
antigen-ELISA assay were regarded as not infected. Dogs with the
presence of microfilariae in peripheral blood were regarded as
microfilaremic and the dogs displaying clinical signs such as
coughing, weight loss, exercise intolerance etc. (based on their
owner’s observations), as well as the presence of adult D. immitis
circulating antigens in their blood were regarded as having an occult

(amicrofilaremic) infection.

1.1. Parasitological Analysis

For the determination of afloat microfilariae and antigens of
Dirofilaria immitis (occult infection-amicrofilariae), blood specimen
were analysed by altered Knott and enzyme-linked immunosorbent
assay (ELISA) methods, respectively. The existence of microfilariae




in peripheral blood was detected with the Knott test (Figure 1). Blood
and a 2% formalin blend was centrifuged for 5 min, at 1500 rpm and
the filtrate was excreted and precipitate was stired with 0.5%
methylene blue stain. Stained sediment was analysed with a
microscope at 400x expansion for the existance of the microfilariae
(Tamarozzi, 2014). In order to detect the occult infection, the
existance of adult D. immitis circulating antigens in blood were
determined with a commercial ELISA kit (DiroCHEK®, Synbiotics,
San Diego, USA) specific for D. immitis. ELISA kit was done
according to  manufacturer’s instructions by adding a
spectrophotometric reading for detecting the optical density. After the
supplementation of the last solution, in 5 minutes, the plate was
analyzed for a clear to blue color change before placing in a
spectrophotometric  plate-reader  (Synergy HTX  Multi-Mode

Microplate Reader, BioTek Instruments, Inc., Winooski, VT).

Table. The Demographical Datas of Dogs with D. immitis In The Present Study

Demographic datas Amicrofilarem Microfilaremic
ic

Gender Male 53 3
Female 10 4
<2 11 5
2-4 29 1

Age 4-6 9 1
> 6 14 -

8 || Clinical and Basic Studies in Veterinary Medicine




Figure 1. D. immitis Microfilary Detected With Modified Knott-Method
1.2. Biochemical Analysis

Blood speciments were gathered from dogs and supplemented to
lithium heparin and silicon gel-coated test tubes. Serum/plasma was
spared with centrifugation at 2500 rpm for 10 min at room
temperature and waited at -80°C until for the next process. Serum was
examined for MPO enzyme activity in addition to NO and cytokines
(TNF-a and IL-1B). The generation of nitric oxide was detected
mediately by surveying the nitrite levels lean on Griess reaction
(Testastica et al, 2014). Myeloperoxidase activity was quantified
utilizing the method of Kruidenier et al, 2003. Serum samples were
kept waiting for 30 minutes with 0.5 % hexadecyl trimethyl
ammonium bromide (HTAB) solution (pH 5.5) and 0.026% ortho-
dianisidine dihydrochloride plus 0.018% H,0,. The reaction was
particularly ensured by sodium azide (0.1 mM). MPO activity was
showed as U/L. Canine interleukin-1B (Eastbiopharm, Cat. No. CK-
E90800) and canine tumor necrosis factor- a (Eastbiopharm, Cat.
No.CK-E90806) levels were evaluated using the ELISA method. The




Thermo Scientific™ Pierce™ Canine TNF-alpha (TNF) ELISA Kit
and Canine interleukin-1p (Eastbiopharm, Cat. No. CK-E90800) are
enzyme-linked immunosorbent assays for measuring canine TNF-
alpha and Canine interleukin-1p in serum. Evaluable precision of IL-
1B was 0.1 pg/mL, and the test interval of IL-1p level was 0.2 pg/mL
and 50 pg/mL. The intra-assay and inter-assay variation of IL-1B
from the average of three replicates were determined as 1.05 + 0.06
and 1.18 = 0.09, respectively. Moreover, measurable precision of
TNF-a is 0.01 ng/L and test gap of TNF-a level was 0.02 ng/L and 8
ng/L. The intra-assay and inter-assay variation of TNF-o from the
average of three replicates were determined as 1.12 £ 0.07 and 1.21 +

0.14, respectively.

0 28,55

22,64
20
15.24
15
10
5
0

Healthy dogs Microfilaremic Amicrofilaremic
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Figure 2. Changes in NO Levels of Amicrofilaremic (occult infection),

Microfilaremic, and Not Infected Dogs
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Figure 4. Changes in TNF-a levels of Amicrofilaremic (occult infection),
Microfilaremic, and Not Infected Dogs
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Figure 5. Changes in IL-1p Levels of Amicrofilaremic (occult infection),

Microfilaremic, and Not Infected Dogs



1.3. Statistical Analysis

Student's t-test was done for statistical analysis; P values < 0.05 were
regarded statistically important. Biochemical analyse results are
shown as mean = SD. The correlation of TNF-a concentration with
IL-18, MPO, and NO concentrations were evaluated with Pearson's

rank correlation coefficient.

&
2
E

=

10,604

TNF-ang/L

.
o, 3% 4 esepsteceg
05_ & q"‘.“ ° QS" ® :.:..0 ‘o"‘.

T I T [ I I I T
5 10 15 0 % 0 s 10 15 0 3 )
1L-18 pg/mL MPO (ng/mL)

Fig. 6. a) The Correlation of TNF-a and IL-1 Level in Dogs with Dirofilariasis.
Pearson's Rank Correlation Coefficient Was r = 0. 764, P < 0.001.

b) The Correlation of TNF-a and MPO Level in Dogs with Canine Dirofilariasis.
Pearson's Rank Correlation Coefficient Was r = 0. 604, P < 0.01.

c) The Correlation of TNF-a and NO Level in Dogs With Canine Dirofilariasis.
Pearson's Rank Correlation Coefficient Was r = 0.712, P < 0. 001.
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RESULTS

According to results of altered Knott and enzyme-linked
immunosorbent assay (ELISA) techniques, 70 dogs were found
positive for D. immitis. Of the 70 dogs, 63 were amicrofilaremic
(occult infection) and 7 were microfilaremic. The demographical data
of dogs with dirofilariasis are presented in Table. In the present study,
the infection was observed mostly in larger dogs breeds between 2- 4

years of age living outdoor.

Higher concentrations of NO were observed considerably in both
microfilaremic (22.64 + 4.36 umol/L) and amicrofilaremic (28.55 +
2.18 umol/L) dogs when compared with not infected dogs with no
other chronic diseases (15.24 = 3.45 umol/L). Also, an appreciable
difference (P < 0.001) was found in NO concentrations between

microfilaremic and amicrofilaremic dogs (Figure 2).

We determined significant increases in MPO enzyme activity of both
microfilaremic (21.18 £ 7.34 ng/mL) and amicrofilaremic (16.45 +
5.21 ng/mL) dogs when compared with not infected dogs (10.56
ng/mL). We also found a significant difference (P < 0.01) in MPO

activity between microfilaremic and amicrofilaremic dogs (Figure 3).

In the study, we observed significantly higher concentrations of
cytokines (TNF-a, IL-1pB) in both microfilaremic (1.8 + 0.36 ng/L for
TNF-a; 19.16 + 3.04 pg/mL for IL-1B) and amicrofilaremic (2.85 +
0.48 ng/L for TNF-o; 24.68 + 5.07 pg/mL for IL-1B) dogs when
compared with not infected dogs (0.84 + 0.41 ng/L for TNF-a, and
12.52 £ 4.91 pg/mL for IL-1B). There was a remarkable difference in




TNF-0 (P < 0.01) and IL-1B (P < 0.001) concentrations between
microfilaremic and amicrofilaremic dogs. Results for TNF-a and IL-
1B analyses obtained in amicrofilaremic (occult infection),
microfilaremic, and healthy dogs are given in Figure 4 and Figure 5,

respectively.

On the other hand, we detected relations between the TNF-o and IL-
1B, MPO, NO concentrations. Pearson’s rank correlation coefficient
for TNF-a and IL-1B (r = 0.764, P < 0.001), MPO (r = 0.604, P <
0.01), NO (r = 0.712, P < 0.05), concentrations, indicating a strong
positive correlation was observed. The positive correlation was seen
between the TNF-o and IL-1f (a), MPO (b), NO (c), concentrations as

shown in Figure 6.

DISCUSSION

Filarial diseases are a conventional instance of chronic infections that
naturally extirpation of all parasites is infrequently accomplished,
probably since sterilizing immunity might requirred to be detrimental
host immune responses (Yoon et al, 2017). This study was planned to
estimate changes in inflammatory response in dogs naturally infected
with Dirofilaria immitis. Filaria-derived molecules in infected host
provoke innate inflammatory responses (Sevimli et al, 2007; Simon et
al, 2007), they recently determined that the primary inflammatory
design of filarial Wolbachia lipoproteins directly activates neutrophils
in vitro. MPO is extremely found in the cytoplasmic granules of
neutrophils. As far as we know, no study about the serum MPO

activity in canine dirofilariasis was reported. Therefore, this is the first
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one that MPO enzyme activity in dogs with dirofilariasis has been

analyzed.

During parasitic infections, increased synthesis of NO mediates host
protection (Mendez et al, 2014). The mechanism of nitric oxide in
filarial infection has been reviewed. Studies about filarial diseases at
murine and in vitro data demonstrate that nitric oxide formation by
macrophages could be a critical molecule of the host defense against
the parasite (Yoon et al, 2017). Studies have indicated that there is an
interactivity between NO and MPO (McCall et al, 2004; Mendez et al,
2014). In this study, it has been observed that serum MPO activity was
affected by NO. Thereby, increased MPO activity in microfilaremic
dogs might play a significant part with NO in the pathogenesis of
canine dirofilariasis. However we determined significantly important
decrease in MPO activity of amicrofilaremic dogs when compared
with microfilaremic dogs. This decrease in MPO activity during occult
infection may be related to the resistance of living worms to the toxic
effects of neutrophil products (Simon et al, 2007).

Filarial parasites induce the release of proinflammatory and
chemotactic cytokines which cause an inflammatory response to
parasite (Kitagawa et al, 1981). Early interactivity of parasites or
parasite antigens cause of the expression of mainly pro-inflammatory
cytokines including TNFa, IL-6 and IL-1p. TNF-a plays a crucial role
In iImmune response against parasitic diseases with NO. Elevated
serum levels of proinflammatory cytokines IL-1f, IL-12, TNF-a and

IL-6 are relavant to progressive immune activation in filarial




pathology (Yoon et al, 2017). According to Morchon et al, (2007)
TNF-a levels and iNOS mRNA expression were increased in dogs
with dirofilariasis. In the study, we found TNF-a, IL-1p and NO levels
considerably higher in dogs with occult infection than in the
microfilaremic dogs. Observed changes in TNF-o, IL-1B and NO
levels in dogs with occult infection may be related to the presence of
parasite in the pulmonary arteries. It has been reported in various
diseases of dogs, such as canine visceral leishmaniasis (Ercan et al,
2014).

As a result of the presence of parasite in the pulmonary arteries the
occurring cardiac damage leads to a release of cardiac markers and
proinflammatory cytokines like IL-1B, IL-12, TNF-a, IFN-y. In this
study, we found high concentrations of IL-1f and TNF-a esp. in

occult infection of dogs, as was found in other studies.

CONCLUSION

This is an important study to demonstrate the serum activity of MPO
in canine dirofilariasis in vivo, using a natural process.
Myeloperoxidase (MPO) is an oxidative enzyme with antimicrobial
activity. There are no clinical signs of the chronic evolution of canine
dirofilariasis in most infected dogs. Determined significant differences
in the activities of MPO between microfilaremic and amicrofilaremic
dogs may be related with the resistance of living worms to the toxic
effects of neutrophil products, and may be relevant to the activation of
the immune response and parasite control. A positive interference was
observed between TNF-a and NO, MPO, and IL-1B in dogs with
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occult dirofilaria infection. The increase in the activity of MPO,
besides TNF-a and NO, may be related to activation of the immune
reply and parasite control. Even so, more studies are needed on the
host-parasite relationship in dogs infected with D. immitis after
treatment.
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INTRODUCTION

Arthritis is briefly defined as joint inflammation. The disorder may
involve one, several, or all of the tissues that make up the joint.
Arthritis can be classified in two main groups; degenerative arthritis
with  significant articular cartilage destruction events and
inflammatory arthritis in which prominent synovitis is the main

pathological finding.

A. Non-Inflammatory Joint Disease (degenerative joint disease)
1. Osteoarthritis; Primary  osteoarthritis,  Secondary
osteoarthritis
2. Traumatic Arthritis
3. Hemophilic Arthritis
4. Neuropathic Arthritis
B. Inflammatory Joint Disease
1. Infected Joint Disease; Bacterial (Septic) Arthritis, Fungal
Arthritis, Viral Arthritis
2. Non-infected Inflammatory Joint Disease (immune origin)
a. Erosive Arthritis; Rheumatoid Arthritis, Periostal
Proliferative Polyarthritis
b. Non-erosive Arthritis; Systemic Lupus Erythematosus,
Polyarthritis /Polymyositis, Polyarthritis / Meningitis,
Racial Inflammatory Arthritis Syndrome
3. Crystal Effect Arthritis: Gout, Pseudogut, Hydroxyapatite
4. Others; Drug Effect, Vaccination Reaction, Plasmatic /
Lymphocytic Gonitis (Bennet D, 1987; Arican, 1995)




1. OSTEOARTHRITIS

Osteoarthritis (degenerative joint disease, hypertrophic arthritis and
osteoarthrosis) is a degenerative joint disease that starts with
fibrillation of joint cartilage, characterized by progressive and
irregular cartilage loss, osteophyte formation, subchondral sclerosis,
and a series of abnormalities in the periartricular structures and
synovial membrane (Freeman, 1972; Sellam et al, 2009). This disease
is also seen in all domestic animals and laboratory animals (Arican
and Calim, 2004; Bennet, 1995). In addition, osteoarthritis (OA) is
one of the most important joint diseases seen in dogs. It has been
reported that approximately 37% of lameness in dogs is caused by OA
(Bennet, 1995).

1.1. Etiology

Osteoarthritis; it is divided into two as primary (idiopathic) and
secondary (Arican, 2014; Schulz 2007). In many cases, the reason
why OA occurs has not been fully explained. Environmental factors,
genetic susceptibility, endocrine and metabolic status and traumatic
wounds can be counted among the causes of the disease (Jouzeau et
al., 2000). Structural damage to articular cartilage and subchondral
bone with repetitive joint functions for a long time constitutes OA
(Arican, 2014; Milli et al., 1997).

Primary OA; it refers to the situations where there is an important
defect in the biomaterial properties (glycosaminoglycans) of the joint

cartilage and the onset of OA. Secondary OA; it may occur as a result
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of diseases such as abnormal stress affecting to the cartilage, infection,
immune originated inflammation, osteochondrosis or crystal
arthropathy. It also occurs due to nutritional diseases, trauma,
developmental disorders and other causes (Schulz 2007).

Etiological causes include age, gender, race and genetic endogenous
risk factors. Exogenous risk factors include excess weight, excessive
joint movement and strain, and abnormal joint shape. Progression of
age is one of the most important risk factors in the development of
OA. It has been reported that the injury or loss of the matrix of the
cartilage may be due to the increase in sensitivity loss of chondrocytes
which the ability to regenerate and repair (Garvican et al, 2010; Innes
2012). In addition, the aging cartilage matrix becomes more sensitive
to micro-impacts, and the regeneration and repair mechanisms of the
cells remain insufficient in the face of this increased sensitivity. In
addition, it has been reported that genetic causes leading to the
formation of a mild chondroplasia and the early onset of OA cause the
formation of the disease (Tamura et al., 2002).

1.2. Pathogenesis

There is a dynamic balance between cartilage formation and
destruction in a normal joint. In joints with OA, this balance is
disrupted in favor of destruction. The main factor that plays a role in
the pathogenesis of OA, it is the breakdown of the matrix, which is the
cartilage intermediate. While the proteoglycan content in cartilage
decreases, the water content increases. In response to this change,
chondrocytes multiply to perform the repair and try to replace the lost




intermediate. However, as the induced chondrocytes also secrete
degrading enzymes, there is a continuous loss of proteoglycans with
the released enzymes and the involvement of synovial enzymes, and
matrix degradation continues progressively (Altman et al, 1986; Atay,
2000; Aurbery, 2001; Brandt and Mankin, 1993; Mankin and Brandt,
1989; Mankin and Brandt, 1992). Proteoglycan loss, local swelling
and softening in the area close to the surface of the cartilage are the
first disorders in cartilage destruction (Akkus, 2005). These events are
followed by a decrease in the amount of hyaluronic acid in synovial
fluid (Moreland, 2003). It has been reported that the amount of some
caspases (cysteinly aspartate-specific proteinases) including caspase-3
and caspase-8 were also increased in patients with OA (Xia et al,
2012).

In OA, with the effect of loads on cartilage tissue, chondrocyte and
synovia-derived IL-1 (Interleukin-1) and TNF-o (tumor necrosis
factor-o) synthesis and the number of receptors of these cytokines
increase. IL-1 and TNF-a stimulate the synthesis of both themselves
and other cytokines which cartilage damage enhancing effects such as
IL-6 (Interleukin-6), IL-8 (Interleukin-8), PGE2 (Prostaglandin E2).
There is an increase in the concentrations of PGE2 and LTB4
(Leukotriene B4) in the joint fluid. With the effect of all these
cytokines, there is an increase in the synthesis and release of
metalloproteinase enzymes such as MMP-3 (Stromelysin), MMP-2,
MMP-9 (Gelatinases), MMP-1, MMP-8 and especially MMP-13
(Collagenases), which play a role in cartilage destruction. While

MMPs increase their own synthesis, they decrease the synthesis of
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their inhibitor TIMP-1 (Metalloproteinase tissue inhibitor) (Moreland,
2003; Xia et al, 2012).

Another substance is nitric oxide which synthesis is increased by IL-1
and TNF-a in osteoarthritis. Nitric oxide helps this vicious cycle in
cartilage destruction by decreasing collagen and proteoglycan
synthesis in the matrix, increasing MMP synthesis, and especially by
stimulating chondrocyte apoptosis in the superficial cartilage layer
(Moreland, 2003). Chondrocytes increase proteoglycan synthesis to
respond to this destruction, but this increase is not enough to
compensate for the destruction. Since the increase in proteoglycan
synthesis is especially in the middle and deep layers; the superficial
layer is the first layer to be affected by damage and the most
proteoglycan loss (Moreland, 2003).

1.3. Clinical Findings

OA shows similar clinical findings seen in other existing joint diseases
(Innes, 2012). In the physical examination of the joint with OA; pain
on palpation and fractures during forced flexion and extension
movements. Sometimes crepitation can be heard when the joint
moves, and frequent reduction occurs in the range of motion of the
joint (Innes, 2012; Schulz, 2007). In rare cases, the fall of an
osteophyte part into the knee joint may cause the joint to lock as a
result of the cartilage squeezing in the gap between the tibia and the
femur. In advanced cases, irregular swelling of the knee may be

encountered, often caused by osteophytic protrusions (Onel, 1987).




1.4. Diagnosis

The most important problem for OA in human and veterinary
medicine is not diagnosing the disease at an early stage. Radiological
changes can be considered as a standard in the diagnosis of OA
(Arican, 2014; Tamura, 2002). There is no diagnostic laboratory
finding for OA. Erythrocyte and sedimentation rate, routine blood
counts, urine analysis and blood biochemistry tests give normal
results. It is often sufficient to routinely examine anterior-posterior or
posterio-anterior radiographs (Fig. 1) and lateral radiographs of the
joint. In the evaluation of radiographs; sclerotic bone changes
surrounding the joint margin, osteophytic growths extending from the
joint margin, narrowing of the joint space (Fig. 2), subchondral bone
cysts and destructive changes in the bone ends are examined (Spector
and Hart, 1996; Bilgili and Orhun, 2012). Studies on cartilage
metabolism in recent years have revealed the degree of cartilage
destruction, changes in glycosaminoglycan, keratan sulfate (KS),
chondrotin sulfate (CS) and hyaluronic acid levels. Studies have
shown that KS and CS concentration increase and HA concentration
decreases in joint fluids with OA. However, it has been shown that
there is an increase in the concentration of IL-6, TNF and also that
MMPs and osteocalcin which is a bone parameter, increase in
synovial fluid (Arican et al., 2000; Hongbin et al., 2008).
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Figure 1. Normal knee radiography of rabbit

Giant osteophytic
growths

Narrowing of the joint
space

Figure 2. Rabbit knee with severe oateoarthritis



1.5. Alternative Imaging Techniques to Radiography

1.5.1. Computed Tomography (CT) and Magnetic

Resonance Imaging (MRI)

Because the use of CT and MRI requires expensive equipment, they
are not preferred for imaging joint diseases in animals. It has been
suggested to use these techniques in some cases having difficulty in
diagnosing. While CT is used to evaluate the mineralized structures of
the joint, MRI is used in the evaluation of intra-articular and
periarticular structures, ligaments, tendons, meniscus and articular

cartilage (Barr and Kirberger, 2006).
1.5.2. Ultrasonographic Examination

It is not easy to evaluate the joint by ultrasound due to the acoustic
shadow artifacts created by the mineralized structures. It is used to
understand the nature of intra-articular soft tissues, tendo and

periarticular structures and joint swelling (Barr and Kirberger, 2006).
1.5.3. Scintigraphy

It is used to precisely locate active inflammations and lamenesses that
have occurred. It is not preferred in the diagnosis of joint diseases. It
is especially used to determine the area that cannot be diagnosed with

different examination techniques (Barr and Kirberger, 2006).
1.6. Treatment

Until now, a method that can restore the cartilage damage that occurs
in the treatment of OA has not been found. There are treatment

methods that prevent the progression and expansion of the damage
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that occurs only in the cartilage (Mobasheri and Henrotin, 2010;
Kwon and Park, 2012). The aim of treatment can be summarized as
relieving pain, preserving the range of motion and functional activity
of the joint, and eliminating the current cause in secondary OA in
addition to this (Rychel, 2010; Akmbo et al., 2011).

1.6.1. Medical Treatment
1.6.1.1. Analgesics

Paracetamol, acetaminophen, acetyl salicylic acid are drugs that can
be used to provide analgesia. Codeine and other narcotics are rarely
used for pain relief (Zhang et al., 2004; Jordan et al., 2003). There are
studies reporting that non-steroidal anti-inflammatory (NSAID) drugs
are more effective than pure analgesics, especially in cases
accompanied by synovitis. In addition, NSAIDs are the most
commonly used drugs in OA, and it has been reported that both acute
and chronic pains act in a short time and show their effect for a long
time (Innes, 2012; Lamont and Mathews, 2007). Continuous use of
NSAIDs helps in pain control and clinically better joint movement.
With the continuous use of NSAIDs, nitric oxide is suppressed and
therefore the destruction of the joint cartilage is prevented (Tirelioglu
et al., 2007). Caprofen and meloxicam are in the most commonly used
NSAID group (Innes, 2012).

1.6.1.2. Other Medical Treatment Options

Polysulfate glycosaminoglycan and pentosan sulphate are other

medical treatment options (Innes, 2012). Pentosan polysulfate is a




semi-synthetic glycosaminoglycan and has a protective effect on
cartilage. Pentosan polysulfate is not recommended for use with
NSAIDs due to its anticoagulant effect (Plumb, 2011). In addition,
systemic glucocorticoid therapy or administration of ACTH has no

place in the treatment of gonarthrosis (Jordan et al., 2003).
1.6.2. Non-Medical Treatment Methods
1.6.2.1. Exercise

The expected benefit from exercise in the treatment of OA is to
increase range of motion, muscle strength and endurance. It has been
observed that pain and functions increase with exercise, massage and
hydrotherapy in patients with OA. In addition, swimming was
accepted as the best physical therapy method in cats and dogs with
OA (Taylor, 2007; Rychel, 2010).

1.6.2.2. Weight Control

Slimming overweight patients is one of the important methods,
especially in cats and dogs with OA. Obesity is very common in small
animals and this is an important risk factor associated with the
development of OA. Studies have shown that low-calorie nutrition and
weight loss alone reduce the clinical symptoms of OA and increase
mobility (Budsberg and Bartges, 2006).

1.6.2.3. Feed Additives

Glucosamine and chondrotin sulfate are the most commonly used feed
additives. Although there is no drawback in their use, their

effectiveness should be demonstrated by further studies (Johnston et
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al., 2008; Aragon et al., 2007). In addition, the unsaponifiable avocado
and soybean product has also been shown to not relieve pain in a
study on horses, but has promising effects on improving disease
parameters (Kawcak, 2007). Again, although the antiarthritic effects
of this product in cats and dogs are promising, there are deficiencies
regarding doses, avocado-soy rates and clinical data (Altinel et al.,
2007; Boileau et al., 2009). In addition to these, omega-3 fatty acid,
resin product obtained from Boswellia serrata tree and vitamin C are
also used (Innes, 2012; Rychel , 2010).

1.6.2.4. Low Level Laser Application

Low level laser application is a useful method that can increase the
effect of the treatment in relieving the chronic pain of cats and dogs.
Although the mechanism of action of low-level laser application has
not been fully explained, it has been observed that it reduces pain and
muscle spasm in arthritis and regulates blood circulation in the
affected area (Millis, 2009; Hegedus et al., 2009).

1.6.2.5. Acupuncture

Acupuncture is often used in veterinary practice to control
inflammation and chronic pain (Cantwell, 2010). Although the
mechanism of action of acupuncture has not been fully explained, it
has been accepted as a decrease in the transfer of pain to the medulla
spinalis together with local relief in muscle spasms as a result of
endogenous endorphin release (Mathews, 2008; Polat, 2021). Other

alternative treatment methods include practices such as homeopathy,




hot steam, massage, ice therapy, and herbal remedies (Henrotin,2005;
Rychel, 2010).

1.6.2.6. Surgical Methods

Surgical intervention is required in cases where the applied medical
treatment methods are insufficient to reduce the pain. These include
chondrocyte transplantation (Bilgili et al., 2006), arthroplasty,
arthrodesis, or amputation if necessary. In addition, it has been
reported that the treatments performed in the ruptures of the anterior
cruciate ligament will slow the rapid development of OA (Arican
2014; Schulz, 2007).

1.6.2.7. Use of Intraarticular Injection in Osteoarthritis

Intra-articular injections are used less frequently in the treatment of
OA in cats and dogs compared to humans and horses. In addition,
there are not enough studies on this subject on cats and dogs.
Treatment of OA by intra-articular injection is widely used in horses,
where joint lameness plays an important role in veterinary pratic
(Caron, 2005; Edwards, 2011).

1.6.2.7.1. Corticosteroids

Although very popular, the mechanism of action in the joint with OA
has not yet been fully explained. However, it has been reported that it
shows its effect by suppressing phospholipase A activation and
reducing the production of cyclogenase and lipoxygenases (Schulz,
2007). Intra-articular steroids; they reduce the amount of

inflammatory cells such as lymphocytes, macrophages and mast cells,
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and this prevents phagocytosis and the release of lysosomal enzymes
and inflammatory mediators (Lavelle et al., 2007). Corticosteroids
have been shown to be effective in suppressing cytokines and
enzymes that are effective in cartilage degeneration in osteoarthritic
joints. In addition, they perform their cartilage protective effects by
suppressing metalloproteinase activity (Schulz, 2007). Intra-articular
corticosteroid application also has side effects. The most important of
these is that they reduce the synthesis of proteoglycan and collagen
found in the structure of cartilage by suppressing chondrocyte
metabolism (Schulz, 2007; Kon et al., 2011).

1.6.2.7.2. Hyaluronic Acid

Hyaluronic acid (hyaluronate, hyaluronan) is a word derived from the
word "hyalos”, which means glass in Greek because of its bright and
transparent nature. Hyaluronic acid (HA) is a glycosaminoglycan
composed of polysaccharides arranged in a linear plane. These
polysaccharides are formed by sequencing D-glucuronic acid and N
acetyl-D-glucosamine monosaccharides, which are linked together in
repeating sections (Henrotin et al.,, 2005; Diragoglu, 2007).
Endogenous hyaluronic acid is synthesized by type B synoviocytes
and fibroblasts and plays an important role in the lubricating property
of synovial fluid and absorption of the shock (Henrotin et al., 2005;
Kwon and Park, 2012; Bannuru et al., 2009). Since it is not absorbed
well orally, it is thought that intraarticularly administered HA acts in

different ways. The proposed mechanisms are as follows:




a) Increasing the deteriorating viscosity and lubricating properties
of the joint fluid,

b) Helping absorption of mechanical shocks by creating a
protective barrier on the synovial membrane and joint surface,

¢) Increasing cartilage flexibility and resistance to damage,

d) Decreasing joint effusion,

e) Direct effect on nociceptors

f) Increasing heat shock protein 72 (Hsp72) expression,

g) Inhibition of free oxygen radicals and  matrix
metalloproteinases by acting on synovial permeability
(Bannuru et al., 2009; Pozo et al., 1997; Takahashi et al.,
1999; Goldberg and Buckwalter, 2005).

It has been reported that the effects of hyaluronic acid administration
are seen within 12 weeks and that the effect of viscosupplementation
starts later than intraarticular steroid administration, but lasts longer
(Bannuru et al., 2009; Diragoglu, 2007). It has been demonstrated in
in-vitro studies that it has anti-inflammatory, analgesic and cartilage
protective effects (Gerald et al., 1998; Colen et al, 2010).

1.6.2.7.3. Platelet Rich Plasma

Platelet-rich plasma (PRP) is a thrombocyte concentrate rich in
growth factors prepared by centrifugation of the patient's own blood
(Arican, 2014). Many growth factors such as vascular endothelial
growth factor (VEGF), platelet-derived growth factor (PDGF),
transforming growth factor (TGF) B1 and B2, basic fibroblast growth

factor (BFGF) are stored in the a-granules of thrombocytes in the
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blood circulation. It is known that these substances are released from
the granules when platelets are activated as a result of various
stimulations. Growth factors are involved in the proliferation of
chondrocyte cells and differentiation of mesenchymal cells, matrix
deposition, proteoglycan synthesis, and they also show anabolic
effects in cartilage metabolism (Kon et al., 2011; Eravci and
Erdikmen, 2014).

1.6.2.7.4. Autologous Serum

Autologous serum is a new biological therapy method and is used in
OA cases seen in humans and horses (Arican, 2014). In cartilage
destruction, the catabolic stytokine interleukin (IL-1) is the most
important inflammatory mediator (Baltzer et al., 2009). Interleukin 1
receptor antagonist (IL-1Ra) prevents the secretion of IL-1 (Baltzer et
al., 2009; Textor, 2011). Autologous serum is the endogenous source
of IL 1Ra to be secreted, and its natural place is monocytes (Fox and
Stephens, 2010). Generally, autologous serum is isolated from
incubated venous blood. It contains endogenous anti-inflammatory
cytokines 1L-1Ra, IL-4, IL-10 and fibroblast growth factor-1,
hepatocyte growth factor and transforming growth factor. Despite its
clinical use, the effectiveness of autologous serum on the joint with
OA is not fully understood (Rutgers et al., 2010).

1.6.2.7.5. Mesenchymal Stem Cell

Cells that have the ability to transform into different cell types, self-
renewal power and the ability to survive as long as they remain alive

are called stem cells (Ozen and Giil Sancak, 2014; Andrades et al.,




2011). Mesenchymal stem cell (MSC) is a type of adult stem cell.
They are the main cells of connective tissue. They can be obtained
from many tissues. They can differentiate into cells such as fat,
cartilage, bone, muscle, and neurons (Andrades et al., 2011).
Treatments using MSCs in veterinary medicine are used in tendon and
ligament injuries in horses and dogs, as well as in cartilage and joint
damage (Ozen and Giil Sancak, 2014). MSCs have been tried in the
treatment of hip OA in dogs and the results of the study have been
reported to be successful. In the treatment of elbow joint OA by the
same researcher, it was reported that dogs were clinically better in

patient reviews (Black et al., 2008).
1.6.2.7.6. Amniotic Fluid

Amniotic fluid is a fluid that is partially formed by amniotic cells but
comes mainly from maternal blood. The amniotic fluid protects the
creature it contains against external impacts, prevents the embryo
from adhering to the amniotic membrane and allows the fetus to move
(Sadler, 1993). In the content of bovine amniotic fluid; there are
macromolecules such as insulin-like growth factors (IGFs), other
growth factors, HA and HA activating agent (HASA) that have
stimulating effects on mesenchymal cells and chondrocytes (Dasari,
1995; Ravelich et al., 2004; Longaker et al., 1990; Decker et al.,
1989). However, it also includes tissue metalloproteinase inhibitors
(TIMP) that can prevent cartilage destruction (Bunning et al., 1984).
Human amniotic fluid has been used intraarticularly in previous

experimental studies and positive results have been obtained
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(Tirelioglu et al., 2007). In another study, intraarticular bovine
amniotic fluid was used and it was shown that it has an effective

cartilage-protecting effect in osteoarthritis (Tanrisever et al, 2017).
1.6.3. Other Treatment Options

Orgotein, silicon, magnesium sulfate, chondroitin  sulfate,
somatostatin, chloroquine, mucopolysaccharide polysulfuric acid
ester, lactic acid solution, thiotepa cytostatica, polynucleotide and
prolotherapy options were used experimentally, but the results were
not satisfactory (Arican 2014; Edwards, 2011).

CONCLUSION

Joint diseases are very common in veterinary practice. Osteoarthritis
takes an important place among these joint diseases and lameness is
seen especially due to the pain. Although there is no definitive
treatment for this disease yet, there are different applications that
prevent the progress of the disease and relieve the pain symptoms.
However, the development of many new different techniques and
treatment methods in the future will increase the success rate in

treatment.
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INTRODUCTION

Artificial intelligence (Al) is defined as the class of computer hardware
and computer software that have intelligent behavior such as analysis,
learning, which is the most important focus of attention in ever-growing
and changing technology (Biiyiikgdze and Dereli, 2019). Alot of work in
the modern era has been inspired by this early work in the process. The
mind has created intelligent software and systems that enable computers
to function in different ways, helping to establish contemporary logical
reasoning (Ramesh et al. 2004).

Medical Al is essentially computer software designed to predict clinical
diagnoses and treatments. Al is capable of detecting a dataset and can
predict diagnosis, treatment and outcomes in many clinical cases by
establishing meaningful relationships within that dataset (Chan et al.
2018).

In recent years, information processing technologies have become very
important in the field of veterinary medicine. Practitioners are beginning
to use Al applications on a large scale over the Internet. With laptop
computers, it has become possible to store a large number of useful
information about patients, including address information, phone
numbers, prescribed medications, laboratory information, and other
patient-related data. The difference between laptops and large computers
is that they are small and portable and have many different uses (Rao,
2002).




With artificial intelligence technologies created in the last years, it has
created a main event in health services and led to increased discussions
about whether applications of artificial intelligence will replace
physicians in the future. Of course, machines are not expected to
completely replace clinicians, but it may be possible for Al to help
clinicians for making correct clinical decisions or change the human
decisions in certain functional areas of healthcare (eg, radiology) (Jiang
etal. 2017).

1. DEEP LEARNING AND MACHINE LEARNING

Deep learning is defined as the field that cover the artificial neural
networks and the similar machine learning algorithms that have single or
multible hidden layers. In other words, the computer gets the latest data
from the existing data with several algorithms that used minimumlyone

artificial neural network (Ng 2019).

In other words, deep learning is machine learning that derives its origins
from the concept of an artificial neural network (Akay and Hess 2019).
The fact that deep learning consist a higher or deeper number of
processing layers contrasts with the smaller number of shallow learning
models. In the transition from shallow to deep learning, more complex
and non-linear functions are created in layers because they cannot be
mapped efficiently with shallow mapping (Shrestha and Mahmood
2019).

Machine learning, on the other hand, is a sub-field of computer science
and has been defined by Arthur Samuel (1959) as “the ability to learn
without being explicitly programmed into computers (Harris et al.).
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Machine learning relies on algorithms that learn and evolve from through
experience, which forms the basis of artificial intelligence (Visvikis et al.
2019).

Machine learning methods generally fall into two groups as supervised
and unsupervised learning algorithms (Litjens et al. 2017). In the
supervised learning model, a teacher or supervisor is assumed. It divides
training samples into classes and provides information about class
membership for each training sample. The unsupervised learning model
defines the pattern. Classroom information is learned intuitively and
through trial-and-error interactions (Sathya and Abraham 2013).

Classification of images or results has made a significant contribution to
deep learning medical image analysis. The test classification has one
diagnostic variable (eg, present or absent disease) as the output, and one
or more images (test) as the input. In such an environment, each
diagnostic test is treated as a sample, and data set sizes are usually

smaller compared to computer vision (Litjens et al. 2017).

2. THE AIM AND APPROACHE OF ARTIFICIAL
INTELLIGENCE IN VETERINARY MEDICINE AND
CLINICIANS

Artificial intelligence is divided into two main branches in the field of
health, virtual and physical. The default component is represented by
machine learning. First, by providing artificial intelligence, machine
learning algorithms and knowledge management, it has increased and

continues to increase discoveries in genetics and molecular medicine.




The best example of this is protein-protein interaction algorithms, which

are among new therapeutic discoveries (Hamet and Tremblay 2017).

Physical objects, the second form of application of artificial intelligence
in health, are assembled as medical devices and complex robots (health
robot). Possibly the most promising approach to artificial intelligence is
the use of robots as assistants. A healthy robot developed specifically for
older adults with cognitive decline or limited mobility is a good example
of this. Japanese healthcare robots are among the most advanced of these
technologies. These robots can be used as assistant surgeons or even

principal surgeons in surgery (Hamet and Tremblay 2017).

It aims to understand intelligence by creating a program that
scientifically reveals intelligent behavior. Expression intelligence
includes many cognitive skills such as understanding natural languages,
problem solving, and learning. Expert level proficiency in solving
problems in a particular field is provided by considering database or
expert systems with artificial intelligence software. Expert systems, rule-
based systems, and knowledge-based systems are used to give similar

meanings (Abu Nasser and Bassem, 2017).

The potential benefits of using clinical expert systems are summarized

below:
* Improving patient safety
* Improving the quality of care

* Providing computer support for decision-making
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* Using expert interventions that are automatically delivered and tailored

to the practitioners workflow

* Expert systems that provide information at the time of decision-making
and on-site increase the likelihood that their interventions will be more

effective.

* Increasing efficiency in providing health services (Saba et al., 2012).
3. THE HISTORY OF ARTIFICIAL INTELLIGENCE

The term artificial intelligence was first defined by John McCarthy as
“the science and engineering of making intelligent machines, and
intelligent computer programs” (McCarthy, 2007). The most important
application area of artificial intelligence is the Expert Systems (USA).
Expert systems; they are computer systems that can model thinking and
decision-making that can be done by an expert or people. The most
important feature that distinguishes expert systems from other decision
support systems from an architectural point of view is the 'knowledge

base' and inference mechanism in the US (Bilge, 2007).
The history of Al applications is presented in chronological order below;
3.1. Dendral

In 1966, the Model 50 IBM 360 Computer Supporting Medical
Laboratory Systems at Stanford University School of Medicine was
awarded as a scholarship to Lederberg in the Department of Genetics of
the NIH (National Institute of Health) and this product was named
Advanced Computer Research for Medical Science (ACME)
(Herzenberg and Rindfleisch 2008).




3.2. Mycin

In the early 1970s, the MYCIN system was developed at Stanford
University to get a better idea of expert systems. MYCIN is the first
example of a widely developed expert system. Artificial intelligence has
been used to specify bacteria that cause critical infections, such as
bacteremia and meningitis, and to suggest antibiotics. He adjusted
antibiotic doses according to the patient's body weight and was named
after the suffix "mycin"”, a name derived from the antibiotic. The MYCIN
system has also been used in the identification of coagulopathy (Dogac
1988).

3.3. Internist-1

The INTERNIST-1/Quick Medical Reference project, implemented by
Jacques de Meyers, who served as chair of the Department of Medicine
at the University of Pittsburgh between 1955 and 1970, includes
computer algorithms that can support specialized diagnostic consultations
in the field of internal medicine and a clinical diagnostic database
(Miller, 2009).

3.4. Casnet

CASNET (National Causal Networks) was developed in the 1960s to
diagnose and treat diseases. CASNET/Glaucoma is the most important
application of the CASNET-based Expert System, created for the
diagnosis and cure of glaucoma. CASNET/Glaucoma was developed at
Rutgers University and carried out in the FORTRAN programming
language (Jadhav and Sattikar, 2014). As with other methods, the
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CASNET modeling approach has advantages and limitations (Weiss et
al. 1997).

3.5. Present Illness Program (PIP)

The Present Illness Program is a diagnostic program and has been
conducted by Pauker, Gorry, Kassirer, Schwartz, and Szolovits at MIT
and Tufts University (Sherman, 1981). The PIP program has selected a
questions to ask the user for additional information for a better
understanding to the clinical problem. The results are validated and then
the hypotheses are re-evaluated in light of the newly obtained results by
defining an algorithm endpoint (Strain and Franklin 2011).

3.6. Acid-Base and Electrolyte Program (ABEL)

The acid-based and electrolyte- counseling system consists of 4
components such as decision-making, diagnosis, treatment, and patient-
specific model. In the patient-specific model, it shows that the clinician
can understands the patient's condition at some point during the
diagnosis, management, and the central datum structure that other
components of the system can caused (Patil 1981).

3.7. The Oncocin System

ONCOCIN is a medical expert system developed in the 1970s through
Stanford's work on medical artificial intelligence. ONCOCIN is designed
to help the clinical oncologists to treat patients with cancer. The optimal
treatment for most cancer patients is not yet known. For this reason,

oncology studies are often not presented with complex trials comparing




the therapeutic benefits and side effects (toxicity) of proposed alternative
therapies for diseases (Shortliffe 1984).

3.8. Dxplain

DXPLAIN is a decision support system that helps its users to create a
more comprehensive differential diagnosis system. DXplain, a computer-
based medical training, reference, and decision support system that has
continued to evolve since its inception in the mid-1980s by the Computer
Science Laboratory of Massachusetts General Hospital; It is a decision
support instrument, a medical framework system, and an electronic
medical textbook (Elkin et al. 2010).

3.9. Qmr: Quick Medical Reference

The Quick Medical Reference (QMR) was developed in 1985. The
software was originally written in Turbo Pascal to run on IBM PC-XT,
PC-AT and compatible computers (Miller & Masarie 1990). QMR is a
microcomputer-based decision support tool for diagnostics in internal
medicine (Shwe et al. 1991). The purpose of this program is to convey
useful medical information to healthcare professionals quickly and easily.
This program contains knowledge from the primary medical literature for
nearly 700 diseases and more than 5,000 symptoms and laboratory
findings (Jadhav and Sattikar 2014).
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4. SOME Al APPLICATIONS USED IN CLINICIANS
4.1. Diagnosis disease application

Computer-assisted diagnosis (CAD) has become part of the routine
clinical work-up to detect and screen for breast cancer through
mammograms in hospitals in the United States. It is widely used in the
detection and differential diagnosis of many different types of
abnormalities in medical images using different imaging methods,

including nuclear medicine, from CAD (Shiraishi et al. 2011).

CAD also brings many benefits to diagnostic applications found in
clinics and hospitals. However, for such an application to be successful,
it must meet objectives such as the management of large amounts of
clinical data, objective and quantitative judgments, efficacy and
efficiency in CAD systems (Yanase and Triantaphyllou 2019).

4.1.1. DLAD (Deep Learning based Automatic Detection)

Chest radiography is one of the most common diagnostic imaging tests in
practitioners, and is used to diagnose and monitor various chest
conditions. The main purpose of this diagnosis is the detection of
pulmonary nodules. Lung nodules are usually the first radiological
manifestations of lung cancer (Nam et al 2019). In the last years, a
various computer-aided detection programs have been developed to help
improve nodule detection on chest radiographs. Although traditional
computerized detection systems have made great progress in this regard,
many false positives hamper their routine use in clinical practice.

Recently, deep learning-based automatic detection (DLAD) algorithms



https://thesaurus.yourdictionary.com/various

have been developed to help improve the detection of malignant nodules
(Jang et al 2020).

Deep learning-based automatic detection algorithms (DLADS) are also
used for classification of CRs including malignant nodules and active

pulmonary tuberculosis (Nam et al 2019).
4.1.2. LYNA (Lymph Node Assistant)

In the early diagnosis and staging of breast cancer, sentinel lymph node
biopsies are very important in reviewing the presence of metastasis.
However, examination of lymph nodes for the presence of cancer cells is
time-consuming and error-prone. Deep learning-based algorithms
accurately detect breast cancer, lymph node metastasis based on distinct
performance metrics at both the slice and tumor level. The diagnostic
accuracy of these algorithms is comparable to that of pathologists
without time limitations, and can be used by pathologists in Simulated

environment (1 minute per slide) (Liu et al 2019).

4.1.3. Phonocardiyogram (PCG) and Elektrocardiyogram
(EKG) analyses

The heart diseases generaly diagnosed by the stethoscope and
electrocardiogram it’s the main diagnosis methods because of their
simplicity and non-invasive feature. In Cardiac auscultation the
cardiologist's needs to be professional and has the skills. Therefore, a
computerized heart sound analysis is a very important to assist the

cardiologist (Malarvili ve ark.2003).
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The heart sounds has been classified in to three types of sounds, normal,
murmur, and extra systole, were classified in the PASCAL Btraining data
set. It has been using both ANN and CNN artificial neural networks for
classification. The CNN result has a better rating than the results of ANN
and the previous studies. CNN appears to be an ideal classification tool
for classifying heart sounds with variable characteristics (Deperlioglu
2018).

4.1.4. Diabetic Retinopathy

Diabetic retinopathy is a common disease of the eye. It is among the
most common causes of blindness among the working population in
developed countries. It is also common in cats and dogs. This is the
reason why a great deal of work has been done in recent years to develop
tools to aid in the diagnosis of diabetic retinopathy (Walter et al. 2002).
To address the shortcomings of the current diagnostic workflow, it
proposes automated solutions to diagnose retinal diseases from color
fundus images scanned in the past. With this tool, the workload of trained
professionals is reduced, allowing untrained technicians to objectively
examine and treat many patients without relying on physicians (Gargeya
and Leng 2017).

4.1.5. The Applications Used of Dermatology

Automation of dermatology Computer-aided image classification has
been used for more than 30 years, but only limited accuracy has been
achieved with earlier applications. Neural networks have been used to
diagnose and monitor inflammatory skin diseases in recent years, but
they have generally not been as successful as networks for diagnosing




skin lesions (Du Harpur et al. 2020). In this application, first, the data is
entered into the detection system of the system algorithm. The data are
dermoscopic images in digital format and these images often contain hair
which reduces classification efficiency. So hair and such other noises
should be removed. This is achieved using image preprocessing
techniques (Jaleel et al. 2013).

4.2. The Use of Smartphones in Clinicians

A recent study has showed on the rapid introduction of smartphones into
our lives showed that 79% of medical students and 75% of graduate
students own smartphones. The field of smartphone use is to aid in the
diagnosis, prognosis, and treatment of medical conditions (Bierbrier et al
2014).

4.2.1. Body Condition Scores (BCS) Applications

Body condition scores (BCS) applications of artificial intelligence have
been identified as an important instrument for managing dairy cows in
veterinary medicine. Furthermore, BCS is the leading method for
interpreting body energy source in dairy cows. It is a very simple and
reproducible system for assessing body fat storages and of great
importance in predicting tissue mobilization. In addition, this application
is used to prepare appropriate rations on dairy farms and to determine
cow feeding programs (Deniz and Alic 2016).
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4.2.2. Anesthesia Applications

Due to the versatility depending on the patient's height and weight,
medication dosage and equipment variety, pediatric sedation is an
excellent addition to the use of expert systems. This is particularly useful
for trainees or non-anaesthesiologists that do not have a good

understanding of all necessary calculations (Bhansali et al. 2012).

Anesthesiologists should also assess depth of sedation in children to
reduce anxiety during respiratory induction of anesthesia and use the
two-choice visual reaction time test (Dasari et al 2011).

4.2.3. EMR Application in Veterinary Medicine

This application is the only one that has a many features for managing
pet records to save time for vets or trainers. This application works
perfectly on both Android tablets and mobile smartphones. Using the
application does not require a mobile network as there is no internet and

data plan

(https://play.google.com/store/apps/details?id=com.siyami.apps.an&hl=e
n US&gl=US).

CONCLUSION

In addition to algorithms developed in the field of health, artificial
intelligence includes physical objects, devices, and medical applications
that provide great assistance and contribution to veterinary and medicine
clinicians. Using Al, patients' demographic information and clinical data
(images, EP results, genetic findings, blood pressure, medical notes, etc.)

can be collected on the system in line with their permission, and the Al




system can then be used to make clinical recommendations about data the
patients. Thus, stronger algorithms can be created every day in veterinary

medicine and medicine.

While Al technologies are receiving a lot of attention in the field of
medical research, real-life application still faces hurdles. The goal in Al
applications is not to have a machine replace the clinicians, but to lighten

his workload mentally and physically.
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INTRODUCTION

During the earth’s 4.6 billion-year existence, many species have lived
and continue to live. Some species have been extinct, and others have
continued to evolve to this day. Life from single-celled creatures in
the oceans has diversified over billions of years, reaching the creatures
that dominate land, sea and air today. Life has diversified from the
depths of the oceans to the peaks of the mountains, from the polar
plains to the scorching deserts, from boiling mud pools to barge salt
lakes, to fill all the different and challenging environments of the
earth. The size of the animals ranges from insects of millimeter sizes
to whales 30 meters tall and weighing more than 180 tons. From the
fossils found, it is understood that living creatures on earth have
undergone radical changes over many years. This process of radical
change is called evolution (Palmer and Baret, 2010; Polat, 2016).

After completing its formation as a vertebrate animal, dogs continued
to evolve like all living things. In the evolutionary process of dogs,
which are now one of the pets (large enough to lead to the use of the
concept of domestication instead of evolution), the effects of humans
have been great (Morey 1994; Miklosi and Topal, 2013)

Dogs in History
The beginning of friendship with humans and dogs dates back 15,000
years (Bilim ve Teknik, 2002). In the common opinion of experts,
humans and wolves first encountered single- and double-fingered

animals roaming large rural areas south of the glacial regions of




Eurasia and North America during the Mesolithic Age. It is believed
that humans and wolves used to feed on each other’s leftovers at first;
later, they started looking for food together. Wolves helped humans
with their keen sense of smell, tracking, chasing, hunting. Realizing
this, people began to catch wolf cubs and feed them for themselves.
Then, it was observed that some of these wolves, when trained, were
able to drive wild herds in a certain direction, separate several animals
from the herd, keep the animals. Dogs were the first species of animal
to be domesticated and therefore evolved by human hands, and dogs
also played a role in the domestication of other animals (Gilbert,
1985). According to the researchers, dogs have acquired new abilities
in the process of domestication, which occurs under the influence of
humans. This is demonstrated by the consciously intelligent efforts of
humans to produce intelligent dogs and the intertwining of dogs with
humans (Bilim ve Teknik, 2002).

Today, humans continue to benefit from the abilities of dogs. Police
dogs, fire dogs, sheepdogs, guide dogs are examples of dogs working
for humans (Arit, 1997; Degrazia, 2002; Yilmaz 2014). In addition to
individuals who think that dogs are being used for the benefit of
humans, there are also people thinking that this is based on a mutually
beneficial relationship. In addition to these benefits provided by
animals, humans also offer dog’s ready-made food in plates. Dogs are
much more comfortable and safer to live today than their wild
ancestors, and they do not need to hunt to feed (Tuncay, 2020; Gilbert,
1985). In addition, there is the concept of “stray dog”. There is no
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natural environment in which cats and dogs can live, and they have
evolved from centuries ago to the present day, becoming human
dependent. Therefore, we cannot say that the same comfort applies to
all dogs, and therefore there are some who think that people are

obliged to care for them (Tuncay, 2020).

The Evolution of Dogs
Evolution is the process of dominating individuals who have more
advantage with natural selection that develops after competition, the
formation of new species with dominant characteristics, and the
extinction of species that fail to survive. Individuals with a number of
characteristics tend to exclude other individuals from the struggle, and
they also transfer the useful characteristics they carry to their
offspring. These offspring, when it comes their turn, are more
successful than individuals who do not have advantageous
characteristics like themselves. In this way, individuals who adapt to
the environment live, while the species of the other do not persist and
disappear. For example, Neanderthal people in the Homosapiens
(intelligent human) group lived in Europe and Asia up to 35,000 years
ago and then disappeared from the natural environment (Alpagut,
1997; Palmer and Baret, 2010; Thomas, 2008).




Figure 1. Miacidae (wikimedia.org,)

Considering the evolution of dogs; DNA analysis shows that they all
come from a common genetic pool (Yilmaz, 2014; Bilim ve Teknik,
2002). It is understood from archaeological remains that Miacidae,
considered the ancestor of dogs and a carnivore, lived 20 million years
ago. Cynodesmus was derided from Cynodictis, an arm of the
Miacidaes (Figure 1), and Tomarctus (Figure 2) from it. It is also
thought that Canis Etruscus (primitive wolf) was derived from
Tomarctus. Today’s wild wolf (Canis lupus) was also derived from
primitive wolf (Y1lmaz, 2014). These wild wolves (Gray Wolf, Figure
3) are thought to have lived in Europe, China or the Middle East
(Talenti et al., 2018; Wang et al., 2016; Science and Technique, 2006;
Morey, 1994).
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Figure 2. Tomarctus Figure 3. Gray wolf, the ancestor of
(http://www.prehistoric-wildlife.com) today’s dogs (Morey, 1994)

Dogs with their Environmental Bioethics Aspects:
Their Domestication and Evolution

The first dogs stayed in the company of humans. Dogs interacted with
humans and over the years they differed in relation to people’s
expectations and passed this knowledge on to their offspring (Topél,
Miklési and Csanyi, 1997).

Most dogs have a different intelligence trait, imitating people,
repeating their movements, following a person’s leadership, this
knowledge is seen as the basis of culture in dogs, and this knowledge
is transferred from generation to generation, the ability of dogs to
imitate is the way they communicate with people. Studies have

revealed that dogs look at human behaviors and act accordingly. To




understand the behavior of dogs, a study was carried out with wolves,
which are the ancestors of dogs. For this, a wolf and a herd of dogs
were bred. Both herds were subjected to the same proportion of
human relationships and behaviors. It was ensured that the amount
and shape of the behaviors that wolves and dogs were subjected to
during their care were the same. A series of experiments examined the
behavior of wolves and dogs, and looked at how wolves would not
behave like dogs. For example, in an experiment, the researcher had
two containers in his hand, and the piece of meat was placed in one so
that the dog could see it, and the containers were mixed by hand and
placed on the ground. The dog was all of these processes and then
pointed human to the container containing meat with his hand and
arm. The dog went directly towards the container that the person
showed, that is, the dog looked to the person for guidance. Even
puppies did the same thing. In the same experiment, wolves mostly
behaved differently from dogs and did not look at man for guidance
(Viranyi et al., 2008; Miklési et al. 2003).

In another experiment, it was about problem solving. In a cage, meat
was placed at the end of the rope, and the rope was outside the cage
and the rope must be pulled in order to remove the meat. Both the
wolf and the dog did this easily, pulling the rope and reaching the
meat. Then the same experiment was applied by making it impossible
to pull the rope. When the wolf could not pull the rope, he wandered
around the cage for a few minutes to solve the problem, and then
fretted. Wolves often tried to solve their own problems, did not return

to humans and communicate. In the dog, the situation changed. The
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dog gave up trying to get the meat more quickly than the wolves and
looked after the person for help. Dogs were better at learning than
wolves, communicating with people and getting help from people
about what to do. The communication skills of dogs were improved
after separation from wolves. People rewarded dogs that followed
orders, whether by loving them or giving them food. The dog
understood this and behaved the way people wanted. In this way, dogs
communicated with humans and passed this information on to future
generations. When we looked at the way dogs barked, it was found
that this was more than wolves. In other words, dogs have evolved in
this respect for generations. Humans produced dogs according to their
desires and needs, which was reflected as a change in the appearance
and behavior of dogs (Viranyi et al., 2008; Miklosi et al., 2003). Dogs
have been developed and trained for things like sheepdogs and police
dogs. It has been possible to take an ancestor dog and turn it into very
different forms. It is thought that all dogs are derived from four types
of dogs; hounds, hunting dogs, herd dogs and molossus (former
mastiff). People choose mother and father dogs with these
characteristics to get puppies with the characteristics they want. Pit
bull dogs, for example, were obtained in the 19th century by mating
Bulldogs and various Terrier dogs in the Staffordshire region of
England, and dogs of this breed are thought to be very good at
guarding, defense and protection. Pit bull dogs were then trained in
America and made even stronger, and in some opinions, they were
“perfected” (Pitbull Turkey, 2021). Therefore, most dog breeds are not

actually in nature, but are produced and developed according to the




characteristics that people want. In addition to the production of dogs
of the new breed, it has also been observed that the dog of the same
breed has changed over the years. For example, competitions for
German Shepherd Dogs are held, in which dogs are expected to have
certain anatomical characteristics in terms of “beauty” (German
Shepherd, 2021; German Shepherd Sports Association, 2019).
Likewise, there are “standard” characteristics for kangal shepherd
dogs. The absence of these is described as “inaccurate” in terms of
competition (Federation of Dog Breeds and Kinology). Therefore, the
“production” of dogs is carried out in line with these expectations.
This means that dogs that do not have these characteristics will
disappear (German Shepherd, 2021; Talenti et al., 2018). Here
“artificial selection” takes place, not “natural selection” (Elegans,
2012; Reiter, Jagoda and Capellini, 2016).

Evolution is thought to have progressed over long periods of time at
an unnoticeable slowness in the short life of observing people (Stix,
2009). In the process of evolution, individuals adapt to the
environment in which they are located, and strong individuals survive,
others disappear. This is done by natural selection (Orr, 2009). Darwin
explained natural selection as *“as a result of the birth of more
individuals of any species, possibly more than the number of
individuals who can survive, a struggle for existence often arises, so
that if any living creature undergoes a change that will benefit it even
slightly, it will have a greater chance of survival in complex and
sometimes volatile living conditions and will ultimately be chosen

naturally.” Due to the strong principle of inheritance, any selected
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species will try to reproduce in its new and changed form (Stix, 2009).
For example, three vertebrate prickly fish have evolved into numerous
forms in 10,000 generations, adapting to many different environments.
Mutations that determine the effectiveness of the three genes that
control development (such as the complete disappearance of the hind
hip fins, large differences in bony armor and much lighter color) led to

dramatic anatomical changes (Kingsley, 2009).

The evolution of dogs, like other creatures, has occurred over many
years. However, in the process of the evolution of dogs, it has been
more human influence than the natural environment. Therefore, the
evolution of dogs is also called domestication. Although the process
of evolution in the way dogs are domesticated occurs slowly and over
many years, in recent years it has been observed that this occurs in a
much shorter time. It is obvious that humans have an influence on this.
The evolution of dogs has not only been limited to their physical
characteristics, but also culturally. Today’s dogs have improved their
communication skills, as they are in constant communication with
humans. In other words, there is both physical and social/cultural
evolution (Bakirci, 2014; Bakirci, 2015; Topal, Miklosi and Csanyi,
1997; Viranyi et al., 2008; Miklosi et al., 2008).

In addition to all this information, it is thought that the health of
today’s dogs, which evolved domesticated, is worse than their
ancestors. Today, dogs have the physical characteristics that humans
want, but they are unhealthier than their ancestors 100 years ago.
Examples include the following two breeds of dogs (Bakirci, 2014).




German Shepherd Dog

In the past, the German Shepherd dog averaged 25 kg. and was able to
jump over a 2.5 m wall. Today’s German Shepherd Dogs are barrel-
breasted, leaning back, poor muscle coordination and an average of 38
kg. (Bakirci, 2014).

Figure 4. Horand von Grafrath (formerly called Hektor Linksrhein)

The ancestor of today’s German Shepherd Dog, who received the title of the first
German Shepherd (German Shepherd, http://www.almankurdu.net/)

Picture:  https://en.wikipedia.org/wiki/Horand_von_Grafrath#/media/File:Horand_
von_Grafrath_SZ1 aka_Hektor_Linksrheim.jpg, access date: July 7, 2021
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Figure5. German Shepherd Dog (present).
http://www.pedigreedatabase.com/german_shepherd_dog/, access date: July 7,
2021.

Pak (Pug, Pag, Mops) Breed Dog

These dogs have much more health problems than their ancestors.

Hypertension, heart disease, respiratory diseases, high fever, dental
and skin diseases. It is also a genetic disease in the double curvy tail
desired by humans (Bakirci, 2015; Bakirci, 2014).




Pug 1880

Figure 7. Ancestor of Pak (Pug) Dog (Bakirci, 2015)
https://9gag.com/gag/aYbBZNv, access date: July 7, 2021

Figure 8. Pak (Pug) Dog (present)
https://pixabay.com/
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These problems arise due to “internal hybridization” (relative mating)
conducted to perform Artificial Selection. Close relatives with this
feature are mated to reveal “desired characteristics”. Those who carry
the desired characteristics of the born offspring are re-mating, and the
desired characteristics will be revealed even more in the new
generation. This is how the physical evolution of dogs continued.
Unfortunately, in this way, diseases that have remained hidden as the

respited gene in dogs also appear (Bakirci, 2014).

In other words, humans interfered with the natural balance with
artificial selection and caused the dependence of dogs with impaired
health to increase their dependence on humans (Elegans, 2012). Dogs
have become dependent on the care of their people (Verein Fur
Deutsche Schaferhunde, 2021; Petcanlar, 2021). Today’s dogs do not
live in the wild, they cannot live (except wild dogs), and dogs depend
on humans to live. Today, there is a concept in the form of “stray
dogs”. Are the streets the habitat of dogs? So, how can he live on the
street? Apart from what they collect from the garbage, they live with
the food that people give. And unfortunately, dogs that have been
domesticated over the centuries no longer have natural habitats. In
addition, dogs that do not live on the street are described as
“domesticated” or those with special training are described as

“trained”.

On top of all this, dogs are prohibited from feeding during the
evolutionary process due to the fact that some dog breeds are
dangerous. This constitutes another dimension of this event. There are




basically ten breeds of dogs that are forbidden to feed. The reason for
the ban is that they have strong body structures as well as a tendency
to use these forces in a dangerous way. This is also attributed to the
trainings people give them (https://www.petyurdu.org, 2019).

In the light of all this information, it is seen that the issue should be
treated as one of the problem-sets of bioethics. Ethics emerged as the
philosophy of values related to human action, and it addresses human
actions. Ethics questions the qualitative status that makes an action a
good action (Cobanoglu, 2009). Ethics is to ask question of “How
should | behave?”. The point that is aimed to be explained is what is
right or wrong, what is good or bad ethically (Reclam, 2008).
Bioethics, on the other hand, deals with the relationship between man
and all living things. The subject of bioethics is the life of all living
beings (Cobanoglu, 2009; Des Jardins, 2006). The ethical relationship
between life forms and all environmental elements that cover them is
explained by the concept of environmental bioethics. Everything
about the environment affecting life falls into the field of

environmental bioethics (Gazi and Cobanoglu, 2016).
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Figure 8. Evolutionary Process in Human-Dog-Atrtificial Selection Interaction

CONCLUSION

The evolution of dogs is a process of domestication carried out by
artificial selection under the influence of humans. And the evolution
of dogs took place both physically and culturally/socially. Under
normal circumstances, the evolutionary process of living things occurs
under the influence of the natural environment. However, during the
evolution of dogs, humans had serious effects and humans interfered
with the natural environment. The evolution of dogs is shaped by the
expectations of humans and society. This has led to today’s dogs
having traits (unhealthier and more dangerous) that they would not

normally have.
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INTRODUCTION

In the late glacial period, Asian-European people added another
species to their lives by domesticating wolves (Canis lupus) for the
first time, with results that can be called accidental due to
environmental conditions. Although this event was very important in
terms of being the first step of human-animal union, it did not bring
great changes in people's lives, except for camp security, as it changed
or improved hunting tactics or techniques (Baskici, 1998; Malignea et

al., 2014).

Mankind continued the domestication process with plants after the
wolves and started to establish permanent settlements. Although all
the species it domesticated are a tiny fraction of the world's
biodiversity, it has significantly impacted humankind's journey. In
contrast to the transition from the wolf to the dog, these
domestications, beginning in the Neolithic Period, changed the way of
life of human society around the world, out of hunter-gatherers. From
now on mankind has formed an agricultural society in a slow but
powerful techno-economic process on the basis of food production
based on the cultivation of domesticated plants and animals. This
period, which can be called the Agricultural Revolution, is
characterized by deep socio-cultural change and a strong demographic
transition (Baskici, 1998; Vigne, 2015).

Domestication is a process involving the propagation of certain plant
and animal species under human control for economic, social or

symbolic reasons. From this point of view, catching a wild animal for




a particular individual or family and not for the community and
accustoming them to them, does not belong to domestication.
Domestication takes various forms as a process dependent on
animal/plant species and the multiplicity of human behavior. From
control in the wild, to the management of captive animals, to
extensive or intensive breeding, and finally to domestic animals, the
process can be sustained based on the dynamic balance between
humans and animals. Further progress or withdrawal into a less
intense relationship may also be possible. This is clearly demonstrated
by the phenomenon of brutalization that is common today in various
situations (for example, reindeer) (Baskici, 1998; Gross, 2017; Vigne,
2015).

In the Neolithic period, some people settled in the Near East,
especially in the Southern Palestine and Middle Euphrates Valley,
during the Late Glacial Period. They were hunter-gatherers living in
half-buried houses in small villages, enjoying a wide range of food
just-like their Paleolithic ancestors. At the end of the Late Ice Age,
they introduced domestication, which included hunting and ungulate
control. The Holocene Era was born when these communities
cultivated wild grains and legumes. Life began in larger and more
complex villages. As a result of organized societies, large religious
structures such as Gobekli Tepe with examples of megalithic
architecture and animal figures carved into rocks were born. The
earliest ungulate domestication and cattle domestication in the world
originated in the Middle Euphrates Basin between 10.700 and 10.500

BC. It has also been seen further east in Central Anatolia and south in
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the Jordan valley and the Dead Sea region. Cattle were raised in an
area stretching from Cyprus and Central Anatolia from west to east to
the Iranian Plateau and from the high Euphrates and Tigris valleys to
the southern borders of Palestine. The region consisted of high
mountain slopes (Taurus, Zagros) and large Near Eastern valleys (high
and middle Tigris, Euphrates, and Jordan). The region, whose
geographical existence is limited by wide valleys stretching from the
Nile to the Lower Euphrates-Tigris (Mesopotamia), was called the
Fertile Crescent. It provided a wide range of resources, including
meat, milk, hauling, leather, bone, and horn. Complex developed
societies emerged as Eurasia became the center of the agro-rural
economy (Arbuckle, et al., 2016; Gupta, 2004; Vigne, 2011; Vigne,
2015).

On the Way to Become a Primary Nutrient

As livestock became the primary source of meat in the Near East,
artificial selection and crossbreeding began. A few centuries later, the
seasonal pastoral nomadism seen today in the Old World was born.
Domestic animals became a supplementary resource during less
productive hunting seasons. The symbolic value of milk use as a
figure of the maternal bond was high. Anthropologically, the high
symbolic value of an animal was a sign of social prestige and wealth
as in today's societies. Among the reasons that encourage people to
own/domesticate animals, symbolism is also spiritually and
symbolically important. Plant and animal breeding also initiated the
cultural development of humanity. Cattle are one of 14 large wild




terrestrial species that meet the conditions for successful
domestication. An herbivorous diet, rapid growth, ability to reproduce
in captivity, and social behavior that facilitated herding were the
cattle's greatest advantages. It was domesticated after the smaller,
easier-to-maintain sheep and goats. Cattle breeding entails division of
labor and imposes classification on pastoral societies, and its impact
as one of the earliest forms of capital is significant. Beef became the
most important domesticated animal by plowing fields, as a source of
meat, milk, and leather. Social networks are central to human culture,
albeit with ceremonies, rituals, and a less affectionate human-animal
relationship than horses or dogs (Baskici, 1998; Felius, et al., 2014;
Gupta, 2004; Vigne, 2011).

Cattle, Anthropocene creatures, interact and interact with humans and
other species. As Anthropocene creatures, cattle actively transform the
ecological environment in their mutual and dependent relationships
with humans and other species. The cattle brought to America by the
Spanish conquistadors, the colonists' occupation of suitable places,
destroying the local ecology, transforming property relations with
exploitation activities enabled the expansion of Europe. The
industrialization of cattle was only possible by transforming their
social and ecological relations. Capitalist expansion in cattle breeding
depends on cattle preference and their ecological relationships. This
system has brought the meat and dairy industry today, the destruction
of tropical forests, environmental disasters such as methane and
greenhouse gas emissions. European capitalist expansionism can be

understood in connection with the history of animals. For Engels,
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livestock was the first private property. Marx argues that the British
fenced off communal farmland to make room for sheep, turning
peasants into wage workers and creating the conditions under which
capitalism emerged. Cattle made the accumulation of wealth possible
for humans (Baskici, 1998; Ficek, 2019).

Cattle walking the migration routes with humans have also
experienced natural disasters, famine, and wars. This adventure began
with the decomposition of Bos primigenius into the common cattle
breed Taurine of the temperate zone and the humped Zebu, which
better tolerates hot and dry environments, suitable for tropical
climates. Bos primigenius indicus in the Indus valley and Bos
primigenius taurus in the Fertile Crescent were domesticated
separately. It is the ancestor of almost all cattle, although a few other
cattle species have been domesticated, from Taurine (Bos taurus) and
Zebu (Bos indicus). Both species descended from the wild aurochs
(Bos primigenius) endemic to North Africa, Europe, Asia, and the
once-green Sahara at the end of the last glacial period (10.000 BC).
This huge wild species went extinct in Poland in 1627, when the last
animal died. Bos taurus is abundant in Southwest Asia. The Northern
and Central European aurochs are the main ancestors of European
cattle, indicating that taurine cattle descended from the Fertile
Crescent. There is separate African domestication of African taurine
cattle 6.500-9.000 years ago. According to Neolithic remains, the
origin of various cattle in Eurasia is Southwest Asia. Taurine and zebu
bred with cattle migrations, and Southwest Asian, African, Chinese,

and American cross breeds were born. In the 3.000s BC, climatic




changes and trade on the silk road caused the Zebu to migrate west
from India to Southwest Asia (Baskici, 1998; Felius, et al., 2014;
Hewgill, 2017; Marsan, et al., 2010; Vigne, 2015).

Taurine was domesticated 10.300-10.800 years ago in the Fertile
Crescent on the Turkey—Syria western border. Molecular analyzes The
main ancestors of almost all modern taurine cattle, from the Neolithic
to Iron Age Iranian cattle, are approximately 80 female aurochs. 2000
years after the domestication of the taurine, the zebu was domesticated
in the Indus Valley on the edge of the Indian Desert. Agriculture and
animal husbandry spread with the expansion of the first agricultural
societies. As agricultural societies expanded west, the native taurine
breed brought to Central Anatolia around 10.000 BC and Europe from
8500 BC, along with other livestock and crops. Short-horned taurine
spread to southern and central Europe between 3.000-2.500 BC,
arriving in England between 2.000-1.000 BC. From the Bronze Age,
cattle became more and more adaptable to cold winters and famine,
while their sizes were steadily decreasing. The height of aurochs bulls
was 180 cm and cows were 160 cm, while Bronze and Iron Age cattle
in Italy, Germany, Netherlands, France, and Central Europe came
down to 110 cm. (Felius, et al., 2014; Zeder, 2008).

Along with agriculture, cattle followed human migrations. The
contribution of cattle to trade between India and East Africa explains
the high zebu density in Madagascar. How African pastoralism spread
west and south via the Horn of Africa is explained by the African B.

taurus variation. It also shows a secondary bull influence from Europe
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and the Near East. Another interesting link between cattle and
humanity is in Tuscany, the homeland of the Etruscans who
dominated the north of the Italian peninsula from 900 to 500 BC.
DNA analysis identified haplotypes of the 4 Ancient Tuscan races in
Anatolia and a common origin of Etruscan and Anatolian maternal
lineages 3.000—4.000 years ago. This marks a second migration from
Anatolia to Italy, coinciding with the beginning of the Etruscan
civilization. Cattle remains found in Switzerland prove that during the
Roman occupation the size reduction of large Roman cattle was
interrupted by domestication (Marsan, et al., 2010; Zeder, 2008).

The decrease in body size of domesticated farm animals, called
“domestication syndrome”, was observed for the first time in
settlements on the banks of the Euphrates in Turkey. Cattle in the
domestic phenotype became consistently evident by mid-8.000 BC.
There are 500 years between the onset of cattle breeding and the
emergence of native morphologies defined. With the emergence of
domestic cattle phenotypes, it began to spread to the western and
southern regions. In the mountainous Caucasus, cattle breeding
appeared as early as 6.000 BC. Domestic cattle from the northern
Levant were carried by Neolithic colonists in 7.800-5.500 BC
(Arbuckle, et al., 2016; Baskic1, 1998; Wilkins, et al., 2014).

The distribution of zebu began around 4500 BC when invaders from
Central Asia descended into the Indus Valley via the northern passes.
The natives of the valley migrated east to the Ganges Valley with their
animals. Cattle were found around 1.500 BC in Bihar and Bengal. In
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central India, terracotta figurines and fragmented zebu bones have
been found on the Deccan plateau. Contemporary Harappan seals
show us that cattle with and without humps coexisted in 3.000-1.500
BC. Zebu entered China from the south or southwest in 1.000 BC. A
North-South breed was bred with taurine from the north. By 2.500
BC, the dominant bovine breed of bovine cattle (banteng, gaur, or
gayal) arose in southern China. Crossed with banteng (Bos javanicus)

previously domesticated in Indonesia (Felius, et al., 2014).

Humpbacked bull statues from 6.500 BC in northern Iraq and
Sumerian vase figures from 4.750 BC are traces of zebu in
Mesopotamia. In the Persian Gulf, zebu bulls are depicted with high
cervicothoracic humps dated to 5.000-3.000 BC. The transition to an
arid climate in Mesopotamia in 2.000 BC encouraged zebu migration.
Today, the real humpbacked zebu is the Caucasian zebu in Azerbaijan.
It first arrived in East Africa 4.000 years ago. There are humpback
cattle in Egyptian paintings of 1.400 BC, and zebu-type cambered
vertebrae in remains found in Egypt and Somalia. DNA data indicate
that all African zebu and taurindisine cattle are maternal of taurine
origin (Baskici, 1998; Felius, et al., 2014).

It reached northern China and Mongolia in 5.000-4.000 BC. Remains
dated 5.000-1.500 BC have been found in Libya, Egypt, and the
Sahara. In 5.000 BC, dairy farming was practiced in the then green
Sahara. There are rock engravings showing longhorn cattle, the
ancestors of West African cattle. Climate change, which deserted the
Sahara in 2.000 BC, forced people to migrate. Beginning in 500 BC,
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cattle breeding spread south. On the other hand, African cattle

migrated to Europe through the straits (Baskici, 1998; Felius, et al.,
2014).

The earliest traces of domestic cattle in Europe are in Greece,
Thessaly, Argissa—Magula (8.500 BC). In 5.900-5.700 BC, it reached
the coasts of Corsica, Languedoc, southwestern France, and eastern
Spain along the Danube from the Mediterranean coast. 1.000 years
later it came to Central Europe and Northern Europe via the Danube.
Cattle were milked in southeastern and northern Europe by 7.500 BC
and in Great Britain by 6.000 BC. European cattle in the western and
northern Balkans probably exerted a founding influence during the
Danube migration (Felius, et al., 2014; Zeder, 2008).

Taurine cattle arrived in China about 5.000 years ago. A bovine jaw in
northeastern China, dated 8.500 BC, bears the bite marks of captive
animals. The high altitude adaptation of the Yak (Bos grunniens) in
and around Tibet is around 4.500 BC. The habitats of Gayal or Mithun
(Bos frontalis) and domestic Banteng or Bali cattle (Bos javanicus) in
Assam and Myanmar overlap with the zebu. Several Asian cattle are
of mixed origin, as the three species are crossed with the taurine and
zebu breeds. The inability of the existing pastures to feed the herd in
winter brought seasonal transhumance. Seasonal migration is still
common in various parts of Alpine Europe, Africa, and Asia (Felius,
et al., 2014; Zeder, 2008).

In China, Central and Southern Chinese Yellow cattle were developed
as work cattle. In the Philippines and Indochina, swamp buffaloes
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outnumber cattle. Indochinese cattle were used for work and meat but
were not milked. The domesticated form of gaur, gayal or mithun, is
found semi-wild in the forests of eastern India, Bhutan, western part
of Myanmar and southeastern China's Yunnan province (Felius, et al.,
2014; Marsan, et al. 2010).

Findings from 7.000 BC in the Western Egyptian Desert indicate
independent African domestication. As in Europe, longhorns preceded
short-horned taurines. In East Africa, crossbreeding developed the
taurindicine cervicothoracic humped sanga cattle, which expanded
southward and reached 250-500 AD. By 1.500 AD, sanga cattle were
dominant in East and Central Africa. Zebu migrated west in 700 AD
(Felius, et al., 2014; Zeder, 2008).

Great Cattle of the Great Empire

Improved literacy in Roman and Greek civilizations brought the first
detailed records of cattle breeding. According to Aristotle, Epirus was
famous for its rich pastures and cattle that produced 30 liters of milk
per day. Skeletal remains from Epirus show large cattle ranging in
height from 115-135 cm at the withers in 7.000-8.000 BC. The
ancestors of the great Roman cattle in Italy, these cattle were exported
to Southern France and Italy. According to Columella, Cato, Pliny,
and Varro cattle developed during the Roman Empire. In agriculture,
and since the yoke had not yet been invented, cattle pulled heavy
loads that horses could not. Although cattle were not milked in Rome,
Columella and Pliny described the milk characteristics of Alpine
cows. For the first time, Roman authors described cattle as territorial

104 || Clinical and Basic Studies in Veterinary Medicine




based on size, color, and performance (Baskici, 1998; Felius, et al.,

2014).

Cattle varied greatly in various parts of the Roman Empire. Developed
Roman infrastructure facilitated the export of large Italian cattle to
distant provinces. Great cattle were lost with the fall of Rome. Small
animals survived, better adapted to primitive practices, declining
livestock. With the collapse of his empire, the Germanic and Eastern
European peoples began to migrate. Roman infrastructure collapsed
with cultural decline and unused technology. The presence of cattle
from various parts of Europe was mixed with migrations. During the
rest of the Middle Ages, attacks, wars, famines, cattle epidemics, and
floods greatly reduced the local cattle presence. The importation of
animals caused massive gene flow (Baskici, 1998; Felius, et al.,

2014).
Little Beef Are Coming Back

Small cattle with a shoulder height of 95-105 cm predominated in
Europe in the early Middle Ages. Dutch farmers' cattle barns were
only 75-84 cm wide. It was 40 cm smaller than the Bronze Age. This
is explained by malnutrition or the castration of the largest and
strongest young males. The small body was probably adapted to
subsistence agriculture for underdeveloped economies. Large animals
were more vulnerable to an uncertain feed supply, likely slaughtered
before winter (Felius, et al., 2014; Pitt, et al., 2019).

With the use of the heavy plow in the 1.000-1.300s, heavy clay soils
were able to be worked and an agricultural revolution began. In 1.000
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AD, horses were used more for farming, with the use of riding gear,
depending on the region and farming resources. With the increasing
importance of grain cultivation, the number of cattle, like other
livestock, has decreased. With the agricultural revolution, the human
population increased. Agricultural development in  Europe
experienced two serious setbacks in the 14th century. Millions of
people died in the Great Famine of 1315-1317. The population of
Northern Europe decreased by 10-25%. This was followed by the
Black Death epidemics (1349-1351) that wiped out 1/3 of the
population. In some areas, cultivation was abandoned and cattle
breeding became widespread. With the Renaissance after the 14"
century, the rapid increase in human and animal existence, growing
urbanization gave birth to cultural and technological developments in
European society. The manor farming of feudal Northwest-European
society gave way to the charter system. Pastures were fenced off,
animal fodder cultivation expanded, storage methods improved, and
larger cattle were now in a winter survivable environment. Local bulls

and cattle were differentiated (Felius, et al., 2014).

The Podolian breed of uncertain origin was named after the region in
Southern Ukraine where it was found in the Middle Ages. Since there
are no remnants of longhorn steppe cattle from before the 12™ century,
it is assumed to have originated from late medieval local selective
breeding of longhorn cattle. Podolian cattle are descended from large
cattle that lived in the Italian peninsula during the Roman period,
possibly originating from Epirote cattle. Distinguished from other

Podolian cattle by its small horns, the giant Chianina retained the
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characteristics of earlier Italian cattle. While throughout Western
Europe cattle are still kept as part of the mixed farming system,
mainly for traction and milk, a very different development took place
in Spain. The Reconquista (900-1492) of the Moorish region in
Castile and Andalusia led to the development of a thriving and highly
organized cattle ranching economy in which large herds of 1.000—
15.000 working and fattening cattle were kept under comprehensive
management (Felius, et al., 2014; Pitt, et al., 2019).

New World and New Life

After the discovery of America, cattle also accompanied human
migration to the New World. The first cattle arrived on the Caribbean
island of Hispaniola on Columbus' second voyage, leaving Cadiz for
Santo Domingo in 1493. Every Spanish ship to America carried five
or six young cattle, of which only two or three were expected to
survive. The lack of space on the ships allowed only small calves to
be taken with the pigs and sheep. In this way, 300 Spanish cattle
entered the Americas. In 1524 the first cattle arrived in present-day
Colombia, and in 50 years, they had spread to Venezuela, Panama,
Peru, Chile, Paraguay, Argentina and Uruguay. The cattle and horses
they brought with the Europeans changed the habitats, demographics
and habits of the natives. The natives, who had become good riders
over time, were largely wiped out by the harsh working conditions,
smallpox, and white man's persecution brought on by the Spanish
conquistadors. The great migration followed four main routes. The
first was from Spain and North Africa to the Caribbean. The second
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went from Portugal to Sao Paulo, and the first cattle arrived in Brazil.
In these two ways came the ancestors of Latin American Criollo—
Creole cattle in the 16™ and 17" centuries. The third route connected
North America, Northern Europe and, Australia. The fourth route
transported the zebu, connecting India and Brazil in the 19th century.
Most cattle came from the Canary Islands off the northwest coast of
Africa under Spanish ownership since 1479. In 1525, more than 1.000
cattle in the Caribbean colonies spread from there to the Spanish
colonies in the Americas. They entered Mexico in 1521. In 1540 the
first herd of 500 Spanish cattle crossed the Rio Grande as hoof meat
for modern-day Texas and became the ancestor of the Texas
Longhorn. In 1524, Spanish cattle arrived in Santa Marta in present-
day Colombia. European breeds became common in the Caribbean,
Bolivia, Argentina, and Mexico, while cattle came from lberia or
directly from Africa (Ficek, 2019; Felius, et al., 2014; Love, 1916;
Marsan, et al., 2010).

The cattle environment in Santo Domingo was so good that they grew
to larger sizes than they did in the Old World. With conguests, stray
cattle occupied vast, grassy savannas guarded by Taino hunters, and
vast fields where native farmers planted sweet potatoes, peanuts,
squash, beans, corn, and peppers. Forests had previously been cleared
by human activities. Cattle also receded existing forests by eating
young trees growing in abandoned fields and savannas. The cattle
unwittingly arranged the environment for Spanish colonization. He
turned farmland into the pasture, creating favorable conditions for Old

World plants that replaced native species. After the Spanish genocide
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in Tainos, a new livestock model developed in colonialism that started
in Santo Domingo and spread to other regions. Open flocks around
settlements were periodically collected and sold. This gain was used
by Spanish colonists to establish sugar plantations and bring slaves
from Africa. Cattle plowing fields, carrying sugarcane, and became
food. The sale of cattle financed other expeditions of the conqueror
farmers across the continent. The descendants of these herds provided
raw materials to fields, mines, and military outposts, leading to the
occupation of local areas and the colonization of the Americas. It has
transformed areas where Europeans do not live into livable and
exploitable places (Ficek, 2019; Love, 1916).

Longhorn and larger cattle were seen in southeastern England, but
growing towns' demand for beef could not be met. The cattle were
supplied to consumer cities by walking. From the late Middle Ages,
shepherds began transporting Welsh cattle to London. Danish cattle
went in large herds to the Netherlands for fattening. In 1450, the
export of dairy products and beef cattle was very important in the
Netherlands. Three-purpose cattle for export were developed in the
Swiss Alps after the 15" century. It was exported to Italy from the
Simme and Saane valleys of Switzerland in the 15" and 16™ centuries.
Since the 14™ century, gray long-horned cattle of the Podolian type
have been seen in the Puszta in the Carpathian Basin. Over time, it

replaced the local small cattle (Felius, et al., 2014).
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CONCLUSION

Although the language and genetic makeup of humans in Europe have
not changed since the Middle Ages, cattle movements and
evolutionary change continued. The size of cattle has gradually
increased since the Middle Ages. With humanity's increasing stability
and prosperity, larger animals have been able to survive the winters.
However, the high animal density also triggered epidemics. Cattle
herds destroyed by the three catastrophic rinderpest epidemics of the
18"™ century were replenished by the mass imports of Holstein cattle

from the Holstein region (Marsan, et al., 2010).
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GIRIS

Insanlik tarihinin gelisiminden giiniimiize kadar kullanimi devam eden
tibbi bitkilerin ve bunlardan saflagtirarak elde edilen bilesenlerin
yararl terapotik etkileri bilinmektedir. Tibbi ilaglarin yan etkileri géz
Ontine alindiginda pek ¢ok hastaligin iyilestirilmesinde geleneksel
tedavilere alternatif olarak daha dogal, ucuz ve kolay ulasilabilir
olmast nedeniyle bitkisel drlinlerin kullanimina yonelik ilgi
glinlimiizde daha da artmis durumdadir (Salem, 2005). Eskiden beri
halk hekimliginde kullanildig: bilinen hem tarihsel hem de dini agidan
6nemi olan ¢Orek otu ise bas agrisi, astim, bronsit, soguk alginligi,
romatizma, iltihabi hastaliklar ve egzema gibi pek ¢ok rahatsizliklarin
hafifletilmesinde ya da iyilestirilmesinde destekleyici olarak yer
almaktadir. Fenolik maddelerden zengin, dogal aromatik bir bitki olan
corek otu ile iliskili olarak baslica antioksidan, antikanserojenik,
antibakteriyel, antiinflamatuar, immunomodulatér, antifungal ve
hepatoprotektif etkilerini ortaya koyan pek ¢ok arastirma
bulunmaktadir (Ahmad ve ark, 2013). Diinya genelinde yayginlik
gosteren tiroid bezi fonksiyon bozukluklari yoniiyle ele alindiginda ise
corek otu kullanimina iligkin ¢aligmalarin yetersizligi dikkat ¢ekmekte
ve bu durum konu ile ilgili giincel bilgilerin sunulmasini 6nemli
kilmaktadir. Corek otu tohumlar1 ve bundan elde edilen sabit/ugucu
yaglar ile tohumlarindan hazirlanan gesitli ekstrelerinin, hipotiroidizm
ve hipertiroidizmde degisen tiroid hormon metabolizmasi iizerine
etkilerinin giincel ¢aligmalarla ortaya kondugu bu bolimin, konuya

iliskin genel bir bakis acis1 olusturmasi amaglanmaktadir.
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1. COREK OTU

Ranunculacea (Dugingigegigiller) familyasindan bir bitki tiirii olan
corek otu (Nigella sativa L.) Glkemizde siyah tohum ya da siyah
kimyon olarak da bilinmektedir (Baytop, 1984). Bu bitki Tirkiye
basta olmak iizere Akdeniz iilkeleri, Giiney Avrupa, Hindistan,
Pakistan, Ortadogu ve Uzakdogu ile Giineybati Asya iilkelerinde
yaygin olarak tarimi yapilan bir bitkidir (Ahmad ve ark, 2013).
Bitkinin baharat olarak kullanilan ve kapsul igerisinde bulunan
tohumlar1 hava ile temas ettiginde siyahlasmakta olup ezildiginde ise
kendine has 6zel kokusu ve acimsi lezzeti ortaya ¢ikmaktadir (Salem,
2005; Baytop, 1984). Bu bitkinin Nigella sativa (adi ¢orek otu) tiri
tilkemizde tarimi ve ticareti yapilan tiir olmakla birlikte bitkinin
Nigella damascene (Sam ¢orek otu) ve Nigella arvensis (yabani ¢orek
otu) tlrleri de hem baharat seklinde hem de geleneksel halk
hekimliginde yaygin bir sekilde kullanilmaktadir (Baytop, 1984).
Corek otu tohumu ve bundan elde edilen yaglar yiizyillardir soguk
alginliklari, burun tikanikliklari, dis ve bas agrilari, bag donmeleri,
sarilik, astim, romatizmal ve atesli hastaliklar ile igetici olarak, gaz
giderme ve siitli artirmada kullanilmaktadir (Ahmad ve ark, 2013,
Badary ve ark, 2003, Randhawa ve Al-Ghamdi, 2002, Salem, 2005).
Corek otu tohumlarinin biyolojik aktiviteleri ve terapdtik etkileri
yaygin olarak halen arastirilmakta olup buna gore tohumlarin
antifungal (Ahmad ve ark, 2003), antitumoral (Badary, 1999),
antibakteriyel (Ferdous ve ark, 1992) antioksidan (Burits ve Bucar,
2000), antiinflamatuar (Al-Ghamdi, 2001), antikanserojenik (Ahmad
ve ark, 2003) ve hipoglisemik (Al-Hader ve ark.,1993) gibi pek ¢cok

116 || Clinical and Basic Studies in Veterinary Medicine




etkileri oldugu ortaya konmaktadir. Bahsedilen bu etkilerinin pek
¢ogunun tohumun yapisinda bulunan biyoaktif fenolik maddelerden

ozellikle timokinondan (TQ) kaynaklandig: bildirilmektedir.
1.1. Corek Otu Tohumunun Kimyasal I¢erigi

Genel olarak ¢orek otu tohumunun igeriginde ugucu yaglar (% 0.4-
0.45), sabit yaglar (% 32-40), proteinler (% 16-19.9) ve
karbonhidratlarin (% 33.9) yanisira amino asitler, alkoloidler,
tanenler, saponinler, lifler, askorbik asit, tiamin ve minerallerin
bulundugu bilinmektedir (Al-Saleh ve ark, 2006). Tohumunda glikoz,
ksiloz, ramnoz, arabinoz gibi monosakkaritlerin yaninda fosfatidil
kolin, fosfatidil etanolamin, fosfatidil serin ve fosfatidil inositol gibi
onemli fosfolipidler de yer almaktadir (Omar ve ark, 1999). Kalsiyum,
demir ve potasyum kaynagi da olan tohumlarinda ayrica vitamin A’ya
doniisebilen karoten bulunmaktadir (Al-Jassir, 1992). NS yaginda
baslica TQ, ditimokinon, timohidrokinon ve timol aktif maddeleri yer
alirken (Salem, 2005) ugucu yaginda ise diger bilesenlerden timol,
karvakrol, nigellimin-N-oksit, nigellisin, nigellidin ve a-hederin
bulunmaktadir (Randhawa ve Al-Ghamdi, 2011). Yapilan
calismalarda ugucu yaginda bulunan baslica biyoaktif bilesenleri Avci
ve ark (2021) TQ’u % 43.74 ve o-simeni % 29.06 oraninda, Kiralan
(2014) TQ’u % 44.77 ve p-simeni % 28.62 ve Erdogan ve ark. (2020)
ise TQ’u % 45.78 ve p-simeni % 29.45 oraninda bildirmektedir.
Corek otu yaginda doymamis yag asitlerinden linoleik asit (% 50-60),
oleik asit (% 20), eikodadienoik asit (% 3) ve dihomolinoleik (% 10)

asitten bulunurken % 30 dizeyinde palmitik ve stearik asit
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bulunmaktadir. a-sitosterol ise bitkinin baslica sterolii olup Tunus
varietesinde % 44 ve Iran varietesinde % 54 oraninda bildirilmektedir.
(Bourgou ve ark, 2008, Cheikh-Rouhou ve ark, 2008). Corek otu
tohumunun igerigindeki fenolik madde diizeyleri, bitkinin tiiriine gore
degisebildigi gibi tarimsal uygulamalarin farkliligi, giin 15181, yetistigi
cografi kosullar ve iklim sartlar1 ile hasat zamani ve depolama

kosullar1 nedeniyle de degisebilmektedir (Heimler ve ark, 2007).

2. TIROID BEZI ANORMALLIKLERI
2.1. Tiroid Hormonlarina Genel Bakis

Tiroid bezi boynun 6n kisminda yer alan sag ve sol iki lobu baglayan
istmusttan olusmakta olup agirligi insanlarda 20-25g iken ratlarda 14-
25mg arasindadir (Noyan, 2011, Remington ve ark,1937). Tiroid bezi
hormonlar ilk olarak tiroid stimule edici hormonun (TSH) uyarmasi
sonucu aktif transport ile dolasimdan alinan iyodun tiroglobulin
yapisindaki tirozin molekiillerine baglanmasi ile monoiyodotirozin
(MIT) ve diiyodotirozin (DIT) olarak sentezlenmektedir. Sonra 2
molekiill DIT’in oksidatif olarak birlesmesi ile tetraiyodotironin
(tiroksin, Ty), birer molekiil MIT ve DIT’in birlesmesiyle ise aktif
form olan trityodotironin (T3) sentezlenmis olmaktadir (Noyan, 2011).
Follikullerin kolloid yapis1 iginde tiroglobuline bagli olarak bulunan
bu hormonlar tiroid hicresine gecgerek lizozomal proteinazlarca
tiroglobulinden ayrilmakta ve dolasima % 20 T3 ve % 80 T, seklinde
saliverilirmektedir. Dolasimdaki T3’Un % 0.3 ve T,’Un % 0.03’U
serbest halde bulunurken geri kalan kisminin ise %70’1 tiroksin

baglayict proteine (TBG), diger kismui ise transtiretin (tiroksin
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baglayici prealbumin, TBPA) ve albumine bagli halde bulunmaktadir
(Rasmussen ve Rasmussen, 2007). Tiroid hormonlar1 memelilerde
respiratorik, reprodiktif, kardiovaskller, noral, gastrointestinal
sistemler gibi pek ¢ok metabolik fonksiyonlar1 etkilemesinin yaninda
Ozellikle hayvanlarda siit verimi, kil ve yapagi gibi verim 6zelliklerini
de direk yada indirek etkileyen hormonlardir (Brent, 2012, Todini,
2007).

2.2. Hipotiroidizm

Tiroid hormon azlig1 olarak bilinen hipotiroidizm; bezden kaynakl
(primer), hipofizden kaynakli (sekonder), hipotalamustan kaynakli
(tersiyer) ve peripheral kaynakli olmak iizere tiroid hormonlarinin
yetersizligi ile karakterizedir. Bu hormon yetersizligi bebek ve
cocuklarda  kretenizm, yetiskinlerde ise miksddem olarak
bilinmektedir (Noyan, 2011). En yaygmn olarak karsilasilan
hipotiroidizm tipleri iyot alimi yetersizligine bagli olarak gelisen
hipotiroidizm ve otoimmun kodkenli Hashimato tiroiditidir. Hasimato
tiroiditi, tiroit bezinin otoimmiin bir hastalifi olup viicudun savunma
mekanizmalarimin tiroit dokusunu bir yabanci olarak tanimasi ve buna
kars1 artan anti-TPO ve anti-tiroglobulin antikoru Uretimi ile ortaya
cikmaktadir. Baglangicta kanda anti-TPO antikor yiiksekligine ragmen
TSH, T3 ve T, hormonlar1 normal iken, hastalik ilerledikge tiroid
yetmezligi (sadece yiiksek TSH, normal T; ve T4 diizeyi) ve daha
sonrasinda tam tiroid yetmezligi (yiiksek TSH, diisiik T3 ve T4 duzeyi)
gelismektedir (Mounika ve ark, 2013). Hipotiroidizmin en 1limlisi

olan subklinik hipotiroidizmde ise serbest T, normal degerlerde
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bulunurken TSH referans degerlerin tizerinde seyretmektedir. Genel
olarak hipotiroidizm; yorgunluk, bitkinlik, kilo artisi, konsantrasyon
zorlugu, depresyon, infertilite, bradikardi, konstipasyon ve sag, tirnak
ve deride kuruluk gibi yaygin belirtiler gostermektedir (Shokri ve ark,
2018).

2.3. Hipertiroidizm

Tiroid bezinin hiperfonksiyonu ile dolagimdaki tiroid hormonlari
diizeylerinin artis1 olarak bilinen hipertiroidizmde bez normalin 1-3
kat1 biiyiimekte ve  folikiilleri cevreleyen hiicrelerin sayis1 da
artmaktadir. Ulkemizde en sik rastlanan hipertiroidi nedenlerinden biri
olan Graves hastaligi, otoimmun bir hastalik olup otoantikorlar tiroid
hiicrelerindeki TSH reseptorlerine baglanarak tiroid hormon sentezini
uyarmakta ve salinimini artirmaktadir. Bu antikorlara Tiroid Reseptor
Antikorlar1 (TRADb) denir (Shokri ve ark, 2018). Otoantikorlarin
olugsmasinda diger bir mekanizma, baskilayict T lenfosit hiicrelerinin
(psikolojik travmalar, kaza, 6liim vb. nedenlerle) yetersiz kaldig1 ve
bunun yerine B lenfosit hiicrelerinde antikor sentezinin basladigina
dayandirilmaktadir. Ancak hipertiroidide otoantikor yapimini uyaran
nedenler heniiz tam olarak ortaya konulmus degildir (Mounika ve ark,
2013). Hipertiroidizmin en 1liml tipi olan subklinik hipertiroidizmde
ise serbest T4 normal degerlerde iken TSH referans degerlerin altinda
seyretmektedir (Shokri ve ark, 2018). Genellikle hipertiroidizmde
yorgunluk, sinirlilik, kilo kaybi, sicak intoleransi, tasikardi, anemi,

osteoporoz ve uykusuzluk gibi belirtiler tipiktir (Shokri ve ark, 2018).
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3) COREK OTUNUN HIPOTIROIDI VE HIPERTIROIDI
UZERINE ETKILERI

Diinya genelinde yaygin olarak goriilen endokrin hastaliklarinin
basinda tiroid bezi hastaliklar1 gelmektedir. Bu hastaliklar genellikle
yasam boyu tedavi gerektiren, siklikla tekrarlayan ve tedavide
kullanilan ilaglar1 takiben istenmeyen yan etkilerin goriildigi
hastaliklardir (Taibi ve ark, 2021). Bu nedenle hastalarin ¢ogunlukla
tedavinin yanisira alternatif ya da tamamlayic1 tibbi c¢are arayigina
girdikleri goriilmektedir. Bu baglamda giiniimiizde bitkisel tedaviler
ya da arayiglarda Ozellikle yan etkilerinin az olmasi, ucuz ve kolay
ulasilabilir olmasi, giivenli ve etkili olduguna inanilmasi nedeniyle
tercih edilmekte olup bu durum tiroid bezi hastaliklarinda da tibbi
bitkilerin kullanimin1 popular hale getirmektedir (Bharthi ve ark,
2017). Ozellikle Cin tibbinda tek basina ya da ilaglar ile kombine
edilerek kullanilan tibbi bitkilerin tiroid bezi fonksiyonlarini
diizelttigi, tekrarlama sikligin1 azalttig1 ve ilaglarla karsilastirildiginda
bitkinin ilagla kombinasyonlarinin 6zellikle ilacin yan etkilerini
giderdigi bildirilmektedir (Zen ve ark, 2007). Bu bakimdan geleneksel
olarak uzun yillardir = kullamilan  tibbi  bitkilere  dayanan
etnofarmakolojik  ¢aligmalar, tiroid bozukluklarinda  hormon
replasmaninin yerini tutacak olan dogal hormon analoglarinin
belirlenmesi icin ve bu konuda alternatif tedavi stratejilerin
olusturulmasi i¢in oldukga degerli goriinmektedir (Taibi ve ark, 2021).
Bu etnofarmakolojik ¢aligmalar incelendiginde diabet, astim, bronsit,

oOksiiriik, hipertansiyon, egzama, ates ve inflamasyon gibi pek c¢ok
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hastaligin tedavisinde geleneksel olarak kullanilan ¢orek otunun
Nigella sativa L. (NS) tiirli, 6zellikle hipotiroidizmde kullanilan pek
cok tibbi bitki arasinda en ¢ok bahse konu olanidir (Taibi ve ark,
2021).

Otoimmun bozukluklar arasinda en yaygin oldugu bilinen Hashimato
tiroidit, tiroid bezini etkileyen organa spesifik T-hiicre aracili bir
bozukluktur. Bu bozukluk serumdaki anti-tiroid peroksidaz (anti-
TPO) ve anti-tiroglobulin (TG-Ab) antikorlarinin tiroid hiicrelerine
hasar vermesi ile karakterize olup tedavi edilmedigi taktirde tiroid
kanserlerine yol acabilmektedir. Bu hastalik hastalarin 6nemli bir
kisminda asemptomatik kronik tiroidit seklinde seyrederken kadinlarin
% 8’inde ve erkeklerin % 3’iinde ise subklinik hipotiroidizm seklinde
seyretmektedir. Fahrangi ve ark, (2016) 22-50 yas araligindaki
hipotiroidizm ile seyreden Hashimato tiroditli 40 hasta (zerinde
yaptiklar1 ¢aligmada, 8 hafta boyunca 2g/glin NS verilmesinin TSH,
anti-TPO antikorunu ve serum vaskuler endothelial bilyime faktérin
(VEGF) azaltirken, serum Tz diizeyini artirdigini bildirmektedir.
VEGTF, anjiogenik ve vaskuler permabilite artisin1 saglayan bir faktor
olup tiroid epitel hiicrelerinin gelisimi ve fonksiyonlarinin
diizenlenmesini  desteklemektedir. Ozellikle Hashimato tiroditinde
artan TSH, tiroid kanser hicrelerinden VEGF  salinimini
uyarmaktadir. NS kullaniminin ise bu hastalarda VEGF diizeyini
diisiirmesi, hastaligin siddetinin azaltilmasinda NS’nin etkin oldugunu
gosterirken bu etkinin anti-anjiogenik o6zellikleri oldugu bildirilen
TQ’dan kaynaklandigi vurgulanmaktadir (Fahrangi ve ark, 2016). NS

kullaniminin bu hastalarda goriilen serum lipid diizeylerini, oksidatif
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stresi ve endothelial bozukluklar1 diizeltici etkileri oldugu bu nedenle
Hashimato hastalig: ile iliskili anormalliklerde tedaviyi destekleyici
olarak diisiinebilecegi belirtilmektedir (Fahrangi ve Tajmiri, 2020).
Benzer sekilde yapilan bir calismada ise Hashimato tiroditinde NS
kullammmimin (1.7mg/kg CA/giin) TSH, anti-TPO, transforming
blyime faktori (TBF)-p ve IL-23 diizeylerini azalttigi da
belirtilmektedir (Tajmiri ve ark, 2016).

NS’nin bu etkilerinin deney hayvanlari lizerinde arastirilmasi da dnem
arz etmektedir. Buna gore deney hayvanlarinda hipotiroidi
olusturulmasinda kullanilan 6-propil 2-tiyourasil (PTU) anti-tiroidal
etkisini,  monoiyodotirozinin  iyonizasyonu  (tirozine  iyodun
baglanmasim) ve iyodun oksidasyonunu (I'un Iy’ye déniisiimiinii
saglayan tirozin peroksidazi inhibe ederek) inhibe ederek, ayrica Ty
'n T3’e periferik dontistimiinii (tip-I deiyodinazi inhibe ederek)
engelleyerek gostermektedir (Fumarola ve ark, 2010). Avci ve ark
(2021b) PTU ile deneysel hipotiroidizm olusturulan ratlara NS
esansiyel yagi (200 mg/kg CA/glin) verilmesinin hipotiroidizmde
diismiis olan total T3 diizeyini artirdigin1 bildirmektedir. Bu etkinin
esansiyel yagda tespit edilen TQ (% 43.7) ve o-cymenden (% 29)
kaynaklanmis olabilecegi vurgulanmaktadir. NS’nin diisik sevide
olan T3 miktarini normal diizeye ¢ikarmasi, muhtemelen ugucu
yagdaki antioksidan 6zellikteki bahsi gegen fenolik bilesenlerin tiroid
bezinin onarimint saglamasi ile boylece tiroid hormonunun tekrar
sentezlenmeye baglamasi seklinde agiklanabilecegi belirtilmektedir.
Konuya iliskin olarak deneysel hipotiroidizmin indiikledigi paratiroid

bezinde meydana gelen patolojik degisimlere karst NS yagi
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verilmesinin tedavi edici etki gosterdiginin bildirilmesi (Nasr El-Din,
2020) de bunu destekler niteliktedir.

Bunun yanisira Khalawi ve ark (2013) hipotiroidili ratlarda yaptiklari
calismada NS (400 mg/kg) uygulamasinin serum T3 ve T4 dlzeyini
artirirkken, TSH diizeyini diisiirdiiglinti, tiroid paragiminde olusan
hiperplazik degisimleri ise tersine ¢evirdigini bildirmektedir. Yapilan
diger bir ¢alismada ise Mohebbati ve ark (2017) deneysel hipotiroidili
ratlarda PTU grubunda serum T, diizeyinin azaldigim1 ve NS (100,
200, 400 mg/kg) uygulanan tiim gruplarda ise arttigini ve doza bagh
olarak en yiiksek artisin 400 mg/kg NS grubunda oldugunu
bildirmektedir. NS’nin biyoaktif bir bileseni olan TQ ile yapilan bir
calismada ise Bacak Giillii ve Aver (2013), saglikli ratlara sadece TQ
(50 mg/kg/gun) verilmesinin total T, diizeyini diisiirdiigi, total Ts,
serbest T3 ve T,’deki diisiisiin ise onemsiz oldugunu bildirmektedir.
Ayni calismada, TQ grubunda gdzlenen tiroid hormonlarindaki
azalmanin ayn1 gruptaki leptin diisiisiine eslik ettigi ve tiroidlerdeki bu
azalmanin diisiik leptin diizeyinin hipotalamustaki paraventrikiiler
cekirdekte tirotropin salgilatict hormon (TRH) ekpresyonunu inhibe

ettigi (Zimmermann-Belsing ve ark, 2003) belirtilmektedir.

Tiim bu benzer ¢alismalar degerlendirildiginde NS ve NS esansiyel
yaginda baskin olarak bulunan fenolik bilesenlerden TQ’nun dikkat
cekici oldugu goriilmekte olup NS disinda iceriginde TQ bulunduran
Thymus vulgaris L. ve Origanum turlerinin de hipotiroidizmin
tedavisi igin tavsiye edilmesi de TQ’nun bu etkisini destekler
goriinmektedir (Taibi ve ark, 2021). Ayuob ve ark (2020) yaptiklar
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calismada ratlarda PTU ile olusturulan hipotiroidizmde TQ
(50mg/kg/giin) verilmesinin TSH’y1 azalttigini, Tz ve T4’Ui artirdigini
bunun yanisira NOx ve GSH’yr artirirtken MDA’y1 azalttigim
gostermektedir. Ayni1 ¢alismada TQ’nun antioksidan bir enzim olan
katalazin gen ekspresyonunu induklendigi ve hipotiroidizmin neden
oldugu glomerular tubuler hasar1 durdurdugu belirtilmektedir. Nitekim
tiroid hormonlar1 antioksidan enzim diizeyleri ile bunlarin sentezinin
diizenlenmesi ve oksidatif metabolizma ile yakindan iligkilidir
(Messarah ve ark, 2010). Bu yonii ile ele alindiginda NS’de bulunan
bilesenlerin antioksidan 6zellikleri nedeniyle tiroid bezinin onarimina
destek olarak tiroid bozukluklarinda fayda saglayacagi kanaatine

varilmaktadir.

Tiroid hormonlar1 organizmada oksijen tiikketimini, mitokondriyal
solunumu ve solunum zinciri  komponentlerinin  aktivitesini
etkileyerek bazal metabolik hizi artirmaktadir. Bu durumun sonucu
olarak mitokondriyal elektron transport =zincirinde agiga ¢ikan
stiperoksit radikalleri ve hidroksil radikallerini de bulunduran pek ¢ok
reaktif oksijen tiirlerinin (ROS) olusumuna yol agmaktadir (Venditti
ve ark, 1997; Konukoglu, 2000). Nitekim ac¢iga c¢ikan ROS’larin
oksidatif strese neden olarak lipid peroksidasyonuna yol actigi ve bu
durumun noérodejeneratif bozukluklar, kalp damar hastaliklar1 ve
kanser gibi bir ¢ok hastaligin patogenezine katildig1 ileri
strilmektedir (Bianchi ve ark, 1999; Konukoglu, 2000; Venditti ve
ark, 1997). Oksidan-antioksidan denge agisindan degerlendirildiginde
arastirmalar hipotiroidizmde bazal metabolizmanin yavaslamasina

bagl olarak lipid peroksidasyonunun diistiigiinii ve serbest radikal
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olusumunun azaldigini rapor etmekle birlikte (Araujo ve ark, 2011,
Harper ve Seifert, 2008) bu goriise iliskin veriler tartismali
bulunmaktadir (Santi ve ark., 2012; Torun ve ark., 2009). Buna gore
Kandir (2015) hipotiroidizmde plazma MDA artarken NOx
diizeylerinin kontrol grubuna gére degismedigini bildirmektedir. Avci
ve ark (2021b) ise hipotiroidizmde MDA ve NOx dizeylerinin
arttigim1 NS esansiyel yagi verilmesinin ise artan NOx diizeyini
diistirdigiinii bildirmektedir. Ayn1 g¢alismada hipotiroidizmde total
antioksidan kapasite (TAK) ve SOD diiserken, NS ugucu yagi
verilmesinin ise bu parametreleri Onemsiz diizeyde artirdigi
belirtilmekte olup bu etkisi esansiyel yagda bulunan TQ ve simenin
antioksidan ozelligine baglanmaktadir. Nitekim Avci ve ark (2021a)
¢orek otu tohumu esansiyel yaginin in vitro kosullarda antioksidan
aktivitesini degerlendirdikleri ¢alismada, DPPH radikali giderme
aktivitesi (%25.10), linoleik asit sisteminde ferrik tiyosiyanat metodu
ile belirlenen antioksidan aktivitesi (%23), Fe*? iyonlarmi selatlama
aktivitesi (%52.33), stiperoksit radikali giderme aktivitesi (%20.63) ve
indirgeme kapasitesi (0.66) belirlenmis olup bu antioksidan etkilerinin
esansiyel yagda bulunan fenolikler bilesenlerden kaynaklandigini
bildirmesi de bu sonucu desteklemektedir. Mekkawy ve ark (2020)
monosodyum glutamata maruz kalan farelere gerek tek basmna NS
yag1 gerekse NS yagi ile birlikte Vitamin C uygulanmasini
inceledikleri ¢alismada, tek basmma NS yaZinin beyin ve tiroid
dokularinda GSH diizeyini artirdigini, beyin dokusunda lipid
peroksidasyonunu azalttigin1 belirtirken NS yagi ile vitamin C

kombinasyonun ise bahsi gecen dokularin histolojik yapilarini
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korudugu, tiroid hormonlar1 ve antioksidan parametreler agisindan
iyilesme sagladigin1 bildirmektedir. Bu etkinin yagda c¢oziinen
antioksidanlar1 igeren NS yaginin ve suda ¢oziinen Vitamin C’nin
birbirinden bagimsiz bir sekilde gdsterdikleri antioksidan etkilerinden

kaynaklandig1 sonucuna varilmstir.

Bilindigi iizere bitkilerdeki antioksidan bilesenler ROS’larin uyardig:
oksidatif strese karsi hiicresel yapilart koruyan hayati yapilardir.
Yapilan klinik ve deneysel calismalar diger bir tiroid bezi bozuklugu
olan hipertiroidizmde meydana gelen hipermetabolik hiz ve
kalorigenezis sonucu olarak hicresel solunumun ve ROS (retiminin
arttigint ~ gostermektedir  (Shokri  ve ark, 2018). Bu durum
organizmadaki oksidan-antioksidan dengenin bozulmasina, lipid
peroksidasyonuna (Guerrero ve ark,1999) ve DNA hasarlarina yol
acmaktadir (Lopez-Torres ve ark, 2000). Hipertiroidizm agisindan
bakildiginda, Lamiaceae familyasina ait ve rosmarinik asit iceren
Rosmarinus officinalis L., Lycopus europaeus L. ve Melissa
officinalis L. gibi baz1 bitki tiirlerinin anti-hipertiroid etkileri (Taibi ve
ark 2021, Shokri ve ark, 2018) bildirilmekle birlikte NS’nin
hipertiroidizmdeki etkilerine y0Onelik c¢alismalar olduk¢a sinirh
sayidadir. Buna gore Aver ve ark (2021b) deneysel olarak
hipertiroidizm olusturulan ratlarda NS esansiyel yagi verilmesinin
hipertiroidizmde artan total T3 diizeyini disiirdiigini ve TAK’1
artirdigini bildirmekte olup NS esansiyel yaginin hem hiper hem de
hipotiroidizmde degisim gosteren Ozellikle total Tz dizeylerine

olumlu etkilerinin bulundugunu belirtmektedir. NS esansiyel yaginda
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bulunan polifenolik bilesikler ve flavanoidlerin in vitro kosullarda
belirlenen serbest radikal suptruci etkileri ile antioksidan sisteme
olumlu etkileri bulunmaktadir (Avcr ve ark, 2021a). Nitekim yapilan
in vitro ve in vivo ¢alismalarda NS tohum ekstraktinin, akrep ve yilan
zehirindeki hemolitik etkiyi inhibe ettigi (Sallal ve ark, 1996), lipid
peroksidasyonuna ve protein degradasyonuna karsi eritrositleri
korudugu (Suboh ve ark, 2004), bilesenlerinden TQ’nun doza ve
zamana bagli olarak nitrit iiretimini baskiladig1 (EI-Mahmoudy ve ark,
2002) gosterilmekte olup bu etkileri tohumlardaki antioksidan
bilesenlere atfedilmektedir. Nitekim Vatansev ve ark (2013) yaptiklari
calismada NS tohumlarinin yapisinda antioksidan vitaminlerden 10.19
ug/g a-tokoferol, 2.28 ng/g for - tokoferol, 0.18 pg/g retinol, 1.38
Mg/g vitamin Do, 1.85 pg/g vitamin Ky ve 2.15 pg/g vitamin K; tespit
edildigini bildirmekte olup tohumlarin fenolik bilesenler disinda bu
vitaminleri igermesi de bahsedilen antioksidan etkilerini artirmaktadir.
Buna gore antioksidan olan vitamin A’nin T, Un Tsz‘e doniisiimiinii
artirdigl, vitamin E’nin ise artan ROS’larin inhibisyonunu saglayip
immun sistem kapasitesini destekledigi (Shokri ve ark, 2018) g6z
Online alindiginda bu vitaminleri igeren NS tohumlarinin tiroid

hormon bozukluklarinda fayda saglayacagi acik¢a goriilmektedir
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SONUC

TUm bu giincel galismalar degerlendirildiginde, ¢orek otu tohumlari
ve bunlardan elde edilen gerek sabit veya ucucu yaglarin gerekse
cesitli ¢oOziciilerdeki ekstrelerinin, tiroild  metabolizmasi
anormalliklerinde iyilestirici etkilerinin bulundugu ve tedaviye destek
saglayacagi kanaati olugmakla birlikte, NS nin tiroid bezi lizerindeki
spesifik hiicresel ve molekiiler etkilerinin yanisira ayni zamanda
icerigindeki fenolik bilesenlerin hedef mekanizmalarinin ortaya
konabilmesi i¢in hem hipotiroidizm agisindan hem de hipertiroidizm
acisindan  daha kapsamli arastirmalara ihtiya¢ duyuldugu ortaya

konulmaktadr.
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GIRIiS
Tiiberkiiloz (TB), uzun yillardir insanlarda ve hayvanlarda var olan,
oncelikle akciger olmak iizere tiim organlarda kazeéz ve

kazeokalseroz tiiberkellerin olugmasi ile karakterize, kronik seyirli bir

bakteriyel hastaliktir (Yardimci 2006).

Diinya Hayvan Saghg: Orgiitii (OIE), sigir tiiberkiilozunu halk sagligi
acisindan 6nemli ve uluslararast hayvan ve hayvansal iiriin ticareti
lizerinde yiiksek etkisi olan bir liste B bulasici hastalik olarak

tanimlamistir (OIE 2021).

Sigir tiiberkiilozuna (BTB) neden olan Mycobacterium bovis
(M.bovis), M. tuberculosis (MTB) kompleksinin bir {iyesidir ve

insanlar dahil olmak iizere ¢ok ¢esitli konakgilar1 enfekte eder (Ozbey
2008).

S1gir tiiberkiilozunun etkeni olan M. bovis, ) )
Sube: Actinobacteria

Prokaryotes aleminde, Actinobacteria .. actinobacteria
smifinda,  Actinomycetales takiminda, Altsinif: Actinobacteridae

Mycobacteriaceae ~ familyasinda ~ ve Takim:Actinomycetales

Alttakim: Corynebacterinea

Mycobacterium cinsi igeresindedir (Bergey

Aile: Mycobacteriaceae

vd. 1994, NCBI 2021). Etken

Cins: Mycobacterium
asidorezistans, sporsuz, aerobik ve gercek

Tiir: Mycobacterium bovis

bir kapsiilii olmayan bir bakteridir. Insan Sekil 1. M.bovis Taksonomisi
ve hayvanlarda tiiberkiiloza sebep olan mikobakteriler M.africanum,
M.bovis, M. canetti, M.caprae, M.microti M. mungi, M. orygis, M.

pinnipedii, M. suricattae, = M.tuberculosis tiirlerini  igeren
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Mycobacterium tuberculosis kompleks (MTBC) olarak adlandirilan
grup i¢inde yer alir. MTBC binlerce yil once Mycobacterium
canettii ile ortak bir atadan evrimlesmis klonal bir gruptur
Mycobacterium tuberculosis, insanlarda TB'min 6nde gelen
etiyolojik ajaniyken, M. bovis basta sigir ve insanlar dahil olmak
tizere bircok konakgr tiirii enfekte edebilir (Guimaraes vd. 2020).
M.bovis dokularda 0.2-0.6 x 1.0-4.0 um boyutlarindadir. Tiiberkiiloz
etkenlerinin hiicre duvarinin diger bakterilere gore lipid igerigi
fazladir. Bu sebeple yavas gelisirler, hidrofobiktirler, antibiyotiklere,
kimyasal maddelere, fiziksel etkilere, litik enzimlere ve kurumaya
kars1 direnclidirler. Asitlere direncli bir hiicre duvar yapisi oldugu icin
Asido-Rezistans (Direngli) Bakteriler (ARB) olarak bilinirler ve
normal laboratuvar boyalar1 yerine Ziehl-Neelsen boyama yontemi
uygulanir (Karlson ve Lessel 1970, Hope vd. 2007, Yardimci 2006,
Alexander vd. 2010, Van Ingen vd. 2012, Yanti vd. 2020).

M.bovis, fakiiltatif hiicre i¢i bir
bakteridir. In vitro biiyiime icin 6zel
kiiltiir ortamlar1 gereklidir. Etkenin
jenerasyon siiresi 15-24 saattir, lireme
siiresi 3-5 haftayr bulur. Ureme 1s1s1
37-37.5°C dir. M.bovis'i iiretmek i¢in

kat1 besiyerlerinden (Dorset, Souton ve

Sekil 2.M bovis kolonisi, Stonebrink agar (Bolafios vd.2017).
Lockman Stonebrink, Dorset, Petragnani, Loewenstein-Jensen vb.) ve

stvi besiyerlerinden (Dubos, Proskauer-Beck, vb.) yararlanilmaktadir.

M.bovis, besiyerlerinde gliserine gereksinim gostermez. Vida kapakli
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tiip/siselerde 37°C bir ay kadar inkiibasyona birakilir. Kati
besiyerlerinde yayvan veya kurukabarik, kenarlar1 diizensiz veya oval
koloniler meydana getirir (Akay 1999, Yardimc1 2006).

M. bovis genomu 2003 yilinda sekanslanmis ve boyutunun, M.
tuberculosis'inkinden daha kii¢iik oldugu belirlenmistir (Huard
vd. 2006). MTBC'nin tiim tyeleri % 99.95 sekans benzerligi sergiler
ve 16SrRNA'st da M. canetti haricinde korunmustur. Kompleks
tiyeleri benzer patolojiye sahip hastaliklara neden olurlar (Rodriguez
Campos 2012). Yaklasik 4.3 Mb (4.345.492 baz cifti [bg]) igeren
M.bovis genomu 4200 gene sahiptir, ribozomal RNA genlerinin (5S,
16S ve 23S) her birinin tek kopya igerir ve 45 tRNA’ya sahiptir.
Diger Aktinobakterilerde oldugu gibi genomunda yiiksek Guanin
(G)+Citosin (C) oranina (% 65.63) sahiptir. Genetik arastirmalarda
bakteriofaj ve plazmid varligit rapor edilmistir. Tiiberkiiloz
etkenlerinin endotoksin ve ekzotoksinleri yoktur (Akay 1999,
Yardimci 2006).

Etken 75-80°C de 5-10 dakika dayanabilir. Fenol (%2), formalin (%3)
ve NaOH (% 5) i¢inde 4 saatte inaktif olur. Krase i¢inde 3 ay, merada
toprakta glibrede 2-6 ay infektif kalabilir. Direkt giines 1sm1 ve
ultraviyole 1sinlarina dayaniksizdir. Alkol (%70-90) 5-10 dakikada bu

mikroorganizmalari inaktif hale getirir (Yardimci 2006).

M.bovis’in neden oldugu BTB, Afrika’nin ¢ogunda, Asya’nin ve
Amerika’nin bazi bolgelerinde siklikla goriiliirken, diinya ¢apinda

biiyilk problem olmaya devam etmektedir. 50 milyondan fazla
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biliyiikbag hayvanin diinya capinda MB ile enfekte oldugu tahmin
edilmektedir. Bu hastaligi mevcut yontemlerle kontrol altina alma
girisimlerine ragmen yilda yaklasik 18 milyar TL kiiresel ekonomik

zarar olugmaktadir (Waters vd. 2012, OIE 2021).

Enfekte sigirlarin tedavisi, yiiksek maliyet ve uzun siireli olmasi
sebebiyle ayrica kanunlara bagli olarak yapilmaz. Test yontemi ve
sarthh kesim/imha, sadece hastaligin evcil hayvanlarda yayilmasini
engelleyen kontrol oOnlemidir. Fakat bu yontemler hastalifin
eradikasyonu konusunda pratik degildir. Siitlerin pastorizasyonu, et
muayenesi, ¢iftlik ziyaretleri, sigirlarin sistematik bireysel testleri ve
enfekte olmus hayvanlarin ¢ikarilmasi, hareket kontrollerini iceren
yogun siirveyans programlari gibi Veteriner Hekimligi Hizmetleri
hastaligin yayilmasini azaltmada etkili olmustur (Parlan ve Buddle,

2015).

Hastaliktan korumak amaciyla hayvanlarda kullanilan lisanshi bir
ticari a1 yoktur. Sigir TB’unun hayvan saglig1 ve ticareti iizerindeki
finansal etkisi ve hastalig1 kontrol etmenin zorlugundan dolayi, son
yillarda sigirlarda TB asilarmin  kullanilmasina yonelik ilgi de
artmistir. Evcil ve vahsi hayvan tiirleri ile insanlar i¢in yeni asilarin,
tan1 testlerinin gelistirilmesi hastalik kontroliiniin iyilestirilmesine

katkida bulunacaktir.

Bu bolimde sigir tiiberkiilozu ve M.bovis enfeksiyonuna karsi asi

calismalar1 hakkinda giincel bilgiler verilmesi amaglanmustir.

142 || Clinical and Basic Studies in Veterinary Medicine




1. SIGIR TUBERKULOZUNUN EPIiDEMiYOLOJiSi

M. bovis, sigir tiiberkiilozunun asil etkeni olmasina ragmen, tim
MTRBC fiyeleri arasinda en genis konakg1 araligina sahiptir. M. bovis;
sigr, bufalo, ke¢i vb. ciftlik hayvanlarini enfekte edebilir. Kegiler, M.
bovis'in rezervuar  konakgilar1 olarak kabul edilirken domuzlar,
kediler, kopekler, atlar ve koyunlar gibi diger hayvan tiirleri, yayilma
konaklar1 olarak kabul edilir. Su anda M. bovis enfeksiyonlari, atlar,
develer, yaban domuzlari, geyikler, antiloplar, tilkiler, vizonlar,
gelincikler, siganlar, primatlar, lamalar, tapirler, filler, gergedanlar,
yer sincaplari, su samuru, fok, tavsan, kostebek, rakun, cakal ve
aslanlar, kaplanlar, leoparlar ve vasaklar gibi 40'tan fazla serbest
dolagsan vahsi hayvan tiirlinde bildirilmistir. Porsuklar basta olmak
lizere birgok yaban hayvan tiirii biiyiik rezervuardir (Kamel vd. 2014,
OIE 20214).

M. bovis” de diger mikobakteriler gibi, ¢evrede sartlarina dayaniklidir.
Cevre kosullarina bagl olarak yaklasik 6 hafta karkastan ve 4 hafta
diskidan izole edilebilir, ancak kirlenmis suda 58 giline kadar, ortiilii
diskida 2 yila kadar canli kalmasit miimkiindiir (Courtenay vd. 2006,
Fine vd. 2011).

M. bovis, yagmurlarla yayilabilir ve bu da sigirlar1 yaban hayatindan
kaynaklanan enfeksiyonlara karsi daha duyarli hale getirir. Bununla
birlikte, hastaligin indirekt bulasmasi i¢in gereken miktar, dogrudan
veya aerosol gecis icin gerekenden daha yiiksektir (Fine
vd. 2011). BTB bir siiriide kongenital, alimenter, solunum, genital ve

deri yoluyla bulasabilir. Genel olarak, yem ve meralarin

143



https://onlinelibrary.wiley.com/doi/full/10.1111/zph.12242#zph12242-bib-0052
https://onlinelibrary.wiley.com/doi/full/10.1111/zph.12242#zph12242-bib-0081
https://onlinelibrary.wiley.com/doi/full/10.1111/zph.12242#zph12242-bib-0021
https://onlinelibrary.wiley.com/doi/full/10.1111/zph.12242#zph12242-bib-0029
https://onlinelibrary.wiley.com/doi/full/10.1111/zph.12242#zph12242-bib-0029

kontaminasyonu hastalifin bulagmasinda Onemsiz goriinmektedir,
clinkii fomitlerdeki enfektif organizma dozlarinin hayatta kalma
stireleri gercekei kosullar altinda nispeten kisadir ve hayvanlar yaygin
olarak enfeksiyona yol agabilecek kadar yiiksek bir doza maruz
kalmazlar. Tasiyict konakgilar sebebiyle bTB enfeksiyonu, baska
herhangi bir M. bovis kaynagi olmasa da yatay transfer yoluyla siiriide
uzun slire devam edebilir ve diger duyarli konakcilara bulasabilir

(Morris vd. 1994, Biet vd. 2005).

Farkl tiirlerdeki tiiberkiiloz lezyonlarin boyutu, goriiniimii ve dagilimi
onemli  degisikliklere = ragmen, evcil  sigirlarinkine  ¢ok
benzer. Hastaligin ciddiyeti ve klinik semptomlar, tiiriin duyarliligina,
etkenin genotipe ve bTB'nin yayginligina baghdir. Baz1 sigir ve geyik
irklarinin M. bovis enfeksiyonlarina direngli olabilecegi bildirilmistir
(Drewe vd. 2009, Rodriguez Campos 2012, Bermingham vd. 2014,
Waters vd. 2014) .

M. bovis'in aerosol gegcisi, stirii {iyeleri arasinda en sik bulasma
seklidir. Diger tiirlere yayilma, farkli bulagsma yollaryla
gerceklesebilir. Insanlar, kopekler ve kediler enfeksiyonu enfekte
stirilerle dogrudan temas yoluyla yakalanabildikleri halde, hastaligin
sindirim formuna daha duyarhdirlar. Enfekte siit igmek, enfekte
karkaslarla beslenmek ve hatta lenf diiglimlerinin akan fistiillerinden
salgilanan irin ile temas etmek, hastaligin bulasma yolu sebepleri
arasinda sayilabilir. BTB genellikle ihmal edilen bir halk sagligi
sorunudur. Zoonotik TB'nin yilda 143.000 kisiyi etkiledigi ve yaklasik
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12.300 kisiyi 6ldiirdiigii tahmin edilmektedir (Michel vd. 2007, WHO
2019)

Sigirlarin iilkeler ve hatta kitalar i¢inde ve arasinda serbest dolagimu,
bliyiikbag hayvan tiiberkiilozunun diinya capinda dagiliminmi ve
evrimlesmis, antibiyotige direngli tiirlerin yayilmasini
kolaylastirmaktadir (Sechi vd, 2001). Sigir patojeninin ¢ogu TB
tedavisinde birinci basamak ilaglardan biri olan pirazinamide direng
mutasyonlart tagir ve bu durum tedaviyi geciktirir. Sigir
tiiberkiilozunun hayvanlar ve insanlar arasinda yeniden ortaya
cikmasi, ozellikle gelismekte olan {lilkelerde diinya ¢apinda ciddi bir
sorundur. Sigir siirtilerinde Mycobacterium bovis enfeksiyonlari 2005
ile 2010 yillar1 arasinda diinya capinda 109 iilkede bildirilmistir
(Ramos vd. 2014, Guimaraes vd. 2020).

M.bovis zoonotik potansiyele sahiptir, bu nedenle, tiiberkiiloz
etkeninin alt tiir diizeyinde belirlenmesi halk sagligi agisindan
Oonemlidir. M. bovis suslari, M. tuberculosis'in aksine, insanlar
arasinda etkili bir sekilde bulagsmasa da, 6zellikle cezaevleri gibi
kapali popiilasyonlarda insandan insana enfeksiyon potansiyeli vardir
(Romero vd. 2006, CDC 2011, Gumi vd. 2012; Gonzalo Asensio
vd. 2014). Bulas kaynagi (insan veya hayvan) DNA tiplendirmesi
(fingerprint) ile ayirt edilebilir (Pérez-Lago vd. 2014).

Diinya capindaki insan TB vakalarmin yaklagik % 3.1'inin M. bovis
kaynakli oldugu tahmin edilmektedir. 2016 yilinda DSO, insanlarda
147.000 yeni zoonotik TB vakasi ve hastalik nedeniyle 12.500 6lim

oldugunu bildirmistir. Bununla birlikte, zoonotik TB'in kiiresel
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yukiine iligkin tahminler kesin degildir. Bunun nedeni, insanlarda
zoonotik TB vakalari, sigirlarda sigir TBC'sinin kontrol edildigi ve
gida giivenligi standartlarinin yiiksek oldugu iilkelerde nadirdir.
Zoonotik TB'nin sonuglart insan sagligimin Gtesine uzanir. Sigir
tiilberkiilozu, gecim kaynaklar1 ¢iftlik hayvanlar1 olan topluluklarin
refahini tehdit etmektedir. Hastalik, et ve siit liretiminin azalmasi ve
insan tiiketimine uygun olmayan karkaslarin veya etkilenen pargalarin
imhas1 yoluyla 6nemli bir ekonomik etkiye sahiptir. Sigir tiiberkiilozu
ayrica hayvanlarin ve hayvansal iirlinlerin uluslararas: ticaretine de
engeller olusturur. Yaban hayati popiilasyonlarinda endemik hale
geldiginde, bu koruma ¢abalarini tehdit eder ve hayvanlar ve insanlar
icin bir enfeksiyon rezervuari gorevi gorebilir (Romero vd. 2006,
Malama vd. 2014).

Ciftlik diizeyinde hastalig1 dnlemek amaciyla yonetim prosediirlerinin
uygulanmasiyla bir noktaya kadar hastalifin goriilme orani azaltilsa
da, agilarin gelistirilmesi daha biiyiik kazanimlar saglayacaktir (Morris

vd. 1994).
2. ASI VE ASI CESITLERI

Organizmaya uygun yolla verildiginde bagisik yanit olusturarak,
canlinin infeksiyon hastaliklarindan korunmasini saglayan biyolojik
maddelere as1 denir. Gliniimiizde de hala asilar, infeksiydz hastaliklara
karst koruma da en etkili biyogiivenlik Onlemlerinden birini

olusturmaktadir. Ancak, yine de canlilar1 biitiin infeksiyoz

146 || Clinical and Basic Studies in Veterinary Medicine




hastaliklardan korumak miimkiin olamamistir (Altinsoy 2007,

Karshigil 2010)

Asilama, canlilar1 hastaliklardan korumak, infeksiy6z ajanlarin etrafa
ve diger canlilara yayilmasii ve bulagsmasini onlemek ve bdylece
infeksiyon etkenlerini ve infeksiyonu kontrol altina almak, populasyon
icinde morbidite, mortalite ve hastalifin prevalensini minimal diizeye
indirmek, sagaltim ve hastane masraflarini azaltmak, canlilara saglikli
ve rahat bir ortam saglamak i¢in bagvurulan etkili, kolay ve ucuz bir
uygulamadir. Asilar, ancak, saglikli olan canlilara, belli programlar
dahilinde yapilirlar. Koruma ve kontrol dnlemlerinin ¢ok 6nemli bir
maddesini olusturan asilama, ancak, biyogiivenlik 6nlemlerinin en az
astlama kadar onemli diger kosullart ile birlikte kullanildigi zaman

etkili olabilmektedir (Arda 2011).

As1 uygulamalarinin tarihgesine bakildiginda M.O. 400'li yillara
kadar dayandig1 goriilmektedir. Tarihte ilk kesfedilen as1 ¢icek asist
olmus ve 1796 yilinda Edward Jenner tarafindan modern tip yontemi
ile uygulanmistir. Ardindan 1885 yilinda Louis Pasteur kuduz asisin
gelistirmistir. Daha sonra uluslararas1 orgiitlerin finansman ile bir¢cok
as1 gelistirilmis ve as1 programlari global olmaya baslamistir. Bulasict
hastaliklardan 6liimlerin engellenmesinde en etkili yontem olan asilar,
antibiyotiklerden o6nce kullanilarak birgok canlinin  hayatini
kurtarmistir 19.yy. sonlarinda birgok iilkede kuduz asisi ile zorunlu as1

uygulamalari baslamigtir (Selguk 2011, Akdeniz ve Kavukcu 2016).
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Canlilarda, spesifik aktif bir bagisiklik olusturmak i¢in, genellikle, bir
biitiin halinde mikroorganizmalardan (aktif ve inaktif asilar) veya
bunlarin yiizey antijenik molekiillerinden (subiinit asilar) hazirlanan
astlar kullanilmaktadir. Asilar hazirlanma teknolojilerine gore asagida

verildigi iizere baslica 2 gruba ayrilir (Arda 2011).
1- Klasik (konvansiyonel, tradisyonel) asilar
2-Biyoteknolojik (gen mithendisligi) asilar
2.1. Klasik (Konvansiyonel, Tradisyonel) Asilar:

Gilinlimiizde klasik agilardan en sik mikroorganizma (inaktif ve aktif)
asilari, subiinit agilar, toksoid asilar, sentetik peptit asilar, antiidiyotip
antikor asilar kullanilmaktadir. Inaktif ve aktif mikroorganizma
asilarinda, mikroorganizmalarin kendileri biitiin olarak bulunmasina
karsin, diger asilarda etkenlerin antijenik molekiillerinden (protein,
glikoprotein, toksin vd.) yararlanilmaktadir (Karsligil 2010, Arda
2011).

2.1.1. Inaktif agilar;

Bu agilar, mikroorganizmalarin biitiinliigli bozulmadan, c¢esitli
kimyasal maddeler (formol, fenol, betapropiolakton, vd.) veya fiziksel
teknikler (1s1, UV 1sinlar1) ile mikroplarin inaktif hale getirilmesiyle
hazirlanir. Ancak bu tiir inaktivasyonlarda, mikroorganizmalarin
antijenik yapilarinda, viicut igerisinde iireyen etkenlere goére hem
sayica ve hem de tiir olarak baz1 degismeler meydana gelebilir. Bu

durum ve etkenin ilireme Ozelligi olmamasi sebebiyle bagisiklik
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sistemini uyarmada aktif asilara gore zayif etkilidir. En Onemli

avantaji daha diisilk maliyetli ve giivenli olmasidir (Karshigil 2010,

Arda 2011, Plotkin vd. 2013).

2.1.2. Aktif (Ateniie/zayiflatilmis) asilar;

Cesitli yollarla (devamli veya ortam degistirilerek iiretim, genetik
miidahale vb.) antijenik niteli§i bozulmadan mutasyona ugratilarak
patojenitesi ortadan kaldirilan veya viriilansi azaltilan mikroplardan
hazirlanan asilardir. Canli asilar, inaktif asilara gdére maliyeti ve
giivenlik riski daha yiiksektir. Fakat olusturduklar1 bagisiklik diizeyi
daha gilidiir. Son yillarda, giivenilir bircok sus elde edilmis ve
ticarilestirilmistir. Fakat, yerel suslardan hazirlanan asilar, orjinleri
disa ait olanlardan koruyuculugu daha fazladir (Karsligil 2010, Arda
2011, Plotkin vd. 2013).

2.1.3. Subiinit asilar;

Bu asilar mikroorganizmalarin yiizeyindeki antijenik molekiillerden
(bakteriler ic¢in flagellin, pili, kapsiil polisakkaridleri, hiicre duvari
polisakkaridleri, viriisler i¢in kapsid ve zarfta bulunan bazi antijenik
komponentler VP, HA, NA, F-proteini, M-proteini, vd) konvansiyonel
yontemlerle (gen teknolojisiyle hazirlananlari da var) c¢ikarilip,
saflagtirilarak hazirlanan asilardir. Bu asilar aselliiler 6zellik tasirlar.

Ancak, bu asilar1 hazirlamak zor, zaman alic1 ve bagisikliklar1 da orta

derecedir (Karsligil 2010, Arda 2011, Plotkin vd. 2013).
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2.1.4. Toksoid (anatoksin) asilar;

Bakteri (Clostridium, Bacillus spp. vb.) toksinlerinin saflastirilip, 1s1
veya kimyasala maruz birakilarak (formaldehid, fenol, gluteraldehid,
vd) antijenik yap1 bozulmadan sadece toksin etkisinin giderilmesiyle
elde edilen asilardir. Bu asilar kuvvetli antikor yanit olusturur (Arda

2011, Plotkin vd. 2013).

2.1.5. Sentetik peptid asilar;

Bu agilar mikroorganizmalarin antijenik yapilarinda bulunan ve 8-50
aminoasitten olusan epitoplarindan hazirlanan asilardir. Inaktif
asilarda oldugu gibi uygun adjuvantlar veya tasiyict proteinlerle
birlestirilerek bagisikligt uyarma etkisi artirilir. Monokompanent
asilarin etkinligi diisiik oldugu i¢in ¢ogunlukla multicomponent asilar
tercih edilmektedir. Fakat olusan bagisiklik genellikle yeterli
bulunmamustir (Arda 2011, Plotkin vd. 2013).

2.1.6. Antiidiyotip antikor asilar;

Bu asilar bir antijenin epitopuna karsi olusmus antikorlarin (idiyotip
antikor), bagka bir canliya verilmesi ve bu antikorlara karst olusan ve
epitopla benzer yapiya sahip antiidiyotip antikorlardan hazirlanan
astlardir. Kisaca mikroorganizmanin antijenik yapisiyla benzer olan
antikorlarin {retilip, saflastirilmasiyla elde edilen asilardir. Bu
asilardan elde edilen bagisiklik genellikle istenilen diizeyde degildir
(Arda 2011, Plotkin vd. 2013).
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2.2. Biyoteknolojik (gen miihendisligi) Asilar:

Klasik asilarin ¢esitli olumsuzluklardan (iiretim, maliyet, yetersiz
bagisiklik, allerjiler vb.) hazirlanamamasi, 2. nesil asilar olan

biyoteknolojik as1 iiretimine neden olmustur.

Biyoteknolojik yontemlerle, mikroorganizmalarin genomlarindan
patojenlerin virulens faktorlerini (protein, glikoprotein, vd) kodlayan
genlerin ¢ikartilmasi veya bu genlerde mutasyonlar olusturarak elde
edilen apatojenik veya diisiik virlilensli suslar as1 hazirlamada
kullanilir. Bu tiir ileri teknoloji ile hazirlanan asilar asagida verildigi

tizere baslica 3 grup altinda toplanabilirler.
1) Mutant mikroorganizma agilari
2) Rekombinant agilar
3) Niikleik asit (DNA, CDNA ve mRNA) asilar

Birinci ve ikinci gruptaki asilarda mikroorganizmalarin tiimii
kullanilirken, 3. grupta yer alan asilarda sadece antijenik protein
yapilar veya niikleik asitler kullanilir, mikroorganizmalar biitiin olarak

kullanilmazlar (Arda 2011, Plotkin vd. 2013).

2.2.1. Mutant mikroorganizma asilar:

Bu asilar patojenlerin virulens genleri veya virulensle ilgili diger
genler yabanci gen eklenerek insersiyonu mutasyonu ile veya bu

genler c¢ikartilarak delesyon mutasyonlari ile apatojen hale getirilen
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mikoorganizmalardan hazirlanir. Fakat insersiyon mutan asilarda
etken genlerde olusacak revizyonla tekrar patojen 6zellik kazanabilir,
bu sebeple delesyon mutant asilar daha giivenlidir. Bu giliven iiremeyi
etkilemeyen birden fazla genin delesyonu ile daha da artar. Klasik
yontemlerle de (ateniiasyonlar) mikroorganizmalarda mutasyonlar
olugsmaktadir fakat bu mutasyonlar kontrollii degildir (Arda 2011,
Plotkin vd. 2013).

2.2.2. Rekombinant asilari:

Rekombinant mutant mikroorganizma asilar, Rekombinant polipeptid

asilar ve Rekombinant yem asilar 6rnek verilebilir.
2.2.2.1. Rekombinant mutant mikroorganizma asilar;

Bu agilar oOzellikle delesyon mutant suslarin bazi genleri igine
immunojenik 6zellikte homolog veya heterelog birkag genin
insersiyonuyla elde edilen asilardir. Boylece, mutant suslar bir asi
vektorii (Baculoviriis, Adenoviriis, BCG, S.Typhi, S.Typhimurium aro
A SL 3261 vd.) olarak kullanilir ve birkag¢ hastaliga kars1 ayni anda
cogul koruma saglanabilir. Fakat bireyler vektorlere karsi spesifik
antikor tasiyorsa immun yanit baskilanabilir (Arda 2011, Plotkin vd.
2013).
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Tablo 1. Bazi rekombinant mutant mikroorganizma agilar (Plotkin vd. 2013).

Rekombinant asilar Eklenen genler

Vaccine viris Kuduz viris geni (glikoprotein, gP)

Kanatl gicek viriisi.  Newcastle virls geni (emaglutinin-neuraminidase

(HN) ve F-protein genleri)

Kanarya ¢icek Canine distemper virus, feline leukemia virus ve

virsa kuduz virusunun genleri

2.2.2.2 Rekombinant polipeptid asilar; Bu asilar
immunojenik veya antijenik polipeptitleri kodlayan genlerin ¢cogaltilip
bir vektore (plazmit, faj, viriis), vektoriin de alici hiicreye (bakteri,
Okaryotik hiicre- maya vb.) aktarilmasiyla ilgili proteinlerin ¢ogaltilip,
saflastirilmasiyla elde edilen agilardir. Okaryotik alic1 hiicrelerde
(Orn, S.cerevisiae) sentezlenen polipeptidlere glukoz molekiilii
eklendigi i¢in immunojenitesi prokaryot hiicrelere gore fazladir (Arda

2011, Plotkin vd. 2013).

2.2.2.3 Rekombinant yenebilir asilar; Bu asilar vitamin,
protein ve diger besleyici oOzellikler acisindan zengin yenilebilir
besinler olup ayn1 zamanda as1 gorevi goren gidalardir (Altindis vd.
2014; Aswathi vd. 2014). Yenebilir as1 olarak domates, musir, tiitiin,
muz, havug ve yer fistig1 gibi bitkiler otoimmiin hastaliklar, rotaviriis
ve kuduz hastaligina kars1 transforme edilmistir. Bulasici hastaliklari
azaltmak ve asilamay1 kolaylastirmak i¢in yenebilir asilar umut verici
bir gelecege sahip ve alternatif olarak diisiiniilmektedir (Glick vd.
2010, Laere vd. 2016).
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2.2.3. Nukleik asit (DNA, CDNA ve mRNA) asilar:

Bu agilar mikroorganizmanin genomundan immunojenik veya
antijenik molekiilleri kodlayan genlerin bir ekspresyon vektor
DNA'sina (Orn, Ecol R1) insert edilmesiyle elde edilir. Elde edilen
rekombinant ekspresyon vektorii canlilara as1 olarak verilerek
ekspresyonu (transkripsiyon ve translasyonun) saglanir ve immun
sistemi uyararak spesifik antikorlar sentezlenir (Arda 2011; Plotkin
vd., 2013). 2000'lerin sonlarina kadar, RNA'nin istikrarsizligindan,
yetersiz in vivo sunumundan ve asir1 inflamatuar yanitlarin
uyarilmasindan kaynaklanan engeller nedeniyle DNA temelli
yaklasimlarin gelistirilmesi iizerinde duruldu Fakat son yillar yasanan
gelismelerle baslangicta kanser hastaliklarina karst ve 2019 yilnda
gerceklesen covid-19 pandemisinden korunmak amaciyla viral
hastaliklara karst mRNA agilar 6n plana ¢ikmistir. mRNA asilari,
bagisikligr uyarmasini diigiindiiglimiiz hedef proteinin sentezinde rol
alan mRNA’nin invitro kosullarda iiretilmesi ve organizmaya
uygulanmasi sonucu immun yanitin olugsmasi amaciyla gelistirilen
yeni bir agidir. Suana kadar lisans alan tek as1 covid-19 viriisiine karsi

gelistirilen mRNA agisidir (Pardi vd. 2020).

3. SIGIRLARDA TUBERKULOZ ASI CALISMALARI

TB’ye karsi kullanilan lisanshi tek ticari asi, insanlarda kullanilan
zayiflatilmis bir MB olan Bacille Calmette-Guerin (BCG) asisidir ve
insanlarda koruyuculugu % 0-80 araliginda olup, koruyuculuk siiresi

yaklasik 10 yildir. Hayvanlarda kullanilan lisansl bir ticari as1 yoktur.
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Sigir TB’unun hayvan saghigi ve ticareti tizerindeki finansal etkisi ve
hastalig1 kontrol etmenin zorlugundan dolay1, sigirlarda TB asilarinin
kullanilmasia yonelik ilgi son yillarda artmistir. Evcil ve vahsi
hayvan tiirleri i¢in yeni asilar ile tan1 testlerinin gelistirilmesi, hastalik
kontroliiniin iyilestirilmesine katkida bulunacaktir (Agger ve

Andersen 2001, Pathan vd. 2007).

Tarihsel olarak, bTB’ye karst korunma i¢in sigirlara, deri alt1
(subkiitan, s.c.), oral ya da intavenoz olarak uygulanan viriilans
genlerinin susturuldugu ya da over-ekspres edildigi rekombinant canli
BCG agilar1, atteniic MTB ve MB asilari, DNA asilari, alt {inite
rekombinant protein asilar1 ve viriilans genlerini tasiyan viral vektor
asilart kullanilmis olup, bircok calismada BCG’ye esdeger veya
BCG’den daha iyi koruma potansiyeli Tablo 1’de 6zetlendigi gibi
rapor edilmistir (Parlan ve Buddle 2015).

Tablo 2. Sigirlarda test edilen baz1 as1 gesitleri (Parlan ve Buddle 2015)

As1 tipi As1 BCG’ye kars1
etkinligi
Modifiye BCG BCG overekspresyon Ag85B Yiiksek
BCG A zmpl Test edilmedi
Atteniie M.tuberculosis M. tuberculosis ARD1 ApanCD Diisiik
suslari
Atteniie M.bovis suslar1 ~ UV-irradiated M. bovis Yiiksek
M. bovis AleuD Test edilmedi
M. bovis ARDI Esit
M. bovis Amce2 Yiiksek
DNA agilart Mycobacterial DNA Esit
Mycobacterial DNA + BCG Yiiksek
Adjuvanli protein agilar1  Protein + BCG Yiiksek /Esit
BCG + rekombinant adenoviriis
Viriis vektor asilar veya mikobakteriyel proteini Yiiksek

eksprese eden viriis
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BCG ile asilama deneysel olarak hastaligin ciddiyetini azaltmas,
sigirlarda 1 yil ile 22 ay arasinda bir koruma sagladigi rapor edilmistir
(Ameni vd. 2010, Lopez vd. 2010). Fakat saha denemelerinde
istenilen basar1 elde edilememistir. Bunun sebebi olarak farkli BCG
suglarinin kullanimi, ¢ok yiliksek BCG dozlar1 uygulanmasi, asilama
zamanlari, ¢evresel mikobakterilere Onceden maruz kalma, dogal
enfeksiyonla miicadele edememe ve yavrularin asilanmadan dnce MB
ile enfekte ineklerin siitiine maruz kalmasi olarak bildirilmistir
(Buddle vd. 2002, Parlan ve Buddle 2015). Bunlara ek olarak BCG ile
astlanmis buzagilarin yaklasik % 80’ininde asilamadan 6 ay sonra bile
tiiberkiilin deri testinde reaksiyon gosterdigi rapor edilmistir (Whelan
vd. 2011). Ayrica BCG ile asilanmis hayvanlari MB ile enfekte
olanlardan ayirmak i¢cin BCG suslan tarafindan eksprese edilmeyen
MTB kompleksinden aliman antijenlerin  kullanildigi  DIVA
(differentiate infected from vaccinated animals) testlerinin
gelistirilmesi gerekmektedir. BCG agilamasi ile ilgili bilimsel ve yasal

olan bazi1 zorluklar1 6zetleyecek olursak;

1-Turkiye gibi test ve sarth kesim/imha kontrol stratejileri uygulayan
iilkelerde, BCG asilamasi, standart tiiberkiiline dayali teshis

araclarinin 6zgiilliigiinii tehlikeye atmaktadir.

2-Asil1 hayvanlarin MB ile enfekte olmast durumunda asili ve enfekte

ayriminda da gii¢liikk olugsmaktadir.
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3-BCG insanlar i¢in mevcut olan tek asidir ve sigirlarda kullanima,
insanlar1 da etkileyebilecek BCG’ye diren¢li bTB suslarimin
olusumuna yol agabilir (Parlan ve Buddle 2015).

Giliniimilizde ise rekombinant biyoteknolojideki gelismelerle birlikte,
bir veya birka¢ spesifik antijen ile dizayn edilmis, 6zgiin ve uzun
stireli koruma potansiyeline sahip alt iinite agist gelistirme konusunda
ciddi ilerlemeler olmustur. Degisiklik gostermemesi ve giivenilir
tirtinler olmasi, rekombinant proteinlerin konvansiyonel yontemlerle
iretilen asilara gore sahip oldugu en Onemli avantajdir. Beseri ve
veteriner hekimlik alaninda lisansli ticari protein asilar1 (Hepatit,
influenza, herpes viriis, chicken pox, Porcilis-PCV2, Actinobacillus
pleuropneumoniae vb.) bulunmaktadir (Balamurugan vd. 2006).
Horwitz ve Harth (2003), kobay modelinde MTB’nin 30-kDa major
salg1 proteinini eksprese eden bir MB BCG susu olan Rbcg30 asisini
degerlendirmis ve ticari BCG agisindan daha iyi koruma sagladigini
rapor etmislerdir. BCG susunun ESAT-6 proteini ile takviyesinin de
koruma potansiyelini arttirdigi rapor edilmistir (Pym vd. 2003). Okay
vd. (2019) MTB rekombinant Erp, HspR, LppX, MmaA4 ve OmpA
proteinlerinin immiinojenik etkisini BCG as1 ile karsilastirarak
BALB/c farelerinde degerlendirilmisler. Erp, HspR ve LppX
formiilasyonlarinin, IFN-y seviyesinin arttirilmasinda BCG kadar
etkili oldugunu, ayrica Erp formiilasyonunun IL-12 seviyesini 15. ve
30. giinlerde BCG’den daha fazla arttirdigini bildirilmiglerdir.
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SONUC VE ONERILER

Sigir tiiberkiilozu zoonotik dneme sahip bir hastaliktir. Hayvanlarda
uygulanan asisinin olmamasi sebebiyle diinyada ve {ilkemizde
goriilme siklig1 oldukca fazladir. Bu hastaliga bagli ekonomik kayiplar
ve insan saghigini tehdit etmesi yeni koruyucu onlemlerin gerekliligini
ortaya koymaktadir. Hastaliklardan korumada en oOnemli strateji
asilamadir. Fakat bircok iilkede yillarca dnce belirlenen ve hala gegerli
olan tiiberkiiloz teshisi ile ilgili kanunlar yeni as1 stratejileri
gelistirmede Onemli bir engel olusturmaktadir. Gliniimiiz as1
teknolojisinin gelismesiyle birlikte tiiberkiiloz hastaligina karsi gerek
insanlarda gerek hayvanlarda uygulanabilecek yeni as1 ¢alismalart ve
as1 ile hastayr ayirt edebilen testler gelistirme c¢alismalari hiz
kazanmustir. Bir¢cok deneysel tiiberkiiloz as1 calismasi basarili bulunsa
da saha caligmalarinin sayisinin az olmasi ve bu saha c¢alismalarinda

da siiriide istenilen bagigiklik dagilimin1 yakalanamamustir.

Her y1l birgok insan ve hayvanin tiiberkiiloza yakalandigini g6z oniine
aldigimizda mevcut koruma stratejinin yeterli olmadigi ve hastaliklara
kars1 en etkili koruma yontemi olan agilamanin sigir tiiberkiiloz i¢inde
gelistirilmesi gerekmektedir. Bunun i¢in gerek kamu ve 6zel bilim
sirketleri tarafindan yeterli destegin saglanmasi ve arastirmacilarin

tesvik edilmesi onemlidir.
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GIRIS

Deniz kaplumbagalar1 tropikal ve subtropikal denizlerde yasayan,
biiylik, hava soluyan canlilardir. Farkli boyut, sekil ve renktedirler.
Deniz kaplumbagalari; hayvanlar (Animalia) aleminin, omurgalilar
boliimiiniin, siirlingenler smifinin, kaplumbagalar (Testudines)
takiminda yer almaktadir (Lutz ve Musick, 1997). Sekiz deniz
kaplumbagas1 tiirii vardir: Caretta caretta (Iribas kaplumbaga,
Linnaeus, 1758), Chelonia mydas (Yesil kaplumbaga ya da g¢orba
kaplumbagasi, Linnaeus, 1758), Chelonia agassizii (Bocourt, 1868),
Dermochelys coriacea (Vandelli, 1761), Eretmochels imbricate
(Linnaeus, 1766), Lepidocheys kempi (Garman, 1880), Lepidochelys
olivacea (Eschsholtz, 1829), Natator depressa (Garman, 1880). Tiim
tiirlerin tehlike altinda oldugu kabul edilmektedir (Anonim, 1991;
Lutz ve Musick, 1997).

Deniz kaplumbagalar: tropik ve subtropik kumsallara yuvalarlar. Her
tireme sezonunda denizin s1§ kisimlarina gelen erkek ve disi deniz
kaplumbagalar1 burada ¢iftlesir. Ciftlesmeden sonra disi deniz
kaplumbagalar1 yuvalamak i¢in kumsala ¢ikar. Erkek deniz
kaplumbagalari ise ¢iftlesmeden sonra beslenme alanlarina gog ederler
(Al-Habsi ve ark., 2006). Disiler ayni iireme mevsiminde, yaklasik 15
giin araliklarla birkag kez yuvalayabilirler. Yaklasik 45 — 60 giin sonra
kulugka siiresini tamamlayan yumurtalardan yavrular ¢ikmaya baslar.
Yavrular denizden yansiyan 15181n etkisiyle denize dogru yol alirlar.
Denize ulasan yavrular, plastronlarinda bulunan ve heniiz absorbe

olmayan vitellus kesesinden dolay1 suya dalamaz ve yaklasik iki ile
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yedi giin arasinda su ylizeyinde yiizerler. Daha sonra dip kisimlara
dalarak yetiskin birey olana kadar beslenirler. Bu asamada gen¢ deniz
kaplumbagalar1 carnivordur. Deniz dibinde bulunan yumusakg¢a gibi
canlilarla beslenirler. Yetiskinlige ulastiktan sonra beslenme ve lireme
alanlar1 arasinda gog¢ ederler. Bu donemde deniz kaplumbagalari

herbivordur (Ulkii, 2009).

Ca. caretta tiirlinlin yuvalama kumsallarinin basinda Yunanistan,
Tiirkiye ve Kibris gelmektedir. Ayrica bu tiir Suriye, Libya, Israil,
Misir, Tunus ve Italya kiyilarina da yuvalamaktadir. Ch. mydas tiirii
i¢in ise Tirkiye kumsallar1 birinci derece 6nemli olup, bunu Kibris ve
Israil izlemektedir (Canbolat, 2004; Ouerghi, 2006). Ca. caretta’larin
yaklasik %30 - %50’sinin, Ch. mydas’larin da yaklasik %70 -
%80’inin Tiirkiye’nin Akdeniz sahillerinde yuvalamakta oldugu
bildirilmistir (Kaska, 2007). Bern Sozlesmesi ve CITES ile koruma
altina alinmig olan Caretta caretta ve Chelonia mydas tiirlerinin
Tiirkiye'de tim Akdeniz kiy1 seridinde 17 {reme kumsali
bilinmektedir (Baran ve Kasparek, 1989). Ch. mydas tiirleri
Akdeniz’de Samandag, Akyatan, Kazanli, Goksu Deltas1, Yumurtalik,
Kizilot ve Kumluca kumsallarina yuvalamaktadirlar (Orug¢ ve ark.,
2003; Canbolat 2004). Bu nedenle Akdeniz'de bu tiirlerin korunmasi
bakimindan Tiirkiye kumsallar1 biiylik 6nem tasimaktadir (Kasparek
ve ark., 2001). Akdeniz’de deniz kaplumbagalarinin izlenmesi ve
kumsal Onemlerinin belirlenmesi iizerine yapilmis bircok calisma
bulunmaktadir (Hathaway, 1972; Basoglu, 1973; Basoglu ve Baran,
1982; Geldiay, 1983, 1984; Geldiay ve ark., 1982; Baran ve Kasparek,
1989; Groombridge, 1990; Canbolat, 1991; Baran ve ark., 1998;
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Baran ve Tirkozan, 1996; Kaska, 1993; Tirkozan ve ark., 1998;
Tiirkozan, 2000; Kaska ve ark., 2001).

Samandag Kumsali kuzeyinde Cevlik Beldesi ve giineyinde Suriye ile
sinir1 olusturan kayalik alan ve Meydan Koyii ile sinirlidir. Samandag
kumsali, iireme alanit Dogu Akdeniz’le sinirli olan Yesil Deniz
Kaplumbagasi’nin az sayidaki lireme alanlarindan biridir (Yerli ve
ark., 1997; Yal¢gm ve ark., 2003). Dogu Akdeniz kumsallarinda
yapilmis ¢alismalar olmasina ragmen, Samandag kumsallarinda
yuvalayan deniz kaplumbagalar1 ile ilgili c¢ok az c¢alisma
bulunmaktadir (Yerli ve Demirayak, 1996; Yerli ve Canbolat, 1998;
Baran ve Kasparek, 1989; Demirayak, 1999) ve bu c¢aligmalar
genellikle yuva sayilar1 ve yuva basarilar1 ve kismen sahildeki yuva
dagilimlari ile ilgilidir (Baran ve Kasparek, 1989; Yerli ve Demirayak,
1996; Yerli ve Canbolat, 1998; Demirayak, 1999; Yalgmn, 2003;
Yal¢in-Ozdilek ve ark., 2004).

Kan biyokimya referans degerlerinin belirlenmesi siirlingenlerin,
Ozellikle kaplumbagalarin saglik durumlarim1i  belirlemek igin
gereklidir. Kan parametreleri kaplumbaga ve populasyonlarinin saglik
ve fizyolojik durumlarinin, ¢evresel faktdrler ve stres etkisinin hassas
ve giivenilir bir belirtecidir. Clinkii bu tiirler ¢cevresel degisimlere ¢cok
duyarhidirlar. Deniz kaplumbagalarinda kan biyokimya degerlerindeki
degisme fizyolojik durumla veya kronik/patolojik durumlarla iliskili
olabilir (Swimmer, 2000; Dickinson ve ark., 2002; Lopez-Olvera ve
ark., 2003; Montilla ve ark., 2004).
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Canlilarda doku ve organ faliyetlerini ortaya koymak i¢in rutin olarak
bakilan kan total protein, albumin, trigliserid, kolesterol, glikoz, iire,
tirik  asit, kreatinin, alanin aminotransferaz (ALT), aspartat
aminotransferaz (AST), alkalin fosfataz (ALP), iyon ve mineral
diizeyleri (Na, K, P, Ca, Cl, Fe, Cu, Zn) ¢esitli deniz kaplumbagasi
tiriinde Slglilmiistiir (Aguirre ve ark., 1995; Hasbun, 1998; Swimmer,
2000; Rotsal ve ark., 2001; Dickinson ve ark., 2002; Lopez-Olvera ve
ark., 2003; Montilla ve ark., 2004; Montano ve ark., 2004; Keller ve
ark.,2004). Tiirkiye’de bulunan deniz kaplumbagalarinin saglik ve
hastalik durumlarinin tespiti i¢in gerekli olan referans kan biyokimya
degerleri hakkinda g¢alisma bulunmamaktadir. Bu nedenle projede
Tirkiye Dogu  Akdeniz  sahilinde  bulunan Ch.  mydas
kaplumbagalarinin hematolojisi ve kan biyokimyasi hakkinda temel
verilerin toplanarak, normal kan referans sinirlarinin belirlemesi

amaclanmaktadir.
MATERYAL

Calismanin materyalini 20 adet yavru (yumurtadan yeni ¢ikmis), 9
adet geng¢ (40-70 cm uzunlugunda) ve 20 adet olgun (70-100 cm
uzunlugunda 15 adet disi ve 5 adet erkek) Ch. mydas kaplumbagasi

olusturmustur.

Deniz kaplumbagalarinda yas tayini yapilamamaktadir, fakat yesil
kaplumbagalarin seksiiel olgunluga 25-50 yaslarinda ulastiklar1 ve
olgun kaplumbagalarin boy uzunlugunun 70-100 cm arasinda degistigi
bildirilmektedir ~ (Anonim, 1991). Bu nedenle ¢alismada

kaplumbagalarin  karapaks boyu Olgiilerek, karapaks uzunlugu
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40cm’den asag1 olanlar yavru, 40-70 cm arasinda olanlar geng, 70 cm
ve lizerinde olanlar1 ise ergin kaplumbaga olarak kabul edildi. Yakalan
kaplumbagalarda cinsiyet ayrimi ise kan testesteron ve Ostrojen
seviyelerinin 6l¢timii ile yapildi. Ergin kaplumbagalarda testesteron ve
Ostrojen hormonlar1 seviyelerinde disi ve erkek kaplumbagalar
arasinda istatistiksel bir fark bulunmasi ile cinsiyet ayrimi yapilabildi.
Fakat bu c¢aligmada yavru ve gen¢ kaplumbagalarin testeron ve
Ostrojen seviyelerinde fark ¢ikmamustir. Bolten ve Bjorndal (1992)’1n
Giliney Bahamalar’da yaptiklar1 ¢alismada, gen¢ Ch. mydas
kaplumbagalarinda testesteron hormon degeri 10 pg/ml’den asagi
olanlar1 disi, 20 pg/ml’den yukari olanlar1 ise erkek olarak kabul
etmiglerdir. Bu ¢aligmada yavru ve genclerin testesteron degerlerinin
sirastyla 15.5 ve 17.8 pg/ml olarak bulunmasi nedeni ile, yavru ve

geng kaplumbagalarda cinsiyet ayrimi yapilamadi.
1. Kaplumbagalarin Yakalanmasi

Kaplumbaga ornekleri 2006-2009 yillar1 arasinda Samandag sahili
(36°09°°-36°18>> enlem ve 35°54”- 35%58” boylamlar) ve Karatas
sahilinde (35°55°°-35°56>> enlem ve 36°52”- 36°53” boylamlari)
motorla denize agilmalar sirasinda yapilan dip trolii, ortasu trolii ve
trata uygulamalar1 ile yakalanan kaplumbagalar ve Samandag
kumsalinda yaz aylarinda (Haziran-Eyliil arasi) yuvalamaya cikan
disiler ve onlarin yumurtadan ¢ikan yavrularindan alindi. Yuvalamak
icin karaya ¢ikan disi kaplumbagalardan ornekler, hayvani strese
sokmamak icin, yuvalamay1 bitirdikten sonra, denize geri doniis

sirasinda alindi. Doku ve kan 6rnekleri alinan deniz kaplumbagalari,
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tekrar Ornek alinmasini Onlemek ig¢in, pit tag (pasive integrated

system) ile markalandi.
2. Kaplumbagalarin Anestezisi Ve Kan Orneklerinin Alinmasi

Yakalanan kaplumbagalar viicut ¢capina uygun araba tekerleri tizerinde
tesbit edildikten sonra, oncelikle fiziki muayene yapildi. Yakalama
stresini azaltmak i¢in hayvanlar 15-30 dakika dinlendirildi. Anestezi
uygulamalar1 yavru, juvenil ve erigkinlerde dorsal sinus vena’dan
gerceklestirildi. Anestezi uygulamalarinda hayvanlarin
sakinlestirilmesi i¢in premedikasyon olarak medetomidine (0,02-0,03
mg /kg, Domitor) veya midazolam (1-2 mg /kg, Dormicum), genel
anestezik olarak ise ketamin hydrochloride (10-20 mg/kg, Alfamine)
veya tiletamine-zolezepam (1-2 mg/kg, Zoletil) iv olarak kullanildi.
Anesteziden sonra kan ornekleri steril kosullar altinda dorsocervikal
sinusdan direkt olarak sodyum heparinli kan tiiplerine eriskin ve
juvenillerde vacutainer ile, yavrularda ise insiilin igneleri yardimiyla
alindi.  Alman kan Orneklerinin bir kismi1 hematolojik analiz i¢in
kullanilirken, geri kalan kisim ise 3000 rpm’de 10 dak. santrifiij edildi
(NF 200, NUVE). Plazmalar1 cikarildiktan sonra, plazma &rnekleri
analizler yapilincaya kadar -86 °C*de donduruldu.

3. Kaplumbaga Kanlarimin Hematolojik Analizi

Kaplumbaga kanlarinin hematolojik analizi i¢in NATT ve Herrick’in
(1952) bildirdigi yontemle, kan 6rneklerinde eritrosit ve 16kosit sayimi
yapildi. Mikrohematokrit yontemle hematokrit deger tayini yapildi.

Lokosit tiplerinin belirlenmesinde May-Griinwald-Giemsa boyama
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yontemi kullanildi. Lokositlerin; heterofil, eozinofil, bazofil, lenfosit

ve monosit olarak tiplendirilmesi yapilarak yiizde oranlar1 belirlendi.
4. Kaplumbaga Kanlarimin Biyokimyasal Analizi

Ch. mydas kaplumbagalarinin saglik-hastalik durumunun ortaya
konulmasi igin gerekli olan referans degerlerin belirlenmesi igin,
kaplumbaga kanlarinda biyokimyasal kan parametrelerine (kan glikoz,
iire, rikasit, kreatinin, kolesterol, trigliserid, total protein, bilirubin,
aspartat transaminaz (AST), alanin aminotransferaz (ALT), alkalin
fosfataz (ALP), gama-glutamil transferaz (GGT), laktat dehidrogenaz
(LDH), sodyum (Na), Potasyum (K), Kalsiyum(Ca), Fosfor (P),
Magnezyum (Mg), Klor (Cl) degerleri) ve hormon diizeylerine
(Testesteron, Ostradiol) bakildi. Biyokimyasal parametreler Ch.
mydas kanlarinda ticari otoanalizor kitleri (Teco diagnostics,

California, U.S.A) ile otoanalizdrde (XL-600, Erba, India) bakildi.

Plazma hormon diizeyleri belirlenirken, ergin disi oldugu (Sstrojen ve
testesteron seviyelerine gore) belirlenen kaplumbagalar, 6rneklerin
alinma zamanina gore 3 gruba (yaz, ilkbahar ve sonbahar) ayrilmistir.
Plazma Testesteron (Catalog No: 582601), Ostradiol (Catalog No:
582251) DRG (USA) enzim immunoassay test kitleri kullanildi.
ELISA(Enzyme Linked Immunosorbent Assay) kit okumalar1 pQuant
mikropleyt spektrofotometre (BioTek Instruments, U.S.A.) ile yapildi.

5. istatistiksel Analiz

Gruplar arasindaki istatistiksel farklar tek yonlii varyans analizi (One

Way ANOVA) ve Duncan Testi kullanilarak degerlendirildi. Elde
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edilen sonuglar X£SE olarak verildi. p<0,05 ve alt1 istatistiksel olarak

onemli kabul edildi.
BULGULAR

Tiirkiye Samandag sahilinde bulunan Ch. mydas kaplumbagalarinin
kan hematoloji ve biyokimya degerleri bu ¢alisma ile belirlenmistir.
Ch. mydas kaplumbagalarin yasa (yavru, geng, ergin) ve cinsiyete
(disi, erkek) gore kan hematoloji degerleri Tablo 1’de, kan biyokimya
degerleri Tablo 2’de verilmistir. Ayrica Ch. mydas kaplumbagalarinin
yasa (yavru, geng,ergin) ve cinsiyete (disi, erkek) gore kan enzim

aktivite degerleri Tablo 3’de, mineral madde diizeyleri ise Tablo 4’te

verilmistir.

Tablo 1. Samandag Ch mydas Kaplumbagalarinin Kan Hematoloji Degerleri

Fizyolojik Kan | Yavru Geng Ergin Disi Ergin Erkek
Parametreleri (n=20) (n=9) (n=15) (n=5)
Karapaks Boyu | 12.6+1.5% 487 +52° 89.1+6.3° 92.7 + 6.8°
Alyuvar Sayis1 | 422.45+ 18.62% | 370.16+ 19.72° | 388.57+ 15.84° | 378.12+ 14.69°
(10%/mm?)
Akyuvar Sayis1 | 22.34+ 1.93° 18.68+ 1.84° 19.43+ 1.76° 18.73+ 1.28°
(10%mmd)
Hematokrit (%) | 40.12+ 1.85° 32.79+2.47° 33.37+2.22° 35.2+2.14°
Heterofil (%) 34+ 1.02° 35,7218 60.3 = 6.25° 58.5 +9.48P
Eozinofil (%) 3.54+0.18° 423+037° 414 +0.42° 5.16 + 0.94°
Bazofil - - - -
Lenfosit (%) 24.75+£0.69* | 27.07 £ 0.63° 34.57 +0.94° 36.65 + 0.42P
Monosit (%) 0.58+£0.17 0.63+ 0.09 0.71+ 0.29 0.68+0.17
Total 11.15+ 1.35 11.86+ 1.02 13.19+ 1.05 12.6+ 1.83
Hemoglobin
(g/dL)

ab,c
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Tablo 2. Ch mydas Kaplumbagalarinin Kan Biyokimya Degerleri

Biyokimya Yavru Geng Ergin Disi Ergin Erkek
Parametreleri (n=20) (n=9) (n=15) (n=5)

Glukoz (mg/dl) 65.7+1.86° | 91.8+2.19° | 132.7+3.67° [ 147.4+4.26°
Total Kolesterol 197.3+ 210.3+ b c
(ma/d) 1612 18.6° 345.3+23.8 272.1£21.5
Kreatinin (mg/dl) | )54 0,012 8'(1)?81 0.120.019° | 0.14%0.010°
Trigliserit (mg/dl) 587?* glj,“‘i 284.8336.3° | 196.94% 273"
g}g}') Protein | 4 61 0.87% | 4.72£0.12° | 525£033° | 5.17£0.28°
Albumin (g/dI) 1.93+0.20° | 2.02+0.29° | 2.97+ 036 2.81+0.42°
Ure (mg/dl) 433+ 1.17° | 4.72£0.48" [ 4.83+0.79" 478+ 0.57°
Urik asit (mg/dl) [ 0.93£0.03° | 1.53+0.06" | 1.72+0.13° 1.56+0.11°
Total Bilirubin 0.018+ 0.020+ b b
(mg/dl) 0.0042 0.004° 0.026+ 0.005" | 0.024+ 0.003
Direk Bilirubin 0.008 0.009+ b b
(mg/dl) £0.001° 0.001° 0.013+0.002° | 0.014+ 0.001

ab.c

ayni satirda istatistiksel olarak dnemlilik oldugunu gostermektedir (P<0.05)

Tiirkiye Samandag sahilinde bulunan Ch. mydas kaplumbagalarin kan

enzim aktivite degerleri Tablo 3’te, mineral madde diizeyleri ise Tablo

4’te verilmigtir.

Tablo 3. Ch mydas Kaplumbagalarinin Kan Enzim Aktivite Degerleri

Enzim Yavru Geng Ergin Disi Ergin  Erkek
Parametreleri | (n=20) (n=9) (n=15) (n=5)

AST (IULL) 1817';* 163.2411.86° | 168.5412.17° | 179.7+12.23¢
GGT (IU/L) iggf 4.9+ .42 5.4+ 253 5.1+ 2.46"
ALT (IUIL) | 4.9.£0.73% | 542039 9.30+1.28 14.942.46°
Amilaz (1U/L) 129;} 229.89+13.73° | 230.17+17.80° | 232.36+16.24
ALP (IU/L) g%éali 3236+ 1.86° | 76.17+4.85" | 54.12+3.32°
LDH (IU/L) }32179'a83i 14904 11.26° | 1553+ 14.34° | 152.8+9.47°

ab

© aym satirda istatistiksel olarak énemlilik oldugunu gdstermektedir (P<0.05)
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Tablo 4. Ch mydas Kaplumbagalarinin Kan Elektrolit Degerleri

Mineral Yavru Geng Ergin Disi Ergin Erkek
madde (n=20) (n=9) (n=15) (n=5)
degerleri

Kalsiyum R 510 44° 3. 840 96 16.8+£1.97° 12.1£1.23°
(mg/dl)

Fosfor (mg/dl) | 3.9+0.26° 4.1+0.32° 7.4+0.81° 5.3+0.96°
Sodyum 137.0+4.82° | 141.97+3.59° | 153.84+5.73" | 150.83+ 4.68"
(mEg/L)

Potasyum 3.64+ 034 | 3.79£0.62° | 5.84+1.12° | 5.72+1.09°
(mEg/L)

Magnezyum | 4 46:0.04* | 1.530.06° | 1.84+0.14° | 1.7240.52"
(mg/dI)

Klor (MEq/L) | 98.5£7.51° | 105.2+ 6.29° | 107.8% 7.12° | 102.6+ 8.34°

b€ ayni satirda istatistiksel olarak dnemlilik oldugunu géstermektedir (P<0.05)

TARTISMA

Deniz kaplumbagalarinin nesli tehlike altinda olmasi nedeni ile, bilim
adamlar bu tiirlerle ¢ok ilgilenmektedir. Fakat deniz kaplumbagalari
gibi, dogada yasayan hayvan tiirlerinde Ornek toplanmasi zor
oldugundan, referans kan degerlerinin belirlenmesi de zordur.
Referans kan degerleri, hayvanlarin saglik-hastalik, beslenme ve
tireme durumlarinin belirlenmesinde biiyiik 6nem tasir (Yaralioglu ve
ark., 2004). Cogu deniz kaplumbagas1 i¢in normal hematolojik ve
biyokimyasal degerler bildirilmesine ragmen (Aguirre ve ark., 1995;
Hasbun, 1998; Swimmer, 2000; Rotsal ve ark., 2001; Dickinson ve
ark., 2002; Lopez-Olvera ve ark., 2003; Montilla ve ark., 2004;
Montano ve ark., 2004; Keller ve ark.,2004), Tirkiye’de bulunan
deniz kaplumbagalarinin hematolojisi, biyokimyasi ve hormonel

degerleri hakkinda herhangi bir bilgi yoktur.
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Bu c¢alismada yavru Ch. mydas kaplumbagalarinda kirmiz1 (422.45
10°/mm®) ve beyaz (22.34 10* /mm?®) kan hiicre sayilari ile hematokrit
degeri (% 40.12), geng ve ergin kaplumbagalardan daha yiiksek
bulunmustur (Tablo 1). Calismada kirmizi kan hiicre sayilari, Wells ve
Baldwin (1995)’nin ve Hasbun (1998)’nin ergin Ch. mydas
kaplumbagalarinda buldugu degerler ile benzerlik gosterirken, Wells
ve Baldwin (1995)’nin yavrular i¢in buldugu degerden ¢ok diisiiktiir.
Samour ve ark. (1998)’1n Birlesik Arap Emirligi sahillerinde bulunan
Ch. mydas kaplumbagalari ile yaptiklari ¢alismada, geng, ergin disi ve
erkek kaplumbagalar i¢in bulduklar1 kirmizi kan hiicre sayilari, bu

calismada bulunan degerler ile benzerdir.

Calismada total hemoglobin diizeyi gruplar arasinda istatistiksel
olarak onemli bir fark bulunmamasina ragmen, en yiiksek disi Ch.
mydas kaplumbagalarinda (13.19 g/dL) bulunmustur. Calismada
bulunan hemoglobin diizeyleri, Wells ve Baldwin (1995)’nin yavru ve
ergin kaplumbagalar icin buldugu degerlerden yiiksektir. Samour ve
ark. (1998)’1n geng, disi ve erkek ergin Ch. mydas kaplumbagalar1 i¢in

buldugu degerler ile benzerdir.

Bu calismada belirlenen beyaz kan hiicre sayilari, Samour ve ark.
(1998) ve Hasbun (1998)’nin ergin Ch. mydas kaplumbagalarinda
buldugu degerlerden oldukga yiiksekken, Work ve Balazs (1999)’1n
geng Ch. mydas kaplumbagalar1 i¢in buldugu degerler ile benzerlik
gostermektedir. Heterofil, lenfosit, monosit ve eozinofil diizeyleri ise,

Work ve Balazs (1999)’in geng¢ kaplumbagalarda, Samour ve ark.
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(1998)’1n ergin disi ve ergin erkek Ch. mydas kaplumbagalarinda
buldugu degerlerden yiiksektir.

Kaplumbaga hematokrit degerleri ise Bolten ve Bjorndal (1992),
Work ve Balazs (1999), Southwood ve ark.(2003) ve Whiting ve ark.
(2007)’1in geng¢ Ch. mydas kaplumbagalar1 i¢in buldugu degerler ve
Hasbun (1998) ve Flint ve ark. (2010)’in ergin Ch. mydas
kaplumbagalarinda buldugu degerler ile benzerlik gosterirken, Wells
ve Baldwin (1995)’nin yavru ve ergin kaplumbagalar icin buldugu
degerlere gore yiiksek olmasina ragmen, kan hematokrit degerlerinin
yavru kaplumbagalarda erginlerden daha yiiksek bulunmasi yoniinden
benzemektedir. Kan hematokrit degerinin beslenme, saglik durumu,
egzersiz ve stres gibi durumlardan etkilenebilecegi bildirilmistir
(Bolten ve Bjorndal, 1992). Yapilan bu calisma ile, kirmiz1 ve beyaz
kan hiicre sayilar1 ve hematokrit degerinde yas ile beraber bir diisiis

oldugu ve cinsiyet yoniinden bir farklilik olmadig: belirlenmistir.

Calismada glukoz degerleri en yiiksek olarak ergin disi (132.7 mg/dl)
ve ergin erkek (147.4 mg/dl) kaplumbagalarda belirlenmis olup, yasla
beraber glukoz degerinde istatistiksel olarak bir artis (P<0.05) oldugu
ve cinsiyete gore degismedigi goriilmiistiir. (Tablo 2). Hamann ve ark.
(2006) yesil kaplumbagalarda yasla birlikte kan glukoz degerinin
distiigiini bildirmistir. Calisma ile elde edilen sonuglar, Bolten ve
Bjorndal (1992)’1n ve Swimmer (2000)’1n geng yesil kaplumbagalarda
buldugu degerler ile benzer olmasina ragmen, Hamann ve ark.
(2006)’m geng ve ergin kaplumbagalarda buldugu glukoz
degerlerinden yiiksektir.
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Bu calismada en yiiksek kolesterol ve trigliserit degerleri disi Ch.
mydas kaplumbagalarina aittir. Kolesterol ve trigliserit i¢in belirlenen
degerler, Bolten ve Bjorndal (1992)’in geng yesil kaplumbagalarda
buldugu degerlerle benzer olmasina ragmen, Swimmer (2000)’1n
degerlerinden yiiksektir. Ayrica Hasbun ve ark. (1998) Birlesik Arap
Emirligi sahillerinde yaptiklar1 c¢alismada, ergin yesil deniz
kaplumbagalarinda total kolesterol diizeyini 226.08 mg/dL olarak
belirlemiglerdir. Calismada ergin kaplumbagalar i¢in bulunan
degerler, Hasbun ve ark. (1998)’nin buldugu degerlerden yiiksektir.
Calismada total kolesterol ve trigliserit degerleri disilerde, erkeklerden
daha yiiksek (P<0.05) bulunmustur. Disilerde kolesterol ve trigliserit
degerlerinin yiliksek bulunmasi, yag katabolizmasi ve vitellogenezis ile

iligkili olabilir (Dickinson ve ark., 2002).

Total protein ve albumin diizeylerinin 6zellikle herbivorlarda,
beslenme diizeyinin iyi bir gostergesi oldugu belirlenmistir (Colores
ve ark., 1992). Calismada total protein ve albumin degerleri en yiiksek
olarak ergin kaplumbagalarda belirlenmistir (Tablo 2). Total protein
ve albumin degerleri, Aguirre ve Balazs (2000) ve Whiting ve ark.
(2007)’m geng Ch. mydas kaplumbagalarinda, Hasbun ve ark. (1998)
ve Flint ve ark. (2009)’1n ergin kaplumbagalarda buldugu degerler ile
benzerdir. Whiting ve ark. (2007), yesil deniz kaplumbagalarinda,
calismamiza benzer olarak, yasla beraber total protein, albumin ve
globulin degerlerinin arttigint belirlemislerdir. Benzer sonuglar Ca.
Caretta’larda da belirlenmistir (Frair ve Shah, 1982). Yasla birlikte
albumin ve protein degerlerinin degismesi, kaplumbagalarin beslenme

sekillerindeki degisikligi yansitabilir (Hamann ve ark. 20006).
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Calismada erginlerde total protein ve albumin degerlerinin cinsiyete
gore degismedigi belirlenmesine ragmen, Hamann ve ark. (2006)
ergin disi Ch. mydas kaplumbagalarinda total protein ve albumin
diizeylerini, ergin erkek kaplumbagalardan daha yiiksek olarak
belirlemislerdir. Plazma tirik asit degeri de protein alimu ile iliskilidir
ve Ozellikle etcil siiriingenlerde beslenmeden sonra olustugu
gosterilmistir (Dickonson ve ark., 2002). Calismada plazma iirik asit
diizeyi, en yiiksek olarak ergin disi kaplumbagalarda (1.72 mg/dl)
bulunmustur. Urik asit diizeyinin yas ile arttig1 (P<0.05) ve cinsiyete
gore de farlilik oldugu (P<0.05) belirlenmistir. Hamann ve ark.
(2006)’da Avusturalya yesil deniz kaplumbagalarinda benzer sonuglar
bulmustur. Urik asit igin belirlenen degerler, Bolten ve Bjorndal
(1992) ve Swimmer (2000)’nin gen¢ kaplumbagalar i¢in buldugu

degerler ile benzerdir.

Ure ve kreatinin kaplumbagalarda protein katabolizmasinin énemli bir
gostergesidir (Whiting ve ark. 2002). Calismada iire ve kreatinin
degerlerinde cinsiyete gore farklilik belirlenmemistir. Bolten ve
Bjorndal (1992)’in genc¢ kaplumbagalarda iire ve kreatinin igin
buldugu degerler, calismanin degerlerinden yiiksekken, Aguirre ve
Balazs (2000)’in gen¢ kaplumbagalar i¢in buldugu degerlerle
benzerdir. Calismada ergin kaplumbagalar i¢in bulunan degerler ise,
Hasbun ve ark. (1998)’1n buldugu degerlerden diisiiktiir. Diisiik iire ve
kreatinin miktari, Samandag sahilinde bulunan kaplumbagalarin

proteince diisiik beslendiginin gostergesi olabilir (Whiting ve ark.
2002)
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Calismada en yiiksek total bilirubin ve direk bilirubin degerleri ergin
kaglumbagalarda belirlenirken, ergin kaplumbagalarda cinsiyetler
arasinda farklilik olmadigi belirlenmistir (Tablo 2). Bulunan degerler,
Bolten ve Bjorndal (1992) ile Aguirre ve Balazs (2000)’in geng
kaplumbagalar i¢in buldugu degerlerden diisiiktiir. Bilirubin
degerlerinin karaciger fonksiyonlari ile iligkili oldugu gosterilmistir

(Dickinson ve ark., 2002).

Calismada en yiliksek demir konsantrasyonu ergin erkek
kaplumbagalarda (88.4 pg/dl) belirlenmistir (Tablo 2). Calismada
bulunan demir konsantrasyonlar1 Bolten ve Bjorndal (1992) ve
Aguurre ve Balazs (2000)’1n geng kaplumbagalarda buldugu degerler
ile benzerdir. Hamann ve ark. (2006)’a benzer olarak, ¢calismada demir
konsantrasyonlar1 yasa ve cinsiyete baglh olarak degismistir.
Enfeksiyon sirasinda demir konsantrasyonunun distiigii, cesitli

stirlingen ve memeli hayvanda gosterilmistir (Aguirre ve Balazs,

2000).

Enzimler, hayvan ve insanlarda hastalik teshisinde kullanilan énemli
parametrelerdir. Aspartat aminotransferaz (AST) karacigerden sonra
en fazla olarak miyokard hiicresinde bulunan sitoplazmik bir
enzimdir. Dolayis1 ile bu dokularin hasarinda bu enzimin serum
diizeyleri erkenden yiikselir. AST diizeyindeki artig viicuttaki hiicre
hasarmin diizeyi ile orantilidir ve bu nedenle, hasarin ilerlemesi veya
iyilesme siirecinin takibinde onemli bir belirtegtir (Lott ve Stang,
1980). Alanin aminotransferaz (ALT), karaciger hiicre harabiyetinde

artis gosteren onemli bir enzimdir. Hepatit ve siroz gibi karaciger
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parankim hastaliklarinin yani sira, kalp yetmezligi, akut miyokard
enfarktiisii ve kas distrofilerinde de ALT artis1 gézlenir (Sentiirk ve
ark., 2004). AST ve ALT gibi enzimler deniz kaplumbagalarinda da
teshis amaci ile kullanilabilir (Whiting ve ark. 2007). Cesitli tiirlerde
iskelet kasi, kalp kas1 ve karaciger hiicre membraninin hasar gérmesi
durumlarinda, bu enzimler hiicrelerden kana karisir (Swimmer, 2000).
Calismada en yiiksek Aspartat aminotransferaz (AST) ve Alanin
aminotransferaz (ALT) seviyeleri ergin erkeklerde tespit edilmistir
(Tablo 3). Kaplumbagalarda AST ve ALT seviyelerinin cinsiyete gore
degistigini, Hamann ve ark. (2006)’da belirtmistir. Kaplumbagalarda
AST seviyesinin erkek kaplumbagalarda yiiksek olmasi, erkeklerde
ciftlesme mevsimine bagl olarak aktivitesinin artmasina bagli olabilir.
Calismada AST ve ALT icin bulunan degerler, dnceki calismalar ile
benzerdir (Swimmer, 2000; Whiting ve ark., 2007). Deniz
kaplumbagalarinda AST ve ALT aktivitesinin fibropapillomatoziste
arttig1 gosterilmistir (Swimmer, 2000).

Alkalin fosfataz (ALP) cok cesitli dokularda bulunan memrana bagl
bir enzimdir. ALP aktivitesinin % 95’1 karaciger ve kemik kaynaklidir
(Swimmer, 2000). Calismada en yiiksek aktivite ergin disilerde 76.17
IU/L olarak belirlenmistir. ALP aktivitesi i¢in belirlenen degerler,
Bolten ve Bjorndal (1992)’den diisiik iken, Aguirre ve Balazs (2000)
‘nin gen¢ kaplumbagalar icin belirledigi degerlerle benzerdir.
Siirlingenlerde yiliksek ALP aktivitesinin, hiperparatiroidizim, Paget
hastaligr gibi c¢esitli kemik hastaliklar1 ve bobrek yetersizliginde
goriildigi bildirilmistir (Frye, 1981).
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Laktat dehidrogenaz (LDH) enzimi, laktik asidi piruvik aside ¢eviren
sitoplazmik bir enzimdir. Hiicre i¢i LDH diizeyleri serumdakinden
500 kat daha fazla oldugu i¢in, serumdaki en ufak bir artig hiicre
hasarinin bir gostergesidir. LDH viicuttaki hemen hemen her dokuda
bulunsa da, LDH1 miyokard dokusuna o6zgiidir ve total LDH
aktivitesine paralel bir seyir gosterir (Collinson, 2000). Gama-
Glutamil Transferaz (GGT) ise bir membran enzimidir. Karacigerde,
bobrekte, beyinde, prostatda ve pankreasta bulunur. GGT enziminin
hepatitte, sirozda ve kanserde arttigi bildirilmistir (Gtirel, 2008).
Amilaz pankreas, tiikiiriik bezleri ve salinmaktadir. Kandaki amilazin
genellikle {igte biri pankreas, tligte ikisi ise tlikiiriik bezleri kaynaklidir.
Yiiksek kan amilaz diizeyi pankreatitte ve baz1 kanser tiirlerinde (6rn.
akciger) goriiliir (GUREL, 2008). Calismada gama glutamil transferaz
(GGT), Laktat dehidrogenaz (LDH) ve Amilaz enzim aktivitelerinde
geng ve ergin kaglumbagalar arasinda 6nemli bir fark bulunmamustir.
Aguirre ve Balazs (2000)’in gen¢ kaplumbagalar i¢in belirledigi GGT
aktivite degerleri bu calismada belirlenen degerlerden diisiik iken,
LDH aktivite degerleri yiiksektir. Fakat calismada belirlenen LDH
aktivitesi, Bolten ve Bjorndal (1992) ile Flint ve ark. (2009)’ un deniz
kaplumbagalar1 i¢in belirledigi degerler ile benzerdir. Calismada ergin
kaplumbagalarin GGT, LDH ve amilaz aktivitesinde cinsiyete gore bir

fark bulunamamustir.

Deniz suyu ve deniz kaplumbagalarinin besinleri, viicut sivilar tuz
konsantrasyonunun yaklasik 3 katini icerir. Esas olarak sodyum (Na)
ve klor (Cl)’dan olusan, fakat magnezyum (Mg), kalsiyum (Ca) ve

potasyumu (K) da iceren tuz iyonlari, kaplumbaganin kafasinda
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bulunan lakrimal bezlerden salgilanir. Tuz bezleri her zaman aktif
degildir. Deniz kaplumbagalarinin genis araliklardaki plasma tuz
degerini tolere ettigi gosterilmistir (Whiting ve ark. 2007). Calismada
en yiksek Ca, Na, K, Mg, P diizeyleri ergin kaplumbagalarda
belirlenmistir. Cl diizeylerinde yasa ve cinsiyete gore bir farklilik
bulunmamistir (Tablo 4). Calismada bulunan degerler, daha oOnce
yapilan calismalara gore diisiiktiir (Bolten ve Bjorndal, 1992; Hasbun
ve ark. 1998; Aguirre ve Balazs, 2000; Southwood ve ark. 2003;
Hamann ve ark. 2006; Whiting ve ark., 2007). Calismada disilerde Ca
(16.8 mg/dl) ve P (7.4 mg/dl) degeri en yiiksek olarak bulunmustur.
Bu durum disilerde vitellogenezis ile iliskili olabilir. Ciinkii Ca’un
disilerde vitellogenezisin gdstergesi oldugu belirlenmistir (Dickinson

ve ark. 2002).
SONUC

Bu c¢alisma ile Dogu Akdeniz bolgesinde bulunan Ch mydas
kaplumbagalarinin =~ referans  kan  degerleri  belirlenmistir.
Siirtingenlerde ve deniz kaplumbagalarinda referans kan degerleri
saglik-hastalik, beslenme ve iireme siklusunun belirlenmesinde
Oonemlidir. Bu nedenle ¢alismada Dogu Akdeniz sahillerinde bulunan
Ch. mydas kaplumbagasinin kan biyokimya degerlerinin yasa (yavru,
geng, ergin) ve cinsiyete (erkek, disi) gore ayr1 ayri belirlenmesi ile,
nesli tehlike altinda olan bu tiiriin populasyonunun kontrol altina
alinarak, hastaliklar1 yoniinden Onlem alinmasi ve tedavilerinin
yapilmast miimkiin olacaktir. Ayrica Tiirkiye sahillerinde bulunan ve

nesli tehlike altinda olan diger kaplumbaga tiirlerinin (Caretta caretta
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gibi) saglik hastalik yoniinden izlenmesinde de bu calisma ile elde

edilen veriler yararli olacaktir.

Bu ¢alisma TUBITAK (TOVAG 1050207) tarafindan desteklenmistir.
Ayrica bu ¢alisma i¢in Mustafa Kemal Universitesi Hayvan Deneyleri
Etik kurulundan (Onay No0:2005/023), Tiirkiye Orman ve Su isleri
Bakanligindan (Onay No:414-5632) ve Gida, Tarim ve Hayvancilik
Bakanligindan (Onay No: 01-2378) onay alinmustir.
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