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Abstract: This study was aimed to determine serum amyloid-a (SAA), haptoglobin (Hp) and ceruloplasmin (Cp) levels in dogs
infected with Sarcoptes canis. The animal material of the study was consisted of 25 dogs with different age, gender and race
(13 female, 12 male) which were bearing symptoms such as itching, rash and crusting and were diagnosed as Sarcoptes canis
in the clinics of Internal Medicine Department of Veterinary Faculty, Kafkas University. 10 healthy dogs of different age, sex
and race (4 female, 6 male) were used for the control group. Biochemical analysis revealed that the SAA and Hp values of the
sick animals were statistically different than healthy animals (P<0.001). Similarly, when the serum Cp values of sick animals
were compared with those of healthy animals, the difference was statistically significant (P<0.05). Obtained results showed
that investigated acute phase proteins were found increased in dogs with Sarcoptes canis with local skin damage. It was

concluded that acute phase proteins, SAA, Hp and Cp can be used as inflammatory indicators in sarcoptic mange in dogs.

Keywords: Ceruloplasmin, Dog, Haptoglobin, Sarcoptes canis, Serum Amyloid-A.

Sarcoptes canis ile Enfekte Kopeklerde Serum Amiloid-A, Haptoglobin ve

Seruloplazmin Seviyelerinin Belirlenmesi

Oz: Bu calismanin amaci Sarcoptes canis ile enfeste kdpeklerde serum amiloid-A (SAA), haptoglobin (Hp) ve seruloplazmin
(Cp) seviyelerinin belirlenmesiydi. Calismanin hayvan materyalini, Kafkas Universitesi Veteriner Fakiiltesi i¢ Hastaliklari
Anabilim Dali Kliniklerine, kasinti, deride dokintii ve kabuklanma sikayetleriyle getirilen, Sarcoptes canis tanisi konulan farkh
yas, cinsiyet ve irkta (13 disi, 12 erkek) 25 hasta kdpek ve kontrol amagl yine farkl yas, cinsiyet ve irkta (4 disi, 6 erkek) 10
saghkh kopek olusturdu. Biyokimyasal analiz sonucunda hasta hayvanlarin SAA ve Hp degerleri ile saglikli hayvanlarin SAA ve
Hp degerleri istatistiksel olarak karsilastirildiginda farkin 6nemli oldugu (P<0.001) belirlendi. Ayni sekilde hasta hayvanlarin
serum Cp degerleri ile saghkh hayvanlarin serum Cp degerleri istatistiksel olarak karsilastirildiginda farkin anlamli oldugu
gorildi (P<0.05). Bu sonuca gore genellikle yangl mediatéri olarak kullanilan akut faz proteinlerin lokal seyreden ve deri
hasari sekillenen uyuz kopeklerde yilksek bulunmasi bu hastalikta da SAA, Hp ve Cp’nin yangi indikatori olarak

kullanilabileceklerini gostermektedir.

Anahtar Kelimeler: Haptoglobin, Kdpek, Sarcoptes canis, Seruloplazmin, Serum Amiloid-A.

H Ali Haydar Kirmizigul
Kafkas University, Faculty of Veterinary Medicine, Department of Internal Medicine, 36100, Kars, TURKEY.
e-mail: ahkirmizigul@hotmail.com
*This article has been produced from the same-titled postgraduate thesis submitted to the Health Sciences Institute of Kafkas University.
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INTRODUCTION

S kin diseases are very common in dogs. These

diseases are mainly caused by ectoparasites
(1,2). The most frequently observed skin disease of
dogs is scabies (2,3). The majority of canine mange
cases are caused by Sarcoptes scabiei (var. canis)
sarcoptic mange is a non-seasonal zoonotic disease,
which is characterized by intense pruritus and
observed in several mammalian species including
humans. This disease is generally localized to areas
with less hair, such as the ventral abdomen and the
medial surface of the legs, and is also observed in the
form of miliary dermatitis in the periocular skin,
pinna, elbows and their medial surface, and causes
severe pruritus (2,4-7).

Tissue damage results in an acute phase
response (APR). APR plays a role in the elimination of
tissue damage and pathogens (8). Acute-phase
proteins (APPs) are synthesized in the liver in
reaction to inflammation and the APR, even before
clinical disease symptoms appear. These proteins
have various functions and features. While APPs are
found at very low levels in healthy animals, their
levels rapidly increase with inflammation (9).
Haptoglobin (Hp) is an APP, which is synthesized in
the parenchymal cells of the liver and freely
circulates in the blood. Hp levels increase
approximately 8 hours after the generation of
inflammatory stimuli (10,11). Plasma haptoglobin
levels increase in the event of several conditions such
as inflammation, trauma, tissue damage, and
malignant proliferation. On the other hand, plasma
Hp levels decrease with haemolysis and severe
hepatocellular damage. In view of these alterations
observed in Hp levels, it is suggested that this
parameter could be used for diagnostic purposes and
the evaluation of the success of treatment (12).

Serum amyloid-A (SAA) is synthesized in the
liver during inflammation and is used for
distinguishing between inflammatory and non-
inflammatory diseases, as well as for the monitoring

of diseases, the assessment of the success of the

treatment applied and the prognosis of the disease
(9,13,14).

Ceruloplasmin (Cp) is a protein responsible for
the transport of copper in the blood plasma (8).
Although known to be synthesized primarily in the
liver, it is also produced in extrahepatic areas and the
pulmonary epithelium (11,15,16). Cp catalyses the
oxidation of toxic ferrous iron (Fe2+) into the
nontoxic ferric iron (Fe3+), and thereby, protects
tissues against free radical-induced damage (15).

This study was aimed at determining the levels
of SAA, Hp and Cp, which are APPs that are used as
indicators of inflammation, in dogs naturally infested

with Sarcoptes canis.

MATERIALS and METHODS
Animal Material

The study was conducted after receiving
approval from the Kafkas University Animal
Experiments Local Ethics Committee (KAU-HADYEK,
Investigation code: 2017/096, No 2017/112). The
study material comprised 25 sick dogs (13 females
and 12 males), which were of different age, sex and
breed and were diagnosed with sarcoptic mange
upon being admitted to the clinic of the Internal
Medicine Department of Kafkas University, Faculty of
Veterinary Medicine with signs of pruritus, papular
rash and scaling, and 10 healthy dogs (4 females and
6 males), which were also of different age, sex and
breed.

Five-ml blood samples were taken from the V.
cephalica accecorius of the sick and healthy dogs and
were centrifuged at 3000 rpm for 10 minutes for the
extraction of serum. The serum samples were stored

at -20 °C until being used for biochemical analyses.

Parasitological Diagnosis

For the purpose of parasitological diagnosis,
deep skin scrapings were taken from the skin lesions

and were maintained in 10% KOH for 20 minutes.
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Subsequently, these scrapings were examined under

a light microscope at a magnification of 10X40.

Measurement of Serum Amyloid-A Levels

Serum amyloid-A levels were measured using a
sandwich enzyme-linked immunosorbent assay
(ELISA) kit (Tridelta Development Limited, Ireland).
The SAA-specific kit included test strips, which were
coated with monoclonal antibodies. Both the
extracted serum samples and the reference samples
with known SAA concentrations were added to the
wells of the test strips together with anti-SAA
monoclonal antibodies (conjugate). In this method,
SAA, either captured by the antibodies coating the
test strips or marked by the conjugate antibodies,
accumulates in the wells. After the test strips were
washed to eliminate unbound material, a
tetramethylbenzidine (TMB) substrate solution was
added. The resulting colour change was assessed
spectrophotometrically by means of comparison

with the SAA concentration in the reference samples.

Measurement of Haptoglobin Levels

Haptoglobin levels were measured
spectrophotometrically using a haptoglobin assay kit
(Tridelta Development Limited, Ireland). At low pH
levels, free Hb is inhibited and displays peroxidase
activity. Haptoglobin appears in samples combined
with haemoglobin. The peroxidase activity measured
is directly proportionate to the level of Hb in the

sample.

Measurement of Ceruloplasmin Levels

Ceruloplasmin levels were also measured
spectrophotometrically, at a pH level of 5.6 and at a

wavelength  of 546 nm, using the p-

phenylenediamine  oxidase  activity = method”

described by Richterich and Colombo.

Statistical Analysis

The data obtained in the present study were

statistically analysed with the independent samples

test (t-test), using the SPSS 20.0 software package.
Statistical significance was set at P<0.05.

RESULTS

The sick animals included in the study showed
clinical signs of severe pruritus, hair loss, skin scaling,
crusting, and hyperkeratosis. The lesions were mainly
localised to skin regions with less hair, but were also
observed in other parts of the body.

The parasitological examination of the skin
scrapings taken from the sick animals revealed the
presence of Sarcoptes canis mites.

The SAA and Hp levels measured by biochemical
analyses were found to significantly differ between
the sick and healthy animals (P<0.001). Furthermore,
statistical comparison showed that the serum Cp
levels of the sick and healthy animals also
significantly differed from each other (P<0.05). The
SAA, Hp and Cp levels of the sick and healthy animals
are presented in Table 1.

Table 1: The serum Hp, SAA and Cp levels of the sick
and healthy dogs.

Tablo 1: Hasta ve saglikh képeklerin serum Hp, SAA
ve Cp seviyeleri.

Parameters Patient Control P
X+SE X+SE Values
(n=25) (n=10)

Hp (g/L) 2.74+0.12  1.83+0.04 P<0.001

SAA (ug/mL) 18.11+0.84 5.8£0.71 P<0.001

Cp (mg/dL) 8.53+0.54 6.48+0.5 P<0.05

Hp: haptoglobin, SAA: serum amyloid-A, Cp: seruloplazmin.

DISCUSSION and CONCLUSION

Skin diseases are very common in pet animals
and the most frequently observed skin disease of
dogs is mange (1,2,17). Sarcoptic mange is a major
skin disease characterized by severe pruritus, and is
highly prevalent in Turkey and across the world. This
disease occurs in several mammalian species,
including humans, with no age, sex or breed
predisposition (2,4). Sarcoptic mange is caused by
mites, but predisposing factors are also highly
influential on the occurrence of the disease (2). The

most common skin disease of dogs is mange, and the



Serum Amyloid-A, Haptoglobi...

Arslan and Kirmizigiil

majority of cases are caused by the mite Sarcoptes
scabiei var. canis (5). In the present study, all of the
sick dogs were determined to be infested with
Sarcoptes canis.

In dogs, sarcoptic mites mostly infest sites with
less hair, such as the ventral abdomen and the medial
surface of the legs. However, these mites may also be
localised to the periocular skin, pinna, elbows and
their medial surface, and cause miliary dermatitis
and intense pruritus (2,4,5,18). At the early stage of
infestation, the skin of the affected area presents
with erythema and the formation of tubercles and
vesicles. As the disease progresses, scaling and
crusting occur, together with the formation of skin
folds (4,18). Chronic cases may present with
seborrheic miliary dermatitis and lymphadenopathy
(1,2,4). In agreement with literature reports, the sick
animals included in this study presented with severe
pruritus, hair loss, scaling, crusting, tubercle
formation and hyperkeratosis.

Haptoglobin is an APP, which is synthesized by
the parenchymal cells of the liver and freely
circulates in the blood. Its levels start to increase
approximately 8 hours after the development of
inflammation (2,10). Haptoglobin is also synthesized
locally, and shows major antioxidant/antimicrobial
activity in the alveolar fluid and on mucosal surfaces.
Owing to these features, haptoglobin is involved in
the repair of tissue damage and protection against
infections. The plasma levels of haptoglobin increase
with inflammation, tissue damage and malignant
proliferation, and decrease in the event of
haemolysis and severe hepatocellular damage. Thus,
the measurement of plasma Hp concentrations is
very important both for diagnosis and the evaluation
of the success of treatment (12). In the present study,
higher serum Hp levels having been detected in the
sick animals, when compared to the healthy controls,
suggests that despite inflammation being local in the
scabies cases investigated, a systemic effect may
have occurred.

Serum amyloid-A is composed of two

apolipoproteins, namely, A-SAA and C-SAA. Of these,

A-SAA increases with inflammatory processes. On
the other hand, C-SAA concentrations undergo
minimum alteration during the APR. The main site of
production of SAA is the liver, yet extrahepatic
synthesis also takes place (13,19). In the event of
inflammatory processes, SAA is synthesized in the
liver (14). SAA is made use of in the differentiation of
inflammatory and non-inflammatory conditions as
well as in the monitoring of diseases and the
evaluation of the success of the treatment applied
(9).

Significantly elevated levels of SAA are detected
in bacterial and viral infections. In human medicine,
SAA levels are measured to detect inflammatory
activity and the extensity of inflammation, to
monitor the prognosis of diseases, and to evaluate
the efficiency of the treatment applied (13). Rahman
et al. (20) reported a ten-fold increase in the SAA
levels of Alpine mountain goats with sarcoptic
mange. Similarly, in the present study, it was
determined that SAA levels had increased in the sick
dogs, as a result of the inflammation caused by an
ectoparasitic disease.

Ceruloplasmin is an APP, which is mainly
responsible for carrying copper in the blood plasma.
It is synthesized in the liver and in extrahepatic
regions, including the pulmonary epithelium
(11,15,16). Owing to its role in the plasma transport
of copper, ceruloplasmin can be used for the
diagnosis of diseases that affect plasma copper
transport. Ceruloplasmin enables the oxidation of
toxic Fe2+ into non-toxic Fe3+, and thereby protects
tissues against free radical-induced damage (15).
Furthermore, as it aids in the elimination of
superoxide and reactive oxygen, it also shows
antioxidant activity (9,15,16,21). The results of the
present study revealed that the serum Cp levels of
the sick animals were higher than those of the
healthy control animals, and thereby, demonstrated
that inflammatory damage had occurred in the
infested dogs.

In conclusion, the serum Hp, SAA and Cp levels

of the dogs infested with Sarcoptes canis were
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determined to be higher than the levels of the
healthy dogs, and this difference was found to be
statistically significant. Accordingly, the levels of
APPs,

inflammatory indicators, having been detected to be

these which are generally used as
higher in mangy dogs with local skin damage
suggested that these parameters could also be used

as inflammatory indicators in mange cases.
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Abstract: The objective of this study was to determine the prevalence of foot lesions in cattle slaughtered in the northwest
of Iran. This study was performed on lower limbs of slaughtered cattle in four seasons of 2018-19. The feet of 400 cattle were
divided into various zones to differentiate the lesions. The associations between gender and season with the lesions were
assessed using the chi-square method and the results were presented as a percentage. P<0.05 was considered significant.
The association between gender and season with the lesions was statistically significant (P<0.01). Lesions were observed in
61.5% of cattle and 78.5% of them were male. The lesions were more prevalent in autumn and winter (35.4%). 27% of total
lesions were related to the forelimbs and 73% of them were related to the hindlimbs. Double sole and subclinical laminitis
were the most frequent lesions of the limbs followed by sole, toe, and heel ulcers, white line disease, hoof cracks, interdigital
hyperplasia, and interdigital necrobacillosis. Since a high percentage of slaughtered cattle in northwest Iran had at least one
lesion in their feet, especially in the autumn and winter, it seems that proper management of herds is necessary to eliminate
predisposing factors and improve livestock health.

Keywords: Cattle, Foot Lesions, Hoof, Iran, Prevalence.

iran'in Kuzeybatisinda Kesilen Biiyiikbas Hayvanlarda Ayak Lezyonlarinin
Gorulme Sikhigi

Oz: Bu calismanin amaci iran'in kuzeybatisinda kesilen sigirlarda ayak lezyonlarinin yayginligini belirlemekti. Bu calisma 2018-
19 dért mevsiminde kesilmis sigirlarin alt ekstremitelerinde gergeklestirildi. 400 biytkbas hayvanin ayaklari lezyonlari ayirt
etmek icin cesitli bolgelere ayrildi. Lezyonlarla cinsiyet ve mevsim arasindaki iliski ki-kare yontemi ile degerlendirildi ve
sonuglar yiizde olarak sunuldu. P<0.05 anlamli kabul edildi. Lezyonlarla cinsiyet ve mevsim arasindaki iliski istatistiksel olarak
anlamli idi (P<0.01). Sigirlarin %61.5'inde lezyonlar gozlendi ve %78.5'i erkekti. Lezyonlar sonbahar ve kis aylarinda daha sikti
(%35.4). Toplam lezyonlarin %27'si 6n ayaklar, %73'U arka ayaklar ile iliskiliydi. Ekstremitelerde en sik gérilen lezyonlar gift
taban ve subklinik laminit olup bunu taban, ayak ve 6kge Ulserleri, beyaz gizgi hastaligi, toynak catlaklari, interdigital hiperplazi
ve interdigital nekrobasilloz izledi. Kuzeybati iran'da kesilen sigirlarin yiiksek bir yiizdesi ézellikle sonbahar ve kis aylarinda
ayaklarinda en az bir lezyon bulundurduklarindan, predispozan faktorleri ortadan kaldirmak ve hayvan saghgini iyilestirmek

icin slrdlerin uygun sekilde yonetilmesi gerektigi gorilmektedir.

Anahtar Kelimeler: Ayak Lezyonlari, iran, Prevalans, Sigir, Tirnak.
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INTRODUCTION

L ameness is an important cause of economic

losses and a primary cause of reduced animal
welfare in both beef and dairy herds is of crucial
concern to bovine herd health (1). It causes the third-
largest economic losses in the dairy cattle industry
following mastitis and reproductive disorders.
However, due to the impact of lameness on
production and reproduction, some researchers
consider it as the most important factor in damaging
dairy herds today. The economic losses due to
lameness in the UK were estimated to be £ 90 million
a year (2). Approximately 90% of lameness incidents
in cattle are related to digital lesions (3).

Information on the prevalence of lameness and
limb injuries in North American and European dairy
herds has been collected in recent decades and
efforts have been made to find solutions to reduce
these diseases. Its prevalence at the herd level was
reported to be 43.5% in a Brazilian state, 9% in
Canada, and 18% in France, Germany, Spain, and
Sweden (4-6). Several studies have also been
conducted to estimate the prevalence of lameness in
various regions of Iran. The results of Azizi-
Mahmoudjig and coworkers’ study (7) demonstrated
that 14.7% of heifers and cows in semi-industrial and
3.4% of them in industrial herds of Urmia suffer from
lameness. Mohammadnia et al. (8) found that
55.14% of studied dairy cows in Shahrekord are lame
based on locomotion scoring. Another study in dairy
herds of Shahrekord showed that 48.6% and 40.17%
of affected digits are in autumn and spring,
respectively (9).

Determining the frequency of foot lesions in
each geographical area may play an effective role in
planning the prevention and treatment of these
problems because there are obvious differences in
the estimated prevalence of digit lesions in different
countries. There are several known factors affecting
the occurrence of the lesions such as type of housing,

weather, production rate, nutrition, individual

factors, as well as the presence of pathogenic
organisms in the area, leading to a big variation in the
prevalence of diseases reported in the literature (10).
For instance, in the case of housing conditions, daily
access of the majority of the cattle (89%) to pasture
in the Netherlands was associated with a reduced
prevalence of hoof lesions (11). Cattle, which had
access to thick bedding of straw, have also shown the
least amount of digit lesions (12). However, to our
knowledge, there is no data available concerning the
prevalence of hoof lesions in culled cattle or herds of
the northwest of Iran. Mostly traditional loose-
housing system with the cold and humid climate in
this area led us to assume that number of affected
cattle may be increased. Thus, the purpose of this
study was to determine the prevalence of foot
lesions in culled cattle in the northwest of Iran during

a whole year.

MATERIALS and METHODS
Animals

This study was done in the cattle slaughtered at
the Tabriz and Urmia Industrial Slaughterhouses,
located in Azarbaijan provinces of Iran, in spring,
summer, and autumn of 2018 and winter of 2019.
Approval of the ethics committee was not required
because of the use of slaughtered animals. Attending
times were randomly selected so that the abattoirs
were visited four times in each season to examine the
limbs of the cattle. Sex and approximate weight were
recorded before slaughter.

The sample size was determined using the
Cochran’s sample size formula with a 95% confidence
interval. The population size was estimated 30,000
based on the national statistical reports (13).
Regarding the number of cattle slaughtered in the
province, the sample size of 380 was calculated. So,
the total number of 400 cattle was examined in this
study to estimate the prevalence of digit lesions in

the region.
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Detection of the lesions

On each sample collecting day, the feet of each
cattle were collected and washed to check for
lesions. Since the feet of each cattle after
slaughtering were delivered together, we had to
detect that each foot belongs to hindlimbs or
forelimbs. The forelimbs and hindlimbs were
distinguished based on the oval shape of the
metacarpus and circular shape of the metatarsus
bones, as well as the relative size of the proximal and
middle phalanges which are reported to be shorterin
the hindlimbs than forelimbs (3). After the foot was
fixed on the special clamp and the primary hoof
trimming was done, the lesions were recorded and
photographed. Then, the hoof horn was removed
from the underlying tissues after placing the limb in
boiling water, to determine the extent of lesion
penetration to the underlying tissues.

To easier differentiate the lesions, the sole and
hoof wall were hypothetically subdivided into
different zones (Figure 1), and the following lesions
were traced (14): double sole (zones 3, 4, 5, and 6),
subclinical laminitis (zones 1-6), white line disease
(zones 1, 2 and 3), toe ulcer (zones 1 and 5), sole ulcer
(zone 4), heel ulcer and erosion (zone 6), horizontal
and vertical cracks and hoof fractures (zones 7, 8, 11
and 12), interdigital necrobacillosis, dermatitis and
hyperplasia (zone 0) with extensive lesions of digital

dermatitis (zone 10).

Outside Inside

Figure 1. Subdividing the solar surface, interdigital
space, and axial and abaxial hoof wall of the cattle
into various zones to help trace different lesions.

Sekil 1. Farkli lezyonlari izlemeye yardimci olmak igin
sigirlarin axial ve abaxial tirnak duvari, interdigital
bosluk ve taban ylizeyinin gesitli bolgelere ayrilmasi.

Statistical Analysis

IBM SPSS Statistics for Windows (Version 22,
IBM Corp., Armonk, NY, USA) was used for statistical
analysis. Hoof lesions data and their types were
reported as descriptive statistics and percentages.
The effects of gender and season on the lesions were
evaluated using the chi-square method and the
results were presented as percentages. P<0.05 was

considered significant.

RESULTS

Totally, 400 cattle (67 females and 333 males)
with the average weight of 325142 kg were examined
during the four seasons. Lesions were observed in
61.5% of the animals and 38.5% of them were
healthy. There was a significant difference between
healthy and affected animals percentage (P=0.001).
Among the affecteds, 78.5% were male and 21.5%
female. In addition, 79.1% of all females and 58% of
all males had lesions. In terms of the prevalence of
lesions in different seasons, 17.1% were in spring,
12.1% in summer, 35.4% in autumn and 35.4% in
winter (Table 1). The differences between healthy
and affected animals in each season was also
significant (P=0.001). Of the total lesions, 27% were
in the forelimbs and 73% were in the hindlimbs.

Double sole (28.5%) and subclinical laminitis
(23.5%) were the most prevalent diseases followed
by sole ulcer (13%), toe ulcer (9.3%), heel ulcer
(7.7%), white line disease (7.75%), hoof fracture
(5.75%), and (2.1%).

Interdigital necrobacillosis (0.8%), horizontal crack

interdigital hyperplasia
(0.8%), and vertical crack (0.8%) were the lowest
lesions identified (Figure 2). Some of these lesions

are shown in Figure 3.



Prevalence of Foot Lesions Am...

Mahd-Gharehbagh et al.

Table 1. The number and percentage of healthy and affected cattle based on gender and season in culled cattle

in northwest Iran.

Tablo 1. iran'in kuzeybatisinda kesilen sigirlarda, cinsiyete ve mevsime gore saglikl ve etkilenen sigirlarin sayisi

ve ylizdesi.
Hoof status
Categorical variables Affected Healthy
No. % No. % Total P-value
(% in affected) in category (% in healthy) in category
Female 53 (21.5) 79.1 14 (9.1) 20.9 67
Gender —\jale 193 (78.5) 58 140 (90.9) 42 333 0001
Spring 42 (17.1) 60.9 27 (17.5) 39.1 69
Season Summer 30(12.2) 36.6 52 (33.8) 63.4 82 0.001
Autumn 87 (35.4) 72.5 33 (21.4) 27.5 120
Winter 87 (35.4) 67.4 42 (27.3) 32.6 129
Total 246 38.5 154 61.5 400

2.1

H Sole duplication

m Subclinical laminitis

m Sole ulcer

@ Toe ulcer

M Heel ulcer

B White line disease

m Hoof fracture
minterdigital hyperplasia

M Interdigital necrobacillosis
W Horizontal crack

W Vertical crack

Figure 2. The contribution of each lesion to the total
number of detected foot lesions (%) in culled cattle
in northwest Iran.

Sekil 2. iran'in kuzeybatisindaki kesilen sigirlarda her
bir lezyonun tespit edilen toplam ayak lezyonu
sayisina (%) katkisi.

Figure 3. Detected lesions in cattle hooves. A.
duplicate sole, B. subclinical laminitis, C. sole ulcer, D.
heel ulcer, E. white line disease, F. hoof fracture, G.
interdigital hyperplasia, H. interdigital necrobacillosis
along with sole ulcer.

Sekil 3. Sigir tirnaklarinda tespit edilen lezyonlar. A.
cift taban, B. subklinik laminit, C. taban dlseri, D. 6kge
Glseri, E. beyaz ¢izgi hastaligi, F. tirnak kingi, G.
interdigital hiperplazi, H. taban ulseri ve interdigital
nekrobasilloz.
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DISCUSSION and CONCLUSION

This study was performed on hoof and digit
lesions of slaughtered cattle. Our findings showed
that 61.5% of the cattle examined had at least one
lesion in their feet, which is much higher than that of
the results of a similar study in the neighbour
province, Ardabil, reporting 24.2% of slaughtered
cases had hoof lesions (15). Given that in the
surveyed geographical area, cattle are usually culled
if keeping them is not justified because of low milk
yield or lameness, it is likely that the prevalence of
lameness in the livestock population of the area is
less than our finding. It has been previously reported
that lameness should be considered as an important
factor for the culling of Iranian dairy cows (16). The
reason for the higher incidence of lesions in cows
than bulls in our study may be the fact that the cows
slaughtered at the end of their economic period of
life; while bulls and steers are slaughtered at a
relatively younger age. For instance, the mean age of
slaughtered cows in Switzerland is 5.6 years, while
the number of slaughtered bulls in this age range is
much lower (17). Although among the affected
cattle, 78.5% were male and 21.5% female, this does
not indicate a high incidence of lesions in males
compared to females; instead this is because the
total number of slaughter males was greater than

female cows.
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In this study, lesions were higher in autumn and
winter seasons so that 35.4% of total lesions were
observed in both seasons and the lowest amount of
lesions was observed in summer. This finding is in
contrary to the results of Madadzadeh and
coworkers (15) who observed a higher incidence of
lesions in Ardabil in summer. Lack of access to the
pasture increases risk of hoof problems (18). Because
cattle housing is a combination of traditional and
industrial systems in the region (19), it is difficult to
attribute the lesions to lack of access to the pasture
in the winter. Cattle are brought to the pasture in the
traditional systems in the warm seasons, but they are
housed indoors in industrial systems throughout the
year. So, although the lower rate of lesions in the
warm seasons may be partly attributable to the
access of some cattle to the pasture, it seems most
likely that the high prevalence of lesions in wet
seasons is due to poor hygiene and high humidity.
According to the report of Azizi Mahmoudjigh et al.
(7), 69% of lesions in Urmia were related to hindlimbs
which were almost twice the lesions of the forelimbs.
In this study, the rate of lesions in the hindlimbs was
almost three times that of the forelimbs, accounting
for 73% of total lesions. The high prevalence of
lesions in the hindlimbs seems to be due to the
greater weight-bearing of the cattle on their
hindlimbs Most
bodyweight is tolerated by the hindlimbs, especially

compared to the forelimbs.

in the pregnancy period (7).

Mohammadnia and coworkers (9) found that
double sole counts for 14.49% of hoof lesions in dairy
herds of Shahrekord during autumn. In our study,
double sole was 28.5% of the identified lesions and
was the most common problem of the limbs
indicating lack of proper and regular hoof trimming
in the herds. Subclinical laminitis accounted for
23.5% of the detected lesions in this study. In this
form of laminitis, haemorrhages in the sole horn,
yellow discolouration, softening of the sole horn, or
sole ulcers may develop (20). Since high concentrate
intake and limited roughage intake increase the risk
of subclinical laminitis (21), this high prevalence
reveals the nutritional

necessity of proper
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management of cattle in the area. The sole ulcer is
one of the most severe pathologies causing lameness
and is associated with impaired milk yield (22). A
herd-level study at the vicinity of Tehran concluded
that 55% of feet with thin soles had lesions such as
sole haemorrhage. Concrete surface, commingling of
animals with different ages and prolonged water
contact of the hoof horn are aggravating factors (23).
In another study, Nouri and coworkers found that toe
ulcer, sole ulcer, and heel ulcer account for 6.9%,
20.9%, and 13.9% of hoof lesions in an abattoir near
Tehran, respectively (24). Our findings also showed
13% sole ulcers, 9.3% toe ulcers, and 7.7% heel
ulcers.

Researchers have emphasised the relationship
between the grooved concrete floor and the increase
in white line disease. Cattle that are in the pasture
during the day and are housed in the stall at night are
also at greater risk of developing the lesion than
those are in the pasture all the time (25); therefore,
it seems that this factor, as well as the inappropriate
floor of the stalls, caused 7.75% of white line disease
in this study. Although, the prevalence of this lesion
in a similar study in Ardabil was higher (25.1%) than
our findings, which may also be related to the
differences in moisture (15).

In our study, hoof fractures accounted for
5.75% of the lesions, which is relatively high, but still
much lower than the results of a study in Ethiopia
with 40% of the hoof fracture rate (26), pointing out
the necessity of preventing excessive hoof growth as
well as preventing trauma to the hoof. Interdigital
hyperplasia or wart has the highest estimate of
heredity in a research on hereditary limb lesions in
dairy herds of California (27) and the prevalence of
this lesion in beef cattle referred to the Auburn
University Large Animal Hospital in the United States
was determined to be 15.8% (1). Despite the lesion
was affected a smaller percentage of cattle in our
study, it is necessary to take measures to eliminate it.
Interdigital necrobacillosis is caused by trauma as
well as the presence of a muddy, moisture bedding,
and may eventually lead to reduced milk yield and

culling of cattle. Fusobacterium necrophorum is the
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main known pathogen to cause this disease. The
disease is sporadic, with a prevalence rate of 0.2 to
5% in North America (28), which is similar to that
observed in this study (0.8%). Horizontal and vertical
cracks were accounted for 0.8% of lesions. Horizontal
cracks are associated with changing winter nutrition
to spring lush grass or in response to climatic
conditions. These cracks represent a stressful event
in the past (29). The prevalence of vertical cracks in a
dairy farm of Nazarabad, Iran was 3.2% (30). Trauma,
diet, dehydration and low environmental humidity
affects the mechanical properties of horn tissue and
increases the fragility of the dorsal wall horn (7);
therefore, changes in diet and environmental
moisture may contribute to these lesions in the
studied cattle.

In conclusion, the results of this study showed
that a high percentage of culled cattle in northwest
Iran have at least one type of digit lesions and these
lesions are more prevalent in autumn and winter
seasons. Since limb problems and lameness are
important factors in reducing production, which
causes economic losses to the herd, more attention
should be paid to the management conditions of
herds in the region to eliminate predisposing factors
and the possibility to increase the bovine digital
health.
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Abstract: This study was carried out with the aim of assessing the importance of coronary region for providing a clear
comprehensions study into the structure and function of coronary dermal papillae and their role in potentiality of adaptive
variations. A total of 30 sheep claws were collected and tissue sections were extracted from the coronet. Following processing
and embedding, tissues from each claw were cut and stained to visualize a number of histological aspects. The samples were
also evaluated using cast form to detect the arterial blood supply. This study indicated the architecture distribution of blood
anastomosis within the foot, where the main anastomosis of blood capillaries was in proximal, distal and caudal part of sheep
foot. The presence of such complex arterial anastomosis in the blood vessels suggest that a greater blood flow capacity to
the sheep feet. Histologically, the results showed that the coronary region of claw sheep had numerous perioplic and coronary
dermis. The dermal papillae were distributed on the coronet region with average number 11/mm?2. The results indicated that
average thickness of stratum basale and stratum spinosum was 202.4+3.3 um, and average stratum corneum was 68.314.2
um, while the whole epidermal tissue started from the basement membrane to the external surface was 270.8+2.5 um. The

data of the current study will be used as a reference literature to treat the pathologically affected sheep feet diseases.

Keywords: Blood Anastomosis, Cast Form, Claws Sheep, Coronary Region, Dermal Papillae.

Koyun Tirnak Koroner Bélgesinin Histolojik incelemesi ve Arteriyel
Anastomozunun Yapisal Morfolojisi

Oz: Bu calisma, koroner dermal papillalarin yapisi ve islevi hakkinda net bir kavrayis calismasi saglamak igin koroner bolgenin
6nemini ve adaptif varyasyonlarin potansiyelindeki roliinii degerlendirmek amaciyla yapilmistir. Toplam 30 koyun ayak tabani
toplandi ve doku bélimleri tirnagin tag kismindan ¢ikarildi. Doku takibi ve parafin blokajindan sonra, kesitler alindi ve
mikroskobik degerlendirmeler icin H&E ile boyandi. Ornekler ayrica arteriyel kan kaynagini tespit etmek igin algi form
kullanilarak degerlendirildi. Bu galisma, kan kilcal damarlarinin ana anastomozunun koyun ayaginin proksimal, distal ve kaudal
kisimlarinda oldugu gosterdi. Kan damarlarinda bu gibi kompleks arteriyel anastomozlarin varligi, koyun ayaklarina daha fazla
kan akis kapasitesi oldugunu géstermektedir. Histolojik olarak, sonuglar koyunlarda ayak tabaninin koroner bolgesinin sayisiz
perioplik ve koroner dermise sahip oldugunu gostermistir. Dermal papillanin, ortalama sayisi 11/mm? oldugu saptandi.
Stratum basale ve starum spinosum 202.4 + 3.3 um ve stratum korneum 68.3 + 4.2 um olarak 6lgtildi. Tiim epidermal dokunun
bazal membrandan dis yizeye uzakligi 270.8 + 2.5 um idi. Bu ¢alismanin verileri, potansiyel olarak tedavi igin yeni kanitlar

saglayarak, patolojik olarak etkilenen koyun ayak hastaliklarinda referans kaynak olarak kullanilabilecektir.

Anahtar Kelimeler: Al¢i Formu, Dermal Papilla, Kan Anastomozu, Koroner Bolge, Koyun Ayak Tabani.
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INTRODUCTION

T

structural component called hoof/claw. This has

he distal extremity of odd-toed and/or

even-toed ungulates is protected by a unique

various different segments; each of them has various
rates of horn growth and abrasion with different
function. (1,2). The external morphology of the hoof
or claw wall is indirectly interrelated with the shape
and function of the internal parts of the animal foot
(3,4). Small ruminants are cloven-footed animals that
means the hoof consists of two digits (3), rather than
one compact entity similar to that of equine feet (5).
These digits are equivalent to the third and fourth
fingers of the human hand (6). In general, the claws
are termed by their relative position on the animal
foot. The claws/hooves have a highly complicated
and anastomosis blood supply which is mainly
originated from small branches of the dorsal

tarsal/metatarsal arteries and common
palmar/plantar digital arteries (7,8). In the rear limb,
most of the digital arteries are formed from the small
branches of common planter digital arteries (6).
These digital arteries are extended at the level of
second digit to provide blood supply to the coronet
and further down to the heel bulbs (5), whereas,
there are nearly up 8 to 10 small branches arising
distally to supply blood to the sole margin. This
morphoorganization of arterial blood supply in
animal feet is a highly important in healthy feet, as it
is a subtle alteration of the microvascular system in
the coronary region could change the amount of
keratinous tissue and this leads to change in the
structural and functional components of the hoof
wall (9). For instance, in equine hoof, it was found
that any deffct in the capillary network of the
terminal arch and the small arteries arising from it
helped in the development of chronic laminitis
and/or can be develop to cause decreases in the
rates of horn growth. However, up to now, there has
been very little published research regarding the
importance of blood circulation on the ovine claw

coronary region (9,10). The hoof or claw is deemed

15

as the most vital part for weight bearing and/or for
movement (11). A comprehensive understanding of
morphology of ovine claw coronary region would
help in understanding the normal physiology of the
conformation of sheep «claw and further
consequences of overgrowth rate, great wear or
trimming claw horn in disease and/or healthy feet
(12). It would as well contribute in understanding the
role of claw horn in persistence and spread of
infectious foot diseases (13,14). Therefore, this study
was aimed to provide a complete and clear
investigation of anatomical and histological
observations of claw sheep coronary region, also to
investigate the architecture morphology of such
important part in sheep foot this would help to
determine the causes, which result in the hoof
deformities or possibly eliminate some causes to aid

in future management plans.

MATERIALS and METHODS
Ethics Statement

This investigation was performed under the
highly strict adherence to the main rules of care and
the way of using domestic animals in research,

teaching and experiment (15).

Experimental Animals

Sheep hooves were collected from the
slaughterhouses one-hour post euthanasia following
ethical approval by The College of Veterinary
Medicine, University of Diyala. A total of 30 sheep
hooves were divided into 20 of them were used for
histological sampling and 10 for arterial cast form.
Tissues samples of 6-7mm thickness were taken from
the dorsal coronet as well as from the quarter regions
both medial and lateral, and instantly fixed in 10%
neutral buffered formalin for 24 hours. Then all tissue
samples were processed by routine methods,
embedded in paraffin wax and then sectioned at 5

um and stained with routine staining (H&E).
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Measurements of the epithelial thickness were
calculated using calibrated a Fiji J software.
Measurements of epidermal layers were performed
on each image, measuring the space between
basement membrane and cell keratinization, and the
space between the basement membrane and the
end of hoof wall. These measurements were
recorded as mean+SEM using Excel software. Ten
sheep hooves were collected for cast form of blood
vessels, phosphate buffer saline (PBS) was injected
via the medial and/or lateral palmar/plantar
common digital arteries to evacuate blood vessels
from the blood. Followed by injected with acrylic
resin (self-curing repair powder and liquid containing
Methyl methacrylate monomer, 4-dimethylamino
toluene), extra pressure was applied to ensure the
resin reached to fine blood capillaries. After that, all
samples were left for 48 hours at 21 °C to reach full
solidification, and then the samples were transferred
for maceration as follow. Then, each sample was
incubated in 40% potassium hydroxide for 72 hours
to ensure digestion whole tissues (16). The soft tissue
was completely macerated, so the cast was heavily
contaminated with macerated tissue. Then the cast
was washed with tap water. At the end, it was
cleaned gently by washing with fine jet of syringe and
then dried by air for examination and taking

photograph using digital camera.

RESULTS

Cast form of blood vessels clearly showed the
architecture distribution of blood anastomosis within
the sheep foot. The main anastomosis of blood
capillaries was observed in proximal, distal and
caudal part of sheep foot as well as inside foot (Figure
1). The dorsal artery of the third phalanx appeared
branches and anastomosis proximally forming
coronary circumflex artery and distally circumflex
artery of the sole, whereas the caudal surface
by

nourished

appeared vascularized arterial  branches

anastomose and the coronet and

extended further distally to nourish the digital

16

cushion of the heels (Figure 1). The sole of the heel
part was observed vascularized by small arterial

branches of terminal arch and sole margin arteries.

4= Medial palmer artery ———

A

Common palmer ‘ Caudal view

digitalartery

Lateral view *

proximal perforating
branch of the first digit

Abaxial palmer e

artery

Distal perforating branch
of the first digit

Interdigital artery

Proper artery of the
Third and fourth digits
~ Distal phalangeal artery
Axial palmer artery
Coronary branches:

Arteries branch for the
Pad of heel region

Terminal arch arteries

Figure 1. Photographs illustrating cast form of
arterial blood supply of sheep foot. A) Shows lateral
view of cast form. B) Illustrates distribution and the
outlines of cast blood vessels on caudal view.

Sekil 1. Koyun ayaginin arteriyel kan akisinin dokiim
seklini gosteren fotograflar. A) Dékim formunun
yandan goriintsiini  gostermektedir. B) Kaudal
goriniim kan damarlarinin dagilimini ve dékme ana
hatlarini géstermektedir.

The
examinations revealed that the capsular wall had

results obtained from histological

three distinct layers: stratum externum, stratum
medium and stratum interum respectively. These
findings showed that the
constituted the main bulk of the capsular wall and
comprised from finger shape projections organized

stratum medium

parallel and oriented vertically from the surface of
interconnection between dermal and epidermal
tissues of the coronet toward the ground surface
(Figure 2). The dermal area of the periople and/or
coronary regions showed to be formed from mesh
dense matrix of connective tissue including nerves,
arteries and veins, whereas the epidermal layer
appeared to be comprised mostly from the stratified
squamous keratinized epithelium and was observed
continuous with the skin leg and appeared consisted
from four expected layers (Figure 2).
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layers of epidermal tissue of claw coronary region. These were appeared in the first layer (stratum basale),
second layer (stratum spinosum), third layer (stratum granulosum) and fourth layer (stratum corneum). (H&E

stain; (A) bar= 100 um; (B) bar =50 pum).

Sekil 2. A) Fotomikrograf goriintlsi penge koroner bolgesini géstermektedir. B) Fotomikrograf goriintlisii penge
koroner bdlgesinin epidermal dokusunun dérdinci katmanlarini géstermektedir. Bunlar birinci tabakada
(stratum basale), ikinci tabakada (stratum spinosum), lglncl tabakada (stratum granulosum) ve dordinci
tabakada (stratum corneum) gorildi. (H&E stain; (A) bar= 100um; (B) bar =50 um).

The stratum basale was appeared as a thin
deepest layer consisted from a double set of cuboidal
to columnar cells, these cells were placed and
arranged along the basement membrane. The long
axis of their nucleus was observed directed at an
acute angle to the keratinous layer (Figure 3). In
addition, it was observed a black pigment of
melanocytes (Figure 3) covered some of the basal
cells. The second layer (stratum spinosum) was
composed of numbers of polyhedral cells, these cells
were appeared tightly adhered to each other and
seemed to be more flattened toward the third and
fourth external layer (stratum corneum). The third
layer (stratum granulosum) was observed had
granules in their cytoplasm and their nucleus ranged
from oval to spherical shape, whereas the outermost
layer (stratum corneum) was appeared as dead
keratinocytes, which had either lost most or
completely of the cells their nuclei toward the

keratinous layer (Figure 3).
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Figure 3. Photomicrograph image shows the fourth
layers of epidermal tissue of claw coronary region at
high magnification. Melanocytes were appeared at
basal, spinosum and granulosum layers. (H&E stain;
bar= 10 um).

Sekil 3. Fotomikrograf gorintlsi yiksek bliylitmede
penge koroner bolgesinin epidermal dokusunun

dordinci  katmanlarini  géstermektedir.  Bazal,
spinosum ve granulosum tabakalarinda melanositler
gorildu. (H&E stain; bar= 10 um).
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Measurements of the epithelial thickness were
documented in (Table 1) and (Figure 4) as mean+SEM
calculated for each sample. The results indicated that
average stratum basale and stratum spinosum and
granulosum was 202.4+3.3 um, and average stratum
corneum was 68.3+4.2 um, while the whole
epidermal tissue started from the basement
membrane to the external surface was 270.8+2.5 um
(Figure 4). Further analysis for the number of dermal
papillae of coronary region on sheep claw revealed
that the average number in the current study was

found to be 11/mm? (Figure 4).

Table 1. Measurements of epithelial thickness at
claw coronary region.

Tablo 1. Penge koroner bdlgesinde epitel kalinhgi
olglimleri.

Epidermal layers at claw Epithelial thickness

coronary region in um
Stratum basale, spinosum an 902.443.3
granulosum

Stratum corneum 68.314.2
Whole epidermal tissue 270.8+2.5

average thickness of the basal and spinosum layers, corneum and lucidum respectively. B) Photomicrograph
shows the number of (p) dermal papillae. Dermal papillae in each cross section of images were counted per
surface area. (mm?). (H&E stain; (A) bar= 50 um; (B) bar =100um).

Sekil 4. A) Fotomikrograflar, epitel koroner kalinhginin élglimlerini sirasiyla bazal ve spinosum tabakalarinin,
korneum ve lucidumun ortalama kalinliklarinin 6lguldigini géstermektedir. B) Fotomikrograf dermal papilla
sayisini (p) gosterir. Gériintilerin her bir kesitindeki dermal papillalar, yiizey alani bagina sayildi. (mm?). (H&E
stain; (A) bar= 50 pum; (B) bar =100um).

DISCUSSION and CONCLUSION

Analysis obtained from the cast resin for arterial
blood supply revealed the presence of a complex
arterial anastomosis in the blood vessels suggest that
a greater blood flow capacity to the sheep feet;
consequently, any defect in such complex arterial
anastomosis of sheep feet may develop to ischemic
necrosis (17,18). In addition, it was reported that
these vascular anastomoses are capable to withdraw
almost 50% of the entire limb blood flow, and hence

can be engaged in ischemia due to vasoconstriction
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and blood flow diversion (19). Cast form method
enables following the blood vessels via the clear
distribution of the capillary network. This method
also showed the architecture distribution of blood
anastomosis within the sheep foot. These results
exhibit the main anastomosis of blood capillaries in
proximal, distal and caudal part of sheep foot, which
appears in Figure 1. These outcomes are contrary to
that of (5,20), as they describe the blood supply of
equine feet, however, our study showed similarity
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with blood supply of caprine feet and with some
differences with bovine feet (5). Furthermore, this
study demonstrated the importance of morpho-
organization of arterial anastomosis in ovine feet
provide further support insights into the hypothesis
that the arterial anastomosis of terminal arch and its
branches are protected by the mesh of bony canal, as
it is reported by other researcher in equine feet (4).

The first set of analyses examined coronary
tissue stained with the routine stains H&E revealed
the presence of three distinct layers: stratum
externum represented by the periople, whereas
stratum medium exhibited the main bulk of claw wall
and finally the stratum internum showed the
lamellae. The stratum medium was found comprised
from finger shape projections organized parallel and
oriented vertically from the surface of
interconnection between dermal and epidermal
tissues of the coronet toward the ground surface as
(21-23).

Furthermore, at the stratum externum and stratum

expected from previous investigations
medium showed many perioplic and coronary dermis
were invaginated and papillated under the epidermis
in a precise orderly way, which appeared to have a
finger like projections extended and protruded
deeply in epidermal tissue, and these papillary
projections called dermal papillae. Comparison of
these findings with those of other studies (24)
confirms  the  complexity of  mammalian
integumentary structure that is found by the
interdigitaion of dermal papillae. Additionally, the
ultimate forms of the capsular wall are generally
defined by the configuration of the interface
between dermal and epidermal tissue, which is
determined in hoof wall by dermal papillae (25). In
this study was observed that the core of each papilla
contained connective tissue and blood vessels. It can
thus be suggested that microanastomoses of these
vessels are entered each papilla to supply epidermal
tissue. The H&E stain exhibited the dermal and
epidermal tissues in contrasting colors in pink and
purple respectively, and highlighted the basement

membrane border in a purple color. This finding is
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consistent with recent study done by Al-Agele (26) on
equine coronary dermal papillae.

The dermal area of the periople and/or
coronary regions showed to be formed from mesh
dense matrix of connective tissue including nerves,
arteries and veins, as expected from previous
observations (27). In contrast, the epidermal layer
appeared to be comprised mostly from the stratified
squamous keratinized epithelium and was observed
continuous with the skin leg and appeared consisted
from four expected layers. This finding is consistent
with that of (28). According to these results, we can
infer that the keratinous layer was directed
simultaneously at an angle from the dermo-
epidermal junction of dermal papillae toward the
ground surface (26).

The results of measurements of the epithelial
thickness indicated that average stratum basale,
spinosum and granulosum was 202.4+3.3 um, and
average stratum corneum was 68.3+4.2 um, while
the whole epidermal tissue started from the
basement membrane to the external surface was
270.8+2.5 um. It can therefore be assumed that the
thickness of the epidermal layers dependent on the
cornification of keratinocytes (29). Further analysis
for the number of dermal papillae of coronary region
on sheep claw revealed that the average number in
the current study was found to be 11/mm? and this
was less than reported in horses, which showed
21/mm? (26), and slightly less in cattle that reported
13/mm? (30). The interpretations of these findings
suggest the requirement for additional examination
into the biophysical causes such as increases and/or
decreases of growth rate of sheep claw. More
analyses of the mechanobiological influences
involved in determining the morphology of the claw
wall are required and, particularly, the modifications
which appear in lame sheep which might be
consistent with the anatomy and has substantial
consequences for claw function (31,32).

In conclusion, the biological properties of the
claw wall have been measured sufficiently to enable

an adequate material model providing new two



The Study of Histological Obse...

Al-Agele

understandings into the normal compared with
pathologically affected sheep feet, providing new

evidence for potential treatment.
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Abstract: The aim of this study is to investigate the alterations related to Serum amyloid-A in formaldehyde-induced apoptosis
in Kupffer cells and to determine whether Astaxanthin has a protective effect against apoptosis. In this experiment, 32 rats
were divided into 4 groups (n=8). The first group was named as control group, physiological saline was injected
intraperitoneally to this group, and drinking water was given orally. In CH,O group, rats were injected with formaldehyde at
a dose of 10 mg/kg daily intraperitoneally. The rats in CH,O+ATX16 and CH,0+ATX32 were injected with formaldehyde daily
at a dose of 10 mg/kg intraperitoneally, and respectively 16 mg/kg and 32 mg/kg Astaxanthin were administered orally.
Formaldehyde administration was caused by the highest and statistically significant Serum amyloid-A staining intensity
(P<0.0125) and apoptotic index (P<0.05) in the CH,0 group. Both doses of Astaxanthin administration reduced apoptosis in
Kupffer cells but there were no significant differences in serum Serum amyloid-A levels between experimental groups
(P>0.05). As a result, oral administration of Astaxanthin has been shown to reduce Serum Amyloid A, which increases due to
exposure to formaldehyde, and possibly in this way, Kupffer cells successfully protect against formaldehyde-induced
apoptosis. The subject should be examined more comprehensively.

Keywords: Apoptosis, Astaxanthin, Formaldehyde, Kupffer Cell, Serum Amyloid-A.

Serum Amiloid-A'nin Siganlarda Formaldehit Kaynakli Kupffer Hiicre
Apoptozundaki Rolii ve Astaksantin'in Bu Siirecteki Olasi Koruyucu Etkileri

Oz: Bu calismanin amaci Kupffer hiicrelerinde formaldehit kaynakl apoptozda Serum amiloid-A ile ilgili degisiklikleri
arastirmak ve Astaksantin'in apoptoza karsi koruyucu bir etkisi olup olmadigini belirlemektir. Bu deneyde 32 sican 4 gruba
ayrildi (n = 8). Birinci gruba kontrol grubu adi verildi ve serum fizyolojik intraperitoneal olarak bu gruba enjekte edildi ve icme
suyu oral yolla verildi. CH,0 grubunda, sicanlara giinde 10 mg/kg dozda intraperitonal yoldan formaldehit enjekte edildi.
CH,0+ATX16 ve CH,0+ATX32'deki gruplarindaki sicanlara giinde 10 mg/kg intraperitoneal dozda formaldehit enjekte edildi
ve sirasiyla 16 mg/kg ve 32 mg/kg Astaksantin oral yolla verildi. Formaldehit uygulamasi CH,0 grubunda en ylksek seviyede
ve istatistiksel olarakta anlamli Serum amiloid-A boyama yogunluguna (P<0.0125) ve apoptotik indekse (P<0.05) neden
olmustur. Her iki dozdaki Astaksantin uygulamasi Kupffer hiicrelerinde apoptozu azaltti, ancak deney gruplari arasinda serum
Serum amiloid-A diizeylerinde anlamli bir fark yoktu (P>0.05). Sonug olarak, oral yolla Astaksantin uygulamasinin formaldehit
maruziyetine bagh olarak artan Serum Amiloid A'yl azalttigi ve muhtemelen bu sekilde Kupffer hiicrelerinin formaldehit
kaynakli apoptoza karsi basariyla korudugu gosterilmistir. Konu daha kapsaml bir sekilde incelenmelidir.

Anahtar Kelimeler: Apoptoz, Astaksantin, Formaldehit, Kupffer Hiicresi, Serum Amiloid-A.
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INTRODUCTION

F

chronic adverse effects on humans and animals

ormaldehyde (CH,0) is a substance that is

commonly exposed and has both acute and

health (1,2,3). Reactive oxygen species (ROS) are
increases in the tissues affected by CH,0O, and this
increase accelerates the apoptosis or necrosis (4,5).
Antioxidant applications reduce CH,0 induced cell
damage and oxidative stress (6). Astaxanthin (ATX)
(3-3 dihydroxy B-B carotene 4-4 dione) is an
antioxidant compound of the xanthophyll class of
carotenoids found in microalgae, and aquatic animals
(7), and it exhibits a wide range of biological activities
such as anti-tumoral and anti-inflammatory effects
(8).

Kupffer cells (KCs) are tissue macrophages that
localized within the liver sinusoids and they have
protective effects for homeostasis of the liver against
various liver damages (9). The inflammatory stages
related to cell injury or death that regulate the acute
phase response are initiated by the activation of
tissue macrophages, which released inflammatory
mediators that are largely determined by the
pathogenic conditions. In addition, inflammatory
processes are responsible for the synthesis of Serum
Amyloid-A  (SAA),
apolipoprotein, produced by several different cell
types, and their
macrophages (10).

which is an acute phase

most important source, are

The aim of this study is to investigate the
alterations related to SAA in CH,0-induced apoptosis
in KCs and to determine whether ATX has a

protective effect against apoptosis.

MATERIALS and METHODS
Experimental Animals and Study Desing

This study was conducted with the approval of
Bingol University Animal Experiments Local Ethics
Commission (20/02/2017 - 02-04). Thirty-two Male
Wistar albino rats 9-10 weeks old and weighing 250-
300 g were used in this experiment and fed ad

libitum. The rats were randomly divided into 4 groups
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(n=8) in each group and kept in a room with 22-24°C
and the relative humidity was set 55% * 5% and
applied 12 hours light-dark cycle. Astaxanthin
(Sigma-Aldrich, A3236, Germany) was prepared as an
active ingredient in emulsion with drinking water.
The first week was the preparation period for the
experiment to ensure the adaptation of the rats.
The rats in the control group were injected
intraperitoneally with 1 ml of physiological saline
daily and 1 ml of drinking water was given intragastric
gavage every day. In the CH,O group, rats were
injected intraperitoneally with 10 mg/kg of 10%
diluted CH,0 daily and 1 ml of drinking water was
given daily via intragastric gavage. The previous
protocol was also applied to the CH,O+ATX16 and
CH,0 +ATX32 groups, but ATX was given every other
day with intragastric gavage at a dose of 16 mg / kg
and 32 mg / kg, respectively, instead of drinking
water (11). The experimental process lasted for 14

days.

Anesthesia, Necropsy, Blood Processing and Tissue
Samples

All rats were anesthetized using 5% Sevoflurane
(Sevorane, Abbott Lab, USA) at until loss of righting
reflex. Blood was collected intracardially in rats
under anesthesia and then animals were euthanized
by decapitation. The livers of all animals were
removed during systemic necropsy and fixed in 10%
buffered formaldehyde for 48 hours. Tissue samples
embedded in

histopathological procedures. Paraffin embedded

were paraffin  after routine
tissues were cut into 5 um thickness with rotary
(RM 2155,

transferred to the slide. Slides were stained with

microtome Leica, Germany) and

Hematoxylin and Eosin for histopathological

exemination and evaluated by using imaging system
adapted light microscope (Leica, DM2500 / DFC295)
(12).
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Immunohistochemistry

The presence of SAA was demonstrated by

minor modifications of the Streptavidin-Biotin
Complex-Peroxidase (SABC-P) method using the anti-
amyloid precursor protein polyclonal antibody
(Thermo Fisher Scientific, PA5-32262, USA) (13).
Slides were visualized with 3,3'-diaminobenzidine
(DAB), (Sigma-Aldrich, D4293, Germany) chromogen.
Background stained with Mayer’s Hematoxylin. The
intensity and prevalence of immunopositive staining
was scored between 0 and +3. No staining in Kupfer
cells was scored as = 0. Stains between 1-9, 10-31,
and > 32 in Kupfer cells were scored as 1, 2, and 3,
respectively. SAA staining intensity of KCs was
examined microscopically and evaluated numerically
by the blind analysis technique as indicated by small

modifications of the literature (14,15).

TUNEL Assay

The presence of apoptotic KCs was investigated
using the terminal deoxynucleotidyl transferase-
mediated deoxyuridine-triphosphate (dUTP) nick end
labeling Assay method (TUNEL) using the ApopTag®
Plus Peroxidase In situ Apoptosis Detection Kit
(Merck Milipore Corporation, CA 92590, USA). TUNEL
staining protocol was performed according to the
manufacturer's  application manual. Percent-
amounts of TUNEL-positive cells were examined by
counting Kupffer cells from ten random hepatic
lobules. The percentage of apoptotic cells (apoptotic
index) was calculated according to the Aydin et al.

(14).

ELISA Assays

Serum SAA levels in the samples were assayed
using the SAA Sandwich-EIA kit (MyBioSource Inc.,
MBS2514609, USA). The ELISA kit protocol was
adhered to when preparing reagents with samples
and performing applications. OD value in the samples
were automatically measured at 450 nanometers
(nm) using ELISA reader (SpectraMax Plus 384, USA)
(14). Test results have expressed as pg/mL for SAA.

24

Statistical Analyses

SPSS 18.0.0 for Windows (Release 18.0.0,

Copyright® SPSS Inc, The Apache Software
Foundation, 1989-2009) used for statistical analyses.
For parametric data, One-way analysis of variance
(ANOVA) followed by post hoc Tukey test performed
to determine differences between the groups. For
non-parametric data, Kruskal Wallis followed by
Bonferroni correction of Mann Whitney-U test was
performed to determine differences between
groups. The P<0.05 and P<0.0125 (0.05/4) value was
considered statistically significant for parametric and

nonparametric data, respectively (16).

RESULTS
Clinical and Macroscopical Results

In the experiment, no clinical findings were
observed except for the yellowing of the fur in the all

rats in the CH,0 group.

Histopathological Results

There was no histopathological alteration in the

liver tissues in the control group. In the CH,0 group,
vacuolar the
diffuse KCs,

enlargement in the sinusoids, and Remark cords

and degeneration in

the

hydropic
hepatocytes, activation in
dissosiation were observed. There were a few
hepatocytes with pyknotic nuclei suggesting marked
hepatocellular degeneration. In addition, apoptotic
changes in the cell nucleus were detected in most of
the hepatocytes and KCs in hepatic lobules without
necrosis in the CH,O group. In the CH,O+ATX16
group, the lesions were decreased in liver tissue
compared to the CH,0 group. In the CH,0 + ATX16
group, the hydropic degeneration of hepatocytes
decreased and the increase in KC in the hepatic
parenchyma was limited. The lesions significantly
suppressed in liver tissues of the CH,O+ATX32 group,
compared to the CH,O group and CH,O+ATX16

group.
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Immunohistochemical Results

In the control group, the immunohistochemical
SAA staining score of the KCs was observed to be 0
(negative) in most liver samples. The CH,0 group,
unlike all other groups, had a statistically higher SAA
staining density (Figure 1) (P <0.0125). However,
there was no significant difference between the ATX-
treated groups and between these groups and the
control group in terms of SAA intensity (P> 0.0125)

(Figure 2).

Figure 1. Anti-SAA immunoreactivity in the liver
tissues, immunopositivity was showed with DAB
chromogen and background stained with Mayer’s
Hematoxylin, x 200 magnifications. Arrowheads are
shown anti-SAA immunopositivity of the KCs. A: No
immunopositivity (score=0) in the control group; B:
intense immunopositivity (score=3) in the CH,0
group; C: moderate immunopositivity (score=2) in
the CH,0+ATX16 group; D: weak immunopositivity
(score=1) in the CH,O0+ATX32 group.

Sekil 1.
immunoreaktiviteleri,

anti-SAA
DAB
Mayer

Karaciger  dokularinda

immunopozitiflik
kromojen ile gosterildi ve zemin
Hematoksileni ile boyandi, x 200 biyitme. Ok baslari
SAA

kontrol

Kupffer hiicrelerinde immunopozitifligini

gostermektedir. A: grubunda
immunopozitiklik yok (skor=0); B: CH,0 grubunda,
yogun (skor=3) derece immunopozitiklik; C:
CH,0+ATX16 grubunda, orta (skor=2) derece
immunopozitiflik; D: CH,O0+ATX32 grubunda, zayif

(skor=1) derece immunopozitiflik.
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47 (0:0,1)

(3;2,3) (1.5;1,2) (1;0,2)

SAA Intensity Scoring

Figure 2. Effect of ATX on intensity of anti-SAA
immunoreactivity in Kupffer cells in rats with CH,0O
induced liver injury. Data are represented 95%
confidence intervals for the median (Median; lower
limit, upper limit). Kruskal Wallis followed by
Bonferroni correction of Mann Whitney-U test
performed determines differences between the
groups. Statistical significance (P<0.0125) indicated
by different small alphabets (a, b, c) above the
groups.

Sekil 2. CH,O kaynakl
sicanlarda Kupffer hicrelerinde ATX'in anti-SAA
etkisi.

Veriler ortanca icin % 95 gliven araligini temsil

karaciger hasari olan

immunoreaktivitesi yogunlugu (zerindeki
etmektedir (Orta deger; alt limit, st limit). Kruskal
Wallis ve ardindan yapilan Mann Whitney-U testinin
Bonferroni diizeltmesi gruplar arasindaki farkhliklari
istatistiksel
Gzerindeki farkli kiiglik harflerle (a, b, c) belirtilmistir
(P<0.0125).

belirlemektedir. anlamhlik, gruplarin

Apoptotic KCs were observed rarely in the
control group. Quantitatively, the highest number of
TUNEL-positive KCs was observed in the CH,0 group
(24.4 + 5.52). Apoptosis of KCs in the ATX-
administered groups was less than the CH,0 group
(Figure 3). Comparisons of the apoptotic indexes
between groups, and their response to CH,0 and ATX
supplementation, with the statistical significances,
are given in Figure 4. When there was no significant
difference in the apoptosis indexes of KCs between
the control, CH,0+ATX16, and CH,O+ATX32 groups
(P>0.05), control, CH,0+ATX16,
CH,0+ATX32 groups were compared to the CH,0
group it was found that the CH,0 group had a higher

while and

apoptosis index in KCs and a statistically significant
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difference (P<0.05) (Figure 4). All dosages of ATX
administration reduced apoptosis in KCs. Also,
apoptosis was detected in some hepatocytes in the

CH,0 group.

2
A : o
. ,-'4‘. .»-f,\ .
.‘. R

Figure 3. TUNEL staining of liver tissues,
immunopositivity was showed with DAB chromogen
and background stained with Mayer’s Hematoxylin, x
200 magnifications. Arrowheads are shown
Apoptotic Kupffer cells. A: Control group; B: CH,0
group; C: CH,O+ATX16 group; D: CH,O+ATX32 group.
Sekil 3. Karaciger dokularinin TUNEL boyanmasi,
immunopozitiflik DAB kromojen ile gosterildi ve
zemin Mayer Hematoksileni ile boyandi, x 200
blyutme. Ok baslari apoptotik Kupffer hiicrelerini
gostermektedir. A: Kontrol grubu; B: CH,0 grubu; C:
CH,0+ATX16 grubu; D: CH,0+ATX32 grubu.

404 8.21+0.46 24.4+5.52 9.63+1.45 8.411.02
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Figure 4. Effect of ATX on apoptosis index in KCs in
rats with CH,O induced liver injury. Data are
represented as mean + standard deviation. One-way
analysis of variance (ANOVA) followed by post hoc
Tukey test performed to determine differences
between the groups. Statistical significance (P<0.05)
indicated by different small alphabets (a,b) above the
groups.

Sekil 4. CH,O kaynakli karaciger hasari olan
sicanlarda ATX'in KC'lerde apoptoz indeksi Gzerindeki
etkisi. Veriler ortalama * standart sapma olarak
gosterilmistir. Tek yonli varyans analizi (ANOVA) ve
ardindan gruplar arasindaki farkliliklari belirlemek
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icin post hoc Tukey testiyapildi. Gruplarin Gzerindeki
farkliliklar  kiigik harflerle belirtilmistir (a, b),
istatistiksel anlamhlik (P<0.05).

ELISA Results

The data for the group means values of sera SAA
levels in the control and experimental groups were
given in Figure 5. By the ELISA technique, the highest
sera SAA (1.62 + 0.32 pg/ml) level was observed in
the CH,0 group. It was observed that an increase in
sera SAA level in the CH,0 group compared to the

other groups. However, there were no significant

differences in serum SAA levels between
experimental groups (P>0.05).
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Figure 5. Effect of ATX on SAA levels in rats with CH,O
induced liver injury in sera. Data are represented as
mean * standard deviation. One-way analysis of
variance (ANOVA) followed by post hoc Tukey test
performed to determine differences between the
groups.

Sekil 5. CH,O kaynakli karaciger hasari olan
siganlarda ATX'in serum SAA seviyeleri lizerine etkisi.
Veriler ortalama + standart sapma olarak
gosterilmistir. Tek yonlt varyans analizi (ANOVA) ve
ardindan gruplar arasindaki farkliliklari belirlemek
icin post hoc Tukey testi yapildi.

DISCUSSION and CONCLUSION

It is known that the CH,O has cytotoxic,
hematotoxic, immunotoxic, and genotoxic effects
(17,18). CH,0 is caused the cell death and apoptosis
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by inducing DNA and chromosomal damage. The
cause of DNA damage is due to oxidative stress in
DNA, protein, and lipids, which is caused by the
(19,20). CH,0

reducing their

radicals
by

antioxidant capacity and interrupted their energy

overproduction of free
damages various tissues
metabolism. It may be related to the apoptosis of KCs
in oxidative damage caused by indirect cytotoxic
effects of CH,0. Antioxidant molecules can help
prevent or eliminate this damage (14,19). An
increase in the apoptosis index of KCs due to the
cytotoxic effects of CH,O observed in our study may
also be related to the increase in sera SAA level.
CH,0 is metabolized in the liver after ingestion
(6,21). The detoxifying process of CH,0 in the liver
(21,22).

Researchers have found that a marked formation of

may indirectly cause oxidative stress
ROS when rat hepatocytes were incubated with CH,0
(5). Due to oxidative stress (6,17), there may be an
interaction between pathological changes in KCs and
SAA level and an increase in the apoptosis index. This
interaction can be inhibited by ATX that is a strong
antioxidant against CH,O0 toxicity of KCs.

The rats exposed to low to high dose CH,0 have
been seen clinical signs, such as yellowing of the fur
(14). In our study, as a clinical finding, it was observed
that CH,O caused yellowing of the furs while ATX
inhibited this clinical finding.

CH,0 exposure has been shown to cause major
changes in the histological structure of the liver. After
CH,0, the

parenchyma structure of hepatic lobules, presence of

administration  of disruption  of
abnormal cell borders in some hepatocytes, dilated
sinusoids and mild edema, irregularities in cell nuclei,
of fatty

degeneration have been reported (23). It has been

activation of KCs, and some sings
reported that CH,O cause serious pathological
changes like protoplasmic vacuolations and nuclear
changes in the hepatocytes, as well as leucocytes
infiltration (21,24). The increase in the number of KCs
in CH,O-treated animals' liver lobules was attributed
to the accumulation of the CH,0 reactive chemical

intermediates (25). In our study, the administration
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of ATX at doses of 16 and 32 mg/kg against CH,0O
related to the significant increase in the number of
KCs and the pathology of hepatocellular morphology
appears to have an important protective effect. In
particular, it has been demonstrated
histopathologically that the reaction of KCs to the
toxic effect of CH,0 is reduced by administration of
ATX at a dose of 32 mg/kg in CH,0+ATX32 group.
During the hepatic injury, KCs become active
macrophages with high synthesis and secretion of

inflammatory mediators, ROS, and lysosomal and

proteolytic enzymes (26). Histopathologically,
apoptotic liver cells show shrinkage with acidophilic
degeneration, in which chromatin mild

condensation, breakage, and pyknosis (27). The
reaction of KCs due to CH,0 exposure can occur in
relation to both damage of hepatocytes and the
response of other inflammatory cells. In this study,
apoptosis-related cytoplasmic and nuclear findings
observed in tissue samples of the groups that we
KCs

hepatocytes were more prominent compared to the

applied CH,O histopathologically in and
other groups and were consistent with the current
data.

Very high doses of CH,0 result in necrotic cell
death with coagulation and liquefaction necrosis (5).
It was shown that related to CH,O exposure liver
tissues exhibited TUNEL staining (apoptosis) and
significant apoptotic index (14). In our study, while
necrotic findings were not observed in liver tissues,
apoptosis was observed in some hepatocytes as well
as KCs.

Apoptosis is the most important event and first
in molecular mechanisms of

cellular response

hepatic injury against a wide range of toxic
substances (6,28). The phagocytosis of apoptotic
bodies by KCs is likely an important mechanism in
liver disease (28,29). Although the presence of
apoptotic bodies in Kupffer cells has been reported
in several studies, the data on the etiologic basis of
this is insufficient. Phagocytosis of apoptotic
hepatocytes by KCs and consequently the presence

of TUNEL-positive staining has been reported (14,29),
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as well as toxic substances such as CH,0 can directly
lead KCs to apoptosis (6,21).

After the ingestion of natural ATX, the liver does
not convert ATX into vitamin A or otherwise
biochemically transform it. Instead, it is incorporated
into low-density lipoprotein (LDL) or high-density
lipoprotein (HDL) and distributed to the tissues by
blood circulation (30). Especially ATX, provide
protection against free radical damage to protect the
defense mechanisms of the immune system. ATX has
been shown to reduce lipid peroxidase levels and
increase the expression of anti-apoptotic Bcl-2 and
antioxidant genes (31). In our study, it has been
demonstrated that the apoptosis index observed in
KCs increased significantly due to the application of
CH,0, ATX inhibited this negative effect and showed
a protective effect on KCs.

KCs represent the resident macrophages of the
liver and are the critical cells for the phagocytosis of
apoptotic lymphocytes (32). Hypotheses suggest that
oxidative stress in KCs can cause apoptosis, and the
apoptotic cells are recognized and phagocytized by
adjacent KCs (26). KCs of healthy animals degraded
SAA completely whereas KCs of LPS stimulated mice
was showed increasing amounts of residual SAA
product (33). In our study, our immunohistochemical
and serological findings have been shown to be
associated with CH,O-dependent apoptosis of KCs
and to prevent apoptosis in KCs by ATX's anti-oxidant
ability. The serum SAA levels increasing related to
CH,0 administration and decreasing related to ATX
administrations were matching the
immunohistochemical SAA intensity score of KCs.

As a

promoted apoptosis of Kupffer cells. However, it has

result, formaldehyde exposure has
been found that oral administration of at a dose of
32 mg/kg Astaxanthin,
properties, has a more successful protective effect

which has antioxidant

against the negative effects of formaldehyde-
induced apoptosis and Serum Amyloid A levels and
immunoreactivity of Kupffer cells.
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Abstract: To investigate the effect of swimming on some hematological parameters in diabetic rats is the main goal of this
study. 32 adult healthy rats were divided into Control (C), Diabetic (D), Exercise Control (E) and Diabetic+Exercise (DE) groups
respectively. The rats in the control group were not soever treated, while the D and DE groups were injected 60 mg / kg
streptozotocin (STZ) intraperitoneal (i.p). The trial continued for four weeks after the onset of diabetes. After the diabetes
was formed, 1-hour swimming exercise for 4 weeks, 5 days a week was applied to groups E and DE during the trial period. At
the end of the experiment (after 4 week) some hematological parameters (such as RBCs, Hb, Htc, platelet, WBC, differential
leucocyte count) were determined in blood samples. RBCs, Hb and Htc values were reduced in D group. On the other hand,
WABC and platelet count were increased in the same group. We observed RBC count, Hb and Htc levels were higher and WBC
count was lower in DE group according to D group. As a result; current study was observed that regular aerobic exercise

improves investigated parameters and demonstrates positive effects.

Keywords: Diabetes Mellitus, Exercise, Hematological Parameters, Rat, Swimming.

Diyabetik Sicanlarda Yiizmenin Bazi Kan Parametreleri Uzerine Olumlu Etkisi

Oz: Diyabetik sicanlarda ylizmenin bazi hematolojik parametreler iizerindeki etkisini arastirmak bu ¢alismanin temel amacidir.
32 yetiskin saglikh sigan sirasiyla Kontrol (C), Diyabetik (D), Egzersiz Kontrolii (E) ve Diyabetik + Egzersiz (DE) gruplarina ayrildi.
Kontrol grubundaki sicanlara hicbir uygulama yapilmazken, D ve DE gruplarina intraperitoneal (i.p.) 60 mg / kg streptozotosin
(STZ) enjekte edildi. Deneme, diyabetin baslamasindan sonra dort hafta devam etti. E ve DE gruplarina, diyabet
olusturulduktan sonra, deneme siiresini iceren 4 haftalik periyotta, haftada 5 giin olmak Uzere 1 saat ylzme egzersizi
yaptirildi. Deneme sonunda (4 hafta sonra) kan 6rneklerinde bazi hematolojik parametreler (RBC, Hb, Htc, trombosit, WBC,
diferansiyel 16kosit sayisi gibi) belirlendi. D grubunda RBC, Hb ve Htc degerleri diisti. Diger taraftan, ayni grupta WBC ve
trombosit sayisi artmistir. DE grubunda RBC, Hb ve Htc diizeylerinin daha ylksek, WBC sayisinin ise daha disik oldugunu
gozlemledik. Sonug olarak; galismada diizenli aerobik egzersizin incelenen parametreleri iyilestirdigi ve olumlu etkiler

gosterdigi sonucuna varilmistir.

Anahtar Kelimeler: Diabetes Mellitus, Egzersiz, Hematolojik Parametreler, Rat, Yiizme.
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INTRODUCTION

D

problems because of the pancreas gland cannot

iabetes Mellitus (DM) is a serious disease of

metabolism which can be induced important

produce insulin hormone adequately or the insulin
hormone it produces cannot be used effectively (1).
DM damages various organs, causing acute and
chronic complications (2-4). Besides being a very
serious and progressive disease, it causes acute and
chronic complications when not controlled and
negatively affects morbidity and mortality, resulting
in a great health problem for both individuals and
society (5). Along with rapid changes in lifestyle, DM
prevalence is rapidly increasing across all developed
and developing populations. The main causes of this
increase in DM prevalence are population aging,
unhealthy nutrition, obesity and sedentary lifestyles
(4).

Physical activity and sport are extremely
important for a healthy and long life. It can affect
hematological and biochemical parameters as in
adaptation to

many systems. Human physical

exercise is characterized by adaptation of

cardiovascular  system and alterations in
hematological and biochemical parameters (1,6-8).
The main goal of DM treatment is to protect or retard
chronic complications of diabetes by optimally
maintaining blood glucose, lipid profile and also
blood pressure level. For blood glucose control,
lifestyle changes such as exercise and diet are of
primary importance. It improves glycemic control,
lipid profile, immunity and decreases insulin
resistance. On the other hand, physical training such
as walking, cycling, running swimming can also play a
role as a stress factor, stimulating the hypothalamic-
pituitary-adrenal axis (1,9,10). Exercise has been
considered an important therapeutic regimen in
addition to nutrition and drug therapy in the
treatment of diabetes mellitus for a long time
(11,12). Regular physical exercises help to improve
glycemic control while preventing diseases like

cardiovascular disease, type 2 Diabetes mellitus

32

(T2DM) and also obesity. (13-15). Most activities such
as walking, cycling, rowing, running, swimming and
also jogging lead to aerobic energy consumption.
Similar exercises such as these involve continuous
and repetitive movements of large muscle groups
(16). Aerobic exercise is very important because of its
utility effects on most hematologic and biochemical
parameters, as it decreases metabolism risk factors
along with insulin resistance in the treatment of
T2DM. Most studies on this subject have shown the
favorable effects of aerobic exercise with distinct
density on T2DM treatment (12,16).

The positive effects of regular exercise on
metabolism are well known, but the role of exercise
on diabetes is little known, and experimental diabetic
rats are used as a human model for T2DM. Regular
exercises are alternative treatment support
programs for both type 1 and T2DM (12). Therefore,
in the present study, we have examined the
favorable and preventive effects of swimming

exercise on some blood parameters in diabetic rats.

MATERIAL and METHODS
Animals and Treatment

In the present study, 32 healthy male Wistar
Albino rats with weights of 280 + 20 g and aged 70-
80 days were used. Rats have been provided from the
KONUDAM (Experimental Medicine Application and
Research Center of Necmettin Erbakan University).
The research design was approved by the KONUDAM
Ethics Committee for Animal Studies (Ethics code:
2014-042). The rats were housed in plastic rat cages
in the experimental animal unit at 23 + 2°C at room
50+10% humidified
environment at a 12/12 night/day light cycle and

temperature and in a
they were fed ad-libitum with a standard rat diet.
Rats were provided ad libitum access to water (~ 50
ml/day/rat) to be refreshed daily for four weeks.
The animals were divided into Control (C),
Diabetic (D), (E)

Diabetic+Exercise (DE) groups respectively.

Exercise  Control and
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Induction of Diabetes Hematological Analyses
A single dose of streptozotocin (STZ) (60 mg/kg, Leucocyte (WBC), erythrocyte (RBC),

S0130-1G)  solution was

intraperitoneally (i.p) in rats and a diabetes model

Sigma injected
was created in diabetic groups (D, DE) (17, 18). Group
E and Group DE trained 5 d/wk for 4 weeks. The STZ
solution was prepared by dissolving 60 mg / kg STZ
(Sigma S0130-1G) in 0.1 M citrate buffer (pH 4.5)
before application. After STZ injection, checking
blood glucose was done after 72 h fast from the tail
with blood glucose meters (plusMED). All the animals
who obtained blood glucose above 250 mg/dl were
contemplated diabetic. After 4 weeks of application,
blood samples were taken from the animals by
under  anesthesia into

cardiac  puncture

anticoagulant for determination.

Swimming Training Protocol

Swimming training program began after
induction of diabetes. Swimming exercise was
performed in the swimming tank (100x60 cm)
(32+1C%. The animals began experimental period
that consisted of four weeks of the swim for 60

minutes, five days a week.

differential leucocyte and thrombocyte (PLT) count,
hemoglobin (HB) and hematocrit (HTC) levels were
blood
parameters were measured with Auto Hematology
Analyzer (Mindray BC800).

determined in samples. Hematological

Statistical Analyses

Statistical analysis of the obtained findings and
determining the importance of the differences
between the groups were made using the SPSS 16.0
package program. The significance between groups
was determined Duncan's Multiple Range test in
(ANOVA).

analysis of variance Significant was

considered as P< 0.05.

RESULTS

In this study, the effect of swimming exercise on
some hematological parameters in STZ-induced
diabetic rats were summarized Table 1 and 2.
Diabetes reduced RBCs, Hb and Htc values, on the
other hand WBC count and platelet increased

significantly (P<0.05) in D group.

Tablel. Some hematological parameters in experimental groups (Xt SX).
Tablo 1. Deney gruplarinda bazi hematolojik parametreler (X + SX).

C E D DE p

WBC(x103/mm?3) 4.50 £ 0.20° 6.52 + 0.44° 8.14 +0.57° 6.94 + 0.65%° <0.05
RBC (x1085/mm?3) 8.19+0.17% 8.86 +0.10° 6.99 + 0.50° 7.18 +0.61° <0.05
Hb (gr/dl) 14.93 £0.27%° 15.78+0.312 12.26 + 0.68¢ 13.80 £ 0.58° <0.05
Htc (%) 48.25 +1.02° 50.05 + 1.55° 36.28 +2.52° 48.15 + 3.26° <0.05
Plt (L) 779.83+37.72°  579.66+82.02°  832.66+ 31.48° 608.16 + 62.03° <0.05

a, b,c; P< 0.05. WBC : White Blood Cel, RBC : Red Blood Cel, Hb : Haemoglobin, Htc : Hematocrit, Plt : Platelet.

Table 2. Differential leucocyte counts (%) in experimental groups (X SX).

Tablo 2. Deney gruplarinda diferansiyel |6kosit sayisi (%), (X+ SX).

% C E D DE p
Lym 70.37 £1.19° 39.31+10.13° 73.15+3.76° 57.53 +6.21° <0.05
Mon 3.03+0.70 4.02+2.24 3.69+£1.00 6.81+2.57 >0.05
Neu 24.75 +0.97° 53.18 + 7.59° 21.30£3.22° 33.21+5.41° <0.05
Eos 1.08 £0.27 1.65 % 0.66 0.75+0.46 1.04 £0.22 >0.05
Bas 0.81+0.17 1.78 £ 0.88 1.53+0.18 1.76 £ 0.43 >0.05

a, b; P< 0.05. Lym: Lymphocyte, Mon: Monocyte, Neu: Neutrophil, Eos: Eosinophil, Bas: Basophil

33
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RBC count, Hb and Htc levels in the DE group
was higher and total WBC count reduced than D
group (Table 1).

Lymphocyte count was significantly increased
and neutrophil count was reduced in diabetic group
(D) compared with the other groups (especially E and
DE Group). The basophile count was tending to
increase in experimental groups compared with C

group (Table 2).

DISCUSSION and CONCLUSIONS

Regular exercise is very important to prevent or
treat many chronic diseases and their complications
(8,19). DM is very important and serious chronic
metabolic endocrine disorder and wants definitive
therapy. Many studies on this subject reveal that
exercise is effective in improving T2DM. While
exercise can improve glycemic control, it can also
increase insulin and

sensitivity complications

associated with reverse diabetes, such as
cardiovascular damage, which is considered one of
the main complications (12,20).

Aerobic exercise has positive effects on the
hematological and biochemical parameters, such as
cholesterol, triglyceride, insulin and glucose level and
cytokines. Daily swimming training can be beneficial
effects on blood parameters in diabetics (12,21).
Some studies showed that exercise activities have
significantly improved hematocrit, hemoglobin levels
and RBC count in pregnant women, athletes, patients
with T2DM, and STZ induced diabetic (36,38).

Ghisai et al. (22) have reported that leukocytes
count was decreased and percentage of neutrophils
were increased in exercise treated diabetic rats,
while Crespilho et al. (1) said that there was no
significant change in both total leukocytes counts
and leukocyte counts in exercise- induced diabetic
rats. Moreover, Naziroglu et al. (23) have reported
that leukocyte count was significantly increase in
exercise treated diabetic rats when it compared to
diabetic group.

Sugiura et al. (24) have reported that chronic

exercise training improves the macrophage and

34

lymphocyte function. In this study, the increase in
leukocyte count in exercised group is similar to the
other results that founded in various studies (1,25).
Chaar et al. (25) reported an increase in the leukocyte
count due to mobilization of
which

consequence of exercise. In this study, the increase

leukocytes and
inflammatory responses occur as a
in the number of neutrophils and monocytes in total
leukocyte count was observed only in exercise group.
McFarlin et al. (26) have reported that increasing in
leucocyte count after exercise and remained the
same for two hours. But Crespilho et al. (1) reported
no differences between diabetic and exercise groups.
On the other hand, some researchers reported an
increase in lymphocyte, NK, T and B cell counts after
exercise. Also, Neves et al. (27) and Kostrycki et al. (8)
informed that increase in leukocyte count depended
on the period and density of exercise. Crespilho et al.
(1) have observed that exercise affects opposite in
increasing neutrophil count in diabetes. Eosinophil
count may variate under stress. The increase in total
leukocyte count in experimental diabetes may be due
to an increase in free radicals, a decrease in
antioxidant activity, and an increase in inflammatory
cytokines.

In diabetic animals and humans, a relative
decrease in lymphocyte ratios in leukocyte types and
an increase in neutrophil count were observed (28-
30). Kozlov et al. (28) reported moderate neutrophilic
leukocytosis and prolonged circulation times of
neutrophils and monocytes in diabetic mice and
suggested that count may also show low-grade
inflammation. But in this study, neither lymphocyte
nor neutrophil ratios were significantly change had
been observed. Our results were at the same
consistent with the last literatures. Also, in some
study, an increase in rate of lymphocyte in leukocyte
types had been reported in diabetic animals (31).

It is well known that anemia occurred in chronic
diseases. Increased lipid peroxide production and
membrane protein oxidation in diabetes causes
hemolysis of RBC resulting from hyperglycemia

(30,32-34). Also, the observed parallel reductions in
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RBCs, Hb and HTC values in diabetic animals group in
the results of this study was reported in the results of
some other researches (30,31,35,37). Increases in
leukocyte and platelet counts with diabetes are
consistent with studies conducted in this respect
(32).

There were no significant changes in RBC count,
Hb and Htc levels between control and experimental
groups in our study and these findings were similar
between Chaar et al. (25) and Crespilho et al. (1)’s
results. Also, in this study the RBCs count, Hb and Htc
levels in the ED group was significant highest than the
D group, these levels in the exercise and D group was
significantly lower than the E group. Also, there was
a slightly increased in the levels of last previous
parameters when we compared between exercise
and diabetic group and only diabetic group, there is
no mentions of importance between this two groups.
After exercise, significant increasing in erythrocyte
count may be the result of hemoconcentration (33).

In conclusion of this study, the results showed
that the regularly swimming exercise performed in
the experimentally diabetic rats with STZ has a
positive effect on hematological parameters. Data
obtained in this study could be used later as a basis
to plan the duration, intensity and continuance of
exercise as one of available modalities for treatment

of diabetes mellitus.
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Abstract: The objective of recurrent study was to determine the some clinicopathological (hematological and biochemical)
changes in native buffalo calves (aged between 1-15 day) infected with enterotoxigenic E. coli (ETEC) K99* detected by direct
ELISA, during the period between September 2018- April 2019. A total of 40 fecal samples (30 samples from infected animal
and 10 samples from clinically healthy Buffalo calves) was examined by direct ELISA. Six samples form diarrheic animals (20%)
were positive for E. coli (K99). The blood gas analysis of blood samples revealed significant decrease in the means of the blood
pH, Partial pressure of oxygen concentration (PO, ), Partial pressure of carbon dioxide concentration (PCO;), base excess (BE),
as well as electrolytes: sodium (Na*), chloride (CL’), bicarbonate (HCO3’), calcium (Ca**) and nonionized calcium (nCa**) ions
concentrations, while a significant increase in the mean of hemoglobin concentration (tHB), packed cell volume (PCV) and
anion gap (AG) in the buffalo calfs infected with enterotoxigenic E. coli (ETEC) K99*comparison with the control animals. The
main clinicopathological changes in native buffalo calves infected with enterotoxigenic E. coli (ETEC) K99* were significantly

decrease in electrolytes, blood gases, Calcium (Ca**) and nonionized Calcium (nCa**) ions concentrations.

Keywords: Blood Gases, Buffalo Calves, Clinical Pathology, Direct ELISA, E. coli.

Direkt ELISA ile Tanisi Konmus, Enterotoksijenik E. coli (ETEC) K99* ile Enfekte
Manda Yavrularindaki (Malak) Bazi Klinikopatolojik Degisiklikler

Oz: Bu calismanin amaci, Eyliil 2018 - Nisan 2019 tarihleri arasinda, direkt ELISA ile Enterotoksijenik E. coli (ETEC) K99* tespit
edilen dogal buffalo buzagilarindaki (1-15 giin arasi) klinikopatolojik (hematolojik ve biyokimyasal) bazi degisiklikleri
belirlemekti. Toplam 40 diski 6rnegi (enfekte hayvandan 30 6rnek ve klinik olarak saglkl Buffalo buzagilarindan 10 6rnek)
direkt ELISA ile incelendi. Diyareik hayvanlardan alinan alti numune (%20), E. coli (ETEC) K99* igin pozitifti. Kontrol grubundaki
hayvanlarla karsilatirildiginda, Enterotoksijenik E. coli (ETEC) K99* ile enfekte olmus hayvanlarin kan 6rneklerindeki kan gazi
analizi kan pH'l, kismi oksijen konsantrasyonu basinci (PO2), kismi karbondioksit konsantrasyonu (PCO,), baz fazlalig (BE) ve
ayrica elektrolitler: sodyum (Na*), kloriir (CL), bikarbonat (HCO;), Kalsiyum (Ca**) ve iyonlastirimamis Kalsiyum (nCa**)
iyonlari konsantrasyonlarinda 6nemli azalmaya, hemoglobin konsantrasyonu (tHB), hematokrit (PCV) ve anyon acigl (AG)
degerlerinde ise 6nemli bir artisa neden oldu. Enterotoksijenik E. coli (ETEC) K99* ile enfekte olmus dogal buffalo
buzagilarindaki ana klinikopatolojik degisikliklerden; elektrolitler, kangazlar, Kalsiyum (Ca**) ve iyonize olmayan Kalsiyum

(nCa™) iyonlari konsantrasyonlari 6nemli 6lgtid eazaldi.

Anahtar Kelimeler: Direkt ELISA, E. coli, Kan Gazlari, Klinik Patoloji, Manda Yavrusu (Malak).
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INTRODUCTION

E

colibacillosis in neonate buffalo calves (1,2). The

nterotoxogenic Escherichia coli (ETEC) is a

pathogenic serotype causes enteric form of

main two virulence factors of ETEC are the K99
fimbrial adhesion antigen (F5), and the heat-stable
(STa or STb) enterotoxin (3,4). The K99 antigen
contributes in attaching of the bacteria to the
intestinal epithelium; thus, the bacteria proliferate
and produce the enterotoxin that results in excessive
secretion of fluid causing severe watery diarrhea
(5,6). Consequently, severe dehydration can occur
rapidly ending to death within 24 hours (7). The
mortality constitutes an economic burden to the
producers (8,9).

Clinical symptoms associated with colibacillosis
are usually accompanied with variety of metabolic
disorders manifested by changes in biochemical
(10,11).

Prevalence of E. coli infection in buffalo calves has

indices and hematological parameters
been reported in different countries around the
world. In Pakistan, the studies reported prevalence of
E. coli (15.3%) in buffalo calves (12), In Egypt the
infection rate of E. coli 73.3% (11), In England,
Sherwood et al. (13) record ETEC in 7.51% of
diarrheic calves, but not from clinically normal calves.

In Iraq, the prevalence of E. coli K99 was 80% of
diarrheic and 20% of non-diarrheic buffalo calves
aged (3-11 day) (14).

Up to our knowledge, there is no previous study
published about ETEC K99*in buffalo calves in Mosul.
The objective of recurrent study was to determine
the some clinicopathological (hematological and
biochemical) changes in native buffalo calves (aged
between 1-15 day) infected with enterotoxigenic E.
coli (ETEC) K99* detected by direct ELISA.

MATERIALS and METHODS
Fecal Sample

Thirty samples from infected calves and 10
samples from clinically healthy buffalo calves were
examined by direct ELISA.
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A total of 30 buffalo calves fed on whole milk
(aged between 1-15 day) were randomly selected
from the diarrheic cases came to the veterinary
teaching hospital/college of veterinary medicine,
University of Mosul, Mosul, Iraqg, between
September 2018 - April 2019. A ten fecal samples
were collected from clinically healthy (negative by
direct ELISA) buffalo calves as a control group. After
collection of fecal samples and transportation to the
laboratory, they would be storage at -20 °C until
examined by ELISA test.

All fecal samples were examined using Safranin-
Methylene blue technique (SMB) (15) to ensure
absence of Cryptosporidium oocysts in the fecal
samples. This study was conducted in accordance
with ethical principles.

A commercial direct ELISA kit (BIO-X E. COLI F5
ELISA KIT,Bio-x Diagnostics, Belgium) was used for
detection of enterotoxigenic E. coli (ETEC) K99*
antigen in the fecal samples according to the
manufacturing company.

Blood samples were collected from infected
and clinically healthy animal for blood gas analysis. A
total of 5 ml of venous blood was drawn from the
jugular vein puncture into heparinized vials capped
and placed on ice immediately to avoid alteration in
blood gas tension. Blood pH, partial pressure of
oxygen (pO,), partial pressure of carbon dioxide
(pCOy), base excess (BE), electrolytes: sodium (Na*),
chloride (CL’), bicarbonate (HCOs), Calcium (Ca**)
and nonionized Calcium (nCa**) ion concentrations,
hemoglobin concentration (tHB), packed cell volume
(PCV) were determined by blood gas analyzer (OPTI
Critical Care analyzer/OPTI Medical Systems) within 3
h after sampling at 37°C, commercial chloride test kit
(Fortress diagnostic, British) used to determine

chloride ion concentration.

Statistical Analysis

The data represented as means (+SE) were

statistically analyzed by T test using SPSS version 21.
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Differences between affected and control groups
were considered significant when the value of
P<0.05.

RESULTS

This study showed that six samples of total 30
examined buffalo calves were positive to E. coli (K99)
with total infection rate 20%. The infected calves
revealed significant variations in the means of
following parameter: blood pH, PO, , PCO; , BE,
electrolytes: Na*, CL, K, HCOs , Ca** and nCa** ions,
tHB, PCV) concentration compared with control

animals (Tables 1 and 2).

Table 1. Hematological and blood gas analysis in six
infected buffalo calves with enterotoxigenic E. coli
(ETEC) K99* detected by direct ELISA.

Tablo 1. Direkt ELISA ile tespit edilen Enterotoksijenik
E. coli (ETEC) K99* ile enfekte alti bufalo buzagisinda
hematolojik ve kan gazi analizi.

Parameter Groups
Control Infected

pH 7.39+£0.06 7.02 £0.02"
PO2(mmHg) 43 +0.82 37.4+0.63"
PCO; (mmHg) 50+0.9 39+0.72"
BE (mmol/L) 2.9140.2 -1.8+0.35"
tHB (g/100 ml) 9.69+0.23 12.08+0.34"
PCV (%) 32.20+0.71 39.8+0.89"

*Means significant change from control at P<0.05. PO;: Partial pressure of oxygen, PCO2:
Partial pressure of carbon dioxide, BE: Base excess, tHB: Total hemoglobin concentration,
PCV: Packed cell volume.

Table 2. Electrolytes changes in six infected buffalo
calves with enterotoxigenic E. coli (ETEC) K99*
detected by direct ELISA.

Tablo 2. Direkt ELISA ile tespit edilen Enterotoksijenik
E. coli (ETEC) K99* ile enfekte alti bufalo buzagisinda
elektrolit degisiklikler.

Parameter Groups

Control Infected
Na (mmol/L) 129+1.03 117+1.18"
CL (mmol/L) 89.9+0.6 80.2+1.08"
K (mmol/L) 3.8+0.09 3.4+0.08
HCOs (mmol/L) 29.2+0.4 19.1+1.13"
Ca*™ (mmol/L) 0.80+0.01  0.60+0.01"
nCa* (mmol/L) 0.81+0.01  0.59+0.03"

*Means significant change from control at P<0.05. Na: Sodium, CL: Chloride, K:
Potassium, HCOs: Bicarbonate, Ca:Calcium, nCa: non-ionized calcium.
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DISCUSSION and CONCLUSION

E. coli is considered predominant agent of
enteric disease in domestic animals, particularly in
cow calves, buffalo calves, piglets and lambs,as well
as diarrhoea in humans (2,16,17).

Escherichia coli is a dominant enteropathogen
among diarrheic buffalo calves (18). In the current
study, six samples were positive for E. coli K99
(infection rate 20%). This rate is lower than those
documented in Babil (58.3%) (14) and in Eygpt 73.6 %
(11) while higher to what was reported in Pakistan
(15.3%) (12) and lower than those documented in
Babil (58.3%) (2014) and in Eygpt 73.6% (11).

The buffalo

hematological and biochemical changes due to

infected calves  showed
dehydration and E. coli infection. The result revealed
significant increase of tHB and PCV level which may
be due to decrease in plasma fluid or release of
epinephrine as a result of stress in the infected
animal, causing a compensatory mechanism leading
to anincrease in the level of tHB and PCV (19,20). The
increase in hemoglobin concentration may also be
attributed to increase the body demands for
hemoglobin in order to ward off changes in the blood
pH. The hemoglobin accepts the hydrogen ion from
carbonic acid in the case of acidosis (19,21).

The results of the study indicated a significant
decrease in the values of blood pH level, PO,, PCO,,
value of BE and concentration rates of sodium ion,
Chloride

nonionized calcium. The above changes indicate the

bicarbonate, ion, calcium ion and
occurrence of dehydration and acidosis in calves with
diarrhea (11,22).

In conclusion, the main clinicopathological
changes in native buffalo calves infected with
enterotoxigenic E. coli (ETEC) K99+ were significant
decrease in electrolytes, blood gases, Calcium (Ca**)

and nonionized Calcium (nCa**) ions concentrations.
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Abstract: In this study, the protective effect of silymarin was investigated with histopathological methods in terms of cancer
patterns and cytological variants in the hepatocellular carcinoma model created by applying diethylnitrosamine
experimentally in rats. For this purpose, the rats were randomly divided into 5 groups. The rats in the control group were fed
pellet feed and drinking water for 20 weeks. Animals in Sham group were administered with propylene glycol dissolved in
0.9% NaCl intraperitoneally 3 times a week for 20 weeks. Animals in DEN group administered DEN at a dose of 50 mg/kg once
a week for 20 weeks. The rats in the DEN +Silymarin group were Silymarin intraperitoneally administered for 21 weeks 3 times
a week at a dose of 100 mg/kg, starting 1 week prior to the administration of DEN. Silymarin was administered to rats in the
group of Silymarin 3 times a week intraperitoneally for 20 weeks at a dose of 100 mg/kg. At the end of the study, systemic
necropsy of the animals was performed and liver tissue samples were taken. After routine tissue procedures, sections were
examined under the light microscope. We observed that Hepatocellular carcinoma occurred in DEN and DEN + Silymarin
groups.

Keywords: Diethylnitrosamine, Hepatocellular Carcinoma, Patterns, Silymarin, Variants.

Wistar Ratlarinda Dietilnitrozamin Uygulanarak Olusturulan Hepatoseliiler
Karsinom Modelinde Silimarin’in Koruyucu Etkisi; Kanser Paternleri ve

Sitolojik Varyantlar

Oz: Bu calismada, ratlarda deneysel olarak Dietilnitrozamin uygulanarak olusturulan Hepatoseliiler karsinom modelinde
Silimarin’in koruyucu etkisi kanser paternleri ve sitolojik varyantlar agisindan histopatolojik metodlarla arastirilmistir. Bu
amagla ratlar 5 gruba ayrildi. Kontrol grubundaki ratlara 20 hafta boyunca pelet yem ve igme suyu verildi. Sham grubundaki
hayvanlara %0.9 NaCl igerisinde ¢ozdiirilmus propilen glikol intraperitoneal yolla haftada 3 kez olmak Gizere 20 hafta boyunca
verildi. DEN grubundaki hayvanlara 50 mg/kg dozunda haftada 1 kez olmak lzere 20 hafta boyunca DEN uygulamasi yapildi.
DEN+Silimarin grubundaki ratlara DEN uygulamasindan 1 hafta 6nce baslayacak sekilde 100 mg/kg dozunda haftada 3 kez
olmak Uizere 21 hafta boyunca intraperitoneal yolla Silimarin uygulandi. Silimarin grubundaki ratlara 100 mg/kg dozunda 20
hafta boyunca intraperitoneal yolla haftada 3 kez olmak Gizere Silimarin uygulandi. Calismanin sonunda, hayvanlarin sistemik
nekropsisi yapildi ve karaciger doku ornekleri alindi. Rutin doku takip islemlerinden sonra kesitler 1sik mikroskobu altinda

degerlendirildi. DEN ve DEN+Silimarin gruplarinda Hepatoseliler karsinom olustugunu gézlemledik.

Anahtar Kelimeler: Dietilnitrozamin, Hepatoseliler Karsinom, Paternler, Silimarin, Varyantlar.
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INTRODUCTION

H

the second and sixth cancer-related deaths in men

epatocellular carcinoma (HCC) is the most

common primary liver malignancy, describe as

and women in the world (1,2). The prognosis of HCC
is poor and the five-year survival rate is below 16%
(3,4). The incidence of HCC with high mortality is
primarily due to diagnosed in advanced stages (5).
The prevalence of HCC is increasing in various regions
of the world. HCC has higher prevalance in Africa
(sub-Saharan) and Asia (Eastern) regions where the
hepatitis B virus infection is endemic; it also has
increasing prevalence in Western countries (North
and South Europe, North America) due to the
increasing averages of alcoholic liver disease and
hepatitis C infection (6).

Diethylnitrosamine (DEN) is well known as
strong hepatocarcinogen and hepatotoxin, is
synthesized endogenously and located in agricultural
chemicals, cosmetics, pharmaceutical preparations,
food

preservatives (7,8). Silymarin is a polyphenolic

tobacco smoke, soybean, cheese and
flavonoid derived from the seeds and fruits of the
Silybum marianum L. (Milk thistle) has been used in
the treatment of various diseases as diabetes,
cancer, hepatitis and liver cirrhosis (9,10).

In our study, we aimed to research the role of
DEN in the rat HCC model, and evaluate in detail the
effect by

in terms of cancer

anticarcinogenic of  Silymarin

histopathological methods

patterns and cytological variants.

MATERIALS and METHODS
Animals and Experimental Design

The study was performed on fifty male Wistar-
Albino rats. Animals were obtained from the Erzurum
Veterinary Control Institute Experimental Animals
Unit. Standard temperature (23 + 2 °C), humidity
(%55) and light/dark conditions (12-hour day-night
cycle) were provided for the rats. They were hosted
in the Kafkas University Experimental Animals in the

Application and Research Center Laboratory. During
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the trial, the animals were given standart feed and
water ad libitum. The ethics committee report of the
study was obtained from Kafkas University Animal
Experimentals Local Ethics Committee (Authorization
number: KAU-HADYEK-2015-095, Date: 17.12.2015).
The rats were randomly divided into 5 groups. 1.
Control Group (n=10): Pellet feed and drinking water
were given for 20 weeks. 2. Sham Group (n=10):
Propylene glycol (75/25) dissolved in 0.9% NaCl was
administered intraperitoneally three times a week. 3.
Silymarin Group (n=10): Silymarin was administered
as a dose of 100 mg/kg intraperitoneally three times
a week for 20 weeks. 4. DEN Group (n=10): DEN was
administered as a dose of 50 mg/kg intraperitoneally
once a week for 20 weeks. 5. DEN + Silymarin Group
(n=10): DEN was administered as a dose of 50 mg/kg
intraperitoneally once a week for 20 weeks. Silymarin
a dose of 100 mg/kg

intraperitoneally administered intraperitoneally for

was administered as

21 weeks, three times a week, starting 1 week before
DEN administration. At the end of the study, systemic
necropsy was performed on rats under pentobarbital

anesthesia.

Histopathological Investigations

Liver samples from rats were fixed in 10 %
buffered formaldehyde solution. After routine tissue
procedures, paraffin blocks were prepared and
sections with a thickness of 5 um were taken for
Hematoxylin Eosin (H&E) staining. Sections were
examined with H&E in the light microscope to
the
cytological variants and photographed with Cell AP

determine histopathological patterns &

Program.

RESULTS

In the histopathological examination of Control
(Fig. 1A), Sham (Fig. 1B) and Silymarin Group (Fig. 1C)
livers; we observed that the liver tissue retained its
normal lobular and sinusoidal structure, hepatocyte

plates had a proper arrangement. Hepatocytes were
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detected to be similar in size and shape. HCC was
observed in the animals of the DEN group. Trabecular
and acinar pattern were detected as dominant in
tumor tissue. In some areas only, trabecular
structures were observed (Fig. 2A), whereas in some
areas only acinar structures were present (Fig. 2B).
There were also areas where these two patterns are
mixed (Fig. 2C). The trabecular structures were 3-10
cells thick and were separated by sinusoid-like spaces
that were placed by endothelial cells. Lightly
eosinophilic stained content was rarely present in
lumen in pseudoglandular structures consisting in
acinar pattern. Tumor cells showed morphological
similarity to normal hepatocytes and it was observed
that the differentiation was well. In some areas, it
was determined that the hepatocytes were in
cuboidal even columnar shapes (Fig. 2D). The
cytoplasm of tumor cells was observed to be
eosinophilic. The nucleus / cytoplasm ratio increased
in favor of the nucleus. Nucleus showed atypical
character. It was determined that the nuclei could be
round, oval or irregular and showed hyperchromasia.
In some areas, the nucleoli were eosinophilic, single
and prominent, while in some areas the number was

increased. In addition, large areas of liver tissue

surrounded by fibrous capsule and filled with blood
in the liver, bile duct hyperplasia, large and small
vacuoles in the form of fat degeneration, increased
connective tissue, bile pigment, cells with
transparent cytoplasm (clear cells) (Fig. 2E), pale
bodies (Fig. 2F) and hyaline droplets (Fig. 2G) were
also histopathological changes observed in the tumor
tissue. Although mitosis was observed in a large
number in some areas, it was negligible in some areas
(Fig. 2H). In rats administered with DEN+Silymarin,
HCC was diagnosed. In some areas only, trabecular
structures were observed (Fig. 3A), whereas in some
areas only acinar structures (Fig. 3B) were present.
Similar to the DEN group, the common
histopathological pattern was a mix pattern with
trabecular and acinar structures (Fig. 3C). In addition;
different degrees of atypia (Fig. 3D), nuclear
irregularity, increased nucleus-cytoplasm ratio,
hyperchromasia, cavernous areas filled with blood,
bile duct hyperplasia, fat vacuoles in hepatocytes,
increased connective tissue, bile pigment, clear cells
(Fig. 3E), pale bodies (Fig. 3F), hyaline degeneration
(Fig. 3G) and mitotic figures (Fig. 3H) were observed

in tumor tissue.

Figure 1. Control Group, H&E (A), Sham Group (B), Silymarin Group (C).

Sekil 1. Kontrol Grubu, H&E, (A), Sham Grubu (B), Silimarin Grubu (C).
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Figure 2. DEN Group, H&E, trabecular (arrows) structures (A), acinar (arrowheads) structures (B), trabecular
(arrows) and acinar (arrowheads) structures (C), atypical tumor cells (arrows) (D), clear cells (arrows) (E), pale
bodies (arrows) (F), hyaline droplets (arrows) (G), mitotic figures (arrows) (H).

Sekil 2. DEN Grubu, H&E, trabekdler (oklar) yapilar (A), asiner (ok baslari) yapilar (B), trabekdler (oklar) ve asiner
(okbaslar) yapilar (C), atipik tumor hicreleri (oklar) (D), seffaf hiicreler (oklar) (E), soluk cisimcikler (oklar) (F),
hiyalin damlaciklari (oklar) (G), mitotik figtirler (oklar) (H).
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Figure 3. DEN+Silymarin group, H&E, trabecular structures (arrows) (A), acinar structures (arrowsheads) (B),
trabecular (arrow) and acinar (arrowhead) structures (C), pleomorphism in tumor cells (arrows) (D), clear cells
(arrows) (E), pale bodies (arrows) (F), hyaline droplets (arrows) (G), mitotic figures (arrows) (H).

Sekil 3. DEN+Silimarin Grubu, H&E, trabekdler yapilar (oklar) (A), asiner yapilar (okbaslari) (B), trabekdler (ok) ve
asiner (okbasi) yapilar (C), tumor hiicrelerinde pleomorfizm (oklar) (D), seffaf hiicreler (oklar) (E), soluk cisimcikler
(oklar) (F), hiyalin damlaciklari (oklar) (G), mitotik figtirler (oklar) (H).
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DISCUSSION and CONCLUSION

Four histopathological patterns exist in HCC.
These are trabecular, pseudoglandular, solid and
cirrhotic patterns (11). The trabecular pattern is the
most common pattern and is also referred to as
sinusoidal pattern (12). In this pattern, the cell layers
are 3 or more cells thick (13). Thickness of even 5 to
10 cells, seldomly up to 20 cell-layered trabecules
may occur (11). The acinar pattern of HCC is also
referred to as pseudoglandular or adenoid pattern. It
is less common than the trabecular pattern. The
pseudoglandular pattern is characterized by gland-
like structures and acini (14). The acinar pattern can
often be seen as a mix in the trabecular pattern (15).
Solid pattern; neoplastic hepatocytes form a solid
mass lack of sinusoids and is characterized by dense
tumor cell aggregates (11,16). It is typically seen as a
loss of the reticulin framework (14). Cirrhotic type ise
rarely seen (15). Prominent fibrosis is present along
the sinusoidal cavities and at varying degrees of
atrophy are seen in trabeculae formed by tumor cells
(17). It can accompany any of the other patterns (14).
Tumor cells in HCCs are generally polygonal, but may
be cuboidal or columnar. It has thin granular
eosinophilic cytoplasm. In well and moderately
degree differentiated tumors, bile canaliculi are
easily seen, but not in high-grade HCCs. An increase
in the nucleus-cytoplasm ratio is observed. The
nucleus is round-oval and contains a distinct nuclei
and the nucleus membrane is irregular. Even though
the intranuclear cytoplasmic invaginations are not a
specific finding and they are commonly seen. Various
cytoplasmicinclusions can be detected in tumor cells.
Fat droplets occur in two-thirds of tumors. Diffuse
accumulation of fat or glycogen causes the cytoplasm
to appear transparent. Because of these changes, the
tumor is called clear cell carcinoma. Mallory hyaline
is present in approximately 20% of cases and refers
to the clustering of intermediate filaments (18).
Globular proteinous eosinophilic inclusions occur in
20% of cases. The light-colored inclusions, which are
observed in 8% of cases, are called pale bodies and

express fibrinogen accumulation. Copper binding
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protein or copper was detected in 28% of HCCs and
associated with the presence of bile in the tumor
(13).

As previously reported, HCC (19-27) and
cholangioadenocarcinoma (28) were induced by DEN
administration. Histopathological alterations in these
studies briefly; liver lobular structure disruption
(21,22), trabecular structures formation (19), atypia
in the cells (19,21,23,24), differences in the nucleus-
cytoplasm ratio (23,24), hyperchromasia (20-22),
megalocytosis and foam cytoplasm cell appearance
(20), mitotic figures (20,22,23), tumor cells with
granular cytoplasm (21,22) multi-nuclei bizarre giant
cells (24), hyaline globules (21), apoptosis (20), bile
duct proliferation (21)
infiltration (21). Similar to these studies (19-27) we
demonstrated that HCC was occurred in the DEN

and inflammatory cell

group however, the dominant histopathological
pattern was a mixture containing trabecular and
acinar structures. In tumor tissue; atypia, differences
in nucleus/cytoplasm ratio, hyperchromasia, mitosis,
fatty changes, hyaline droplets, pale bodies, wide
hemorrhage areas surrounded by fibrous capsules,
bile duct hyperplasia and clear cells were also
observed. According to our data, DEN was found to
be very useful in inducing an experimental liver
cancer model especially HCC.

Recent studies show that Silymarin has a
histopathologically protective effect against liver
injury and cancer as a result of DEN administration
(19-21,29,30). In DEN+Silymarin group similar to the
DEN group, a mix pattern of trabecular and acinar
HCC was observed. In the

structures  of

histopathological examinations, atypia,
hyperchromasia, mitosis and fatty changes were
observed in the cells in the tumor area. In addition,
hyaline droplets, pale bodies, wide areas of
hemorrhage surrounded by fibrous capsules, bile
duct hyperplasia and clear cells in the tumor area
were also detected. In the light of these findings, we
that didn’t
anticarcinogenic effect in contrast to the literature

data (19-21,29,30).

determined Silymarin show any
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In conclusion, we thought that 20 weeks of DEN

administration is very effective in inducing HCC. In

addition, we revealed histopathologically in detail

that Silimarin has no protective effect against DEN

administration. We suggest that the gavage route

should be preferred in order for Silimarin to have a

stronger protective effect.
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Oz: Bu calismada Erzurum ili merkezi ve bazi ilgelerinde iretilen inek siitleri ve siit Giriinlerinin dénemsel olarak mineral madde
icerigi ve agir metal kirlilik diizeyleri ve bu degerlerin bolgenin toprak ve bitki yapisindan ne diizeyde etkilendigi ortaya
konulmustur. Alinan 335 adet inek siitl, 82 adet sit GirlinG, 26 adet toprak ve 26 adet gayir-mera bitkisinde Ca, Na, K, Mg, Cu,
Fe, Zn, Pb, Ni ve Mn konsantrasyonlari, indiiktif Eslesmis Plazma Optik Emisyon Spektroskopisi (ICP-OES) cihazi kullanilarak
belirlenmistir. incelenen inek siitii 6rneklerinde Ca miktari 1258.48+350.76 mg/kg, Na miktari 415.51+167.17 mg/kg, K miktari
1768.58+461.64 mg/kg, Mg miktari 107.33+31.19 mg/kg, Cu miktari 0.079+0.103 mg/kg, Fe miktar 0.64+3.45 mg/kg, Zn
miktari 1.406+0.751 mg/kg, Pb miktari 0.031+0.048 mg/kg, Ni miktari 0.034+0.273 mg/kg ve Mn miktari 0.022+0.11 mg/kg
diizeylerinde bulunmustur. Erzurum ve yéresinde Uretilen inek siitlerinde ulusal ve uluslararasi degerlerle karsilastirildiginda
agir metal agisindan ileri diizeyde bir kirlilik olmadigi saptanmistir. Bolge topraginda herhangi bir agir metalle ileri dizeylerde
kirlilik olmadigi belirlenmistir. Stt 6rneklerinin donemlere gore (yaz-kis) yapilan istatistiksel degerlendirmede Ca, Na, K, Cu ve
Pb konsantrasyonlarinda faklilik (P<0.01) oldugu saptanmistir.

Anahtar Kelimeler: Agir Metaller, Bitkiler, Mineraller, Siit Uriinleri, Toprak Kirleticileri.

Mineral and Heavy Metal Contents of Milk and Milk Products Produced in
Erzurum Province According to Seasons

Abstract: In this study, the mineral content and heavy metal pollution levels of cow's milk and dairy products produced in
Erzurum province and some districts were determined and how much these levels are affected from soil and plant structure
are introduced. Ca, Na, K, Mg, Cu, Fe, Zn, Pb, Ni and Mn concentrations of samples taken from 335 cow milks, 82 milk products,
26 soils and 26 pasture-meadow plants are determined by using Inductive Couple Plasma Optic Emission Spectroscopy (ICP-
OES). In the examined cow milk samples, 1258.48+350.76 mg/kg of Ca, 415.51+167.17 mg/kg of Na, 1768.58+461.64 mg/kg
of K, 107.33+31.19 mg/kg of Mg, 0.079+0.103 mg/kg of Cu, 0.64+3.45 mg/kg of Fe, 1.406+0.751 mg/kg of Zn, 0.031+0.048
mg/kg of Pb, 0.034+0.273 mg/kg of Ni and 0.022+0.11 mg/kg of Mn were determined. When compared with national and
international values, it was found that there is no advanced pollution in heavy milk produced in Erzurum and its region. It was
determined that there is no heavy pollution with any heavy metal in the soil of the region. It was determined that the milk
samples showed different concentrations of Ca, Na, K, Cu and Pb (P<0.01) in the statistical evaluation according to periods
(summer and winter).

Keywords: Dairy Products, Heavy Metals, Minerals, Plants, Soil Pollutants.
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GiRIS
H 1zl kentlesmenin ve endistriyel gelismenin
bir sonucu olarak diinyada yaygin gorilen
agir metal kontaminasyonuna iliskin c¢evresel
kirlilik, gida zinciri yoluyla halk saghgini tehdit eder
boyutlara gelmistir (1). Tlrkiye’de de sanayilesme
ve kentlesmenin yayginlasmasinin bir sonucu
olarak toprak, su ve hava kaynaklarinda kirlilik
problemiyle siklikla karsilagiimaktadir.

Cevre ve gida kirlenmesine neden olan
binlerce kimyasal madde artiklari arasinda, dogaya
yvayllmis bulunan her tirli metal kalintilarinin
onemli vardir.

bir payi Biyolojik sistemlerde

cevresel kontaminant olarak bilinen metalik
kirleticilerin dilizeyi, kontaminasyonun yogun
oldugu bolgelerde yasayan hayvanlarda ve yetisen
bitkilerde yiksek boyutlara ulasmaktadir. Bu

durum gida zinciri boyunca giderek artan

diizeylerde birikerek zincirin son halkasinda
bulunan insanlara ulagsmaktadir. Boylece gida yolu
ile bu tur kontaminantlarla karsi karsiya kalan
bireyler, akut toksik etki ya da uzun sireli alimlarla
kronik geri donlssliz saglik problemleri ile
karsilasmaktadirlar (2). Besin kaynakli agir metal

zehirlenmelerinde ¢ocuklar yetiskinlere gore daha

duyarhdir.
Sut ve arlnlerindeki agir metal
kontaminasyonu; sagim hayvanlarinin maruz

kaldigi bulasmaya bagli olarak hammaddeden veya
Uretim ve depolama sirasinda siit drinleri ile

temas eden makine ve ekipmanlardan

kaynaklanan bulasmalardan ileri gelmektedir.
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Teknolojik islemler sirasinda veya sit ve

Urtinlerinin muhafaza edilmesinde kullanilan metal
kaplardan ve isletme suyundan kaynaklanan
metalik kontaminasyondaki baslica elementler
aliminyum, bakir, ¢inko, demir, kalay, kursun,
arsenik, kadmiyum gibi metallerdir (3).

Agir metaller atmosferden kuru veya islak
¢Okelme vyoluyla, kirli sular ve aritma g¢amuru
kati atiklarla, baz

uygulamalariyla, pestisit

turleriyle ve fosfatl gubrelerle topraklarda

birikmekte; ortam kosullarina bagli olarak flora ve
fauna binyesine gecerek besin zincirinde st

basamaklara kadar transfer olmaktadir. Agir

metallerin topraktaki biyolojik prosesler lzerine
toksik etkisi;

onlarin mobiliteleri, topraktaki

konsantrasyonlari, ana materyalin kimyasal
bilesimi ve bilesimin ¢dzlinirligiine baghdir. S6z
konusu agir metallerin

topraktaki  yuksek

konsantrasyonlari 6zellikle kiltlr topraklarinda
glbreleme, bitki gelisimi ve Urin Gizerine olumsuz
etkiler yapmaktadir (4).
Bu calismada;
Erzurum ve gevresinde Uretilen inek sitleri ve
slt Grtnlerindeki agir metal ve mineral madde
diizeylerini incelemek, kontaminasyon

miktarlari ve bunlarin sebeplerini tespit etmek,

Sut ve Grlinlerinin agir metal ve mineral madde
icerigine mevsimsel degisiklikler ile ilgeler arasi
farkhliklari belirlemek,

Sut ve Uridnleri toplanan merkezlerden toprak

ve cayIr bitkisi 6rnekleri de alarak, topragin ve
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bitkilerin sit ve Urlnlerinin agir metal ve
mineral madde icerigine etkilerini saptamak
amaclanmistir.
MATERYAL ve METOT
Calismada materyal olarak 335 adet ¢ig inek
sltli, 82 adet siit Urinli ve yoreye ait 26 adet
bitkisi 6rnekleri

toprak ve 26 adet

gayir
kullanilmistir. Ornekler Erzurum merkezi ve 6
bolgesi olmak Uzere toplam 7 merkezden elde
edilmistir. Sttler ve st Grinleri kis (I. donem) ve
yaz (ll.dénem) aylarinda alinmistir. Toprak ve bitki
numuneleri topragin tav oldugu Mayis-Haziran
aylarinda toprak igin 0-20 cm derinlikten TS 9923
(5) ve TS 10309 (6)’e gore alinmistir. Calismanin
toprak ve bitki numunelerinin 6rnek hazirlama ve
¢6ziimleme islemleri Atatiirk Universitesi Ziraat
Fakiltesi Toprak Bolimi laboratuarlarinda, diger
ornekler ve tiim islemler ise 9’uncu Kolordu A Tipi
Gida Kontrol Mifreze Komutanlig
laboratuvarlarinda yapilmistir.

Orneklerin muhafazasinda ve islenmesinde
kullanilan tim malzemeler, Jorherm (7)’in dnerdigi
sekilde yikama islemine tabi  tutularak
hazirlanmistir. Analizi yapilacak sit ve drinleri
orneklerinde organik bilesikleri yok etmek ve
inorganik bilesikleri de ¢o6zliniir faza gegirmek
amaciyla vyapilan ¢6zimleme

islemleri kapali

sistem yas yakma metodu kullanilarak
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gerceklestirilmistir. Bu amacla Ethos Touch Control
(Milestone) mikrodalga ¢oziimleme sistemi ve
aksesuarlari (tetraflorometoxil (TFM) kaplar ile
Microwave Digestion Rotor (MDR) 1000/10 yuksek

basing rotorlari  ve basing-sicakhk kontrol

sensorleri) kullaniimistir. Orneklerin

¢6zimlenmesinde %65’lik nitrik asit (Merck,

1.00452.2500) ve %30’'luk hidrojen peroksit

(Merck, 1.08597.1000) kombinasyonu

kullanilmistir.  Toprak ve bitki numunelerinin

¢6zumlendirilmesinde  DTPA  yontemi  (8,9)

kullanilmis ve laboratuvarda on islemlerden

gecirildikten sonra ICP-OES cihaziyla okunmak
suretiyle mineral madde ve agir metal dizeyleri

belirlenmistir.

istatistiksel Analiz

Elde edilen sonuglarin degerlendirilmesinde
SPSS paket programi kullanilmistir. Toprak, bitki,
sit ve drlnleri 6rneklerinde ilgeler arasindaki
mineral igerigine bagl farkliliklari tespit edebilmek
icin Duncan Coklu Karsilagtirma Testi, donemsel
testi

farkhliklari tespit edebilmek igin ise t-

yapilmistir.

BULGULAR

Erzurum ve baz ilgelerinden temin edilen
toprak ve cayir bitkisi, inek sttleri ve sit Grlnleri
mineral metal

orneklerinin madde ve agir

dizeyleri Tablo 1-5'de verilmistir.



Erzurum ve Gevresinde Uretile...

Ozturan ve Atasever

Tablo 1. Toprak 6rneklerinin alinan merkezlere gére ortalama mineral madde ve agir metal icerigi (mg/kg).

Table 1. The Average mineral and heavy metal content of soil samples according to the regions (mg/kg).

Merkez Ca Na K Mg Cu Fe Zn Pb Ni Mn
Cat 5939.50+296.28 660.90+564.4° 384.60+128.69 1187.50+109.60  1.33+0.11 0.26+0.12  0.52+0.05°  0.00+0.00  1.33+0.01 3.53+0.80
Dumlu 6651.78+1893.79 179.99+160.49° 691.914+494.91 1086.29+487.81  1.83+0.73 3.20%4.79  0.98+0.36°  0.20+0.59 3.59+2.53 7.59+3.20
Erzurum 7296.75%4132.97 47.93+45.51° 588.58+304.69 912.10+356.15 2.04+0.48 2.61+3.08 0.61+0.46° 0.29+0.37 2.74+1.14 12.54+7.38
Ihca 6537.75£1719.35 53.63+35.37° 596.80+£313.24 1016.204703.20  2.02+0.37 2.21+1.95 2.35+1.82°® 0.06+0.11 2.98+0.90 18.08+17.07
Narman 10185.50+4517.71 163.40+18.24° 1689.75+1093.54 1401.50+89.80 1.41+0.26  0.92+0.37 3.74+3.50° 0.13+0.18 2.94+0.87 30.64+31.02
Pasinler 5901.33+£3929.77 179.10+188.51° 1211.67+575.92 805.50+335.09 1.86+0.43 3.00+2.17 2.15+0.84%* 0.81+0.81 2.68+0.49 8.48+2.46
Tortum 12045.00+77.78 110.79462.95° 744.65%+203.15 1167.00+100.41 1.74#0.26 0.51+0.12  0.84+0.22°® 0.28+0.07 2.99+0.64 5.84+2.11
F Degeri 1.747 3.136* 2.050 0.459 0.625 0.377 2.809* 0.889 0.497 1.911
Ortalama 7278.77+2949.85 170.524+220.36 b 778.531541.46 1054.55+429.23  1.82+0.53  2.33%#3.23 1.43+1.38 0.25+0.48 2.99+1.65 11.39+11.60
*: p<0.05 a,b: Ayni siitundaki farkli harfler arasinda istatistiki agidan énemli fark vardir. Ca: Kalsiyum, Na:Sodyum, K: Potasyum, Mg: Magnezyum, Cu: Bakir, Fe: Demir, Zn: Ginko, Pb:Kursun, Ni:Nikel, Mn: Mangan.
Tablo 2. Bitki 6rneklerinin alinan merkezlere gore ortalama mineral madde ve agir metal icerigi (mg/kg).
Table 2. The Average mineral and heavy metal content of the plant samples according to the regions (mg/kg).
Merkez Ca Na K Mg Cu Fe Zn Pb Ni Mn
Cat 5830.95+1683.83 443.08+504.03 29651.50+306.18 2862.5+711.35%®  20.39+7.72  405.71#167.74  35.56+6.52 0.30+0.11 2.069+0.153 13.41+2.49
Dumlu 7547.71+3659.03  1701.28+4002.88 25283.33+6172.52 2772.95+1106.83%® 17.70+2.96 1567.1741201.20 54.20+26.02 0.94+0.83 1.466+0.511 23.52+16.40
Erzurum 7010.60+1846.11 595.28+716.79 31148.50+10364.96 1674.48+503.78° 18.30+2.03 659.50+394.18 41.71+16.29 0.44+0.09 1.198+0.410 21.60+6.10
Ihca 15437.75+11897.64 174.14+139.24 30954.25+4933.25 4517.28+2132.05% 18.27+4.80 669.70+391.86 34.13+8.73 0.44+0.05 1.586+0.713 18.41+8.88
Narman 12697.30+13588.75 325.78+228.47 21978.50+16193.45 1125.15#809.21° 17.04+6.23 431.89+171.59 35.73#24.80 0.15#0.11 1.077#0.361 26.93+8.48
Pasinler 3006.50+1915.99 688.31+465.18 21471.00+#5575.13  1658.69+859.15°> 11.97+2.62 959.23+1379.43 27.34+5.77 0.80+1.09 1.063+0.362 16.35+13.96
Tortum 16469.00+842.87 299.75+63.51 29057.50+497.10 1461.6+131.38  20.57+2.84  559.02+68.58 40.65+5.84 0.21+0.17 1.434+0.169 19.18+1.08
F Degeri 2.005 0.247 0.997 3.3% 1.546 1.068 1.054 0.885 1.240 0.364
Ortalama  9105.26+6941.48 868.90+2372.27  26990.35+7341.42  2523.00+1481.04 17.59+4.02 965.09%+934.82 42.19+19.59 0.61+0.64 1.410+0.504 20.76+11.51

*: P<0.05

a,b: Ayni stitundaki farkli harfler arasinda istatistiki agidan énemli fark vardir. Ca: Kalsiyum, Na:Sodyum, K: Potasyum, Mg: Magnezyum, Cu: Bakir, Fe: Demir, Zn: Cinko, Pb:Kursun, Ni:Nikel, Mn:Mangan.
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Tablo 3. Erzurum ve ilgelerinden alinan siit 6rneklerinin ortalama mineral madde ve agir metal icerigi (mg/kg).
Table 3. Mineral and heavy metal content of milk samples taken from Erzurum and its districts (mg / kg).

Merkez Ca Na K Mg Cu Fe Zn Pb Ni Mn
Cat 1364.38+291.892416.83+107.65%° 1687.28+292.06* 108.84+22.93% 0.057+0.048" 0.585+0.866 1.367+0.498 0.022+0.022° 0.008+0.009 0.010+0.005
Dumlu 1202.83+30.8* 398.26+172.20°¢ 1742.02+423.96° 105.72+34.8%® 0.056+0.074° 0.497+0.790 1.342+0.563 0.025+0.037° 0.017+0.050 0.020+0.047
Erzurum  1354.42+39.88* 487.16+189.85° 1913.51+581.8* 116.71+31.79° 0.124+0.148* 0.421+0.815 1.425+0.466 0.051+0.072°® 0.026+0.065 0.016+0.028
Ilca 1230.40+365.9° 355.17+119.56°¢ 1723.64+388.0° 100.57+31.85*° 0.062+0.08* 1.653+8.805 1.523+1.308 0.015+0.026° 0.116+0.700 0.055+0.276
Narman 1190.78+230.08% 339.42480.75° 1723.21+422.49% 100.54+27.92°¢0.086+0.066%° 0.376+0.460 1.486+0.354 0.035+0.032% 0.010+0.008 0.012+0.015
Pasinler 1325.31+331.18% 433.05+174.34® 1811.36+303.07° 111.13+22.09%® 0.055+0.064° 0.428+0.546 1.491+0.901 0.016+0.025° 0.015+0.033 0.012+0.015
Tortum  991.45+349.77° 384.06+155.65* 1401.59+336.01° 90.02+29.72¢ 0.053+0.083° 0.672+1.575 1.035+0.852 0.022+0.035° 0.037:0.128 0.022+0.058
F Degeri 4.821** 6.022** 4.589** 3.573** 4.947** 0.849 1.408 5.160** 0.895 0.915
Ortalama 1258.48+350.76 415.51+167.17 1768.58+461.64 107.33+31.19 0.079+0.103 0.64+3.45 1.406+0.751 0.031+0.048 0.034+0.273 0.022+0.11
**:P<0.01 a,b,c :Ayni situndaki farkl harfler arasinda istatistiki agidan 6nemli fark vardir. Ca: Kalsiyum, Na:Sodyum, K: Potasyum, Mg: Magnezyum, Cu: Bakir, Fe: Demir, Zn: Ginko, Pb:Kursun, Ni:Nikel, Mn:Mangan.

Tablo 4. Siit ve sit Grinleri 6rneklerinin ortalama mineral madde ve agir metal icerigi (mg/kg).

Table 4. The Mineral and heavy metal content of milk and milk samples (mg/kg).

Uriin Ca Na K Mg Cu Fe Zn Pb Ni Mn

St 1258.48+350.76°  415.51%167.17°  1768.58+461.64° 107.33+31.19° 0.079#0.103° 0.64%3.45  1.406£0.751° 0.0310.048° 0.034+0.273 0.022+0.11
Beyaz Peynir 4919.27+1382.11° 13204.53+1371.52% 1565.40+238.18% 199.12+29.27® 0.153+0.090° 0.751*0.306 7.023#2.798% 0.035+0.032° 0.032+0.013 0.035+0.022
Yogurt 1777.00+248.59°  653.82+176.31°  1777.74%619.62° 168.00+27.34° 0.095:0.051° 0.297#0.176 1.394%0.636° 0.020£0.023° 0.011x0.008 0.010£0.009
Tereyag 173.41+74.57¢ 93.33+48.86¢ 213.09¢71.93"  17.53$9.95¢ 0.101:0.097° 0.447£0.353 0.461:0.522° 0.072+0.075° 0.028+0.030 0.011£0.010
F Degeri 575.441%* 9677.249%* 82.905** 193.244** 5.324%** 0.153 290.670%** 5.932%%* 0.081 0.403
Ortalama 1501.9+£1106.9 1335.73+3333.43 1672.56+£569.02 113.56+46.46 0.087+0.101 0.613%+3.096 1.760+1.799 0.032+0.049 0.032+0.245 0.021+0.099

**: P<0.01 a,b,c,d : Ayni situndaki farkl harfler arasinda istatistiki agidan énemli fark vardir. Ca: Kalsiyum, Na:Sodyum, K: Potasyum, Mg: Magnezyum, Cu: Bakir, Fe: Demir, Zn: Cinko, Pb:Kursun, Ni:Nikel, Mn:Mangan.

55



Erzurum ve Gevresinde Uretile... Ozturan ve Atasever

Tablo 5. Siit ve Urtinlerinde dénemlere gore mineral madde ve agir metal icerigi (mg/kg).
Table 5. Mineral and heavy metal content of milk and milk products by periods (mg/kg).

Sut Beyaz Peynir Yogurt Tereyagl

Mineral . OrtalamazStandart OrtalamazStandart OrtalamazStandart OrtalamazStandart

Doénem t t t t
Madde sapma sapma sapma sapma

5 + + + +

Ca |.D6nem 1403.627+367.155 28.05%* 6087.733+561.986 112 1829.467+273.520 0.39 184.003%£33.922 )84

I1.D6nem 1081.615£228.378 3750.800+845.813 1724.5331£217.485 159.686+100.596

1.DG 493.888+177.323 13288.667+£1520.007 562.753+55.923 98.750£17.185
Na onem 24,32 0.24 7.02* 3.99

11.D6nem 320.001+84.541 13120.400+£1253.347 744.893+208.547 87.8821+68.430

|.D6nem 1869.484+517.424 1534.000+284.701 1336.4161241.623 214.672+49.659

K 16.02** 0.52 9.52** 3.66

I.D6nem 1645.632+346.688 1596.800+185.332 2219.067+565.288 210.038+92.745
I.D6nem 119.450+28.814 208.100+23.913 165.269+18.057 17.997+4.269
M 31 .62 1. .52
8 I.D&nem 92.551+27.454 03 190.141+32.103 0-6 170.739+34.726 65 17.165+13.823 33
I.D6nem 0.114+0.124 o 0.230+0.042 0.109+0.029 0.164+0.088
cu I.D6nem 0.037+0.043 97.25 0.076+0.047 0.06 0.080+0.065 3.04 0.049+0.073 0.71
I.D6nem 0.778+4.590 0.848+0.321 0.219+0.117 0.407+0.235 "
Fe I.D&nem 0.471+0.868 1.57 0.655+0.266 0.46 0.376+0.194 3.24 0.505+0.447 4.93
5 + + + +
7n I.D6nem 1.258+0.833 581 8.842+2.536 1.05 1.615+0.505 1.48 0.550+0.670 0.47
I.D&nem 1.528+0.654 5.203+1.640 1.174+0.693 0.395+0.392
|.D6nem 0.044+0.060 - 0.048+0.039 o 0.010+0.020 0.093+0.096 "
P I.DGnem 0.014+0.020 7041 0.021+0.012 8.87 0.029+0.022 2.04 0.058+0.050 4.76
|.D6nem 0.048+0.364 0.035+0.012 0.011+0.008 0.028+0.029
Ni 2.19 0.15 0.01 0.01
! I.D6nem 0.017+0.061 0.029+0.014 0.011+0.008 0.029+0.034
Mn I.D6nem 0.024+0.143 0.24 0.037+0.026 127 0.009+0.006 595 0.011+0.009 0.40
I.D6nem 0.019+0.044 ' 0.033+0.019 ) 0.011+0.011 ) 0.012+0.011 '

*: P<0.05

**: P<0.01. Ca: Kalsiyum, Na:Sodyum, K: Potasyum, Mg: Magnezyum, Cu: Bakir, Fe: Demir, Zn: Ginko, Pb: Kursun, Ni:Nikel, Mn: Mangan.
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TARTISMA ve SONUC

Toprak  Orneklerinde vyapilan analizler
neticesinde elde edilen Ca, Na, K, Mg, Cu, Fe, Zn,
Pb, Ni Mn sirasiyla;
7278.77+2949.85, 170.52+220.36, 778.53+541.4,
1054.55+429.23, 1.82+0.53, 2.33%£3.23, 1.43+1.38,
0.25+0.48, 2.99+1.65, 11.39+11.60 mg/kg olarak;
bitki ise bu degerler
9105.26+6941.48, 868.90+2372.27,
26990.35+7341.42,2123.00+1481.04, 17.59+4.02,
965.09+934.82, 42.19+19.59, 0.61+0.64,
1.41+0.50, 20.76%11.51 mg/kg olarak tespit

edilmistir. Bu degerler Brohi ve ark. (10) nin

ve ortalamalari

orneklerinde sirasiyla;

belirttigi bitki degerleri ile benzerlik
gostermektedir.
Erzurum yoresinde incelenen inek

sutlerindeki mineral maddelerden Ca miktarinin
1258.48+350.76 mg/kg ortalamaya sahip oldugu
gorilmektedir. Mevsimsel degisimlerin siitiin Ca
icerigini onemli derecede etkiledigi, buna gore yaz
aylarinda kisa nazaran Ca degerinde o6nemli
derecede azalma oldugu goérilmektedir. Ayrica
bolgeler arasi farklilk da istatistiksel agidan 6nemli
bulunmustur. Arastirmada beyaz peynirdeki
ortalama Ca degeri 4919.27+1382.11 mg/kg’dir.
Bu
karsilastirildiginda,

deger sit, vyogurt ve tereyag ile

Urlnler arasi  farkhhgin
istatistiksel degerlendirilmesinde dnemli ¢cikmistir
(P<0.01). Yogurt ve tereyagindaki ortalama Ca
miktarlari ise sirasiyla 1777.00+248.59 mg/kg ve
173.414£74.57 mg/kg’dir.

Erzurum

alinan  inek

415.51+167.17

ve
Na

yoresinden
sutlerindeki ortalamasi
mg/kg’'dir. Na degeri beyaz peynir, yogurt ve
tereyaginda ise sirasiyla 13204.53+1371.52 mg/kg,
653.82+176.31 mg/kg ve 93.33+48.86 mg/kg
oldugu saptanmistir. Mevsimsel degisimlerin
sttliin Na icerigini cok 6nemli derecede etkiledigi,
yaz aylari déneminde Na degerinde O6nemli

derecede azalma oldugu gorilmistir.
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alinan  inek

1768.58+461.64

Erzurum ve yoresinden

sutlerindeki K  ortalamasi
mg/kg’dir. Sitiin K iceriginin yaz aylari déneminde
onemli derecede distligli saptanmistir. Ayrica
farkhhk da

onemlidir. Bu arastirmada beyaz peynir, yogurt ve

ilceler arasi istatistiksel acgidan

tereyagi K icerigi sirasiyla 1565.40+238.18 mg/kg,

1777.74+619.62 mg/kg, 213.09+71.93 mg/kg’'dir.
Erzurum ve yoresinden alinan inek sutd,

beyaz peynir, yogurt ve tereyagl Mg ortalamasi

sirasiyla  107.33#31.19 mg/kg, 199.12+29.27
mg/kg’dir, 168.00+27.34 mg/kg, 17.53+9.95
mg/kg’dir.

Erzurum ve yoresinden alinan inek sutd,
beyaz peynir, yogurt ve tereyagl Cu ortalamasi
siraslyla 0.079+0.103 mg/kg, 0.153+0.090 mg/kg,
0.095+0.051 mg/kg ve 0.101+0.097 mg/kg'dir.
Mevsimsel degisimlerin sitin Cu icerigini ¢ok
onemli derecede etkiledigi, kis aylarindaki degerin
yaz aylarina gore oldukca fazla bir seviyede oldugu
saptanmistir. Kis mevsiminde tlketilen yemlerde
bakir diizeyinin daha yiliksek oldugu ve kisin elde
edilen sutlerin yaz sitlerine nazaran daha fazla
bakir icerdigi bilinmektedir (11) Cu yoninden
ilceler arasi farklilik istatistiksel agidan 6nemli
bulunmustur. Sit 6rneklerinin Cu miktarlarindaki
bolgesel farklliklar incelendiginde; Cu miktarinin
en fazla Erzurum merkezde oldugu belirlenmistir.
Bu durum sanayi kuruluglari ve otoyollarin bu
bolgede daha yogun olmasindan kaynaklanmis
olabilir. Arastirmada elde edilen Cu degeri, Tripathi
ve ark. (12) ve Rodriguez ve ark. (13)'nin tespit
ettgi Cu degerlerine yakin, Glltekin (14)'nin Bursa
ili ve gcevresinde 3 farkli bolgede (trafik yogunluklu
bolge, sanayi bolgesi ve kirsal alan) tespit ettigi
(0.58, 0.96, 0.39 mg/kg) degerlerden distktir.
Bolgede sitcullikte artik bakir kaplar yerine
genellikle paslanmaz c¢elik kaplarin kullaniliyor

olmasi diisiik Cu miktarinin sebeplerinden birisidir.
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Erzurum ve yoresinden alinan inek
sutlerindeki Fe ortalamasi 0.640£3.450 mg/kg’dir.
Yaz ve kis mevsiminde hayvan beslemede
kullanilan yem tiirlinlin stiin metal icerigine etki
ettigi belirtilmistir. Ozellikle Pb, Fe, Cu ve Zn
dizeyinin kislik yemlerde daha vyiiksek oldugu
dolayisiyla bu artisin kis sutlerine de yansidigi
(15).

degeri; bircok arastirmacinin (14,16-18) tespit

bildirilmistir Arastirmada belirlenen Fe
ettigi degerlerden duslk, Lante ve ark. (19) ve
(20)'in  bildirdigi
miktarlardan fazladir. Arastirmada beyaz peynirde
tespit edilen ortalama Fe degeri 0.751+0.306

mg/kg’dir.

Lindmark-Mansson ve ark.

Elde edilen bu Fe degeri bircok
(18,21-24)  bildirdikleri  Fe

degerlerinden dusilktiir. Bu durum Erzurum

arasgtirmacinin

bolgesinde trafik yogunlugunun ve sanayinin diger
bircok bolgeye gore daha disik dizeylerde
olmasiyla alakali olabilir. Arastirmada yogurttaki
Fe 0.297+0.176  mg/kg

bulunmustur. Bu deger Giler (17), Musaiger ve

ortalama degeri
ark. (25) ve Sanchez-Segarra ve ark. (26)'nin
yogutta tespit ettikleri Fe degerlerinden dusuktir.
Tereyagindaki ortalama Fe degeri 0.447+0.353
mg/kg’dir. Bu miktar Szefer (27)'in tereyaginda
buldugu Fe degerinden dusiktir. Sttteki Fe ve Cu
diizeyinin ylksek olmasi, sut yaginin
oksidasyonunu artirmakta ve Urinlerde tat ve
aroma bozukluklarina neden olabilmektedir.

Erzurum ve yoresinden alinan inek sitd,
beyaz peynir, yogurt ve tereyag Zn ortalamasi
siraslyla 1.406+0.751 mg/kg, 7.023+2.798 mg/kg,
1.394+0.636 mg/kg ve 0.461+0.522 mg/kg’dir. Zn,
DNA ve RNA sentezinde dolayisiyla protein
sentezinde rol almakta ve Ozellikle hicre
yenilenmesi, dokularin gelismesi ve onarilmasinda
onemli bir yer tutmaktadir (15,28). Bu arastirmada
elde edilen Zn degeri birgok arastirmacinin (29-32)
bildirdigi degerlerden daha dustktdr.

Erzurum ve yoresinden alinan inek sitd,

beyaz peynir, yogurt ve tereyagl Pb ortalamasi
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sirasiyla 0.031+0.048 mg/kg, 0.035+0.032 mg/kg,
0.020+0.023 mg/kg ve 0.072+0.075 mg/kg’dir. Bu
sonuglar siitlerde az da olsa Pb kirliligi oldugunu
gostermektedir. Mevsimsel degisimlerin sitiin Pb
kis
aylarindaki (0.044+0.060) degerin yaz aylarina

icerigini cok onemli derecede etkiledigi,

(0.014+0.020) gore daha fazla oldugu
gorilmektedir. Bu arastirmada mayis ayinda
toprak ve bitki o©rneklerinde bulunan Pb

seviyesinin duslik seviyelerde bulundugu goz
onlne alindiginda, sitlin yaz aylari ortalama
degerinin dlstk seviyelerde tespit edilmesi
normaldir. Kis aylarinda tespit edilen yliksek Pb
miktarinin sebebi olarak; Erzurum’da soba ve
kaloriferlerin yanma sirelerinin uzun olmasi,
kullanilan kémir miktarinin fazla ve kalitesiz
olmasi, kis mevsiminde Pb igeriginin yiksek
cikkmasina neden olarak soylenebilir. Diger bir
de trafikten

kontaminasyonlardir. Zira cevredeki en 6nemli Pb

sebep kaynaklanan
kaynaklarindan biri de benzine katilan tetraetil
kursun veya tetrametil kursundur. Benzine katilan
bu bilesikler yanma sonucu egzos gazlari ile havaya
cesitli kursun bilesikleri halinde vyayilirlar (33).
Buradan da topraga ve bitkiye aktarilan bu
bilesikler, hem solunum hem de beslenme yoluyla
vicuda alinmis olurlar (34). Ayrica mevsimsel
degisimin ve beslenmede kullanilan yemin siitlerin
Pb igeriklerine etki edecegi dusinilmektedir.
Ozellikle Pb, Fe, Cu ve Zn dizeylerinin kishk
yemlerde yuksek oldugu, dolayisiyla bu artisin
kishk siitlerde de gozlendigi bildirilmistir (11). Pb
yoninden ilgeler arasi farklilikta istatistiksel agidan
onemlidir. Sut orneklerinin Pb miktarlarindaki
bolgesel degerleriincelendiginde; Pb miktarinin en
fazla Erzurum merkezde (0.051+0.072 mg/kg)
oldugu gorilmektedir. Erzurum merkez ve
civarinin, kisin kullanilan yakitlar ve daha yogun
trafigi nedeniyle Pb miktari bu bolgeden alinan
orneklerde fazla ¢cikmistir. Arastirmada elde edilen

Pb degeri; bircok arastirmada (18,35-37) bidirilen
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degerlerden fazla ve bazi arastirmacilarin (24,38-
40) tespit ettigi miktarlardan dusdktir. Rubio ve
ark. (41) yaptiklari galismada 3 ile 7 yaslarindaki
yasa
karsilastirmislardir. Sadece 7 yasindaki hayvanlarin

inek sutlerindeki Pb  degerini gore
sltlerinde belirlenen Pb miktari bu calismaya
nazaran daha yiksek bulunmustur. Bunun da
Pb’nin yasin

ilerlemesiyle viicutta tutulma konsantrasyonunun

kemiklerde birikmesinden ve

artmasindan kaynaklandigi distiniilmektedir.

Erzurum ve yoresinden alinan inek sutd,
beyaz peynir, yogurt ve tereyagl Ni ortalamasi
sirasiyla 0.03440.273 mg/kg, degeri 0.032+0.013
mg/kg, 0.011+0.008 mg/kg ve 0.028+0.030
mg/kg'dir. Arastirmada elde edilen Ni degeri
bircok arastirmacinin (31, 40, 42-44) elde ettigi
degerden dlstktar.

Erzurum ve yoresinden alinan inek sitd,
beyaz peynir, yogurt ve tereyagl Mn ortalamasi
siraslyla 0.022+0.110 mg/kg, 0.035+0.022 mg/kg,
0.010£0.009 mg/kg ve 0.011+0.010 mg/kg'dir.
Arastirmada elde edilen Mn degeri diger bazi
calismalara (21, 27, 45, 46) nazaran daha dusuktar.

Sonug olarak; Erzurum bolgesinde Uretilen
sit ve Urunlerinin mineral madde agisindan
yapisi da dikkate

alindiginda iyi bir seviyede oldugu gorilmustar.

bolgenin toprak ve bitki

Bolgenin toprak ve bitki yapisiyla uyumlu olarak
slt ve Urlnlerinin agir metal kirlilik diizeyinin de alt
Sut

sanayinde kullanilan alet ve ekipmanlar, metalik

seviyelerde oldugu ortaya konulmustur.

kontaminasyon acisindan blyuk onem

tasimaktadir. Makine, ekipman ve diger siit kaplari

uygun
metallerin sert olmasi, darbelerden kolayca zarar

metallerden dretilmelidir.  Kullanilan
gormemesi, tuz, asit ve alkalilere karsi dayanikh

olmasi gerekmektedir. Kolay temizlenebilir
nitelikte olmasi siit sanayii i¢cin olduk¢a 6nemlidir.
Paslanmaz ¢elik malzeme, siit sanayii i¢in uygun

materyal olarak bilinmektedir. Gliniimiizde gida
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maddeleri Gretimi bolgesel ya da ulusal dizeyde
yapilmasina karsilik, tiketimi uluslararasi boyuta
taginmistir. Bu durum ise gida maddelerinin daha
saghkli ve glvenilir bir sekilde uretilmesinin,
islenmesinin, tuketime sunulmasinin ve
kontroliniin énemini artirmaktadir. Viicuda alinan

metalik unsurlarin tasidig riskler goéz oOniine

alindiginda, bu olumsuz faktérlerin minimum
dizeye indirilebilmesi icin st ve Urdnlerinin
Uretimi sirasinda uygulanan tim teknolojik

islemlerin teknigine gore vyapilmasi; tiketime
kadar

ambalajlarda saklaniimasi gerekmektedir. Gida

sunuluncaya uygun kosullarda ve
maddelerindeki kontaminasyon kaynagi hakkinda
bilgi edinmek ve olus seklini belirlemek i¢in Gretim
prosesinde kontroliin kaginilmaz oldugu ve ancak
bu yolla hedeflenen irin kalitesine ulasilabilecegi
asla gozardi edilmemeli, siit ve Urinlerinin gida
maddeleri igerisinde Uretiminden tiketimine
kadar olan tiim safhalarinda kontaminasyona agik
oldugu unutulmamalidir. Sit ve Urlnlerinin agir
metallerle kontaminasyonu halk sagligi agisindan
cok onemlidir. St Urlnleri siklikla tiketilmesi
nedeniyle, agir metal icermesi durumunda, gesitli
hastaliklarin ve lezyonlarin yayginliginin nedeni
olabilir. Besin zincirine ve dolayisiyla site de
kontamine olan agir metallerin 6zellikle endistri
ve tarimdan kaynaklandigi anlasiimaktadir. Agir
metallerin  insanlara  olumsuz etkilerinden
kacinmak ve siit ve Urinlerinin kalitesini artirmak
icin st dretilen alanlarda c¢evre kirliliginin
Oonlenmesi 6nemlidir. Meralar ve tarim alanlari
endlstri ve sanayi alanlarindan uzak olmalidir.
Gida ambalaji olarak kullanilan malzemeler, insan
sagligl acisindan zararsiz olmalidir. Genel halk
saghgi acisindan da ¢evre kirliligi hususunda etkin

duyarliliga ihtiyag vardir.

Cikar Catismasi

Yazarlar, ¢ikar c¢atismasi olmadigini beyan

eder.
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Oz: Calismada, hasak koyunlarinda akciger damarlarinin makroanatomik olarak incelenmesi amaglanmistir. Arastirmada
Konya Bahri Dagdas Uluslararasi Tarimsal Arastirma Enstitiisii Miidiirligl, Deney Hayvanlari Unitesi Birimi’nden temin edilen
ortalama 43-62 kg. agirliginda 8 adet Hasak koyun akcigeri kullanildi. Materyallere korozyon kast ve latex enjeksiyon metodu
uygulandi. Kastlari gikarilan ve diseke edilen akcigerler fotograflanarak galismada sunuldu. Akcigerler cavum thoracis iginde
pleura visceralis (pleura pulmonalis) ile sarilmis olarak bulundu. Temiz kani kalbe tasiyan venae pulmonales, akcigerin ilgili
loplarini terkettikten kisa bir mesafe sonra v. pulmonalis lobi cranialis dextri ve v. pulmonalis lobi medii’nin birlesmesiyle
cranial kokd, v. pulmonalis lobi caudalis dextri, ramus lobi accessorii, v. pulmonalis lobi cranialis sinistri ve v. pulmonalis lobi
caudalis sinistri'nin birlesmesiylede caudal kékin olustugu ve bu iki kokiin atrium sinistere agildigi tespit edildi. Truncus
pulmonalis’in (arteria pulmonalis) sag ventrikiildeki ven6z kani akcigerlere tasiyan bir damar oldugu ve orijininde 3 adet
semilunar kapak bulundugu gozlendi. Damar orijininden hemen sonra sinis trunci pulmonalis denilen bir siskinlik yapti ve
bifurcatio trachea diizeyinde a. pulmonalis dextra ve a. pulmonalis sinistra’ya ayrilarak sonlandi. Yapilan ¢alismada hasak

koyunlarinin akciger damarlarinin anatomik ozellikleri ve diger tiirler ile benzerlik ve farkliliklari ortaya konmustur.

Anahtar Kelimeler: Akciger, Anatomi, Damar, Hasak Koyunu.

A Macroanatomic Study on Lung Vessels in Hasak Sheep

Abstract: The aim of this study was to investigate the macroanatomical examination of lung vessels in Hasak sheep. In this
study, 8 Hasak sheep lungs from Konya Bahri Dagdas International Agricultural Research Institute, Unit of Experimental
Animals Unit were used. Corrosion casting technique and latex injection were applied to the materials. Corrosion casting
technique and latex injection materials were photographed and presented in the study. The lungs were found to be wrapped
with pleura visceralis (pleura pulmonalis) in the cavum thoracis. The venae pulmonales, carrying the clean blood to the heart,
left the lobes of the lung. Later, cranial root was formed by the merger of the v. pulmonalis lobi cranialis dextri ve v. pulmonalis
lobi medii and also caudal root was formed by the merger of the v. pulmonalis lobi caudalis dextri, ramus lobi accessorii, v.
pulmonalis lobi cranialis sinistri and v. pulmonalis lobi caudalis sinistri. These two roots were opened to the atrium sinister.
It was observed that truncus pulmonalis (arteria pulmonalis) was a vessel that carries the venous blood in the right ventricle
to the lungs and 3 semilunar valvula found in its origin. Truncus pulmonalis ended with divided of a. pulmonalis dextra ve a.
pulmonalis sinistra at the level of bifurcatio trachea. In this study, anatomical features of lung vessels and similarities and
differences with other species were revealed.

Keywords: Anatomy, Hasak sheep, Lung, Vessel.
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*Bu ¢alisma "Hasak Koyunlarinda Broncho-Pulmonar Segmentasyon ve Akciger Damarlari Uzerine Makroanatomik Bir Calisma" isimli
yiksek lisans tezinin bir bolimiinden alinmistir.
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GiRiS

D

Kullanilmayan

linyada hayvansal lretim faaliyetleri arasinda
bir

otlaklar

koyun vyetistiriciligi 6nemli yer tutar.

mera ve koyun
yetistiriciliginde degerlendirilebilmektedir. Koyunlar,
fakir meralari diger giftlik hayvani tiirlerine gére daha
iyi degerlendirdiginden, insanlarin hayatlarini devam
ettirebilmeleri icin gerekli et, sit, yapagi ve deri gibi
Granler igin Gretilirler (1,2).

Resmi Gazete’nin 12 Kasim 2014 yil ve 29173
sayisinda yayinlanarak yurirlige giren Yerli Hayvan
Irk ve Hatlarinin Tescili Hakkindaki Teblig’in 4 Uncii
maddesinin ikinci fikrasindaki degisiklikle Hasak
koyunu Tirkiye'nin yerli irki olarak tescil edilmistir.

Ulkemizde et dretimini artirmak icin bazi etgi
koyun irklariyla yerli irklarin  melezlemeleri
yapilmaktadir. Bu amagla daha kisa siirede az yem ile
daha fazla agirhga ulasabilme kabiliyetine sahip olan
Hasak koyun irki gelistirilmistir.

HASAK 1989 vyilinda
melezleme ¢alismalari sonucunda olusturulmus,
%31.25 Hampshire Down (HD), %31.25 Alman Siyah
Bash Et Koyunu (ASB) ve %37.5 Akkaraman genotipi
tasir (3).

Akcigerlerin iki ayri dolasim sistemi vardir;

koyunu, baslatilan

pulmoner arterler, venalar (akcigerlerin fonksiyonel

damarlar)) ve bronsial arterler ve venalar
(akcigerlerin  beslenme damarlar). Bronsial ve
pulmoner dolasim arasindaki intra ve

ekstrapulmoner iliskiler morfolojik ve hemodinamik
olarak ilgi konusudur (4,5).

Bronsial arter sirkulasyonu, havanin isinmasi ve
nemlenmesi gibi bazi fizyolojik fonksiyonlara katilir
(6,7). Ayrica, pulmoner arter tikanmasindan (8) sonra
siyanotik konjenital kalp hastaliginda ve bazi akciger
enfeksiyonlarinda (9) 6nemli bir koruyucu roll vardir.

Bronsial arter sistem anatomisinin, kronik
astim, bronsektazi, apse ve ampiyem gibi solunum
sistemindeki c¢esitli patolojik durumlarda 6nemli
oldugu iyi bilinmektedir (10). Ayrica, akciger nakli
islemlerinde bronsial dolagimin bronsial anastomoz

iyilesmesinde rol oynadigi goriilmektedir. Bronsial
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anastomoz komplikasyonlari bu tir islemlerde ciddi
bir tehdit olusturmaktadir (11).

Bronsial dolasimdaki deneysel galismalarin cogu
hayvanlar lzerinde yapilir. Son zamanlarda, koyunlar
bu tir cahsmalar icin deneysel model olarak
kullanilmistir, ¢linkli koyunlarin tek bir bronsial
artere sahip oldugu distinilmektedir, bu da toplam
brons kan akisini 6lgmeyi basitlestirmistir (12,13).

Koyun akcigerlerinin anatomisi hakkinda birgok
calisma olmasina ragmen Hasak koyunlarinin
akcigerleri lizerine herhangi bir anatomik calisma
bulunmadigindan bdyle bir calismanin yapilmasi

uygun gorilmustir.
MATERYAL VE METOT

Arastirmada Konya Bahri Dagdag Uluslararasi
Tarimsal Arastirma Enstitisi Madarligl, Deney
Hayvanlari Unitesi Birimi’nden temin edilen ortalama
43-62 kg. agirhginda 8 adet Hasak koyun akcigeri
kullanildi. Materyallere korozyon kast (14) ve latex
enjeksiyon (15) metotlari uygulandi. Bu amacgla, aorta
abdominalis serum fizyolojik ile yikandiktan sonra
icerisine kirmizi kumas boyasi ile renklendirilmis latex
Daha %10’luk

formaldehit solisyonunda 2 giin bekletildi ve diseke

enjekte edildi. sonra akcigerler
edildi. Damarlarin kast modelini olusturmak igin %80
oraninda sivi (polymethylmetachrylate) ve %20
oraninda toz (monomethylmetachrylate) sekline
hazirlanan soliisyon, renkli (mavi ve kirmizi) tahta
kalem boyasi ile renklendirildikten sonra v. cava
cranialis ve aorta abdominalis’ten enjekte edildi.
Materyaller 24 saat suda bekletildikten sonra yaklasik
1 giin siire ile %20’lik potasyum hidroksit soliisyonu
icerisinde 37°C’de etlivde bekletilerek kastlari elde
edildi.

Kastlari c¢ikarilan ve diseke edilen akcigerler
fotograflanarak calismada sunuldu.  Olgiimler
Mitutoya marka dijital kumpas yardimiyla yapildi.
Arastirmada kullanilan  terimlerde Nomina
Anatomica Veterinaria (16) (N.A.V.) esas alindi.

Arastirmanin  AUVFBEK’nun 15.11.2017 tarih ve
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2017/18 sayili toplantisinda Atatiirk Universitesi
Bilimsel Arastirma ve Yayin Etigi Yonergesi ilkesine
UYGUN olduguna karar verilmistir.

BULGULAR

Akcigerlerin cavum thoracis icinde pleura
visceralis (pleura pulmonalis) ile sarilmis olarak
pulmo dexter ve pulmo sinister olmak Uzere iki adet
bulundugu ve bronchus pirincipalis dexter ve sinister
vasitasiyla trachea’ya, arteriae ve venaea pulmonales
ile kalbe baglandiklari belirlendi.

Temiz kani  akcigerlere tasiyan venae
pulmonales, akcigerin ilgili loplarini terkettikten kisa
bir mesafe sonra v. pulmonalis lobi cranialis dextri ve
v. pulmonalis lobi medii’'nin birlesmesiyle cranial
koku (Sekil 1,2/C), v. pulmonalis lobi caudalis dextri,
ramus lobi acessorii, v. pulmonalis lobi cranialis
sinistri ve v. pulmonalis lobi caudalis sinistri’nin
birlesmesiylede caudal kokiin (Sekil 1,2/B) olustugu
ve bu iki kokiin atrium sinister’e agildigi tespit edildi.
Caudal kokiin gapinin 16.75-20.65 mm, cranial kékin
capinin ise 14.22-18.90 oldugu belirlendi. Caudal
kokiin, bifurcatio trachea’nin ventral ylziinde v.
pulmonalis lobi caudalis dextri ve ramus lobi
accessorii’'nin olusturdugu kok ile v. pulmonalis lobi
caudalis’in birlesmesi ve tam atrium sinistrum’a

acilma yerinde bu birlesmeye v. pulmonalis lobi

cranialis sinistri’nin de katilmasiyla olustugu tespit
edildi.

Sekil 1. Akciger loplari ve venae pulmonales’in
ventralden goriinisu (latex).

Figure 1. Ventral view of lung lobes and pulmonal
veins (latex).

I: Lobus cranialis pulmo sinister’in pars cranialis’i, Il
Lobus cranialis pulmo sinister’in pars caudalis’i, IlI:
Lobus caudalis pulmo sinister, 1IV: Lobus caudalis
pulmo dexter, V: Lobus accessorius, VI: Lobus medius
VII: Lobus cranialis pulmo dexter’in pars caudalis’i,
VIII: Lobus cranialis pulmo dexter’in pars cranialis’i.
A: Atrium sinistrum, B: Caudal kok, C: Cranial kok, 1:
V. pulmonalis lobi cranialis sinistri, 2: v. pulmonalis
lobi caudalis sinistri, 3: v. pulmonalis lobi caudalis
dextri, 4: ramus lobi accessorii, 5: v. pulmonalis lobi
medii, 6: v. pulmonalis lobi cranialis dextri, 7: v.
pulmonalis lobi medii'nin lobus cranialis pulmo
dexter’in pars caudalis’ine verdigi bir dal.

V. pulmonalis lobi cranialis dextri (Sekil 1,2/6),
(capr  5.62-6.18 mm) lobus cranialis’in pars
cranialis’"den gelen 4 dalin birlesmesinden olusan
damar ile lobus cranialis’in pars caudalis’inden gelen
2 daln birlesmesiyle olusan damarin cranial koke
acilmadan 5.52 mm once birbiriyle birlesmesinden

olustu.

Sekil 2. Venae pulmonales’in dagilimi (Kast).

Figure 2. Branches of pulmonal veins (Cast).

A: Atrium sinistrum, B: Caudal kdk, C: Cranial kok, 1:
v. pulmonalis lobi cranialis sinistri, 2: v. pulmonalis
lobi caudalis sinistri, 3: v. pulmonalis lobi caudalis
dextri, 4: ramus lobi acessorii, 5: v. pulmonalis lobi
medii, 6: v. pulmonalis lobi cranialis dextri.
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Lobus accessorius’un ventrali seviyesinden
orijin alan ramus lobi accessorii’nin v. pulmonalis lobi
caudalis dextri’nin caudal kbke katilmadan 11.54 mm
once ventral ylizden bu damara katildigi tespit edildi.
Bu damar 4 adet dalin kendi aralarinda birlestikten
sonra son bir dalinda olusan bu dala katilmasiyla
olusur.

V. pulmonalis lobi caudalis dextri (Sekil 1,2/3)
sag akcigerin lobus caudalis’inin basisi diizeyinden
orijin aldi ve 10.70 mm c¢apinda bir medial dal, 6.23
mm ¢apinda bir lateral dal, 4.39 mm c¢apinda bir
dorsal dal ve 2.71-4.10 mm ¢apinda ramus lobi
accessorii'yi aldiktan sonra caudal koke agildi. V.
pulmonalis lobi medii'nin (Sekil 1,2/5) ¢apinin 6.34-
7.72 mm oldugu ve bu damarin ventral, lateral ve
kendi
olustugu tespit edildi.

dorsal dallarin aralarinda birlesmesiyle

V. pulmonalis lobi caudalis sinistri’'nin (Sekil
1,2/2) sol akcigerin lobus caudalis’inden gelen 11.30
mm c¢apindaki medial dal ile 6.68 mm capindaki
lateral dalin birlesmesiyle olustugu tespit edildi. V.
pulmonalis lobi cranialis sinistri'nin (Sekil 1,2/1)
capinin 7.93-8.51 mm oldugu ve bu damarin sol
akcigerin lobus cranialis’inin pars cranialis’inden
gelen 2 dalin birlesmesiyle olusan damar ile sol
akcigerin pars caudalis’inden gelen bir damarin
birlesmesinden olustugu belirlendi. V. pulmonalis
lobi caudalis sinistri’nin kalinhgi ile (¢ap1 13.32-13.90
mm) v. pulmonalis lobi caudalis dextri’nin kalinliginin
(capt 13. 40-13.68 mm) birbirine ¢ok yakin oldugu
tespit edildi.

Truncus pulmonalis’in  (Arteria pulmonalis)
(Sekil 3,4/1) sag ventrikiildeki venoz kani akcigerlere
taslyan bir damar oldugu ve orijininde 3 adet
semilunar kapak (Sekil 4/2) bulundugu gézlendi.
Damar orijininden hemen sonra sinus trunci
pulmonalis (Sekil 4/3) denilen bir siskinlik yapti ve
bifurcatio trachea diizeyinde a. pulmonalis dextra ve
a. pulmonalis sinistra’ya ayrilarak sonlandi. Truncus
pulmonalis’in sag ventrikiilden g¢iktiktan hemen
sonraki ¢api 16.29 mm ve orijinden hemen sonra
yaptigl sinus trunci pulmonalis’in ¢api ise 19.64 mm

olarak ol¢lld.
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Sekil 3. Truncus (arteria) pulmonalis ve dallari (Kast).

Figure 3. Branches of pulmonal arter (Cast).

A: Lobus cranialis pulmo dexter’in pars cranialis’i, B:
Lobus cranialis pulmo dexter’in pars caudalis’i, C:
Lobus medius, D: Lobus caudalis pulmo dexter, E:
Lobus caudalis pulmo sinister, F: Lobus cranialis
pulmo sinister’in pars caudalis’i, G: Lobus cranialis
pulmo sinister’in pars cranialis’i, H: Atrium dexter.

1: Truncus pulmonalis, 2: a. pulmonalis dextra, 3: a.
pulmonalis sinistra, 4: r. lobi cranialis sinister’in
ramus ascendens’i, 5: r. lobi cranialis dexter’in ramus
lobi dexter’in r.

ascendens’i, 6: r. cranialis

descendens’i.

A. pulmonalis dextra (Sekil 3/2, 4/5) orijininden
hemen sonra dorsal yiziinden r. lobi cranialis’in
7.39 mm

descendens’i verdi. Bu iki damar birbirinden bagimsiz

ramus ascendens’ini, sonra da r.
olarak ¢ikti. Daha sonra damarin seyrine devam
ederek ayni seviyede laterale dogru r. lobi medii,
ventrale dogru r. lobi accessorii ve son olarak r. lobi

caudalis’i verdigi tespit edildi.
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Sekil 4. Truncus (arteria) pulmonalis’in orijini ve
dallanmasi (Kast).

Figure 4. Origin and branching of pulmonal arter
(Cast).

A: Kalp, B: Lobus cranialis pulmo sinister’in pars
cranialis’i, C: Lobus cranialis pulmo sinister’in pars
caudalis’i, D: Lobus caudalis pulmo sinister, E: Lobus
caudalis pulmo dexter, F: Lobus cranialis pulmo
dexter’in pars caudalis’i, G: Lobus medius, H: Lobus
cranialis pulmo dexter’in pars cranialis’i.

1: Truncus pulmonalis, 2: valvula semilunaris, 3: sinus
trunci pulmonalis 4: a. pulmonalis sinistra, 5: a.
pulmonalis dextra, 6: r. lobi cranialis’in ramus
descendens’i, 7: r. lobi accessorii, 8: r. lobi caudalis,
9: r. lobi cranialis’in ramus ascendens’i, 10: r.
descendens’i, 11: r. lobi caudalis, 12: r. lobi medii.

A. pulmonalis sinistra (Sekil 3/3, 4/4) orijininden
21.09 mm lobi

ascendens’ini ve daha sonra da r. descendens’i verdi

sonra r. cranialis’in  ramus

ve seyrine r. lobi caudalis olarak devam etti.

TARTISMA ve SONUC

Akcigerlerin cavum thoracis icinde pleura
visceralis (pleura pulmonalis) ile sarilmis olarak
pulmo dexter ve pulmo sinister olmak (izere iki adet
bulundugu ve sag akcigerin lobus cranialis (pars
cranialis ve pars caudalis), lobus medius, lobus

caudalis, lobus accessorius olmak Gzere 5 loptan, sol
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akcigerin ise lobus cranialis (pars cranialis ve pars
caudalis), lobus caudalis olmak Uzere 3 loptan
olustugu belirlenmistir.

Bu (17)

bilgisayarli tomografik calisma teknigi kullanilarak

bulgumuzla ilgili olarak Alsafy
yetiskin Baladi kecilerinin sol akcigerinde, Nakakuki
(18) Japon geyiklerinde ve yine Nakakuki (19) holstein
sigirlarinin sol  akcigerinde  aksesuar lobun
bulunmadigini bildirmistir.

Tipirdamaz ve ark. (20) ruminantlarda venae
pulmonales’in, temiz kani akcigerlere tasiyan ve
kapakgiktan yoksun oldugunu ve bu damarlarin
akcigerin ilgili loplarini terkettikten kisa bir mesafe
sonra kendi aralarinda birleserek biri cranial, digeri
caudalde yer alan iki kok halinde atrium sinister’e
acildiklarini  tespit etmislerdir. Cranial kokin v.
pulmonalis lobi cranialis dextri ve v. pulmonalis lobi
medii; caudal kokiin ise v. pulmonalis lobi caudalis
dextri, ramus lobi accessorii, v. pulmonalis lobi
cranialis sinistri ve v. pulmonalis lobi caudalis
sinistri’yi olusturdugunu bildirmiglerdir.

Sunulan bu ¢alismada Hasak koyunlarinda
venae pulmonales’in dallanmasi ile ilgili olarak elde
edilen bulgular, Tipirdamaz ve ark.’nin ruminantlarda
bildirdigi ile aynidir.

(21)

dallarinin

Nakakuki’'nin sigir (19) ve domuz'da
bildirdigi

¢ogunlukla bronsiollerin dorsal veya lateral tarafi

gibi  pulmoner arterlerin
boyunca uzandigi, pulmoner venlerin ise bronsioliin
ventral veya medial tarafi boyunca seyrettigi tespit
edilmistir.

Literatlrlerde (22,23,24)
(Arteria

Yapilan c¢alismada,
bildirildigi

pulmonalis) sag ventrikiildeki ven6z kani akcigerlere

gibi  truncus pulmonalis’in
tastlyan bir damar oldugu ve orijininde 3 adet
semilunar kapak bulundugu goézlenmis ve damarin
orijininden hemen sonra sinus trunci pulmonalis
denilen bir siskinlik yaptigi ve bifurcatio trachea
dizeyinde a. pulmonalis dextra ve a. pulmonalis
sinistra’ya ayrilarak sonlandigi belirlenmistir.

Sonu¢ olarak, bronsial dolasim sisteminin

anatomisinin, kronik astim, bronsektazi, apse ve
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ampiyem gibi solunum sistemindeki cesitli patolojik
durumlarda 6nemli oldugu iyi bilinmektedir.

Koyun akcigerlerinin anatomisi tizerinde bircok
¢alisma olmasina ragmen Hasak koyunlarinin
akcigerleri lzerine herhangi bir anatomik calisma
bulunmadigindan yapilan bu galisma ile bu eksiklik
giderilmis olacaktir. Ancak, Turkiye'nin yerli bir koyun
irki olarak kabul edilen Hasak koyunlarinin anatomik
ozelliklerini belirlemek icin daha fazla c¢alismaya

ihtiyacg vardir.

Cikar Catismasi

Yazarlar, gikar ¢atismasi olmadigini beyan eder.
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gruplari olarak, yaslari 1-4 yas arasinda degisen 18 adet saglikli kontrol grubu ve 18 adet asiri kasinti ve yiin dokilmesi olan
dogal Sarcoptes ovis uyuz ile enfekte toplam 36 Akkaraman koyun olusturmustur. Alinan kan érneklerindeki serum protein
fraksiyonlari seliiloz-asetat elektroforezi yontemi ile belirlendi. Serum protein konsantrasyonu kontrol gruplarina gore; total
protein ve a-2 globulin bakimindan istatistiksel olarak fark bulunamadi. Kontrol gruplarina gore a-1, - globdlin ve albumin
istatistiksel olarak hasta grubunda artmasina karsin, gama globulinler hasta grubunda azaldi (P<0.05). Ylzde (%) gr protein
bakimindan a-2 globulin kontrole gore degismezken, a-1, beta globulin, albumin ve A/G orani hasta grubunda kontrole gére
istatistiksel olarak artti (P<0.05). Gama globulinlerde ise kontrole gére hasta grubunda istatistiksel olarak azalma saptandi
(P<0.01). Koyunlarda uyuz hastaliginin takip ve tedavi siirecinde serum protein parametrelerinin takibinin 6nemli olabilecegi
kanaatine varildi.

Anahtar Kelimeler: Elektroforez, Koyun, Serum Proteinleri, Uyuz.

Serum Protein Fraction Profile in Sheep Infected with Sarcoptes ovis

Abstract: Scabies is an ectoparasitic infestation that is rapidly transmitted to sheep of any age. The present study was
conducted to identify the significance of serum protein fractions in the diagnosis and treatment of animals infected by
Sarcoptes ovis. The study group included 1-4 years old 18 Akkaraman sheeps with excessive itching and molting and infected
with natural Sarcoptes ovis scabies and the control group included 1-4 years old 18 healthy sheeps, a total of 36 sheeps were
included in the present study. Serum protein fractions were determined with the cellulose-acetate electrophoresis method
in collected blood samples. There were no significant differences between total protein and a-2 globulin serum protein
concentrations in the study and control groups. Although a-1, B-globulin and albumin concentrations were statistically higher
in the patient group, gamma globulin levels decreased in the patient group (P<0.05). While the percentage (%) g protein did
not differ based on a-2 globulin when compared to control, a-1, beta globulin, aloumin and A/G ratio statistically increased
in the patient group when compared to the control (P<0.05). There was a significant decrease in gamma globulins in the
patient group when compared to the control (P<0.01). It was concluded that monitoring the serum protein parameters might
be significant in the follow-up and treatment of scabies in sheep.

Keywords: Electrophoresis, Sheep, Serum Proteins, Scabies.
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GiRiS

U

sonbahar sonu, kis ve ilkbahar basinda salginlar

yuz, derinin dnemli paraziter bir hastaligi olup,

ozellikle hayvanlarin toplu halde bulundugu

halinde goriilmekte, deride kasinti, kepeklenme,
kabuklanma, kuruma, kalinlasma ve catlama gibi
birtakim degisikliklerle karakterize bu hastaligin
koyunlarda et, sut ve yapagl verimini azalttigi ve
ilerlemis  olaylarda olimlere sebep oldugu
bildirilmistir (1,2).

Uyuzun patogenezisinde humoral ve hiicresel

immun  yanitin ~ 6énemli  bir rol oynadigl
bildiriimektedir. Bu immun yanitta, Ig G, Ig M ve
ozellikle 1g E sinifi antikorlari 6nemli bir rol

oynamaktadir (3,4,5). Uyuzlu hayvanlarda yanginin
bir belirtisi olarak total I6kosit, T-lenfosit, mast
hucreleri, notrofiller, eozinofiller ile a, B ve y globdlin
diizeylerinde artis oldugu ifade edilmektedir (5,6).
Serum proteinleri ¢ok sayida fizyolojik
fonksiyonlari yerine getirirler. Klinik olarak 6nemli
olan serum proteinlerinin, lipit, hormon, vitamin ve
metalloenzimlerin dolasimda

tasinmasi  ve

tamamlayici  komponentler, hiicresel olmayan
aktivitenin ve immun sistemin diizenlenmesi de dahil
pek cok farkh fonksiyonlari vardir. Degisik fizyolojik
ve patolojik durumlarda, serumdaki protein
miktarlari degisir. Gamma globlilinler harig butiin kan
proteinleri, karacigerde sentezlenir (7,8,9).

Serum proteinlerinin elektroforetik analizi klinik
laboratuvarda uzun yillardir kullanilmaktadir. Serum
protein fraksiyonlari, kantitatif ve kalitatif olarak; yas,
1st, hamilelik gibi fizyolojik durumlar, beslenme,
cinsiyet, cevresel etkenler ve genetik polimorfizm
gibi durumlarda degisim gosterir. Genellikle yasam
slresince serum proteinlerinde yavas bir artis vardir.
Bunlarin disinda bazi hastalik durumlarinda da,
organizmadaki bozukluklar sonucu degisimler olabilir
(10,11,12).

Hayvan yetistirmede yapagi ve ylin veriminde
ekonomik kayiplarin nedenleri arasinda uyuz énemli
yer tutmaktadir. Bu g¢alisma, Sarcoptes ovis ile

enfekte hayvanlarin teshis ve tedavisinde serum
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protein fraksiyonlarinin 6nemini arastirmak amaciyla
planlandi.

MATERYAL VE METOT
Hayvan Materyali

Calisma, Van Yiziinci Yil Universitesi Hayvan
Deneyleri Yerel Etik Kurulu’nun 07.03.2019 tarih ve
2019/02 sayil karari geregince etik yénden uygun
bulunarak yapildi. Bu arastirmanin materyalini yaslari
1-4 yas arasinda degisen 18 adet saglkli ve 18 adet
asir kasinti ve yun dokiilmesi olan dogal Sarcoptes
ovis uyuzla enfekte toplam 36 Akkaraman koyun
olusturmustur. ilk 6nce koyunlarin klinik muayeneleri
yapilarak kasinti ve yin dokiilmesi olan dogal

Sarcoptes ovis ile enfekte 18 koyun segilmistir.

Klinik Bulgular

Hayvanlarin  klinik muayeneleri yapildiktan
sonra her koyunun en az (¢ degisik yerinden
kazintilar petri kutularina alinarak etraflari bantla
iyice izole edilerek kapatildi. Alinan numunelerin
lizerine %30’luk KOH soliisyonunda 5 ml eklenerek
¢Ozilmeleri saglandiktan sonra her bir numuneden
birkag damla ¢ozelti lam (zerine alinarak
mikroskopta 10x objektiflik biylitme ile muayene

edildi (13).

Ornek Toplama

Her iki grupta olan hayvanlarin V.

Jugularis’lerinden serum tliplerine 10 ml kan
ornekleri alindi. Alinan kan o&rnekleri 30 dk oda
sicakliginda bekletildikten sonra 5 dakika boyunca
3000 rpm ‘de santrifuj edilerek serumlari gikartildi.
Serum 6rnekleri -80 "C’de muhafaza edildi. Analizler

tiim ornekler icin ayni zamanda gergeklestirilmistir.

Biyokimyasal Analiz

Toplam protein konsantrasyonlari, biuret
yontemi kullanilarak analiz edildi. Serum protein

fraksiyonlari, Helena Lab-Titan IlI® Serum Protein
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Elektroforez cihazi (Kat No. 3023), Helena Lab-Titan
Il Seliiloz asetat kartlari ve Electra HR Buffer (Kat No.
5805)

kullanilarak ayrildi.

tampon c¢ozeltileri (Helena, Bioscience)
Ponceau S boya c¢ozeltisi ile
boyandi. Elektroforezden sonra elde edilen bantlar,
3.0

icin

Platinium programinda serum  protein

fraksiyonlari protein  konsantrasyonlari

belirlendi.

istatistiksel Analiz

Veriler bagimsiz orneklem t-testi ile analiz
edilmistir. Duncan’in testi ¢oklu karsilastirmalar igin
uygulandi. SPSS (ver 22) istatistik yazilimi kullanilarak
P<0.05 degeri anlamli kabul edildi.

BULGULAR

Sarcoptes ovis ile enfekte koyunlarda serum
protein konsantrasyonlari tablo-1'de, total serum

proteinleri icindeki yuzdesel oranlarinin

degerlendirilmesi ise tablo 2’de verilmistir.

Tablo 1. Sarcoptes ovis ile enfekte koyunlarda serum
protein konsantrasyonlari.

Table 1. Serum protein concentrations in sheep
infected with Sarcoptes ovis.

Serum Kontrol Grup Sarcoptes ovis
proteinleri (n=18) ile Enfekte Grup
(g/d) (n=18)

Total protein  11.020 £1.879 10.916 £2.294

Albumin 3.364+0.720 4.064 +£0.701*
as1-Globulin 0.600+0.220  0.890 + 0.301*
a,-Globulin 1.352+0.285 1.394+0.414
B-Globulin 1.119+0.414 1.5433 +£0.514*
y -Globulin 4.583+1.229 3.024 +0.815**
*P<0.05
Serum  protein  konsantrasyonu  kontrol

gruplarina gore; gruplar arasinda, total protein ve a-
2 globulin istatistiksel olarak anlamli bulunmamustir.
a-1, B-globulin ve albumin ise istatistiksel olarak
hasta grupta artmasina karsin, gama globulin hasta
grupta istatistiksel

(P<0.05).

olarak azaldigi saptanmustir
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Tablo 2. Sarcoptes ovis ile enfekte koyunlarda total
serum proteinlerinin ylzdesi.
Table 2. Percentage of total serum proteins in sheep
infected with Sarcoptes ovis.

Serum Kontrol Grup Sarcoptes ovis ile
proteinleri (n=18) Enfekte Grup
(% 8) (n=18)
Albumin 30.542 +4.952  37.663 + 4.341**
a;-Globulin 5.506 + 1.835 8.164 + 1.950**
02-Globulin  12.471 +2.504 12.710 £ 2.072
B-Globulin 10.306 £3.761  13.911 +2.843*
y -Globulin 41.173+5.952  27.552 +3.351%*
A/G 0.445 +0.103 0.611 +0.113**

*P<0.05, A/G:Albumin/Globulin

Yizde (%) gr protein bakimindan; a-2 globulin
kontrole gore degismezken, a-1, B- globulin, albumin
ve A/G orani hasta grupda kontrole gore istatistiksel
(P<0.05).

ise kontrole gobre hasta grupta

olarak arttigi  saptanmistir Gama
globulinlerde

istatistiksel olarak azalma saptandi (P<0.05).

<>

Sekil 1. Sarcoptes ovis’e ait mikroskop gorintiisu
(400 ‘lak buyuatme).

Figure 1. Microscope image of Sarcoptes ovis
(magnification 400x).

TARTISMA ve SONUC

Serum  proteinleri,  hastaliklarin  teshisi,
analizleri, ve patogenizisi icin kullanilan 6nemli
birisidir.

belirlenmesinde

Serum
farkh

cok kullanilan

biyokimyasal parametrelerden

protein  fraksiyonlarinin
yontemler kullanilmaktadir. En

yontemlerden biriside serum protein

elektroforezidir. Seliiloz asetat elektroforezi bu
yontemlerden biridir. Bu yontem insan hekimliginde
kliniklerde 1950’li yillardan beri kullaniimaktadir
(14,15). Yaptigimiz ve vyapilan calismalar seliloz

asetat elektroforez yonteminin veteriner hekim



Sarcoptes ovis ile Enfekte Koyu...

Cetin ve ark.

kliniginde arastiriilmalarin daha saglkli, daha dusik
maliyetli ve kisa siirede yapilmasina blylk katki
saglayacagini gostermektedir (11,12,16). Son yirmi
yilda veteriner hekimlik alaninda hastalarda tanisal
bir test olarak serum protein elektroforezinin
kullaniminda bir artis oldugunu gérilmistir.

Sarcoptes ovis bir ektoparazittir. Bununla
birlikte bir

rastlanmamistir. Ancak endoparazitlerle ilgili yayinlar

serum proteinleri ile ilgili yayina
mevcuttur. Apaydin ve Dede (11), dogal olarak
Babesia ovis ile enfekte koyunlarda yaptiklari
A/G orani,

sekilde anlamli bir artis ve ayrica y-globilinlerde

¢alismada, al-globulinlerde belirgin
anlamli bir azalma oldugunu bildirilmistir. Yine Dede
ve ark., (26) yaptiklari g¢alismada, dogal olarak
Theileriosis annulata ile enfekte olmus sigirlarda, a-
1, a-2 ve B-globiilinlerin serum konsantrasyonlari,
6nemsiz Ol¢lide azalmis ancak bu azalma a-1-
globulinler igin anlamli oldugunu bildirmislerdir.
Bizim ¢alismamizda da literatire uygun olarak A/G
orani, a-1 globulinler artarken y-globilinlerde
azalmistir.

Ozan ve ark. (17), Sandhu ve ark. (18) dogal
olarak Theileriosis annulata ile enfekte olmus sigir ve
buzagilarda serum total protein konsantrasyonlarinin
bir

Sunulan c¢alismada da yapilan c¢alismalara paralel

onemli degisiklik olmadigini bildirmiglerdir.
olarak total protein bakimindan fark gdzlenmemistir.

Bununla birlikte diger calismalarda ise klinik
bulgulari bulunan leishmaniasis’li kdpeklerde serum
protein profilini arastirmiglar. Gama globdlin
konsantrasyonu anlamh olarak daha yuksek ve A/G
orani ise kontrolden daha disik oldugunu rapor
etmislerdir (19).

hayvanin tiri, parazitlerin farkli olmasi, parazitlerin

Bu farkliigin nedeni kullanilan

farkhh doku ve organlara yerlesmesi olabilecegi
soylenebilir.

Diger yapilan bir calismada ise dogal olarak
Dirofilaria immitis ile enfekte kopeklerden kan
alinarak serum proteinlerini arastirmiglar ve serum j3-
globlilin duzeylerinin anlamli olarak yiiksek oldugunu
bildirilmistir (20). Bizim ¢alismamizda da literatiire
uygun olarak B- globilin seviyesi anlamli olarak
artmistir.
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Lobetti ve ark. (21),
tasinan Babesia ile enfekte sigirlarda alblminin

Boophilus microplus ile

seviyesinin arttigini, yine Yeruham ve ark. (22)

albimin konsantrasyonunun Babesia bovis ile
enfekte ineklerde kontrollere gore daha yliksek
oldugunu bildirmislerdir. Ek olarak Theileria annulata
ile enfekte buzagilarda immiinoglobulin

konsantrasyonlari  6nemli  olclide  azaldigini
bildirmislerdir (23). Sunulan bu ¢alismamizda da
literatlrlere uyumlu olarak albumin konsantrasyonu
onemli derecede artarken, y-globilinlerde hastaliga
bagli olarak azaldigi tespit edilmistir.

Leishmania infantum ile enfekte kedilerden kan
alinarak serum protein elektroforezini arastirmiglar.
a-1 globulin konsantrasyonlari saglikh kedilere gore
daha yuksek oldugunu bildirmislerdir. (24) Sunulan
bu calismamizda da parelel olarak, a-1 globulin
seviyesi anlamli olarak arttigi tespit edilmistir.

Serum proteinleri birgok dnemli fonksiyonlara
sahiptir. Aloumin ozmotik basing¢ olarak aktif serum
proteinidir ve ayni zamanda birgok maddenin de
onemli bir tasiyicisidir. Globdulinler, antikorlar ve
diger inflamatuvar molekilleri, hemostatik ve
fibrinolitik proteinleri ve lipid, vitamin ve hormon
tastyicilarini iceren heterojen bir protein grubudur
(25,26).

Bagirsak  paraziti  (taeniosis, coccidiosis,
ancylostomosis, trichuriosis ve ascarididosis) sebebi
ile mide-bagirsak sikayetlerine sahip 66 kopekten kan
alinarak elektroforez yontemi ile serum proteinlerini
arastirmiglar. a-1 globulin  dizeylerinin  diger
kopeklere gore coccidiosis’li grupta bariz bir sekilde
azaldigini, ancylostomosis’li grupta a-2 globulin
duzeyleri arttigl, ascarididosis’li kopeklerde ise bu
seviyelerin bariz bir sekilde azaldigini bildirmislerdir.
Total protein dizeylerinin taeniasis’li kopeklerde
artarken, diger gruplara gore cocccidiosis’li grupta
azaldig bildirilmistir (16). Yapilan bu galismada ise
total protein ve a-2 globulin konsantrasyonun
kontrol grubuna goére degismedigi, a-2 globulin, B-
globulin ve albumin istatistiksel olarak hasta grupta
gama globillin de ise hasta

edildi.

artmasina karsin,

grubunda azaldig tespit S6z konusu
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parametrelerde yer alan proteinlerin hastaliga bagh
olarak metabolizmayi etkiledigi s6ylenebilir.

Sonug olarak, bu calismada elde edilen bulgular
serum protein profilinin belirlenmesinin, veteriner
hekimlik kliniginde, 6zellikle hayvan vyetistirmede
yapagi
nedenleri arasinda uyuz hastaliginin tanisi, takibi ve
bir

degerlendirilmesinin

ve yin veriminde ekonomik kayiplarin

tedavi bakimindan kullanisl biyokimyasal

parameter olarak

onerilebilecegi, kanisina varildi.

Cikar Catismasi

Yazarlar, gikar catismasi olmadigini beyan eder.
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Oz: Spermanin kalite analizleri, infertilitenin tanimlanmasinda ve yardimci iireme teknikleri yéniinden giinimiiz bilim
diinyasinda deger kazanmaya baglamistir. Bu analizlerde tercih edilen yontemlerin en gelismislerinden biri olan akis
sitometrisi, akis halindeki bir siispansiyon igindeki ¢esitli boyut ve yapidaki hiicre, niikleus ve benzeri hiicre komponentleri,
kromozomal yapilar ve gesitli partikllleri de kapsayan taneciklerin, lazer ve 6zellestirilmis dedektorler yardimiyla nitelik ve
nicelik 6zelliklerinin o6lgilmesine dayanan bir yontemdir. Bu amagla, florokrom molekillerle boyanmis orneklere ait
partiklllerin tek sirali hale getirilmesinin ardindan optik sistemden sagilan lazer 1sinina maruz kalmakta, geri dénen isinlar ise
toplanarak elektronik sinyallere donustirilmektedir. Elektronik sinyaller ise yaziimlar ile degerlendiriimektedir. Akis
sitometrisinin, genis kullanim yelpazesi igerisinden, gelisen infertilite teshis metodlari ve yardimci Greme teknikleri sayesinde
ilk olarak beseri androloji laboratuvarlarinda, hemen ardindan ise veteriner androloji laboratuvarlarinda, spermatozoanin
konsantrasyonu; plazma membran ve akrozom btinligl; apoptosis; mitokondriyal membran potansiyeli; kapasitasyon;
oksidatif stres; lipid peroksidasyonu; DNA btlinligu ve cinsiyetin belirlenmesi vb. amaglar ile kullanilmaya baslanmistir. Bu
derlemede akis sitometrisi ve analizlerinin sperma kalitesini belirlemedeki rolii ve 6nemi agiklanarak ilgili sperm kalite
parametrelerinin 6lgiimiinde kullanilan protokoller hakkinda detayli bilgilendirme saglanmasi hedeflenmistir.

Anahtar Kelimeler: Akis Sitometrisi, Cinsiyeti Belirlenmis Sperma, Sperma Analizi, Suni Tohumlama, Veteriner Androloji.

The Use of Flow Cytometry in Semen Quality Analyses

Abstract: Quality analysis of semen has started to gain value in the recent scientific world in terms of defining infertility and
assisted reproductive techniques. Flow cytometry, the most advanced method of choice in these analyzes, is a method based
on measuring the quality and quantity of particles including cells, nucleus, chromosomal structures and various particles with
its sizes and structures in a flowing suspension by means of lasers and detectors. For this purpose, the particles that are
stained with fluorochrome molecules are exposed to the laser beam scattered from the optical system after being unified,
and the returning rays are collected and converted into electronic signals. Electronic signals are evaluated with softwares.
Within a wide range of uses, i.e. the concentration of spermatozoa; plasma membrane and acrosome integrity; apoptosis;
mitochondrial membrane potential, capacitation status; oxidative stress; lipid peroxidation; DNA integrity and gender
determination purposes etc., it has been used as infertility diagnostic methods and assisted reproductive techniques which
have been developed, firstly in human andrology laboratories and then in veterinary andrology laboratories. The aim of this
review is to explain the role and importance of flow cytometry and in determining sperm quality and to provide detailed
information about the relevant protocols.

Keywords: Artificial Insemination, Flow Cytometry, Semen Analyses, Sexed Semen, Veterinary Andrology.
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GiRiS

M ikroskobun

Leeuwenhoek’un (1) 1677 yilinda ‘animalculus’

mucidi  olan  Antoni  van
olarak tanimladigi spermatozoonlarin kesfiyle birlikte
sperma kalite analizlerinin de ilk ve en 6nemli adimi
atilmistir.  Sadece varligi ve hareket modelleri
belirlenen spermatozoonun, yavruyu kendi basina
olusturabilecegine inanilan organizmacik ya da bir
parazit gibi dlstnilen spermatik  kurtcuk
tanimlarindan siyrilmasi ise disi gamet hiicresinin -
oosit- kesfi, fertilizasyonun ve gametogenezisin
1900°1a

gerceklesmistir (2). Boylece sperma kalite analizleri

anlasilmasi  ile yillarin  baslarinda
de ilk olarak infertilitenin tanimlanmasinda ve
ardindan yardimci Greme teknikleri yéniinden bilim
diinyasinda deger kazanmaya baslamistir. izleyen
yillarda, ejakulat igerisindeki spermatozoon sayisinin
belirlenmesi (3), sperm motilite tayini (4-6), sperm
anomali ve morfolojisi (7,8), Bilgisayar destekli sperm
analizi (CASA) gibi yontemler bir¢ok androloji
laboratuvarinin standardina girerek kullaniimaya
baslanmistir (9).

1970°li yillarin sonunda ise ilk kez akis
sitometrisi ve sperm tanimlarinin birlikte anildig
cahisma van Dilla ve ark. (10) tarafindan
yayinlanmistir. Sperma kalite analizlerine yonelik,
floresan temelli, birka¢ saniye icinde binlerce
hiicrenin monitarizasyonunu saglayan bu yontem
2000’li yillarla birlikte ivme kazanarak, spermatozoa
canhhk, mitokondriyal membran potansiyeli, lipid
peroksidasyon, oksidatif stres, DNA analizi gibi bircok

kalite parametre analizinin yani sira, cinsiyet secimini
de olanakh hale getiren bir yontem olarak
gelistirilmistir.

Akis sitometrisi, akis halindeki bir stispansiyon
icindeki cesitli boyut ve yapidaki hiicre, nikleus,
kromozomal yapilar ve gesitli partikiilleri de kapsayan
taneciklerin, lazer ve dedektorler yardimiyla nitelik
ve nicelik o6zelliklerinin 6lglilmesine dayanan bir
yontemdir. Ug bilesenden olusan akis sitometrisinde;
oOlgllecek partikilleri lazer 6nline tasiyan akiskanlar
sistemi, Olciim vyapan lazerleri iceren ve
partikillerden dénen sinyalleri toplayan dedektérleri
barindiran optik sistem, bu optik sinyalleri elektronik
sinyallere geviren ve degerlendirilebilir hale getiren
elektronik sistemler bulunur.

Calisma prensibi basitge; florokrom
molekiillerle (Tablo 1.) boyanmis Orneklere ait
partikillerin, hidrodinamik ya da akustik odaklanma
ile tek sirali hale getirilisi, optik sistemden lazer 1sin
sacilmasi, partikdllerin isina maruz birakilmasi, dénen
1Isinin toplanmasi ve toplanan verilerin elektronik
sinyallere donastlrilerek degerlendirilmesi olarak
tanimlanmaktadir. Tim bu siirec bir saniye icerisinde
binlerce partikile uygulanabilir ve bu partikillerin
sayisl ‘events- kayit’ olarak tanimlanmaktadir. Tekli
ya da ¢ogul sonuglar genellikle bir histogram ya da
dot plot araciligiyla yapilacak segim islemi ile 6l¢im
yapilan poplilasyona gore ylizdesel ya da rakamsal

olarak elde edilmekte ve degerlendirilmektedir.

Tablo 1. Sperma muayenesinde kullanilan gesitli florokromlar (11).
Table 1. The various fluorochromes used in semen examination (11).

Membran Membran Plazma Membran

Mitokondriyal

Oksidatif Lipid Kromatin/DNA

BUtunlUgu Stabilitesi Ve Akrozom BiitunlGgl Batinlik Stres Peroksidasyon  Butlnligi Apoptosis
CFDA Mero-sao o' BR-14/PE- Rhodamine ~ DCFDA BODIPYC11  TUNEL Annexin
PNA/PI \%
SYBR- YopRO-1  TC-PNA/PSA- Jc-1 MITOSOX COMET
14/PI Pl
CellROX
Etdh SNARF-1 Ca iyonoforlari MitoTracker Deep Red, SCSA
Green,
Orange
CellROX
Deep DHE

Green
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1. BIYOMEDIKAL ALANDA KULLANIMI

Akis sitometrisi teknigi biyomedikal alanda 6zel
laboratuvarlar ve hastanelerde kendisine énemli bir
yer edinmistir. Kanser tani ve asamalandirilmasi (12),
HIV prognozunun tayini (13), cesitli kan hastaliklar
gibi) (14,15),
komponentlerin degisimi (Kalsiyum, lipid vb.) (16),

(lenfoma, |6semi intrasellller
DNA butinlGga (17) ya da ek cihazlar ile sorting
(ayirma) sayesinde hucrelerin birbirinden ayrilmasi
gibi) (18-19)

diinyada siklkla kullaniimaktadir.

(cinsiyet segimi gibi durumlarda

2. VETERINER ANDROLOJIDE KULLANIMI
SPERMA KALITE MUAYENESI TESTLERI

VE

Genis kullanim yelpazesi icerisinde, gelisen

infertilite teshis metodlari ve vyardimci lreme

teknikleri sayesinde ilk olarak beseri androloji

laboratuvarlarinda ardindan da veteriner androloji
laboratuvarlarinda kullanilmaya baslanmistir (20). Bu
veteriner alaninda  akis

baglamda androloji

sitometrisinin kullanim alanlari;

2.1. Konsantrasyon Ve Spermatozoa
(Spermatozoa Konsantrasyonu)

Sayimi

Spermatozoa konsantrasyonunun belirlenmesi

gerek dondurma prosedirleri gerekse in vitro
(IVF)

Bu amagla yapilacak olgimlerde,

fertilizasyon uygulamalari acgisindan 6nem
tasimaktadir.
hemositometre, spektrofotometre ya da CASA
yontemlerine alternatif olarak akis sitometrisi de
kullanilabilir bir ydontemdir. Diger metotlardan farkl
olarak, ‘beads’ denilen taneciklerin 6rnege eklenmesi
ve saydiriimasi seklinde ya da bir kalite analizine
(6zellikle canliik (SYBR-14/Pl)) ek olarak bu islem
gerceklestirilebilir. Bu amacla genellikle, tire bagh

olmakla birlikte boga spermasi igin, dilie edilen

ejakilat (1:100- 1:250) ya da dondurulmus
¢cozdirilmis 60x10° sperma (1:20) SYBR-14 ve
Propidium iodide (PI) boyama yontemleriyle

boyanarak belirli bir hacim ayarlanarak analize tabi
tutulur ve Forward Scatter (FS)/Side Scatter (SS)
belirlenmesi ile

alanlarindan  popilasyonun

toplanacak sayim verisi, dnceden bilinen hacim igin
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konsantrasyon verisi olarak degerlendirilir (21,22).
Ancak bu yontemin, hizli olmasinin yanisira canlilik
ek

degerlendirilse de sperma sulandiricilarinda bulunan

oranina olarak alinmasi  olumlu olarak
farkh partikillerden ve az hacimli 6rneklerde yapilan
pipetleme uygulamasi hatalarindan etkilenecegi

unutulmamalidir.

2.2. Spermatozoonun Plazma Membran Ve
Akrozom Biitiinliigii (PMAI= Plazma Membrani Ve
Akrozomu Saglam Spermatozoa)

Sozclk anlami ‘yasayabilirlik’ olarak tanimlanan
viyabilite icinde de degerlendirilen plazma membrani
veya akrozom butiinlGgi fertilite agisindan da 6nemli
belirteglerden bir tanesidir. Spermatozoonun plazma
birlikte

androloji

membran ve akrozom butinlGgina
bu de

laboratuvarlarinin birgogunun kullanmakta oldugu

degerlendiren analiz
floresan boyalarin akis sitometrisi yontemine adapte
edilmesi sonucu hizlh ve glvenilir sonuglar elde
edilebilmektedir. Bu amacla yaygin olarak, SYBR-14,
Propidium iodide (PI), FITC-PNA, FITC-PSA, Yo-Pro-1,
7-AAD, rhodamine 123, carboxyfluorescein diacetate
gibi floresan boyalar ya da Pl ile kombinasyonlari
(20).

kombinasyonlarin membrandan gecebilen (6rn. PI)

kullanilmaktadir Teknik, genellikle PI ile
ya da ge¢emeyen DNA’ya baglanabilen (6rn. SYBR-
14) florokromlarin saptanmasi tizerine kuruludur. Bu
amagla ornekler SYBR-14 ve Pl ile laboratuvarlarin
kendine ait protokolleri kapsaminda boyanarak (23)
488 nm lik argon lazer ve 515 nm-545 nm (SYBR), 561
nm-583 nm emisyon filtreleri ile Slglimleri yapilir.
Boga spermasinda PMAI'nin belirlenmesinde, cok
yaygin SYBR-14/PI

kombinasyonunun Nagy ve ark. (24) yapmis olduklari

olarak kullanilan
calisma ile tekrarlandiginda verdigi dogruluk ve
dondurma asamasinda eklenen yumurta sarisindan
hata sebebiyle vyerini fluorescein
(FITC)-conjugated PNA

kombinasyonuna birakmasi énerilmektedir. Boylece,

dolayr verdigi
isothiocyanate ve Pl
FITC-PNA ile akrozom butiinlGgl degerlendirilirken,
Pl ile plazma membran bdtunligi ile ilgili veri
debrisden olabildigince arindirilarak elde edilebilir.
Bu amagla, 5 pl FITC-PNA (100 pg/ml) ve 3 ul PI (2.99
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mM), 492 ul dilie sperma sollisyonuna aktarilarak

boyama yapilir (25).

2.3. Apoptozis

Apoptozis, kromatin agregasyonu, sitoplazmik
ve nikleer defektleri de iceren programli hicre
Olimini tanimlayan terimdir. Hiicre o6liminin
(Apoptozis), infertilite ile arasindaki baglantidan
dolay! akis sitometrisi ile spermatozoa apoptozisin
belirlenmesi hizli ve gilvenilir bir metod olarak
lipid

bulunan

karsimiza ¢ikmaktadir. Bu amagla, hicre

membraninin ic kisminda
phosphatidylserine’lere afinitesi olan Annexin V en
stk kullanilan florokrom olarak karsimiza ¢gikmaktadir.
FITC konjuge hali ise, daha hassas olmasi sebebiyle
ticari olarak da bulunmakta olan probun boga
spermasi icin kullanimi, ticari kitler de degismekle

birlikte, Pl ile olmaktadir (26).

2.4. Spermatozoanin Mitokondriyal Membran
Potansiyeli

Mitokondriyal membran potansiyeli,
spermatozoon mitokondriyasinin oksidatif

fosforilasyon yoluyla ATP lretmesi ve kapasitasyon
ile ilgili bir parametre olarak degerlendirilmektedir.
Dusuk

spermatozoa anomalisine ya da dondurma ¢ézdlirme

mitokondriyal membran  potansiyeli,

sirasindaki kriyo hasara bagh olarak ortaya
¢ikabilmektedir. Bu sebeple mitokondriyal membran
potansiyelinin belirlenmesi canlilik testleriyle birlikte
o6nem tasimaktadir. Bu amagla, 5,5’, 6,6’-tetrachloro-
1,1’,3,3’-tetraethyl-benzimi-dazolyl-carbocyanine

iodi de (JC-1), rhodamine 123 ve MitoTracker (MITO)
siklikla JC-1,

spermatozoon membran

kullanilan florokromlardir.
mitokondriyel

potansiyelinin belirlenmesinde sik kullanilan prob
olarak karsimiza c¢ikmaktadir. Dusiik membran
potansiyelinde; yesil, yiksek oldugu durumlarda ise
turuncu renkli 1sima veren bir florokrom olarak
cahismaktadir. Farkh protokoller (25,27) ile yapilan
boyama sonucu 488 nm Argon lazer ve 535 nm, 595
nm emisyon filtreleri yardimiyla 6l¢im yapilir. Bu

amagla, 10 pl JC-1 (0.153 mM) ve 3 pl PI (2.99 mM),
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487 ul dille sperm sollisyonuna aktarilarak boyama
yapilir (25). Elde edilen veri, distk ve yuksek
membran potansiyeli olarak iki popilasyon halinde

degerlendirilir.

2.5. Kapasitasyon

Spermatozoa kapasitasyon seviyesinin ol¢im,
da (Ca)
florokrom bir

ile

spermatozoa sekillenen  kalsiyum

degisimlerinin ozellik goOsteren
(CTC)
gerceklestiriimektedir. CTC'nin hiicre membranini
Ca

arttirmasi sonucunda, serbest Ca’un hiicre igine

antibiyotik  olan  chlortetracycline

hicreigi maddelerden olan gegirgenligini
girisiyle CTC floresan 6zellik gostermekte bu da akig
sitometrisi ile tespit edilerek, bir fertilizasyon

Ongorisi olarak kapasitasyon seviyesi
belirlenmektedir (28). Yine hiicre ici Ca seviyesinin
belirlenebilmesi icin Fluo-3, ya da daha yeni bir prob

olan Fluo-4 AM kullanilabilmektedir.

2.6. Spermatozoanin Oksidatif Stresinin

Belirlenmesi

Oksidatif stres, reaktif oksijen tirlerinin (ROS)
olusumu karsisinda, spermanin kendi antioksidan

savunma sistemlerinin yetersiz kalmasi ve sonucunda

ortaya c¢lkan DNA bitUnlGginin  bozulmasi,
membran lipid yapisinin defekti ve fertilitenin
dismesi ile gozlemlenebilen bir durumdur.

Spermanin dondurulmasi ve ¢dzdurilmesi islemleri
oksidatif stres olusumunda biyiik rol oynamaktadir
(25). Bu oksidatif

parametrelerinin Olclilmesi, dondurma ¢o6zdirme

nedenle, sperm stres
islemlerine dayaniklilik agisindan 6nem tasimaktadir.
Oksidatif stresin akis sitometrisiyle belirlenmesinde,
5-(ve-6)-carboxy-2’,7'-dichlorodihydrofluoresence

(DCFDA)  sikca bir
florokromdur. 5-(ve-6)-karboksi-2',7'-diklorodihidro
floresan’in diasetat formu olan bu florokrom,
hidroksil, dioksit

radikalleri karbonat anyon radikalleri ve hidrojen

indiacetate kullanilan

siperoksid anyon, nitrojen
peroksit tarafindan yesil floresans veren DCFH e
cevrilir (29). Bu amacla, 5 pul DCFH-DA (10 mM) ve 3

ul Pl (2.99 mM), 492 ul diliie sperm soliisyonuna
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aktarilarak boyama yapilir (16). Bunun disinda yine,
DHE, MitoSOX, DAF2-DA, CellROX Deep Red, CellROX
Orange (30) oksidatif stres oOlciminde kullanilan
florokromlardir. Bu metoda da yine bir canli/6li
hiicre ayrimi yapan florokrom eklenmesi (6rn. PI) 6l
spermatozoonlarin analiz disina alinmasi ile daha

dogru sonug vermesini saglayacaktir.

2.7. Spermatozoanin Lipid Peroksidasyonu

Coklu doymamis yag asitlerince zengin bir

yaplya
spermatozoonlara sahip turlerde oksidatif stres, ROS

sahip plazma membrani iceren
ile reaksiyona giren bu yag asitlerinin yapisinin
bozulmasina ve bu sebeple membran yapilarinin
islev kaybina sebep

bozulup, spermatozoonun

olmaktadir. Lipid Peroksidasyonun (LPO) ortaya
yag C11-
BODIPY581/591 oldukga sik kullanilan bir LPO tespit

florokromudur (31). Bozulmamis membran yapisinda

konulmasinda, asidi analogu

kirmizi, perokside olmus membranda ise yesil (520
nm) isima veren florokrom yine PI ile birlikte
kullanilmaktadir. Bu amagla 5 pl BODIPY C11 (5mM)
ve 3 ul P1(2.99 mM), 492 ul diltie sperm sollisyonuna
aktarilarak boyama yapilir (16).

2.8. Spermatozoonun DNA Bitiinliigii

Fertilizasyonun temeli olan genetik
materyallerin birlesimi asamasinda spermatozoon
DNA’sinin paketleme hatalari, DNA metilasyonlari,
histon katlanmalari; herediter olabildigi gibi, oksidatif
strese bagli olarak, gesitli toksik etkiler altinda ya da
kriyoprezervasyonu asamasinda
(25). Bu

basarisi ve erken embriyonik yasamin 6nemli bir

sperma ortaya

¢ikabilmektedir sebeple, fertilizasyon

kriteri olan DNA butunlGgli sperma kalite
degerlendirmesinde 6nem tasimaktadir. DNA
bitunligu, akis sitometrisi ile  terminal

deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) ya da sperm chromatin structure assay
(SCSA) ile ortaya konulabilir (17,32). TUNEL metodu,
spermatozoon fiksasyonu ve ticari kitler ile birlikte
488 nm lazer ile degerlendirilmesine dayanmaktadir.

Sperm kromatin yapi analizi (SCSA) ise spermatozoon
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nikleer kromatininin ISl denatiirasyonuna
dayanikliligi ve acridine orange (AO) florokromunun
cift iplikcikli DNA da yesil, tek iplikgikli DNA da kirmizi
Isima vermesine dayal bir yontemdir (33). Sperma
konsantrasyonlari 2 X 108
TNE  buffer
sollisyonu ile dillie edilir. 200 pl sperma 6rnegi 6nce
400 pl asit-deterjan soliisyonu (pH: 1.2, 0.08-N HCI,
0.15-M NaCl, Ve 0.1% Triton X-100) ile 30 saniye,
ardindan da fosfat sitrat tamponuna eklenmis 1.2-mL
(6 mg/L) saflastinlmis AO (0.2-M Na2HPO4, 0.1-M
sitrik asit,0.15-M NaCl, ve 1-mM EDTA, pH 6.0) ile

boyanir. Ornekler, 3 dakikalik inkiibasyonun ardindan

ornekleri,

spermatozoon/ml olacak sekilde

akis sitometrisi ile iki kez degerlendirilir (34).

2.9. Spermatozoon Cinsiyetinin Belirlenmesi

Suni tohumlama endustrisinin yayginlagsmasi ile
birlikte,
yetistiricilerin buyik ilgisini gekmistir. Bu amagla akig

istenilen  cinsiyette  yavru  eldesi
sitometrisi, percoll ve albumin gradient santrifiija,
ylzdiirme, sefadeks kolonu, H-Y antijeni metotlari
gibi bircok yontem denenerek gelistirilmistir (35). Bu
yontemlerin gelistiriimesindeki temel prensip X ve Y
kromozomlarina sahip spermatozoonlarin tasidig
DNA miktari (36), hiicrenin boyutu (37), ylzey yuki
(38) veya yuzey antijenleri (39) bakimindan farkh
olmasidir. En etkili ayrimin gerceklestigi metot ise
hala akis sitometrisi yontemi olarak kabul
(40). Ancak

tohumlamaya gore elde edilen dusik gebelik

edilmektedir konvansiyonel
oranlari, kullanilabilir sperma oraninda diisus, yliksek
maliyet, egitimli personel gereksinimi gibi cesitli
dezavantajlari  bu yéntemin uygulanabilirligini
sinirlamaktadir.

Sigirlarda X kromozomu tasiyan spermatozoon
Y kromozomu taslyana gore %4 daha fazla DNA
icermektedir ve bu farkllik sayesinde flow sitometri
%90

spermatozoanin

kesinlikle,
%50’sinin

yapilabilmektedir. Kalan %50 ise cihaz tarafindan

metoduyla oraninda islenen

yaklasik ayrimi
cinsiyeti belirlenemedigi icin atik olarak ayrilmaktadir
(41). DNA

belirlenebilmesi igin hiicre membranindan gegebilen

Spermatozoanin miktarinin
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ve DNA’ya baglanan Hoeschst 33342 floresan

boyalari kullanilmakta, boyanin vyarattigi 1sima
miktari dedektor ile tespit edilmekte ve bilgisayar
yardimi %4’lik  bu farki
edilebilmektedir (40).

Kisaca, Oncesinde ortalama 7 saat siresince

ile ISIma analiz

modifiye edilmis Tyrode’s albumin laktat piriivat
(TALP)
Hoeschst 33342 boyasi eklenerek yaklasik 34°C
sicaklikta 45 dakika inkiibasyonu saglanir. Ardindan

solisyonu ile inkibe edilen spermaya

ayirma sollsyonu ile sulandirilan spermaya gida
boyasi ve final konsantrasyon %2 olacak sekilde
yumurta sarisi eklenir. Filtrasyonun ardindan Tris
bazli sheath soliisyonu ile ayrim gergeklestirilir (41-
43).

Cinsiyet ayrimi isleminin kalitesi sulandirma ve
boyama prosedirlerini UV isinlarina Akis Basincina
elektrostatik alan ve elektrik ylkiine bagh olarak
degiskenlik gosterebilmektedir. Ayrica sicaklik,
ozmolarite, pH ve kullanilan soltsyonlarin sterilitesi

de islemin basarisini etkileyebilmektedir (44,45).

SONUC

Saha yonelimleri ve teknolojideki gelismelere

gore vyenilenen laboratuvar teknikleri arasinda
kendisine 6nemli bir yer edinmis akis sitometrisi
metodu bu derlemeyle birlikte veteriner hekimligi
androloji laboratuvarlarinda kullanim  yonuyle,
calisma prensibi ve temel boyama metotlarinin
teknik detaylariyla degerlendirilmistir. Tim bunlara
ek olarak, anhk zamanlarda yuksek o6l¢im hizi,
objektif olmasi ve fertiliteye iliskin sonuglar
verebilmesi yéniinden degerli bu metodun kisa ve
uzun vadedeki gelismeleri yakindan takip edecegi ve
veteriner androloji alaninda 6ncil metotlardan biri

olacagi 6ngoérilmektedir.

Cikar Catismasi
Yazarlar, gikar ¢catismasi olmadigini beyan eder.
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Oz: Veteriner dogum ve jinekolojide siklikla uygulanan sezaryen ve piyometra operasyonlarinda hem hastanin agri ve aci
hissini ortadan kaldirmak hem de hekim ve yardimcilarinin givenligini saglamak amaciyla anestezik maddeler
kullanilmaktadir. Sezaryen ve piyometra operasyonlarinda yapilan premedikasyon, preoperatif donemde yapilacak
intravenoz kateterizasyon ve oksijenizasyon sirasinda annede olusabilecek stres ve kaygiyi 6nler. Bununla birlikte dengeli ve
etkili bir premedikasyon, indiiksiyon icin kullanilacak anestezik madde miktarinin azalmasina neden olur. indiiksiyon igin
sedatif-hipnotik (tiyopental, propofol, alfaksalon, etomidat), dissosiyatif (Ketamin HCL) ve inhalasyon ajanlar (izofluran,
sevofluran, desfluran) siklikla kullaniimaktadir. Gebe hayvanlarda kullanilacak anestezik ve analjezik maddeler fiziko-kimyasal
ozellikleri nedeniyle etkilerini kan-beyin bariyerini gecerek gosterir. Bu durum anestezik maddelerin, plasental bariyeri de
kolayca gecerek fetiis lzerinde olumsuz etkiler goriilmesine yol acgar. Yavrularn etkilemeden sadece anneyi anesteziye
alabilecek bir protokol yoktur. Bu nedenle hem anneyi hem de yavruyu en az sekilde etkileyen bir anestezi protokol
secilmelidir. Piyometral hayvanlarda ise baslica; bobrek yetmezlIigi, kardiyak aritmi ve hepatik islev bozuklugu gézlendiginden,
bu sorunlara karsi uygun anestezi protokoli secilmelidir. Bu derleme sezaryen ve piyometra operasyonlarina alinacak
hastalarda kullanilabilecek giivenli ve etkili anestezik maddeler ve anestezi protokolleri hakkinda bilgi vermek amaciyla
hazirlanmigtir.

Anahtar Kelimeler: Anestezi, Kedi, Kbpek, Piyometra operasyonu, Sezaryen operasyonu.

Anesthesia Techniques in Cesarean and Pyometra Operations in Cats and
Bitches

Abstract: Anesthetic substances are used in cesarean and pyometra operations, which are frequently applied in veterinary
birth and gynecology, both to eliminate the feeling of the ache and the pain of the patient and to ensure the safety of
physicians and their assistants. Premedication, carried out in cesarean and pyometra operations, prevents stress and anxiety
that may occur in the mother during the oxygenation and intravenous catheterization that will be applied in preoperative
period. However, a balanced and effective medication causes to reduce the amount of anesthetic substance to be used for
induction. Sedative-hypnotic (thiopental, propofol, alfaxalone, and etomidate), dissociative (Ketamine HCL) and inhalation
agents (isoflurane, sevoflurane, and desflurane) are frequently used for induction. Due to their physicochemical properties,
the anesthetic and analgesic substances to be used on pregnant animals show their effects by crossing the blood-brain barrier.
This situation causes the anesthetic substances can pass easily the placental barrier and to be seen adverse effects on the
fetus. There is no protocol that can only anesthetize the mother without affecting the offspring. Therefore, anesthesia
protocol that affects minimally both mother and offspring should be chosen. As in pyometra animals, renal failure, cardiac
arrhythmia and hepatic dysfunction are observed, an appropriate anesthesia protocol should be chosen against these
problems. This compilation is prepared to give information about safe and effective anesthetic substances and anesthesia
protocols that can be used on patients undergoing cesarean and pyometra operations.

Keywords: Anesthesia, Bitch, Cat, Cesarean operation, Pyometra operation.
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GiRiS

Y unanca Anaistesia’dan tiretilen ve "insancillik"
anlamina gelen anestezi terimi, viicudun

tamaminda veya herhangi bir yerinde saglanan duyu

kaybi olarak tanimlanir. Anestezi, sinir dokusunun

aktivitesinin bir ilag veya ilag kombinasyonu
tarafindan lokal, bolgesel veya merkezi sinir
sisteminin  (MSS) baskilanmasidir (1). insan ve
veteriner hekimligindeki operatif midahaleler

sirasinda; canlinin agri ve aci duymasini engellemek,
zindeligini korumak ve iyilesmenin ¢abuk olabilmesi
yoniinden anestezinin Oonemi buylktir ve tim
bunlarin 1siginda Anesteziyoloji ve Reanimasyon fikri
dogmustur (2). Anestezik maddeler ameliyat edilecek
hastalarda immobilizasyon, kaslarda gevseme,
bilingsizlik ve agri duyusunun ortadan kalkmasini
saglar. Anestezi bu etkileri sayesinde; ameliyat
sirasinda agri ve aci hissinin ortadan kalkmasi sonucu
hastaya midahale edebilme imkani vermesi ile bu
slrecte hekim ve yardimcilarin giivenligini saglamasi

gibi iki Gnemli amaca hizmet eder (3).

1. SEZARYEN OPERASYONU

Sezaryen operasyonu, gebeligin herhangi bir
doéneminde, dogumdan 6nce ya da dogum sirasinda,
anneye zarar vermeden vyavru veya yavrularin

uterustan uzaklastirilmasidir (4).

1.1. Sezaryen Operasyonunda Hastanin Anesteziye
Hazirlanmasi

Sezaryen operasyonu icin ideal anestezi
protokollinii; anne ve fetlsin saghgini tehlikeye
atmadan, operasyon sartlarini yerine getirebilecek
diizeyde analjezi, kas gevsemesi, sedasyon ve
anestezi olusturmaktadir (3,5-7). Gebe hayvanlarda
kullanilacak anestezik ve analjezik maddeler fiziko-
kimyasal Ozellikleri nedeniyle etkilerini kan-beyin
bariyerini gecerek gosterir. Kan-beyin bariyerini
gecebilen anestezik maddeler, plasental bariyeri de
kolayca gecerek fetis lizerinde etkili olmaktadir (8,9).
Anestezik maddelerin neden oldugu depresyon ve

yasam riski, anne ve yavruda esit duzeydedir (3).
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Fakat bu etkileri minimize etmek icin birka¢ secenek
bulunmaktadir. Bunlar;
Lokal anestezi teknigi kullanmak,
Annede istenilen diizeyde anestezi olusturmak
icin gereken dozun 1/4-1/8'i kadar anestezik ilag
kullanmak,
Propofol gibi kisa siirede indiiksiyon ve uyanma
saglayan anestezik maddelerden faydalanmak,
Uyanma slrecini kolaylastirmak amaciyla
anestezik maddelerin antagonisti olanlari tercih
etmek,
Hastanin inhalasyon anestezisine maruz kalma

sdresini minimuma indirmektir (10).

1.2. Sezaryen Operasyonunda Kullanilan Anestezik
Maddelerin Etkileri

1.2.1. Premedikasyon

Premedikasyon hastanin anesteziye kolay bir
sekilde girmesini, eksitasyon doénemi olmaksizin
anestezinin devam etmesini ve hastanin anesteziden
sakin bir sekilde ¢ikmasini saglar (11). Preoperatif
donemde yapilacak intravendz kateterizasyon ve
oksijenizasyon sirasinda annede olusabilecek stres ve

kaygiyr 6nler. Bununla birlikte dengeli ve etkili bir

premedikasyon, indlksiyon icin  kullanilacak
anestezik madde miktarinin azalmasina neden olur
(12). Sezaryen operasyonunda premedikasyon

amaciyla antikolinerjikler, trankilizanlar, sedatifler ve
opioidler kullaniimaktadir (13). Antikolinerjiklerden
glikopirolat’in plasentaya gecisi kolay olmadigindan
sezaryen operasyonunda preanestezik ajan olarak
tercih edilmektedir (13).

Sedatif ve trankilizan etki olusturmak amaciyla

kullanilan  fenotiyazin, benzodiazepin ve
adrenoreseptor agonistlerinin - hizli  bir  sekilde
plasentayr geg¢mesi, vyavrunun solunum ve

kardiyovaskuler sistemi tizerinde uzun sureli depresif
etki olusturmasi nedeniyle bu grupta yer alan
ajanlarin sezaryen operasyonunda kullanimi endike

degildir (3,5).
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Fenotiyazin tlirevi olan asepromazin, maternal-

fetal depresyona ve termoregilasyon
mekanizmasinda aksakliklara neden olmaktadir.
Sekiz saatten fazla sliren bu olumsuz etkiler, annenin
MSS'inde depresif etki olusturarak, hipotansiyona
neden olur. Bu tiir anestezik maddelerin disiik dozda
kullaniminin bile anne ve yeni dogan (zerinde
depresif etki olusturmasi nedeniyle sezaryen
operasyonlarinda tercih edilmemelidir. (3,5,14,15).

tirevi olan ve

Benzodiazepin diazepam

midazolam yeni doganlarda depresyon, letariji,
hipotermi, hipotonus ve apneye neden olur (5). Fetal
karacigerin benzodiazepinleri metabolize edebilecek
hepatik enzim sistemine sahip olmamasi nedeniyle
yeni doganlarda doza bagh olarak uzun sireli
Bu etki

benzodiazepinlerin antagonisti olan flumazenil ile

sedasyon olusabilir. dogumdan sonra
tersine cevrilebilir. Midazolamin diazepamdan daha
kisa etki sliresine sahip olmasi ve suda ¢ézlinebilme
ozelligi nedeniyle sezaryan operasyonlarinda tercih
edilebilir (12).

Sedatifler arasinda yer alan a2 adrenoreseptor

agonisti  anestezik maddelerin  antagonistleri
uygulandigi zaman, annede olusan yan etkiler
ortadan kaldirilabilirken, yeni dogan (izerinde

olusabilecek yan etkilerin giderilmesi oldukga zordur.
Yapilan galismalarda ksilazinin yeni dogan yavrular
lizerinde en vyuksek mortalite oranina sahip
preanestezik madde oldugu belirtilmistir. Bu grupta
anestezik maddelerin uterus

yer alan

kontraksiyonlarini artirmasi nedeniyle gebeligin
erken veya ge¢ donemlerinde kullanimi abortu
indikleyebilir. Ayrica uterustaki kan sirkilasyonunu
ve oksijen kapasitesini azaltmalari, anne ve fetisin
(Pa02) pH

degerlerinde dlstse neden olabilir. Bu sebeple

arteriyel oksijen basincinda ve

ksilazinin  gebelikte  kullanimi  kontrendikedir
(5,16,17). Bununla birlikte, yapilan bir galismada,
a2

grubunda yer alan diger anestezik maddelere gore

medetomidin’in adrenoreseptér  agonisti
zararh bir etkisi olmadigi bildirilmistir (7).
Plasentayi hizla gecen anestezik maddelerden

bir digeri olan opioidler annede sedasyon ve analjezi
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saglar. Bu grupta yer alan anestezik maddeler anne
ve yavru Uzerinde minimal kardiyak depresyona
neden olur (12). Fakat doz asimina bagh olarak
fetlislin respirasyonunu ve sentral sinir sistemini
deprese eder (3,18). Bu nedenle solunumu deprese
olan ve sirekli uyku halinde bulunan yeni dogan
yavrular anneyi ememez. Yeni dogan yavrularda,
opioidlerin bu etkileri 24 saat boyunca devam eder ve
vicuttan tamamen atihmi 2-6 giin sirer (3,5,18).
Opioidlerin antagonistleri de direkt plasentayi geger.
Operasyon sonrasi yeni dogan yavrularin dil altina 1-
2 damla naloksan gibi

antagonist ilaglardan

damlatilarak olusabilecek yan etkiler ortadan
kaldirilabilir (5,18). Bir baska yan etkisi ise annede ve
yavruda bradikardi olusumuna neden olmasidir.
Sezaryen operasyonu uygulanan hastalarda opioid
bradikardiyi
glikopirolat yerine atropin (0.01-0.02 mg/kg, IV veya
0.02-0.04 mg/kg SC veya IM) tercih edilmelidir.

Cunkd kigik molekiler yapiya sahip olan atropin

kaynakh tersine  cevirmek icin

plasental bariyeri kolayca gecer ve fetal bradikardi ile
miicadele eder. Biyik molekiler yapiya sahip olan

glikopirolat ise plasental bariyeri gecemez (12).

1.2.2. indiiksiyon

sedatif-hipnotik

alfaksalon,

Sezaryen  operasyonunda

(tiyopental,  propofol, etomidat),
dissosiyatif (Ketamin HCL) ve inhalasyon ajanlar
sevofluran, desfluran) indiksiyonu
sikhkla Sedatif-
hipnotik grubunda yer alan anestezik maddelerin
gegisi fetal

metabolizasyonu hizlidir (5,19).

(izofluran,

saglamak igin kullaniimaktadir.

plasental kolay olmasina ragmen,
Bu nedenle de
sedatif-hipnotik ajanlarin sezaryen operasyonunda
kullanimi endikedir (5,20).

Sedatif-hipnotik grubunda yer alan tiyopental’in
kardiyovaskuler ve solunum fonksiyonlari izerindeki
farmakolojik etkileri; kardiyak outputun olusmasi,
arterial basincin azalmasi ve periferik vaskiler
direncteki degisikliklerdir. Tiyopental annede apne
olusmasina neden olabilir. Apneye bagh fotal hipoksi
gelisebilir, fakat bu durum preoperatif oksijen
kaldirilabilir.

destegiyle ortadan Tiyopental IV
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uygulandiginda hizli indlksiyon saglayabilmektedir.
Tiyopentale bagh gelisen yan etkiler diisiik dozda (<4
mg/kg) uygulandigi zaman azaltilabilir (5,19).

Propofoliin kardiyovaskiler ve solunum sistemi
Gzerindeki farmakolojik etkileri tiyopental ile aynidir.
Hizli gecis saglar (5).
Neonatal dolagimda kisa sirede metabolize olur ve
atilir (3).

Etomidat, bir

Kardiyovaskiiler sistemde yan etki olusturmadan hizli

indiksiyon ve plasental

kisa etkili hipnotik ajandir.
indiiksiyon saglar (5). Tiyopentale kiyasla fetal

mortalite orani yuksektir. Premedikasyon

yapilmayan hastalara yalnizca etomidate
kullanildiginda kusma, agri ve istemsiz hareketler
ortaya cikabilir. Olusabilecek yan etkilerin oniline
gecmek icin indlksiyon oncesi preanestezik ilaglar
kullaniimalidir (20).

Alfazalon, daha

depresyona neden olan kisa sireli etki gosteren bir

az kardiyopulmoner
anestezik maddedir. Ayrica anestezinin devami igin
inhalasyon ajanlar yerine propofol ve alfazolen
givenli bir sekilde kullanilabilir (21).

Anesteziyi indiiklemek amaciyla kullanilan bir
diger grup ise dissosiyatiflerdir. Bu grupta yer alan
ketamin HCI, kedi (3-5 mg/kg IV) ve kopeklerde (2-4
mg/kg IV)
sezaryen operasyonlarinda ketamin HCl 1 mg/kg

diisik dozlarda kullanilabilir. insan
dozunda kullanildiginda bebekte minimum depresif
etki olustururken (13) insanlara kiyasla kedi ve
daha

icin,

kopeklerde yuksek dozlarla indiksiyon

saglandigi neonatal solunum depresyonu
olusma riski daha fazladir. Yapilan retrospektif
c¢alismalarda da ketamin ile indiklenen anestezi
sonrasl, yeni doganlarda mortalite oraninin yliksek
oldugu bildirilmistir (5,14,15).

Sezaryen operasyonlarinda, inhalasyon ajanlar
indiksiyonu ve anestezinin devamini saglamak igin
sikhikla tercih edilmektedir. Bu ajanlarin plasentayi
kolay gecebilmeleri nedeniyle annede olusan
anestezi derinligi ile yeni dogan yavrulardaki solunum

ve kardiyovaskiiler depresyon dogru orantilidir
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(3,5,18). Annede olusan anestezinin derinligine bagh
olarak; maternal hipotansiyon, uterus kan akisinda
azalma ve fetal asidoz sekillenebilir (3,5). izofluran,
sevofluran ve desfluran gibi inhalasyon ajanlari ile
indiksiyonda, anesteziden uyanma ve olusabilecek
yan etkilerin ortadan kalkmasi oldukga hizlyken,
daha
gerceklesmektedir (3,5). inhalasyonda kullanilan

haloten’de ise bu etkiler uzun sirede
anestezik maddelerin etkilerini gliglendirmek igin
kullanilan nitrik oksit, uygulanacak olan toplam
anestezik madde miktarini azaltir (5).

Sezaryen operasyonunda 0Ozellikle epidural
anestezi tekniginde lokal anestezik maddeler
kullanilmaktadir. Lokal anestezik maddeler genellikle
diger anestezik maddelerle birlikte veya tek baslarina
bolgesel olarak kullanilabilir. Lokal anestezik
maddeler ester ve amid grubu olmak Uzere ikiye
ayrilir. Ester grubunda yer alan prokain, tetrakain,
benzokain gibi anestezik maddeler maternal ve fetal
psédokolinesteraz tarafindan metabolize edilir. Amid
grubunda yer alan anestezik maddeler lidokain,
ise hepatik mikrozomal

mepivakain, bupivakain

enzimlerle metabolize edilir. Bu nedenle lokal
anestezik maddelerin fetiste birikimi azdir (5).
Lidokain ve mepivakain gibi lokal anestezik
maddeler 3 pg/ml’den fazla kullanildiklarinda
neonatal depresyona neden olabilir. Epidural ve
paravertebral uygulamalar sonrasi yogun ilag birikimi
gorulebilir. Buna bagli olarak da annede hipotansiyon
ve uteroplasental perflizyon olusabilir. Lokal
anestezik maddelerin kullanimina bagh olusabilecek
yan etkileri ortadan kaldirmak i¢in vazopresorler,
efedrin ve mefentermin gibi maddeler kullanilabilir
(5,18). Fakat epidural anestezi, kafa ici basing artisi,
pihtilasma bozukluklari, aplastik anemi, hipovolemi,
vertebral acil durumlar

deformite veya icin

kontrendikedir. Bu durumlarda, genel anestezi
kullaniimasi gerekmektedir (22). Tablo 1'de sezaryen
operasyonlari icin ideal ve disiik maliyetli anestezi

protokollerine yer verilmistir.
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Tablo 1. Sezaryen operasyonunda kullanilan anestezi protokolleri.

Table 1. Anesthesia protocols used in cesarean operation.

ideal Anestezi Protokolii

Diisiik Maliyetli Anestezi Protokoli

Premedikasyon

Atropin (0.02-0.04 mg/kg)
Hidromorfin (0.5 mg/kg) veya
Oksimorfin (0.05-0.1 mg/kg) veya
Morfin (0.1-0.2 mg/kg) veya
Butorfanol (0,2-0,4 mg/kg)
indiiksiyon

Midazolam (0.1-0.2 mg/kg) veya
Fentanil (5-10 pg/kg) veya
Propofol (2-6 mg/kg)
Anestezinin Devami

Izofluran (%0.5-2) veya
Sevofluran (%0.5-2)

Premedikasyon

Atropin (0.02-0.04 mg/kg)
Morfin (0.1-0.2 mg/kg) veya
Butorfanol (0.2-0.4 mg/kg)

indiiksiyon
Midazolam (0.1-0.2 mg/kg)

Anestezinin Devami
Izofluran (%0.5-2)

2. PIYOMETRA

Piyometra, uzun sire progesteronun etkisi
altinda kalan ve patolojik degisiklere ugrayan
uterusun endometriyum tabakasiyla bakterilerin

karsihkh  etkilesimi olusan bir uterus

enfeksiyonudur (23,24).

sonucu

2.1. Piyometa Operasyonunda Hastanin Anesteziye
Hazirlanmasi

bobrek
yetmezligi, kardiyak aritmi ve hepatik islev bozuklugu

Piyometrali hayvanlarda baslica;
gozlendiginden, bu sorunlara karsi uygun anestezi
protokoli secilmelidir (23). Bobrek fonksiyonlarini
girisi cikisi
izlenmelidir. Bobrek fonksiyonlarini artirmak igin

degerlendirmek icin sivi ile idrar
dopamin (0.5-3 pg/kg V), diiiretiklerden furosemid
(2-4 mg/kg 1V, IM, SC) veya %20’lik dekstroz
uygulanabilir. Piyometrali kdpeklerde operasyon
o6ncesi ve sonrasinda olusabilecek hipotansiyona
dikkat edilmelidir. Piyometrali kedi ve kdpekler aritmi
ve tasikardi yoniinden izlenmelidir. Toplam proteini 4
g/dl'den veya albumini 1.5 g/dL'den disik olan
kolloid

yapilabilir. Piyometra gozlenen hastaya uygulanacak

hayvanlarda, preoperatif uygulamasi

anestezi protokolil, tasidigl risk durumuna gore

belirlenmelidir.  Sistemik belirtilerin  gozlendigi

piyometrali hayvanlar, anestezi sirasinda dikkatli bir

sekilde takip edilmelidir (23). Piyometral kedi ve
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bobrek
sekillendigi icin halotan, barbitiirat ve bébrek yoluyla

kopeklerde genellikle bozukluklar

atilan anestezik maddelerin kullanimi

o6nerilmemektedir (25).

2.2. Piyometra Operasyonunda Kullanilan Anestezik
Madeelerin Etkileri

2.2.1. Premedikasyon

Uriner sistem hastaliklarinda premedikasyon
amaciyla antikolinerjiklerin kullanimi; kalp hizinin ve
oksijen tiketiminin artmasina ve kardiyak aritmilere
neden oldugu icin tercih edilmemektedir.
Dehidrasyon, sok ve anemi tablosu gdézlenmeyen
sedatif etki

asepromazin kullanimi énerilmektedir (11).

hastalarda olusturmak amaciyla

Kardiyovaskiiler depresyonu olan piyometrali
hastalarin, preanestezik ajanlar kullanilmadan, direkt
olarak  genel anesteziye alinmasi  gerekir.
Premedikasyon yapilan veya yapilmayan hastalarda
analjezi amaciyla butorfanol (0.2-0.4 mg/kg) veya
(0.05-0.1 mg/kg) (11).

edilecek premedikasyon

oksimorfon kullanilabilir

Entlibe hayvanlarda
amaciyla vazodilatasyon ve miyokardiyal depresyon
olusturmayan opioid ajanlardan, oksimorfin (0,05-
0.1 mg/kg), hidromorfin (0.1-0.2 mg/kg), fentanilden
(0.0025-0.005 mg/kg) birisi ile benzodiazepinlerden,
(0.2-0.5 mg/kg), (0.2-0.5

mg/kg) birisinin kombinasyonu kullanilabilir (1).

diazepam midazolam
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2.2.2. indiiksiyon

Piyometra operasyonlari hastanin entiibe edilip

edilmedigi yoninden degerlendirilmelidir.

Entlibasyonun mimkin olmadigi durumlarda,
kardiyovaskiler stabiliteyi korumasi ve aritmilere
neden olmamasi nedeniyle indiksiyon amaciyla
etomidat kullanilabilir. Azaltilmis dozlarda tiyopental

sodyum (7-10 mg/kg) ve propofol’iin (2-6 mg/kg) bu

tarz hastalarda kullanimi 6nerilmektedir. Aritmili

kopeklerde, etomidat olmamasi  durumunda
tiyopental ve lidokain ile indliksiyon saglanabilir (11,
23). Minimal kardiyak depresyona neden olmalari
nedeniyle inhalasyon anestezik ajanlardan izofluran
ve sevofluran anestezinin devami igin siklikla tercih
edilmektedir (11, 23). Piyometra operasyonunda
kullanilan ideal anestezi

ve dusik maliyetli

protokolleri Tablo 2’de verilmistir.

Tablo 2. Piyometra operasyonunda kullanilan anestezi protokolleri.

Table 2. Anesthesia protocols used in pyometra operation.

ideal Anestezi Protokoli

Dusuk Maliyetli Anestezi Protokolu

Premedikasyon

Butorfanol (0,2-0,4 mg / kg) veya
Oksimorfin (0.05-0.1 mg/kg) veya
Morfin (0.1-0.2 mg/kg)
indiiksiyon

Propofol (2-6 mg/kg) veya
Tiyopental (7-10 mg/kg) veya
Etomidat (0.15-0.3 mg/kg)
Anestezinin Devami

Izofluran (%0.5-2) veya
Sevofluran (%0.5-2)

Premedikasyon

Atropin (0.02-0.04 mg/kg)
Morfin (0.1-0.2 mg/kg) veya
Butorfanol (0,2-0,4 mg / kg)
indiiksiyon

Tiyopental (7-10 mg/kg) veya
Propofol (2-6 mg/kg)

Anestezinin Devami
Izofluran (%0.5-2)

SONUC

Tibbi uygulamalar igin anestezi gerekli bir
surectir. Planlanan her operasyon o©ncesi hasta
sahibinden anamnez bilgileri alinmali, hastanin fiziki
ve laboratuvar muayeneleri yapiimalidir. Bulgularin
timu degerlendirilerek anestezi icin uygun yontem

ve dogru anestezik madde segimi yapiimalidir.

Cikar Catismasi

Yazarlar, ¢ikar ¢atismasi olmadigini beyan eder.

KAYNAKLAR

1. Tranquilli WJ., Thurmon JC., Grimm KA., 2007.
Lumb and Jones Veterinary Anesthesia And
Analgesia. 4th ed., 330-335, Blackwell Publishing,
Britain.

2. Kog¢ B., Saritas Z., Sener 0., 2004. Veteriner
Anesteziyoloji ve Reanimasyon. 1th ed., 69-71,
Medipress, Malatya.

3. Topal A, 2005. Veteriner Anestezi. 1th ed., 143-
147, Nobel Tip Kitapevleri, Bursa.

89

4. Anadol E., Gultiken N., 2014. Kedi ve kopeklerde

glic dogum olgusuna sirurjikal yaklasim ve

anestezi secenekleri. Dicle Univ Veteriner

Fakiltesi Dergisi, 1, 15-40.

5. Tranquilli WIJ., Thurmon JC., Grimm KA., 2015.

Lumb and Jones Veterinary Anesthesia And
Analgesia. 5st ed., 330-335, Blackwell Publishing,

Britain.

6. Clarke KW., Trim CM., Hall LW., 2014. Veterinary

11th
Elsevier, Britain.
7. De Cramer KGM., Joubert KE., N6thling JO., 2017.

Puppy survival and vigor associated with the use

Anaesthesia. ed., 587-598, Saunders

of low dose medetomidine premedication,

propofol induction and maintenance of
anesthesia using sevoflurane gas-inhalation for
cesarean section in the bitch. Theriogenology, 96,
10-15.

8. Groppetti D., Di Cesare F., Pecile A., Cagnardi P.,

R., D'Urso ES,, 2019.

Maternal and neonatal wellbeing during elective

Merlanti Ravasio G.,

C-section induced with a combination of propofol



Kedi ve Képeklerde Sezaryen v...

Okur ve Polat

and dexmedetomidine: How effective is the
placental barrier in dogs?. Theriogenology, 129,
90-98.

9. CondeRuizC., Del Carro AP., Rosset E., GuyotE.,
Maraoiller L., Buff S., Portier K., 2016. Alfaxalone
for total intravenous anaesthesia in bitches
undergoing elective caesarean section and its
effects on puppies: A randomized clinical trial.
Vet Anaesth Analg, 43, 281-290.

10. Self I., 2019. Anaesthesia for canine caesarean
section. Companion Anim, 24, 84-90.

11. Kog B., Saritas Z., Senel O., 2012. Veteriner
Anesteziyoloji ve Reanimasyon. 2ed., 69-71,
Malatya, Medipress.

12. Mathews KA., Sinclair M., Andrea MS., Tamara
G., 2018. Analgesia and Anesthesia for the lll or
Injured Dog and Cat. 1th., 279, USA, Wiley
Blackwell.

13. Kanay B., Altan S., 2015. Gebe hayvanlarda
anestezi yontemleri. Turkiye Klinikleri J Vet Sci,
1,52-57.

14. Moon PF., Erb HN., Ludders JW., Gleed RD.,
Pascoe PJ., 2000. Perioperative risk factors for
puppies delivered by cesarean section in the
United States and Canada. ] Am Anim Hosp
Assoc, 36, 359-368.

15. Moon Massat PF., Erb HN., 2002. Perioperative
factors associated with puppy vigor after
delivery by cesarean section. ] Am Anim Hosp
Assoc, 38, 90-96.

16. Lemke KA., 2004. Perioperative use of selective
alpha-2 agonists and antagonists in small
animals. Can Vet J, 45, 475.

90

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sinclair MD., 2003. A review of the physiological
effects of a2-agonists related to the clinical use
of medetomidine in small animal practice. Can
Vet J, 44, 885.

Clarke K., Trim C., Hall L., 2014. Veterinary
anesthesia. 11th ed., 19-63, Saunders, Elsevier,
Britain.

Traas A., 2008. Surgical management of canine
and feline dystocia. Theriogenology, 70, 337-
342.

Doebeli A., Michel E., Bettschart R., Hartnack S.,
Reichler IM., 2013. Apgar score after induction
of anesthesia for canine cesarean section with
alfaxalone versus propofol. Theriogenology, 80,
850-854.

Robertson, S., Anaesthetic management for
caesarean sections in dogs and cats. In Practice,
2016. 38, 327-339.

Hu L., PanJ., ZhangS., Yu J., He K., Shu S., Wang
R., 2017. Propofol in combination with
remifentanil for cesarean section: Placental
transfer and effect on mothers and newborns at
different induction to delivery intervals. Taiwan
J Obstet Gynecol. 56, 521-526.

Fossum T.W., 2013. Small Animal Surgery
Textbook-E-Book. 6th ed., 737-741, Elsevier
Health Sciences, Philadelphia.

Alagcam E., 2010. Evcil Hayvanlarda Dogum ve
infertilite. 7th ed., 391, Medisan Yayinevi,
Ankara.

Ozyurtlu N., 2012. Képeklerde piyometra ve
tedavi seceneklerine kisa bir bakis. Dicle
Universitesi Veteriner Fakiiltesi Dergisi, 2012,
34-36.






Atatiirk Universitesi Vet. Bil. Derg. Review/Derleme
2020; 15(1): 91-99 DOI: 10.17094/ataunivbd.651002

Atatiirk Universitesi Veteriner Bilimleri Dergisi

Atatlirk University Journal of Veterinary Sciences

Veteriner Hekimlikte Papillomaviruslar ve Onemi

Selvi Deniz DORTTAS*?, Seval BiLGE DAGALP™

1. Ankara Universitesi, Veteriner Fakiiltesi, Viroloji Anabilim Dali, Ankara, TURKIYE.
ORCID: 0000-0001-9543-0211%, 0000-0002-1166-721X®

Gelis Tarihi/Received Kabul Tarihi/Accepted Yayin Tarihi/Published
26.11.2019 10.03.2020 30.04.2020
Bu makaleye atifta bulunmak igin/To cite this article:
Dérttas SD, Bilge Dagalp S: Veteriner Hekimlikte Papillomaviruslar ve Onemi. Atatiirk Universitesi Vet. Bil. Derg.,15(1): 91-
99, 2020. DOI: 10.17094/ataunivbd.651002

Oz: Papillomaviridae, insanlar dahil tim omurgalilari enfekte edebilen, enfeksiy6z ajanlara bagli olan kanser vakalarinin % 27-
30'undan sorumlu oldugu bilinen en genis virus ailesidir. Son yillarda, evcil ve vahsi hayvanlarda ¢ok gesitli lezyonlara neden
olan papillomaviruslar, ginimlzde giderek artan sayilarda tespit edilmektedir. Képeklerde, kedilerde ve sigirlarda olusan
papillomlar veterinerlik alaninda énemli bir problemi temsil etmektedir. Papillomaviruslar son yillarda, blyik ¢ogunlugu
insanlarda ve ozellikle sigir, kedi, kopek ve at gibi diger memeli hayvanlar olmak Gzere kuslar, kaplumbagalar, baliklar gibi
memeli olmayan hayvanlarda ve vahsi hayvanlarda artan sayilarda tespit edilmektedir. Ozellikle sigir, képek, at, kemirgen ve
insan papillomaviruslari hastaliklarin tani, tedavi ve asi degerlendirmesi igin molekiler biyoloji ve hiicre biyolojisi Gzerine bir
model olarak kullanilmakta ve arastiriimaktadir. Yapilan bu arastirmalarla papillomavirus evrimini, biyolojisini, tirler arasi
etkilesimlerini anlama bakimindan 6nemli gelismeler kaydedilmistir. Ayrica ¢ok gesitli lezyonlara neden olan papillomaviruslar
hayvan saghg Uzerinde bulylk etkiler yapabilmekte ve ozellikle giftlik hayvanlarinda goérilen papillomavirus kaynakli
hastaliklar 6nemli 6lgtide ekonomik kayiplara neden olmaktadir. Bu derlemede, hayvan papillomaviruslari hakkindaki son

gelismeleri genel kapsamlariyla bir araya getirmek ve hizla gelisen bu alanla ilgili bir glincelleme yapmak hedeflenmistir.

Anahtar Kelimeler: At, Kedi, Kopek, Papillomaviruslar, Sigir.

Papillomaviruses and Their Importance in Veterinary Medicine

Abstract: Papillomaviridae is the largest family of viruses known to be responsible for 27-30% of cancer cases due to infectious
agents that can infect all vertebrates, including humans. In recent years, papillomaviruses, which cause a wide variety of
lesions in domestic and wild animals, are now increasingly identified and papillomas in dogs, cats and cattle represent an
important problem in veterinary medicine. In recent years, papillomaviruses have been detected in increasing numbers in
humans and in non-mammals such as birds, turtles, fish, and other wild animals, particularly other mammals such as cattle,
cats, dogs and horses. In particular, cattle, dogs, horses, rodents and human papillomaviruses are used as a model on
molecular biology and cell biology for the diagnosis, treatment and vaccine evaluation of diseases. With these studies,
important developments have been made in terms of understanding the evolution, biology and inter-species interactions of
papillomavirus. In addition, papillomaviruses, which cause a wide variety of lesions, can have great effects on animal health,
and especially papillomavirus-related diseases in farm animals cause significant economic losses. This study aims to bring
together the latest developments in animal papillomaviruses with their general scope and make an update on this rapidly

developing field.
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GiRiS

apillomaviruslar (PV) bilinen en eski ve en genis

virus ailelerinden biri olarak kabul edilmektedir.
Filogenetik calismalar, virusun Afrika’dan koken
aldigini ve birden fazla evrimsel kuvvetin etkisinde
kalmasinin yani sira, memelilerin g¢esitlenmesiyle
konaklariyla birlikte gelisim gosterdigini ortaya
koymustur (1). Papillomaviruslarin olusturdugu sigil
benzeri olusumlarin taninmasi ilk olarak eski Yunan
ve Romalilar zamanina dayanmaktadir. 1900’lerin
basinda lezyonlardan elde edilen filtratlarin hastalig
bulastirdiginin gosterilmesiyle, insan sigillerinin viral
yapisi ilk

papillomavirus, 1930’larda yabani pamuk kuyruklu

tanimlanmistir.  Hayvanlarda ise
tavsanlarda kutandz papillomlarin bulasici niteligini
ortaya koyan Richard Shope tarafindan kesfedilmistir
(2). Son vyillarda ise gelisen teknoloji ve yapilan
calismalarla insan PV’larinin yani sira hayvan
PV’larinda da bir artis gorilen Papillomaviridae ailesi
ICTV raporlarinda da belirtildigi gibi iki alt aileden
(Firstpapillomavirinae ve Secondpapillomavirinae)
53

siniflandirilmakta ve 130’dan fazla papillomavirus

olusmaktadir ve  toplamda generada

tlrl icermektedir (3).

1. PAPILLOMAVIRUSLARIN TAKSONOMISi

Papillomaviruslar ilk olarak Polyomaviruslar ile
beraber Papovaviridae adi altinda siniflandiriimstir.
Ancak ortak bir genetik organizasyon sergilemelerine
genomlarinin  sekansi
bir
gostermemektedir ve papillomaviruslar, 2000 yilinda

ragmen, papillomavirus

polyomaviruslar  ile  yiksek homoloji
ICTV tarafindan Papillomaviridae adinda farkli bir aile
olarak tanimlanmistir (2). Papillomaviruslar kuguk,
zarfsiz, sirkiler, cift iplikcikli DNA (dsDNA) iceren
viruslardir. Bu viruslar 6,953bp-8,607bp arasi bir
genoma sahiptir ve bu kii¢clik boyutlarina ragmen
bir (1,4-6).

Papillomavirus genomlari temelde erken (E), geg (L)

karmasik biyoloji ~ gosterirler
ve uzun kodon bdlgesi (LCR) olarak 3 bolgeye ayrilir.
Erken genomik segment (E), olgunlagsmanin erken

asamalarinda epitel hicrelerinde eksprese edilen
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sekiz ORF icerir. E gen bolgesi E1, E2, E4 replikasyon
proteinlerini ve E5, E6, E7 onkoproteinlerini kodlar.
Son yillarda kesfedilen E3 ve E8 in de ayni bolgede
oldugu dustinilmektedir (1,7-9). L1 proteini, viral
ikozahedral kapsidin ana bilesenidir ve otomatik
olarak virion birlestirme yetenegine sahiptir. Viral
enfeksiyon mekanizmasinda, hiicre zari igerisinde
bulunan heparan silfat reseptorlerine kapsidin

baglanmasini etkileyen merkezi bir role sahiptir. Geg

protein olan L1, en belirgin olarak epitel
tabakalarinda ifade edilir. Bu nedenle L1' in tespiti,
prodiktif  enfeksiyonun temel kaniti olarak

dusinalir. PV partikillerinin birlesimi sirasinda L2 ise
viral DNA'ya baglanir ve kapsitlenmeye ve ardindan
virus salinmasina katkida bulunur. E1, E2, L1, L2 gen
bolgeleri tek baslarina progeny virusun salinmasina
yol acan replikasyon, diizenleme, dengeleme ve
paketleme gibi temel gorevleri teorik olarak yerine
getirebilir. Ucglincli bir yapisal protein olan fakat
fonksiyonu heniz belirsiz olan L3 ise sadece BPV-4'te
mevcut olarak tanimlanmistir (1). PV’lar enfekte
olmus memeli bireylerde etkili bir humoral bagisik
yaniti uyarmamakta ve bu nedenle serolojiye dayali
bir taksonomi gelistirilememektedir. Uygun bir hiicre
kiltird  ve laboratuvar hayvani gibi konak
sistemlerinin eksikligi de bir sinirlama getirmektedir.
Bu sinirlamalara ragmen, PV taksonomisi icin temel
sartlarin saglanmasinda DNA dizisi karsilagtirmalari,
filogenetik agaclarin topolojisi, bu virus ailesinin
taksonomik degerlendirmesinde vazgecilmez bir
kriter olmaktadir (4,5). 2010 yilindan bu yana PV
siniflandirmasi  filogeni,

genom organizasyonu,

biyolojisi ve patojenitesi gz Onlne alinarak
yapilmaktadir. PV karsilastirmalari yapmak icin 6l¢lt
olarak L1 gen bolgesi segilmistir ve bu genin niikleotid
benzerliklerin  yizdelerine gore
(6). L1

geninde %90'dan fazla niikleotid kimligini paylasan iki

seviyesindeki

taksonomik kategoriler belirlenmektedir

PV genomu ayni PV tipine aittir. Yeni bir PV izolatinin
filogenetik siniflandirmasi yapilirken, L1 bolgesindeki

DNA dizisinde mevcut papillomaviruslardan %10’dan
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fazla farklilik tasiyorsa yeni bir papillomavirus olarak
tanimlanmaktadir. %2-10 arasindaki farkhlk alt tip ve
%2’'den az farkhlik gosteriyorsa varyant olarak
adlandiriimaktadir (Tablo 1).

Tablo 1. Taksonomik Dizey Kriterleri (4).
Table 1. Taxonomic Level Criteria (4).
Taksonomik Diizey L1 Orf Benzerligi

Genera <%60
Tar %60-70
Tip %71-89
Subtip %90-98
Varyant >%98

2. HAYVANLARDA PAPiLLOMAVIRUSLAR

Son vyillarda hayvanlarda papillomaviruslarin
tanimlanmasinda biyulk bir artis meydana gelmistir.
Farkli evcil ve yabani hayvanlarda tespit edilen
papillomaviruslar taksonomide vyerini almaktadir.
Ozellikle bilinen papillomaviruslarin bilyiik cogunlugu
insan, sigir, koyun, keci, kedi, kopek gibi memeli

konaklardan izole edilmistir (10).

2.1. Bovine Papillomaviruslar (BPV)

Bovine papillomaviruslar kendiliginden
gerileyen iyi huylu timarlerin varligiyla ya dailerleme
gosteren malign neoplazmlarla karakterizedir.
Bugtine kadar 5 genusa (cins) ve bir siniflandirilmamis
genusa ayrilmistir. Deltapapillomavirus genusuna ait
Deltapapillomavirus 4 tiri BPV-1, -2, -13, ve -14
tiplerini; Epsilonpapillomavirus genusu Epsilon-
papillomavirus 1 tirG altinda BPV-5 ve -8 tiplerini;
Dyoxipapillomavirus genusu Dyoxipapillomavirus 1
tirt BPV-7 tipini kapsar. BPV-16, -18, -22 tipleri
Dyokappapapillomavirus genusunda
siniflandinlmistir. BPV-19 ve -21 tipleri ise heniiz
siniflandirlmamis ~ sigir ~ papilloma tipleridir.
Xipapillomavirus genusunda ise Xipapillomavirus 1
(BPV-3, -4, -6, -9, -10, -11, -15 ve -23) ve
Xipapillomavirus 2 (BPV-12) olmak uzere iki tdr
bulunur ve bu genusda yer alan BPV -17 ve -20
henliz tir bazinda siniflandiriimasi

(1).
¢alismayla ise BPV-24 olarak adlandirilan bir tip

tiplerinin

yapilmamistir Son zamanlarda vyapilan bir
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bildirilmis ve Xipapillomavirus genusuna ait oldugu
dnerilmistir (11). Ulkemizde sigir papillomlari tizerine
yapilan calismalarda BPV-1’in yaygin oldugu (12-14),
bunun yani sira son yillarda yapilan galismalarda ise
farkh papilloma vakalarinda saptanan BPV tirleri
arasinda dikkate deger bir gesitlilik oldugu ortaya
konmusgtur (15). Dagalp ve ark. (16) siit ineklerinin
memebasi papillomatozisinde siniflandiriimamis yeni
tiplerin ve daha onceden tanimlanmis 8 BPV tipin
(BPV-1, 2, 3, 4, 6, 7, 9, 10) varhgini 6rneklenen

sirilerde gostermislerdir.

2.1.1. Bulagma ve Cevresel Faktorler

Bovine papillomavirus kontamine sagim ve
bakim ekipmanlari, enfekte sigirlarla temas ile
kontamine diger maddeleri de iceren fomitler gibi
yollarla sacilir. Yapilan calismalarda virus, epitel
dokuda ve viral enfeksiyon rezervuarlari olarak
diisinilen kanda saptanmistir. Bunun vyani sira
lenfositler, sit, idrar, oosit, yumurtalik, uterus,
kiimUlUs hiicreleri ve uterus lavajiyla bulasabilecegi
gosterilmistir.  Bunlarin  yani sira enfeksiyonun
sineklerle bulasabildigi de dustnulmektedir (17).
Yakin zamanda vertikal bulagma da bildirilmistir. BPV
DNA'sI sigir uterusunda, amniotik sivida, plasentada
ve yavrulardan toplanan kan orneklerinde tespit
edilmistir. BPV-1 -2 ve -13’lin, 6zellikle egreltiotlari
bakimindan zengin topraklarda otlayan sigirlarda
iliskili

konmustur. Egreltiotunun, puquiloside ve quercetin

mesane karsinojenleriyle oldugu ortaya

gibi imminosupresan, mutajenik ve kanserojen
etkilere sahip toksik bilesenler icerdigi bilinmektedir
(18). Egreltiotunun bu o6zellikleri BPV persistansini

kolaylastirabilir (19).
2.1.2. Patogenez ve Patoloji

PV

spin6z katmaninda hiperplaziye neden olur. Bunun

enfeksiyonlari, epitelyum hicrelerinin
sonucunda dejenerasyon ve hiperkeratinizasyon gibi

degisiklikler gorulir. Bu degisiklikler genellikle
maruziyetten 4-6 hafta sonra baslar ve gerileme
gostermeden oOnce 1-6 ay siireyle devam eder.

Papilloma gelisimi birka¢ evrede gorilmektedir. 1.
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evrede papillomlar, dermisin fibroplazisi ve bu
fioroma ile baglantili olarak epitel ¢ogalmasi ile
baslayarak biraz yiikselmis plaklar seklinde goralar. 2.
evrede fibropapillomlar virus kaynakli sitopatoloji,
keratinizasyon epitelinde virus replikasyonu ve virion
toplanmasi ile karakterizedir. Bu asamada, ¢ogalan
epidermis invaziv olarak fibromaya kadar uzanir. 3.
evrede ise fibropapillomlar, fibrotik, pedunkiillesmis
ve loblu fungiform yizeylerle

ylizeyle veya

karakterize olarak gorlir (7).

2.1.3. Klinik Semptomlar

Sigir  papillomavirusu, epitelyal proliferatif
lezyonlara sebep olan ve yaygin olarak gorilen sigir
papillomatozisi adi verilen bulasici bir hastaliga sebep
olmaktadir. Olusan lezyonlar, cevresel faktor etkisiile
kombine edildiginde kendiliginden gerileyebilir veya
malignitelere ilerleyebilir. Etkilenen hayvanlar
genellikle ge¢ gelisme, kilo kaybi, siitte ve deri
(20).

uglarini

kalitesinde azalma gosterir Laktasyondaki

ineklerin meme ve meme etkileyen

papilloma, buzagi besleme ve elle/mekanik sagimda
giclige
enfeksiyonlar ile mastitise yatkinligi arttirir. Damizlik

sebep olurken, sekonder bakteriyel

surulerdeki enfeksiyonlarda penisin papillomatozisi,
hayvanlarin kesimini gerektirir (21). Kill deri, dil,
meme ucu, penis ve vulvada gelisen mukokutanoz
boslugunda, 06zofagusta ve

papilloma ile agiz

rumende gelisen st sindirim sistemi papillomalarina

neden olur (Sekil 1).

i3

Sekil 1.
indikledigi lezyonlarin farkli lokalizasyonu.

Sigirlarda  bovine papillomaviruslarin
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(a) oOzofageal papilloma (beyaz ok); (b) kutanéz
fibropapillomlar (siyah ok); (c) ¢ok sayida piring sekilli
papillomalar (siyah ok); ve (d) idrar kesesi tlimorleri
(siyah ok) (17).

Figure 1. Different localization of bovine
papillomavirus-induced lesions in cattle. (a)
esophageal papilloma (white arrow); (b) cutaneous
fibropapillomas (black arrow); (c) a plurality of brass-
shaped papillomas (black arrow); and (d) bladder
tumors (black arrow) (17).

Mukokutan6z papillomlar gen¢ hayvanlarda
daha sik gorulmekte ve ¢ogu sigirda hayati boyunca
sigiller  gelismeye devam etmektedir.  Sigir
mukokutandz papillomalarinda skuamoz papillomlar
ve fibropapillomlar bulunur. Skuamoz papillomlar
insan papillomalari ile ayni histolojik goriinise
sahiptir. Fibropapillomlar ise genellikle BPV-1 ve BPV-
2'den kaynaklanir. Hicreler dolgun ve diizenli bir
gorinimden  yoksunlardir.  Sigir  mukokutanoz
papillomlarin biyik ¢ogunlugu kendiliginden geriler
(22). Kutanoz papillomlar ise proliferatif benign
timorlerdir. Bu neoplaziler genelde fiziksel olarak
hasar gérmus vaskilarize bolgelerde ortaya cikar.
Morfolojik olarak tipik, sapli, atipik, filamentoz ve
piring benzeri sekilde siniflandiriimaktadir (1). Ust
sindirim sistemi papillomlarinda ise hastalik oranlari,
egreltiotuna maruz kalma durumuna baglanmistir ve
egreltiotu olan cografik bolgelerdeki sigirlarin %
20'sinde papillom gorildugi ve bu bitkinin olmadigi
bolgelerde sigirlarin ise sadece %4.4'inde papillom
kaudal

boslugundan rumene kadar ilerleyebilir. Ust sindirim

oldugu bildirilmistir.  Papillomlar agiz
sistemi papillomalari genellikle klinik hastaliga neden
olmaz ve ¢ogu bir yil sonra spontan olarak ortadan

kalkar (22).

2.1.4. Model Olarak BPV’lerin Onemi

BPV'ler dizilenen ilk papillomavirus genomudur.
BPV’lerin patolojisi ve biyolojisi Uzerine yapilan
calismalarin sonuglari, HPV'nin de biyolojisi ve
patolojisi hakkinda fikir vermesi agisindan énemlidir.
BPV'nin model olarak kullanimi, birden fazla ture
yonelik asilarin etkinligini degerlendirmede ve BPV ile
iliskili molekuler hucresel

kanserin ve
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mekanizmalarini belirlemede, persiste ve inatgl

lezyonlarin iyilestirilmesi i¢in immunoterapotik
yaklasimlari test etmekte 6nem arz etmektedir (23-

27).

2.1.5. Tiirler Arasi Enfeksiyonlar

Papillomaviruslar kural olarak tiir spesifik kabul
de

Deltapapillomavirus genusuna ait olan BPV-1, -2, -5

edilseler istisnalar bulunmaktadir;
ve -13 spesifik bariyerleri asarak mandalari, atlar,
tapirleri, ztrafalari, esekleri, bizonlari ve zebralari
enfekte edebilmektedir. Bu BPV tipleri sigirlarin yakin
akrabalarinda idrar  kesesi

fibropapilloma ve

lezyonlarina sebep olabildigi gibi, hayvanat
bahcelerinde veya vahsi dogada yasayan uzak iliskili
turleri de enfekte ettiginde sarkoidlere sebep
olabilmektedir. BPV-8'in de bir varyantinin bizonlarda
papillomlara neden oldugu gosterilmistir (17,20).
Etkilenen tirler arasinda, karnivorlarin filogenetik
olarak uzak bir Uyesi olan kediler de bulunmaktadir.
BPV-14'{in kedilerde de

sarkoidlere benzer lezyonlar bildirilmektedir (18,19).

enfekte ettigi evcil

2.2. Equine Papillomaviruslar (EcPV)

Bugline kadar sekiz equine papillomavirus tespit
edilmis ve genom sekanslari yapilmistir; Bu viruslar
alan EcPV1,

Dyoiotapapillomavirus genusunda yer alan EcPV2, -4,

Zetapapillomavirus genusunda vyer

-5 ve Dyorhopapillomavirusu genusunda yer alan
EcPV3, -6, -7
Treiskappapapillomavirus

zamanlarda
olarak EcPV8

olarak sayllmaktadir. S6z konusu viruslar klinik olarak

ve son

genusu

klasik papillomatozise (EcPV1), genital papillomalara
(EcPV2) ve kulak papillomlarina (EcPV3-6) sebep olur.
EcPV7 ise penisten alinan bir strliintide gozlenmistir.
Son zamanlarda yeni bir papillomavirus olarak
bulunan EcPV8 ise plak tipi, jeneralize papillom ile
iliskilendirilmektedir (28,29). EcPV-1'in neden oldugu
viral papillomatoz tipik olarak 3 yasin altindaki atlari
etkiler. Bulasma, enfekte bir at ile dogrudan temas
yoluyla veya dolayli olarak fomitler yoluyla
gerceklesebilir. Etkilenen bolgeler ¢ogunlukla bas,
dudaklar, ve bacaklardir. Klasik

gdz kapaklar
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papillomatozis tipik olarak 4-9 ay arasi kendiliginden
iyilesme gostermektedir. Atlarin biylik c¢ogunlugu
virusa karsi tamamen bagisiklik gelistirir ve tekrar
enfekte olmazlar. Atlardaki genital papillomalarin
EcPV-2 ve EcPV-7 ile iliskili oldugu gosterilmistir.
Bugline kadar doért papillomavirus (EcPV-3, EcPV-4,
EcPV-5 ve EcPV-6),
orneklerde c¢ogaltilmis ve filogenetik analizleri
(EcPV-4 ve EcPV-5)
Dyorhopapillomavirus (EcPV-3 ve EcPV-6) olarak

kulak plaklarindan alinan

Dyoiotapapillomavirus ve
yapilmistir. Ayrica EcPV8’in de genital papillomlar
disinda  kulak da
bildirilmistir (28,29). Kanat ve ark. (30) genital

lezyonlu, klinik olarak saglikli ve deri tlim&ru bulunan

plaklarinda bulunabilecegi

atlarda yaptiklari calismada, deri timori olgularinda
BPV-1 ve EcPV-2 tespiti yapmislar; ayrica hem saglkl
hem de genital lezyonlu atlardan alinan genital swap
orneklerinde EcPV-2, BPV-1 ve BPV-2 tiplerini tespit
etmislerdir.

2.2.1. Equine Sarkoidler

Birden fazla organda graniilomatoz inflamasyon
ile karakterize, disari dogru Ureyen dermatit olarak
veya nodiler bir deri rahatsizhigl olarak gorilen
sarkoidler atlari, katirlari ve esekleri etkileyen benign
fibroblastik tumorlerdir. Papillomaviridae ailesinin
BPV-1 ve -2 tipleri sarkoidlerin patogenezinde 6nemli
faktorler olarak bildirilmistir. Bazi ¢alismalarda, at
sarkoidlerindeki BPV-1 L2 proteinde bir delesyon
oldugu gosterilmistir. Bu bulgu, virusun BPV-1 ile
tamamen ayni olmadigini 6nermektedir. Ayrica
sigirlarda BPV enfeksiyonu gerileyebilecek iyi huylu
lezyonlar Uretirken, sarkoidler virus Uretimine izin

vermeyen non-permisif ve geri donislimsuzdir (31).

2.3. Feline Papillomaviruslar (FcaPV)

Kedileri

Papillomaviruslar

enfekte eden Felis catus
(FcaPV), kadar

Lambdapapillomavirus genusunda yer alan FcaPV-1,

bugline

Dyotheapapillomavirus genusunda yer alan FcaPV-2
ve vyapilan calismalar sayesinde birbirleriyle ve
iliskisi

genusuyla yakindan

4, -5

Taupapillomavirus

saptanan FcaPV-3, tarleri  olarak
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siniflandinlmistir (32,33). FcaPV-1 kedilerde oral
papilloma neden olur. Papillomlar dilin ventral
ylzeyinde kicuk ekzofitik kitleler kiimesi olarak
bulunurlar. Bu lezyonlarin biyik bir kismi hastaligin
klinik belirtilerine neden olmadan spontan olarak

(34,35).
FcaPV-2
lezyonlarinin, viral plaklarin ve bowenoid in situ
(BisK'ler)
disunutlmektedir (32,36). Bunlarin disinda kedilerden

Dyothetapapillomavirus
cilt

gerilemektedir

Uyesi olan ise  preneoplastik

karsinomalarin baslica nedeni olarak
izole edilen FcaPV-3, ayni zamanda FcaPV-2'den daha
az siklikta olsa da BiSK'lerde tespit edilmistir. FcaPV-
4 ise, ilk defa bir kedinin agiz ve gevresinde tesadfi
bir bulgu olarak bulunmustur (36). FcaPV-5’in ise
atipik viral plaklarla ve BiSK’lerle iliskisi bildirilmistir
(32).

2.3.1. Feline Sarkoidler

Kedilerde enfeksiyona sebep olan FcaPV tirleri
disinda, sigirlarda enfeksiyona sebep olan BPV-14 de
capraz enfeksiyon gostererek kedi sarkoidlerine
sebep olmaktadir. BPV-14, at sarkoidlerine de neden
BPV'lerle iliskili bir
Deltapapillomavirusdur ve kedilerde non-prodiktif
bir
Sigirdan

olan yakindan

enfeksiyona neden olabildigi gosterilmistir.
gecis
bilinmemekle birlikte, lezyonlarin dagilimi sinekler

kediye mekanizmasi  halen

yoluyla veya kedilerdeki yaralarinin BPV-14 ile
enfekte edilmesi ile olabilecegi disliniilmektedir.
Genellikle burun ve Ust dudaklar Gzerinde gelisirler

(34,35).

2.4. Canine Papillomaviruslar (CPV)

GUnlmuzde yirmi Canine Papillomavirus (CPV)
tipi Onerilmistir ve bu tipler Lambdapapillomavirus
(tip -1 ve -6), Taupapillomavirus (tip -2, -7, -13, -17, -
19) ve Chipapillomavirus (-3, -4, -5, -8, -9, -10, -11, -
12, -14, -15, -16, -18 ve -20) generalarina ayrilmistir
(19, 35, 37).

Kopekler CPV'ye bagh olarak ekzofitik veya
endofitik yapiya sahip klasik sigiller, pigmentli plaklar,

hiperkeratotik lezyonlar ve bazi durumlarda in situ ya
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da invaziv squamoz hicre karsinomlari (SCC) olmak
lizere cesitli cilt bozukluklari gdsterebilir. Ozellikle
genc kopekler agiz kavitesinde genis bir yelpazede
goriilen kdpek papillomatozisinden etkilenirler (37).
Canine papilomatozis virusu gevre kosullarina karsi
¢ok direnclidir ve dezenfektanlar ile elimine edilmesi
olduk¢a zordur. Papilomatozis gegirmis kopekler
bir (38).

pigmentli plaklar, genellikle Chipapillomavirus tirleri

dogal bagisiklik kazanirlar Kopeklerde
ile iliskilidir (39). Plaklar genellikle koyu renklidir ve
coklu olarak bulunurlar. Ekstremitelerin ventrum ve
medial

yonleri Uzerinde yaygin olarak gorilir.

Pigmente plaklarda viral replikasyon ve PV ile
indiklenen hiicre degisiklikleri gbzlenebilir. Pigmentli
plaklar, kendiliginden gerileyebilir, persiste olabilir
veya ilerleme gosterebilir. Genel olarak, pigmentli
plaklarin kozmetik 6nemi oldugu, saglik Uzerinde
olumsuz bir etkisi olmadigi dustndlir. Bununla
birlikte, pigmentli plaklarin nadiren malign
transformasyonlara ugrayarak invaziv SCC'ye sebep
olduklari bildirilmistir. Malign transformasyon sadece
CPV-9, 12 ve 16 ile iliskili plaklarda bildirilmis olsa da,
PV

malign

yayinlanmis vakalardan bazilarinda, diger

turlerinin  neden oldugu plaklar igin

potansiyelin bulundugu bildiriimektedir (40). Canine
CPV-1, 2, 6 ve 7
Geng CPV-1'den

kutanéz papillomlar ile

iliskilendirilmistir. kopeklerde
kaynaklanan oral papillomlar sik goralir. Kopekler
CPV-1 tarafindan enfekte oldugunda genellikle bu
enfeksiyon gorulmeyebilir. oral

gozle Kopek

papillomlarinin  bliyik c¢ogunlugu kendiliginden
geriledigi icin cerrahi eksizyona nadiren ihtiyag
duyulmaktadir. Bu durum, hiicre aracili bir bagisiklik
tepkisinin gelismesinden kaynaklanmaktadir.
Deneysel olarak gelisen papillomlarda, iyilesme tipik
olarak 8 hafta icinde olusur. Bagisiklik yetmezligi olan
¢ok sayida kopekte CPV-2 kaynakl papillomalarin
SCC'lere ilerledigi vakalar gorilmustir (35). Son
zamanlarda, iki Basenji kopeginden gelen ve
metastatik SCC'ye ilerleyen viral plaklarda CPV12 ve

CPV16 tespit edilmistir.
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3. PAPILLOMAVIRUSLARDA TANI

Lezyonlar deride rahatlikla goérilebildiginden

papillomatozisinin tanisi  zor degildir. Virusun
elektron mikroskopisi ile tanimlanmasinda derinin
stratum corneum, stratum spinosum ve stratum
graniilosumundaki hicrelerin ¢ekirdeginde viral
parcaciklarin varhig ortaya konmaktadir. Virusun
tespitinde diger o6nemli teknik polimeraz zincir
reaksiyonudur (PCR). Son yillarda L1, L2, E6 ve E7
proteinlerini kodlayan genom bodlgelerine dayall
olarak tasarlanan FAP59/FAP64 ve MY09/MY11
konsensis primerleriyle yapilan ¢ok sayida calisma
vardir. Baslangicta, insan papillomavirusunda L1
kodlayan genom bodlgesi temel alinarak tasarlanan
konsensiis primerleri insanlar, sigir ve diger
hayvanlardaki

sik¢a kullanilmaktadir (1,3,4,35,37,41).

papillomaviruslari tanimlamak igin

4. PAPILLOMAVIRUSLARDA TEDAVi, KORUMA ve
KONTROL

PV hastaliklarinin tedavisinin degerlendirilmesi
ve Onlenmesi zordur; cinki hastalik kendi kendini
sinirlandirir ve siresi degiskendir. Blyuk sirilerde
veya lezyon insidansinin yiiksek oldugu hayvanlarda
papillomalarin cerrahi eksizyonu yapilabilmektedir.
Etkilenen bir hayvanda timor kitlesinin tamamen
cikarilmasi, genel fibropapillom regresyonunu
uyarabilir ve diger tiurlerdeki papillomlar igin de ayni
durum gecerlidir. Etkilenen hayvanlari tedavi etmek
icin  interferon-alfa ve fotodinamik terapi
kullanilmigtir. Ancak yaygin olarak kullanimi yoktur.
Bunun disinda lazer tedavisi, kriyoterapi, sistemik
retinoidler, azitromisin tedavileri, otolog veya
rekombinant papillomavirus asilari ve homeopatik
tarantula zehiri tedavisi anekdot olarak bildirilmistir.
Ayrica ektoparazitlerin biyolojik olarak kontrolliniin
yapilmasinin BPV insidansini azalttigi gosterilmistir.
Sinirli bir etkinlige sahip olan otojen agilama gibi
da
bulunmaktadir. Fakat birkag asi modelinin dnerisine
kadar BPV'ye
papillomaviruslara karsi ticari bir asi formilasyonu

bu

asllama modelleriyle ilgili calismalar

ragmen  bugline ve diger

gelistirilmemistir. Dahasi, asl  modellerinin

97

mutajenik potansiyeli ve stabilitesi hakkinda bilgi
eksikligi vardir (1,7,20,26,28). Sigil ekstraktlarinin
profilaktik bir asi olarak kullanilmasinin, képeklerde
oral papillomatozun ©nlenmesinde etkili oldugu
gosterilmistir (37).

SONUC

Papillomaviridae, insanlar dahil tim omurgalilar
enfekte edebilen, enfeksiydz ajanlara bagli olan
kanser vakalarinin % 27-30'undan sorumlu oldugu
bilinen en genis virus ailesidir. Son yillarda, evcil ve
vahsi hayvanlarda cok cesitli lezyonlara neden olan
papillomaviruslar,  glinliimizde giderek artan
sayllarda tespit edilmektedir. Kdpeklerde, kedilerde
ve sigirlarda olusan papillomlar veterinerlik alaninda
bir

Papillomavirus kaynakli

onemli problemi temsil etmektedir.

lezyonlar ozellikle ¢iftlik

hayvanlarinda sebep oldugu bazi hastaliklar

sebebiyle 6nemli 6l¢lide ekonomik kayiplara neden
olmaktadir. Yeni viral tirlerin kesfedilmesiyle,
ozellikle sigir ve karnivor papillomaviruslarin hayvan
saghgl icin dinya capinda Onemi artmaktadir.
Papillomaviruslarla ilgili yapilan yeni kesifler kanser
katkida

bulunmaktadir. Hayvan papillomaviruslari, molekiiler

mekanizmasinin anlasilmasina
ve hiicre biyolojisi egitiminde de dnemli modeller

olarak gorilmektedir. Hayvan yetistiriciligi ve
veteriner tibbi icin gosterdikleri bu 6nemlere ek
olarak, genel papillomavirus kaynakli lezyonlarin
patogenezinin incelenmesi ve viral enfeksiyonlar ile
bunlarin sonuglarini ele alan yenilik¢i biyoteknolojik

araglarin gelistirilmesi icin de 6nemli modellerdir.

Cikar Catismasi

Yazarlar, gikar ¢atismasi olmadigini beyan eder.
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YAZARLARA BILGI

1. Atatitk Universitesi Veteriner Bilimleri Dergisi, Atatiirk Universitesi Veteriner
Fakiiltesi’nin hakemli bilimsel yayin organi olup, Nisan, Ekim ve Aralik aylarinda olmak iizere
yilda 3 kez yayimlanir. Derginin kisaltilmis ismi “Atatiirk Universitesi Vet. Bil. Derg.” dir.

2. Bu dergide, Tiirkce veya Ingilizce dillerinden birinde hazirlanmis ve daha dnce baska bir
dergide yayinlanmamis veya baska bir dergiye eszamanli olarak sunulmamis Temel Veteriner
Bilimleri (Anatomi, Biyokimya, Fizyoloji, Histoloji, Mesleki Etik ve Deontoloji), Klinik
Oncesi Veteriner Bilimleri (Farmakoloji ve Toksikoloji, Mikrobiyoloji, Parazitoloji, Patoloji,
Viroloji), Klinik Veteriner Bilimleri (i¢ Hastaliklar1, Cerrahi, Dogum ve Jinekoloji, Dlerme
ve Suni Tohumlama), Zootekni ve Hayvan Besleme Bilimleri (Biyoistatistik, Genetik, Hayvan
Besleme ve Beslenme Hastaliklari, Hayvancilik Isletme Ekonomisi, Zootekni), Veteriner
Orjinli Gida Hijyeni ve Teknolojisi, Egzotik Hayvanlar Bilimi ve Laboratuvar Hayvanlari
Bilimi alanlarinda hazirlanmig orijinal arastirma makalesi, olgu sunumu ve derlemeler
yayimlanir.

3. Materyal olarak hayvan kullanilan orijinal arastirma makalelerinde (klinik, deneysel, saha
caligmalar1 vb.); etik kurul onay1 alinmis olmalidir. Etik kurul onayinin alindig1 kurum ve onay
numarasi makalenin Materyal ve Metot kismina yazilmalidir. Yaym kurulu etik kurul onay
belgesini isteme hakkina sahiptir.

4. Yazarlar, bagka kaynaklardan alinan ve kullanilan materyal ile ilgili telif hakki sartlarina
uymak ve telif hakkinin dergiye devrini ifade eden soézlesmeyi imzalamakla yiikiimliidiirler.
Dergide yer alan yazilardan dogacak her tiirlii sorumluluk yazar(lar)’ina aittir.

5. Makaleler degerlendirme i¢in en az iki hakeme gonderilir. Makale kabul siirecinde, iki
hakemin goriislerinin farkli olmas1 durumunda editor veya licilincii bir hakemin goriisii alinarak
karar verilir.

6. Sorumlu yazar Atatiirk Universitesi Veteriner Bilimleri Dergisine yayimlanmak iizere
gonderecegi makale ile birlikte “Makale Kontrol Formu”nu da géndermek zorundadir.

7. Atatiirk Universitesi Veteriner Bilimleri Dergisi’ ne gonderilen makalelerde, makale
degerlendirme siireci bagladigi andan itibaren, makalede yazar ismi degisikligi ve isim
siralamasi degisikligi yapilmaz.

8. Atatiirk Universitesi Veteriner Bilimleri Dergisi Editorliigiine ulasan makale ve makale
kontrol formu, dergi editorliiglince On degerlendirmeye tabi tutulur. Editorlik, o6n
degerlendirme sonucuna gore makaleyi reddetme veya hakem degerlendirmesine tabi tutmadan
once diizeltme isteme hakkina sahiptir.

9. Atatiirk Universitesi Veteriner Bilimleri Dergisi'nin etik politikas1 geregi intihale miisamaha
gosterilmemektedir. Dergiye gonderilen tiim makaleler, uygun bir yazilim kullanilarak
benzerlik yoniinden kontrol edilir. Benzerlik oran1 %15’den fazla olan makaleler (kaynaklar
hari¢) reddedilir.



10. T.C. Tarim ve Orman Bakanlifi’nca belirtilen “Ihbar1 Mecburi Hastaliklar” ile ilgili
makalelerin degerlendirmeye alinabilmesi i¢in T.C. Tarim ve Orman Bakanligi’ndan alinmis
izin yazisinin Dergi Editorliigiine sunulmasi zorunludur.

MAKALENIN HAZIRLANMASI

1. Makaleler, A4 dosya kagidina (tek yiiz), ¢ift satir aralikli olarak, kenarlarindan 3 cm bosluk
birakarak yazilmali, sekil, tablolar ve kaynaklarda dahil olmak iizere sayfa sayisi orijinal
bilimsel arastirmalarda ve derlemelerde 16, olgu sunumu gibi kisa bilimsel ¢aligmalarda ise 5
sayfay1 gegmemelidir.

2. Makale, Microsoft Word 6.0 veya daha iist versiyonda, Calibri karakterinde ve 12 punto ile
hazirlanmalidir.

3. Makaleye satir numaralar1 (makalenin 2. sayfasindan baglamak iizere siirekli olacak sekilde)
ve sayfa numaralari (sayfa altinda ve ortal1) eklenmelidir.

4. Makale ile ilgili agiklayici bilgiler (tez, proje, vb.) makale bagliginin sonuna {ist simge olarak
* 1sareti konulup makale bagligi altinda italik yaziyla a¢iklanmalidir.

5. Arastirmaya konu olan maddelerin ve iiriinlerin ticari adlar1 kullanilmamalidir.

Orijinal Bilimsel Arastirma Makaleleri I¢in:

Birinci Sayfa: makalenin birinci sayfasi baslik, yazar isimleri ve adresleri, yazarlarin e-posta
adresleri, sorumlu yazar iletisim bilgileri ve eger varsa makale ile ilgili agiklayici bilgiden
olusmalidir.

Baslik: Tiirkce ve Ingilizce basliklar sadece ilk harfleri biiyiik olacak sekilde yazilmalidir.
Makalenin dili Tiirkge ise dnce Tiirkce sonra Ingilizce baslik, makalenin dili Ingilizce ise dnce
Ingilizce sonra Tiirkge baslik yazilmalidir.

Yazar Isimleri ve Adresleri: Yazar(lar)’m adi ve soyadinin (akademik iinvansiz) sadece bas
harfleri biiyiik ve basligin altina ortali gelecek sekilde yazilmalidir. Sorumlu yazar (*) ile
isaretlenmeli, yazarlarin isminin sag lst kosesine sayr eklenmeli ve bu sayilar adresler
boliimiinde kullanilmalidir. Yazarlarm adresinde; bagl oldugu kurum, birim, sehir ve Ulke
belirtilmelidir.

Yazarlarin e-posta Adresleri: makalede ismi bulunan tiim yazarlarin ismi ve e-posta adresleri
yazilmalidir.

Sorumlu Yazar iletisim Bilgileri: Makalenin sorumlu yazarina ait isim-soyisim, e-posta, adres,
telefon, GSM ve fax numaralarini igeren bilgiler yazilmalidir.

Makale ile ilgili Aciklayic1 Bilgi: Eger varsa makale ile ilgili agiklayic1 bilgiler (tez, proje vb.)
birinci sayfanin sonunda italik yaziyla agiklanmalidir.




Ikinci Sayfa: Makalenin ikinci sayfas1 Tiirkce 6zet ve anahtar kelimeler ile Ingilizce dzet ve
anahtar kelimeleri igermelidir. Makale yazim dili Tiirk¢e ise oncelikli olarak Tiirkge 6zet ve
anahtar kelimeler; eger makale yazim dili Ingilizce ise 6ncelikli olarak Ingilizce zet ve anahtar
kelimeler sunulmalidir.

Ozet: Kisaca amag, materyal, metot, bulgular ve sonuglar1 igermelidir. Ozetlerde kullanilacak
kelime sayis1 170-200 kelime arasinda olmalidir ve tek satir araliklarla yazilmalidir.

Anahtar kelimeler: Anahtar kelimeler “Tiirkiye Bilimleri Terimleri” nden segilmelidir
(http://www.bilimterimleri.com/tr-index.html). En fazla 5 adet olmalidir. Tiirk¢e anahtar
kelimeler Tiirkce’ye gore, Ingilizce anahtar kelimler Ingilizce’ye gore alfabetik olarak
siralanmalidir. Her anahtar kelime arasina (,) isareti konulup, sonuncu anahtar kelimeden
sonrada (.) isareti konulmalidir.

Uciincii Sayfa: Makale iiciincii sayfadan itibaren “GIRIS”, “MATERYAL ve METOT”,
“BULGULAR”, “TARTISMA ve SONUC”, Cikar ¢atismasi1 ve “KAYNAKLAR” béliimleri
halinde tamamlanmalidir. Bulgular ve tartisma birlikte verilebilir. Gerekli oldugu takdirde,
tesekkiir de eklenebilir. Bolim bagliklar1 biiyiikk harflerle yazilmalidir. Boliimlere ait alt
basliklar yalniz ilk harfleri biiyiik olacak sekilde yazilmalidir. Tiim basliklar koyu tonda ve 12
punto ile satirbasi hizasinda yazilmalidir.

Istatistiksel Analiz_bilgileri: makalenin MATERYAL ve METOT boliimiiniin sonunda
“Istatistiksel Analiz” bashig altinda verilmelidir.

Birimler ve Kisaltmalar: Her bir kisaltmanin acilimi metinde ilk gectigi yerde verilmelidir.
Birimler ve dlgiilerde Uluslar Arasi Standart birimleri (SI-sistem) kullanilmalidir. Cins ve tiir
isimleri italik olarak yazilmalidir. Makale icerisinde kullanilan rakamsal ve istatistiki verilerde
nokta kullanilmalhidir (6rnek: 44.5; 0.82; % 97.7; P<0.01 vb.).

Tablo ve Sekiller: Tablo ve Sekiller ana dokiimandan ayr1 olarak gonderilmelidir. Tablolar
Dikey sayfa olanlar genislik 7 cm’ye sigacak sekilde en fazla 35 satir, yatay sayfaya 15 cm’ye
sigacak sekilde en fazla 25 satir olmalidir. Sekiller bulanik olmayacak sekilde, jpeg, tiff, bmp
veya gif formatinda ve en az 150 dpi ¢oziiniirliikte hazirlanmali, sekil iizerine yazilan yazilar
ve isaretlemeler ayni sekilde resim igsleme programlarinda (Photoshop, paint vs.) “Calibri” fontu
ile 12 puntoyu gegmemesi gerekmektedir. Grafikler resim formatinda degil doc, docx, xIs veya
xIsx formatinda hazirlanmalidir. Sekil, grafik, fotograf ve resimler basliklarda ve metin
icerisinde Sekil olarak ifade edilmelidir. Sekil ve tablolar metin igerisindeki sirasina gore
numaralandiriimali ve metin icerisinde kisaltilmadan yazilmalidir (Orn; Sekil 1, Tablo 1). Tablo
ve sekillerin baslik ve agiklamalar1 hem Tiirkge hemde Ingilizce olarak eklenmelidir. Tablo ve
sekillerde kullanilan her tiirlii kisaltma tablo ve sekil altinda agiklanmalidir.

Sonug: Makaleye ait elde edilen/varilan sonug, “TARTISMA ve SONUC” kisminin sonunda
“sonug olarak...“ ifadesiyle baslayan tek bir paragrafla belirtilmelidir.



Olgu Sunumlari Icin:
Birinci ve ikinci sayfalar orijinal bilimsel aragtirma makaleleri kisminda anlatildig1 sekilde
hazirlanmalidir. Ozetlerde kullanilacak kelime sayisi 120°den daha az olmamali ve tek satir
araliklarla yazilmalidir.

Ucgiincii sayfadan itibaren “GIRIS”, “OLGU SUNUMU” (olgu sunumu baslig1 altinda materyal,
metot ve bulgulardan bahsedilmelidir) “TARTISMA ve SONUC” “Cikar ¢atigmasi”, ve
“KAYNAKLAR” seklinde tamamlanmalidir.

Olgu sunumu igerisinde eger varsa Istatistiksel analiz bilgileri, birimler ve kisaltmalar, tablo ve
sekiller bilimsel aragtirma makaleleri kisminda anlatildig1 sekilde sunulmalidir.

Olgu sunumuna ait elde edilen/varilan sonug, “TARTISMA ve SONUC” kisminin sonunda
“sonug olarak...* ifadesiyle baslayan tek bir paragrafla belirtilmelidir.

Derlemeler Icin:

Birinci ve ikinci sayfalar orijinal bilimsel aragtirma makaleleri kisminda anlatildig1 sekilde
hazirlanmalidir. Derlemeler i¢in hazirlanan 6zet derlemenin konusu hakkinda bilgi ve
derlemenin amacindan olusmalidir. Ozetlerde kullanilacak kelime sayis1 170-200 arasinda
olmalidir ve tek satir araliklarla yazilmalidir.

Derleme iiciincii sayfadan itibaren “GIRIS” ile baslamali, yazar/lar tarafindan belirlenecek ara
basliklarla devam etmeli, “SONUC”, Cikar ¢atismas1 ve KAYNAKLAR ile tamamlanmalidir.

Derleme igerisinde eger varsa birimler ve kisaltmalar, tablo ve sekiller bilimsel arastirma
makaleleri kisminda anlatildig sekilde sunulmalidir.

Derlemeye ait sonug, KAYNAKLAR boliimiinden hemen once SONUC bashgi altinda
belirtilmelidir.

Atatiirk Universitesi Veteriner Bilimleri Dergisi’ne yayimlanmak {izere génderilen derlemenin
sorumlu yazarmin derlemenin konusu ile ilgili en az 3 (iic) adet makalesinin olmasi
gerekmektedir. Sorumlu yazar, derlemesini gonderirken konu ile ilgili makalelerinin de kiinye
bilgilerini dergi editorliigiine gondermelidir (makale kiinyeleri, makale metninin en son
sayfasinda sunulmalidir)

Cikar Catismasi

Dergiye gonderilen makalenin tiirli ne olursa olsun (orijinal aragtirma makalesi, olgu sunumu,
derleme), makale icerisinde kaynaklar basligindan 6nce Cikar Catigsmasi bashigr eklenmeli ve
“yazarlar ¢ikar ¢atismasi olmadigini beyan eder” ifadesi yazilmalidir.

Kaynaklar
Kullanilan kaynak sayis1 olgu sunumlari i¢in 10°dan az, arastirma makaleleri i¢in 20’den az ve
tiim makale tiirleri i¢in 45°den fazla olmamalidir.



Makale tiiri ne olursa olsun (orijinal arastirma makalesi, olgu sunumu, derleme) kullanilan
kaynaklarin (makalenin gonderildigi yil baz alinarak) en az ticte birlik kismi son 3 yila ait
olmalidir.

Makale tiirii ne olursa olsun (orijinal arastirma makalesi, olgu sunumu, derleme) kaynaklar
asagida belirtildigi sekilde sunulmalidir:

Metin icerisinde:

Metin igerisinde kaynaklara 1’den baslamak tizere numara verilmelidir ve bu numaralar
(1), (1,2), (1,4-7,13) seklinde parantez igerisinde belirtilmelidir. Yazar isminin kullanilacagi
yerlerde ise yazarin soyadi ve parantez igerisinde kaynagin numarast Aktas (22), Aktas ve ark.
(13) 6rneklerinde oldugu gibi yazilmalidir.

Kaynaklar Bolimiinde:

Metin icerisinde numaralandirilan kaynaklar, makalenin kaynaklar boliimiinde numaralarina
gore siralandirilmalidir.

Kaynak verilen bilimsel dergilerin isimlerinin yazilmasinda derginin isminin kisaltmasi
kullanilmalidir.

Kaynak makale ise; Barbour AH., Rampling A., Hormaeche CE., 2001. Variation in the
infectivity of Listeria monocytogenes isolates following intragastric inoculation of mice. Infect
Immun, 69, 4657-4660.

Kaynak kitap ise; Lawrie RA., 2002. Lawrie Meat Science. 6th ed., 330-335, Woodhead
Publication, Cambridge.

Kaynak kitapta bir boliim ise; Mark E., 1989. Thyroid diseases. In “Textbook of Veterinary
Internal Medicine”, Ed., SJ Ettinger, 6th ed., 230-250, W.B. Sounders Company, Philadelphia.

Kaynak bir tez ise; Aktas MS., 2005. Kopeklerde antibiyotiklerin neden oldugu ishallerde
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