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Abstract

This study aimed to evaluate the impact of medetomidine on the vertebral heart score (VHS) in
Scottish Fold cats. The VHS method, commonly used in veterinary practice, provides a reliable means
to assess cardiac size via radiographic imaging. Understanding the effects of sedative drugs on such
measurements is essential, particularly in clinical settings involving animals with potential cardiac
concerns. A total of 20 Scottish Fold cats, aged between 8 and 48 months and weighing 2.8-5.9 kg,
were included in the study. Sedation was induced using an intramuscular injection of medetomidine
(80 pg/kg), and radiographic images were obtained at five time points: pre-sedation (To) and at 5, 10,
30, and 45 minutes post-administration (T1-T4). The VHS was evaluated from left laterolateral (LL) and
ventrodorsal (VD) X-rays, and statistical comparisons were performed between these intervals. There
was a statistically significant increase in VHS between the pre-sedation (Tp) and 45-minute (T4)
measurements (P<0.05). However, no significant difference was observed at earlier time points (T,
T,, and T3). Additionally, while the cardiac short axis (CSA) showed a slight increase in size post-
sedation (P=0.06), the cardiac long axis (CLA) remained unchanged (P=0.40). Medetomidine increased
VHS in both LL and VD radiographs, particularly by the 45th minute post-administration. As this
alteration impacts both cardiological evaluation and anesthesia safety, reporting these findings is
critical for optimizing clinical decision-making. Given the potential for an altered cardiac silhouette,
caution is advised when administering medetomidine in Scottish Fold cats with pre-existing heart
conditions, as these changes may interfere with clinical assessments of cardiac health.

Key Words: Cardiac size, medetomidine, radiography, Scottish Fold cats, vertebral heart score

Scottish Fold Kedilerinde Medetomidin Uygulamasinin Vertebral Kalp Skoruna Etkisi

0z

Bu calisma, medetomidinin Scottish Fold kedilerinde vertebral kalp skoru (VHS) Uzerindeki etkisini
degerlendirmeyi amaglamistir. VHS yontemi, veteriner hekimlikte yaygin olarak kullanilan ve
radyografik gorintileme yoluyla kalp blyikliguni givenilir bir sekilde degerlendiren bir yontemdir.
Sedatif ilaglarin bu tir Olgiimler Uzerindeki etkilerini anlamak o6zellikle kardiyak sorunlari olan
hayvanlar icin dnemlidir. Calismaya, 8 ile 48 ay arasinda ve 2.8-5.9 kg agirli§inda 20 Scottish Fold kedisi
dahil edilmistir. Sedasyon, kedilere intramuskiiler olarak 80 pg/kg dozunda medetomidin enjeksiyonu
ile saglanmistir ve radyografik gérintiler sedasyon 6ncesinde (To) ve sedasyon sonrasi 5, 10, 30 ve 45.
dakikalarda (T:-T4) elde edilmistir. VHS, sol laterolateral (LL) ve ventrodorsal (VD) radyografilerden
degerlendirilmis ve bu zaman dilimleri arasinda istatistiksel karsilastirmalar yapiimistir. Sedasyon
oncesi (To) ile 45. dakika (T,) arasindaki VHS'de istatistiksel olarak anlamli bir artis gozlenmistir
(P<0.05). Ancak, daha erken zaman noktalarinda (T3, T> ve T3) anlamli bir fark bulunmamistir. Ayrica,
sedasyon sonrasi kalp kisa ekseni (CSA) boyutunda hafif bir artis gozlenmis (P=0.06), ancak kalp uzun
ekseni (CLA) degismemistir (P=0.40). Medetomidin, hem LL hem de VD radyografilerinde VHS artisina
neden olmus, oOzellikle sedasyondan 45 dakika sonra belirgin hale gelmistir. Bu degisiklik hem
kardiyolojik degerlendirmeyi hem de anestezi glivenligini etkilediginden, bu bulgularin rapor edilmesi
klinik karar alma sireglerini iyilestirmek agisindan kritik 6neme sahiptir. Kalp siluetindeki bu
degisiklikler géz oniinde bulunduruldugunda, medetomidinin klinik kardiyak degerlendirmeleri
etkileyebildigi ve mevcut kalp rahatsizliklari olan Scottish Fold kedilerine uygulanirken dikkatli
olunmasi 6nerilmektedir.

Anahtar Kelimeler: Kalp buyukligl, medetomidin, radyografi, Scottish Fold kedileri, vertebral kalp
skoru
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INTRODUCTION

Vertebral heart score (VHS) or vertebral heart size is a method
used to assess cardiac size in thoracic radiographs and was
first applied to cats by Lister and Buchanan (1). This technique
involves measuring the long and short axes of the heart on
thoracic radiographs, which are then compared to thoracic
vertebrae to calculate a numerical score. The measurements
are typically taken using a digital caliper or computer-based
imaging software, with the length of the heart’s long and short
axes being compared to the vertebral bodies starting from the
fourth thoracic vertebra. This measurement provides veteri-
narians with an estimate of heart size and is an essential tool
for evaluating cardiac enlargement in animals (2-4).

Knowing the reference VHS values is crucial for veteri-
narians to assess potential heart enlargement. Although
there are slight variations between VHS values obtained
from dorsovental (DV) and ventrodorsal (VD) thoracic radi-
ographs in cats, the lateral thoracic radiograph is generally
considered the most reliable method for VHS assessment.
VHS is an important diagnostic tool in veterinary cardiology
because it is easy to apply, requires no advanced equipment,
and can be interpreted by clinicians to make informed deci-
sions regarding a patient's cardiac health (1,5).

Preanesthesia, or premedication, is a preparatory stage
aimed at minimizing stress in animals, facilitating the transi-
tion to anesthesia, and reducing the required dosage of
anesthetic agents. This also increases the safety and consis-
tency of the anesthesia process (6). Sedation, involving the
use of sedative drugs to calm the animal, is an essential part
of premedication. These approaches help to reduce stress
and make the anesthesia process more comfortable and sa-
fer for the animal (6,7).

Medetomidine, an az-adrenoreceptor agonist, is com-
monly used in cats and dogs for sedation, muscle relaxation,
calm awakening, and analgesia. It can be used alone or in
combination with opioids for minor surgical interventions or
premedication. Medetomidine has a depressant effect on
the cardiovascular system, causing hypertension followed by
bradycardia and hypotension. However, bradycardia is less
commonly observed in cats. Cyanosis, dysrhythmia, and
bradycardia caused by medetomidine can be reversed with
an az-antagonist called atipamezole (6,8).

The objective of this study was to assess the effects of me-
detomidine on VHS and cardiac dimensions in Scottish Fold
cats, a popular breed in veterinary practice. By investigating
these parameters, this study seeks to provide insight into the
radiographic changes induced by medetomidine, particularly its
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potential to alter heart size measurements, which are vital for
evaluating cardiac health in clinical settings.

MATERIAL AND METHODS

The study was conducted following the principles of animal
welfare and ethics. Informed consent was obtained from the
owners of all cats included in the study.

A total of 20 Scottish Fold cats (12 females and 8 ma-
les), aged between 8 and 48 months and weighing 2.8 to 5.9
kg, were selected for this study. Inclusion criteria required
that all cats presented normal findings on physical examina-
tion, complete blood cell counts, and serum biochemistry
analyses. To reduce the risk of aspiration from medetomi-
dine-induced vomiting, the cats were fasted for 8 hours prior
to the procedure, with water being withheld for 2 hours be-
fore sedation. The intramuscular dose of medetomidine (Do-
mitor; Zoetis, Espoo, Finland) was calculated based on body
weight, with 80 pg/kg being administered. Doses were care-
fully measured using 1 ml single-use syringes (Genject; An-
kara, Turkey).

After sedation, heart rate, body temperature, and res-
piratory rate were continuously monitored using a veteri-
nary bedside monitor (Hasvet 838 PM), with probes attac-
hed to the tongue and rectum. Monitoring continued until
the sedation was reversed. At the conclusion of the experi-
ment, atipamezole (Antisedan; Zoetis, Espoo, Finland) was
administered intramuscularly at a dose of 200 pg/kg to co-
unteract the sedation.

Radiographs were obtained immediately before seda-
tion (To) and at 5 minutes (T1), 10 minutes (T2), 30 minutes
(T3), and 45 minutes (T4) following medetomidine administ-
ration. For each time point, left laterolateral (LL) and ventro-
dorsal (VD) radiographs were taken using a C-arm fluoros-
cope (Trophy Radiologie France, Vincennes, CEDEX). For LL
radiographs, settings were adjusted to 65 kV and 8 mAs,
while VD radiographs were taken with settings at 63 kV and
8 mAs. The radiographs were automatically transferred to a
computer-based radiography system (Fujifilm FCR Prima T2),
where the VHS and cardiac axis dimensions (short and long
axes) were measured. VHS was calculated by measuring the
heart’s short and long axes and comparing these values to
the length of the thoracic vertebrae, starting from the fourth
vertebra caudally. The sum of these vertebral lengths provi-
des the VHS score. Both the LL and VD radiographs were
analyzed for VHS and cardiac short/long axis measurements
(Figure 1).

Figure 1. Measurement of Vertebral Heart Score (A) and Cardiac long and short axis (B) in a Scottish Fold cat
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Statistical Analysis

All data were analyzed using commercial statistical software
(MedCalc version 20.011, MedCalc Software, Ostend, Bel-
gium). The normality of the data distribution was assessed
using the Shapiro-Wilk test. Changes in VHS scores over time
were analyzed using repeated measures analysis of variance
(ANOVA). When the assumption of sphericity was violated,
Greenhouse-Geisser or Huynh-Feldt corrections were app-
lied. Paired sample t-tests were used to compare cardiac
short axis (CSA) and cardiac long axis (CLA) measurements
before (To) and after (T4) sedation. All results are presented
as mean * standard deviation, and P<0.05 was considered
statistically significant.

RESULTS

All 20 Scottish Fold cats successfully completed the study
without any significant complications during the sedation

procedure or radiographic assessments. The average age of
the cats was 22.2+14.2 months, and their average body we-
ight was 3.6+£0.9 kg. During the sedation process, 3 cats
experienced vomiting, which resolved without further inter-
vention. Five cats required repeated radiographic imaging
due to movement during the initial attempts. All animals re-
covered fully after the administration of the reversal agent,
atipamezole.

The mean VHS values obtained at each time point are
summarized in Table 1. Statistical analysis revealed a signifi-
cant increase in VHS between the pre-sedation (To) measu-
rement and the 45-minute post-sedation (T4) measurement
(P<0.05). However, no significant differences were observed
between To and the earlier time points (T1, T2, and Ts). While
the VHS value increased slightly over time, only the To to Ta
difference reached statistical significance, indicating that
medetomidine caused a measurable change in heart size at
the 45-minute mark (Table 2).

Table 1. Vertebral Heart Score measurement at different time points in Scottish Fold cats

n Gender Age (month) Weight Time-points

(kg) To T1 T2 Ts Ta
1 Female 23 3.6 9.5 9.5 9.6 9.6 9.6
2 Female 12 2.9 9.7 9.7 9.7 9.7 9.8
3 Male 27 5.9 9 9 9 9 9
4 Female 12 3.2 9.8 9.8 9.8 9.8 9.9
5 Male 9 3.1 9.3 9.3 9.3 9.3 9.3
6 Female 11 3 10.1 10.2 10.2 10.3 10.3
7 Female 38 3.5 9.9 9.9 10 10 10
8 Female 26 2.9 10.1 10.1 10.2 10.3 10.3
9 Male 14 3.2 10.4 10.4 10.4 10.4 10.4
10 Male 48 4.1 9.1 9 9 9 9
11 Female 8 3 9.4 9.4 9.4 9.4 9.4
12 Female 48 3.1 8.2 8.2 8.2 8.2 8.2
13 Male 10 3.4 9.6 9.6 9.6 9.6 9.6
14 Female 8 2.8 8.7 8.6 8.7 8.6 8.6
15 Male 10 3 8.1 8.1 8.1 8.1 8.1
16 Female 16 3.1 9.5 9.5 9.6 9.6 9.6
17 Male 22 54 9.5 9.5 9.5 9.6 9.6
18 Male 18 4.6 9.5 9.5 9.5 9.5 9.5
19 Female 48 3.7 9.4 9.4 9.5 9.4 9.4
20 Female 36 4.8 9.1 9.1 9.1 9.1 9.1
Mean £ SD 22.2+14.1 3.6+0.9 9.3940.6 9.3940.6 9.4210.61 9.4310.63 9.4410.64*

*Significant difference from T, (P<0.05). Data expressed mean + standard deviation (SD).
Table 2. Cardiac short and long axis measurement at two different time point in Scottish Fold cats
Measurement Time-points P-value
To Ta

Cardiac short axis 373+3.2 37.7+3.2 0.06
Cardiac long axis 56.6+4.6 56.9+5.0 0.40

*Significant difference from T, (P<0.05). Data expressed mean + standard deviation (SD).

In addition to LL radiographs, VD radiographs were ob-
tained at To and T4 to evaluate the changes in CSA and CLA.
The results are shown in Table 2. Although the CSA showed
a slight increase at T4 compared to To, this change was not
statistically significant (P=0.06). Likewise, no significant dif-
ference was found in the CLA measurements between To and
T4 (P=0.40).

Further analysis was conducted to assess whether
there were significant differences in VHS measurements
between male and female cats. No statistically significant
difference was found between the VHS measurements of
male cats (9.6+0.7) and female cats (9.5+0.6) at any time po-
int (P>0.05).
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DISCUSSION AND CONCLUSION

This study aimed to evaluate the effect of medetomidine on
the VHS and cardiac dimensions in Scottish Fold cats. Our fin-
dings indicate that medetomidine significantly increased
VHS over a 45-minute period, particularly in LL radiographs,
while its impact on the CSA and CLA in VD radiographs was
less pronounced. These results are consistent with previous
studies highlighting the cardiovascular effects of az-adrener-
gic agonists, particularly their ability to alter heart size due
to peripheral vasoconstriction and bradycardia (7,9).

Medetomidine is known to cause significant cardiovas-
cular effects, including bradycardia, peripheral vasoconstric-
tion, and changes in cardiac output. These effects are medi-
ated by its action on central and peripheral az-adrenocep-
tors, which reduce sympathetic outflow and increase syste-
mic vascular resistance. The significant increase in VHS ob-
served between the baseline (To) and 45 minutes post-admi-
nistration (Ta) in this study suggests that medetomidine in-
duces changes in cardiac morphology that may be linked to
these physiological response (6,10).

The increase in VHS observed in this study is in line with
findings from previous studies that reported increases in car-
diac size following administration of az-agonists such as me-
detomidine. This increase may be attributed to the drug’s
ability to prolong the diastolic filling phase due to bradycar-
dia, thus increasing the volume of the heart visible on radi-
ographs (9,11). Although the differences observed at earlier
time points (Ty, T2, and T3) were not statistically significant,
the 45-minute interval (Ts4) provided enough time for the
physiological effects of medetomidine to manifest fully, lea-
ding to the observed VHS increase (11).

Although a slight increase in CSA was observed
between To and T4 in VD radiographs, this change did not re-
ach statistical significance. Similarly, the CLA measurements
remained unchanged throughout the study period. This sug-
gests that while medetomidine may have a more noticeable
impact on VHS in LL views, its effects on other cardiac dimen-
sions, particularly in VD views, are less pronounced. This
discrepancy may be due to the inherent differences between
LL and VD radiographic projections. LL projections are typi-
cally more sensitive to changes in the cardiac silhouette,
while VD views often overlap with other thoracic structures,
making it harder to discern subtle cardiac changes (12,13).

The findings of this study have important clinical impli-
cations, especially in cases where medetomidine is used as a
sedative in animals with suspected or confirmed cardiac di-
sease. The increase in VHS observed following medetomi-
dine administration suggests that the drug may artificially
enlarge the heart silhouette in radiographs, potentially lea-
ding to a misdiagnosis of cardiomegaly or other cardiac ab-
normalities. For this reason, it is essential that veterinarians
exercise caution when interpreting radiographs taken from
sedated animals, particularly those with pre-existing cardiac
conditions. In clinical practice, medetomidine is commonly
used for its sedative and analgesic properties, often in com-
bination with other drugs such as opioids. However, as this
study demonstrates, its use can significantly impact radiog-
raphic findings, particularly those related to heart size. Clini-
cians should be aware of these potential changes and consi-
der alternative sedatives when evaluating animals with
known cardiovascular issues.

Effect of Medetomidine Administration on Vertebral Heart Score ...

The results of this study align with previous research
that has reported medetomidine impact on the cardiovascu-
lar system. Studies in dogs have shown similar increases in
VHS following administration of dexmedetomidine, another
oz-adrenergic agonist, further supporting the hypothesis
that this class of drugs induces measurable changes in car-
diac morphology (11). In one such study, dexmedetomidine
administration was associated with significant increases in
heart size as seen on radiographs, leading to the recommen-
dation that this drug should be used with caution in cats un-
dergoing cardiac evaluation (9).

Additionally, research on the effects of az-agonists on
cardiac output has consistently demonstrated their ability to
reduce cardiac output by as much as 50%, a factor that may
contribute to the changes in heart size observed in this
study. Although the reduction in output is often accompa-
nied by increases in systemic vascular resistance and blood
pressure, these effects are transient and tend to normalize
over time (14-15). The timing of radiographs, therefore,
plays a critical role in capturing the full extent of these cardi-
ovascular changes, which is reflected in the significant chan-
ges observed at T4 but not at earlier time points (16).

Given that medetomidine is widely used for sedation in
veterinary practice, it is critical for clinicians to be aware of
its potential to alter heart size measurements in radiog-
raphs. These changes may lead to misinterpretation of radi-
ographic findings, especially in cases where cardiomegaly or
other heart conditions are suspected. For this reason, cau-
tion is advised when using medetomidine in animals under-
going cardiac evaluations, particularly those with pre-exis-
ting heart disease. Future studies should investigate the ef-
fects of medetomidine on animals with cardiovascular con-
ditions and compare its effects to other commonly used se-
datives. This would provide further insights into how diffe-
rent sedatives affect radiographic assessments and contri-
bute to more accurate diagnoses in clinical practice.
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Abstract

This study aimed to investigate tooth resorption (TR), a common dental disease in cats. Conducted on
35 cats admitted to Selguk University Faculty of Veterinary Medicine Animal Hospital for oral health
issues or castration, the study evaluated the prevalence of TR, the distribution of affected teeth, and
the relationship between resorption types and stages. Clinical and radiographic examinations were
performed, and blood parameters were analyzed. The findings indicated that TR prevalence increases
with age and is most commonly observed in mandibular third premolars and first molars. Blood
analyses revealed sodium and phosphorus levels outside the reference ranges in many cases,
suggesting electrolyte and metabolic imbalances. A significant relationship was observed between TR
stages and types; Type 1 lesions were predominant in early stages, while Type 3 lesions increased in
advanced stages. In conclusion, TR is not solely a localized periodontal condition but also has systemic
effects. A multidisciplinary approach is recommended for the early diagnosis and prevention of TR
progression. Further investigation of environmental, genetic, and metabolic factors may contribute to
the development of effective management strategies for this disease.

Key Words: Cat, dental radiography, tooth resorption

Dis Rezorpsiyonlu Kedilerde Klinik, Radyolojik ve Hematolojik Degerlendirme

0z

Bu galismanin amaci kedilerde yaygin bir dis hastaligi olan dis rezorpsiyonunu (TR) arastirmaktir.
Selguk Universitesi Veteriner Fakiiltesi Hayvan Hastanesi'ne agiz sagligi sorunlari veya kastrasyon
nedeniyle basvuran 35 kedi tizerinde yiritulen ¢alismada, TR'nin yayginligi, etkilenen diglerin dagilimi
ve rezorpsiyon tipleri ile evreleri arasindaki iliski degerlendirildi. Klinik ve radyografik muayeneler
yapildi ve kan parametreleri analiz edildi. Bulgular TR prevalansinin yasla birlikte arttigini ve en yaygin
olarak mandibular tGglincli premolar ve birinci molar dislerde gorildiglini géstermistir. Kan analizleri,
bircok vakada referans araliklarin disinda sodyum ve fosfor seviyeleri ortaya ¢ikarmis, bu da elektrolit
ve metabolik dengesizlikleri disindirmistiir. TR evreleri ve tipleri arasinda anlamh bir iliski
gozlenmistir; Tip 1 lezyonlar erken evrelerde baskinken, Tip 3 lezyonlar ileri evrelerde artmistir. Sonug
olarak, TR sadece lokalize bir periodontal durum olmayip sistemik etkileri de vardir. TR'nin erken
teshisi ve ilerlemesinin 6nlenmesi igin multidisipliner bir yaklagim énerilmektedir. Cevresel, genetik ve
metabolik faktorlerin daha fazla arastirilmasi, bu hastalik igin etkili yonetim stratejilerinin
gelistirilmesine katkida bulunabilir.

Anahtar Kelimeler: Dental radyografi, dis rezorpsiyonu, kedi
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INTRODUCTION

Tooth resorption (TR) is a common and important dental di-
sease in cats. The term tooth resorption has been named in
different ways from past to present, but the term “tooth re-
sorption (TR)” accepted by the American Veterinary Dental
College (AVDC) is the most commonly used one (1). The di-
sease is characterized by a resorption of the cementum layer
or enamel surface of the tooth caused by polynuclear cells
called odontoclasts. As a result of tooth root loss, tooth dest-
ruction destabilizes the crown, causing it to fracture (2-4).
The disease is diagnosed based on clinical examination and
radiographic findings (3). It has been reported that the pre-
valence of tooth resorption in domestic cats ranges from
20% to 75% and both the incidence and the number of affec-
ted teeth increase with age (5-6).

A number of predisposing factors for TR have been
identified. The most widely documented association in the
literature is increasing age (3,5). Other associations investi-
gated include bacteria in dental plaque, diet (high acidity in
dry foods damages both enamel and cementum, and overfe-
eding with raw liver may contribute to the disease because
both retinol and tretinoin in liver can directly stimulate the
activity of clastic cells.), the presence of occlusal stress that
can cause microfractures on the surface of the cementum
(these microfractures can cause inflammation of the cemen-
tum or periodontal ligament and the attraction of odontoc-
lasts, leading to TR), and even acid regurgitation of hairballs
can cause lesions in these hard tissues (3,7-9). In addition,
the consistency of commercial cat foods may affect the func-
tional integrity of the periodontal ligament, leading to tooth
resorption, and Ca or Mg deficiency has also been reported
in affected cats (10,11). Studies have suggested that TR lesi-
ons in cats are associated with feline immunodeficiency virus
(FIV) and feline herpes virus-1 (FHV-1), but the results are
controversial due to the lack of material in the studies and
the fact that the study was not supported by dental x-rays
(12). Another study showed that there was no association
between TR and feline calicivirus (FCV) (13,14).

The relationship between TR and other dental diseases
is complex. It has been reported that cats with dental disea-
ses (gingivitis, tartar or periodontal disease) have a four to
five times higher risk of resorptive lesions than those wit-
hout previous dental disease (15).

It has been suggested that systemic disorders may also
be associated with TR in cats. The calcium-vitamin D-pa-
rathyroid hormone (PTH) system is involved in the activation
of osteoclastic bone resorption; however, only serum con-
centration of 25-hydroxyvitamin D (25-OHD) has been asso-
ciated with TR. The role of the calcium-vitamin D PTH system
in the formation of TR remains unclear (9,16).

The aim of this study was to evaluate the prevalence of
TR, the distribution of affected teeth and the relationship
between the types and stages of resorption in cats diagno-
sed with tooth resorption (TR) by intraoral radiographic
examination, clinical examination and laboratory analysis.

MATERIAL AND METHODS

The material of this study consisted of cats that were admit-
ted to Selcuk University, Faculty of Veterinary Medicine Ani-
mal Hospital with oral problems or were anesthetized for
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castration. A total of 35 cats older than 1 year with different
breed, sex and body weight characteristics were included in
the study, which were diagnosed with tooth resorption after
clinical and radiographic examinations. After taking anamne-
sis for each patient, a comprehensive physical examination
was performed and the findings were recorded on a standar-
dized examination form. Blood samples were taken for he-
matological measurements (blood gas analysis, complete
blood count and serum biochemistry profiles) and detailed
clinical and radiographic examinations were performed un-
der sedation or general anesthesia. Owners were informed
in detail about the purpose of the study, the procedures to
be performed and the potential risks, and a signed consent
form was obtained indicating that they consented to the inc-
lusion of their cats in the study. The diagnosis of tooth resorp-
tion was based on the results of anamnesis, clinical examina-
tion and intraoral radiographic evaluations (Figure 1).

Figure 1. Clinical examination of tooth 404 with dental probein a
cat with tooth resorption

Anesthesia Administration

For the diagnosis of resorptive lesions, all cats underwent se-
dation and general anesthesia. Induction of anesthesia was
achieved using a combination of 0.4 mg/kg butorphanol hyd-
rogen tartrate (Butomidor® 10 mg/ml, Richter Pharma, Aust-
ria) and 0.05 mg/kg medetomidine hydrochloride (Domi-
tor®, Orion Pharma, Finland) intramuscularly. Subsequently,
general anesthesia was induced by intravenous (IV) admi-
nistration of 4 mg/kg propofol (Propofol-Lipuro 1% [10
mg/ml], B. Braun, Portugal). Under anesthesia, intraoral ra-
diographic scans were performed and safety and stabiliza-
tion of the cats were ensured during radiographic imaging.
At the same time, the necessary samples were taken for la-
boratory analysis. After completion of the procedures, the
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cats were safely awakened from anesthesia by intramuscular
injection of 0.125 mg/kg atipamezole hydrochloride (Antise-
dan® 5 mg/ml, Orion Pharma, Finland).

Radiographic Examination

X-rays of each cat's teeth were taken and digitally recorded
using parallel technique, bisection angle technique (17) and
simplified technique (18,19) with Planmeca Pro-X Periapical
X-Ray Device DC, Planmeca ProSensor RVG device (Size: 1)
and Planmeca Romexis software patient tracking and ima-
ging software program (Figure 2). The radiographic images
were recorded on the examination forms by determining the
types and stages of resorption for each tooth based on the
anatomical and radiological classification system of AVDC.

Figure 2. Dental X-ray
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Statistical Analysis

Age, sex, breed distribution and teeth affected by tooth re-
sorption in cats diagnosed with TR were evaluated by calcu-
lating the mean. Chi-square analysis was performed to eva-
luate the relationship between TR stage and TR type in the
teeth diagnosed with TR.

RESULTS

The mean age of the 35 cats diagnosed with tooth resorption
was 4.17 (years) (Chart 1), gender distribution was 19 males
(54.2%) and 16 females (45.7%); breed distribution was 20
Domestic Short Hair mixed breed (57%), 7 British (20%), 2
Van Cat (5.7%), 2 Siamese (5.7%), 2 Scottish Fold (5.7%), 1
Persian (2.8%) and 1 Bombay (2.8%). The diet of the cats was
as follows: mixed diet (65.7%) (home cooked diet, dry food
and wet food), dry food (17.1%), dry and wet food together
(17.1%). It was determined that 60% of the cats were vacci-
nated and 40% were unvaccinated.

Chart 1. Age distribution of cats with TR
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In the routine clinical examination of 35 cats with TR,
type 2 resorption (38.21%), followed by type 1 (36.94%) and
type 3 (24.84%) resorption according to AVDC scoring was
found most frequently (Figure 3). The highest rate of tooth
resorption was observed in tooth 409 (15.28%). This was fol-
lowed by teeth 309 (8.91%), 407 (8.28%), 108 (8.28%), 307
(7.64%), 408 (6.36%), 308 (6.36%) and 208 (6.36%) (Table 1).

Figure 3. A: Type 1 resorption in teeth 307 and 308. B: Stage 4 and Type 3 resorption in tooth 108, C: Type 2 resorption in teeth 304 and 404.
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Table 1. Percentages of 157 teeth diagnosed with tooth resorption
according to Modified Triadan Numbering

Modified Triadan

Tooth Numbering

Affected by TR (n=157)

102 157/1 (0.63%)
103 157/1 (0.63%)
104 157/8 (5.09%)
201 157/1 (0.63%)
202 157/2 (1.27%)
204 157/7 (4.45%)
301 157/1 (0.63%)
302 157/1 (0.63%)
303 157/1 (0.63%)
304 157/9 (5.73%)
403 157/1 (0.63%)
404 157/8 (5.09%)
107 157/4 (2.54%)
108 157/13 (8.28%)
206 157/1 (0.63%)
207 157/4 (2.54%)
208 157/10 (6.36%)
307 157/12 (7.64%)
308 157/10 (6.36%)
309 157/14 (8.91%)
407 157/13 (8.28%)
408 157/10 (6.36%)
409 157/24 (15.28%)
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In this study, blood parameters of 35 cats diagnosed
with TR were analysed and the results were evaluated for
compliance with reference ranges. Although most parame-
ters were within the reference ranges, some parameters
showed significant deviations. WBC levels exceeded the re-
ference range in 22%, sodium (Na) levels in 85%, calcium (Ca)
levelsin 48% and glucose levels in 14% of cases. On the other
hand, pH levels fell below the reference range in 31% and HB
levels in 5% of cases. These findings indicate that marked
changes in some haematological and biochemical parame-
ters may occur in cats diagnosed with TR.

When chi-square analysis was performed to
examine the relationship between TR stage and TR type, a
significant relationship was found between TR stage and TR
type evaluated on the same tooth (x2 = 83.052; df = 12;
P<0.001). A moderate relationship was found (Cramer's V =
0.514; P<0.001). TR Type 1 was more prevalent in teeth in
Stages 1 and 2. Fifty percent of the teeth in Stage 1 and
28.5% of the teeth in Stage 2 were classified as TR Type 1. TR
Type 3 was more predominant in teeth in Stages 3, 4 and 5.
28.5% of the teeth in Stage 3, 60-100% of the teeth in Stage
4 (4a, 4b, 4c) and 100% of the teeth in Stage 5 were classified
as TR Type 3. These results suggest that tooth resorption
may be associated with different TR types as it progresses
and that TR Type 3 is more predominant in advanced stages
(Table 2).

Table 2. Relationship between DR stage and DR type according to the number of resorbed teeth

TR Stage
TR Type 1 (n=4) 2 (n=42) 3 (n=7) 4a (n=3) 4b (n=5) 4c¢ (n=85) 5 (n=11)
1 2/43 (%50) 21/42%° (%50)  5/7° (%71.4)  1/3%¢(%33.3) 1/52%¢ (%20) 5/85¢ (%5.85) -
2 2/4% (%50)  12/42% (%28.5) - - 1/5% (%20) 4/85° (%4.70) -
ab
3 - 9/42° (%21.4)  2/7° (%28.5)  2/3°° (%66.6) (ff// 650) 76/85° (%89.4)  11/11° (%100)
(]

Values with different superscripts in a row are significantly different at p < 0.05.

DISCUSSION AND CONCLUSION

In this study, the diagnosis of TR was first made by clinical
examination of the teeth with a dental probe and then con-
firmed by radiographic examinations. In a study by Eriksson
et al. (20), the sensitivity of dental radiography was reported
as 78.9% and specificity as 100%, while the sensitivity of oral
clinical examination was only 36.0% and specificity as 99.9%.
These findings suggest that TR in cats is much more common
than expected and that cases that may be missed on clinical
examination can be easily detected by radiographic evalua-
tion. In cats with suspected TR, dental radiographic exami-
nation is strongly recommended to confirm the diagnosis.
Previous studies have demonstrated that both the pre-
valence and the number of teeth affected by tooth resorp-
tion in cats increase with advancing age (10,21). Further-
more, it has been reported that the risk of developing re-
sorptive lesions rises by 1.78 times with each additional year
of age (21). In the present study, all cats included were aged
one year or older, with the mean age of cats in the tooth re-
sorption (TR) group calculated to be 4.17 years. This finding
is in parallel with the literature reporting that the incidence
of TRincreases with age (22). However, the fact that TR cases
were detected even in 1-year-old cats in our study indicates

that this disease may start at an earlier age. This was also
emphasized by Delaurier et al. (23) in a histologic study of
early resorptive lesions. However, O'Neill et al. (24) found
that the median age of cats with TR (9.47 years) was signifi-
cantly higher than that of cats without TR (4.94 years) and
stated that age is one of the strongest risk factors for TR. In
our study, regular dental check-ups from a young age are re-
commended for early diagnosis of TR and prevention of its
progression.

In terms of breed factor, the highest prevalence of TR
was found in Domestic Short Hair (48.5%) and British (20%)
breeds in our study. Similarly, O'Neill et al. (24) reported a
high prevalence of TR in Siamese (18.7%) and suggested that
some races may have a genetic predisposition to this dise-
ase. However, Gorrel (4) emphasized that conflicting results
regarding racial predisposition have been reported in diffe-
rent studies. While some studies have suggested that TR is
more common in certain breeds (21), other studies have re-
ported that the difference between breeds is not significant
(23). These contradictions suggest that in addition to genetic
factors, environmental conditions, care practices and dietary
habits may also play an important role in the development
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of TR. For example, Gorrel and Larsson (10) discussed the po-
tential impact of environmental and diet-related factors on
the incidence of TR and reported that consumption of hard
food may reduce the risk of TR in some breeds. The literature
suggests that diets high in carbohydrate content are associ-
ated with an increased risk of periodontal diseases and may
indirectly contribute to the development of TR (21). In our
study, the highest prevalence of TR was observed in mixed-
breed cats, which may reflect not only a potential genetic
predisposition but also the influence of environmental fac-
tors and care practices. Mixed-breed cats typically exhibit
greater genetic diversity, which could interact with external
factors such as diet, living conditions, and overall care to inc-
rease susceptibility to TR. On the other hand, the high pre-
valence observed in the British breed supports the impor-
tance of genetic factors since this breed is a more genetically
homogeneous population. These findings suggest that TR is
not only a genetic disease, but also environmental and ma-
nagement factors need to be considered. In order to obtain
more comprehensive results, genetic analyses among diffe-
rent breeds and large-scale studies evaluating the impact of
environmental factors will be needed.

Of the 35 cats with tooth resorption evaluated, 16 were
neutered (45.7%) and 19 were not neutered (54.3%). This
suggests the possibility that neutering may have a significant
effect on the development of TR. In the literature, the effects
of neutering on metabolism and the incidence of some sys-
temic diseases have been reported. For example, Whyte et
al. (25) suggested that obesity, insulin resistance and low
movement levels may increase the risk of TR in neutered
cats. On the other hand, it is known that higher levels of tes-
tosterone and estrogen in unneutered cats may play a role
in the preservation of tooth and bone tissue (4). These fin-
dings suggest that more extensive studies are needed to un-
derstand the effects of neutering on the development of TR.

In our study, the majority of cats with tooth resorption
(TR) were found to be fed a mixed diet (48.6%), while 31.4%
were fed exclusively dry food, and 20% were provided with
a combination of dry and wet food. These findings highlight
the potential role of diet in influencing dental health. Gorrel
and Larsson (10) reported that hard structured kibble mec-
hanically cleans tooth surfaces and reduces plaque forma-
tion. However, it has been reported that mixed and wet food
consumption may lead to more plaque and tartar accumula-
tion on the tooth surface, which may increase the risk of TR
(21). In our study, mixed diet was more common among cats
with TR, indicating that more research is needed to unders-
tand the role of diet in the pathogenesis of TR.

When the vaccination schedule was evaluated, it was
determined that 45.7% of the cats diagnosed with TR were
vaccinated regularly, while 54.3% were vaccinated irregu-
larly or not vaccinated at all. The positive effects of vaccina-
tion on systemic immunity may also be important for dental
health. Whyte et al. (26) reported a higher incidence of peri-
odontal disease and tooth resorption in immunocompromi-
sed cats. In our study, the higher incidence of TR in irregu-
larly vaccinated cats points to the indirect effects of the im-
mune system on the development of TR. This finding sug-
gests that regular vaccination practices may positively affect
not only general health but also dental health.
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In studies conducted to determine the most commonly
affected teeth in terms of tooth resorption in cats, it was ob-
served that some teeth were affected at a higher rate. In a
study conducted by Girard et al. (27) on 60 cats, it was re-
ported that TR was most commonly seen on maxillary 3rd
and 4th premolars (107, 207, 108, 208) and mandibular 3rd
and 4th premolars (307, 407, 308, 408). Similarly, DuPont
(28) reported that TR in cats was concentrated on mandibu-
lar 3rd and 4th premolars (307, 407, 308, 408) and maxillary
3rd premolars (107, 207) in 67% of cases and mandibular 1st
molars (309, 409) were among the most frequently affected
teeth. The study also reported that TR was seen in these te-
eth in 70% of all cases. In a retrospective study by Reiter et
al. (9), maxillary 3rd premolars (107, 207) and mandibular
4th premolars (308, 408) were reported to be the most com-
monly affected teeth and it was emphasized that TR in pre-
molars and molars was more common in older cats. Pistor et
al. (29) reported that mandibular 1st molars (309, 409) and
maxillary premolars (107, 108, 207, 208) were the teeth
most frequently affected by TR. These findings are in agree-
ment with the study by Whyte et al. (26), who reported that
TR was most commonly detected in mandibular third premo-
lars (307, 407) and mandibular first molars (309, 409). In ad-
dition, Whyte et al. (25) reported that mandibular 3rd pre-
molars (307, 407) and mandibular 1st molars (309) were the
teeth at highest risk for TR. In our study, mandibular third
premolars (307, 407) and mandibular first molars (309, 409)
were the teeth most frequently affected by TR. These fin-
dings are consistent with the results reported by Lang et al.
(30) regarding the distribution of TR lesions. In particular,
mandibular premolars and molars were more frequently af-
fected in terms of TR, supporting the hypothesis that mec-
hanical stress may be higher due to the location and anato-
mical features of these teeth. These results provide impor-
tant contributions to understanding the anatomical distribu-
tion of TR in cats and emphasize the need for closer exami-
nation of specific teeth in the diagnostic process. Future stu-
dies may further investigate the environmental and genetic
factors affecting the prevalence of TR in these teeth and de-
velop more effective strategies to maintain dental health.

Statistical analyses performed to evaluate the relati-
onship between TR stage and TR type in teeth diagnosed
with tooth resorption revealed significant results. The classi-
fication system created by AVDC divides TR lesions into two
main categories according to anatomical stages and radiog-
raphic examination images. This classification provides an
important guide for the diagnosis and management of TR in
clinical practice (1). Whyte et al. (25) evaluated the relations-
hip between TR stage and TR type and found a statistically
significant correlation between these two variables. In our
study, when the number of teeth with TR was takeninto con-
sideration, it was determined that there was a significant re-
lationship between TR stage and TR type. Our analysis shows
that TR Type 1 is more common in teeth in Stages 1 and 2;
50% and 28.5% of these teeth were classified as TR Type 1,
respectively. In contrast, TR Type 3 was predominant in Sta-
ges 3, 4 and 5. 28.5% of the teeth in Stage 3, 60-100% of the
teeth in Stage 4 (4a, 4b, 4c) and 100% of the teeth in Stage 5
were identified as TR Type 3. These findings are consistent
with the model proposed by DuPont (31), which explains the
progression of TR. These results provide important informa-
tion about the progression of TR. The findings show that



Pulat and Parlak, Dicle Univ Vet Fak Derg 2025;18(1):6-12

Clinical, Radiological and Hematological Evaluation in Cats with Tooth ...

Type 1 lesions are more common in the initial stages of TR,
but as the disease progresses, Type 3 lesions become predo-
minant. This provides valuable data for understanding how
anatomical and pathologic changes occur in the progression
of TR. Furthermore, these findings may contribute to the de-
velopment of more targeted treatment strategies by identif-
ying the stage and type in the clinical management of TR.

This study's analysis of blood parameters in cats diag-
nosed with TR suggests that values outside the reference
ranges may be associated with the systemic effects of TR.
The elevation of WBC levels beyond the upper limit of the
reference range indicates a possible relationship between
TR, periodontal inflammation, and systemic inflammatory
response (9). In this study, it can be inferred that inflamma-
tory processes were active in cats with elevated WBC levels.
Among the electrolyte parameters, Na levels were found to
be above the reference range in some cats, with particularly
high values of 163 and 167, which were considered indica-
tors of systemic electrolyte imbalances due to cellular and
tissue damage (4). Ca levels were also found to be low in se-
veral cats, with the lowest recorded value being 0.72. This
finding supports the idea of mineral loss in teeth and bone
resorption (23). Notably, low calcium levels emphasize the
importance of calcium metabolism in the pathogenesis of
TR. Low HB levels were also observed, with the lowest recor-
ded HB value being 5.1, suggesting the presence of mild ane-
mia, which could result from chronic inflammation (28). In
some cases Where glucose levels exceeded 120, transient hy-
perglycemia was thought to be related to stress or chronic
inflammation. Furthermore, decreases in blood pH levels in-
dicate the onset of acidosis. In our study, the pH dropping as
low as 7.15 suggests that tooth resorption may disrupt me-
tabolic balance (21). These findings suggest that TR is not
confined to local periodontal tissues but has systemic meta-
bolic and hematological effects. They provide important in-
sights into the pathophysiology and progression of TR. This
underscores the necessity for TR management and treat-
ment to involve not only local dental interventions but also
a holistic approach addressing overall systemic health.

This study presents a comprehensive approach to eva-
luate factors associated with the etiology and clinical, hema-
tologic and radiographic findings of tooth resorption in cats.
A multidisciplinary approach is required for early diagnosis,
prevention of progression and effective treatment planning
of TR. In future studies, a more detailed examination of en-
vironmental and metabolic factors in addition to genetic
analysis will contribute to the development of new strate-
gies for the management of the disease.
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Abstract

Stomatitis in cats is an immune response to antigenic stimuli, exacerbated by viral infections. The
etiopathogenesis of this disease, which manifests itself with sores in the mouth, has not been fully
clarified. Today, in addition to medical treatment, partial or complete molar extractions are also
performed. In this study, the results of using tarantula cubensis extract in addition to antibiotic
treatment in the treatment of cats diagnosed with stomatitis at the Firat University Animal Hospital
Small Animal Surgery Clinic in Elazig and the Hekimkdy Veterinary Clinic in Adana were investigated.
The cats were evaluated in two groups. The cats in the first group (ANT) (n=10) received amoxicillin
clavulanic acid treatment, and the cats in the second group (EXT) (n=10) received tarantula cubensis
extract injections in addition to the same antibiotic treatment. The response to the treatments was
evaluated by 3 different surgeons, one week apart, by macroscopic inspection and scored between 1
and 4. The obtained data were statistically evaluated with the Mann Whitney U test and Wilcoxon
tests. In this study, a statistically significant improvement was observed in cats treated with tarantula
cubensis extract in addition to antibiotic treatment compared to cats treated with antibiotics alone.

Key Words: Cat, stomatitis, tarantula cubensis extract

Stomatitis Tanisi Konan Kedilerde Tarantula Cubensis Ekstraktinin Etkinliginin Degerlendirilmesi
0z

Kedilerde stomatitis antijenik uyarilara karsi, viral enfeksiyonlar ile siddetlenen, bagisiklik sisteminin
verdigi bir tepkidir. Agiz icerisinde ¢ikan yaralarla kendini gosteren bu hastaligin etiyopatogenezisi tam
olarak netlik kazanmamistir. Ginimiizde medikal tedavi yani sira kismi veya tiim azi dislerin ¢ekimi de
yapilmaktadir. Bu calismada, Elazig’da Firat Universitesi Hayvan Hastanesi Kiiciik Hayvan Cerrahi
Klinigi’'ne ve Adana’da Hekimkdy Veteriner Klinigi'nde stomatitis tanisi konulan kedilerin tedavisinde
antibiyotik tedavisine ek olarak tarantula cubensis ekstraktinin kullaniminin sonuglari arastirildi.
Kediler iki grup halinde degerlendirmeye alindi. Birinci gruptaki (ANT) kedilere (n=10) amoksisilin
klavulanik asit tedavi yapildi, ikinci gruptaki (EXT) kedilere (n=10) ise ayni antibiyotik tedavisine ek
olarak tarantula cubensis ekstrakti enjeksiyonlari yapildi. Tedavilere verilen yanit 3 ayri cerrah
tarafindan, birer hafta arayla makroskobik yonden inspeksiyon ile degerlendirilerek ve 1 ile 4 arasinda
skorlandi. Elde edilen veriler istatistiksel agidan Mann Whitney U testi ve Wilcoxon testleri ile
degerlendirildi. Yapilan bu arastirmada antibiyotik tedavisine ek olarak tarantula cubensis ekstrakti ile
tedavi edilen kedilerde, tek basina antibiyotik tedavisi yapilan kedilere kiyasla istatistiksel olarak
anlamli bir iyilesme oldugu goraldi.

Anahtar Kelimeler: Kedi, stomatitis, tarantula cubensis ekstrakti



https://creativecommons.org/licenses/by-nc/4.0/

Tiirkarslan at al., Dicle Univ Vet Fak Derg 2025;18(1):13-18

INTRODUCTION

Stomatitis in cats is a syndrome characterized by prolifera-
tive and ulcerative chronic inflammation of the soft tissues
of the oral cavity (1). This syndrome is known by various na-
mes in the literature such as plasma cell stomatitis-pharyn-
gitis (2), chronic gingivitis and pharyngitis (3), lymphocytic
plasmacytic gingivitis-stomatitis (4), plasmacytic stomatitis-
pharyngitis (5) and chronic stomatitis (6). It is a significant
disease that causes pain in the oral cavity of cats and can be
serious enough to lead to euthanasia of affected cats. The
two main areas most difficult to treat are the tissue lateral
to the palatoglossal folds and the mucosa covering the pre-
molar/molar area extending into the buccal mucosa (7,8). It
can also affect the pharynx, tongue and lips. Palatal inflam-
mation can also be seen and periodontal lesions are often
detected (9). Viruses associated with feline stomatitis inc-
lude FIV, FHV-1, FCV and FelLV. Since the disease is very con-
tagious, having many cats living in the same environment in-
creases the risk factor considerably.

In cats with stomatitis, there are generally two treat-
ment modalities: medical and surgical. Medical treatment
alone usually does not yield positive results in the long term
and may require surgical intervention; the current standard
treatment method is tooth extraction. Regardless of the
method, all treatment options require adequate pain mana-
gement. Studies have shown that the extraction of some te-
eth (all premolars and molars) or the entire tooth gives good
results in the long term (9-11). In the studies mentioned
above, it was reported that approximately 70-80% of cats
with stomatitis showed significant improvement, while app-
roximately 20-30% of cats showed little or no improvement.
Things you can do at home to treat this disease include brus-
hing your cat's teeth or using oral antiseptics containing
chlorhesidine (12,13). The goal of treatment for feline sto-
matitis has been to suppress the immune system because
this disease is an immune-mediated inflammatory disease
(14). In cases of feline stomatitis, antibiotic treatment alone
provides only temporary relief (13,15). Commonly recom-
mended antibiotics include amoxicillin/clavulanic acid, met-
ronidazole, clindamycin, and doxycycline. Antibiotic treat-
ment is recommended, which can last from a week to
months, and sometimes it can be combined with topical tre-
atment (12-15).

Corticosteroids are used in feline cases of stomatitis
due to their immunosuppressive and anti-inflammatory ef-
fects (7,15,16). Azathioprine, chlorambucil and cyclophosp-
hamide are other immunosuppressive drugs used (16,17).
Additionally, nonsteroidal anti-inflammatory drugs (NSAIDs)
are often recommended along with antibiotic treatment in
cats with stomatitis (7,18). The purpose of this study was to
investigate the effectiveness of tarantula cubensis extract,
which can be used in addition to antibiotic treatment in cats
with stomatitis.

MATERIAL AND METHODS

The material of this study consisted of cats with stomatitis
that were brought to Firat University Animal Hospital Small
Animal Surgery Clinic in Elazig and Hekimkdy Veterinary Cli-
nic in Adana with the complaint of sores in the mouth. Cats
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of different species, breeds, sex, age and weight were bro-
ught to the clinic and treatment was started without any se-
lection. These cats with stomatitis brought to the clinic were
evaluated for renal failure and such cats with stomatitis were
excluded from the study. In addition, overweight obese cats
and underweight cats were also excluded from the study.
In cats with stomatitis brought to the clinic, the mouth area
was firstly antisepticized. During the treatment period, cats
in the first group (antibiotic group n=10) (ANT) received ro-
utine antibiotic treatment with amoxicillin/clavulanic acid,
8.75 mg/kg intramuscularly (Synulox, 140 mg amoxicillin
trihydrate and 35 mg clavulanic acid, Haupth Farma, Italy)
for 10 days. In the second group (extract group n=10) (EXT),
in addition to the same dose of antibiotic, subcutaneous
tarantula cubensis extract (tarantulacubensis D6 1ml in
1ml) (Theranekron D6, Richter Pharma, Austria) 0.5-1ml
was administered subcutaneously 2-3 times at 1 week in-
tervals. In addition, a mouth spray (Klorhex Plus, Drogsan,
Turkey) containing 0.075 g flurbiprofen and 0.036 g chlor-
hexidine digluconate was used as oral antiseptic for all cats.
For the ANT group, antibiotics were administered for 1
week, followed by a 1-week break, and then continued ag-
ain for 1 week with a daily dose, while the patient owners
were instructed to use the mouth sprays regularly in both
groups. During this treatment period, intraoral photog-
raphs were taken regularly for later evaluation. Healing ra-
tes were evaluated macroscopically by 3 different surgeons
at one week intervals and scored between 1 and 4. These
values were transferred to a table and evaluated statisti-
cally.

Statistical Analysis

IBM SPSS Statistics 22 program was used in the statistical
analysis of the study. The normality of the parameters was
determined by the Shapiro-Wilk test and it was understood
that they did not show a normal distribution. The Mann-
Whitney U test was used to compare quantitative data
between two groups.

The Friedman test (post hoc Wilcoxon signed-rank test)
was used to evaluate within-group changes. Statistical signi-
ficance was considered at the P<0.05 level.

RESULTS

Cats with stomatitis brought to the clinic with the compla-
int of wounds in the mouth area were evaluated in two se-
parate groups, while the cat owners in both groups were
told to bring their cats to the clinic for examination and
further treatment at one-week intervals. All patient owners
were given the necessary information about the treatment
process; antibiotic administration, use of oral antiseptics
and nutrition with soft foods. In addition, for cats to be tre-
ated with tarantula cubensis extract, their owners were in-
formed in detail about the subject and this extract was app-
lied only in the clinic. Cats with an average body weight of
3-4 kg were included in the study. At the end of the study,
the pictures obtained on the 1st, 7th, 14th and 28th days
were subjected to macroscopic evaluation by three diffe-
rent surgeons without knowing which group they belonged
to (Figure 1-5).
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Figure 1. Lesions extending around the mouth of  Figure 2. Regression of stomatitis-related lesi-  Figure 3. Appearance of intraoral lesions in cat
cat number 1 belonging to ANT group (7th day) ons in cat number 1 of ANT group (day 21) number 4 belonging to the EXT group (7th day)

Figure 4. Improvement in the intraoral lesions of
cat number 4 belonging to the EXT group (28th
day)

The assessments were scored, with 1 being the worst
and 4 being the best, and then averaged. The values obtai-
ned were recorded in a table (Table 1, Table 2, Table 3). It
was evaluated that there was no visible improvement in the
first two weeks in both groups (Figure 1, Figure 3). Diffrences
between the groups in terms of Healing Scores were given in
Table 4.

Table 1. Healing rates of ANT group cats (1 represents the worst
healing, 4 represents the best healing)

Cat No 1st day 7thday 14thday 28thday

Cat1l
Cat 2
Cat3
Cat4
Cat5
Cat6
Cat7
Cat 8
Cat9
Cat 10

R OR R R R R R R R R
R R N R R R R N R R
N N N NN W NN WNN

Figure 5. Healing status of cat no. 5 in ANT group between day
1 and day 28

Table 2. Healing rates of EXT group cats (1 represents the worst he-
aling, 4 represents the best healing)

Cat No 1st day 7thday  14thday  28thday
Cat1l 1 2 2 3
Cat 2 1 1 2 3
Cat3 1 2 3 3
Cat4 1 2 2 3
Cat5 1 2 3 3
Cat 6 1 1 2 3
Cat7 1 2 3 4
Cat8 1 1 2 3
Cat9 1 1 2 2
Cat 10 1 2 3 4

Table 3. Table containing the mean values of the groups (1 indica-
tes the worst healing; 4 indicates the best healing)

Group 1st day 7th day 14th day 28th day
ANT group 1.00 1.20 2.20 2.50
EXT group 1.00 1.50 2.40 3.10
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Table 4. Evaluation of Healing Scores Between Groups

1st day 7th day 14th day 28th day

ANT Min-Max 1-1 1-2 2-3 2-4
Mean + SD (Median) 140 (1) 1.240.4 (1) 2.2+0.4 (2) 2.5£0.7 (2)

EXT Min-Max 1-1 1-2 2-3 2-4
Mean + SD (Median) 140 (1) 1.6+0.5 (2) 2.410.5 (2) 3.11+0.6 (3)

P 1.000 0.075 0.342 0.042*

Mann Whitney U test *P<0.05

There was no statistically significant difference
between the groups in terms of day 1, day 7 and day 14 he-
aling levels (P>0.05). The 28th day healing score of the EXT

group was statistically significantly higher than the ANT
group (P:0.042; P<0.05). (Table 5)

Table 5. Evaluation of intra-group healing scores

ANT EXT

Min-Max Mean £ SD (Median) Min-Max Mean £ SD (Median)
Day 1 1-1 10 (1) 1-1 1+0 (1)
Day 2 1-2 1.2+0.4 (1) 1-2 1.6+0.5 (2)
Day 3 2-3 2.2+0.4 (2) 2-3 2.440.5 (2)
Day 4 2-4 2.5+0.7 (2) 2-4 3.1+0.6 (3)
p 0.001* 0.001*
Day 1-Day 7 ?p 0.157 0.014*
Day 1-Day 14 %p 0.003* 0.004*
Day 1-Day 28 ?p 0.004* 0.004*
Day 7-Day 14 %p 0.004* 0.005*
Day 7-Day 28 %p 0.006* 0.004*
Day 14-Day 28 %p 0.083 0.008*

'Friedman Test 2Wilcoxon sign test *P<0.05

In the ANT group, the changes observed in the healing
scores across the days were statistically significant (P:0.001;
P<0.05). No significant change was observed in the healing
scores from day 1 to day 7 (P>0.05); however, the increases
in healing scores from day 1 to day 14 and day 28 were sta-
tistically significant (P<0.05). The increases in healing scores
from day 7 to day 14 and day 28 were statistically significant
(P<0.05). No significant change was observed in the healing
scores from day 14 to day 28 (P>0.05).

In the EXT group, the changes observed in the healing
scores across the days were statistically significant (P:0.001;
P<0.05). The increases in healing scores from day 1 to day 7,
day 14, and day 28 were statistically significant (P<0.05). The
increases in healing scores from day 7 to day 14 and day 28
were statistically significant (P<0.05). The increase in healing
scores from day 14 to day 28 was statistically significant
(P<0.05) (Table 6, Chart 1).

Table 6. Evaluation of the Changes in Healing Scores Between Groups

ANT EXT
Changes Min-Max Mean + SD (Median) Min-Max Mean £ SD (Median) p
Day 1-7 0-1 0.210.4 (0) 0-1 0.620.5 (1) 0.075
Day 1-14 1-2 1.2+0.4 (1) 1-2 1.4+0.5 (1) 0.342
Day 1-28 1-3 1.5+0.7 (1) 1-3 2.140.6 (2) 0.042*
Day 7-14 0-2 1+0.5 (1) 0-1 0.8+0.4 (1) 0.329
Day 7-28 0-3 1.3+0.8 (1) 1-2 1.5+0.5 (1.5) 0.396
Day 14-28 0-1 0.310.5 (0) 0-1 0.740.5 (1) 0.081
Mann Whitney U test *P<0.05
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Chart 1. Graph Showing the Amount of Change in Healing Scores Between Groups
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There was no statistically significant difference in the
amount of increase in healing scores on day 7 compared to
day 1 between the groups (P>0.05). Similarly, there was no
statistically significant difference in the amount of increase
in healing scores on day 14 compared to day 1 between the
groups (P>0.05). The increase in healing scores on Day 28
compared to Day 1 in the EXT group was statistically signifi-
cantly higher than in the ANT group (P:0.042; P<0.05)

There was no statistically significant difference in the
amount of increase in healing scores on day 14 compared to
day 7 between the groups (P>0.05). Similarly, there was no
statistically significant difference in the amount of increase
in healing scores on day 28 compared to day 7 between the
groups (P>0.05). There was no statistically significant diffe-
rence in the amount of increase in healing scores on day 28
compared to day 14 between the groups (P>0.05).

DISCUSSION AND CONCLUSION

Stomatitis in cats is unfortunately a serious and frustrating
disease that is poorly defined in the literature. This disease
not only causes pain and stress for the cat, but also creates
a very worrying situation for cat owners due to inadequate
response to various treatments. Studies have investigated
the possible causes of stomatitis in cats; however, its exact
etiopathogenesis remains unclear. The related pathogens
include bacteria and viruses, but immune-related causes
have also been proposed. In this study, the effectiveness of
Tarantula cubensis extract in treatment, in addition to anti-
biotic therapy, was investigated.

Taskaya et al. (19), in a study they reported that there
was no statistically significant difference between the two
drug groups (amoxicillin 7 mg + clavulanic acid 1.75 mg, sub-
cutaneously, mg/kg body weight or trimethoprim 4 mg + sul-
fadimethoxine 20 mg, subcutaneously, mg/kg body weight)
used in the treatment of stomatitis in cats. In this study,
amoxicillin-clavulanic acid treatment was applied to one
group, while the other group received Tarantula cubensis
extract in addition to this treatment protocol. The results
showed that a statistically significant difference emerged
between the groups in terms of treatment effectiveness.

Jennings et al. (11), in a retrospective case series invol-
ving 95 cats with stomatitis who were treated with full or
partial tooth extractions along with concurrent medical ma-
nagement, reported that 28.4% of the cats experienced
complete healing, 39% showed significant clinical healing,
26.3% had minimal healing, and 6.3% showed no healing. In

a more recent study by Druet and Hennet (10), 56 cats trea-
ted with tooth extraction were reported, with 51.8% of the
cats achieving clinical improvement or significant improve-
ment within an average of 38 days. Hennet et al. (7), in a
study they conducted, reported that 23% of 11 cats treated
with prednisone showed significant improvement, and 7%
achieved clinical improvement.

Vercelli et al. (20), in their study, investigating the ef-
fectiveness of oral cyclosporine in 8 cats that had not previ-
ously been treated with tooth extractions, reported that 4
cats (50%) achieved clinical remission, and the remaining
cats showed considerable improvement.

Lommer (21), shows that in his study, applied oral cyc-
losporine to 9 cats previously treated with extractions. He
stated that after 6 weeks, there was a 77.8% healing in the
treated cats and a 14.3% healing in the placebo group, which
was statistically significant. Long-term observation was con-
ducted on 11 cats, and it was reported that 5 of them (45.5%)
showed clinical improvement after receiving cyclosporine
for 3 months or longer.

Arzietal. (22), in a study they conducted, treated 7 cats
with autologous adipose-derived mesenchymal stem cells.
They reported a 71.4% positive response rate, with clinical
remission observed in 42.8% of the cats. Additionally, they
mentioned that 28.6% of the cats showed no significant imp-
rovement.

Albay et al. (23), in a study they conducted, evaluated
the effectiveness of Tarantula cubensis extract (1:100/D2,
Theranekron®, Richter Pharma, Austria) in treating oral lesi-
ons in bovine blue tongue disease. A total of 9 patients were
treated, with 6 cattle receiving tetracycline, flunixin meglu-
mine, and Tarantula cubensis extract (Theranekron), while
the remaining 3 cattle were treated as controls with the
same treatment regimen excluding Theranekron. Twenty-
four hours later, the treatment group showed faster re-epit-
helialization and return to normal body temperature compa-
red to the control group. In this study, the application of Ta-
rantula cubensis extract in addition to antibiotic therapy in
10 out of 20 cats resulted in statistically significant healing.
This study is in parallel with the current study.

In conclusion, it was determined that the application of
Tarantula cubensis extract, in addition to current treat-
ments, may be relatively effective in the regeneration of oral
and surrounding wounds in the treatment of stomatitis, a
chronic, non-healing disease in cats.
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Abstract

The hyoid bone is the only bone that connects caudally to the tympanohyoid and stylohyoid processes
of the pars petrosa of the temporal bone and does not articulate with any other bone. The hyoid bone
plays a crucial role in maintaining the balance and functionality of the respiratory tract, as well as in
language functions and swallowing. Morphometric studies on the hyoid bone have been conducted in
both humans and animals. With advancements in technology, two-dimensional (2D) structures have
been replaced by three-dimensional (3D) modeling. Our study is the first to determine the
morphometric properties of the hyoid bone in sheep and goats using the 3D modeling method. For
this purpose, 40 hyoid bone models from adult Siirt-colored mohair goats (10 females, 10 males) and
Romanov sheep (10 females, 10 males) were utilized. All 40 bones were modeled, and measurements
were obtained from the models. Skull sections were taken with a computed tomography device and
recorded in DICOM format. The images were transferred to the 3D-Slicer (5.2) software program and
3D models were made. Five morphometric parameters were measured simultaneously for two animal
species from these models. Measurement results were evaluated statistically between male and
female animals. The correlation between measurement parameters was determined by correlation
analysis. As a result of the study, the stylohyal lenght (SL) measurement parameter had a statistical
difference between genders in both sheep and goats. Additionally, it was determined that the epihyal
lenght (EL) value showed a significant difference between male and female goats in Siirt-colored
mohair goats. When the correlation analysis table was examined, it was determined that the SL
parameter had a positive correlation with CL and TL, and the TL parameter had a positive correlation
with CL and BL in the two animal species. We believe that the differences in the hyoid bone of these
two races, which are in the Ruminantia subgroup and have different phenotypes, will contribute to
the literature. In addition, the data will serve as a reference for relevant studies in the fields of
veterinary medicine, anatomy education, surgery, pathology, and zoo-archaeology.

Key Words: Hyoid bone, morphometry, romanov sheep, siirt-colored mohair goats, 3D modelling

Siirt Renkli Tiftik Kegisi (Capra hircus) ve Romanov Koyunu (Ovis aries) Dil Kemiginin Morfometrik
Ozelliklerinin 3D Modelleme Araciligiyla Belirlenmesi

0z

Hiyoid kemik, kaudal olarak temporal kemigin pars petrosa bélimiindeki timpanohiyoid ve stilohiyoid
¢ikintilarina baglanan ve bagka higbir kemikle eklem yapmayan tek kemiktir. Hiyoid kemik, solunum
yolunun dengesi ve islevselliginin korunmasinin yani sira dil fonksiyonlari ve yutma islemlerinde de
hayati bir rol oynar. Hiyoid kemigi (izerine morfometrik ¢calismalar hem insanlarda hem de hayvanlarda
gergeklestirilmistir. Teknolojideki ilerlemelerle birlikte, iki boyutlu (2B) yapilar yerini ti¢ boyutlu (3B)
modellemeye birakmistir. Calismamiz, koyun ve kegilerde hiyoid kemigin morfometrik 6zelliklerini 3B
modelleme yontemiyle belirleyen ilk arastirmadir. Bu amagla, yetiskin Siirt renkli tiftik kegisi (10 disi,
10 erkek) ve Romanov koyunu (10 disi, 10 erkek) olmak tzere toplam 40 hiyoid kemik modeli
kullanilmigtir.  Tim kemikler 3B olarak modellenmis ve bu modeller Uzerinden olglimler
gerceklestirilmistir. Kafatasi kesitleri, bilgisayarli tomografi cihazi ile alinarak DICOM formatinda
kaydedilmis ve gorlintuler 3D-Slicer (5.2) yazilimina aktarilarak 3B modeller olusturulmustur. Her iki
hayvan tiirii icin bu modellerden bes morfometrik parametre es zamanl olarak 8lgiilmistir. Olgiim
sonuglari, erkek ve disi hayvanlar arasinda istatistiksel olarak degerlendirilmistir. Olciim parametreleri
arasindaki iliski ise korelasyon analizi ile belirlenmistir. Calismanin sonucunda, stilohiyal uzunlugu (SL)
Olcim parametresinin hem koyun hem de kegilerde cinsiyetler arasinda istatistiksel olarak farklilk
gosterdigi belirlenmistir. Ayrica, epihiyal uzunlugu (EL) degerinin, Siirt renkli tiftik kegilerinde erkek ve
disi bireyler arasinda anlamh bir farklilik gosterdigi tespit edilmistir. Korelasyon analizi tablosu
incelendiginde, SL parametresinin CL ve TL ile pozitif korelasyon gosterdigi, TL parametresinin ise CL
ve BL ile pozitif korelasyon gosterdigi belirlenmistir. Ruminantia alt grubunda yer alan ve farkli
fenotiplere sahip bu iki irkin hiyoid kemigindeki farkliliklarin literatiire katki saglayacagina inaniyoruz.
Ayrica, elde edilen veriler veteriner hekimlik, anatomi egitimi, cerrahi, patoloji ve zoo-arkeoloji
alanlarindaki ilgili galismalara referans olusturacaktir.

Anahtar Kelimeler: Dil kemigi, morfometri, romanov koyunu, siirt renkli tiftik kegisi, 3D modelleme
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INTRODUCTION

The majority of colored mohair goats in Turkey are raised in
the provinces of Siirt, Batman, and Sirnak. Romanov sheep
are another breed grown in the Eastern Anatolia Region, and
the purpose of breeding these two breeds in this region is to
know that these animals have important characteristics (1).
The Romanov sheep is known for its high fertility and cha-
racteristic hairy skin features. It is characterized by a short
head, legs, and tail structure, as well as a black-gray body co-
lor (2,3). The Siirt-colored mohair goat is a breed particularly
used for mohair production in the region. The mohair obtai-
ned from these goats is used in the production of Siirt blan-
kets, which are popular as tourist souvenirs. Male goats have
longer horns, and their ears are more drooping compared to
female goats. Their coats are generally black, white, brown,
yellow, and red (4). Morphometric differences observed on
the skull have been frequently used in recent years for breed
and gender differentiation. The usability of the hyoid bone
alone in such differentiation remains a topic of interest.

The hyoid bone exhibits different articulation characte-
ristics depending on the animal species. In cats and dogs, it
connects to the processus mastoideus of the os temporale,
while in equines and ruminants, it attaches to the processus
styloideus of the os temporale. Additionally, in pigs, the
hyoid bone articulates with the region of the os occipitale
known as the processus jugularis (5).

Hyoid bone plays an important role in the balance and
adequacy of the respiratory tract, language function, and
swallowing (6). In addition, this bone structure has an impor-
tant role in the clinic. One study found differences in the po-
sition of the hyoid bone in jaw dysplasia (7). Os hyoideum is
related to swallowing and tongue physiology, therefore any
disorder in this structure will negatively affect functions such
as swallowing (8). The morphology of this bone varies accor-
ding to age and gender, so it can also be used in age and gen-
der determinations. Sex differences in the hyoid bone were
identified through radiographic measurements and morpho-
metric analyses. Males showed significantly larger dimensi-
ons compared to females, including the width and breadth
of the body, as well as the length and breadth of the greater
cornu. The anterior and posterior ends of the greater cornu
were also significantly wider in males. These differences are
likely associated with the generally larger skeletal and mus-
cular structure in males (9).

In anatomy education, which has an important place in
medicine and veterinary medicine, practical education is
more important than theoretical, therefore the use of 3D
modeling is increasing significantly. The biggest advantage of
3D modeling in anatomy education is that the material pre-
serves its structure and shape (10). 3D modeling allows mul-
tiple production of dissected material at any size scale to
produce anatomically accurate reproductions (11). One of
the significant advantages of modeling is making deformed
or more fragile bone specimens more durable (10). With the
3D modeling of the hyoid bone, its use as an educational ma-
terial for different animal species is expected to increase.
There are 3D morphometric studies of different animal spe-
cies in the literature (12-14). Detailed description of the
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morphological characteristics of Siirt-colored mohair goats is
unclear due to insufficient research.

This study aims to obtain morphometric measurement
values by three-dimensional modeling of the hyoid bone in
Siirt-colored mohair goats and Romanov sheep using com-
puterized tomography and to reveal the biometric differen-
ces of these measurement values according to gender and
other breeds. In addition, the data obtained will serve as a
resource for anatomy literature and taxonomy.

MATERIAL AND METHODS

In our study, 40 hyoid bone models of adults (1-3 years old);
Siirt-colored mohair goats (10 females and 10 males) and Ro-
manov sheep (10 females and 10 males) were used. No clini-
cal findings were observed in the skulls used in the study.
The materials used in the study were collected from slaugh-
terhouses in Siirt and Diyarbakir province. The measurement
parameters of the hyoid bone are shown in Figure 1. Skulls
of sheep and goats were scanned at Siirt University Faculty
of Medicine Hospital, Department of Radiology, with a 64-
detector multi-slice computed tomography device at 80 kV,
200 MA, 639 mGY, with a section thickness of 0.625 mm. The
resulting images were saved in DICOM format. The images
were then transferred to 3D-Slicer (5.2) software programs
to create three-dimensional models. IBM SPSS Statistics 23
package program was used for statistical measurements. In-
dependent Samples t test was used to compare measure-
ments between genders. Pearson correlation analysis was
used to reveal the correlation between measurements.

Figure 1. A. Cranial view of the Romanov sheep, B. Lateral view of the
Romanov sheep, C. Caudal view of the Mohair goat, D. Dorsal view of
the Mohair goat

Morphometric measurement points of hyoid bone of Romanov sheep
and Siirt-colored mohair goat. SL: Stylohyal lenght, EL: Epihyal lenght,
CL: Ceratohyal lenght, TL: Tyhrohyal lenght, BL: Basihyal lenght
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RESULTS

In our study, the independent Samples t test and correlation
analysis results of the hyoid bones of the Siirt-colored mo-
hair goat and the Romanov sheep are shown in Tables 1, 2,
and 3. SL and EL parameters were found to be statistically
significant between sexes in Siirt-colored mohair goats
(P<0.01). It was determined that other measurement para-
meters did not have a statistically meaningful difference
(P>0.05). In Romanov sheep, the SL measurement parame-
ter had a statistically significant difference between male
and female animals (P<0.05). No statistically significant dif-
ference was determined in other measurement parameters
(P>0.05). When the correlation analysis table was examined,
it was determined that the SL parameter had a positive cor-
relation with CL and TL, and the TL parameter had a positive
correlation with CL and BL in the two animal species.

Table 1. Statistical analysis of hyoid bone of Siirt-colored mohair
goat (Independent Samples t test)

Gender N Mean S_td'_
Deviation
SL Male 10 65.22 1.80
Female 10 61.64 0.85 0.009*
EL Male 10 15.84 1.07
Female 10 13.48 0.45 0.002*
CL Male 10 15.76 0.67 0.473
Female 10 13.42 0.56
BL Male 10 9.88 0.44 0.605
Female 10 8.52 0.40
TL Male 10 20.47 0.63 0.126
Female 10 18.14 0.37
* . P<0.01

Table 2. Statistical analysis of Romanov sheep hyoid bone (Inde-
pendent Samples t test)

Gender N Mean S.td'.
Deviation

SL Male 10 63.22 1.99 0.022*
Female 10 59.63 0.74

EL Male 10 13.84 1.07 0.163
Female 10 12.77 3.45

CL Male 10 13.74 0.68 0.229
Female 10 12.02 1.14

BL Male 10 7.62 1.60 0.183
Female 10 6.52 0.40

TL Male 10 18.47 0.63 0.368
Female 10 16.06 0.46

* . P<0.05

Table 3. Correlation analysis of hyoid bone of Siirt-colored mohair
goat and Romanov sheep (n:40)

sL EL cL BL TL
sL 1

EL 0.296 1

cL 0.861(**)  0.403 1

BL 0561 0367  0.656(*) 1

L 0.895(**)  0.517  0.894(**)  0.730(*) 1
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DISCUSSION AND CONCLUSION

Due to its high fertility, the Romanov sheep breed is a widely
bred breed in the world. Due to the disadvantages of 2D
examinations in the anatomical definition of a structure, 3D
modeling has gained importance (15,16). Our study is the
first to include 3D modeling of the hyoid bone in sheep and
goats.

Morphometric studies on hyoid bone in sheep and goat
breeds are quite limited in the literature (13). In a study (17),
on fetal development of sheep the morphometry of the
hyoid bone was measured between the 12th and 20th we-
eks. In the study, the SL parameters were determined to be
12+0.408 mm and 26.375+0.239 mm at the 12th and 20th
weeks, respectively. In a study conducted in humans (18),
the average left hyoid length in males and females was found
to be 39.5445.13 mm and right hyoid length was 39.25+5.02
mm. Right and left SL lengths were measured as 25.61+4.53
mm and 25.44+4.50 mm, respectively, in males. The same
parameter was reported in females as 24.79+4.11 mm and
24.79+4.11 mm on the right and left sides. In our study, the
SL parameter was determined as 65.22+1.80 mm in male go-
ats and 61.64+0.85 mm in female goats. A statistically signi-
ficant difference was found between male and female goats
in terms of SL value (P<0.01). Likewise, in the Romanov
sheep breed, the same parameter showed a statistically sig-
nificant difference between genders (P<0.05).

Rasouli and Yousefi (19) determined the radiological fe-
atures of the skull in the Indian gray mongoose and aimed to
define it macroscopically by making morphometric measure-
ments of the hyoid bone. As a result of the study, CL and EL
parameters were reported to be approximately 4-6 mm. In
the 20 week old sheep fetus, CL and EL parameters were re-
ported as 7+0.0 mm and 4.875+0.125 mm, respectively. Sig-
nificant differences have been detected in the total lengths
of the bones forming the hyoid apparatus between the 12th
and 20th weeks of fetal development (P<0.05). The length of
the stylohyoid bone has been found to be significantly diffe-
rent from all other hyoid bones (P<0.05). Additionally, the
lingual process has shown a significant difference in length
compared to the other bones (P<0.05). A statistically signifi-
cant difference has also been observed between the lengths
of the thyrohyoid and keratohyoid bones (P<0.05) (17). In
our study, no difference was found between genders in
terms of these two parameters in Romanov breed sheep.
However, in Siirt-colored Mohair goats, while the CL para-
meter did not differ between genders, a statistical difference
was detected in terms of the EL parameter. The EL parame-
ter had a higher value in male goats than in female goats.

TL and basihyal lenght (BL) measurement data in the
Indian gray mongoose have been reported as 7-8 mm (19).
In a study (20) examined the osseous development of the
hyoid bone of the New Zealand white rabbit and performed
morphometric measurements at this stage. In a 1-day-old
rabbit, the TL length was measured as 1.9 mm, and on the
7th day, it was 2.8 mm. In the last period of the study,

It was determined to be 4.2 mm. In Period 2, the length
and width of the Basihyoid bone were reported as 2.2 mm
and 2.5 mm, respectively. In our study, it was determined
that TL and BL parameters did not show a statistical diffe-
rence in male and female animals. However, the TL parame-
ter had a positive correlation with SL and CL. Additionally, as
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a result of the correlation analysis performed in the study, a
positive correlation was determined between CL and SL me-
asurement values. Statistically significant differences have
been found in the ossification processes among all age gro-
ups (P<0.05).

In conclusion, the determined parameters were mea-
sured by making 3D modeling of the hyoid bone from the
images obtained by computer tomography in Siirt colored
mohair goat and Romanov sheep breeds. In addition to sex
differences within the same species, two different species
were also compared. It is thought that this study will contri-
bute to relevant studies in the fields of veterinary medicine,
anatomy, pathology, zoo-archaeology, and surgery.
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Abstract

Proteins associated with autophagy are called (Autophagy related proteins) Atg proteins. Atg6 (Beclin
1) complex regulates autophagy at the molecular level and lyses cytosolic proteins, organelles and
cytoplasmic components in the autophagosome during autophagy. LC3 is an autophagosomal marker.
Monitoring autophagy-related processes is very important in understanding pregnancy metabolism.
In this study, Beclin 1 and LC3 were immunohistochemically demonstrated in the ovary and oviduct
on day 5 in the first pregnancy period. Accordingly, on the 5th day of pregnancy, it was determined
that autophagy continued to increase in pregnancy with the immunohistochemical (+) of Beclin 1, LC3
in interstitial cells, germinative epithelium, follicle granulosa cells and theca interna/externa in the
ovary and epithelial cells in the oviduct.

Key Words: Autophagy, beclin 1, Ic3, pregnancy, wistar albino rat

Ratlarda Gebeligin Erken Doneminde Ovaryum ve Oviduktta Beclinl ile LC3’iin
immunohistokimyasal ifadesi

Oz

Otofaji ile baglantilh proteinler (Autophagy Related Proteins), Atg proteinleri olarak isimlendirilir.
Otofajinin molekiiler diizeyde dizenlenmesinde Atg6 (Beclin 1) kompleksi ve otofaji sirasinda
otofagozomda sitozolik proteinleri, organelleri, sitoplazmik bilesenleri lize eden LC3 ise otofagozomal
isaretleyicilerdendir. Otofaji ile ilgili sireglerin izlenmesi gebelik metabolizmasinin anlagiimasinda
oldukga 6nemlidir. Yapilan galismada gebeligin birinci periyodu iginde 5. glinde ovaryum ve oviduktta
Beclin 1, LC3 immunohistokimyasal olarak gosterilmistir. Buna gore gebeligin 5. glinlinde ovaryumda
intertisyel hucreler, germinatif epitelde, folikil graniiloza hiicrelerinde ve teka interna/eksternada,
oviduktta ise epitel hiicrelerinde, Beclin 1, LC3’Gn immunohistokimyasal olarak (+) ligi ile otofajinin
gebelikte artarak devam ettigi belirlenmistir.

Anahtar Kelimeler: Beclin 1, gebelik, Ic3, otofaji, wistar albino rat
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INTRODUCTION

The process by which lysosomes catalyze the breakdown of
damaged components, leftover molecules, and metabolic
cellular contents is known as autophagy (1). It contributes to
the maintenance of homeostasis (2). For cell physiology to
continue, basal autophagy and cytoplasmic contents must
remain constant throughout growth and development (3,4).
Autophagy, together with the ubiquitin-proteasome system,
eliminates spermatozoon mitochondria after fertilization
and thus contributes to heteroplasmy. It is an essential bio-
logical function that acts as an auxiliary pathway to the deg-
radation of the ubiquitin-proteasome system (5). After the
late two-cell stage, autophagy shows high activity, targeting
maternal mRNAs and proteins that may be required in the
zygotic process (6). Autophagy is also vital for pre-implanta-
tion embryo development, cell differentiation and organo-
genesis (7).

Autophagy is realized by 3 different mechanisms. The
first is macroautophagy, the second is microautophagy and
the third is chaperone-mediated autophagy. Over thirty au-
tophagy-related proteins (Atg proteins) are known to exist
(8). Autophagosomes arise in structures called anterior au-
tophagosomal structures (PAS). It has been reported that au-
tophagy is shaped by four steps at the molecular level. In the
first step, the mTor complex: Atgl-Atg13-Atgl7 kinase com-
plex, and the PIP3 complex in the second step: Atg6 (Beclin
1) complex that regulates the activity of Vps34, the emer-
gence of the Ubiquitin-like system in the third step, and
Atg9 and the loop system in the fourth step After these pro-
cesses, autophagy progresses in the cell as nucleation,
membrane elongation, interaction with lysosome and de-
struction (9).

Beclin 1 initiates the formation of Vps34 autophago-
somes in mammalian cells. Among the most basic processes
for autophagic activity is the separation of Beclin 1 and Be-
clin 2. The microtubule-associated protein light chain 3
(LC3A/B-LC3I/1I) protein complexes and the
Atg12/Atg5/Atgl6 complex regulate the elongation of au-
tophagosomes (10). Cellular mTor mechanism control in-
volves Beclin 1, Beclin 2, LKB1-AMPK-mTor, P53, and PI3K-
Akt-mTor pathways (11). The endoplasmic reticulum, mito-
chondria, and perinuclear space are the locations of Beclin
1, which is expressed in human tissues. Beclin 1 is also in-
volved in the formation of the double-membrane autopha-
gosome, which is required for autophagy. Loss of Beclin 1
in humans leads to prostate, ovarian and breast cancers
(12). The effect of Beclin 1 on luteinization and steroido-
genesis in pregnancy has been investigated and it was
found to be effective in progesterone synthesis. Beclin 1 is
effective in the production of lipid droplets in steroidogen-
esis (13).

LC3is a 1A/1B lightchain protein associated with micro-
tubule formation. It is soluble in mammalian tissues and cul-
tured cells with a molecular mass of approximately 17kDa. It
lyses cytosolic proteins, organelles and cytoplasmic compo-
nents in the autophagosome during autophagy. A cytosolic
form of LC3 (LC3-I) is conjugated to phosphatidylethanola-
mine to form the LC3- phosphatidylethanolamine conjugate
(LC3-I1), which is taken up into autophagosomal membranes.
Autophagosomes fuse with lysosomes to form autolyso-
somes and intra-autophagosome components are degraded
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by lysosomal hydrolases, degrading LC3-1l. LC3-Il is an au-
tophagosomal marker. An effective technique for tracking
autophagy-related activities, such as autophagy and au-
tophagic cell death, is the detection of LC3 by immunoblot-
ting or immunofluorescence (10).

This study aimed to investigate the intensity of autoph-
agy in the ovary and oviduct in the first period of pregnancy
in rats and to reveal the distribution of Beclin 1 and LC3,
which are responsible for different steps of autophagy, im-
munohistochemically.

MATERIAL AND METHODS

Establishment of Experimental Protocols and Groups

Twelve 60-day-old female Wistar Albino rats obtained from
Sivas Cumbhuriyet University Experimental Animals Center
were used. The rats were split into two groups, one for preg-
nancy induction and one for control, each with six animals.
The animals in each cage were kept in an environment with
a temperature of 2242, 12 hours of light/12 hours of dark-
ness, ad libitum water and food.

One male animal per female was housed in a separate
cage for one night in the pregnancy group. The vaginal cytol-
ogy procedure was then used to evaluate the swabs ob-
tained from the female animals. This approach involved
transferring the swab samples on a slide and fixing them in
methyl alcohol for three minutes. After ten minutes of tolu-
idine blue staining on the air-dried slides, the preparations
were closed and assessed.

The animals considered to be on Day 0 of pregnancy
were those in which spermatozoa were seen in the prepara-
tions under examination. The ovaries and the middle part of
oviduct of the animals in the control group and those on the
5th day of pregnancy were removed.

Immunohistochemistry

Following a 24-hour fixation in 10% neutral buffered formal-
dehyde, the ovaries and oviducts were embedded in paraffin
blocks after undergoing routine tissue processing steps. Se-
rial slices 50 apart and 5 thick were obtained from the pre-
pared paraffin blocks using a microtome (Leica RM 2125).
The slices were put on adhesive slides and the streptavidin-
biotin complex (sABC) staining technique was employed to
assess the distribution and density of LC3 and Beclin-1. The
antigen retrieval procedure was initiated following the sec-
tions' de-paraffinization in xylenes and dehydration in alco-
hol series. Slides dipped in a 10-fold diluted citrate buffer
solution were cooked for 20 minutes at 600 watts in a mi-
crowave oven to retrieve antigen. Following a 20-30 mi-
nute cooling period, the sections were rinsed for 15
minutes in PBS solution and then incubated for 20 minutes
in the dark in a 3% hydrogen peroxide—methyl alcohol so-
lution to inhibit endogenous peroxidase activity. After in-
cubation, the sections were washed again with PBS solu-
tion for 15 minutes. After this stage, Ultra V Block solution
was dropped on the tissues to prevent nonspecific anti-
body binding, waited for 10 minutes, and then incubated
with diluted primary antibody at +4°C overnight without
washing. As primary antibodies, Beclin-1 (Afbiotech-
AF5128) and LC3 (Proteintech-14600-1-AP) were adminis-
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tered at 1/100 dilution. Following primary antibody incuba-
tion, slices were submitted to standard immunohistochem-
istry techniques, followed by a 15 minute PBS wash, and
the response was shown using AEC chromogen. In the neg-
ative control, PBS was used in place of the primary antibody
following protein blocking, and the tissues were incubated
with this solution for an entire night. Sections counter-
stained with Gill's hematoxylin were covered with a water-
based covering medium and viewed under a microscope.
For this, staining intensity was scored between 0-3 (0; no
staining, 1; slight staining, 2; moderate staining, 3; strong
staining) The immunohistochemical staining results were
assessed semiquantitatively and displayed in a table 1.

Table 1. Semiquantitative representation of the density and distri-
bution in Beclin 1, LC3 immunohistochemical staining in the ovary
and oviduct in the control group and in the first period of preg-

nancy.
Control Day5
Beclin 1 + ++
Germinal Epithelium
LC3 + ++
Beclin 1 + +
Interstitial Cell
x Lc3 + +
s
o Beclin 1 + +
Granulosa Cell
LC3 + +
Beclin 1 ++ ++
Corpus Luteum
LC3 ++ ++
Beclin 1 + +
- Oviduct Epithelium
S Lc3 + +
[=]
> Beclin 1 - -
O Lamina Propria
LC3 - -
RESULTS

On the fifth day of pregnancy and in the control group, the
ovary and oviduct were assessed. The staining intensity and
staining distribution of LC3 and Beclin-1 staining were as-
sessed. The germinative epithelial cortex [wall of follicles
(primary, secondary), interstitial cells, luteal cells in corpus
luteum] and medulla were evaluated in the ovary. Epithe-
lium in the mucosa and muscular and serosal layers in the
oviduct were examined and evaluated, semiquantitatively
shown in the Table 1. Since no positive reaction could be de-
tected in the muscularis and serosa layers of the oviduct, it
was not added to the table (Table 1).

It was observed that Beclin 1 and LC3 immune reactions
increased in the germinative epithelium of the ovary. It was
determined that the reaction intensity was similar in the in-
terstitial cells, corpus luteum and luteal cells on the 5th day
of pregnancy (Figure 1A, B, C, D) (Figure 2A, B, C).

In the oviduct, on the 5th day of pregnancy and in the
control group, Beclin 1 and LC3 (+) reactions were observed
to be of similar location and intensity in the epithelium, and
-/+in places in the propria, muscles and serosa (Figure 3A, B,
C, D).
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Figure 1. A. Ovary (Control) - Beclin 1. Immunopositive interstitial cells (ar-
rowheads) and granulosa cells (arrows). (Scale bar: 100 um). B. Ovary (Preg-
nancy, Day 5) - Beclin 1. Immunopositive interstitial cells (arrows) and gran-
ulosa cells (arrowheads). (Scale bar: 50 um). C. Ovary (Control) — Beclin 1.
Immunopositive interstitial cells (stars) and germinative epithelium (ar-
rows). (Scale bar: 50 um). D. Immunopositivity in the corpus luteum on Day
5 of pregnancy — Beclin 1. (Scale bar: 100 pm).

7 .

B e ST

Figure 2. A. Ovary (Control) — LC3. Immunopositive interstitial cells (arrows), ger-
minative epithelium (arrowhead) and granulosa cells (star). (Scale bar: 100 um).
B. Corpus luteum (Pregnancy, Day 5) — LC3. Immunopositive corpus luteum cells
(arrows). (Scale bar: 20 um). C. Ovary (Pregnancy, Day 5) — LC3. Immunopositive
interstitial cells (arrows). (Scale bar: 20 um). D. Ovary negative control (Scale bar:

100 um).

soum, |18

Figure 3. A. Oviduct (Control) — LC3. Immunopositive oviduct epithelium (ar-
rows) and immunonegative lamina propria (star). (Scale bar: 20 um). B. Ov-
iduct (Pregnancy, Day 5) — Beclin 1. Immunopositive oviduct epithelium (ar-
rows) and immunonegative lamina propria (star). (Scale bar: 100 um). C.
Oviduct (Control) — Beclin 1. Immunopositive oviduct epithelium (arrows)
and immunonegative lamina propria (star). (Scale bar: 50 um). D. Oviduct
(Pregnancy, Day 5) — LC3. Immunopositive oviduct epithelium (arrow) and
immunonegative lamina propria (star). (Scale bar: 50 um).
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DISCUSSION AND CONCLUSION

Autophagy demonstrates that damaged cell organelles are
re-applied to provide new structural remnants to maintain
homeostasis (15). Autophagy is essential for follicular
growth and differentiation in the ovary, oocyte develop-
ment, follicular atresia and follicular maintenance of repro-
duction (16,17). Proper functional autophagy is important in
the process from oogonia to follicle development and de-
generation (18). has confirmed the effect of autophagy on
female reproductive functions starting from oocyte develop-
ment to postnatal remodelling, including implantation, preg-
nancy maintenance, and preservation of placental physiol-
ogy (19). It has been reported that the possibility of oocyte
maturation defect and germ cell deformity is associated with
the deficiency of basic autophagic molecules. Therefore, the
role of autophagy in the female reproductive system needs
to be clearly understood (20).

Beclin 1, an important protein related to autophagy,
also plays a role in cell differentiation, anti-apoptosis and
cancer suppression (21). Another protein widely used as a
monitoring tool for autophagic activation is LC3 (22). In the
research by Zhao et al. (21), the immunohistochemistry ex-
pression of Beclin 1 was statistically found to be 16.7% in the
control group. It has been stated that Beclin 1 is localized in
the cell cytoplasm in the ovary, but no detailed information
is given about the positive regions. In this study conducted
in the ovary, it was observed that the distribution and local-
ization sites of Beclin 1 and LC3 in pregnant and non-preg-
nant animals were similar and that the (+) level was in the
cytoplasm and the nuclear (+) level was not, as in the study
conducted by Zhao et al. in 2014 (21).

In mammals, the corpus luteum (CL) is a unique and
transient endocrine gland that develops from follicle rem-
nants following ovulation, which is essential for hormone ho-
meostasis and pregnancy (23-25). When the CL ceases to
function in the absence of pregnancy or at the end of preg-
nancy, it ceases to produce progesterone and then under-
goes a period of regression. Therefore, the luteolysis process
is considered as an important step for the maintenance of
ovarian homeostasis and the resumption of the next estrous
cycle (24, 25). Previous investigations have indicated that
apoptosis is the key process leading to the death of luteal
cells and the regression of CL (24, 25), but the function of
autophagy in pregnancy luteolysis remains unclear (26). Few
studies have investigated the mechanism of autophagy in
the initial stage of pregnancy luteolysis (26).

The LC3 protein levels in the corpus luteum of the con-
trol group grew considerably throughout the first trimester
of pregnancy, according to the Western-Blot analysis of LC3
protein levels in the research by Tang et al. (26) with preg-
nant rats. Therefore, they stated that autophagy may play a
role in the luteolysis of pregnant rats in the initial period of
pregnancy. However, immunohistochemical staining was
not performed for LC3 in the study. The immunohistochem-
istry distribution of LC3 and Beclin 1 was found to be compa-
rable in this investigation; however, staining density and in-
tensity differed from location to location. It was thought that
this variability could be due to the reasons reached in the
study results of Tang et al. (26). It was concluded that the
ovarian tissue should be examined again in the later stages
of pregnancy and the evaluation should be made.

Immunohistochemical Expression of Beclinl and Lc3 in the Ovary and ...

While our investigation found Beclin and LC3 positivity
in certain parts of the ovary and oviduct autophagy also
plays a significant role in the regression of the corpus luteum
during false pregnancy, and its significance in pregnancy lu-
teolysis is yet unknown (26). As a result, the purpose of this
study was to look at autophagy in rats' luteal processes dur-
ing early pregnancy. The findings of autophagy-related pro-
tein LC-3 and Beclin-1 suggest that autophagy is relatively
high during the first trimester of pregnancy. Growth retarda-
tion during pregnancy has been linked to autophagosome
production and LC3 and Beclin 1 expression, and aberrant
placentation has been linked to an imbalance in cell homeo-
stasis (27-29). Autophagy has been reported to be elevated
higher in placentas with fetal growth retardation than in nor-
mal placentas due to the expression of LC3, Beclin 1, and the
Atg family (30). The function of autophagy in the ovaries and
oviduct during pregnancy has not been completely clarified,
even though the processes underlying autophagy during cel-
lular proliferation and development are well understood.
The fact that the distribution and density of autophagy in the
ovary and oviduct are different during pregnancy has shown
that autophagy is effective not only fatally but also mater-
nally.

Gawriluk et al. (13) demonstrated that Beclinl is re-
quired for female reproduction for the corpus luteum to
function properly during pregnancy, and they stated that the
success of mammalian reproduction is dependent on the
production of hormones that not only promote germ cell de-
velopment in the female but also ensure the establishment
and maintenance of pregnancy. They found that a lack of the
important autophagy gene Beclinl in progesterone-produc-
ing cells in the ovary reduces circulating progesterone in
pregnant mice and that exogenous progesterone admin-
istration causes a preterm labour phenotype, indicating that
progesterone is an essential hormone in mammalian preg-
nancy. They added that these findings show that autophagy
may have a role in steroidogenesis, and hence in successful
reproduction, and that future research should focus on the
autophagy-dependent and autophagy-independent activi-
ties of Beclinl in the ovarian process. The findings of this
study support the link between hormonal changes and au-
tophagy.

Choi et al. (31) showed very weak LC3 immunoreactiv-
ity in the corpus luteum on day 2 of pseudopregnancy in
pseudopregnancy rats. After day 7, immunoreactivity for LC3
increased, and very intense immunoreactivity for LC3 was
seen in luteal cells on days 14 and 20. In addition, it was
stated that intermediate fibroblasts and stromal cells in the
corpus luteum showed very weak LC3 immunoreactivity
throughout their study.

In their studies conducted on the ovary in the prepu-
bertal period in rats (17), they reported that LC3 immuno-
localization was very intensely positive in primordial follicles,
primary and preantral follicles granulosa cells while in late
antral follicles, the positivity was high in granulosa cells and
weak in theca follicles. The same study also found that LC3
could not be detected in the cytoplasm of oocytes at any de-
velopmental stage. In the study, the (+) status was found to
be similar in granulosa cells (17) while the (+) status was oc-
casionally encountered in oocytes.

In conclusion, the study determined that the immuno-
histochemistry distribution of Beclin 1 and LC3 in the ovary
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and oviduct is connected to the pregnancy period and hor-
monal process and that it fluctuates. It is thought that this
study will contribute to the literature on this subject by
forming the basis for studies to be conducted on autophagic
molecules in the later stages of pregnancy.
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Kistik ekinokokkozis (KE), diinya ¢apinda insan ve hayvanlarda yaygin olarak rastlanan ihmal edilmis
bir halk saghgi ve ekonomik sorundur. Bu ¢alismanin amaci, E. granulosus s.s. (G1/G3) izolatlari
icerisinde G1 ve G3 genotiplerinin PZR-Restriction Fragment Length Polymorphism (PZR-RFLP) ve
takiben Single Stranded Conformation Polymorphism (SSCP) teknikleriyle ayriminin yapilmasidir.
Calismada kullanilan insan, sigir ve koyun hidatik kist izolatlarina ait genomik DNA (gDNA)lar E.
granulosus s.s. (G1/G3) oldugu DNA dizi analizi ile teyit edilen 6rnekler arasindan segilmistir. Genomik
DNA’lar, E. granulosus s.s.'nun G1 ve G3 genotiplerini ayirt eden mt-nad5 bdlgesini cogaltan primerler
kullanilarak PZR ile gogaltildi. Bu PZR Urlinleri Mboll, Hindll ve Hphl restriksiyon enzimleriyle ayri ayri
kesildi. Daha sonra hazirlanan SSCP jeline bu kesim trlnleri yiiklendi ve elektroforeze tabi tutulup jel
glimis nitrat ile boyanarak bantlar gériinlr hale getirildi. Bu gcalismada hepsi Elazig ilinden elde edilen
ikisi insan, altisi sigir ve 13’G koyun olmak lizere toplam 21 izolat analiz edildi. Biitiin 6rneklerde E.
granulosus s.s.”un 759 bp’lik mt-nad5 gen bolgesi PZR ile basaril bir sekilde ¢cogaltildi. RFLP neticesinde
Mboll enzimi G1 ve G3 genotiplerine ait PZR Urinlerini dort farkli pozisyondan, Hindll iki farkh ve yine
Hphl de iki farkh pozisyondan kesti. Takiben yapilan SSCP analizinde bitin 6rneklerin ayni bant
profilini gdstermesi nedeniyle E. granulosus s.s.’nun G1 ve G3 genotiplerinin bu yontemle ayirt
edilemeyecegi anlagild.

Anahtar Kelimeler: Echinococcus granulosus, genotip, PZR, RFLP, SSCP

Simultaneous Use of PCR-RFLP and SSCP Methods for Differentiation of G1 and G3 Genotypes of
Echinococcus granulosus sensu stricto

Abstract

Cystic echinococcosis (CE) is a neglected public health and economic problem affecting both humans
and animals worldwide. The study aimed to differentiate G1 and G3 genotypes among E. granulosus
s.s. (G1/G3) isolates using PCR-Restriction fragment length polymorphism (PCR-RFLP) followed by
Single Stranded Conformation Polymorphism (SSCP) techniques. The study selected genomic DNA
(gDNA) from confirmed E. granulosus s.s. (G1/G3) human, cattle, and sheep hydatid cyst isolates. PCR
was used to amplify the mt-nad5 region of E. granulosus s.s. with primers that distinguish G1 and G3
genotypes. The resulting PCR products were digested separately with Mboll, Hindll, and Hphl
restriction enzymes. The digestion products were then loaded onto the prepared SSCP gel and
subjected to electrophoresis. Finally, the gel was stained with silver nitrate to make the bands visible.
The study analysed a total of 21 isolates, comprising two human, six cattle, and 13 sheep, all obtained
from Elazig province of Tirkiye. The PCR successfully amplified the 759 bp mt-nad5 gene region of E.
granulosus s.s. in all samples. As a result of RFLP, Mboll enzyme cut the PCR products of G1 and G3
genotypes at four different positions, Hindll at two different positions and Hphl at two different
positions. The subsequent SSCP analysis revealed that the G1 and G3 genotypes of E. granulosus s.s.
could not be differentiated using this method, as all samples displayed an identical band profile.

Key Words: Echinococcus granulosus, genotype, PCR, RFLP, SSCP
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GIRIS

Kistik Ekinokokkozis (KE), Echinococcus granulosus sensu
lato’nun larvasi olan hidatik kist tarafindan olusturulan, ih-
mal edilmis bir zoonotik hastaliktir. Parazitin eriskin formu
kopek, kurt, cakal ve diger bazi etgillerin ince bagirsaklarinda
yasarken, larvasi olan hidatik kist ise insanlar dahil koyun,
kegi, sigir, domuz ve diger birgok evcil ve yabani memelide
¢ogunlukla karaciger ve akciger olmak Uzere gesitli organ ve
dokularda yerlesmektedir (1). Mitokondriyal ve niikleer DNA
dizilemesine dayanarak, E. granulosus s.l. icerisinde bes tir(
tanimlanmustir. Bu tiirler arasinda Echinococcus granulosus
sensu stricto (G1 ve G3), E. equinus (G4), E. ortleppi (G5), E.
canadensis (G6/7, G8 ve G10) ve E. felidis bulunmaktadir (2-
4).

Baslangigta E. granulosus s.s. G1, G2 ve G3 olmak lizere
¢ genotipten olusmaktaydi. Ancak son yillarda yapilan tam
genom sekanslari neticesinde G2'nin ayri bir genotip olma-
dig1, G3'lin bir mikrovaryanti oldugu ortaya konmustur (5). E.
granulosus s.s.'nun G1 ve G3 genotiplerinin ayrimi genellikle
mitokondriyal sitokrom c oksidaz subunit 1 (mt-CO1) geninin
sekans analizi ile yapilir (6). Bununla birlikte son ¢alismalarda
E. granulosus s.s. genotiplerinin ayirt edilmesiicin daha uzun
mt-CO1 gen bolgelerinin analiz edilmesi gerektigi gosteril-
mistir (7, 8). Filogenetik analizlere gore, G1 ve G3 arasinda
37 niikleotidlik bir fark vardir (5). Daha uzun mt-CO1 gen di-
zilerinin (1609 bp) yani sira kismi mt-CO1 (366 bp) ve nadl
(471 bp) dizileri bile G1 ve G3 arasinda dogru bir ayrim yapa-
mamaktadir (5). Nitekim son galismalar, mt-nad5 geninin
kisa bir parcasinda, G1 ve G3 genotiplerinin tamamen ayirt
edilmesini saglayan (g tek nikleotid polimorfizminin ve alti
informatif pozisyonun varligini ortaya koymustur (5).

Turkiye'de E. granulosus s.l.'nun tiur ve genotiplerinin
belirlenmesine yonelik yapilan gcalismalarda, hayvan ve insan
konaklarindan elde edilen izolatlarda E. granulosus s.s. (G1/
G3), E. equinus (G4), E. ortleppi (G5) ve E. canadensis (G6/G7)
tespit edilmistir (2-4, 9, 10). Cengiz ve Goéneng (11), Turki-
ye'nin farkl illerinden 49 kist hidatik izolatini (10 sigir ve 39
koyun) mt-nad5 genini dizileyerek analiz etmis ve G1 (n = 36)
ve G3 (n = 13) genotiplerini ayirt etmislerdir. Turkiye'de ya-
pilan baska bir calismada, 12’si insan, 28’i sigir ve 31'i koyun
hidatik kist izolatlarinin 759 bp uzunlugundaki mt-nad5 gen
fragmani PZR ile ¢ogaltilarak sekanslatilmistir. Sekans sonug-
larina gore 61 6rnegin E. granulosus s.s. G1 genotipi, 10 or-
negin ise G3 genotipi oldugu belirlenmistir (12). Elazig ve Er-
zurum illerinden toplanan 54 koyun ve sigir 6rnegiile yapilan
baska bir calismada ise PZR-Single Stranded Conformation
Polymorphism (PZR-SSCP) analizi denenmistir. Analiz sonu-
cunda G1 ve G3 arasindaki fark tanimlanamazken, G5 ve
G7'nin diger izolatlardan farki ortaya konmustur (13).

Bu ¢alismanin amaci, E. granulosus s.s. (G1/G3) izolat-
lari igerisinde G1 ve G3 genotiplerinin PZR-Restriction frag-
ment length polymorphism (PZR-RFLP) ve takiben SSCP tek-
nikleriyle ayriminin yapilabilirliginin arastinlmasidir.

MATERYAL VE METOT

Bu ¢alismada kullanilan insan, sigir ve koyun hidatik kist izo-
latlarina ait genomik DNA (gDNA)’lar E. granulosus s.s.
(G1/G3) oldugu DNA dizi analizi ile teyit edilen 6rnekler ara-
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sindan secilmistir (12). Bu izolatlarin isimleri, GenBank eri-
sim numaralari, konaklari ve genotipleri Tablo 1’de verilmis-
tir.

Tablo 1. GCalismada kullanilan E. granulosus s.s. izolatlarinin Gen-
bank erisim numaralari, ait oldugu konaklar ve genotipleri.

Genbank Erisim

No izolat Adi Konak Genotip
Numarasi
1 TRHO4 0P889045 insan G1
2 TRCO02 0P889055 Sigir G1
3 TRCO3 0P889056 Sigir G1
4 TRC11 0OP889064 Sigir G1
5 TRC13 0OP889066 Sigir G1
6 TRC28 0OP889081 Sigir G1
7 TRS02 0OP889083 Koyun G1
8 TRSO5 0P889086 Koyun G1
9 TRS06 0P889087 Koyun G1
10 TRS08 0P889089 Koyun G1
11 TRS09 0P889090 Koyun G1
12 TRS10 0OP889091 Koyun G1
13 TRS12 0OP889093 Koyun G1
14 TRS14 OP889095 Koyun G1
15  TRH10 0P889051 insan G3
16 TRCO4 0P889057 Sigir G3
17 TRS21 0P889102 Koyun G3
18 TRS23 0P889104 Koyun G3
19 TRS25 0OP889106 Koyun G3
20 TRS28 0OP889109 Koyun G3
21 TRS29 0OP889110 Koyun G3

Mitokondrial NADH Dehydrogenase Subunit 5 (mt-nad5)
Geninin PZR ile Cogaltilmasi

Genomik DNA'lar, Kinkar ve ark. (5) tarafindan dizayn edilen
ve E. granulosus s.s.’nun G1 ve G3 genotiplerini ayirt eden
EGnd5F1  (5'-GTTGTTGAAGTTGATTGTTTTGTTTG-3') ve
EGnd5R1 (5-GGAACACCGGACAAACCAAGAA-3') primerleri
kullanilarak 759 bp’luk mt-nad5 gen bolgesi PZR ile cogaltildi.
PZR reaksiyonu su sekilde olusturuldu: 5 pL 10X PZR tam-
ponu, 5 uL MgCl2 (25 mM), her dNTP'den 400 uM, her pri-
merden 20 pmol, 0.2 ul Tag DNA Polimeraz (1.25 IU) ve 28.8
uL steril saf su ile toplam hacim 45 pL olarak hazirlanip tze-
rine 5 uL kalip DNA eklendi. Kinkar ve ark. (5) tarafindan daha
once belirlenen bir touch-down PZR protokold kullanildi (5).
Thermal cycler kosullari, 95 °C’de 1 dk 6n denatlirasyon, ta-
kiben 95 °C’de 20 sn, 55 °C’de 45 sn (tavla sicakligl her don-
glde kademeli olarak 0,5 °C azaltildi), 68 °C’de 1 dk olacak
sekilde 10 siklus ve ardindan 95 °C’de 20 sn, 50 °C’de 45 sn,
68 °C’'de 1 dk olacak sekilde 25 siklus ve 68 °C’de 3 dk son
uzama islemine tabi tutuldu. PZR Urinleri daha sonrasinda
%1.4’l0k agaroz jelde 100 volt akimda 40 dk elektroforeze
tabi tutuldu ve sonrasinda jel goriintiileme cihazinda (Quan-
tum, Vilber Lourmat, France) goriintilendi.

Restriction Fragment Length Polymorphism (RFLP)

Calismada kullanilan E. granulosus s.s. izolatlarina ait mt-
nad5 sekanslarini kesen restriksiyon enzimleri (RE)'nin belir-
lenmesi amaciyla bitin sekans verileri ayri ayri Restriction-
Mapper (https://www.restrictionmapper.org/) veri taba-
ninda kontrol edildi ve bu sekanslari en az iki noktadan kesen
Ug¢ enzimin kullanilmasina karar verildi. Bu enzimler, Mboll (5
U/uL, 300U Thermo Scientific), Hindll (5 U/uL, 300U Thermo
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Scientific) ve Hphl (5 U/uL, 300U Thermo Scientific) idi. En-
zim kesim reaksiyonu 10 puL PZR Griind, 1 uL RE, 2 uL 10X Buf-
fer B ve 18 L steril saf su ile toplam hacim 31 ul olacak se-
kilde ayri eppendorf tliplerde hazirlandi. Daha sonra (retici
firmanin (Thermo Fisher, Bartlesville, USA) belirledigi kosul-
larda 37 °C’deki su banyosunda 8 saat enzim kesimi gercek-
lestirildi. Bu siirenin sonunda ise 65 °C’de 20 dk enzim inak-
tivasyonu gerceklestirildi. Sonrasinda kesim triinleri %3’k
agaroz jelde 100 volt akiminda 40 dk elektroforeze tabi tu-
tuldu ve jel gorintileme cihazinda (Quantum, Vilber Lour-
mat, France) goérintilendi (4).

Single Stranded Conformation Polymorphism (SSCP)

Bu yontem Simsek ve ark. (13) tarafindan bildirilen yonteme
gore gergeklestirildi. SSCP jeli, 2 ml %40 akrilamid-N,N' Me-
tilenbisakrilamid (39:1), 825 pL 5X Tris Borik Asit-EDTA (TBE),
1 ml gliserol, 500 puL 1M {re, 150 pl %10 amonyum peroksid
disulfat, 4575 pL saf su ve 4 uL Tetrametiletilendiamin (TE-
MED) ile hazirlandi. PZR drinlerinin tek iplik haline getiril-
mesi i¢in 5 uL hem PZR hem de enzim kesimine ugramis PZR
Grlinlerinden ayri tuplere alinarak 11 pL denatire edici tam-
pon (10 mM NaOH, %95 formamit, %0.05 bromfenol blue ve
%0.05 ksilen siyanol) ile homojen bir sekilde karistirildi. Elde
edilen karisim Thermal Cycler’da 95 °C’de 10 dk denatiiras-
yona maruz birakildi. Ardindan hemen buz blok tzerine ali-
narak (-20 2C) SSCP jelinin kuyucuklarina her érnekten 5 pL
ylklendi ve 175 volt akimda 2 saat elektroforeze tabi tu-
tuldu. Siirenin sonunda plakalardan gikarilan jel, gimus nit-
rat ile boyandi. Bu amagla, poliakrilamid jel %10 etanol, %5

12345617829

=

1234

.
-
=]
=
=

I CIHmEs

Sekil 1. E. granulosus s.s. (G1/G3) mt-
nad5 genine ait PZR sonuglarinin jel go-
rintusu. M: Marker (100 bp); 1-9: Rast-
gele segilen bazi 6rneklerin bant profil-
leri (759 bp)

Hphl.

TARTISMA VE SONUC

Polimeraz zincir reaksiyonu (PZR) neticesinde elde edilen
Urunlerdeki mutasyonlarin tanimlanmasi igin altin standart
yontem sekans analizidir. Ancak, 6zellikle popilasyon ¢alis-
malarinda ¢ok sayida 6rnek calismak gerektiginde tim PZR
amplikonlarinin dizilenmesi, masrafli ve zaman alicidir (14).
Bu nedenle, PZR sonrasi mutasyon tespitinde alternatif yon-
temler kullanilabilmektedir. Bunlardan biri pratik bir elektro-
foretik mutasyon tarama yaklasimi olan SSCP'dir (15). Bu tek-
nik, tek sarmalli bir DNA molekdiliiniin denatiire olmayan bir

56 78

Sekil 2. E. granulosus s.s. (G1/G3) mt-nad5 ge-
nine ait PZR-RFLP sonuglarinin jel goriinttusu. M:
Marker (100 bp); 1-4: Mboll; 5-8: Hindll; 9-12:
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asetik asit ve % 85 distile su igerisine alinarak 6 dk boyunca
calkalanip fikse edildi. Ardindan jel %0.1 giimis nitrat boyasi
icerisine alinarak 15 dk orta hizda galkalanip boyandi. Bant-
larin gorunir hale gelmesi igin %1.5 Sodyum hidroksit
(NaOH) ve %0.15 formaldehit igerisinde 30 dk galkalandi. Jel,
son olarak %0.75 sodyum karbonat (Na2CO3) icerisine alina-
rak 10 dk calkalandi ve distile su klvetine alinarak 5 dk yi-
kama islemi yapildiktan sonra goriintilendi.

BULGULAR

Bu galismada hepsi Elazig ilinden elde edilen ikisi insan, altisi
sigir ve 13’0 koyun olmak lizere toplam 21 izolat analiz edildi.
Tim o6rneklerde E. granulosus s.s.'nun 759 bp’lik mt-nad5
gen bolgesi PZR ile basarili bir sekilde cogaltildi (Sekil 1). Son-
rasinda bu 6rnekler SSCP analizine tabi tutuldu, ancak yeterli
ayrim saglanamadigi icin oncelikle PZR-RFLP yapilip kesim
Urinlerinin SSCP yapilmasina karar verildi. Boylelikle biitiin
izolatlarin mt-nad5 PZR rlnleri Mboll, Hindll ve Hphl enzim-
leri ile kesime tabi tutuldu. Enzim kesimi sonrasi farkli DNA
fragmentlerinin olustugu goraldu (Sekil 2). E. granulosus
s.s.’nun her iki genotipi de Mboll ile kesildiginde dort farkl,
Hindll ile iki farkli ve yine Hphl ile iki farkl yerden kesimin
oldugu gorulda. Takiben PZR-RFLP Griinleri SSCP jeline yik-
lenip glimUs nitrat ile boyandi, ancak elde edilen bantlar in-
celendiginde hepsinin ayni bant profilini gosterdigi (Sekil 3)
ve bu nedenle E. granulosus s.s.’nun G1 ve G3 genotiplerinin
bu yéntemle ayirt edilemeyecegi ortaya kondu.

9101112

Sekil 3. Echinococcus granulosus s.s.'nun mt-nad5 PZR
Urtnlerinin SSCP analizi. 1: PZR lirtinii (G1); 2: Mboll ile ke-
silmis PZR iriinGi (G1); 3: ile HindIl kesilmis PZR Grinl (G1);
4: Hphl ile kesilmis PZR rlni (G1); 5: PZR Urund (G3); 6:
Mbollile kesilmis PZR urlinti (G3); 7: Hindll ile kesilmis PZR
Urand (G3); 8: Hphl ile kesilmis PZR Urlni (G3).

jel igindeki elektroforetik hareketliliginin yapisina ve boyu-
tuna blyuk olciide bagl oldugu ilkesine dayanir ve <500
bp'lik PZR Grinlerinde tek nokta mutasyonlarini tespit etme
kapasitesi sunar. PZR-SSCP'nin ylksek mutasyon saptama
kapasitesi ve nispeten basit bir teknik olmasi, onu tirlerin
veya genotiplerin tanimlanmasi, ¢ok sayida 6érnek icinde ve
ornekler arasinda genetik degiskenligin taranmasi ve daha
da o6nemlisi bilinmeyen mutasyonlarin belirlenmesi igin
glclu bir arag haline getirmektedir (15). Boylelikle, bir popi-
lasyondaki genetik varyasyonun kapsamini degerlendirmek
icin bir tarama araci olarak kullanildiginda, érneklerin hedef-
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lenen dizilemesinden 6nce PZR-SSCP analizi yapilmasi dizi-
leme gerektiren 6rneklerin sayisinda 6nemli bir azalmaya
(genellikle %70-90) ve dolayisiyla analizlerle iligkili maliyetle-
rin digsmesine imkan saglamaktadir (15). PZR-SSCP'nin pra-
tik, hassas, spesifik ve tekrarlanabilir oldugu kanitlanmistir
(16). Yontemin standartlastiriimis bir protokol izlemesi (boy-
lece yiiksek bir mutasyon tespit orani elde edilmesi) ve so-
nuclarin dikkatli bir sekilde yorumlanmasi kosuluyla, SSCP
onemli bir tanisal kapasiteye sahip olup secilen érneklerin di-
zilenmesi ve dizi verilerinin filogenetik analizleri ile birlikte
ornekleme prosedirlerine ve genetik belirteglere dikkat edi-
lirse, E. granulosus’un populasyon genetigi ve epidemiyoloji-
sinin arastirilmasi icin uygundur (17,18). Ancak, PZR-SSCP
500 bp fragmanlara kadar polimorfizmi tespit edebilir. PZR-
SSCP’den maksimum verimi almak i¢cin amplikonlarin opti-
mum boyutu 330 ila 380 bp arasinda olmalidir (19). Bu han-
dikapi gidermek igin mevcut calismada 6ncelikle PZR drunle-
rinin restriksiyon enzimleriyle kiglk pargalara ayrilmasi
(PZR-RFLP) ve daha sonra SSCP yapilmasinin mutasyon tespit
kapasitesini artirabilecegi diisintlmustir. PZR-RFLP tekni-
ginde, bir PZR Grlni cesitli boyutlarda birkag DNA pargasi
olusturmak igin tanima bolgesi olarak bilinen bolgelerden
DNA'yi kesen belirli restriksiyon enzimleriyle muamele edilir.
Daha sonra, kesilmis amplikonlar bir jele yiklenir ve elektro-
foreze tabi tutulur. Boylelikle, farkli boyutlardaki bantlar jel
boyunca farkh biyikliklerde bant olusturacaktir (20). Sim-
sek ve ark. (13), E. granulosus s.l."nun 446 bp’lik mt-CO1 gen
bolgesini PZR ile ¢ogalttiktan sonra yaptiklari PZR-SSCP ana-
lizi ile G5 ve G7 genotiplerini ayirt ederken, E. granulosus s.s.
(G1/G3)igerisindeki G1 ve G3 genotiplerini tanimlayamamis-
lardir. Benzer sekilde Zhang ve ark. (21) ve Oudni-M’rad ve
ark. (22) da E. granulosus s.s. igerisindeki G1 ve G3 genotip-
lerinin PZR-SSCP yodntemiyle ayirt edememislerdir. Bu ¢a-
lisma ile E. granulosus’un 759 bp’lik mt-nad5 gen bélgesinin
once RFLP ile pargalara ayrilmasi ve takiben PZR-SSCP yapil-
masina ragmen G1 ve G3 genotiplerinin ayriminda basari
saglanamamustir.

Sonug olarak, E. granulosus s.s. (G1/G3) icerisindeki ge-
notip farkhliklarinin tanimlanmasinda PZR-SSCP’nin yetersiz
kaldigi, bu nedenle 6zellikle mt-nad5 sekans analizinin ge-
rekli oldugu kanaatine variimistir.
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celeme ve diizenleme SS. Tim yazarlar makalenin yayim 6n-
cesi son halini okumus ve kabul etmislerdir.

ETiK BEYAN

Bu ¢alisma da kullanilan kist materyali mezbahanede kesimi
yapilan hayvanlarin takibi sonucu elde edildigi, canli insan ve
hayvan materyali kullanilmadigl icin; etik kurul iznine ihtiyag
duyulmamuistir.
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Abstract

Cancer is known as a major health problem globally. Breast cancer is the most common malignant
tumor and metastasis continues to be the main cause of poor prognosis. Despite recent advances in
cancer treatment, the success of metastatic breast cancer treatment is not at the desired level. Among
the anticancer drugs discovered in recent years, various benzimidazole derivatives have attracted
attention in the development of anticancer agents due to their various biological activities and clinical
applications. The aim of this study was to evaluate the antiproliferative activity of synthesized
benzimidazole derivative SA-61 in 4T1 breast cancer cell line in comparison with abemaciclib, which is
approved by FDA for the treatment of breast cancer. The antiproliferative activity and apoptotic effect
of SA-61 were examined using MTT and immunohistochemical methods, respectively. According to
MTT results, compound SA-61 showed antiproliferative activity in 4T1 cells in a dose-dependent
manner, but this effect was lower than abemaciclib. Although further studies are needed to
specifically identify the compounds involved in its anti-cancer activity, our findings suggest that SA-61
inhibits the proliferation of 4T1 cells and its effect is dose dependent.

Key Words: Benzimidazole, Casp-3, cytotoxic activity, 4T1 cell line

Benzimidazoliin Fare 4T1 Hiicre Kiiltiiriindeki Apoptoz Aktivasyonunun ve Sitotoksisitesinin MTT
Hiicre Canlilik Testi ve immunsitokimya Yontemleriyle Arastirilmasi

0z

Kanser, kiiresel olarak 6nemli bir saghk sorunu olarak bilinmektedir. Meme kanseri en yaygin koti
huylu timordir ve metastaz kotl prognozun baslica nedeni olmaya devam etmektedir. Son yillarda
kanser tedavisindeki gelismelere ragmen, metastatik meme kanseri tedavisinin basarisi istenen
dizeyde degildir. Son yillarda kesfedilen antikanser ilaglari arasinda, gesitli biyolojik aktiviteleri ve
klinik uygulamalari nedeniyle cesitli benzimidazol tirevleri antikanser ajani gelistirmede dikkat
¢ekmistir. Bu ¢alismanin amaci, 4T1 meme kanseri hiicre hattinda, sentezlenen benzimidazol tiirevi
olan SA-61'in antiproliferatif aktivitesini, FDA tarafindan meme kanseri tedavisi i¢in onaylanan
abemaciclib ile karsilastirmali olarak degerlendirmektir. SA-61’in antiproliferatif aktivitesi ve apoptotik
etkisi sirasityla MTT ve imunohistokimyasal yontemler kullanilarak incelendi. MTT sonuglarina gére SA-
61 bilesigi 4T1 hiicrelerinde doza bagh bir sekilde antiproliferatif aktivite gosterdi fakat bu etki
abemaciclibe kiyasla daha disliktiir. Kanser karsiti aktivitesinde rol oynayan bilesiklerin spesifik olarak
belirlenmesi igin daha fazla ¢alismaya ihtiya¢ duyulmasina ragmen, bulgularimiz SA-61'in 4T1
hicrelerinin gogalmasini engelledigini ve etkisinin doza bagh oldugunu goéstermektedir.

Anahtar Kelimeler: Benzimidazol, Casp-3, sitotoksik aktivite, 4T1 hiicre hatti
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INTRODUCTION

In terms of both prevalence and cancer-related death among
women, breast cancer is the most common cancer diagno-
sed globally (1). There is currently no accurate way to fore-
cast the development of metastatic lesions, and current tre-
atments for metastatic breast cancer are unsuccessful. Fin-
ding novel biomarkers and treatment targets for breast can-
cer requires a deeper comprehension of the processes be-
hind breast cancer metastasis (2). A mouse initial breast tu-
mor that developed in a BALB/c mouse raised and breastfed
by a C3H female mouse is a subclone of 4T1 breast cancer, a
triple-negative subtype of breast cancer (3). 4T1 cells are di-
verse clonal subpopulations with unique shape, behavior,
and gene expression profiles, in contrast to previous cancer
models (4). Even though some patients may not respond
completely to chemotherapy, it is still the cornerstone of tre-
atment for triple-negative breast cancer because the thera-
peutic targets are unknown (5). Thus, it is imperative to find
a possible target for triple-negative breast cancer treatment.

Because of their varied biological activity and therape-
utic uses, several benzimidazole derivatives have garnered
interest in the creation of anticancer agents among the anti-
cancer medications found in recent years (6). Benzimidazole
is a great scaffold for the creation of anticancer drugs beca-
use of its distinct core structure and low toxicity. Because of
their structural resemblance to nucleosides, benzimidazole
and its derivatives exhibit potent anticancer action (7). Furt-
hermore, benzimidazoles can bind to many pharmacological
targets implicated in the advancement of cancer and func-
tion as hydrogen donors or acceptors. In the literature, there
are numerous anticancer medications with benzimidazole
cores that have garnered a lot of interest (Figure 1).
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Figure 1. Synthesis of a compound including benzimidazole core,
SA-61.

Abemaciclib works well against a variety of solid tu-
mors, such as melanoma, liposarcoma, esophageal and non-
small cell lung cancers, and breast carcinoma. Abemaciclib is
presently undergoing clinical trials for additional solid tu-
mors and has FDA approval for the treatment of breast can-
cer (8). Abemaciclib's capacity to suppress growth in vitro
and in vivo provides justification for its use (9). In light of this,
the current work sought to compare the cytotoxic effect and
apoptosis activation of SA-61, a benzimidazole derivative, to
Abemaciclib in the 4T1 mouse breast cancer cell line.

Using the MTT Cell Viability Test and Immunocytochemistry Techniques ...

MATERIAL AND METHODS

General Synthesis of 1-(N-Phthalimidomethyl)-3-(3-
methylbenzyl) benzimidazolium Bromide, SA-61

A solution of benzimidazole (1 mmol) and potassium hyd-
roxide (1 mmol) was prepared in 60 mL of ethanol. The reac-
tion mixture was stirred at room temperature for 1 hour, af-
ter which 3-methylbenzyl chloride (1 mmol) was gradually
added. The solution was then refluxed for 6 hours and al-
lowed to cool to room temperature. The resulting potassium
chloride precipitate was removed by filtration, and the sol-
vent was evaporated. The intermediate product, 1-(3-
methylbenzyl) benzimidazole, was recrystallized, washed
multiple times with diethyl ether, and dried under vacuum.
Next, 1-(3-methylbenzyl) benzimidazole (1.29 g, 1 mmol)
was dissolved in 4 mL of dried DMF, and N-(bromomethyl)
phthalimide (1.39 g, 1 mmol) was added dropwise. The reac-
tion mixture was stirred at 80 °C for 24 hours under an argon
atmosphere. Upon completion, DMF was removed under re-
duced pressure, and 15 mL of diethyl ether was introduced.
The solid was collected, washed twice with diethyl ether (2
x 15 mL), and dried under vacuum. Finally, the purified pro-
duct was crystallized in an ethanol/diethyl ether (3:1)
mixture at room temperature, yielding a white solid (10).

4T1 Cells

4T1 breast cancer in mice as previously documented, 4T1
cells were cultivated in RPMI 1640 supplemented with 10%
FBS, 100 uM glutamine, 100 U/mL penicillin, 100 pg/mL
streptomycin, and 1 mM sodium pyruvate (complete me-
dium). The cells were procured from ATCC, Manassas, VA,
USA. There have been prior reports of the production of 4T1
cells (A8) lacking GM-CSF. In T-75 tissue culture flasks, 4T1
cells were cultivated in full media to create 4T1 cell culture
supernatant (4T1-sup). Cell-free supernatants were obtai-
ned by centrifugation at 1200 rpm for 10 minutes after the
medium's color began to become somewhat yellow. Amicon
Ultra-15 centrifugal filters were used to concentrate cell-free
supernatants.

The Cytotoxic Activity Studies

The process outlined in the literature was followed to con-
duct cytotoxic activity investigations of compound SA-61 and
abemaciclib as a positive control medication (11,12). The 4T1
mouse breast cancer cells (ATCC CRL-2539) were cultivated
in RPMI with 1% glutamax and 10% fetal bovine serum (FBS)
added. Cells were seeded into sterile 96-well plates at a den-
sity of 5 x 103 cells/well. For 48 hours, the cells were exposed
to the chemicals at doses of 200, 100, 50, 25, and 12.5 pM.
After adding the MTT stock solution (50 pL, 5 mg/mL) to the
plate wells, the plates were incubated for two more hours.
The Promega Elisa plate reader instrument was used to de-
tect absorbance levels at 590 nm. GraphPad Prism Software
5 was used to calculate the ICso values.

Immunocytochemistry Staining

Prior to cell staining, the cells were incubated in PBS at 37 °C
for 15 minutes after the top medium in the culture medium
was removed. Following the removal and disposal of the
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PBS, the cells were fixed for 30 minutes at 4 °C in 70% etha-
nol. The coverslips were incubated in a 0.5% H20, solution
made in methanol for 10 minutes after being left in PBS for
10 minutes. They were then rinsed three times for 5 minutes
each with distilled water. Following a 30-minute incubation
periodin 4N HCI, the samples underwent three 5-minute PBS
washes. After that, a 20-minute protein block was applied.
HRP-conjugated goat anti-rabbit antibody (ImmPRESS® MP-
7451) was utilized as the secondary antibody for caspase-3
detection, whereas Cleaved Caspase-3 (Asp175) (Cell Signha-
ling, 9661) was employed as the primary antibody at a 1:400
dilution. Following washing, coverslips were counterstained
with Mayer hematoxylin and treated for equal amounts of
time with DAB chromogen. They were successively exposed
to increasing concentrations of alcohol (50, 80, and 100 per-
cent) before being allowed to dry. Lastly, entellan mounting
on slides prepared the preparations for analysis. Cells were
examined for immunopositivity at 40x magnification (bar 20
pum) in order to assess the staining.

RESULTS

Cytotoxic activity studies of benzimidazole SA-61 were eva-
luated against the mouse breast cancer cell line 4T1. For
comparative purposes, the cytotoxicity of abemaciclib (a tar-
geted anticancer drug used in the treatment of advanced or
metastatic breast cancer) was evaluated under the same
conditions. The MTT assay was used in cell culture studies to
determine the relationship between cell viability under vari-
ous treatments. Compounds were evaluated for their poten-
tial anticancer activity using the IC50 value, which is the dose
of the molecule that caused a 50% decrease in survival as
determined by the MTT assay. The results of the viability ra-
tes of 4T1 cells cultured with abemaciclib and SA-61 are gi-
venin Chart 1. Accordingly, when different concentrations of
abemaciclib (12.5, 25, 50, 100, 200 uM) and SA-61 (12.5, 25,
50, 100, 200 uM) were applied to 4T1 cells for 48 hours, it
was determined that the IC50 dose reached corresponded to
the dose required to kill half of the cells (Table 1). SA-61
showed an IC50 value of 98.25 uM against 4T1 cell line. This
result indicates that SA-61 shows moderate anticancer acti-
vity in 4T1 cells. Abemaciclib showed an IC50 value of 14.84
UM against 4T1 cell line. This result revealed that abemacic-
lib showed a higher anticancer effect compared to SA-61 in
4T1 cells. Abemaciclib exhibited a more potent anticancer
profile compared to SA-61 by showing a lower IC50 value in
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the 4T1 cell line. This lower value indicates that SA-61 is less
effective in 4T1 cells and has less potential to inhibit breast
cancer cells. Cellular proliferation was measured for mouse
breast cancer 4T1 cells. Mouse breast cancer cells exposed
to various concentrations of SA-61 and abemaciclib were ob-
served at the 48-h time point. Significant differences were
detected in 4T1 cells treated with different concentrations
of SA-61 and abemaciclib. It was found that SA-61 had the
highest antiproliferative effect at a concentration of 200 uM.
Significant differences were also observed for abemaciclib in
terms of cytotoxic effects caused by the doses. It is seen in
Figure 2 that abemaciclib significantly inhibited the growth
of 4T1 cells at concentrations of 200, 100 and 50 uM.

Chart 1. Cell viability ratio depending on concentrations of compo-

und SA-61 and abemaciclib
i; I{. IL Ii ‘I
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Table 1. ICso results for compounds against mice cancer cell line

Compounds 1Cso (LM)
471

SA-61 98.25

Abemaciclib 14.84

4T1 mouse mammary tumor cells were treated with
SA-61 for 48 hours in order to investigate the apoptotic ef-
fects of the substance. Immunocytochemical staining was
utilized to evaluate alterations in caspase-3 enzyme activity.
4T1 mouse mammary tumor cells showed increased cas-
pase-3 activity in response to 48 hours of incubation with
98.25 uM SA-61, a 50% growth suppression dosage, as com-
pared to untreated cells (Figure 2). These results imply a pos-
sible link between SA-61-induced apoptosis and caspase-3
activation.

» ] v&

’ C li

Figure 2. Immunoreaction of 4T1 mouse mammary tumor cells with cleaved-caspase3 antibody. A. Control (untreated) B. Abemaciclib (I1Cso)
C. SA-61 (ICsp). Nuclei are stained blue, positive cells are stained brown (arrow). Bar: 20 pm.
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DISCUSSION AND CONCLUSION

With a high number of new cases and the second-highest
number of fatalities, breast cancer continues to be a major
cause of morbidity and mortality among women despite ad-
vancements in detection and treatment (13,14). Chemothe-
rapy, surgical resection, and radiation therapy are common
treatment approaches for primary breast cancer; however,
metastatic breast cancer presents a considerable challenge
and is a major cause of cancer-related mortality (15). Sur-
gery, chemotherapy, radiation, endocrine therapy, targeted
therapy, and other similar methods are considered conven-
tional therapies for breast cancer (16).

Abemaciclib is a suitable option because it can cause
atypical cell death and may also encourage autophagy and
apoptosis. Abemaciclib employs H+ transport to cause lyso-
somal acidification. Through a distinct molecular mecha-
nism, the impact on V-ATPase seems to result in lysosomal
malfunction and ultimately cell death, as well as lysosomal
growth brought on by H20 influx (17). Abemaciclib has been
shown to induce this type of cell death phenotype in MDA-
MB-231 triple-negative breast cancer cells, A549 non-small
lung carcinoma cells, and prostate cancer cells (18).

Although caspases are involved in apoptosis, prior re-
search has discovered that caspase-3 is also involved in the
autophagic process (19). In human apoptotic endothelial
cells under nutritional deprivation, caspase-3 reoriented au-
tophagic vacuoles toward the cell membrane, promoting
their extracellular transit (20). Apoptotic volume decrease, a
geometric predictor of cell disintegration into apoptotic bo-
dies, may be influenced by the transit of these massive au-
tophagic vacuoles (18). These results imply that caspase-3 is
a node that controls how the apoptotic and autophagic
pathways interact (20).

Benzimidazole compound had potent apoptotic effects
in 4T1 cells, according to our investigation. Although the
control group did not exhibit caspase-3 staining, cells treated
with abemaciclib, which served as a positive control, only
mildly and sparingly showed favorable results. On the other
hand, cells treated with benzimidazole compound showed
strong caspase-3 positivity, suggesting a substantial apopto-
tic response. This result is in line with earlier research that
demonstrated that DMDD increases caspase-3 and -9 activa-
tion to start the apoptotic process (21). Similarly, it is recog-
nized that natural substances like resveratrol and piperine
have anticancer effects via apoptotic processes. Piperine in-
hibits cell proliferation by inducing cell cycle arrest in the
G2/M phase and initiates apoptosis through caspase-3 acti-
vation. However, by stopping cells in the S phase, resveratrol
exhibits lethal effects on cancer cells (22, 23). Furthermore,
it has been demonstrated that CQ triggers cell death by acti-
vating caspase-9 and caspase-3 and activates the mitoc-
hondrial apoptotic pathway, which results in the release of
cytochrome c (24). According to these findings, benzimida-
zole derivatives can also encourage the death of tumor cells
by apoptosis and could be used as a possible anticancer me-
dication.
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Oz

Bu arastirma Elazig’da satisa sunulan cevizli sucugun (orcik) toplam aflatoksin (AF) diizeyini saptamak
amaciyla yapildi. Calismada, toplam 50 adet orcik 6rnegi (10 adet Giziim, 10 adet dut, 10 adet kayisi,
10 adet nar, 10 adet kivi) incelendi. Aflatoksin tayininde 8031 Veratox® HS Quantitative Aflatoxin High
Sensitivity Test, total aflatoksin kiti ve yiiksek kaliteli monokromatér bazli UV/VIS spektrofotometre
kullanildi. incelenen orcik 6rneklerinde ortalama olarak toplam aflatoksin degerleri iziim 6rneklerinde
1.629+0.072 pg/kg, dut drneklerinde 1.149+0.163 ug/kg, kayisi 6rneklerinde 1.086+0.132 ug/kg, nar
orneklerinde 1.387+0.095 ug/kg, kivi érneklerinde 1.443+0.095 pg/kg olarak belirlendi. En yiksek
aflatoksin degeri Gzim orciginde (2.040 pg/kg), en duslik aflatoksin degeri ise dut orciginde (0.140
ug/kg) saptandi. Tum orcik 6rneklerinin Turk Gida Kodeksi Bulasanlar Yonetmeligi'nde bildirilen
maksimum  limitlerin altinda oldugu tespit edildi. Sonug olarak, analizleri yapilan orcik 6rnekleri
incelendiginde belirlenen toplam aflatoksin (AF) diizeyleri bakimindan Gretimde bir standart olmadigi,
gerek tretiminde gerekse satisa sunulmasinda gerekli hijyen sartlarina uyulmadigi belirlendi. Uretim
ve satis ortamlarindaki hijyen kurallarina uyulmasi, Griinlerin uygun ambalaj icerisinde paketlenip
satisa sunulmasi orcik Grlnlerinin mikotoksinlerden ari olmasi ve halk sagligi agisindan 6nem arz
etmektedir.

Anahtar Kelimeler: Aflatoksin, cevizli sucuk, geleneksel riin, halk saglhgi, UV/VIS spektrofotometre

Investigation of Total Aflatoxin Level of Walnut Sausage (Orcik) Sold in Elazig

Abstract

This study was conducted to determine the total aflatoxin (AF) level of walnut sausage (orcik) sold in
Elazig. In the study, a total of 50 orcik samples (10 grapes, 10 mulberries, 10 apricots, 10
pomegranates, 10 kiwis) were examined. 031 Veratox® HS Quantitative Aflatoxin High Sensitivity Test,
total aflatoxin kit, and high-quality monochromator-based UV/VIS spectrophotometer were used for
the determination of aflatoxin. The average total aflatoxin values in the examined orcik samples were
determined as 1.629+0.072 pg/kg in grape samples, 1.149+0.163 pg/kg in mulberry samples,
1.086+0.132 pg/kg in apricot samples, 1.387+0.095 ug/kg in pomegranate samples and 1.443+0.095
ug/kg in kiwi samples. The highest aflatoxin value was detected in grape orcik (2.040 ug/kg), while the
lowest was in mulberry orcik (0.140 pg/kg). It was determined that all orcik samples were below the
maximum limits reported in the Turkish Food Codex Contaminants Regulation. As a result, when the
analyzed orcik samples were examined, it was determined that there was no standard in production
in terms of total aflatoxin (AF) levels and that the necessary hygiene conditions were not followed
both in production and in sales. Compliance with hygiene rules in production and sales environments,
and packaging products in appropriate packaging and sales are important for orcik products to be free
of mycotoxins and public health.

Key Words: Aflatoxin, public health, traditional product, UV/VIS spectrophotometer, walnut sausage
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GIRIS

En popller Tirk tathlar arasinda olan orcik, genellikle Gziim
ve dut meyvesinden (retilmektedir. Orcik karbonhidratlar,
antioksidanlar, diyet lifleri, vitaminler ve mineraller gibi zen-
gin ve yiksek besin icerigine sahip lezzetli ve istah agici olan
bir atistirmaliktir. Ancak son zamanlarda Turkiye'de seker
pancari pekmezinden Uretilmeye baslanmistir (1-4).

Gimdugshane yoresinde daha ¢ok "kéme" ismi ile bilinen
orcik, dogu illerinde genellikle bandirma, cevizli sucuk, kedi
bacagi, Maras sucugu, orjik veya orcik, sucuk, seker sucuk *
olarak bilinmektedir. Sucuk; genellikle taze Gzim sirasinin
veya sekerle karisik Gizim sirasinin nisasta ile usuliine uygun
olarak kaynatilmasiyla hazirlanan, peltesine ipliklere dizilmis
badem, ceviz, findik veya fistik gibi yemislerin defalarca bati-
rihp kurutulmasiyla elde edilen bir Griindiir. Diinya genelinde
de mevcut olan ve kuzey ulkelerinde ¢orckela (churchkhela)
ismiyle anilan geleneksel Urtnler, erik, incir, kayisi gibi mey-
velerden olusan bir karisima ipe dizili badem, ceviz, findik
gibi yemislerin batirihp kurutulmasi ile elde edilmektedir (5-
7).

Anadolu kiltirine ait olan “kéme”nin, tarihinin yillar
oncesine dayandigi ilk olarak hangi tarihte yapildigi kesin bi-
linmemektedir. Tarihi kayitlara gére Osmanli doneminde G-
mishane ilinin Torul ilgesinin Harmancik kdyiinde Rumlar ta-
rafindan kéme ve/veya pestilin yapildigi belirtilmektedir.
Rumlar 1926 yilinda bu boélgeden gog etmis ve bu bolgeye
yerlesen Turkler ayni kiltliri devam ettirmislerdir (5).

Gunumiuzde geleneksel ve endistriyel olarak farkli Gre-
tim metotlari olan cevizli sucugun llkemizde Elazig, Malatya,
Erzurum, Erzincan, Artvin, Gimishane illerinde Gretimi yapi-
lan ve artan lretim talebiyle hem yurt ici hem de yurt disi
pazarinda dnemli bir ticaret kaynagi olmustur. Ulkemizde or-
cikle ilgili sinirli sayida galisma (3,6,8-9) mevcuttur.

Mikotoksinler hem insanlar hem de hayvanlarda ciddi
saglk sorunlarina yol acan ve kifler tarafindan uretilen ikin-
cil metabolitlerdir (10-11). Mikotoksinler, Greten mantarin
turitine, kimyasal yapilarina, etki ettikleri organ, doku ve sis-
temlere gore gruplandinimaktadir (12-13). Aflatoksinler
(AF’ler) Alternaria spp., Aspergillus, Fusarium ve Penicillium
gibi kifler tarafindan dretilen ikincil metabolizma Uriinleri
olan mikotoksinler olup B1, B2, G1 ve G2 olmak tzere dort
gruba ayrilmaktadir (6,14-17).

Tiirk Gida Kodeksi Bulasanlar Yonetmeligi’nde (18) afla-
toksin diizeyleri sert kabuklu meyvelerde son tiiketici icin pi-
yasaya arz edilmeden veya gida bileseni olarak kullanilma-
dan 6nce ayiklama veya diger fiziksel islemlere tabi tutulacak
olanlar igin maksimum B1 AF igin diizeyi 8 pg/kg, toplam AF
duzeyi (B1, B2, G1, G2) maksimum 15 pg/kg; sert kabuklu
meyvelerde son tiketici icin piyasaya arz edilenler veya gida
bileseni olarak kullanilanlarda maksimum Bi1 AF igin diizeyi 5
ug/kg, toplam AF diizeyi (B1, B2, G1, G2) maksimum 10 ug/kg
miktarinda olmalidir. Diinya Saglik Orgiitii (WHO) ve Birles-
mis Milletler Gida ve Tarim Orgiitii (FAO) gidalarda tolere
edilebilecek AF diizeyini 30 ppb olarak bildirmisledir. Ame-
rika Gida ve ilag Dairesi ise (FDA) gidalarda aflatoksin mikta-
rin1 20 ppb glvenli dizey olarak belirtmistir (17,19).

Literaturde orcik ile ilgili galismalar sinirlidir. Konu ile il-
gili olarak yapilan bazi ¢calismalarda Elazig ilindeki orciklerin
kimyasal ve mikrobiyolojik kalite parametreleri (4) ve agir
metal dizeyleri (9) arastirilmis, ancak aflatoksinler ile ilgili
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herhangi bir arastirmaya rastlanilmamistir. Bu arastirma Ela-
z1g’da satisa sunulan cevizli sucugun (orcik) toplam aflatoksin
(AF) dlizeyini saptamak amaciyla yapildi.

MATERYAL VE METOT

Orcik Orneklerinin Toplanmasi

Bu g¢alismada kullanilan cevizli sucuk (orcik) érnekleri Elazig
ili merkezindeki kapal garsi, market, diikkan ve semt pazar-
larindan temin edildi. Farkli satis noktalarindan ve her bir is-
letmeden ayri ayri alinan toplam 50 adet orcik 6rnegi (10
adet {izim, 10 adet dut, 10 adet kayisi, 10 adet nar, 10 adet
kivi) materyal olarak kullanildi.

Toplam Aflatoksin Analizleri

Ornekler numune posetleri icerisine alinarak soguk zincir al-
tinda toplam aflatoksin analizinin yapildigi Dicle Universitesi
Bilim ve Teknoloji Uygulama ve Arastirma Merkezi (DUB-
TAM)'ne getirildi. Aflatoksin tayininde 8031 Veratox® HS Qu-
antitative Aflatoxin High Sensitivity Test (Neogen, USA) total
aflatoksin kiti ve yuiksek kaliteli monokromatér bazli UV/VIS
spektrofotometre (Multiskan GO Seri No: 1510-02102C,
Thermo, ABD) kullanildi.

Numune Hazirlama ve Ekstraksiyon

1. Neogen’in hazirlanmis solusyonu veya test edilecek
her numune igin 7 kisim ACS Grade metanol ile 3 kisim distile
ve deiyonize su karistirarak %70’lik metanol solusyonu hazir-
landi.

2. Temsili bir numune alinarak, 6gutilmis malzemenin
en az %75’i ince bir hazir kahvenin pargacik boyutu olan 20
gozIu bir elekten gegecek sekilde numunenin tamami 68u-
talda.

3. 25 gram 6gutllmis numune 125 mL %70 metanol ile
2 dakika ylksek hizli bir karistiricida karistirildi. Alternatif
yontem: 25 mL %70 metanole 5 gram 6gutlilmis numune
eklendi ve 3 dakika kuvvetlice galkalandi.

4. En az 5 ml’yi Whatmann (No: 1) filtre kagidindan
(veya Neogen filtre siringasindan) gegirerek stizilda.

5. Slizlintl test icin hazir hale getirildi.

Test Prosediirii

1. Kirmizi isaretli karigtirma kuyularina 100 plL konjugat

eklendi.

2. Kirmiziisaretli karistirma kuyularina 100 pL kontrol ve
numune eklendi.

3. Kanistirilarak 100 ul’yi antikor kuyularina aktarildi ve
10 dakika boyunca inkibe edildi.

4. Antikor kuyularindan sivi bosaltild.

5. Deiyonize su ile kuyular 5 kez iyice yikandi.

6. Suyu emici bir havluya hafifce vurularak fazla su disari
aktarild.

7. 12 kanall pipet kullanarak 100 pL substrat, reaktif
teknesinden antikor kuyularina aktarildi ve 10 dakika inklbe
edildi.

8. Reaktif teknesinden antikor kuyularina 100 pL Red
Stop aktarildi.

9. 650 nm filtreli bir mikro kuyu okuyucu ile sonuglar
okundu.
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istatistiksel Analizler

Calismada analizi yapilan cevizli sucuk 6rneklerinin tanimla-
yici istatistikleri ve degerler arasindaki iliskiler SPSS22 (IBM
SPSS, IBM Corporation, USA) paket programi kullanilarak ya-
pildi. Elde edilen veriler varyans analizine (One-Way ANOVA)
tabi tutuldu. Gruplar arasindaki farklihigin belirlenmesinde
Tukey testi uyguland.. istatistiksel énemlilik P<0,05 oldu-
gunda kabul edildi. Veriler ortalama * standart hata olarak
verildi (20).

BULGULAR

Orcik orneklerine ait analizlerine ait absorbans degerleri
Tablo 1'de gosterilmistir. Aflatoksin degerleri Gzim orci-
ginde 1.140-2.040 pg/kg, dut orciginde 0.140-1.580 pg/kg,
kayisi orciginde 0.670-1.800 ug/kg, nar orciginde 1.030-
1.960 pg/kg ve kivi orciginde 1.100-1.960 pg/kg diizeylerinde
tespit edildi. Orcik 6érnekleri (izim, dut, kayisi, nar, kivi) ara-
sinda aflatoksin absorbans degerleri agisindan farkliliklar is-
tatistiksel olarak 6nemli bulundu (P<0.05). En yiiksek aflatok-
sin degeri tizim orciginde en disuk aflatoksin degeri ise dut
orciginde belirlendi. Tiim orcik 6rneklerinde elde edilen afla-
toksin degerlerinin Tirk Gida Kodeksi Bulasanlar Yonetme-
ligi'nde (18) bildirilen maksimum limitlerin altinda oldugu
tespit edildi.

Tablo 1. Orcik 6rneklerinde saptanan aflatoksin degerleri
(ortalama * standart hata) (ug/kg)
Ornek En az En cok Ortalamat
Grubu standart hata

Uziim 1.140 2.040 1.629+0.0722
Dut 0.140 1.580 1.14940.163b
Kayisi 0.670 1.800 1.086+0.132°
Nar 1.030 1.960 1.387+0.09520
Kivi 1.100 1.960 1.443+0.0952
Tablo F degeri 3.683

P degeri <0.05

a, b: Gruplar arasi farkhliklar gostermektedir.

TARTISMA VE SONUC

Aflatoksin degerleri ortalama olarak zim orciginde
1.629+0.072 pg/kg, dut orciginde 1.629+0.072 ug/kg, kayisi
orciginde 1.086+0.132 pg/kg, nar orciginde 1.387+0.095
ug/kg ve kivi orciginde 1.443+0.095 pg/kg diizeylerinde tes-
pit edildi. Orcik 6rnekleri (Gzim, dut, kayisi, nar, kivi) ara-
sinda aflatoksin absorbans degerleri agisindan farkliliklar is-
tatistiksel olarak 6nemli bulundu (P<0.05). Konu ile ilgili ya-
pilan ¢alismalar (21,22) incelendiginde tespit edilen aflatok-
sin dlizeyleri TGK’de belirlenen limitlerin altinda oldugu ve
bu acidan mevcut calismamizla benzerlik gosterdigi belir-
lendi.

Yildiz ve Boyraci (3) yaptiklari arastirmada Gimdishane
ilinde kémelerde total aflatoksin (B1,B2,G1,Gz) ve aflatoksin
B1 (AFB1) diizeylerini incelemisler ve aflatoksin belirlememis-
lerdir (0.00 ug/kg). Erdogan vd., (21) Erzurum’dan (11 adet),
GUmuishane’den (4 adet), Elazig’dan (3 adet) olmak Uzere
toplam 18 adet kéme incelemislerdir. incelenen érneklerin
8’inde 1.8-13.2 ug/kg arasinda aflatoksin saptamislardir.
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Baska bir calismada (22) 48 adet kéme orneginin 21 tane-
sinde (%43.8) 0.58-15.20 ug/kg arasinda ve ortalama 2.97
pg/kg total aflatoksin (B1,B2,G1,G2) belirlemislerdir. Ayni ga-
lismada en toksik olan AFB: tiim 6rneklerde ve 11.80 ug/kg
dizeyinde, AFB, 6rneklerin %33.3’Ginde ve 0.20-3.34 pg/kg
dizeyinde, AFG1: 0.82-1.84 ug/kg diizeyinde ve AFG;: 0.00-
0.31 pg/kg diizeyinde tespit etmislerdir.

Sonug olarak, elde edilen bulgular degerlendirildiginde
tiim orcik 6rneklerinde toplam aflatoksin (AF) belirlenmis an-
cak tespit edilen AF diizeylerinin Turk Gida Kodeksi Bulasan-
lar Yonetmeligi’'nde bildirilen maksimum limitlerin altinda ol-
dugu tespit edildi. Orcik Giretiminde Uriine katilan ceviz gibi
¢esnilerin uygun ortamda muhafaza edilmesi, tretim ve satis
hijyen kurallarina riayet edilmesi, triinlerin uygun ambalaj
materyalleri icerisinde paketlenip satisa sunulmasi standart
bir Gretim ve halk sagligi agisindan 6nem tasimaktadir.
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Abstract

In this study, the prevalence of Otodectes cynotis, the causative agent of ear manges, was investigated
in dogs from the Kars region, Tirkiye. As part of the study, the medical histories of 100 dogs of
different breeds, sexes, and age groups were recorded, clinical examinations were performed, and
samples were collected from the ear canal using a swab for microscopic examination of aural exudates
(earwax). Ear mite infestation was detected in 38% (38/100) of the examined dogs. Dogs were
categorized based on breed, sex, age, lifestyle, and clinical symptoms, and the relationship between
these factors and infestation was statistically evaluated using the chi-square test. As a result of the
analysis, the relationship between age, lifestyle, ownership status, and O. cynotis infestation was
found to be statistically significant (P<0.05). The findings reveal the prevalence of ear mite infestation
in dogs in the Kars region. The results indicate that otocariasis is more commonly observed in young
and stray dogs, with shelter dogs being more prone to this causative agent. Therefore, it has been
concluded that hygiene and preventive measures should be emphasized.

Key Words: Dog, otocariasis, Otodectes cynotis, prevalence, risk factors

Kars Bolgesindeki Kopeklerde Otodectes cynotis Enfestasyonun Yayginligi ve Risk Faktorleri

0z

Bu ¢alismada, Kars yoresindeki kopeklerde kulak uyuzuna neden olan Otodectes cynotis'in prevalansi
ve risk faktoérleri arastirilmistir. Bu calisma kapsaminda, farkli irk, cinsiyet ve yas gruplarina ait 100
kopegin anamnezleri alinmis, klinik muayeneleri yapilmis ve kulak kirlerinden alinan o6rnekler
mikroskobik olarak incelenmistir. Arastirmada kopeklerin %38’inde (38/100) kulak uyuzu tespit
edilmistir. Kdpekler irk, cinsiyet, yas, yasam tarzi ve klinik semptomlar agisindan kategorize edilmis ve
ki-kare testi kullanilarak bu faktorlerin enfestasyon ile iligkisi istatistiksel olarak degerlendirilmistir.
Analiz sonucunda, yas, yasam tarzi ve sahiplik durumu ile O. cynotis enfestasyonu arasindaki iligki
istatistiksel olarak anlamli bulunmustur (P<0.05). Elde edilen bulgular, Kars boélgesindeki kdpeklerde
0. cynotis enfestasyonunun yaygin oldugunu géstermektedir. Sonuglar, otocariasis’in 6zellikle geng ve
sahipsiz kopeklerde daha sik goriildiigiini, barinakta yasayan kdpeklerin bu uyuz etkenine daha yatkin
oldugunu gostermektedir. Bu nedenle, hijyen ve koruyucu tedbirlerin dnemsenmesi gerektigi
sonucuna varilmigtir.

Anahtar Kelimeler: Kdpek, otocariasis, Otodectes cynotis, prevalans, risk faktori
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INTRODUCTION

Otodectes cynotis is a mite belonging to the Otodectes genus
within the Psoroptidae family, and it is widely distributed
worldwide. It is primarily known as the causative agent of
otodectic mange (ear mite infestation, otocariasis) in cats
and dogs (1-4). This mite colonizes the ear canal of dogs,
functioning as an obligate ectoparasite that resides without
burrowing (5,6). In carnivorous animals, it causes lesions,
particularly in the ear region, and is manifested by clinical
signs such as otitis externa, ear discharge, and dermatitis
around the head, neck, and ears (4,7). Infested animals exhi-
bit severe itching, head shaking, and podal reflexes as com-
mon symptoms. Additionally, secondary bacterial infections
may lead to the development of purulent inflammations, ear
hemorrhages, and torticollis, resulting in serious complicati-
ons (8). In the later stages of the disease, the lesions may
disseminate to the facial region, neck, and limbs. Otodectes
cynotis is widely distributed both globally and in Turkiye, and
has been identified as the causative agent in more than
50% of otitis externa cases. Otodectes cynotis mites are
primarily transmitted through direct contact between
hosts. Host-switching is particularly common during the
neonatal period, where close physical contact between
the mother and her offspring facilitates the transmission
of the parasite (4,9). Otodectes cynotis is primarily diag-
nosed in cats; however, it can also infest dogs, foxes, wea-
sels, and, though rarely, humans. It is also known to pos-
sess zoonotic potential (3). Otodectes cynotis has been oc-
casionally identified in unusual hosts, including anteaters
(10), Patagonian cavies (11), and Southern pudus (12). It
is a highly contagious ectoparasite that primarily affects
young individuals and is often diagnosed during routine
veterinary examinations (13). While O. cynotis does not
cause significant clinical signs in the early stages of infes-
tation in cats and foxes, it has been reported to lead to
severe symptoms at all stages in dogs (14). Given the hig-
her prevalence of O. cynotis in cats, its is hypothesized
that cats may serve as the primary source of infestations
observed in dogs (15).

To date, while retrospective clinical studies have been
conducted on ectoparasites found in various animals in the
Kars province (16-19) and on dermatological diseases obser-
ved in dogs (20), no specific research has been conducted on
the presence of O. cynotis. That is one of the significant mite
pathogens threatening canine health and, due to its zoo-
notic potential, poses a risk to human health as well (6).
It can be transmitted to humans in close contact with cats
and dogs, causing dermatological reactions such as tem-
porary itching. Due to the frequent presence of dogs in
household environments and their close contact with hu-
mans, it is believed that this parasite should also be con-
sidered a public health concern. This study was conducted
with the aim of determining the presence of O. cynotis in
dogs in the Kars region and identifying the risk factors as-
sociated with otocariasis.
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MATERIAL AND METHODS

The study was conducted on dogs brought to the Internal
Medicine Clinic of the Kafkas University Animal Hospital. Du-
ring this period, a total of 100 dogs from different breeds,
genders, and age groups were included in the study.

The dogs examined in the clinic were first subjected to
anamnesis, followed by clinical evaluations for symptoms
such as restlessness, head shaking, itching in the ears, ear
discharge, ear pain, ulceration, and erythema. Subsequently,
otoscopic examinations were performed on the animals, and
ear wax samples collected from the ear canal were subjected
to microscopic examination at the Parasitology Department
Laboratory of Kafkas University (4).

Statistical Analysis

The statistical analysis of all data was performed using the
Chi-square test for independence to determine whether the
differences between the groups were statistically significant.
The analyses were conducted using R software (21). A signi-
ficance level of P<0.05 was considered statistically signifi-
cant.

RESULTS

In this study, the prevalence of O. cynotis infestation in dogs
from the Kars region was 38% (38/100) determined. As seen
in Table 1 and Table 2, the microscopic examination results
revealed a positivity rate of 47.27% in female dogs and
26.67% in male dogs. Additionally, an infestation rate of
36.92% was observed in large breed dogs, while 40% was fo-
und in small breed dogs. The higher infestation rate in fe-
male dogs compared to male dogs may be attributed to hor-
monal differences and the effects of immune responses.
However, it was determined that the breed factor had no
statistically significant effect on the infestation rates
(P>0.05).

When the distribution of infestation rates by age gro-
ups was examined, a higher infestation rate of 46.67% was
found in young dogs compared to older dogs. It was found
that a large proportion of the infected dogs were strays
and shelter dogs (54.29%). This situation suggests that the
high animal population in shelter conditions and insuffici-
ent hygiene measures may increase the risk of infestation.
Statistical analyses revealed that factors such as age and
lifestyle have a significant impact on infestation rates
(P<0.05).

The obtained findings were statistically evaluated using
the Chi-Square (X?) test, and risk factors influencing the dise-
ase development were analyzed. As a result of the analysis,
a statistically significant relationship was found between
age, lifestyle, and ownership status with O. cynotis infesta-
tion (P<0.05).
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Table 1. Distribution of Otodectes cynotis positive cases based on breed, gender, age, lifestyle, ownership status, season, and clinical condi-

tion.
. Ownership .. .
No Breed Gender Age Lifestyle status Season Clinical condition
1 KafkasX Q 5m Shelter Stray Autumn Ear discharge, Pruritus
) KafkasX . 10m Shelter stray Autumn L.esio.ns around the right ear, Pruritus, Overall condi-
tion is good
3 KafkasX Q 1.5 Shelter Stray Autumn Ear discharge, Pruritus
4 Kangal d 4m Shelter Stray Autumn  Alopecia in the head region, Ear discharge
5 Kangal Q 2 Shelter Stray Autumn Ear discharge, Pruritus, Erythema
6 Zagar Q 7 Shelter Stray Spring Diffuse alopecia
7 Zagar Q 2m Shelter Stray Spring Alopecia in the head region, Pruritus
8 Zagar d 3m Shelter Stray Spring Focal alopecia on the dorsal region
9 Kangal Q 6m Shelter Stray Autumn Diffuse dandruff
10 Zagar Q 2m Shelter Stray Spring Partial dandruff and alopecia
11 KangalX . 3 Shelter stray Autumn Parti.cularly in the ear and head regions, Dandruff and
pruritus
12 Zagar Q 3 Shelter Stray Spring Ear discharge, Pruritus
13 Zagar Q 2 Shelter Stray Spring Alopecia and pruritus in the ear region
14  Zagar Q 18 m Shelter Stray Spring Partial alopecia and pruritus in the ear region
15  Zagar Q 2m Shelter Stray Spring Alopecia in the dorsal and abdominal regions
16  KangalX Q 18 m Shelter Stray Autumn Dandruff and pruritus in the head region
17  Zagar d 6m Shelter Stray Spring Alopecia in the back and ear regions
18  Zagar Q 4 Shelter Stray Spring Ear discharge, Pruritus
19  Zagar I 6m Shelter Stray Spring Diffuse alopecia
20  Zzagar 0 7m Shelter Stray Spring Ir_iizisons around the eyes and ears, Ear discharge, Pru-
21  Zagar I8 2 Shelter Stray Spring Alopecia in the back and ear regions
22 Zagar d 2 Shelter Stray Spring Ear discharge, Pruritus
23 KafkasX Q 1 Shelter Stray Autumn Ear discharge, Pruritus
24 KafkasX Q 1 Shelter Stray Autumn Poor general condition
25 KangalX J 6 Shelter Stray Autumn Generalized alopecia, Poor overall condition
26 Kangal Q 15 Shelter Stray Autumn Ear discharge, Pruritus
27 Kangal Q 4 Shelter Stray Autumn Alopecia in the head region, Pruritis
28 KafkasX Q 15 Shelter Stray Autumn Ear discharge, Pruritus
29 KafkasX Q 6 Shelter Stray Autumn Alopecia in the head region
30 KafkasX Q 2 Shelter Stray Autumn Ear discharge, Pruritus
31 KafkasX Q 2 Shelter Stray Autumn Alopecia in the head region
32 KafkasX Q 2 Shelter Stray Autumn Ear discharge, Pruritus
33  KafkasX Q 4 Shelter Stray Autumn Diffuse alopecia
34  KafkasX Q 3 Shelter Stray Autumn Ear discharge, Pruritus
35  KafkasX d 1 Shelter Stray Autumn ltching
36 KafkasX dJ 2 Shelter Stray Autumn Ear discharge, Pruritus
37 KafkasX Q 4 Shelter Stray Autumn Diffuse alopecia
38 KafkasX g 2 Shelter Stray Autumn Alopecia in the head region

Q:female, & male, m:month

Table 2. Risk factors associated with otocariasis in dogs

Risk Factors n Positive Prevalence X2 P
0,

T T S B R

Gender Q 55 26 47.27% 3.623 P>0.05
fos 45 12 26.67%
0,

Age Zzt;rlwtg ig ig 46'222 3.907 P<0.05
. ~ 0

Hiestve ;'I'?(;nlteer 38 38 54.28;1 24.014 P<0.05
. - 0,

Ownership status SOt\lrval':;ed 38 i 54.28(;; 24.014 P<0.05
. - 0

Clinical condition ?iiilthy ig ;3 gg;g;‘; 2.658 P>0.05
0,

Season /S-\;rtll:lf;n ig ii :iiig 1.159 P>0.05

n: number of dog
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DISCUSSION AND CONCLUSION

The ear is a critical sensory organ in mammals responsible
for hearing and balance functions, and its health main-
tenance is of paramount importance for animal welfare. Ear
diseases can progress over time, leading to severe complica-
tions such as chronic otitis externa. Therefore, early diagno-
sis and appropriate treatment play a critical role in control-
ling infestations (22). In this study, the otodectic mange in-
festation caused by O. cynotis in dogs in the Kars region was
investigated, and the prevalence rate was determined to be
38%. Otodectes cynotis is reported to be widely distributed
worldwide and in Tiirkiye, and has been identified as the ca-
usative agent in more than 50% of otitis externa cases (4).
The findings obtained not only reveal the prevalence of O.
cynotis in dogs in the region but also support the necessity
for early diagnosis of ear diseases and the application of app-
ropriate antiparasitic treatments. Additionally, regional epi-
demiological studies to determine the spread dynamics of
such infestations will contribute to the development of pre-
ventive veterinary practices.

Studies on O. cynotis infestation in dogs worldwide
have reported varying prevalence rates across different regi-
ons. In this study, 38% of dogs in Kars province had O. cyno-
tis, which is comparable to the 26% reported in Romania (23)
and the 37.1% in Poland (24). In Turkiye, a study conducted
on street dogs in Diyarbakir found that Otodectes spp. was
identified as the causative agent in 28% of ear diseases (25).
In a study conducted on street dogs in the Bursa region, the
O. cynotis infestation was reported to be 3.44% (6), while a
retrospective study conducted in Konya found an infestation
rate of 1.23% (26). The variability in infestation rates repor-
ted in studies conducted in different regions of Tiirkiye may
be related to regional ecological factors, climatic differences,
the living conditions of the dogs, shelter hygiene, and diffe-
rences in the diagnostic methods used in the studies (otos-
copic examination only, skin scraping only). It is also thought
that one of the most important reasons for the differences
in prevalence rates depends on whether the animals inclu-
ded in the studies have received parasitic treatment before.
While lower infestation rates are expected in animals that
have received parasitic treatment, it is likely that higher in-
festation rates are detected in untreated animals. This situ-
ation, along with the methodological differences between
studies, suggests that the treatment history of the populati-
ons evaluated could be a determining factor in the results. In
this context, comprehensive epidemiological studies are ne-
eded to better understand the dynamics of O. cynotis infes-
tation spread.

Otodectes cynotis infestation has been reported to be
more prevalent in younger age groups of dogs (3,8,27). The
findings obtained in this study also support the information
presented in the literature. In our study, when dogs were
classified according to age groups, the highest infestation
rate was observed in young dogs (46.67%). The effect of age
on infestation rates may be associated with immune system
development, transmission risk, and behavioral differences.
Since the immune systems of puppies and young dogs are
not fully developed, they are known to be more susceptible
to parasitic infestations. Moreover, young dogs are more li-
kely to acquire the parasite through contact with their mot-
hers or exposure to infected animals. Behaviorally, puppies
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and young dogs are more curious and social compared to
adults, leading to increased physical contact and, consequ-
ently, a higher risk of transmission. On the other hand, the
decreased incidence of otoacariosis in older age groups may
be associated with age-related acquired immune responses
and the widespread use of macrocyclic lactones (e.g., aver-
mectin and milbemycin group antiparasitic agents) (3).
However, infestation cases have also been reported in im-
munosuppressed elderly dogs, with a prevalence of 25% de-
termined in our study. Overall, the findings indicate that oto-
dectic mange is most commonly observed in young dogs and
that age may be a determining factor in infestation dyna-
mics.

It has been stated that gender does not have an effect
on otodectic mange infestation (3,28,29). However, in this
study, infestation was found to be 47.27% in female dogs
and 26.67% in male dogs (P>0.05). These findings suggest
that gender could potentially be an influencing factor in the
prevalence of otodectic mange. The higher infestation rates
observed in female dogs may be associated with factors such
as hormonal differences, immune responses, and lifestyle. It
is suggested that hormonal changes occurring during the
reproductive cycle may affect the immune system and incre-
ase susceptibility to parasites. However, more extensive and
controlled studies are needed to definitively determine the
effect of gender on infestation.

The living environments and lifestyles of dogs are con-
sidered significant risk factors in the spread of infestation
(29). It has been reported that stray or shelter dogs play a
critical role in the transmission and spread of the disease.
The spread of ectoparasitic infestations is more commonly
observed in young dogs or those with weakened immune
status, particularly in communal living environments (4). In
dogs kept in home environments, the risk of infestation is
lower due to regular care, better nutritional conditions, and
consistent ectoparasitic treatments. In contrast, such mea-
sures are often neglected in shelters or stray animal popula-
tions, leading to a higher prevalence of otodectic mange in-
festations. Indeed, in our study, the infestation rate in shel-
ter dogs was found to be 54.29%, and as expected, otodectic
mange was more prevalent in street or shelter dogs (3).
These findings underscore the importance of managing stray
animal populations, improving shelter conditions, and ensu-
ring regular antiparasitic treatments to prevent and control
0. cynotis infestations.

Inthis study, the susceptibility of dog breeds to O. cyno-
tis infestation was investigated, with infestations found in
36.92% of large-breed dogs and 40% of small-breed dogs.
However, the literature reports that dog breeds do not show
a significant predisposition to ear mite infestations (8,30).
The findings of our study suggest that infestation rates may
vary according to breed, but breed alone is not a determi-
ning factor in the development of the disease. It is believed
that environmental factors such as general care, hygiene
conditions, and living environment play a more decisive role
in the prevention of otodectic mange, rather than breed pre-
disposition. Hygiene is a critical factor that prevents the pro-
liferation of mites in dogs' ears. Regular ear cleaning reduces
the parasite load, lowers the risk of infection, and prevents
mite proliferation, thereby contributing to the control of in-
festation. In addition, maintaining hygienic conditions in the
living environments of dogs, especially in shelters or multi-
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animal settings, is an important strategy for preventing the
spread of parasites. However, regular veterinary check-ups
are of great importance for the early detection and effective
treatment of otodectic mange. Specifically, identifying infes-
ted animals that do not exhibit clinical symptoms is a critical
step in controlling the spread of the parasite. In this regard,
the prevention and management of otodectic mange should
be ensured through systematic care and health measures
that should be applied to all dogs, regardless of breed.

In our study, the infestation rate of O. cynotis was fo-
und to be higher in autumn compared to spring. This finding
can be explained by seasonal variations in temperature and
humidity, which influence the reproduction rate and life
cycle of mites (31). With the decrease in air temperatures
during autumn, changes in the immune system of dogs may
increase susceptibility to the parasite (P<0.05). Additionally,
during the summer months, dogs spending more time in
open areas have an increased likelihood of contact with in-
fested animals, leading to a more pronounced manifestation
of infestations in autumn. These findings are important for
better understanding the seasonal distribution of otodectic
mange and for implementing appropriate measures to cont-
rol the infection.

As a result, in this study, the prevalence of ear mange
in dogs in Kars province was investigated, and the presence
of 0. cynotis, one of the significant zoonotic agents in the
region, has contributed to the literature. In Kars, alongside
the intensive breeding of livestock such as cattle, sheep, and
horses, the dog population is also found in high numbers. A
large portion of these dogs are stray street dogs, while some
are used as shepherd dogs or guard dogs. This study highlig-
hts the importance of O. cynotis in the region due to its zoo-
notic characteristics. As a result of the analysis, the relations-
hip between age, lifestyle, and ownership status with O.
cynotis infestation was found to be statistically significant
(P<0.05), and these factors were identified as risk factors for
the disease. Since O. cynotis is a pathogen that can easily be
transmitted through direct contact, it is emphasized that ne-
cessary control and prevention programs should be imple-
mented to prevent transmission both between animals and
to humans. In addition to hygiene, it has been concluded
that regular health check-ups are of great importance in the
prevention and treatment of otodectic mange. Future stu-
dies, by supporting these findings with larger sample sizes,
could contribute to the development of strategies for more
effective management of ear diseases.
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Abstract

This study sought to evaluate changes in plasma iron (Fe), unsaturated iron-binding capacity (UIBC),
and hematocrit (Hct) levels in pregnant ewes before and after parturition. Blood samples were
collected 10 days before and 10 days after birth, and concentrations of Fe, UIBC, and Hct were
evaluated. The results indicated a substantial reduction in plasma iron levels postpartum (p=0.042)
and a considerable elevation in UIBC levels (p=0.004). No statistically significant variation in Hct level
was observed between the prepartum and postpartum periods (p=0.531). The reduction in plasma
iron levels may be linked to heightened physiological requirements for iron and bleeding associated
with parturition. Increased UIBC levels indicate changes in transferrin binding capacity during the
postpartum period. Hct levels remained consistent postnatally, signifying the preservation of
hematopoietic equilibrium.

Key Words: Ewes, iron, unsaturated iron-binding capacity

Koyunlarda Periparturient Periyotta Demir Metabolizmasi ve Hematolojik Degisiklikler

0z

Bu galisma, gebe koyunlarda dogum oOncesi ve sonrasi plazma demir (Fe), doymamis demir baglama
kapasitesi (UIBC) ve hematokrit (Hct) seviyelerindeki degisimleri degerlendirmek amaciyla
gerceklestirilmistir. Calismada, dogumdan 10 giin 6nce ve dogumdan 10 giin sonra alinan kan
orneklerinde Fe, UIBC ve Hct diizeyleri analiz edilmistir. Elde edilen bulgular, dogum sonrasi donemde
plazma Fe seviyelerinin anlamli bir sekilde azaldigini (p=0.0425), buna karsilik UIBC seviyelerinin
belirgin bir artis gosterdigini (p=0.0004) ortaya koymustur. Hematokrit seviyelerinde ise dogum oncesi
ve sonrasi donemler arasinda istatistiksel olarak anlaml bir fark bulunmamistir (p=0.531). Plazma Fe
seviyelerindeki azalma, dogum sirasinda meydana gelen kan kaybi ve artan fizyolojik demir ihtiyaci ile
iliskilendirilebilir. UIBC seviyelerindeki artis ise dogum sonrasi transferrin baglanma kapasitesindeki
degisiklikleri yansitmaktadir. Hct seviyelerindeki stabil durum, dogum sonrasi hematopoetik dengenin
korundugunu gostermektedir.

Anahtar Kelimeler: Demir, doymamis demir baglama kapasitesi, koyun
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INTRODUCTION

Iron (Fe) is an essential component of hemoglobin (Hb), as
well as numerous enzymes and proteins, and it is continuo-
usly recycled within the erythrocyte cycle. Following the bre-
akdown of aging erythrocytes, the released Fe can be stored
in the form of ferritin or hemosiderin by the mononuclear
phagocyte system or can bind to transferrin and be released
into the plasma for use in the production of new erythrocy-
tes (1,2). The capacity of transferrin to transport iron is defi-
ned as the total iron-binding capacity (TIBC) and is measured
by the transferrin saturation. The unsaturated iron-binding
capacity (UIBC) is calculated by subtracting the bound iron
capacity from the total serum iron concentration (1). TIBC
increases in cases of iron deficiency in humans, horses,
cattle, and pigs, while it does not show significant changes in
dogs. Additionally, it has been reported that TIBC is elevated
in malnourished sheep, whereas it remains low or at the
lower limit of the normal range in inflammatory diseases
(2,3).

Iron deficiency leads to a reduction in hemoglobin (Hb)
synthesis, resulting in increased erythrocyte division and the
development of microcytosis (3,4). Typically, mean corpus-
cular volume (MCV) and mean corpuscular hemoglobin con-
centration (MCHC) are found at lower levels; however, in
some cases, MCHC may remain within the normal range (2).
Although microcytosis is primarily associated with iron defi-
ciency but it can also be observed in other pathophysiologi-
cal conditions (5). In anemias caused by chronic blood loss,
iron depletion can lead to erythropoiesis suppression and
normocytic anemia, whereas in inflammatory processes,
iron retention results in decreased plasma iron levels (6,7).
During pregnancy, anemia poses serious health risks, inclu-
ding fetal growth retardation (8).

In the evaluation of iron metabolism, parameters such
as erythrocyte count (RBC), hematocrit (HCT), hemoglobin
concentration (Hb), serum iron level (Fe), total iron-binding
capacity (TIBC), unsaturated iron-binding capacity (UIBC),
and transferrin saturation (TS%) are considered fundamental
biochemical markers (6,9). Additionally, copper (Cu) defici-
ency can negatively impact erythropoiesis, leading to ane-
mia (10). Although iron deficiency is relatively rare in rumi-
nants, factors such as nutritional deficiencies, blood loss, or
increased iron demand can contribute to its development
(11). In anemia resulting from chronic blood loss, iron stores
are initially depleted, and as the condition progresses, eryth-
ropoiesis is affected, leading to a decline in hemoglobin synt-
hesis (12).

Total iron-binding capacity (TIBC), unsaturated iron-
binding capacity (UIBC), and transferrin saturation percen-
tage (%TS) are key parameters associated with iron defici-
ency and metabolic adaptations (13). However, long-term,
controlled studies investigating iron metabolism and hema-
tological changes in pregnant ewes during pre- and post-par-
tum periods remain limited. In this study, the effects of preg-
nancy on iron metabolism were investigated by evaluating
Fe, UIBC, and Hct levels in blood samples collected from
ewes two weeks before and after parturition.

Iron Metabolism and Haematological Changes in Ewes During ...
MATERIAL AND METHODS

Animals and Housing Conditions

This study was conducted at the Ewes Husbandry Unit of Kas-
tamonu University ihsangazi Vocational High School. Twelve
clinically healthy Anatolian Merino ewes, confirmed to be
negative for parasitic infections via flotation and sedimenta-
tion parasitological tests, were included in the study. The
ewes were between 2 and 5 years of age, had optimal body
condition, and were maintained under identical housing and
feeding conditions. The study was carried out during the
thermoneutral period of the year. The animals were grazed
on pasture during the day, and upon being housed in the
barn, their diet was supplemented according to the nutritio-
nal value of the pasture. Their ration was enriched with a
commercial concentrate mixture containing alfalfa, wheat
bran, sunflower meal, soybean meal, ground corn, barley,
calcium carbonate, and a vitamin premix. All ewes had ad li-
bitum access to drinking water.

Experimental Design and Blood Sampling

This study collected blood samples from the same ewes at
two different time points: before and after parturition. The
first blood samples were obtained 10 days (+2 days) before
the expected lambing date, while the second sampling was
performed 10 days (+2 days) postpartum. All blood samples
were collected under sterile conditions via jugular venipunc-
ture.

Biochemical Analyses

Blood samples collected in Vacusera 4 mL lithium heparin tu-
bes (Turkiye) were centrifuged to separate the plasma,
which was then stored at -20°C until analysis. Plasma iron
(Fe) and unsaturated iron-binding capacity (UIBC) measure-
ments were performed using the DiaSys respons® 910 Vet
desktop biochemistry analyzer (DiaSys Diagnostic Systems,
USA, Wixom, Ml).

Hematological Analyses

Blood samples were drawn from the same vein and placed
in 2 mL EDTA-coated vacutainer tubes (Hema&Tube®, Tir-
kiye) for hematological analysis. The samples were examined
within two hours of being drawn. Hematocrit (Hct) was ma-
nually measured using the microhematocrit method. During
blood sampling, special attention was given to minimizing
the risk of contamination by shaving the phlebotomy site
and disinfecting it with an antiseptic solution. The samples
were transported to the laboratory in cold storage contai-
ners with ice and analyzed on the same day. This study did
not include a control group but aimed to assess changes oc-
curring in the prepartum and postpartum periods. No base-
line values were established before blood collection.

Statistical Analysis

The statistical analyses of the obtained data were performed
using MedCalc (Ostend, Belgium) statistical software. The
normality assumption of the measured parameters was as-
sessed using the Shapiro-Wilk test. Changes in plasma iron
(Fe), UIBC concentration, and Hct level during the prepartum
and postpartum periods were analyzed using the Wilcoxon
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singed rank test. Graphs were generated using GraphPad
software. A p-value of <0.05 was considered statistically sig-
nificant.

RESULTS

This study examined changes in plasma Fe, UIBC, and Hct pa-
rameters during the prepartum and postpartum periods.
The findings were analyzed to assess the effects of parturi-
tion on iron metabolism and hematological adaptation pro-
cesses in the postpartum period (Table 1).

Table 1. Prepartum ve postpartum dénemde plazma Fe, UIBC ve
Hct degerleri. Data were expressed as mean + standard deviation
(95% Cl). Fe: Iron, UIBC: Unsaturated Iron Binding Capacity, Hct:

Hematocrit.

Variable B Postpartum Signifi-

Prepartum (n=12) (n=12) cance
Fe (ug/dL) 204427 (191-223)  171+44 (139-192) p=0.0425
UIBC

215+49 (185-246 304458 (267-342 =0.0004
(ug/dL) ( ) ( ) P
Het (%) 37+4 (34-39) 38+2(36-39) p=0.5315

According to the obtained data, the Fe level was
measured as 204427 pg/dL in the prepartum period,
whereas it decreased to 171+44 pg/dL in the postpartum
period. This reduction in Fe levels was found to be
statistically significant (p=0.042). The observed decline in the
postpartum period may be associated with changes in
maternal iron metabolism. The decrease in plasma iron
levels can be explained by increased erythropoiesis, blood
loss during parturition, and heightened iron demand in the
postpartum period. The changes in plasma iron (Fe) levels
during the prepartum and postpartum periods are
presented graphically (Chart 1).

Chart 1. Box plot of prepartum and postpartum serum Fe concentrati-
ons in ewes. The horizontal line inside the box represents the median
value, the box boundaries indicate the 25th and 75th percentiles, and
the vertical lines (whiskers) show the minimum and maximum values.
A statistically significant decrease in Fe levels was observed in the post-
partum period (p = 0.042).
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UIBC levels increased significantly from 215+49 ug/dL
in the prepartum period to 304458 pg/dL in the postpartum
period (p=0.004). This significant rise in UIBC levels may ref-
lect changes in transferrin binding capacity and reduced cir-
culating free iron during the postpartum period. Additio-
nally, the impact of postpartum inflammatory processes on
iron metabolism could also contribute to the observed inc-
rease in UIBC levels. Chart 2 presents the changes in UIBC
levels during the prepartum and postpartum periods.
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Chart 2. Box plot of serum UIBC levels measured in ewes during the
prepartum and postpartum periods. The horizontal line inside the box
represents the median value, the box boundaries indicate the 25th and
75th percentiles, and the vertical lines (whiskers) show the minimum
and maximum values. A statistically significant increase in UIBC levels
was observed in the postpartum period (p = 0.004).

Hct levels were measured at 37+4% in the prepartum
period and 38+2% in the postpartum period. This change in
Hct levels was not statistically significant (p=0.531). This re-
sult suggests that hematopoietic balance is maintained in
the postpartum period and that the circulating erythrocyte
mass remains largely preserved. Chart 3 illustrates the chan-
ges in Hct levels during the prepartum and postpartum peri-
ods.

Chart 3. Box plot of Hct levels measured in ewes during the prepartum
and postpartum periods. The horizontal line inside the box represents
the median value, the box boundaries indicate the 25th and 75th per-
centiles, and the vertical lines (whiskers) show the minimum and maxi-
mum values. No statistically significant difference was observed in Hct
levels between the prepartum and postpartum periods (p = 0.531).
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These findings indicate that plasma iron levels signifi-
cantly decrease in the postpartum period, whereas UIBC le-
vels show a statistically significant increase. On the other
hand, the observed changes in hematocrit levels were not
statistically significant, suggesting that parturition does not
have a pronounced effect on hematocrit levels.

DISCUSSION AND CONCLUSION

In this study, changes in plasma Fe, UIBC, and Hct parame-
ters were evaluated in pregnant ewes during the prepartum
and postpartum periods. Our findings revealed a significant
decrease in plasma iron levels in the postpartum period and
a notable increase in UIBC levels. In contrast, no statistically
significant change was observed in Hct levels.

The obtained results are significant in understanding
the effects of parturition on iron metabolism and the chan-
ges in hematological parameters during the postpartum pe-
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riod. In particular, the decline in plasma iron levels post-
partum may be associated with the redistribution of mater-
nal iron metabolism and increased physiological demands.
The increase in UIBC levels could be linked to alterations in
transferrin saturation and an elevated free iron-binding ca-
pacity during the postpartum period.

Significant changes in iron metabolism occur during the
postpartum period. As shown in Figure 1, plasma iron levels
postpartum exhibited a statistically significant decrease
compared to the prepartum period (p<0.05). This decline
may be associated with physiological blood loss during par-
turition, increased erythropoiesis, and the heightened iron
demand in the postpartum period. Additionally, the initia-
tion of lactation and the subsequent utilization of iron for
milk production could be another contributing factor to the
reduction in plasmairon levels. These findings are consistent
with previous studies (14-17) and support that iron homeos-
tasis undergoes a postparturient reorganization, with mater-
nal body resources adapting to changing physiological de-
mands. Similarly, some studies have reported a decline in
iron levels postpartum, suggesting that this reduction may
be linked to postpartum inflammatory processes and iron
metabolism regulation via hepcidin.

In the present study, the UIBC level was determined as
215+49 pg/dL in ewes sampled 10 days before parturition
and 304458 pg/dL in those sampled 10 days after parturi-
tion. In a study conducted on healthy Awassi sheep and
sheep with iron deficiency anemia, UIBC levels were repor-
ted as 14915 pg/dL in non-pregnant ewes, 1757 pg/dL du-
ring the prepartum period, and 15449 pg/dL in the post-
partum period (18). Similarly, in a study on Akkaraman
sheep, the mean prepartum UIBC level was reported as
157.2+5.3 pg/dL (6). A study conducted on cows also repor-
ted a prepartum UIBC level of 185.35+9.78 ug/dL (19).

On the other hand, UIBC levels reported in a different
study (3) were found to be higher than those obtained in the
three previously mentioned studies. In our study, the UIBC
levels were higher than those reported previously (6,18,19),
but lower than those reported in another study (3). These
variations suggest that prepartum and postpartum UIBC le-
vels may vary across different sheep breeds and cattle, as
reported in studies on different species. At the same time
these discrepancies may be attributed to genetic variations
among sheep, differences in analytical methods, dietary re-
gimens, environmental factors, and iron metabolism chan-
ges associated with pregnancy. In particular, physiological al-
terations in iron-binding capacity during pregnancy and lac-
tation may contribute to the differences observed across
studies.

In this study, no statistically significant difference was
found in hematocrit (Hct) levels between the prepartum and
postpartum periods (p=0.531). This finding suggests that he-
matopoietic balance is maintained postpartum and that
erythropoiesis may have compensated for potential blood
loss. Additionally, the stability of plasma volume could have
contributed to the limited changes observed in hematocrit
levels. In this study, the Hct level was found to be consistent
with those reported in pregnant ewes in earlier studies
(3,20). However, lower values were observed compared to
those reported in previous studies (21,22). These variations
among studies may be attributed to differences in breed, di-
etary regimens, and environmental conditions (23,24).
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In this study, changes in plasma Fe, UIBC, and Hct levels
were evaluated in pregnant ewes before and after parturi-
tion. The results indicated a significant decrease in plasma
iron levels postpartum, whereas UIBC levels showed a no-
table increase. However, no significant difference was detec-
ted in Hct levels between the prepartum and postpartum pe-
riods. The decline in plasma iron levels may be associated
with blood loss during parturition and an increased physio-
logical demand foriron. The increase in UIBC levels could ref-
lect changes in transferrin binding capacity in the post-
partum period. Meanwhile, the stability of Hct levels sug-
gests that hematopoietic balance was maintained. These fin-
dings contribute to a better understanding of the effects of
parturition on hematological parameters and iron metabo-
lism. Future studies may investigate these changes in diffe-
rent breeds and under varying environmental conditions to
provide a more comprehensive analysis.
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Oz

Calismanin amaci Tekir kedilerinde bulbus oculi’'nin morfometrik degerlerinin ortaya konmasidir.
Yapilan aragtirmada travma, hastalik veya dogal yolla 6len 14 disi ve 11 erkek toplam 25 adet yetiskin
kediye ait 48 adet goz kiiresi kullanildi. Diseksiyon yapilarak orbitadan ayrilan gozlerin hassas tartiyla
agirlik 6lglimleri yapildi. Bulbus oculi, cornea, lens ve pupilla tizerinde belirlenen 10 noktadan dlgimler
gerceklestirildi. Bulbus oculinin agirlik 6lgiimlerinde erkek kedilerde sag goz kiiresinin soldan daha agir
oldugu, disilerde ise yine sag goz kiresinin daha agir ancak erkeklere gore dustk agirlikta oldugu
belirlendi. Erkek ve disi kedilerde sag goz kiiresi hacmi daha yiiksek bulunurken bu degerin erkek
kedilere oranla disi kedilerde daha disik oldugu tespit edilmistir. Sonug olarak bulbus oculi, lens,
cornea ve pupilla’ya ait verilerin erkek Tekir kedilerde disilere gére daha biyiik degerlere sahip oldugu
gorildu. Elde edilen verilerin goz ile ilgili hastaliklarda tani ve tedavi metotlarinda kullanilmasinin yani
sira bu konuda yapilacak anatomik ve klinik calismalara katki saglayacagi distiniimektedir.

Anahtar Kelimeler: Bulbus oculi, cornea, okuler morfometri, tekir kedisi

Morphometric Investigation of Bulbus Oculi in Tabby Cat
Abstract

The aim of the study is to determine the morphometric values of the bulbus oculi in Tabby cats. In this
research, 48 eyeballs from a total of 25 adult cats, including 14 females and 11 males, that died
naturally or due to trauma or disease were used. The eyeballs were dissected and separated from the
orbit, and their weights were measured using a precision scale. Measurements were taken from 10
specific points on the bulbus oculi, cornea, lens, and pupil. In the weight measurements of the bulbus
oculi, it was determined that the right eyeball was heavier than the left in male cats, whereas in
females, the right eyeball was also heavier but with a lower weight compared to males. In both male
and female cats, the volume of the right eyeball was found to be greater; however, this value was
determined to be lower in females compared to males. As a result, the values of the bulbus oculi, lens,
cornea, and pupil were found to be higher in male Tabby cats than in females. The obtained data are
expected to contribute to anatomical and clinical studies in this field, as well as to the diagnosis and
treatment methods of ocular diseases.

Key Words: Bulbus oculi, cornea, ocular morphometry, tabby cat
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GiRiS

Evcil kedi, Avrupa (Felis silvestris silvestris) ve Afrika (Felis sil-
vestris lybica) yabani kedisinden tiiremistir (1). Kedi tiirlerin-
den en yayginlarindan biri olan tekir kedisinin isimlendirilme-
sindeki tekir ifadesi, kedilerin postlarindaki cizgileri belirt-
mek icin kullaniimistir. Ayrica “tekir” kelimesi, Latincede kap-
lan anlamina gelen “tigris” sozctginden kdken almaktadir.
Tekir kediler, zekasi, oyunculugu ve sevimliligiyle dikkat ce-
ker. Viicut oranlarina gore evcil memeli hayvanlar iginde en
biyuk bulbus oculi’ye sahip canl kedilerdir (2).

Carnivorlarda bulbus oculi 20-24 mm c¢apindadir (3).
Bulbus oculi’nin anatomik konumu hayvanlarin av ya da avci
olmalarina iliskin bilgi vermektedir. Kediler, carnivor gru-
bunda bulunur ve avci tiirler olarak tanimlanabilen bu tiirde
gozler, rostrolateralde bulunurken av olarak tanimlanabilen
gevis getiren hayvanlarin gozleri lateralde bulunur (4). Kedi-
lerin gozleri rostral’de bulunmakla beraber goris alani gakis-
t1g1 icin binokdler gorise de sahiptir (5). Bunun yani sira ke-
dilerin gozleri, genis cornea, derin 6n kamera, geriye yerlesik
lens, rod agirlikli retina ve tapedum lucidum varhgiyla gece
goriistine iyi adaptedir (6). Diger hayvanlar arasinda daha dar
bir goriis alaniile hassas derinlik algisi ve yakindaki nesnelere
odaklanma yetenegiyle 6n plana gikar (7).

Bulbus oculi, orbita olarak adlandirilan anatomik yapi-
nin icinde bulunmaktadir (8). Cornea’nin 6ne dogru tastigi
kisma oranla daha egimli olan arka béliime sahip oldugun-
dan goz kiresinin dis kenari tamamen yuvarlak degildir (3).
Bulbus oculi, distan ice dogru; tunica fibrosa bulbi, tunica
vasculosa bulbi, tunica interna bulbi olmak tizere ti¢ katman-
dan olusmaktadir. Tunica fibrosa bulbi’de cornea ve sclera,
tunica vasculosa bulbi’de iris, corpus ciliare ve choroidea, tu-
nicainterna bulbi’de ise retina bulunur (4,9,10). Bu (i¢ tabaka
tarafindan sinirlanan géz kiresinin iginde corpus vitreum,
lens ve humor aquoeus da bulunur (11).

Tekir kedilerinde bulbus oculi’nin anatomik ve morfo-
metrik yapisinin belirlenmesi, klinisyenlere operatif yakla-
simlarinda ve literatiire katki sunmasi amaglanmaktadir.

MATERYAL VE METOT

Ulkemizde evlerde bakilan ve sokak kedilerinin biyiik cogun-
lugu Tekir kedilerden olusmaktadir. Hayatimizda bu kadar i¢
ice olan bir kedi irki olan Tekir kedisinin bulbus oculi’nin ya-
pisal 6zelliklerinin bilinmesi elzemdir. Sunulan galismada do-
gal yolla, trafik kazasinda veya bir hastalik sonucu 6lmis olan
Tekir kediler kullanildi. Calismada, yaglari 4-11 ve 2.5-5.8 ki-
logram arsinda degisen 14 disi ve 11 erkek toplam 25 kediye
ait 48 bulbus oculi kullanildi. Materyaller arasinda 2 goz ha-
sarli oldugundan hesaplamalara dahil edilmemistir. Bu ma-
teryallerin deforme veya nekroze olmadigina dikkat edildi.

Materyaller, Balikesir Universitesi Veteriner Fakiiltesi
Anatomi Laboratuvari’na getirilerek %10 formaldehit solis-
yonu ile fikse edildi. Bu islem sonrasinda bulbus oculi’ye za-
rar vermeden ekstirpasyon islemi gerceklestirildi. Cevre do-
kular uzaklastirildiktan sonra materyallerin agirliklarini tespit
etmek icin hassas tarti (ZENCRO P221, Olciim hassasiyeti: 0.1
gram) ile tartildi. Bulbus oculi ve cornea’ya ait 6lgtimler ger-
ceklestirildi. Bulbus oculi’ye enine ensizyon yapilarak lens ve
pupilla gikarilmasinin ardindan morfometrik olgiimler ya-
pildi. Verilerin ortalama ve standart hata degerleri Microsoft
Excel uygulamasi ile elde edildi.

Morfometrik inceleme amaciyla Bulbus oculi’de 3, cor-
neada 2, pupillada 2, lensde 3 tane olmak lzere toplam 10
Olgcim noktasi saptandi. Bu 6lgim noktalari Demircioglu ve
Yilmaz'in (2) yapmis oldugu galismaya gore belirlendi. Bu 6l-
climleri elde etmek amaciyla Piranha (PDC 1850, Olgiim has-
sasiyeti: 1/10) marka dijital kumpas kullanildi. Anatomik te-
rimlerin isimlendirilmesi icin Nomina Anatomica Veterina-
ria’dan (NAV) (12) yararlanildi.

Bulbus Oculi’ye Ait Ol¢iim Noktalari

a. Dorso-ventral (DV) c¢ap: Bulbus oculi’nin dorsalin-
deki en ug¢ nokta ile ventralindeki en u¢ nokta arasi mesafe
(Sekil 1-a).

b. Medio-lateral (ML) ¢ap: Bulbus oculi’nin temporal
ve nasal bolimundeki ug noktalar arasi mesafe (Sekil 1-b).

c. Axial uzunluk/gap: Polus anterior ile polus posterior
arasi mesafe (Sekil 2-c).

Sekil 1. Bulbus oculi’'nin 6lgiim noktalari (a: DV ¢ap, b: ML ¢ap)

Sekil 2. Bulbus oculi’nin 6lgim noktalari (c: axial ¢ap)

Cornea’ya Ait Ol¢iim Noktalar

a. Dorso-ventral (DV) ¢ap: Cornea’nin dorsalindeki en
u¢ nokta ile ventralindeki en ug nokta arasi mesafe (Sekil 3-
a).

b. Medio-lateral (ML) ¢ap: Cornea’nin temporal ve na-
sal bolimiindeki ug noktalar arasi mesafe (Sekil 3-b).
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Sekil 3. Cornea’ya ait 6lgim noktalari (a: DV ¢ap, b: ML ¢ap)

Pupilla’ya Ait Ol¢iim Noktalari

a. Dorso-ventral (DV) ¢ap: Pupilla’nin dorsalindeki en ug
nokta ile ventralindeki en u¢ nokta arasi mesafe (Sekil 4-a).

b. Medio-lateral (ML) ¢ap: Pupilla’nin temporal ve na-
sal bolimundeki ug noktalar arasi mesafe (Sekil 4-b).

Sekil 4. Pupilla’ya ait 6lgim noktalari (a: DV ¢ap, b: ML gap)

Lens’e Ait Olgiim Noktalan

a. Dorso-ventral (DV) gap: Lensin dorsalindeki en ug
nokta ile ventralindeki ug nokta arasi mesafe (Sekil 5-a).

b. Medio-lateral (ML) ¢ap: Lensin temporal ve nasal
boélimundeki ug noktalar arasi mesafe (Sekil 5-b).

c. Kalinlik: Lensin orta noktasindan anterior ve poste-
rior uc noktalar arasi mesafe (Sekil 6)

Sekil 5. Lense ait 6l¢tim noktalari. (a: DV ¢ap, b: ML ¢ap.)

GOz kiiresine ait hesaplamalar igin g ¢apli formilden
yararlaniimistir (13). Bu formdil;

(GKH3- Goz Kiiresinin Hacmi); [(Goz kiiresinin maksi-
mum aksiyal uzunlugu/ 2) x (G6z kiiresinin maksimum me-
diolateral uzunlugu/ 2) x (Goz kiresinin maksimum yiksek-
ligi/ 2) x (4/3) x ] / 1000

Sekil 6. Lense ait 6lclim noktalari. (a: Lens kalinligi)

BULGULAR

Genel morfometrik inceleme sonucunda tiim bulbus oculi
sekillerinin kireye benzer oldugu goruldu. Yapilan enine en-
sizyon ile saydam jel kivaminda humor vitreus sivisi gdzlendi.
Bu sivi bosaltilarak lens ¢ikarildi ve bulbus oculi’nin posterior
boliminde tapedum lucidum’un varlig! tespit edildi. Ta-
pedum lucidum, kedilerin tamaminda sari renkte gozlendi.

Erkek ve disi kedilerde belirlenen degerler Tablo 1 ve
Tablo 2’de gosterildi. Erkek Tekir kedilerin sag bulbus oculi
agirhgr 4.94+0.09 gram; disi Tekir kedilerde ise ayni deger
3.56£0.22 gram olarak hesaplandi. Sol bulbus oculi agirliklari
ise erkek Tekir kedilerde 4.36+0.18 gram; disi kedilerde ise
3.58+0.23 gram olarak bulundu.

Cinsiyet ayrimi yapmaksizin incelenen 48 bulbus
oculi’nin medio-lateral ¢ap ortalamasinin dorso-ventral ¢ap
ortalamasindan daha fazla oldugu sonucuna ulasildi. Kiyasla-
malara cinsiyetlerin dahil edilmesiyle dorso-ventral ¢cap orta-
lamalari erkek Tekir kedilerde 19.35 mm; disilerde ise 17.63
mm bulunurken medio-lateral ¢ap ortalamalar erkek Tekir
kedilerde 20.32 mm ve disi Tekir kedilerde 18.24 mm olarak
bulundu. Bulbus oculi’nin axial ¢capin uzunlugu ortalamasi er-
kek kedilerde 20.58 mm (Tablo 1) ve disi kedilerde ise 18.87
mm olarak ol¢lildi (Tablo 2). Erkek kedilere ait parametrele-
rin disilere oranla daha ylksek oldugu gorilda.

Cornea’nin dorso-ventral gap ortalamasi erkek Tekir ke-
dilerde 14.29 mm ve disi kedilerde 13.31 mm olarak sap-
tandi. Medio-lateral ¢ap ortalamasi erkek Tekir kedilerde
15.23 mm iken disi Tekir kedilerde 14.21 mm olarak bulundu.
Cornea Olciim sonuglarinda erkek Tekir kedisi degerlerinin
daha buytk oldugu goraldi.

Pupilla’ya ait incelemelerde erkek kedilerde dorso-ventral
¢ap ortalamasi 9.45 mm, disilerde 8.85 mm olarak hesaplandi.
Pupilla’nin medio-lateral gap ortalamasi erkek Tekir kedilerde
10.31 mm ve disilerde 9.19 mm olarak bulundu.

Erkek kedilerde lensin dorso-ventral ¢cap ortalamasi 9.84
mm ve disilerde 9.51 mm olarak hesaplandi. Lens’in medio-la-
teral cap ortalamasi erkek Tekir kedilerde 10.32 mm ve disilerde
9.70 mm olarak bulundu. Lens kalinligi ise ortalama erkek kedi-
lerde 7.11 mm ve disilerde 6.79 mm olarak &l¢uld(i.

Elde edilen veriler kullanilarak g6z kiiresi hacmi hesap-
landi. Bu deger, erkek hayvanlarda sirasiyla sag ve sol goz kii-
resinin hacmi; 4.76+0.27 mm?3 ve 3.8440.25 mm?3, disi hay-
vanlarda ise bu deger sirasiyla sag ve sol goz kiresi igin;
3.3+0.28 mm3 ve 3.28+0.32 mm? olarak bulundu. Son olarak
erkek ve disi kedilerde sag g6z kiresi degerlerinin daha bi-
yuk oldugu, her iki cinsiyet karsilastirildiginda ise erkeklerde
Olcuim degerlerinin daha bilylk oldugu gorilda.
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Tablo 1. Erkek Tekir kedilerine ait Bulbus oculi’'nin morfometrik analizi

Olgiim Orta- Std. Std.
Noktasi 1 2 3 4 5 6 7 8 9 10 1 lama Hata Sapma
Bulbus ocull ald g sag 515 509 550 486 435 497 525 48 470 515 458 4.94 0.09 0.32
siriet g Sol 460 415 364 402 554 350 - 436 453 485 441 436 018 0.59
Bulbus OculPnin DV cap! {mm) Sag 2010 21.00 21.00 22.00 20.00 18.00 20.00 19.60 19.40 19.70 18.20 19.90 035 117
sap Sol 19.00 21.00 1500 18.00 18.00 20.00 - 1880 2000 1930 19.00 18.81 0.51 1.62
Bulbus Oculinin ML capt (mm) Sag 2200 22.00 23.00 2400 21.00 19.00 21.00 20.30 20.00 20.40 19.00 21.06 0.47 157
cap Sol 2000 21.00 16.00 19.00 19.00 20.00 - 1990 21.00 2000 20.00 19.59 0.45 1.42
Bulbus Oculi axal capt {mm) Sag  23.40 2400 23.00 22.00 22.00 20.00 21.00 21.20 2030 19.80 19.80 21.50 0.45 1.49
cap Sol 2200 21.00 16.00 18.00 20.00 22.00 - 1900 19.80 19.60 19.30 19.67 0.57 1.81
Comea'rin DY caps {mim) sag 1400 1000 12.00 13.00 1500 1400 1500 1540 1500 1590 14.90 14.01 0.52 174
sap Sol 1600 1400 13.00 13.00 1400 15.00 . 1520 1480 1550 15.20 14.57 0.32 1.02
Cornezrnin ML cap! {mm) Sag 1600 12.00 1400 1400 16.00 1500 1500 1580 16.00 16.90 15.50 15.10 0.40 135
sap Sol 1600 1600 13.00 14.00 1500 16.00 - 1560 1560 1650 16.00 15.37 0.34 1.08
pupillarmin DV capt (mm) sag 1000 11.00 9.00 7.00 800 7.00 9.00 12.00 11.10 11.20 12.60 9.80 0.58 1.94
P sap Sol 800 9.00 800 800 7.00 6.00 - 1100 1110 11.80 11.20 911 064 2.02
Pupilizmn ML cap! {mm] sag 1100 12.00 1000 9.00 800 800 10.00 13.10 1220 1220 13.00 10.77 0.56 1.89
P &ap Sol 9.00 9.00 800 800 800  7.00 . 1210 1190 1320 1230 9.85 0.71 2.26
Lens'in DV capt (mm) sag 9.00 1000 1000 1000 800 7.00 9.00 11.10 1070 11.70 10.90 9.76 0.42 1.40
sap Sol 1100 800 9.00 9.00 9.00 10.00 - 10.80 1060 11.00 10.80 9.92 0.34 1.08
- Sag 1100 11.00 1000 11.00 9.00 9.00 10.00 10.90 1030 11.20 10.50 10.35 0.23 0.78
Lens’in ML gapi (mm)
Sol 1100 9.00 1000 10.00 10.00 11.00 - 1030 1040 10.80 10.40 10.29 0.18 0.59
Lens Kalinhis(mm) Sag 800 800 700 700 600 600 7.00 7.91 730 7.40  7.80 7.21 0.21 0.72
e Sol 800 600 600 600 7.00  7.00 - 760 730 730 7.90 7.01 0.24 0.77
Bulbus GeulPnin Hacmi (mime) sag 541 580 581 607 48 357 461 445 412 416  3.58 4.76 0.27 0.89
Sol 437 484 200 322 357 460 . 371 435 395 383 3.84 0.25 0.81
Tablo 2. Disi Tekir kedilerine ait Bulbus oculi’nin morfometrik analizi
Olgiim 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Orte- st std.
Noktasi lama Hata Sapma
Bubusoculi  Sag 293 270 392 476 2.60 292 250 486  3.80 - 376 326 380 458 356 022 0.82
agirlig (gr) Sol 508 259 305 468 280 48 264 260 376 313 405 333 330 436 358 023 0.87
Bulbus Sag 19.00 16.00 19.00 20.00 16.00 1500 18.00 21.00 15.00 - 1740 1770 1930 1820 17.81 0.52 1.89
S:F‘)‘I"(:q':q?v Sol 2000 10.00 16.00 20.00 20.00 20.00 16.00 18.00 1600 1500 18.40 1680 1820 19.90 17.45 0.74 2.80
Bulbus Sag 20.00 17.00 20.00 21.00 17.00 17.00 18.00 22.00 15.00 - 1810 1430 2040 19.10 1837 0.63 231
CO:F‘)‘I"(:::;;V'L Sol 2000 11.00 1800 21.00 21.00 21.00 17.00 1800 17.00 16.00 19.20 1460 19.10 20.70 1811 0.76 2.87
BulbusOculi  Sag 18.00 18.00 22.00 2000 1600 17.00 18.00 21.00 16.00 - 19.80 17.40 21.00 19.90 1877 0.54 1.97
?r’::)cap' Sol 23.00 1500 19.00 20.00 19.00 2400 17.00 1600 17.00 17.00 19.80 19.10 19.60 20.10 1897 0.66 2.50
Cornea’nin  Sag 13.00 12.00 1500 1500 10.00 12.00 13.00 13.00 11.00 . 1360 1310 1370 14.60 13.00 0.41 1.48
(Dr;/:]?p' Sol 1400 11.00 13.00 15.00 1500 13.00 14.00 12.00 14.00 13.00 13.60 1400 13.90 1530 13.62 0.31 117
Corea'nin  Sag 14.00 1400 1500 1500 11.00 14.00 1400 13.00 12.00 . 1470 1430 1460 1510 13.90 0.33 1.23
anf;‘p' Sol 1500 12.00 1500 1500 16.00 1500 1500 13.00 1500 13.00 14.40 1460 1470 1570 1452 0.29 111
Pupilla’nin sag 9.00 700 700 800 800 9.0 7.00 800 7.00 . 1190 11.80 1150 1040 889 0.52 1.90
(Dr:]/:;p' sol 800 7.00 800 800 800 800 800 800 800 7.00 11.60 11.40 11.30 11.20 882 0.45 171
Pupilla’nin Sag 9.00 800 800 800 800 9.00 800 800 800 - 1090 1090 1120 11.60 9.2  0.40 1.46
mﬁ;‘p' Sol 9.00 7.00 9.00 9.00 9.00 800 9.00 800 900 800 1060 1040 11.90 11.80 926 0.38 1.44
Lens'in DV sag 9.00 9.00 800 9.00 800 9.00 9.00 9.00  9.00 - 1070 1060 1050 1070  9.34  0.26 0.96
capi (mm) Sol 9.00 800 10.00 10.00 10.00 10.00 9.00 9.00 9.00 800 11.10 11.00 11.00 10.60 9.69  0.27 1.05
lensinML  Sag 10.00 9.00 800 9.00 800 10.00 9.00 10.00  9.00 . 1040 1030 1020 1050 9.49  0.24 0.88
capi (mm) sol 1000 9.00 10.00 10.00 10.00 10.00 10.00 10.00 9.00 9.00 10.60 1050 10.60 10.20 9.92  0.14 0.55
Lens Kalin- sag 700 7.00 7.00 600 600 600 7.00 7.00  6.00 . 790 790 790 740 693 0.20 0.74
lig1(mm) Sol 700 500 600 7.00 7.00 600 700 700 600 500 740 7.60 740 7.90 666 0.24 0.92
Bulbus sag 357 256 439 439 235 226 3.05 507 188 - 326 230 432 362 330 0.28 1.01
Oculi’nin
Hacmi Sol 481 086 2.8 439 417 527 241 271 241 213 366 245 356 433 328 0.32 1.23
(mm3)
TARTISMA VE SONUC deger 3.57+0.83 gram oldugu tespit edildi. Bu bulgular sonu-

Avcl tirler olarak tanimlanan carnivorlarda oldugu gibi Tekir
kedilerinde de gozler rostrolateralde yer almaktaydi. Litera-
tur bildirimleriyle (4,5,10) uyumlu olarak bulbus oculi kire
sekildeydi ve tapedum lucidum sariydi.

Erkek Tekir kedilerinde bulbus oculi’nin agirligi orta-
lamazxstandart sapma 4.65+0.54 gram ve disi kedilerde ise bu

cunda bulbus oculi agirhiginin erkek kedilerde daha fazla ol-
dugu saptandi. Sag bulbus oculi’nin medio-lateral ve dorso-
ventral caplari sol bulbus oculinin ayni dlcimlerden daha
fazla oldugu tespit edildi. Bulbus oculi’nin genel sekli dorsal-
den basik oldugundan dolayr medio-lateral ¢ap uzunluklari
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daha fazlaydi. Tekir kedilerinde lens kalinliklarinin her iki cin-
siyette de birbirine yakin degerlere sahip oldugu ortaya
kondu.

Bulbus oculi’ye ait 6lgim parametrelerinden biri olan
axial cap erkek hayvanlarda ortalamazstandart sapma
20.62+1.86 mm ve disi hayvanlarda ortalamazstandart
sapma 18.87+2.28 mm idi. Bu ¢ap Van kedilerinde yapilan
calisma sonucunda 21.70+0.10 mm (14) olarak bildirilirken,
Ersoy’un (13) calismasinda ultrasonografik goriintilerden
yaptigi 6l¢iimler sonucu erkek hayvanlarda 19.84 mm ve disi
hayvanlarda ise 19.86 mm oldugunu belirlemesine karsin
ayni deger BT gorintillerinde erkek hayvanlarda 20.27 mm
ve disi hayvanlarda 20.11 mm oldugu bildirilmistir. Elde edi-
len verilere gore Tekir kedilerinde bulbus oculi’nin axial ¢cap
uzunlugu Van kedisi (14) ve Ersoy’un (13) yapmis oldugu ¢a-
lismadaki verilerinden daha kiigiktir. Ayni ¢calismadaki BT
degerlerinden ise daha blyuktlr. Yilmaz (7) yaptigi tez ¢alis-
masinda bulbus oculinin axial uzunlugunu; Alman ¢oban ko-
peklerinde 21.28 mm, Kangal irkinda 24.52 mm, Golden ir-
kinda 22.32 mm, Rotweiller irikinda 23.95 mm, Husky irkinda
21.76 mm, Dogo irkinda 20.95 mm, Pug irkinda 16.64 mm,
Pomerian irkinda 13.84 mm ve M. Pincher irki képekte 14.91
mm oldugu belirtilmistir. Tekir kedilerinin kdpeklerden ise;
Pug, Pomerian ve Pincher irklarindan daha buyiik ¢capa sahip
oldugu goraldi (7).

Bulbus oculi’nin dorso-ventral ¢api sag goz icin erkek
hayvanlarda 19.90+1.17 mm ve disilerde 17.81+1.88 mm
iken sol goz icin erkek hayvanlarda 18.81+1.62 mm ve disi-
lerde 17.45+2.80 mm olarak bulundu. Van kedilerinde yapi-
lan calismada (14) sag goz icin erkek hayvanlarda 2.07+0.06
cm ve disilerde 2.07+0.11 cm iken sol goz icin erkek hayvan-
larda 2.09+0.03 cm ve disilerde 2.05+0.09 cm oldugu bildiril-
mistir. Ersoy (13) yapmis oldugu calismada bu deger US go6-
rantdleri araciligiyla sag goz icin erkek hayvanlarda 19.71
mm ve disilerde 19.24 mm olarak; sol goz igin erkek hayvan-
larda 19.42 mm ve disilerde 19.67 mm iken BT goruntdlerin-
den ayni deger sag goz icin erkeklerde 20.06 mm ve disilerde
19.99 mm iken sol goz icin erkek hayvanlarda 20.28 mm ve
disilerde 19.83 mm oldugu bildirilmistir. Cinsiyet ayrimi ya-
pilmaksizin evcil kedilerde (15) sag goz igin 2.02+0.05 cm ve
sol gbz igin 2.02+0.05 cm oldugu saptanmistir. Erkek kedi-
lerde sag goz Ersoy’un (13) USG verileri harig diger degerler-
den ve sol goz literatiir verilerinden daha diistktir. Disi hay-
vanlarda ise bu parametre Tekir kedilerde hem sag hem de
sol goz icin daha dislik degere sahiptir. Van kedilerinde sag
ve sol bulbus oculi dorso-ventral ¢api farkhiligi, sunulan ¢alis-
madan daha buyuktar.

Bulbus oculi’nin medio-lateral ¢api Tekir kedilerde sag
goz icin erkek hayvanlarda 21.06+£1.57 mm ve disilerde
18.37£2.30 mm iken sol goz icin erkek hayvanlarda
19.59+1.42 mm ve disilerde 18.11+2.87 mm oldugu gorilda.
Ayni deger cinsiyet ayrimi yapilmaksizin evcil kedilerde (15)
yapilan ¢alismada sag goz icin 2.00+0.08 cm ve sol goz i¢gin
19.84+0.07 mm olarak bildirilmistir. Yilmaz ve Durmaz’in (14)
Van kedilerinde bu deger, sag goz icin erkek hayvanlarda
2.08+0.08 cm ve disilerde 2.01+0.10 cm iken sol goz igin er-
keklerde 2.06+0.07 cm ve disilerde 2.02+0.10 cm oldugu bil-
dirilmistir. Erkek Tekir kedilerin incelenen galismalardaki di-
ger kedi irklarindan (14,15) sag goz i¢in en biyuk, sol géz igin
ise en kiicuk degere sahip oldugu gérulmustdr. Disi Tekir ke-
diler ise her iki gbz icin en kiicik degere sahiptir.

Gaiddon ve arkadaslarinin (17) yaptig1 calismada orta-
lama bir képegin corneasinin medio-lateral uzunlugu 16-18
mm arasinda oldugu belirtilmistir. Yilmaz'in (7) farkli képek
irklari Gizerinde yapmis oldugu tez ¢alismasinda buyuk irk ko-
peklerde bu degerin 20 mm ve kuglk irk képeklerde ise orta-
lama 14 mm oldugu bildirilmistir. Yapilan calismada Tekir ke-
dilerinde cornea’nin medio-lateral uzunlugu erkek hayvan-
larda ortalama 15.23+1.21 mm iken disi hayvanlarda ise or-
talama 14.22+1.18 mm uzunlugunda oldugu saptanmistir.

Kopeklerde yapilan c¢alismalarda lens kalinhginin Wil-
liams (18) ortalama 6.7+1.0 mm ve Paunksnis ve arkadaslari-
nin (19) 4.7-6.8 mm arasinda degistigini bildirmistir. Yilmaz
(7) cahsmasinda lens kalinliginin brachycephalic kafa yapisin-
daki kopeklerde 4.96+0.02 mm iken mesocephalic kafa yapi-
sindaki képeklerde 7.61+0.13 mm oldugunu bildirmistir. Yil-
maz (7), dokuz farkli kopek irki tizerine yapmis oldugu ¢alis-
mada en kiigiik lens kalinhgi degerinin 4.90 mm ile Pomerian
irki kopeklerde oldugunu belirtirken en buyik lens kalinhgi
degeri 8.14 mm ile Kangal irkina ait oldugu bildirmistir.
Yuwatanakorn ve arkadaslarinin (15) kediler Gzerinde yap-
mis oldugu calismada lens kalinliginin ortalama 0.85+0.03
cm olarak 6lgmuslerdir. Yilmaz ve Durmaz (14) Van kedile-
rinde yapmis olduklari ¢alismada 9.6+£0.80 mm oldugunu bil-
dirmislerdir. Ersoy’un (13) yapmis oldugu tez galismasinda
tekir kedilerin okuler 6lgimleri ultrasonografik goriinti (US)
ve bilgisayarli tomografi (BT) goriintileri Gzerinden kiyaslan-
mistir. Buna gore US gorintilerinde erkek hayvanlarda orta-
lama 7.76 mm iken disilerde 7.88 mm oldugu saptanmis; bu
degerler BT goruntilerinde erkeklerde 8.33 mm ve disilerde
8.32 mm oldugu bildirilmistir. Kanserli kedilerde yapilan bir
¢alismada lens kalinligi 0.88 cm olarak bildirilmistir (16). Ya-
pilan ¢alismada, Tekir kedilerinde ise erkek hayvanlarda or-
talama 7.1120.73 mm iken disi hayvanlarda ortalama
6.79+0.83 mm oldugu tespit edilmistir. Tekir kedilerinde lens
kalinligi, Williams (18)’in ve Paunksnis ve arkadaslarinin (19)
kopekler Gzerinde yapmis olduklari galismalarindaki lens ka-
linliklarindan daha fazladir. Kediler Gzerinde yapilmis ¢alis-
malardaki verilere gore Tekir kedilerinin lens kalinhigi en di-
sik degere sahiptir.

Van kedilerinde yapilan galismada (14) lensin dorso-
ventral ¢api erkek hayvanlarda 1.08 cm iken disilerde 1.15
cm oldugu bildirilmigstir. Ayni deger kanserli kedilerde yapilan
calismada (16) 0.88 cm olarak saptanmistir. Ersoy (13) yap-
t1g1 calismada US gorintileri ile erkek hayvanlarda lensin
dorso-ventral ¢api 13.5 mm iken disilerde 13.97 mm olarak
belirlenmis olmasina karsin bu deger BT goriintilerinden er-
kek hayvanlarda 12.21 mm ve disilerde 11.74 mm oldugu bil-
dirilmistir. Yapilan ¢alismada bu deger, erkek hayvanlarda
9.83+1.23 mm ve disi hayvanlarda 9.52+1.00 mm oldugu go-
ralda. Tekir kedilerinde bu parametre kanserli kediler harig
diger degerlerden daha dusliktiir. Degerlerin genel olarak BT
ve US goruntilerinden daha kiiglik olmasinin bir sebebi de
formaldehit’in fiksatif etkisinden kaynaklandigi diistiniilmek-
tedir.

Lensin medio- lateral ¢api, Van kedilerinde (14) erkek
hayvanlarda sag g6z 2.08+0.08 cm, sol g6z 1.11+0.04 cm ve
disi hayvanlarda sag g6z 2.01+0.10 cm, sol g6z 1.13+0.07 cm
olarak bildirilmistir. Bu deger kanserli kedilerde (16) 1.25 cm
ve kopeklerde yapilan bir diger ¢calismada (20) 1.15+0.08 cm
oldugu belirtilmistir. Bu ¢ap Tekir kedilerinde ise erkek hay-
vanlarda ortalama 10.32+0.68 mm iken disilerde 9.71+0.74
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mm oldugu tespit edilmistir. Buna gore yapilan diger calis-
malara kiyasla lensin medio-lateral ¢api Tekir kedilerde diger
hayvanlara gore daha kiiglik degere sahip oldugu goriilmek-
tedir.

Olciimlerden elde edilen verilerle yapilan hesaplamalar
sonucunda gobz kiresi hacmi, erkek kedilerde ortalama
4.3240.96 mm?3 bulunurken disi hayvanlarda bu deger
3.29+1.10 mm? oldugu belirlenmistir. Ersoy (13) tekir kedile-
rinde yapmis oldugu benzer hesaplama sonucu bu degerin
bitin kediler icin 3.97 mm? olarak bildirmistir. Bu deger ayni
calismada erkek hayvanlarda 4 mm?3 iken disilerde bu deger
ortalama 3.95 mm?3 oldugu belirtilmektedir. Buna gore yapi-
lan ¢alismada Ersoy’un (13) bildirimine uyumlu olarak erkek
tekir kedilere ait hacim hesaplari daha ylksek oldugu tespit
edilmistir.

Bu calismada Tekir kedisi bulbus oculisine ait morfo-
metrik veriler cinsiyet farkliligi ydoninden degerlendirilmis ve
literatlrle karsilastiriimigtir. Sonug olarak literatdir bildirimle-
riyle paralel olarak 6lciilen morfometrik degerler erkek kedi-
lerde ve sag goz kiiresinde daha biiyiik degerlerde oldugu be-
lirlenmistir. Tekir kedilerinde bélge anatomisinin bilinmesi-
nin bu konuda ¢alisacaklara ve klinik oftalmolojik miidahale-
lerde katki saglayacagi kanaatindeyiz.
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Oz

Urolitin-A (Ur-a), dogal polifenoller olan elajitanninlerin ve ellagik asitin bagirsak mikrobiyotasi
tarafindan metabolize edilmesiyle iiretilen bir bilesiktir. Bu calismada, Ur-a’nin non-enfeksiy6z diyareli
buzagilarda diski kivami (dK) ve gizli temizlik (gT) skorlari Gzerindeki etkileri degerlendirildi. Holstayn
irki 57 buzagiya oral yolla 50 mg/kg dozunda Ur-a iceren nutrasétik miistahzar uygulandi. Calisma
sonucunda, Ur-a uygulamasi sonrasi dK skorlari baslangictaki 2-3 araligindan 0-1 araligina geriledi.
Benzer sekilde, gT skorlari baslangigtaki 1-3 degerlerinden 0-1 seviyelerine distli ve bu degisim
istatistiksel olarak anlamli bulundu (P<0.001). Ayrica, buzagilarin farkli zaman dilimlerinde ishalden
kurtuldugu gozlemlendi. Ur-a’nin antioksidan, anti-inflamatuvar ve immiinmodiilatér ézellikleri goz
o6nlne alindiginda, non-enfeksiydz buzagi ishallerinin destekleyici tedavisinde potansiyel bir ajan
olarak kullanilabilecegini 6ne stirmek yerinde olacaktir.

Anahtar Kelimeler: Buzagi, diyare, gizli temizlik skoru, non-enfeksiyoz, trolitin-a

Can Urolitin-A Alter Latent Clearance Scores and the Number of Diarrheal Days In Calves?
Abstract

Urolitin-A (Ur-a) is a compound produced by the metabolism of natural polyphenols ellagitannins and
ellagic acid by the intestinal microbiota. In this study, the effects of Ur-a on fecal consistency (fC) and
latent cleanliness (IC) scores in calves with non-infectious diarrhea were evaluated. A nutraceutical
preparation containing Ur-a was administered orally to 57 Holstein calves at a dose of 50 mg/kg. As a
result of the study, after Ur-a administration, fC scores decreased from the initial 2-3 range to the 0-1
range. Similarly, IC scores decreased from the initial 1-3 values to the 0-1 levels and this change was
found to be statistically significant (P<0.001). In addition, it was observed that the calves recovered
from diarrhea at different time periods. Considering the antioxidant, anti-inflammatory and
immunomodulatory properties of Ur-a, it would be appropriate to suggest that it can be used as a
potential agent in the supportive treatment of non-infectious calf diarrhea.

Key Words: Calf, diarrhea, latent clearance score, non-infectious, urolithin-a
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GiRiS
Urolitin-A (Ur-a), kimyasal yapisinda a-benzo-kumarin iske-
leti iceren Urolitin ailesine ait bir bilesiktir. Nar basta olmak
lzere, cilek, ceviz gibi besinlerde bulunan dogal polifenoller
olan Ellagitaninler ve Ellajik Asitin mikrobiyom araciliginda
kolon icinde déniisiimii sonrasinda Urolitinler (6zellikle Ur-a)
Uretilir (1,2). Yapilan arastirmalarda bagirsak florasi bozul-
mus bazi insanlarda Ur-a’nin (retilemedigi saptanmistir.
Buna ¢6ziim olarak son yillarda ABD Gida ve ila¢ Dairesi tara-
findan Ur-a satisi onaylanmistir. Ancak bazi calismalarda oral
olarak alinan Ur-a’nin yeterli mitofajik etki géstermeyecegi
ispat edilmistir (1,2).

Mitofaji (mitokondriyal otofaji), hasarli mitokondrilerin
otofaji yoluyla ortadan kaldirilmasi ve hiicresel geri doni-
siime katilmasi olayidir. Bu siire¢ Ur-a’nin aktive edebilecegi

Urolitin-A Buzagilarda Gizli Temizlik Skorlarinda ve Diyareik Giinlerin ...

bazi yolaklar tzerinden ilerlemektedir (Sekil 1). Mitofaji ge-
nellikle hasar veya stresi takiben kusurlu mitokondrilerde go-
raltr. Hasar géormis mitokondri LC3 ve PINK1 proteinleri ile
etkilenir. Bu proteinler mitokondriyi otofagosoma c¢evir-
mede gorevlidir. Olugan otofagosom, hiicrenin sindirim or-
ganeli olan lizozom ile birlesir. Bu birlesme gerceklestiginde,
meydana gelen yapi otofagosom-lizozom flizyonu adini alir.
Burada mitokondriler enzimler ile parcalandiktan sonra daha
kiicik bilesenlere dontsir ve hiicre tarafindan kullanilmak
veya atilmak tzere bilesenler degerlendirilir (4). Sekil 1'de
mikrobiyom-mitokondri iliskisi ve Ur-a’nin rolii sunulmakta-
dir.

Mikrobiyom-Mitokondri Ekseni

|

v

Anahtar metabolitler sunlardir:

1. Kisa zincirli yag asitleri - Gzellikle bitirat
2. Urolitinleri — ézellikle Grolitin a

3. Laktat

Diyetten giden elajitanninlerden komensal flora
tarafindan yapilir. Bunlar cilek, meyve, kuruyemis
ve diger polifenol kaynaklarindan gelir.

Urolitin a, Mitofajiyi uyarir — hiicreleri ve
mitokondriyi temizler.

Mitokondrinin enerji cikisini ve kapasitesini artirir.

Hayvan caligmalarinda, artan mitokondriyal dmiir
sayesinde hlcrelerin yagamini uzatir.

Sekil 1. Mikrobiyom-mitokondri ekseni ve Ur-a’nin dnemi

Bu calismada, Ur-a’nin non-enfeksiydz diyareli buzagi-
larda diski kivami (dK) ve gizli temizlik (gT) skorlari Gzerindeki
etkilerinin degerlendirilmesi amaclandi.

MATERYAL VE METOT

Calisma kapsamina Holstayn irki 57 buzagi (44 disi, 13 erkek,
9-37 glinlik yaslarda) dahil edildi. Her buzagida bilgi onam
formu temin edilirken, hasta sahiplerinden gerekli izinler
alind.

Non-Enfeksiyoz Diyare Tanisina Yonelik Algoritma

Non-enfeksiydz ishal tanisina yonelik algoritma (5) bu calis-
mada dahil edilme ya da dislama kriterlerinin olusturulma-
sinda baz tesekkiil etmistir. ilgili algoritma buzagilarda yas
dagilimina yonelik enfeksiyoz hastaliklarin ve buna sebep
olan etmenlerin dagilimlari ile en erken tespit edilebilme
glnlerine dayandiriimaktadir. Bu kapsamda ilgili testlerin
varhgi ile enfeksiydz/non-enfeksiy6z diyarenin buzagilarda
ayirici tanisina yaklasilmaktadir. Nitekim bu ¢alismada ilgili
glnlere gore hasta basi hizl test kitleri, diskida antijen ta-
rama, diski mikrobiyolojisi, parazitolojisi ve PCR tanisal me-
todolojisi (5) sayesinde enfeksiyoz etiyolojik tanisi bulunan
tiim buzagilar ¢alisma disinda tutulmustur.

Diski Kivaminin Belirlenmesi

Digki Kivami 0-3 arasi (diski skoru 0 = normal kivam, 1 = yari
sekillenmis veya pasta goruinlimli, 2 = gevsek karakterde ve

3=sulu diski) degerlendirildi. Diski skoru > 2-3 olan tiim buza-
gilar diyareik olarak siniflandirildi (6).

Gizli Temizlik Skorlamasi

Gizli Temizlik skorlamasi ilgili litetattr (7,8) baz alinarak ger-
ceklestirildi. Skor 0= Baldir ve tim viicut tamamen temiz, bu-
zag Uzerinde ve/veya alt bacaklarda diski kalintisi ya yok/gok
azile skor 3= Kuyrugun basi, buzaginin arka taraftan goriinen
son kismi ve baldir ile bacaklar diski ile bulasik/kirli olmak
Gzere yorumlandi (7,8)

Bu ¢alismada Urolithin A Mitochondria Support (DQQI)
(Ur-a 3000 mg, nar ekstrakti 500 mg, resveratrol 300 mg, vi-
tamin C 20 mg, kolajen peptidler 180 mg) isimli Ur-a iceren
nutrasotik mustahzar tercih edilmis ve 50 mg/kg dozda oral
yolla 10 giin boyunca glinde 1’er kez kullaniimistir. Bu kap-
samda gerek dK gerekse gT skorlamalari, Ur-a uygulamasina
iliskin olarak calisma baslangicinda (0. giin) ve sagaltim so-
nunda (10. giin) tekrarlayan 6lglime tabi tutulmustur.

istatistiksel Analizler

Elde edilen skorlama verilerin sagaltim 6ncesi ve sagaltim
sonrasi degerlendirmeleri sonrasinda ortalama ortanca ve
standart sapma degerleri tanimlayici istatistikler kapsaminda
hesaplanip tablolastirildi. Sagaltim 6ncesi ve sonrasi skorla-
rin karsilastiriilmarinda ise Mann-Whitney U testinden yarar-
lanildi. Verilerin gorsellestirilmesinde ggplot paketi kullanila-
rak grafitizasyon islemleri R studio kullanilarak gergeklesti-
rildi ve P degerinin 0.05 den kii¢lik oldugu durumlar istatis-
tiksel anlamli kabul edildi.



Alig Ural, Dicle Univ Vet Fak Derg 2025;18(1):59-62

BULGULAR

Yukarida gereg ve yontem boéliminde de bahis konusu ol-
dugu tzere dK ile gT skorlari 0-3 puanlar arasinda irdelendi.
57 diyareik buzagilarda 2-3 arasi tespit edilen ¢ikis degerleri
Ur-a uygulamasi sonrasi 0 ila 1 arasinda kisith degisim gos-
termekteydi. Diger yandan gT skorlarina bakildiginda cikis
degerleri diyareik buzagilarda 1-3 arasi degisirken, Ur-a veril-
dikten sonra 0-1 arasi degisim gosterdi. Ortalama, ortanca ve
standart sapma agisindan gT skorlari baslangigta sirasiile 2.5,
3 ve 0.6 olarak belirlenirken; Ur-a uygulamasiyla beraber
yine sirasi ile 0.6, 0 ve 0.9 olarak saptandi (Tablo 1 ve Grafik
1). Ur-a uygulamasina iliskin olarak gT skorlarinda sagaltim
sonu istatistiksel olarak belirgin fark saptandi (P<0.001)
(Tablo 1).

Tablo 1. Gizli temizlik skorlarina iliskin istatistiksel degerlendirme.

Gizli Temizlik Ortalama  Ortanca Std. } P
Skoru Sapma degeri
Once (0. giin) 2.5 3 0.6

. 0.001
Sonra (10. giin) 0.6 0 0.9

Grafik 1. gT skorlarina iliskin boks plot gosterimi
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Toplamda ¢alismaya dahil edilen 57 buzagindan 8’inde
0.-6.,11'inde 6.-12.,9'unda 12.-18., 13’(inde 18.-24., 11’inde
24-36. saatler ve kalan 5’inde de 36. saatlerden sonra ishalin
ortadan kalktigi gozlemlendi (Grafik 2).

Grafik 2. Buzagilarda Ur-a uygulamasi ile birlikte ishalli giin
sayisinda degisimine ait grafik
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TARTISMA VE SONUC

Ur-a’nin viicuttaki genel etkilerine ve literatiir tartismasina
deginmek yerinde olacaktir. Serbest radikalleri nétralize
eden, hiicrelere ve dokulara oksidatif stres hasarini azaltan
gliclii bir antioksidan olarak Ur-a éne ¢ikmaktadir. Antioksi-
dan 6zellikleri (9) onu oksidatif stresle iliskili hastaliklarin 6n-
lenmesinde ve tedavisinde potansiyel bir uygulama haline
getirmektedir. inflamatuar yaniti azaltmada, inflamatuar
hiicrelerin aktivasyonunu ve inflamatuar faktorlerin salinma-
sini engellemede yine Ur-a rol alabilmektedir (10-13). Bu du-
rum esas olarak inflamasyonla iliskili sinyal yolaklarinin di-
zenlenmesine katilarak ve inflamatuar sitokinlerin sentezini
inhibe ederek elde edilir (10, 12, 13). inflamatuar yanitin ve
inflamatuar mediatorlerin salinimini engelleyebilen bariz bir
anti-inflamatuar etki gdsterebilmektedir. Bu, Ur-a'yi infla-
masyon ile iliskili hastaliklarin (inflamatuar bagirsak hastalig
vb.) sagaltiminda potansiyel olarak yararh kilar. Antibakteri-
yel etki agisindan Ur-a, Escherichia coli, Staphylococcus au-
reus ve diger yaygin patojenik bakteriler gibi cesitli bakteri-
leri 6ldurebilir. Bakteriyel hiicre zarini yok ederek ve bakteri-
yel enzim aktivitesini inhibe ederek antibakteriyel etki gos-
termektedir. Antiviral etki yéniinden Ur-a hepatit B viriisi,
HIV virtsl vb. dahil olmak (izere birgok virlsiin replikasyo-
nunu ve enfeksiyonunu engelleyebilir. Calismalar, Ur-a’nin
virisiin dis zarini tahrip ederek konakgi hiicrelere girmesini
ve cogalmasini énleyebildigini goéstermistir. Yine Ur-a’nin
Candida albicans ve Cryptococcus gibi ¢esitli mantarlar Gze-
rinde de antifungal etkisi vardir. Mantar hiicre zarlarini bo-
zarak, enzimatik aktivitelerini inhibe eder ve DNA replikasyo-
nunu bloke ederek fungal ¢ogalmayi engeller. immiinomo-
dilatér etki yoniinden Ur-a bagisiklik sisteminin fonksiyo-
nunu artirabilir, bagisikhk hicrelerinin aktivitesini duzenle-
yebilir ve antikor {retimini artirabilir (10). Yine Ur-a’nin ko-
lon fibroblastlari tGzerinde NF-kb’yi inhibe etmesi gastroin-
testinal etkinligine delalettir (11). Bu ¢calismada her ne kadar
sitokin analizi ya da gastrointestinal biyobelirteg tayini yapi-
lamasa da, gT ve dK’'na ait skorlamalar gerceklestirilerek
gastrointestinal saglik durumunun tespitine ugrasildi. Bu ¢a-
ismada butge yetersizligi nedeniyle herhangi bir inflamatu-
var ya da oksidatif stres sureglerine iliskin analiz gergeklestir-
lemese de, yukaridaki literatiir bilgisi ile Ur-a’ya ait olasi me-
kanizmalar tartisildi.

Onceki bir arastirmada silikon dioksitin diyareik (n=14)
ve non-diyareik (n=12) buzagilarda gT skoru Uzerine etkinligi
arastinlmistir. Her 2 gruptaki buzagilara silikon dioksit oral
yolla 10’ar gr olarak 1 hafta verilmistir. Yapilan ilgili arastir-
mada gT diyareik buzagilarda 2-3 arasi degisirken, silikon di-
oksit sagaltimi ile 0-1 arasinda degismis ve Onerilen dozda
etkili olabilecegini géstermistir (14). Daha da 6nceden ger-
ceklestirilen bir baska saha arastirmasinda 4 farkh ciftlikten
toplamda n=19 buzagida (diski skoru >2-3 olanlar diyareik
olarak degerlendirilmis) zerdegal ile sagaltim sonrasi gT skor-
larinin, cikis degerlerine gore belirgin istatistiksel farklilik
(P<0.001) gosterdigi tespit edilmistir. ilgili caismada kurku-
minin gecirgen bagirsagi azalttig da tespit edilmistir (15). Bu
calismada 57 buzagida Ur-a uygulamasi dncesi ortalama ve
ortanca gT skorlari baslangigta sirasi ile 2.5 ve 3, sagaltim
sonrasi ise 0.6 ve 0 ve 0.9 olarak saptandi (Tablo 1 ve Grafik
1) (P<0001). ishalli giin sayisi agisindan degerlendirmede 57
buzagindan 8’inde 0.-6., 11’inde 6.-12., 9’unda 12.-18,,
13’linde 18.-24., geride kalan 16’sinda ise 24->36. saatlerden
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sonra ishalin ortadan kalktigi gézlemlendi (Grafik 2). ilk 12
saat icerisinde 19 buzagida, ilk 24 saat boyunca da toplamda
41 buzagida ishalin ortadan kalkmasi sagaltim basarisiile ilis-
kilendirilebilinir.

Ur-a’nin ellajik asiti Grolitine ceviremeyen bireylerde
bagirsak mikrobiyomunu degistirmedigi, bunun da muhte-
melen ilgili calismanin kendisinde disiik dozda uygulamanin
etkisinden kaynaklabilecegi bildirilmistir (16). Ur-a’nin yiik-
sek dozlarda bagirsak mikrobiyomunu degistirip, degistirme-
digine iliskin ¢alismalara ihtiya¢ duyulmaktadir. Bu sayede
ancak ellajik asidi Ur-a’ya ceviren bagirsak mikrobiyomuna
ait dogal donlisimin hangi oranda gergeklestigi tespit edile-
bilecektir (17).

Urolitinlerin genel olarak toksisite calismalari dahilinde
glivenli kabul edilmeleri (18, 19) ile birlikte ABD Gida ve ilag
Dairesi tarafindan Ur-a’nin genellikle giivenli kabul edilebilir
siniflandirmasi énem arz etmektedir. Bu sebeple bu ¢alisma
onci olabilecek, ardindan bu alanda ayni dogal bilesen ile
buzagilarda farkh baslklarda arastirmalara yon verebilecek-
tir.

Elajitanninlerin ve Grolitinlerin antioksidan (9), anti-inf-
lamatuvar (12, 13) ve immunmodiilator (10) ozellilkleri gbz
online alindiginda, her ne kadar bu calismada iliskili biyobe-
lirtecgler tayin edilemese de, saha kosullarinda bu ¢alisma da-
hilinde uygulandigi dozlarda non-enfeksiyoz buzagi ishalle-
rinde kullanilabilecegini 6ne stirmek yerinde olacaktir.
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Abstract

The aim of this study was to evaluate the pre- and postoperative effects of screw stabilization on the
inter-ilium distance, pelvic canal width, and hemipelvic canal ratios in cats that developed sacroiliac
luxation as a result of trauma. The study included 18 cats of different breeds, sexes, ages and weights
that were diagnosed with sacroiliac luxation due to trauma and underwent surgical intervention at the
Selcuk University Small Animal Hospital between 2023 and 2024. Clinical, hematological, and
radiological examinations were performed. Following medical treatment and rehabilitation of the
patients requiring stabilization before surgery, screw fixation was applied between the ilium and
sacrum to stabilize the sacroiliac luxation. Among the 18 cases, 16.6% had bilateral sacroiliac luxation,
16.6% had sacroiliac luxation with an ilium fracture, 16.6% had sacroiliac luxation with an ischium
fracture, 11.1% had sacroiliac luxation with a pubis fracture, 11.1% had sacroiliac luxation with both
pubis and ischium fractures, 5.6% had sacroiliac luxation with an acetabulum fracture, 5.6% had
sacroiliac luxation with both acetabulum and ilium fractures, 5.6% had sacroiliac luxation with both
ilium and ischium fractures, 5.6% had sacroiliac luxation with pubis and ilium fractures accompanied by
femoral head luxation, and 5.6% had sacroiliac luxation with pubis, ilium, ischium, and symphysis pelvis
fractures. In 84% of the 18 cases diagnosed with sacroiliac luxation and treated surgically, the
postoperative pelvic canal width ratio (PCWR) was found to be >1.1. No statistically significant
difference was observed between the pre- and postoperative inter-ilium distance and pelvic canal
ratios. However, a statistically significant difference was found in the hemipelvic canal ratio between
the pre- and postoperative measurements (P<0.05). In this study, the comparison of pre- and
postoperative results showed that the inter-ilium distance, pelvic canal, and hemipelvic canal ratios
approached a normal anatomical structure postoperatively. In the choice of surgical technique, the
dorsal approach to expose the ilium body facilitated the application.

Key Words: Hemipelvic canal ratios, ilium distance, pelvic canal ration, screw fixation

Kedilerde Sakroiliak Luksasyonun Vida Fiksasyonu ile Tedavisinin Pelvik Kanal Genisligi Oranina
Etkisinin Arastirilmasi

0z

Bu galismanin amaci, travmalar sonucu sakroiliak gikik gelisen kedilerde, vida stabilizasyonunun iki ilium
arasi mesafe, pelvik kanal genisligi ve hemipelvik kanal oranlari Gzerindeki etkilerini pre ve postoperatif
olarak degerlendirmektir. Calisma materyalini 2023-2024 yillari arasinda Selguk Universitesi, Kigiik
Hayvan Hastanesi’ne travma sonucu sakroiliak ¢ikik olusan ve cerrahi girisim gergeklestirilen farkli irk,
cinsiyet, yas, agirhkta 18 kedi olusturdu. Klinik, hemogram ve radyolojik muayeneleri yapildi. Operasyon
oncesi medikal tedaviye ihtiya¢ duyan hastalarin rehabilitasyonlarindan sonra sakroiliak ¢ikiklarda ilium
ile sakrum arasinda vida stabilizasyonu yapildi. 18 olgunun %16.6’sinda bilateral sakroiliak ¢ikik,
%16.6'sinda sakroiliak ¢ikik beraberinde ilium kirigi, %16.6’sinda sakroiliak gikik beraberinde ischii kirigi,
%11.1'inde sakroiliak ¢ikik beraberinde pubis kirigl, %11.1’inde sakroiliak gikik beraberinde pubis ve
ischii kingi, %5.6’sinda sakroiliak ¢ikik beraberinde acetabulum kirigi, %5.6’sinda sakroiliak ¢ikik
beraberinde acetabulum ve ilium kingi, %5.6’sinda sakroiliak gikik beraberinde ilium ve ischii kingi,
%5.6’sinda sakroiliak gikik beraberinde pubis ile ilium kirigi ve caput femoris luksazyonu, %5.6’sinda
sakroiliak ¢ikik beraberinde pubis, ilium, ischii ve symphysis pelvina kirigi oldugu belirlendi. Sakroiliak
cikik teshisi konulan ve cerrahi girisim uygulanan 18 olgunun %84’linde operasyon sonrasi pelvik kanal
genisligi orani (PKGO)21.1 olarak bulunmustur. Cerrahi girisim 6ncesi ve sonrasi iki ilium arasi oran
arasinda ve pelvik kanal orani arasinda istatistiksel olarak anlamli bir fark gézlenmedi. Ancak, operasyon
oncesi ve sonrasi hemipelvik kanal orani arasinda istatistiksel olarak anlaml bir fark oldugu belirlendi
(P<0.05). Yapilan galismada pre ve postoperatif sonuglarinin karsilagtirilmasinda, iki ilium arasi, pelvik
kanal ve hemipelvik kanal oranlar post-op donemde saglikli anatomik yapiya yaklastigi gozlendi.
Secilecek cerrahi teknikte, olgularin corpus ilium’a dorsal yaklasim ile agiga cikarilmasi uygulama
kolayligi saglamistir.

Anahtar Kelimeler: Hemipelvik kanal oranlari, ilium mesafesi, pelvik kanal oranlari, vida fiksasyonu
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INTRODUCTION

Pelvic fractures in cats account for approximately 32% of all
fractures (1). Of these, 59-93% are associated with sacroiliac
luxation, and 27-46% are bilateral (1-3). Sacroiliac luxation is
the separation of the wing of ilium from the sacrum (4) and
can sometimes be associated with sacral fractures (5). Uni-
lateral sacroiliac dislocation can only occur with concomitant
pelvic fractures due to the rigid structure of the pelvic ring
(6). Common fracture combinations include sacroiliac dislo-
cation with symphysis pubis separation, pubic bone, pubic
bone combined with ischial fractures, sacroiliac dislocation
with contralateral wing of ilium and pubic fractures (1,6). Alt-
hough bilateral sacroiliac luxation can occur without concomi-
tant pelvic injury, it is often associated with pubic fractures in
cats (1). In a study of 103 feline pelvic fractures, it was found
that 90% of the fractures occurred in the pelvic floor (Symphisis
pubis, ischial, pubic body). Sixty percent of these cases were sa-
croiliac dislocations, and 48.5% were iliac fractures (3).

Initially, cage rest was recommended for the treat-
ment of sacroiliac dislocation. However, more recent surgi-
cal interventions have been shown to lead to faster recovery
times and to be more comfortable for the patient during
both the recovery period and the postoperative period (7-9).
Some researchers advocate surgical stabilization in all cases
of sacroiliac joint dislocation, emphasizing that the sacroiliac
joint is part of the weight-bearing axis of the pelvic limb
(10,11). Furthermore, there is insufficient evidence to sup-
port conservative management of sacroiliac joint dislocation
(1,11). Indications for conservative management include no
need for patient assistance, less than 50% displacement of
the articular surface, minimal pain and instability, no con-
comitant fractures along the weight bearing axis, absence of
certain neurological problems and less than 45% narrowing
of the pelvic canal (1,11-13).

Conservative management of sacroiliac luxation in cats
typically involves cage rest for 2-4 weeks, analgesic manage-
ment, and monitoring of urination and defecation (13).
There are some reports of conservative management of sa-
croiliac luxation (1,14,15). In a retrospective study of 16 cats,
good results were obtained after a short follow-up (4 weeks)
and no lameness was observed (14). However, complications
associated with conservative management include pelvic ca-
nal stenosis, displacement of pelvic fragments leading to
constipation or obstipation (16), and prolonged recovery
times (11). It has been suggested that ankylosis and degen-
erative changes may develop in the sacroiliac joint, adversely
affecting mobility (17). Conservative treatment may be con-
sidered in cases of sacroiliac dislocation with minimal dis-
placement. However, conditions that result in pelvic canal
narrowing, pain that negatively affects the patient's quality
of life, or displacement or neurological dysfunction that af-
fects gait are indications for surgical stabilization (18,19).

Recently, surveys have been used to evaluate out-
comes of surgically stabilized unilateral and bilateral sacroil-
iac luxation (20,21) and femoral head and neck resections in
cats (22). Internal fixation as a surgical procedure reduces
pain, hospital stay and postoperative recovery time (23). A
single screw or two screws can be used for fixation. In addi-
tion, lag screws with Kirschner wire can be used (24,25).

The aim of this study is to evaluate the effects of screw
stabilization on the iliopelvic distance, pelvic canal width and
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hemipelvic canal ratio in cats with sacroiliac luxation result-
ing from various traumas, comparing pre and postoperative
results.

MATERIAL AND METHODS

The study was carried out on 18 cats of different breeds, sex,
age and weight that were referred to the Small Animal Hos-
pital of the Faculty of Veterinary Medicine of Selguk Univer-
sity between 2023 and 2024 with a diagnosis of sacroiliac
luxation due to various traumas and underwent surgical in-
tervention (Table 1). Clinical, hemogram and radiological ex-
aminations were performed. If the cats were treated before
surgery for any medical condition (infection, acidosis or alka-
losis), and then screw stabilisation between the ilium and sa-
crum was performed for sacroiliac dislocations.

Table 1. Medical history of cats with sacroiliac dislocation due to vari-
ous traumas and surgery of different breed, sex, age and weight

Num  Breeds Gen- Age Disloca-  Anamnesis
ber ders tion
1 Turkish Angora Fe- 3 Right Falling down from
male height
2 Scottish Fold Fe- 5 Bilateral  Falling down from
male height
3 British Shorthair Male 2 Right Traffic accident
4 Mixed breed Male 3 Right Falling down from
height
5 Mixed Fe- 3 Left High energy tra-
Breed male uma
6 British Longhair Male 2 Right Falling down from
height
7 Brazilian Fe- 4 Right Traffic accident
Shorthair male
8 Mixed Fe- 2 Right Falling down from
Breed male height
9 British Shorthair Male 1 Bilateral  Falling down from
height
10 Mixed Male 6 Right Falling down from
Breed height
11 Mixed Male 8 Left Traffic accident
Breed
12 Brazilian Short- Fe- 6 Bilateral ~ Falling down from
hair male height
13 Mixed Fe- 5 Bilateral  Falling down from
Breed male height
14 British Fe- 9 Left Falling down from
Longhair male height
15 Bombay Male 2 Right Falling down from
height
16 British Male 2 Right Falling down from
Shorthair height
17 Mixed Male 3 Bilateral  Falling down from
Breed height
18 British Male 5 Left Falling down from
Shorthair height

Blood Examination

Blood collected from the cephalic vein. A Radiometer blood
gas analyser (ABL90 series, Denmark) and a Biotecnica bio-
chemical analyser (BT3000 Plus, Italy) were used for blood
gas measurements.

Radiographic Examination

For radiographic examination, the Siemens single-tube fixed
radiography unit (model: 483388, China) available in the
clinic was used. Direct orthogonal radiographs were taken in
ventro-dorsal, latero-lateral positions depending on the re-
gion of interest, preoperative and postoperative metric
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measurements between the sacrum and the sagittal plane,
as well as measurements between the acetabulum and the
sagittal plane, were taken during the radiographic examina-
tion. Pelvic canal width ratio (PCWR): This is the ratio be-
tween the width of the pelvis in the cranial direction of the
acetabulum and the caudal width of the sacrum. A PCWR
>1.1 was considered normal (20). The preoperative pelvic ca-
nal ratio, the hemipelvic canal ratio and the distance be-
tween the iliac bones were measured for the cases.

Medical Treatment

As a result of the examination and analysis, medical treat-
ment (infection, acidosis or alkalosis e.g) was given to pa-
tients with general health problems (trauma procedur e.g)
and patients were prepared for surgery.

Surgical Procedure

Pre-anesthetic Domitor 80 pg/kg (Domitor®, Orion Pharma,
Finland) was injected intramuscularly together with butor-
phanol 0.4 mg/kg (Butomidor® 10mg/ml, Richter-Pharma,
Austria), an analgesic and sedative pre-anesthetic. Anaes-
thesia was induced with propofol (2-4 mg/kg) . After induc-
tion, the endotracheal tube was placed and anaesthesia was
maintained with isoflurane (%1.5-4) Isoflurane 100 mL,
Adeka ilag, Turrkiye) at a concentration of 1.5-1.8%.

Surgical approach to the ilium wing and the dorsal surface
of the sacrum

Two methods were used to approach the iliac spine. First,
the locations of the dorsal iliac spine and the caudal iliac
spine on the lateral surface of the iliac body were deter-
mined. The caudal 1/3 of this area was considered and the
point where it met the ventral iliac spine was calculated.
Starting from the ilium wing, the area continuing to the cor-
pus was divided into two equal parts. The junction of the re-
gion where the line from the dorsal iliac spine divides the
iliac body was chosen as the ideal area for drilling. A screw
of appropriate length (60% of sacrum lenght) was advanced
until its tip was on the medial surface of the ilium. The ilium
was aligned caudally with the articular surface of the sacro-
iliac joint. The tip of the screw was directed into the pre-pre-
pared groove hole in the sacrum and the screw was tight-
ened.

Dorsal approach to the ilium body

A dorsal approach was used to access the body of the ilium,
allowing exposure of L7, the sacrum, and the luxation site.
The incision started cranially at the dorsal iliac spine and con-
tinued caudally in a line parallel to the midline towards the
hip joint. The sacroiliac joint was exposed and Hoffman ele-
vator were used to enter between the ilium and sacrum. The
fibrous cartilaginous articular surfaces of the sacrum were
exposed. A hole was made 2 mm cranially and 2 mm proxi-
mal to the center of the articular cartilage. The depth of the
hole in the sacral corpus was adjusted to allow the tip of the
screw to extend to the median line of the corpus sacrum. Ra-
diographs were taken before completion of surgery to assess
the position of the screws.
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Statistical Analysis

The Shapiro-Wilk test was applied and the normality as-
sumption was found to be satisfied (P>0.05). This result indi-
cates that the data followed a normal distribution. There-
fore, paired sample t-tests were used to compare the means
of the preoperative and postoperative results.

RESULTS

Clinical Results

The sex distribution of the cats that underwent surgery was
as follows: 55.6% males and 44.4% females. In terms of
breed distribution, 50% of the cats were mixed breed
(Tabby), 33.4% were British Shorthair, 5.6% were Scottish
Fold, 5.6% were Bombay, and 5.6% were Ankara cats. Post-
operative clinical follow-up of the cases in this study showed
a good prognosis. There were no problems with neurological
dysfunction, defecation or urination.

Radiological Results

In the 18 cases diagnosed with sacroiliac dislocation, the dis-
tribution of associated fractures and dislocations was as fol-
lows 16.6% had bilateral sacroiliac luxation, 16.6% had sa-
croiliac luxation with an ilium body fracture, 16.6% had sa-
croiliac luxation with an ischial fracture, 11.1% had sacroiliac
luxation with an pubic bone fracture, 11.1% had sacroiliac
luxation with both pubis and ischium fractures, 5.6% had sa-
croiliac luxation with an acetabular fracture, 5.6% had sacro-
iliac luxation with both acetabular and iliac fractures, 5.6%
had sacroiliac luxation with both iliac and ischium fractures,
5.6% had sacroiliac luxation with pubic and iliac fracture and
femoral head luxation, 5.6% had sacroiliac luxation with pu-
bis, ilium, ischium and pelvic symphysis fractures.

Preoperative and postoperative measurements of sa-
crum-sagittal distance, acetabulum-sagittal distance and
pelvic canal width ratio (PCWR) are shown in Figures 1, 2 and
3 and Table 2.

Figure 1. Pre and postoperative images of the 12th case with a bilate-
ral luxation of the right sacroiliac joint.
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Figure 2. Pre and postoperative images of the 2th case with a
bilateral sacroiliac joint luxation and a fracture of the pubic bone.
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Figure 3. Pre and postoperative images of the 13th case with bi-
lateral sacroiliac luxation and left ilium fracture

Table 2. Preoperative and postoperative sacrum-sagittal plane distance, acetabulum-sagittal plane distance, and pelvic canal width ratio
(PCWR) values of the cases.

Preoperative
sacrum-sagittal

Postoperative
sacrum-sagittal

Preoperative aceta-

Postoperative acetabu-

No plane distance plane distance bulum-s.agittal plane lum-sagittal plane dis- Preoperative Postoperative
(R\L) (R\L) distance (R\L) tance (R\L) (PCWR) (PCWR)

1 0.84\0.42 0.79\0.74 0.88\0.81 0.96\0.81 1.34 1.16

2 1.23\1.23 0.74\0.57 1.48\0.75 1.00\0.71 0.9 13

3 0.93\0.58 0.90\0.49 1.07\0.88 1.02\0.83 1.15 1.33

4 1.39\0.96 1.40\1.35 1.64\1.05 1.19\1.72 1.14 1.05

5 0.64\0.86 0.88\0.84 0.88\0.24 1.02\1.06 0.75 1.20

6 1.48\1.14 0.67\0.72 1.95\1.00 0.48\0.88 1.13 0.98

7 0.84\0.47 0.76\0.68 0.79\0.67 0.40\0.74 1.11 0.8

8 1.03\0.56 0.61\0.61 0.91\0.63 0.72\0.82 0.97 1.26

9 1.07\0.91 1.16\1.09 1.16\0.89 1.35\1.18 1.04 1.12

10 0.66\0.48 0.67\0.67 0.68\0.45 0.59\0.71 1 0.98
11 0.81\0.74 1.39\1.53 0.77\1.01 1.77\1.80 1.15 1.2
12 0.63\0.70 0.91\0.91 0.74\0.84 0.91\1.07 1.19 1.09
13 0.96\0.89 0.79\0.85 1.09\0.41 1.04\1.04 0.81 1.27
14 0.96\1.23 1.12\1.37 1.07\1.46 1.58\1.54 1.56 1.25
15 0.82\0.64 1.02\1.00 0.73\0.87 1.29\0.95 1.11 1.11
16 1.23\1.17 0.76\0.61 1.44\0.54 0.89\0.91 0.83 1.31
17 0.93\0.84 1.38\1.51 1.09\0.46 1.52\1.78 0.88 1.14
18 1.12\1.91 1.16\1.24 1.19\1.98 1.54\1.67 1.05 1.34

Preoperative pelvic canal ratio, hemipelvic canal ratio
and distance between the iliums of the cases (Table 3). Post-
operative pelvic canal ratio, hemipelvic canal ratio and dis-
tance between the iliums of the cases (Table 4). There was
no statistically significant difference between the pre and
postoperative distance between the two iliums (p > 0.05).
Similarly, there was no statistically significant difference be-
tween the pre and postoperative pelvic canal ratio (P>0.05).
However, a statistically significant difference was found be-
tween the pre- and post-operative hemipelvic canal ratio
(P<0.05) (Table 5).

However, when evaluating the radiographic measure-
ments of pre and postoperative pelvic canal ratio, hemipel-
vic canal ratio and inter-ilium distance, a return to normal
anatomical structure between the right and left ilium was
observed in all cases before and after surgery, although no

statistically significant difference was found (P>0.05). No sta-
tistically significant difference was found in the pelvic canal
ratio before and after surgery (P>0.05). However, a statisti-
cally significant difference was observed in the hemipelvic
canal ratio before and after surgery (P<0.05). In addition,
postoperative radiological follow-up of sacroiliac dislocation
cases showed good anatomical alignment. Although there
was no statistical change between the pre- and post-opera-
tive inter-ilium ratios, a reduction in the post-operative av-
erage was observed. The pelvic canal ratio (distance from
the sacrum to the ilium) was 1.06 cm preoperatively and
1.16 cm postoperatively, showing no statistical difference
but a recorded increase. A statistically significant difference
was found in the acetabulum/midline ratio pre- and post-op-
eratively (P<0.01).
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Table 3. The preoperative pelvic canal ratio, hemipelvic canal ratio, and distance between iliums of the cases are presented

Distance between Pelvic canal Hemipelvic canal

Case No iliums (R\L) ratio ratio (R\L)
1 0.84\0.42=2 1.69\1.26=1.56 0.88\0.81=1.08
2 1.23\1.23=1 2.23\2.46=0.91 1.48\0.75=1.97
3 0.93\0.58=1.6 1.95\1.51=1.3 1.07\0.88=1.2
4 1.39\0.96=1.45 2.69\2.35=1.14 1.64\1.05=1.56
5 0.64\0.86=0.74 1.12\1.5=0.75 0.88\0.24=3.7
6 1.48\1.14=1.3 2.95\2.62=1.13 1.95\1.00=1.95
7 0.84\0.47=1.8 1.46\1.31=1.11 0.79\0.67=1.18
8 1.03\0.56=1.8 1.54\1.59=0.97 0.91\0.63=1.4
9 1.07\0.91=1.18 2.05\1.98=1.04 1.16\0.89=1.3
10 0.66\0.48=1.38 1.13\1.14=0.99 0.68\0.45=1.5
11 0.81\0.74=1.09 1.78\1.55=1.15 0.77\1.01=0.76
12 0.63\0.70=0.9 1.58\1.33=1.19 0.74\0.84=0.88
13 0.96\0.89=1.08 1.5\1.85=0.81 1.09\0.41=2.66
14 0.96\1.23=0.8 2.53\2.19=1.16 1.07\1.46=0.73
15 0.82\0.64=1.3 1.6\1.46=1.10 0.73\0.87=0.84
16 1.23\1.17=1.05 1.98\2.4=0.83 1.44\0.54=2.7
17 0.93\0.84=1.1 1.55\1.77=0.88 1.09\0.46= 2.37
18 1.12\1.91=0.59 3.17\3.03=1.05 1.19\1.98=0.6
Mean 1.231+0.387 1.059+0.194 1.577 £0.836

Table 4. The postoperative pelvic canal ratio, hemipelvic canal ratio and distance between iliums of the cases are presented

Distance between

Case No

iliums (R\L)

Pelvic canal
ratio

Hemipelvic canal

ratio (R\L)

O 00 N O UV B~ WN -

[ S N U o e
0o N o Ll A W N R O

Mean

0.79\0.74=1.07
0.74\0.57=1.30
0.90\0.49=1.83
1.40\1.35=1.04
0.88\0.84=1.05
0.67\0.72=0.93
0.76\0.68=1.12
0.61\0.61=1
1.16\1.09= 1.06
0.67\0.67=1
1.39\1.53=0.9
0.91\0.91=1
0.79\0.85=0.93
1.12\1.37=0.82

1.02\1.00= = 1.02

0.76\0.61=1.25
1.38\1.51=0.91
1.16\1.24=0.94

1.065+0.224

1.77\1.53=1.16
1.71\1.31=1.30
1.85\1.39=1.33
2.91\2.75=1.06
2.08\1.72=1.21
1.36\1.39=0.98
1.14\1.44=0.80
1.54\1.22=1.26
2.53\2.25=1.12
1.3\1.34=0.97
3.57\2.92=1.22
1.98\1.82=1.09
2.08\1.64=1.27
3.12\2.49=1.25
2.24\2.02=1.11
1.8\1.37=1.31
3.3\2.89=1.14
3.21\2.4=1.34
1.162 +0.145

0.96\0.81=1.19
1.00\0.71=1.40
1.02\0.83=1.23
1.19\1.72=0.70
1.02\1.06=0.96
0.48\0.88=0.55
0.40\0.74=0.54
0.72\0.82=0.88
1.35\1.18=1.14
0.59\0.71=0.83
1.77\1.80=0.98
0.91\1.07=0.85
1.04\1.04=1
1.58\1.54=1.03
1.29\0.95=1.36
0.89\0.91=0.98
1.52\1.78=0.85
1.54\1.67=0.92
0.966 +0.240

Table 5. A comparison of the ratio between the two iliums. The ratio between the sacrum and ilium and the ratio between the acetabulum
and the midline before and after surgery is presented

Preoperative Postoperative

Std. Ave- Std. p-
n Average . .
Deviation rage Deviation value
Distance between iliums 18 1.23 0.387 1.07 0.224 0.085
Pelvic canal ratio (ratio between the sacrum and 18 1.06 0.194 1.16 0.145 0.114
ilium)
Hemipelvic canal ratio (ratio between the acetabu- 18 1.58 0.836 0.97 0.240 0.010*

lum and the midline)
* P<0.05. Paired samples t-test
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Postoperative Surgical Findings

The lateral surface of the ilium body was identified along
with the points of the cranial and caudal dorsal iliac spine.
The caudal 1/3 of this region was considered and its junction
with the ventraliliac spine was calculated. In cases where the
screws were misplaced, the screw placement was re-evalu-
ated. A dorsal approach to the body of ilium exposed the
dorsal and midline of L7, the sacrum and its dislocations. As
the fibrous cartilaginous articular surfaces between the ar-
ticular joint and the sacrum were exposed and visible, screw
placement was more precise. In all 18 cases, the clinical
course remained with no complications.

DISCUSSION AND CONCLUSION

In cats with sacroiliac luxation, even in cases where surgery
may be beneficial, clinicians tend to favour conservative
management. This is based on the belief that cats have a bet-
ter prognosis for recovery from such injuries than dogs
(26,27). Surgical procedures are potentially difficult due to
the anatomical structure of the feline sacrum. In previous
years, conservative management was generally considered
the preferred and sufficient option for pelvic fractures in cats
(11,14,27). The belief that cats can successfully cope with
such injuries and that the traditional repair method of sacro-
iliac dislocation is technically challenging and risky has influ-
enced this decision (27). In a retrospective study, Bennett
(14) reported good functional outcomes in most cases after
conservative treatment, with no significant lameness ob-
served at four weeks. However, complications of conserva-
tive management included dislocation of pelvic fragments,
pelvic canal stenosis and constipation or obstipation (16).
However, according to Langley-Hobbs (17), although the
prognosis appears good after conservative treatment in cats,
ankylosis of one or both sacroiliac joints and degenerative
changes in the lumbosacral joint often develop. This is
thought to be due to altered force transmission and com-
pensatory overload (26). Surgical stabilisation of sacroiliac
luxations is advocated as it provides early pain relief and im-
proves patient comfort (23,28). As 58.6% of cats with pelvic
fractures also have concomitant musculoskeletal injuries,
these factors are particularly important (26). Long-term
studies evaluating the quality of life in cats with sacroiliac
luxation treated conservatively and surgically are lacking
(11). In addition, although few cats present with lameness
after conservative treatment, a large number develop de-
generative osteoarthritis in the affected sacroiliac joint, con-
tralateral sacroiliac joint and lumbosacral joint due to al-
tered force transmission and compensation (26). Surgical fix-
ation of sacroiliac dislocations restores normal pelvic anat-
omy and establishes a strong connection between the ap-
pendicular and axial skeleton, ensuring normal alignment of
force transmission and facilitating early pain-free walking
(29,30).

In this study, surgery was preferred for sacroiliac dislo-
cation. Surgical repair of sacroiliac dislocation has ad-
vantages, including early pain relief, less narrowing of the
pelvic canal, relief of compression of organs passing through
the pelvic canal, and reduction of pressure on the sciatic
nerve. Nerve damage has been reported to heal in 81% of
patients with pelvic fractures and sacroiliac dislocations (11).
Rare postoperative complications include repair failure,

nerve damage, bladder control problems and fecal inconti-
nence (29). In this study, one of the approaches used to ex-
pose the sacroiliac joint was a dorsal and lateral approach to
the ilium. A small Hohmann retractor was used to lift down
the ilium wing ventrally, exposing the articular surface of the
sacral wing. The iliac-directed drill was aimed to reach the
articular surface of the sacrum for screw stabilization. The
screws used were positioned to cover approximately 60% of
the space between the two ilia. After application, radio-
graphs were taken before closing the surgical site and the
screws were checked for proper placement. If the screws did
not exert pressure on the anatomical region, a second screw
was used for stabilisation. Screws that were not in the de-
sired plane were removed and repositioned. In cases where
a lateral iliac approach was used, although the anatomical
region of the ilium was correctly identified, there was a
higher chance of missing the articular surface of the sacrum
body due to the risk of displacement from trauma. Similar
results have been reported in previous studies (8,9).

When drilling the ilium in cats, it has been shown that
the drill point is not a useful indicator for determining the
location of the screw hole in the sacral wing. Correct place-
ment of the drill hole at the first attempt is critical because
the space available for correct screw placement is much
smaller than the implant itself. The average size of this area
is less than 0.5 cm?, which is approximately 25% of the artic-
ular surface of the sacral wing. Any further intervention re-
duces the chances of obtaining a solid drill hole with good
bone purchase for the screw. To reduce the risk of incorrect
screw placement, a pilot hole was first made with a small di-
ameter Kirschner wire (2,28,31,32). As postoperative radio-
graphs were taken, faulty implants were corrected. In previ-
ous studies, screw placement was considered excellent if at
least 60% of the sacral application was achieved, protecting
the vertebral canal (8,9). The low rate of vertebral canal pen-
etration observed in this study may be explained by the ac-
curate calculation of the anatomical region of the ilium and
the use of small diameter screws, which reduced the risk of
vertebral canal penetration in the small safe area.

As there was no non-surgical group in this study, it is
difficult to objectively state that surgical repair of sacroiliac
dislocation results in faster recovery compared to conserva-
tive approaches in cats. However, studies have reported that
minimally displaced sacroiliac dislocations can be managed
conservatively with good results (30). In cases of sacroiliac
dislocation, surgical stabilization should be performed if
there is moderate to severe displacement of the pelvis from
the sacrum, if both the left and right sacroiliac joints are lux-
ated, or if there are symptoms suggestive of sciatic nerve in-
volvement. If the function of the sciatic nerve is compro-
mised, surgery should be performed as soon as possible to
reduce pressure on the nerve, which will help prevent per-
manent damage (33). In the cases in this study, preoperative
neurological examination revealed a decrease in sciatic
nerve reflexes. However, postoperative reflexes returned
and normal leg function was observed. Restoration of neu-
rological signs is considered to be the most reliable prognos-
tic indicator in cats with sacrococcygeal dislocation, and nor-
malisation of urinary function is a sign that the process is
progressing positively. Previous studies support these find-
ings (29). Furthermore, the results of single and double



Sever at al., Dicle Univ Vet Fak Derg 2025;18(1):63-70

Investigation of the Effect of Screw Fixation of Sacroiliac Luxation on ...

screw stabilisation were found to be consistent with recent
studies (34,35).

Postoperative clinical evaluations indicated a favorable
recovery in all cases, with no signs of neurological issues or
problems related to defecation or urination. Radiographic
assessments revealed that the anatomical alignment be-
tween the right and left ilium improved after surgery. While
some measurements showed no statistically significant
changes, there was a noticeable improvement in overall pel-
vic alignment. Radiological follow-ups confirmed proper an-
atomical positioning, and certain parameters demonstrated
meaningful differences after surgery, suggesting that screw
fixation contributed to restoring a more normal pelvic struc-
ture. The absence of constipation was considered an im-
portant clinical outcome. In addition, the pelvic canal diam-
eter ratio provides an indication that pelvic canal width has
been restored after pelvic injury repair (36). It has been re-
ported that the normal pelvic canal diameter ratio in dogs
and cats is 21.1 (37). In the cases in this study, 84% had a
pelvic canal diameter greater than 1.1, while the remaining
16% were close to this value. The pre- and post-operative
rates of pelvic canal narrowing were closely related to the
surgical procedure performed.

In conclusion, it is believed that surgical fixation in cats
with sacroiliac luxations will restore normal pelvic anatomy
and the strong connection between the appendicular and
axial skeleton, thus ensuring normal alignment of force
transmission and facilitating early pain-free walking. Neuro-
logical problems will be alleviated and the urinary and excre-
tory systems will function normally. Although positive devel-
opments were observed in the pre and post-operative re-
sults of inter-ilium distance, pelvic canal ratio and hemipelvic
canal ratio, no statistical differences were found in some pa-
rameters. This suggests that an increase in the number of
cases should be considered. In the chosen surgical tech-
nique, the dorsal exposure of the iliac body allows for easier
identification of the articular joint and the fibrous cartilagi-
nous articular surfaces of the sacrum, thus facilitating the
procedure. Additionally, It was also recommended that non-
surgical groups be included in the evaluation to increase the
power of the study.
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Oz

Son yillarda yapilan galismalarda, sigir embriyolarinin in vitro tretimi énemli dlglide gelistirilmistir.
Ancak, yapilan galismalar, in vitro Uretimde embriyolarin birgok mikro ortama uyum saglamasi
gerektigi icin sonuglarin in vivo embriyo Gretim basarisina gére daha diisiik oldugunu gostermektedir.
Ayrica in vitro embriyo Uretiminde bulunulan sivilarin taklit edilmesi ve ortamlarin stabilizasyonunda
da ciddi problemler yasanmaktadir. Bu nedenle embriyolarin (retilmesi sirasinda laboratuvar
ortaminin stabilizasyonunu saglamak ve basariyr artirmak igin, in vitro kiltir ortamini etkileyen
cevresel faktorlerin (isi, 151k, osmolarite, nem, inkiibator, ugucu organikler, gaz fazi, kiltlr ortami, yag
kaplamasi, tercih edilen plastik materyaller vb) etkisi unutulmamalidir. Sunulan bu derlemede, in vitro
embriyo Uretiminin en 6nemli basamaklarindan biri olan in vitro kiltiir asamasini etkileyen gevresel
faktorlerin dGneminin agiklanmasi amaglanmaktadir.

Anahtar Kelimeler: Cevresel faktorler, embriyo, in vitro kiltir, sigir

Environmental Factors Influencing In Vitro Culture in Cattle
Abstract

In vitro production of bovine embryos has improved significantly in recent years. However, studies
show that in vitro embryo production is less successful than in vivo embryo production. However,
studies have shown that in vitro production results are lower than in vivo embryo production success
because embryos need to adapt to many microenvironments. Also, in in vitro embryo production,
there are serious problems in mimicking the fluids and stabilizing the environments. Therefore, the
influence of environmental factors affecting the in vitro culture environment (temperature, light, os-
molarity, humidity, incubator, volatile organic compounds, gas phase, culture medium, oil coating,
preferred plastic materials, etc.) should not be forgotten to stabilize the laboratory environment and
increase the success of embryo production. In this review, it is aimed to explain the importance of
environmental factors affecting the in vitro culture stage, which is one of the most important steps of
in vitro embryo production.

Key Words: Cattle, embryo, environmental factors, in vitro culture
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GiRiS
Diinyada ve lilkemizde, hayvansal kaynakl Griinlere talep gi-
derek artmaktadir. Gelismis Ulkelerde, tiketilen hayvansal
protein miktari, (ilkemizde tiiketilen miktarin yaklasik iki ka-
tidir. Turkiye, hayvansal kaynakli protein ihtiyacini karsila-
mak icin hayvancilik alaninda yapilan biyoteknolojik calisma-
lara ve ithalata acik hale gelmistir. Ulkemizde ve tiim
diinyada, artan talebi karsilamak ve hayvan islahi amaciyla
yapilan biyoteknolojik uygulamalar arasinda klonlama, senk-
ronizasyon, suni tohumlama ve embriyo transferi (ET) gibi
calismalar yer almaktadir (1,2). Hayvanciligin gelismesi agi-
sindan 1970’li yillarda baslayan ET calismalari, gliniimizde
yaygin olarak uygulanmaktadir. Hayvancilik ekonomisinin
gelismis oldugu ulkelerde, ET uygulamasi ile yillik 1,5 milyon
civarinda embriyo Uretimi yapiimaktadir (3). Tirkiye’de ise
1980’li yillarda baslanan ET uygulamalarinda; gerekli alt yapi
ve personelin bulunmamasi, hayvan kayitlarinin sistemli ol-
mamasi, genetik degerlerin bilinmemesi, elde edilen gebelik
oranlarinin farkhligi ve maliyetin yiksek olmasi nedeniyle
saha sartlarinda 6nemli bir basari elde edilememistir (4-6).

Sigirlarda biyoteknolojik bir yontem olan ET in vivo ve
in vitro olmak Uzere iki sekilde yapilmaktadir. Ozellikle son
yillarda sigirlarda in vitro embriyo lretimine (IVEP) karsi ilgi-
nin arttigi bilinmektedir (7). Ancak laboratuvarda yapilan bir-
¢ok calismanin sonucunda IVEP oraninin %20 ile %40 ara-
sinda oldugu bildiriimektedir. Diinya ¢apinda IVEP, sigirlarda
yaygin olarak kullanilmaktadir. Uluslararasi Embriyo Tekno-
lojileri Topluluguna (IETS) gore 2019 yilinda sigirlarda dreti-
len toplam embriyonun yaklasik %70’inin in vitro yontemle
elde edildigi rapor edilmistir (8). in vitro embriyo Uretimi;
ovaryumlardan oosit eldesi, in vitro matursayon (IVM), sper-
manin fertilizasyon igin hazirlanmasi, in vitro fertilizasyon
(IVF) ve in vitro kiltir (IVC) adimlarindan olusmaktadir
(9,10).

in vitro kiltir, fertilizasyonun ardindan olusan embri-
yolarin morula-blastosist asamasina kadar gelismesinin sag-
landigi ortamdir (11). Son yillarda hazir ticari kiltir medyum-
lar ve yontemleri daha ¢ok tercih edilmesine ragmen, kon-
vansiyonel embriyo kultur sistemleri ilk olarak John Biggers
tarafindan kullanilmigtir. Kiltur ortamlarinda ilk olarak so-
matik hiicre kdkenli Ringer ve Tyrode tiirevleri basit tuz ¢6-
zeltileri ve Ham’s F10 gibi medyumlar kullanilmistir. Kullani-
lan bu kiltir medyumlarinin embriyo gelisim oranlari ve hiz-
lart sinirlt kalmustir (12). in vitro kiltir, IVF sonrasi embriyo-
larin kalitesi ve blastosist gelisimlerinde 6nemli bir rol oyna-
maktadir (13,14). Gunumuzde IVC'de blastosist asamasina
ulasan muhtemel zigotlarin orani %20 ile 40 arasinda degis-
mektedir (8,15). Bu nedenle IVC'de kullanilan medyumlarin
kimyasal yapisi ve icerigindeki bilesenler (protein, serum, se-
rum albumini, aminoasitler, bliyime faktorleri, somatik
hiicrelerden hazirlanmis kokiltir katki maddeleri, vitamin-
ler, antibiyotikler ve antioksidanlar vs.), bazi kimyasal ve gev-
resel faktérler in vivo embriyo Uretiminde optimum sartlari
saglamak amaciyla oldukga 6nem arz etmektedir (16,17).

iN VITRO KULTURU ETKILEYEN FAKTORLER

in vitro kiltirde kullanilan katki maddelerinin in vitro emb-
riyo gelisiminde farkliliklar olusturdugu bildirilmektedir. in
vitro kiiltirde embriyonik gelisimi ve kalite artisini saglamak
amaclyla cevresel ve biyokimyasal parametreler optimum
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seviyede tutulmalidir (10). in vitro kiltiirii etkileyen biyokim-
yasal parametreler; serum kalitesi, protein ve makro mo-
lekiiller, enerji kaynaklari ve antioksidan maddelerdir. in
vitro kiltlra etkileyen gevresel parametrelerde ise; sicaklik,
pH, 1sik, ozmolarite, nem, inklibatoér, kullanilan petri kaplari,
ugucu organikler, personel ve gazlar yer almaktadir (18).

iN VIiTRO KULTURU ETKILEYEN BiYOKIMYASAL
FAKTORLER

Kiltiirde, serumun kalitesine ve elde edilme zamanina gore;
fetal buzagi serumu (FCS), yeni dogan buzagi serumu (NCS),
Ostrustaki inek serumu (ECS) gibi farkl serumlar kullanilmak-
tadir. Serumun hangi yastaki hayvandan elde edildigi 6nem-
lidir. Yeni dogan buzagl serumu ile yetiskin sigir serumlari
karsilastinildiginda, NCS’nin IVC'de morula-blastosist elde
etme oraninin ECS’e gore daha Ustiin oldugu belirtilmektedir
(19). Ayrica yetiskin sigir serumunda protein orani %85 iken
immunoglobulin konsantrasyonu FCS’de daha fazladir (20).
in vitro kiiltiirde nadir olarak at ve domuz gibi hayvan tiirle-
rinden elde edilen serumlar da kullanilmaktadir. in vitro
kiiltir de en yaygin kullan serum ise FCS'dir (21). in vitro
kiltirde maternal ve fetal serum bilesikleri protein ve makro
molekil kaynagi olarak kulanilmaktadir. Kiiltir vasatina ek-
lenen FCS morula ve blastosit asamasinda indikleyici etkiye
sahiptir (22,23). Klltlir vasatlarinda protein ilavesi olarak FCS
ve inek serum albimini (BSA) enerji kaynagi olarak da eklen-
mektedir. Yapilan ¢alismalar; kiltiriin 7. glininde FCS, BSA
ve instlin ilavesinin ge¢ morula/erken blastosist oranini ar-
tirdigini bildirilmektedir (24,25). in vitro embriyo kiiltiriinde
makro molekillerin varligi, gamet ve embriyolarin ma-
niptlasyonunu kolaylastirmaktadir (26). Bununla birlikte,
embriyonun preimplantasyon déneminde kan proteinlerinin
kullanimi, kontaminasyon ve enfeksiyon risklerini artirdig
bildirilmektedir (27).

Embriyonik gelisimin diizenlenmesinde en 6nemli pro-
tein kaynagl aminoasitlerdir. Ovidukt sivisinda en ¢ok bulu-
nan protein IgG’dir (immunglobiilin G). Erken embriyonik d6-
nemde plasenta olusumuna katilan trofoblast hiicreleri, no-
nesansiyel aminoasitleri ve glutamini kullanir. Preimplantas-
yon dénemde (8 hiicreli) esansiyel aminoasitlerin kullanil-
masi fetal gelisim olasiligini artirmaktadir (28). Aminoasitler,
IVF sonrasi sigir embriyolarinin gelisimini etkiler ve blastosist
asamasinda toplam hiicre sayisini artirir (29). in vitro kiltir
de protein kaynagi olarak kullanilan BSA’nin birgok faydasi
bulunmaktadir. inek serum albumin, embriyoyu agir metal-
ler gibi toksik maddelerde karsi korumaktadir. Ayrica BSA,
bliylime faktorleri gibi bazi hormonlari igerir. Bunun yaninda
BSA vasatin ylzey gerilimini azaltarak embriyolarin pipet,
tlp veya petriye yapismasini engellemektedir. Embriyonik
gelisim amaciyla siklikla kullanilan BSA’nin avantajlarn ya-
ninda 6nemli dezavantajlari da bulunmaktadir. Bu dezavan-
tajlardan bazilari mitokondrial bozukluklar, fazla miktarda
laktat dretimi, hicre ici kitlede istenmeyen olusumlar,
apoptotik hicrelerde artistir. Ayrica protein sentezinde,
hiicre baglanti sayilarinda, trofoblast hiicreleri ve i¢ hiicre
kitlesi (ICM) oraninda azalmalar goruldigu belirtiimektedir
(30). Somatik hticreler IVEP’de varyasyon kaynagi olarak ku-
lanilmaktadir. Ayrica, IVC'de kullanilan somatik hicreler,
inek viral diyaresi-mukozal hastaligi (BVD-MD) gibi viral kon-
taminasyona karsi da hassastir. Sigir Herpes Virtis-1 (BHV-1)
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embriyonik hiicrelerde viral replikasyon yapmasa bile emb-
riyo gelisimini ve in vitro kiltir ortamlarini etkileyebilmekte-
dir (31,32).

in vitro embriyo kiiltiiriinde kullanilan enerji kaynaklari
genellikle laktat, piruvat ve glikozdur. Zigot, erken embriyo-
nik dénemde birincil enerji kaynagi olarak piruvati tercih
ederken, sekiz hiicreli asamada glikoz kullanmaktadir (33).
Pentoz fosfat yolu (PPP) tarafindan metabolize edilen glikoz,
nikleik asit sentezi icin gerekli olan riboz parcalarini Gretir.
Erken embriyonik donemde glikoz kullaniimamasinin nedeni
fosfofruktokinaz (PFK-1) enzim aktivitesinin olmamasidir.
Ayrica fetal serumdaki glikoz konsantrasyonun eriskin bir si-
girdan 6 kat fazla oldugu bilinmektedir. Koyun ve sigirlarin
aksine, 6zellikle erken embriyonik donemde (4. gline kadar)
manda embriyolarinin in vitro kiiltiir igin glikoz varliginin ge-
rekli oldugu ortaya konmustur (34).

in vivo sartlarda embriyonun kendisinde ve uterusta
bulunan antioksidan sistemler embriyoyu koruma altina alin-
maktadir. Bu antioksidan sistemler, glutatyon, taurine, hipo-
taurin, askorbat, piruvat, glutatyon peroksidaz, sliperoksit
dismutaz (SOD), katalaz (CAT), E ve C vitaminleridir (35). Fa-
kat in vitro sartlarda gelisen embriyolar kendi icerdigi antiok-
sidan sistemleri disinda oksidatif strese karsi koruyucu baska
bir mekanizmaya sahip olmadiklarii¢in, in vitro embriyo lre-
timinde oksidatif stresin kontrol ve koruma altina alinmasi
gerekmektedir. Bu amagla IVEP asamalarinda (IVM, IVF)
ozellikle de in vitro kiltiir medyumlarina, antioksidan enzim-
ler (SOD, CAT vb.), metal selatérler (EDTA vb.), thiol bilesik-
leri (glutatyon, sisteamin vb.), proteinler ve vitaminler eklen-
mektedir (36). Glutatyon (GSH) ve sistein hiicre ici fonksiyon-
larinin (DNA, protein sentezi) korunmasinda ve reaktif tiirle-
rin zararl etkilerine karsi 6Gnemli etkinlige sahiptir (37). Emb-
riyo gelisiminin ilk fazinda istenilen etkinin saglanmasi igin ol-
gunlasma ortamina antioksidan maddelerin eklenmesinin
kritik bir nokta oldugu bilinmektedir (38). Sentetik ovidukt si-
visi (SOF) ilave edilen dithioerythritolun (DTE) (50 uM)
bolinmis embriyo oranina onemli katki sagladigi bildiril-
mektedir (39). Glutatyon domuz, hamster, koyun, sigir ve
fare dahil olmak lizere cesitli tiirlerde oosit olgunlasmasi si-
rasinda sentezlenir. Glutatyon sentezi, sisteinin varligina
baghdir ve hiicre igi sistein seviyeleri hiz sinirlayici bir faktor
olarak embriyo gelisimini etkileyebilir (40,41). Yapilan bazi
¢alismalar mandalarin oosit olgunlagsmasi sirasinda ortama
sisteamin eklenmesi ile sitoplazmik glutatyon iceriginin ve
bunu takiben embriyo gelisiminin arttirdigini bildirilmistir
(41). Fare embriyolarinda yapilan IVC sirasinda C ve E vita-
minlerinin ortama eklenmesinin oksidatif hasari azalttig1 ve
blastosist gelisim oranlarini iyilestirdigi bildirilmistir (42). An-
tioksidan olarak C ve E vitaminlerinin kombinasyonu, lipit pe-
roksidasyonunun &nlenmesinde oldukg¢a dnemlidir. Bu ne-
denle farkh kiltir medyumlarina katilan antioksidanlar ile il-
gili baska calismalarin yapilmasi gerektigi ve kiltir ortamla-
rinda etkili antioksidanlarin ve dozlarinin saptanmasiyla
kiltir medyumlarinin iyilestirilebilecegi bildirilmektedir (30).

iN VITRO KULTURU ETKILEYEN CEVRESEL FAKTORLER

Son yillarda yapilan ¢alismalarda sigir embriyolarinin in vitro
Uretimi 6nemli 6lguide gelistirilmistir. Ancak, yapilan ¢calisma-
larda hala IVEP basarisi in vivo Uretilen embriyolardan daha
duslikttr. Clinkd in vitro tGretimde embriyolarin bircok mikro
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ortama uyum saglamasi gerekir. Fakat in vitro embriyo (re-
timinde bulunulan sivilarin taklit edilmesi ve ortamlarin sta-
bilizasyonunda hala sorunlar yasanmaktadir. Bu nedenle,
embriyolarin lretilmesi sirasinda ortam stabilizasyonu bu-
yuk 6nem arz etmektedir (43). Sigir embriyolarinin dreti-
minde IVC en son adimi olusturmaktadir. in vitro kiiltir muh-
temel zigot olusumunu takiben yaklasik 6-9 glinlik kultir
suresini icermektedir. Sigir embriyolarinda en yaygin kullani-
lan vasatlari SOF’lar olusturmaktadir. Sentetik ovidukt sivilari
IVEP sisteminin temel yapi taslarini olusturmaktadir. Kaltir
slresince embriyolar tek bir vasat sistemi veya vasat
formiilasyon kombinasyonlarinin olusturulmasi ve degistiril-
mesi ile olusturulan sirali sistemlerde gelistirilebilmektedir.
Olusturulan sirali sistemler embriyonun oviduktan uterusa
dogru ilerlemesi sirasinda bulundugu fizyolojik ortamlarin
taklit edilmesi ile olusturulmaktadir. Ancak, olusturulan tim
vasatlarin basarisi bazi cevresel faktérler nedeniyle laboratu-
vardan laboratuvara bile degiskenlik gosterebilmektedir
(44,45). In vitro kiltir kosullari son yillarda, esas olarak or-
tam formdlasyonlarinin ayarlanmasiyla gelistirilmistir. Bu-
nunla birlikte, cogu kultir sisteminde %30'un lzerinde blas-
tosist olusumu saglanabildigi, ancak her zaman ayni basariya
ulasilamadig bildirilmektedir. Bu durumun en 6nemli neden-
leri arasinda; serum takviyesinin embriyo/fetal gelisim igin
zararh olmasi, anormal derecede embriyonik ve fetal
bliyime sekillenmesi ve degismis gen modelleri yer almakta-
dir. Bununla birlikte, farkh embriyo kiltir( ortamlarinin ve
yontemlerinin varligi, embriyo kiltir ortaminin en uygun bi-
lesenlerini tanimlamayi ¢cok zor hale getirmektedir (46,47).
in vitro embriyo iiretiminde basariy1 IVC'deki iyilestir-
meler haricinde tiim IVEP sisteminin basarisi ayri ayri etkile-
mektedir. Ayrica, kiltir ortami bircok cevresel faktorden et-
kilenmektedir. Bu cevresel faktorler arasinda; laboratuvar
ortami (1s, 1stk, osmolarite, nem), inklibasyon kosullari ve in-
kiibator etkenleri, ugucu organikler, gaz fazi, kiltir ortami,
yag kaplamasi, tercih edilen plastik materyaller ve sterilizas-
yon sekilleri ve embriyo yogunlugu yer almaktadir. Ayrica,
bunlara ek olarak IVEP adimlarinin tim siirecine dahil olan
personelin becerisi de basariyi etkileyebilmektedir (48-50).

Mineral Yaglar

in vitro kiltur sitemlerinde yag kaplamasi, ortam osmolarite-
sinde ve sicaklikta dalgalanmalara neden olabilecek buhar-
lasmalari 6nlemek igin yaygin olarak kullanilmaktadir. Ayrica,
kullanilan mineral yaglarin lipofilik toksik maddelerin biriki-
mini azalttigl da bildiriimektedir. GlinUmuzde genellikle ter-
cih edilen nemlendirme sistemi mevcut olmayan tezgah Usti
inkUbatorler icin, mineral yag kullanimi gereklidir. Ancak,
nemlendirme sistemi mevcut ve yeterli hacimde kiiltir med-
yumu kullanilan sistemler var ise acik kiltir veya yag kapla-
masi olmayan kiiltiir teknikleri kullanilabilir. in vitro kiiltir, in
vitro embriyo Giretiminin en uzun adimi olmasi nedeniyle bu
surecte kullanilan mineral yaglar bliyik 6nem arz etmektedir
(51). In vitro kiiltiir sistemlerinde tercih edilen mineral yag-
larin avantajlarina ragmen sigir, domuz, insan, koyun ve fa-
rede yapilan ¢alismalarda, embriyo gelisiminde olumsuz et-
kilerinin de olabilecegi bildirilmistir. Mineral yaglarin en
blylk olumsuzlugunun ¢6ziinebilir maddeleri emme potan-
siyellerinden kaynakl oldugu bildiriimektedir. Ozellikle mi-
neral yaglar kiiltir ortamindaki steroid hormonlari (6strojen
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ve progesteron) absorbe ederek ortamdaki biyoyararlanim-
larini azaltabilmektedir. in vitro kiiltirde tercih edilen yagin
kimyasal 6zelligine gére absorpsiyon yetenekleri farklilik gos-
terebilmektedir (52). Mineral yaglarin, reaktif ¢ift bagh kar-
bonlarin oksidasyonu ile Uretilen peroksitlerin, Ozellikle
mikro damlacik kiltiirinde deoksiribonikleik asitin (DNA)
parcalanmasina neden oldugu bilinmektedir. Bu durum,
embriyo gelisiminde dejenerasyona neden olmaktadir. Ay-
rica yaglarin yiksek oranda kiiltiir vasatina temas yiizeyinin
olmasi, olusabilecek dejenerasyonun artmasina ve kiiltir or-
taminin kirlenmesine neden olur. Olusan dejenerasyon kul-
lanilan yagin tiirline, konsantrasyonuna ve hiicrelerin maruz
kalma stiresine gore degiskenlik gosterebilmektedir. Sonug
olarak, bu durum elde edilen blastosist oranini diisiirmekte-
dir (52,53). Son zamanlarda mineral yaglarin zararlarini azalt-
mak icin bazi teknikler kullanilmaktadir. Bu amagla kullanilan
yontemlerden biri, mineral yagi yikayarak hacmini kigult-
mek veya cok miktarda kiiltiir vasati kullanarak mineral yagin
embriyo lizerindeki toksik etkisini azaltmaktir. Mineral yag-
lar yikamak igin %0.9’luk fizyolojik tuzlu su veya sentetik in-
san tlp sivisi (HTF) kullanilabilmektedir (52). Mineral yagin
olumsuz etkisini azaltmak igin bir diger secenek de yagsiz
kiltar sistemlerini kullanmaktir. Bu yontemde ortam su ile
cevrelenerek ozmolaritesi stabilize edilebilmektedir. inek ve
domuzlarda yapilan bazi ¢alismalar mevcut olmasina rag-
men, ineklerde yagsiz kiltur sistemlerinin kullanimi sonrasi
embriyo gelisiminde 6nemli oranda distsler meydana gel-
mistir (54). Bununla birlikte, mineral yaglardan dolayi olusa-
bilecek embriyo toksisitesini &nlemek icin yaglar uygun ko-
sullarda saklanmahdirlar. Miimkiin oldugunca mineral yagla-
rin depolama siiresince isi ve ultraviyole (UV) oksidasyonunu
sinirlamak gereklidir. Bu nedenle serin (+4°C'de) ve karanlik
bir ortamda muhafazasi onerilir. Ayrica, mineral yaglarin pe-
roksidasyonunu 6nlemek igin en uygun saklama materyalinin
cam siseler oldugu bildirilmektedir. Embriyo sayisi ve kalite-
sini artirmak igin laboratuvarlarda mineral yaglarin kullanimi
Oncesi biyoanaliz testlerinin yapilmasi 6nerilmektedir (52).

inkiibator

in vitro embriyo Uretimi yapilan laboratuvarlarin en énemli
ekipmanlari inkiibatérlerdir. inkiibatérlerin secimi ve yéne-
timi, kiltur sistemlerinin optimizasyonu icin olduk¢a 6nemli-
dir. inkiibatérler, embriyo kiiltiir ortamlarinda gaz ve sivilarin
seviyelerinin diizenlenmesinde énemli bir rol oynar. Ayrica,
inklbatorler ortam sicakhigini dogrudan diizenler ve embri-
yolarin maruz kaldigi pH’y1 dengeler. Mevcut ¢alismalarda
periyodik olarak inkiibatorler agilarak maturasyon, fertilizas-
yon ve embriyolarin kiltlir asamasindaki gelisimleri (morfo-
lojisi, bliyimesi, kalitesi) takip edilir. Bu islemler sirasinda in-
kiibatorlerin kapaklarinin agilarak inklibator ici gaz ortaminin
degisimini saglayarak, gaz ve sicakhigin ayarlanmasina yar-
dimci olur. Klasik olarak in vitro fertilizasyon veya biyotekno-
loji laboratuvarlarinda genis hacim skalasinda (50-500 L) in-
kiibatorler kullanilmaktadir. Ancak, in vitro fertilizasyon la-
boratuvarlarinda 0.01-1 mL arasinda olacak sekilde mikro
droplar seklinde ¢calismalar yapildigi bilinir. Bu durum inkd-
batorler hakkinda bazi sorulari akillara getirmektedir. Orne-
gin; “inkiibatér hacminin buyik olmasi gerekli mi?”’, “inki-
batoér hacminin gaz lizerine etkisi var mi?”, “kapagin acilip
kapanmasi sonrasi Isi ve gaz seviyelerinin geri donlisim siire-
sini etkiler mi?”’, “gaz ve 1sinin geri doniisim siiresi embriyo
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gelisimini olumsuz etkiler mi?”’ Bu sorularin cevabina istina-
den ozellikle insan IVF laboratuvarlarinda minimalist kabin
(benchtop, small box type) seklinde inkiibatorler kullanil-
maktadir. Ancak, yapilan ¢alismalar karsilastirildiginda inki-
batorlerin embriyo gelisimi Gzerinde etkilerinin farki net ola-
rak ortaya konulamamistir (55). Bugline kadar, Ustiin bir
inkUbator tipi konusunda net bir fikir birligine varilamamustir.
Clnku etkinlik ve cevresel kararlilik biyik 6lctde inklibator
kullanimina ve yonetimine baghdir. Laboratuvarlarda inki-
bator kapaklarinin stirekli agilip kapanmalarini 6nlemek igin
yeterli sayida inkiibatdr olmasi énerilir. insan ve farelerde
yapilan ¢alismalarda inklibator kapaginin ¢ok sik agilmasi 6n-
lendiginde elde edilen blastosist oranlarinin artigi bildiril-
mektedir (56). Glinlimuzin optimal kiltlr sistemi, inkiibator
icinde dislik oksijen kullanimini gerektirir. Cok sayida hayvan
calismasi, fare, kedi, koyun, domuz, inek ve sican dahil olmak
lizere, atmosferik seviyelere kiyasla azaltilmis oksijen kon-
santrasyonlari kullanmanin faydali oldugunu gostermistir
(57).

Ugucu Organikler (Volatile Organics-VOCS)

inkiibatérlerin bulundugu ortamin atmosfer kalitesinin de
embriyo kultlr sistemlerinde basariyi etkiledigi bildirilmek-
tedir. in vitro fertilizasyon laboratuvarlarinin havasinda alde-
hitler, benzen, toluen veya etanol gibi ugucu organik bilesik-
lerin (volatile organic componds-VOCS) varliginin, kiltr or-
tamindaki embriyolari tehlikeye atabilecegi bildirilmektedir.
Ugucu organik bilesikler embriyo toksisitesine neden olabil-
mektedir. Laboratuvarlarda koti hava kalitesinin olumsuz et-
kilerinden kaginmak gereklidir. Toksik maddelerin laboratu-
vara, inkibatore ve kiiltiir ortamina olan olumsuz etkilerini
ortadan kaldirmak veya minimalize etmek gereklidir. Bu ne-
denle laboratuvarlar tasarlanirken VOC’lari azaltacak sekilde
plan yapilmalidir. Ugucu organik bilesiklerinin normal atmos-
ferik kosullar altinda buharlasabilen temel olarak insan ya-
pimi kimyasallar oldugu bilinir ve yaygin kaynaklari insaat
malzemeleri, ahsap mobilyalar, boyalar, yapistiricilar, mo-
torlu tasit emisyonlari ve temizlik tiriinleridir. Ozellikle labo-
ratuvarlarda kokusuz 6zel boyalarin kullaniimasi tavsiye edi-
lirken dolgu macunlari ile toksik yapistiricilardan da kaginil-
masi Onerilmektedir. Ayrica VOC'larin preimplantasyon 6n-
cesi embriyolarin gelisimi Uzerine de zararh etkileri oldugu
bilinir. Laboratuvarda pozitif basingh hava akisi ile hava te-
mizleme sistemlerinin ve inkiibatorler icin uygun in-line filt-
relerin kullanilmasi, hava kaynakh kirleticilerin seviyesini en
aza indirmeye ve sonuglari iyilestirmeye yardimci olacaktir
(58,59). Ugucu organik bilesikler laboratuvar igindeki bazi
sarf malzemeler gibi (ambalajlar dahil) cesitli kaynaklardan
yayilabilir. Bu amacla laboratuvarlarda gaz ¢ikarma siiresini
belirlemek icin bir VOC olger kullanilmalidir. Ayrica, labora-
tuvar personeli de parfiim, deodorant ve sigara kullanimi gibi
durumlarda VOC'lara neden olabilir (60).

Kiiltlir Kaplari (Petriler)

Embriyo kiltlrd icin yeni mikro veya nano hacimli kiltlr pet-
rileri gelistiriimekte ve bunlarin mikro ortami optimize et-
mek icin kullanilmasi 6nerilmektedir. Ayrica bu petri kaplari
bireysel embriyo gelistiriimesine, embriyonun metabolomik-
lerinin takibine, genetik analizine ve embriyo izleme ¢alisma-
larina olanak saglar. Ayrica, bu petriler bireysel embriyo
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kiltaranu gelistirebilir veya embriyonun hizlandirilmis goé-
rintileme veya genetik teshis i¢in izleme ¢alismalarinda kul-
lanilabilir. Son zamanlarda yapilan ¢alismalar, well-of-well
(WOW) petri kullanilarak mikro volim ortamlari olusturma
yaklasiminin, daha buyik hacimli kiiltiir petri kaplarina ki-
yasla embriyo gelisimi icin daha iyi olabilecegini gbostermek-
tedir. Bu WOW petri kullaniminda embriyolari tek tek barin-
dirmak icin mikro kuyucuklar kullanilabilmekte ve ayni za-
manda tim embriyolar ortak bir ortami paylasarak birbirine
yakin bir yerde bulunmaktadir (61). Kiltir sistemlerinin op-
timize edilebilmesi igin kullanilan petrilerin non-toksik ol-
masi 6nerilir. Bu nedenle laboratuvarda kullanilan petrilerin
kalite kontrollerinin yapilmasi gereklidir. Kalite degerlendiril-
mesi yapilan petrilerin steril olarak paketlenerek kullanimina
kadar saklanmasi istenir. Genellikle malzemelerin kullanimi
oncesi firmalarin vermis oldugu kodlar ile kalitesi kontrol edi-
lebilmektedir. Firmalar petrileri genellikle "6nceden test
edilmis" olarak satmaktadir. Ancak bu Ureticilerin biyo-ana-
lizleri, her laboratuvarin bireysel duyarlilik kriterlerini karsi-
lamayabilir. Ayrica, uygun olmayan saklama kosullari petrile-
rin toksik hale gelmesine yardimci olabilir. Bu nedenle kiiltiir
sistemleri icin kullanilacak olan petrilerin muhafazasina dik-
kat edilmelidir (62).

pH

Bu parametre dogrudan laboratuvarlar tarafindan kontrol
edildiginden ve laboratuvarlar arasinda 6nemli dlclide degi-
sebildiginden, kiltlr ortaminin pH'si 6zel bir 5Sneme sahiptir.
Ortam pH'si oncelikle ortamin kendisindeki bikarbonat
(HCO3) konsantrasyonu ve kiiltlir inktibatorinin karbondi-
oksit (CO3) konsantrasyonu tarafindan belirlenir. Ancak labo-
ratuvarin bulundugu yiikseklik (konum olarak), protein takvi-
yesi ve kullanilan farkli vasat tirleri gibi faktorlerin tima
pH'y1 etkiler. Ayrica, tek inkiibatér kullanimi CO;'nin tiim
alanda kullanilmasini engelleyebilir. Bu nedenle, bu para-
metre her bir kullanici tarafindan kendi laboratuvarinin 6zel
kosullarina gore olgtilmeli ve ayarlanmalidir (63,64). Embri-
yolar farkli ortam pH'sinda gelisebilse de i¢ pH degisimlerinin
embriyo gelisimini, metabolizmasini ve hatta fetal blylimeyi
etkileyebilecegi bilinmektedir. Bununla birlikte pH'yi tek ba-
sina izole etmek zordur. Bikarbonat ve CO, degerlerindeki
degisiklikler pH'y1 cok hizh etkilemektedir (55,64). Kaltlr or-
tamlarinda pH degisimlerini izlemek icin fenol kirmizisi sik
kullanilan bir kimyasaldir. Ancak bazi ¢calismalar fenol kirmi-
zisindan kaynakh eseri miktar ostrojenik etkinin ortami de-
gistirebilecegini bildirmektedir. Ayrica fenol kirmizisi kullani-
minin 1s18a maruz kalmasi ardindan reaktif oksijen tirlerinin
(ROS) olusumuna yol acabilecegi 6ne slriImustir. Ancak,
ROS olusumu modern insan embriyo kiltlr ortami kullanilan
kosullar altinda gorilmemistir. Bu nedenle, fenol kirmizisinin
olumsuz bir etki yarattig sonucuna net olarak varilamaz ve
gorsel bir pH indikatériniin belirli bir laboratuvar igin yararh
olmasi durumunda, segilen bir ticari preparatin laboratuvar
ortamda kullanimi 6nerilebilir (55). En 6nemli kiltir para-
metrelerinden biri kiltlr ortaminin dis pH'sidir (pHe). Ciplak
oositler, i¢c pH'y1 (pHi) 7.1'de tutma yetenegine sahip degildir
veya sinirhdir. Bu nedenle, pHe'nin 7.2 ile 7.3 arasinda bir pHi
degerinde kalibre edilmesi gerekir. Morula ve blastosist asa-
malarindaki embriyolarin, erken bdlinme asamasindaki
embriyo ve oositlere gore pHi'lerini stabilize etme olasiligi
daha yuksektir. Bu asamalardaki embriyolarda protonlarin
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hiicrelerden disari atilmasiyla veya hiicre zarinda bulunan
spesifik tagsima sistemleri araciligiyla HCO3'in alinmasi ile si-
tozollerinin tamponlanmasi saglanabilir. Yagsiz bir kultir
petri kabi inklibatorden gikarilir ve gazsiz bir atmosfere ma-
ruz kalirsa, pH'nin kisa bir surede yiikseldigini bildiriimekte-
dir. Embriyolarin inkiibasyonu sirasinda sicaklik veya CO,
konsantrasyonunda yasanan degisiklikler, kiltlir ortaminin
pH'sini etkileyerek embriyo gelisimini olumsuz etkiler
(65,66). Hiicrelerde hem ROS hem de nitrik oksit (NO) Ureti-
minin artmasi, mitokondrideki pH gradyani lizerindeki degi-
sikliklerle belirlenir. Bu nedenle, pH 6zellikle hiicresel mito-
kondride solunumun baska bir isletim sistemi uyaricisi olarak
kabul edilmistir. insanlarda oosit ve embriyo gelisim sira-
sinda pH’da degisiklikler oldugu ve bu degerlerin oositlerde
6.98-7.03, embriyolarda ise 7.12 civarinda oldugu bildiril-
mektedir. Bunun yanisira kullanilan medyumlarindaki orta-
lama pH degeri olan 7.2-7.3’lin oosit ve embriyo gelisimi igin
uygunlugu hala tartisiilmaktadir (66).

Ozmolarite

Ozmolarite, embriyo gelisimini énemli olglide etkileyebilen
kiltlr ortaminin bir bilesenidir. Yiksek ozmolaritenin emb-
riyo gelisimini durdurabilecegi bildirilmektedir. Kiltir vasat-
larindaki buharlagsmay etkileyen faktorler, ortam ozmolari-
tesini de degistirir. Ozmolaritenin embriyo gelisimi lizerin-
deki etkisi, temel amino asitler gibidir. Ozmolarite bilesenleri
ozmolit gorevi gorebildigi ve hicrelerin hacim diizenleme-
sine yardimci oldugu i¢in, ortam bilesimine baghdir. Ozmola-
rite ticari vasat Ureticileri tarafindan belirlense de laboratu-
vardaki kosullar ozmolariteyi degistirebilir ve dolayisiyla
embriyo gelisimini etkileyebilir. Kiltur vasatlarindaki buhar-
lasmayi etkileyen faktorler, ortam ozmolaritesinin de degisi-
mine neden olabilir. Ozmolarite degisimlerine; zaman, kulla-
nilan vasat miktari, hava akisi, nem, mineral yaglarin kulla-
nimi ve sicaklik farkhliklar gibi faktérler neden olabilir. Bu
nedenle kiltir vasatlari hazirlanirken titiz olunmal ve
inkUibator icerisindeki buharlagsmalar da g6z 6niinde bulun-
durulmalidir. in vitro kiiltiir ortamlarinda istenilen optimum
ozmolaritenin 240-308 mOsm oldugu bildirilmektedir (55).

Nem

inkiibatérlerin nemlendirilmesi, IVEP basarisi icin oldukga
onemlidir ve embriyo kiiltlriinin ozmolaritesini etkileyebil-
mektedir. Nem eksikliginden dolayi olusan hipertonik or-
tamda; ROS miktari artmakta, hiicre blzismesi goézlen-
mekte, DNA veya mitokondriyal hasar olusmakta, hiicre
dongusii ve apoptozis durmaktadir. Tim bu olaylar embriyo
gelisimini olumsuz etkilemektedir. in vitro embriyo Uretimi
¢alismalarinin sonuglarinda; nemli kiltiir kosullari (285-290
mOsm) ile kuru kiltiir (308 mOsm) kosullari karsilastirildi-
ginda, elde edilen sonuglarinin nemli ortamda 6nemli oranda
yiksek oldugunu belirlendi (67,68).

Isik

Isigin, kultlir ortaminin yag peroksidasyonuna ve foto-oksi-
dasyonuna neden olarak dogrudan veya dolayl olarak emb-
riyo gelisimine olumsuz etkileri oldugu kanitlanmistir. Hams-
terlarda ve insanlarda yapilan ¢alismalar, gozle gérulebilir isi-
gin embriyolar Gzerinde toksik etki olusturdugu ve bu duru-
mun artan ROS olusumundan kaynaklandigini bildirmekte-
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dir. Aslinda, belirli dalga boylarinda elektron tasima zincirle-
rinin enzimleri tarafindan emildigi ve bunun da ROS lretimi-
nin artmasina neden oldugu bildirilmektedir. Bu etkinin,
mavi spektrumdaki radyasyonu ekarte edebilen 6zel filtreler
kullanilarak azaltilabilecegi bildirilmektedir. Ortamlardaki
ROS miktari artmadan 6nce bir hiicrenin ne kadar siire 1s1ga
maruz kalmasi gerektigi bilinmemekle birlikte bu siirenin 5
dakikayr gegmemesi istenmektedir (68,69). Ayrica, mikros-
koplarda kullanilan isik kaynaklarindaki kisa (320-400 nm) ve
uzun (400-750 nm) dalga boylarinin kromozomal hasar ve
mutasyona neden olabilecegi bildirilmektedir. in vitro kiiltir
ortamlarinda istenilen optimum 1sik dalga boyu uzunlugu
olarak 475-500 nm tavsiye edilmektedir (68).

Gaz Bilesenleri

in vitro embriyo Uretiminde farkli memeli tiirlerinde ovidukt
ve uteruslarindaki oksijen seviyeleri degerlendirildiginde ok-
sijen konsantrasyonunun %2-8 oldugu belirlenmistir. Yapilan
calismalar sonucunda in vitro embriyo kiltiiri icin fizyolojik
oksijenin (%5) yiksek konsantrasyondaki oksijen (%20) sevi-
yelerine gbre daha basarili sonuglar alindigi bildirilmistir. Ay-
rica hayvanlarda oksijen seviyeleri %5, %10, %15 ve %20 ola-
rak yapilan ¢alismalarda sirali olarak blastosist elde etme
oranlarinin azaldigi ve oksijen artisi ile orantili olarak embriyo-
larda bloklanma (8-16 hiicre) gozlendigi bildiriimektedir. Buna
ek olarak ylksek konsantrasyonlu O, varliginda embriyolarin
gelisiminin de geciktigi fark edilmistir. Bunun sebebi olarak
yuksek oksidatif stresi artirdigi ve bolinmeler sirasinda kim-
latif etki yaparak embriyo boliinmelerini blokladigi diisinil-
mektedir. Bu nedenle in vitro kiiltlr sirasinda %50,, %5CO, ve
%90N; gaz karisimi standart olarak kabul edilmistir (48).

Sicakhik

in vitro fertilizasyon laboratuvarlarinda, CO; inkiibatérlerinin
sicakligr in vivo kosullari taklit etmek icin 37°C'ye ayarlan-
maktadir. Bununla birlikte, inkibatorlerin dis ekranindan her
zaman sicakligin dogrulugu kontrol edilemeyebilir. Genellikle
tezgah Ulzerinde kullanimi tercih edilen inklbatorlerde yak-
lasik £0.3°C'lik i¢ sicakhk degisimleri gérilebilmektedir. Bu
nedenle i¢ sicakligin dogrudan embriyo kiltiri ortaminda 6l-
¢lilmesi tavsiye edilir. Ayrica yiksek sicakliklar embriyolarda
1sI stresine neden olabilir ve ROS'u artirabilir. Bununla bir-
likte, olarak ani sicaklik degisimleri mitokondriyal islevde ve
nikleoit yapilarda bozulmalara, hiicre modifikasyonu ve kro-
matinlerde ¢okelmelere neden olabilmektedir. Ancak sigir
embriyolarinin diger tirlere gore sicakliga daha dayanikl ol-
dugu da bildiriimektedir. Buna ragmen tasima sirasinda si-
cakhg stabilize etmek icin, manipilasyonlarin ve gevresel ko-
sullarin kultur ortaminin 1s1 kaybini nasil etkileyebilecegini
dikkate almak 6nemlidir (66).

in vitro embriyo iiretiminde tim bu kosullarin yani sira la-
boratuvar personelinin tecriibesi ve manipulasyonlarinin da ba-
sarlyi etkilen faktorler arasinda yer aldig1 unutulmamalidir (48).

SONUC

Sonug olarak, IVEP’te basariyi artirabilmek icin IVF laboratu-
varlarinda ortamin optimize edilmesi olduk¢a dnemlidir. Bu
nedenle IVEP’in en dnemli basamaklarindan biri olan in vitro
kiltir strecinde, basariyi etkileyebilecek ¢evresel faktorler
(mineral yaglar, inklibatér, VOCs, petriler, pH, ozmolarite,
nem, isik, gaz bilesenleri ve sicaklik) goz ardi edilmemelidir.

FINANSAL BEYAN

Derlemenin olusturulmasinda herhangi bir finansal destek
alinmamaistir.

CIKAR CATISMASI

Yazarlar herhangi bir ¢ikar catismasi beyan etmemektedir.

YAZAR KATKILARI

FS; yazim, gozden gecirme ve diizenleme, AS; yazim ve taslak
olusturma, YED; yazim ve taslak olusturma.
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Gida kaynakli hastaliklar, ciddi saglik problemlerine ve 6énemli ekonomik kayiplara yol acgabilen,
enfeksiyoz ya da toksik karakterli hastaliklardir. Bu hastaliklar, diinya ¢apinda yillik 600 milyon
hastaliga ve 420 000 olime sebep olmaktadir. Gida kaynakli hastaliklarin  ¢ogunlugunu,
mikroorganizmalar ile bunlarin Urettigi toksinler olusturmaktadir. En 6nemli gida kaynakli enfeksiyon
etkenlerinden biri Escherichia coli (E. coli)dir. E. coli suslari, sebep olduklari hastaliklara, virulans
faktorlerine, hastalarda olusturduklari klinik semptomlara, bagirsak mukozasi ile olan etkilegsimlerine,
epidemiyolojilerine ve serotiplerine gore siniflandirilarak alti grupta toplanir. Son vyillarda bu
serotiplerden halk saghgi icin 6nemli bir tehdit olarak gorilen, shiga toksin treten E. coli (STEC)
literatiirde 6n plana gikmistir. E. coli 0157, diinya Uizerinde basta klgik ¢ocuklar olmak lizere tiim yas
gruplarindaki bireyleri etkileyerek, énemli saglik problemlerine sebep olan, en fazla bilinen STEC
serotipiydi. Fakat son vyillarda E. coli’'nin neden oldugu ciddi enfeksiyon tablolarindan diger
serogruplarin da izole edilmesi ciddi endiselere yol agmistir. Bunun {izerine ABD Gida ve ilag Dairesi
(FDA), “Blyuk Altil (Big Six)"” olarak bilinen, gidalarda bulunan ve 0157 digi alti serogrup E. coli (026,
045,0103,0111, 0121 ve 0145) tanimlamistir. Bu serogruplardan kaynaklanan salginlar ABD Hastalik
Kontrol ve Korunma Merkezleri (CDC) ve Avrupa Gida Guvenligi Kurumu (EFSA)'nun raporlar
yayinlamasina sebep olmustur. Bu derlemede, gliniimuzde siklikla karsilasilan ve 6nemli halk saglig
problemlerine sebep olan Blyuk Altili (Big Six) E. coli serogruplarinin 6nemi ele alinmistir.

Anahtar Kelimeler: Biyuk Altili E. coli, E. coli, gida kaynakl hastaliklar, salgin, STEC

The Threat of Foodborne "Big Six"
Abstract

Foodborne diseases are infectious or toxic diseases that can cause serious health problems and signi-
ficant economic losses. These diseases cause 600 million illnesses and 420 000 deaths worldwide an-
nually. Most foodborne diseases are caused by microorganisms and the toxins they produce. One of
the most important foodborne infectious agents is Escherichia coli (E. coli). E. coli strains are classified
into six groups according to the diseases they cause, virulence factors, clinical symptoms they cause
in patients, their interactions with the intestinal mucosa, epidemiology and serotypes. In recent years,
among these serotypes, Shiga toxin-producing E. coli (STEC), which is seen as an important threat to
public health, has come to the forefront of the literature. E. coli 0157 was the most well-known STEC
serotype in the world, affecting individuals of all age groups, especially young children, and causing
significant health problems. However, in recent years, the isolation of other serogroups from serious
infections caused by E. coli has raised serious concerns. In response, the US Food and Drug Administ-
ration (FDA) identified six non-0157 serogroups of E. coli (026, 045, 0103, 0111, 0121 and 0145)
found in foods, known as the "Big Six". Outbreaks from these serogroups have led to reports from the
US Centres for Disease Control and Prevention (CDC) and the European Food Safety Authority (EFSA).
This review discusses the importance of the Big Six E. coli serogroups, which are frequently encoun-
tered today and cause significant public health problems.

Key Words: Big Six E. coli, E. coli, epidemic, foodborne diseases, STEC
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Gida kaynakl hastalik, Diinya Saglik Orgiiti (WHO) tarafin-
dan "gida ya da suyun tiiketimi sonucu olusabilen enfeksiy6z
ya da toksik karakterdeki hastalik" seklinde tanimlanmakta-
dir. Bilinen 200’den fazla gida kaynakli hastalik ile bu hasta-
liklara sebep olan birgok mikroorganizma bulunmaktadir (1).
Guvenilir olmayan gida, diinya ¢apinda yillik 600 milyon gida
kaynakli hastaliga ve 420 000 kisinin 6limiine neden olmak-
tadir. Diistik ve orta gelirli tlkelerde glivenilir olmayan gida-
lardan kaynaklanan ekonomik kaybin yaklasik 110 milyar
ABD dolari oldugu tahmin edilmektedir (2). Centers for Dise-
ase Control and Prevention (CDC), ABD’de her yil gida kay-
nakl hastaliklardan 48 milyon kisinin hastalandigini, 128 000
kisinin hastanede tedavi gordugiini, 3 000 kisinin ise 6ldi-
guni bildirmektedir (3).

Gida kaynakh hastaliklar hem halk sagligina hem de
ekonomiye buyik zararlar vermekte, bu hastaliklardan etki-
lenen bireylerin ciddi boyutlu saglik problemleri yasamasina
sebep olmaktadir (4). Gida kaynakli hastaliklara sebebiyet
veren cesitli etkenler bulunmaktadir. Bunlar; fiziksel etken-
ler, kimyasal etkenler ve biyolojik etkenlerdir. Gida kaynakli
hastaliklarin en 6nemli sebebi ise patojen mikroorganizma-
lardir (5). Mikrobiyal gida kaynakli hastaliklar, patojen bir
mikroorganizma ya da onun tretmis oldugu toksinin gidalar
ile alinmasi sonucu ortaya ¢ikan ve ¢ogunlukla gastrointesti-
nal semptomlara yol agan hastaliklardir (6).

Mikrobiyal gida kaynakli hastaliklarin en sik izole edilen
sebeplerinden bir tanesi de Escherichia coli (E. coli)dir. E.
coli, Enterobacteriaceae ailesinde bulunan, gram (-), cubuk
sekilli (7), spor olusturmayan, fakiltatif anaerob, hareketsiz,
oksidaz negatif, katalaz pozitif bir bakteridir. E. coli sicakhga
direng gosteremezken, soguk ve donuk muhafaza sartlarinda
canliligini stirdiirmektedir (8). E. coli’nin siniflandiriimasinda
flagellar (H), kapsular (K) ve somatik (O) antijenleri baz alinir
ve Kauffman semasi kullanilir (9). E. coli, cevresel kosullara
iyi adaptasyon gosterir, 7-49°C sicakhk arahginda, pH 4.5-9
araliginda, %6.5’lik tuz konsantrasyonlarinda canhlik ve geli-
sim gosterebilmektedir. E. coli’nin varhigini devam ettirebile-
cegi minimum su aktivitesi degeri 0.95 iken, optimal deger
ise 0.99'dur. Bakterinin optimum Ureme sicakligi ise 35-
37°C’dir (10). E. coli’'nin ETEC suslari 4°C’de de lreme goste-
rebilmektedir. Bununla beraber diger tireme kosullarinin da
uygun olmasi durumunda asidik ortamlarda da Greme goste-
rebildigi bildirilmektedir. insanlarin kalin bagirsaklarinda E.
coli’nin diizeyi 10° kob/g’dir. (8). Gidalarda veya herhangi bir
ortamda E. coli bulunmasi, fekal bulagma gergeklestiginin ka-
nitidir. Diger bir ifadeyle E. coli gidalarda fekal bulagsma indi-
katoriidar (11). E. coli, mikrobiyotasi olarak varligini stirdiir-
digu canlilarda kommensal bir bakteri olarak diger mikroor-
ganizmalarla beraber karsilikli yarar saglayacak sekilde yasar
ve diisiik de olsa canlilarda hastaliga sebebiyet verir. Buna
ragmen, insanlarda ve sicakkanli hayvanlardaki en yaygin pa-
tojen mikroorganizmalardan biri olup, genis bir hastalik agin-
dan sorumludur. insanlarda gastrointestinal sistem enfeksi-
yonlarina sebep olan E. coli turleri alti gruba ayrilmaktadir.
Bunlar; Enteropatojenik E. coli (EPEC), Enterohemorajik E.
coli (EHEC), Enterotoksijenik E. coli (ETEC), Enteroagregatif E.
coli (EAEC), Enteroinvaziv E. coli (EIEC), Diffiizadherent E. coli
(DAEC)'dir (12).

Gida Kaynakl “Bilyiik Alti” Tehlikesi

ENTEROHEMORAIJIK E. COLI (EHEC) EPIDEMIiYOLOJISI

EHEC ilk kez 1982 yilinda kanl ishal ve gastrointestinal bo-
zuklugu olan bir hastadan izole edilmis ve diinya ¢apinda bir
pandemiye yol agmistir (13). EHEC suslari, Shigella dysente-
rige tarafindan Uretilen shiga benzeri toksinleri Uretir ve bu
ozelligi ile onlari ginimize degin bilinen en 6lumcl ishale
sebep olan E. coli tiirli yapar. Bu yonuyle shiga toksin tireten
(STEC) E. coli olarak da adlandirilir (14).

STEC, 7-50°C araligindaki sicakliklarda treyebilmekte
olup, bakterinin optimum Ureme sicakhgl 37°C’dir. Baz
STEC’ler pH’si 4,4’e kadar olan asidik gidalarda ve minimum
su aktivite degeri 0,95 olan gidalarda gelisim gosterebilmek-
tedir. Gidalarin tim noktalarina uygulanan 70°C ve Uzerin-
deki sicakliklarda STEC inhibe edilebilmektedir (71). EHEC
icin minimal enfektif dozun disiik oldugu kabul edilmekte-
dir. Etkenin klinik belirtilere yol agacak dozu 10-100 orga-
nizma arasindadir (15).

STEC kaynakl enfeksiyonlar, Avrupa Birligi (AB)'nde in-
sanlarda en ¢ok bildirilen dérdiincii gastrointestinal gida kay-
nakl hastaliklardir. 2022’de AB’de, 7 117 dogrulanmis STEC
enfeksiyonu vakasi bildirilmistir. Bu, AB’nin 100 000 niifus
basina 2.1 vaka bildirim oranina karsilik gelir. Bu oran 2021’e
kiyasla %8.8'lik bir artigi gdstermistir. Bildirilen vakalar, pedi-
atrik yaslara (0-19 yas) karsilik gelen vakalarda, tim vakala-
rin %44.1’i, 6zellikle 0-9 yas arasi ¢cocuklarda ise %34.8’i olus-
turmaktadir . 2022 yilinda AB lkeleri arasinda en yiksek bil-
dirim oranlari 100.000 kisilik niifus basina irlanda (17.6
vaka), Malta (15.0 vaka), isveg (8.2 vaka) ve Danimarka (7.0
vaka)’da gézlemlenmistir (16).

EHEC’in bulagsmasinda gidalar 6nemli yer tutmaktadir.
Ozellikle hayvansal gidalarla bulasmada, yetersiz isil isleme
maruz kalmig kiyma ve kiyma ile hazirlanmis yemekler ile ¢ig
sit 6nemli rol oynamaktadir. Ayrica, kisiden kisiye bulasma
ve ¢apraz kontaminasyon sonucu bulasma da goz ardi edil-
memelidir (3). Cift tirnakli hayvan diskisiyla kontamine olan
sular, sebzeler, sirasiz elma sulan ve cift tirnakli hayvanlara
dogrudan temas sonucunda sekillenen bulasma yollari dikkat
cekicidir (17). Gevis getiren hayvanlar STEC ile enfekte olduk-
larinda asemptomatik olarak hastaligi tasirlar ve etken gast-
rointestinal sistemlerinde canhihigini strdarir (18). Sigirlar
EHEC kaynakli hastaliklarin en 6nemli kaynagidir (19). Sigirlar
diski ile cevreye etkeni sagarlar. Sigirlarin haricinde, kedi, ko-
yun, keci, geyik, bufalo ve domuzlarda da bu bakteri buluna-
bilmektedir (11). Sigir diskisi Uretim, isleme, tasima gibi asa-
malarda deriyi kontamine ederek, karkaslarin ve kirmizi et
drtnlerinin kontaminasyon riskini artirir. Bu sebeple, sigir
diskisi kesim aninda meydana gelebilecek potansiyel riskin
gostergesidir (20).

EHEC’in bilinen en patojen ve en yaygin 6rnegi olan
0157:H7, insanlarda hemolitik Gremik sendrom (HUS), he-
morajik kolit (HK), trombotik trombositopenik purpura (TTP)
gibi 6dnemli saglik problemlerine sebebiyet vermekte olup,
halk saghgini tehdit etmektedir (21). 2022’de, AB’de dogru-
lanmis insan vakalari arasinda en sik rapor edilen STEC serog-
rubu 0157'dir (16).

ViRULANS FAKTORLERI

E. coli’nin birgok virtilans faktori bulunmaktadir. Toksin Ure-
timi, demir transport sistemi, serum direng yetenegi, biyo-
film olusumu, adezinler ve kapsduiller bunlardan birkagidir. Bu
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faktorler, doku kolonizasyonunu tesvik eder, dokularda ha-
sar olusturur ve hastaliklarin uzak noktalara yayilimina ne-
den olur. Bu virtllans 6zellikleri ile, mikroorganizma anato-
mik ortamlari kolonize edebilir, konak¢l savunma mekaniz-
malarini gegersiz kilabilir ve konakgida inflamatuvar bir tep-
kiye sebep olabilir (22). Patojenitelerine etki eden ana et-
men, shiga toksin stx1 ve stx2 seklinde ifade edilen iki glicla
faj kodlu sitotoksin Gretme kapasiteleridir. Bu toksinler, tipki
bir bitki toksini olan risin gibi organizmaya etki eder. Baslica
endotelyal hiicrelerde ve diger hiicrelerde protein sentezini
engelleyerek etki gosterir (23). Stx1 ve stx2 kendi igerisinde
cesitli alt tiplere ayrilmaktadir. Stx1; stx1a, stx1c ve stx1d ola-
rak Uc alt tip; stx2 ise, stx2a, stx2b, stx2c, stx2d, stx2e, stx2f
ve stx2g olmak lizere toplam yedi farkli alt tir icermektedir
(24).

Bir diger virulans ile etkili faktor ise intimin adi verilen
bir proteindir. intimin, eae geni tarafindan kodlanip, STEC'in
bagirsak epitel hiicrelerine baglanmasini saglayarak, hiicre-
lerde lezyonlara sebep olur (23). Bununla beraber E. coli
0157:H7’nin icermis oldugu spesifik demir transport sistemi,
canli organizmada hem veya hemoglobini demir kaynagi ola-
rak kullanabilmektedir (8).

HASTALIK OLUSUMU VE SEMPTOMLARI

STEC’in sindirim yoluyla viicuda alinmasindan hastaligin his-
sedilmesine kadar gecen donem “kulucka donemi” olarak ta-
nimlanir. Bu dénem, etkene maruz kalinmasindan sonraki 3-
4 gunliik periyottur. Ancak bu siire gesitli etkilere bagli olarak
1ila 10 glin arasinda degisebilmektedir. Hastaligin semptom-
lari, genellikle hafif karin agrisi ya da diyare ile baslar. Birkag
giin icerisinde semptomlar agirlasir. ilk belirtilerin ortaya cik-
masindan yaklasik 7 giin sonra, HUS meydana gelebilmekte-
dir (25). HUS; akut b&brek hasari, mikroanjiopatik hemolitik
anemi ve trombositopeni ile karakterize bir durumdur. Co-
cuklarda meydana gelen akut bobrek problemlerinin bilinen
en sik sebeplerindendir. HUS'tin klinik bulgulari, trombotik
mikroanjiopati (TMA) sonucu gorulir. Arteriol ve kapiller du-
varlarda kalinlasma, endotellerin genislemesi ve tahribata
ugramasi bu hastaligin patolojik etkilerindendir. HUS sonucu
pek cok doku ve organ hasara ugrar (26). Hastalar yasamla-
rini devam ettirseler dahi, bdbreklerinde meydana gelen bo-
zukluklar ve bobrek yetmezligi sonucu diyaliz makinesine ba-
gimli olmaktadirlar (27) ve bu durum ciddi boyutlu tedavi
maliyetlerine yol agmaktadir (28).

STEC kaynakli HUS, ¢ocuklarda akut b&brek hasarinin
en 6nemli nedenidir (29). HUS, Avrupa ve Kuzey Amerika’da
15-18 yas araligindaki ¢ocuklarda yillik 100 000 vakada 0.6-
0.8 vaka iken, 3-5 yas araligindaki cocuklarda ise 1.9-2.9 vaka
olarak tahmin edilmektedir (30).

2022 yilinda STEC kaynakli HUS gériilen 16 yasindan kii-
¢clik cocuklarda, hastaligin norolojik etkilerine yonelik bir
arastirma yayinlanmistir. 240 ¢ocuktan 202’sinde STEC en-
feksiyonu dogrulanmis olup, ¢ocuklarda %11 oraninda noro-
lojik tutulumun meydana geldigi agiklanmistir (29).

STEC insidansinin en yiksek oldugu periyot, kuzey ya-
rimkirede Haziran ve Eylll aylar arasindadir. Sigir insidan-
sindaki yogunluk, kommensal tasima oranlari, kirsal konum,
sicak hava ve ardindan gergeklesen yagis gibi farkli faktorler
E. coli’nin bulagsmasindaki bu mevsimselligin temelinde yatan
sebepler olarak goriilmektedir (31).
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0157 DISI SHIGA TOKSIJENIK E. COLi SEROGRUPLARI

0157 digi STEC enfeksiyonlarinin gérilme sikligi son yillarda
dizenli bir sekilde artmaktadir. 026, 045, 0103, 0111,
0121, 0145 serogruplari, ABD’de 0157 disi STEC enfeksiyon-
larinin biytk kismindan sorumludur ve halk arasinda "Buyik
Altili E. coli" olarak adlandirilirlar (32).

0157 digi STEC enfeksiyonlarina yonelik spesifik tani
metotlarinin bulunmamasi nedeniyle, bu serogruplarin mey-
dana getirmis oldugu hastaliklara yonelik etkiler hafife alin-
mistir (33).

0157 disi STEC enfeksiyonlari pek ¢ok lilkede daha bi-
yuk problem olarak gériilmektedir. Avrupa’da tespiti yapilan
STEC enfeksiyonlarinin %50’lik bolimi 0157 disi tlrlerden
meydana gelmektedir. Ayrica, Avrupa’daki 0157 digi STEC
kaynakli enfeksiyonlarin sayisi, ABD’deki 0157 vakalarindan
daha yiksektir (34).

2022’de, AB’de tespiti yapilmis vakalar arasinda STEC
0157 serogrubu sonrasinda en sik rapor edilen serogruplar
026, 0103 ve 0146’dir. Buna karsilik HUS’ten izole edilen
STEC suslan dikkate alindiginda en yaygin serogrup 026 (va-
kalarin yarisindan fazlasi) iken, onu 0157, 080 ve 0145 se-
rogruplari takip etmektedir (16). CDC, 0157 disi STEC kay-
nakli enfeksiyonlarin %70’inin diger alti O serogrubu (026,
045, 0103, 0111, 0121, 0145) tarafindan olusturuldugunu
bildirmistir (35). ABD ve bazi (lkeler, Blyilk Altili E. coli’'nin
halk saghgi lizerindeki olumsuz etkileri sebebiyle, Bliylik altih
E. coli serogruplarini iceren et Urlinlerinin satisini yasaklayan
uygulamalar ortaya koymustur (36).

BUYUK ALTILI E. COLi SEROGRUPLARI VE ONEMLI
SALGINLAR

STEC 026

026, hem virulans faktérlerine bagl olarak Enteropatojenik
E. coli (EPEC) ya da Enterohemorajik E. coli (EHEC) seklinde
kategorize edilmektedir. STEC 026, insanlarda goriilen HUS
ve HK ile alakali en yaygin 0157 disi STEC serogrubu olmasina
ragmen (37), EPEC 026 daha az siddetli ishal olgularina se-
bep olur (38). STEC 026 ile STEC 026:H111 ishal, kanamal
ishal ve HUS ile iliskili enfeksiyonlara sebep olmaktadir. STEC
026’nin ilk olarak pediatrik EPEC ishaline sebep oldugu belir-
lenmistir. Japonya, Glney Amerika ve Avrupa’daki birgok
EHEC salginlarindan sorumlu tutuldugu tespit edilmistir (39).

STEC 026 kaynakli enfeksiyonlarda, ishal semptomlari
ivilestikce HUS gériilebilmektedir. Ancak bu etkenden kay-
nakl vakalarda HUS sporadik olarak gerceklesmektedir. HUS
vakalari yas fark etmeksizin gérilmekle birlikte, en sik cocuk-
larda ve yaslilarda gorilmektedir (40).

STEC 026, E. coli 0157 ile benzer hastaliklara sebep ola-
bilmektedir. E. coli 026, E. coli 0157 ile ayni toksin tipini Giret-
mekte olup, bobreklerde hastalik yapmaya sebep olma ihti-
mali daha azdir (41). E. coli 0157 gibi bulasici dozu dusiktar.
Evlerde ve cocuklarin bulundugu ortamlarda kisiden kisiye
bulasmalarin géraldagi agiklanmistir (42).

2007 yilinda Belgika’da STEC 0145 ve 026 kaynakli, 12
kisinin etkilendigi 5 HUS vakasinin meydana geldigi bir salgin
meydana gelmigstir. Salginin kaynaginin dondurma oldugu
tespit edilmistir (43). 2007 yilinda Danimarka’da STEC 026
kaynakli, sigir sosisinden meydana gelen 20 vaka gercekles-
mistir (44). 2012 yilinda ABD’de toplam 11 eyalette 29 kisinin
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etkilendigi, STEC 026 kaynakl bir salgin gerceklesmistir. Bu
salgina, restoranlarda tiketilen ¢ig yonca filizlerinin sebep
oldugu tespit edilmistir (40). 2015 yilinda ABD’de STEC 026
kaynakli iki ayri salgin gerceklesmistir. Meydana gelen ilk ve
daha buyuk olan salgin ABD’nin toplam 11 eyaletinde gorul-
mis, 55 kisi salgindan etkilenmis, 21 kisi hastanede tedavi
altina alinmistir. ikinci ve daha az sayida kisiyi etkileyen sal-
gin ise toplam 3 eyalette gorilmis ve 5 kisi etkilenmis, 1 kisi
ise hastanede tedavi altina alinmistir. Arastirmacilar hasta-
liga sebep olan STEC 026’ya yonelik DNA parmak izleri hak-
kinda kapsamli bir arastirma yapmak igin tiim genom dizilimi
yontemini kullanmiglardir. Yapilan ¢alismalarda, ikinci salgin-
daki hastalardan elde edilen izolatlar ile ilk salgindaki hasta-
lardan elde edilen izolatlarin genetik olarak benzerlik géster-
medigi tespit edilmistir. Arastirmalardan elde edilen epide-
miyolojik veriler, salgindan etkilenen kisilerin ayni restoran-
dan yemek yediklerini gostermistir. Restorandan alinan gida-
lar incelendiginde ise, STEC 026 tespiti yapilamamistir (45).
2016 yilinda ABD’de meydana gelen, 24 eyaleti kapsayan, 63
kisinin etkilendigi STEC 0121 ve 026 kaynakli salginda, 17 kisi
hastanede tedavi gérmiis, 1 kiside HUS gergeklesmistir. Ya-
pilan arastirmalarda, salginin kaynaginin un oldugu ve unlar-
dan alinan numunelerde 0121 ve 026 tespit edilmistir (46).
2018 yilinda ABD’de 4 eyalette, 18 kisinin etkilendigi, 6 kisi-
nin hastanede tedavi gérdiigi, 1 kisinin HUS gecirdigi, 1 kisi-
nin 6ldigi STEC 026 kaynakli salgin meydana gelmistir. Sal-
ginin kaynaginin kiyma oldugu tespit edilmistir (47). 2019 yiI-
linda ABD’de STEC 026 kaynakli, 9 eyaleti kapsayan, 3 kisinin
hastanede tedavi gordigi bir salgin meydana gelmistir. Sal-
ginin kaynaginin un oldugu belirlenmistir (48).

STEC 045

E.coli STEC 045 serogrubu, 0157 disi STEC serotipleri ara-
sinda sporadik kanli ishal vakalarina sebep olan serogruptur
(49). Tespiti yapilan ilk STEC 045 salgini, 2005 vyilinda
ABD’deki bir hapishanede gerceklesmistir. Bu salgina, hasta
bir gida ¢alisaninin sebep oldugu degerlendirilmis, toplam 52
mahk{m ishal veya kanli ishal semptomlari géstererek has-
taliga maruz kalmistir (50). Sonraki donemlerde, ABD’de
STEC O45:H2 serogrubu ile salginlar meydana gelmistir. Bu
salginlarda 18 hastalik rapor edilmis ve salginlarin kaynagi
olarak kontamine tiitstlenmis kegi ve av hayvanlarinin etinin
hastaliga sebebiyet verdigi bildirilmistir (51). 2023 yilinda
Birlesik Krallik'ta STEC 045 kaynakl salgin meydana gelmis-
tir. Bu salginda, dogrulanmig en az 30 vaka bildirilmistir. Sal-
gina sebebiyet veren lrlinlerin, ayni markaya ait farkl tirde
peynirler oldugu aciklanmistir (52).

STEC 0103

STEC 0103 serogrubunun, kanli ishal, kolit ve HUS ile iliskili
kiiresel captaki vakalarda tespiti yapilmistir (53). STEC
0103:H2, Avrupa’da insanlarda goriilen hastalik vakalarin-
dan tespiti yapilan en yaygin 0157 disi STEC serogruplarin-
dandir (54). 2006 yilinda Norveg’'te, STEC 0103:H25 kaynakh
salgin hastalik yasanmistir. Bu salginda toplam 17 vaka ger-
ceklesmistir. Vakalarin 16’sinda ishal, 10’'unda HUS meydana
gelmis ve bir de 6lim vakasi gerceklesmistir. Ayrica bu salgin,
yiiksek oranda HUS gergeklesmesi ile karakterizedir. Salgina
kiirlenmis koyun sosisinin sebep oldugu tespit edilmistir.
Hastalardan alinan diski 6rneklerinde, 11 hastada digki kil-
turlerinde E. coli 0103:H25 pozitif ¢itkmistir. Tespiti yapilan
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diski kilttrlerinin dokuzu stx-negatif, yalnizca iki tanesi stx2-
pozitif ¢ctkmistir (55). 2017 yilinda Almanya’da meydana ge-
len STEC 0103:H2 kaynakli salgin, Avusturya’ya yapilan bir
okul gezisinde ¢ig inek sitl tiketimi sonucu meydana gel-
mistir. Ogrencilerin ve dgretmenlerin oldugu 200 kisiden
45’inde hastalik semptomlari gériilmustir (56).

2019 yilinda ABD’de toplam 10 eyalette 209 kisinin en-
fekte oldugu STEC 0103 kaynakli salginda, 29 kisi hastanede
tedavi altina alinmis olup, 2 kiside HUS gergeklesmistir. Sal-
gina kiymanin neden oldugu tespit edilmistir (57). 2019 yi-
linda ABD’de toplam 8 eyalette 33 kisinin enfekte oldugu
STEC 0103 ve 0121 kaynakh salginda, STEC 0103'le 8 kisi,
STEC 0121 ile 21 kisi, her iki serogrup ile de 4 kisi enfekte
olmustur. Salginda etkilenen 31 kisiden 18’i hastanede te-
davi altina alinmis olup, hastaliga bizon eti ve bizon etinden
yapilmis koftenin sebep oldugu tespit edilmistir (58). 2020
yilinda, ABD’de toplam 10 eyalette, 51 kisinin enfekte oldugu
STEC 0103 kaynakli salginda 3 kisi hastanede tedavi gérmius-
tur. Hastaliga yonca filizlerinin sebep oldugu tespit edilmistir
(59).

STEC 0111

Tespiti yapilan salginlarda, STEC 0111 serogrubunun insan-
larda ciddi boyutlarda gastroenteritis ve HUS iceren salgin-
lara sebep oldugu tespit edilmistir. 1987 yilinin Kasim ayinda
Finlandiya’da alti glin sliren, STEC 0111 kaynakh bir salgin
gerceklesmistir. Bir okulda meydana gelen bu salginda biyiik
¢ogunlugunun 7 ile 19 yas araliginda oldugu 611’i 6grenci,
toplam 700’0 askin kisi etkilenmistir (60).

1995’te Avustralya’da STEC 0111’den kaynaklanan,
158 kisinin etkilendigi sosis tiiketiminden kaynakli bir salgin
gerceklesmistir. Bu salginda 23 HUS vakasi gériilmiistir. Sal-
ginin sosis tiketiminden kaynaklandigi tespit edilmistir (61).
1999’da ABD’nin Teksas eyaletinde bir kafeteryanin salata
bar bolimiinden salata yiyen 56 kisi de STEC 0111 kaynakli
salgin hastalik meydana gelmistir (49). 2012’de ABD’nin Ok-
lahoma eyaletinde 341 kisinin etkilendigi, STEC 0111 kay-
nakli salgin meydana gelmistir. Bu salginda 70 kisi hastanede
tedavi gérmus, 1 kisi yasamini yitirmistir. Yapilan c¢alisma-
larda salginin kaynaginin, gida hazirlik ekipmanlari oldugu ya
da gida calisanlari ve gidalar arasinda ¢apraz bulasmanin bu
salgina neden oldugu oldugu tespit edilmistir (62).

STEC 0121

STEC 0121 serogrubu, HUS ya da HK hastalarindan izole edil-
digi icin, Enterohemorajik E. coli (EHEC) olarak siniflandiril-
maktadir (53).

1999 yilinda ABD’de meydana gelen STEC 0121:H9 kay-
nakli salginda, 11 vaka meydana gelmis ve bu vakalar ara-
sinda HUS gerceklesen hastalar da tespit edilmistir. Enfeksi-
yona gol suyunun sebebiyet verdigi tespit edilmistir (63).
2009 yilinda Japonya’da bir anaokulunda STEC 0121 kay-
nakli, 31 kisinin etkilendigi, kisiden kisiye temas sonucu olu-
san salgin meydana gelmistir (64).

2013 yilinda ABD’de STEC 0121:H19 kaynakli, toplam
19 eyaleti kapsayan salginda 35 vaka bildirilmis, 2 vakada
HUS gelismistir. Salgina bir markaya ait dondurulmus gida
Urdnlerinin sebep oldugu agiklanmistir (41).
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ABD’de tespit edilen en giincel STEC 0121 salgini, 2022
yilinda meydana gelmistir. Bu salgin toplam 6 eyalette 24 ki-
siyi etkilemis, 5 kisi hastanede tedavi altina alinmistir. Salgina
dondurulmus falafelin sebep oldugu tespit edilmistir (65).

STEC 0145

STEC 0145 serogrubu, diinya ¢apinda goriilebilen, HUS ve
HK’nin 6nemli nedenlerinden biridir. Bilinen ilk STEC 0145
kaynakli salgin, 1984’te Japonya’da meydana gelmistir (66).

2007’de Belgika’da dondurmadan meydana gelen, 13
vakanin ve 5 HUS(in gerceklestigi STEC 026 ve STEC 0145
kaynakli bir salgin rapor edilmistir (43). 2008 yilinda Ja-
ponya’da kisiden kisiye temas sonucu, STEC 0145 kaynakli 13
kisinin etkilendigi bir salgin meydana gelmistir (64). 2010 yi-
linda ABD’de toplam 5 eyalette, 26’sI dogrulanmis 7’si olasi
toplam 33 vakanin gorildigia STEC 0145 kaynakli salginda, 3
kiside HUS gériilmistir. Salginin bir gida isleme tesisinden
alinan ambalajli ve dogranmis marul paketlerinden kaynak-
landig tespit edilmistir (67). 2012 yilinda ABD’de meydana
gelen, toplam 9 eyalette 18 vakanin goruldigi STEC 0145
kaynakli salginda, 4 kisi hastanede tedavi gérmds ve 1 kisi 6l-
m{stdr. Yapilan ¢alismalarda salginin kaynagi net bir sekilde
tespit edilememistir (68).

KORUNMA VE KONTROL

STEC enfeksiyonlarinin olusumunu 6nlemek igin hayvan su-
rulerinin dogru sekilde yonetimi ve guglu gida glvenilirligi
sistemleri olusturmak icin ¢aba sarf edilmelidir. Bakteriyofaj-
lar, kolisinler, prebiyotikler, sinebiyotikler gibi hastaligin y-
kiinG azaltmak icin farkli etkili miidahale stratejileri gelistir-
meye calisilmalidir. Ciftliklerde rezervuar hayvanlardan bak-
teri sacilimini 6nlemek igin asi kullanimi Gzerine galismalar
yapilmalidir. Ozellikle mezbahalarda ve kesim {initelerinde
HACCP uygulamalarinin devamliligi saglanmali ve kesim son-
rasi karkaslara ve sakatata dekontaminasyon uygulamalari
yapilmalidir. Gida kaynakli kontaminasyonlari énlemek igin
gidanin g¢esidine gore duyusal ozelliklerinde degisiklik yap-
mayan, kullanimi toksisiteye neden olmayan, pastorizasyon
ve Isinlama gibi gesitli fiziksel prosedurler, klor dioksit; pe-
roksiasetik asit; sodyum hipoklorit; ve laktik, asetik ve sitrik
asit gibi organik asitler gibi kimyasal ajanlarin kullanimi icin
calismalar yapilmahdir (69,70).

STEC enfeksiyonlarini 6nlemek icin ¢ig eti, dzellikle de
kiymayi kan ve sularinin diger yiyeceklere damlamasini nle-
mek igin satin alinan noktalarda ayri plastik torbalara sarmak
gerekir. Alisveris sonrasi etleri mimkiin oldugunca hizl bir
sekilde buzdolabina koymak kritik Gheme sahiptir. Pismis yi-
yecekler, daha dnce ¢ig dana eti, kanatli eti, domuz eti, balik
veya deniz Urinleri iceren yikanmamis bir tabaga asla koyul-
mamalidir. Dana eti, kanath eti, domuz eti, balik veya deniz
Urtnleri hazirlamak icin kullanilan kesme tahtalari ve tezgah-
lar, diger yiyeceklerle ¢apraz kontaminasyonu 6nlemek igin
kullanimdan hemen sonra yikanip dezenfekte edilmelidir.
Cig veya az pismis et yemekten kaginilmalidir. Pismis yiyecek-
lerin sicakligi mutlaka bir et termometresiyle kontrol edilme-
lidir. Tavuk eti igin 74°C, dana eti ve hamburger igin 71.2°C,
domuz eti igin 65.6°C, yumurta icin 62.8°C, diger gidalar igin
60°C veya daha yuksek sicakliklara ulasan yiyecekler tam pis-
mis olarak kabul edilmelidir. Pastorize edilmemis sit ve
meyve suyu icmekten kaginilmalidir. Cig yenecek olan meyve
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ve sebzeler dogru bir sekilde yikanmalidir. Yemek hazirlama-
dan 6nce, sonra ve yemek yemeden once; tuvaleti kullandik-
tan, bebeklerin ve bakim altindaki yaslilarin bezleri degistiril-
dikten sonra; evde, ciftliklerde ve hayvanat bahgelerinde
herhangi bir hayvan ile temas edildikten sonra eller dezen-
fektanli sabun ile etkin bir sekilde en az 20 saniye sireyle yi-
kanmalidir. Aritilmamis kaynaklardan su icilmemeli, goller,
dereler ve ylizme havuzlarinda su yutmaktan kaginilmahdir
(69,70).

SONUC

Son yillarda insanlarda 0157 disi STEC enfeksiyonlarinin go-
ralme sikligr artmistir. 0157 disi E. coli serogruplarinin feno-
tipik ve genetik cesitliligi bu patojenlerin invivo ve invitro
arastiriimasi icin gtivenilir ve dogru yéntemlerin gelistirilme-
sini zorlastirmaktadir. Bu nedenle, bu tehlikenin gbz 6niinde
tutulup fazla ¢alisma yapilmasina ihtiyag vardir. Bu enfeksi-
y6z ajanlarin rezervuar hayvanlardan insanlara bulagsmasina
dikkat cekilmelidir. Gida kaynakli bu enfeksiy6z ajanlarin gida
zincirine kontaminasyonunu énlemek igin yenilikci miidahale
stratejileri olusturulmaldir.
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