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ABSTRACT 

Commercial concentrated feeds are traditionally a major component of rabbit diets which contain Cadmium element in 
quantities above generally accepted level. This toxic trace element can accumulate in meat, kidneys, liver, bones and spleen of 
rabbits. Consumption of such meat and by-products will contribute to the accumulation of Cadmium in the human body, 
which may lead to a number of pathological changes. In this study, 100 young rabbits-analogues of silver breed were selected, 
and divided into 5 groups, 20 rabbits in each group: the 1st group was the control group, the 2nd, 3rd, 4th and 5th were 
experimental with total 60 days duration period. Results showed the smallest content of Cadmium in slaughter products was 
observed in the rabbits at 5th experimental group. In conclusion, the course of the experiment, it has been established that 
supplementation into the rabbit’s mixed fodder of dry sugar beet pulp contributes to reducing the level of Cadmium 
accumulation in slaughter products. It has also been noted that most of Cadmium is excreted with feces, that is, it is not 
absorbed into the bloodstream and does not have a negative effect on the body of the rabbit.  

Keywords: Cadmium, dry sugar beet pulp, slaughter products, rabbits, mixed fodder 
 

*** 

Kadmiyum İlaveli Konsantre Yemlere Farklı Düzeylerde Kuru Şeker Pancarı Posası Katılmasının 
Tavşanların Kesim Ürünlerinde Kadmiyum Seviyelerine Etkisinin Araştırılması 

 
ÖZ 

Ticari konsantre yemler genellikle kabul edilen seviyenin üzerinde kadmiyum elementini içeren tavşan diyetlerinin ana 
bileşenidir. Bu toksik iz element, tavşanların etlerine, böbreklerde, karaciğerde, kemiklerde ve dalaklarında birikebilir. Bu tür 
et ve yan ürünlerinin tüketimi, insan vücudunda kadmiyum birikimine katkıda bulunabilir ve bu durum bir takım patolojik 
değişikliklere neden olabilir. Bu çalışmada, 100 adet gümüş ırkın analoğu genç tavşan kullanılmıştır. Tavşanlar, her birinde 20 
adet olmak üzere 5 gruba ayrılmıştır. Gruplar 1 kontrol ve 4 deneme grubu olacak şekilde düzenlenmiştir. Araştırma 60 gün 
boyunca sürdürülmüştür. Sonuçlar, 5. deneme grubundaki tavşanlarda, kesim sonrası elde edilen karkasta ve bazı iç 
organlarda en az düzeyde kadmiyum içeriğinin tespit edildiğini göstermiştir. Sonuç olarak, deneme boyunca, 0.04 mg/kg 
düzeyindeki kadmiyum katkılı rasyonlara artan düzeylerde kuru şeker pancarı ilavesinin, karkas ve bazı iç organlarda 
kadmiyum seviyesinin azaltılmasına katkıda bulunduğu tespit edilmiştir. Ayrıca kadmiyumun çoğunun dışkı ile atıldığı, yani 
kan dolaşımına emilmediği ve tavşanın vücudu üzerinde olumsuz bir etkiye sahip olmadığı da kaydedilmiştir.  

Anahtar Kelimeler: Kadmiyum, kuru şeker pancarı posası, kesim ürünleri, tavşan, karma yem 
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INTRODUCTION 
 
Cadmium (Cd) is a highly persistent environmental 
toxicant that exhibits higher rates of soil-to-plant 
transfer than other toxic heavy metals, such as lead 
(Pb) and mercury (Hg), making Cd a food-chain 
contaminant of great concern. Further, Cd oxide 
(CdO), which is a highly bioavailable form of Cd, is 
present in cigarette smoke and polluted air, 
contributing to elevated Cd concentrations in blood, 
urine, and tissues of smokers, compared with non-
smokers of similar age and gender (McLaughlin et al., 
1999). For several decades, the problem of reducing 
the content of heavy metals, in particular Cadmium, 
in the environment is an acute problem in the world 
(Wu et al., 2016). The toxicity of this chemical 
element has been proved by numerous studies 
(Carson et al., 2018). Cadmium primarily affects the 
kidneys (Johri et al., 2010), respiratory and 
cardiovascular systems, and spermatogenesis 
(Rahimzadeh et al., 2017). Bones undergo less 
noticeable changes, although under the action of 
elevated doses of Cadmium, they become brittle and 
fragile (Chen et al., 2011). Additionally, carcinogenic 
effects of Cadmium on human body have been 
proven in recent studies (Adams et al., 2014; Eriksen 
et al., 2015). So it is very important not to allow the 
accumulation of heavy metals, in human diet prevent 
its accumulation in the human body. The major 
sources of Cadmium in the human body are food, 
water and air (Nordberg, 2004).  
The idea of using of sugar beet pulp as a sorbent of 
heavy metals is not new. A number of studies prove 
the effectiveness of sugar beet pulp in such 
applications as water purification (Pehlivan et al, 
2008). The results of a number of studies have also 
confirmed the detoxifying effect of pectin on 
poisoning with Lead (Khotimchenko et al., 2007). 
There are reports of a decrease in the level of heavy 
metals in chicken broiler meat after the feeding with 
citrus pectin (Temiraev et al., 2017). 
 
Previously, we have published the results of studies 
conducted on pigs that showed that the use of beets, 
apple and sugar beet pulp in pig’s feeding contributes 
to the decrease of heavy metals accumulation in their 
slaughter products (Dyachenko et al., 2015, 2017). 
Since pork is less used for feeding of children and 
sick people belonging to the most vulnerable 
populations, our experiments were aimed at 
investigating the effects of different levels of beet 
pulp in mixed fodder on the accumulation of heavy 
metals in young rabbits grown for meat. 
 

MATERIALS and METHODS 
 

The current study was performed at the Experimental 
Animal Research farm of Bila Tserkva National 

Agrarian University Ukraine after the approval of the 
Local Ethics Committee of the Faculty of Veterinary 
Medicine under approval No:  00001/01; dated: 
30/05/2016. 
 
Experimental design and management 
To conduct scientific and economic experiment, 100 
young rabbits-analogues of silver breed were selected, 
and divided into 5 groups, 20 rabbits in each group: 
the 1st group was the control group, the 2nd, 3rd, 4th 
and 5th were experimental ones (Table1). During the 
comparative period, within 15 days, rabbits were fed 
with a full-fodder feed № 1, in which the dry beet 
pulp was absent. In the main period, the animals in 
the control group were got feeding of this mixed 
fodder, and the rabbits of the 2nd - 5th experimental 
groups got the mixed fodder where the share of 
barley was replaced with dry beet pulp according to 
the Table 2. The chemical composition and nutrition 
of the complete feed corresponded to the established 
requirements (Maertes at all. 2004). 
 
Data Collection and Analyses 
In the course of the experiment, the rabbits were kept 
individually in cages equipped with bunker feeders. 
Mixed fodders were used in the form of solid 
granules with a diameter of 5 mm. Animals of all 
groups had free access to food and water during 24 
hours. The slaughter was carried out in accordance 
with the relevant animal protection regulations during 
the slaughter procedure (European Communities, 
2009). The content of Cadmium in mixed fodders, 
excrements and rabbit slaughter products was 
determined using an atomic adsorption 
spectrophotometer. 
 
Statistics 
The model assumptions of normality and 
homogeneity of variance were examined by Shapiro-
Wilk and Levene tests, respectively. The statistical 
analysis was performed with MedCalc software 
(MedCalc Software bvba, Ostend, Belgium, version 
17.5). One-way ANOVA was used for group 
comparison followed by Tukey-Kramer for post-hoc. 
All data were expressed as mean ± SEM. The 
significance level was considered as p <0.05. 
 

RESULTS 
 

The main purpose of dry beet pulp as a sorbent of 
heavy metals was to reduce the level of fasciation of 
Cadmium in the body of rabbits. The results of the 
balance study showed that at the same level of 
consumption of Cadmium in all experimental groups, 
the majority of this trace element was excreted with 
feces and lesser with urine (Table 3). 
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The inclusion of dry beet pulp into the mixed fodder 
not only improved the growth of rabbits, but also 
reduced the flow of Cadmium into the products of 
their slaughter. At the mass fraction of dry pulp in the 
mixed fodder of 3% the Cadmium fixation in the 
rabbit’s bodies of the 2nd experimental group 
decreased by 3.43% compared to the control one. 
With the 12% mass fraction of dry pulp in the feed 
(the 5th experimental group) the quantity of 
Cadmium in the body of rabbits decreased to 8.68%, 
which is 9.31% less than control group (Table 4). 
 

During the main experimental period the animals in 
test groups, according to the average daily increments, 
dominated their peers from the 1st control group 
(Fig. 1 and Fig. 2). According to Fig.1 in the first 
group, highest assimilation of Cadmium in the body 
of rabbits, % of consumed however, in other groups 
it decrease drastically. According to Fig. 2, in the 3rd 
experimental group, highest average daily increments 
(g) in the rabbits were observed as compared to other 
experimental and control group.  
 
 

  
Table 1. In vivo experiment schedule. 
 

 

 

Group 
Feeding terms and conditions 

Comparative (preparatory) period 
(15 days) 

Main period 
(60 days) 

1 – control group Mixed fodder (MF) 1 MF 1 (Cadmium content 0.04 mg/kg)1 
2 – experimental group MF 1 MF 2 (Cadmium content 0.04 mg/kg)1 
3 – experimental group MF 1 MF 3 (Cadmium content 0.04 mg/kg)1 
4 – experimental group MF 1 MF 4 (Cadmium content 0.04 mg/kg)1 
5 – experimental group MF 1 MF 5 (Cadmium content 0.04 mg/kg)1 

1Natural content in feed  
 
 

Table 2. Composition of the Concentrated Feeds, % 
 

Item MF No 1 MF No 2 MF No 3 MF No 4 MF No 5 

Barley grain 19 16 13 10 7 
Corn, grain 10 10 10 10 10 
Wheat, grain 18 18 18 18 18 
Soybean meal 10 10 10 10 10 
Alfalfa hay flour 30 30 30 30 30 
Dry sugar beet pulp - 3 6 9 12 
Meat and bone meal 5 5 5 5 5 
Salt (NaCl) 5 5 5 5 5 
Chalk (СaCO3) 1 1 1 1 1 
Premix Axelarat 2 2 2 2 2 
Total 100 100 100 100 100 

 
Table 3. Balance of Cadmium in the body of young rabbits, μg, 

Õ
SÕ   (n=3) 

 

Item Group 

 Control Experimental Experimental Experimental Experimental 

 1 2 3 4 5 

Consumed with feed 6.00±0.304 5.94±0.173 6.15±0.131 5.92±0.130 5.88±0.148 
Consumed with water 0.15±0.004 0.14±0.005 0.16±0.001 0.15±0.002 0.14±0.005 
Secreted with excrements 2.67±0.145 2.90±0.153 3.47±0.088* 3.47±0.067* 3.43±0.088* 
Secreted with urine 2.37±0.033 2.30±0.058 2.07±0.088 2.00±0.116 2.07±0.088 
Assimilated 1.11±0.132 0.88±0.054 0.77±0.053 0.60±0.064* 0.52±0.045* 

            * P <0.05 
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Table 4. Cadmium content in young rabbit slaughter products, μg, 
Õ

SÕ   (n=3) 

 

Item Group 

 Control Experimental Experimental Experimental Experimental 

 1 2 3 4 5 

Kidney 181.7 ± 4.06 164.7 ± 3.93* 147.0 ± 4.16** 143.0 ± 4.04** 127.0 ± 3.79*** 
Bones 153.3 ± 2.73 136.3 ± 2.03** 126.3 ± 2.33** 113.3 ± 2.03*** 109.3 ± 2.33*** 
Liver 106.3 ± 2.91 89.3 ± 2.33* 85.0 ± 2.31** 75.7 ± 2.03** 65.3 ± 1.76*** 
Meat 28.7 ± 0.88 24.7 ± 0.88* 22.3 ± 0.88** 20.7 ± 0.88** 19.3 ± 1.20** 

* P <0.05; ** P <0.01; *** P <0.001 as compared 
with the control group. 

 
 

 
 

Figure 1. Assimilation of Cadmium in the body of rabbits, % of consumed 
 
 

  

Figure 2. Average daily increments of the rabbits during the experiment, g 
 
 

 
DISCUSSION 

 
Main adsorption of Cadmium occurred in the 
gastrointestinal tract. Redused level of Cadmium 
ficsation contributed not only to the reduction of the 
accumulation of this element in the body, but also to 
decrease its negative influence on individual organs 

and tissues of rabbits. Animal and in vitro studies 
suggest that the absorption of Cd in the 
gastrointestinal tract is mediated by several 
transporter systems, which may include divalent metal 
transporter1, DMT1 (Garrick et al. 2003). Absorption 
rates for dietary Cd are influenced by the intake levels 
and body content of vital metals and elements. 
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Higher dietary zinc intake levels were associated with 
lower Cd body burden, as assessed by urinary Cd 
excretion levels (Vance, et al., 2015). 
 
The data of the Cadmium accumulation level in the 
body of experimental rabbits.  As it can be seen, with 
the increase of the proportion of dry beet pulp in the 
mixed fodder, the level of Cadmium consumption in 
the body of rabbits decreased. Moreover, the amount 
of Cadmium fixation in the rabbit organism was 
inversely proportional to the content of dry pulp in 
the feed. The majority of reported dietary Cd intake 
estimates are within the FAO/WHO tolerable level 
of 58µg/day for a 70-kg person, with an exception for 
certain locations in Japan, where intake exceeded the 
FAO/WHO safe intake guideline (Ikeda, et al., 2015).  
In particular, the increase of the dry beet pulp mass 
fraction in the mixed fodder up to 3% resulted in the 
increase of the average daily increment of the rabbit’s 
body weight, while the rabbits of the 2nd 
experimental group, compared with control one, 
increased body weight by 4.4%. With 6% of mass 
fraction of dry pulp in mixed fodder, the average daily 
increment of the rabbits’ body weight of the 3rd 
experimental group was the highest - 31.6 g, which is 
higher than in the control group by 7.5%. The 
average daily increments, the mass of the rabbit’s 
body of the 4th and 5th experimental groups, with 
the mass fraction of dry pulp in the mixed fodder 9 
and 12%, exceeded the control group, by 4.8 and 
3.1% respectively. The best rabbits’ productivity was 
noted in the rabbits of the 3rd experimental group 
with the 6% mass fraction of dry pulp in mixed 
fodder. The body content of Cd assessed by urinary 
and/or blood Cd levels showed an inverse association 
with body mass index (BMI), central obesity, and 
risks of weight gain, and obesity in both children and 
adults. These have consistently been observed across 
populations, including the U.S., Belgium, Canada, 
Korea, and China. In a Chinese study, urinary Cd 
levels that were equivalent to or greater than 2.95 
µg/g creatinine were associated with a reduced risk of 
being overweight (Nie et al., 2016). 
 
The introduction of dry beet pulp into the fodder of 
rabbits of the 2nd experimental group in an amount 
of 3% by weight contributed to a decrease of the 
Cadmium content in the kidneys, liver, bones and 
meat, respectively, by 9.4%; 16.0; 11.1 and 13.9% 
compared to the rabbits of the control group. The 
increase in the mass fraction of dry beet pulp in the 
mixed fodder of rabbits of the 3rd experimental 
group up to 6% resulted in a decrease in the 
Cadmium content in meat by 22.3%, liver by 20%, in 
kidneys by 19.1%, in bones by 17.6% relatively to 
benchmarks. A significant decrease in the level of 
Cadmium in slaughter products was noted in the 
animals of the 4th experimental group. Thus, they 
outperformed the control analogues with Cadmium 
in the kidneys, liver, bones and meat, respectively, by 

21.3%; 28.8; 26.1 and 27.9%. The introduction of the 
12% of dry pulp into the mixed fodder of rabbits in 
the 5th experimental group reduced the Cadmium 
content in meat by 33% compared to the control 
animals. However, Cadmium content in the kidneys 
decreased by 30%, in the liver - by 39%, in bones - by 
29%. In the Swedish study, a half of total kidney Cd 
content (10 µg/g kidney cortex) was estimated to 
come from food consumption, and the other half was 
attributed to cigarette smoking. The majority of 
subjects with high kidney Cd levels (>50 µg/g) were 
women (Elinder, et al., 1976). 
 
In conclusion, the addition of dry beet pulp into the 
mixed fodder for rabbits, which are grown for meat, 
in an amount from 3 to 12% by weight, reduced the 
absorption of Cadmium in their bodies and reduced 
its content in slaughter products (kidney, liver, bone, 
meat), that  increased their quality and environmental 
safety. In conclusion, the course of the experiment, it 
has been established that supplementation into the 
rabbit’s mixed fodder of dry beet pulp contributes to 
reducing the level of Cadmium accumulation in 
slaughter products. 
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ABSTRACT 

 
Staphylococcus aureus is one of the most important cause of foodborne intoxications in human beings. 
Staphylococcal enterotoxins (SEs) may lead to outbreaks because of taking food such as milk and dairy products. 
The aims of this study were to analyze the presence of staphylococcal enterotoxins and enterotoxigenic properties 
of the S. aureus isolates in 120 raw milk samples. One hundred and twenty raw milk samples were analyzed to 
detect SEs using the enzim-linked immunosorbent assay (ELISA) method. Staphylococcal entertoxin genes (sea, 
seb, sec, sed, see) were analysed by polymerase chain reaction (PCR). In the current study, SEs were found 2 of 120 
bulk tank milk samples. Totally 18 (38.3%) of 69 isolates were confirmed by PCR targeting nuc and coa genes in S. 
aureus. SEs genes were detected as 3 (16.6 %) of 18 S. aureus isolates. Staphylococcal enterotoxins in foods like 
milk and dairy products are the potential public health hazards. Surveillance programs and effective monitoring 
systems are required for controlling staphylococcal enterotoxins in raw milk.  
Keywords: Raw milk, Staphylococcal enterotoxins, Staphylococcus aureus 
 
 

*** 
 

 
Çiğ Sütte Stafilokokal Enterotoksinler ve Enterotoksijenik Staphylococcus aureus Varlığının 

Belirlenmesine Yönelik Bir Tarama Çalışması 
 

ÖZ 
Staphylococcus aureus, insanlarda gıda kaynaklı zehirlenmelerin başlıca nedenidir. Stafilokokal enterotoksinler (SE'ler) 
ile kontamine süt ve süt ürünleri tüketimi salgınlara neden olabilmektedir. Bu çalışmanın amacı, 120 çiğ süt 
örneğinde S. aureus izolatlarının stafilokokal enterotoksinlerin ve enterotoksijenik özelliklerinin analiz edilmesidir. 
SE'leri saptamak için enzim bağlantılı immünosorban testi (ELISA) yöntemi kullanılarak yüz yirmi çiğ süt örneği 
analiz edildi. Polimeraz zincir reaksiyonu (PCR) ile stafilokokkal entertoksin genleri (sea, seb, sec, sed, see) araştırıldı. 
Bu çalışmada, toplama tanklarından alınan 120 çiğ süt örneğinden 2’sinde SE tespit edilmiştir. Toplam 69 S. aureus 
izolatının 18'i (% 38.3) nuc ve coa genleri PCR yöntemi ile doğrulanmıştır. SE genleri, 18 S. aureus izolatının 3’ünde 
(%16,6) bulunmuştur. Süt ve süt ürünlerinde bulunan stafilokokal enterotoksinler halk sağlığı açısından potansiyel 
tehlikedir. Çiğ sütteki stafilokokal enterotoksinlerin kontrolü için sürveyans programları ve etkili izleme sistemleri 
gereklidir.  
Anahtar Kelimeler: Çiğ süt, Stafilokokal enterotoksinler, Staphylococcus aureus 
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INTRODUCTION 
 
Milk and dairy products are a great protein source 
especially for children in the age of growth (Kandpal 
et al. 2012). Milk is also suitable medium for 
foodborne pathogens which can cause a major public 
health risk (Ding et al. 2016). Although milk is sterile 
during secretion, it can be contaminated by 
microorganisms during milk handling, storage and 
processing. (De Silva et al. 2016). Foodborne 
outbreaks caused by milk and dairy products have led 
to hospitalizations and deaths for human beings 
(Painter et al. 2013). 
  
Staphylococcus aureus is recognized worldwide as a 
major foodborne pathogen and it has to produce a 
varitey of toxins which cause staphylococcal food 
poisoning (SFP) in human (Le Loir et al. 2003, Ote et 
al. 2011). S. aureus is normally found in healthy nose 
and skin mucosa in human (Kluytmans et al. 1997). 
Also, the presence of biofilm producing ability of S. 
aureus in milk and milking environment is a public 
health concern for the consumers (Lee et al. 2014, 
Lee et al. 2016). S. aureus produces a variety of toxins 
called staphylococcal enterotoxins (SE) (Kuzma et al. 
2003, Ozdemir and Keyvan 2016). Staphylococcal 
enterotoxins are divided as classical and new SE like 
toxins (SEls). Current studies have described 23 SEs 
and SEls (Benkerroum 2018). Not only SE, but also 
SE/SEls can lead to staphylococcal foodborne 
outbreak (Umeda et al. 2017). The presence of a small 
amount of staphylococcal enterotoxins can cause an 
intoxication that results from the consumption of 
contaminated food (Berdgoll 1989). SFP is generally 
self limiting and symptoms of are abdominal cramp, 
nausea, vomiting and with or without diarrhea 
(Argudín et al. 2010). Consumption of contaminated 
milk and dairy products are the main source of 
enterotoxins for human (Normanno et al. 2007, Lee 
et al. 2012). SEs led to outbreak because of the 
consumption of contaminated milk and dairy 
products (Schmid et al. 2009, Umeda et al. 2017) 
 
S. aureus is also causative agent of mastitis in dairy 
cows (Peles et al. 2007). Dairy products may create a 
human illness due to contamination of milk with S. 
aureus (Jørgensen et al. 2005a, Duquenne et al. 2010). 
Subclinical mastitis, improper milking conditions 
during milking in dairy cows are the possible 
contamination ways of raw milk with S. aureus 
(Jørgensen et al. 2005b). Pasteurization process can 
inactivate S. aureus but thermostable SEs may retain 
biological activity (Schmid et al. 2009). Thus, 
detection of the staphylococcal enteretoxins and 
enterotoxic strains in foods is required (Morandi et al. 
2007). The objective of this study were to detect 
stapylococcal enterotoxins and related genes in S. 
aureus isolated from bulk tank milk samples.  
 
 

MATERIALS and METHODS 
 
Milk samples 
In this study, a total of 120 raw milk samples were 
obtained in Burdur province, located in the southern 
side of Turkey. Fifty ml of each milk sample was 
taken in sterile plastic collection tubes and 
transported to the laboratory under refrigeration 
(4°C–8°C), and the samples were directly processed 
for further analyses. 
 
Isolation and identification of S. aureus 
Serial dilutions were prepared homogenously in 
aseptic conditions from milk samples and inoculated 
on Baird Parker / RPF (BP + RPF Oxoid, CM0961) 
agar (Bennett and Lancette 2001). Milk samples were 
incubated at 35ºC for 24-48 hours. Then, typical and 
atypical colonies were selected, and coagulase test was 
performed with EDTA coagulase plasma (Oxoid, 
R21052). Coagulase test positive colonies were 
analysed for Gram staining, catalase test, DNase 
activity, hemolytic properties (ß-hemolysis) and 
mannitol fermentation test. Phenotypically positive 
colonies from these tests were accepted as suspected 
isolates of S. aureus (ISO 2003, Parisi et al. 2016). 
 
DNA isolation 
Overnight cultures in Brain Heart Infusion broth 
(BHI, Oxoid, CM1135) were used for the DNA 
isolation. For this purpose, 2 ml of broth cultures 
were centrifuged at 5.000 g. 10 minutes and the 
supernatant were discarded. Bacterial pellets were 
washed twice with 1 ml of saline solution and 
centrifuged again. Bacterial pellets were resuspended 
in 180 µl Tris EDTA buffer (Sigma-Aldrich, 93283) 
containing 18 µl of lysostaphin (0.5 U/µl, Sigma, 
L7386) and incubated at 37°C for 1 hour (Akinedan 
et al. 2008). Genomic DNA was extracted according 
to GeneJET Genomic DNA Purification Kit 
(Thermo Fisher Scientific, Waltham, MA) 
manufacturer’s protocol. A nano-drop 
(NanoDrop2000-Thermoscientific™) technique was 
used to define the quantification of DNA. 
 
PCR analyses 
In the current study, S. aureus ATCC 25923, S. aureus 
NCTC 10652 FDA 196E (SEA), S. aureus NCTC 
10654 FDA 243 (SEB), S. aureus NCTC 10655 137 
(SEC),  S. aureus NCTC 10656 494 (SED) strains used 
as positive control. S. aureus reference strain for SEE 
was kindly provided by Dr. Ömer Akineden (Dairy 
Sciences, Institute of Veterinary Food Sciences, 
JustusLiebig- University Giessen, Germany). S. aureus 
isolates were confirmed related coa and nuc gene 
primers showing in Table 1. Staphyloccoccal 
enterotoxin genes were detected by PCR method. For 
this purpose, S. aureus isolates were analysed for the 
presence of sea, seb, sec, sed, see genes related primers 
showing in Table 1. In the current study, annealing 
temperatures of all genes were detected by gradient 
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PCR. Except for nuc and coa genes, all genes were 
analysed by uniplex PCR method. The PCR reaction 
mixture was prepared from 3 µl of DNA, 0,5 µl of 
each primer, 4 µl of 5x FIREPol® Master Mix (Solis 
Biodyne, Tartu, Estonia), 12 µl of water,  for a total 
reaction volume of 20 μl. The ampification 
conditions were 95 °C for 4 min, followed by 30 
cycles at 95 °C for 30 s, 55°C (nuc, coa, seb) to 56.5°C 
(sea, sed, sec, see) for 1 min s, and 72 °C for 40 s and a 
final extension step of 72°C for 10 min. The 
amplified PCR products were observed in 1.5% 
agarose gel electrophoresis (Keyvan and Ozdemir, 
2016). 
 
Detection of Staphylococcal Enterotoxins 
Staphylocccal enterotoxins (SET A, B, C, D, E) in 
raw milk samples were analyzed according to 
Ridascreen® SET A,B,C,D,E (r-biopharm, Germany, 
Art.no:R1101) test kit procedure by Enzim-linked 
immunosorbent assay (ELISA) method. For this 
purpose, 10 ml of milk sample was centrifuged at 
3500 g/10min/10°C and cream layer discarded. The 
supernatant was used for the detection of 
enterotoxins. The absorbance value of milk samples 
was obtained from the ELISA plate reader at 450 nm 
(ELX-800; Bio-Tek Instruments, Winooski, VT, 
USA).  
 
 
 

RESULTS 
 

In the current study, 18 (38.3%) of 69 the S. aureus 
isolates were confirmed by PCR targeting nuc and coa 
genes in S. aureus (Fig. 1). In this study, classical 
enterotoxins were detected by Ridascreen and S. 
aureus isolates from bulk tank milk contained classical 
enterotoxins genes. seb and sec gene were found as 3 
(16.6%) of 18 S. aureus isolates. 
 
The Ridascreen® SET A, B, C, D, E test procedure 
indicates two assessment option for the detection of 
staphylococcal enterotoxins. First way is the visual 
determination of the color change after the addition 
of the stop solution and second way is the calculation 
of the cut off value. The cut off value is found by 
adding 0.15 to the negative control absorbance value. 
Results of the absorbance values are equal or above 
to the cut off value which are considered positive 
while results are below the cut off value are that 
samples considered as negative for staphylococcal 
enterotoxins. 
 
Based on our results, according to the visual 
determination staphylococcal enterotoxins were 
detected as positive 4 of 120 bulk tank milk samples 
while 2 of 120 bulk tank milk samples were found as 
positive in assessment of the cut off value (Table 2 
and Table 3). 
 

Table 1. Primers used in this study 
Tablo 1. Çalışma kapsamında kullanılan primer dizileri. 

 

Target 
gene 

Primer sequence (5’ 3’) 
Product size 

(bp) 
References 

nuc 
F: ATA GGG ATG GCT ATC AGT AAT GT 

624 bp Lem et al. (2001) 
R: GAC CTG AAT CAG CGT TGT CTT C 

coa 
F: GTA GAT TGG GCA ATT ACA TTT TGG AGG 

117 bp Kearns et al. (1999) 
R: CGC ATC AGC TTT GTT ATC CCA TGT A 

sea 
F: GGT TAT CAA TGT GCG GGT GG 

102 bp 
Mehrotra et al. 

(2000)
 R: CGG CAC TTT TTT CTC TTC GG 

seb 
F: GTA TGG TGG TGT AAC TGA GC 

164 bp 
Mehrotra et al. 

(2000)
 R: CCA AAT AGT GAC GAG TTA GG 

sec 
F: AGA TGA AGT AGT TGA TGT GTA TGG 

451 bp 
Mehrotra et al. 

(2000)
 R: CAC ACT TTT AGA ATC AAC CG 

sed 
F: CCA ATA ATA GGA GAA AAT AAA 

278 bp 
Mehrotra et al. 

(2000)
 R: ATT GGT ATT TTT TTT CGT TC 

see 
F: AGG TTT TTT CAC AGG TCA TCC 

209 bp 
Mehrotra et al. 

(2000)
 R: CTT TTT TTT CTT CGG TCA ATC 

 

 
DISCUSSION 

 
Milk is a suitable medium for S. aureus growth and 
enterotoxin production. Pasteurization process can 
inactivate S. aureus from raw milk but SEs will remain 
stable even after heat treatment (Le Loir et al. 2003, 
Lee at al. 2012 ). Rall et al. (2008) was observed that 
the presence of enterotoxigenic S. aureus even after 

pasteurization. The reason for this, it could be the 
possible inefficacy of the thermal process. 
 
SEs are the most prevalent agent of milk-borne 
intoxications causing risk on the public health 
worldwide (Benkerroum 2018). In the current study, 
staphylococcal enteretoxins were detected in 2 of 120 
(1.66%) bulk tank milk samples. In a study from 
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Norway, enterotoxin production was identified 22.1% 
of S. aureus isolates in bovine milk tank and SE genes 
were found 52.5% of the isolates (Jørgensen et al. 
2005a). Previous studies from different countries 
were reported levels of enterotoxigenic S. aureus as 9.4 
%, 20 %, 37.1 %, 13.1%, 26.1%, 27.1% in Jordan, 
Portugal, Czech Republic, Poland, Egypt, Hungary, 
respectively (Peles et al. 2007, Zouharova and 
Rysanek 2008, Pereira et al. 2009, Mansour et al. 
2017, Korpysa-Dzirba and Osek 2018, Obaidat et al. 
2018). Enterotoxigenic S. aureus isolates in raw milk 
may pose potential public health hazard and due to 
thermostable enterotoxins, dairy products may cause 
intoxications in humans. Schmid et al. (2009) were 
reported an outbreak because of consumed school 
milk products in Austria. 

 
SEA, SEB, SEC, SED and SEE types of 
staphylococcal enterotoxins are defined as the 
classical enterotoxins. Classical enteroxins have 
emetic activity which are associated with most of 
food poisoning caused by staphylococcal enterotoxins 
(Riva et al. 2015, Keyvan and Ozdemir 2016) These 
toxins have emetic activity and are usually associated 
with outbreaks of food poisoning (Le Loir et al. 
2003). In this study, classical enterotoxins were 
detected by Ridascreen and S. aureus isolates from 
bulk tank milk contained classical enterotoxins genes. 
seb and sec gene were found as 16.6% (3) of S. aureus 
isolates (18).  

 

 
Table 2. Absorbance value of bulk tank milk samples 
Tablo 2. Süt toplama tank örnekleri absorbans değerleri. 

 1 2 3 4 5 6 7 8 9 10 11 12 

A 0.792 0.043 0.043 0.044 0.200 0.045 0.044 0.044 0.045 0.045 0.047 0.049 
B 0.712 0.045 0.043 0.044 0.044 0.045 0.044 0.044 0.044 0.044 0.044 0.047 
C 0.042 0.047 0.043 0.043 0.044 0.044 0.043 0.044 0.044 0.045 0.044 0.047 
D 0.042 0.043 0.045 0.044 0.044 0.046 0.044 0.047 0.052 0.044 0.044 0.046 
E 0.043 0.043 0.044 0.098 0.059 0.044 0.044 0.044 0.044 0.046 0.045 0.047 
F 0.043 0.045 0.046 0.049 0.046 0.045 0.044 0.045 0.045 0.045 0.045 0.048 
G 0.045 0.043 0.044 0.044 0.044 0.045 0.046 0.044 0.045 0.045 0.047 0.047 
H 0.045 0.045 0.047 0.205 0.047 0.045 0.044 0.050 0.045 0.045 0.046 0.047 
1A/1B: Positive Control, 1C/1D: Negative Control, Cut off value: 0.192, 4/H-5/A: Samples are above to cut off 
value 

 
Table 3. Staphylococcal enterotoxins (A, B, C, D, E) 
in raw milk samples 
Tablo 3. Çiğ süt örneklerinde stafilokokal 
enterotoksinler (A, B, C, D, E).  

Number of 
samples 

Color change 
Positive 
samples 

Cut off value 
Positive 
samples 

120 4 (3.3%) 2 (1.6%) 

 
 
Table 4. Enterotoxigenic properties of S. aureus 
isolates 
Tablo 4. S. aureus izolatlarının enterotoksijenik 
özellikleri. 

Target gene 
Number of positive S. aureus 

isolates (n=18) 

sea - 

seb 2 (11.1%) 

sec - 

sed - 

see 1 (5.5%) 

Total 3 (16.6) 

 
Mastitis is one of the most economically devastating 
problems in cattle and S. aureus is a common 
causative agent of clinical and subclinical mastitis 
(Türkyılmaz et al. 2010, Ote et al. 2011, Rall et al. 

2014). In Brasil, S. aureus was isolated in 6.7% of raw 
milk samples from dairy cows with subclinical 
mastitis and 10.8% of bulk tank milk samples. Also, 
four of S. aureus isolates were reported 
enterotoxigenic. (Fagundes et al. 2010). Boynukara et 
al. (2008) was found to be enterotoxigenic 25.5% of 
S. aureus strains isolated from cows with subclinical 
mastitis. Rall et al. (2014) were observed that 53.3% 
of S.  aureus isolates contained sea gene in milk from 
cows with subclinical mastitis. Milk collected from 
dairy cows with subclinical mastitis may pose a 
significant source of enterotoxigenic S. aureus which 
can produce SEs. Transfer of the contaminated milk 
to bulk tank milk may cause intoxitacations. Ding et 
al. (2016) were recommended that to control milk-
borne staphylococcal intoxication, effcient storage 
conditions of milk and dairy products are the key step 
for to minimize the risk of staphylococcal food 
poisoning. For controlling S. aureus milk and milking 
environment adopting assurance quality systems are 
required in dairy industry (Cusato et al. 2014). 
 
Although classical enterotoxins are the mainly 
isolated from staphyloccocal food poisoning, SEls 
can also cause outbreaks and intoxications. Umeda et 
al. (2017) were reported an outbreak from Japan 
caused by new SE/SEls and these findings indicated 



108 

 

that new SE/SEls can be the potential reason of 
staphylococcal intoxitacions. 
 
 

 
Figure 2. coa, nuc gene positive S. aureus isolates. M: 
Marker, +: nuc and coa gene positive S. aureus (ATCC 
25923) 
Şekil 2. coa, nuc geni pozitif S. aureus izolatları. M: 
Marker, +: nuc ve coa geni pozitif S. aureus (ATCC 
25923) 
 
In conclusion, milk is generally get contaminated by 
several microorganisms. Effective milk hygiene 
practices and good milking environment conditions 
should be provided by supplier in milk industry. 
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ABSTRACT 

The aim of the study was to investigate the effects of chitosan oligosaccharide (COS) treatment on oxidative 
stress and its relation with intestinal microflora in rats exposed to chronic cadmium toxicity. Animals were 
randomly divided into four groups as control (C; n=8), cadmium (Cd; n=8), chitosan oligosaccharide (COS; n=8), 
cadmium+chitosan oligosaccharide (Cd+COS; n = 8).  After, cadmium chloride (CdCl2) (2mg /kg/ day) was 
orally administered to Cd and Cd+COS groups three times a week for 4 weeks. Chitosan oligosaccharide (200 
mg/kg/day) was also orally administered to COS and Cd+COS groups five times a week for 4 weeks. After 
completion of the experiment, serum TAS, TOS levels, plasma ALT, AST, GGT, T.pro, Alb, Bil, Creat and BUN 
values were measured. Enterobacteriaceae, Lactococcus spp. and Lactobacillus spp. counts were also detected. Serum 
TOS values were detected extremely higher in Cd group animals when compared COS group (p <0,05). In the 
small intestine of the Cd group animals, Cd administration caused a 0.66 log decrease in the Lactococcus spp. count.  
In conclusion, it was found that the antimicrobial effect of both compounds decreased as a result of COS-Cd 
chelating in Cd + COS group.          
Keywords: Cadmium, chitosan oligosaccarides, microflora, oxidative stress, rat  
 

*** 

 
Kitosan Oligosakkarit (COS) Tedavisinin Oksidatif Stres Üzerine Etkileri ve Kadmiyuma Maruz Kalan 

Sıçanlarda Bağırsak Mikroflorası ile İlişkisi 
 

ÖZ 
Bu çalışmanın amacı, kronik olarak Cd’a maruz kalan ratlarda kitosan oligosakkarit’in (COS) oksidatif stress ve 
bağırsak mikroflorası üzerine etkilerinin araştırılmasıdır. Hayvanlar rastgele olacak şekilde; kontrol (C; n=8), 
kadmiyum (Cd; n=8), kitosan oligosakkarit (COS; n=8) ve kadmiyum+kitosan oligosakkarit (Cd+COS; n=8) 
gruplarına ayrıldı. Daha sonra, kadmiyum klorid (CdCl2) (2mg/kg/day) Cd ve Cd+COS gruplarındaki hayvanlara 
haftada 3 kez 4 hafta boyunca oral yoldan verildi. Kitosan oligosakkarit de (200 mg/kg/day) COS ve Cd+COS 
grubundaki hayvanlara haftada 5 kez 4 hafta boyunca oral olarak uygulandı. Deneme sonunda, serum TAS, TOS 
seviyeleri, plasma ALT, AST, GGT, T.pro, Alb, Bil, Creat ve BUN değerleri ölçüldü. Enterobacteriaceae, Lactococcus 
spp. ve Lactobacillus spp. sayılarıda belirlendi. Serum TOS seviyeleri Cd grubundaki hayvanlarda COS 
grubundakilere oranla önemli derecede yüksek bulundu (p <0,05). Cd grubundaki hayvanların ince 
bağırsaklarında,  kronik Cd uygulaması Lactococcus spp. sayısında 0.66 log’lık bir düşüşe sebep oldu. Sonuç olarak, 
her iki bileşiğin antimikrobiyel etkinliği şelat oluşumuna bağlı olarak (COS-Cd) Cd+COS grubundaki hayvanlarda 
azalma gösterdi.           
Anahtar Kelimeler: Kadmiyum, Kitosan oligosakkarit, mikroflora, oksidatif stres, rat  
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INTRODUCTION 
 
Cadmium (Cd), is a non-essential transition metal and 
considered to be an environmental pollutant, is 
naturally occurring element that has a high density 
and atomic weight when compared to water 
(Tchounwou et al. 2012, Gao et al. 2014). It is 
released into the environment by various human 
activities including mining, smelting, and 
manufacturing of batteries, pigments, stabilizers, and 
alloys (WHO 2010, Bernhoft 2013, WHO 2019). 
Cadmium is accumulating in catchments and soils 
under certain environmental conditions, thus 
increasing the risk of future exposure through food. 
The main routes of exposure to Cd are via ingestion 
of contaminated foods such as vegetables, potatoes, 
rice, wheat, green leafy grains and seeds, liver and 
kidney, and crustaceans and mollusks as well as 
contaminated water (IARC 1993, Paschal et al. 2000, 
Satarug et al. 2003, WHO 2007, ATSR 2008) It has 
been reported that acute or chronic exposed to Cd 
induces lipid peroxidation (LPO) (by stimulation of 
occuring superoxide anions) and oxidative stress (by 
increasing free radical production) in the cells (El-
Demerdash et al. 2004, López et al. 2006). Morever, it 
initiates various adverse effects in human and animals 
such as kidney dysfunction, liver injury and 
osteoporosis (Tchounwou et al. 2012, Satarug et al. 
2011, Amamou et al. 2015). Cd accumulation is 
mainly occured in the kidney and liver but also in 
brain, lung, bones, pancreas, placenta and testis in the 
body (Satarug et al. 2011, Amamou et al. 2015, 
Fowler 2009). In addition, Cd is a severe 
gastrointestinal irritant, which can leads to abdominal 
pain, burning sensation, nausea, vomiting, salivation 
when acute high dose ingested (Baselt and Cravey 
1995, Hammett-Stabler 2000).  
 
The gastrointestinal tract, is the interface between 
ingested nutrients and the body, plays an important 
role in maintaining of the health, food intake and 
regulating energy homeostasis (Zhang et al. 2014, 
Monteiro et al. 2017). In GIS, there are many 
bacterial populations whose have mutual relationship 
with intestinal epithelial cells that are known as 
symbiosis. Although Enterobacteriaceae are normal flora 
of the human intestinal system, they are common 
opportunistic pathogens can translocate across the 
mucosal barrier and lead to systemic infections if 
intestinal counts are extremely increased (Hsueh et al. 
2010, Toh et al.2012, Lai et al. 2016, Jean et al. 2016). 
On the other hand, lactic acid bacteria such as 
Lactococcus spp. and Lactobacillus spp also inhabit in the 
GIS that can produce lactic acid, acetic acid, formic 
acid and other acids to reduce intestinal pH. Besides, 
these microorganisms can secrete some antimicrobial 
molecules, such as ethanol, fatty acid, hydrogen 
peroxide and bacteriocins to defense against 
pathogenic bacteria in GIS (Ralitsa et al. 2015, Inglin 
et al. 2015). Although above mentioned bacteria 

populations are mainly affected by the host’s diet 
intake, the prevalence of bacteria in different parts of 
the GI tract appears to be depending on certain 
factors, such as pH, peristalsis, redox potential, 
bacterial adhesion, bacterial cooperation, mucin 
secretion, nutrient availability and bacterial 
antagonism (Tannock 1983, Roberfroid et al. 2010, 
Amato et al. 2013). Imbalance among the intestinal 
epithelial cells, pathogen and/or commensal bacteries 
increases the rate of intestinal microbial disorders and 
sensitivity to external harmful compounds (Costello 
et al.2012, Salim et al. 2014,  Woodmansey 2007). 
Heavy metals also reach GI tract through ingestion of 
contaminated food and water. Although the 
toxicological effect of heavy metals on different body 
structures were detected, especially Cd, on GI 
microflora, is still remains unclear (Upreti et al. 2004, 
Inaba et al. 2005, Monachese et al. 2012).  
  
Recently, it has been reported that harmfull effects of 
Cd can be ameliorated by using some chelating 
agents, antioxidants, probiotics and vitamins 
(Pourmorad et al.2006, fang 2007, El-boshy et al. 
2014, Djurasevic et al. 2017). One of them is chitosan 
oligosaccharide (COS) that is produced by 
chitosan/chitin via chemical hydrolysis or enzymatic 
degradation, known for its ability to bind to divalent 
cations such as Cd. As it known, it has an antioxidant, 
free radical consumer, antimicrobial, antifungal, anti-
inflammatory, anti-diabetic and anti-obesity 
properties (Guan et al. 2016, Kim et al. 2016, Naveed 
et al. 2019). Therefore, our study has been designed 
to evaluate the influences of oral COS administration 
on oxidative stress, and its relation with intestinal 
microflora of the rats exposed to chronic Cd toxicity.   
   

MATERIALS and METHODS 
 
Animals, Study Design and Experimental 
Procedure    
Male albino Wistar rats (n=32; body weight ~ 200 ± 
30 g) were housed in standard plastic rat cages at 23 ± 
2 ºC room temperature, 55 ± 10% relative humidity 
and 12 hours night/day light period during the 
experiment. The animals had free access to drinking 
water and standart rat feed. All experimental 
procedures were approved by the Ethical Committee 
on Animal Experimentation of the University of 
Balikesir (2019/4-6). Before the experiment, animals 
were randomly divided into four groups as control (C; 
n=8), cadmium (Cd; n=8), chitosan oligosaccharide 
(COS; n=8), cadmium+chitosan oligosaccharide 
(Cd+COS; n= 8). Then, animals in C group received 
standard rat feed and fresh drinking water ad libitum. 
Cadmium chloride (CdCl2) (2mg / day) were orally 
administered to Cd and Cd+COS groups three times 
a week for 4 weeks. On the other hand, chitosan 
oligosaccharide (200 mg/kg/day) was also orally 
administered to COS and Cd+COS groups five times 
a week for 4 weeks. After completion of the 
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experiment (4 weeks later), rats were anesthetized by 
intraperitoneal injection of ketamine/xylazine (0.1 
ml/100gm/body weight) and killed by cervical 
dislocation technique. Blood samples were collected 
via cardiac puncture and transferred into tubes. 
Plasma and serum were obtained from the blood 
samples by using a centrifuge (3000 rpm, 25 min, 
Heichrich, Germany). Obtained samples were stored 
at minus 80 °C in a refrigeratior until analysis time. 
Besides, intestinal fluid content were aseptically 
collected from the small and large intestines of the 
each rats.      
 
Determination of total antioxidant and oxidants 
levels  
Serum total antioxidant status (TAS) and oxidant 
status (TOS) values were defined by ELISA 
(Thermoscientific Elisa Reader, USA) using 
commercial kits (Rel Assay Diagnostics, Gaziantep, 
Turkey), according to Erel’s method that is 
automated and colorimetric (Erel 2004, Erel 2005).     
 
Determination of some plasma enzyme levels  
Plasma alanine amino transferase (ALT), aspartate 
amino transferase (AST), gamma glutamyl transferase 
(GGT), total protein (T.pro), albumine (Alb), 
bilirubin (Bil), creatinine (Creat) and blood urea 
nitrogen (BUN) values were measured by using 
automatic biochemical analyser (Architect C-8000, 
Abbott, USA) with commercial kits according to 
manufacturer instructions.    
 
Microbiological analysis   
During the necropsy, 1 g intestinal fluid content were 
aseptically collected from the small and large 
intestines of the each rats (separately with 3 
replicates). Then, they were homogenized in the 
stomacher for 2 minutes with sterile 9 ml Maximum 
Recovery Diluent (MRD), serial dilutions were 
prepared from 10-1 to 10-6. For determine to the 
Enterobacteriaceae count, 1 ml of the dilution was taken 
and cultured in Violet Red Glucose Bile (VRGB, 
Oxoid CM1082) Agar according to the double-plate 
technique. The plates were evaluated as 
Enterobacteriaceae because of the observing purple-pink 
colonies after aerobic incubation at 37 °C for 24 h 
(ISO 21528-2: 2017). On the other hand, 0.1 ml of 
the dilution was taken and cultured in the M17 
(Oxoid CM0785) agar according to spread plate 
technique for despite to Lactococcus spp count. Then, 
plates were evaluated as Lactococcus spp depends on 
occuring yellow-cream colonies after anaerobic 
incubation at 30 ° C for 24 h (Lee et al.2010). For 
detection of Lactobacillus spp count, 0.1 ml of dilution 
was cultured on MRS (CM0361) agar. Plates were also 
evaluated as Lactobacillus spp. due to occuring of 
yellow-cream colonies after anaerobic incubation at 
37 °C for 72 h (Bauer et al. 2002).  
 
 

Statistical Analysis 
Obtained datas were analyzed with using SPSS for 
Windows version 25.0, and levels were presented as 
means ± SE. Differences among the groups were 
performed by analysis of variance (one-way-
ANOVA) that is followed by Duncan’s test.      
 

RESULTS and DISCUSSION 
 
Serum TOS values were detected extremely higher in 
Cd group animals when compared COS group (p 
<0,05). On the other hand, it was not found 
significant difference among C, Cd and Cd+COS 
groups according to TOS values, shown in Table 1. 
In addition, serum TAS values decreased due to Cd 
administration in Cd group animals compared to 
other groups (p <0,05).  
 
Plasma Bil and Creat levels were found the highest in 
Cd group compared to other groups (p <0,05). 
Besides, COS administration did not lead to any 
changes in Cd+COS group according to Bil and 
Creat levels (p > 0,05). Conversely, plasma T.pro and 
Alb values were detected lower in Cd group 
compared to C, COS and Cd+COS (p <0,05). In 
addition, plasma BUN levels were ameliorated due to 
COS administration in Cd+COS group (p <0,05). 
Although plasma ALT, AST and GGT levels were 
detected higher in Cd group, the levels of the 
mentioned parameters decreased in COS group 
animals, statistically (p <0,05), shown in Table 2.  
 
The average Enterobacteriaceae, Lactococcus spp. and 
Lactobacillus spp. counts were detected as 4.34, 4.25 
log cfu / g, 6.47; 7.09 log cfu / g; 8.37, 7.39 log cfu / 
g in both (small and large) intestines of the control 
group animals, respectively. On the other hand, 
Enterobacteriaceae counts were found similar in the 
control group with another experimental groups in 
both small and large intestines (P > 0.05).  In the 
small intestine of the Cd group animals, Cd 
administration caused a 0.66 log decrease in the 
Lactococcus spp. count. In contrary, Cd+COS chelate 
lead to increase in the counts of Lactococcus spp. in 

small intestines of the rats (p˂0.01). There was a 
significant difference between the C group and the 
other experimental groups according to Lactobacillus 

spp. count in small intestines (p˂0.01). Besides, 
Lactobacillus spp. counts significantly decreased in Cd, 
COS and Cd+COS when compared to the C group. 
In terms of Lactobacillus spp, the highest decrease was 
observed in the small intestines of the COS group 
animals. In the large intestines of the rats, Lactobacillus 
spp. count significantly increased in COS and 
Cd+COS, however decreased in Cd group when 

compared to C (p˂0.01). The highest increase in the 
Lactobacillus spp. counts were observed as 0.54 log in 
the Cd+COS group, shown in Table 3.   
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Although Cd is a well-known environmental pollutant 
which induces severe organ and tissue damage in 
human and animals, effect of Cd on GI microflora 
and its relation with oxidative stress is still remains 
unclear (Satarug et al. 2011, Amamou et al. 2015, 
Fowler 2009).      
 
In present study, exposed to chronic Cd toxicity 
increased (not statistically) the serum TOS levels, 
however significantly supressed the serum TAS in Cd 
group animals. These results were consistent with 
previous studies (Karabulut-Bulan et al. 2008, Koçak 
and Akçil 2006, Kumaş et al. 2016). Either increased 
TOS nor decreased TAS levels were ameliorated with 
COS treatment in Cd+COS group when compared to 
Cd in our study. Similarly, the dose of chitosan more 
than 20 mg/kg/day was found effective on Cd-
induced oxidative damage (SOD activity and MDA 
content) in the rat kidney by Zhou et al. (2013). 
Protective effects of COS and chitin on various metal 
and chemical compound induced oxidative stress 
were also determined by other researchers which was 
consistent with our results (Kim et al. 2005, Yan et al. 
2006, Li et al. 2011, Toz and Değer 2018). It can be 
considered that the administration of COS reinforced 
the antioxidant defence system and also ameliorated 
the Cd induced oxidative stress in present study.  
 
In our study, oral Cd treatment (low dose, 2mg/kg) 
led to increase of plasma ALT, AST, GGT enzyme 
levels (an important indicators of liver functions) in 
Cd group animals. Besides, an important markers of 
kidney functions are BUN and Creat levels also 
negative effected by Cd treatment in present study. 
These findings were corresponding with previous 
studies (Koçak and Akçil 2006, Lakshmi et al. 2012, 
Renugadevi and Milton 2010). Although plasma ALT, 
AST, GGT and BUN levels were improven by using 
COS in experimental groups, it couldn’t affect to the 
plasma Creat levels in our study, interestingly. It was 
also reported that high dose chitosan diet ameliorated 
the Cd induced increased AST levels but did not lead 
to significance alterations in plasma ALT, BUN and 
Creat levels (Kim et al. 2016). In addition, T.pro and 
Alb values also negative effected by Cd toxicity in Cd 
group animals. It was consistent with Hussein et al. 
(2009) and Oyinloye et al. (2016). Increased liver and 
kidney enzyme levels, and reduction of T.pro and Alb 
values confirm the tissue damege due to chronic Cd 
toxicity in present study. There was limited 
information about the effects of COS on T.pro and 
Alb levels of Cd induced toxication in rats. Bil levels 
also increased in Cd group animals but did not 
effected from COS administration in present study. 
Hamden et al. (2009), Ibiam et al. (2013) and 
Markiewicz-Górka et al. (2011) also defined similar 
results in Cd treated rats according to Bil values. It 
may be explained that COS can be partially 
ameliorated the Cd induced tissue damages in the 
liver and kidney.   

In the small intestinal microflora of the rats, neither 
Cd nor COS didn’t cause any significant changes in 
the counts of Enterobacteriaceae in present study. 
Conversely, Escherichia coli and Klebsiella spp., which 
are the members of Enterobacteriaceae group, counts 
decreased due to Cd (high doses) treatments in the 
small intestine of the mouse in a previous study 
(Fazeli et al. 2011). As it known, COS has positive 
effects on host gut health and intestinal microbial 
community (Zhang et al. 2014), however Cd+COS 
treatment not affected the Enterobacteriaceae count in 
our study. It can be explained by either antimicrobial 
effect of both compounds decreased as a result of 
COS+Cd chelating, both compounds were rapidly 
absorbed without showing their antimicrobial effects 
or the doses were insufficient to demonstrate known 
effects.  In addition, Cd treatment did not lead to 
changes in Enterobacteriaceae count in large intestine in 
Cd group compared to C group. It has been 
suggested that E. coli and Klebsiella spp. counts 
reduced in the large intestine of the mice due to Cd in 
a previous study which was not corresponding with 
present study (Fazeli et al. 2011). Although it has 
been enounced that COS influences GI flora, and 
thus improving intestinal health, it was not found a 
significant change in Enterobacteriaceae counts in the 
large intestine of the Cd+COS group animals. It can 
be occured due to different dose, time of exposure to 
Cd and/or animal species.   
 
A significant decrease was found in the count of 
Lactococcus spp. in small intestine of Cd group animals 
in present study. It was also suggested that gram-
positive basilcus and enterecocus microorganisms 
were more sensitive to Cd toxicity than gram-negative 
E. coli and Klebsiella spp. (Fazeli et al. 2011). On the 
other hand, Cd+COS treatment increased the 
Lactococcus spp count in large intestine of the rats. 
These results can be explained by the fact that total 
bacterial rates of microflora varied with decreased 
count of Enterobacteriaceae due to Cd+Mel 
administration or the high pH in the small intestine.  
 
Lactobacillus spp. count was found lower in Cd group 
than C, Mel and Cd+Mel groups in small intestine 
microflora of the rats in our study. It has been 
reported by Fazeli et al. (Fazeli et al. 2011). that 
Lactobacillus spp. count decreased due to different 
high doses of Cd treatment in small intestines of the 
mice which was corresponding with our results. 
Although decreased Lactobacillus spp. counts were 
detected by Fazeli et al. (2011) in large intestines 
depend on the different doses of Cd, it increased due 
to Mel and Cd+Mel treatments in large intestine of 
the rats except C group in our study. It was also 
reported that Mel treatment increased the Lactobacillus 
spp. counts in large intestines of colitic mice which 
was consistent with present study (Wang et al. 2019). 
It can be also expressed that Cd+Mel treatment may 
be reduced Enterobacteriaceae count and lead to 
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increase Lactobacillus spp./Lactococcus spp. rates, 
and/or activated the antioxidant system that can be 

confirmed by an increase in serum TAS levels in our 
study.   
 

Table 1. Serum TAS and TOS levels in different experimental groups.   

Groups  

                   C 

Parameters             (n=8) 

      COS 

      (n=8) 

Cd 

(n=8) 

 Cd+COS 

(n=8) 

 TOS                      26,50±5,94
a                       

2,97±1,08
b                      

    69,65±29,95
a 
                             32,45±11,54

a 
 

   TAS                       1,73±0,03
a 
                  1,81±0,00

a            
           0,73±0,01

b        
                             1,73±0,02

a
 

a,b,c; The differences between average values indicated by different letters in the same row of the same   parameters are 

important (p < 0.05).   

 
 
Table 2.  The average biochemical parameters in different experimental groups (X ± SEM).   

Groups 

Parameters C 

(n=8) 

COS 

(n=8) 

Cd 

(n=8) 

Cd+COS 

(n=8) 

Bil (g/L) 1.02±0.00
b
 1.03±0.02

b
 1.35± 0.07

a
  1.08±0.01

b
 

ALT (U/L) 37.82±1,94
c
 37.65±1.19

c
 81.01±5.18

a
 72.80±4.72

b
 

AST (U/L) 60.16±4,03
c
 62.16±5.17

c
 147.0±16.82

a
 108.16±9.88

b
 

GGT (U/L) 1.16±0,11
c 

1.15±0.12
c 

2.50±0.23
a 

1.40±0.24
b 

Alb (g/dL) 3.51±0,11
a 

3.51±0.14
a 

2.84±0.21
b 

3.53±0.90
a 

BUN (mg/dl)  18.70±1.21
c
 16.11±1.35

d
  40.71±2.25

a 
 30.26±2.24

b
 

 

 Creat (mg/L)                  5.04 ± 1.02
b
              5.06 ± 0.99

b
                   7.41 ± 0.88

a
                            4.99 ± 1.02

b
 

T.Pro (g/dL) 5.57±0,13
a
 5.20±0.13

a
  4.56±0.15

b
 5.12±0.19

a
 

a,b,c,d; The differences between average values indicated by different letters in the same row of the same  parameters are 
important (p < 0.05).  

 
 
Table 3. Enterobacteriaceae, Lactococcus ssp. and Lactobacillus spp. counts in different experimental groups.  

Groups  Enterobacteriaceae Lactococcus ssp Lactobacillus spp. 

Control                           small   

                                       large 

4,3438±0,15a 6,4771±0.00ab 8,3764±0.80abc 

4,2580±0.00a 7,0922±0.58ab 7,6931±0.29bcd  

COS                               small 
                                       large 

4,1664±0.23a 6,8368±0.54ab 7,1238±0.75d 

4,1838±0.28a 7,5131±0.24ab 8,6993±0.97ab 

Cd                                  small 

                                       large 

4,6819±0.24a 5,8458±0.29b 8,1228±0.33abcd 

5,3764±0.2a 6,3280±0.67ab 7,3920±0.38cd  

Cd+COS                        small 4,1230±0.9a 7,6723±0.99ab 7,2177±0.76cd 

                                       large 4,4269±0.01a 8,1476±0.60a 8,9155±0.29a  

a,b,c,d; The differences between average values indicated by different letters in the same line of the same parameters are 
important (p < 0.05).      

 
CONCLUSION 

 
It is known that lactic acid bacteria and probiotics 
should be taken with food at a level of at least 7 log / 
gr in order to have beneficial effects in humans. 
Taking this information into account, both Lactococcus 
ssp. and Lactobacillus spp. counts decreased as 0.63  

 
and 0.77 log in the Cd group compared to the control 
group, respectively. This decrease in lactic acid 
bacteria may also be related with serum TAS and 
TOS values in Cd group animals. In addition, it was 
found that the antimicrobial effect of both 
compounds decreased as a result of COS-Cd 
chelating in Cd + COS group. This situation can be 
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observed in terms of serum TAS and TOS levels in 
our study.  
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ABSTRACT 
Tuberculosis (TB) is a widespread and endemic disease of ruminants in Algeria posing a significant threat to 
public health. A retrospective abattoir study was conducted in Bejaia province (Algeria) from 2009 to 2018 to 
estimate the prevalence of tuberculosis in cattle, sheep, and goats using detailed meat inspection procedure. The 
overall prevalence of tuberculosis was 2.06% (4092/199 077) in cattle, 0.007% (11/168 796) in sheep, and 0.008% 
(11/164 986) in goats. The annual prevalence rate of the disease showed intermittent increase in levels over the 
ten years period of the study. However, monthly fluctuations of tuberculous lesions in slaughtered cattle were 
recorded throughout the study period with detection rates ranging from 1.77% and 2.36%. In addition, the 
variation in seasonal prevalence in cattle and goats is not significant (P > 0.05). Our analysis has revealed the 
magnitude of TB in the study area and warrants further systematic investigation on the transmission of the 
disease in Algeria. 
Keywords: Tuberculosis, Ruminants, Slaughterhouse, Algeria 
 

*** 

 
Cezayir, Bejaia'daki Mezbaha Verilerine Dayanan Tüberküloz Hakkında İlk Rapor: Geriye Dönük 10 

Yıllık Bir Araştırma 
 

ÖZ 
Tüberküloz (TB), Cezayir'de halk sağlığı için önemli bir tehdit oluşturan ruminantların yaygın ve endemik bir 
hastalığıdır. Bejaia'da (Cezayir) sığır eti, koyun ve keçilerde tüberküloz prevalansının ayrıntılı bir et muayene 
prosedürü kullanılarak tahmin edilmesi için geriye dönük bir mezbaha çalışması yapılmıştır. Tüberküloz prevalansı 
sığırlarda % 2.06 (2.092/199 077), koyunlarda % 0.007 (11/168 796) ve keçilerde % 0.008 (11/164 986) idi. 
Hastalığın yıllık yaygınlık oranı, çalışmanın on yıllık dönemi boyunca aralıklarla artmıştır. Ancak, kesilen sığırlarda 
aylık tüberküloz lezyonlarındaki dalgalanmalar, çalışma süresi boyunca % 1.77 ile % 2.36 arasında değişen tespit 
oranlarında kaydedilmiştir. Ayrıca sığır ve keçilerde mevsimsel prevalanstaki değişiklik anlamlı değildir (P> 0.05). 
Analizimiz, çalışma alanındaki TB'nin büyüklüğünü ortaya çıkarmıştır ve Cezayir'de hastalığın bulaşmasına ilişkin 
daha fazla sistematik araştırmayı garanti etmektedir. 
Anahtar Kelimeler: Tüberküloz, Ruminant, Kesimhane, Cezayir 

 
 
 

 
To cite this article: Ayad A. Bensid A. Benabdelhak A.C. Ait Yahia F. Dergal N.B. First Report on Tuberculosis Based on Slaughterhouse 
Data in Bejaia Province, Algeria: A Retrospective 10-Year Survey. Kocatepe Vet J. (2020) 13(2):118-124 
 
Submission: 02.02.2020          Accepted: 20.03.2020          Published Online: 25.04.2020 

ORCID ID; AA: 0000-0002-9325-7889, AB: 0000-0002-6972-2250, ACB: 0000-0002-3475-413X,  
FAY: 0000-0001-5194-3891, NBD: 0000-0002-0945-2930 
*Corresponding author e-mail: hanine06@gmail.com 



119 

 

INTRODUCTION 
 
Tuberculosis (TB) is a worldwide chronic and 
debilitating zoonotic disease caused by the members 
of the Mycobacterium tuberculosis complex. It is 
characterized by progressive development of specific 
granulomatous lesions (tubercles) in tissues especially 
in the lungs, lymph nodes, liver, intestines, and kidney 
where bacteria have localized (Shitaye et al. 2006). 
Mycobacterium bovis and Mycobacterium tuberculosis are the 
major causes of TB in a wide range of both domestic 
and wild warm-blooded animals, and are the sources 
of TB in humans (O’Reilly and Daborn 1995). Like 
other mycobacteria, they are very robust in the 
environment and can survive under extreme 
environmental conditions (Courtenay et al. 2006; Fine 
et al. 2011). Indeed, the close interaction between 
humans and animals reported previously contributes 
largely to the evolution and transmission of many 
shared infectious diseases especially the tuberculosis 
(Thoen et al. 2009). The pathogen can infect humans 
and animals by ingestion of infected raw milk or 
colostrum; through aerosol discharges, including 
sputum, saliva, urine, and manure contact; and 
through watering and feeding sites (De la Ruta et al. 
2006, Silaigwana et al. 2012). 
 
Tuberculosis is a widespread and economically 
important disease of domestic animals. It negatively 
affects agricultural activities and causes severe 
impacts on the productivity of the livestock industry, 
leading to significant economic losses from livestock 
deaths, additional processing costs for tuberculous 
animals, and trade restrictions (De Garine-
Wichatitsky et al. 2013). In addition, infected animals 
show decrease in milk and in meat production. 
Tuberculosis is a serious chronic disease and 
considered as well as a major zoonosis of public 
health concern global, it is responsible for more 
deaths than any other microbial disease ever today 
(Thoen et al. 2016). In the annual reports of World 
Health Organization (WHO) declared that 
approximately 10.4 million new Tuberculosis cases 
were recorded in 2015 and about 1.8 million people 
died globally (WHO 2016). 
 
In Algeria, the livestock sector plays an important 
role in the national economy and food security. 
According to the satirical report of the Ministry of 
Agriculture and Rural Development, the national 
herd exceeds 34 million heads including sheep, goats 
and cattle. Most of the tuberculosis surveys are based 
on tuberculin skin test, bacteriology and post mortem 
meat inspection in slaughterhouse that play an 
important role for surveillance of the disease in many 
countries as such Algeria. It is urgent to evaluate the 
magnitude of occurrence of this pathology in animal 
livestock. Furthermore, slaughterhouse surveillance is 
the most economically efficient method of detecting 
infection in herds with a high level of sensitivity and 
contributes to the eradication of tuberculosis from 

several developed countries. Therefore, a 
slaughterhouse can be a potential source of 
information on the epidemiology of animal affected 
for this disease (Shittu et al. 2013).  
 
Currently, there is very few available data on animal 
tuberculosis in slaughterhouses in Algeria especially 
Bejaia province. For this reason, the objective of the 
present study was to determine the prevalence of 
tuberculosis infection based on the records from 
different local slaughterhouse in Bejaia province from 
2009 to 2018.  
 

MATERIALS and METHODS 
 
Study area 
The study was conducted in Bejaia Province of, 
(36°43’N, 5°04’E), which is located in the 
northeastern of Algeria, and covers a total land mass 
area of 326.826-kilometer square (km2). The study 
area receives a mean annual rainfall of about 797.5 
mm with mean annual minimum and maximum 
temperature range of about 11.3 and 25.5 °C, 
respectively. It experiences two main seasons: a dry 
season from June to August, and a rainy season from, 
September to May, with the greatest falls between 
December and February. In Bejaia province, cattle, 
sheep and goats are the most important livestock 
species (43,000; 115,000; 44,000 of head, 
respectively).  
 
Routine post-mortem procedures 
A retrospective study was carried out using abattoirs 
records for cases of TB in animals over a period of 
ten years from January 2009 to December 2018. The 
municipals abattoirs were under the supervision of 
the Directory of Agricultural Services. Routine 
abattoir inspection of carcasses for detection of 
visible abnormalities including tuberculous lesions 
was carried out by the assigned meat inspectors 
(Veterinarians) based on procedures adopted by 
Gracey et al. (1999). For this study, diagnosis of 
tuberculosis in cattle was based on the visual 
examination of organs such as lungs, liver, kidneys, 
uterus, spleen, udder, intestines, pericardium, pleura, 
peritoneum, and incision of tracheobronchial, 
mediastinal, apical, medial retro-pharyngeal, 
submaxillary, mesenteric, hepatic, inguinal, and supra-
mammary lymph nodes. Other lymph nodes and 
organs are incised whenever lesions are detected in 
one of these tissues. In detail, necropsy procedures 
were based on gross detection of typical tubercle 
which is whitish or yellowish in colour, yellowish 
granulomatous caseated lesions or sometimes ‘gritty’ 
calcification in the mentioned tissues. The lymph 
nodes were sliced into multiple thin sections using 
knives and examined visually under a bright light 
source for the presence of TB-like lesions. Diagnosis 
of tuberculosis in sheep and goats was based only on 
the visual examination of thoracic and abdominal 
organs, pericardium, pleura and peritoneum because 
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the tuberculosis of progressive generalization is 
extremely frequent in these species; therefore, 
tuberculous lesions are visible on the parenchyma of 
several organs and are similar to those seen in cattle 
(Gracey et al. 1999). 
 
Determination of prevalence  
The overall prevalence for animal species was 
calculated from data collected over a ten-year period 
(2009-2018). Records of monthly and annual returns 
from abattoirs were scrutinised with regard to the 
number of animal slaughtered and the corresponding 
number of infected animals as a result of infection 
tuberculosis. The annual prevalence of tuberculosis 
was calculated as the number of cattle with suspect 
TB lesions divided by the number of animals 
examined at post-mortem during that particular year 
and expressed in percentage. The seasonal prevalence 
was also determined by calculating the total umber of 
found positive for tuberculous lesions recorded 
during the rainy season (October, November, 
December, January, February, Marsh), dry season 
(April, May, June, July, August, September), divided 
by the total number of animals examined at post-
mortem during that particular season and presented 
in percentage.  
 
Statistical analysis 
All the data were entered, stored and calculated in 
Microsoft Excel 2007. The retrospective data were 
analyzed using Statview (Version 4.55). The data were 
also presented using descriptive statistics in the form 
of table. Mean were compared using the independent 
samples t-test at 95% confidence interval. The values 
were statistically different when the P-value was < 
0.05. 
 

RESULTS 
 
Table 1 shows meat inspection data for the number 
of slaughtered animal (cattle, sheep and goats) and 
tuberculosis lesions detection for a ten-years period 
(January 2009 to December 2018). A total of 181,450 
cattle, 163,384 sheep and 145,048 goats were 

slaughtered and inspected during a 10-year of study 
period at Bejaia province. There were significant 
differences (P ≤ 0.05) in the mean numbers of 
animals slaughtered per year during the indicated 
period. The overall prevalence of tuberculosis 
detected by post-mortem examination in cattle, sheep 
and goats slaughtered during the study period was 
2.06% (95% CI, 0.66-3.38), 0.007% (95% CI, 0-0.001) 
and 0.008% (95% CI, 0-0.001), respectively. The 
distribution of tuberculous lesions in slaughtered 
cattle shows a significant difference when compared 
to sheep or goats (P ≤ 0.05).  
 
A result of annual trends and monthly prevalence of 
infected animals by tuberculosis during recording 
period (2009-2018) is illustrated in Figure 1 and 2. In 
cattle, the rate maximum of tuberculosis was 3.53% in 
the year 2018; and a minimum of 0.58% in the year 
2011, the overall annual prevalence rate of the disease 
showed intermittent increase in levels over the ten 
years period of the study. The maximum annual 
prevalence at tuberculosis cases for sheep and goats 
were 0.01% in the year 2014 and 2016, respectively. 
The monthly prevalence of tuberculosis in 
slaughtered cattle were recorded throughout the study 
period with detection rates ranging from 1.77% and 
2.36%. On the other hand, the monthly cumulative 
prevalence rates of sheep and goats tuberculosis cases 
recorded varied between 0% and 0.06%. 
 
The seasonal variation in the prevalence of infected 
animals due to tuberculosis is summarized in Table 2. 
The prevalence rates recorded of infected cattle and 
goats tuberculosis were slightly higher in rainy season 
than in the dry season. However, this difference was 
not statically significant. On the other hand, 
prevalence of tuberculous lesions in sheep recorded 
during the dry season (0.01%) is significantly higher 
(P < 0.05) than in the rainy season (0.0%). The 
overall prevalence of tuberculosis lesions recorded 
during the rainy season (0.85%) is higher compare to 
dry season and is not significantly different (P > 
0.05).  
 

 

Figure 1. Annual trends of infected animals in slaughtered cattle, sheep 
and goats as a result of tuberculosis for the period 2009-2018 in Bejaia 
province  



121 

 

Figure 2. Monthly variations in proportions of infected animals for 
tuberculosis in slaughterhouse during the year 2009-2018 in Bejaia 
province  

 
 
Table 1. Slaughter statistics Tuberculosis rates of infected animal between 2009 and 2018 in Bejaia province 
 

Species slaughtered Cattle Sheep Goats Animal total 

Number slaughtered 199 077 168 796 164 986 
 
 

532 859 
 

Mean ± SD 19907.7±2229 16879.6±4984.6 
 

16498.6±5358.6 
907 

53285.9±9677.2 
 

Min-Max 
 

17196-23760 
 

12695-28862 
 

9771-24389 
 

40662-67657 

Number with 
tuberculosis lesions 
 

4092 
 

11 11 4114 

Prevalence (%) 2.06a 0.007b 0.008b 0.77 

95% confidence interval 
 

0.66-3.38 0-0.001 0-0.001 0.13-0.65 

a,b Values with different superscripts in the same raw are significantly different (P ≤ 0.05). 

 
 
Table 2. Seasonal prevalence rates (%) of tuberculosis in infected animal slaughtered between 2009 and 2018 in 
Bejaia province 
 

Species Season  Number  
slaughtered 

Number of infected  
animals by Tuberculum (%) 

Cattle Rainy 87178 1979 (2.27%) 

 Dry 114033 2454 (2.15%) 

Sheep Rainy 72713 0 (0%) * 

 Dry 106882 11 (0.01%) * 

Goats Rainy 75099 10 (0.013%) 

 Dry 90143 1 (0.001%) 

All Rainy 234990 1989 (0.85%) 

 Dry 311058 2466 (0.79%) 
* Values with different superscripts in the same species between rain and dry season are significantly different (P ≤ 0.05) 

  



122 

 

DISCUSSION 
 
In Africa, epidemiological studies of TB are difficult 
to perform due to cost and the lack of laboratory 
techniques, therefore, many epidemiologic and public 
health aspects of the disease remain mainly unknown. 
However, the regular post-inspection monitoring of 
carcasses remains the best option for monitoring 
animal tuberculosis and can be a valuable source of 
information on the incidence of animal diseases and 
conditions, some of which may be zoonotic. The 
meat inspection data are a potential source of 
information and have an important role to play in 
epidemiology and preventive veterinary medicine; 
however, it is not being fully exploited in Algeria, 
especially in Bejaia province. In this context, our 
study aimed at determining the magnitude and 
distribution of tuberculosis in Bejaia slaughterhouse 
using a meat inspection procedure from January 2009 
to December 2018. To our knowledge, this is one the 
rare study conducting the prevalence of tuberculosis 
diagnosed from slaughter in Algeria, especially Bejaia 
area. However, routine abattoir meat inspection and 
periodic intra-dermal tuberculin skin testing of cattle 
from intensive dairy farms have already previously 
revealed the presence of bTB in Algeria (Sahraoui et 
al. 2009). 
 
Based on detailed post-mortem inspection, the overall 
prevalence of tuberculosis in cattle, sheep and goats 
recorded in the current study (2.06%, 0.007% and 
0.008%, respectively) is widely different compared to 
several report. The tuberculosis prevalence of bovine 
slaughtered in the present study (2.06%) is lower 
compared to the previous works (Sahraoui et al. 2011) 
who reported prevalence of 3.58% in four abattoirs in 
the north of Algeria. Likewise, when compared with 
the data recorded elsewhere in developing countries, 
the prevalence recorded in this study was lower than 
6.1% prevalence reported in Nigeria by Ahmad et al. 
(2017), 5.5% in Ethiopia (Dejene et al. 2016) and 
9.7% in Uganda (Nalapa et al. 2017). However, this 
rate was higher than the earlier reports based on 
abattoir post-mortem detection of tuberculosis-like 
lesions from different regions; 0.78% (Sa’idu et al. 
2017) in Nigeria, 0.48% (Carvelho et al. 2015) in 
Brazil, and 0.18% (Asil et al., 2013) in Sudan. These 
differences could be explained by many factors 
including lower cattle density and housing of animals 
in open areas, which are unlikely to favour the spread 
of the disease, breed of animals that are slaughtered 
in the abattoirs, differences in the disease status in the 
animal populations, and various environmental 
influences (Regassa et al. 2010). The transmission and 
development of infection have been found to differ 
significantly from place to place, and this difference is 
most probably linked to the climatic conditions 
affecting the stability of the agent in the environment, 
type of the production system (intensive, extensive), 
malnutrition, insufficient aeration system, over 

stocking and herding of different herd groups 
(Shitaye et al. 2006). 
 
The tuberculosis prevalence of sheep slaughtered in 
the present study (0.007%) is lower compared to the 
previous works who reported prevalence over of 
0.22% at two abattoirs in the central region of Algeria 
(Sahraoui et al. 2012), and 2.85% in South Darfur 
State during the period October 2015 to February 
2017 (Aljameel et al. 2017). However, this prevalence 
is higher than the 0.0% reported by Cadmus et al. 
(2009) at Bodija municipal abattoir in Oyo state of 
Nigeria. The rate of caprine tuberculosis is revealed 
lower (0.008%) than the 3.72%, 3.5%, and 1.68% 
reported by Aljameel et al. (2017) in Sudan, Benti et 
al. (2013) in Ethiopia and Luboya et al. (2017) in 
Congo. In one survey conducted in four 
slaughterhouses in the north of Algeria during the 
year of 2007, the authors report a prevalence of 
lesions of caprine tuberculosis of 6.03% (Sahraoui et 
al. 2008). The low rate of TB in slaughtered sheep 
and goats in Bejaia province might be attributed to 
the housing of sheep and goats separately from cattle 
at night, and to many factors such as animal source, 
age, breeding management and hereditary resistance. 
In addition, separate herding may have contributed to 
a low contact rate between sheep and goats and the 
other species of animals (Ghebremariam 2018).  
 
The low percentage of TB in animals in Bejaia 
province (Algeria) might be indicative of the success 
of the TB eradication program in domestic animals. 
Moreover, the majority of Algerian cattle are 
registered and cattle movement control systems are 
well established. Also, this may be due to technique 
conducted by researchers such as microscopic 
identification of the post mortem lesions of the 
disease in the slaughtered and tuberculin test 
technique which are more sensitive (Danbirni et al. 
2009). The difference of tuberculosis prevalence 
might be underestimated in tuberculosis animal 
slaughtered because of undetected lesions in early 
infection or because small lesions might be missed as 
a result of difficulties in carrying out inspection 
without pressure. 
 
From the results of the epidemiological survey, the 
tuberculosis cases detected by post-mortem 
examination in cattle (2.06%), was significantly higher 
than sheep and goats (0.007%, and 0.008%) at 
slaughterhouses of Bejaia province. This could be 
attributed to many factors such as animal source, age, 
breeding management and hereditary resistance. 
These variations could be due to different control 
practices, particularly the diagnose of the TB to 
improve livestock production. The prevalence of TB 
is different in various species due to environmental 
and management factors (malnutrition, pregnancy 
and concurrent infection) that may suppress the 
immune responsiveness of animals. This situation 
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could have potential impact on human health directly 
and threat to human livelihood by compromising 
food supply, income and social status. 
 
The overall annual prevalence rate of the tuberculosis 
in cattle showed intermittent increase in levels over 
the ten (10) years period of the study. The reason for 
this increasing trend in the prevalence of TB in cattle 
was not clear. Thus, the increase in the bovine TB 
detection rate in this study may not have been a real 
increase of the disease state but is probably due to the 
intensification of the slaughter/meat inspection 
procedure. Meat inspection offers an effective means 
of monitoring the level of TB and depends on the 
work load, time, and diligence of the veterinary staff 
conducting the examination (Shitaye et al. 2006). The 
introduction of modern diagnostic techniques with 
the intensification of meat inspection and tracing of 
infected/suspicious cases to the herds of origin would 
be necessary for effective surveillance of TB. 
Tuberculous lesions in slaughtered cattle showed 
monthly fluctuations throughout the study period 
with detection rates ranging from 1.77% and 2.36%. 
Therefore, TB lesions were not influenced by month 
but it was higher during stressful periods when 
slaughtering was elevated during religious feasts and 
sociocultural ceremonies. 
 
In general, the variation in seasonal prevalence in 
cattle and goats is not significant (P>0.05), as such 
there was no association between the occurrence of 
TB and season in the state. These findings were in 
concordance with other previous report of Awah-
Ndukum et al. (2010) in Cameron who reported that 
the detection of TB lesions was not influenced by 
season but was high during stressful periods such as 
inter season and peak-season periods. Nwata et al. 
(2011) showed that variation in seasonal prevalence 
was not significant; they reported a prevalence of 
13.2% during the rainy season and 12.5% during the 
dry season. However, Pollock and Neill (2002) and 
Ahmed et al. (2013) reported strong association 
between season and tuberculous lesions but the 
reason for the difference in the seasonal variations 
and tuberculous detection observed in their studies 
was not stated. During the dry season, prevalence of 
tuberculous lesions in sheep was 0.01% while the 
prevalence was lower during the rainy season (0.0%); 
this may be due to the small number of infected 
sheep, which does not lead to a significant result. 
 

CONCLUSION 
 
In conclusion, the findings of the present abattoir 
study have provided a baseline data for monitoring of 
the ruminant tuberculosis in Bejaia province (Algeria). 
The results demonstrated that the prevalence of 
bovine, ovine and caprine tuberculosis recorded was 
relatively lower than that of some of the previous 
reports from abattoirs in the same country. However, 

we suggest that this disease should be investigated 
further in farms to determine the risks factors on the 
prevalence in animals such as ages and breeds to 
develop effective disease control strategies. Also, 
standardization and intensification of slaughterhouse 
detailed meat examination and proficiency testing of 
meat inspections are suggested as essential and cost-
effective interventions to improve meat inspection 
service in Algeria, with subsequent protection of 
consumers' health. Measures to prevent infection 
transmission among animals and to humans should 
be the primary objective to be achieved with qualified 
public health personnel, proper hygiene practices and 
public education. 
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ABSTRACT 
In this study, the microbiological and chemical properties of drinking water taken from fountains in the city 
center of Afyonkarahisar province were investigated. As a result, Escherichia coli was detected in 9 (22.5%) of forty 
samples examined. In 19 (47.5%) of them, it was determined that coliform group bacteria were above the values 
specified in the statute. It was determined that the total aerobic mesophilic bacteria count was 0-3.45 cfu 
kob/250ml, the coliform group bacteria count was 0-2.59 cfu kob/250ml, the psychrophilic group bacteria count 
was 0.48-2.81 log cfu/250ml, and the Escherichia coli count was 0-1.97 log cfu/250ml. In chemical analyses, pH, 
conductivity, hardness, nitrite, ammonium, bicarbonate, clarity, fluorine, chlorine values were determined to be 
7.46, 344.4, 16.03, 0.061, 0.0312, 151.39, 9.8, 0.144, 0.171 mg/mL, respectively, on average. Although the 
chemical results indicated in samples were found appropriate according to the regulation on water for human 
consumption, in microbiological results, all samples did not comply with the quality criteria specified in the 
regulation on water for human consumption in terms of Escherichia coli, coliform, TAMB, total psychrophilic 
aerobic bacteria. In conclusion, it was concluded that the hygienic quality of drinking and tap water in the city 
center of Afyonkarahisar did not comply with the regulation on water for human consumption and had 
significant risks for public health. 
Keywords: Afyonkarahisar, tap water, hygienic quality, microbiological. 
 

*** 

 
Afyonkarahisar İli Çeşme Sularının Hijyenik Kalitesinin Belirlenmesi 

 
ÖZ 

Bu çalışmada Afyonkarahisar ili şehir merkezinde bulunan çeşmelerden alınan içme sularının mikrobiyolojik ve 
kimyasal özellikleri araştırılmıştır. Sonuç olarak; incelenmesi yapılan kırk örneğin 9 adedinde (%22.5) Escherichia coli 
tespit edilmiştir. 19 adedinde (%47.5) ise; Koliform grubu bakterileri tüzükte belirtilen değerlerin üzerine olduğu 
saptanmıştır. Toplam aerobik mezofilik bakteri sayısı 0-3.45 log kob/250ml, koliform grubu bakteri sayısı 0-2.59 
log kob/250ml, psikrofil bakteri grubu sayısı 0.48-2.81 log kob/250ml, Escherichia coli sayısı 0-1.97 log kob/250ml 
aralığında olduğu tespit edilmiştir. Kimyasal analizlerde pH, iletkenlik, sertlik, nitrit, amonyum, bikarbonat, 
berraklık, flor, klor değerleri sırasıyla ortalama 7.46, 344.4, 16.03, 0.061, 0.0312, 151.39, 9.8, 0.144, 0.171 mg/mL 
olarak saptanmıştır. Örneklerde belirtilen kimyasal sonuçlar İnsani tüketim amaçlı sular yönetmeliğine göre uygun 
bulunmasına karşın mikrobiyolojik sonuçlarda tüm numuneler Escherichia coli, koliform, TAMB, toplam psikrofil 
aerobik bakteri yönünden insani tüketim amaçlı sular yönetmeliğinde belirtilen kalite kriterlerine uygunluk 
göstermemektedir. Sonuç olarak, Afyonkarahisar şehir merkezindeki içme ve kullanma sularının hijyenik 
kalitesinin insani tüketim amaçlı sular yönetmeliğe uymadığı ve halk sağlığı açısından önemli riskler taşıdığı 
kanaatine varılmıştır. 
Anahtar Kelimeler: Afyonkarahisar, çeşme suyu, hijyenik kalite, mikrobiyoloji. 
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INTRODUCTION 
 
Water is consumed as an indispensable natural 
resource for the continuation of future generations 
and the ecosystem. Although people can continue 
their vitality activities for days and weeks without 
food intake, they can only live a few days in case of 
any drought (Uzundumlu et al. 2016). Human beings, 
who perceived the importance of this situation, 
always preferred to be close to water resources while 
establishing their settlements (Demirel 2009, Hare 
2014). Furthermore, people need to consume the 
same amount of water as the daily energy taken to be 
able to maintain their lives in a healthy way 
(Sciamanna et al. 2011, Drewnowski et al. 2013, 
Muckelbauer 2013). 
 
Although three-quarters of the world's surface are 
covered with water, only 2.6% of the water reserve 
consists of freshwater (Miller 2004). Water is not only 
home to living creatures but also constitutes the main 
source of vitality. Water, which may be present in 
different types of cells and tissues at different ratios, 
constitutes 65-70% of the human body (Erk 2016). 
 
 Multiple factors such as population growth, 
industrialization, and consequently energy need of 
countries may be effective on water consumption. In 
addition to the amount of consumption, the fact that 
water reaches consumers hygienically becomes even 
more important with each passing day. More 
technology has been used to meet the needs of the 
rapidly growing population in recent years. Therefore, 
access to clean and natural water resources becomes 
difficult over time since people use natural resources 
wastefully (Varer 2010). 
 
The fact that the bacteriological, chemical, physical, 
and ecological properties of water resources are 
negatively affected, and the discharging of substances 
or wastes that will directly or indirectly cause 
preventive deteriorations in human health and water 
quality lead to water pollution (Tosunoglu et al. 1999). 
In the world, 250 million people contract waterborne 
epidemics every year, and it is reported that 
approximately 10 million of them die of microbial 
infections. In its report entitled “water quality and 
health strategy" covering the period between 2013 
and 2020, the World Health Organization (WHO) 
reported that 589.854 waterborne infection cases 
were reported from 58 world countries and there was 
an 85% increase in waterborne infections compared 
to 2010 (Rifaat et al. 2014).  
 
Contaminated water directly or indirectly constitutes a 
risk to public health. It was indicated that the 
consumption of vegetables and fruits washed with 
contaminated water, the consumption of fish caught 
in contaminated water or the consumption of this 

water may lead to many infections or toxications 
caused by pathogenic bacteria (Erkan and Vural 
2006). 
 
Coliform groups are the most problematic group of 
bacteria in drinking water in terms of health. 
Coliform group bacteria are divided into two groups 
according to their characteristic features. Fecal 
coliform bacteria and Escherichia coli are considered to 
be the indicators of fecal contamination in water. 
Pathogenic types of Escherichia coli may cause diarrhea, 
meningitis, septicemia, arteriosclerosis, Hemolytic 
Uremic Syndrome (HUS), and various immunological 
diseases leading to death in living creatures (Rifaat et 
al. 2014). 
 
In this study, it was aimed to investigate tap waters in 
Afyonkarahisar and its vicinity from physical, 
chemical, microbiological aspects and to determine a 
risk they pose to human health. 
 

MATERIAL and METHODS 
 
Materials 
40 samples were taken from the fountains in the city 
center of Afyonkarahisar province into previously 
sterilized jars under suitable conditions in accordance 
with the hygiene rules. The samples were brought to 
the Food Engineering Laboratory of Afyon Kocatepe 
University Faculty of Engineering under suitable 
conditions and analyzed.  
 
Microbiological Analyses 
Escherichia coli, total psychrophilic aerobic bacteria 
group, total aerobic mesophilic bacteria (TAMB), and 
total coliform analyses were performed in the samples 
taken. 
 
Preparation of samples for microbiological 
analyses 
Before the analysis, the materials to be used were 
passed through alcohol, and this alcohol was removed 
with burner flame and sterilized. The working 
environment was also ensured to be sterile. This 
process was repeated for each sample to be analyzed.    
 
Escherichia coli analysis 
250 mL of the water sample taken was passed 
through a sterilized membrane filtration system. 
Then, the membrane filters were placed on the Petri 
plate with sterile forceps so that no air remained. 
Attention was paid to ensure that the bacterial surface 
was at the top while placing the filter on the VRB 
agar medium. The lid of the Petri plate was allowed to 
incubate at 37 °C for 24-48 hours on the top. After 
incubation, microorganism count was performed 
directly. The colonies that gave bright pink color were 
considered Escherichia coli and calculated 
logarithmically (Ekici et al. 2010). 



127 

 

Total aerobic mesophilic bacteria analysis 
250 mL of the water sample taken was passed 
through a sterilized membrane filtration system. 
Then, the membrane filters were placed on the Petri 
plate with sterile forceps so that no air remained. 
Attention was paid to ensure that the bacterial surface 
was at the top while placing the filter on the Lactose 
TTC agar medium. The lid of the Petri plate was 
allowed to incubate at 37 °C for 24-48 hours on the 
top. After incubation, microorganism count was 
performed directly and calculated logarithmically 
(Ekici et al. 2010). 
 
Total coliform bacteria analysis 
250 mL of the water sample taken was passed 
through a sterilized membrane filtration system. 
Then, the membrane filters were placed on the Petri 
plate with sterile forceps so that no air remained. 
Attention was paid to ensure that the bacterial surface 
was at the top while placing the filter on the VRB 
agar medium. The lid of the Petri plate was allowed to 
incubate at 37 °C for 24-48 hours on the top. After 
incubation, microorganism count was performed 
directly. The colonies that gave metallic luster were 
considered coliform and calculated logarithmically 
(Ekici et al. 2010). 
 
Total psychrophilic aerobic bacteria analysis 
250 mL of the water sample taken was passed 
through a sterilized membrane filtration system. 
Then, the membrane filters were placed on the Petri 
plate with sterile forceps so that no air remained. 
Attention was paid to ensure that the bacterial surface 
was at the top while placing the filter on the Lactose 
TTC agar medium. The lid of the Petri plate was 
allowed to incubate at 4 °C for 3-4 days on the top. 
After incubation, microorganism count was 
performed directly and calculated logarithmically 
(Ekici et al. 2010). 
 
Chemical analyses 
pH analysis 
A pH meter was standardized by buffer solutions 
with constant pH value. Thus, the error level was 
minimized. After the pH meter was standardized, the 
pH value of each sample was measured. pH and 
conductivity were measured using the pH meter 
(Hanna HI 2215) (Akarca et al. 2015). 
 
Hardness analysis 
After 25 ml of the test sample was taken and 
completed to 50 ml, 1-2 drops of buffer solution were 
added. Very little powder indicator solution was 
added with a spatula tip. It was titrated with 0.01 M 
EDTA solution until the color changed from wine 
red to blue. Then, the volume spent was recorded. 
This volume gives us information about the hardness 
of the sample (Yelekci 2014).  
 

Analysis of free ion amount 
While the amount of chloride (CI- mg/L) ion was 
analyzed using the Merck Nova 60-14897 kit by the 
spectrophotometric method, Nitrite nitrogen (NO2

-N 
mg/L) was analyzed using the Merck Nova 14776 kit 
by the spectrophotometric method, Ammonium 
nitrogen (NH4

-N mg/L) was analyzed using the 
Merck Nova 60-14752 kit by the spectrophotometric 
method, and Fluoride (F- mg/L) was analyzed using 
the Merck Nova 60-14598 kit by the 
spectrophotometric method (Kalyoncu and Zeybek 
2009). 
 
Clarity and bicarbonate amount analysis 
Clarity and bicarbonate were analyzed by 
spectrophotometric methods (Kalyoncu and Zeybek 
2009). 
 

RESULTS and DISCUSSION 
 
Results of microbiological analysis 
The microbiological values of drinking water of 
Afyonkarahisar province were determined and 
presented in Table 1. 
 
Results of chemical analysis 
With respect to the chemical analysis of drinking 
water of Afyonkarahisar province, pH, conductivity, 
hardness, nitrite, ammonium, bicarbonate, clarity, 
fluorine, and chlorine analyses were performed. The 
results of these chemical analyses are presented in 
Table 2.  
 
In this study, Escherichia coli was detected in 9 of the 
forty samples investigated. Coliform group bacteria in 
19 (47.5%) of them were found to be above the 
values specified in the statutes. It was determined that 
the count of Escherichia coli varied between 0-1.97 log 
cfu/250ml, the coliform group bacteria count varied 
between 0-2.59 log cfu/250ml, TAMB count varied 
between 0-3.45 log cfu/250ml, and the psychrophilic 
bacteria group count varied between 0.48-2.81 log 
cfu/250ml. Analysis results are presented in Table 1. 
 
As a result of chemical analyses, it was found that the 
average value of pH (40 samples) was 7.46, the 
average value of conductivity (40 samples) was 344.4 
(µS/cm), the average value of hardness (40 samples) 
was 16.03 (mg/L), the average value of nitrite (40 
samples) was 0.061 (mg/L), the average value of 
ammonium (40 samples) was 0.031 (mg/L), the 
average value of bicarbonate (40 samples) was 151.39 
(mg/L), the average value of clarity (40 samples) was 
9.8 (mg/L), the average value of fluorine (40 samples) 
was 0.144 (mg/L), and the average value of chlorine 
(40 samples) was 0.171 (mg/L). Analysis results are 
presented in Table 2. 
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In a study carried out by Anar and Gunsen (2000) on 
100 samples in the city center of Bursa province, 
while coliform group bacteria were found 
microbiologically in 7% of the samples, 0.78% of 
them were found to have more than 500 aerobic 
bacteria. In the study carried out by Alemdar et al. 
(2009) on drinking water in Bitlis province, it was 
determined that 7% had coliform, 7% had E. coli, 
66% had TAMB, and 54% had psychrophilic 
microorganisms. It was determined that the results 
obtained in those studies were in parallel with the 
results of our study. It is foreseen that very dangerous 
epidemic cases may occur if the quality of drinking 
water cannot be controlled.   
 
In a study carried out by Duressa et al. (2019), 30 
drinking water samples were taken from three 
different points (main distribution tank, disinfection 
point, and home taps) in Ethiopia. Chemical and 
microbiological analyses were performed on those 
samples. Based on the data obtained, it was 
determined that temperature varied between 16.9-22 
°C and clarity varied between 6.8-7.0 mg/L. It was 
also determined that total dissolved matter and 
electrical conductivity varied between 50-70 mg/L 
and 40-46 μS/cm, respectively. Phosphate and nitrate 

concentrations in water samples varied between 0.65-
1.00 mg/L and 2.2-6.5 mg/L, respectively. It was 
determined that the concentration of chlorine 
released in most of our water samples was less than 
0.5 mg/L. Total coliform positive bacteria ranging 
from 1.08-2.08 log cfu/100 ml were found in all 
samples. Fecal coliform was found in 37% of tap 
water. It indicates that this study was parallel to our 
study and microbiological pollution of drinking water 
had a significant effect on water quality. 
  
In this study, microbiological and chemical analyses 
were performed on the hygienic quality of drinking 
water in Afyonkarahisar. In microbiological analyses, 
it was found that Escherichia coli was positive in 9 
(22.5%) of them, Coliform group bacteria were 
positive in 19 (47.5%) of them, Total aerobic 
mesophilic bacteria (TAMB) were positive in 40 
(100%) of them, and Total Psychrophilic Aerobic 
Bacteria group was positive in 40 (100%) of them. In 
chemical analyses, pH, conductivity, hardness, nitrite, 
ammonium, bicarbonate, clarity, fluorine, chlorine 
values were found to be 7.46, 344.4, 16.03, 0.061, 
0.0312, 151.39, 9.8, 0.144, and 0.171 mg/mL, 
respectively. 
 

 
 
Table 1. Microbiological values of tap waters in Afyonkarahisar province (log cfu/250ml). 

Bacteria Average Value 
(n=40) 

Minimum Value 
(n=40) 

Maximum Value 
(n=40) 

Escherichia coli 0.98 0 1.97 
Coliform 1.29 0 2.59 
TAMB Count 1.73 0 3.45 
Psychrophilic  1.65 0.48 2.81 

 
 
Table 2. Chemical analysis values of tap waters from Afyonkarahisar province. 

Chemical Analysis Average Value 
(n=40) 

Minimum Value 
(n=40) 

Maximum Value 
(n=40) 

pH 7.46 6.54 7.71 
Conductivity (µS/cm) 344.4 181.45 437 
Hardness (mg/L) 16.03 7.7 19.11 
Nitrite (mg/L) 0.061 0.008 0.102 
Ammonio (mg/L) 0.0312 0.015 0.110 
Bicarbonate (mg/L) 151.39 24.3 196.75 
Clarity (mg/L) 9.8 0 30.5 
Fluorine (mg/L) 0.144 0.01 0.645 
Chlorine (mg/L) 0.171 0.05 0.255 

 
 

CONCLUSION 
 
The values found as a result of chemical analysis 
complied with TS 266 and the regulation on water for 
human consumption. However, the values found as a 
result of microbiological analyses did not comply with 
TS 266 and the Regulation on Water for Human 

Consumption (Akin and Akin 2007). The 
consumption of these waters endangers public health.  
 
The prevention of microbiological pollution will be 
achieved by raising the awareness of public and the 
controlling of relevant institutions.  
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When it is considered that our body needs to take 2.5 
liters of water on average every day, the quality of 
drinking water is very important for our health. 
Nowadays, drinking water is exposed to many 
contaminations, especially originating from humans 
or animals. It is certain that drinking these waters 
polluted as a result of the contamination by intestinal 
bacteria such as Escherichia coli will bring along many 
outbreaks, as well.   
 
When the relevant studies that have been carried out 
so far are considered, hygiene and sanitation 
processes of drinking-tap water should be conducted 
without delay. The improvement of the hygiene and 
sanitation conditions of water will prevent diarrheal 
diseases that are likely to occur depending on water 
consumption and the deaths related to these diseases 
and will decrease the incidence of other waterborne 
diseases. 
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ABSTRACT 
This study was conducted to investigate the effect of pumpkin, ginger, cinnamon, and coconut on the quality of 
ice cream (sensory. chemical and microbial). For this purpose. 4 groups ice cream were made and were stored at -
18 °C. Samples were subjected to microbiological (total aerobic mesophile bacteria. yeast. and mold). chemical 
(dry matter. non-fat dry matter. oil and pH) and sensory (color and appearance. structure and consistency. taste 
and smell) analysis on days 0th. 10th. 20th and 30th of the storage. Statistically significant differences were found 
between the groups in terms of dry matter. non-fat dry matter and fat values (p <0.05). As a result. it is shown 
that the production of ice cream with quite low sugar which makes the product more dietetic and highly 
nutritious. and it was detected that the ice-creams could maintain their quality for at least 30 days at -18 °C.  
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Dondurma Üretiminde Bal Kabağı Kullanımı ve Kalite Üzerine Etkisi 

 
ÖZ 

Bu çalışma bal kabağı, zencefil, tarçın ve hindistan cevizinin dondurmanın kalitesi (duyusal, kimyasal ve 
mikrobiyel) üzerine olan etkisini incelemek amacıyla yapıldı. Bu amaçla 4 grup dondurma yapıldı ve -18°C’de 
muhafaza edildi. Örneklerin 0., 10., 20. ve 30. günlerinde mikrobiyolojik, kimyasal ve duyusal analizleri yapıldı. 
İstatistiksel olarak gruplar arasında kuru madde, yağsız kuru madde ve yağ değerleri bakımından önemli farklar 
tespit edildi (p < 0.05). Sonuç olarak, bu araştırmada şeker miktarı oldukça düşük, daha diyetik, besleyici değeri 
yüksek, bal kabaklı kaliteli dondurma üretiminin mümkün olabileceği ve dondurmaların -18 °C’de muhafaza 
edilmesiyle kalitelerini en az 30 gün koruyabildiği tespit edildi.  
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GİRİŞ 
 
Dondurma, hoşa giden tadı, aroması ve ferahlatıcı 
etkisiyle birlikte herkes tarafından sevilerek tüketilen 
ve kolay sindirilen bir besin kaynağıdır (Tekinşen ve 
Tekinşen 2008). Özellikle enerji, protein, kalsiyum, 
fosfor, vitamin A, vitamin D ve vitamin B2 riboflavin 
için önemli bir kaynaktır (Anonim 2004). 
  
Süt ve süt ürünlerinden elde edilen dondurma; 
genellikle tatlandırıcı, stabilizatör, emülgatör, aroma 
ve renk veren maddelerden oluşan karışımdır 
(Tekinşen ve Tekinşen 2008). Dondurma karışımı ise; 
tat ve çeşidine göre süt veya süt ürünlerini içme suyu, 
şeker ve müsaade edilen katkı maddelerini içeren, arzu 
edildiğinde salep, yumurta veya yumurta ürünleri, 
aroma maddeleri ve çeşni maddelerini bulunduran, 
dondurulmamış karışım olarak tanımlanır (Anonim 
2004). Dondurma, dondurma tebliğine (Anonim 
2004) göre sade ve çeşnili (meyve ve sebzeler ile 
bunların suyu, konsantresi, püresi, ezmesi, fındık, 
fıstık, badem, ceviz gibi sert kabuklu meyveler, tahıllar 
gibi bitkiler ve bitki preperatları, şekerli mamuller ile 
bal, kahve, kakao, çikolata, baharat gibi) olarak 
sınıflandırılır. 
 
Dondurma üretiminde bal kabağı, kullanılan yardımcı 
maddeler arasındadır. Bal kabağı (Cucurbita moschata) 
100 gramı 3.77 g sakaroz, 1.57 g glikoz, 1.06 g 
früktoz, 88.6 su, 0.20 g yağ ve 0.46 protein 
içermektedir (Web 2016a).  Antiinflamatuar etkisi 
olan balkabağı, lif içeriği yüksek olmasının yanı sıra 
zayıflama diyetlerinde uzun süre tokluk hissi sağlayıp 
zayıflamaya yardımcı olur. Sindirim sistemi problemi 
yaşayanlarda kabızlığı önler. Balkabağı ve çekirdeği 
özellikle göz sağlığında, deri ve hücre yapısının 
yenilenmesinde etkili olup A ve E vitaminleri içerir. 
Bir su bardağı pişmiş balkabağında 11.7 mg alfa 
karoten bulunmaktadır. Kalp hastalıklarında ve 
hiperlipidemi vakalarında LDL (low density 
lipoprotein)’nin düşmesinde beta karoten etkilidir. 
Antioksidan özelliği ve bağışıklığı güçlendirdiği için 
kansere karşı koruyucu etki sağlar. Balkabağı demir, 
potasyum, kalsiyum, fosfor gibi önemli mineralleri de 
içerir. Sağlıklı kemik gelişmesi ve kansızlığa karşı 
önemli rol oynar. Yapısında bulunan çinko sayesinde 
saçların güçlenmesini ve dökülmesini önler (Web 
2016b).  
 
Aksoy ve ark. (2013), Kars’ta satılan dondurmalarda 
toplam aerobik mezofilik bakteri sayısını ortalama 
olarak 4.0x107 kob/g, toplam psikrofil aerob bakteri 
sayısını 2.0x105 kob/g, koliform bakteri sayısını 
1.4x103 kob/g ve Staphylococcus-Micrococcus sayısını ise 
9.0x106 kob/g olarak saptamışlardır. Dondurma 
örneklerinde Salmonella spp. ve Staphylococcus aureus 
tespit etmediklerini, sadece bir örnekte Escherichia coli 
tespit edildiği ve dondurmaların mikrobiyolojik 

kalitesinin standartlarda belirtilen değerlerin üzerinde 
olduğunu vurgulamışlardır. 
Patır ve ark. (2004), Elazığ’da açıkta satılan kaymaklı 
(sade) ve meyve aromalı dondurmalarda koliform 
bakterilerinin türleri ile dağılımlarını incelemişlerdir. 
Bu amaçla, 50’şer adet kaymaklı ve meyve aromalı 
(limonlu, kakaolu, fıstıklı, vişneli ve çilekli 
dondurmaların her birinden 10 adet) dondurma 
incelenmişlerdir. Koliform bakterileri en az <1.00 log 
kob/g, en çok 5.74 log kob/g düzeyinde 
saptamışlardır. 
 
Antepüzümü (2000), çiğ keçi sütüne şeker, krema ve 
yağsız süttozu, ilave edilerek hazırladığı dondurma 
miksine % 20, 30, 40, 50 oranlarında bal ve glikoz 
şurubu katılarak yaptığı dondurmaların fiziksel ve 
kimyasal özelliklerini araştırmıştır. Dondurmaların pH 
değerlerinin 6.00-6.57 arasında değiştiğini 
belirlemiştir. Hazırlanan örneklerde kullanılan bal 
oranı arttıkça pH değerlerinin düştüğünü, glikoz 
şurubu kullanılan örneklerde de yaklaşık sonuçlar 
saptadığını vurgulamıştır. 
 
Bu çalışmada dondurma üretiminde balkabağı 
kullanımının dondurmanın mikrobiyolojik, kimyasal 
ve duyusal özellikleri gibi çeşitli kalite 
parametrelerinin belirlenmesi amaçlanmıştır. 
 

MATERYAL ve METOT 
 
Materyal 
Bu çalışmadaki dondurma örnekleri, Elazığ’da 
dondurma üreten özel bir pastanede, imalatın bütün 
aşamalarında azami hijyenik koşullarına dikkat 
edilerek yapıldı. Üretimde % 35 süt yağı içeren özel 
bir firmaya ait krema,  pH’sı 6.3 ve  % 11.6 kuru 
madde içeren bal kabağı püresi kullanıldı. Bal kabağı 
önce yıkandı ve sonra dilimlendi, dilimlerin kabuğu 
soyuldu ve su içinde haşlandı. Haşlanan bal kabağı 
süzgece konulup, suları süzüldükten sonra dondurma 
üretiminde kullanıldı.  Bu amaçla 4 farklı dondurma 
karışımı hazırlandı (Tablo 1). I. grup dondurma 
piyasada satılan sade dondurmanın temel bileşenleri 
esas alınarak hazırlandı. Diğer 3 grupta kullanılan bal 
kabağı haşlanıp, püre haline getirildikten sonra 
belirtilen oranlarda karışıma ilave edildi. Hazırlanan 
karışımlar dondurma makinesine konuldu ve 
dondurma üretim şemasında (Şekil 1) belirtildiği 
şekilde dondurma yapıldı. Hazırlanan bu karışım 150 
g’lık ağzı kapaklı saklama kaplarına (tupperware) 
(polikarbonat) (Sera marka) konulup,  –18 oC’ de 
muhafaza edildi. Dondurma örnekleri muhafazanın 
0., 10., 20. ve 30. günlerinde mikrobiyolojik, kimyasal 
ve duyusal bakımdan incelendi. Her dönemde her 
gruptan 2 örnek olmak üzere toplam 96 örnek 
incelendi. Çalışma 1 Ocak- 30 Nisan 2017 tarihleri 
arasında 30 gün ara ile 3 kez tekrarlandı ve her deney 
çift paralel yapıldı. 
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Metot 
Mikrobiyolojik Analizler 
Mikrobiyolojik analizler için her bir örnekten 10 g 
dondurma örneği steril stomacher poşetlerinde 
tartıldı. Üzerine 90 ml % 0.1’lik steril peptonlu su 
(Conda Pronadisa 1403.00, Spain) eklenerek 
homojenizatörde (Stomacher 400) 1 dk. homojenize 
edilerek 10-1’lik seyreltisi hazırlandı. Aynı seyreltici 
kullanılarak 10-5’e kadar diğer desimal seyreltileri 
hazırlanıp yayma (maya-küf)  ve dökme (toplam 
mezofilik aerob bakteri) metodu ile ekim yapıldı. 
Ekimi yapılan petri kutuları uygun sıcaklık ve 
sürelerde inkübe edildi.  İnkübasyon sonrası 30-300 
adet koloni içeren petri kutuları sayıldı.  
 
Örnekler toplam mezofil aerobik bakteri ve maya-küf 
sayısı yönünden analiz edildi. Toplam mezofilik aerob 
bakteri koloni sayımı için Plate Count Agar  (Merck 
1.05463.0500, Darmstadt, Germany ) (35±1 °C’de 48 
saat). maya-küf sayımı için Oksitetrasiklin Dekstroz 
Yeast Ekstrakt Agar besi yeri (Merck 1.05978, 
Darmstadt, Germany) (25±1 °C’de 5 gün)  kullanıldı 
(Halkman 2005). 
 
Kimyasal Analizler 
Örneklerin kuru madde miktarı gravimetrik yöntem 
ile tespit edildi (Oysun 1996). Yağsız kuru madde 
(YKM) tayini, kuru madde oranından yağ oranı 
çıkarılarak hesaplandı (Anonim 2013). Süt yağı tayini 
için Gerber Metodu (Oysun 1996) kullanıldı. pH 
değerleri daldırma yöntemiyle  
pH metre (Selecta - pH 2001) ile saptandı (AOAC 
1990).  
 
Duyusal Analizler  
Duyusal analizler renk ve görünüş, yapı ve kıvam, tat 
ve koku bakımından incelendi. Puanlamada 1-9 arası 
puanlar verildi. 1 puan aşırı kötü, 2 puan çok kötü, 3 
puan kötü, 4 puan biraz kötü, 5 puan orta, 6 puan 
biraz iyi, 7 puan iyi, 8 puan çok iyi, 9 puan mükemmel 
olarak değerlendirildi. Analizler 7 panelist tarafından 
yapıldı. Panelin saat 1000- 1100 arasında ve aynı kişiler 
tarafından yapılmasına özen gösterildi (Altuğ ve 
Elmacı 2011).  
 
İstatistiksel Analizler 
Çalışmanın istatistiksel değerlendirilmesi SPSS 21 
(IBM SPSS, IBM Corporation, USA) paket programı 

ile yapıldı. 3 tekrarı yapılan mikrobiyolojik (toplam 
mezofilik aerob bakteri, maya ve küf), kimyasal (pH, 
kuru madde, yağsız kuru madde, süt yağı) ve duyusal 
(renk ve görünüş, yapı ve kıvam, tat ve koku) 
parametrelerin I, II, III ve IV grupları için 
karşılaştırılmasında ve 0.. 10.. 20. ve 30. günleri 
bakımından değerlendirilmesinde One Way ANOVA 
testi kullanıldı. Gruplar arasındaki farklılıklar Duncan 
testi ile belirlendi. Ayrıca değerler arasındaki ilişkiyi 
tespit etmek amacıyla Pearson Correlation testi 
yapıldı. İstatistiksel önem p ≤ 0.05 olarak kabul edildi. 
Veriler ortalama ± standart sapma olarak verildi 
(Özdamar 1999).  
 

BULGULAR 
 
Mikrobiyolojik analiz sonuçlarına göre (Tablo 2). 
Toplam mezofilik aerob bakteri sayısı log kob/g 
olarak ortalama I. ve II.  grupta 4.3+0.71, III. ve IV.  
grupta 4.4+0.73 olarak saptandı. maya ve küf sayısı ise 
bütün gruplarda ve dönemlerde <1 log kob/g olarak 
saptandı. Yapılan istatistiksel analizlerde toplam 
mezofilik aerob bakteri bakımından dondurma 
örneklerinde grup içi ve gruplar arasında önemli bir 
farklılık saptanmadı (p > 0.05). 
 
Kimyasal analiz sonuçları (Tablo 3) kuru madde ve 
yağsız kuru madde oranlarında bütün gruplarda, grup 
içinde günler arasında bir farklılık olmamasına (p > 
0.05) rağmen, gruplar arasında önemli farklılıklar 
tespit edildi (p < 0.05). Yağ oranlarının istatistiksel 
analizlerinde bütün günlerde I. grup ile diğer üç grup 
arasında önemli derecede farklılıklar tespit edildi (p < 
0.05). İstatistiksel olarak bütün günlerde gruplar 
arasında pH değerleri bakımından önemli derecede 
bir fark saptanmadı  (p > 0.05). 
 
Kuru madde, yağsız kuru madde ve yağ oranları 
bakımından gruplar arasında pozitif korelasyon 
saptandı (Tablo 4). 
 
Duyusal analiz sonuçlarına göre (Tablo 5) istatistiksel 
olarak dondurma örneklerinde ortalama duyusal 
analiz değerleri bakımından grup içi ve gruplar 
arasında önemli derecede farklılık tespit edilmedi  (p 
> 0.05). 
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Hammadde  

 

Hammadde tartımı ve hazırlanması  

  

Karıştırma   

 

Pastörizasyon ( Pastörizatörde. 72 oC’de 15 dk )  

 

Soğutma (4 oC’ de 1 saat)  

 

Olgunlaştırma (Dinlendirme) (0 oC’de 3 saat)  

 

Bal kabağı. zencefil. tarçın ve hindistan cevizi ilavesi   

 

Karışımın dondurulması (115 rpm’de 15 dk. -30 oC’de )  

 

Dolum ve ambalajlama (Ağzı kapaklı saklama kapları (tupperware) kaplar)  

 

Sertleştirme (-30 oC’de 6 saat)  

  

Muhafaza (-18 oC’de 30 gün )  

Şekil 1. Dondurma Üretim Şeması 
Figure 1. Ice Cream Production Scheme 

 
 
 
Tablo 1.  Dondurma gruplarının bileşimleri (%) 
Table 1. Composition of ice cream groups (%) 

Maddeler I. Grup 
(Kontrol) 

II. Grup 
 

III. Grup 
 

IV. Grup 
 Krema  48.5 31.5 31.5 31.5 

Süt 10 - - - 

Şeker  40 18 5 2.5 

Salep  1.5 - - - 

Bal kabağı püresi - 42 55 57.5 

Çiğ yumurta sarısı - 7 7 7 

Zencefil  - 0.43 0.21 0.21 

Tarçın  - 0.21 0.43 0.21 

Hindistan cevizi - 0.21 0.21 0.43 

Vanilya  - 0.6 0.6 0.6 
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Tablo 2. Dondurma örneklerinin mikrobiyolojik analiz sonuçları (log kob/g) (n: 96) 
Table 2. Microbiological analysis results of ice cream samples (log cfu/g) (n: 96) 

Mikroorganizma Gruplar Gün Ortalama+Standard 

Sapma 
0 10 20 30 

Toplam mezofilik aerob bakteri I 4.3 4.3 4.1 4.2 4.3+0.71 

II 4.3 4.2 4.3 4.4 4.3+0.71 

III 4.3 4.4 4.6 4.5 4.4+0.73 

IV 4.3 4.4 4.6 4.5 4.4+0.73 

Maya-Küf I <1 <1 <1 <1 <1 

II <1 <1 <1 <1 <1 

III <1 <1 <1 <1 <1 

IV <1 <1 <1 <1 <1 

I:  Kontrol grubu,  II:  % 42 bal kabağı,  III: % 55 bal kabağı, IV: % 57.5 bal kabağı içermektedir. 

 

Tablo 3.  Dondurma örneklerinin kimyasal analiz değerleri (n: 96) 
Table 3. Chemical analysis values of ice cream samples (n: 96) 

Değer Gruplar Gün Ortalama+Standard 
Sapma 

0 10 20 30 

Kuru Madde 
(%) 

I 57.64a              57.66a                     57.69a                   57.62a 57.65+0.78 

II 37.90b               37.60b                     37.58b                   37.73b 37.70+ 0.78 

III 26.56c               26.70c                    26.65c                    26.63c 26.63+ 0.63 

IV 23.60d              23.56d                    23.90d                    23.58d 23.66+ 0.79 

Yağsız Kuru 
Madde 
(YKM) (%) 

I 42.14a                42.16a                     42.59a                   42.62a 42.37+0.51 

II 27.10b               27.23b                     27.25b                   27.13b 27.18+ 0.44 

III 16.56c               16.70c                    16.65c                    16.63c 16.64+ 0.52 

IV 13.40d              13.26d                    13.33d                    13.58d 13.40 + 0.52 

Yağ (%) I 15.50a               15.50a                        15.10a                     15.00a 15.28+0.11 

II 10.80b               10.37b                       10.33b                   10.06b 10.39+0.23 

III 10.21b               10.12b                        10.15b                    10.13b 10.15+0.23 

IV 10.02b               10.03b                      10.37b                      10.00b     10.11+0.23 

pH I 6.74                   6.76                         6.79                     6.72 6.75+0.45 

II 6.63                  6.65                        6.68                      6.67 6.65+0.49 

III 6.61                  6.63                        6.68                      6.67 6.64+0.46 

IV 6.62                 6.66                         6.63                     6.62 6.63+0.80 

I:  Kontrol grubu,  II:  % 42 bal kabağı,  III: % 55 bal kabağı, IV: % 57.5 bal kabağı içermektedir; a, b, c, d: Aynı sütunda farklı 
harfler ile gösterilen değerler arasındaki fark önemlidir (p < 0.05). 
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Tablo 4. Dondurma örneklerinde kuru madde. yağsız kuru madde ve yağ oranları arasındaki korelasyon değerleri 
Table 4. Correlation values between dry matter. non-fat dry matter and oil ratios in ice cream samples 

Gruplar r,p,n 

Değerleri 

Kuru Madde Yağsız Kuru Madde Yağ 

 

I. grup 

r 

p 

n 

.941** .963** .772** 

.58 .78 .63 

96 96 96 

 

II. grup 

r 

p 

n 

.988** 1.00 .884** 

.67 .87 .59 

96 96 96 

 

III. grup 

r 

p 

n 

1.00 .988** .922** 

.88 .62 .71 

96 96 96 

 

IV. grup 

r 

p 

n 

.922** .884** 1.00 

.56 .65 .68 

96 96 96 

**: 0.01;  r: Korelasyon sabiti; p: Önem derecesi;  n: Örnek sayısı 
 

 
Tablo 5. Dondurma örneklerinin duyusal analiz değerleri (n: 96) 
Table 5. Sensory analysis values of ice cream samples (n: 96) 

Özellik Gruplar Gün Ortalama+Standard 

Sapma 0 10 20 30 

Renk ve Görünüş I 7.32 7.34 8.10 8.13 7.72+0.60 

II 8.55 8.29 8.37 8.28 8.37+0.60 

III 8.28 7.92 7.74 7.65 7.90+0.60 

IV 7.83 7.86 7.80 7.74 7.81+0.10 

Yapı ve Kıvam I 7.95 8.01 7.94 7.96 7.97+0.10 

II 7.85 7.88 7.80 7.83 7.84+0.10 

III 7.80 7.83 7.86 7.77 7.83+0.80 

IV 7.74 7.78 7.76 7.74 7.75+0.80 

Tat ve Koku I 7.71 7.65 7.67 7.68 7.68+0.80 

II 7.88 7.91 7.83 7.79 7.86+0.24 

III 7.92 7.95 7.92 7.94 7.93+0.24 

IV 6.15 6.12 6.13 6.10 6.13+0.24 

n: Örnek sayısı; I:  Kontrol grubu.  II:  % 42 bal kabağı.  III: % 55 bal kabağı. IV: % 57.5 bal kabağı içermektedir. 
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TARTIŞMA 
 
Yapılan literatür taramalarında, doğrudan bal kabağı 
kullanılarak üretilen dondurmalar ile ilgili herhangi bir 
araştırmaya rastlanılmadı. Bu nedenle tartışma, meyve 
aromalı dondurmalar üzerinde yapılan araştırmalar ile 
kıyaslandı. 
 
İncelenen örneklerde toplam mezofilik aerob bakteri 
sayısı I. ve II. grupta 4.3 log kob/g, III. ve IV. grupta 
4.4 log kob/g olarak tespit edildi. Yapılan istatistiksel 
analizler sonucunda toplam mezofilik aerob bakteri 
sayısı bakımından dondurma örneklerinde grup içi ve 
gruplar arasında önemli bir farklılık saptanmadı (p > 
0.05) (Tablo 2). Toplam mezofilik aerob bakteri 
sayısını Patır ve ark. (2004) 3.44-4.49 log kob/g, 
Güner ve ark. (2004) 9.8x105-2.5xl07 kob/g, Çubukçı 
ve Atasever (2018) 4.40 log kob/g ve Aksoy ve ark. 
(2013) 4.0x107 kob/g olarak bildirmişlerdir.  Bu 
çalışma ile diğer araştırmacıların sonuçları arasındaki 
farklılıklar, incelenen örneklerin bileşim, satış sırasında 
muhafaza koşulları ve üretim hijyenindeki 
farklılıklarından kaynaklanabilir.  
Çalışmamızda bütün gruplarda ve bütün dönemlerde 
maya ve küf sayısı <1 log kob/g olarak saptandı. Bu 
durum kaliteli ham madde kullanımına,  dondurma 
üretiminin hijyenik koşullarda yapılmasına ve 
muhafaza şartlarına bağlanabilir. İstatistiksel 
analizlerde maya-küf sayısı bakımından dondurma 
örneklerinde grup içi ve gruplar arasında önemli 
farklılıklar saptanmadı (p > 0.05) (Tablo 2). Maya ve 
küf sayısını, Patır ve ark. (2004) 1.58-2.99 log kob/g, 
Erol ve ark. (1998) 4.0-5.9x102 kob/g, Güner ve ark. 
(2004) 3.4x102-1.9xl04 kob/g, İşleyici ve ark. (2016) 
2.18 log kob/g olarak tespit etmişlerdir. Bu çalışma ile 
diğer araştırmacıların çalışmalarından elde edilen 
analiz sonuçları arasındaki farklılıklar, örneklerin 
bileşimine, satış sırasında muhafaza koşullarına ve 
üretim hijyenine bağlanabilir. 
 
Örneklerin, ortalama kuru madde miktarı % 23.66-
57.65 arasında saptandı. I. ve II. gruplarda 
saptadığımız kuru madde oranlarının TS-4265 
Dondurma Standardı’na (Anonim 2013)  ve Türk 
Gıda Kodeksi Dondurma Tebliği’ne (Anonim 2004) 
uygun olduğu tespit edildi. III. ve IV. grupların kuru 
madde oranlarının ise Dondurma Tebliği’ne ve 
standarda göre düşük olduğu gözlendi. Bu gruplarda 
tespit edilen kuru madde oranındaki düşüklük, bal 
kabağı miktarının yüksek olmasından (su oranı 
yüksek) kaynaklanmaktadır. Bütün gruplarda 
dönemler arasında bir farklılık olmamasına (p > 0.05) 
rağmen, gruplar arasında önemli farklılıklar tespit 
edildi (p < 0.05) (Tablo 3). Gruplar arasındaki 
farklılıklar, üretimde kullanılan bal kabağının 
miktarından kaynaklanmaktadır. Kır (2007) hazırladığı 
dondurma örneklerinde kuru madde miktarını % 
32.32-38.39, Özcan ve Kurdal (1997) limonlu 

dondurmalarda % 33.18, vişneli dondurmalarda % 
31.67 ve çilekli dondurmalarda da % 31.80 olarak 
saptamışlardır. Açu (2014) üretiminde %10 oranında 
frambuaz meyvesi kullandığı ve % 3 oranında 
probiyotik kültür ilave ederek ürettiği dondurmalarda 
kuru madde miktarını % 26.27 düzeyinde saptamıştır. 
Karaman (2011) bazı bitki çayları ve çay ile 
harmanlanmış dondurma karışımı muhtevasında kuru 
madde oranını % 37.90 olarak belirlemiştir. Korel 
(2005) Manisa ilinde satışa sunulan kakaolu, sade ve 
meyveli (vişneli, çilekli ve limonlu) dondurmalarda 
kuru madde oranlarını % 62.48-71.00 arasında tespit 
etmiştir. Aloğlu ve ark. (2018) %0 (kontrol), %15 ve 
%25 kocayemiş içeren 3 grup dondurma üretmişler ve 
dondurmaların kuru madde miktarlarını sırasıyla 
%40.82, %39.04 ve % 37.91 olarak saptamışlardır. 
Kotan (2018) %0 (kontrol), %5, %10 ve %15 yaban 
mersini içeren 4 farklı dondurma üretmiş ve bu 
dondurmalarda kuru madde oranlarını sırasıyla 
%28.73, %29.07, %27.91 ve %26.83 olarak tespit 
etmiştir. Bu çalışma ile diğer çalışmalarda analizi 
yapılan dondurma örneklerinden elde edilen kuru 
madde oranlarındaki farklılığın nedeni, üretimde 
kullanılan maddelerin bileşenlerine bağlanabilir. 
İncelenen dondurma örneklerinde ortalama yağsız 
kuru madde oranları % 13.40-42.37 arasında tespit 
edildi. I. ve II. gruplarda saptadığımız kuru madde 
oranları TS-4265 Dondurma Standardı’na (Anonim 
2013) ve Türk Gıda Kodeksi Dondurma Tebliği’ne 
(Anonim 2004) uygun olarak, III. ve IV. grupların 
kuru madde oranları ise düşük olarak tespit edildi. III. 
ve IV. gruplarda kuru madde oranının düşük 
olmasının nedeni üretimde kullanılan bal kabağı 
miktarının bu gruplardan yüksek olmasından 
kaynaklanmaktadır. Bütün gruplarda dönemler 
arasında bir farklılık olmamasına (p > 0.05)  rağmen, 
gruplar arasındaki farklılıklar istatistiksel olarak önemli 
bulundu (p < 0.05) (Tablo 3). Özcan ve Kurdal 
(1997) limonlu dondurmalarda ortalama yağsız kuru 
madde oranını % 31.47, vişneli dondurmalarda % 
31.67 ve çilekli dondurmalarda ise % 30.82 olarak 
saptamışlardır. Öztürk (1969) meyve aromalı (vişne, 
limon, çilek) dondurmalarda yağsız kuru madde 
oranını ortalama olarak % 28.31 olarak saptamıştır.  
Çalışmalar arasındaki bu farklılıklar, kullanılan bal 
kabağı miktarına, dondurma yapımında kullanılan 
maddelere ve oranlarına bağlanabilir. 
 
Çalışmamızda ortalama yağ değerleri I. grupta % 
15.28; II. III. ve IV grupta sırasıyla, % 10.39, % 10.15, 
% 10.11 olarak saptandı. TS 42658 Dondurma 
Standardı’na (Anonim 2013)  ve Türk Gıda Kodeksi 
Dondurma Tebliği’ne (Anonim 2004)  göre yağ oranı 
bakımından I. grup tam yağlı dondurma kategorisine, 
diğer üç grup ise yağlı dondurma kategorisine 
girmektedir. İstatistiksel analizlerde dondurma 
örneklerinin yağ oranları bakımından bütün 
dönemlerde I. grup ile diğer üç grup arasında önemli 
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derecede farklılık tespit edildi (p < 0.05) (Tablo 3). Bu 
farklılığın sebebi, kullanılan kremanın miktarına 
bağlanabilir. Açu (20) incelediği dondurma 
örneklerinde yağ oranını % 5.45; Kır (2007) ise % 3.2-
8.8 arasında tespit etmişlerdir. Bu çalışmalarda tespit 
edilen oranlarının, mevcut çalışmamızda saptanan yağ 
oranlarından düşük olma sebebi kullanılan kremanın 
yağ miktarına bağlı olabilir. Çeliker (2008) % 10 ve % 
15 alıç pekmezi kullanarak hazırladığı iki farklı 
dondurma karışımında yağ oranlarını % 5.05-6.25 
arasında tespit etmiştir. Bu çalışmada incelenen her 
dört gruptaki sonuçlar bu değerden yüksektir. Bunun 
sebebi kullanılan hammaddenin bileşenlerine bağlı 
olabilir. Aliyev (2006) yaban mersini ile üretilmiş 
kefirli dondurmalarda meyve pulpu oranı arttıkça 
örneklerin yağ oranlarının azaldığını bildirmiştir. 
Çalışmamızın, Aliyev’in çalışmasına bu açıdan 
paralellik gösterdiği tespit edildi. Aloğlu ve ark. (2018) 
%0 (kontrol), % 15 ve % 25 kocayemiş içeren 
dondurmaların yağ değerlerini sırayla % 6.00, % 5.97 
ve % 5.84 olarak saptamışlardır. Kotan (24) %0 
(kontrol), % 5, % 10 ve % 15 yaban mersini içeren 
dondurmaların yağ oranlarını sırasıyla 5.60, 5.40, 4.85, 
4.30 olarak tespit etmiştir.  
 
İncelenen örneklerde ortalama pH değerinin 6.63-
6.75 arasında değiştiği tespit edildi. İstatistiksel olarak 
bütün dönemlerde gruplar arasında pH değeri 
bakımından farklılık saptanmadı (p > 0.05) (Tablo 3). 
Antepüzümü (2000), çiğ keçi sütüne şeker, krema ve 
yağsız süttozu, ilave edilerek hazırladığı dondurma 
miksine % 20, 30, 40, 50 oranlarında bal ve glikoz 
şurubu katılarak yaptığı dondurmaların fiziksel ve 
kimyasal özelliklerini araştırmıştır. Dondurmaların pH 
değerlerinin 6.00-6.57 arasında değiştiğini 
belirlemiştir. Açu (2014) dondurma örneklerinde 
ortalama pH değerini 4.37; Vardar (2003) probiyotik 
kültür kullanarak yaptığı çilekli dondurmalarda pH’yı 
4.33-5.89; Coşkun (2005) Tekirdağ ilinde satışa 
sunulan 25 adet çilekli dondurmada pH değerlerini 
6.22-6.52; Aliyev (2006) yaban mersini içeren kefirli 
dondurmada pH değerlerini 4.18-6.16 arasında tespit 
etmiştir. Hwang ve ark. (2009) üzüm şarabı üretilirken 
elde edilen çökelti halindeki üzüm tortularını 
kullanarak ürettikleri dondurmaların pH değerlerini 
6.32-7.14 arasında saptamışlardır. Özdemir (2018) 
yaptığı çalışmada kontrol grubu dondurma örneği ile 
birlikte, süte 3 farklı meyveden (böğürtlen, yaban 
mersini ve çilek) 2 farklı oranda (% 7.5 ve % 15) ilave 
ederek 6 meyveli dondurma örneği yapmıştır. Kontrol 
örneğinin pH'sı 6.43-6.71 arasında bulunurken, meyve 
ilaveli dondurma örneklerinin pH'sı 5.58-6.41 arasında 
değişmiştir. Çubukçı ve Atasever (2018) vişneli 
dondurmalarda pH değerini 4.80; Aloğlu ve ark. 
(2018) pH’yı kontrol grubunda 6.18,  % 15 kocayemiş 
içeren dondurmada 6.14 ve % 25 kocayemiş içeren 
dondurmalarda 5.40; Kotan (2018) %0 (kontrol), % 5, 
% 10 ve % 15 yaban mersini içeren 4 farklı 

dondurmada pH’yı sırasıyla 6.56, 6.14, 5.96 ve 5.76 
olarak tespit etmiştir. Bu çalışmalar ile mevcut 
çalışmamızdan elde ettiğimiz bulgular arasındaki 
farklılığın nedeni, kullanılan meyve çeşitlerinin ve 
üretilen dondurmaların bileşiminin farklılığına 
bağlanabilir.  
Duyusal analizler bakımından incelenen örneklerde 
ortalama renk ve görünüş puanı I., II., III. ve IV. 
gruplarda sırasıyla 7.72, 7.81, 7.83, 7.86 olarak 
saptandı. Gruplarda bal kabağı artışına bağlı olarak 
renk ve görünüş bakımından daha iyi puanlar elde 
edilmesine rağmen istatistiksel olarak dondurma 
örneklerinde renk ve görünüş bakımından gruplar ve 
dönemler arasında önemli bir farklılık tespit edilmedi  
(p > 0.05) (Tablo 5). Konuyla ilgili benzer 
çalışmalarda incelenen dondurma örneklerinde; Açu 
(2014) renk ve görünüş bakımından 7.41-8.19; Kır 
(2007) 7.97 puan; Gürakan (1992) sade dondurmada 
6.85 puan; Aloğlu ve ark. (2018) renk ve görünüş 
bakımından kontrol grubunda 5.00,  % 15 kocayemiş 
içeren dondurmada 4.81 ve % 25 kocayemiş içeren 
dondurmalarda 4.68 puan saptamışlardır. 
 
İncelenen örneklerde yapı ve kıvam puanları I., II., 
III. ve IV. gruplarda sırasıyla. 8.37, 7.97, 7.75 ve 7.93 
olarak tespit edildi. Örneklerde yapı ve kıvam 
bakımından gruplar ve dönemler arasında önemli 
derecede farklılık tespit edilemedi  (p > 0.05) (Tablo 
5). Açu (2014) 6.96-8.87 puan; Kır (2007) 8.10 puan; 
Gürakan (1992) 6.66 puan; Aloğlu ve ark. (2018) 
kontrol grubunda 4.93,  % 15 kocayemiş içeren 
dondurmada 4.56 ve % 25 kocayemiş içeren 
dondurmalarda ise 4.37 puan olarak saptamışlardır.  
Kotan (2018) yaban mersini ilaveli dondurma 
örneklerinde duyusal olarak istatistiksel bir fark tespit 
edemediğini, ancak yaban mersini ilavesinin sakızımsı 
yapı oluşumu puanlarında önemli oranda azalmaya 
neden olduğunu saptamıştır (p < 0.05).  
 
Tat ve koku bakımından I., II., III. ve IV. gruplarda 
yer alan dondurma örnekleri ortalama olarak sırasıyla, 
7.90, 7.84, 7.68 ve 6.13 puan aldılar. İstatistiksel 
olarak tat ve koku bakımından gruplar ve dönemler 
arasında önemli bir farklılık tespit edilmedi  (p > 0.05) 
(Tablo 5). Buna benzer çalışmalarda incelenen 
dondurma örneklerinde, Kır (2007) 7.54 puan; Açu 
(2014) 6.96-8.87 puan; Aloğlu ve ark. (2018) kontrol 
grubunda 4.87,  % 15 kocayemiş içeren dondurmada 
4.50 ve % 25 kocayemiş içeren dondurmalarda ise 
4.31 puan saptamışlardır.  
 
Duyusal analiz sonuçlarımız ile ilgili araştırmalar 
arasındaki farklılığın sebebi, dondurma örneklerindeki 
bileşim farklılığına bağlanabilir. 
 
Sonuç olarak, bu araştırmada düşük düzeyde şeker 
kullanılarak üretilebilen, daha diyetik, hijyenik kalitesi 
iyi, besleyici değeri yüksek, bal kabaklı, zencefilli, 
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tarçınlı ve hindistan cevizli kaliteli dondurma 
üretiminin mümkün olabileceği ve dondurmaların -18 
oC’de muhafaza edilmesiyle kalitelerini en az 30 gün 
koruyabildikleri, dolayısıyla dondurma üretiminde 
balkabağı kullanılmasının kalite ve muhafaza süresi 
yönünden bir risk oluşturmadığı ve bu yöntem ile 
dondurma endüstrisine yeni bir ürün çeşidi 
kazandırılabileceği ve dondurma teknolojisine katkı 
sağlanabileceği sonucuna varılmıştır. 
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ABSTRACT 

This study aimed to reveal the effects of timed artificial insemination applied after the synchronization protocol 
known as day5 (D5) and the prostaglandin F2α (PGF2α) protocol applied in 11-day intervals (D11) on pregnancy 
rates in Simmental heifers. A total of 88 heifers were divided into two treatment groups. In the D5 group (n: 56), 
after gonadotrophin releasing hormone (GnRH) application, PGF2α injection was made on the 5th day and the 
second PGF2α injection was given one day later. The second GnRH was applied at the time of TAI and at the 
44th hour of the second PGF2α application. In the D11 group (n: 32), double-dose PGF2α was given in 11-day 
intervals. GnRH was applied at the time of TAI and at the 81st hour following the second PGF2α injection. 
Pregnancy-associated glycoprotein visual test was carried out for determining to pregnancy on the 28th day. 
Additionally, for the purpose of determining embryonic deaths, the pregnancies were checked again by 
ultrasonography on the 63rd day following TAI. The 28th-day pregnancy rates in the synchronized heifers were 
51.8% (29/56) in the D5 group and 43.8% (14/32) in the D11 group P>0.05. The 63rd-day pregnancy rates were 
48.21% (27/56) in the D5 group and 40.62% (13/32) in the D11 group P>0.05. Consequently, although there 
was no statistically significant difference in terms of pregnancy rates between the D5 and D11 protocols, there 
was a numerical increase in the D5 protocol. Considering its short application time, D5 may be used for TAI in 
Simmental heifers. 
Keywords: GnRH, Heifer, PGF2α, Synchronization, Timed Artificial Insemination  
 

*** 

 
Simental Düvelerde Farklı İki Senkronizasyon Protokolünün Gebelik Üzerine Olan Etkinliği 

 
ÖZ 

Bu çalışma ile day5 (D5) olarak isimlendirilen senkronizasyon protokolü ile 11 gün aralıklarla uygulanan PGF2α 
(D11) protokolü sonrasında yapılan zaman ayarlı suni tohumlamanın (TAI) kombine verimli bir ırk olan 
Simmental düvelerde gebe kalma oranı üzerine etkilerinin ortaya konması amaçlandı. 88 adet düve rastgele iki 
tedavi grubuna ayrıldı. D5 grubuna (n: 56), GnRH uygulamasının ardından 5. günde PGF2α enjeksiyonu yapıldı 
ve bir gün sonra ikinci PGF2α verildi. İkinci GnRH, TAI zamanında, ikinci PGF2α uygulamasından 44 saat 
uygulandı. D11 grubuna (n: 32) ise, çift doz prostaglandin PGF2α 11 gün aralıklarla verildi, GnRH TAI 
zamanında, ikinci PGF2α enjeksiyonunu takiben 81. saatte uygulandı. Gebelikleri belirlemek amacıyla 28. günde 
gebelik ile ilişkili proteinlerin belirlenmesine yönelik pregnant association glycoprotein (PAG) testi uygulandı. 
Ayrıca, TAI'yi takiben 63. günde embriyonik ölümlerin belirlenmesi amacıyla ultrasonografi ile gebelikler tekrar 
kontrol edildi. Sekronize adilen düvelerde 28. gün gebelik oranları D5 grubunda %51.8 (29/56) ve D11 grubunda 
%43.8 (14/32) oranındaydı P>0.05. 63. gün gebe kalma oranlarıı D5 grubunda %48.21 (27/56) ve D11 grubunda 
%40.62 (13/32) olarak tespit edildi P>0.05. Sonuç olarak, D5 protokolü D11 protokolü ile karşılaştırıldığında 
gebelik üzerine etkisi istatistiksel olarak farklı bulunmamasına rağmen, rakamsal olarak yüksek bulundu. Uygulama 
süresinin kısa olması da göz önüne alındığında Simmental düvelerde TAI amacıyla kullanılabilir. 
Anahtar Kelimeler: GnRH, Düve, PGF2α, Senkronizasyon, Zaman Ayarlı Suni Tohumlama 
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INTRODUCTION 

 
Fertility is one of the most important components of 
efficient and profitable dairy cattle breeding (Kuhn et 
al. 2006). However, there is a negative correlation 
between milk yield and fertility, heifers are selected 
based on their milk yield in establishments that breed 
dairy cattle. While heritability has a low effect on 
fertility, considering the fertility outcomes obtained 
today, this approach has led to a decrease in fertility 
in comparison to the past, and with this decrease, 
studies on fertility have increased in numbers 
(VanRaden et al. 2004). Artificial insemination (AI) is 
a technique that is prevalently used worldwide for 
animal breeding and obtaining generations with 
superior genetic characteristics (Bó and Baruselli 
2014). Moreover, AI comes to the fore as additional 
feeding costs are eliminated by not including bulls 
that need to be included in cases of natural 
insemination, it is more inexpensive, it prevents 
diseases that are transmitted by mating and it 
provides results that are similar to those obtained by 
natural mating (Ribeiro et al. 2012).    
    
Estrus synchronization, on the other hand, is not only 
a practical tool for reproduction management of dairy 
(Pursley et al. 1997) and beef (Patterson et al. 2003) 
cattle, but it also provides advantages in terms of 
reducing the usage of inputs of time and labor, and 
thus, several studies have focused on development of 
estrus synchronization techniques for productive 
synchronization of estrus (Schmitt et al. 1996). Estrus 
synchronization protocols are a set of methods that 
are applied to control follicular growth and ovulation 
by applying hormones (Bó et al. 2016). As these 
protocols reduce the first AI interval and increase AI 
usage in stock dairy heifers, they allow timed artificial 
insemination (TAI) procedures without needing 
estrus determination (Peeler et al. 2004, Ribeiro et al. 
2012). However, as the pregnancy success rates 
obtained from heifers with TAI that is applied after 
synchronization protocols are lower than that in 
cows, usage of synchronization protocols in heifers 
has remained limited (Pursley et al. 1997). On the 
other hand, recent studies have reported that 50-60% 
successful pregnancies could be obtained from a 5-
day synchronization program applied on heifers 
(Rabaglino et al. 2010, Silva et al. 2015) and the 
pregnancy rates obtained with this protocol were 
similar to the outcomes obtained by AI applied after 
estrus monitoring (Kuhn et al. 2006, Silva et al. 2015). 
Lima et al. (2013) asserted that ovulation time could 
be adjusted in heifers with a 5-day synchronization 
protocol, and this way, it is an attractive alternative 
for breeders in terms of achievement of pregnancy in 
a shorter time in heifers. However, synchronization 
studies have usually been carried out on Holstein 
heifers so far, and there are a few to no studies on 
combined breeds. For this reason, this study aimed to 
reveal the effects of TAI applied after the 

synchronization protocol known as day5 (D5) and the 
prostaglandin F2α (PGF2α) protocol applied in 11-
day intervals (D11) on pregnancy rates in Simmental 
heifers, which are a combined breed.    
 

MATERIALS and METHODS 
 
Heifers 
The study was conducted between March and 
September 2018 and included Simmental heifers at 
the ages of 14 to 20 months (mean: 17.1 months). 
The heifers were obtained from a herd that was being 
bred at THS Livestock (Gölbaşı, Ankara, Turkey), did 
not have any genital or contagious diseases and had a 
purebred herd certificate. Before starting the study, to 
determine whether or not the heifers were cyclic, an 
ultrasound device was used with a 5-MHz probe 
(ImaGo S, IMV, France). The heifers that had at least 
one functional corpus luteum were accepted as cyclic. 
The heifers were put in a semi-open cowshed. They 
were fed with a balanced mixed ration that 
corresponded to their daily feed requirements based 
on the directives of the National Research Council 
(2001) and water intake was provided as ad libitum. 
The sperm that was used in AI was supplied from a 
company (Masttering Genetic, Hohenzell, Austria) 
that produced sperm. Animal experiments were 
carried out in accordance with the directive 
2010/63/EU of the European Parliament and of the 
Council of Europe on the protection of animals used 
for scientific purposes.  
 
Synchronization protocols and determination of 
pregnancy rates 
A total of 88 heifers were used in the study, and the 
heifers were divided into two treatment groups. In 
the D5 group (n: 56), after gonadotrophin releasing 
hormone (GnRH; 100 µg, im, gonadorelin diasetat, 
Ovarelin, Ceva, Turkey) application, PGF2α (25 mg, 
im, dinoprost, Dinolytic, Zoetis, Turkey) injection 
was made on the 5th day and the second PGF2α 
injection was given one day later. The second GnRH 
was applied at the time of TAI and at the 44th hour 
of the second PGF2α application (GnRH–5d–
PGF2α–1d–PGF2α-44h TAI and GnRH). In the 
D11 group (n: 32), double-dose PGF2α was given in 
11-day intervals. GnRH was applied at the time of 
TAI and at the 81st hour following the second 
PGF2α injection (PGF2α–11d– PGF2α–81h TAI and 
GnRH). TAI was carried out by an same experienced 
expert. To determine pregnancies, on the 28th day, 
pregnancy-associated glycoprotein (PAG) test was 
carried out for determining to pregnancy as described 
by Bulut et al. (2018). Bluish color changes as a result 
of the PAG test were accepted as positive pregnancy. 
Additionally, for the purpose of determining 
embryonic deaths, the pregnancies were checked 
again by ultrasonography on the 63rd day following 
TAI. The presence of a fetus on the 63rd day 
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following TAI was determined as an indicator of 
pregnancy.  
 
Statistical Analysis 
Analysis of the data were performed by using a 
computer software SPSS for windows (version 22.0). 
The effect of protocols (D5; D11) on pregnancy rates 
were computed using chi-square analysis. The level of 
significance was held at P<0.05 to show statistically 
significant differences among variables. 
 

RESULTS 
 
The pregnancy rates of the heifers determined on the 
28th day (d28) were similar between the groups, the 
28th-day pregnancy rates in the synchronized heifers 
were 51.8% (29/56) in the D5 group and 43.8% 
(14/32) in the D11 group P>0.05. When the two 
groups were analyzed based on their 63rd-day 
pregnancy rates, there was no statistically significant 
difference. The 63rd-day pregnancy rates were 
48.21% (27/56) in the D5 group and 40.62% (13/32) 
in the D11 group P>0.05. 
 

DISCUSSION 
 
The first synchronization protocol to synchronize 
ovulation was used by Pursley et al. (1995) in 1995. 
The effects of TAI after ovulation synchronization on 
pregnancy were evaluated for the first time with this 
protocol. With this protocol named Ovsynch, while 
successful results were obtained in cows, the 
outcomes obtained in heifers were not considered 
much satisfactory. Studies have shown that only 43-
60% of dairy and beef heifers ovulate as a response to 
GnRH (Pursley et al. 1997), while 64-75% of dairy 
and beef cows ovulate in response to a similar 
treatment (El-Zarkouny et al. 2004). It is argued that 
this difference is caused by the ovary follicular 
dynamic. Considering the results of previous studies, 
it was reported that there is a positive relationship 
between follicular development and pregnancy rates, 
follicular diameters of higher than 10.8 will turn into a 
corpus luteum with a desired size in the next diestrus 
period, and this corpus luteum that is formed will 
have positive effects on pregnancy rates by causing 
sufficient amounts of progesterone secretion (Martins 
et al. 2014). For this reason, within time, different 
synchronization protocols have been studied in cows 
(Tenhagen et al. 2004, Wiltbank et al. 2011) and 
heifers (Stevenson et al. 2008) with the purpose of 
synchronizing ovulation. Recent studies reported 
higher rates of success in studies with GnRH and 
PGF2α in comparison to those with only PGF2α 
(Archbald et al. 1992, Dahlen et al. 2003). Application 
of PGF2α with GnRH to synchronize the estrous 
cycle has been demonstrated to induce ovulation, 
shorten the cycle and increase the embryo quality 

(Vasconcelos et al. 1999). Additionally, as the 
strongest response to GnRH is between the 5th and 
8th days of the estrous cycle (Atkins et al. 2008), it 
was reported that pre-synchronization practices 
applied on heifers before the first GnRH application 
have a positive contribution on pregnancy outcomes 
(Leitman et al. 2008). In this study, although there 
was no statistically significant difference between the 
D5 and D11 protocols in terms of pregnancy rates, it 
was determined as a significant advantage of the D5 
protocol that its application time is shorter. In the D5 
protocol, it is though that ovulation in the ovaries in 
the follicular period is triggered by the first GnRH 
application, regression of the corpus luteum is 
achieved in the ovaries by applying PGF2α in 24 
intervals on heifers all of which are in their diestrus 
period at the end of the 5th day, and the newly 
developed follicle afterwards has a more positive 
effect on the pregnancy rates. In comparison to 
similar studies, the rates of pregnancy in this study 
were found to be higher. Such that, the pregnancy 
rate was obtained as 12% in a study which applied 
PGF2α with a 12-day interval in beef heifers and 
facilitated TAI 6 hours after the last PGF2α injection. 
In the same study, GnRH was applied on the 6th day 
following the first PGF2α application, PGF2α was 
given on the 12th day after the first PGF2α 
application, and GnRH+TAI was implemented 2 
days later, but the pregnancy outcomes were still low 
(22.1%) (Dahlen et al. 2003). Tenhagen et al. (2005) 
applied PGF2α on Holstein-Friesian heifers 7 days 
after GnRH application, they facilitated TAI on the 
48th and 72nd hours following the last PGF2α 
application, and they obtained similar pregnancy rates 
to those in this study (52.8% on the 48th hour, 49.0% 
on the 72th hour). In difference to this study, in a 
study where the CIDIR-PGF2α protocol was used 
for 14 days, it was proposed that simultaneous usage 
of GnRH with TAI did not have a positive effect on 
pregnancy rates in cases of estrus monitoring (Bishop 
et al. 2017).   
 
On the other hand, this study produced a lower rate 
of pregnancy in comparison to those in many others. 
In a study on Angus heifers, 55.0% pregnancy rate 
after the controlled internal drug release (CIDR) 
protocol and 66.0% pregnancy rate after CIDR select 
and PGF2α application were obtained (Leitman et al. 
2009). In a study on heifers that were synchronized 
by intravaginal progesterone administration, estradiol 
cypionate (ECP) and PGF2α which were monitored 
for estrus later, the pregnancy rate was determined as 
60.1% (Peeler et al. 2004). A previous study of our 
group divided Holstein-Friesian heifers that were 
synchronized by two PGF2α applications with a 14-
day interval into two groups, and in the first group, 
GnRH was applied at the 56th hour following the 
second PGF2α, and TAI was performed at the 16th-
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18th hours following GnRH injection. In the second 
group, GnRH was applied 62 hours after the second 
PGF2α simultaneously with TAI. We achieved the 
pregnancy rates of 59.8% in the first group and 
55.3% in the second group (Taşdemir et al. 2011). In 
their synchronization program, Ahmadzadeh et al. 
(2015) reported that they applied 5 and 7 days of 
CIDIR, they carried out artificial insemination by 
PGF2α application, the 5-day protocol provided 
better results on pregnancy (64.5%), and application 
of GnRH at the beginning of the synchronization 
program did not have an advantage. Considering the 
results that were obtained, it is believed that the 
differences in the studies were caused by that the 
heifers were in the different periods of their estrous 
cycle during hormone applications, and different 
responses developed against the hormones that were 
applied. 
 
Consequently, although there was no statistically 
significant difference in terms of pregnancy rates 
between the D5 and D11 protocols, there was a 
numerical increase in the D5 protocol. Considering 
its short application time, D5 may be used for TAI in 
Simmental heifers. 
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ABSTRACT 
 

The aim of this study was to determine the effect of probiotic supplementation on egg weight in laying hens by 
using meta–analysis. The limitations of the eight studies –indexed in SCI– taken into the meta–analysis were 18 – 
42 week old brown and white laying hens; 107 – 1010 CFU/g Bacillus subtilis was used as a probiotic and the dose 
ranged between 400 – 1000 g/ton. The meta–analysis was carried out using (experimental–control) means for 
continuous data. As a result of the research, it was determined that all studies did not share a single common 
effect (heterogeneous). In addition, the overall effect size using the random effect model was calculated as 0.223. 
Based on z and p values, the hypothesis of the study was accepted (z = 2.90; p < 0.05). In other words, "the 
probiotic has a significant effect on egg weight in laying hens". 
 
Keywords: Probiotic, Bacillus subtilis, egg weight, laying hens, meta-analysis 
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Yumurtacı Tavuklarda Diyet Probiyotik Takviyesinin Yumurta Ağırlığına Etkisi: Bir Meta Analizi 

Çalışması 
 

ÖZ 
 

Bu çalışmanın amacı, yumurtacı tavuklarda diyet probiyotik takviyesinin yumurta ağırlığı üzerindeki etkisini meta-
analiz kullanarak belirlemektir. Meta analize alınan sekiz çalışmanın sınırlılıkları; SCI-exp endeksinde olması, 18-42 
haftalık kahverengi ve beyaz yumurtlayan tavukların kullanılması; probiyotik olarak 107-1010 CFU / g Bacillus 
subtilis kullanılması ve doz olarak 400-1000 g / ton arasında değişmesiydi. Meta-analizinde, sürekli veriler için 
(deneysel-kontrol) ortalamalar kullanılarak etki büyüklüğü hesaplanmıştır. Araştırma sonucunda, tüm çalışmaların 
tek bir ortak etkiyi paylaşmadığı belirlendi. Ayrıca, rastgele etki modeli kullanılarak toplam etki büyüklüğü 0.223 
olarak hesaplandı ve z ve p değerlerine göre çalışmanın hipotezi kabul edildi (z = 2.90; p <0.05). Başka bir 
ifadeyle; "yumurtacı tavuklarda diyet probiyotik takviyesinin yumurta ağırlığı üzerinde önemli bir etkisi vardır". 
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INTRODUCTION 
 
Due to the long–term genetic selection to improve 
economically important production characteristics 
such as meat and eggs, the birds' tolerance for 
negative environmental conditions decreased while 
yields increased, animal health and well–being were 
adversely affected. Probiotics have been used instead 
of therapeutic agents such as antibiotics to struggle 
with stress (Fathi et al. 2018) and diseases (Forte et al. 
2016a) caused by intensive production methods 
(Kopp-Hollihan 2001). More commonly, the 
probiotics, containing beneficial and viable 
microorganisms that balance the gut microbiota are 
used as commercial feed additives in poultry feeds to 
improve growth rate and laying performance by 
increasing the utilization of feed (Fuller 1989). Bacillus 
subtilis is the most commonly used probiotic species 
in animal feeding (Simon et al. 2001). It was reported 
that the addition of B. subtilis to the laying hen's feed 
improve the balance of gut microbiota and intestinal 
absorption capacity (Abdelqader et al. 2013), enhance 
immune response (Zhang et al. 2012), decrease the 
cholesterol content in egg yolk (Sobczak and 
Kozłowski 2015) and promote bird growth (Lee et al. 
2015). Although there are reports that the 
supplementation of probiotics in poultry feed has 
positive effects on egg weight, internal and external 
egg quality traits, these reports conflict with each 
other (Fathi et al. 2018) and do not demonstrate 
clearly the beneficial effect of probiotics. In such 
cases where different results can be found in different 
studies, meta–analysis provides a more general and 
excellent solution.  
 
Meta–analysis is a statistical method that helps to 
combine qualitative and quantitative research results 
carried out on the same subject in different places, 
times and centers to reach a general conclusion 
(Boissel et al. 1989). As it looks at special aspects 
rather than relies solely on judgment, meta–analysis 
uses quantitative methods and this differentiates it 
from the classic reviews in literature (Mosteller and 
Colditz 1996). According to Yach (1990), meta–
analysis is part of the re-examination process. 
Additionally, it deals with data analysis that draws 
results from the main study and uses quantitative 
methods to explain the heterogeneity of the results, 
calculating the combined overall impact. In brief, 
meta–analysis is a method of evaluating previous 
studies (Dawson et al. 1994). 
 
The aim of meta–analysis is to achieve the most 
accurate quantitative results by combining the studies 
carried out via small samples and increasing the total 
sample range. Thus, a more reliable estimation of 
parameters is ensured and the inconsistencies that 
emerge in scientific literature can be evaluated. 

Furthermore, this method, in which the size of the 
common (overall) effect is determined, turns small–
scale omitted reports into effective and useful 
materials (Fitz-Gibbon 1985, Cohen and Manion 
2001). 
 
In the light of this information, the aim of this study 
was to determine whether the probiotic 
supplementation (B. subtilis) was effective on egg 
weight in laying hens by meta–analysis.  
 

MATERIALS and METHODS 
 
The following criteria were taken into consideration 
for eligibility and the studies selection in meta-analysis 
process, respectively. 
 
1. Genotype 2. Hen age 3. Probiotic type 4. Probiotic 
dose 5. Database 6. Publication year range. 
 
Within the framework of the study protocol, the 
limitations of the studies included into meta–analysis 
conducted in this study are as follows: Brown and 
white laying hens were in the age range of 18 – 42 – 
weeks; The probiotic type was B. subtilis; the dosage 
of B. subtilis was in the range of 400 – 1000 g/ton 
(400 – 1000 g per 1 ton feed) as 107 – 1010 CFU/g. In 
meta-analysis studies, a database should be 
determined for the selection of the researches 
(Boissel et al. 1989, Yach 1990, Mosteller and Colditz 
1996, Dawson et al. 1994). In this study, the Web of 
Science was determined as database. Studies have 
been published in the last 15 years in journals indexed 
at least SCI–exp. Reason for selecting articles indexed 
at SCI–exp was to set a certain restriction for search, 
and it was decided that there would be journals above 
a certain level of impact factor. The keywords 
searched according to the study protocol were laying 
hens, probiotic, B. Subtilis and egg weight. In this 
study, 37 studies were examined and 8 studies 
(Mahdavi et al. 2005, Xu et al. 2006, Zhang et al. 
2012, Amani et al. 2013, Sobczak and Kozłowski 
2015, Forte et al. 2016b, Mazanko  et al. 2017, 
Hosseindoust et al. 2018) that met the above 
conditions were selected and subjected to meta-
analysis. In these studies, the difference between 
experimental and control groups was examined and 
none of them were statistically significant. In this 
framework, the hypothesis tested by meta–analysis of 
the study is presented below: Hypothesis: The dietary 
probiotic supplementation (B. subtilis) has a significant 
effect on egg weight in laying hens. 
 
In the study, there were no a confounding variables 
whose presence affects the variables being studied (or 
the confounding effects which may related to the 
basic hypothesis). This study is a meta-analysis study 
and it was carried out by calculating the effect size 
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using means calculated for experimental–control 
groups in continuous data. Hedges g effect sizes for 
each study were calculated by equation 1, Cohen’s d 
effect sizes by equation 2 and Jacobian correction 
coefficient j by equation 3. Begg rank correlation, 
Egger regression methods and funnel plot were used 
to determine bias of studies. To determine the 
heterogeneity between studies, Cochran's Q statistics 
(equation 4) were used and the heterogeneity criteria 
H, Τ2 and I2 were calculated (Cochran 1954, Hedges 
1981, Cohen 1988, Begg and Mazumdar 1994, Egger 
et al. 1997, Higgins and Thompson 2002, Borenstein 
et al. 2009).  
 

 (1) 

 

(2) 

 

(3) 

 

(4) 

 
Since the heterogeneity between the studies was 
determined, the overall effect size was calculated by 
the random effect model. Because the variance 
between studies is also taken into account in the 
random effect model, variance and standard error 
corrections were made. The data were analyzed by 
Microsoft Excel and Comprehensive Meta-Analysis 
Trial Software. 
 

RESULTS and DISCUSSION 
 
In this study which examined the effect of B. subtilis 
on egg weight in laying hens by meta-analysis study, 
the effect size was calculated for each study and the 
obtained findings were given in Table 1. According to 
these results, it has been determined that the study of 
Sobczak and Kozłowski (2015) the smallest effect 
size (Hedges g = 0.040), while the study of Ammani 
et al. (2013) has the biggest effect size (Hedges g = 
0.683). The effect sizes of other studies ranged 
between these two effect sizes. 
 
According to the total values shown in Table 1, 
Cochran's Q statistics were calculated as 46.635 – 
(110.879) 2 / 502.216 = 22.155. This value was given 
in Table 2. The findings for the determination of 
heterogeneity among the studies were given in Table 
2. According to Table 2, the heterogeneity among 
studies was determined with respect to 3 criteria (in 
the Cochran Q test, Q = 22.155 > 14.07 and p < 

0.05; H = 2.881 – the H statistic does not contain 
confidence intervals 1–; T2 > 0). Moreover, I2 
statistics showed that there is medium level 
heterogeneity with 65.285%. On the other hand, the 
results of Begg's rank correlation method (z = 0.521; 
p = 0.602) and Egger's regression test (t = 0.149; p = 
0.886) showed that there was no publication bias for 
studies. Also, funnel plot regarding publication bias 
was given in Figure 1. 
 
As the heterogeneity between studies was determined 
from the findings in Table 2, the random effect 
model was used instead of the fixed effect model in 
the general effect size calculations. In the random 
effect model, the total variance (VES) of the studies is 
the sum of the variance within the studies and the 
variance between the studies. Weight is W = 1 / VES. 
Total values used for calculation of the overall effect 
size in the random effect model were given in Table 
3.  
 
The overall effect size using the random effect model 
was calculated as M = 32.69 / 146.26 = 0.223 from 
the formula M = Σ(W*ES) / ΣW. The findings of the 
overall effect size were given in Table 4. Here, the 
estimated variance and standard error of the overall 
effect size was found from the formulas VM = 1 / 
ΣW and VM = (SEM)2. According to the results in 
Table 4, the overall effect size was found as 0.223. 
Based on z and p values, the hypothesis of the study 
was accepted (z = 2.90; p < 0.05). In other words, 
"the probiotic has a significant effect on egg weight in 
laying hens". This effect can be defined as the "low 
impact" in the effect size classification of Cohen 
(1988). Because, Cohen (1988) made classified  effect 
size around 0.20 as "low", 0.50 as "medium" and 0.80 
as "high". 
 
There are some studies reporting that probiotics do 
or do not affect (Panda et al. 2003, Zarei et al. 2011, 
Sheoran et al. 2018) egg weight (Mahdavi et al. 2005, 
Kalavathy et al. 2009). A similar inconsistent status is 
also available for internal and external quality traits of 
eggs (Zhang et al. 2012, Youssef et al. 2013). While 
Mahdavi et al. (2005) showed the effect on albumin 
quality, Xu et al. (2006) proved increasing egg weight. 
On the other hand, Sobczak and Kozlowski (2015) 
and Hosseindoust et al. (2018) did not find the results 
statistically significant. These results show that using 
probiotics is effective on egg weight and other traits 
but this could not be clearly demonstrated. 
 
In each of the 8 studies that were included into this 
study, the number of laying hens used ranged from 20 
to 300 and the differences between experimental and 
control groups were not statistically significant for all 
studies. So, there were 1154 laying hens in total for 
each group in the meta-analysis. The average rate of 
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increase in egg weight was about 2% in 8 studies. 
However, this increase was not statistically significant 
when considered for a single study because the 
sample size was not sufficient for statistical 
significance. In other words, statistical significance is 
affected by the sample size. This increase ratio (2%) 
becomes statistically significant as more samples are 
used, since the studies are combined with meta-
analysis. 
 
A meta-analysis diagram of the random effect model 
was shown in Figure 2. The effect sizes and relative 

weights of each study, overall effect size and Forest 
graph were given in Figure 2. The square shape "■" in 
the forest graph indicates the effect size, the size of 
the squares of the relative weight of the studies, the 
width of lines in the 95% confidence interval while 
diamond shape "♦" indicates the overall effect size of 
each study. The relative weight is the percentage of 
the study weight and the highest relative weight 
(17.97%) was calculated for the study done by Forte 
et al. (2016b).  
 

 

 

 

 
Figure 1. Funnel plot regarding publication bias 

 
 
 

 
 

 
Figure 2. A meta–analysis diagram of the random effect model 
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Table 1. The effect size for each study 

Studies 
Cohen’s 

d 

  J Hedges g ES W W*ES W*ES2 

Mahdavi et al. (2005) 0.180 0.980 0.177 10.367 1.834 0.324 

Xu et al. (2006) 0.256 0.998 0.256 95.593 24.452 6.254 

Zhang et al. (2012) -0.067 0.998 -0.067 100.321 -6.747 0.454 

Ammani et al. (2013) 0.690 0.989 0.683 17.359 11.855 8.096 

Sobczak and Kozłowski (2015) 0.040 0.997 0.040 72.365 2.880 0.115 

Forte et al. (2016a/2016b) 0.421 0.999 0.420 147.123 61.812 25.970 

Mazanko et al. (2017) 0.395 0.995 0.393 34.706 13.650 5.368 

Hosseindoust et al. (2018) 0.047 0.992 0.047 24.382 1.143 0.054 

Total 502.216 110.879 46.635 

ES: Effect Size; W: Weight 

Table 2. The findings for the determination of heterogeneity or homogeneity among studies 

Methods Parameters df 
Chi square 

table value 
    P 

Cochran's Q test 22.155 7 14.07 < 0.05 

  
95% Confidence Interval 

Min. Max. 

H  2.881 2.456 3.379 

T2 0.031 0.018 0.049 

I2  65.285 52.189 74.795 

Begg's rank correlation z = 0.521; P = 0.602 and Egger's regression test t = 0.149; P = 0.886 for publication bias 

 
 
Table 3. Total values used for the overall effect size in the random effect model 

Studies Hedges g (ES) SEES VES W W*ES 

Mahdavi et al. (2005) 0.177 0.357 0.128 7.830 1.385 

Xu et al. (2006) 0.256 0.204 0.042 23.971 6.132 

Zhang et al. (2012) -0.067 0.203 0.041 24.258 -1.632 

Ammani et al. (2013) 0.683 0.298 0.089 11.253 7.685 

Sobczak and Kozłowski 
(2015) 

0.040 
0.212 

0.045 22.185 0.883 

Forte et al. (2016a/2016b) 0.420 0.195 0.038 26.279 11.041 

Mazanko et al. (2017) 0.393 0.245 0.060 16.647 6.547 

Hosseindoust et al. (2018) 0.047 0.269 0.072 13.837 0.649 

Total 146.260 32.690 

 
 
Table 4. The findings of overall effect size 

Model 
Overall 
effect size VM SEM 

95% Confidence 
Interval 

z value P Min. Max. 

Random 
Effects Model 

0.223 0.006 0.077 0.073 0.374 2.90 < 0.05 
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CONCLUSION 
 
Eight studies were investigated by meta-analysis and 
the sample size was a total of 1154 laying hens for 
each group (experimental and control groups) in the 
study. It was detected that using probiotics had an 
effect on egg weight and thus, a more general result 
was obtained. As a matter of fact, it was possible to 
encounter different findings in the literature. These 
results emphasized once again the importance of 
meta-analysis that can provide certain results by 
combining studies that have been worked with a 
small sample size. More reliable scientific results can 
be revealed by extending the time span and 
combining more studies with meta–analysis because 
working with larger samples gives a more realistic 
result.  
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ABSTRACT 

This study has been carried out to determine the genotypes of Echinococcus granulosus cysts in cattle, buffaloes, 
sheep and goats raised in Afyonkarahisar region. Cysts were collected from the internal organs of 258 animals, 
including 65 goats, 71 sheep, 119 cattle and 3 buffaloes infected with hydatid cysts. DNA was isolated from a 
total of 78 cysts from germinal membranes and protoscoleces extracted from cysts to identify the genotypes of E. 
granulosus in infected animals. PCR-RFLP was carried out using the Hin6I and StuI restriction enzymes in the 
ND1 gene and no polymorphism could be determined in all isolates. In the COX1 gene analysis, G1 strain 
known as domestic sheep strains and 18 different haplotypes were found in all isolates from cattle, buffaloes, 
sheep and goats. As a result, it was concluded that all isolates of the cattle, buffaloes, sheep and goats grown in 
Afyonkarahisar region determined in the analyses carried on the COX1 gene were G1 strain.  
 
Keywords: Ruminants, Echinococcus granulosus, ND1, COX1, PCR-RFLP, DNA Sequencing. 
 

*** 

 
Afyonkarahisar’da Sığır, Manda, Koyun ve Keçilerde Bulunan Echinococcus granulosus İzolatlarının 

Moleküler Karakterizasyonu  
 

ÖZ 
Bu çalışma, Afyonkarahisar yöresinde yetiştirilen sığır, manda, koyun ve keçilerde bulunan Echinococcus granulosus 
kistlerinin genotiplerinin belirlenmesi amacıyla yapılmıştır. Araştırmada, hidatik kistle enfekte 65 keçi, 71 koyun, 
119 sığır ve 3 manda olmak üzere toplam 258 hayvanın iç organlarından kistler toplanmıştır. Enfekte 
hayvanlardaki E. granulosus genotiplerini belirlemek amacıyla kistlerden çıkarılan germinal membran ve 
protoskolekslerden toplam 78 kistten DNA izole edilmiştir. ND1 gen bölgesi Hin6I ve StuI restriksiyon enzimleri 
kullanılarak PCR-RFLP yapılmış ve tüm izolatlarda polimorfizm belirlenememiştir. COX1 gen bölgesi analizinde 
sığır, manda, koyun ve keçilerden elde edilen izolatların tümünde evcil koyun suşu olarak bilinen G1 suşu ve 18 
farklı haplotip bulunmuştur. Sonuç olarak, Afyonkarahisar yöresinde yetiştirilen sığır, manda, koyun ve keçilerde 
bulunan izolatların COX1 geninde yapılan genetik analizler sonucunda tüm izolatların G1 suşu olduğu kanısına 
varılmıştır. 
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INTRODUCTION 
 
Cystic echinococcosis is common worldwide, 
especially in underdeveloped and developing 
countries (Köse and Sevimli 2008). Cystic 
echinococcosis is a common and important parasitic 
zoonosis caused by the larval stage of the genus 
Echinococcus (Cadona and Carmena 2013). Adult 
parasites are found mainly in the small intestine of the 
canids including dogs, foxes, wolves, jackals while the 
larval form is found mainly in the liver, lungs and 
sometimes the spleen of mostly goats, cattle, pigs, 
camel, deer, rabbits, monkeys, kangaroos and 
sometimes settling into the liver, lungs, spleen, heart, 
kidneys, brain and bone marrow of humans as well as 
poultry to cause serious public health problems as 
well as important economic losses. E. granulosus and 
E. multilocularis species are the causes of 
echinococcosis in Turkey. Most cases of hydatidosis 
encountered in Turkey are caused by the E. granulosus 
species (Merdivenci 1963, Unat et al. 1995, Barış et al. 
1989, Markel et al. 1999, Toparlak and Tüzer 2000, 
Dalimi et al. 2002, Thompson and McManus 2002, 
Gıcık et al. 2004, Ayaz and Tınar 2006). The genetic 
diversity of Echinococcus species is evaluated as 10 
different genotype strains (Nakao et al. 2007, 
Thompson 2008, Saarma et al. 2009, Nakao et al. 
2010). These strains are G1 (sheep strain), G2 
(Tasmanian sheep strain), G3 (buffalo strain), G4 
(horse strain), G5 (bovine strain), G6 (camel strain), 
G7 (pig strain), G8 (deer strain G9 (human strain), 
G10 (Fennoscandian deer strain) (Eckert and 
Thompson 1997, Haag et al. 1997, Scott et al. 1997, 
Thompson and McManus 2002, Lavikainen et al. 
2003, Romig et al. 2006). Full mitochondrial genome 
analysis of Echinococcus species led to taxonomic 
revision and G1-G3 genotypes were grouped as 
Echinococcus granulosus sensu stricto, G4 Echinococcus 
equinus, G5 Echinococcus ortleppi and G6-G10 
Echinococcus canadensis. (Nakao et al. 2007, Thompson 
2008, Saarma et al. 2009, Nakao et al. 2010). The 
domestic sheep strain (G1) is the most common 
strain in the world and host specificity is not limited 
to sheep. Cysts that develop in cattle are mainly sterile 
while those in mammals such as buffalo, camel and 
kangaroo are fertile (Bowles and McManus 1993, 
Eckert and Thompson 1997). It has been 
demonstrated by many molecular studies that the 
source of human infections is often the domestic 
sheep strain. Examinations of isolates obtained from 
different hosts in Turkey have determined that 
domestic sheep strains are the active strains (Utuk et 
al. 2008, Vural et al. 2008, Snabel et al. 2009). 
 
The objective of this study was to determine the 
strains and genetic affinity of ND1 and mt-COX1 
gene zones of E. granulosus isolates obtained from 
cattle, buffaloes, sheep and goats raised in central 

Afyonkarahisar province and its districts by PCR-
RFLP and DNA sequence analysis. 

 
MATERIAL and METHODS 

 
Collecting the samples 
In order to determine E. granulosus strains in cattle, 
buffaloes, sheep and goats raised in Afyonkarahisar 
City center and Emirdağ, Bolvadin, Şuhut, Dinar, 
İhsaniye districts, hydatid cysts were collected from 
the internal organs of 258 animals, including 65 goats, 
71 sheep, 119 cattle and 3 buffaloes slaughtered in 
slaughterhouses between March 2010 and April 2012. 
The contents of the cysts from the same organ were 
numbered separately. Both germinal membranes and 
cyst fluids were examined by microscopy for 
protoscoleces and evaluated as fertile or sterile. The 
germinal membranes and protoscoleces were washed 

with PBS and stored at 20°C in microcentrifuge 
tubes with 70% alcohol until use. 
 
DNA isolation and PCR 
Protoscoleces were used primarily in the samples 

stored in alcohol (70%) at 20°C while germinal 
membranes were used as necessary. The samples were 
washed with PBS before DNA extraction. DNA 
extraction was carried out according to Boom et al. 
(1990) and Höss&Paabo (1993). The DNA samples 
were checked for integrity on a 0.6% agarose gel, the 
amount and quality were measured using 
spectrophotometer devices (Multiscan GO and 
Qubit). DNA samples were adjusted to 20 ng / µl 

and stored at 20°C until analysis.  
The primers required to amplify mitochondrial 
NADH dehydrogenase 1 (ND1) and cytochrome 
oxidase 1 (COX1) genes were designed using the 
FastPCR software (Kalendar et al. 2009) (Table 1). 
 
Table 1. Primers, Tm and length of genes. 
 

Gene Primer 5´    3´ 
Tm 
(°C) 

Base 
pair 

ND1 F gtagttactcttatgttggt 
56 1038 

ND1 R cttgaagttaacagcatcacg 

COX1 F tacgttgcctgttttggctgc 
57 550 

COX1 R ccagtaatcaaaggccatcacc 

 
The total of the PCR mixture which was 25 µl 
contained 50 ng DNA, 1x PCR buffer (supplied), 2 
mM MgCl2, 0.2 mM dNTP set (Fermantas), 3 pmol 
each primer (Alpha DNA), and 1 Unit Platinum Taq 
DNA polymerase (Invitrogen). Reactions were 
carried out in an Eppendorf EpGradientS Thermal 
Cycler. The PCR was programmed for ND1 and 
COX1 at 95°C for 2 min pre-denaturation, followed 
by 35 cycles at 94°C for 30 s denaturation, binding at 
56 - 60°C for 45 s (Table 1), elongation at 72°C. for 1 
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min, final elongation step at 72°C for 10 min. The 
PCR products were checked under UV by using 1% 
agarose gel and GelRed (Biotium, 41003). 
 
PCR-RFLP 
ND1 gene PCR products were cut separately with 
Hin6I (Thermo) and StuI (Thermo) restriction 
enzymes. For this, 8 μl of PCR product, 1 μl of 
restriction enzyme, 2 μl of restriction buffer and 9μl 
of distilled water were used. Subsequently a 14-hour 
incubation at 37ºC was carried out. After incubation 
the Hin6I and the StuI enzymes were inactivated at 
65ºC and 80ºC respectively for 20 min. The products 
subjected to cutting were examined under UV with 
2.5% agarose gel supplemented with GelRed and the 
band patterns of the samples were displayed (Figure 1 
and 2).  
 

 
 
Figure 1. Agarose gel electrophoresis image of PCR-
RFLP products of the ND1 gene cut with Hin6I. M: 
Marker D: DNA P: PCR product H: PCR products 
treated with Hin6I restriction enzyme.  
 

 
 
Figure 2. Agarose gel electrophoresis image of PCR-
RFLP products of the ND1 gene cut with StuI M: Marker 
D: DNA P: PCR product S: PCR products treated with 
StuI restriction enzyme. 

 
Sequence analysis 
DNA double-sided sequence analysis of the PCR 
products of 78 isolates for the COX1 gene was 
carried out. PCR products were purified using 0.5μl 
Exo I and 1μl FastAp mixture prior to DNA 
sequence analysis. The mixture was kept at 37ºC for 

15 minutes and at 85ºC for 15 minutes. All of 
samples sequenced using the BigDye® Terminator 
v3.1 Cycle Sequencing Kit (Life Technologies).  
Sequence PCR products were purged with ethanol / 
EDTA / sodium acetate and the reactions were run 
on an ABI 3500Genetic Analyzer. The DNA 
sequences were edited with the Sequencher 5.4.1 
computer program (Gene Code Corporation, Ann 
Arbor, Michigan, USA) and were aligned with 
BioEdit 7.0.9 Sequence Alignment (Hall 1999) 
programs. 
 
Phylogenetic and Statistical Analysis 
The nucleotide differences between haplotypes (π), 

the haplotype mutation rate (Ѳ) and the Tajima D 
value were calculated and UPGMA dendrogram was 
created with the Mega 4 computer package program 
(Tamura et al. 2007).  
 

RESULTS 
 
As a result of DNA isolation from the internal organs 
of 258 animals, including 65 goats, 71 sheep, 119 
cattle and 3 buffaloes infected with hydatid cysts, 
DNA was isolated from 78 cysts (30 goats, 26 sheep, 
19 cattle and 3 buffaloes).  
 
ND1 gene 
DNA obtained from 78 isolates was used for PCR-
RFLP and after the PCR analysis, a DNA sequence 
with the length of 1038 bp was obtained. As a result 
of cutting the PCR products with Hin6I and StuI 
restriction enzymes, two bands (Figure 1) with a 1038 
bp band and two bands measuring 391 and 647 bp 
were observed (Figure 2), respectively. All samples 
showed an exemplary band structure in terms of the 
ND1 gene. 
 
COX1 Gene 
After PCR analysis, a length of 550 bp DNA 
sequence was obtained in the 1608 bp mt-COX1 gene 
zone. As a result of the comparison of sequence 
analysis, 18 different haplotypes (GenBank ID: 
MT318680-MT318697) were found for domestic 
sheep strain G1 and variants of isolates. When the 
distribution of these 18 haplotypes in goats, sheep, 
cattle and buffaloes and percentage ratios are 
observed, it is evident that TR_AF001 (MT318680) 
haplotype is more common (Table 2). 
 
The total number of polymorphic zones(S) for the 
nucleotide sequences of E. granulosus, polymorphic 
siteratio (ps), nucleotide differences (π), population 
mutation rate (Θ) and Tajima D value are given in 
Table 3. 
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Table 2. Haplotype Distributions and Percentage Ratios in Goats, Sheep, Cattle and Buffaloes. 
 

(GenBank 
Accession No) Haplotype   

GOAT SHEEP CATTLE BUFFALO TOTAL 

n % n % n % n % % 

(MT318680)   TR_AF001 6 20,0 19 73,1 4 21,1   37,2 

(MT318681)   TR_AF002 1 3,3       1,3 

(MT318682)   TR_AF003 6 20.0       7,7 

(MT318683)   TR_AF004 1 3,3       1,3 

(MT318684)   TR_AF005 10 33,3       12,8 

(MT318685)   TR_AF006 4 13,3       5,1 

(MT318686)   TR_AF007 1 3,3       1,3 

(MT318687)   TR_AF008 1 3,3   3 15,8   5,1 

(MT318688)   TR_AF009   2 7,7 3 15,8   6,4 

(MT318689)   TR_AF010   2 7,7     2,6 

(MT318690)   TR_AF011   1 3,8     1,3 

(MT318691)   TR_AF012   2 7,7     2,6 

(MT318692)   TR_AF013       3 100 3,8 

(MT318693)   TR_AF014     1 3,8   1,3 

(MT318694)   TR_AF015     3 15,8   3,8 

(MT318695)   TR_AF016     1 3,8   1,3 

(MT318696)   TR_AF017     1 3,8   1,3 

(MT318697)   TR_AF018     3 15,8   3,8 

TOTAL 30  26  19  3   

 
Accordingly, the polymorphism of the 20 COX1 gene 
of 78 E. granulosus was determined and the 
polymorphism rate was approximately (ps) 3.6%, the 
population mutation rate (Θ) 0.7%, nucleotide 
difference (π) 0.4% and Tajima D value was 

calculated as 1.1067 (Table 3). The average 
evolutionary differentiation coefficient and standard 
error of the studied E. granulosus cysts was estimated 
to be 0.351 ± 0.042 (Table 4).  

 
 
Table 3. Tajima Neutrality Test Results of Samples. 
 

m S ps Θ π D 

78 20 0.036 0.007 0.004 -1.1067 

 
 
Table 4.  Mean evolutionary differentiation between DNA sequences belonging to E. granulosus in species. 

Species d S.E. 

Goat 0.005 0.002 
Sheep 0.001 0.001 
Buffalo 0.000 0.000 
Cattle 0.005 0.002 

 
 
The nucleotide differences of the haplotypes in the 
mt-COX1 gene are given in Table 5. When the 
genetic relationships between haplotypes are 
examined, it is observed that TR_AF013 (MT318692) 
haplotype which is formed by buffalo isolates and 
TR_AF003 (MT318682) haplotype consisting of goat 
isolates (Figure 3) and evolutionary distance value is 

calculated as 0,007 (Table 6). When the haplotypes 
are evaluated in terms of evolutionary distances, the 
highest TR_AF018 (MT318697) haplotype was found 
between the TR_AF004 (MT318683) haplotype and 
TR_AF018 (MT318697) haplotype and TR_AF014 
(MT318693) haplotype (0.015) (Table 6).  
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Table 5. Nucleotide differences of haplotypes in mt-COX1 gene zone 
 

  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 

  
6 6 6 6 6 7 7 7 8 8 8 9 9 9 0 0 0 0 0 0 0 

(GenBank 
 

1 3 6 6 8 1 2 8 0 1 5 1 7 8 0 0 2 5 5 8 9 

Accession No) Haplotype 
 

6 3 7 9 4 7 3 4 0 0 5 8 2 6 1 8 0 6 9 9 9 

NC_008075.1 A C T A T C T A C C T C A A T T A G A G A 

(MT318680)   TR_AF001 
 

. . . . . . . . . . C . . . . . . . . . . 

(MT318681)   TR_AF002 
 

. . . . C . . . . . C . . . . . . . . . . 

(MT318682)   TR_AF003 
 

. . . . . T . . . T C T . . C . . . . . . 

(MT318683)   TR_AF004 
 

. . . G . . . . . . C . . . . . . . . . . 

(MT318684)   TR_AF005 
 

. . . . . . G . . . C . . . . . . . . . . 

(MT318685)   TR_AF006 
 

. . . . . . . . G T C . . . C . G . . . . 

(MT318686)   TR_AF007 
 

. . . . . . G . G T C . . . . . G . . . . 

(MT318687)   TR_AF008 
 

. . . . . . . . T . C . . . . . . . . . . 

(MT318688)   TR_AF009 
 

. . . . . . . . . T C . . . C . . . . . . 

(MT318689)   TR_AF010 
 

. . . G . . . . . . C . . . . . . . . A . 

(MT318690)   TR_AF011 
 

. . . . . . C . . . C . . . . . . . . . . 

(MT318691)   TR_AF012 
 

G . . . . . . . . . C . . . . . . . . . . 

(MT318692)   TR_AF013 
 

. . . . . . . G . T C . . . C C . . . . . 

(MT318693)   TR_AF014 
 

. . . . . . . . . . C . . . . . . . . . G 

(MT318694)   TR_AF015 
 

. . C . . . . . . . C . G . . . . T . . . 

(MT318695)   TR_AF016 
 

. . . . . . . . . T C . . . . . . . . . . 

(MT318696)   TR_AF017 
 

. . . . . . . . T T C . . . . . . . . . . 

(MT318697)   TR_AF018 
 

. T . . . . . . T . C . . G . . . . G . . 

 
 
Table 6. Evolutionary distances between haplotypes 
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TR_AF001 ***                  

TR_AF002 0.002 ***                 

TR_AF003 0.007 0.009 ***                

TR_AF004 0.002 0.004 0.009 ***               

TR_AF005 0.002 0.004 0.009 0.004 ***              

TR_AF006 0.007 0.009 0.007 0.009 0.009 ***             

TR_AF007 0.007 0.009 0.011 0.009 0.006 0.004 ***            

TR_AF008 0.002 0.004 0.009 0.004 0.004 0.007 0.007 ***           

TR_AF009 0.004 0.005 0.004 0.005 0.005 0.004 0.007 0.005 ***          

TR_AF010 0.004 0.005 0.011 0.002 0.006 0.011 0.011 0.005 0.007 ***         

TR_AF011 0.002 0.004 0.009 0.004 0.002 0.009 0.007 0.004 0.005 0.005 ***        

TR_AF012 0.002 0.004 0.009 0.004 0.004 0.009 0.009 0.004 0.005 0.006 0.004 ***       

TR_AF013 0.007 0.009 0.007 0.009 0.009 0.007 0.011 0.009 0.004 0.011 0.009 0.009 ***      

TR_AF014 0.002 0.004 0.009 0.004 0.004 0.009 0.009 0.004 0.005 0.006 0.004 0.004 0.009 ***     

TR_AF015 0.006 0.007 0.013 0.007 0.007 0.013 0.013 0.007 0.009 0.009 0.007 0.007 0.013 0.007 ***    

TR_AF016 0.002 0.004 0.005 0.004 0.004 0.006 0.006 0.004 0.002 0.005 0.004 0.004 0.005 0.004 0.007 ***   

TR_AF017 0.004 0.005 0.007 0.005 0.005 0.006 0.006 0.002 0.004 0.007 0.005 0.005 0.007 0.005 0.009 0.002 ***  

TR_AF018 0.007 0.009 0.015 0.009 0.009 0.013 0.013 0.005 0.011 0.011 0.009 0.009 0.015 0.009 0.013 0.009 
0.00

7 
*** 
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Figure 3. UPGMA dendrogram showing relationships of genetic distances between haplotypes 
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DISCUSSION 
 
Cystic echinococcosis is an important and widespread 
parasitic zoonosis all over the world and mainly in 
less developed and developing countries observed in 
humans and animals caused by the larval stage of the 
genus Echinococcus (Köse and Sevimli 2008, Cadona 
and Carmena 2013). Although the last host is usually 
carnivores like dogs, foxes, jackals, wolves, different 

strains of the agent can be found in different 
geographical regions in numerous intermediate host 
mammals such as cattle, sheep, goats, deer, camels, 
buffaloes, rabbits, kangaroos, pigs, horses, donkeys 
able to infect humans (McManus et al. 2003). 
Studies on E. granulosus species have been carried out 
in different regions of the world by using molecular 
techniques. These studies are shown in Table 7. 
 

 
 
 

Table 7. DNA sequence analysis studies on E. granulosus. 
 

Country Source Gene Strain 

Spain Gonzalez et al., 2002 mt-COX1, ND1 G1,G7 
Bulgaria Breyer et al., 2004 ND1 G1 
Italy Capuano et al., 2006 mt-COX1 G1,G3 

China Bart et al., 2006a mt-COX1 G6 
Romania Bart et al., 2006b mt-COX1, ND1 G1,G2,G7 
Greece Varcasia et al., 2007 mt-COX1, ND1 G1,G3,G7 
Turkey Vural et al., 2008 mt-COX1 G1,G3 
Turkey Snabel et al., 2009 mt-COX1, ND1 G1,G3,G7 
Kenya Casulli et al., 2010 mt-COX1, ND1 G1,G6 
Pakistan Latif et al., 2010 mt-COX1 G1,G3 
Argentina Soriano et al., 2010 mt-COX1 G1,G3,G6,G7 
Turkey Simsek et al., 2010 mt-COX1 G1,G3 
Turkey Beyhan and Umur, 2011 mt-COX1 G1,G2,G3 
Iran  Pour et al., 2011 mt-COX1 G1,G3 
Japan Guo et al., 2011 mt-COX1, ND1 G1,G2,G3 
Mongolia Jabbar et al., 2011 mt-COX1, ND1 G1,G3,G6,G10 
India Singh et al., 2012 mt-COX1 G1,G3 
Peru Sanchez et al., 2012 mt-COX1, ND1 G1,G7 
Egypt Aboelhadid et al., 2013 mt-COX1, ND1 G1,G7 
Palestine Adwan et al., 2013 mt-COX1 G1,G2,G3 

 
 
 
In this study, the ND1 gene zone of the isolates was 
examined by PCR-RFLP technique and shows that 
the isolates may have a similar genetic structure and 
the same strain. The DNA sequence analysis of the 
mt-COX1 gene of the isolates suggests that all 
isolates are G1 genotype. As a result of the mutations 
in the COX1 gene region, 18 different haplotypes 
have been manifested. Table 1 shows that most 
haplotypes are from goat and cattle species with eight 
haplotypes. Five haplotypes have been found in 
sheep. The presence of fewer haplotypes in sheep is 
probably explained by sampling in nearby regions. In 
the analyzes, the TR_AF005 (MT318684) haplotype 
(33.3%) found in goats and the frequency of the 
TR_AF001 (MT318680) haplotype in sheep and 
cattle was 21.1% and 73.1%, respectively. The fact 
that haplotype frequencies vary according to species 
suggests that the examined animals may have come 
from the same location. Results in Table 6 confirm 
this. When Table 6 is examined, it is noted that the 
frequency of TR_AF001 (MT318680) haplotype in 
sheep and cattle is high because of the animals in 

Şuhut district and the high frequency of the 
TR_AF005 (MT318684) haplotype in goats is caused 
by animals from Dinar district. The presence of only 
one haplotype in buffaloes (TR_AF013 (MT318692)) 
suggests that the number of buffaloes is low and that 
the samples may have been collected from the same 
area or from the same herd. The prevalence of the 
TR_AF001 (MT318680) haplotype over the entire 
Afyonkarahisar province (37.2%) can be explained by 
the fact that this haplotype is more likely to produce 
different types of infection than other haplotypes, or 
that it may be more widely distributed by animal 
movements. 
 
The results of the study show that E. granulosus is a 
dominant genotype of domestic sheep strain in 
Afyonkarahisar and the limited number of studies 
(Vural et al. 2008, Utuk et al. 2008, Beyhan and Umur 
2011, Eryıldız and Şakru 2012) in this subject support 
the study results. 
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CONCLUSION 
 
A sequencing analysis of the mt-COX1 gene zone of 
E. granulosus was carried out in this study and as a 
result of the evaluation of the obtained sequence 
analysis information, the intermediate hosts were 
found to be infected with the domestic sheep strain 
(G1) which is accepted to be the most common and 
most pathogenic strain in Afyonkarahisar region and 
the World.  
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ABSTRACT 

The aim of the study was to investigate the effects of chrysin (CH), one of the natural flavonoids, against 
isoniazid lung damage caused by isoniazid (INH), which was widely used in the treatment of tuberculosis. Male 
Sprague-Dawley rats were randomly divided into five groups: a control group, INH-treated group, CH alone 
treated group 50 mg / kg, INH + CH 25 mg / kg treated group, and INH+ CH 50 mg / kg treated group. It was 
determined that INH caused oxidative damage by decreasing antioxidant enzyme activities such as glutathione 
peroxidase (GPx), superoxide dismutase (SOD), and catalase (CAT) and increasing lipid peroxidation (LPO). In 
addition, it was found that the administration of CH to INH-treated rats increased GSH level and antioxidant 
enzyme activities, and decreased lipid peroxidation. It was observed that the nuclear factor erythroid 2 related 
factor 2 (Nrf-2) and oxygenase-1 (HO-1) expression levels were up-regulated in the INH-treated group, and the 
expression of NF-κB increased in the INH-treated group in the immunohistochemical examination, and the CH 
administration, on the other hand, decreased the levels of these markers. Taken together, these results suggested 
that CH had beneficial effects in INH-induced lung toxicity by maintaining the oxidant-antioxidant balance and 
decreasing NF-κB, Nrf-2, and HO-1 expressions. 
Keywords: Chrysin, Isoniazid, Lung, Oxidative Stress. 
 

*** 

 
Ratlarda İzoniazid Kaynaklı Akciğer Hasarına Karşı Krisinin Etkileri 

 
ÖZ 

Bu çalışmanın amacı; tüberküloz tedavisinde yaygın olarak kullanılan izoniazid (İZN) kaynaklı akciğer hasarına 
karşı doğal flavonoidlerden olan krisin (KRS)’in etkilerinin araştırılmasıdır. Çalışmada Spraque Dawley cinsi 35 
adet erkek rat rastgele 5 gruba ayrıldı: Kontrol grubu, İZN uygulanan grup, KRS 50 mg/kg uygulanan grup, 
İZN+ KRS 25 mg/kg uygulanan grup ve İZN+ KRS 50 mg/kg uygulanan grup. İZN’nin glutatyon peroksidaz 
(GPx), süperoksit dismutaz (SOD) ve katalaz (KAT) gibi antioksidan enzim aktivitelerini ve glutatyon (GSH) 
düzeylerini azaltıp, lipid peroksidasyonunu (LPO) artırarak oksidatif hasara neden olduğu belirlendi. Ayrıca İZN 
ile kombine uygulanan KRS uygulamasının GSH seviyesini ve antioksidan enzim aktivitelerini artırdığı, lipid 
peroksidasyonunu ise azalttığı ettiği tespit edildi. Çalışmada incelenen nükleer faktör eritroid 2 ile ilişkili faktör 2 
(Nrf-2) ve hem oksijenaz-1 (HO-1) seviyelerinin İZN grubunda gen ekspresyonu düzeyinde, nükleer faktör kappa 
B (NF-κB) ekspresyonunu ise immunhistokimyasal incelemede arttığı tespit edilmiş, buna karşın KRS 
uygulamasının bu belirteçlerin düzeylerinde azalmaya neden olduğu gözlenmiştir. Birlikte ele alındığında, bu 
sonuçlar KRS'in oksidan-antioksidan dengesini koruyarak ve NF-κB, Nrf-2 ve HO-1 ekspresyonlarını azaltarak 
İZN’nin neden olduğu akciğer toksisitesinde faydalı etkilere sahip olduğunu düşündürmektedir. 
Anahtar Kelimeler: Akciğer, İzoniazid, Krisin, Oksidatif Stres. 
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GİRİŞ 
 
Mycobacterium tuberculosis'in neden olduğu bir 
hastalık olan tüberküloz (TB), insanlık tarafından 
bilinen en eski ve en ölümcül hastalıklardan biridir 
(Organization 2013). Anti-tüberküloz kemoterapisinin 
ortaya çıkmasıyla, hastalığın tedavisinde ciddi bir 
iyileşme olmuştur. Anti-tüberküloz ilaçlar arasında 
bulunan izoniazid (İZN), aktif tüberkülozun tedavisi 
ve profilaksisi için kullanılan ilaçtır (Basheer ve ark. 
2017, Chowdhury ve ark. 2006, Eftekhari ve ark. 
2018). Aktif tüberkülozun tedavisinde yaygın olarak 
kullanılan İZN’nin, gastrointestinal bozukluk, 
hepatotoksisite, periferik nörotoksisite, merkezi sinir 
sisteminde başta olmak üzere çeşitli yan etkileri 
olduğu için kullanımı sınırlanmaktadır (Ahadpour ve 
ark. 2016). Yapılan araştırmalar, oksidatif stresin İZN 
kaynaklı sitototoksisiteden sorumlu mekanizmalardan 
biri olduğunu ileri sürmektedir (Cicek ve ark. 2005). 
Başarılı bir anti-tüberküloz ilacı ile tedaviden sonra 
klinik olarak iyileşme gözlenmesine rağmen, anti-
tüberküloz ilaçların yüksek düzeyde oksidatif stresin 
devamına neden oldukları belirtilmiştir (Plit ve ark. 
1998). 
 
Yeterli düzeyde reaktif oksijen türü (ROS) normal 
hücresel fonksiyonu korumak için sinyal molekülleri 
olarak işlev görürken, pro-oksidan ve antioksidan 
sistemler arasındaki denge bozuklukları nedeniyle aşırı 
ROS üretimi çoğu dokuda oksidatif hasara neden olur 
(Choi 2019). Oksidatif hasar sonucu artan ROS, 
DNA oksidasyonu, lipit peroksidasyonu ve endotelyal 
hücre hasarına neden olur ve bu işleyiş çoğu dokuda 
görülen hasarın ana mekanizması olarak bilinmektedir 
(Zhang ve ark. 2018).   
 
Nükleer faktör kappa B (NF-κB), inflamasyon ve 
çeşitli otoimmün hastalıklarda yer alan genlerin 
indüklenebilir ekspresyonunun önemli bir 
düzenleyicisi olarak hizmet eden bir redoks 
transkripsiyon faktörüdür (Caglayan ve ark. 2019). 
Bilinen bir transkripsiyon faktörü olarak nükleer 
faktör eritroid-2 ile ilişkili faktör 2 (Nrf-2), 
antioksidan ve detoksifikasyon enzimlerinin 
ekspresyonunu uyarabilen ve oksidatif stresin hücresel 
yanıtını sağlayan önemli bir transkripsiyon faktörüdür 
(Çelik ve ark. 2020). 
  
Nrf-2, oksidatif stresin düzenlenmesinde önemli bir 
rol oynayan ana redoks algılama transkripsiyon 
faktörü olduğu iyi bilinmektedir. Normal olarak, 
oksidatif stres uyarımı altında, Nrf-2 aktive edilir, 
Keap1- Nrf-2 kompleksinden salınır ve 
sitoplazmadan çekirdeğe aktarılır. Ayrıca Heme 
oksijenaz-1 (HO-1) dahil olmak üzere çeşitli anti-
oksidatif genlerin transkripsiyonunu başlatır. Bununla 
birlikte, birçok çalışma, HO-1 indüksiyonunun, Nrf-2 
sinyallemesinin in vitro ve in vivo aktivasyonu ile LPS 
kaynaklı enflamasyon tepkilerini bloke ettiğini 

göstermiştir (Chepelev ve ark. 2013, Park ve ark. 
2013, Zhang ve ark. 2017). 
 
Flavonoidler, anti-inflamatuar, antibakteriyel, anti-
alerjik, antiapoptotik, antitrombotik ve vazodilatör 
dahil biyolojik ve farmakolojik özellikler sergileyen 
bitki kaynaklı doğal fenolik bileşiklerdir (Kandemir ve 

ark. 2020). Krisin (5,7 ‐ dihidroksiflavon) doğal bir 
flavonoiddir. Birçok bitki özünde, balda, propoliste ve 
çeşitli çiçeklerin uçucu yağlarında bol miktarda 
bulunan KRS’nin varolan birçok yararlı etkileri 
bilinmektedir. KRS yararlı etkilerinden dolayı son 
yıllarda yaygın olarak kullanılmaktadır (Eldutar ve ark. 
2017, Kandemir ve ark. 2017, Mehri ve ark. 2014, 
Temel ve ark. 2020). 
 
Sunulan çalışmada, İZN’nin ratların akciğerleri 
üzerindeki etkisini ve bu etkilerin KRS ile birlikte 
tedavi edilerek düzeltilip düzeltilemeyeceğinin 
değerlendirilmesi amaçlanmıştır. Bu amaca ulaşmak 
için, ratlara oral olarak gavaj yoluyla 7 gün boyunca 
İZN ve / veya KRS verildi, ardından akciğer 
dokularında antioksidan aktivite, patolojik 
değişiklikler ile farklı parametreler biyokimyasal, 
histopatolojik ve gen ekspresyonu yöntemleri ile 
incelenmiştir. 
 

MATERYAL ve METOT 
 
Kullanılan Deney Hayvanları  
Çalışmada ağırlıkları 220-250 gr, yaşları 10-12 haftalık 
olan erkek Sprague Dawley cinsi rat kullanıldı. 
Kafeslerde bulunan hayvanlar, 24±1°C sabit sıcaklıkta 
ve on ikişer (12 h) saatlik karanlık/aydınlık siklüsü 
sağlanarak kontrollü bir odada tutuldu. Çalışmaya 
başlamadan önce ratların 7 gün süreyle ortama 
adaptasyon sağlamaları için herhangi bir uygulama 
yapılmadan beklendi. Sprague Dawley ratlara yem 
(pelet) ve su ad libitum olarak verildi. Bu çalışma 
Atatürk Üniversitesi Rektörlüğü Hayvan Deneyleri 
Yerel Etik Kurulu Başkanlığı tarafından onaylandı 
(Karar No: 118/2019). 
 
Çalışmada Kullanılan İlaçlar 
İzoniazid (İZN): Çalışmada kullanılan İZN’nin 
(I.N.H. 300 mg Tablet, Koçak Farma) doz seçiminde 
literatür verisinden yararlanıldı (Ruan ve ark. 2018). 
Krisin (KRS): Çalışmada kullanılan antioksidan KRS 
Sigma-Aldrich firmasından temin edildi. 
Çalışmamızda kullanmış olduğumuz doz literatürde 
belirtildiği şekilde uygulandı (Eldutar ve ark. 2017). 
 
Deneysel Uygulamalar 
Deneyde kullanılacak ratlar, her bir grupta yedi 
hayvan olacak şekilde beş gruba ayrıldı. Deney 
tasarımı aşağıdaki gibi bir kontrol ve dört deney 
grubunu içermiştir; 
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1- Kontrol Grubu: 7 gün oral serum fizyolojik verildi. 
2- İZN Grubu: 7 gün 400 mg/kg/gün İZN oral 
olarak verildi. 
3- KRS 50: 7 gün 50 mg/kg vücut ağırlığı/gün KRS 
oral olarak verildi. 
4- İZN + KRS 25 Grubu: 25 mg/kg/gün KRS (oral) 
uygulamasından 30 dk. sonra İZN 400 mg/kg 
dozunda oral verildi ve uygulama 7 gün yapıldı. 
5- İZN + KRS 50 Grubu: 50 mg/kg/gün KRS (oral) 
uygulamasından 30 dk sonra İZN 400 mg/kg 
dozunda oral verildi ve uygulama 7 gün yapıldı. 
 
Numunelerin alınması 
Yapılan son uygulamadan 24 saat sonra (8.gün) ratlar 
hafif sevofloran anestezisi altında dekapite edildi. 
Ratlardan akciğer dokuları alınarak bir kısmı gen 
ekspresyonu ve biyokimyasal analizler yapılıncaya 
kadar -80 °C’de muhafaza edilirken, diğer bir kısım ise 
patolojik incelemeler amacıyla 10 %’luk tamponlu 
formaldehit solüsyonda tespit edildi. Biyokimyasal 
olarak ve gen ekspresyonu için analizlere başlamadan 
önce akciğer dokularından gerekli olan miktarlarda 
tartıldı. Yapılacak analizlerin metodların da belirtilen 
tamponlarla belirtilen oranda sulandırılarak 
TissueLyser II (Qiagen) ile homojenizasyon işlemi 
yapıldı. 
 
Biyokimyasal Analizler 
Akciğer dokuları homojenatlarında LPO (Lipid 
peroksidasyon) ürünü olan MDA ölçümü Placer ve 
ark.’nın (Placer ve ark. 1966), GSH düzeyleri Sedlak 
ve Lindsay’in (Sedlak and Lindsay 1968), GPx 
aktivitesinin ölçümü Matkovics’in (Matkovics 1988), 
SOD aktivitesinin ölçümü Sun ve ark.’nın (Sun ve ark. 
1988), KAT aktivitesi Aebi’nin metoduna göre 
spektrofotometrik olarak ölçüldü (Aebi 1974). 
Homojenattaki protein konsantrasyonu, Lowry ve 
ark.’nın metoduna göre belirlendi (Lowry ve ark. 
1951). 
 
Histopatolojik İnceleme 
Akciğerlere ait histopatolojik incelemeler için önceki 
çalışmalarımızdaki prosedürler izlendi (Cengiz ve ark. 
2017, Comakli ve ark. 2019, Çomakli ve ark. 2020). 
Tespit edilen akciğer dokuları formaldehitin 
uzaklaştırılması amacıyla akan su ile muamele edildi. 
Dereceli alkol ve ksilol solüsyonlarında dehidrasyon 
ve şeffaflandırma işlemi gerçekleştirilen akciğer doku 
örnekleri parafin bloklara gömüldü, daha sonra 5 µ 
kalınlıkta kesitler normal ve polilizinli lamlara alındı. 
Normal lam üzerine alınan dokular hematoksilen-
eozin (HE) ile boyandı. Akciğerlerde gözlenen 
histopatolojik değişiklikler ışık mikroskobu altında 
fotoğraflandı (Zeiss, AX10 Scope A1, Almanya). 
 
İmmunhistokimyasal boyama 
Polilizinli lamlara alınan kesitler ksilol içinde iki kez (5 
dk.) parafinden arındırıldı, ardından dereceli alkol 
içinde dehidre edildi ve son olarak distile suda 10 dk. 

bekletilerek rehidre edildi. Kesitler spesifik olmayan 
boyamayı en aza indirmek amacıyla 10 dk. 3%’lük 
hidrojen peroksit solüsyonunda bekletildi ve fosfat 
tamponlu salin (PBS) ile 2 kez yıkandı. Antijen 
retrieval için kesitler, 10 mM sitrat tamponu (pH 6.0) 
içerisinde 10 dakika kaynatıldı ve PBS ile yıkandı. 10 
dakika boyunca protein blok solüsyonu uygulandıktan 
sonra kesitler, anti- NF-κB (p50) (1: 200, Santa Cruz 
Biotechnology, Katalog No: sc-8414) ile 30 dk. 
inkübe edildi. Kesitler üç ayrı PBS yıkaması ile 
durulandı ve daha sonra biyotinlenmiş sekonder 
antikor (Ultra Vision Large Volume Detection 
System; TP-125-HL; Lab Vision, Thermo) 
kullanılarak 10 dakika süreyle inkübe edildi. Son 
olarak, kesitler belli bir süre DAB ile muamele edildi 
ve Mayer hematoksilin ile zıt boyandı. 
Dehidrasyondan sonra, kesitler ksilen içine alındı ve 
entellan ile kaplandı. Işık mikroskobu altında 
immunpozitiflikler yoğunluğa göre yok: 0, zayıf: 1, 
orta: 2, yoğun boyanma: 3 şeklinde incelendi (Zeiss, 
AX10 Scope A1, Almanya). 
 
Total RNA İzolasyonu 
Deneysel gruplardaki ratlardan elde edilen akciğer 
dokularından Trizol kullanılarak total RNA 
izolasyonu yapıldı. Bu işlem kitin prosedürüne uygun 
olarak yapıldı. Total RNA izolasyonunda sonra RNA 
konsantrasyonu NanoDrop ile ölçüldü. Total RNA 
kalitesini kontrol etmek amacıyla RNA’lar %1.5’lik 
agaroz jel de 1XTBE solusyonu içerisinde 80 voltta 
bir saat yürütüldü ve jel görüntüleme sistemi ile 
görüntülenerek RNA kalitesi belirlendi.  
 
Primer Dizayn 
Apoptozis ile ilişkili olan Nrf-2 ve HO-1 genlerine ait 
ekspresyon seviyelerinin Real Time PCR ile 
ölçülebilmesi için gerekli primer dizileri 
http://bioinfo.ut.ee/primer3-0.4.0/ ilgili linkindeki 
Primer Design-3 programı kullanılarak tasarlandı.  
 
DNaz I uygulaması ve cDNA çevrimi 
İzole edilen RNA örneklerinde DNA 
kontaminasyonuna karşı DNaz I (Thermo Scientific) 
kullanıldı. Dnaz I uygulaması kitte verilen protokole 
uygun olarak yapıldı. Daha sonra bu RNA’lardan 2-5 
µg alındı ve miScript Reverse Transcription Kiti 
(Qiagen) verilen protokole uygun şekilde kullanılarak 
cDNA sentezlendi. Elde edilen cDNA’nın saflığı ve 
miktarı spektrofotometrede yapılan 260-280 nm 
absorbans ölçümleri ile belirlendi ve cDNA’lar aynı 
oranlarda sulandırıldı. Daha sonra Real Time PCR 
çalışmalarında kullanılmak üzere -20 °C de muhafaza 
edildi.  
 
Real time PCR  
Nrf-2 ve HO-1 genlerinin mRNA transkript 
seviyelerini ölçmek amacıyla Qiagen Rotor Gene 
HRM marka cihaz kullanılarak qRT-PCR yapıldı. 
İnternal kontrol olarak GAPDH geni kullanıldı. Real 
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time PCR deneylerinde oluşturulan master mix içeriği; 
Syber Green 2X Rox Dye Master mix (Qiagen), 
genler için tasarlanmış forward ve reverse primerler, 
template olarak cDNA’lar ve nükleaz free su 
içermekteydi. Master mixler hazırlandıktan sonra 
örnekler Real Time cihazında analiz edildi ve elde 
edilen Ct değerleri 2−ΔΔCT metoduna uygun olarak 
hesaplanarak ilgili genlerin ekspresyon seviyeleri 
belirlendi (Livak and Schmittgen 2001). Genlerin 
reaksiyon koşulları ve primer dizileri Çizelge 1’de 
gösterilmiştir. 
 
İstatistiksel Analiz 
Çalışmadan elde edilen tüm verilerin istatistiksel 
analizi SPSS 20.0 yazılımı kullanılarak yapıldı. 
Biyokimyasal veriler tek yönlü varyans analizi 
(ANOVA) testi ile belirlenmiş olup çoklu 
karşılaştırmalar için Tukey’s HSD testi uygulandı. 
p<0.05 seviyesindeki sonuçlar anlamlı kabul edildi. 
İmmunhistokimyasal verilerin analizi için parametrik 
olmayan Kruskal Wallis testi ve Mann-Whitney U 
testi kullanıldı. Ayrıca genlere ait ekspresyon seviyeleri 
analiz etmede GrapPad 7.2 (California, USA) 
programı kullanıldı. 
 

BULGULAR 
 
Biyokimyasal Değerlendirme 
Ratlara uygulanan İZN, kontrol grubu ile 
karşılaştırıldığında akciğer dokusundaki MDA 
seviyesinde artışa neden olduğu belirlendi (Şekil 1A). 
Kontrol grubu ile KRS grupları arasında istatistiksel 
olarak anlamlı fark olmadığı (p>0.05) tespit edildi. 
İZN ile uygulanan KRS’nin kombine dozlarının 
uygulaması ile artan bu MDA düzeylerinde önemli 
derecede azalmayı sağladığı belirlendi (p<0.05). 
Benzer şekilde İZN uygulaması, kontrol ve sadece 
KRS uygulanan gruba kıyasla anlamlı şekilde akciğer 
dokusundaki GSH düzeylerini azalttığı (p<0.05) 
gözlenirken İZN + KRS 50 (50 mg/kg doz) 
uygulamasının, GSH düzeyini İZN uygulanan gruba 
kıyasla anlamlı şekilde artırdığı (p<0.05) tespit edildi 
(Şekil 1B).  
 
Akciğer dokusunda SOD aktiviteleri incelendiğinde; 
(Şekil 2A) Kontrol ve KRS gruplarına göre İZN 
grubunda aktivitenin azaldığı(p<0.05), İZN ile birlikte 
uygulanan KRS ile azalan SOD aktivitesinin arttığı 
(p<0.05) tespit edildi. Akciğer dokuları KAT 
aktiviteleri incelendiğinde (Şekil 2B) kontrol ve KRS 
gruplarında KAT aktiviteleri arasında istatistiksel 
olarak anlamlı fark olmadığı (p>0.05), İZN uygulanan 
grupta ise kontrol ve KRS gruplarına göre aktivitede 
önemli derecede azalma (p<0.05) olduğu gözlendi. 
İZN grubu ile İZN + KRS 25 grubu arasında 
istatistiksel fark bulunamazken (p>0.05), KRS’nin 50 
mg/kg’lık dozunun İZN grubundaki aktiviteyi 
yükselttiği tespit edildi (p<0.05). 
 

Şekil 2C’de verilen GPx enzim aktiviteleri 
incelendiğinde; Kontrol ile KRS gruplarına göre 
antioksidan enzim aktivitesinde önemli derecede 
azalma (p<0.05) olduğu, İZN ile kombine olarak 
verilen KRS’in 25 ve 50 mg/kg’lık dozlarının GPx 
aktivitesini artırdığı (p<0.05) İZN ile birlikte verilen 
KRS’in 25 mg/kg ve 50 mg/kg’lık doz uygulanan 
grupları arasında istatistiksel olarak anlamlı fark 
olmadığı (p>0.05) gözlendi. 
 
Histopatolojik değerlendirme 
Kontrol grubundaki ratların akciğerleri, histopatolojik 
olarak hafif alveoler hiperemi dışında normal 
histolojik yapıya sahipti (Şekil 3A). KRS uygulanan 
ratların akciğerlerinde de kontrol grubuna benzer 
bulgular gözlendi (Şekil 3B). İZN uygulanan gruptaki 
ratların akciğerlerinde alveoller arası dokunun 
hücresel infiltrasyona bağlı artış, peribronşiyal lenfoid 
dokunun hiperplazi, alveollerde hafif düzeyde 
hiperemi ve amfizem bulguları gözlendi (Şekil 3C). 
İZN ile birlikte KRS uygulamalarının akciğerdeki 
histopatolojik bulguları hafiflettiği özellikle KRS 50 
mg/kg uygulanan dozunun etkili olduğu saptanmıştır. 
İZN ile KRS 25 mg/kg doz uygulanan ratların 
akciğerlerinde alveoller arası hücresel infiltrasyona 
bağlı kalınlaşmanın ve peribronşiyal lenfoid dokudaki 
hiperplazinin İZN uygulanan gruba göre nispeten 
hafiflediği gözlendi (Şekil 3D). İZN ile KRS 50 
mg/kg doz uygulanan ratların akciğerlerinde ise 
alveollerin normal histolojik yapısını çoğunlukla 
koruduğu bazı bölgelerde alveoller arası hücresel 
infiltrasyonun arttığı belirlendi (Şekil 3E). 
 
İmmunhistokimyasal inceleme 
NF-κB için pozitif hücreler immunhistokimyasal 
boyamada kahverengi şeklinde gözlenmektedir. 
Kontrol ve sadece krisin uygulanan gruptaki ratların 
akciğerlerinde NF-κB immunpozitifliğine rastlanmadı 
(Şekil 4A, 4B). İZN uygulanan gruptaki ratların 
akciğer kesitlerinde yoğun NF-κB immunpozitifliği 
gözlendi (p<0.05, Çizelge 2, Şekil 4C). İZN ile birlikte 
uygulanan KRS 25 mg/kg (Şekil 4D) ve 50 mg/kg 
(Şekil 4E) dozlarının, artan NF-κB seviyelerini önemli 
düzeyde azalttığı belirlenmiştir (p<0.05, Çizelge 2). 
 
Nrf-2 ve HO-1 genlerine ait mRNA transkript 
seviyeleri 
Çalışma sonucunda elde edilen qRT-PCR verileri 
incelendiğinde, kontrol ve KRS gruplarında Nrf-2 ve 
HO-1’in ekspresyon profilinde herhangi bir değişimin 
olmadığı (p>0.05) ancak sadece  
İZN uygulanan ratların akciğer dokularında Nrf-2 ve 
HO-1’in mRNA transkript seviyesinin arttığı 
gözlemlendi (p<0.01). Bunun yanında özellikle İZN 
+ KRS 50 grubunda bu genlere ait ekspresyon 
seviyesinin sadece İZN uygulanan gruba göre önemli 
derecede azaldığı belirlendi (p<0.05) (Şekil 5A ve 
Şekil 5B).  
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Şekil 1. Akciğer dokusu MDA (A) ve GSH (B) düzeyleri. Farklı harfler (a, b, c, d), gruplar arası farklılığı ifade 
eder (p<0.05).  
Figure 1. Lung tissue MDA (A) and GSH (B) levels. Different letters (a, b, c, d) express the difference between 
the groups (p <0.05). 

 

 

 

 

 

 

 

 

Şekil 2. Akciğer dokusu SOD (A), KAT (B) ve GPx (C) aktiviteleri. Farklı harfler (a, b, c, d), gruplar arası 
farklılığı ifade eder (p<0.05). 
Figure 2. Lung tissue SOD (A), CAT (B) and GPx (C) activities. Different letters (a, b, c, d) express the 
difference between the groups (p<0.05). 
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Şekil 3: İZN ve KRS uygulamalarından sonra rat akciğerlerinde histopatolojik değişiklikler. Hematoksilen ve eozin 
ile boyanmış akciğer kesitlerinin temsili görüntüleri.  Farklı deney gruplarındaki yetişkin sıçanların akciğerlerinde 
histopatoloji tablosunu gösteren Hematoksilen ve eozin boyama (H&E, 20X). (a-b) Normal alveol yapıları ve hafif 
hiperemi ile gözlenen kontrol ve KRS grupları; (c) İZN uygulanan grup, Peribronşiyoler lenfoid dokuda hiperplazi 
(yıldız), alveol duvarlarında hafif hiperemi (okbaşı), alveoller arası septumda yangısal hücre infiltrasyonuna bağlı 
kalınlaşma (ince ok) ve amfizem (kalın ok); (d) İZN+KRS (25 mg/kg) uygulanan grup, alveoller arası septumda 
yangısal hücre infiltrasyonuna bağlı kalınlaşma (ince ok), alveol duvarlarında hafif hiperemi (okbaşı) ve amfizem (kalın 
ok); (e) İZN+KRS (50 mg/kg) uygulanan grup, amfizemli (yıldız) ve normal alveol yapıları, alveoller arası septumda 
yangısal hücre infiltrasyonuna bağlı kalınlaşma (ince ok). 
 
Figure 3: Histopathological changes in rat lungs after isoniazid and chyrsin administrations. Representative images 
of lung sections stained with hematoxylin and eosin. Hematoxylin and eosin staining (H&E, 20X) showing the 
histopathology table in the lungs of adult rats in different experimental groups. a-b) Control and CH groups 
observed with normal alveolar structures and mild hyperemia; (c) INH-treated group, hyperplasia in the 
peribronchiolar lymphoid tissue (star), mild hyperemia in the alveolar walls (arrowheadl), thickening due to 
inflammatory cell infiltration in the septum between the alveoli (thin arrow) and emphysema (thick arrow); (d) 
INH+CH (25 mg/kg) treated group, thickening (thin arrow) due to inflammatory cell infiltration in the septum 
between the alveoli, mild hyperemia (arrowhead) and emphysema (thick arrow); (e) INH+CH (50 mg/kg) group, 
emphysema (star) and normal alveolar structures, thickening due to inflammatory cell infiltration in the septum 
between the alveoli (thin arrow). 
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Şekil 4: Akciğer dokusunda NF-κB'nin ekspresyonu gösteren immunhistokimyasal boyama (IHC, 20 X). (a) Kontrol 
grubunu gösteren fotomikrograf; (b) KRS ile muamele edilmiş grup; (c) İZN uygulanan grup, şiddetli yangı 
şekillenen akciğer dokusunda histiyositlerin sitoplazmasında yoğun NF-κB immunopozitifliği (oklar); (d) İZN+KRS 
(25 mg/kg) uygulanan grup, alveoller arasındaki septumda histiyositlerin sitoplazmasında hafif ve orta düzeyde NF-
κB immunopozitifliği (ok); (e) İZN+KRS (50 mg/kg) uygulanan grup, bronşiyolün çevresindeki yangı hücrelerinin 
sitoplazmasında hafif NF-κB immunpozitifliği (oklar). 
Figure 4: Immunohistochemical staining showing the expression of NF-κB in lung tissue (IHC, 20 X). (a) 
Photomicrograph showing the control group; (b) CH-treated group; (c) INH-treated group, intense NF-κB 
immunopositivity in the cytoplasm of histiocytes in the lung tissue with severe inflammation (arrows); (d) INH+CH 
(25 mg/kg) group, mild and moderate NF-κB immunopositivity in the cytoplasm of histiocytes in the septum 
between the alveoli (arrow); (e) INH+CH (50 mg/kg) treated group, mild NF-κB immunopositivity (arrows) in the 
cytoplasm of inflammatory cells around the bronchiole. 

 

Şekil 5. Deneysel gruplardaki ratların akciğer dokularında Nrf-2 ve HO-1 genlerine ait mRNA transkript seviyeleri. 
Değerler 3 bağımsız örneklemin ortalama ± SD' sini temsil eder; Hata çubukları standart sapmayı gösterir. 
İstatistiksel anlamlılık (* p <0.05, ** p<0.01 ve *** p<0.001), tek yönlü ANOVA ile analiz edildi. A) Nrf-2 geninin 
göreceli mRNA ekspresyon seviyelerini temsil eder. B) HO-1 geninin göreceli mRNA ekspresyon seviyelerini temsil 
eder. 
Figure 5. The mRNA transcript levels of Nrf-2 and HO-1 genes in the lung tissues of the rats in the experimental 
groups. Values represent the mean ± SD of 3 independent samples; Error bars indicate standard deviation. Statistical 
significance (* p<0.05, ** p<0.01 and *** p<0.001) were analyzed by one-way ANOVA. A) Represents relative 

mRNA expression levels of the Nrf-2 gene. B) Represents the relative mRNA expression levels of the HO-1 gene. 
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Tablo 1. GAPDH, Nrf-2 ve HO-1 genlerine ait qRT-PCR Primer Dizileri 
Table 1. qRT-PCR Primer Sequences of GAPDH, Nrf-2 and HO-1 genes 

Primer Adı (5’-3’) Bağlanma 
(°C) 

Reaksiyon koşulları 

GAPDH F: AGTGCCAGCCTCGTCTCATA 
R: GATGGTGATGGGTTTCCCGT 

56 94°C 15 s / 56°C 30 s / 72°C 30 s (40 
cycles) 

Nrf-2 F: TTTGTAGATGACCATGAGTCGC 
R: TCCTGCCAAACTTGCTCCAT 

56 94°C 15 s / 56°C 30 s / 72°C 30 s (40 
cycles) 

HO-1 F: CGACAGCATGTCCCAGGATT  
R: TCACCAGCTTAAAGCCTTCCC 

56 94°C 15 s / 56°C 30 s / 72°C 30 s (40 

cycles) 

 
 
Tablo 2. İZN uygulamasına bağlı değişen NF-κB immunpozitifliği üzerine KRS antioksidanının etkisi 
Table 2. Effect of CH antioxidant on NF-κB immunopositivity varying due to INH treatment 

Gruplar  Ortalama±Std. Hata 

Kontrol 0,28±0,18a 

KRS 0,14±0,14a 

İZN 2,85±0,14b 

İZN+KRS 25 mg/kg  1,85±0,26c 

İZN+KRS 50 mg/kg 1,57±0,20c 

Değerler ortalama ± Standart hata, p<0.05, farklı harfler (abc) gruplar arası farklılık olarak ifade edilir. 

 
 

TARTIŞMA 
 
Bu çalışmada, KRS’nin Sprague Dawley cinsi ratlarda 
İZN kaynaklı akciğer hasarına karşı koruyucu 
etkilerini inceledik. Anti-tüberküloz tedavisi, 
hepatotoksisite, nefrotoksisite ve deri döküntüsü dahil 
olmak üzere çeşitli ilaca bağlı yan etkilere neden 
olabilir (Ohta ve Nagase 2012, Suzuki ve ark. 1992). 
Bu ilaçlardan İZN’nin neden olduğu pnömonitis gibi 
interstisyel akciğer hastalığı hakkında bazı vaka 
raporları bildirilmiştir (Kunichika ve ark. 2002, 
Nishizawa ve ark. 2004). Yapılan birçok çalışmada 
yine İZN’nin ilaç kaynaklı akciğerlerde pnömonitis 
oluşmasının en yaygın nedeni olduğu öne sürülmüştür 
(Suzuki ve ark. 1992, Nishizawa ve ark. 2004, Endo 
ve ark. 1998). İZN ile indüklenen interstisyel 
pnömoni tanısı esas olarak ilaç kaynaklı interstisyel 
pnömoni ile uyumlu ilaç öyküsü ve akciğer 
patolojisine dayanır (Migita ve ark. 2012). Sunulan 
çalışmada İZN uygulanan gruptaki ratların akciğer 
patolojisinde akciğerlerin alveol lümenlerinin boş 
olması, alveoller arası dokuda hücresel infiltrasyona 
bağlı artış ve peribronşiyal lenfoid dokudaki hiperplazi 
gibi bulguların gözlenmesi İZN’nin intersitisyel 
pnömoni oluşturduğu ve literatür veriyle uyumlu 
olduğunu göstermiştir. Yine çalışmamızda antioksidan 
olarak kullandığımız KRS’nin farklı maddelerle 
oluşturulan akciğer hasarlarına karşı koruyucu özellik 
gösterdiği bildirilmiştir (Kilic ve ark. 2014, Yang ve 
ark. 2018). Sunulan çalışmada İZN kaynaklı akciğer 
hasarına karşı KRS uygulamasının oksidatif hasarı ve 
enflamatuar etkiyi azaltarak etkili olduğu gözlenmiş ve 
literatür veriyle uyumluluğu belirlenmiştir. 
 

Sunulan çalışmada, İZN'nin ratlarda ROS üretimi, 
oksidasyon ve antioksidatif sistem üzerindeki etkileri 
araştırıldı. ROS, oksidatif stres için önemli bir 
başlangıç faktörüdür ve vücuttaki artan ROS üretimi, 
oksidatif stresi tetikler (Combrink ve du Preez 2020, 
Jia ve ark. 2019, Schieber ve Chandel 2014). 
Enzimatik (SOD, KAT ve GPx) ve enzimatik 
olmayan (GSH) antioksidanlar, oksidatif hasara maruz 
kalan hücrelerin korunmasında önemli bir rol oynarlar 
(Eldutar ve ark. 2017). Çoklu doymamış yağ 
asitlerinin son ürünü olan MDA, bir lipit 
peroksidasyon ürünüdür Serbest radikallerin aşırı 
üretimi lipit peroksidasyonuna yol açar, çünkü lipitler 
hücre zarının en önemli bileşenidir (Aksu ve ark. 
2017, Jia ve ark. 2019). GSH düzeylerinin azalması, 
SOD, GPx ve KAT aktivitesinin azalması ile 
vücuttaki artan MDA, serbest radikaller ve reaktif 
oksijen türleri (ROS) gibi lipit peroksidasyon toksik 
yan ürünlerini artırarak oksidatif stres, lipit 
peroksidasyon hasarına neden olur (Cho ve ark. 2015, 
Jia ve ark. 2019, Xiang ve ark. 2017, You ve ark. 
2014). Çalışmada enzimatik ve non-enzimatik enzim 
aktivitelerinde meydana gelen azalma ve artan MDA 
düzeyleri, İZN uygulamasından sonra ciddi bir 
oksidatif stresin oluştuğunu göstermektedir. Bununla 
birlikte, İZN ile birlikte KRS uygulaması akciğer 
dokularındaki SOD, KAT ve GPx enzim 
aktivitelerinde önemli bir artış sağladığı gözlenmiştir. 
İZN'nin bu antioksidan enzim aktiviteleri üzerine 
azaltıcı etkisi önceki çalışmalarda gösterilmiş ve 
bunun muhtemelen İZN’nin oksidan-antioksidan 
dengeyi bozarak bakteriyi etkisiz hale getirme 
çabasından kaynaklandığı şeklinde yorumlanmıştır 
(Ahadpour ve ark. 2016, Karakurt ve ark. 2019, 
Raghu ve Karthikeyan 2016). Ayrıca farklı 
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çalışmalarda farklı flavonoid türevi antioksidanların 
MDA düzeyini azalttığı, GSH düzeyi ile GPx, SOD 
ve KAT enzim aktivitelerini artırdığı bildirilmiştir 
(Aksu ve ark. 2019, Benzer ve ark. 2018, Çelik ve ark. 
2020, Kandemir ve ark. 2020). Sunulan çalışmada da 
benzer şekilde İZN ile birlikte KRS uygulanması 
MDA düzeylerini azaltıp, GSH düzeyleri ile GPx, 
SOD ve KAT enzim aktivitelerini ise artırmıştır. 
 
Bir transkripsiyon faktörü olan NF-κB, hücresel stres 
arttığında, ROS üretildiğinde ve DNA hasarı 
oluştuğunda hücre döngüsü değişikliklerinin yanı sıra 
birçok işlev görür ve yangı belirteçlerini tetikleyerek 
yangısal süreci hızlandırır (Agca ve ark. 2014). NF-
κB'nin düzensizliği, çeşitli enflamatuar hastalıklar ve 
kanseri içeren çeşitli patolojik durumlarla 
ilişkilendirilmiştir (Benzer ve ark. 2018). Sunulan 
çalışmada İZN uygulamasının rat akciğerlerinde NF-
κB seviyelerinin immunhistokimyasal 
değerlendirilmesinde yükseldiği ve yangısal sürecin 
hızlandığı görülmektedir. Yapılan farklı çalışmalarda 
da İZN’nin benzer şekilde NF-κB seviyelerinin arttığı 
bildirilmiştir (Çelik ve ark. 2020, Wali ve ark. 2019, 
Zhang ve ark. 2019).  
 
Nrf-2, antioksidan ve sitoprotektif proteinlerin 
ekspresyonunu düzenleyerek ROS kaynaklı oksidatif 
hasara karşı hücreleri koruyan bir transkripsiyon 
faktörüdür (Mahmoud ve ark. 2020). Nrf-2 
aktivasyonu oksidatif hasarı azaltmak için, hücreleri 
apoptozise karşı koruyan hem faz II ve HO-1 gibi 
antioksidatif enzimlerin ekspresyonunu arttırır (Abass 
ve ark. 2016, Dai ve ark. 2016). 
 
HO, hem molekülünü parçalayarak enzimatik olarak 
bilirubine dönüştürür ve serbest demir, karbon 
monoksit ve biliverdin oluşumunu sağlar. HO-1 
izozimi, substrat hem, oksidatif stres ve fenolik 
bileşikler dahil olmak üzere çok çeşitli uyaranlarla 
transkripsiyonel olarak düzenlenir (Guzmán-Beltrán 
ve ark. 2008). Nrf-2/HO-1 sinyalleme yolu, çok çeşitli 
uyaranlara yanıt olarak bir dizi antioksidan genin 
ekspresyonunu düzenler ve hücreyi oksidatif strese 
karşı korur (Surh ve ark. 2008). Yapılan çalışmada, 
İZN uygulaması Nrf-2 ve HO-1 mRNA transkript 
seviyesini artırmıştır. Literatür taraması yapıldığında 
bazı çalışmalarda İZN uygulamasının Nrf-2 
ekspresyonunu azalttığı öne sürülmüştür. Ancak bu 
sonucun tam tersini ortaya koyan çalışmalarda 
mevcuttur. Yani İZN’nin Nrf-2 yolağı üzerine olan 
etkisi hakkında farklı sonuçlar bulunmaktadır. İZN 
uygulaması sonucu mRNA transkript seviyesinin 
azalma sebeplerinden biri İZN’nin ilgili gende post 
transkripsiyonel modifikasyona uğratması olabilir. 
Aynı zamanda epigenetik modifikasyonlarda ve post 
transkripsiyonel düzenlemede rol alan kodlanmayan 
RNA’lar (miRNA gibi) bu sonucun sebepleri arasında 
sayılabilir (Jin et al. 2017, Verma ve ark. 2018, Wang 
ve ark. 2018, Zhang ve ark. 2019). 
 

Sonuç olarak İZN’nin akciğer dokusunda oksidan-
antioksidan dengeyi bozarak hasara neden olduğu, 
inflamasyonu artırdığı gözlenmiş, KRS’nin ise 
antioksidan ve anti-inflamatuar etki göstererek İZN 
kaynaklı bu hasarı azalttığı tespit edilmiştir. Konu ile 
ilgili yapılacak ileri düzey çalışmalar ile İZN kaynaklı 
akciğer hasarını azaltmada ya da engellemede KRS’nin 
alternatif tedavi yöntemi olarak yerini alacağı ve 
konuyla ilgili farklı çalışmalara katkı sağlayacağı 
düşünülmektedir. 
 
Çıkar Çatışması: Yazarlar, çıkar çatışması olmadığını 
beyan eder. 
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ABSTRACT 
It was aimed to identify and evaluate the pathological and microbiological findings in rainbow trout naturally 
infected with Flavobacterium psychrophilum in two trout farms of Aydın and Muğla within this study. A total of 77 
rainbow trout (Oncorhynchus mykiss) (weighing 1 ± 02 g and 5-6 cm in size) were collected from two separate trout 
farms. The most common lesion seen in macroscopic examination was petechial hemorrhages that formed on the 
skin in different parts of the body. In addition, skin erosion and ulcers, exophthalmus and periocular 
hemorrhages were observed in the eyes. Microscopically, erosive foci in some areas, and ulcers in which the 
destructions reached the muscle layer in some areas were noted. There were bacteria clusters, hemorrhages and 
inflammatory cell infiltrations consisting of macrophages and lymphocytes in the ulcer foci. As a result of the 
bacteriological examination, the isolated bacteria were identified as Flavobacterium psychrophilum based on their 
morphological and biochemical character. 
Keywords: Flavobacterium psychrophilum, pathology, microbiology, rainbow trout, natural infection 
 

*** 

 
Flavobacterium psychrophilum ile Doğal Enfekte Gökkuşağı Alabalıklarında (Oncorhynchus mykiss) 

Patolojik ve Mikrobiyolojik İncelemeler 
 

ÖZ 
Bu çalışma ile Aydın ve Muğla illerinde bulunan iki alabalık işletmesinde Flavobacterium psychrophilum ile doğal 
enfekte gökkuşağı alabalıklarında şekillenen patolojik ve mikrobiyolojik bulguların tanımlanarak birlikte 
değerlendirilmesi amaçlanmıştır. İki ayrı alabalık işletmesinden toplanan 1±02 g ağırlığında ve 5-6 cm 
büyüklüğünde toplam 77 adet gökkuşağı alabalığı (Oncorhynchus mykiss) incelendi. Makroskobik incelemede en 
yaygın görülen lezyon, vücudun değişik bölgelerinde deride şekillenen peteşiyel kanamalardı. Buna ek olarak, 
deride erozyon ve ülserler, gözlerde ekzoftalmus ve perioküler kanama görüldü. Mikroskobik olarak, bazı 
alanlarda epidermisin yüzeysel olarak yıkımlandığı eroziv odaklar, bazı alanlarda ise yıkımlanmaların kas tabakasına 
dek ulaştığı ülserler dikkati çekti. Ülser odaklarında bakteri kümeleri, kanamalar ile makrofaj ve lenfositlerden 
oluşan yangısal hücre infiltrasyonları mevcuttu. Yapılan bakteriyolojik inceleme sonucu, izole edilen bakteri 
morfolojik ve biyokimyasal karakterine göre Flavobacterium psychrophilum olarak identifiye edildi.  
Anahtar Kelimeler: Flavobacterium psychrophilum, patoloji, mikrobiyoloji, gökkuşağı alabalığı, doğal enfeksiyon 
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GİRİŞ 
 
Günümüzde sürekli bir gelişim içinde olan kültür 
balıkçılığı sektöründe balık hastalıklarına bağlı kayıplar 
işletmelerde önemli ekonomik sorunlara neden 
olmaktadır. Bu kayıpların nedenleri arasında bakteriyel 
hastalıklar geniş yer tutar. Bu hastalıklardan biri de 
son 20 yılda tüm dünyada salmonidlerde ve özellikle 
de yavrularında çok ciddi sorunlara yol açan, düşük su 
sıcaklıklarında (<10 oC) meydana geldiğinden dolayı 
bakteriyel soğuk su hastalığı olarak da bilinen, 
Flavobacterium psychrophilum (F. psychrophilum)’un neden 
olduğu hastalıktır (Roberts 2001, Ekman ve Norrgren 
2003). Avrupa’da hastalığın etiyolojisinin 
tanımlanmadığı dönemlerde fry mortalite sendromu 
ya da gökkuşağı alabalıklarının (Oncorhynchus mykiss) 
fry sendromu (RTFS) olarak adlandırılmıştır (Roberts 
2001, Nematollahi ve ark. 2003). Etken, 
Flavobacteriaceae familyasının Flavobacterium 
genusunda yer alan, gram negatif, sporsuz, kapsülsüz, 
aerobik ya da fakültatif aerobik bir basildir. Gökkuşağı 
alabalıkları F. psychrophilum enfeksiyonuna karşı 
oldukça duyarlıdır. Özellikle 0.5-2.0 g’lık yavru 
balıkların enfeksiyondan çok fazla etkilendiği ve 
yüksek (%50-70) mortalite oranlarının kaydedildiği 
bildirilmiştir (Roberts 2001, Madsen ve ark. 2005).  
Sunulan çalışmada, Aydın ve Muğla illerinde bulunan 
iki alabalık işletmesinde yavru gökkuşağı 
alabalıklarında F. psychrophilum’un oluşturduğu doğal 
enfeksiyonun patolojik ve bakteriyolojik bulgularının 
tanımlanması amaçlanmıştır. 
 

MATERYAL ve METOT 
Hayvan Meteryali 
Çalışmanın materyalini Aydın ve Muğla illerinde 
bulunan iki alabalık işletmesinden toplanan 1±0.2 g 
ağırlığında ve 5-6 cm uzunluğunda, hasta ya da 
hastalık şüphesi olan, yeni ölmüş veya öldürülen 
toplam 77 adet gökkuşağı alabalığı (Oncorhynchus mykiss 
Walbaum, 1792) oluşturdu.  
 
Patolojik Analiz 
Nekropsiyi takiben alınan doku örnekleri %10’luk 
tamponlu formalin solüsyonunda tespit edildi, 
trimleme işleminden sonra rutin olarak alkol ve ksilol 
serilerinde takip edildi, daha sonra parafinde 
bloklandı. Bu bloklardan mikrotomda alınan kesitlerin 
tamamı (4-6 µm) hematoksilen-eozin (HE) ile 
boyanarak ışık mikroskobunda incelendi. 
 
İzolasyon ve İdentifikasyon  
Mikrobiyolojik inceleme için balıkların böbrek ve 
dalağından aseptik olarak alınan örneklerden 
Cytophaga Agar üzerine bakteriyolojik ekim yapıldı. 
Besi yerinde 15±2 0C’de 14 gün inkübe edildi. İzole 
edilen bakteri morfolojik ve biyokimyasal özellikleri 
dikkate alınarak identifiye edildi (Austin ve Austin 
1987). Bakterinin APİ 20E striplerine 

inokulasyonunda steril PBS’de Mac Farland No: 4 
yoğunluğunda homojenize edilmiş kültür kullanıldı ve 
API 20E test (Bio Merieux S.A.) sonuçları 
değerlendirildi (Austin ve Austin 2007). Bakterinin 
morfolojik yapısı hem natif hem de Gram boyama 
yöntemiyle boyandıktan sonra incelendi. Dalaktan 
hazırlanan sürme froti metanol ile tespit edildikten 
sonra fuksin ile boyandı. Biyokimyasal testlerden kitin 
ve agar hidrolizasyonu (Reichenbach ve Dworkin 
1981), nişasta ve euskilin hidrolizi, jelatin ve kazein 
hidrolizasyonu (Pacha ve Porter 1968) yapıldı. 
Bakterilerin farklı sıcaklıklarda üreme kabiliyeti 
Anacker ve Ordal Broth (AOB)’da, tuza karşı 
toleransı % 0.5, 1,2,3 NaCl ilave edilen tuzlu AOB’de 
tespit edildi. Tributrin, tween 20 ve tween 80 
degradasyon testleri Anacker ve Ordal Agar (AOA) 
üzerinde yapıldı. 
 

BULGULAR 
Balıklarda klinik olarak durgunluk, yem tüketiminde 
azalma ve su yüzeyine yakın yüzmeler ile düzensiz 
yüzme hareketleri gözlendi. 
 
Makroskobik incelemede en yaygın görülen lezyon 
vücudun değişik bölgelerinde deride şekillenen 
peteşiyel kanamalardı (Şekil 1). Derinin renginde 
koyulaşma (Şekil 2) ve pullarda dökülme ile erozyon 
ve derin kas katmanlarına kadar yerleşim gösteren 
ülserler (Şekil 3) deride görülen diğer makroskobik 
bulgulardı. Gözlerde ekzoftalmus ile birlikte birçok 
balıkta perioküler kanamalar saptandı (Şekil 4A ve B). 
Bazı solungaçlarda anemi (Şekil 4C), bazılarında ise 
hiperemi ve peteşiyel kanamalar görüldü. Birçok 
balıkta asites oldukça belirgindi. Karaciğer, dalak 
(Şekil 4D) ile böbrekler şişkin ve yumuşak kıvamlıydı. 
Hava kesesinde ödem ve yer yer kalınlaşmalar dikkati 
çekti. 
 
Mikroskobik olarak, birçok balıkta epidermiste 
erozyon belirlendi. Bazı alanlarda eroziv odakların 
derin kas tabakalarına kadar ulaşan ülserlere 
dönüştüğü görüldü. Ülser alanlarında bakteri 
kümeleri, kanamalar ile makrofaj ve lenfositlerden 
oluşan yangısal hücre infiltrasyonları mevcuttu (Şekil 
5). Solungaçlarda yaygın olarak primer lamellerde 
hiperemi ile sekonder lamellerde ödem, epitellerde 
dejenerasyon ve dökülmeler gözlendi (Şekil 6). Bazı 
balıklarda lameller arasında yabancı partiküller 
belirlendi. Kalpte epikarditis önemli bir bulgu olarak 
dikkati çekti. Epikard yoğun mononüklear hücre 
infiltrasyonları ile kalınlaşmıştı (Şekil 7). Peritonda 
kanama ve mononüklear hücre infiltrasyonu görüldü. 
Benzer kanamalara abdominal yağ dokuda da 
rastlandı. Karaciğerde damarlar hiperemikti ve 
hepatositlerde dejenerasyon görüldü. Dalakta 
sinüzoidler eritrositler ile doluydu. Böbrekte damarlar 
hiperemikti ve tubulus epitellerinde dejenerasyon ile 
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birlikte sitoplazmalarında eozinofilik hyalin 
damlacıkları dikkati çekti (Şekil 8). 
Mikrobiyolojik olarak Cytophaga Agar üzerinde 10 
günde saf sarı renkli koloniler üredi. Dalaktan 
hazırlanan sürme frotide çok miktarda ince uzun 
basiller görüldü. Sarı renkli bu koloniler bakterinin 

identifiye edilmesi için biyokimyasal test besi yerlerine 
inokule edilerek fenotipik özellikleri saptandı. 
Bakterinin morfolojik ve biyokimyasal karakterlerine 
göre (Tablo 1 ve 2) hastalığın etkeni F. psychrophilum 
olarak identifiye edilmiştir. 
 

 

Şekil 1: Flavobacterium psychrophilum enfeksiyonu, deride peteşiyel kanama (oklar) ve karın 
boşluğunda asites (okbaşı), gökkuşağı alabalığı 
Figure 1: Flavobacterium psychrophilum infection, petechial hemorrhage on the skin 
(arrows) and ascites in the abdominal cavity (arrowhead), rainbow trout 

 

Şekil 2: Flavobacterium psychrophilum enfeksiyonu, deride renkte koyulaşma (A), kontrol 
(B), gökkuşağı alabalığı 
Figure 2: Flavobacterium psychrophilum infection, darkening in skin (A), control (B), rainbow 
trout 

 

Şekil 3: Flavobacterium psychrophilum enfeksiyonu, deride derin ülser (oklar), gökkuşağı 
alabalığı  
Figure 3: Flavobacterium psychrophilum infection, deep ulcer on the skin (arrows), rainbow 
trout 
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Şekil 4: Flavobacterium psychrophilum enfeksiyonu, gözde bilateral ekzoftalmus (A), 
perioküler kanama (B), solungaçlarda anemi (C), dalakta şişkinlik, konjesyon ve 
çevresinde kanama (D) 
Figure 4: Flavobacterium psychrophilum infection, bilateral exophthalmus in the eye (A), 
periocular hemorrhage (B), anemia in the gills (C), swelling of the spleen, congestion 
and hemorrhage around it (D) 

 

Şekil 5. Ülser ve yangısal hücre infiltrasyonu (ok), deri, H.E., X10 
Figure 5. Ulcer and inflammatory cell infiltration (arrow), skin, H.E., X10 

 

Şekil 6: Sekonder lamellerde ödem (ok başı) ve telangiektazi (ok), solungaç, 
H.E.,  X20 
Figure 6. Edema (arrowhead) and telangiectasia (arrow) in secondary lamellae, 
gill, H.E., X20 
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Şekil 7: Epikartta yangısal hücre infiltrasyonu (oklar), kalp, H.E., X10 
Figure 7. Inflammatory cell infiltration (arrows) in the epicardium, heart, H.E., X10 

 

 

 

 

 

 

Şekil 8. Tubulus epitellerinde eozinofilik hyalin damlacıkları (oklar), böbrek, H.E., 
X40 
Figure 8. Eosinophilic hyaline droplets (arrows) in tubulus epithelium, kidney, 
H.E., X40 
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Tablo 1. Alabalıklardan izole edilen Flavobacterium psycrophilum’un morfolojik ve biyokimyasal 
özellikleri 
Table 1. Morphological and biochemical properties of Flavobacterium psycrophilum isolated from 
rainbow trouts 

 Sonuç Hidrolizasyon Sonuç Üreme Sonuç 

Sarı Pigmentli Koloni + Eskulin - 4 0C + 

Gliding Hareket + Kitin - 250C     - 

Gram Boyama - Agar - 370C     - 

O/F Metabolizma O Jelatin + %0,5 NaCl + 

Katalaz + Nişasta - %1 NaCl - 

Oksidaz - Kazein + %2 NaCl - 

İndol - Tributirin + %3 NaCl - 

Nitrat - Tween 20 + %1 Tripton + 

H2S - Tween 80 +   

 
 
Tablo 2. Alabalıklardan izole edilen Flavobacterium psycrophilum’un API 20E identifikasyon 
sistemi ile belirlenen biyokimyasal özellikleri 
Table 2. Biochemical properties of Flavobacterium psycrophilum isolated from rainbow trouts 
determined by API 20E identification system 

 Sonuç Şekerden asit üretimi Sonuç 

ONPG - Glukoz - 

ADH - Mannitol - 

LDH - İnositol - 

ODC - Sorbitol - 

Sitrat - Ramnoz - 

H2S - Sukroz - 

Üre - Melibioz - 

TDA - Amigdalin - 

İndol - Arabinoz - 

VP - Oksidaz - 

Jelatin +   

 

TARTIŞMA 
 
F. psychrophilum’un neden olduğu bakteriyel soğuk su 
hastalığı, dünyanın birçok yerinde bulunan alabalık 
çiftliklerinde hastalık salgınlarına ve önemli ekonomik 
sorunlara yol açmaktadır (Roberts 2001, Nematollahi 
ve ark. 2003). Gökkuşağı alabalıklarında, F. 
psychrophilum enfeksiyonunda klinik olarak anoreksi, 
letarji, deri renginde koyulaşma, asites, bilateral 
ekzoftalmus ve perioküler kanama gibi bulguların 
görüldüğü bildirilmiştir (Roberts 2001, Nematollahi 
ve ark. 2003, Yıldırım ve Özer 2010). Çalışmada 
durgunluk, yem tüketiminde azalma ve su yüzeyine 
yakın yüzmeler ile düzensiz yüzme hareketleri 
şeklinde saptanan klinik bulgular önceki bildirimlerle 
uyum sağlamış, sıklıkla bildirilen iskelet lezyonlarına 
bu araştırmada rastlanmamıştır (Madsen ve ark. 2005, 
Kubilay ve ark. 2009). Pek çok literatürde 

belirtildiğinin aksine ise karaciğerde solgunluk yerine 
konjesyon ve şişkinlik belirlenmiştir (Roberts 2001, 
Ekman ve Norrgren 2003, Yıldırım ve Özer 2010). 
Sunulan çalışmada dikkati çeken hava keselerinde 
ödem ve kalınlaşmalara ise önceki çalışma ve 
raporlarda rastlanmamıştır.  
 
Değişik çalışmalarda deride şekillendiği bildirilen tek 
taraflı ve derin ülser odakları sunulan çalışmada da 
yaygın olarak saptanmıştır (Madetoja ve Wiklund 
2002, Nematollahi ve ark. 2003). Bu ülserlerdeki 
yoğun bakteri kümelerinin varlığı, derinin portantre 
olarak rol oynadığı ve bakterilerin suya katılımına 
kaynak oluşturduğu şeklinde yorumlanmıştır.  
 
Bazı çalışmalarda böbrekte tubulus epitellerinde 
tanımlanan intrasitoplazmik eozinofilik hyalin 
damlacıkları sunulan çalışmada da yaygın olarak 
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görülmüş, bu bulgular böbreklerdeki proksimal 
tubulus epitellerinin dejenerasyonlarının bir sonucu 
olarak değerlendirilmiştir (Ostland ve ark. 2000, 
Madetoja ve Wiklund 2002, Nematollahi ve ark. 
2003).  
 
Dalakta konjesyon, kırmızı ve beyaz pulpada 
ödematöz değişiklikler, yaygın hemoraji, splenomegali 
ve nekroz gibi patolojik bulguların en belirgin olarak 
gökkuşağı alabalıklarında görüldüğü bildirilmiş 
(Roberts 2001, Ekman ve Norrgren 2003), bu 
çalışmada ise dalakta makroskobik olarak şişkinlik ve 
yumuşama; mikroskobik olarak ise sinüzoidlerin 
eritrositler ile dolu olduğu görülmüştür.            
Bazı kronik enfeksiyon vakalarında kalpte perikarditis 
görüldüğü belirtilmiş (Roberts 2001) ve sunulan 
çalışmada epikarditis en önemli histopatolojik 
bulgulardan biri olarak kaydedilmiştir. Balıklarda 
yaygın olarak görülen hiperemi ve kanamalar da kalp 
yetmezliği ile ilişkilendirilmiş ve epikarditis görülen 
balıklarda bunun birincil ölüm nedeni olduğu 
sonucuna varılmıştır.  
 
F. psychrophilum enfeksiyonunda alabalıklarda 
solungaçlarda anemiye bağlı solgunluk, hiperemi ve 
peteşiyel kanama gibi bulguların görüldüğü bildirilmiş 
(Roberts 2001, Nematollahi ve ark. 2003), sunulan 
çalışmada da solungaçlarda yaygın olarak primer 
lamellerde hiperemi ile sekonder lamellerde ödem, 
epitellerde dejenerasyon ve dökülmeler belirlenmiştir. 
Bilinen solungaç lezyonlarının yanı sıra solungaçlarda 
bol miktarda yabancı partikülün bulunması, su kirliliği 
ile hastalığın şiddetini ve mortalite oranını artıran bir 
faktör olarak yorumlanmıştır. Bu durum, su 
kirliliğinin, enfeksiyonun yayılması ile patogenezinde 
oynadığı rol (Roberts 2001) ve işletmeye verdiği 
zararın oldukça önemli olduğunu ortaya koymuştur.  
Hastalığın teşhisinde patolojik incelemelerin yanında 
mikrobiyolojik izolasyon ve identifikasyon da önemli 
yer tutmaktadır. Özellikle etkenin izolasyonunda 
klasik agarlara göre Cytophaga Agar daha sık 
kullanılmakta, bu agarda kenarları ince ve parlak sarı 
kolonilerin ürediği dikkati çekmektedir (Nematollahi 
ve ark. 2003). Bu çalışmada da Cytophaga Agar 
üzerinde 10 günde saf olarak sarı renkli koloniler 
üremiş ve etkenin morfolojik ve biyokimyasal 
karakterleri incelendiğinde, etken F. psychrophilum 
olarak identifiye edilmiştir. 
 

SONUÇ 
 
Sonuç olarak, bu çalışmada, iki ayrı alabalık 
işletmesinde ortaya çıkan F. psychrophilum enfeksiyonu 
patolojik bulguları ve bakteriyolojik analizleri ile 
tanımlanmıştır. Yavru alabalıklarda doğal olarak 
şekillenen ve bu enfeksiyonun ortalama 1±02 g 
ağırlığındaki yavru balıklarda klinik olarak 
ekzoftalmus, makroskobik ve mikroskobik olarak 

erozyon, ülser ve yine mikroskobik olarak epikarditis 
ile seyrettiği düşünüldüğünde; benzer bulguların 
işletmelerde fark edilmesi durumunda, mortalite oranı 
oldukça yüksek olabilen bu hastalığın göz önüne 
alınarak buna ilişkin koruma ve kontrol önlemlerinin 
alınması gerektiği kanısına varılmıştır. 
 
Çıkar Çatışması: Yazarlar, çıkar çatışması olmadığını 
beyan eder. 
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ABSTRACT 
In this study, the effects of vitamins A, D3 and E on fertility were investigated in the Pırlak sheep, whose estrus 
was synchronized in July, the hottest month of the region. Multiparous 80 Pırlak sheep in the same herd were 
used as animal materials. The estrus synchronization of the sheep were performed with 20 mg chronolone 
impregnated intravaginal sponge (Chronogest CR®) for 11 days and 480 IU intramuscular eCG (Chrono-Gest / 
PMSG® 6000 IU / 25 ml) at the time of sponge removal. Vitamin A (300.000 IU), D3 (100.000 IU) and E (50 
mg) combination (Vigantol-E®1ml) was injected intramuscularly at the time of mating in Group 1 (n=40), while 
Group 2 (n=40) was not applied. The estrus, conception and litter size were determined as 92,5%, 87,5%, 1,54 in 
Group 1 and 90%,75% and 1,37 in Group 2 respectively and there was no statistical difference between in the 
groups (P> 0.05). As a result, it was determined in July that the desired levels of reproductive efficiency can be 
obtained with the 11 day progesterone+eCG synchronization method in Pırlak breed sheep. It was concluded 
that different studies should be conducted to reveal the effects of vitamin A, D3, E and  application on fertility 
parameters more clearly. 
Keywords: Chronolone sponge,  Multiparous sheep, Hot stress,  July, Vitamin A-D3-E, Litter size. 
 

*** 

 

Pırlak Koyunlarında Vitamin A, D3, E Uygulamasının Fertilite Üzerine 
Etkisi 

 
ÖZ 

Bu çalışmada bölgenin en sıcak ayı olan Temmuz ayında östrüsleri senkronize edilen Pırlak ırkı koyunlarda 
vitamin A, D3 ve E’nin fertilite üzerine etkileri incelendi. Hayvan mataryeli olarak aynı sürü içerisinde bulunan 
daha önce doğum yapmış 80 Pırlak ırkı koyun kullanıldı. Koyunların östrüs senkronizasyonu 11 gün süreyle 20 mg 
kronolon içeren vagina içi sünger (Chronogest CR®) ve sünger çıkarılma anında 480 IU kas içi eCG (Chrono-
Gest/PMSG® 6000 IU/25 ml) uygulamaları ile yapıldı. Çiftleşme anında Grup 1’e (n=40) vitamin A (300.000 
IU), D3 (100.000 IU) ve E (50 mg) kombinasyonu (Vigantol-E®, 1ml) kas içi enjekte edilirken Grup 2’ye (n=40) 
uygulama yapılmadı. Östrüs, gebe kalma ve gebelik başına düşen yavru sayıları sırasıyla Grup 1’de %92,5, % 87,5, 
1,54 ve Grup 2’de ise % 90, %75 ve 1,37 olarak belirlendi ve gruplar arasında istatistiki fark bulunmadı (P>0,05). 
Sonuç olarak Temmuz ayında Pırlak ırkı koyunlarda 11 gün süreli progesteron+eCG senkronizasyon yöntemi ile 
istenilen düzeylerde reprodüktif verimin elde edilebileceği belirlendi. Vitamin A, D3, E uygulamasının fertilite 
parametreleri üzerindeki etkilerini daha net ortaya koyabilmek için farklı çalışmaların yapılması gerektiği sonucuna 
varılmıştır. 
Anahtar Kelimeler: Kronolon sünger,  Multipar koyun,  Sıcaklık stresi, Temmuz ayı, Vitamin A-D3-E, Yavru 
verimi. 
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GİRİŞ 
 
Koyunların mera ve çayırları en iyi şekilde 
değerlendirebilmesi, yılın her döneminde kullanabilme 
yeteneklerinin olması ve yetiştiricilik maliyetinin 
düşük olması nedeni ile ülkemiz hayvancılığında 
yetiştiriciliği tercih edilmektedir (Aksoy ve Yavuz 
2012). Türkiye’de Türkiye İstatistik Kurumuna 
(TÜİK) ait yıllık hayvansal üretim verileri 
incelendiğinde 1990’lı yıllarda yaklaşık 40 milyon baş 
olan koyun sayısının 2010 yılına kadar neredeyse yarı 
yarıya düşmüş olduğu, son 10 yılda ise tekrar önem 
kazanarak 38 milyon başa kadar yükseldiği 
görülmektedir (Anonim 2019). Koyunlarda gün 
ışığına maruz kalma süresinin uzadığı aylarda 
ovulasyonu tetikleyen melatonin ve gonadotropinlerin 
salınım sıklığının azalması sonucu sürüde gebe kalma 
oranı düşmektedir (Goodman ve Inskeep 2006). Bu 
nedenle koyunlardan yaşamları boyunca elde edilen 
yavru veriminin yükseltilmesi için inaktif ovaryumların 
bulunduğu aylarda östrüs sikluslarında meydana gelen 
hormonal değişiklikler esas alınarak, progesteron, 
GnRH, eCG ve melatonin uygulamaları ile 
reprodüksiyonun kontrolü gerçekleştirilmektedir 
(Abecia ve ark. 2011).  
 
Ovaryum ve uterus fonksiyonları üzerine özellikle A 
ve E vitaminlerinin etkilerinin olduğu, ayrıca  bu 
vitaminlerin çiftleşme dönemi ve ortam sıcaklığının 
yüksek olduğu çeşitli stres faktörlerine karşı mücadele 
etmek için vücudun antioksidan mekanizmalarında 
görev yaptığı bildirilmektedir (Chauhan ve ark. 2014). 
 
Pırlak ırkı Türkiye’nin İç Anadolu ve Batı Akdeniz 
bölgelerinde kötü çevre şartları ve hastalıklara karşı 
dayanıklı olmaları nedeni ile yetiştiriciler tarafından 
tercih edilen koyun ırklarının arasında yer almaktadır 
(Anonim 2020). Pırlak ırkına ait özellikle 
senkronizasyon sonu elde edilen reprodüktif 
parametrelere ilişkin veri oldukça sınırlı sayıdadır. Pek 
çok araştırıcı küçük ve büyük ruminantlarda 
reprodüktif performansı arttırmak için peripartum 
dönemde meydana gelen metabolik değişiklikler 
nedeniyle vitaminlerin yavru canlılığı ve doğum 
sonrası üreme aktivitesi üzerine olan etkilerini ortaya 
koymaya çalışmışlardır. Bu çalışmanın amacı Temmuz 
ayında östrüsleri senkronize edilmiş olan Pırlak ırkı 
koyunlara ovulasyon ve gebeliğin ilk dönemlerinde 
üreme ve sıcaklık stresi üzerine pozitif etkilerinin 
olabileceği düşünülen A, D3 ve E vitamin karışımının 
reprodüktif  performans üzerine olan etkilerini 
araştırmaktır. 
 

MATERYAL ve METOD 
 
Bu çalışmada Afyonkarahisar ilinde halk elinde bakım 
ve beslemesi yapılan günde iki sefer meraya çıkarılan 
ve diğer zaman dilimlerinde kapalı ağıl içerisinde 

tutulan Pırlak ırkı koyunlar kullanıldı. Araştırmaya 
Afyon Kocatepe Üniversitesi Hayvan Deneyleri Yerel 
Etik Kurulu tarafından onay (49533702/321) verildi. 
Sürü içerisinden en az bir kere doğum yapmış 20-42 
ay yaş ve yaklaşık 40-50 kg canlı ağırlığına sahip 
laktasyonda olmayan 80 baş Pırlak ırkı koyun çalışma 
için seçildi. En yüksek sıcaklık ortalamasına sahip 
Temmuz ayı içerisinde birer hafta ara ile her hafta 
gruplarda eşit sayıda koyun olacak şekilde 80 baş 
koyunun senkronizasyonu tamamlandı. Koyunların 
östrüs senkronizasyonu 11 gün süreyle 20 mg 
kronolon içeren vagina içi sünger (Chronogest CR®) 
ve sünger çıkarılma anında 480 IU kas içi eCG 
(Chrono-Gest/PMSG® 6000 IU/25 ml) uygulamaları 
ile yapıldı. Enjeksiyonu takip eden yaklaşık 48. saatten 
itibaren koç katımı gerçekleştirilerek 8 koyun için bir 
baş Pırlak koçu kullanılarak elde aşım yöntemi 
uygulandı. Çiftleşme anında Grup 1’e (n=40) vitamin 
A (300.000 IU), vitamin D3 (100.000 IU) ve vitamin 
E (50 mg) kombinasyonu (Vigantol-E®,1ml/koyun) 
kas içi enjekte edilirken Grup 2’ye (n=40) uygulama 
yapılmadı. Koçlar elde aşım yapıldıktan sonra bir gün 
boyunca sürüde tutularak koyunlarla çiftleşmesine izin 
verildi. Gebelik oranı çiftleşmeyi takip eden 30. günde 
sırt üstü pozisyonda transrektal ultrasonografi (Tringa 
Linear 5/7.5 MHz) yöntemi kullanılarak fötusların 
görülmesi ile belirlendi. İlk ve ikinci hafta sünger 
uygulama ve çıkarılma günleri, östrüs ve ilerleyen 
günlerdeki sıcaklık değerleri bu iki uygulamanın 
belirtilen günlerde tespit edilen sıcaklık değerlerinin 
ortalamalarının alınması ile belirlendi. Günlük 
maksimum, minimum ve ortalama sıcaklık verileri 
(°C) ile nem değerleri Orman ve Su İşleri Bakanlığı 
Meteoroloji Genel Müdürlüğü’nden elde edildi. 
Gruplar arasındaki reprodüktif parametrelerin 
istatistiksel farklılıkları SPSS (16.0) programında Chi-
square testi kullanılarak belirlendi (P<0,05).  
 
Reprodüktif parametreler aşağıdaki yöntemler 
kullanılarak belirlendi. 
Östrüs oranı: çiftleşen koyun sayısı/toplam koyun 
sayısı x 100  
Gebelik oranı: gebe kalan koyun sayısı / toplam 
koyun sayısı x 100  
Tekiz doğum oranı: bir adet kuzulayan koyun sayısı / 
doğum yapan koyun sayısı x 100  
Çoklu doğum oranı: ≥ iki adet kuzulayan koyun sayısı 
/ doğum yapan koyun sayısı x 100 
Gebe kalan koyun başına düşen yavru sayısı: doğan 
kuzu sayısı / doğum yapan koyun sayısı  
 

BULGULAR 
 
Gruplarda eCG uygulamasını takip eden 48.saatten 
itibaren 8 saatlik bir zaman diliminde Grup 1’de 3 ve 
Grup 2’de ise 4 koyun çiftleşmeyi kabul etmeyerek 
östrüste olmadıkları anlaşıldı. Çiftleşmeyi kabul 
etmeyen bu koyunların gebelik muayenesinde fötal 
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yapıya rastlanılmadı. Grup 1’de tüm koyunların 35’i, 
Grup 2’de ise koyunların 30’unun gebe kaldıkları 
belirlendi. Her iki grupta gebe kalan koyunların 
tamamı doğurarak kuzulama oranı %100 olarak tespit 
edildi. Grup 1’de ve Grup 2’de 20’şer koyun tek 
kuzuladı. Grup 1’de 12 koyun ikiz, 2 koyun üçüz ve 
bir koyunda dördüz kuzuladı. Grup 2’de ise 9 koyun 
ikiz, 1 koyun ise üçüz kuzuladı. Gebe kalan koyun 
başına düşen yavru sayısı ise Grup 1 ve Grup 2’de 
sırasıyla 1.54 (54/35) ve 1,37 (41/30) olarak belirlendi 
(Tablo 1). Tüm bulgularda iki grup arasında herhangi 
bir istatistiki önem bulunamadı (P>0,05). Çalışmanın 

yapıldığı yılda gün içinde en yüksek sıcaklık ortalaması 
32,4 ± 3,6°C (24,4-38,7°C) ve gün içindeki sıcaklık 
ortalaması 25,8 ± 2,6°C (20-31°C) ile Temmuz ayı 
olarak tespit edildi. İlk ve ikinci hafta yapılan 
senkronizasyon günlerinde östrüs ve takip eden ilk 7 
günün en düşük sıcaklık ortalaması 17,8 ± 1,9°C 
(14,7-21,7°C), en yüksek sıcaklık ortalaması 32,8 ± 
3,7°C (28,8-38,7°C) ve ortalama sıcaklık ise 25,4 ± 
3°C (20,6-31°C) olarak tespit edildi (Tablo 2). Östrüs 
ve takip eden ilk 7 günün günlük ortalama nem 
değerleri ise % 46,5 olarak kaydedildi.   
 

 
Tablo 1. Gruplara göre elde edilen fertilite parametreleri (P>0,05) 
Table 1. Fertility parameters obtained by groups (p>0,05 )

Fertilite Parametreleri Grup1 (vitamin) 
Fertilite parametrelerini hesaplama 

yöntemi 

Grup2 
Fertilite parametrelerini hesaplama 

yöntemi 

Koyun sayısı (n)   40  40 
Östrüs Oranı(%)  92,5 (37/40 x100) 90 (36/40 x100) 
Gebelik oranı(%)  87,5 (35/40 x100) 75 (30/40 x100) 
Gebe kalan koyun başına düşen 
yavru sayısı  

1,54 (54/35) 1,37 (41/30) 

Tekiz doğum oranı (%)  57,1 (20/35 x100) 66,7 (20/30 x100) 
Çoklu doğum oranı 42,9 (15/35 x100) 33,3 (10/30 x100) 
İkiz (%)  34,2 (12/35 x100) 30 (9/30 x100) 
Üçüz (%)  5,71 (2/35 x100) 3,33 (1/30 x100) 
Dörtüz (%)  2,86 (1/35 x100) 0 (0/30 x100) 

 
 
Tablo 2. Östrüs ve takip eden ilk 7 günün sıcaklık ortalamaları 
Table 2. Estrus and temperature means of the following 7 days 

Gün içinde en düşük °C 17,8 ± 1,9 (14,7-21,7) 

Gün içinde en yüksek °C 32,8 ± 3,7 (28,8-38,7) 

Gün Ortalama °C 25,4 ± 3 (20,6-31) 

 

 
TARTIŞMA 

 
Pırlak ırkı koyunlarda yapılan senkronizasyon 
çalışmalarında, Ocak-Mart aylarında iki farklı 
senkronizasyon çalışması yapılmış, 11-12 gün süreli 
progesteron+eCG metodu ile elde edilen östrüs 
oranları % 92-97, gebelik oranları %40-41, gebe kalan 
koyun başına düşen yavru sayıları 1,20-1,36 ve çoklu 
doğum oranları ise % 20-36,5 olarak tespit edilmiştir 
(Algan ve ark. 2017, Kuru ve ark. 2017). Araştırıcılar 
süngerlerin uzaklaştırılmasını takip eden ortalama 36-
45. saatlerde östrüslerin başladığı, 24 saat kadar 
devam ettiğini belirtmişlerdir. Bu bulgular 
araştırmamızda elde ettiğimiz östrüs bulguları ile 
benzerlik göstermektedir. Bu çalışmalarda elde edilen 
düşük gebelik oranı ve yavru veriminin ana nedeni 
çalışmalarda kullanılan koyunların laktasyonda 
olmaları ve mevsim farklılığına bağlı olabilir. Çünkü 
mevsim, laktasyon durumu veya laktasyona bağlı 
yetersiz beslenme, ovulasyon ve ovulasyon sonrası 

embriyonun yaşamasını etkileyen hipofiz, hipotalamus 
ve ovaryum fonksiyonlarını etkileyebilmektedir 
(Goodman ve Inskeep 2006, Goff ve ark. 2014). 
Koyunlarla ilgili senkronizazyon çalışmalarından elde 
edilen reprodüktif bulgular incelendiğinde birbirleri ile 
benzerlik veya farklılık göstermektedir. Reprodüktif 
parameteler ırk (Fair ve ark. 2005), senkronizasyon 
yöntemi (Martemucci ve D'Alessandro 2011), mevsim 
(Hashem ve ark. 2011), progestagen analoğu 
(Hashami ve ark. 2006) ve uygulama süresi (Karaca ve 
ark. 2009), eCG kullanımı (Martinez-Ros ve ark. 
2019) vücut kondisyon skoru (Fukui ve ark. 2010), 
sıcaklık stresi (Kumar ve ark. 2017) gibi faktörlerden 
etkilenmesi senkronizasyon araştırmalarında elde 
edilen farklı bulguların nedeni olabilmektedir. 
 
Yavru verimi yüksek ırklara yüksek konsantre yem 
verilmesinin ikizlik oranı ile pozitif korelasyon taşıdığı 
ancak prolifik özelliği bulunmayan koyunlarda ise 
senkronizasyon sonrasında reprodüktif performansı 
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etkilemediği belirtilmiştir (Lassoued ve ark. 2014). Bu 
nedenle yapılan çalışmalarda her koyun ırkının 
özellikle yavru verimi açısından beslenmeye bağlı 
olarak verdiği yanıt farklı bulgulara yol açabilir. 
Özellikle GDF9 ve BMP15 gibi genlerde meydana 
gelen mutasyonların ovulasyon oranı, yavru sayısı ve 
fertiliteyi etkilediğinin belirlenmesi hem ırklar arasında 
hem de ırklar içinde tespit edilen farklı yavru verimi 
bulgularının bir diğer nedeni olabilir (Hanrahan ve 
ark. 2004). 
 
Ülkemizde hayvan varlığı artarken, hayvanların 
otlayabileceği mera alanlarının azaldığı ve bazı 
meraların ileri derecede tahrip olduğu ve bitki 
kalitesinin önemli ölçüde düştüğü belirtilmektedir 
(Babalık ve Fakir 2017). Mera kalitesinin düşük 
olduğu veya orta kaliteli meralarda otlatılan 
koyunlarda koç katımı sonrası stres faktörlerinin 
arttığı tespit edilmiştir (Mohebbi-Fani ve ark. 2012a). 
Kötü kaliteli meralarda beslenen koyunlarda koç 
katımını takip eden özellikle ilk 21. günde A ve E 
vitaminlerinin kandaki düzeylerinin düştüğü ve 
protein yetersizliğine bağlı olarak antioksidan enzim 
düzeyinde düşüş ve oksidatif stres düzeyinde yükseliş 
rapor edilmiştir (Mohebbi-Fani ve ark. 2012b). 
Bununla berababer yüksek enerjili diyetle beslenen 
canlılarda çiftleşme öncesi uygulanan A vitamini 
takviyesinin, bu diyete bağlı olarak fertiliteyi olumsuz 
etkileyen etkenlere karşı follikül, oosit ve embriyo 
kalitesini koruduğu ve progesteron seviyesini 
ovulasyon sonu yükselttiği belirtilmiştir (Whaley ve 
ark. 2000).  
 
Koyun ve keçilerde D Vitaminin reprodüksiyon 
üzerine etkilerine yönelik çalışmalar yok denecek 
kadar azdır. İnsanlarda olduğu gibi keçi ovaryumunda 
da Vitamin D reseptörlerinin varlığı geçtiğimiz yıllarda 
tespit edilmiş, Vitamin D3’ün follikül gelişimi, 
oksidatif stress ve steroid hormon üretiminde rol 
aldığı in vitro ortamda belirlenmiştir. (Yao ve ark. 
2017). Ancak in vivo ortamda reprodüksiyon üzerine 
etkileri henüz ortaya konulmamıştır. Vitamin D 
düzeyi düşük olan koyun ve keçilerde ultraviyole ışığın 
koyun ve keçilerde Vitamin D üretimini uyardığı 
belirtilirken (Nemeth ve ark. 2017) aynı merada 
otlatılan farklı genotipe sahip koyun ırklarında 
Vitamin D2’nin benzer olduğu ancak Vitamin D3’ün 
ise genotip ile yakından bağlantılı olduğu ve ırklar 
arasında değişkenlik gösterdiği tespit edilmiştir (Zhou 
ve ark. 2019).  
 
Çalışmada uyguladığımız vitamin A, D3 ve E 
preparatı özelllikle antiparaziter ilaç uygulamalarının 
yan etkilerine karşı koyun ve laktasyondaki keçilere 1-
3 ml (Rojo ve ark. 2015, Vallejo ve ark. 2018) 
dozlarda uygulanabilmekte ve etkinliğini 15 gün ve 
üzeri korumaktadır (Velasco 2017). Ancak A vitamini 
başta olmak üzere bazı vitaminlerin depo organlarında 
tükenerek eksilmediği müddetçe vücuttaki vitamin 

düzeyi durumlarının serumdan değerlendirilemeyeceği 
hipotezi bulunmaktadır (Koutsoumpas ve ark. 2013). 
 
Koyun ve keçilerde üreme sezonu veya anöstrüs 
dönemlerde yapılan çalışmalarda A ve E vitamin 
uygulamalarının yavru sayısını arttırdığı belirtilse de 
(Koyuncu ve Yerlikaya 2007, Sönmez ve ark. 2009, 
Koyuncu ve ark. 2019) bazı çalışmalarda her hangi bir 
etkisinin olmadığı tespit edilmiştir (Segerson ve ark. 
1986, Köse ve ark. 2013). Senkronizasyon başlangıcı 
ve sonunda uygulanan A, D3 ve E vitamin 
kombinasyonun gebelik oranını arttırdığı (Koyuncu 
ve ark. 2019), sünger uygulama ve çıkarılma günleri ile 
çiftleşmeyi takip eden 19.günde vitamin E+selenyum 
uygulamasının embriyonik ölümleri azaltarak gebe 
kalma oranını yükselttiği ancak çoğul gebeliği 
etkilemediği (Awawdeh ve ark. 2019), senkronizasyon 
bitiminde beta karoten veya E vitamini+selenyumun 
uygulamasının reprodüktif parametreleri etkilemediği 
(Köse ve ark. 2013) belirlenmiştir.  
 
Yaptığımız çalışmada da vitamin enjeksiyonu 
reprodüktif parametreleri etkilememiştir. Her ne 
kadar çalışmamızda stres faktörleri ve vitamin 
düzeyleri ölçülmese de ovulasyon ve ovulasyon 
sonrası erken dönemlerde kontrol grubundaki 
koyunların çalışmanın yapıldığı zaman diliminde 
fertiliteyi etkilemeyen benzer stres faktörlerine maruz 
kaldıkları veya yeterli düzeyde vitamini aldıkları 
düşünülmektedir. Yapılan çalışmalarda elde edilen 
farklı bulguların nedeni uygulama şekli ve zamanı, 
vitamin dozu ve etki süresi, çayır ve mera kalitesi gibi 
faktörlerden kaynaklanmış olabilir. 
 
Sıcaklık stresine karşı kullanılan antioksidan 
vitaminlerin üreme üzerinde koruyucu etkilerinin 
olduğu rapor edilmiştir (Chauhan ve ark. 2014). 
Koyun ve koçlarda yapılan çalışmalarda 30-32°C’lik 
bir sıcaklık stresinin kalp atım hızı, solunum sayısı ve 
rektal ısıda artışa neden olduğu, kortizol düzeylerini 
yükselttiği ve rumen motilitesinde düşüşe yol açtığı 
belirlenmiştir (Sunagawa ve ark. 2002, Cwynar ve ark. 
2014). Koyunlarda embriyo kayıplarının büyük bir 
bölümünün çiftleşmeyi takip eden ilk 10 gün 
içerisinde olduğu belirtilirken çiftleşme sonrası 1-
4.günler arasında 40°C’lik bir sıcaklık stresinde 
embriyo kayıplarının % 55, 1-7.günlerde ise bu 
sıcaklığa maruz kalmanın %83 oranında embriyo 
kayıplarına yol açtığı, 11-21°C’de tutulan kontrol 
grubunda ise 1-4. günde % 9, 1-7 günler arasında ise 
% 18’lik bir embriyo kaybının yaşandığı belirlenmiştir 
(Thwaites 1971).  
 
Bölgeye adepte olmuş yerli ırk koyunlarda yapılan bir 
başka çalışmada ise preovulatör dönemide kapsayan 4 
hafta boyunca her gün 6 saat’lik 40°C’lik ortam 
sıcaklığına maruz bırakılan grubun, 19-34°C de 
tutulan gruba göre transfer edilebilir embriyo sayısı ve 
kalitesinde düşüşün olduğu ancak oosit gelişiminin 
bozulmadığı, ovulasyon oranı ve fertilizasyonun ise 
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etkilenmediği belirtilmiştir (Naqvi ve ark. 2004). 
Araştırıcılar bu sonucun nedeni olarak bölgeye 
yıllardır adepte olan yerli koyun ırklarının adepte 
olmayan diğer ırklara kıyasla yüksek ortam 
sıcaklıklarının fizyolojik fonksiyonlar ve reprodüktif 
verim üzerine negatif etkilerinden daha az etkilenmesi 
veya preovülatör dönemde follikülogenesizi bozacak 
yeteri kadar sıcaklık artışının yaşanmamasından 
kaynaklandığını düşünmektedirler. Ancak başka bir 
araştırmada ise gün içinde maksimum sıcaklığın 
≥32.0°C olduğu haftalarda (ortalama maksimum 
sıcaklık 18.9–31.9°C) çiftleşen koyunların fertilite 
oranlarının düştüğü ve çiftleşen koyunların tekrar 
kızgınlığa geldiği, ≥32.0 °C olan ortam sıcaklığının 
embriyonun yaşamını olumsuz etkiliyebileceği ve bu 
nedenle gebelik oranlarının düştüğü belirtilmiştir 
(Kleemann ve Walker 2005). 
 
Çalışmanın yapıldığı bölgenin üreme dönemi olan 
Ekim ayında ortalama maksimum sıcaklık 15°C ve 
günlük ortalama sıcaklık ise 10°C dolaylarında 
olmaktadır. Bu dönemde 14 gün süreli 
progestagen+eCG metodu ile Akkaraman ve Dağlıç 
koyunlarından elde edilen gebelik oranları %75 ve 
%66, kuzu verimi ise 1,27 ve 1,41 olarak tespit 
edilmiştir (Uçar ve ark. 2002). Yaptığımız çalışmada 
ise östrüs ve takip eden ilk 7 günün en yüksek sıcaklık 
ortalaması 32,8°C (28,8-38,7°C), ortalama sıcaklık 
değeri ise 25,3°C (20,6-31°C) ve en yüksek sıcaklık 
değeri ise 38,7°C’ye kadar yükseldiği görülmektedir. 
Çalışmada kötü çevre şartlarında dayanıklı olan Pırlak 
ırkı koyunların, günde iki sefer otlatıldığı ve diğer 
zaman dilimlerinde kapalı ağıl içerisinde bulundukları 
dönemlerde maruz kaldıkları stresi tolere edebildikleri 
düşünülmektedir. Çalışma her ne kadar bölgenin en 
yüksek sıcaklık ortalamasına sahip Temmuz ayında 
yürütülse de, koyunların 32°C ve üzeri sıcaklığa maruz 
kalma sürelerinin diğer çalışmalara göre daha kısa 
süreli ve güneşin etkili olduğu zaman dilimlerinde ağıl 
içerisinde olmaları veya kapalı alanda oksijen ve 
sıcaklık yönünden uygulanan vitaminlerin koruyucu 
etkilerini ortaya koyabilecek stres parametelerinin 
açığa çıkmadığını düşünmekteyiz.  
 
Sonuç olarak Temmuz ayında 11 gün süreli 
progesteron+eCG senkronizasyon yöntemi ile Pırlak 
ırkı koyunlarda istenilen düzeylerde gebelik oranı ve 
yavru verimi elde edilebileceği belirlendi. Fertilite, 
sıcaklık stresi ile vitamin uygulamaları arasındaki 
ilişkinin daha net ortaya konulabilmesi için koyunların 
sıcaklık stresine maruz kalma süreleri, mera veya 
yemden aldıkları vitamin düzeylerinin daha net ortaya 
konulması gerektiği düşünülmektedir. 
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ABSTRACT 
In this study, the hematological and biochemical blood values and the differences in serum and wool trace 
elements (cobalt [Co], manganese [Mn], zinc [Zn], and selenium [Se]) were compared in healthy and liver-
trematode-infected sheep. A total of 100 ovines (80 trematode-infected and 20 healthy sheep) were included. The 
trematode-infected sheep had significantly greater (P<0.01) leucocyte (WBC), neutrophil (Neu), and eosinophil 
(Eo) values and significantly lower (P<0.01) erythrocyte (RBC), hematocrit (Hct), and hemoglobin (Hb) values 
when compared with the healthy control group. The trematode-infected sheep had significantly higher serum 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma glutamyl transferase (GGT) 
enzyme activity values when compared with the healthy control group (P<0.01, P<0.05, and P<0.01, 
respectively). Serum and wool Co, Mn, Zn, and Se levels were significantly lower (P<0.01) in the trematode-
infected sheep than in the healthy control group. The effect of liver infections on trace element concentrations 
was determined to be similar in measurements in wool and serum. Decreases in trace element concentrations 
were mostly attributed to changes in the biotransformation of trace elements induced by pathologic disorders in 
the liver. 
Keywords: Liver-trematode, Serum, Sheep, Trace element, Wool. 
 

*** 

 
Karaciğer Trematodlu Koyunların Serum ve Yapağılarında Kobalt, Mangan, Selenyum ve Çinko 

Düzeylerinin Araştırılması 
 

ÖZ 
Bu çalışmada sağlıklı ve karaciğer trematodu ile enfekte olmuş koyunlarda hematolojik ve biyokimyasal kan 
değerleri ile serum ve yün eser elementlerindeki (kobalt [Co], mangan [Mn], çinko [Zn] ve selenyum [Se]) 
farklılıklar karşılaştırılmıştır. Bu amaçla 80 baş karaciğer trematodlu ve 20 baş da sağlıklı olmak üzere toplam 100 
baş koyun kullanıldı. Karaciğer trematodlu koyunların lökosit (WBC), nötrofil (Neu) ve eozinofil (Eo) düzeyleri 
kontrol grubunun aynı parametrelerinden istatistiki olarak önemli düzeyde yüksek (P<0,01) tespit edilirken, 
eritrosit (RBC), hematokrit (Hct) ve hemoglobin (Hb) değerleri daha düşük (P<0,01) bulunmuştur. Karaciğer 
trematodlu koyunların alanin aminotransferaz (ALT), aspartat aminotransferaz (AST) ve gamma glutamil 
transpeptidaz  (GGT) değerleri sağlıklı koyunların aynı parametrelerine göre sırasıyla P<0,001, P<0,005 ve 
P<0,001 düzeylerinde yüksek tespit edildi. Karaciğer trematodlu koyunların serum ve yün Co, Mn, Zn ve Se 
seviyeleri sağlıklı koyunlara göre istatistiksel olarak önemli düzeyde düşük bulunmuştur (P<0,01). Karaciğer 
enfeksiyonlarının iz element konsantrasyonları üzerindeki etkisinin yün ve serumdaki ölçümlerinin benzerlik 
gösterdiği saptanmıştır. Karaciğer trematodlu koyunların serum ve yün iz elementlerin konsantrasyonundaki 
düşüşlerin karaciğerdeki patolojik bozukluklarına bağlı olarak oluşan iz elementlerin biyotransformasyonundaki 
değişimlerinde kaynaklanabileceği düşünülmektedir.  
Anahtar Kelimeler: Karaciğer trematodu, Serum, Koyun, İz element, Yün. 
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INTRODUCTION 
 
Liver trematode infections decrease animal growth, 
reduce yields, suppress the immune system, and 
ultimately cause death in cases of severe infection. 
Consequently, these infections generate significant 
economic losses every year (Levieux et al. 1992, 
Matanovic et al. 2007). Trematodes migrating to the 
liver may deplete potential glycogen reservoirs, as the 
liver is the primary glycogen depot of animals, so 
these parasites can cause severe destruction of 
hepatocytes (Phiri et al. 2007, Kozat and Denizhan 
2010). The most precise indicators of the level of liver 
cell damage in liver diseases, including trematode 
infections, are the activities of glutamate 
dehydrogenase (GLDH) and gamma glutamyl 
transferase (GGT) (Kozat et al. 2006, Mert et al. 
2006, Kozat and Denizhan 2010). Plasma GLDH and 
GGT activities are therefore considered better and 
more sensitive indicators of liver cell damage, such as 
that caused by sub-clinical and chronic fascioliasis, 
when compared to aspartate aminotransferase (AST) 
activity (Sykes et al. 1980). In general, GGT might be 
more appropriate for the diagnosis of liver cell 
damage due to its greater stability. 
 
A healthy liver is essential for the preservation of 
animal health and growth performance (Chalabis-
Mazurek and Walkuska 2014). In particular, the liver 
organ plays a central role in the use and distribution 
of macro and micro elements absorbed from the 
intestines, and animal health depends on sufficient 
and well-balanced trace element concentrations. The 
serum cobalt (Co) and zinc (Zn) levels in ruminant 
animals are directly related to the Co and Zn 
concentrations of the animals diets (Jacob 1987, 
Oldfield 1987). These two trace elements play 
significant roles in hair follicle maturation, ovulation, 
and the estrus cycle (Unal 1987), so their deficiencies 
can generate significant animal yield losses and 
consequent economic losses for growers (Şendil et al. 
1975, Jacob 1987, Aytuğ et al. 1990). Zn, in particular, 
serves as a cofactor for more than 300 enzymes and 
plays a substantial role in growth, DNA synthesis, 
immune system performance, neuro-sensory 
functions, and several other cellular process in both 
humans and animals (Kozat 2007). Zn deficiency 
reduces cell division and appetite, decreases growth 
and development, and generates parakeratosis lesions 
over the skin (Kaneko et al. 1997). Zn is present in all 
animal tissues and particularly in muscles, bones, 
blood, glands, genital organs, skin, hair, wool, and 
nails (Gabor 1991). 
  
Cobalt is an essential trace element in ruminants, as it 
is required for vitamin B12 synthesis in the rumen. 
Unlike the case in other domesticated animals, this 
vitamin is synthesized by the microorganisms of the 
ruminant proventriculus, so sufficient quantities of 
cobalt are required in the diet (Stangl et al. 1999). Co 

absorption is quite low in ruminants, and only 3% of 
the Co taken up is synthesized into vitamin B12 and 
only 3% of the synthesized vitamin B12 is absorbed 
(NCR 1987). Vitamin B12 synthesis by 
microorganisms is totally inhibited when the Co 
content of the rumen fluid is less than 0.5 ng/ml 
(Underwood 1977). The trace element concentrations 
are significantly lower in sheep with liver cystic 
echinococcosis than in healthy sheep (P <0.01) (Taşçı 
et al. 1995). Decreases in serum trace element levels 
also occur in animals afflicted with parasitic diseases, 
mostly due to malnutrition, transfer of parasites to 
other sections of the body, or substantial uptake of 
these elements by the parasites (Seyrek et al. 2009). 
 
Manganese is also an essential trace element for 
animals (Kozat 2007). It is required for the activity of 
glucoside enzymes that form the mucopolysaccharide 
chondroitin that is involved in cartilage, cartilage 
activity, and bone formation (Miranda et al. 2006). 
Absorption of Mn in the gastrointestinal tract 
depends on its chemical form. Absorbed Mn is 
initially transported to the liver and then secreted into 
the intestines with the gall. The Mn secreted into 
intestines is reabsorbed through the enterohepatic 
cycle. The absorbed Mn is initially sequestered in the 
mitochondria of the liver, kidneys, and pancreas. 
About 40% of the body Mn is preserved in the bone 
marrow (Kozat 2007). 
  
Selenium is another important biochemical 
component, as it forms part of the structure of 
glutathione peroxidase enzyme. Together with 
vitamin E, this enzyme inhibits oxidative processes 
that destroy cells and tissues (Değer et al. 2008).  
 
The trace element contents of animal tissues are 
determined from serum, wool, hair, and liver and 
kidney tissues (Bayşu et al. 1984). Determination of 
mineral levels can aid in determining preventive 
health measures, thereby maintaining high animal 
yields (Spears 2003), so several studies have 
investigated the relationships of trace element 
deficiencies with these yields (White et al. 1994). In 
sheep, trace element deficiencies result in yield losses, 
fleece abnormalities, and various malnutritional 
problems (Kozat 2007). Minerals taken up by the 
animal, together with vitamins, play critical roles in 
the healthy development of fetuses and young, in the 
improvement of yield and resistance, in the 
sustainability of production, and in the performance 
of various metabolic functions. Trace elements, and 
especially those with co-factor roles, are of significant 
importance for the functions of metalloenzymes 
(Şendil et al. 1975, Jacob 1987).  
 
The deficiency or abundance of trace elements can 
therefore result in a number of functional disorders 
(Aytuğ et al. 1990). In the present study, changes in 
serum and wool trace element concentrations were 
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investigated in sheep with disorders in the liver 
induced by liver trematode infection. According to 
the results of the research, it is thought that the 
determination of trace element in wool instead of 
serum in animals with liver infection will be beneficial 
for animal welfare. 
 

MATERIAL and METHODS 
 
Animals and Sampling 
The final report of this research study was approved 
(2017/12) by Van Yuzuncu Yil University Animal 
Researches Local Ethic Committee. This study was 
conducted on 8 sheep farms with an average size of 
200–280 ewes. Animal feces samples were analyzed to 
select 80 sheep with trematode infection and 20 
healthy sheep. This selection was conducted by 
collecting 30–50 g feces samples from the rectums 
into sample cups and analyzing them in the laboratory 
using the Benedek Sedimentation method (Toparlak 
and Tüzer 1994). After taking feces and blood 
samples, 10 mg / kg triclabendazole + 7.5 mg / kg 
levamisole were administered orally to sheep infected 
with tremadotes. 
 
From blood-sampled sheep, wool samples (about 5 g) 
were also taken from the occipital area with steel 
scissors. While taking the wool samples, the wool was 
cut only from the bottom to eliminate potential 
differences in Co, Mn, Se, and Zn concentrations in 
the top, middle, and bottom sections of the wool. 
Samples were placed into polyethylene bags and kept 
sealed until analysis. 
 
Laboratory Analyses 
Blood samples were taken from trematode-infected 
and healthy sheep in accordance with the relevant 
techniques for hematologic and biochemical analyses. 
Samples were collected into anticoagulant tubes and 
analyzed for hematocrit value (Hct), hemoglobin 
concentration (Hb), and leucocyte (WBC), 
erythrocyte (RBC), eosinophil (Eo), and neutrophil 
(Neu) ratios with a veterinary hemogram device 
(Veterinary MS4-s-Melet Schloesing Laboratories in 
France) in the Animal Hospital laboratory. 
 
Biochemical Analyses 
Blood samples collected into non-anticoagulant tubes 
(biochemistry tubes) were centrifuged at 3000 rate per 
minute (rpm) for 10 minutes to obtain blood sera, 
which were then stored in serum preservation tubes 
in a fridge at -20 ºC until biochemical analysis 
(Özdemir et al. 2014). Serum AST, alanine 
aminotransferase (ALT), and GGT levels were 
measured with autoanalyzer device (BS-120 Vet-
Mindray). Serum Co, Mn, Zn, and Se concentrations 
were measured with an Inductively Coupled Plasma – 
Mass Spectrometer (ICP-MS) instrument in the 
Scientific Research Center of University. 
 

Analysis of Wool Samples 
Wool samples were initially washed with a 1% Triton-
X 100 solution four times and then rinsed with 
double distilled deionized water. The washed samples 
were then dried in a sterilizer at 100 °C for two hours. 
About 100 mg of the dried wool samples were placed 
into tubes, 1 ml of a 1:5 nitric acid + perchloric acid 
mixture was added, and the samples were allowed to 
dissolve for four hours. The dissolved mixtures were 
made up to 10 ml with distilled water. From this 
mixture, 1 ml was removed and diluted with 2 ml 
distilled water. The prepared and diluted (1:30) wool 
samples were then subjected to Co, Mn, Zn, and Se 
analyses with an ICP-MS instrument in the Scientific 
Research Center of University (Kozat 2007).  
 
Statistical Analysis 
Statistical analyses were performed using the GLM 
sub-procedure of the SAS 9.4 statistical software 
(SAS 2018). Data from serum and wool samples were 
subjected to variance analysis, and significant means 
were compared with Duncan’s multiple range test. 
 

RESULTS 
 
Clinical Results 
Inspections of the feces revealed Fasciola hepatica and 
Dicrocoelium dendriticum eggs. The trematode-infected 
sheep showed inappetence, weight loss, poor 
performance, reductions in milk yield and fleece 
quality, and digestive disorders; some sheep had 
diarrhea and anemia. 
 
Hematological Results 
Data for hematological parameters of the trematode-
infected and healthy sheep are provided in Table 1. 
The WBC, Neu, and Eo levels were significantly 
higher in the trematode-infected sheep (13.91, 9.28, 
and 0.73, respectively) than in the control group 
(8.60, 5.80, and 0.18, respectively) (P<0.01), but the 
RBC (×106 µL), Hct (%), and Hb (g/dl) values were 
lower in the infected sheep (9.80, 25.90, and 9.75, 
respectively) than in control group (11.80, 33.00, and 
13.41, respectively) (P<0.01). 
 

Biochemical Results 
Statistical analysis results for blood serum 
biochemical parameters of infected and healthy sheep 
are provided in Table 2. The ALT (30.60 U/L), AST 
(148.25 U/L), and GGT (80.44 U/L) values were 
significantly greater in the trematode-infected sheep 
than in the healthy sheep (17.70 U/L, 94.20 U/L, and 
54.20 U/L, respectively; P<0.01, P<0.05, and P<0.01, 
respectively). 
 
Data for the serum mineral levels of trematode-
infected and healthy sheep are provided in Table 3. 
The serum Co, Mn, Se and Zn levels were 
significantly lower (P<0.01) in the infected sheep 
(2.50 µg/dl, 31.00 µg/dl, 2.73 µg/dl, 31.12 µg/dl, 
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respectively) than in the healthy controls (4.90 µg/dl, 
58.00 µg/dl, 4.69 µg/dl, 83.76 µg/dl, respectively). 
 
Data for the wool mineral levels of trematode-
infected and healthy sheep are provided in Table 4. 
The mineral (Co, Mn, Se and Zn) levels were 
significantly lower (P<0.01) in the infected sheep 
(0.03 µg/g, 4.22 µg/g, 1.35 µg/g and 26.71 µg/g, 
respectively) than in the healthy controls (0.06 µg/g, 
10.61 µg/g, 4.66 µg/g and 45.96 µg/g, respectively). 
 
The correlations between serum trace element levels 
of the healthy sheep are provided in Table 5. 
Significant positive correlations were observed 
between Se and Co (0.948; P<0.01) and significant 
negative correlations were observed between Se and 
Zn (- 0.647; P<0.05). 
 
The correlations between serum trace element levels 
of the trematode-infected sheep are provided in Table 
6. Significant positive correlations were observed 
between Se and Zn (0.340; P<0.01), and significant 
negative correlations were observed between Zn and 
Mn (- 0.624; P<0.01) and between Se and Mn (- 
0.227; P<0.05). No significant correlations were 
noted between the wool trace element levels in 
healthy sheep (Table 7). The correlations between 
wool trace element levels of liver trematode-infected 
sheep are provided in Table 8. Significant positive 
correlations were noted between Zn and Mn (0.449; 
P<0.01) and between Zn and Se (0.521; P<0.01).  
 
Table 1. Hematologic blood parameters of healthy 
control sheep and sheep infected with liver 
trematodes 

Parameter   Control 
   (n=20) 

Trematode 
infected   (n= 80) 

WBC (x103/µl)  8.60±0.60a** 13.91±2.27b 
Neu (%)  5.80±0.34a**  9.28±1.58b 
Eo (%)  0.18±0.03a**  0.73±0.06b 
RBC (x106 µl) 11.80±0.50a**  9.80±0.48b 
Hct (%) 33.00±2.27a** 25.90±2.33b 
Hb (g/dl) 13.41±1.33a**   9.75±1.76b 

a, b: Means with different lower case letters in the same row 
are significantly different 
** :P <0.01  
WBC: leucocyte, Neu: neutrophil, Eo: eosinophil, RBC: 
erythrocyte, Hct: hematocrit, Hb: hemoglobin.    

 
Table 2. Biochemical parameters of healthy control 
sheep and sheep infected with liver trematodes 

Parameter Control 
(n= 20) 

Trematode infected 
 (n= 80) 

ALT (U/L) 17.70±2.32a**  30.60±6.15b 
AST (U/L) 94.20±18.79a* 148.25±60.14b 

GGT (U/L) 54.20±5.55a**  80.44±16.12b 
a, b: Means with different lower case letters in the same row are 
significantly different 
* : P<0.05; **P<0.01 
ALT: alanine aminotransferase, AST: aspartate aminotransferase, 
GGT: gamma glutamyl transferase. 

 

Table 3. Serum trace element levels in healthy 
control sheep and sheep infected with liver 
trematodes 

Parameter Control 
(n= 20) 

Trematode infected  
(n= 80) 

Co (µg/dl)  4.90±0.80a** 2.50±0.50b 
Mn (µg/dl) 58.00±5.10a** 31.00±0.10b 
Se (µg/dl) 4.69±1.20a*   2.73±1.29b 

Zn (µg/dl) 83.76±43.64a*   31.12±10.32b 
a, b: Means with different lower case letters in the same row 
are significantly different 
* : P<0.05; **P<0.01 
Co: cobalt, Mn: manganese, Zn: zinc, Se: selenium. 

 
Table 4. Wool trace element levels in healthy control 
sheep and sheep infected with liver trematodes  

Parameter Control 
(n= 20) 

Trematode infected 
(n= 80) 

Co (µg/g)  0.06±0.01a** 0.03±0.01b 
Mn (µg/g) 10.61±3.89a** 4.22±1.78b 
Se (µg/g)  4.66±2.17a** 1.35±0.50b 
Zn (µg/g) 45.96±16.62a** 26.71±12.80b 

a, b: Means indicated with different small letters in the same 
row are significantly different 
**: P< 0.01. 

 
Table 5. Correlations between serum trace element 
levels of healthy sheep 
 Co Mn Se Zn 

Co 1    
Mn -0.123 1   
Se 0.948** -0.297 1  
Zn -0.534 0.362 -0.647* 1 
*: P<0.05;  **: P<0.01. 

 
Table 6. Correlations between serum trace element 
levels of trematode-infected sheep  
 Co Mn Se Zn 

Co 1    
Mn 0.164 1   
Se 0.019 -0.227* 1  
Zn -0.113 -0.624** 0.340** 1 
*: P<0.05;  **: P<0.01. 

 
Table 7. Correlations between wool trace element 
levels in healthy sheep 
 Co Mn Se Zn 

Co 1    
Mn -0.128 1   
Se -0.236 0.493 1  
Zn -0.090 0.169 0.496 1 

 
Table 8. Correlations between wool trace element 
levels in liver trematode-infected sheep 
 Co Mn Se Zn 

Co 1    
Mn -0.120 1   
Se 0.094 0.069 1  
Zn -0.210 0.449** 0.521** 1 
**: P<0.01. 

 
 
 



189 

 

DISCUSSION 
 
The RBC, Hct, and Hb values were lower in the 
trematode-infected sheep  than in the healthy sheep 
(Table 1), in agreement with the literature (Vengust et 
al. 2003; Samadieh et al. 2017). Of the hematological 
parameters of healthy and trematode-infected sheep, 
the WBC, RBC, Hct, and Hb levels were in 
compliance with the reference values specified for 
sheep, whereas the Neu and Eo levels were lower 
than the reference values (Babeker and Elmansoury 
2013).  
 
The higher ALT, AST, and GGT levels in the 
trematode-infected sheep than in the healthy sheep 
(Table 2) can be attributed to enzyme leakage from 
destroyed organs (Gerber 1969). Increasing AST and 
ALT activities have been reported previously in lambs 
infected with 1000 and 3000 metacercariae of D. 
dendriticum (Manga-González et al. 2004). The ALT, 
AST, and GGT values of the trematode-infected 
sheep in the present study were similar to those 
reported in the literature for liver parasite infections 
(Mert et al. 2006, Kozat and Denizhan 2010). The 
ALT, AST, and GGT values of the healthy sheep 
were also in compliance with the values reported in 
similar studies (Kozat and Denizhan 2010, Samadieh 
et al. 2017). The mean GGT value for the trematode-
infected sheep (80.44 U/L) was greater than the 
specified reference values (20–52 U/L), but the GGT 
value for the healthy sheep (54.20 U/L) was similar to 
the reference values. The ALT (17.70 U/L and 30.60 
U/L) and AST (94,20 U/L and 148,25 U/L) values of 
the healthy and infected animals were in compliance 
with the normal reference values (26-34 U/L and 60-
280 U/L, respectively) (Kahn and Line 2011).  
 
Trace elements are micronutrients necessary for the 
growth and preservation of healthy tissues. Blood is a 
medium where trace elements are collected and 
transported. Therefore, serum is usually a suitable 
sample for determining the trace element status of 
animals (Özdemir et al. 2014). However, mineral 
measurements from tissue, hair, or wool may provide 
more accurate results than serum analyses (Bayşu et 
al. 1984). 
 
Serum and wool trace element (Co, Mn, Se and Zn) 
levels were significantly lower (P<0.01) in the 
trematode-infected sheep than in the healthy sheep 
(Table 3 and Table 4). No studies in the literature 
have reported the trace element levels of parasite-
infected sheep. However, decreasing serum trace 
element levels have been reported in parasitic diseases 
(Taşçı et al. 1995, Seyrek et al. 2009). Decreases in 
serum trace element concentrations in animals 
subjected to parasite infections are mostly attributed 
to malnutrition, transfer of trace elements to other 
parts of the body, and/or high uptake of these 
elements by the parasites (Seyrek et al. 2009). 

The serum Zn levels in the healthy sheep (83.76 
µg/dl) (Table 3) were in compliance with the 
reference values (80-150 µg/dl) (Kurt et al. 2001, 
Erdoğan et al. 2002), but the serum Zn levels in the 
trematode-infected sheep (31.12 µg/dl) (Table 3) 
were lower than the reference values. Decreasing 
plasma Zn levels were observed in echinococcosis 
diseases (Heidarpour et al. 2012), in response to the 
accelerated metabolism of animals during the 
progression of disease (Beisel 1991), and in 
insufficient nutrition, stress, and hyperthermia cases 
(Heidarpour et al. 2012). Another study reported that 
serum Zn levels decreased in parasitic diseases (Taşçı 
et al. 1995). The low Zn levels observed in the 
trematode-infected sheep in the present study were 
also attributed to these reasons.   
 
The serum Co concentrations in the healthy control 
group (4.90 µg/dl) (Table 3) were within the 
reference value range. The observed decreases in Co 
concentrations in the trematode-infected sheep (2.50 
µg/dl) (Table 3) agreed with the available literature 
(Taşçı et al. 1995, Seyrek et al. 2009). 
 

The serum Se levels were significantly greater in the 
healthy sheep (4.69 µg/dl) than in the trematode-
infected sheep (2.73 µg/dl) (P<0.05) (Table 3). The 
serum Se levels of healthy sheep were in compliance 
with the values specified for sheep, at 5.37µg/dl 
(Yokus et al. 2004), and for lambs, between 6.0µg/dl 
(Kozat 2007) and 5.65µg/dl (Değer et al. 2008). 
 
Decreasing plasma Zn levels were reported in 
Echinococcus-infected camels (Heidarpour et al. 2012), 
during the disease periods of animals (Beisel 1991), in 
animals with insufficient Zn nutrition, and in stress 
and hyperthermia cases (Heidarpour et al. 2012). In 
the present study, low Zn concentrations were 
determined in sheep infected with liver trematodes 
(31.12 µg/dl) (Table 3), in agreement with previous 
reports (Beisel 1991, Taşçı et al. 1995, Humann–
Ziehank et al. 2008, Heidarpour et al. 2012).  
 

CONCLUSIONS 
 
In conclusion, highly significant decreases were 
observed in blood serum Co and Mn levels (P<0.01) 
and significant decreases were observed in Se and Zn 
levels in sheep infected with liver trematodes 
(P<0.05), with highly significant decreases observed 
all trace element levels in wool (P<0.01). The effect 
of liver infections on trace element concentrations 
was determined to be similar in measurements in 
wool and serum. This result shows that trace 
elements can be determined in wool instead of serum 
for animal welfare. Decreases in trace element 
concentrations were mostly attributed to changes in 
the biotransformation of trace elements induced by 
pathologic disorders in the liver.  
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ABSTRACT 
The purpose of the present study was to determine the effects of Coenzyme Q10 on antioxidant enzymes in 
diabetic rats. Group I was not exposed any application. Group II was intraperitoneally administrated 0.3 ml corn 
oil in daily for four weeks. Group III received 10 mg/kg CoQ10 in 0.3 ml corn oil intraperitoneally daily for four 
weeks. Diabetes was induced by subcutaneous injections of streptozotocin in group IV. Group V was made 
diabetic in the same way and then these animals were intraperitoneally injected with 10 mg/kg CoQ10 in 0.3 ml 
cornoil daily for four weeks. In blood samples, GSH, TBARS, SOD, NO levels and GPx, CAT activities were 
determined. Pancreas and aorta tissue samples were examined using histological and immunohistochemical 
methods. Plasma SOD, GPx, CAT and GSH levels in diabetic group were significantly lower than control group. 
These parameters significantly increased with CoQ10 application to diabetic rats when compared to diabetic 
group. The increased plasma TBARS level with diabetes reduced with CoQ10 treatment. The histological findings 
of the study support the changes in enzyme levels as a result of CoQ10 application. In conclusion, CoQ10 
application to diabetic rats may have beneficial effects on some negative changes caused by diabetes. 
Keywords: Antioxidants, Coenzyme Q10, diabetes, pancreas, rats 
 

*** 

 
Streptozotosin ile Diyabet Oluşturulan Ratlarda Koenzim Q10’un Bazı Kan Antioksidan Sistem 

Parametreleri ile Pankreas ve Aorttaki Histolojik Değişiklikler Üzerine Etkileri 
 

ÖZ 
Bu çalışmanın amacı diyabet oluşturulan ratlarda koenzim Q10’un antioksidan parametreleri üzerine etkilerini 
değerlendirmektir. Çalışmada 38 yetişkin, erkek Wistar Abino rat (250-300 gr) kullanıldı. Grup I’deki hayvanlara 
herhangi bir uygulama yapılmadı. Grup II’deki hayvanlara günde 0.3 ml mısır yağı dört hafta boyunca 
intraperitoneal olarak uygulandı. Grup III’deki hayvanlara günde 0.3 ml mısır yağında çözdürülen 10 mg/kg 
CoQ10 dört hafta boyunca intraperitoneal olarak uygulandı. Grup IV’deki hayvanlarda, 40 mg/kg 
streptozotosinin günde tek doz olmak üzere iki subkutan enjeksiyonu ile diyabet oluşturuldu. Grup V’deki 
hayvanlarda aynı protokolle diyabet oluşturuldu ve daha sonra bu hayvanlara dört hafta boyunca 0.3 ml mısır 
yağında çözdürülen 10 mg/kg CoQ10 intraperitoneal olarak uygulandı. Kan örneklerinde GSH, TBARS, SOD, 
NO seviyeleri ile GPx, CAT aktiviteleri belirlendi. Pankreas ve aorta doku örnekleri histolojik ve 
immünohistokimyasal yöntemler kullanılarak incelendi. Diyabetik grupta plazma SOD, GPx, CAT ve GSH 
seviyeleri control grubuna gore önemli oranda düşüktü. Diyabetik ratlara CoQ10 uygulaması ile bu parametreler 
diyabetik gruba göre önemli oranda arttı. Diyabetle birlikte artan plazma TBARS seviyesi, CoQ10 uygulamasıyla 
azaldı. Çalışmanın histolojik bulguları CoQ10 uygulaması sonucunda enzim düzeylerindeki değişiklikleri 
desteklemektedir. Sonuç olarak, diyabetik ratlara CoQ10 uygulaması diyabetin neden olduğu bazı olumsuz 
değişiklikler üzerine faydalı etkilere sahip olabilir. 
Anahtar Kelimeler: Antioksidan, Koenzim Q10, diyabet, pankreas, rat 
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INTRODUCTION 
 
Diabetes, which is a chronic metabolic disease, 
continues to be a major health problem in worldwide 
(Rahimi et al. 2005). Diabetes causes many 
complications arising from imbalances in the 
metabolism of carbohydrates, lipids and proteins. The 
high glucose level causes oxidative stress by leading 
glucose autoxidation, nonenzymatic glycation of 
proteins, and increased production of mitochondrial 
reactive oxygen species (ROS) (Brownlee 2001). The 
elevation in the amount of free fatty acids in diabetes 
increases β-oxidation and it results in high ROS 
production and hence the oxidative stress. There are a 
number of findings suggesting that the mechanisms 
of antioxidant defense against oxidative stress are low 
in diabetes. Oxidative stress resulting from the 
increased production and the inability of adequately 
removing of ROS plays a crucial role in the 
pathogenesis of diabetic complications (Brownlee 
2000, Brownlee 2001). Free radicals similar to protein 

kinase C (PKC), nuclear factor ҡB (NFҡB), NH2-
terminal Jun kinase/stress-activated protein kinases 
(JNK/SAPK) and p38 mitogen-activated protein 
(MAP) kinase can function as signals patways causing 
cellular stress (Giuglian et al. 1995, Mohamed et al. 
1999, Rosen et al. 2001, Stehouwer and Schaper 1996, 
West 2000, Yaqoob et al. 1993). Activation of these 
pathways is also associated with insulin resistance and 
β-cell dysfunction, including complications observed 
in the late stages of the disease (Brownlee 2000, 
Brownlee 2001, Modi et al. 2006, Rosen et al. 2001). 
It was reported that the decreased in plasma/serum 
total antioxidant capacity or free radical scavenging 
activity increase the tendency to oxidative stress in 
type 2 diabetes. However, it was also reported that 
the levels of specific antioxidants such as ascorbic 
acid and vitamin E have decreased (Aguirre et al. 
1998, Ashour et al. 1999, Ceriello et al. 1997a, b, 
Ceriello et al. 1998, Haffner et al. 1995, Maxwell et al. 
1997, Paolisso et al. 1994). The decreases in 
antioxidant enzyme activities (superoxide dismutase, 
glutathione peroxidase and catalase) were stated in 
diabetes (Ashour et al. 1999, Mohan and Das 1997, 
Tüzün et al. 1999). Also, there was also observed a 
decrease in endothelial NO synthesis together with 
decrease in vascular antioxidant defense in type 2 
diabetes (Laight et al. 2000, Makimattila et al. 1999). 
A study conducted in patients with type 1 diabetes 
showed that plasma total antioxidant capacity was 
16% lower than healthy humans (Vessby et al. 2002). 
The reduction in antioxidant enzyme activities (SOD 
ve CAT) in kidney tissue was determined in diabetic 
rats (Kedziora-Kornatowska et al. 2000). On the 
other hand, it was suggested that people with high 
levels of other serum antioxidant, especially serum 
tocopherol levels, had lower risk of Type 2 diabetes 
(Reunanen et al. 1998). In contrast, there are also 
studies in which there is no difference with regard to 
antioxidant capacity between healthy and diabetic 

individuals (Feillet et al. 1998, Rahimi et al. 2005, 
Willems et al. 1998). 
 
There are many studies using exogenous and 
endogenous antioxidants to reduce or prevent 
oxidative stress (Kucharská et al. 2000, Meghana et al. 
2007, Modi et al. 2006). Endogenous antioxidants 
play a crucial role in protecting the balance between 
oxidants and antioxidants (Kucharská et al. 2000). 
Although Coenzyme Q10 plays an important role in 
mitochondrial energy systems, it also has antioxidant 
properties. It functions as a dehydrogenase cofactor 
in the transport of electrons and protons like ATP 
production (Crane and Navas 1997). On the other 
hand, this enzyme has been regarded as an important 
antioxidant since it was determined the decline of 
biosynthesis and tissues level due to degenerative 
changes with age (Beyer et al. 1985, Kalén et al. 1989, 
Kucharská et al. 2000). CoQ10 described as a powerful 
systemic radical scavenger is reported to have the 
ability to function synergistically with other 
antioxidants as well as prevent oxidative damage of 
lipids, DNA, proteins and other important molecules 
(Lass et al. 1999, Prosek et al. 2008). While tissue lipid 
peroxidation and SOD levels were found to be 
significantly higher in diabetic animals, CoQ10 
supplementation to these animals significantly 
decreased lipid peroxidation and increased SOD 
enzyme level. Reduced levels of tissue catalase and 
glutathione in diabetic animals are significantly 
increased with CoQ10 application (Modi et al. 2006). 
SOD and GSH levels were determined significantly 
lower in diabetic rats and its levels significantly 
increased with CoQ10 application paralelly with dose. 
It was stated that the significant increase of MDA 
levels in diabetic rats is reduced by the addition of 
CoQ10 (Visnagri et al. 2012). 
According to mentioned information above, this 
study aimed to evaluate the histological changes in the 
pancreas and aorta with some antioxidant enzymes of 
CoQ10 application in diabetic rats. 
 

MATERIAL and METHOD 
 
In this study, 38 adult, male, healthy Wistar Abino 
rats (250-300 gr) were used. The animals were divided 
into five groups and fed ad libitum with standard rat 
pellet for four weeks. While animals in group I (n=6) 
was not exposed any application, 0.3 ml corn oil was 
intraperitoneally administrated at animals in group II 
(n=6) daily for four weeks. Animals in group III 
(n=6) received 10 mg/kg CoQ10 (Sigma-Aldrich, 
St. Louis, MO, USA) intraperitoneally daily for four 
weeks. At the beginning of the study, diabetes was 
induced by subcutaneous injections of streptozotocin 
(Sigma-Aldrich, St. Louis, MO, USA) at dose of 40 
mg/kg in 0.1 M citrate buffer (pH 4.5) for two days 
as a single daily dose in group IV (n=7) animals. 
Animals in group V (n=9) was made diabetic by 
subcutaneous injections of streptozotocin in the same 
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way and then was injected intraperitoneally with 10 
mg/kg CoQ10 daily for four weeks. To prevent the 
streptozotocin-induced hypoglycemia, rats received 
5% dextrose solution after 6 h of streptozotocin 
administration for next 3 days. After one week from 
streptozotocin injections, diabetes was verified by 
measuring blood glucose level strips using glucometer 
(PlusMED Accuro, Taiwan) via the tail vein. Animals 
having a blood glucose level higher than 250 mg/dl 
were accepted as diabetic and were included in the 
experiment. During the experiment, three animals 
from group IV and one animal from group V were 
died due to streptozotocin-induced hypoglycemia. 
Blood samples were taken from all animals at the end 
of the study. In plasma samples, SOD (Cayman), 
GSH (Cayman), TBARS (Oxis), NO (Cayman) levels 
and GPx (Cayman), CAT (Cayman) activities were 
determined with ELISA 
(Biotek ELx800, Biotek Instrumentations, Inc, 
Winooski, VT, USA) using sandwich enzyme-linked 
immunosorbent method via commercial kits.  
 
All animals were sacrificed via cervical dislocation. 
Tissue samples were taken from pancreas and aorta 
of animals. These samples fixed in 10% neutral-
buffered formalin and embedded in paraffin blocks. 
The sections (6 µm thickness) were taken from blocks 
and were stained with Crossman’s triple stain for 
histological examination (Crossman 1937). Insulin 
and eNOS was stained immunohistochemically using 
a sensitive peroxidase-labelled streptavidin-biotin 
detection system (Ultra Tek HRP Anti-Polyvalent 
Lab Pack, ScyTek Laboratories, Inc., Logan, UT). 
Insulin antibody (ISL-8J) (Genetex GTX11163) and 
eNOS antibody (Genetex GTX50892) was used with 
1:100 dilution. Negative control slides were stained by 
incubating tissue sections with PBS instead of primer 
antibody. All specimens were examined under light 
microscope (Leica DM2500, Leica Microsystems 
GmbH, Wetzlar, Germany) and photographed by 
digital camera (Leica DFC 320). In pancreas sections, 
four different Langerhans islets’ areas which were 
randomly chosen were measured and the percentages 
of insulin immunreactive cells (the number of 
immunreactive cells/the number of total islet cells X 
100) were determined using a IM-50 image analysis 
program (AG CH-9435, Leica Microsystems, 
Heerbrugg Switzerland). eNOS immunreactivity in 
aorta sections was assessed semi-quantitatively. In 
addition, aortic wall thickness was measured from 
five different regions of each aorta using a IM-50 
image analysis program. 
 
The data obtained from the study were analyzed by 
one-way ANOVA (SPSS 17). Differences among the 
groups were determined by Duncan’s multiple range 
test. Differences were considered significant at 
p<0.05. 
 

 

RESULTS 
 

In this study, the effect of CoQ10 on plasma oxidant 
status markers in experimentally induced diabetic rats 
were summarized Tablo 1. Plasma GSH and CAT 
levels in diabetic group were found to be significantly 
lower than control group (Table 1, p<0.05). Plasma 
GSH and CAT levels with CoQ10 application to 
diabetic rats statistically increased to diabetic group 
(Table 1, p<0.05). Experimentally induced diabetes 
resulted in significantly increments in plasma TBARS 
level, while this parameter statistically reduced with 
CoQ10 treatment to diabetic rats when compared to 
diabetic group (Table 1, p<0.05). Plasma SOD and 
GPx levels were importantly diminished depend on 
diabetes (Table 1, p<0.05) and the changes in both 
parameters of CoQ10 application to diabetic rats 
compared to diabetic group were not important 
(Table 1). In diabetic group, plasma NO level 
statistically decreased compared to control group 
(Table 1, p<0.05). This parameter slightly increased 
with CoQ10 application to diabetic rats but the 
increment was not important when compared to 
diabetic group. The CoQ10 application to the rats did 
not affect the plasma GSH, TBARS, SOD, GPx, 
CAT and NO levels compared to the control group. 
 
It was observed that the normal histological structure 
was preserved in pancreatic tissue of control, corn oil 
and CoQ10 groups. The contours of Langerhans islets 
in these groups were clearly seen (Figures 1A, 1B) and 
the insulin immunreactive cells were intensively 
stained at the center of the islets (Figures 2A, 2B). In 
the diabetic group, irregularity in the contours of 
Langerhans islets, vacuolization and atrophy in the 
islet cells (Figure 1C) and significant decrease in the 
percentage of the insulin immunreactive cells (Figure 
2C, Table 2) were observed (p<0.05). It was seen that 
the CoQ10 application to diabetic rats led to partially 
improve in pancreatic tissues (Figure 1D). Also, a 
statistically significant increase in the percentage of 
the insulin immunreactive cells was noted in this 
group when compared to the diabetes group (p<0.05) 
(Figure 2D, Table 2). No immunohistochemical 
staining was observed in the negative control 
preparation (Figure 3). There was no statistically 
significant difference between the groups in terms of 
the area of Langerhans islets in the pancreas (Table 
2).  
 
There was no statistically significant difference in 
terms of aortic wall thickness among the groups 
(p>0.05, Figures 4A, 4B, Table 2). In all groups, 
eNOS immunreactivity was seen in the endothelium. 
There was no difference in eNOS immunostaining 
intensity among the groups (Figures 5A, 5B). No 
immunohistochemical staining was observed in the 
negative control preparation (Figure 5C). 
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Figure 1. A: Pancreatic tissue of control group rat. B: Pancreatic tissue of CoQ10 group rat. C. Pancreatic 
tissue of diabetes group rat. D. Pancreatic tissue of CoQ10 and diabetes group rat. Crosmans's Triple stain.  

 

Figure 2. A: Pancreatic tissue of control group rat. B: Pancreatic tissue of CoQ10 group rat. C. Pancreatic 
tissue of diabetes group rat. D. Pancreatic tissue of CoQ10 and diabetes group rat. Insulin 
immunohistochemical staining. Arrows: Insulin immunreactive cells. 
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Figure 3. Negative control insulin immunohistochemical 
staining. 
 

Figure 4. A: Aorta section of control group rat. B: Aorta section of diabetes group rat. Crosmans's Triple 
stain. 

 

Figure 5. A: Aorta section of control group rat. B: Aorta section of diabetes group rat. C: Negative 
control. eNOS immunohistochemical staining. Arrows: eNOS immunreactive cells. 
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Table 1. Effect of CoQ10 on plasma GSH, TBARS, SOD, GPx, CAT and NO levels in streptozotocin-induced 
diabetic rats (Mean±SE). 

 GSH 

(µM) 

TBARS 

(µM) 

SOD 

(U/ml) 

GPx 

(nmol/min/ml) 

CAT 

(nmol/min/ml) 

NO 

(µM) 

Grup 1 24,26±1,13a 7,46±0,58c 26,27±1,68a 44,74±2,58a 51,11±2,64a 16,81±1,76a 

Grup 2 22,47±2,73a 8,72±0,84bc 23,93±2,09a 42,67±3,78a 54,73±2,56a 17,78±1,38a 

Grup 3 23,02±1,85a 8,33±0,81bc 25,62±2,80a 45,43±3,88a 50,82±2,68a 16,35±2,36a 

Grup 4 11,63±1,19b 15,74±1,21a 13,66±1,05b 29,57±1,57b 33,69±2,50c 11,17±1,47b 

Grup 5 19,76±0,85a 10,52±0,79b 17,89±1,29b 32,39±1,88b 41,54±1,61b 13,68±1,07ab 

a-cThe difference between mean values with different superscripts in the same column is significant at the p<0.05 level. Group 1, 
Control, group 2, Corn oil, group 3, CoQ10, group 4, Diabetesis, group 5, CoQ10 and Diabetesis. 

 

Table 2. Langerhans islets’ areas, percentages of insulin immunreactive cells  in pancreatic tissue and aortic wall 
thickness (Mean±SE). 

 Langerhans islets’ areas 
(µm2) 

Percentages of insulin immunreactive 
cells  (%) 

Aortic wall thickness  
(µm) 

Grup 1 15816.53±2487.89 66.62±2.19a 157.28±5.52 

Grup 2 13411.13±2551.95 67.82±1.73a 156.97±8.39 

Grup 3 10299,69±1993.64 69.21±3.52a 152.16±3.47 

Grup 4 8134.84±1884.00 17.66±3.22c 153.61±6.08 

Grup 5 11733.91±2022.48 26.14±2.67b 154.57±2.49 

a-c Differences between mean values with different superscripts in the same column is significant (p<0.05) for each parameter. 
Group 1, Control, group 2, Corn oil, group 3, CoQ10, group 4, Diabetesis, group 5, CoQ10 and Diabetesis. 

 

DISCUSSION 
 
It is suggested that the increases in tissue oxidants 
and oxidative stress play a critical role in the etiology 
of many diseases (Dlugosz et al. 2004). It is reported 
that oxidative stress caused by the increase of free 
radicals is also effective in complications of diabetes 
such as atherosclerosis, retinopathy, nephropathy and 
neuropathy (Hussein et al. 2012, Hussein et al. 2013). 
Free radicals are produced continuously in the body 
during environmental stimuli and normal metabolic 
processes (Halliwell and Gutteridge 1989). Under 
normal physiological conditions, there is a broad 
antioxidant defense system against the adverse effects 
of free radical production in vivo. However, oxidative 
stress occurs the result of the increases in free radical 
production and decreases in antioxidant defense 
capacity or both (Baynes 1991, Mullarkey et al. 1990). 
In addition to the free radical formation in diabetes 
that accelerates lipid peroxidation, there is also a 
question of reductions in SOD, catalase and reduced 
glutathione levels in many tissues (Shih et al. 1999). 
The increase in free radicals due to protein glycation 
and glucose autoxidation contributes to lipid 
peroxidation in diabetes (Baynes 1991, Feillet-
Coudray et al. 1999, Mullarkey et al. 1990). 
 
In the study, reduced glutathione, which is a major 
defense factor of cells against oxidants, decreased 
significantly with diabetes (Table 1, p<0.05), while 
CoQ10 administration to diabetic rats significantly 

increased this parameter compared to the diabetes 
group (Table 1, p<0.05). Glutathione peroxidase 
activity, which inhibits lipid peroxidation as one of 
the organism's antioxidant components, significantly 
decreased in diabetic animals (Table 1, p<0.05). 
Although glutathione peroxidase activity showed a 
certain increase depend on CoQ10 application to 
diabetic animals, the difference was not significant. 
The increase in the reduced glutathione level in 
diabetic animals with CoQ10 administration supports 
the findings reported by various researchers in plasma 
(Ahmadvand et al. 2012) and various tissues 
(Coldiron et al. 2002, Modi et al. 2006, Sena et al. 
2008). 
 
SOD and CAT enzymes, which are important in term 
of the determination of serum antioxidant capacity, 
decreased significantly with experimental diabetes 
(Table 1, p<0.05). The obtained findings from 
diabetic animals are consistent with the data identified 
in streptozotocin-induced diabetic rats by Kedziora-
Kornatowska et al. (2000) and with reductions 
achieved at these enzyme levels in diabetic patients by 
Vessby et al. (2002). CoQ10 administration to diabetic 
rats significantly increased CAT level compared to 
diabetic animals (Table 1, p<0.05). The differences in 
SOD level with CoQ10 administration to diabetic rats 
were not significant. The changing determined at the 
CAT level by CoQ10 application coincides with the 
results of Song et al. (2009) and Lee et al. (2012). 
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NO formation and oxidative stress play an important 
role in the development of diabetic complications. 
Particularly, it was reported that nitric oxide reduction 
is effective in disorders in the vascular system in 
diabetes, while it has been suggested that other 
vasodilatators and hyperlipidemia also contribute to 
vascular disorders (Cohen 2005). It has been reported 
that insulin stimulates NO production by specific 
signaling pathways (phophotidyl-inositol 3-(PI3)-
kinase and protein kinase B), high glucose levels 
reduce NO in diabetes and NO release and 
production also deteriorate due to loss of positive 
effect of insülin (Balletshofer et al. 2000, Tuck 2003, 
Zeng et al. 2000). In this study, significant reductions 
(Table 1, p<0.05) in NO levels with experimental 
diabetes compared to control group seems consistent 
with the above notifications. It was observed that the 
increase in NO level with CoQ10 application to 
diabetic animals removed the difference with the 
control group level. It was observed significantly 
increase in thiobarbituric acid reactive substances 
(TBARS) as lipid peroxidation marker of lipoproteins 
and membranes in diabetic group compared to the 
control group (Table 1, p<0.05). This increase seems 
to be in line with the notifications that TBARS levels 
increase in diabetes (Griesmacher et al. 1995, Kakkar 
et al. 1998, Sundaram et al. 1996). On the other hand, 
there was a significant decline in TBARS level with 
CoQ10 application to diabetic animals compared to 
the diabetes group (Table 1, p<0.05). Unimportant 
changes determined in these parameters with only 
CoQ10 application compared to control group may be 
due to the absence of oxidative damage in healthy 
animals. 
 
It has been proposed various mechanisms in related 
to the positive effects of CoQ10 on the antioxidant 
system in diabetes (Prakash et al. 2010, Song et al. 
2009). It has been reported that CoQ10 can directly 
eliminate free radicals such as lipid peroxyl, peroxyl or 
alkoxyl radicals (Roginsky et al. 2009, Sohal and 
Forster 2007). Forsmark-Andree and Ernster (1994) 
have been reported that CoQ10 may indirectly act as 
an antioxidant via providing α-tocopherol 
regeneration from α-tocoperoxyl radicals formed by a 
reaction between α-tocopherol and lipid peroxyl 
radicals. Tiano et al. (2007) have been suggested that 
nitric oxide is an active antioxidant against free 
radical-mediated lipid peroxidation and that CoQ10 
can reduce free radical and superoxide formation via 
improving nitric oxide bioactivity. Abdin and 
Hamouda (2008) have been also stated that CoQ10 
showed in vivo antiapoptotic effects by increasing the 
expression and activation of mitochondrial proteins 
and consequently, it may function as an antioxidant 
by reduce the formation of free radicals. 
Streptozotocin is a substance that causes decrease of 
insulin-producing capacity by creating damaged via 
oxidative stress in insulin-producing β-cells. Studies 
have shown that the most common organs affected 

oxidative stress related organ damage following 
diabetes is liver, kidney, pancreas, and eye. Severe 
metabolic changes and oxidative disturbances in the 
pancreas also play an important role in the 
pathogenesis of diabetes (Baynes and Thorpe 1999, 
Ihara et al. 1999). In experimental diabetes, it has 
been stated that there is an increase in oxidative stress 
markers in pancreatic islet cells and it has been 
determined damage and dysfunctions in β cells of rats 
(Ihara et al. 1999, Meghana et al. 2007). In this study, 
irregularity in the contours of Langerhans islets, 
vacuolization and atrophy in the islet cells were 
observed in streptozotocin induced diabetic groups. 
These histological findings were found to be 
consistent with datas of the previous conducted 
studies (Kamalakkannan and Prince 2005, Hassan et 
al. 2015, Yaman et al. 2017). In recent studies, it has 
been reported that antioxidants and plant extracts 
improved functional state of pancreatic β cells and 
partially reversed the damage caused by 
streptozotocin to β-cells of the pancreatic islets 
(Kanter et al. 2004, Kamalakkannan and Prince 2005, 
Omar and Atia 2012, Abunasef et al. 2014, Niture et 
al. 2014, Hassan et al. 2015, Yaman et al. 2017). Luo 
et al. (2019) suggested that CoQ10 has beneficial 
effects for reducing mitochondrial injury via its 
antioxidative properties and is effective in 
ameliorating pancreatic β cell dysfunction by 
tacrolimus. Similarly our study, it was seen that the 
CoQ10 application to diabetic rats led to partially 
improve in pancreatic tissues. Also, a statistically 
significant increase in the percentage of the insulin 
immun reactive cells was noted in this group when 
compared to the diabetes group. 
 
Nitric oxide occurs during conversion of L-arginine 
to L-citrulline. This enzymatic pathway is managed by 
nitric oxide synthase (NOS). Nitric oxide synthase has 
at least 3 isoenzymes: Inducible NOS (iNOS) is 
found in macrophages and it is involved in 
pathological events. Structural neuronal NOS 
(nNOS) are found in the brain. Structural endothelial 
NOS (eNOS) are synthesized from endothelial cells, 
endocardial cells, ventricular myocytes and other 
myocardial cells and its activation is dependent on Ca 
and calmodulin (Felaco et al. 2001). It is stated that 
endothelial damage in diabetes may be a consequence 
of glucometabolic and peroxidative stress. It was 
reported that even if high amounts of NO produced 
by iNOS have been seen to be toxic and damaging, 
structurally optimum of NO produced by eNOS is 
required for the protection of endothelial function. 
Therefore, eNOS is important determining of the 
microvascular complications of diabetes and the 
susceptibility to cardiovascular disease (İnan 2015, 
Kröncke et al. 1995, Özgün et al. 2014). In this study 
conducted by Felaco et al. (2001) related with eNOS 
localization and expression in myocardial tissue in 
healthy and diabetic rats, it was reported that there 
was no difference between the diabetic group and the 
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control group in terms of eNOS immunreactivity in 
myocytes and there was less immunreactivity in the 
diabetic group compared to the control group in the 
vascular endothelium. In this study, there was no 
difference among the groups in terms of eNOS 
immunreactivity in aortic endothelium. Long-term 
complications of diabetes are retinopathy, 
nephropathy and cardiovascular disease. In fact, the 
duration of this study is thought to be insufficient for 
the development of cardiovascular complications. 
 
As a result, if it regards to the significant changes 
particularly in the levels of GSH, CAT, TBARS and 
positively changes in NO level with CoQ10 
administration to experimental diabetic rats, it was 
concluded that CoQ10 may alleviate the negative 
effects of diabetes on these parameters and that it 
may be useful due to protective properties in diabetes. 
The histological findings of the study support 
partially the changes in some plasma enzyme levels as 
a result of CoQ10 application. It has been thought that 
the determined data may contribute to the studies be 
conducted the same subject in the future and further 
studies are required in different dose and duration. 
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ABSTRACT 

Metabolic syndrome is a fatal endocrinopathy, which is progressed towards pandemic, and characterized by 
insulin resistance, abdominal obesity, dyslipidemia, diabetes mellitus, hypertension and coronary artery disease 
(CAD). In the present study, it is aimed to investigate the histomorphological and histochemical changes caused 
by the metabolic syndrome in rat kidneys. For this purpose, the material was divided into two groups: 10 rats in 
the control group and 15 rats in the experimental group. During 16 weeks, while tap water was given to control 
group rats, water including 20% fructose solution was given to experimental group rats as drinking water. At the 
end of the study, Crossman's triple staining method was performed to determine the histological appearance and 
histomorphological changes in the sections taken from the kidneys. Periodic Acid Schiff Reagent (PAS) staining 
method was performed for histochemical analysis. The results of the study showed that the tubulus proximalis 
diameter, tubulus proximalis glycogen density, and glomerular mesangial matrix density increased, corpusculum 
renis diameter, width of cavum glomeruli and ascending limb of Henle’s loop diameter decreased. In conclusion, 
it is demonstrated that metabolic syndrome may adversely affect kidney histology and cause renal damage. 
Keywords: Metabolic syndrome, fructose, histology, kidney, rat 
 

*** 

 
Ratlarda Fruktoz ile Oluşturulmuş Metabolik Sendromun Böbrek Histolojisi Üzerine Etkileri 

 
ÖZ 

Metabolik sendrom pandemiye doğru ilerleyen, insülin direnci, abdominal obezite, dislipidemi, diabetes mellitus, 
hipertansiyon ve koroner arter hastalığı (KAH) ile karakterize ölümcül bir endokrinopatidir. Sunulan çalışamada 
metabolik sendromun rat böbreklerinde oluşturduğu histomorfolojik ve histokimyasal değişimlerin araştırılması 
amaçlanmıştır. Bu amaçla materyal kontrol grubunda 10, metabolik sendrom grubunda 15 rat içerecek şekilde iki 
gruba ayrıldı. Kontrol grubundaki ratlara 16 hafta süresince çeşme suyu verilirken, metabolik sendrom grubundaki 
ratlara içme suyu olarak % 20 fruktoz çözeltisi verildi. Deneme sürecinin sonunda böbreklerden alınan kesitlerde 
histolojik görünümü ve histomorfolojik değişimleri belirlemek amacıyla Crossman’s üçlü boyama metodu, 
histokimyasal analiz amacıyla Periyodik Asit Schiff Reagent (PAS) boyama metodu uygulandı. Elde edilen veriler 
tubulus proksimalis çapı ve glikojen yoğunluğu ile glomerular mezangial matriks yoğunluğunun arttığını, 
korpuskulum renis çapı, Bowman aralığı genişliği ve çıkan henle çapının azaldığını göstermiştir. Sonuç olarak, 
metabolik sendromun böbrek histolojisini olumsuz yönde etkileyerek renal hasara sebep olabileceği ortaya 
konmuştur. 
Anahtar Kelimeler: Metabolik sendrom, fruktoz, histoloji, böbrek, rat 
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INTRODUCTION 
 
Metabolic syndrome is a fatal endocrinopathy 
characterized by a combination of cardiometabolic 
risk factors such as insulin resistance, abdominal 
obesity, atherogenic dyslipidemia, glucose 
intolerance/diabetes mellitus, high blood pressure 
and coronary artery disease (CAD) (Zimmet et al. 
2005). Metabolic syndrome is also defined by 
different terms such as insulin resistance syndrome, 
syndrome X, polymetabolic syndrome, fatal quart, 
and civilization syndrome. World Health 
Organization (WHO) emphasized and suggested that 
it is more appropriate to term all of the risk factors as 
“metabolic syndrome” in 1998 (Alberti and Zimmet 
1998). Metabolic syndrome is an important cause of 
morbidity that affects more and more people in both 
developed and developing countries. In addition to 
environmental factors such as adopting a sedentary 
lifestyle and changes in nutritional habits, some of the 
inheritance features play a role in this growth that 
progresses to pandemic (Işıldak et al. 2004). Insulin 
resistance is caused by increased blood sugar, 
excessive secretion of insulin, increased low-density 
lipoprotein (VLDL cholesterol, bad cholesterol) and 
increased free fatty acids in the blood (Aganović and 
Dušek 2007). In particular, the consumption of large 
amounts of fructose plays a major role in the 
formation of insulin resistance (Ng et al. 2018). 
 
Fructose is a six-carbon monasaccharide found in 
many foods. It is very easily soluble in water and has a 
white solid appearance. Many foods such as fruits, 
honey, roots of some vegetables contain significant 
amounts of fructose in nature. It is estimated that 
approximately 240 000 tons of fructose is produced 
naturally every year in the world through autotrophic 
organisms (Wach 2004). Pure fructose, taken with 
foods, is not digested. However, when taken as 
sucrose, the sucrase enzyme in the small intestine 
catalyzes this disaccharide and decomposes it into its 
basic units: fructose and glucose. Fructose joins the 
small intestine without undergoing any change and 
joins the bloodstream (Ribby et al. 1993). Glucose 
transporter 5 (GLUT-5) mediates the uptake of 
fructose into the cell in the small intestine. However, 
fructose can not be taken into the cell since GLUT-5 
is not present in the ß cells of the brain and pancreas. 
Therefore, while feeding on a diet rich in fructose, a 
feeling of satiety does not occur. Since there is no 
saturation feeling, metabolic syndrome develops due 
to more food intake (Bray et al. 2004). 
 
To form metabolic syndrome models in laboratory 
animals, it is given diets including fructose 60-70% of 
the total energy or added 10-20% of fructose to water 
(Sanchez-Lozada et al. 2007, Gelmez et al. 2013 ). 
The metabolic syndrome formed by this method in 
rats increases serum urea, creatinine, aspartate 
aminotransferase (AST), alanine aminotransferase 

(ALT) and glucose levels while decreasing high-
density lipoprotein (HDL, good cholesterol) (Yıldırım 
2017). Histologically, in the kidneys, it increases the 
tubulus proximalis area (Oudot et al. 2013, Yang et al. 
2014) and width of cavum glomeruli (Yanti et al. 
2014), while the corpusculum renis and glomerulus 
area (Saleh et al. 2017) and the glomerulus diameter 
are reduced (Yanti et al. 2014). It also causes tubular 
basement membrane thickness (Öztürk et al. 2005), 
dilatation of tubules in the medulla area (Kizhner and 
Werman 2002), glomerular mesangial matrix increase 
(Kizhner and Werman 2002, Öztürk et al. 2005), 
mesangial collagen accumulation and Bowman 
capsule thickness (Kizhner and Werman 2002). Also, 
it causes tubular degeneration (Yang et al. 2014, 
Yıldırım. 2017), tubular vacuolations (Yıldırım, 2017), 
cortical tubular necrosis (Kizhner and Werman 2002), 
interstitial inflammation (Kizhner and Werman 2002, 
De Castro et al. 2013, Yıldırım 2017), fat cells 
accumulation, hemosiderin pigment formation in 
tubular cell cytoplasmes and glomerulosclerosis 
formation (De Castro et al. 2013). 
 
In the present study, it is aimed to investigate the 
histomorphological and histochemical changes caused 
by the metabolic syndrome in rat kidneys. 
 

MATERIAL and METHODS 
 
The study was performed with prior permission (no. 
64583101/2016/75) from the Ethics Committee of 
Aydin Adnan Menderes University (Aydin, Turkey). 
A total of 25 healthy adult male Wistar albino rats 
(Rattus rattus norvegicus) (approximately 90 days old) 
were used in the present study. The rats were 
obtained from the Department of Laboratory 
Animals of Aydin Adnan Menderes University 
(Aydin, Turkey). The animals were housed in 
polycarbonate rat cages under standard laboratory 
conditions (temperature 24 + 1C, a 12-h light/dark 
cycle). Food (Bil-Yem, Ankara, Turkey), and water 
was supplied ad libitum. The duration of treatment was 
16 weeks. The rats were randomly separated into two 
groups consisting of 10 rats in the control group and 
15 rats in the experimental group. The number of 
animals in the experimental group was kept higher 
than the control group in order to ensure compliance 
of the data to normal distribution. 
 
During 16 weeks, while tap water was given to the 
rats in the control group, water including 20% D-
fructose solution was given to the rats in the 
experimental group as drinking water (Merck D (-)-
Fructose for Biochemistry 1.04007.0250) (De Moura 
et al. 2008). The fructose solution was prepared daily. 
 
At the end of the sixteen-week experiment, animals in 
all groups were sacrified by cervical dislocation under 
ether anesthesia. After the kidneys were removed, 
both kidneys were weighed separately and together. 
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Kidneys of animals were fixed in 10%  neutral 
buffered formalin for 24 hours for histological 
examinations. Fixed tissues were embedded in 
paraffin, following routine procedures. The paraffin 
tissue blocks were cut serially at intervals of 300 μm 
and a thickness of 6 μm. 
 
Histological and Histomorphological Analyzes 
Crossman’s triple staining method was used for 
histomorphological analysis and the evaluation of 
histological changes in serial sections (Crossman 
1937). After Crossman’s triple staining, sections were 
examined using a light microscope. (Leica DMLB, 
Meyer Instruments, Inc., Houston, TX). 
 
Corpusculum renis count was determined on three 
slides for each animal using triple staining method. 
For this purpose, corpusculum renises were counted 
in 15 fields in 9x106 µm2 each area. Besides, 
corpusculum renis diameter, width of cavum 
glomeruli, tubulus proximalis diameter and ascending 
limb of Henle's loops diameter were measured. For 
each animal, a total of 30 corpusculum renis, tubulus 
proximalis and ascending limb of Henle's loop were 
examined and measured interactively using of image 
analysis program (Leica Q-Win Standard, Q-Win Plus 
3.5 software, Leica Cambridge Ltd., Cambridge, UK). 
 
Histochemical Analyzes  
Periodic Acid Schiff Reagent (PAS) staining method 
(Culling et al. 1985) was performed to the sections for 
histochemical analysis and the cortex of these 
preparations were examined under a light microscope.  
Glomerular mesangial matrix density, glycogen 
density in tubulus proximalis epithelial cells and 
tubulus proximalis basement membrane thickness 
were determined semi-quantitatively in two sections, 
which were performed PAS staining method. For this 
purpose, a total of 20 pieces of the glomerulus and 
tubulus proximalis for each animal were examined 
with an x20 objective. Subjective scoring (0: No cell 
staining, 1: Low-intensity staining, 2: Moderate 
intensity staining, 3: Intensive staining) was 
performed to evaluate the staining intensity at the end 
of the experiment. 
 
Statistical Analysis 
A computerized statistical package SPSS (for 
Windows; version 22.0) was used to perform the 
statistical analysis. The results were presented as mean 
+ standard deviation. A student's t-test was 
performed to determine the statistical difference 
between the obtained from control and experimental 

groups in terms of both individual and total weights 
of the kidneys, corpusculum renis diameter, width of 
cavum glomeruli, tubulus proximalis diameter, and 
ascending limb of Henle's loops diameter. 
Corpusculum renis count, glomerular mesangial 
matrix density, glycogen density in tubulus proximalis 
epithelial cells and tubulus proximalis basement 
membrane thickness were determined by Mann-
Whitney U test. The values of p<0.05, p<0.01, and 
p<0.001 were considered to be statistically significant. 
 

RESULTS 
 
Kidney weights 
Kidney weights in the control and experimental 
groups are given in Table 1. When the groups were 
compared in terms of kidney weights, it was 
determined that there was no statistical difference 
(Table 1). 
 
Histological and histomorphological analyzes  
Kidneys of the rats in the control group have a 
normal histological appearance.  
The corpusculum renis count, corpusculum renis 
diameter, width of cavum glomeruli, tubulus 
proximalis diameter and ascending limb of Henle's 
loops diameter in the control and experimental 
groups are given in Table 2. Corpusculum renis count 
determined in cross-sections using Crossman's triple 
staining method did not make a statistical difference 
between the control and experimental groups. In the 
experimental group, while the corpusculum renis 
diameter, width of cavum glomeruli and the 
ascending limb of Henle's loops diameter decreased 
(p<0.01), the tubulus proximalis diameter increased  
(p<0.01) (Table 2) (Figure 1, 2 and 3). 
 
Histochemical analyzes 
The glomerular mesangial matrix density, glycogen 
density in tubulus proximalis epithelial cells and 
tubulus proximalis basement membrane thickness 
scores in the control and experimental groups are 
given in Table 3. In the examination performed in 
terms of glomerular mesangial matrix density and 
glycogen density in tubulus proximalis epithelial cells 
in PAS stained sections, it was found that the density 
of the staining significantly increased in the 
experimental group compared to the control group 
(p<0.01) (Figure 4). Also, tubulus proximalis 
basement membrane thickness was found to be 
higher in the experimental group, but no statistical 
significance was determined (Table 3). 
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Figure 1. Corpusculum renis in the control (A) and experimental (B) groups. Corpusculum renis diameter 
(black lines) and width of cavum glomeruli (stars) significantly reduced in the experimental group 
compared to the control group. Crossman triple staining. Scale bar: 20 µm. 

 

 
 

Figure 2. Tubulus proximalis (stars) in the control (A) and experimental (B) groups. Tubulus proximalis 
diameters were significantly higher in the experimental group than the control group. Crossman triple 
staining. Scale bar: 20 µm. 

 

 
 

Figure 3. Ascending limb of Henle's loops in the control (A) and experimental (B) groups. Ascending 
limb of Henle's loops diameter (stars) significantly reduced in the experimental group compared to the 
control group. Crossman triple staining. Scale bar: 20 µm. 
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Figure 4. Corpusculum renis (triangle) and tubulus proximalis (stars) in the control (A) and experimental 
(B) groups. PAS-positive mesangial matrix and tubulus proximalis were significantly higher in the 
experimental group than the control group. PAS: Periodic acid-Shiff. PAS staining. Scale bar: 20 µm. 

 
 
Table 1. Kidney weights in the control and experimental groups. 

Group n Right kidney weight 

(g) (x±Sx) 

Left kidney weight 

(g) (x±Sx) 

Total kidney weight 

(g) (x±Sx) 

Control 10 1.54 ± 0.04 1.44 ± 0.03 2.98 ± 0.06 

Experimental  15 1.61 ± 0.06 1.43 ± 0.04 3.04 ± 0.09 

p  NS NS NS 

NS: not significant, n: no. of rats, x: mean, Sx: standard error of mean (SEM). 

 

 
Table 2. Corpusculum renis count, corpusculum renis diameter, width of cavum glomeruli, tubulus proximalis 
diameter and ascending limb of Henle's loops diameter in the control and experimental groups. 

Group n Corpusculum 

renis 

count 

 

 

(x±Sx) 

Corpusculum 

renis 

diameter  

(µm) 

 

(x±Sx) 

Width of cavum 

glomeruli 

(µm) 

 

 

(x±Sx) 

Tubulus 

proximalis 

diameter 

(µm) 

 

(x±Sx) 

Ascending limb of 

Henle's loops 

diameter (µm) 

 

 

(x±Sx) 

Control 10 6.31 ± 0.38 102.17 ± 1.05 15.83 ± 0.25 40.07 ± 0.42 30.39 ± 0.32 

Experimental 15 5.56 ± 0.28   95.13 ± 0.68 14.02 ± 0.19 42.24 ± 0.36 27.58 ± 0.22 

p  NS *** *** *** *** 

***: p < 0.01, NS: not significant, n: no. of rats, x: mean, Sx: standard error of mean (SEM). 

 
 

 

Table 3. Glomerular mesangial matrix density, glycogen density in proximal tubular epithelial cells, and tubulus 
proximalis basement membrane thickness in the control and experimental groups. 

Group n Glomerular 

mesangial 

matrix density 

(x±Sx) 

Glycogen density in 

tubulus proximalis 

epithelial cells  

(x±Sx) 

Tubulus proximalis 

basement membrane 

thickness  

(x±Sx) 

Control 10 1.42 ± 0.04 1.38 ± 0.03 1.32 ± 0.03 

Experimental  15 2.13 ± 0.04 1.62 ± 0.04 1.40 ± 0.03 

p  *** *** NS 

***: p < 0.01, NS: not significant, n: no. of rats, x: mean, Sx: standard error of mean (SEM). 
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DISCUSSION 
 
Kidney weights 
Oudot et al. (2013) and Bratoeva et al. (2017) found 
that feeding with high doses of fructose increases 
statistically kidney weight. In study by Oudor et al. 
(2013), this increased kidney weight due to feeding 
with high fructose diet was associated with kidney 
hypertrophy characterized by an increase in tubulus 
proximalis and glomerulus area. In this study, a non-
significant difference was observed between the 
control and experimental group; however, a 
numerical increase was observed in the kidney weight 
of the rats in the experimental group. The reason for 
the absence of a significant difference is thought to 
be due to using a lower dose of fructose in our study 
than the other related studies. 
 
Histological and histomorphological analyzes  
The histological appearance of the kidney tissues in 
the control group was compatible with the literature 
(Saleh et al. 2017, El-Kafoury et al. 2019). 
 
As a result of a study performed by adding 10% and 
20% fructose to drinking water for eight weeks in 
rats, they found that the corpusculum renis and 
glomerulus area and the glomerulus diameter 
decreased significantly in comparison to the control 
group (Yanti et al. 2014, Saleh et al. 2017). In 
addition, Oudot et al. (2013) found that feeding with 
high doses of fructose increases statistically 
glomerulus area. In the present study, it was 
determined that the corpusculum renis diameter 
decreases in the experimental group that fructose was 
administered. The results were compatible with some 
related studies (Yanti et al. 2014, Saleh et al. 2017). 
The reduction in corpusculum renis diameter may be 
associated with interstitial fibrosis, characterized by 
the accumulation of matrix proteins in the kidneys 
due to fructose administration (Saleh et al. 2017). 
 
Another study found that fructose administration was 
increased the width of cavum glomeruli, whereas 
width of cavum glomeruli decreased in the present 
study (Yanti et al. 2014). It can be thought that the 
reason for this decrease occurred due to the increase 
in glomerular mesangial matrix density. 
 
Other studies showed that fructose administration to 
rats increased tubulus proximalis area in kidneys 
(Oudot et al. 2013, Yang et al. 2014). Consistent with 
literature, present study determined that the tubulus 
proximalis diameter increased in the experimental 
group. In the study of Choi et al (2011), they reported 
that the reason for this increase may be related to 
tubular cell proliferation caused by high fructose 
feeding of rats. 
 
Our result showed that the diameter of the ascending 
limb of Henle's loops was decreased. But, in the 

literature review, there is no study about how fructose 
administration affects the diameter of the ascending 
limb of Henle's loops. The decrease in the diameter 
of ascending limb of Henle's loops may be thought to 
occur due to an increase in fat cell deposition and 
fibrous tissue formation in kidneys due to high 
fructose exposure (De Castro et al. 2013, Yang et al. 
2014, Abdel-Kawi et al. 2016, Bratoeva et al. 2017). 
 
Histochemical analyzes 
The present study showed that increase in glomerular 
mesangial matrix density in rats in the experimental 
group was found to be compatible with the studies 
conducted by Kizhner and Werman (2002) and 
Öztürk et al (2005). Increased density in the 
mesangial matrix can cause mesangial sclerosis and 
thus kidney dysfunction (Tomooka et al. 1992). 
Therefore, it can be said that long-term fructose 
administration may negatively affect kidney function. 
 
In the literature review, it was not found a histological 
study on how fructose administration affects PAS 
positivity in tubulus proximalis in the kidneys. In the 
present study, it was found that fructose 
administration on rats for 16 weeks increased the 
positivity of PAS in tubulus proxmalis. 
Glomerulosclerosis is characterized by mesangial cell 
proliferation and increased PAS positivity in the 
mesangial matrix. Tubular ischemia and interstitial 
fibrosis develop due to the progression of 
glomerulosclerosis. When glucosuria can not be 
controlled,  glucose that absorbed back can be stored 
as glycogen in tubulus epithelium (Crawford and 
Cotran 1999). Therefore, it can be said that the 
increase in glycogen density in tubulus proximalis 
epithelial cells is associated with glomerulosclerosis 
developing due to fructose intake. 
 
Öztürk et al. (2005) reported that the addition of 10% 
fructose to the drinking water of rats for eight weeks 
rarely increases the tubular basement membrane 
thickness. We found no statistically significant 
difference in the tubulus proximalis basement 
membrane thickness among the groups; however, a 
numerical increase was observed in the tubulus 
proximalis basement membrane thickness in the 
experimental group.  
 

CONCLUSIONS 
 

In the present study revealed histological changes 
occurring in the kidneys of the rats with metabolic 
syndrome, which were formed by adding 20% D-
fructose to drinking water for 16 weeks. The present 
study showed that while the corpusculum renis 
diameter, width of cavum glomeruli and the 
ascending limb of Henle's loop diameters decreased 
in the experimental group. Tubulus proximalis 
diameters, glomerular mesangial matrix density and 
glycogen density in tubulus proximalis epithelial cells 
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increased. In the literature review, there are no studies 
on how the metabolic syndrome affects the ascending 
limb of Henle's loop diameter and the density of 
glycogen staining in tubulus proximalis histologically. 
This is the first study that reveals this subject. These 
results about the effects of metabolic syndrome on 
kidney histochemistry and histomorphology will serve 
as a reference for future studies. 
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ABSTRACT 

The aim of present study was to determine the prevalence of mites in the cheese of Develi district of Kayseri 
region and to examine the state of the infestation in the province. The present study detects the presence of mites 
in 122 cheese samples (39 Turkish kashar cheese samples and 83 tulum cheese samples) collected between 
September 2011 and February 2012. When the samples were taken from the cheese, it was preferred that the 
cheese was colored, rotten and moldy. The collected samples were scraped into different petri dishes for each 
sample and lactophenol was added to these petri dishes and they were closed and left to become transparent for 
24 hours. The petri dishes were examined under a stereo-microscope and the presence of mites was investigated.  
These results show that no mites were found in 122 cheese samples analyzed. This is the first study to identify of 
mites in the cheese of Develi district of Kayseri region. Also, investigating the presence of mites would be helpful 
in the maintaining health of humans and environment against mite infestations.  
 
Keywords: Mite, Cheese, Kashar cheese, Tulum cheese, Develi 
 

*** 

 
Kayseri’nin Develi İlçesinde Tüketime Sunulan Peynirlerde Akar Varlığının Araştırılması  

 
ÖZ 

Bu çalışma, Kayseri ilinin Develi ilçesinde tüketime sunulan peynirlerde akar varlığının ortaya çıkarılması ve 
bölgenin akar enfestasyonu durumunun saptanması amacı ile yapılmıştır. Araştırma için 2011 Eylül-2012 Şubat 
tarihleri arasında Develi ilçesinde toplam 122 tane peynir (39 tane kaşar ve 83 tane tulum peyniri) toplanmış ve 
akar varlığı açısından incelenmiştir. Peynir numuneleri peynirlerin renkli, kokuşmuş ve küflü kısımlarından 
alınmıştır. Elde edilen peynir örnekleri etiketlenerek farklı petri kutularında ezilmiştir. Daha sonra bunların üzerine 
laktofenol çözeltisi eklenerek üstü kapatılmış ve 24 saat süre ile şeffaflaştırılmıştır. Elde edilen preparatlar 
stereomikroskop ile incelenmiş ve akarların varlığı araştırılmıştır. Çalışma sonucunda 122 adet peynir 
numunesinde akar varlığına rastlanılmamıştır. Sonuç olarak Kayseri’nin Develi ilçesinde peynir akarları ilk defa 
araştırılmış olup muayene edilen peynirlerde akar tespit edilmemiştir. Peynirlerde akar varlığının araştırılması, akar 
enfestasyonlarından insan sağlığı ve çevrenin korunmasında faydalı olacaktır.  
 
Anahtar Kelimeler: Akar, Peynir, Kaşar, Tulum, Develi 
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GİRİŞ 
 
Arthropoda’nın Arachnida sınıfının Acarina sınıf 
altında bulunan akarlar insan sağlığı ve ekonomik 
açıdan oldukça önemlidir (Göçmen 2000). İç ortam 
alerjenlerinin en başta gelen kaynaklarından biri olan 
akarlar insanların tüm yaşam alanlarında bulunabilirler 
(Cevizci ve ark. 2010). Akarlar küçük (100-700µm), 
kolaylıkla dağılabilen, nemli çevrelerde ve besinlerle 
birlikte birkaç ay canlı kalmayı başarabilen 
artropodlardır (Peace 1983).Yapılan çalışmalarda 
akarların; alerjik rinit, astım, atopik dermatit, alerjik 
nezle, mevsimsel keratokonjonktivit, ürtiker ve 
benzeri alerjik hastalıklara neden olduğu ortaya 
konulmuştur (Çobanoğlu 1996, Thind ve Clarke 
2001). 
 
Türkiye’de peynir akarları ile ilgili ilk çalışma 
Mimioğlu tarafından 1959 yılında gerçekleştirilmiş 
olup, bu çalışmayı sırasıyla Oytun (1969), Tiğin ve 
Özer (1971), Çobanoğlu ve Toros (1988), Umur 
(1995), Yaman ve ark. (2000), Aygun ve ark. (2007) ile 
Aygün ve ark. (2007), Karatepe ve ark. (2017), 
Karadere ve Karatepe (2017) tarafından yapılan 
çalışmalar takip etmiştir. Türkiye’de yapılan bu 
çalışmalarda; Acarus siro, Caloglyphus rhizoglyphoides, A. 
immobilis, Tyrophagus longior, Glycophagus domesticus ve T. 
putrescentiae akar türleri tespit edilmiştir.  
 
Bu araştırma, Kayseri’nin Develi ilçesinde semt 
pazarlarında satışı yapılan peynirlerde akar varlığının 
belirlenmesi amacı ile yapılmıştır. 
 

MATERYAL ve METOT 
 
Çalışma Merkezi 
Kayseri’ye bağlı Develi ilçesi yer şekilleri itibarıyla 
sade bir görünüme sahiptir ve bu yönüyle İç 
Anadolu’nun kendisine mahsus olan yeryüzü 
şekillerinin genel özelliklerini yansıtır. Develi, Erciyes 
Dağı’nın 6 km güneyinde kurulmuş olup, 38°-27’ 

kuzey enlemi ve 33°-17’ doğu boylamında 
bulunmaktadır (Süme 2008). Develi havzasında 
karasal iklim gözlenmektedir. Yaz ayları kurak ve 
sıcak, kış ayları soğuk, gece ve gündüz, yaz ve kış ısı 
farkları yüksektir. Temmuz-Ağustos ayları en sıcak 
aylar olarak belirlenmiştir (Kaya 2008). 
 
Çalışmanın yapıldığı 6 ay boyunca Kayseri’nin Develi 
ilçesine ait meteorolojik bilgiler elde edilmiştir (Tablo 
1). Peynir numunelerinin toplandığı Develi ilçesi 
Kayseri şehir merkezine 46,5 km uzaklıkta 
bulunmaktadır.  
 
Materyalin Toplanması ve Saklanması  
Develi ilçesinde çeşitli peynirler üzerinde akar 
faunasını belirlemek amacıyla yapılan bu çalışmadaki 
numuneler, Eylül 2011-Şubat 2012 ayları arasında 
toplanmıştır (Tablo 2). Alınan peynir örneklerinin 
küflü, kokuşmuş ve renk değişikliği gösteren kısımlar 
olmasına dikkat edilmiştir. Her ay alınan peynirler 
küçük naylon poşetlere konularak protokol numarası 
verilmiş ve laboratuvara getirilerek buzdolabı şartları 
altında saklanmıştır.   
 
Şeffaflandırma İşlemi 
Peynir örnekleri etiketlenerek farklı petri kutularına 
konulmuş ve plastik bıçak kullanılarak ezilmiştir. 
Daha sonra petri kutularına laktofenol (44 ml laktik 
asit, 44 gr kristal fenol, 88 ml gliserin, 88 ml distile su) 
eklenerek bir gün süre ile saydamlaştırılmaya 
bırakılmıştır.  
 
Akar Preparatlarının Yapılması 
Petri kutuları stereomikroskop altında incelenerek 
akarların belirlenmesi amacıyla lam lamel arasında 
preparatlar hazırlanarak Kanada balzamı ile 
yapıştırılması planlanmıştır. Preparatların 
stereomikroskop altında incelenmesi ve akar türlerinin 
teşhislerinin yapılarak fotoğraflarının çekilmesi 
planlanmıştır. 
 

 

 
Tablo 1. Kayseri iline ait 2011 Eylül-2012 Şubat ayları arası meteorolojik bilgileri 
Table 1. Meteorological information of Kayseri province between September 2011 and February 2012 

 
AYLAR 

Aylık Yağış  
Toplamı (mm) 

Ortalama Sıcaklık (oC) Aylık Ortalama Nispi Nem (%) 

Eylül 2011 3,0 17,5 45,6 
Ekim 2011 28,2 10,0 60,1 
Kasım 2011 23,5 1,0 69,5 
Aralık 2011 29,9 0,7 69,3 
Ocak 2012 36,5 -1,5 76,5 
Şubat 2012 47,4 -3.7 76,6 
TOPLAM 168,5 24 397,6 

ORTALAMA 28,08 4,0 66,26 
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Tablo 2. Peynir örneklerinin aylara göre dağılımı 
Table 2. Distribution of cheese samples by months 

Aylar Kaşar peyniri Tulum peyniri Toplam 

Eylül 2011 13 6 19 

Ekim 2011 5 17 22 

Kasım 2011 3 18 21 

Aralık 2011 10 12 22 

Ocak 2012 6 13 19 

Şubat 2012 2 17 19 

TOPLAM 39 83 122 

 
 

BULGULAR 
 
Çalışmada, Kayseri’nin Develi ilçesinden Eylül 2011-
Şubat 2012 tarihleri arasında, Eylül 2011’de 19, Ekim 
2011’de 22, Kasım 2011’de 21, Aralık 2011’de 22, 
Ocak 2012’de 19, Şubat 2012’de 19 olmak üzere, 
toplanan 122 adet peynir numunesinden (39 adet 
kaşar ve 83 adet tulum peyniri) hiçbirinde akar varlığı 
tespit edilememiştir. 
 

TARTIŞMA ve SONUÇ 
 
Dünyada çeşitli peynir türlerinde yapılan çalışmalarla 
akarların varlığı ortaya konulmuş ve önemlerinden 
bahsedilmiştir (Peace 1983, Sánchez-Ramos ve ark. 
2007, Melnyk ve ark. 2009, Sánchez-Ramos ve 
Castañera 2009). Ülkemizde peynir üretim ve tüketimi 
bölgelere göre farklılık göstermekte ve peynirler 
üzerinde gerçekleştirilen araştırmalarda Acarus siro’nun 
başlıca teşhis edilen akar türü olduğu belirlenmiştir 
(Cevizci ve ark. 2010).  
 
Türkiye’de ilk kez Mimioğlu (1959) ve Oytun (1969) 
eski ve keskin kokulu peynir ve sucuk gibi besin 
maddelerinde Tyraglyphus farinea’yi saptamışlardır. 
Daha sonra Tiğin ve Özer (1971), kaşar peynirlerinde 
A. siro ve Caloglyphus rhizoglyphoides türlerini, 
Çobanoğlu ve Toros (1988), kurum ve 
kuruluşlarından toplanan kaşar örneklerinde A. 
immobilis, Tyrophagus longior ve Glycophagus domesticus 
türlerini tespit etmişlerdir. 
 
Ülkemizin farklı yörelerinde yapılan çeşitli 
çalışmalarda; Umur (1995) Kars’ta kaşar peynirlerinde, 
Yaman ve ark. (2000) Konya’da küflü ve tulum 
peynirlerde, Aygün ve ark. (2007) Erzurum’da civil 
peynirlerinde, Karatepe ve ark. (2017) Niğde’de, 
Karadere ve Karatepe (2017) ise Ankara’nın Mamak 
ilçesinde kaşar ve tulum peynirlerinde A. siro tespit 
etmişler ve farklı enfestasyon oranları belirlemişlerdir. 
Ayrıca Aygun ve ark. (2007) Hatay yöresinde özel 

geleneksel bir çökelekte yaptıkları çalışmada T. 
putrescentiae türünü saptamışlardır. 
 
Kayseri’nin Develi ilçesinde ilk kez gerçekleştirilen bu 
çalışma ile Develi’nin semt pazarlarından toplanan 
kaşar ve tulum peyniri örneklerinde akar varlığı 
araştırılmış ve herhangi bir akar enfestasyonu tespit 
edilememiştir. Bu durum, Kayseri’ye bağlı Develi 
ilçesinin sahip olduğu sıcaklık ve nispi nemin (Kayseri 
ilinde 2011 Eylül-2012 Şubat ortalama sıcaklık 4°C ve 
nispi nem ortalaması %66.26 olarak belirlenmiştir) 
akar gelişimi için uygun olmadığını düşündürmektedir. 
Bunun yanında peynirlerde üretim ve depolama 
koşullarının hijyenik olarak yapılması da bölgede 
enfestasyon oranının belirlenememesi ile ilişkili 
olabilir. 
 
Sonuç olarak, bu araştırma Develi yöresi kaşar ve 
tulum peynirlerinde akar varlığını göstermek için 
yapılan ilk çalışmadır. Akarların sebep olduğu 
hastalıklar astım, dermatit, konjuktivit, sindirim 
sistemi ve idrar yolu hastalıkları, anaflaksi ve alerjik 
rahatsızlıklar olup bunlar insan sağlığı bakımından 
dikkate alınması gereken durumlardır (Cevizci ve ark. 
2010). Ayrıca akar enfestasyonları peynirlerin 
görünümlerinde bozulmalara ve satışları sırasında 
problemlere neden olmaktadır (Çobanoğlu ve Toros 
1988). Develi yöresi peynir örneklerinde akar 
enfestasyonunun olmaması peynirlerin akar açısından 
güvenilir olduğunu göstermektedir. Bunun yanında 
akarların insan sağlığındaki olumsuz etkileri göz 
önüne alındığında, peynir üretiminde çalışan 
personelin eğitimi ve bilinçlendirilmesi yapılmalı, 
peynir üretimi, depolama ve pazarlama aşamalarında 
nem ve sıcaklık oranı ayarlanmalı ve gerekli hijyenik 
şartlara uyulması sağlanmalıdır.  
 

TEŞEKKÜR 
 
Bu çalışma Tuğba SOLMAZ’ın Yüksek Lisans tezinden 
özetlenmiştir. 
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Çıkar Çatışması: Yazarlar, çıkar çatışması olmadığını 
beyan eder. 
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ABSTRACT 

Imidacloprid is a neonicotinoid group insecticide and is widely used in veterinary medicine for the control of 
pests such as lice and fleas in domestic animals. Insecticides are known that they induce toxic effects on living 
organism, causing oxidative stress and DNA damage. Taurine plays a role in many physiological and biochemical 
functions and provides an antioxidant effect by stabilization of biological membranes. This study investigated the 
effect of imidacloprid on DNA damage and reproductive performance and the possible protective effect of 
taurine in Drosophila melanogasters. Imidacloprid (0.6 µM) alone or in combination with taurine (1, 2 ve 3 mM) were 
given to broths for 20 days. The results of the study showed that imidacloprid application decreased reproductive 
performance and increased DNA damage in groups, whereas these effects decreased with taurine administration. 
In conclusion, it was determined that the adverse effects of imidacloprid regarding DNA and reproductive 
performance in Drosophila melanogasters were prevented by taurine application. 
Keywords: DNA damage, Drosophila melanogaster, imidacloprid, taurine 
 

*** 

 
Drosophila melanogaster Modelinde Imidakloprid ile İndüklenen DNA Hasarı ve Üreme Performansı 

Üzerine Taurinin Koruyucu Etkileri 
 

ÖZ 
İmidakloprid, neonikotinoid grubu bir insektisid olup evcil hayvanlarda bit ve pire gibi zararlı böceklerin kontrolü 
için veteriner hekimlik alanında yaygın olarak kullanılmaktadır. İnsektisitlerin canlılarda toksik etki gösterdiği, 
oksidatif strese ve DNA hasarına neden olduğu bilinmektedir. Taurin birçok fizyolojik ve biyokimyasal olayda rol 
almakta ve  biyolojik membranlarda stabilizasyonunu sağlayarak antioksidan etki göstermektedir. Bu çalışmada 
imidaklopridin DNA hasarı ve üreme performansına etkisi ve buna karşın taurinin olası koruyucu etkisi Drosophila 
melanogaster’lerde araştırıldı. İmidakloprid (0,6 µM) tek başına  ve taurin (1, 2 ve 3 mM) ile birlikte besi yerlerine  20 
gün boyunca ilave edildi. Çalışmanın sonuçları, imidakloprid uygulamasının gruplarda üreme performansını 
azalttığını ve DNA hasarında artış meydana getirdiğini, buna karşın taurin uygulaması ile bu etkilerin azaldığını 
gösterdi. Sonuç olarak Drosophila melanogaster’lerde imidaklopridin DNA ve üreme performansında yol açtığı 
olumsuz etkilerin taurin uygulaması ile engellendiği belirlendi.  
Anahtar Kelimeler: DNA hasarı, Drosophila melanogaster, imidakloprid, taurin 
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INTRODUCTION 
 
Pesticides can be defined as preparations or 
substances that are employed to control, repel, 
destroy pests including weeds, insects, rodents, fungi 
and molds. They possess many different groups and 
are classified based on their target pests (Costa 2013; 
Richardson 2019). Pesticides are essential both in 
agriculture and public health. However, their 
molecular targets are mainly found to be in pests and 
also in non-target species such as humans. This 
situation especially involves neurotoxic pesticides 
(Bonner and Alavanja 2017, Richardson et al. 2019).  
Neonicotinoid pesticides have been firstly introduced 
at the beginning of the 1990s, and widely employed as 
insecticides throughout the world in many areas 
including veterinary, agriculture, and residential 
environment due to their ease of application and high 
efficacy against insect controls (Zhang et al. 2018).  
Imidacloprid appeared in the global market as the 
first representative of neonicotinoids and became 
best-selling insecticide worldwide (Amjad et al. 2018).  
Imidacloprid exhibits its effect by ingestion or 
contact and shows its mode of action by interfering 
with many nicotinic acetylcholine receptors of the 
nervous system. This insecticide binds irreversibly to 
receptors, discharges nerve impulses, and causes 
failure of a neuron. Imidacloprid has a lower binding 
affinity towards the nicotinic receptors of mammals 
than that nicotinic receptors of insects (Kumar et al. 
2013).   
 
Taurine is a sulphur containing amino acid that is 
abundantly found intracellular in humans. This amino 
acid plays important role in many physiological and 
biological functions such as cholestasis prevention, 
bile acid conjugation, osmoregulation, membrane 
stability, neuromodulation of the central nervous 
system, metabolic properties and antioxidant effects 
(Lourenço and Camilo 2002, Ince et al. 2017). 
Taurine deficiency may be resulted in some 
pathological conditions such as renal dysfunctions, 
cardiomyopathy, loss in retinal photoreceptors and 
dysfunctions in pancreatic β cells (Ince et al. 2018). 
Also, some studies showed protective effect of 
taurine against genotoxic damage (Türkez and 
Geyikoğlu 2010, Alam et al. 2011). 
 
Drosophila melanogaster, a eukaryote, has a very short 
and rapid reproductive rate and its many biological, 
physiological and neurological features are similar to 
that of mammals. (Pandey and Nichols 2011, Miguel-
Aliaga et al. 2018). It is employed as a model 
organism in oxidative stress (Soares et al. 2017), 
genotoxicity (Mukhopadhyay et al. 2004) studies.  
The present study aimed to investigate the effect of 
taurine against imidacloprid-induced DNA damage 
and reproductive performance in a Drosophila 
melanogaster model. 
 

MATERIALS and METHODS 
 

Imidacloprid was provided by Biyoteknik A.Ş. 
(Istanbul, Turkey) while taurine was purchased from 
Sigma-Aldrich (St. Louis, MO, USA). In the 
preparation of culture medium 6 g agar, 94 g sugar, 
104 g cornflour, 9 g beer yeast, 6 ml acid mixture 
(7.83 ml orthophosphoric acid + 8.36 ml propionic 
acid + 1081 ml distilled water) and 1020 ml distilled 
water were used. 
 
Drosophila melanogaster cultures were allocated into five 
groups: Group I served as a control, Group II was 
given only imidacloprid at the dose of 0.6 µM, Group 
III, IV and V were given both same doses of 
imidacloprid with Group II and different doses of 
taurine (1, 2 and 3 mM, respectively). The dose of 
imidacloprid was determined based on the previous 
study (Charpentier et al. 2014). Each experimental 
group possessed 10 male and 10 female unpaired and 
mature Drosophila melanogaster inoculated in glass 
culture flasks. These flasks contained 50 ml of broth 
and the incubation period was 20 days. Drosophila 
melanogaster cultures were incubated at 60-70% 
humidity and 24±1°C under laboratory conditions.  
The present study evaluated pupa numbers and 
reproductive performance of Drosophila 
melanogaster groups. The data obtained for pupa 
numbers and reproductive performances in Drosophila 
melanogasters were expressed as numbers and 
percentages. Also, DNA damage (Olive and Banáth 
2006) was determined by Comet analysis and 
expressed as an arbitrary unit (AU). Duncan post-hoc 
test was performed with one-way analysis of variance 
(SPSS 20.0) in DNA damage assessment. Statistically, 
p <0.05 value was considered significant. 
 

RESULTS and DISCUSSION 
 
The effects of imidacloprid alone and in combination 
with taurine on pupa development and reproductive 
performance in Drosophila melanogasters were given 
Table 1 while their effects on DNA damage findings 
were shown in Figure 1. According to the results of 
the present study, imidacloprid application caused a 
decrease in pupa development and reproductive 
performance. However, the concomitant application 
of taurine increased development and reproductive 
performance compared to the alone application of 
imidacloprid. Also, DNA damage in Drosophila 
melanogasters was found to be higher in the 
imidacloprid treated group compared to the control 
group (p<0.05) whereas the taurine application 
reduced imidacloprid-induced DNA damage (p 
<0.05). 
 
Toxic and genotoxic effects of imidacloprid were 
evaluated in different models. Feng et al. (2005) 
assessed the genotoxic effects of imidacloprid in 
human peripheral blood lymphocytes by sister 
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chromatid exchanges (SCE) and micronucleus tests 
(MN) and comet assay. They reported that 
imidacloprid significantly affected the frequencies of 
SCE and MN (P<0.05) compared to negative 
controls. Also, comet assay results showed that DNA 
damage was significantly different in imidacloprid 
(0.05, 0.1 and 0.5 mg/l) treated group than the 
control (P<0.01). Zhang et al. (2000) evaluated 
genotoxicity of imidacloprid for the earthworm, 
Eisenia fetida by the comet assay, sperm deformity 
assessment, V. faba micronucleus tests, and a mouse 
bone-marrow micronucleus test. Sperm deformity 
test showed that imidacloprid levels of more than 0.5 
mg/kg dry soil significantly induced sperm deformity 
(P<0.01). V. faba micronucleus tests and the mouse 
bone-marrow micronuclei test did not show 
significant differences (P>0.05) compared to the 
control group until they reached to a concentration of 
100 mg/ml. However, the results of the comet assay 
indicated that the imidacloprid induced significant 
DNA damage (P<0.01) in earthworms. In another 
study, Feng et al. (2004) performed an acute toxicity 
test, MN test and comet assay of imidacloprid on 
amphibian, Rana N. Hallowell, which is a potent the 
bio-indicator of agricultural and aquatic 
ecosystems.LC50-48 h of imidacloprid were 
determined as 165 mg/l and 219 mg/l for tadpoles of 
Rana limnocharis and Rana N. Hallowell, respectively. A 
significant difference (P< 0.05) was found to be in 
the MN frequencies at the 8 mg/l concentration of 
imidacloprid compared to the control group.  Comet 
assay results demonstrated significant differences 
(P<0.01) in the distributions of DNA damage grades 
between the negative controls and imidacloprid (0.05, 
0.1, 0.2 and 0.5 mg/l) treated groups. A recent study 
conducted by Yucel and Kayis (2019) investigated 
imidacloprid-induced changes in Galleria mellonella L. 
(Lepidoptera: Pyralidae) by evaluating genotoxic, 
immunotoxic biochemical, and oxidative stress 
biomarkers at sublethal doses (0.25, 0.50, 0.75, and 
1.00 mg) and at different time periods (24, 48, 72, and 
96 h). They reported dose-dependent increases in 
MDA levels and activities of SOD and CAT. Also, 
they indicated that all imidacloprid doses significantly 

increased micronucleus frequency while significantly 
decreased total hemocyte count as immunotoxic 
biomarker 24th, 48th, and 72nd hours. Charpentier et 
al. (2014)  studied lethal and sublethal effects of 
Imidacloprid on Drosophila melanogaster and 
illuminated the effects induced by this neonicotinoid 
at very low concentrations. It was also reported that 
imidacloprid did not exhibit mutagenic or 
recombinogenic activity at the concentration of 5X10-

5 based on Somatic Mutation and Recombination Test 
(Frantzios et al. 2008). 
 
Some studies have indicated that substances with 
antioxidant and anti-mutagenic properties showed 
protective effects against harmful effects caused by 
chemical agents on Drosophila melanogaster model 
(Uysal and Agar 2005, Prakash et al. 2014). Uysal and 
Agar (2005) investigated the protective activity of 
selenium on Aflatoxin B1-induced adverse effects on 
Drosophila melanogaster. They applied AFB1 and Se4+ 
during the developmental period for egg, larva and 
pupae and reported that AFB1 extended 
metamorphosis process and decreased offsprings 
number. However, these adverse effects of AFB1 
were reversed by selenium application (4.0 ppm and 
8.0 ppm). The results of their study showed that 
selenium effectively inhibited abnormalities of 
Drosophila melanogaster during their developmental 
stages. Prakash et al. (2014) evaluated anti-mutagenic 
properties of caffeine on mutation rate induced by 
ethyl-methanesulfonate (EMS) in Drosophila 
melanogaster using wing mosaic assay and they found 
that EMS (0.5 mM and 1.0 mM)  both 48 ± 4 and 72 
± 4 h exhibited an increased mutation rate. 
Nonetheless, caffeine application significantly 
reduced the EMS-induced genotoxicity.  
 
This study determined that taurine, whose antioxidant 
effects are proven by several studies (Ince et al. 2017, 
İnce et al. 2018) reversed imidacloprid-induced DNA 
damage and ameliorated productive performance of 
Drosophila melanogaster. 
 

 

Figure 1. The effect of taurine on DNA damage in Drosophila melanogasters 
exposed to imidacloprid. Values with different letters show statistically 
significant differences (p<0.05) 
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Table 1. The effect of taurine on reproductive performance in Drosophila melanogasters exposed to imidacloprid. 

Groups 
Mature  Pupa 

Female % Male % Total Development % 

I    Control 23 100 38 100 61 186 100.00 

II  Imidacloprid (0.6 µM) 5 21.74 6 15.79 11 30 16.13 

III Imidacloprid+Taurine (1 mM) 7 30.43 9 23.68 16 49 26.34 

IV Imidacloprid+Taurine (2 mM) 14 60.87 16 42.11 30 88 47.31 

V  Imidacloprid+Taurine (3 mM) 15 65.22 22 57.89 37 115 61.83 

 

 
CONCLUSION 

 
Consequently, it was determined that imidacloprid 
negatively affected the reproductive performance and 
pupa development of Drosophila melanogasters and 
caused DNA damage. In contrast, taurine application 
with imidacloprid has been found to increase 
reproductive performance and pupa development. 
Also, taurine application prevented DNA damage in 
Drosophila melanogasters. 
 
Conflict of Interest: The authors declare that they 
have no conflict of interest. 
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ABSTRACT 

In this study, we aimed to determine the serum haptoglobin (Hp), serum amyloid-A (SAA), ceruloplasmin (Cp) 
and albümin (Alb) levels in the dogs which are naturally infected with Babesia canis. 20 patient dogs which were 
diagnosed as B. canis by staining of their blood smears with giemsa method, which were brought to Kafkas 
University Veterinary Faculty Internal Medicine Department clinics formed the material of the study. 10 Healthy 
dogs were used for control. The serum Hp, SAA, Cp and Alb levels of the sick animals were determined as 
0.44±0.12 mg/mL, 43.18±13.77 µg/mL, 10.75±2.45 mg/dL, 2.74±0.15 g/dL, respectively. Whereas, the serum 
Hp, SAA, Cp and Alb values of the healthy animals were measured as 1.84±0.29 mg/mL, 1.18±0.40 µg/mL, 
4.80±0.53 mg/dL, 3.01±0.34 g/dL, respectively. While the SAA and Cp values of the sick animals were 
determined higher than that of the healthy animals, the (P <0.001), the Hp (P <0.001) and the Alb (P <0.01) 
levels were found to be lower. As a result, it was determined that the serum SAA and Cp levels increased, and the 
Hp and Alb levels decreased in the dogs which are infected with B. canis. 
Keywords: Albumin, Babesia canis, Ceruloplasmin, Dog, Haptoglobin, Serum Amyloid-A 
 

*** 

 
Babesia canis ile Enfekte Köpeklerde Serum Amiloid-A, Haptoglobin, Seruloplazmin ve Albumin 

Seviyeleri 
 

ÖZ 
Bu çalışmada Babesia canis ile doğal enfekte köpeklerde serum haptoglobin (Hp), serum amiloid-A (SAA), 
seruloplazmin (Cp)ve albümin (Alb) seviyelerinin belirlenmesi amaçlanmıştır. Çalışmanın materyalini, Kafkas 
Üniversitesi Veteriner Fakültesi İç Hastalıkları Anabilim Dalı kliniklerine getirilen, kan frotilerinin giemsa yöntemi 
ile boyanması sonucunda B. canis tanısı konulan 20 hasta köpek oluşturdu. Kontrol amacı ile 10 sağlıklı köpek 
kullanıldı. Hasta hayvanların serum Hp, SAA, Cp ve Alb seviyeleri sırasıyla 0.44±0.12 mg/mL, 43.18±13.77 
µg/mL, 10.75±2.45 mg/dL, 2.74±0.15 g/dL olarak belirlendi. Sağlıklı hayvanların serum Hp, SAA, Cp ve Alb 
değerleri ise sırasıyla 1.84±0.29 mg/mL, 1.18±0.40 µg/mL, 4.80±0.53 mg/dL, 3.01±0.34 g/dL olarak ölçüldü. 
Hasta hayvanların SAA ve Cp değerleri sağlıklı hayvanlara göre daha yüksek bulunurken (P<0.001), Hp (P<0.001) 
ve Alb (P<0.01) seviyelerinin daha düşük olduğu belirlendi. Sonuç olarak köpeklerde B. canis enfeksiyonunda 
serum SAA ve Cp değerleri yükselirken, Hp ve Alb seviyelerinin düştüğü belirlendi.  
Anahtar Kelimeler: Albumin, Babesia canis, Seruloplazmin, Köpek, Haptoglobin, Serum Amiloid-A 
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GİRİŞ 

Kanin babeziozis, köpeklere keneler tarafından 
taşınan, Babesia türü protozoonlar tarafından 
oluşturulan ve ölümcül sonuçlara neden olabilen 
protozoer bir hastalıktır. (Dantas-Torres ve 
Figueredo 2006, Beck ve ark. 2009, Solano-Gallego 
ve Baneth 2011, Erkılıç 2019). Hastalık etkenleri 
eritrositler içerisine yerleşerek eritrositlerin 
parçalanmasına neden olurlar. Etkenler eritrositlerin 
içerisinde armut şeklinde görülmektedir. Enfeksiyon 
evcil köpekler ve yabani karnivorlarda görülmekte 
olup dünyada yaygındır (Gökçe ve ark. 2013, 
Sudhakara Reddy ve ark. 2016, Erkılıç 2019). 
Hastalık klinik olarak perakut, akut, kronik ve 
subklinik seyretmektedir (Gökçe ve ark. 2013). 
Klinik olgularda genellikle ateş, anoreksi, depresyon, 
hemoglobinüri, kusma, ikterus ve anemi 
görülmektedir (Shah ve ark. 2011). 

Doku hasarı sonucu nöro-immüno-humoral sistemin 
uyarılarak doku hasarına hızlı adaptasyon, zararlı 
ajanların ortadan kaldırılması ve hasarlı dokunun 
onarılmasını sağlanmasına akut faz yanıt (AFY) denir 
(Milanović ve ark. 2018). Akut lokal ve sistemik 
yangıların dışında kronik yangılarda da AFY meydana 
gelmektedir (Tuna ve Ulutaş 2015). AFY sonucunda 
sentezlenen proteinlere akut faz proteinler (AFP) 
denilmekte olup genellikle karaciğerde hepatositler ve 
bazı ekstrahepetik alanda üretilmektedir (Gökce ve 
Bozukluhan 2009, Tuna ve Ulutaş 2015). Bu 
AFP’lerden biri olan serum amiloid-A (SAA), bir 
yangı modülatörü olup kolesterolün 
metabolizmasında ve taşınmasında önemli rol oynar 
(Sevgisunar ve Şahinduran 2014, Tuna ve Ulutaş 
2015). Hastalıklarda serum SAA değerinin ölçülmesi, 
yangının şiddetinin belirlenmesi, yangısal ve yangısal 
olmayan hastalıkların ayrımının yapılmasında önem 
arz etmektedir. Ayrıca hastalığın prognozunun 
belirlenmesi ve uygulanan tedavinin etkinliğinin 
değerlendirmesinde de önemlidir (Batırel ve ark. 
2003). 

Haptoglobin (Hp) karaciğer tarafından 
sentezlenmekte olup görevi kandaki serbest 
hemoglobinle stabil kompleksler oluşturarak demir 
kaybını önlemektir (Sevgisunar ve Şahinduran 2014, 
Tuna ve Ulutaş 2015). Bunun sonucunda Hp 
bakteriyel büyüme için gerekli olan demirin 
kullanılabilirliğini sınırlamakta ve bakteriostatik etki 
göstermektedir. Ayrıca Hp hemoglobini ve 
lökositlerin hücre duvarında ana reseptörler olan 
integrinleri bağlayarak antienflamatuar özellik 
gösterir (Sevgisunar ve Şahinduran 2014). 
Köpeklerde serum Hp seviyesi yangı, travma ve 
enfeksiyon durumlarında artmaktadır (Mcgrotty ve 
ark. 2003).  

Seruloplazmin (Cp), plazmada bakırın taşınmasında 
görevli bir protein olup özellikle karaciğerde 
sentezlenmektedir. Bunun dışında ekstrahepatik 

alanlarda ve akciğer hava yollu epitellerinden de 
üretilmektedir. Dokuları demir içeren serbest 
radikallerin oluşturacağı hasarlardan korur, 
antioksidan ve hücre koruyucu aktivite gösterir 
(Sevgisunar ve Şahinduran 2014, Erkılıç 2019).  

Albumin (Alb) karaciğer tarafından sentezlenmekte 
olup en önemli görevi plazma onkotik basıncının 
dengede tutulmasını sağlamaktadır (Gökce ve 
Bozukluhan 2009). Akut faz reaksiyonlarda plazma 
Alb seviyesinde düşüş meydana gelmektedir (Tuna ve 
Ulutaş 2015). Bu nedenle negatif akut faz proteinleri 
içerisinde yer almaktadır (Coşkun ve Şen 2011). 

Bu çalışmada kanin babesiozis ile doğal enfekte 
köpeklerde serum Hp, SAA, Cp ve Alb seviyelerinin 
belirlenmesi amaçlanmıştır. 

 
 

MATERYAL ve METOT 

Çalışmanın materyalini, Kafkas Üniversitesi 
Veteriner Fakültesi İç Hastalıkları Anabilim Dalı 
kliniklerine getirilen B. canis enfeksiyonu tanısı 
konulan 20 hasta ve 10 sağlıklı köpek oluşturdu. B. 
canis enfeksiyonu tanısı klinik muayeneler ve kan 
frotilerinin giemsa boyama yöntemi ile boyanarak 
mikroskobik muayenede (100X) eritrositler içerisinde 
B. canis etkenlerinin görülmesi ile konuldu. Hasta ve 
sağlıklı hayvanların V. cephalica accecorius’larından 
serum tüplerine 5’er mL kan alındı. Bu kanlar 3000 
devirde 10 dakika santrifüj edildikten sonra serumları 
ayrıştırıldı. Serumlar SAA, Hp, Cp ve Alb seviyeleri 
ölçülene kadar -20ºC’de muhafaza edildi.  

Serum örneklerinde albümin konsantrasyonu ticari 
kit (Biolabo, Fransa) kullanılarak, haptoglobin, serum 
amiloid A (Tridelta development limited, İrlanda) 
konsantrasyonu ELISA kitleri ile seruloplazmin ise 
Colombo ve Ricterich (1964) bildirdikleri yönteme 
göre kolorimetrik (Epoch, Biotek, USA) olarak 
belirlendi. 

İstatiksel Analiz 

Elde edilen sonuçlara SPSS 18 paket programında 
normalite testi yapıldı ve verilerin normal dağılım 
gösterdiği tespit edildikten sonra t-testi yapıldı. Tüm 
sonuçlar ortalama±standart sapma olarak verildi. P 
değeri 0.05’ten küçük olan sonuçlar istatistiksel 
olarak anlamlı kabul edildi. 

 
 

BULGULAR 

Hasta hayvanların klinik muayenesinde depresyon, 
anoreksi, ikterus, anemi ve hemoglobinüri olduğu 
belirlendi. Kan frotilerinin giemsa boyama yöntemi 
ile boyanması sonucunda 100X büyüme ile 
mikroskobik muayenede eritrositler içerisinde B. 
canis etkenleri görüldü (Resim 1). 

 



221 

 

 

Resim 1. Hücre içi B. canis etkenleri (100X) 
Figure 1. Intracellular B. canis agents (100X) 

  

Hasta ve sağlıklı hayvanlara ait serum Hp, SAA, Cp 
ve Alb seviyeleri Tablo 1’de verilmiştir. Hasta 
hayvanların SAA ve Cp değerleri sağlıklı hayvanlara 
göre yüksek bulunmuş olup bu farkın istatistiksel 
olarak anlamlı (P<0.001) olduğu belirlendi. Bunun 
aksine hasta hayvanların serum Hp (P<0.001) ve Alb 
(P<0.01) seviyeleri sağlıklı hayvanlara göre düşük 
olduğu görüldü. 

 

 

Tablo 1. Hasta ve sağlıklı hayvanlarda serum SAA, 
Hp, Cp ve Alb seviyeleri. 

Table 1. Serum SAA, Hp, Cp and Alb levels in sick 
and healthy animals. 
 

Parametreler 

Hasta 

X±SD 

(n=20) 

Kontrol 

X±SD 

(n=10) 

P 

Değerleri 

SAA (µg/mL) 43.18±13.77 1.18±0.40 P<0.001 

Hp (mg/mL) 0.44±0.12 1.84±0.29 P<0.001 

Cp (mg/dL) 10.75±2.45 4.80±0.53 P<0.001 

Alb (g/dL) 2.74±0.15 3.01±0.34 P<0.01 

 
 

 
TARTIŞMA ve SONUÇ 

 

Kanin babeziozis, babezia türüne bağlı eritrositlerin 
içine yerleşen protozoon parazitlerin oluşturduğu 
ölümcül olabilen bir hastalıktır. Enfeksiyon keneler 
tarafından bulaştırılan ve köpekler için önemli 
hastalıklardan biridir (Dantas-Torres ve Figueredo 
2006, Beck ve ark. 2009, Gökçe ve ark. 2013). 
Köpeklerde babezioziste etken türüne ve şekillenen 
komplikasyonlara göre değişmekte olup klinik olarak 
genellikle anoreksi, depresyon, hemoglobinüri, 
ikterus, taşipne, taşikardi, değişen derecelerde 

hemolitik anemi ve trombositopeni görülmektedir 
(Gökçe ve ark. 2013). Bu çalışmada da benzer şekilde 
babeziozisli hayvanların klinik muayenesinde 
depresyon, anoreksi, ikterus, anemi ve hemolobinüri 
olduğu belirlendi. 

Serum amyloid-A karaciğerde ve ekstrahepatik olarak 
sentezlenmekte olup kan serumundaki seviyesi 
yangısal olaylarda artmaktadır (Coetzee ve ark. 1986, 
Batırel ve ark. 2003). SAA değerinin ölçülmesi 
yangının şiddetinin belirlenmesinde önemlidir. Ayrıca 
yangısal ve yangısal olmayan hastalıkların ayrımının 
yapılmasında da önemli bir biyo belirteçtir. Bakteriyel 
ve viral enfeksiyonlarda SAA düzeyinde şiddetli artış 
olur (Batırel ve ark. 2003). Bu çalışmada hasta 
hayvanların SAA değerlerinin sağlıklılara göre yüksek 
(P<0.001) bulunması protozoer bir hastalık olan 
babezioziste de önemli bir yangı belirteci 
olabileceğini düşündürdü.  

Haptoglobin eritrositlerden açığa çıkan serbest 
hemoglobin ile stabil kompleks oluşturarak 
dolaşımdan temizlenmesine ve bu şekilde demir 
kaybının önlenmesine yardımcı olan bir AFP’dir 
(Ulutaş ve ark. 2007, Tothova ve ark. 2014). Hp 
hemoliz sonucunda oluşan hemoglobini α ve β 
zincirlerindeki farklı yerlere bağlar (Ay ve ark. 1998). 
Bu bağlanma sonucunda oluşan Hp-Hb kompleksleri 
makrofajlarca fagosite edilir (Cray 2012, Erkılıç 
2019). Çalışmamızda hasta hayvanların serum Hp 
değerleri sağlıklı hayvanlara göre düşük bulunmuştur 
(P<0.001). Bunun nedeninin babeziozise bağlı 
hemoliz şekillenmesi sonucunda serbest kalan 
Hb’nin Hp ile bağlanması ve bu kompklesin 
makrofajlar tarafından fagosite edilmesine bağlı 
olduğu düşünüldü. 

Seruloplazmin köpekler için pozitif akut faz 
proteinlerinden biridir (Ceron ve ark. 2005, Erkılıç 
2019). Cp’nin asıl görevi kandaki bakırın taşınması 
olup hastalıkların tanısında da kullanılabilmektedir 
(Tuna ve Ulutaş 2015). Bunun yanı sıra süperoksid 
ve reaktif oksijeni elimine etme özelliği nedeniyle 
antioksidan olarak ta görev yapmaktadır (Ulutaş ve 
ark. 2007, Gökce ve Bozukluhan 2009, Tothova ve 
ark. 2014, Tuna ve Ulutaş 2015). Köpeklerde bazı 
paraziter hastalıklarda, parvoviral enteritiste ve 
babezioziste serum Cp değerleri yüksek bulunmuştur 
(Ulutaş ve ark. 2005, Ulutaş ve ark. 2007, dosSantos 
Schmidt ve ark. 2015, Kocatürk ve ark. 2010, Erkılıç 
2019) Benzer şekilde bu çalışmada da serum Cp 
seviyesi hasta hayvanlarda sağlıklı hayvanlara göre 
yüksek çıkmıştır. Hasta hayvanlarda sağlıklı 
hayvanlara göre Cp değerinin yüksek çıkmasının 
oksidatif hasar ve yangısal değişikliklere bağlı olarak 
şekillendiği düşünüldü. 

Albuminin görevleri; bağlayıcılık ve taşıma, endojen 
aminoasitler için kaynak oluşturma ve plazma 
basıncının dengesini sağlamaktır. Organizmada 
gerçekleşen akut faz reaksiyonlar sonucunda serum 
Alb seviyesinde düşme görülmektedir. Bu nedenle 
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negatif AFP olarak değerlendirilmektedir (Gökce ve 
Bozukluhan 2009). Çalışmamızda da buna uyumlu 
olarak hasta hayvanların serum Alb seviyesi sağlıklı 
hayvanlara göre düşük (P<0.01) bulunmuştur. 

Sonuç olarak babeziozisli köpeklerde serum SAA ve 
Cp değerleri sağlıklılara göre yükselirken Hp ve Alb 
seviyelerinin düştüğü belirlendi. Serum SAA ve Cp 
değerlerinin yangıya bağlı olarak yükseldiği tespit 
edildi. Serum Hp değerindeki düşüşün hemolize bağlı 
olduğu, Alb değerinde ki düşmenin ise negatif AFP 
olma özelliğinden ileri geldiği düşünüldü. 
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ABSTRACT 

13 year-old male dog with complaints of fever, loss of appetite, stagnation as well as respiratory signs such as 
purulent nasal and eye discharge, cough and neurologic signs including apathy, ataxia, quadriplegia, muscular 
atrophy and myoclonus which admitted to the Animal Hospital of Faculty of Veterinary Medicine of Selcuk 
University. “Old dog encephalitis” was determined by clinical, laboratory examinations and rapid distemper test. 
Clinical findings revealed hyperthermia, tachypnea and tachycardia. Intravenous 0.9% NaCl and 5% dextrose 
solution, vitamin and amino acids, ceftriaxone, n-acetylcysteine for improving clinical appearance and for 
controlling myoclonus pregabalin were used. In conclusion canine distemper virus may affect mature dogs over 
six years old as “old dog encephalitis” and this condition may provide a valuable model for further study of 
demyelinating diseases including measles in humans. 
 
Keywords: Canine Distemper, Demyelination, Encephalitis, Old Dog 
 
 

*** 

 
 

13 Yaşlı Bir Köpekte “Old Dog Ensefalit” Olgusu: Köpek Distemper’ının Ender Formu 
 

ÖZ 
13 yaşlı erkek bir köpek ateş, iştahsızlık, durgunluk gibi genel; purulent burun ve gözyaşı akıntısı, öksürük gibi 
respiratorik; apati, ataksi, kuadripleji, kas atrofisi ve miyoklonus gibi nörolojik bulgular ile Selçuk Üniversitesi 
Veteriner Fakültesi Hayvan Hastanesine getirilmiştir. Klinik muayene, laboratuvar analizleri ve yapılan distemper 
hızlı kiti ile “old dog ensefalit” tespit edilmiştir. Klinik muayenede vücut ısısı, solunum sayısı ve kalp ritminde artış 
belirlenmiştir. Tedavi olarak intravenöz 0.9% NaCl ve 5% dekstroz solüsyonları, vitamin ve aminoasitler, 
seftriakson, N-asetil sistein, miyoklonusu kontrol altına almak için pregabalin uygulanmıştır. Sonuç olarak 
köpeklerin distemper virüsünün 6 yaşından büyük erişkin köpekleri “old dog ensefalit” olarak etkileyebileceği ve 
bu durumun insanlarda kızamık dahil demiyelinizasyon hastalıklarının daha ileri çalışmaları için değerli bir model 
olabileceği kanısına varılmıştır. 
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INTRODUCTION 
 

Canine distemper is an infectious disease, which is 
closely related to measles virus, a single-stranded, 
non-segmented, enveloped, RNA virus in 
the Paramyxoviridae family and genus Morbillivirus, 
infects variety of species. Virus can be found in dogs, 
wild dogs, jackals, foxes, hyenas and also in wild cats 
but not in domestic cats. The domestic dog is the 
most effected species. Morbilliviruses are transmitted 
by aerosols to the upper respiratory tract and cause 
clinical symptoms such as cough, fever and serous 
nasal discharge, as well as gastrointestinal signs such 
as vomiting and diarrhea complicated by secondary 
bacterial infections. When the nervous system is 
affected by canine distemper virus (CDV) dullness, 
progressive weakness, ataxia, paraplegia or 
quadriplegia, myoclonus, tremor, incontinence, 
seizures, depression, circling, head pressing, and 
visual deficits can be observed (Martella et al. 2008). 
Cordy (1942) described an encephalitis in mature 
dogs that was characterized pathologically by 
lymphomonocytic perivascular inflammatory cell 
infiltrates in the central nervous system (CNS) and 
intranuclear inclusion bodies in neurons. Since the 
original description by Cordy (1942), any other report 
for ODE has not published. Clinical appearance was 
described as ataxia, convulsions, and circling. In 
mature dogs, this type of progressive panencephalitis 
is defined as old dog encephalitis (ODE). This type of 
encephalitis has not been seen in young dogs (Lincoln 
et al. 1971). The rarity and unusual morphologic 
characteristics of ODE are interesting. Different 
hypotheses have been proposed to elucidate the 
pathogenesis and occurrence of ODE. In mature 
dogs over six years old, viral perseverance in the CNS 
after acute infection which is characterized by 
progressive inflammation of the grey matter in brain 
hemispheres may trigger old dog encephalitis 
(Carvalho et al. 2012).  
 
Neurologic signs may also occur without 
gastrointestinal or respiratory findings. The brain 
lesions mostly seen in cerebellopontine angle. These 
brain lesions consist of multifocal demyelination areas 
and necrosis of the white matter. The relationship of 
this multifocal encephalitis to old dog encephalitis is 
still not explained (Vandevelde et al. 1980). 
 
CDV-induced encephalitis can be described in four 
forms. These forms are; acute and severe encephalitis 
in young dogs, with multisystemic appearance, 

including neurological signs; chronic encephalitis in 
adult dogs, with possibility of common neurological 
findings; old dog encephalitis; and chronic, relapsing 
encephalitis, the latter with minor occurrence 
(Carvalho et al. 2012).  
 
 
 
Case History 
13 year-old male Anatolian shepherd dog presented 
with neurologic signs of depression and unsteady gait 
for a few months. Clinical examination revealed 
diarrhea, mucopurulent nasal and ocular discharge 
(Figure 1a), dispnea, fever (39.8 ºC) abnormal 
respiratory sounds, head tilt, tremors, muscle atrophy 
and myoclonus all over the patient’s body (Figure 1b). 
During physical examination findings such as 
nystagmus, ear scratching, rubbing and rotating did 
not observed. Also because dog was reacting to the 
environmental sounds, deafness was not considered. 
To confirm CDV, rapid distemper test (ASAN Easy 
Test, Canine Distemper Virus Antigen Test, Cat. No. 
AM9125-K, Seoul, Korea, relative sensitivity: 97.96%, 
relative specificity: 97.50%) was applied according to 
the manufacturer’s instructions (Figure 1c). Complete 
blood count, blood gases analysis and cerebrospinal 
fluid (CSF) analysis were performed and presented in 
Table 1 and 2, respectively. Before the collection of 
CSF, the dog was sedated with xylazine at 1 mg / kg 
dosage intramuscular injection. CSF was collected 
between the occipital bone and the atlas using 22 
gauge, 1.5-inch spinal needles with a stylet as Tipold 
(2003) reported. Excessive flexion of the head to 
collect CSF was avoided to prevent obstruction of the 
airway. 
 
For improving clinical appearance, intravenous 0.9% 
NaCl and 5% dextrose solution, vitamin and amino 
acids, ceftriaxone at 25 mg / kg dosage and n-
acetylcysteine at 100 mg / kg dosage were used. For 
controlling myoclonus, head tilt and tremors 
pregabalin at 4 mg / kg dosage were used orally. 
Because the owner refused euthanasia we were unable 
to perform necropsy and add the necropsy findings to 
the report. After a few weeks it was learned from the 
owner that the euthanasia was made in another 
veterinary clinic due to worsening the clinical 
appearance. 
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Figure 1.General appearance of the dog (a), purulent ocular discharge (b) 
and positive rapid distemper test (c). 

  
 
Table 1. Blood gases analysis and CBC  

Blood Gases Range Haemogram Range 

pH 7.38 7.35 – 7.45 WBC m/mm3 26.53 ↑ 5.0 – 19.0 
pCO2 mmHg 30.3 ↓ 40 – 45 Lym % 20 5.0 – 30.0 
pO2 mmHg 26.2 ↓ 30 – 42 Mon % 3.40 2.0 – 6.0 
K mmol/L 3.9 3.4 – 5.6 Gra % 76.60 40.0 – 80.0 
Na mmol/L 149 ↓ 150 – 165 Lym # m/mm3 5.30 0.2 – 5.7 
Ca mmol/L 0.96 ↓ 2.0 – 2.7 Mon # m/mm3 0.90 0.1 – 1.1 
Cl mmol/L 114 104 – 128 Gra # m/mm3 20.33 ↑ 2.0 – 15.2 
Glukoz mg/dL 43 ↓ 64 – 170 RBC M/mm3 9.30 ↑ 4.0 – 9.0 
Lactate mmol/L 10 ↑ 0 – 2 MCV fl 59.1 ↑ 35.5 – 55.0 
Hct % 51.2 ↑ 29 – 48 Hct % 54.9 ↑ 24.0 – 45.0 
Base(ecf) mmol/L -6.8 ↑ -4 – 4 MCH pg 18.4 16.0 – 24.0 
Base (B) mmol/L -5.4 ↑ -4 – 4 MCHC g/dl 31.3 28.0 – 40.0 
HCO3 (P,st) mmol/L 18.8 ↓ 19 – 24 RDW 10.7 8.0 – 12.0 
HCO3 (P) mmol/L 28.2 ↓ 19 – 24 THR # m/mm3 166 120 - 500 

 
 
Table 2. Cerebrospinal fluid analysis  

Analysis Results Range 

Leukocyte (cell/mm3) - <5 
Glucose (mmol/L)* 2.8  35 
Protein (mg/dl) - <30 
Specific gravity 1.015 1.005 

* %60-80 concentration of blood glucose
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DISCUSSION 
 
Canine distemper is an important viral disease which 
affects variety of species but mostly dogs in a multi 
systemic manner. At about 10 days post infection, 
CDV starts to spread from primer replication site 
which is the lymphoid tissue (Vandevelde and 
Zurbriggen 2005). In th body, CDV infects various 
cell types including epithelial, mesenchymal, 
hematopoietic, and neuroendocrine cells. Clinical 
findings include immunosuppression, respiratory and 
gastrointestinal signs, and demyelinating 
leukoencephalitis. CDV mediates the early 
destruction of the lymphocytes results in 
immunosuppression. Ezeibe and Udegbunam (2008) 
reported in dogs with distemper virus, leukopenia 
initially associated with lymphopenia and later 
lymphocytosis which leads to leucocytosis. In this 
case report, significant leukocytosis observed 
probably due to secondary bacterial infection. Also 
our haemogram findings were compatible as Ezeibe 
and Udegbunam (2008) reported. 
 
In CNS, CDV causes severe demyelinating lesions. 
Cytokines such as interleukin 8, interleukin 10 and 
interferon gamma can be measured in CSF. But an 
elevation of cytokines levels in CSF are not specific 
for particular diseases. Nevertheless in the CSF of 
animals with acute myelin lesions high interleukin 8 
titers can be found (Vandevelde and Zurbriggen 
2005). In non-inflammatory distemper cases, protein 
and cell content of CSF may be in normal ranges. In 
this case report the results of CSF analysis were 
compatible as Tipold (2003) reported. Regardless of 
its cause, demyelination occurs thru two main 
processes: direct damage to the myelin itself or to 
myelinogenic cells which is described as primary 
demyelination or axonal injury. This type of injury 
promotes a secondary effect in the myelinic 
degeneration and referred to secondary demyelination 
(Carvalho et al. 2012). In addition, virus-induced 
microglial cell activation probably plays a role in 
demyelinating process (Vandevelde and Zurbriggen 
2005). This neurologic disease is characterized by 
mental impairment and occurs mostly in middle aged 
dogs (Vandevelde et al. 1980). As the naturally 
occurring incidence of ODE is low and generally the 
cause is related to CDV, old dog encephalitis is a rare 
condition and a valuable model for severe 
demyelinating diseases of dogs and humans. Adams 
et al. (1975) indicate that to elucidate the mechanisms 
of demyelination diseases both in animals and 
humans, a cooperation of veterinarians and 
physicians is required. It is not possible to 
differentiate old dog encephalitis and multifocal 
distemper encephalitis by breed, sex or initial 
neurologic signs.  
 
In conclusion, old dog encephalitis is a rare CDV-
induced subacute neurologic disease affecting mature 

dogs over six years old and it would be a beneficial 
animal model for the further study of demyelinating 
diseases in humans including chronic progressive 
paramyxovirus infections as CDV closely related to 
measles virus.  
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