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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
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Kadmiyum Ilaveli Konsantre Yemlere Farkli Diizeylerde Kuru Seker Pancari Posas1 Katilmasinin
Tavsanlarin Kesim Uriinlerinde Kadmiyum Seviyelerine Etkisinin Aragtirilmasi

(074

Ticari konsantre yemler genellikle kabul edilen seviyenin tizerinde kadmiyum elementini igeren tavsan diyetlerinin ana
bilesenidir. Bu toksik iz element, tavsanlarin etlerine, bobreklerde, karacigerde, kemiklerde ve dalaklarinda birikebilir. Bu tir
et ve yan Uranlerinin tiiketimi, insan viicudunda kadmiyum birikimine katkida bulunabilir ve bu durum bir takim patolojik
degisikliklere neden olabilir. Bu ¢alismada, 100 adet giimiis 1rkin analogu geng tavsan kullantlmistir. Tavsanlar, her birinde 20
adet olmak tzere 5 gruba ayrilmustir. Gruplar 1 kontrol ve 4 deneme grubu olacak sekilde dizenlenmistir. Arastirma 60 giin
boyunca sirdurilmistir. Sonuclar, 5. deneme grubundaki tavsanlarda, kesim sonrast elde edilen karkasta ve baz ig
organlarda en az dizeyde kadmiyum iceriginin tespit edildigini gostermigtit. Sonu¢ olarak, deneme boyunca, 0.04 mg/kg
diizeyindeki kadmiyum katkili rasyonlara artan diizeylerde kuru seker pancari ilavesinin, karkas ve bazi i¢ organlarda
kadmiyum seviyesinin azaltilmasina katkida bulundugu tespit edilmigtir. Ayrica kadmiyumun ¢ogunun disk: ile atildigs, yani
kan dolagimina emilmedigi ve tavsanin viicudu tzerinde olumsuz bir etkiye sahip olmadigi da kaydedilmistir.

Anahtar Kelimeler: Kadmiyum, kuru seker pancart posasi, kesim triinleri, tavsan, karma yem

To cite this article: Tytariova O. Igbal A. Dyachenko 1. Bomko V. Kuzmenko O. Cherniavskyi O. Babenko S. Slomchynsky M. Cetingiil L.S.
Giiltepe E.E. Bayram L. Investigation the Effect of Different 1evels of Dry Sugar Beet Pulp Mixed Concentrate Feeds on Cadminm 1evels in
Rabbit Slanghter Products. Kocatepe Vet |. (2020) 13(2):98-103

Submission: 30.11.2019 Accepted: 20.03.2020 Published Online: 24.04.2020

ORCID ID; OT: 0000-0003-4820-809X, AlL: 0000-0003-4473-2329, LD: 0000-0003-4615-0277, VB: 0000-0001-5558-6924,
OK: 0000-0003-4553-9950, OC: 0000-0003-0713-6587, SB: 0000-0001-5131-4999, MS: 0000-0001-5197-2684,

OT: 0000-0003-0509-4627, ISC: 0000-0002-7608-6176, EEG: 0000-0002-2404-1232, 1B: 0000-0002-2404-1232

*Cortresponding author e-mail: aamir_vet@yahoo.com

98



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 expetiment, 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 (Tablel). During the
comparative period, within 15 days, rabbits were fed
with a full-fodder feed Ne 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).

Table 1. I vivo experiment schedule.

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
() in the rabbits were observed as compared to other
experimental and control group.

Feeding terms and conditions

Group Comparative (preparatory) period Main period

(15 days) (60 days)
1 — control group Mixed fodder (MF) 1 MF 1 (Cadmium content 0.04 mg/kg)!
2 — experimental group MF 1 MF 2 (Cadmium content 0.04 mg/kg)!
3 — experimental group MF 1 MF 3 (Cadmium content 0.04 mg/kg)!
4 — experimental group MF 1 MF 4 (Cadmium content 0.04 mg/kg)!
5 — experimental group MF 1 MF 5 (Cadmium content 0.04 mg/kg)!

Natural content in feed

Table 2. Composition of the Concentrated Feeds, %

Item MF No 1 MFNo2 MFNo3 MFNo4 MFNob5
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 (CaCO3) 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, pg, &+ S, (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  2.6710.145 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* 0.5220.045*
*P <0.05
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Table 4. Cadmium content in young rabbit slaughter products, pg, 0+s, (n=3)

Item Group
Control Experimental Experimental Experimental Experimental
1 2 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 £ 231 757 £ 2,03%* 65.3 + 1.76%**
Meat 28.7 + 0.88 247 + 0.88* 223+ 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.
20
15 M 1-st group
® 2-nd group
10 M 3-rd group
B 4-th group
5 H 5-th group
0

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

32
316 L 3

31

30

29 -

28

B 1-st group

B 2-nd group
M 3-rd group
m 4-th group
® 5-th group

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 7z witro studies
suggest that the absorption of Cd in the
gastrointestinal ~ tract is mediated by several
transporter systems, which may include divalent metal
transporterl, 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 58ug/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
ug/g creatinine were associated with a reduced risk of
being overweight (Nie et al., 2010).

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 pg/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 pg/g) wete
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  anrens 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 #u#c and coa genes in S.
anrens. SEs genes were detected as 3 (16.6 %) of 18 S. aurens 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 aurens

kkk

Cig Siitte Stafilokokal Enterotoksinler ve Enterotoksijenik Staphylococcus aureus Vathginin
Belirlenmesine Yo6nelik Bir Tarama Caligmasi

(074

Staphylococcus aurens, insanlarda gida kaynakli zehirlenmelerin baglica nedenidir. Stafilokokal enterotoksinler (SE'ler)
ile kontamine siit ve siit Urlnleri titketimi salginlara neden olabilmektedir. Bu calismanin amacit, 120 ¢ig stt
orneginde . aurens izolatlarinin stafilokokal enterotoksinlerin ve enterotoksijenik ézelliklerinin analiz edilmesidir.
SE'leti saptamak icin enzim baglantili immiinosorban testi (ELISA) yontemi kullaniarak yiiz yirmi ¢ig siit 6rnegi
analiz edildi. Polimeraz zincir reaksiyonu (PCR) ile stafilokokkal entertoksin genleti (sea, seb, sec, sed, see) aragtirildi.
Bu ¢alismada, toplama tanklarindan alinan 120 ¢ig siit 6rneginden 2’sinde SE tespit edilmistir. Toplam 69 S. aurens
izolatinin 181 (% 38.3) e ve coa genleri PCR yontemi ile dogrulanmustir. SE genleri, 18 S. amrens izolatnin 3’tinde
(%16,6) bulunmustur. Siit ve sit triinlerinde bulunan stafilokokal enterotoksinler halk sagligt acisindan potansiyel
tehlikedir. Cig siitteki stafilokokal enterotoksinlerin kontroli icin siirveyans programlart ve etkili izleme sistemleri
gereklidir.
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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).

Staphylococens  anrens 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. aurens is normally found in healthy nose
and skin mucosa in human (Kluytmans et al. 1997).
Also, the presence of biofilm producing ability of S.
anrens in milk and milking environment is a public
health concern for the consumers (Lee et al. 2014,
Lee et al. 2016). S. aurens produces a variety of toxins
called staphylococcal enterotoxins (SE) (IKuzma 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
(Argudin 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.
anrens (Jorgensen 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. awrens
(Jorgensen et al. 2005b). Pasteurization process can
inactivate S. awurens 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.
anrens 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 35°C 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 ((3-hemolysis) and
mannitol fermentation test. Phenotypically positive
colonies from these tests were accepted as suspected
isolates of S. aurens 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 ul Tris EDTA buffer (Sigma-Aldrich, 93283)
containing 18 pl of lysostaphin (0.5 U/ul, Sigma,
L73806) 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)
manufacturet’s protocol. A nano-drop
(NanoDrop2000-Thermoscientific™) technique was
used to define the quantification of DNA.

PCR analyses

In the current study, S. awrens ATCC 25923, S. anrens
NCTC 10652 FDA 196E (SEA), S. aurens NCTC
10654 FDA 243 (SEB), S. awreus NCTC 10655 137
(SEQ), S. aurens NCTC 10656 494 (SED) strains used
as positive control. S. aurens reference strain for SEE
was kindly provided by Dr. Omer Akineden (Dairy
Sciences, Institute of Veterinary Food Sciences,
JustusLiebig- University Giessen, Germany). S. aureus
isolates were confirmed related cwa and nue 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 wa genes, all genes were
analysed by uniplex PCR method. The PCR reaction
mixture was prepared from 3 pl of DNA, 0,5 pl of
each primer, 4 pl of 5x FIREPol® Master Mix (Solis
Biodyne, Tartu, Estonia), 12 pl of water, for a total
reaction volume of 20 pl. 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,
2010).

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 (t-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).

Table 1. Primers used in this study

Tablo 1. Calisma kapsaminda kullanilan primer dizileri.

RESULTS

In the current study, 18 (38.3%) of 69 the S. awreus
isolates were confirmed by PCR targeting #xc and coa
genes in 5. awrens (Fig. 1). In this study, classical
enterotoxins were detected by Ridascreen and S.
anrens isolates from bulk tank milk contained classical

enterotoxins genes. seb and sec gene were found as 3
(16.6%) of 18 S. aurens 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).

Target Primer sequence (5’ 3’) Product size References
gene (bp)
w | FIDCCNCETICATITIT iy teed @y
» 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 ‘
F: GGT TAT CAA TGT GCG GGT GG Mehrotra et al.
o R: CGG CAC TTT TTT CIC TTC GG 102bp (2000
F: GTA TGG TGG TGT AAC TGA GC Mehrotra et al.
seb R: CCA AAT AGT GAC GAG TTA GG 164 bp (2000)(]
F: AGA TGA AGT AGT TGA TGT GTA TGG Mehrotra et al.
5 R: CAC ACT TTT AGA ATC AAC CG 451 bp (2000)(]
F: CCA ATA ATA GGA GAA AAT AAA Mehrotra et al.
sed R: ATT GGT ATT TTT TTT CGT TC 278 bp (2000)(]
F: AGG TTT TTT CAC AGG TCA TCC Mehrotra et al.
i R: CTT TTT TTT CTT CGG TCA ATC 209 bp (2000)

DISCUSSION pasteurization. The reason for this, it could be the
possible inefficacy of the thermal process.

Milk is a suitable medium for . awrens 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. aurens even after

SEs are the most prevalent agent of milk-borne
intoxications causing risk on the public health
wortldwide (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 8. aurens isolates in bovine milk tank and SE genes
were found 52.5% of the isolates (Jorgensen 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.

Table 2. Absorbance value of bulk tank milk samples

Tablo 2. Siit toplama tank drnekleri absorbans degerleri.

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 . awrens isolates from
bulk tank milk contained classical enterotoxins genes.
seb and sec gene were found as 16.6% (3) of S. aureus
isolates (18).

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. Cig sut Orneklerinde  stafilokokal
enterotoksinler (A, B, C, D, E).
Number of Color Fhange Cut off Yalue
Positive Positive
samples
samples samples
120 4 (3.3%) 2 (1.6%)

Table 4. Enterotoxigenic properties of S. aureus
isolates

Tablo 4. . awrens izolatlarinin enterotoksijenik
Ozellikleri.

Number of positive S. aureus

Target gene 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. awrews is a common
causative agent of clinical and subclinical mastitis
(Turkyilmaz et al. 2010, Ote et al. 2011, Rall et al.

2014). In Brasil, S. aurens 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 8. awrews isolates 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 sez gene in milk from
cows with subclinical mastitis. Milk collected from
dairy cows with subclinical mastitis may pose a
significant source of enterotoxigenic S. aurens 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 §. aurens milk and milking
environment adopting assurance quality systems are
required in dairy industry (Cusato et al. 2014).

were

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

Figure 2. coa, nuc gene positive S. aureus isolates. M:
Marker, +: nue and wa gene positive S. aureus (ATCC
25923)
Sekil 2. coa, nuc geni porzitif S. awreus izolatlart. M:
Marker, +: nuc ve coa geni pozitif S. aurens (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 (CdCly) 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, Lactococens 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

kksk

Kitosan Oligosakkarit (COS) Tedavisinin Oksidatif Stres Uzerine Etkileti ve Kadmiyuma Maruz Kalan
Siganlarda Bagirsak Mikroflorast ile Iligkisi

(074

Bu calismanin amaci, kronik olarak Cd’a maruz kalan ratlarda kitosan oligosakkarit’in (COS) oksidatif stress ve
bagirsak mikroflorasi tizerine etkilerinin arastirilmasidir. Hayvanlar rastgele olacak sekilde; kontrol (C; n=8),
kadmiyum (Cd; n=8), kitosan oligosakkarit (COS; n=8) ve kadmiyum+kitosan oligosakkarit (Cd+COS; n=8)
gruplarina ayrildi. Daha sonra, kadmiyum klorid (CdCL) (2mg/kg/day) Cd ve Cd+COS gruplarindaki hayvanlara
haftada 3 kez 4 hafta boyunca oral yoldan verildi. Kitosan oligosakkatit de (200 mg/kg/day) COS ve Cd+COS
grubundaki hayvanlara haftada 5 kez 4 hafta boyunca oral olarak uygulandi. Deneme sonunda, serum TAS, TOS
seviyeleri, plasma ALT, AST, GGT, T.pro, Alb, Bil, Creat ve BUN degerleri 6l¢ildi. Enferobacteriaceae, Lactococcus
spp. ve Lactobacillus spp. sayilarida belirlendi. Serum TOS seviyeleri Cd grubundaki hayvanlarda COS
grubundakilere oranla 6nemli derecede yiiksek bulundu (p <0,05). Cd grubundaki hayvanlarin ince
bagirsaklarinda, kronik Cd uygulamasi Lactococcus spp. sayisinda 0.66 log’lik bir diisiise sebep oldu. Sonug olarak,
her iki bilesigin antimikrobiyel etkinligi selat olusumuna baglt olarak (COS-Cd) Cd+COS grubundaki hayvanlarda
azalma gosterdi.
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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, Lépez 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 Enferobacteriaceae 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
Lactococeus 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 (#=32; body weight ~ 200 £
30 g) were housed in standard plastic rat cages at 23 *
2 °C 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 (CdCly) (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 (T'AS) 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 101 to 106, 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 CMO785) agar according to spread plate
technique for despite to Lactococcns spp count. Then,
plates were evaluated as Lactococens 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 Ewnterobacteriaceae, Lactococens 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, Kog¢ak
and Akgcil 2006, Kumas 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. Similatly, 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 Deger 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 (Kogak and Akgil 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-Goérka 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 Ewnterobacteriaceac in present study.
Conversely, Escherichia coli and Klebsiella spp., which
are the members of Ewnferobacteriaceae 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. ¢/ 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
Lactococeus 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
Lactococens 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  Eunterobacteriaceae  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 COS Cd Cd+COS
Parameters (n=8) (n=8) (n=8) (n=8)
TOS 26,50+5,94* 2,97+1,08° 69,65+29,95% 32,45+11,54%
TAS 1,73+0,03% 1,81+0,00% 0,73»i0,01b 1,73+0,02°

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 Cos Cd Cd+COS
(n=8) (n=8) (n=8) (n=8)
Bil (g/L) 1.02+0.00° 1.03+0.02° 1.35+0.07° 1.08+0.01°
ALT (U/L) 37.82+1,94° 37.65+1.19° 81.01+5.18° 72.80+4.72°
AST (U/L) 60.16+4,03° 62.16+5.17° 147.0+16.82° 108.16+9.88"
GGT (U/L) 1.16+0,11° 1.15+0.12° 2.50+0.23° 1.40+0.24°
Alb (g/dL) 3.51+0,11° 3.51+0.14° 2.84+0.21° 3.53+0.90°
BUN (mg/dl) 18.70+1.21° 16.11%1.35¢ 40.71+2.25% 30.264+2.24°
Creat (mg/L) 5.04+1.02° 5.06 +0.99° 7.41 + 0.88° 4.99 +1.02°
T.Pro (g/dL) 5.5740,132 5.20+0.13% 4.56+0.15° 5.12+0.19%

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 4,3438+0,152 6,477120.002 8,3764%0.802b¢
large 4,258020.002 7,0922%0.582p 7,693120.29bed
cos small 4,166410.232 6,836810.542b 7,1238%0.754
large 4,1838+0.282 7,5131%0.242b 8,6993%0.972b
Cd small 4,681910.24» 5,8458%0.29> 8,122810.332bed
large 5,3764£0.22 6,3280%0.672b 7,3920£0.38¢d
Cd+COS small 4,1230%0.92 7,67231£0.992b 7,2177%0.76¢4
large 4,4269£0.012 8,147610.602 8,9155+0.292

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 (IB) 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

kkk

Cezayir, Bejaia'daki Mezbaha Verilerine Dayanan Tiiberkiiloz Hakkinda Ilk Rapor: Geriye Déniik 10
Yillik Bir Arastirma

oz

Tiberkiiloz (IB), Cezayir'de halk sagligt icin énemli bir tehdit olusturan ruminantlarin yaygin ve endemik bir
hastahigidir. Bejaia'da (Cezayir) sigir eti, koyun ve kegilerde tiberkilloz prevalansinin ayrintii bir et muayene
prosediirii kullanilarak tahmin edilmesi igin geriye déniik bir mezbaha c¢alismast yapilmistir. Ttberkiloz prevalanst
sigitlarda % 2.06 (2.092/199 077), koyunlarda % 0.007 (11/168 796) ve kecilerde % 0.008 (11/164 986) idi.
Hastaligin yillik yayginlik orani, calismanin on yillik dénemi boyunca araliklarla artmustir. Ancak, kesilen sigirlarda
aylik titberkiiloz lezyonlarindaki dalgalanmalar, ¢alisma stiresi boyunca % 1.77 ile % 2.36 arasinda degisen tespit
oranlarinda kaydedilmistir. Ayrica sigir ve kecilerde mevsimsel prevalanstaki degisiklik anlamli degildir (P> 0.05).
Analizimiz, calisma alanindaki TB'nin buytkligini ortaya ¢ikarmistr ve Cezayir'de hastaligin bulagmasina iliskin
daha fazla sistematik arastirmay1 garanti etmektedir.
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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. 2000).
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.
2000, Silaigwana et al. 2012).

Tuberculosis is a widespread and economically
important disease of domestic animals. It negatively
affects agricultural activiies 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 3206.826-kilometer square (km?). The study
area treceives 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 atre 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 ~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 petriod
(January 2009 to December 2018). A total of 181,450
cattle, 163,384 sheep and 145,048 goats were

—¢— Cattle
Sheep
—d— Goats

% Annual infected animals
(™)

0 —i il il il

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).

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Period (Years)

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
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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 slanghtered 199 077 168 796 164 986 532 859
Mean £ SD 19907.7£2229 16879.624984.6 16498.6£5358.6 53285.919677.2
Min-Max 17196-23760 12695-28862 97719—0274389 40662-67657
Number with 4092 11 11 4114
tuberculosis lesions

Prevalence (%) 2.062 0.007> 0.008> 0.77

95% confidence interval 0.66-3.38 0-0.001 0-0.001 0.13-0.65

*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 Number of infected
slaughtered 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)
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DISCUSSION

In Affrica, epidemiological studies of TB atre 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 soutrce of
information on the incidence of animal diseases and
conditions, some of which may be zoonotic. The
meat inspection data ate 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. 2000).

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 eatly
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. 20006). 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 vatiations
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
turther 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.
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Afyonkarahisar Ili Cegsme Sularinin Hijyenik Kalitesinin Belirlenmesi

(074

Bu calismada Afyonkarahisar ili sehir merkezinde bulunan ¢esmelerden alinan igme sularinin mikrobiyolojik ve
kimyasal 6zellikleri arastirtlmistir. Sonug olarak; incelenmesi yapilan kirk 6rnegin 9 adedinde (%22.5) Escherichia coli
tespit edilmistir. 19 adedinde (%47.5) ise; Koliform grubu bakterileri tiztkte belirtilen degerlerin tzerine oldugu
saptanmistit. Toplam aerobik mezofilik bakteri sayist 0-3.45 log kob/250ml, koliform grubu bakteri sayist 0-2.59
log kob/250ml, psikrofil bakteri grubu sayist 0.48-2.81 log kob/250ml, Escherichia coli sayis1 0-1.97 log kob/250ml
arahiginda oldugu tespit edilmigtir. Kimyasal analizlerde pH, iletkenlik, sertlik, nitrit, amonyum, bikarbonat,
berraklik, flor, klor degetleri sirastyla ortalama 7.46, 344.4, 16.03, 0.061, 0.0312, 151.39, 9.8, 0.144, 0.171 mg/mL
olarak saptanmistir. Orneklerde belirtilen kimyasal sonuglar Insani titketim amaglt sular yonetmeligine gore uygun
bulunmasina karsin mikrobiyolojik sonu¢larda tim numuneler Escherichia coli, koliform, TAMB, toplam psikrofil
aerobik bakteri yontnden insani tiketim amacl sular yonetmeliginde belirtilen kalite kriterlerine uygunluk
gostermemektedir. Sonu¢ olarak, Afyonkarahisar sehir merkezindeki icme ve kullanma sularinin  hijyenik
kalitesinin insani tiketim amagh sular yonetmelige uymadigt ve halk saghgr acgisindan 6nemli riskler tasidig
kanaatine varilmistir.
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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 wotld, 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 petiod 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
2000).

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 vatious 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.

E'scherichia 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).
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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 (NO2N
mg/L) was analyzed using the Merck Nova 14776 kit
by the spectrophotometric method, Ammonium
nitrogen (NH4N 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 bactetia count vatied
between 0-2.59 log cfu/250ml, TAMB count vatied
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
(uS/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. o/,
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 vatried 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 pS/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 bactetia 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, fluotine, 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/mlL,
respectively.

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

Bacteria Average Value Minimum Value Maximum Value
(n=40) (n=40) (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 Minimum Value Maximum Value
(n=40) (n=40) (n=40)
pH 7.46 6.54 7.71
Conductivity (uS/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 Consumption (Akin and Akin 2007). The

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 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.

Conflict of Interest: The authors declare that they
have no conflict of interest.
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Use of Pumpkin and Its Effect on Quality in Ice Cream Production
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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 aecrobic 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 Oth. 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.

Keywords: Ice Cream, Production, Pumpkin, Quality.

kkk

Dondurma Uretiminde Bal Kabag1 Kullanimi ve Kalite Uzerine Etkisi

oz

Bu calisma bal kabagi, zencefil, tarcin ve hindistan cevizinin dondurmanin kalitesi (duyusal, kimyasal ve
mikrobiyel) tizerine olan etkisini incelemek amaciyla yapildi. Bu amacla 4 grup dondurma yapild: ve -18°C’de
muhafaza edildi. Orneklerin 0., 10., 20. ve 30. giinlerinde mikrobiyolojik, kimyasal ve duyusal analizleri yapildi.
Istatistiksel olarak gruplar arasinda kuru madde, yagsiz kuru madde ve yag degerleri bakimindan 6nemli farklar
tespit edildi (p < 0.05). Sonug olarak, bu arastirmada seker miktari olduke¢a diisiik, daha diyetik, besleyici degeri
yitksek, bal kabakli kaliteli dondurma dretiminin miimkiin olabilecegi ve dondurmalarin -18 °C’de muhafaza
edilmesiyle kalitelerini en az 30 giin koruyabildigi tespit edildi.

Anahtar Kelimeler: Balkabagi, Dondurma, Kalite, Uretim.
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GIRIS

Dondurma, hoga giden tadi, aromasi ve ferahlatici
etkisiyle birlikte herkes tarafindan sevilerek tiketilen
ve kolay sindirilen bir besin kaynagidir (Tekingen ve
Tekingen 2008). Ozellikle enetji, protein, kalsiyum,
fosfor, vitamin A, vitamin D ve vitamin B2 riboflavin
icin 6nemli bir kaynaktir (Anonim 2004).

Sit ve sut urunlerinden elde edilen dondurma;
genellikle tatlandiricy, stabilizator, emilgatr, aroma
ve renk veren maddelerden olusan karisimdir
(Tekinsen ve Tekinsen 2008). Dondurma karisimi ise;
tat ve ¢esidine gbre siit veya siit Griinlerini igme suyu,
seker ve musaade edilen katki maddeletini icetren, arzu
edildiginde salep, yumurta veya yumurta Urinleri,
aroma maddeleri ve ¢esni maddelerini bulunduran,
dondurulmamis karisim olarak tanimlanir (Anonim
2004). Dondurma, dondurma tebligine (Anonim
2004) gore sade ve ¢esnili (meyve ve sebzeler ile
bunlarin suyu, konsantresi, piresi, ezmesi, findik,
fistik, badem, ceviz gibi sert kabuklu meyveler, tahdlar
gibi bitkiler ve bitki preperatlari, sekerli mamuller ile
bal, kahve, kakao, cikolata, baharat gibi) olarak
siniflandirtlir.

Dondurma tiretiminde bal kabagi, kullanilan yardimet
maddeler arasindadir. Bal kabagt (Cucurbita moschata)
100 grami 3.77 g sakaroz, 1.57 g glikoz, 1.06 g
friktoz, 88.6 su, 020 g yag ve 0.46 protein
icermektedir (Web 2016a). Antiinflamatuar etkisi
olan balkabagi, lif icerigi yitksek olmasinin yant sira
zayiflama diyetlerinde uzun stre tokluk hissi saglayip
zayiflamaya yardimet olur. Sindirim sistemi problemi
yasayanlarda kabizhigt 6nler. Balkabagi ve cekirdegi
ozellikle g6z saghginda, deri ve hicre yapisinin
yenilenmesinde etkili olup A ve E vitaminleri igerir.
Bir su bardagt pismis balkabaginda 11.7 mg alfa
karoten bulunmaktadir. Kalp hastaliklarinda ve
hiperlipidemi  vakalarinda LDL  (low  density
lipoprotein)’nin dismesinde beta karoten etkilidir.
Antioksidan 6zelligi ve bagisikligt gliclendirdigi icin
kansere karsi koruyucu etki saglar. Balkabagi demir,
potasyum, kalsiyum, fosfor gibi 6nemli mineralleri de
icerir. Saglikli kemik gelismesi ve kansizliga karst
6nemli rol oynar. Yapisinda bulunan ¢inko sayesinde
saglarin  gliclenmesini ve dokiilmesini 6nler (Web

2016b).

Aksoy ve ark. (2013), Kars’ta satilan dondurmalarda
toplam aerobik mezofilik bakteri sayisint ortalama
olarak 4.0x107 kob/g, toplam psikrofil aerob bakteri
sayisint  2.0x105 kob/g, koliform bakteri sayisini
1.4x103 kob/ g ve Staphylococcus-Micrococcus sayisini ise
9.0x10¢ kob/g olarak saptamiglardir. Dondurma
orneklerinde  Salmonella spp. ve Staphylococcus aurens
tespit etmediklerini, sadece bir 6rnekte Escherichia coli
tespit edildigi ve dondurmalarin mikrobiyolojik

kalitesinin standartlarda belirtilen degerlerin {izerinde
oldugunu vurgulamiglardir.

Patir ve ark. (2004), Elazig’da acikta satilan kaymakl
(sade) ve meyve aromali dondurmalarda koliform
bakterilerinin tiitleri ile dagilimlarint incelemislerdir.
Bu amagla, 50’ser adet kaymakli ve meyve aromali
(limonlu, kakaolu, fistkli, visneli ve ¢ilekli
dondurmalarin  her birinden 10 adet) dondurma
incelenmislerdir. Koliform bakterileri en az <1.00 log
kob/g, en c¢ok 574 log kob/g dizeyinde
saptamiglardir.

Anteplizimi (2000), ¢ig keci siitiine seker, krema ve
yagsiz siittozu, ilave edilerek hazirladigt dondurma
miksine % 20, 30, 40, 50 oranlarinda bal ve glikoz
surubu katilarak yaptigt dondurmalarin fiziksel ve
kimyasal 6zelliklerini arastrmistir. Dondurmalarin pH
degerlerinin 6.00-6.57 arasinda degistigini
belitflemistir. Hazirlanan 6rneklerde kullanilan bal
orant artttka pH degerlerinin  distiigiint, glikoz
surubu kullamilan O6rneklerde de yaklastk sonuglar
saptadigini vurgulamustir.

Bu calismada dondurma dretiminde balkabag:
kullaniminin dondurmanin mikrobiyolojik, kimyasal
ve  duyusal  Ozellikleri  gibi  gesitli  kalite
parametrelerinin belirlenmesi amaglanmugtir.

MATERYAL ve METOT

Materyal

Bu c¢alismadaki dondurma 6rnekleri, Elazig’da
dondurma treten 6zel bir pastanede, imalatin bltin
asamalarinda azami hijyenik kosullarina  dikkat
edilerek yapildi. Uretimde % 35 siit yad1 iceren 6zel
bir firmaya ait krema, pH’s1 6.3 ve % 11.6 kuru
madde iceren bal kabagi ptiresi kullanildi. Bal kabagt
6nce yitkandi ve sonra dilimlendi, dilimlerin kabugu
soyuldu ve su icinde haslandi. Haslanan bal kabagt
stizgece konulup, sulart stiziildikten sonra dondurma
tretiminde kullanildi. Bu amagla 4 farkli dondurma
karisimi  hazirlandr (Tablo 1). I. grup dondurma
pivasada satilan sade dondurmanin temel bilesenleri
esas alinarak hazirlandi. Diger 3 grupta kullanilan bal
kabag haglamp, piire haline getirildikten sonra
belirtilen oranlarda katisima ilave edildi. Hazirlanan
karisimlar  dondurma  makinesine konuldu ve
dondurma tretim semasinda (Sekil 1) belirtildigi
sekilde dondurma yapildi. Hazirlanan bu karisim 150
glk agz1 kapakli saklama kaplarna (tupperware)
(polikarbonat) (Sera marka) konulup, -18 °C’ de
muhafaza edildi. Dondurma 6rnekleri muhafazanin
0., 10., 20. ve 30. ginlerinde mikrobiyolojik, kimyasal
ve duyusal bakimdan incelendi. Her dénemde her
gruptan 2 O6rnek olmak tzere toplam 96 6rnek
incelendi. Calisma 1 Ocak- 30 Nisan 2017 tarihleri
arasinda 30 gin ara ile 3 kez tekrarlandt ve her deney
cift paralel yapildr.
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Mikrobiyolojik Analizler

Mikrobiyolojik analizler icin her bir 6rnekten 10 g
dondurma Ornegi  steril stomacher posetlerinde
tartildt. Uzerine 90 ml % 0.1lik steril peptonlu su
(Conda Pronadisa 1403.00, Spain) eklenerek
homojenizatérde (Stomacher 400) 1 dk. homojenize
edilerek 10-Vlik seyreltisi hazirlandi. Ayni seyreltici
kullantlarak 10-%e kadar diger desimal seyreltileri
hazirlanip yayma (maya-kif) ve doékme (toplam
mezofilik aerob bakteri) metodu ile ekim yapild:
Ekimi yapilan petri kutulart uygun sicaklik ve
siirelerde inkiibe edildi. Inkiibasyon sonrast 30-300
adet koloni igeren petri kutulari sayildi.

Ornekler toplam mezofil aerobik bakteri ve maya-kiif
sayist yontnden analiz edildi. Toplam mezofilik aerob
bakteri koloni sayimi i¢in Plate Count Agar (Merck
1.05463.0500, Darmstadt, Germany ) (351 °C’de 48
saat). maya-kaf sayimu icin Oksitetrasiklin Dekstroz
Yeast Ekstrakt Agar besi yeri (Merck 1.05978,
Darmstadt, Germany) (251 °C’de 5 gtn) kullanildi
(Halkman 2005).

Kimyasal Analizler

Orneklerin kuru madde miktari gravimetrik yontem
e tespit edildi (Oysun 1996). Yagsiz kuru madde
(YKM) tayini, kuru madde oranindan yag orani
ctkarilarak hesaplandi (Anonim 2013). Stt yag1 tayini
icin Gerber Metodu (Oysun 1996) kullaniddi. pH
degerleri daldirma yéntemiyle

pH metre (Selecta - pH 2001) ile saptandi (AOAC
1990).

Duyusal Analizler

Duyusal analizler renk ve goriinis, yapt ve kivam, tat
ve koku bakimindan incelendi. Puanlamada 1-9 arast
puanlar verildi. 1 puan asir1 k6td, 2 puan ¢ok kotid, 3
puan kéti, 4 puan biraz kétd, 5 puan orta, 6 puan
biraz iyi, 7 puan iyi, 8 puan ¢ok iyi, 9 puan mitkemmel
olarak degerlendirildi. Analizler 7 panelist tarafindan
yapildt. Panelin saat 10%- 11% arasinda ve aynt kisiler
tarafindan yapilmasina 6zen gosterildi (Altug ve
Elmaci 2011).

Istatistiksel Analizler
Calismanin  istatistiksel degerlendirilmesi SPSS 21
(IBM SPSS, IBM Corporation, USA) paket programt

ile yapddi. 3 tekrari yapilan mikrobiyolojik (toplam
mezofilik aerob bakteri, maya ve kif), kimyasal (pH,
kuru madde, yagsiz kuru madde, siit yagt) ve duyusal
(renk ve gorinds, yapt ve kivam, tat ve koku)
parametrelerin I, 1I, III ve IV gruplan icin
karsilastirilmasinda ve 0.. 10.. 20. ve 30. glnleri
bakimindan degerlendirilmesinde One Way ANOVA
testi kullanildi. Gruplar arasindaki farkliliklar Duncan
testi ile belirlendi. Ayrica degetler arasindaki iligkiyi
tespit etmek amactyla Pearson Correlation testi
yapildt. Istatistiksel 5nem p < 0.05 olarak kabul edildi.
Veriler ortalama * standart sapma olarak verildi
(Ozdamar 1999).

BULGULAR

Mikrobiyolojik analiz sonuglarina gére (Tablo 2).
Toplam mezofilik aerob bakteri sayist log kob/g
olarak ortalama I. ve II. grupta 4.34+0.71, 111. ve IV.
grupta 4.4+0.73 olarak saptandi. maya ve kiif sayis1 ise
butin gruplarda ve dénemlerde <1 log kob/g olarak
saptandi.  Yapilan istatistiksel analizlerde toplam
mezofilik aerob bakteri bakimindan dondurma
6rneklerinde grup ici ve gruplar arasinda 6nemli bir
farklilik saptanmadi (p > 0.05).

Kimyasal analiz sonuglari (Tablo 3) kuru madde ve
yagsiz kuru madde oranlarinda biitiin gruplarda, grup
icinde giinler arasinda bir farklilik olmamasina (p >
0.05) ragmen, gruplar arasinda 6nemli farkliliklar
tespit edildi (p < 0.05). Yag oranlarinin istatistiksel
analizlerinde bitiin glinlerde 1. grup ile diger ¢ grup
arasinda 6nemli derecede farkliiklar tespit edildi (p <
0.05). Istatistiksel olarak biitin giinlerde gruplar
arasinda pH degerleri bakimindan énemli derecede
bir fark saptanmadi (p > 0.05).

Kuru madde, yagsiz kuru madde ve yag oranlari
bakimindan gruplar arasinda pozitif korelasyon

saptandi (Tablo 4).

Duyusal analiz sonuglarina gére (Tablo 5) istatistiksel
olarak dondurma 6rneklerinde ortalama duyusal
analiz degerleri bakimindan grup ici ve gruplar
arasinda 6nemli derecede farklilik tespit edilmedi (p
> 0.05).
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Hammadde

.

Hammadde tartim1 ve hazirlanmast

!

Karstirma

!

Pastorizasyon ( Pastorizatorde. 720Cde 15 dk )

l

Sogutma (4°C’ de 1 saat)

}

Olgunlastirma (Dinlendirme) (0 °C’de 3 saat)

}

Bal kabag1. zencefil. tarcin ve hindistan cevizi ilavesi

!

Karisimin dondurulmasi (115 rpm’de 15 dk. -30°C’de )

!

Dolum ve ambalajlama (Agzt kapakli saklama kaplari (tupperware) kaplar)

Sertlestirme (-30 °C’de 6 saat)

Muhataza (-18 °C’de 30 giin )

Sekil 1. Dondurma Uretim Semast
Figure 1. Ice Cream Production Scheme

Tablo 1. Dondurma gruplarinin bilesimleri (%o)
Table 1. Composition of ice cream groups (%)

Maddeler I. Grup IT1. Grup III. Grup IV. Grup
Krema 48.5 31.5 31.5 31.5
Sit 10 - - -
Seker 40 18 5 2.5
Salep 1.5 - - -
Bal kabagy piiresi - 42 55 57.5
Cig yumurta sar1st - 7 7 7
Zencefil - 0.43 0.21 0.21
Tarcin - 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 6rneklerinin mikrobiyolojik analiz sonuglari (logkob/g) (n: 96)

Table 2. Microbiological analysis results of ice cream samples (log cfu/g) (n: 96)

Mikroorganizma Gruplar Giin Ortalama+Standard
0 10 20 30 Sapma
Toplam mezofilik aerob bakteri 1 43 43 41 42 4.3+0.71
11 4.3 4.2 4.3 4.4 4.340.71
111 4.3 4.4 4.6 4.5 4.4+0.73
v 4.3 4.4 4.6 4.5 4.4+0.73
Maya-Kaf 1 <1 <1 <1 <1 <1
11 <1 <1 <1 <1 <1
111 <1 <1 <1 <1 <1
v <1 <1 <1 <1 <1

I: Kontrol grubu, II: % 42 bal kabagi, III: % 55 bal kabagi, IV: % 57.5 bal kabag1 icermektedir.

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

Deger Gruplar Giin Ortalama+Standard
Sapma
0 10 20 30

Kuru Madde I 57.642 57.662 57.692 57.622 57.65+0.78

(%)
11 37.90p 37.60° 37.58P 37.73b 37.70+ 0.78
111 26.56¢ 26.70¢ 26.65¢ 26.63¢ 26.63+ 0.63
v 23.604 23.564 23.904 23.58d 23.66+ 0.79

Yagsiz Kuru I 42.14 42.16 42.59 42.627 42.37+0.51

Madde

(YKM) (%) 11 27.10° 27.23b 27.25b 27.13 27.18+ 0.44
111 16.56¢ 16.70¢ 16.65¢ 16.63¢ 16.64+ 0.52
v 13.40¢ 13.26¢ 13.334 13.584 13.40 + 0.52

Yag (%) I 15.502 15.502 15.102 15.002 15.2840.11
11 10.80b 10.37b 10.33b 10.06° 10.3940.23
111 10.21b 10.12b 10.15b 10.13b 10.154+0.23
v 10.02b 10.03b 10.37b 10.00P 10.11£0.23

pH I 6.74 6.76 6.79 6.72 6.75%0.45
11 6.63 6.65 6.68 6.67 6.65+0.49
111 0.61 6.63 6.68 6.67 6.6410.46
v 6.62 6.66 6.63 6.62 6.6310.80

I: Kontrol grubu, II: % 42 bal kabagi, III: % 55 bal kabagi, IV: % 57.5 bal kabagi icermektedir; a, b, ¢, d: Ayni stitunda farkli

harfler ile gosterilen degerler arasindaki fark énemlidir (p < 0.05).
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Tablo 4. Dondurma 6rneklerinde kuru madde. yagsiz kuru madde ve yag oranlart arasindaki korelasyon degerleri
Table 4. Correlation values between dry matter. non-fat dry matter and oil ratios in ice cream samples

Gruplar 1,p,n Kuru Madde Yags1z Kuru Madde Yag
r 041 963" T2
58 78 63
L grup p 96 96 96
r 088w 1.00 884
67 87 59
1. grup p 96 96 96
r 1.00 088w 920
88 62 71
II1. grup ) 96 96 96
r 920%x 884 1.00
56 65 68
IV. grup p 96 96 96

**: 0.01; r: Korelasyon sabiti; p: Onem derecesi; n: Ornek sayist

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

Ozellik Gruplar Gun Ortalama+Standard
0 10 20 30 Sapma
Renk ve Gériints I 7.32 7.34 8.10 8.13 7.7240.60
I 8.55 8.29 8.37 8.28 8.37+0.60
111 8.28 7.92 7.74 7.65 7.90+0.60
v 7.83 7.86 7.80 7.74 7.81+0.10
Yapt ve Kivam I 7.95 8.01 7.94 7.96 7.97+40.10
11 7.85 7.88 7.80 7.83 7.84+0.10
111 7.80 7.83 7.86 7.77 7.83+0.80
v 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
11 7.88 791 7.83 7.79 7.86+0.24
111 7.92 7.95 7.92 7.94 7.93+0.24
v 6.15 6.12 6.13 6.10 6.13+0.24

n: Ornek saysi; It Kontrol grubu. II: % 42 bal kabagi. III: % 55 bal kabag1. IV: % 57.5 bal kabagi icermelktedir.
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TARTISMA

Yapilan literatlir taramalarinda, dogrudan bal kabag:
kullanilarak tretilen dondurmalar ile ilgili herhangi bir
aragtirmaya rastlanilmadi. Bu nedenle tartisma, meyve
aromalt dondurmalar Gzerinde yapilan arastirmalar ile
kiyasland.

Incelenen érneklerde toplam mezofilik aerob bakteri
sayist L. ve II. grupta 4.3 log kob/g, I1I. ve IV. grupta
4.4 log kob/g olarak tespit edildi. Yapilan istatistiksel
analizler sonucunda toplam mezofilik aerob bakteri
sayist bakimindan dondurma 6rneklerinde grup ici ve
gruplar arasinda 6nemli bir farklilik saptanmadi (p >
0.05) (Tablo 2). Toplam mezofilik aerob bakteri
sayisint Patir ve ark. (2004) 3.44-4.49 log kob/g,
Guner ve ark. (2004) 9.8x105-2.5x107 kob/g, Cubuket
ve Atasever (2018) 4.40 log kob/g ve Aksoy ve ark.
(2013) 4.0x107 kob/g olarak bildirmislerdir.  Bu
calisma ile diger arastirmactlarin sonuglart arasindaki
farkliliklar, incelenen 6rneklerin bilesim, satis sirasinda
muhafaza  kosullar1  ve  dretim  hijyenindeki
farkliliklarindan kaynaklanabilir.

Calismamizda biitiin gruplarda ve butiin dénemlerde
maya ve kuf sayist <1 log kob/g olarak saptandi. Bu
durum kaliteli ham madde kullanimina, dondurma
Uretiminin  hijyenik  kosullarda  yapimasma  ve
muhafaza  sartlarina  baglanabilir.  Tstatistiksel
analizlerde maya-kiif sayist bakimindan dondurma
orneklerinde grup ici ve gruplar arasinda Onemli
farkldiklar saptanmad: (p > 0.05) (Tablo 2). Maya ve
kuf sayisini, Patir ve ark. (2004) 1.58-2.99 log kob/g,
Erol ve ark. (1998) 4.0-5.9x102 kob/g, Giner ve ark.
(2004) 3.4x10%-1.9x10* kob/g, Isleyici ve ark. (2016)
2.18 log kob/g olarak tespit etmislerdir. Bu ¢alisma ile
diger arastirmacilarin c¢alismalarindan elde edilen
analiz sonuglart arasindaki farkliliklar, 6rneklerin
bilesimine, satts sirasinda muhafaza kosullarina ve
tretim hijyenine baglanabilir.

Orneklerin, ortalama kuru madde miktart % 23.66-
57.65 arasinda saptandi. 1. ve II. gruplarda
saptadigimiz kuru madde oranlarinin  TS-4265
Dondurma Standardi’'na (Anonim 2013) ve Tirk
Gida Kodeksi Dondurma Tebligi'ne (Anonim 2004)
uygun oldugu tespit edildi. III. ve IV. gruplarin kuru
madde oranlarinin ise Dondurma Tebligi'ne ve
standarda goére distk oldugu gézlendi. Bu gruplarda
tespit edilen kuru madde oranindaki dustklik, bal
kabagt miktarinin yiksek olmasindan (su orami
yiksek)  kaynaklanmaktadir.  Bitin  gruplarda
doénemler arasinda bir farklilik olmamasina (p > 0.05)
ragmen, gruplar arasinda Onemli farkliliklar tespit
edildi (p < 0.05) (Tablo 3). Gruplar arasindaki
farkldiklar, tretimde kullanilan bal  kabaginin
miktarindan kaynaklanmaktadir. Kir (2007) hazirladigt
dondurma 6rneklerinde kuru madde miktarint %
32.32-38.39, Ozcan ve Kurdal (1997) limonlu

dondurmalarda % 33.18, visneli dondurmalarda %
31.67 ve cilekli dondurmalarda da % 31.80 olarak
saptamuslardir. Acu (2014) tretiminde %10 oraninda
frambuaz meyvesi kullandigt ve % 3 oraninda
probiyotik kiltiir ilave ederek trettigi dondurmalarda
kuru madde miktarint % 26.27 diizeyinde saptamistir.
Karaman (2011) bazt bitki caylar1 ve c¢ay ile
harmanlanmis dondurma karisim: muhtevasinda kutru
madde oranmt % 37.90 olarak belirlemistir. Korel
(2005) Manisa ilinde satisa sunulan kakaolu, sade ve
meyveli (visneli, cilekli ve limonlu) dondurmalarda
kuru madde oranlarini % 62.48-71.00 arasinda tespit
etmistir. Aloglu ve ark. (2018) %0 (kontrol), %15 ve
%25 kocayemis iceren 3 grup dondurma tretmisler ve
dondurmalarin  kuru madde miktarlarini  sirastyla
%40.82, %39.04 ve % 37.91 olarak saptamislardir.
Kotan (2018) %0 (kontrol), %5, %10 ve %15 yaban
mersini iceren 4 farkli dondurma tlretmis ve bu
dondurmalarda kuru madde oranlarini  sirasiyla
%28.73, %29.07, %2791 ve %?26.83 olarak tespit
etmistit. Bu ¢alisma ile diger calismalarda analizi
yapilan dondurma O&rneklerinden elde edilen kuru
madde oranlarindaki farkhiigin nedeni, Uretimde
kullanilan maddelerin bilesenlerine baglanabilir.
Incelenen dondurma 6rneklerinde ortalama yagsiz
kuru madde oranlart % 13.40-42.37 arasinda tespit
edildi. 1. ve II. gruplarda saptadigimiz kuru madde
oranlart TS-4265 Dondurma Standardi’na (Anonim
2013) ve Turk Gida Kodeksi Dondurma Tebligi'ne
(Anonim 2004) uygun olarak, III. ve IV. gruplarin
kuru madde oranlari ise diigiik olarak tespit edildi. I11.
ve IV. gruplarda kuru madde oranmnin dusik
olmasinin nedeni Uretimde kullandan bal kabag
miktarinin  bu  gruplardan  yitksek  olmasindan
kaynaklanmaktadir. Bitin gruplarda doénemler
arasinda bir farklilik olmamasina (p > 0.05) ragmen,
gruplar arasindaki farkhihiklar istatistiksel olarak 6énemli
bulundu (p < 0.05) (Tablo 3). Ozcan ve Kurdal
(1997) limonlu dondurmalarda ortalama yagsiz kuru
madde oranint % 31.47, visneli dondurmalarda %
31.67 ve cilekli dondurmalarda ise % 30.82 olarak
saptamislardir. Oztiirk (1969) meyve aromalt (visne,
limon, ¢ilek) dondurmalarda yagsiz kuru madde
oranini ortalama olarak % 28.31 olarak saptamistir.
Calismalar arasindaki bu farklliklar, kullanilan bal
kabag miktarina, dondurma yapmminda kullanilan
maddelere ve oranlarina baglanabilir.

Calismamizda ortalama yag degerleri 1. grupta %
15.28; II. III. ve IV grupta sirastyla, % 10.39, % 10.15,
% 10.11 olarak saptandi. TS 42658 Dondurma
Standardr’na (Anonim 2013) ve Turk Gida Kodeksi
Dondurma Tebligi’ne (Anonim 2004) gére yag orani
bakimindan I. grup tam yagli dondurma kategorisine,
diger t¢ grup ise yagl dondurma kategorisine
girmektedir.  Istatistiksel  analizlerde ~ dondurma
Orneklerinin =~ yag  oranlart  bakimindan  butin
donemlerde 1. grup ile diger ti¢ grup arasinda 6nemli
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derecede farklilik tespit edildi (p < 0.05) (Tablo 3). Bu
farkligin - sebebi, kullanilan kremanin miktarina
baglanabilir.  A¢u  (20) inceledigi  dondurma
orneklerinde yag oranini % 5.45; Kir (2007) ise % 3.2-
8.8 arasinda tespit etmiglerdir. Bu c¢aligmalarda tespit
edilen oranlarinin, mevcut ¢alismamizda saptanan yag
oranlarindan dusik olma sebebi kullanilan kremanin
yag miktarina bagl olabilir. Celiker (2008) % 10 ve %
15 alic pekmezi kullanarak hazirladigr iki farkh
dondurma karigiminda yag oranlarii % 5.05-6.25
arasinda tespit etmistir. Bu calismada incelenen her
dort gruptaki sonuglar bu degerden ytksektir. Bunun
sebebi kullanilan hammaddenin bilesenlerine bagl
olabilir. Aliyev (2006) yaban mersini ile iretilmis
kefirli dondurmalarda meyve pulpu oranmi arttikca
orneklerin  yag oranlarinin  azaldigim  bildirmistir.
Calismamizin, Aliyev’iin  calismasina  bu  acidan
paralellik gosterdigi tespit edildi. Aloglu ve ark. (2018)
%0 (kontrol), % 15 ve % 25 kocayemis igeren
dondurmalarin yag degerlerini sirayla % 6.00, % 5.97
ve % 5.84 olarak saptamuslardir. Kotan (24) %0
(kontrol), % 5, % 10 ve % 15 yaban mersini iceren
dondurmalarin yag oranlarim sirasiyla 5.60, 5.40, 4.85,
4.30 olarak tespit etmistir.

Incelenen 6rneklerde ortalama pH degerinin 6.63-
6.75 arasinda degistigi tespit edildi. Istatistiksel olarak
bitin donemlerde gruplar arasinda pH  degeri
bakimindan farkhilik saptanmadi (p > 0.05) (Tablo 3).
Antepiiziimi (2000), ¢ig kegi sttiine seker, krema ve
yagsiz sittozu, ilave edilerek hazirladigt dondurma
miksine % 20, 30, 40, 50 oranlarinda bal ve glikoz
surubu katilarak yaptigt dondurmalarin fiziksel ve
kimyasal 6zelliklerini arastirmistir. Dondurmalarin pH
degerlerinin 6.00-6.57 arasinda degistigini
belitrlemistir. Acu (2014) dondurma Orneklerinde
ortalama pH degerini 4.37; Vardar (2003) probiyotik
kiltir kullanarak yaptigt ¢ilekli dondurmalarda pH’y1
4.33-5.89; Coskun (2005) Tekirdag ilinde satiga
sunulan 25 adet ¢ilekli dondurmada pH degetlerini
6.22-6.52; Aliyev (2006) yaban mersini iceren kefirli
dondurmada pH degerlerini 4.18-6.16 arasinda tespit
etmistir. Hwang ve ark. (2009) tiziim sarab: Uretilirken
elde edilen ¢o6kelti halindeki Gzim tortularini
kullanarak urettikleri dondurmalarin pH degerlerini
6.32-7.14 arasinda saptamsslardir. Ozdemir (2018)
yaptigt ¢alismada kontrol grubu dondurma Srnegi ile
birlikte, stite 3 farkli meyveden (bogurtlen, yaban
mersini ve ¢ilek) 2 farkli oranda (% 7.5 ve % 15) ilave
ederek 6 meyveli dondurma 6rnegi yapmistir. Kontrol
orneginin pH'st 6.43-6.71 arasinda bulunurken, meyve
ilaveli dondurma 6rneklerinin pH'st 5.58-6.41 arasinda
degismistir. Cubuket ve Atasever (2018) visneli
dondurmalarda pH degerini 4.80; Aloglu ve ark.
(2018) pH’y1 kontrol grubunda 6.18, % 15 kocayemis
iceren dondurmada 6.14 ve % 25 kocayemis iceren
dondurmalarda 5.40; Kotan (2018) %0 (kontrol), % 5,
% 10 ve % 15 yaban mersini iceren 4 farkh

dondurmada pH’y1 strasiyla 6.56, 6.14, 5.96 ve 5.76
olarak tespit etmistir. Bu calismalar ile mevcut
calismamizdan elde ettigimiz bulgular arasindaki
farkliligin nedeni, kullanilan meyve c¢esitlerinin ve
tretilen  dondurmalarin  bilesiminin  farkliligina
baglanabilir.

Duyusal analizler bakimindan incelenen Orneklerde
ortalama renk ve gbriniis puant 1., II, III. ve IV.
gruplarda swasiyla 7.72, 7.81, 7.83, 7.86 olarak
saptandi. Gruplarda bal kabagi artisina bagli olarak
renk ve goriniis bakimindan daha iyl puanlar elde
edilmesine ragmen istatistiksel olarak dondurma
orneklerinde renk ve goriintis bakimindan gruplar ve
doénemler arasinda 6nemli bir farklilik tespit edilmedi
(p > 0.05 (Tablo 5). Konuyla ilgili benzer
calismalarda incelenen dondurma 6rneklerinde; Acu
(2014) renk ve goriinis bakimindan 7.41-8.19; Kir
(2007) 7.97 puan; Gurakan (1992) sade dondurmada
6.85 puan; Aloglu ve ark. (2018) renk ve goriinis
bakimindan kontrol grubunda 5.00, % 15 kocayemis
iceren dondurmada 4.81 ve % 25 kocayemis iceren
dondurmalarda 4.68 puan saptamuglardir.

Incelenen 6rneklerde yapt ve kivam puanlan 1., II.,
III. ve IV. gruplarda strastyla. 8.37, 7.97, 7.75 ve 7.93
olarak tespit edildi. Orneklerde yapt ve kivam
bakimindan gruplar ve ddnemler arasinda Onemli
derecede farklilik tespit edilemedi (p > 0.05) (Tablo
5). Agu (2014) 6.96-8.87 puan; Kir (2007) 8.10 puan;
Girakan (1992) 6.66 puan; Aloglu ve ark. (2018)
kontrol grubunda 4.93, % 15 kocayemis iceren
dondurmada 4.56 ve % 25 kocayemis iceren
dondurmalarda ise 4.37 puan olarak saptamuglardir.
Kotan (2018) yaban mersini ilaveli dondurma
orneklerinde duyusal olarak istatistiksel bir fark tespit
edemedigini, ancak yaban mersini ilavesinin sakizimsi
yapt olusumu puanlarinda 6nemli oranda azalmaya
neden oldugunu saptamustir (p < 0.05).

Tat ve koku bakimindan I., IL., III. ve IV. gruplarda
yer alan dondurma 6rnekleri ortalama olarak sirasiyla,
7.90, 7.84, 7.68 ve 6.13 puan aldiar. Istatistiksel
olarak tat ve koku bakimindan gruplar ve dénemler
arasinda 6nemli bir farklilik tespit edilmedi (p > 0.05)
(Tablo 5). Buna benzer calismalarda incelenen
dondurma 6rneklerinde, Kir (2007) 7.54 puan; Agu
(2014) 6.96-8.87 puan; Aloglu ve ark. (2018) kontrol
grubunda 4.87, % 15 kocayemis iceren dondurmada
450 ve % 25 kocayemis iceren dondurmalarda ise
4.31 puan saptamiglardir.

Duyusal analiz sonuglarimiz ile ilgili arastirmalar
arasindaki farkliligin sebebi, dondurma 6rneklerindeki
bilesim farkliligina baglanabilir.

Sonu¢ olarak, bu arastirmada distk dizeyde seker
kullanilarak tretilebilen, daha diyetik, hijyenik kalitesi
iyi, besleyici degeri yiksek, bal kabakli, zencefilli,
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tarcinli  ve hindistan cevizli kaliteli dondurma
tretiminin miimkiin olabilecegi ve dondurmalarin -18
°C’de muhafaza edilmesiyle kalitelerini en az 30 giin
koruyabildikleri, dolayisiyla dondurma dretiminde
balkabagi kullanilmasinin kalite ve muhafaza siiresi
yoniinden bir risk olusturmadigt ve bu yontem ile
dondurma endistrisine yeni bir Uriin  cesidi
kazandirilabilecegi ve dondurma teknolojisine katki
saglanabilecegi sonucuna varilmistir.

TESEKKUR

Bu ¢aligma Firat Universitesi Bilimsel Arastirma Projeleri
Birimi (FUBAP) tarafindan V.F.16.30 No’ lu proje
numarasi ile destelenmistir.

Bu makale Ayse YILDIZin ayn: isimli yiiksek lisans
tezinden (FUBAP, VF.16.30) dzetlenmistir.

II. Uluslararas: Battalgazi Bilimsel Calssmalar Kongresi
(21-23 Eyliil 2019 | Malatya) sizlii bildiri olarak kabul
edilpis ve yaymlanmistor.

Cikar Catigmasi: Yazarlar, ¢ikar catismast olmadigim
beyan eder.

KAYNAKLAR

Acu M, Kinik O. Fonksiyonel ézellikleri gelistirilmis dondurma
tiretimi. Ege Univ. Zir. Fak. Derg. 2014; 50(1): 1-12.

Aksoy A, Sezer C, Vatansever L. Kars piyasasinda tiiketime
sunulan sade dondurmalarin mikrobiyolojik kalitesinin
belirlenmesi. Kaflas Univ. Vet. Fak. Derg. 2013; 2(1): 1-
5.

Aliyev C. Kefir ve yaban mersinini dondurmanin fizikokimyasal,
duyusal ve mikrobiyolojik 6zelliklerine etkisi. Yiiksek
Lisans Tezi. Ondokuz Mayis Universitesi Fen Bilimleri
Enstitiisi Gida Mihendisligi Anabilim Dali. Samsun.
2006.

Aloglu HS, Gokgoz Y, Bayraktar M. Kocayemis (dag cilegi-
arbutus unedo 1) meyveli dondurma tretimi, fiziksel,
kimyasal ve duyusal parametreler agisindan irdelenmesi. ]
of Food 2018; 43(6): 1030-1039.

Altug T, Elmac1 Y. Gidalarda Duyusal Degetlendirme. 1. Baski.
Sidas Medya: {zmir. 2011.

Anonim. 2013. TS 4265. Dondurma Standardi. Turk Standartlari
Enstittist. TSE. 13s. Ankara.

Anonim. Tirk Gida Kodeksi Dondurma Tebligi. Tarim ve Koy
Isleri Bakanhgt Teblig No: 2004/45. Ankara. 2004.

Antepiizimii  F.  Bal ve glikoz surubu kullaniminin
Kahramanmaras tipi dondurmalarin  kalitesi lzerine
etkileri. Yitksek Lisans Tezi, Cukurova Universitesi Fen
Bilimleri Enstitiisit Gida Mihendisligi Anabilim Dals,
Adana, 2000.

Association Official Analytical Chemists. Official methods of
analysis of the association of official analytical chemists,
15th Ed., Washington DC., 1990.

Coskun. F. Tekirdag ilinde satillan sade ve cilekli dondurmalarda
fekal kontaminasyonun belirlenmesi. Tekirdag Zir. Fak.
Derg. 2005; 2(2): 135-142.

Celiker MB. Alic meyvesinin pekmeze islenerek dondurma
tretimine ilavesiyle dondurmanin kalite kritetleri tizerine
etkileri. Yiksek Lisans Tezi, Afyon Kocatepe Universitesi
Fen Bilimleri Enstitiisit Gida Mihendisligi Anabilim Dals,
Afyonkarahisar, 2008.

Cubukg1 S, Atasever MA. Erzurum piyasasinda tiketime
sunulan dondurmalarin mikrobiyolojik kalitesi. Atatiirk
Univ. Vet. Bil. Derg. 2018; 13(1): 54-62.

Erol I, Kipliilii O, Siriken B, Celik TH. Ankara’daki cesitli
pastanelere ait dondurmalarin mikrobiyolojik kalitesinin
belirlenmesi. Tirkiye Vet. ve Hayv. Derg. 1998; 22: 345-
352.

Giner A, Ardi¢ M, Keles A. Konya'da pastanclerde titketime
sunulan dondurmalarin mikrobiyolojik kalitesi. Vet. Bil.
Derg. 2004; 20(2): 59-64.

Giirakan 1. Samsun il merkezinde tiiketime sunulan sade
dondurmalarin  duyusal,  fiziksel.  kimyasal =~ ve
mikrobiyolojik nitelikleri tGzerinde bir arastirma. Yuksek
Lisans Tezi, Ondokuz Mayis Universitesi Fen Bilimleri
Enstittisii, Samsun, 1992.

Halkman AK. Gida Mikrobiyolojisi Uygulamalar. Basak
Matbaacilik, Ankara, 2005.

http:/ /www.tutkomp.gov.tr/food/200 20/09/2016 Erisim
tatihi: 03.03.2016 (Web 2016a)
http:/ /www.milliyet.com.tr/balkabaginin-faydalari-
saymakla-gundem-1982089/Erisim  tarihi:  03.03.2016
(Web 2016b)

Hwang JY, Shyu YS, Hsu CK. Grape wine lees improves the
theological and adds antioxidant properties to ice cream.
J. Food Sci. Technol. 2009; 42: 312-318.

Igleyici O, Sancak H, Tuncay RM. Van ilinde satisa sunulan
ambalajli ve dondurmalarin mikrobiyolojik kalitesi. Van
Vet. Derg. 2016; 27 (2): 7-67.

Karaman N. Salep ve bazi stabilizatorlerin maras dondurmasinin
cesitli nitelikleri Uzerine etkilerinin belitlenmesi. Yiksek
Lisans Tezi, Sttcl Imam Universitesi, Fen Bilimleri
Enstitisi = Gida  Mihendisligi  Ana  Bilim  Dal,
Kahramanmarag, 2011.

Kir R. Farkh Tip Yag Kullaniminin dondurmanin fiziksel,
kimyasal ve duyusal kalite Ozellikleri tzerine etkisi.
Yiiksek Lisans Tezi, Selcuk Universitesi, Fen Bilimleri
Enstitiisi Gida Mithendisligi Anabilim Dali, Konya, 2007.

Korel F, Omeroglu S, Tan G. Manisa piyasasinda satilan
ambalajli  ve ambalajsiz  dondurmalarin  kalitelerinin
degerlendirilmesi. Harran Univ. Zir. Fak. Derg. 2005;
9(2):11-18.

Kotan TE. Mineral composition and some quality characteristics
of 1ce creams manufactured with the addition of
blueberry. Gida 2018; 43(4): 635-643.

Oysun G. Siit ve Uriinlerinde Analiz Yontemleri. Ege
Universitesi Ziraat Fakiltesi Yayinlart No: 504. Izmir.
1996. sayfa 306.

Ozcan T, Kurdal E. Bursa ili merkezinde satilan meyveli
dondurmalarin  kimyasal ve mikrobiyolojik nitelikleri
tzerine arastirma. Gida 1997; 22(3): 217-225.

Ozdamar K. SPSS ile Biyoistatistik. 3. Baski. Kaan Kitapevi.
Eskisehir. 1999.

Ozdemir DRS. Siite farkli oranlarda bégirtlen, yaban mersini ve
cilek pulpu katilarak yapilan meyveli dondurmalarin
kalitesi. Doktora Tezi, Atatiitk Universitesi, Fen Bilimleri
Enstittst, Erzurum, 2018.

138



Oztiitk, A. Ankara’da islenen dondurmalarin yapilislari ve genel
zellikleri iizerinde arastirmalar. Ankara Univ. Zir. Fak.
Yayinlart No:341. Ankara. 1969.

Patur B, Oksiiztepe G, Ilhak OI. Elazig'da tiketime sunulan
kaymakli (sade) dondurmalarin  mikrobiyolojik  ve
kimyasal kalitesi. Selcuk Univ. Vet. Bil. Derg. 2004; 20(1):
23-29.

Tekingen C, Tekingen K. Dondurma Temel Bilgiler Teknoloji
Kalite Kontrolii. Selcuk Universitesi Basimevi. Konya.
2008. sayfa 189.

Vardar NB. Probiyotik bakteriler kullaniarak tretilen gilekli
dondurmalarin bazi fiziksel, kimyasal ve mikrobiyolojik
ozelliklerinin belirlenmesi. Yiksek Lisans Tezi, Trakya
Universitesi, Fen Bilimleri Enstitiisii, Trakya, 2003.

139



Kocatepe Veterinary Journal

Kocatepe Vet ] (2020) 13(2):140-144
DOI: 10.30607/kv;.674641

RESEARCH ARTICLE

Efficiency of Two Different Synchronization Protocols in Conception in
Simmental Heifers

Gaye BULUT!, Umut TASDEMIR?

" Aksaray University, Faculty of 1 eterinary Medicine, Department of Obstetric and Gyneacology, 68100, Aksaray, Turkey
2Aksaray University, Technical Sciences 1 ocational School, 68100, Aksaray, Turkey

ABSTRACT

This study aimed to reveal the effects of timed artificial insemination applied after the synchronization protocol
known as day5 (D5) and the prostaglandin F2a (PGF2«) 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, PGF2« injection was made on the 5th day and the
second PGIF2a injection was given one day later. The second GnRH was applied at the time of TAI and at the
44th hour of the second PGF2u application. In the D11 group (n: 32), double-dose PGF2a was given in 11-day
intervals. GnRH was applied at the time of TAI and at the 81st hour following the second PGF2u« 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, PGF2«, Synchronization, Timed Artificial Insemination

kkk

Simental Diivelerde Farkli Tki Senkronizasyon Protokoliiniin Gebelik Uzerine Olan Etkinligi

oz

Bu ¢alisma ile day5 (D5) olarak isimlendirilen senkronizasyon protokold ile 11 giin araliklarla uygulanan PGF2«
(D11) protokolii sonrasinda yapilan zaman ayarli suni tohumlamanin (TAI) kombine verimli bir 1tk olan
Simmental dtvelerde gebe kalma orani tizerine etkilerinin ortaya konmast amaglandi. 88 adet dive rastgele iki
tedavi grubuna ayrildi. D5 grubuna (n: 56), GnRH uygulamasinin ardindan 5. giinde PGF2o enjeksiyonu yapildi
ve bir giin sonra ikinci PGF2u verildi. Ikinci GnRH, TAI zamaninda, ikinci PGF2x uygulamasindan 44 saat
uygulandr. D11 grubuna (n: 32) ise, cift doz prostaglandin PGF2a 11 glin araliklarla verildi, GnRH TAI
zamaninda, ikinci PGF2a enjeksiyonunu takiben 81. saatte uygulandi. Gebelikleri belitflemek amactyla 28. giinde
gebelik ile iligkili proteinlerin belirlenmesine yonelik pregnant association glycoprotein (PAG) testi uygulandi.
Ayrica, TAl'vi takiben 63. giinde embriyonik 6limlerin belirlenmesi amaciyla ultrasonografi ile gebelikler tekrar
kontrol edildi. Sekronize adilen divelerde 28. giin gebelik oranlart D5 grubunda %51.8 (29/56) ve D11 grubunda
%43.8 (14/32) oranindayd: P>0.05. 63. gin gebe kalma oranlarit D5 grubunda %48.21 (27/56) ve D11 grubunda
%40.62 (13/32) olarak tespit edildi P>0.05. Sonug olarak, D5 protokolii D11 protokoli ile karsilastirildiginda
gebelik Gizerine etkisi istatistiksel olarak farkli bulunmamasina ragmen, rakamsal olarak yliksek bulundu. Uygulama
stresinin kisa olmast da g6z 6ntne alindiginda Simmental diivelerde T'AI amaciyla kullanilabilir.
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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 (Al) is
a technique that is prevalently used worldwide for
animal breeding and obtaining generations with
superior genetic characteristics (B6 and Baruselli
2014). Moreover, Al 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
discases 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 (B6 et al. 2016). As these
protocols reduce the first Al interval and increase Al
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 Al applied after
estrus monitoring (Kuhn et al. 2000, 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 F2« (PGF2x) 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 (Gdlbast, 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 Al 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 Patliament 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: 50), after gonadotrophin releasing
hormone (GnRH; 100 pg, im, gonadorelin diasetat,
Opvarelin, Ceva, Turkey) application, PGF2u (25 mg,
im, dinoprost, Dinolytic, Zoetis, Turkey) injection
was made on the 5th day and the second PGF2«
injection was given one day later. The second GnRH
was applied at the time of TAI and at the 44th hour
of the second PGF2a application (GnRH-5d-
PGF20—1d-PGF2x-44h TAI and GnRH). In the
D11 group (n: 32), double-dose PGF2a was given in
11-day intervals. GnRH was applied at the time of
TAI and at the 81st hour following the second
PGF2« injection (PGF20~11d— PGF20—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
TAIL The presence of a fetus on the 63rd day

141



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 vatiables.

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 063rd-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
PGF2a in comparison to those with only PGIF2a
(Archbald et al. 1992, Dahlen et al. 2003). Application
of PGF2a 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 PGF2a 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
PGF2a« with a 12-day interval in beef heifers and
facilitated TAI 6 hours after the last PGIF2o injection.
In the same study, GnRH was applied on the 6th day
following the first PGF2« application, PGF2a was
given on the 12th day after the first PGF2a
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 PGF2a on Holstein-Friesian heifers 7 days
after GnRH application, they facilitated TAI on the
48th and 72nd hours following the last PGIF2«
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-PGF2« 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 PGF2a application were obtained (Leitman et al.
2009). In a study on heifers that were synchronized
by intravaginal progesterone administration, estradiol
cypionate (ECP) and PGF2« 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 PGI2u« applications with a 14-
day interval into two groups, and in the first group,
GnRH was applied at the 56th hour following the
second PGF2a, 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
PGF2a simultaneously with TAIL We achieved the
pregnancy rates of 59.8% in the first group and
55.3% in the second group (Tasdemir 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
PGF2a 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

kkk

Yumurtact Tavuklarda Diyet Probiyotik Takviyesinin Yumurta Agirligina Etkisi: Bir Meta Analizi
Caligmasi

Oz

Bu ¢alismanin amaci, yumurtaci tavuklarda diyet probiyotik takviyesinin yumurta agithg Gzerindeki etkisini meta-
analiz kullanarak belirlemektir. Meta analize alinan sekiz ¢alismanin sinirliliklar; SCI-exp endeksinde olmast, 18-42
haftalik kahverengi ve beyaz yumurtlayan tavuklarin kullanilmasi; probiyotik olarak 107-10'0 CFU / g Bacillus
subtilis kullanilmast ve doz olarak 400-1000 g / ton arasinda degismesiydi. Meta-analizinde, strekli veriler icin
(deneysel-kontrol) ortalamalar kullanilarak etki buyiikligi hesaplanmistir. Arastirma sonucunda, tim ¢aligmalarin
tek bir ortak etkiyi paylasmadigi belirlendi. Ayrica, rastgele etki modeli kullanilarak toplam etki buytkligi 0.223
olarak hesaplandi ve z ve p degerlerine gbre calismanin hipotezi kabul edildi (z = 2.90; p <0.05). Bagka bir
ifadeyle; "yumurtact tavuklarda diyet probiyotik takviyesinin yumurta agirligi Gizerinde 6énemli bir etkisi vardir”.
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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 (Abdelgader et al. 2013), enhance
immune response (Zhang et al. 2012), decrease the
cholesterol content in egg yolk (Sobczak and
Koztowski 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— 100 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. Swbtilis 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 Kozlowski
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 / 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, 17 and I? were calculated (Cochran 1954, Hedges
1981, Cohen 1988, Begg and Mazumdar 1994, Egger
et al. 1997, Higgins and Thompson 2002, Borenstein
et al. 2009).
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Since the heterogeneity between the studies was
determined, the overall effect size was calculated by
the random effect model. Because the wvariance
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 Koztowski (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— 71?2 > (). Moreover, I?
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 Egget'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 (Vgs) of the studies is
the sum of the variance within the studies and the
variance between the studies. Weight is W = 1 / Vgs.
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 = X(W*ES) / XW. The findings of the
overall effect size were given in Table 4. Here, the
estimated vatiance and standard error of the overall
effect size was found from the formulas Viy = 1 /
XW and Vi = (SEm)% 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 squate shape "m" 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 "4" 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).
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Figure 1. Funnel plot regarding publication bias
Studies ES RW% Forest Graf
Mahdavi et al. 0.177 5.35
Xuetal. 0256  16.39 —_—
Zhanget al. -0.067 16.59
——
Ammani et al. 0.683 7.69
Sobczak and Koztowski 0.040 15.17 -
Forteetal. 0.420 17.97 -
Mazankoet al. 0.303 11.38 —_—
Hosseindoustef al. 0.047 0.46 -
Overall 0.223 >
0,50 0,00 0,50 1,00

BW: Relative weight

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

Studies CCIOhen’S J  HedgesgES W WHES  W*ES?
Mahdavi et al. (2005) 0.180 0980 0.177 10367 1834  0.324
Xu et al. (2006) 0256 0998 0.256 05593 24452  6.254
Zhang et al. (2012) 0067 0998  -0.067 100321 -6747  0.454
Ammani et al. (2013) 0.690 0989  0.683 17359 11855  8.096
Sobczak and Kozlowski (2015)  0.040 0997  0.040 72365 2880  0.115
Forte et al. (2016a/2016b) 0421 0999 0420 147.123 61812 25970
Mazanko et al. (2017) 0395 0995 0393 34706 13.650 5368
Hosseindoust et al. (2018) 0.047 0992  0.047 24382 1143 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 211111:3:;1::; P
Cochran's Q test 22.155 7 14.07 < 0.05
95% Confidence Interval
Min. Max.
H 2.881 2.456 3.379
12 0.031 0.018 0.049
I 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)  SEgs Ves W WHES
Mahdavi et al. (2005) 0.177 0.357 0.128  7.830 1.385

Xu et al. (2006) 0.256 0204 0042 23971  6.132

Zhang et al. (2012) -0.067 0.203 0.041 24258  -1.632
Ammani et al. (2013) 0.683 0.298 0.089 11253  7.685

?;&C;ak and Kozlowski 0.040 0alp 0045 22185 0.883

Forte et al. (2016a/2016b)  0.420 0.195 0.038 26279  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 13837  0.649

Total 146.260  32.690
Table 4. The findings of overall effect size

95% Confidence
Overall Interval

Model effect size VM SEm Min. Max. z value P
gaf‘?e(i‘s:nMO G 022 0.006 0077  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 granunlosus 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 Hin6l and Stul restriction enzymes in the
NDT1 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.

kkk

Afyonkarahisar’da Sigir, Manda, Koyun ve Kegilerde Bulunan Echinococcus granulosus Izolatlarinin
Molekiiler Karakterizasyonu

(074

Bu calisma, Afyonkarahisar yoresinde yetistirilen sigir, manda, koyun ve kecilerde bulunan Echinococcus grannlosus
kistlerinin genotiplerinin belitflenmesi amactyla yapilmistir. Arastirmada, hidatik kistle enfekte 65 kegci, 71 koyun,
119 sigir ve 3 manda olmak Uzere toplam 258 hayvanin i¢ organlarindan kistler toplanmustir. Enfekte
hayvanlardaki E. granulosus genotiplerini beliflemek amaciyla kistlerden c¢ikarilan germinal membran ve
protoskolekslerden toplam 78 kistten DNA izole edilmistir. ND1 gen bélgesi Hin6l ve Sl restriksiyon enzimleri
kullanilarak PCR-RFLP yapilmis ve tim izolatlarda polimorfizm belirlenememistir. COX1 gen bdlgesi analizinde
sig1r, manda, koyun ve kegilerden elde edilen izolatlarin tiimiinde evcil koyun susu olarak bilinen G1 sugu ve 18
farkh haplotip bulunmustur. Sonug olarak, Afyonkarahisar yoresinde yetistirilen sigir, manda, koyun ve kegilerde
bulunan izolatlarin COX1 geninde yapilan genetik analizler sonucunda tiim izolatlarin G1 sugu oldugu kanisina
vartlmigtir.
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INTRODUCTION

Cystic  echinococcosis is common  worldwide,
especially in  underdeveloped and developing
countries (Kése 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.  maultilocularis  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, Baris et al.
1989, Markel et al. 1999, Toparlak and Ttzer 2000,
Dalimi et al. 2002, Thompson and McManus 2002,
Gicik et al. 2004, Ayaz and Tinar 20006). 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. 2000). Full mitochondrial genome
analysis of Echinococcus species led to taxonomic
revision and G1-G3 genotypes were grouped as
Echinococens  granulosus sensu stricto, G4 Echinococcns
equinus, G5  Echinococcus  ortleppi  and  G6-G10
Echinococens 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 Emirdag, Bolvadin, Suhut, Dinar,
Thsaniye 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 Hoss&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 / pl
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.

. s Tm Base
Gene Primer 593 ©C) pai
ND1F tagttactcttatgttoot
gie s1es 56 1038
ND1R cttgaagttaacagcatcacg
COX1F tacgttocctottttooctec
gttgectgttttgacty 57 550

COX1 R ccagtaatcaaaggccatcacce

The total of the PCR mixture which was 25 ul
contained 50 ng DNA, 1x PCR buffer (supplied), 2
mM MgCly, 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
Hin6l (Thermo) and Stul (Thermo) restriction
enzymes. For this, 8 ul of PCR product, 1 pl of
restriction enzyme, 2 ul of restriction buffer and 9ul
of distilled water were used. Subsequently a 14-hour
incubation at 37°C was carried out. After incubation
the Hin6l and the Stul enzymes were inactivated at
65°C and 80°C 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).

CATTLE BUFFALO SHEEP
Eg Eg E; Eg

M D IDESP A H D Eg HaM

Figure 1. Agarose gel electrophoresis image of PCR-
RFLP products of the ND1 gene cut with Hin6l. M:
Marker D: DNA P: PCR product H: PCR products
treated with Hin6I restriction enzyme.

CATTLE BUFFALO GOAT
Eg Eg Eg

M D P S D P S DRSS,

Figure 2. Agarose gel electrophoresis image of PCR-
RFLP products of the ND1 gene cut with Stul M: Marker
D: DNA P: PCR product S: PCR products treated with
Stul 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 0.5pl
Exo 1 and 1l FastAp mixture prior to DNA
sequence analysis. The mixture was kept at 37°C for

15 minutes and at 85°C 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 (m),
the haplotype mutation rate (0) 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 Hin6l and Stul
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 (m), population
mutation rate (®) 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 GOAT SHEEP CATTLE BUFFALO TOTAL
Accession No) Haplotype n % n % % n % %
(MT318680) TR_AF001 6 20,0 19 73,1 4 21,1 37,2
(MT318681) TR_AF002 1 33 13
(MT318682) TR_AF003 6 200 7,7
(MT318683) TR_AF004 1 33 13
(MT318684) TR_AF005 10 3373 12,8
(MT318685) TR_AF006 4 1373 5.1
(MT318686) TR_AF007 1 33 13
(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_AFO11 1 38 13
(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 calculated as 1.1067 (Table 3). The average

of 78 L. granulosus was determined and the
polymorphism rate was approximately (ps) 3.6%, the
population mutation rate (@) 0.7%, nucleotide
difference (m) 0.4% and Tajima D value was

Table 3. Tajima Neutrality Test Results of Samples.

evolutionary differentiation coefficient and standard
error of the studied E. granulosus cysts was estimated

to be 0.351 & 0.042 (Table 4).

m S Pps

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

oo060o000O0OO0OO0OO0OO0O0O0CO0OOOI1T1 11111
6 6 6 6 67 7 7 8889990000 O0O00O0

(GenBank 136 6 81 28 0151780025589
Accession No) Haplotype 6 379 473 40058261806 9 9 9
NC_008075.1 ACTATCTACCTCAATTAGAGA
(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 TC C G
(MT318686) TR_AF007 G G TC 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 LT C
(MT318696) TR_AF017 . T T C . .
(MT318697) TR_AF018 T T C G G
Table 6. Evolutionary distances between haplotypes

s & g % & & 5 8 & s g § g8 T = g &5 &g

E E £ E£ E & E E E E E E E E E E E EH
TR_AF001  *=
TRAF002 0002  *+*
TR_AF003 0007 0009 %=
TR_AF004 0002 0004 0009  *
TR_AF005 0002 0.004 0009 0004 e
TR_AF006 0007 0009 0007 0009 0000  *=
TR_AF007 0007 0009 0011 0009 0006 0.004 %
TR_AF008 0002 0004 0009 0004 0004 0007 0007  **
TR_AF009 0004 0005 0004 0005 0005 0004 0007 0005 %
TRAFO10 0004 0005 0011 0002 0006 0011 0011 0005 0007  *
TRAFOIL  0.002 0004 0009 0004 0002 0009 0007 0004 0005 0005
TR_AF0I2 0002 0004 0009 0004 0004 0009 0009 0004 0005 0006 0004 ok
TR_AFO13 0007 0009 0007 0009 0000 0007 0011 0009 0004 0011 0009 0009 =
TR_AF014 0002 0004 0009 0004 0004 0009 0009 0004 0005 0006 0004 0004 0009 ==
TR_AFOI5 0006 0007 00135 0007 0007 0013 0013 0007 0009 0009 0007 0007 0013 0007  *=
TR_AF0I6 0002 0004 0005 0004 0004 0006 0006 0004 0002 0005 0004 0004 0005 0004 0007 ok
TR_AF017 0004 0005 0007 0005 0005 0006 0006 0002 0004 0007 0005 0005 0007 0005 0009 0002 *=
TRAFOIS 0007 0009 0015 0009 0009 0013 0015 0005 0011 0011 0009 0009 0015 0009 0015 0009 70 e
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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 (Kdse 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., 20062 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

Suhut 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, Eryildiz and Sakru 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 (N1f-2) and oxygenase-1 (HO-1) expression levels were up-regulated in the INH-treated group, and the
expression of NF-»B 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-»B, Nrf-2, and HO-1 expressions.

Keywords: Chrysin, Isoniazid, Lung, Oxidative Stress.
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Ratlarda Izoniazid Kaynakli Akciger Hasarina Karg1 Krisinin Etkileri

oz

Bu calismanin amaci; titberkiiloz tedavisinde yaygin olarak kullanilan izoniazid (IZN) kaynakli akciger hasarina
karst dogal flavonoidlerden olan krisin (KRS)’in etkilerinin arastirilmasidir. Calismada Spraque Dawley cinsi 35
adet erkek rat rastgele 5 gruba ayrldi: Kontrol grubu, 1ZN uygulanan grup, KRS 50 mg/kg uygulanan grup,
1ZN+ KRS 25 mg/kg uygulanan grup ve IZN+ KRS 50 mg/kg uygulanan grup. IZN’nin glutatyon peroksidaz
(GPx), stiperoksit dismutaz (SOD) ve katalaz (KKAT) gibi antioksidan enzim aktivitelerini ve glutatyon (GSH)
diizeylerini azaltip, lipid peroksidasyonunu (LPO) artirarak oksidatif hasara neden oldugu belirlendi. Ayrica IZN
ile kombine uygulanan KRS uygulamasinin GSH seviyesini ve antioksidan enzim aktivitelerini artirdigy, lipid
peroksidasyonunu ise azalttig1 ettigi tespit edildi. Calismada incelenen niikleer faktor eritroid 2 ile iliskili faktor 2
(Ntf-2) ve hem oksijenaz-1 (HO-1) seviyelerinin IZN grubunda gen ekspresyonu diizeyinde, niikleer faktér kappa
B (NF-xB) ekspresyonunu ise immunhistokimyasal incelemede arttgi tespit edilmis, buna karsin KRS
uygulamastnin bu belirteglerin diizeylerinde azalmaya neden oldugu gézlenmistir. Birlikte ele alindiginda, bu
sonuglar KRS'In oksidan-antioksidan dengesini koruyarak ve NF-«B, Ntf-2 ve HO-1 ekspresyonlarini azaltarak
1ZN’nin neden oldugu akciger toksisitesinde faydali etkilere sahip oldugunu diistindiirmektedir.

Anahtar Kelimeler: Akciger, Izoniazid, Krisin, Oksidatif Stres.
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GIRIS

Mycobacterium tuberculosis'in  neden oldugu bir
hastalik olan tiiberktiloz (TB), insanlik tarafindan
bilinen en eski ve en 6limcil hastaliklardan biridir
(Organization 2013). Anti-tiiberkiiloz kemoterapisinin
ortaya ctkmasiyla, hastaligin tedavisinde ciddi bir
iyilesme olmustur. Anti-tiberkiloz ilaclar arasinda
bulunan izoniazid (IZN), aktif tiberkillozun tedavisi
ve profilaksisi i¢in kullanilan ilactir (Basheer ve ark.
2017, Chowdhury ve ark. 2006, Eftekhari ve ark.
2018). Aktif tiberkilozun tedavisinde yaygin olarak
kullanilan ~ 1ZN’nin,  gastrointestinal ~ bozukluk,
hepatotoksisite, periferik ndrotoksisite, merkezi sinir
sisteminde bagta olmak tizere cesitli yan etkileri
oldugu icin kullanimi smnirlanmaktadir (Ahadpour ve
ark. 2016). Yapilan arastirmalar, oksidatif stresin 1ZN
kaynakl sitototoksisiteden sorumlu mekanizmalardan
biri oldugunu ileri stirmektedir (Cicek ve ark. 2005).
Bagarilt bir anti-tiberkiloz ilact ile tedaviden sonta
klinik olarak iyilesme gozlenmesine ragmen, anti-
tiberkiloz ilaglarin yiiksek dizeyde oksidatif stresin
devamina neden olduklart belirtilmistir (Plit ve ark.
1998).

Yeterli diizeyde reaktif oksijen tirii (ROS) normal
hiicresel fonksiyonu korumak icin sinyal molekilleri
olarak islev gorirken, pro-oksidan ve antioksidan
sistemler arasindaki denge bozukluklari nedeniyle asir1
ROS tretimi ¢ogu dokuda oksidatif hasara neden olur
(Choi 2019). Oksidatif hasar sonucu artan ROS,
DNA oksidasyonu, lipit peroksidasyonu ve endotelyal
hticre hasarina neden olur ve bu isleyis cogu dokuda
gorilen hasarin ana mekanizmasi olarak bilinmektedir
(Zhang ve ark. 2018).

Niukleer faktor kappa B (NF-xB), inflamasyon ve
cesiti otoimmiin hastahiklarda yer alan genlerin
indtklenebilir ekspresyonunun 6nemli bir
diizenleyicisi  olarak hizmet eden bir redoks
transkripsiyon faktoridiir (Caglayan ve ark. 2019).
Bilinen bir transkripsiyon faktéri olarak nikleer
faktor eritroid-2 ile iligkili faktér 2 (Ntf-2),
antioksidan ~ ve  detoksifikasyon  enzimlerinin
ekspresyonunu uyarabilen ve oksidatif stresin hiicresel
yanitint saglayan 6nemli bir transkripsiyon faktoradiir

(Celik ve ark. 2020).

Nrtf-2, oksidatif stresin diizenlenmesinde Onemli bir
rol oynayan ana redoks algilama transkripsiyon
faktori oldugu iyi bilinmektedir. Normal olarak,
oksidatif stres uyarimi altinda, Nrf-2 aktive edilir,
Keapl-  Nrtf-2  kompleksinden — salinir  ve
sitoplazmadan  ¢ekirdege aktarilir. Ayrica Heme
oksijenaz-1 (HO-1) dahil olmak tzere cesitli anti-
oksidatif genlerin transkripsiyonunu baslatir. Bununla
birlikte, bircok ¢alisma, HO-1 indtksiyonunun, Nrf-2
sinyallemesinin in vitro ve in vivo aktivasyonu ile LPS
kaynakli enflamasyon tepkilerini bloke ettigini

gostermistir (Chepelev ve ark. 2013, Park ve ark.
2013, Zhang ve ark. 2017).

Flavonoidler, anti-inflamatuar, antibakteriyel, anti-
alerjik, antiapoptotik, antitrombotik ve vazodilatér
dahil biyolojik ve farmakolojik &zellikler sergileyen
bitki kaynaklt dogal fenolik bilesiklerdir (Kandemir ve
ark. 2020). Krisin (5,7 - dihidroksiflavon) dogal bir
flavonoiddir. Bircok bitki 6ziinde, balda, propoliste ve
cesitli ciceklerin ugucu yaglarinda bol miktarda
bulunan KRS’nin varolan bircok yararh etkileri
bilinmektedir. KRS yararli etkilerinden dolayt son
yillarda yaygin olarak kullanilmaktadir (Eldutar ve ark.
2017, Kandemir ve ark. 2017, Mehri ve ark. 2014,
Temel ve ark. 2020).

Sunulan ¢alismada, 1ZN’nin ratlarin  akcigerleri
uzerindeki etkisini ve bu etkilerin KRS ile birlikte
tedavi  edilerek  duzeltilip  duzeltilemeyeceginin
degerlendirilmesi amaclanmistir. Bu amaca ulasmak
icin, ratlara oral olarak gavaj yoluyla 7 giin boyunca
IZN ve / veya KRS verildi, ardindan akciger
dokularinda antioksidan aktivite, patolojik
degisiklikler ile farkli parametreler biyokimyasal,
histopatolojik ve gen ekspresyonu yontemleri ile
incelenmistir.

MATERYAL ve METOT

Kullanilan Deney Hayvanlari

Calismada agirliklars 220-250 gr, yaslart 10-12 haftalik
olan erkek Sprague Dawley cinsi rat kullanidi.
Kafeslerde bulunan hayvanlar, 24£1°C sabit sicaklikta
ve on ikiser (12 h) saatlik karanlik/aydinlik siklist
saglanarak kontrolli bir odada tutuldu. Calismaya
baslamadan Once ratlarin 7 gln siireyle ortama
adaptasyon saglamalari icin herhangi bir uygulama
yaptlmadan beklendi. Sprague Dawley ratlara yem
(pelet) ve su ad /libitum olarak verildi. Bu calisma
Atatiirk Universitesi Rektorliigii Hayvan Deneyleri
Yerel Etik Kurulu Baskanligi tarafindan onaylandi
(Karar No: 118/2019).

Caligmada Kullanilan laglar

Izoniazid (IZN): Calismada kullanilan 1ZN’nin
(IN.H. 300 mg Tablet, Kocak Farma) doz se¢iminde
literattr verisinden yararlanildi (Ruan ve ark. 2018).
Krisin (KRS): Calismada kullanidan antioksidan KRS
Sigma-Aldrich firmasindan temin edildi.
Calismamizda kullanmis oldugumuz doz literatiirde
belirtildigi sekilde uyguland: (Eldutar ve ark. 2017).

Deneysel Uygulamalar

Deneyde kullanilacak ratlar, her bir grupta yedi
hayvan olacak sekilde bes gruba ayrildi. Deney
tasarimi agagidaki gibi bir kontrol ve dort deney
grubunu icermistir;
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1- Kontrol Grubu: 7 giin oral serum fizyolojik verildi.
2- IZN Grubu: 7 gin 400 mg/kg/giin 1ZN oral
olarak verildi.

3- KRS 50: 7 gin 50 mg/kg vicut agirligi/gtin KRS
oral olarak verildi.

4- IZN + KRS 25 Grubu: 25 mg/kg/giin KRS (oral)
uygulamasindan 30 dk. sonra 1ZN 400 mg/kg
dozunda oral verildi ve uygulama 7 giin yapildi.

5- IZN + KRS 50 Grubu: 50 mg/kg/giin KRS (oral)
uygulamasindan 30 dk sonra IZN 400 mg/kg
dozunda oral verildi ve uygulama 7 giin yapildi.

Numunelerin alinmasi

Yapilan son uygulamadan 24 saat sonra (8.giin) ratlar
hafif sevofloran anestezisi altinda dekapite edildi.
Ratlardan akciger dokulart alinarak bir kismi gen
ekspresyonu ve biyokimyasal analizler yapilincaya
kadar -80 °C’de muhafaza edilirken, diger bir kisim ise
patolojik incelemeler amaciyla 10 %’luk tamponlu
formaldehit solisyonda tespit edildi. Biyokimyasal
olarak ve gen ekspresyonu i¢in analizlere baslamadan
once akciger dokularindan gerekli olan miktarlarda
tartild. Yapilacak analizlerin metodlarin da belirtilen
tamponlarla  belirtilen  oranda  sulandirilarak
TissueLyser 1I (Qiagen) ile homojenizasyon islemi
yapildu.

Biyokimyasal Analizler

Akciger dokulart  homojenatlarinda  LPO  (Lipid
peroksidasyon) trinii olan MDA 6lgimii Placer ve
ark’nin (Placer ve ark. 1966), GSH diizeyleri Sedlak
ve Lindsayin (Sedlak and Lindsay 1968), GPx
aktivitesinin olctimi Matkovics’in (Matkovics 1988),
SOD aktivitesinin 6l¢imu Sun ve ark.’nin (Sun ve ark.
1988), KAT aktivitesi Aebi’nin metoduna gore
spektrofotometrik  olarak  Slculdi  (Aebi  1974).
Homojenattaki protein konsantrasyonu, Lowry ve
ark’nin metoduna gore belitlendi (Lowry ve ark.
1951).

Histopatolojik Inceleme

Akcigerlere ait histopatolojik incelemeler icin 6nceki
calismalarimizdaki prosediirler izlendi (Cengiz ve atk.
2017, Comakli ve ark. 2019, Comakli ve ark. 2020).
Tespit edilen akciger dokulart  formaldehitin
uzaklastirilmast amaciyla akan su ile muamele edildi.
Dereceli alkol ve ksilol soliisyonlarinda dehidrasyon
ve seffaflandirma islemi gerceklestirilen akciger doku
Ornekleri parafin bloklara gdmildi, daha sonra 5 p
kalinlikta kesitler normal ve polilizinli lamlara alindr.
Normal lam itzerine alinan dokular hematoksilen-
eozin (HE) ile boyandi Akcigerlerde g6zlenen
histopatolojik degisiklikler 1stk mikroskobu altinda
fotografland: (Zeiss, AX10 Scope Al, Almanya).

Immunhistokimyasal boyama

Polilizinli lamlara alinan kesitler ksilol icinde iki kez (5
dk.) parafinden arindirildi, ardindan dereceli alkol
icinde dehidre edildi ve son olarak distile suda 10 dk.

bekletilerek rehidre edildi. Kesitler spesifik olmayan
boyamayt en aza indirmek amactyla 10 dk. 3%’lik
hidrojen peroksit soliisyonunda bekletildi ve fosfat
tamponlu salin (PBS) ile 2 kez yikandr. Antijen
retrieval icin kesitler, 10 mM sitrat tamponu (pH 6.0)
icerisinde 10 dakika kaynatildi ve PBS ile ytkandi. 10
dakika boyunca protein blok solisyonu uygulandiktan
sonra kesitler, anti- NF-»B (p50) (1: 200, Santa Cruz
Biotechnology, Katalog No: sc-8414) ile 30 dk.
inktibe edildi. Kesitler ti¢ ayr1 PBS yikamast ile
durulandt ve daha sonra biyotinlenmis sekonder
antikor (Ultra Vision Large Volume Detection
System;  TP-125-HI,; Lab  Vision, Thermo)
kullanilarak 10 dakika siireyle inkiibe edildi. Son
olarak, kesitler belli bir suire DAB ile muamele edildi
ve  Mayer hematoksilin  ile zit  boyandi
Dehidrasyondan sonra, kesitler ksilen icine alindi ve
entellan ile kaplandi. Istk mikroskobu altinda
immunpozitiflikler yogunluga gére yok: 0, zayif: 1,
orta: 2, yogun boyanma: 3 seklinde incelendi (Zeiss,
AX10 Scope Al, Almanya).

Total RNA Izolasyonu

Deneysel gruplardaki ratlardan elde edilen akciger
dokularindan ~ Trizol  kullanilarak  total RNA
izolasyonu yapildi. Bu islem kitin prosediriine uygun
olarak yapildi. Total RNA izolasyonunda sonra RNA
konsantrasyonu NanoDrop ile 6lciildi. Total RNA
kalitesini kontrol etmek amactyla RNA’lar %1.5’lik
agaroz jel de 1XTBE solusyonu icerisinde 80 voltta
bir saat yuritildi ve jel gorintileme sistemi ile
gorintilenerek RNA kalitesi belirlendi.

Primer Dizayn

Apoptozis ile iliskili olan Nrf-2 ve HO-1 genlerine ait
ekspresyon seviyelerinin  Real Time PCR ile
Olciilebilmesi icin  gerekli primer dizileri
http://bioinfo.ut.ce/primer3-0.4.0/ ilgili linkindeki
Primer Design-3 programi kullanilarak tasarland.

DNaz I uygulamasi ve cDNA ¢evrimi

Izole edilen RNA orneklerinde DNA
kontaminasyonuna karst DNaz I (Thermo Scientific)
kullanildr. Dnaz I uygulamast kitte verilen protokole
uygun olarak yapildi. Daha sonra bu RNA’lardan 2-5
pg alindt ve miScript Reverse Transcription Kiti
(Qiagen) verilen protokole uygun sekilde kullanilarak
cDNA sentezlendi. Elde edilen cDNA’nin saflig1 ve
miktart spektrofotometrede yapilan 260-280 nm
absorbans Olctimleri ile belirlendi ve cDNA’lar ayni
oranlarda sulandirildi. Daha sonra Real Time PCR
calismalarinda kullanilmak tzere -20 °C de muhafaza
edildi.

Real time PCR

Nrf-2 ve HO-1 genlerinin mRNA  transkript
seviyelerini Ol¢mek amaciyla Qiagen Rotor Gene
HRM marka cihaz kullandarak qRT-PCR  yapildi.
Internal kontrol olarak GAPDH geni kullanildi. Real
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time PCR deneylerinde olusturulan master mix igerigi;
Syber Green 2X Rox Dye Master mix (Qiagen),
genler icin tasarlanmis forward ve reverse primetler,
template olarak cDNA’lar ve niikleaz free su
icermekteydi. Master mixler hazirlandiktan sonra
Ornekler Real Time cihazinda analiz edildi ve elde
edilen Ct degerleri 2—AACT metoduna uygun olarak
hesaplanarak ilgili genlerin ekspresyon seviyeleri
belirlendi (Livak and Schmittgen 2001). Genlerin
reaksiyon kosullart ve primer dizileri Cizelge 1’de
gOsterilmistir.

Istatistiksel Analiz

Calismadan elde edilen tim verilerin istatistiksel
analizi  SPSS  20.0 yazilimi kullanilarak  yapild:.
Biyokimyasal veriler tek y6nli  varyans analizi
(ANOVA) testi ile belitlenmis olup c¢oklu
karsilastirmalar icin Tukey’s HSD testi uyguland:.
p<0.05 seviyesindeki sonuclar anlamli kabul edildi.
Immunhistokimyasal verilerin analizi icin parametrik
olmayan Kruskal Wallis testi ve Mann-Whitney U
testi kullanildi. Ayrica genlere ait ekspresyon seviyeleri
analiz etmede GrapPad 7.2 (California, USA)
programi1 kullanildu.

BULGULAR

Biyokimyasal Degerlendirme

Ratlara  uygulanan 1ZN, kontrol grubu ile
karsilastirlldiginda  akciger  dokusundaki MDA
seviyesinde artisa neden oldugu belirlendi (Sekil 1A).
Kontrol grubu ile KRS gruplari arasinda istatistiksel
olarak anlamli fark olmadigi (p>0.05) tespit edildi.
IZN ile uygulanan KRSnin kombine dozlarinin
uygulamast ile artan bu MDA diizeylerinde 6nemli
derecede azalmayr sagladigt belitlendi  (p<<0.05).
Benzer sekilde 1ZN uygulamasi, kontrol ve sadece
KRS uygulanan gruba kiyasla anlamli sekilde akciger
dokusundaki GSH dizeylerini azaltug (p<0.05)
gozlenirken 1ZN + KRS 50 (50 mg/kg doz)
uygulamasinin, GSH diizeyini 1ZN uygulanan gruba
kiyasla anlamli sekilde artirdigt (p<<0.05) tespit edildi
(Sekil 1B).

Akciger dokusunda SOD aktiviteleri incelendiginde;
(Sekil 2A) Kontrol ve KRS gruplarina gore 1ZN
grubunda aktivitenin azaldigi(p<0.05), IZN ile birlikte
uygulanan KRS ile azalan SOD aktivitesinin artt1g
(p<0.05) tespit edildi. Akciger dokular1 KAT
aktiviteleri incelendiginde (Sekil 2B) kontrol ve KRS
gruplarinda KAT aktiviteleri arasinda istatistiksel
olarak anlamli fark olmadigi (p>0.05), IZN uygulanan
grupta ise kontrol ve KRS gruplarina gére aktivitede
o6nemli derecede azalma (p<0.05) oldugu gézlendi.
IZN grubu ile IZN + KRS 25 grubu arasinda
istatistiksel fark bulunamazken (p>0.05), KRS nin 50
mg/kg’lik  dozunun IZN  grubundaki —aktiviteyi
yukselttigi tespit edildi (p<<0.05).

Sekil 2Cde verilen GPx enzim aktiviteleri
incelendiginde; Kontrol ile KRS gruplarina gére
antioksidan enzim aktivitesinde O6nemli derecede
azalma (p<0.05) oldugu, IZN ile kombine olarak
verilen KRS’in 25 ve 50 mg/kg’lik dozlarinin GPx
aktivitesini artirdigt (p<0.05) 1ZN ile birlikte verilen
KRS’in 25 mg/kg ve 50 mg/kg’lik doz uygulanan
gruplart arasinda istatistiksel olarak anlamli fark
olmadigt (p>0.05) gbzlendi.

Histopatolojik degerlendirme

Kontrol grubundaki ratlarin akcigerleri, histopatolojik
olarak hafif alveoler hiperemi disinda normal
histolojik yapiya sahipti (Sekil 3A). KRS uygulanan
ratlarin  akcigerlerinde de kontrol grubuna benzer
bulgular gézlendi (Sekil 3B). 1ZN uygulanan gruptaki
ratlarin  akcigerlerinde  alveoller arast  dokunun
hticresel infiltrasyona baglt artis, peribronsiyal lenfoid
dokunun hiperplazi, alveollerde hafif diizeyde
hiperemi ve amfizem bulgulari gézlendi (Sekil 3C).
IZN ile birlikte KRS uygulamalarinin akcigerdeki
histopatolojik bulgulart hafiflettigi 6zellikle KRS 50
mg/kg uygulanan dozunun etkili oldugu saptanmistir.
IZN ile KRS 25 mg/kg doz uygulanan ratlarin
akcigerlerinde alveoller arast hiicresel infiltrasyona
baglt kalinlasmanin ve peribronsiyal lenfoid dokudaki
hiperplazinin [ZN uygulanan gruba gére nispeten
hafifledigi gozlendi (Sekil 3D). 1ZN ile KRS 50
mg/kg doz uygulanan ratlarin akcigerlerinde ise
alveollerin normal histolojik yapisint  ¢ogunlukla
korudugu bazi bolgelerde alveoller arast hiicresel
infiltrasyonun arttig1 belirlendi (Sekil 3E).

Immunhistokimyasal inceleme

NF-»B icin porzitif hiicreler immunhistokimyasal
boyamada kahverengi scklinde gdbzlenmektedir.
Kontrol ve sadece krisin uygulanan gruptaki ratlarin
akcigerlerinde NF-»B immunporzitifligine rastlanmadt
(Sekil 4A, 4B). 1ZN uygulanan gruptaki ratlarin
akciger kesitlerinde yogun NF-xB immunpozitifligi
g6zlendi (p<0.05, Cizelge 2, Sekil 4C). 1ZN ile birlikte
uygulanan KRS 25 mg/kg (Sekil 4D) ve 50 mg/kg
(Sckil 4E) dozlarinin, artan NF-xB seviyelerini énemli
diizeyde azalttig1 belirlenmistir (p<<0.05, Cizelge 2).

Nrf-2 ve HO-1 genlerine ait mRINA transkript
seviyeleri

Calisma sonucunda elde edilen gRT-PCR verileri
incelendiginde, kontrol ve KRS gruplarinda Nrf-2 ve
HO-T’in ekspresyon profilinde herhangi bir degisimin
olmadig1 (p>0.05) ancak sadece
1ZN uygulanan ratlarin akciger dokularinda Nrf-2 ve
HO-1'in  mRNA  transkript = seviyesinin  arttif1
gdzlemlendi (p<0.01). Bunun yaninda 6zellikle 1ZN
+ KRS 50 grubunda bu genlere ait ekspresyon
seviyesinin sadece 1ZN uygulanan gruba gore énemli
derecede azaldigi belirlend: (p<<0.05) (Sekil 5A ve
Sekil 5B).
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eder (p<0.05).
Figure 1. Lung tissue MDA (A) and GSH (B) levels. Different letters (a, b, ¢, d) express the difference between
the groups (p <0.05).
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Sekil 3: IZN ve KRS uygulamalarindan sonra rat akcigerlerinde histopatolojik degisiklikler. Hematoksilen ve eozin
ile boyanmis akciger kesitlerinin temsili gértntileri. Farklt deney gruplarindaki yetiskin sicanlarin akcigerlerinde
histopatoloji tablosunu gosteren Hematoksilen ve eozin boyama (H&E, 20X). (a-b) Normal alveol yapilart ve hafif
hiperemi ile gézlenen kontrol ve KRS gruplars; (c) IZN uygulanan grup, Peribronsiyoler lenfoid dokuda hiperplazi
(yildiz), alveol duvatlarinda hafif hiperemi (okbast), alveoller arast septumda yangisal hiicre infiltrasyonuna bagh
kalinlasma (ince ok) ve amfizem (kalin ok); (d) IZN+KRS (25 mg/kg) uygulanan grup, alveoller arast septumda
yangtsal hiicre infiltrasyonuna baglt kalinlasma (ince ok), alveol duvarlarinda hafif hiperemi (okbast) ve amfizem (kalin
ok); (e) IZN+KRS (50 mg/kg) uygulanan grup, amfizemli (yildiz) ve normal alveol yapilari, alveoller arast septumda
yangisal hiicre infiltrasyonuna baglt kalinlagsma (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
inflaimmatory cell infiltration in the septum between the alveoli (thin arrow) and emphysema (thick arrow); (d)
INH+CH (25 mg/kg) treated group, thickening (thin atrow) due to inflammatory cell infiltration in the septum
between the alveoli, mild hypetemia (artowhead) and emphysema (thick arrow); () INH+CH (50 mg/kg) group,
emphysema (star) and normal alveolar structures, thickening due to inflaimmatory cell infiltration in the septum
between the alveoli (thin arrow).
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Sekil 4: Akciger dokusunda NF-xB'nin ekspresyonu gosteren immunhistokimyasal boyama (IHC, 20 X). (a) Kontrol
grubunu gésteren fotomikrograf; (b) KRS ile muamele edilmis grup; (c) IZN uygulanan grup, siddetli yangi
sekillenen akciger dokusunda histiyositlerin sitoplazmasinda yogun NF-»B immunopozitifligi (oklar); (d) IZN+KRS
(25 mg/kg) uygulanan grup, alveoller arasindaki septumda histiyositlerin sitoplazmasinda hafif ve orta diizeyde NF-
¥B immunopozitifligi (ok); (¢) IZN+KRS (50 mg/kg) uygulanan grup, bronsiyoliin gevresindeki yangt hiicrelerinin
sitoplazmasinda hafif NF-xB immunpozitifligi (oklar).

Figure 4: Immunohistochemical staining showing the expression of NF-xB in lung tissue (IHC, 20 X). (a)
Photomicrograph showing the control group; (b) CH-treated group; (c) INH-treated group, intense NF-xB
immunopositivity in the cytoplasm of histiocytes in the lung tissue with severe inflaimmation (arrows); (d) INH+CH
(25 mg/kg) group, mild and moderate NF-xB immunopositivity in the cytoplasm of histiocytes in the septum
between the alveoli (arrow); (¢) INH+CH (50 mg/kg) treated group, mild NF-»B immunopositivity (arrows) in the
cytoplasm of inflammatory cells around the bronchiole.
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Sekil 5. Deneysel gruplardaki ratlarin akciger dokularinda Nrf-2 ve HO-1 genlerine ait mRNA transkript seviyeleri.

Degetler 3 bagimsiz Orneklemin ortalama * SD' sini temsil eder; Hata cubuklati standart sapmayr gosterir.

Istatistiksel anlamlilik (* p <0.05, ** p<0.01 ve *** p<0.001), tek yonliit ANOVA ile analiz edildi. A) Nrf-2 geninin

goreceli mRNA ekspresyon seviyelerini temsil eder. B) HO-1 geninin géreceli 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.

167



Tablo 1. GAPDH, Nrf-2 ve HO-1 genlerine ait qRT-PCR Primer Dizileri
Table 1. qRT-PCR Primer Sequences of GAPDH, Ntf-2 and HO-1 genes

Primer Ad1 (5-3) Baglanma Reaksiyon kosullar1
(W9)

GAPDH F: AGTGCCAGCCTCGTCTCATA 56 94°C 15 / 56°C 30 s / 72°C 30 s (40
R: GATGGTGATGGGTTTCCCGT cycles)

Nrf-2 F: TTTGTAGATGACCATGAGTCGC 56 94°C 15 / 56°C 30 s / 72°C 30 s (40
R: TCCTGCCAAACTTGCTCCAT cycles)

HO-1 F: CGACAGCATGTCCCAGGATT 56 94°C 15s / 56°C 30 s / 72°C 30 s (40
R: TCACCAGCTTAAAGCCTTCCC cycles)

Tablo 2. IZN uygulamasina bagli degisen NF-xB immunporzitifligi tizerine KRS antioksidaninin etkisi
Table 2. Effect of CH antioxidant on NF-xB immunopositivity varying due to INH treatment

Gruplar Ortalama®Std. Hata
Kontrol 0,28%0,18a
KRS 0,14%0,142
IZN 2,85%0,14>
IZN+KRS 25 mg/kg 1,8520,26¢
IZN+KRS 50 mg/kg 1,57£0,20¢

Degerler ortalama £ Standart hata, p<0.05, farkli harfler (**<) gruplar arast farklilik olarak ifade edilir.

TARTISMA

Bu calismada, KRS’ nin Sprague Dawley cinsi ratlarda
IZN  kaynakli akciger hasarina karst koruyucu
etkilerini  inceledik.  Anti-tiberktloz  tedavisi,
hepatotoksisite, nefrotoksisite ve deri dékuntisti dahil
olmak Uzere cesitli ilaca bagli yan etkilere neden
olabilir (Ohta ve Nagase 2012, Suzuki ve ark. 1992).
Bu ilaglardan 1ZN’nin neden oldugu pnémonitis gibi
interstisyel akciger hastalign hakkinda bazi vaka
raporlart  bildirilmistir  (Kunichika ve ark. 2002,
Nishizawa ve ark. 2004). Yapilan bircok calismada
yine 1ZN’nin ilag kaynakli akcigerlerde pnémonitis
olugmasinin en yaygin nedeni oldugu 6ne siirilmustiir
(Suzuki ve ark. 1992, Nishizawa ve ark. 2004, Endo
ve ark. 1998). 1ZN ile indiiklenen interstisyel
pnémoni tantst esas olarak ila¢ kaynakli interstisyel
pnémoni ile uyumlu ilag Sykisi ve akciger
patolojisine dayanir (Migita ve ark. 2012). Sunulan
calismada 1ZN uygulanan gruptaki ratlarin akciger
patolojisinde akcigerlerin alveol limenlerinin bos
olmasi, alveoller arast dokuda hiicresel infiltrasyona
bagli artis ve peribronsiyal lenfoid dokudaki hiperplazi
gibi bulgularin  gozlenmesi 1ZN’nin intersitisyel
pnémoni olusturdugu ve literatlir veriyle uyumlu
oldugunu gostermistir. Yine ¢alismamizda antioksidan
olarak kullandigimiz KRS’nin farkli maddelerle
olusturulan akciger hasarlarina karst koruyucu 6zellik
gosterdigi bildirilmistir (Kilic ve ark. 2014, Yang ve
ark. 2018). Sunulan calismada 1ZN kaynakli akciger
hasarina karst KRS uygulamasinin oksidatif hasari ve
enflamatuar etkiyi azaltarak etkili oldugu gézlenmis ve
literatiir veriyle uyumlulugu belirlenmistir.

Sunulan calismada, 1ZN'nin ratlarda ROS tiretimi,
oksidasyon ve antioksidatif sistem tzerindeki etkileri
arastirtldt.  ROS, oksidatif stres icin Onemli bir
baslangic faktSriidiir ve vicuttaki artan ROS tretimi,
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 hiicrelerin korunmasinda 6nemli bir rol oynarlar
(Eldutar ve ark. 2017). Coklu doymamus yag
asitlerinin ~ son drind olan MDA, bir lipit
peroksidasyon irtinidir Serbest radikallerin asirt
tretimi lipit peroksidasyonuna yol acar, ¢linki lipitler
hicre zarinin en 6nemli bilesenidir (Aksu ve atk.
2017, Jia ve ark. 2019). GSH diizeylerinin azalmasi,
SOD, GPx ve KAT aktivitesinin azalmasi ile
vucuttaki artan MDA, serbest radikaller ve reaktif
oksijen tirleri (ROS) gibi lipit peroksidasyon toksik
yan Urlnlerini  artirarak  oksidatif  stres, lipit
peroksidasyon hasarina neden olur (Cho ve ark. 2015,
Jia ve ark. 2019, Xiang ve ark. 2017, You ve ark.
2014). Calismada enzimatik ve non-enzimatik enzim
aktivitelerinde meydana gelen azalma ve artan MDA
diizeyleri, 1ZN uygulamasindan sonra ciddi bir
oksidatif stresin olustugunu gostermektedir. Bununla
birlikte, 1ZN ile birlikte KRS uygulamast akciger
dokularindaki SOD, KAT ve GPx enzim
aktivitelerinde 6nemli bir artis sagladigi gézlenmistir.
[ZN'nin bu antioksidan enzim aktiviteleri tizerine
azaltict etkisi Onceki calismalarda gosterilmis ve
bunun muhtemelen 1ZN’nin oksidan-antioksidan
dengeyi bozarak bakteriyi etkisiz hale getirme
¢abasindan kaynaklandigi seklinde yorumlanmistir
(Ahadpour ve ark. 2016, Karakurt ve ark. 2019,
Raghu ve Karthikeyan 2016). Ayrica farkli

168



calismalarda farkli flavonoid tiirevi antioksidanlarin
MDA diizeyini azalttigi, GSH diizeyi ile GPx, SOD
ve KAT enzim aktivitelerini artirdi@ bildirilmistir
(Aksu ve ark. 2019, Benzer ve ark. 2018, Celik ve ark.
2020, Kandemir ve ark. 2020). Sunulan ¢alismada da
benzer sekilde 1ZN ile birlikte KRS uygulanmast
MDA diizeylerini azaltup, GSH diizeyleri ile GPx,
SOD ve KAT enzim aktivitelerini ise artirmistit.

Bir transkripsiyon faktorii olan NF-xB, htcresel stres
artuginda, ROS  dretildiginde ve DNA  hasan
olustugunda hiicre donguisti degisikliklerinin yant sira
bircok islev goriir ve yangi belirteclerini tetikleyerek
yangisal siireci hizlandirir (Agea ve ark. 2014). NF-
#«B'nin duzensizligi, cesitli enflamatuar hastaliklar ve
kanseri  iceren  ¢esiti  patolojik  durumlarla
iliskilendirilmistir (Benzer ve ark. 2018). Sunulan
calismada 1ZN uygulamasinin rat akcigerlerinde NF-
»B seviyelerinin immunhistokimyasal
degerlendirilmesinde yikseldigi ve yangisal strecin
hizlandig1 gorillmektedir. Yapilan farkli calismalarda
da IZN’nin benzer sekilde NF-xB seviyelerinin arttigt
bildirilmistir (Celik ve ark. 2020, Wali ve ark. 2019,
Zhang ve ark. 2019).

Nrf-2, antioksidan ve sitoprotektif —proteinlerin
ckspresyonunu dizenleyerek ROS kaynakli oksidatif
hasara karst hiicreleri koruyan bir transkripsiyon
faktoridir (Mahmoud ve ark. 2020). Nrf-2
aktivasyonu oksidatif hasari azaltmak icin, hicreleri
apoptozise karsi koruyan hem faz II ve HO-1 gibi
antioksidatif enzimlerin ekspresyonunu arttirir (Abass
ve ark. 2016, Dai ve ark. 2010).

HO, hem molekiliinii pargalayarak enzimatik olarak
bilirubine dontstirir ve setbest demir, karbon
monoksit ve biliverdin olusumunu saglar. HO-1
izozimi, substrat hem, oksidatif stres ve fenolik
bilesikler dahil olmak tizere c¢ok cesitli uyaranlarla
transkripsiyonel olarak diizenlenir (Guzman-Beltrin
ve ark. 2008). Ntf-2/HO-1 sinyalleme yolu, ¢cok ¢esitli
uyaranlara yanit olarak bir dizi antioksidan genin
ckspresyonunu diizenler ve hiicreyi oksidatif strese
karst korur (Surh ve ark. 2008). Yapilan calismada,
IZN uygulamast Nrf-2 ve HO-1 mRNA transkript
seviyesini artirmugtir. Literatiir taramast yapildiginda
bazi  calismalarda IZN  uygulamasinin ~ Nrf-2
ekspresyonunu azalttigr 6ne striilmistiir. Ancak bu
sonucun tam tersini ortaya koyan caligmalarda
mevcuttur. Yani 1ZN’nin Nrf-2 yolagt tizerine olan
etkisi hakkinda farkli sonuclar bulunmaktadir. 1ZN
uygulamast sonucu mRNA transkript seviyesinin
azalma sebeplerinden biri 1ZN’nin ilgili gende post
transkripsiyonel modifikasyona ugratmasi olabilir.
Ayni zamanda epigenetik modifikasyonlarda ve post
transkripsiyonel diizenlemede rol alan kodlanmayan
RNA’lar (miRNA gibi) bu sonucun sebepleri arasinda
sayilabilir (Jin et al. 2017, Verma ve ark. 2018, Wang
ve ark. 2018, Zhang ve ark. 2019).

Sonug olarak IZN’nin akciger dokusunda oksidan-
antioksidan dengeyi bozarak hasara neden oldugu,
inflamasyonu  arturdig  gézlenmis, KRSnin ise
antioksidan ve anti-inflamatuar etki gostererek 1ZN
kaynakli bu hasari azalttigr tespit edilmistir. Konu ile
ilgili yapilacak ileri diizey calismalar ile IZN kaynakls
akciger hasarini azaltmada ya da engellemede KRS’ nin
alternatif tedavi yontemi olarak yerini alacagi ve
konuyla ilgili farkli calismalara katki saglayacag
dusuntlmektedir.

Cikar Catigmasi: Yazarlar, cikar ¢atismast olmadigin
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 Aydin and Mugla within this study. A total of 77
rainbow trout (Oncorbynchus 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
inflaimmatory 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

kksk

Flavobacterium psychrophilum ile Dogal Enfekte Gékkusagi Alabaliklarinda (Oncorhynchus mykiss)
Patolojik ve Mikrobiyolojik Incelemeler

oz

Bu calisma ile Aydin ve Mugla illerinde bulunan iki alabalik isletmesinde Flavobacterinm psychrophilum ile dogal
enfekte gokkusagr alabaliklarinda sekillenen patolojik ve mikrobiyolojik bulgularin  tamimlanarak birlikte
degerlendirilmesi amaclanmistir. Tki ayri alabalik isletmesinden toplanan 1402 g agithginda ve 5-6 cm
buytukluginde toplam 77 adet gokkusagi alabaligi (Oncorhynchus mykiss) incelendi. Makroskobik incelemede en
yaygin gorilen lezyon, viicudun degisik bolgelerinde deride sekillenen petesiyel kanamalardi. Buna ek olarak,
deride erozyon ve dUlsetler, gbzlerde ekzoftalmus ve periokiler kanama gorildi. Mikroskobik olarak, bazi
alanlarda epidermisin yiizeysel olarak yitkimlandigt eroziv odaklar, bazi alanlarda ise yitkimlanmalarin kas tabakasina
dek ulastigr iilserler dikkati gekti. Ulser odaklarinda bakteri kiimeleri, kanamalar ile makrofaj ve lenfositlerden
olusan yangisal hiicre infiltrasyonlart mevcuttu. Yapilan bakteriyolojik inceleme sonucu, izole edilen bakteri
morfolojik ve biyokimyasal karakterine gore Flavobacterium psychrophilum olarak identifiye edildi.
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GIRIS

Ginimiizde strekli bir gelisim icinde olan kiltir
balik¢iligt sektériinde balik hastaliklarina baglt kayiplar
isletmelerde  6nemli ekonomik sorunlara neden
olmaktadir. Bu kayiplarin nedenleri arasinda bakteriyel
hastaliklar genis yer tutar. Bu hastaliklardan biri de
son 20 yilda tim dinyada salmonidlerde ve 6zellikle
de yavrularinda ¢ok ciddi sorunlara yol agan, distik su
sicakliklarinda (<10 °C) meydana geldiginden dolay
bakteriyel soguk su hastaligi olarak da bilinen,
Flavobacterium psychrophilum (F. psychrophilum)un neden
oldugu hastaliktir (Roberts 2001, Ekman ve Norrgren
2003). Avrupa’da hastaligin etiyolojisinin
tanimlanmadigr dénemlerde fry mortalite sendromu
ya da gokkusagt alabaliklarinin (Oncorbynchus mykiss)
fry sendromu (RTFS) olarak adlandirilmistir (Roberts
2001, Nematollahi ve ark. 2003). Etken,
Flavobacteriaceae familyasinin Flavobacterium
genusunda yer alan, gram negatif, sporsuz, kapsilsiiz,
aerobik ya da fakiiltatif acrobik bir basildir. Gékkusagt
alabaliklart  F.  psychrophilum  enfeksiyonuna  karsi
olduk¢a duyarlidir. Ozellikle 0.5-2.0 glk yavru
baliklarin  enfeksiyondan ¢ok fazla etkilendigi ve
yiksek (%50-70) mortalite oranlarinin kaydedildigi
bildirilmistir (Roberts 2001, Madsen ve ark. 2005).
Sunulan ¢alismada, Aydin ve Mugla illerinde bulunan
iki  alabalik  igletmesinde  yavru  gékkusagi
alabaliklarinda F. psychrophiluman olusturdugu dogal
enfeksiyonun patolojik ve bakteriyolojik bulgularinin
tanimlanmast amaclanmustir.

MATERYAL ve METOT

Hayvan Meteryali

Calismanin  materyalini Aydin ve Mugla illerinde
bulunan iki alabalik isletmesinden toplanan 1+0.2 g
agithginda ve 5-6 cm uzunlugunda, hasta ya da
hastalik stiphesi olan, yeni 6lmis veya Oldirilen
toplam 77 adet gékkusagy alabaligy (Oncorhynchus mykiss
Walbaum, 1792) olusturdu.

Patolojik Analiz

Nekropsiyi takiben alinan doku Ornekleri %10’Tuk
tamponlu formalin solisyonunda tespit edildi,
trimleme isleminden sonra rutin olarak alkol ve ksilol
serilerinde  takip edildi, daha sonra parafinde
bloklandi. Bu bloklardan mikrotomda alinan kesitlerin
tamamt (4-6 um) hematoksilen-eozin (HE) ile
boyanarak 1stk mikroskobunda incelendi.

Izolasyon ve Identifikasyon

Mikrobiyolojik inceleme icin baliklarin bobrek ve
dalagindan  aseptik  olarak alinan  Orneklerden
Cytophaga Agar Uzerine bakteriyolojik ekim yapild:.
Besi yerinde 15+2 °C’de 14 giin inkiibe edildi. 1zole
edilen bakteri morfolojik ve biyokimyasal 6zellikleri
dikkate alinarak identifiye edildi (Austin ve Austin
1987).  Bakterinin ~ API  20E  striplerine

inokulasyonunda steril PBS’de Mac Farland No: 4
yogunlugunda homojenize edilmis kiltiir kullaniddi ve
APl 20E test (Bio Merieux S.A)) sonuclar
degerlendirildi (Austin ve Austin 2007). Bakterinin
mortfolojik yapist hem natif hem de Gram boyama
yontemiyle boyandiktan sonra incelendi. Dalaktan
hazirlanan siirme froti metanol ile tespit edildikten
sonra fuksin ile boyandi. Biyokimyasal testlerden kitin
ve agar hidrolizasyonu (Reichenbach ve Dworkin
1981), nisasta ve euskilin hidrolizi, jelatin ve kazein
hidrolizasyonu (Pacha ve Porter 1968) yapild:
Bakterilerin  farkli  sicakliklarda ireme kabiliyeti
Anacker ve Ordal Broth (AOB)’da, tuza karst
toleranst % 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)
tzerinde yapildi.

BULGULAR
Baliklarda klinik olarak durgunluk, yem tiiketiminde
azalma ve su yizeyine yakin yizmeler ile diizensiz
yiizme hareketleri gozlendi.

Makroskobik incelemede en yaygin gérilen lezyon
vicudun degisik bolgelerinde deride  sekillenen
petesiyel kanamalardt (Sekil 1). Derinin renginde
koyulagsma (Sekil 2) ve pullarda dokiilme ile erozyon
ve derin kas katmanlarina kadar yerlesim gosteren
tlserler (Sekil 3) deride gortlen diger makroskobik
bulgulardi. Gézlerde ekzoftalmus ile birlikte bircok
balikta periokiiler kanamalar saptand: (Sekil 4A ve B).
Bazt solungaclarda anemi (Sekil 4C), bazilarinda ise
hiperemi ve petesiyel kanamalar gorildi. Birgok
balikta asites oldukca belirgindi. Karaciger, dalak
(Sckil 4D) ile bobrekler siskin ve yumusak kivamliydi.
Hava kesesinde 6dem ve yer yer kalinlasmalar dikkati
cekti.

Mikroskobik olarak, bircok balikta epidermiste
erozyon belitlendi. Bazi alanlarda eroziv odaklarin
derin  kas tabakalarina kadar ulasan Ulsetlere
doniistigii  gorildi.  Ulser  alanlarinda  bakteri
kiimeleri, kanamalar ile makrofaj ve lenfositlerden
olusan yangisal hiicre infiltrasyonlart mevcuttu (Sekil
5). Solungaclarda yaygin olarak primer lamellerde
hiperemi ile sekonder lamellerde 6dem, epitellerde
dejenerasyon ve dokilmeler gbzlendi (Sekil 6). Bazt
baliklarda lameller arasinda yabanci partikiiller
belirlendi. Kalpte epikarditis 6nemli bir bulgu olarak
dikkati ¢ekti. Epikard yogun mononiklear hiicre
infiltrasyonlart ile kalnlasmistt (Sekil 7). Peritonda
kanama ve monontklear hicre infiltrasyonu gérildi.
Benzer kanamalara abdominal yag dokuda da
rastlandi.  Karacigerde damarlar hiperemikti  ve
hepatositlerde ~ dejenerasyon  gortldi.  Dalakta
sintizoidler eritrositler ile doluydu. Bobrekte damarlar
hiperemikti ve tubulus epitellerinde dejenerasyon ile
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birlikte  sitoplazmalarinda  eozinofilik  hyalin
damlaciklart dikkati cekti (Sekil 8).

Mikrobiyolojik olarak Cytophaga Agar tzerinde 10
ginde saf sart renkli koloniler iredi. Dalaktan
hazitlanan sirme frotide ¢ok miktarda ince uzun
basiller g6rildi. Sart renkli bu koloniler bakterinin

identifiye edilmesi i¢in biyokimyasal test besi yetlerine
inokule edilerek fenotipik Ozellikleri  saptandi.
Bakterinin morfolojik ve biyokimyasal karakterlerine
gbre (Tablo 1 ve 2) hastaligin etkeni F. psychrophilum
olarak identifiye edilmistir.

Sekil 1: Flavobacterium psychrophilum enfeksiyonu, deride petesiyel kanama (oklar) ve karin

boslugunda asites (okbast), gokkusagt alabalig

Figure 1: Flavobacterium psychrophilum infection, petechial hemorrhage on the skin
(arrows) and ascites in the abdominal cavity (arrowhead), rainbow trout

Sekil 2: Flavobacterium psychrophilum enfeksiyonu, deride renkte koyulagsma (A), kontrol

(B), gokkusagi alabalig

Figure 2: Flavobacterium psychrophilum infection, darkening in skin (A), control (B), rainbow

trout

Sekil 3: Flavobacterium psychrophilum enfeksiyonu, deride derin tlser (oklar), gbkkusagi

alabaligt

Figure 3: Flavobacterinm psychrophilum infection, deep ulcer on the skin (arrows), rainbow

trout
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Sekil 4: Flavobacterium  psychrophilum enfeksiyonu, gézde bilateral ekzoftalmus (A),
periokiiler kanama (B), solungaclarda anemi (C), dalakta siskinlik, konjesyon ve
cevresinde 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)

T

§ek11 5. Ulser ve yanglsal hiicre 1nﬁltray0nu (ok), derl H. E ,X10
Figure 5. Ulcer and inflammatory cell infiltration (arrow), skln, H.E., X10

i
S c««— eeaees

-. w ", ,-:«.’

FLE., X20

Figure 6. Edema (arrowhead) and telangiectasia (arrow) in secondary lamellae,
gill, H.E., X20
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H.E., X10

X10
, heart,

>

H.E.

Sekil 7: Epikartta yangisal hiicre inﬁltrasyénu (oklar), kalp,
Figure 7. Inflammatory cell infiltration (arrows) in the epicardium

Sekil 8. Tubulus epitellerinde eozinofilik hyalin damlaciklari (oklar), bbrek

X40

, HE.,
kidney,

>

Figure 8. Eosinophilic hyaline droplets (arrows) in tubulus epithelium

H.E., X40
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Tablo 1. Alabaliklardan izole edilen Flavobacterium psycrophilun’an motfolojik ve biyokimyasal

ozellikleri

Table 1. Morphological and biochemical properties of Flavobacterinm psycrophilum isolated from

rainbow trouts

Sonu¢ Hidrolizasyon Sonu¢  Ureme Sonug

Sart Pigmentli Koloni + Eskulin - 40C +
Gliding Hareket + Kitin - 250C -
Gram Boyama - Agar - 37°C -
O/F Metabolizma O Jelatin + %0,5 NaCl +
Katalaz + Nisasta %1 NaCl -
Oksidaz - Kazein + %2 NaCl -
Indol - Tributirin + %3 NaCl -
Nitrat - Tween 20 + %1 Tripton +
H»S - Tween 80 +

Tablo 2. Alabaliklardan izole edilen Flavobacterium psyerophiluman API 20E identifikasyon

sistemi ile belirlenen biyokimyasal 6zellikleri

Table 2. Biochemical properties of Flavobacterium psycrophilum isolated from rainbow trouts

determined by API 20E identification system

Sonug Sekerden asit liretimi Sonug
ONPG - Glukoz -
ADH - Mannitol -
LDH - Inositol -
ODC - Sorbitol -
Sitrat - Ramnoz -
H.S - Sukroz -
Ure - Melibioz -
TDA - Amigdalin -
Indol - Arabinoz -
VP - Oksidaz -
Jelatin +

TARTISMA

F. psychrophilun’un neden oldugu bakteriyel soguk su
hastaligl, dinyanin bircok yerinde bulunan alabalik
ciftliklerinde hastalik salginlarina ve énemli ekonomik
sorunlara yol agmaktadir (Roberts 2001, Nematollahi
ve ark. 2003). Gokkusagt alabaliklarinda, F.
psychrophilum enfeksiyonunda klinik olarak anoreksi,
letarji, deri renginde koyulasma, asites, bilateral
ekzoftalmus ve periokiler kanama gibi bulgularin
gorildigi bildirilmistir (Roberts 2001, Nematollahi
ve ark. 2003, Yildirim ve Ozer 2010). Calismada
durgunluk, yem tiiketiminde azalma ve su yilizeyine
yakin ylizmeler ile diizensiz yluzme hareketleri
seklinde saptanan klinik bulgular 6nceki bildirimlerle
uyum saglamis, siklikla bildirilen iskelet lezyonlarina
bu arastirmada rastlanmamistir (Madsen ve ark. 2005,
Kubilay ve ark. 2009). Pek ¢ok literatiirde

belirtildiginin aksine ise karacigerde solgunluk yerine
konjesyon ve siskinlik belirlenmistir (Roberts 2001,
Ekman ve Norrgren 2003, Yildirim ve Ozer 2010).
Sunulan calismada dikkati ¢eken hava keselerinde
6dem ve kalinlasmalara ise Onceki calisma ve
raporlarda rastlanmamistir.

Degisik calismalarda deride sekillendigi bildirilen tek
tarafli ve derin ulser odaklari sunulan calismada da
yaygin olarak saptanmistir (Madetoja ve Wiklund
2002, Nematollahi ve ark. 2003). Bu ilsetlerdeki
yogun bakteri kiimelerinin varhigl, derinin portantre
olarak rol oynadigi ve bakterilerin suya katilimina
kaynak olusturdugu seklinde yorumlanmugtir.

Bazt calismalarda bobrekte tubulus epitellerinde
tanimlanan  intrasitoplazmik  eozinofilik  hyalin
damlaciklart sunulan c¢alismada da yaygin olarak
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gbrilmis, bu bulgular bobreklerdeki proksimal
tubulus epitellerinin dejenerasyonlarinin bir sonucu
olarak degetlendirilmistir (Ostland ve ark. 2000,
Madetoja ve Wiklund 2002, Nematollahi ve ark.
2003).

Dalakta konjesyon, kirmizi ve beyaz pulpada
Odemato6z degisiklikler, yaygin hemoraji, splenomegali
ve nekroz gibi patolojik bulgularin en belirgin olarak
gOkkusagt  alabaliklarinda  gorildugt  bildirilmis
(Roberts 2001, Ekman ve Norrgren 2003), bu
calismada ise dalakta makroskobik olarak siskinlik ve
yumusama; mikroskobik olarak ise sintizoidlerin
eritrositler ile dolu oldugu gérilmistir.

Baz1 kronik enfeksiyon vakalarinda kalpte perikarditis
gorildigi  belirtilmis (Roberts 2001) ve sunulan
calismada epikarditis en 6nemli histopatolojik
bulgulardan biri olarak kaydedilmistir. Baliklarda
yaygin olarak gérillen hiperemi ve kanamalar da kalp
yetmezligi ile iliskilendirilmis ve epikarditis gbrillen
baliklarda bunun birincil 6lim nedeni oldugu
sonucuna varilmistir.

F. psychrophilum  enfeksiyonunda  alabaliklarda
solungaclarda anemiye baglt solgunluk, hiperemi ve
petesiyel kanama gibi bulgularin gérildiga bildirilmis
(Roberts 2001, Nematollahi ve ark. 2003), sunulan
calismada da solungaglarda yaygin olarak primer
lamellerde hiperemi ile sekonder lamellerde Sdem,
epitellerde dejenerasyon ve dokiilmeler belirlenmistir.
Bilinen solungac lezyonlarinin yani sira solungaclarda
bol miktarda yabanct partikiliin bulunmasi, su kirliligi
ile hastaligin siddetini ve mortalite oranint artiran bir
faktér olarak yorumlanmustir. Bu durum, su
kirliliginin, enfeksiyonun yayimasi ile patogenezinde
oynadigt rol (Roberts 2001) ve isletmeye verdigi
zararin oldukga 6nemli oldugunu ortaya koymustur.
Hastaligin teshisinde patolojik incelemelerin yaninda
mikrobiyolojik izolasyon ve identifikasyon da 6nemli
yer tutmaktadir. Ozellikle etkenin izolasyonunda
klasik agarlara goére Cytophaga Agar daha sik
kullanilmakta, bu agarda kenatlan ince ve patlak sart
kolonilerin tredigi dikkati ¢ekmektedir (Nematollahi
ve ark. 2003). Bu calismada da Cytophaga Agar
tzerinde 10 giinde saf olarak sart renkli koloniler
tremis ve etkenin morfolojik ve biyokimyasal
karakterleri incelendiginde, etken F. psychrophilum
olarak identifiye edilmistir.

SONUGC

Sonug¢ olarak, bu c¢alismada, iki aym alabalik
isletmesinde ortaya cikan F. psychrophilum enteksiyonu
patolojik bulgulart ve bakteriyolojik analizleri ile
tanimlanmustir.  Yavru  alabaliklarda  dogal olarak
sckillenen ve bu enfeksiyonun ortalama 1102 g
agithigindaki  yavru  baliklarda  klinik  olarak
ekzoftalmus, makroskobik ve mikroskobik olarak

erozyon, ulser ve yine mikroskobik olarak epikarditis
ile seyrettigi disiinildiiginde; benzer bulgularin
isletmelerde fark edilmesi durumunda, mortalite orani
oldukca yiiksek olabilen bu hastaligin géz Gniine
alinarak buna iliskin koruma ve kontrol 6nlemlerinin
alinmast gerektigi kanisina varilmustir,

Cikar Catigmasi: Yazarlar, ¢ikar catismast olmadigin
beyan eder.
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ABSTRACT

In this study, the effects of vitamins A, D3 and E on fertility were investigated in the Pirlak sheep, whose estrus
was synchronized in July, the hottest month of the region. Multiparous 80 Pirlak 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 1U), 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 Pirlak 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.

kkk

Pirlak Koyunlarinda Vitamin A, D3, E Uygulamasinin Fertilite Uzerine
Etkisi

(074

Bu calismada boélgenin en sicak ayt olan Temmuz ayinda Ostriisleri senkronize edilen Pirlak irki koyunlarda
vitamin A, D3 ve E’nin fertilite Gzerine etkileri incelendi. Hayvan mataryeli olarak aynt strl icerisinde bulunan
daha 6nce dogum yapmis 80 Pirlak irki koyun kullanildi. Koyunlarin 6striis senkronizasyonu 11 gin siireyle 20 mg
kronolon iceren vagina i¢i stinger (Chronogest CR®) ve siinger ctkarilma aninda 480 IU kas i¢ci eCG (Chrono-
Gest/PMSG® 6000 1U/25 ml) uygulamalart ile yapildi. Ciftlesme aninda Grup 1’e (n=40) vitamin A (300.000
IU), D3 (100.000 IU) ve E (50 mg) kombinasyonu (Vigantol-E®, 1ml) kas ici enjekte edilitken Grup 2’ye (n=40)
uygulama yapilmadi. Ostriis, gebe kalma ve gebelik basina diisen yavru sayilart sirastyla Grup 1’de %92,5, % 87,5,
1,54 ve Grup 2’de ise % 90, %75 ve 1,37 olarak belitlendi ve gruplar arasinda istatistiki fark bulunmadi (P>0,05).
Sonug olarak Temmuz ayinda Pirlak irki koyunlarda 11 glin siireli progesteron+eCG senkronizasyon yontemi ile
istenilen diizeylerde reproduiktif verimin elde edilebilecegi belirlendi. Vitamin A, D3, E uygulamasinin fertilite
parametreleri izerindeki etkilerini daha net ortaya koyabilmek i¢in farkli calismalarin yapilmasi gerektigi sonucuna
vartlmistir.

Anahtar Kelimeler: Kronolon stinger, Multipar koyun, Sicaklik stresi, Temmuz ay1, Vitamin A-D3-E, Yavru
verimi.
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GIRIS

Koyunlarin mera ve cayilart en iyi  sekilde
degerlendirebilmesi, yilin her déneminde kullanabilme
yeteneklerinin  olmast ve yetistiricilik maliyetinin
digiik olmast nedeni ile tlkemiz hayvanciliginda
yetistiriciligi tercih edilmektedir (Aksoy ve Yavuz
2012). Tirkiye'de Tirkiye Istatistik Kurumuna
(TUIK) ait yillik hayvansal {retim  verileri
incelendiginde 1990l yillarda yaklastk 40 milyon bas
olan koyun sayisinin 2010 yilina kadar neredeyse yari
yartya dismis oldugu, son 10 yilda ise tekrar 6nem
kazanarak 38 milyon basa kadar yiikseldigi
gorilmektedir (Anonim 2019). Koyunlarda giin
1s1g1na maruz  kalma stresinin  uzadigt aylarda
ovulasyonu tetikleyen melatonin ve gonadotropinlerin
salinim sikhiginin azalmast sonucu siiriide gebe kalma
orant dismektedir (Goodman ve Inskeep 2006). Bu
nedenle koyunlardan yagamlari boyunca elde edilen
yavru veriminin yikseltilmest i¢in inaktif ovaryumlarin
bulundugu aylarda Sstriis sikluslarinda meydana gelen
hormonal degisiklikler esas alinarak, progesteron,
GnRH, eCG ve melatonin uygulamalart ile
reproditksiyonun  kontroli  gergeklestirilmektedir
(Abecia ve ark. 2011).

Ovaryum ve uterus fonksiyonlari tizerine 6zellikle A
ve E vitaminlerinin etkilerinin oldugu, ayrica bu
vitaminlerin ¢iftlesme dénemi ve ortam sicakliginin
yitksek oldugu cesitli stres faktorlerine karsi miicadele
etmek icin viicudun antioksidan mekanizmalarinda
gorev yaptigt bildirilmektedir (Chauhan ve ark. 2014).

Pirlak 1rki Tirkiye’nin I¢ Anadolu ve Bati Akdeniz
bolgelerinde koti gevre sartlart ve hastaliklara karsi
dayanikli olmalari nedeni ile yetistiriciler tarafindan
tercih edilen koyun irklarinin arasinda yer almaktadir
(Anonim  2020). Pulak 1rkina  ait  Ozellikle
senkronizasyon sonu elde edilen reprodiktif
parametrelere iligkin veri oldukea stnirh sayrdadir. Pek
¢cok arastirict kiicik ve buyik ruminantlarda
reprodiktif performanst arttirmak igin peripartum
dénemde meydana gelen metabolik degisiklikler
nedeniyle vitaminlerin yavru canliligt ve dogum
sonrast Ureme aktivitesi Uzerine olan etkilerini ortaya
koymaya calismiglardir. Bu ¢alisgmanin amact Temmuz
ayinda Ostrisleri senkronize edilmis olan Pirlak 1rki
koyunlara ovulasyon ve gebeligin ilk ddénemlerinde
treme ve sicaklik stresi lizerine pozitif etkilerinin
olabilecegi diisintilen A, D3 ve E vitamin karisiminin
reprodiiktif ~ performans Uzerine olan etkilerini
arastirmaktir,

MATERYAL ve METOD

Bu calismada Afyonkarahisar ilinde halk elinde bakim
ve beslemesi yapilan giinde iki sefer meraya cikarilan
ve diger zaman dilimlerinde kapali agil icerisinde

tutulan Pirlak 1rki koyunlar kullanildi. Arastirmaya
Afyon Kocatepe Universitesi Hayvan Deneyleri Yerel
Etik Kurulu tarafindan onay (49533702/321) verildi.
Siirii icerisinden en az bir kere dogum yapmis 20-42
ay yas ve yaklastk 40-50 kg canli agirhigmna sahip
laktasyonda olmayan 80 bas Pirlak 1rki koyun ¢alisma
icin secildi. En yiiksek sicaklik ortalamasina sahip
Temmuz ay1 icerisinde birer hafta ara ile her hafta
gruplarda esit sayida koyun olacak sekilde 80 bas
koyunun senkronizasyonu tamamlandi. Koyunlarin
Ostriis  senkronizasyonu 11 gin siireyle 20 mg
kronolon igeren vagina ici siinger (Chronogest CR®)
ve stnger cikarilma aninda 480 IU kas ici eCG
(Chrono-Gest/PMSG® 6000 1U/25 ml) uygulamalatt
ile yapildi. Enjeksiyonu takip eden yaklagik 48. saatten
itibaren kog katimt gerceklestirilerek 8 koyun icin bir
bas Pirlak kocu kullanilarak elde asim yOntemi
uygulandt. Ciftlesme aninda 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 ici enjekte edilitken Grup 2’ye (n=40) uygulama
yapilmadt. Koglar elde asim yapildiktan sonra bir giin
boyunca siiriide tutularak koyunlarla ciftlesmesine izin
verildi. Gebelik orant giftlesmeyi takip eden 30. giinde
sirt st pozisyonda transrektal ultrasonografi (Tringa
Linear 5/7.5 MHz) yontemi kullanilarak fotuslarin
gorillmesi ile belirlendi. 1k ve ikinci hafta stinger
uygulama ve ¢ikarilma giinleri, Sstriis ve ilerleyen
ginlerdeki sicaklik degerleri bu iki uygulamanin
belirtilen ginlerde tespit edilen sicaklik degerlerinin
ortalamalarinin  alinmasi  ile belirlendi.  Gunlik
maksimum, minimum ve ortalama sicaklik verileri
(°C) ile nem degerleri Orman ve Su Isleri Bakanligt
Meteoroloji  Genel Mudirligi’'nden elde edildi.
Gruplar  arasindaki  reproduktif — parametrelerin
istatistiksel farkliliklar1 SPSS (16.0) programinda Chi-
square testi kullanilarak belirlendi (P<0,05).

Reprodiiktif — parametreler  agagidaki  yontemler
kullamilarak belirlendi.

Ostriis orant: ciftlesen koyun sayist/toplam koyun
sayst x 100

Gebelik orant: gebe kalan koyun sayist / toplam
koyun say1st x 100

Tekiz dogum orant: bir adet kuzulayan koyun sayist /
dogum yapan koyun sayist x 100

Coklu dogum orant: 2 iki adet kuzulayan koyun sayist
/ dogum yapan koyun sayist x 100

Gebe kalan koyun basina diisen yavru sayist: dogan
kuzu sayist / dogum yapan koyun sayisi

BULGULAR

Gruplarda eCG uygulamasint takip eden 48.saatten
itibaren 8 saatlik bir zaman diliminde Grup 1’de 3 ve
Grup 2’de ise 4 koyun ciftlesmeyi kabul etmeyerek
Ostriste  olmadiklart anlasildi.  Ciftlesmeyi  kabul
etmeyen bu koyunlarin gebelik muayenesinde fétal
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yapiya rastlanilmadi. Grup 1’de tiim koyunlarin 357,
Grup 2de ise koyunlarin 30’unun gebe kaldiklar
belirlendi. Her iki grupta gebe kalan koyunlarin
tamami dogurarak kuzulama orani %100 olarak tespit
edildi. Grup 1’de ve Grup 2’de 20’ser koyun tek
kuzuladi. Grup 1°de 12 koyun ikiz, 2 koyun tglz ve
bir koyunda dérdiiz kuzuladi. Grup 2’de ise 9 koyun
ikiz, 1 koyun ise tciiz kuzuladi. Gebe kalan koyun
basina diisen yavru sayist ise Grup 1 ve Grup 2’de
strastyla 1.54 (54/35) ve 1,37 (41/30) olarak belitlendi
(Tablo 1). Tim bulgularda iki grup arasinda herhangi
bir istatistiki 6nem bulunamad: (P>0,05). Calismanin

yapildigt yilda glin icinde en ytksek sicaklik ortalamasi
32,4 £ 3,6°C (24,4-38,7°C) ve gin icindeki sicaklik
ortalamast 25,8 £ 2,6°C (20-31°C) ile Temmuz ayt
olarak tespit edildi. Ilk ve ikinci hafta yapilan
senkronizasyon ginlerinde Ostriis ve takip eden ilk 7
ginin en dugik sicakhk ortalamast 17,8 £ 1,9°C
(14,7-21,7°C), en yuksek sicaklik ortalamasi 32,8 +
3,7°C (28,8-38,7°C) ve ortalama sicaklik ise 25,4 +
3°C (20,6-31°C) olarak tespit edildi (Tablo 2). Ostriis
ve takip eden ilk 7 ginin glnlik ortalama nem
degerleri ise % 46,5 olarak kaydedildi.

Tablo 1. Gruplara gore elde edilen fertilite parametreleri (P>0,05)

Table 1. Fertility parameters obtained by groups (p>0,05)

Fertilite Parametreleri Grupl (vitamin) Grup2
Fertilite parametrelerini hesaplama Fertilite parametrelerini hesaplama

yontemi yontemi
Koyun sayist (n) 40
Ostriis Orani(%o) 92,5 (37/40 x100) 90 (36/40 x100)
Gebelik orani(%o) 87,5 (35/40 x100) 75 (30/40 x100)
Gebe kalan koyun bagina disen 1,54 (54/35) 1,37 (41/30)
yavru sayist
Tekiz dogum orant (%o) 57,1 (20/35 x100) 66,7 (20/30 x100)
Coklu dogum orani 429 (15/35 x100) 333 (10/30 x100)
Ikiz (%) 34,2 (12/35 x100) 30 (9/30 x100)
Ucgiiz (%o) 5,71 (2/35 x100) 3,33 (1/30 x100)
Dértiiz (%o) 2,86 (1/35 x100) 0 (0/30 x100)

Tablo 2. Osttiis ve takip eden ilk 7 giiniin sicaklik ortalamalar
Table 2. Estrus and temperature means of the following 7 days

Giin icinde en diguk °C
Gin iginde en yitksek °C

Giin Ortalama °C 25,4 £ 3 (20,6-31)

17,8 £ 1,9 (14,7-21,7)
32,8 £ 3,7 (28,8-38,7)

TARTISMA

Pilak  1tki koyunlarda yapilan —senkronizasyon
calismalarinda, Ocak-Mart aylarinda  iki  farkl
senkronizasyon calismast yapilmug, 11-12 giin stireli
progesteron+eCG metodu ile elde edilen &striis
oranlart % 92-97, gebelik oranlar1 %40-41, gebe kalan
koyun basina diisen yavru sayiart 1,20-1,36 ve ¢oklu
dogum oranlari ise % 20-36,5 olarak tespit edilmistir
(Algan ve ark. 2017, Kuru ve ark. 2017). Arastiricilar
stingerlerin uzaklastirilmasini takip eden ortalama 36-
45. saatlerde Ostriislerin  bagladigl, 24 saat kadar
devam  ettigini  belirtmiglerdir.  Bu  bulgular
arastirmamizda elde ettigimiz Ostris bulgular ile
benzerlik géstermektedir. Bu calismalarda elde edilen
dustik gebelik orant ve yavru veriminin ana nedeni
calismalarda  kullanilan  koyunlarin  laktasyonda
olmalari ve mevsim farklihgina baglh olabilir. Ctnki
mevsim, laktasyon durumu veya laktasyona baglh
yetersiz beslenme, ovulasyon ve ovulasyon sonrasi

embriyonun yasamasint etkileyen hipofiz, hipotalamus
ve ovaryum fonksiyonlarni  etkileyebilmektedir
(Goodman ve Inskeep 2006, Goff ve ark. 2014).
Koyunlarla ilgili senkronizazyon c¢alismalarindan elde
edilen reproduktif bulgular incelendiginde birbirleri ile
benzerlik veya farklilik gostermektedir. Reprodiktif
parameteler 1k (Fair ve ark. 2005), senkronizasyon
yontemi (Martemucci ve D'Alessandro 2011), mevsim
(Hashem ve ark. 2011), progestagen analogu
(Hashami ve ark. 2006) ve uygulama stiresi (Karaca ve
ark. 2009), eCG kullanimi (Martinez-Ros ve ark.
2019) viicut kondisyon skoru (Fukui ve ark. 2010),
sicaklik stresi (Kumar ve ark. 2017) gibi faktorlerden
etkilenmesi senkronizasyon arastirmalarinda elde
edilen farklt bulgularin nedeni olabilmektedir.

Yavru verimi yiksek irklara yiksek konsantre yem
verilmesinin ikizlik orani ile pozitif korelasyon tagidigt
ancak prolifik 6zelligi bulunmayan koyunlarda ise
senkronizasyon sonrasinda reprodiiktif performansi
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etkilemedigi belirtilmistir (Lassoued ve ark. 2014). Bu
nedenle vyapian c¢alismalarda her koyun irkinin
Ozellikle yavru verimi agisindan beslenmeye bagl
olarak verdigi yamit farkli bulgulara yol agabilir.
Ozellikle GDF9 ve BMP15 gibi genlerde meydana
gelen mutasyonlarin ovulasyon orani, yavru sayist ve
fertiliteyi etkilediginin belirlenmesi hem 1irklar arasinda
hem de wrklar icinde tespit edilen farklt yavru verimi
bulgulatinin bir diger nedeni olabilir (Hanrahan ve
ark. 2004).

Ulkemizde hayvan varligi artarken, hayvanlarin
otlayabilecegi mera alanlarimin  azaldigt ve baz
meralarin  ileri derecede tahrip oldugu ve bitki
kalitesinin 6nemli Olciide distiigii belirtilmektedir
(Babalik ve Fakir 2017). Mera kalitesinin dusik
oldugu veya orta kaliteli meralarda otlatilan
koyunlarda kog¢ katimi sonrasi stres faktdrlerinin
arttig1 tespit edilmistir (Mohebbi-Fani ve ark. 2012a).
Koétii kaliteli meralarda beslenen koyunlarda kog
kattmini takip eden 6zellikle ilk 21. giinde A ve E
vitaminlerinin  kandaki dizeylerinin  distigi ve
protein yetersizligine bagl olarak antioksidan enzim
dizeyinde disis ve oksidatif stres diizeyinde yiikselis
rapor edilmistir (Mohebbi-Fani ve ark. 2012b).
Bununla berababer yiiksek enerjili diyetle beslenen
canlilarda c¢iftlesme Oncesi uygulanan A vitamini
takviyesinin, bu diyete bagl olarak fertiliteyi olumsuz
etkileyen etkenlere karst follikiil, oosit ve embriyo
kalitesini korudugu ve progesteron seviyesini
ovulasyon sonu yikselttigi belirtilmistir (Whaley ve
ark. 2000).

Koyun ve kecilerde D Vitaminin reprodiksiyon
tzerine etkilerine yonelik ¢alismalar yok denecek
kadar azdir. Insanlarda oldugu gibi kegi ovaryumunda
da Vitamin D reseptotlerinin varlift gectigimiz yillarda
tespit edilmis, Vitamin D3’tin follikiil gelisimi,
oksidatif stress ve steroid hormon Uretiminde rol
aldig1 in vitro ortamda belirlenmistir. (Yao ve ark.
2017). Ancak #n vivo ortamda reprodiiksiyon tzerine
etkileri heniiz ortaya konulmamustir. Vitamin D
duizeyi dustik olan koyun ve kecilerde ultraviyole 151810
koyun ve kecilerde Vitamin D iretimini uyardigt
belirtilitken (Nemeth ve ark. 2017) ayni merada
otlatilan farkli genotipe sahip koyun irklarinda
Vitamin D2’nin benzer oldugu ancak Vitamin D3’tin
ise genotip ile yakindan baglantuli oldugu ve irklar
arasinda degiskenlik g6sterdigi tespit edilmistir (Zhou
ve ark. 2019).

Calismada uyguladigimiz vitamin A, D3 ve E
preparati 6zelllikle antiparaziter ilag uygulamalarinin
yan etkilerine karst koyun ve laktasyondaki kegilere 1-
3 ml (Rojo ve ark. 2015, Vallejo ve ark. 2018)
dozlarda uygulanabilmekte ve etkinligini 15 giin ve
tizeri korumaktadir (Velasco 2017). Ancak A vitamini
basta olmak tizere bazi vitaminlerin depo organlarinda
titkenerek eksilmedigi middetce viicuttaki vitamin

diizeyi durumlarinin serumdan degerlendirilemeyecegi
hipotezi bulunmaktadir (Koutsoumpas ve ark. 2013).

Koyun ve kegilerde treme sezonu veya andstris
dénemlerde yapilan ¢alismalarda A ve E vitamin
uygulamalarinin yavru sayistnt arttirdigt belirtilse de
(Koyuncu ve Yerlikaya 2007, Sé6nmez ve ark. 2009,
Koyuncu ve ark. 2019) bazt ¢alismalarda her hangi bir
etkisinin olmadig1 tespit edilmistir (Segerson ve ark.
1986, Kose ve ark. 2013). Senkronizasyon baglangici
ve sonunda uygulanan A, D3 ve E vitamin
kombinasyonun gebelik oranimnt arttirdigt (Koyuncu
ve ark. 2019), siinger uygulama ve ¢tkarilma giinleri ile
ciftlesmeyi takip eden 19.gtinde vitamin E+selenyum
uygulamasinin embriyonik Oliimleri azaltarak gebe
kalma oranmnt ylkselttigi ancak cogul gebeligi
etkilemedigi (Awawdeh ve ark. 2019), senkronizasyon
bitiminde beta karoten veya E vitamini+selenyumun
uygulamasinin reprodiktif parametreleri etkilemedigi
(Kose ve ark. 2013) belirlenmistir.

Yaptugimiz ¢alismada da  vitamin  enjeksiyonu
reprodiktif parametreleri etkilememistir. Her ne
kadar calismamizda stres faktorleri ve vitamin
diizeyleri Olgiilmese de ovulasyon ve ovulasyon
sonrast erken donemlerde kontrol grubundaki
koyunlarin calismanin  yapidigt zaman diliminde
fertiliteyi etkilemeyen benzer stres faktérlerine maruz
kaldiklar1 veya vyeterli diizeyde vitamini aldiklar
disinilmektedir. Yapilan caligmalarda elde edilen
farkli bulgularin nedeni uygulama sekli ve zamani,
vitamin dozu ve etki siiresi, cayir ve mera kalitesi gibi
faktorlerden kaynaklanmis olabilir.

Sicaklik  stresine  karst  kullanllan  antioksidan
vitaminlerin Ureme Uzerinde koruyucu etkilerinin
oldugu rapor edilmistir (Chauhan ve ark. 2014).
Koyun ve koglarda yapilan caligmalarda 30-32°C’lik
bir sicaklik stresinin kalp attm hizi, solunum sayist ve
rektal 1sida artisa neden oldugu, kortizol dizeylerini
yukselttigi ve rumen motilitesinde dusiise yol acgtigt
belitlenmistir (Sunagawa ve ark. 2002, Cwynar ve atk.
2014). Koyunlarda embriyo kayiplarinin buyitk bir
béluminin ¢iftlesmeyi takip eden ik 10 gin
icerisinde oldugu belirtilitken ciftlesme sonrast 1-
4.ginler arasinda 40°Clik bir sicaklik  stresinde
embriyo kayiplarinin % 55, 1-7.glinlerde ise bu
sicakliga maruz kalmanin %83 oraninda embriyo
kayiplarina yol acugi, 11-21°C’de tutulan kontrol
grubunda ise 1-4. giinde % 9, 1-7 giinler arasinda ise
% 18lik bir embriyo kaybinin yasandigt belirlenmistir
(Thwaites 1971).

Bolgeye adepte olmus yerli itk koyunlarda yapilan bir
baska calismada ise preovulatér dénemide kapsayan 4
hafta boyunca her gin 6 saatlik 40°C’lik ortam
sicakhigina maruz birakilan grubun, 19-34°C de
tutulan gruba gére transfer edilebilir embriyo sayist ve
kalitesinde diististin oldugu ancak oosit gelisiminin
bozulmadigi, ovulasyon orani ve fertilizasyonun ise
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etkilenmedigi belirtilmistir (Naqvi ve ark. 2004).
Arastirictlar - bu  sonucun nedeni olarak bolgeye
yillardir adepte olan yerli koyun irklarinin adepte
olmayan diger irklara kiyasla yiksek ortam
sicakliklarinin fizyolojik fonksiyonlar ve reprodiktif
verim tizerine negatif etkilerinden daha az etkilenmesi
veya preovilatér dénemde follikillogenesizi bozacak
yeteri kadar sicaklik artisinin  yasanmamasindan
kaynaklandigint distinmekteditler. Ancak bagka bir
aragtirmada ise gin icinde maksimum sicakligin
232.0°C oldugu haftalarda (ortalama maksimum
sicaklik 18.9-31.9°C) ciftlesen koyunlarin fertilite
oranlarinin  diistigli ve ciftlesen koyunlarnn tekrar
kizginhga geldigi, 232.0 °C olan ortam sicakliginin
embriyonun yasamuni olumsuz etkiliyebilecegi ve bu
nedenle gebelik oranlarinin  distigi  belirtilmistir
(Kleemann ve Walker 2005).

Calismanin yapddigi bélgenin dreme ddénemi olan
Ekim ayinda ortalama maksimum sicaklik 15°C ve
ginlik ortalama sicaklk ise 10°C dolaylarinda
olmaktadir. Bu doénemde 14 gin  sireli
progestagen+eCG metodu ile Akkaraman ve Daglic
koyunlarindan elde edilen gebelik oranlart %75 ve
%066, kuzu verimi ise 1,27 ve 1,41 olarak tespit
edilmistir (Ugar ve ark. 2002). Yaptigimiz calismada
ise Gstris ve takip eden ilk 7 giniin en yiksek sicaklik
ortalamast 32,8°C (28,8-38,7°C), ortalama sicaklik
degeri ise 25,3°C (20,6-31°C) ve en yuksek sicaklik
degeri ise 38,7°C’ye kadar yiikseldigi goriilmektedir.
Calismada kotl cevre sartlarinda dayanikli olan Pirlak
irki koyunlarin, giinde iki sefer otlatldigi ve diger
zaman dilimlerinde kapalt agil icerisinde bulunduklari
dénemlerde maruz kaldiklar: stresi tolere edebildikleri
distinilmektedir. Calisma her ne kadar bélgenin en
yitksek sicaklik ortalamasina sahip Temmuz ayinda
yuritilse de, koyunlarin 32°C ve tizeri sicakliga maruz
kalma surelerinin diger calismalara gére daha kisa
stireli ve glinesin etkili oldugu zaman dilimlerinde agil
icerisinde olmalari veya kapali alanda oksijen ve
sicaklik yoniinden uygulanan vitaminlerin koruyucu
etkilerini ortaya koyabilecek stres parametelerinin
ac1ga ctkmadigini distinmekteyiz.

Sonu¢ olarak Temmuz ayinda 11 gin sireli
progesteron+eCG senkronizasyon yontemi ile Pirlak
irki koyunlarda istenilen diizeylerde gebelik orani ve
yavru verimi elde edilebilecegi belirlendi. Fertilite,
sicaklik stresi ile vitamin uygulamalart arasindaki
iliskinin daha net ortaya konulabilmesi icin koyunlarin
sicaklik stresine maruz kalma sureleri, mera veya
yemden aldiklari vitamin diizeylerinin daha net ortaya
konulmast gerektigi diisinilmektedir.
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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.

kkk

Karaciger Trematodlu Koyunlarin Serum ve Yapagilarinda Kobalt, Mangan, Selenyum ve Cinko
Diizeylerinin Aragtirilmasi

(074

Bu calismada saglikli ve karaciger trematodu ile enfekte olmus koyunlarda hematolojik ve biyokimyasal kan
degerleri ile serum ve yln eser elementlerindeki (kobalt [Co], mangan [Mn], ¢inko [Zn] ve selenyum [Se])
farkhiliklar karsilastirdmistir. Bu amagla 80 bas karaciger trematodlu ve 20 bas da saglikli olmak tzere toplam 100
bas koyun kullanildi. Karaciger trematodlu koyunlarin 16kosit (WBC), nétrofil (Neu) ve eozinofil (Eo) dizeyleri
kontrol grubunun ayni parametrelerinden istatistiki olarak 6nemli dizeyde yiksek (P<0,01) tespit edilirken,
eritrosit (RBC), hematokrit (Hct) ve hemoglobin (Hb) degetleri daha disiik (P<0,01) bulunmustur. Karaciger
trematodlu koyunlarin alanin aminotransferaz (ALT), aspartat aminotransferaz (AST) ve gamma glutamil
transpeptidaz  (GGT) degerleri saghkli koyunlarin ayni parametrelerine gére strastyla P<0,001, P<0,005 ve
P<0,001 duzeylerinde yiiksek tespit edildi. Karaciger trematodlu koyunlarin serum ve yin Co, Mn, Zn ve Se
seviyeleri saglikll koyunlara gbre istatistiksel olarak 6nemli diizeyde distk bulunmustur (P<0,01). Karaciger
enfeksiyonlarinin iz element konsantrasyonlart tizerindeki etkisinin ylin ve serumdaki Sl¢limlerinin benzerlik
gosterdigi saptanmustir. Karaciger trematodlu koyunlarin serum ve yin iz elementlerin konsantrasyonundaki
dustislerin karacigerdeki patolojik bozukluklarina baglt olarak olusan iz elementlerin biyotransformasyonundaki
degisimlerinde kaynaklanabilecegi distinilmektedir.

Anahtar Kelimeler: Karaciger trematodu, Serum, Koyun, Iz element, Yun.
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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 primaty 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.
20006, 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 (Sendil et al.
1975, Jacob 1987, Aytug 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 Bi» 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 B> and
only 3% of the synthesized vitamin By, is absorbed
(NCR  1987). Vitamin Biz  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) (Tasct
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. 20006).
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 (Deger et al. 2008).

The trace element contents of animal tissues ate
determined from serum, wool, hair, and liver and
kidney tissues (Baysu 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 vyield 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
(Sendil et al. 1975, Jacob 1987).

The deficiency or abundance of trace elements can
therefore result in a number of functional disorders
(Aytug 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
200280 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 Tuzer 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 °C until biochemical analysis
(Ozdemir 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
Dicrocoelimm  dendyiticum 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 (X106 uL), Het (%), 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 pg/dl, 31.00 pg/dl, 2.73 ng/dl, 31.12 pg/dl,
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respectively) than in the healthy controls (4.90 pg/dl,
58.00 pg/dl, 4.69 pg/dl, 83.76 ng/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 pg/g, 4.22 ng/g, 1.35 ug/g and 26.71 pg/g,
respectively) than in the healthy controls (0.06 pg/g,
10.61 ng/g, 4.66 ug/g and 45.96 ug/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 Trematode
(n=20) infected (n= 80)
WBC (x103/ul)  8.60+0.60¢  13.91+£2.27>
Neu (%) 5.8010.34" 9.28+1.58b
Eo (%) 0.18+0.032"* 0.73%0.06P
RBC (x106 ul) 11.80£0.50+*  9.80+0.48>
Hct (%) 33.00£2.27+*  25.90%2.33b
Hb (g/dl) 13.41+1.332* 9.75+1.76b

4 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, Het: hematocrit, Hb: hemoglobin.

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

Parameter Control Trematode infected
(n= 20) (n= 80)

ALT (U/1) 17.70+2.32=  30.60£6.15P
AST (U/1) 94.20+18.79~"  148.25£60.14>
GGT (U/L) 54.20+5.55"  80.44+16.12b

3 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 Trematode infected
(n= 20) (n= 80)

Co (ng/dD) 4.90£0.80~ 2.50%0.50b

Mn (ug/dl) 58.00%+5.102" 31.00+0.10b

Se (ug/dl) 4.69%+1.20 2.73%£1.29b

Zn (ug/dl) 83.76+43.64* 31.12+10.32b

4, 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 Trematode infected
(n= 20) (n= 80)

Co (ug/g) 0.06x0.012 0.03£0.01P

Mn (ug/g) 10.61£3.89+~ 4.22+1.78b

Se (ug/g) 4.6612.17+* 1.35+0.50P

Zn (ug/g) 45.96%16.623" 26.71+£12.80b

3,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.
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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.
dendriticnmn (Manga-Gonzilez et al. 2004). The ALT,
AST, and GGT wvalues 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, Samadich
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 (Ozdemir et al. 2014). However, mineral
measurements from tissue, hair, or wool may provide
more accurate results than serum analyses (Baysu 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
(Tasct 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
patts 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
pg/dl) (Table 3) were in compliance with the
reference values (80-150 pg/dl) (Kurt et al. 2001,
Erdogan et al. 2002), but the serum Zn levels in the
trematode-infected sheep (31.12 ng/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 (Tasct
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 pg/dl) (Table 3) were within the
reference value range. The observed decreases in Co
concentrations in the trematode-infected sheep (2.50
pg/dl) (Table 3) agreed with the available literature
(Tasct et al. 1995, Seyrek et al. 2009).

The serum Se levels were significantly greater in the
healthy sheep (4.69 pg/dl) than in the trematode-
infected sheep (2.73 pg/dl) (P<0.05) (Table 3). The
serum Se levels of healthy sheep were in compliance
with the values specified for sheep, at 5.37pg/dl
(Yokus et al. 2004), and for lambs, between 6.0pg/dl
(Kozat 2007) and 5.65pug/dl (Deger et al. 2008).

Decreasing plasma Zn levels were reported in
Echinococens-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 pg/dl) (Table 3), in agreement with previous
reports (Beisel 1991, Tas¢t 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 eclements 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 Q1o on antioxidant enzymes in
diabetic rats. Group I was not exposed any application. Group Il was intraperitoneally administrated 0.3 ml corn
oil in daily for four weeks. Group I received 10 mg/kg CoQ1o in 0.3 ml corn oil intrapetitoneally 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 CoQ1o 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 CoQ1o application to diabetic rats when compared to diabetic
group. The increased plasma TBARS level with diabetes reduced with CoQ1o treatment. The histological findings
of the study support the changes in enzyme levels as a result of CoQ1o application. In conclusion, CoQ10
application to diabetic rats may have beneficial effects on some negative changes caused by diabetes.

Keywords: Antioxidants, Coenzyme Q1o, diabetes, pancreas, rats

kkk

Streptozotosin ile Diyabet Olugturulan Ratlarda Koenzim Qio’un Baz1 Kan Antioksidan Sistem
Parametreleri ile Pankreas ve Aorttaki Histolojik Degisiklikler Uzerine Etkileri

oz

Bu caligmanin amaci diyabet olusturulan ratlarda koenzim Q10’un antioksidan parametreleri tizerine etkilerini
degerlendirmektir. Calismada 38 yetiskin, erkek Wistar Abino rat (250-300 gr) kullanildi. Grup I’deki hayvanlara
herhangi bir uygulama yapilmadi. Grup II’deki hayvanlara giinde 0.3 ml misir yagt dort hafta boyunca
intraperitoneal olarak uygulandi. Grup IIT’deki hayvanlara giinde 0.3 ml musit yaginda ¢ozdirilen 10 mg/kg
CoQ10 dort hafta boyunca intraperitoneal olarak uygulandi. Grup IV’deki hayvanlarda, 40 mg/kg
streptozotosinin ginde tek doz olmak tzere iki subkutan enjeksiyonu ile diyabet olusturuldu. Grup V’deki
hayvanlarda ayni protokolle diyabet olusturuldu ve daha sonra bu hayvanlara doért hafta boyunca 0.3 ml musir
yaginda ¢ozdurilen 10 mg/kg CoQ10 intraperitoneal olarak uygulandi. Kan 6rneklerinde GSH, TBARS, SOD,
NO seviyeleri ile GPx, CAT aktiviteleri belirlendi. Pankreas ve aorta doku Ornekleri histolojik ve
immiunohistokimyasal yéntemler kullanilarak incelendi. Diyabetik grupta plazma SOD, GPx, CAT ve GSH
seviyeleri control grubuna gore 6énemli oranda distkti. Diyabetik ratlara CoQ10 uygulamasi ile bu parametreler
diyabetik gruba goére 6nemli oranda arttr. Diyabetle birlikte artan plazma TBARS seviyesi, CoQ10 uygulamastyla
azaldi. Calismanin histolojik bulgulart CoQ10 uygulamasi sonucunda enzim duzeylerindeki degisiklikleri
desteklemektedir. Sonug¢ olarak, diyabetik ratlara CoQ10 uygulamast diyabetin neden oldugu bazt olumsuz
degisiklikler tizerine faydal etkilere sahip olabilir.
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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 [-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 kB (NFxB), NH»-
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
B-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,
Tuztun 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 (KKucharska 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 (Kucharska et al. 2000).
Although Coenzyme Q1o 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,
Kucharska et al. 2000). CoQ1o 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, CoQ1o
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 CoQ1o application (Modi et al. 2000).
SOD and GSH levels were determined significantly
lower in diabetic rats and its levels significantly
increased with CoQ1o application paralelly with dose.
It was stated that the significant increase of MDA
levels in diabetic rats is reduced by the addition of
CoQ1o (Visnagti 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
CoQ1o 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 1I
(n=06) daily for four weeks. Animals in group III
(n=6) received 10 mg/kg CoQio (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 CoQio 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 um 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-8]) (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 CoQ1o 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 CoQio 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
CoQo 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 CoQqo 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 CoQ1o application to diabetic rats but the
increment was not important when compared to
diabetic group. The CoQ1o 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 CoQ1o 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 CoQ1o 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 CoQ1o group rat. C. Pancreatic
tissue of diabetes group rat. D. Pancreatic tissue of CoQ1o and diabetes group rat. Crosmans's Triple stain.

| v

Figure 2. A:

. W L \ L
Pancreatic tissue of control group rat. B: Pancreatic tissue of CoQ1o group rat. C. Pancreatic

tissue of diabetes group rat. D. Pancreatic tissue of CoQio and diabetes group rat. Insulin
immunohistochemical staining. Arrows: Insulin immunreactive cells.
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Figure 3. Negative control insulin immunohistochemical
staining.

stain.

control. eNOS immunohistochemical staining. Arrows: eNOS immunreactive cells.
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Table 1. Effect of CoQio on plasma GSH, TBARS, SOD, GPx, CAT and NO levels in streptozotocin-induced
diabetic rats (MeantSE).

GSH TBARS SOD GPx CAT NO

(M) (uM) (U/ml) (nmol/min/ml) (nmol/min/ml) (uM)
Grupl  2426%1,13¢ 7,4610,58¢ 26,27+1,68*  4474+258 51,11£2,64 16,81+1,76
Grup 2  2247£273  8,7210,84bc 23,93+2,09*  42,67£3,78¢ 54,7312,56 17,78%1,382
Grup3  23,02£1,85¢  8,331+0,81bc 25,62+2,80*  45,43£3,88¢ 50,8212,682 16,35%2,367
Grup4  11,63£1,19>  15,74+1212 13,66£1,05>  29,57+1,57> 33,69£2,50¢ 11,17+1,475
Grup5  19,76%0,85 10,52£0,79>  17,89+1,29>  32,39+1,88> 41,54+1,61° 13,68£1,07

*The 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, CoQ1o, group 4, Diabetesis, group 5, CoQ1 and Diabetesis.

Table 2. Langerhans islets’ areas, percentages of insulin immunreactive cells in pancreatic tissue and aortic wall

thickness (Mean®SE).

Langerhans islets’ areas

Percentages of insulin immunreactive

Aortic wall thickness

) cells (%) (umm)
Grup 1 15816.53+2487.89 66.6212.192 157.28%5.52
Grup 2 13411.13+2551.95 67.8211.73 156.97£8.39
Grup 3 10299,69+1993.64 69.21£3.522 152.16%3.47
Grup 4 8134.8411884.00 17.66%£3.22¢ 153.61£6.08
Grup 5 11733.91+2022.48 26.14%2.67° 154.57£2.49

a< 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
CoQ1o 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 CoQio application to
diabetic animals, the difference was not significant.
The increase in the reduced glutathione level in
diabetic animals with CoQ1o administration supports
the findings reported by vatious researchers in plasma
(Ahmadvand et al. 2012) and wvarious 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). CoQ1o administration to diabetic
rats significantly increased CAT level compared to
diabetic animals (Table 1, p<0.05). The differences in
SOD level with CoQ1o administration to diabetic rats
were not significant. The changing determined at the
CAT level by CoQ1o 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-(P13)-
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 instlin (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 CoQio 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
CoQ1o application to diabetic animals compared to
the diabetes group (Table 1, p<0.05). Unimportant
changes determined in these parameters with only
CoQ1o 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 CoQ1o on the antioxidant
system in diabetes (Prakash et al. 2010, Song et al.
2009). It has been reported that CoQio 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 CoQio may indirectly act as
an  antioxidant via  providing  a-tocopherol
regeneration from a-tocoperoxyl radicals formed by a
reaction between o-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 CoQio
can reduce free radical and superoxide formation via
improving nitric oxide bioactivity. Abdin and
Hamouda (2008) have been also stated that CoQ1o
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 {-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 $ cells of rats
(Thara 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  cells and
partially  reversed the damage caused by
streptozotocin to B-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 CoQio has beneficial
effects for reducing mitochondrial injury via its
antioxidative ~ properties and is effective in
ameliorating pancreatic [ cell dysfunction by
tacrolimus. Similarly our study, it was seen that the
CoQ1o 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 (Inan 2015,
Kroncke et al. 1995, Ozgiin 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
particulatly in the levels of GSH, CAT, TBARS and
positively changes in NO level with CoQio
administration to experimental diabetic rats, it was
concluded that CoQqo 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 CoQ1o 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

kksk

Ratlarda Fruktoz ile Olugturulmug Metabolik Sendromun Bobrek Histolojisi Uzerine Etkileri

(074

Metabolik sendrom pandemiye dogru iletleyen, insilin direnci, abdominal obezite, dislipidemi, diabetes mellitus,
hipertansiyon ve koroner arter hastaligt (KAH) ile karakterize élimcil bir endokrinopatidir. Sunulan ¢alisamada
metabolik sendromun rat bébreklerinde olusturdugu histomorfolojik ve histokimyasal degisimlerin aragtirilmasi
amaglanmustir. Bu amacla materyal kontrol grubunda 10, metabolik sendrom grubunda 15 rat icerecek sekilde iki
gruba ayrildi. Kontrol grubundaki ratlara 16 hafta stiresince ¢esme suyu verilirken, metabolik sendrom grubundaki
ratlara igme suyu olarak % 20 fruktoz ¢ozeltisi verildi. Deneme strecinin sonunda bébreklerden alinan kesitlerde
histolojik g6rinimi ve histomorfolojik degisimleri belitlemek amaciyla Crossman’s tgli boyama metodu,
histokimyasal analiz amactyla Periyodik Asit Schiff Reagent (PAS) boyama metodu uygulandi. Elde edilen veriler
tubulus proksimalis capt ve glikojen yogunlugu ile glomerular mezangial matriks yogunlugunun arttigini,
korpuskulum renis ¢apt, Bowman araligi genisligi ve ctkan henle ¢apinin azaldigini géstermigtir. Sonug olarak,
metabolik sendromun bd&brek histolojisini olumsuz yonde etkileyerek renal hasara sebep olabilecegi ortaya
konmustut.
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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 (Isildak 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 (Aganovi¢ and
Dusek 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 B 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) (Yildirim
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 (Oztiirk et al. 2005),
dilatation of tubules in the medulla area (Kizhner and
Werman 2002), glomerular mesangial matrix increase
(Kizhner and Werman 2002, Oztiitk et al. 2005),
mesangial collagen accumulation and Bowman
capsule thickness (Kizhner and Werman 2002). Also,
it causes tubular degeneration (Yang et al. 2014,
Yildirim. 2017), tubular vacuolations (Yildirim, 2017),
cortical tubular necrosis (Kizhner and Werman 2002),
interstitial inflammation (Kizhner and Werman 2002,
De Castro et al. 2013, Yiddinm 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 /ibitum. 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 pm
and a thickness of 6 pm.

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 um? 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 pm.
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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 um.
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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 um.
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Figure 4. Corpusculum renis (tri;mgle) and tubulus proxia]is (tars) in the control A) and exeriment
(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 um.

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

Group n Right kidney weight  Left kidney weight  Total kidney weight
(8) (x1Sx) (8) (x1Sx) (8) (x1Sx)

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  Corpusculum  Width of cavum Tubulus Ascending limb of
renis renis glomeruli proximalis Henle's loops
count diameter (um) diameter diameter (um)

(nm) (nm)
(x1Sx) (x%Sx) (x%Sx) (x1Sx) (xxSx)

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 ook ook ook koK

*+: 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 Glycogen density in Tubulus proximalis
mesangial tubulus proximalis basement membrane
matrix density epithelial cells thickness
(x£Sx) (x£Sx) (xtSx)
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 < 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 dectreased 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 dectease 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
Oztiitk 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.

Opztiirk 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

kksk

Kayseri’nin Develi Ilgesinde Tiiketime Sunulan Peynirlerde Akar Varliginin Aragtirilmast

(074

Bu caligma, Kayseri ilinin Develi ilcesinde tiiketime sunulan peynirlerde akar varliginin ortaya ctkarilmast ve
bélgenin akar enfestasyonu durumunun saptanmasi amaci ile yapilmustir. Arastirma icin 2011 Eyltl-2012 Subat
tarihleri arasinda Develi ilcesinde toplam 122 tane peynir (39 tane kasar ve 83 tane tulum peyniri) toplanmis ve
akar varligl acisindan incelenmistir. Peynir numuneleri peynitlerin renkli, kokusmus ve kifli kisimlarindan
alinmustir. Elde edilen peynir 6rnekleri etiketlenerek farklt petri kutularinda ezilmistir. Daha sonra bunlarin Gizerine
laktofenol ¢ozeltisi eklenerek Ustii kapatilmis ve 24 saat stre ile seffaflastilmustir. Elde edilen preparatlar
stereomikroskop ile incelenmis ve akarlarin varligr arasturilmistir. Calisma sonucunda 122 adet peynir
numunesinde akar varligina rastlanilmamistir. Sonug olarak Kayseri’nin Develi il¢esinde peynir akarlart ilk defa
arastirlmis olup muayene edilen peynirlerde akar tespit edilmemistir. Peynirlerde akar varliginin arastirilmasi, akar
enfestasyonlarindan insan sagligi ve cevrenin korunmasinda faydalt olacaktir.
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GIRIS

Arthropoda’nin  Arachnida sinifinin  Acarina  siuf
altinda bulunan akarlar insan saghgr ve ekonomik
acidan oldukca énemlidir (Gogmen 2000). I¢ ortam
alerjenlerinin en basta gelen kaynaklarindan biri olan
akarlar insanlarin tim yasam alanlarinda bulunabilirler
(Cevizci ve ark. 2010). Akarlar kiicik (100-700um),
kolaylikla dagilabilen, nemli ¢evrelerde ve besinletle
birlikte birka¢ ay canlt kalmayr basarabilen
artropodlardir  (Peace 1983).Yapilan calismalarda
akarlarin; alerjik rinit, astim, atopik dermatit, alerjik
nezle, mevsimsel keratokonjonktivit, trtiker ve
benzeri alerjik hastaliklara neden oldugu ortaya
konulmustur (Cobanoglu 1996, Thind ve Clarke
2001).

Turkiye’de peynir akarlart ile ilgili ilk calisma
Mimioglu tarafindan 1959 yilinda gergeklestirilmis
olup, bu calismay1 sirastyla Oytun (1969), Tigin ve
Ozer (1971), Cobanoglu ve Toros (1988), Umur
(1995), Yaman ve ark. (2000), Aygun ve ark. (2007) ile
Aygin ve ark. (2007), Karatepe ve ark. (2017),
Karadere ve Karatepe (2017) tarafindan yapilan
calismalar takip etmistir. Turkiye’de yapilan bu
calismalarda; Acarus siro, Caloghphus rhizoghyphoides, A.
immobilis, Tyrophagus longior, Glycophagus domesticus ve T.
putrescentiae akar titleri tespit edilmistir.

Bu arastirma, Kayseri'nin Develi ilcesinde semt
pazarlarinda satist yapilan peynirlerde akar varliginin
belirlenmesi amact ile yapilmistir.

MATERYAL ve METOT

Calisma Merkezi

Kayseri’ye bagli Develi ilgesi yer sekilleri itibartyla
sade bir goriiniime sahiptit ve bu yoniyle I¢
Anadolu'nun  kendisine mahsus olan  yerylzl
sekillerinin genel 6zelliklerini yansitir. Develi, Erciyes
Dagr’nin 6 km guneyinde kurulmus olup, 38°-27’

kuzey enlemi ve 33°17° dogu boylaminda
bulunmaktadir (Stime 2008). Develi havzasinda
karasal iklim gbzlenmektedir. Yaz aylart kurak ve
sicak, kis aylart soguk, gece ve giindiiz, yaz ve ki 1st
farklart yiksektir. Temmuz-Agustos aylart en sicak
aylar olarak belirlenmistir (Kaya 2008).

Calismanin yapildigi 6 ay boyunca Kayseri’nin Develi
ilcesine ait meteorolojik bilgiler elde edilmistir (Tablo
1). Peynir numunelerinin toplandigi Develi ilcesi

Kayseri sehir merkezine 46,5 km uzaklikta
bulunmaktadir.

Materyalin Toplanmas1 ve Saklanmasi

Develi ilgesinde ¢esitli peynitler tzerinde akar

faunasint belirlemek amaciyla yapilan bu calismadaki
numuneler, Eylil 2011-Subat 2012 aylart arasinda
toplanmistir (Tablo 2). Alnan peynir Orneklerinin
kafli, kokusmus ve renk degisikligi gésteren kisimlar
olmasina dikkat edilmistir. Her ay alinan peynitler
kiiciik naylon posetlere konularak protokol numarasi
verilmis ve laboratuvara getirilerek buzdolab: sartlari
altinda saklanmistir.

Seffaflandirma Iglemi

Peynir 6rnekleri etiketlenerek farklt petri kutularina
konulmus ve plastik bigcak kullanilarak ezilmistir.
Daha sonra petri kutularina laktofenol (44 ml laktik
asit, 44 gr kristal fenol, 88 ml gliserin, 88 ml distile su)
cklenerek  bir gun ile saydamlastirilmaya
birakilmistir.

sure

Akar Preparatlarinin Yapilmasi

Petri kutulart stereomikroskop altinda incelenerek
akarlarin belirlenmesi amaciyla lam lamel arasinda
preparatlar  hazirlanarak  Kanada  balzami  ile
yapistirilmasi planlanmustir. Preparatlarin
stereomikroskop altinda incelenmesi ve akar tiirlerinin
teshislerinin ~ yapilarak  fotograflarinin  ¢ekilmesi
planlanmustur.

Tablo 1. Kayseri iline ait 2011 Eyliil-2012 Subat aylart arast meteorolojik bilgileri
Table 1. Meteorological information of Kayseri province between September 2011 and February 2012

Aylik Yagis Ortalama Sicaklik (°C) Aylik Ortalama Nispi Nem (%)
AYLAR Toplami (mm)
Eyliil 2011 3,0 17,5 45,6
Ekim 2011 28,2 10,0 60,1
Kasim 2011 23,5 1,0 69,5
Aralik 2011 29,9 0,7 69,3
Ocak 2012 36,5 -1,5 76,5
Subat 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 6rneklerinin aylara gbre dagilimi
Table 2. Distribution of cheese samples by months

Aylar Kasar peyniri Tulum peyniri Toplam
Eylil 2011 13 6 19

Ekim 2011 5 17 22

Kasim 2011 3 18 21

Aralik 2011 10 12 22

Ocak 2012 6 13 19

Subat 2012 2 17 19

TOPLAM 39 83 122

BULGULAR geleneksel bir ¢Okelekte yaptiklart calismada T.

Calismada, Kayseri’nin Develi ilcesinden Eylil 2011-
Subat 2012 tarihleri arasinda, Eylal 2011°de 19, Ekim
2011°de 22, Kasim 2011°de 21, Aralik 2011°de 22,
Ocak 2012’de 19, Subat 2012’de 19 olmak uzere,
toplanan 122 adet peynir numunesinden (39 adet
kasar ve 83 adet tulum peyniri) hicbirinde akar varlig
tespit edilememigtir.

TARTISMA ve SONUG

Diunyada gesitli peynir titlerinde yapilan calismalarla
akarlarin varligt ortaya konulmus ve 6nemlerinden
bahsedilmistir (Peace 1983, Sanchez-Ramos ve ark.
2007, Melnyk ve ark. 2009, Sanchez-Ramos ve
Castafiera 2009). Ulkemizde peynir iiretim ve titketimi
bolgelere gore farklik géstermekte ve peynitler
tzerinde gergeklestirilen arastirmalarda Acarus sir’nun
baslica teshis edilen akar tirti oldugu belitlenmistir
(Cevizct ve ark. 2010).

Tirkiye’de ilk kez Mimioglu (1959) ve Oytun (1969)
eski ve keskin kokulu peynir ve sucuk gibi besin
maddelerinde  Tyraghphus  farinea’yi  saptamiglardir.
Daha sonra Tigin ve Ozer (1971), kasar peynirlerinde
A i ve  Caloghphus  rhizoghphoides  tutlerini,
Cobanoglu  ve  Toros  (1988), kurum ve
kuruluslarindan  toplanan  kagar 6rneklerinde A
immobilis, Tyrophagus longior ve Glycophagus domesticus
tiirlerini tespit etmislerdir.

Ulkemizin  farkli  yorelerinde — yapilan  gesitli
calismalarda; Umur (1995) Kars’ta kagar peynirlerinde,
Yaman ve ark. (2000) Konya’da kifli ve tulum
peynirlerde, Aygiin ve ark. (2007) Erzurum’da civil
peynirlerinde, Karatepe ve ark. (2017) Nigde’de,
Karadere ve Karatepe (2017) ise Ankara’nin Mamak
ileesinde kasar ve tulum peynitlerinde 4. siro tespit
etmisler ve farklt enfestasyon oranlart belirlemislerdir.
Ayrica Aygun ve ark. (2007) Hatay yoresinde 6zel

putrescentiae tirind saptamislardir.

Kayseri’nin Develi ilcesinde ilk kez gerceklestirilen bu
calisma ile Develi'nin semt pazarlarindan toplanan
kasar ve tulum peyniri 6rneklerinde akar varlig
aragtirilmis ve herhangi bir akar enfestasyonu tespit
edilememistir. Bu durum, Kayseri’ye bagl Develi
ilgesinin sahip oldugu sicaklik ve nispi nemin (Kayseri
ilinde 2011 Eylil-2012 Subat ortalama sicaklik 4°C ve
nispi nem ortalamast %066.26 olarak belirlenmistir)
akar gelisimi i¢in uygun olmadigini diisiindiirmektedir.
Bunun yaninda peynirlerde iretim ve depolama
kosullarinin  hijyenik olarak yapilmast da bolgede
enfestasyon oraninin  belitlenememesi  ile  iligkili
olabilir.

Sonug olarak, bu arastrma Develi yoresi kagar ve
tulum peynirlerinde akar varligini géstermek icin
yaplan ilk caligmadir. Akarlarin  sebep oldugu
hastaliklar astim, dermatit, konjuktivit, sindirim
sistemi ve idrar yolu hastaliklari, anaflaksi ve alerjik
rahatsizliklar olup bunlar insan saghgi bakimindan
dikkate alinmasi gereken durumlardir (Cevizci ve ark.
2010). Ayrica akar enfestasyonlart peynitlerin
gorinimlerinde bozulmalara ve satiglari sirasinda
problemlere neden olmaktadir (Cobanoglu ve Toros
1988). Develi yoresi peynir Orneklerinde  akar
enfestasyonunun olmamasi peynirlerin akar acisindan
givenilir oldugunu gdstermektedir. Bunun yaninda
akarlarin insan saghigindaki olumsuz etkileri g6z
ontine  alindiginda, peynir Uretiminde  ¢alisan
personelin egitimi ve bilinglendirilmesi yapilmals,
peynir idretimi, depolama ve pazarlama asamalarinda
nem ve sicaklik orani ayarlanmalt ve gerekli hijyenik
sartlara uyulmasi saglanmalidir.

TESEKKUR
Bu ¢alisma Tugba SOLMAZ n Yiiksek Lisans tezinden

ozetlenmistir.
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Cikar Catigmasi: Yazarlar, ctkar catismast olmadigint
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 uM) 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

kksk

Drosophila melanogaster Modelinde Imidakloprid ile Indiiklenen DNA Hasari ve Ureme Performansi
Uzerine Taurinin Koruyucu Etkileri

(074

Imidakloprid, neonikotinoid grubu bir insektisid olup evcil hayvanlarda bit ve pire gibi zararli béceklerin kontrolit
icin veteriner hekimlik alaninda yaygin olarak kullanilmaktadir. Insektisitlerin canlilarda toksik etki gosterdigi,
oksidatif strese ve DNA hasarina neden oldugu bilinmektedir. Taurin bir¢ok fizyolojik ve biyokimyasal olayda rol
almakta ve biyolojik membranlarda stabilizasyonunu saglayarak antioksidan etki gdstermektedir. Bu ¢alismada
imidaklopridin DNA hasari ve Greme performansina etkisi ve buna karsin taurinin olast koruyucu etkisi Drosophila
melanogasterlerde arastirildi. Imidakloprid (0,6 uM) tek basina ve taurin (1, 2 ve 3 mM) ile birlikte besi yerlerine 20
glin boyunca ilave edildi. Calismanin sonuclari, imidakloprid uygulamasiun gruplarda ireme performansim
azaltigint ve DNA hasarinda artis meydana getirdigini, buna karsin taurin uygulamast ile bu etkilerin azaldigin
gosterdi. Sonug olarak Drosophila melanogasterlerde imidaklopridin DNA ve treme performansinda yol agtift
olumsuz etkilerin taurin uygulamasi ile engellendigi belitlendi.
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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
(Lourenco 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 8 cells (Ince et al. 2018).
Also, some studies showed protective effect of
taurine against genotoxic damage (Turkez and
Geyikoglu 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.S.
(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 uM, 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 Banath
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, 1. 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.L.Cs0-48 h  of imidacloprid were
determined as 165 mg/1 and 219 mg/1 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/]) treated groups. A recent study
conducted by Yucel and Kayis (2019) investigated
imidacloprid-induced changes in Galleria mellonella 1..
(Lepidoptera: Pyralidac) 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
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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
lluminated 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-
5based 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 Bl-induced adverse effects on
Drosophila melanogaster. They applied AFB1 and Se4*
during the developmental period for egg, larva and
pupac 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
cthyl-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,
Ince et al. 2018) reversed imidacloprid-induced DNA
damage and ameliorated productive performance of
Drosophila melanogaster.

B4 Control

&= Imidacloprid (0.6 pM)

EEER Imidacloprid+Taurine (1mM)
Imidacloprid+Taurine (2mM)
Imidacloprid+Taurine (3mM)

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.

Mature Pupa
Groups Female Yo Male % Total Development %
I Control 23 100 38 100 61 186 100.00
IT Imidacloprid (0.6 uM) 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 05.22 22 57.89 37 115 61.83
CONCLUSION ince S, Acaréz U, Arslan-Acaréz D, Varol N, Giitler Z,

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.
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ABSTRACT

In this study, we aimed to determine the serum haptoglobin (Hp), serum amyloid-A (SAA), ceruloplasmin (Cp)
and albiimin (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
0.4410.12 mg/mlL, 43.18%£13.77 pg/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 1.841+0.29 mg/mL, 1.18+0.40 pug/mlL.,
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

kkk

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

(074

Bu calismada Babesia canis ile dogal enfekte kopeklerde serum haptoglobin (Hp), serum amiloid-A (SAA),
seruloplazmin (Cp)ve albimin (Alb) seviyelerinin belitlenmesi amaclanmustir. Calisgmanin materyalini, Katkas
Universitesi Veteriner Fakiiltesi I¢ Hastaliklart Anabilim Dali kliniklerine getirilen, kan frotilerinin giemsa yontemi
ile boyanmast sonucunda B. canis tanisi konulan 20 hasta képek olusturdu. Kontrol amact ile 10 sagliklt képek
kullanildi. Hasta hayvanlarin serum Hp, SAA, Cp ve Alb seviyeleti sirastyla 0.44+0.12 mg/mL., 43.18+13.77
ug/mlL, 10.75£2.45 mg/dL, 2.74+0.15 g/dL olarak belirlendi. Saglikli hayvanlarin serum Hp, SAA, Cp ve Alb
degetleri ise sirastyla 1.84£0.29 mg/ml., 1.1810.40 ug/mlL, 4.80£0.53 mg/dL, 3.01£0.34 g¢/dL olarak olcildu.
Hasta hayvanlarin SAA ve Cp degetleri saglikli hayvanlara gére daha yiiksek bulunurken (P<0.001), Hp (P<0.001)
ve Alb (P<0.01) seviyelerinin daha diisik oldugu belitlendi. Sonuc¢ olarak képeklerde B. canis enfeksiyonunda
serum SAA ve Cp degerleri yiikselirken, Hp ve Alb seviyelerinin distiigi belirlendi.

Anahtar Kelimeler: Albumin, Babesia canis, Seruloplazmin, Képek, Haptoglobin, Serum Amiloid-A
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GIRIS
Kanin babeziozis, képeklere keneler tarafindan
tasinan, Babesia tlrlQ protozoonlar tarafindan
olusturulan ve Olimcil sonuclara neden olabilen
protozoer  bir  hastaliktir.  (Dantas-Torres ve
Figueredo 2006, Beck ve ark. 2009, Solano-Gallego
ve Baneth 2011, Erkilic 2019). Hastalik etkenleri
eritrositler ~ igerisine  yerleserek eritrositlerin
parcalanmasina neden olurlar. Etkenler eritrositlerin
icerisinde armut seklinde gorillmektedir. Enfeksiyon
evcil kopekler ve yabani karnivorlarda gérilmekte
olup dunyada yaygindir (Goékee ve ark. 2013,
Sudhakara Reddy ve ark. 2016, Erkilic 2019).
Hastalik klinik olarak perakut, akut, kronik ve
subklinik seyretmektedir (Gokge ve ark. 2013).
Klinik olgularda genellikle ates, anoreksi, depresyon,

hemoglobiniiri,  kusma,  ikterus ve  anemi
gorilmektedir (Shah ve ark. 2011).

Doku hasart sonucu néro-immiino-humoral sistemin
uyarilarak doku hasarina hizli adaptasyon, zararh
ajanlarin ortadan kaldirdmast ve hasarli dokunun
onartlmasint saglanmasina akut faz yanit (AFY) denir
(Milanovi¢ ve ark. 2018). Akut lokal ve sistemik
yangilarin disinda kronik yangilarda da AFY meydana
gelmektedir (Tuna ve Ulutag 2015). AFY sonucunda
sentezlenen proteinlere akut faz proteinler (AFP)
denilmekte olup genellikle karacigerde hepatositler ve
bazi ekstrahepetik alanda tretilmektedir (Goékece ve
Bozukluhan 2009, Tuna ve Ulutas 2015). Bu
AFP’lerden biri olan serum amiloid-A (SAA), bir
yangi modulatori olup kolesterolin
metabolizmasinda ve tastnmasinda énemli rol oynar
(Sevgisunar ve Sahinduran 2014, Tuna ve Ulutas
2015). Hastaliklarda serum SAA degerinin Sl¢tilmesi,
yanginin siddetinin belitlenmesi, yangisal ve yangisal
olmayan hastahiklarin ayriminin yapilmasinda 6nem
arz etmektedir. Ayrica hastaligin  prognozunun
belirlenmesi ve uygulanan tedavinin etkinliginin
degerlendirmesinde de 6nemlidir (Batirel ve ark.

2003).

Haptoglobin (Hp) karaciger tarafindan
sentezlenmekte olup gorevi kandaki  serbest
hemoglobinle stabil kompleksler olusturarak demir
kaybini 6nlemektir (Sevgisunar ve Sahinduran 2014,
Tuna ve Ulutag 2015). Bunun sonucunda Hp
bakteriyel biyliime icin gerekli olan demirin
kullanilabilirligini sinirlamakta ve bakteriostatik etki
gostermektedir.  Ayrica  Hp  hemoglobini  ve
l6kositlerin  hiicre duvarinda ana reseptétler olan
integrinleri ~ baglayarak  antienflamatuar  &zellik
gosterit  (Sevgisunar  ve  Sahinduran  2014).
Kopeklerde serum Hp seviyesi yangi, travma ve
enfeksiyon durumlarinda artmaktadir (Mcgrotty ve
ark. 2003).

Seruloplazmin (Cp), plazmada bakirin taginmasinda
gorevli bir protein olup O6zellikle karacigerde
sentezlenmektedir. Bunun disinda ekstrahepatik

alanlarda ve akciger hava yollu epitellerinden de
uretilmektedir. Dokulari  demir iceren serbest
radikallerin =~ olusturacagt  hasarlardan  korur,
antioksidan ve hiicre koruyucu aktivite gosterir
(Sevgisunar ve Sahinduran 2014, Erkilic 2019).

Albumin (Alb) karaciger tarafindan sentezlenmekte
olup en 6nemli gbrevi plazma onkotik basincinin
dengede tutulmasini  saglamaktadir (Gokce ve
Bozukluhan 2009). Akut faz reaksiyonlarda plazma
Alb seviyesinde dusiis meydana gelmektedir (Tuna ve
Ulutas 2015). Bu nedenle negatif akut faz proteinleri
icerisinde yer almaktadir (Coskun ve Sen 2011).

Bu calismada kanin babesiozis ile dogal enfekte
kopeklerde serum Hp, SAA, Cp ve Alb seviyelerinin
belirlenmesi amaglanmustir.

MATERYAL ve METOT

Calismanin ~ materyalini,  Kafkas  Universitesi
Veteriner Fakiiltesi I¢ Hastaliklart Anabilim Dalt
kliniklerine getirilen B. canis enfeksiyonu tanist
konulan 20 hasta ve 10 saglikli képek olusturdu. B.
canis enfeksiyonu tamusi klinik muayeneler ve kan
frotilerinin giemsa boyama yoéntemi ile boyanarak
mikroskobik muayenede (100X) eritrositler icerisinde
B. canis etkenlerinin gériilmesi ile konuldu. Hasta ve
sagliklt hayvanlarin V. cephalica accecorius’larindan
serum tiiplerine 5’er mL kan alindt. Bu kanlar 3000
devirde 10 dakika santrifiij edildikten sonra serumlari
ayristirldi. Serumlar SAA, Hp, Cp ve Alb seviyeleri
Olciilene kadar -20°C’de muhafaza edildi.

Serum &rneklerinde albiimin konsantrasyonu ticari
kit (Biolabo, Fransa) kullanilarak, haptoglobin, serum
amiloid A (Tridelta development limited, Irlanda)
konsantrasyonu ELISA kitleri ile seruloplazmin ise
Colombo ve Ricterich (1964) bildirdikleri yonteme
gore kolorimetrik (Epoch, Biotek, USA) olarak
belirlendi.

Istatiksel Analiz

Elde edilen sonuclara SPSS 18 paket programinda
normalite testi yapildt ve verilerin normal dagilim
gosterdigi tespit edildikten sonra t-testi yapildi. Tim
sonuglar ortalamatstandart sapma olarak verildi. P
degeri 0.05’ten kiigiik olan sonuglar istatistiksel
olarak anlamli kabul edildi.

BULGULAR

Hasta hayvanlarin klinik muayenesinde depresyon,
anoreksi, ikterus, anemi ve hemoglobintri oldugu
belirlendi. Kan frotilerinin giemsa boyama yéntemi
ile boyanmast sonucunda 100X biyime ile
mikroskobik muayenede eritrositler igerisinde B.
canis etkenleri gorildi (Resim 1).
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Resim 1. Hiicre ici B. canis etkenleri (100X)
Figure 1. Intracellular B. canis agents (100X)

Hasta ve saglikli hayvanlara ait serum Hp, SAA, Cp
ve Alb seviyeleri Tablo 1’de verilmistir. Hasta
hayvanlarin SAA ve Cp degerleri saghkli hayvanlara
gore yiksek bulunmus olup bu farkin istatistiksel
olarak anlamli (P<0.001) oldugu belitlendi. Bunun
aksine hasta hayvanlarin serum Hp (P<0.001) ve Alb
(P<0.01) seviyeleri saghkli hayvanlara gbre distk
oldugu gérilda.

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

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

Hasta Kontrol P
Parametreler X+SD X+SD
Degerleri
(n=20) (n=10)

SAA (ng/mL)  43.18%13.77 1.18£0.40  P<0.001

Hp (mg/mL)  044%0.12  1.84+029  P<0.001

Cp (mg/dL)  10.75+245  4.80+0.53  P<0.001

Alb (g/dL) 2744015 3014034  P<0.01
TARTISMA ve SONUC

Kanin babeziozis, babezia tiirline bagl eritrositlerin
icine yerlesen protozoon parazitlerin olusturdugu
olimcil olabilen bir hastaliktir. Enfeksiyon keneler
tarafindan bulastilan  ve kopekler igin  Gnemli
hastaliklardan biridir (Dantas-Torres ve Figueredo
2006, Beck ve ark. 2009, Gokce ve ark. 2013).
Kopeklerde babezioziste etken tirtne ve sekillenen
komplikasyonlara gére degismekte olup klinik olarak
genellikle anoreksi, depresyon, hemoglobiniiri,
ikterus, tasipne, tasikardi, degisen derecelerde

hemolitik anemi ve trombositopeni goriilmektedir
(Go6kee ve ark. 2013). Bu ¢alismada da benzer sekilde
babeziozisli  hayvanlarin  klinik  muayenesinde
depresyon, anoreksi, ikterus, anemi ve hemolobiniiri
oldugu belirlendi.

Serum amyloid-A karacigerde ve ekstrahepatik olarak
sentezlenmekte olup kan serumundaki seviyesi
yangisal olaylarda artmaktadir (Coetzee ve ark. 1986,
Batirel ve ark. 2003). SAA degerinin Slgiilmesi
yanginin siddetinin belirlenmesinde 6énemlidir. Ayrica
yangisal ve yangisal olmayan hastaliklarin ayriminin
yapilmasinda da énemli bir biyo belirtectir. Bakteriyel
ve viral enfeksiyonlarda SAA diizeyinde siddetli artis
olur (Batirel ve ark. 2003). Bu calismada hasta
hayvanlarin SAA degerlerinin saglikhilara gére yitksek
(P<0.001) bulunmast protozoer bir hastalik olan
babezioziste de Gnemli bir yangt belirteci
olabilecegini dustindiirdi.

Haptoglobin eritrositlerden aciga c¢tkan serbest
hemoglobin ile stabil kompleks olusturarak
dolasimdan temizlenmesine ve bu sekilde demir
kaybinin 6nlenmesine yardimect olan bir AFP’dir
(Ulutas ve ark. 2007, Tothova ve ark. 2014). Hp
hemoliz sonucunda olusan hemoglobini a ve
zincirlerindeki farklt yerlere baglar (Ay ve ark. 1998).
Bu baglanma sonucunda olugan Hp-Hb kompleksleri
makrofajlarca fagosite edilir (Cray 2012, Erkilic
2019). Calismamizda hasta hayvanlarin serum Hp
degerleri saglikli hayvanlara gore diisitk bulunmustur
(P<0.001). Bunun nedeninin babeziozise bagl
hemoliz sekillenmesi sonucunda serbest kalan
Hbnin Hp ile baglanmasi ve bu kompklesin
makrofajlar tarafindan fagosite edilmesine baglt
oldugu duistntldi.

Seruloplazmin  kopekler icin pozitif akut faz
proteinlerinden biridir (Ceron ve ark. 2005, Erkili
2019). Cp’nin asil gorevi kandaki bakirin tasinmast
olup hastaliklarin tamisinda da kullanidabilmektedir
(Tuna ve Ulutas 2015). Bunun yani sira siiperoksid
ve reaktif oksijeni elimine etme Ozelligi nedeniyle
antioksidan olarak ta gbrev yapmaktadir (Ulutas ve
ark. 2007, Gokce ve Bozukluhan 2009, Tothova ve
ark. 2014, Tuna ve Ulutas 2015). K&peklerde bazi
paraziter hastaliklarda, parvoviral enteritiste ve
babezioziste serum Cp degerleri yliksek bulunmustur
(Ulutag ve ark. 2005, Ulutas ve ark. 2007, dosSantos
Schmidt ve ark. 2015, Kocatirk ve ark. 2010, Erkilig
2019) Benzer sekilde bu calismada da serum Cp
seviyesi hasta hayvanlarda saglikli hayvanlara gore
yiksek  ¢tkmistir.  Hasta  hayvanlarda  saghkli
hayvanlara gbére Cp degerinin ylksek ¢ikmasinin
oksidatif hasar ve yangisal degisikliklere baglt olarak
sekillendigi dustnutldi.

Albuminin gorevleri; baglayicilik ve tagima, endojen
aminoasitler icin kaynak olusturma ve plazma
basincinin - dengesini  saglamaktir.  Organizmada
gerceklesen akut faz reaksiyonlar sonucunda serum
Alb seviyesinde dusme gorilmektedir. Bu nedenle
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negatif AFP olarak degerlendirilmektedir (Gokce ve
Bozukluhan 2009). Calismamizda da buna uyumlu
olarak hasta hayvanlarin serum Alb seviyesi saghkli
hayvanlara gére digik (P<0.01) bulunmustur.

Sonug olarak babeziozisli kpeklerde serum SAA ve
Cp degerleri saghkllara gore yikselirken Hp ve Alb
seviyelerinin dustiigi belitlendi. Serum SAA ve Cp
degerlerinin yangiya bagl olarak yikseldigi tespit
edildi. Serum Hp degerindeki dististin hemolize baglt
oldugu, Alb degerinde ki diismenin ise negatif AFP
olma 6zelliginden ileri geldigi diisinildu.
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CASE REPORT

A Case of A 13-Year-Old Dog with Old Dog Encephalitis: A Rare Form
of Canine Distemper
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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

kkk

13 Yash Bir Képekte “Old Dog Ensefalit” Olgusu: Képek Distemper’inin Ender Formu

oz

13 yash erkek bir képek ates, istahsizlik, durgunluk gibi genel; purulent burun ve gézyast akintist, Sksiriik gibi
respiratorik; apati, ataksi, kuadripleji, kas atrofisi ve miyoklonus gibi nérolojik bulgular ile Selguk Universitesi
Veteriner Fakiiltesi Hayvan Hastanesine getirilmistir. Klinik muayene, laboratuvar analizleri ve yapilan distemper
hizli kiti ile “old dog ensefalit” tespit edilmistir. Klinik muayenede viicut 1s1s1, solunum sayist ve kalp ritminde artis
belirlenmistir. Tedavi olarak intravenéz 0.9% NaCl ve 5% dekstroz solisyonlari, vitamin ve aminoasitler,
seftriakson, N-asetil sistein, miyoklonusu kontrol altina almak icin pregabalin uygulanmustir. Sonug olarak
kopeklerin distemper viriistiniin 6 yasindan biytk eriskin kopekleri “old dog ensefalit” olarak etkileyebilecegi ve
bu durumun insanlarda kizamik dahil demiyelinizasyon hastaliklarinin daha ileri ¢alismalar icin degerli bir model
olabilecegi kanisina varilmigtir.
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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 Morbilliviras,
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  inflaimmatory  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 °C) 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.
AMI125-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/mm? 26.5317 5.0-19.0
pCO: 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 34-506 Gra % 76.60 40.0 - 80.0
Na mmol/L 149 | 150 — 165 Lym # m/mm? 5.30 0.2-5.7
Ca mmol/L 0.96 | 20-27 Mon # m/mm? 0.90 01-11
Cl mmol/L 114 104 — 128 Gra # m/mm?3 20331 2.0-152
Glukoz mg/dL 43 | 64-170 RBC M/mm3 9.30 1 4.0-9.0
Lactate mmol/L 10 1 0-2 MCV fl 59.11 35.5-55.0
Hct % 51.21 29 —48 Hct % 54.9 1 24.0-45.0
Base(ecf) mmol/L -6.8 1 -4-4 MCH pg 18.4 16.0 — 24.0
Base (B) mmol/L -5.41 -4-4 MCHC g/dl 313 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/mm?3) - <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 eatly
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 CSEF 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 dempyelination 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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