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ABSTRACT:

Herbal teas are widely consumed in Turkey. This study aimed to evaluate the antimicrobial activity of methanol, acetone,
and aqueous extracts of endemic Sideritis galatica plant collected from Afyonkarahisar. For this purpose, the effect of
different concentrations (2.5%, 5%, 10%, 20%) of these extracts on L. monocytogenes, B. cereus, S. aureus, E. faecalis,
E. coli, E. coli 0157, S. typhimurium, C. albicans were investigated by the disk diffusion method. Methanol extract
showed antimicrobial activity against all of the tested microorganisms. Also, acetone and aqueous extracts showed
antimicrobial activity against all of the tested microorganisms except E. faecalis (for acetone extract), E. coli and E. coli
0157 (for aqueous extract). Consequently, S. galatica as an endemic plant showed antimicrobial activity especially at
high concentrations against tested microorganisms.

Endemik Sideritis galatica bitkisinin antimikrobiyal etkisinin arastirilmasi

Ozer:

Bitkisel ¢aylar Tiirkiye'de yaygin olarak tiiketilmektedir. Bu ¢aliymada Afyonkarahisar'dan toplanan endemik Sideritis
galatica bitkisinin metanol, aseton ve sulu ekstraktlariin antimikrobiyal aktivitesi degerlendirildi. Bu amagla, bu
ekstraktlarin farkli konsantrasyonlarinin (% 2,5, % 5, % 10, % 20) L. monocytogenes, B. cereus, S. aureus, E. faecalis, E.
coli, E. coli 0157, S. typhimurium, C. albicans disk difizyon yontemi ile arastirildi. Metanol ekstrakt: test edilen tim
mikroorganizmalara kars1 antimikrobiyal aktivite gosterdi. Ayrica, aseton ve sulu ekstraktlar, E. faecalis (aseton ekstrakti
i¢in), E. coli ve E. coli O157 (sulu ekstrakt i¢in) harig test edilen tiim mikroorganizmalara kars1 antimikrobiyal aktivite
gosterdi. Sonug olarak, endemik bir bitki olarak Sideritis galatica, test edilen mikroorganizmalara kars1 6zellikle yiiksek
konsantrasyonlarda antimikrobiyal aktivite gosterdi.
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1. Introduction

Sideritis genus of Labiateae family possesses more than 150 different species and they are located at the
Northern Hemisphere from the Western China to Bahamas. Many of them are largely distributed in the Mediterranean
area. In particular, Turkey and Spain have a lot of different species. While predominate areas of Spain are Canary
Islands and the Southeast of Iberian Peninsula, most species in Turkey found to be in Marmara and Aegean regions (1,
6, 10). 25 Sideritis species are endemic to Turkey and some of them have been exported (15). This genus mainly grows
in mountainous areas (over 800-1.000 m) (8). The origin of Sideritis genus comes from the Greek word “sideros”. Its
meaning is iron because these plants are used to treat wounds caused by metal weapons in the ancient times (4).

Sideritis species are traditionally employed as flavoring agents, teas, and for medicinal purposes in the
Mediterranean and Balkan regions and also in Turkey (13). They recently became quite popular and found in several
of shops. They are called and marketed as malotira, té de Puerto, mountain tea, ada ¢ay1, dag cay1. This herb is found
to be whole or in the cut form (8, 15).

Traditional medicine uses the species of this genus for centuries due to their anti-inflammatory, anticonvulsant,
antiulcerative, antispasmodic, analgesic, antioxidant, and antimicrobial properties (5, 8). These effects are related to
various compounds of this genus such as terpenes, flavonoids, essential oil, lignanes, iridoids, coumarins and sterols.
In addition, almost every species contain essential oils, flavonoids, and diterpenes (4).

The present study investigated antibacterial and antifungal activities of Turkish endemic Sideritis galatica
plant by evaluating its water, methanol and acetone extracts against eight bacteria and yeasts including L.
monocytogenes, B. cereus, S. aureus, E. faecalis, E. coli, E. coli 0157, S. typhimurium, C. albicans.

2. Material and Methods
Plant Material:

Sideritis galatica samples were collected from Suhut districts of Afyonkarahisar of Turkey in June 2017. This
plant is registered at the Herbarium of Biology Department of Afyon Kocatepe University with Herbarium number of
AKU-8315.

Extraction:

Firstly, a drying process of the plant was performed at shadow for its aerial parts. Then, water, methanol and
aceton extracts of Sideritis galatica were prepared as previously described by Knérle et al. (8) with some modifications.
Briefly, dried herb samples were ground to powder for 2 min by a grinder. Powdered samples were dissolved in different
solvents including water, acetone and methanol as extracting agent. A filtration step was performed to the obtained
extracts and they were dried by rotary evaporation. The resulted extracts were expressed as water, aceton, methanol
extracts.

Microorganism strains and determination of antimicrobial activity:

The microorganism strains employed in the study were presented in Table 1. Antimicrobial activity of the
tested microorganisms was determined by disc diffusion method. For that aim, a suspension containing tested
microorganisms with a concentration of 10°-107 cfu/ml was prepared and then the related microorganism spread on the
solid media plates. Then 20 pL of the Sideritis galatica extracts were impregnated to the 6-mm diameter paper discs
and they were placed on the inoculated agar. An incubation period followed this step for bacterial strains (37°C, 18-24
h) and yeast (27°C, 24-48 h).
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Table 1: The microorganism strains employed in the study

Tablo 1: Calismada kullanilan mikroorganizma suslar

Microorganism Strains ATCC Strain Number
B. cereus ATCC 11778

C. albicans ATCC 90028

E. faecalis ATCC 29212

E. coli ATCC 25292

E. Coli 0157 ATCC 43894

L. monocytogenes ATCC 7644

S. aureus ATCC 25923

S. typhimurium ATCC 14028

3. Results

The activities of water, methanol and aceton extracts of Sideritis galatica at the concentrations of 2.5 %, 5 %,
10 %, 20 % against the tested gram-positive bacteria strains and C. albicans were given in Table 2 and gram-negative
bacteria were given in Table 3. The study results showed that water extract of Sideritis galatica showed activity against
C. albicans at all tested concentrations. In addition, water extract did not exhibit any activity against other tested seven
bacteria strain at the 2.5 %, and 5 % concentrations whereas higher concentration of water extract (20%) showed
antibacterial activity against all tested microorganism except E. coli and E. coli O157. When the methanol extract
evaluated, the highest concentration (20%) of this extract possessed antibacterial and antifungal activity against all
tested microorganisms. However, the lower concentrations of methanol extract were not effective except L.
moncocytogenes (5% and 10%) and S. aureus (10%). Similarly, highest concentration of acetone extract was effective
against all tested microorganisms except E. fecalis. Only 10 % of acetone extract showed activity against B. cereus and
C. albicans while the other concentrations were ineffective.

Table 2: Antimicrobial activities of water, methanol and acetone extracts of Sideritis galatica (2.5, 5, 10, and 20%)
against Gram-positive bacteria and C. albicans.

Tablo 2: Sideritis galatica’nmin (% 2,5, 5, 10 ve 20) su, metanol ve aseton ekstraktlarimin Gram pozitif bakterilere ve C.
albicans'a karst antimikrobiyal aktiviteleri.

Water Methanol Acetone

2.5 5 10 20 2.5 5 10 20 2.5 5 10 20

- - - 15 - 10 13 14 - - - 14
L. monocytogenes

- - - 14 - - - 15 - - 10 14
B. cereus

- - 10 11 - - 12 15 - - - 12
S. aureus
C. albicans 10 11 12 13 - - - 14 - - 10 13

The values express zone of inhibition (mm), -: no inhibition
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Table 3: Antimicrobial activities of water, methanol and acetone extracts of Sideritis galatica (2.5, 5, 10, and 20 %)
against Gram-negative bacteria.

Tablo 3: Sideritis galatica’nmin (% 2,5, 5, 10 ve 20) su, metanol ve aseton ekstraktlarinin Gram pozitif bakterilere ve C.
albicans'a karsi antimikrobiyal aktiviteleri.

Water Methanol Acetone

2.5 5 10 20 25 5 10 20 25 5 10 20
E. faecalis - - - 11 - - - 12 - - - -
E. coli - - - - - - - 16 - - - 13
E. coli 0157 - - - - - - - 15 - - - 12
S. typhimurium - - - 10 - - - 11 - - - 10

The values express zone of inhibition (mm), -: no inhibition

4. Discussion and Conclusion

Many researchers have investigated the antimicrobial activities of different Sideritis species. Sagdic et al. (12)
determined the antimicrobial activities of the methanol extracts of S. ozturkii and S. caesarea which are endemic plants
for Turkey. They employed agar diffusion method against fifteen microorganisms for four different concentrations (1,
2.5,5, 10 %) of these extracts. They reported that the extracts of both plants were least effective at lower concentrations
(1 % and 2.5 %) and generally yeast strains were found to be more resistant than tested bacterial strains. Their
antimicrobial activities changed related to the tested microorganisms and the highest concentration (10 %) was reported
as the most active of the concentrations against all of the tested microorganisms. In another study, Sideritis essential
oils were reported to show both antifungal and antibacterial activities (11). The extent of the antibacterial activity of
the extracts of Sideritis genus could be attributed to their phenolic content such as diterpenoids and flavonoids (2).
Also, Iscan et al. (7) obtained essential oils from Sideritis cilicica and Sideritis bilgerana and performed their analysis
by GC and GC/MS. Their results showed that major constituents in the S. cilicica oil were found to be as f-phellandrene
(20%), a-pinene (28%), and B-Pinene (39%) whereas the main components in the S. bilgerana oil were determined as
a-pinene (32%), and B-pinene (48%). To evaluate antimicrobial activities of these oils, microdilution broth method was
used and both oils were reported to show good inhibitory effects on C. albicans. Dulger et al. (3) investigated the
activity of the methanol extracts of seven endemic Sideritis species for Turkey were (30 mg/ml) on clotrimazole-
resistant C. albicans. S. trojana and S. bilgerana were reported to be most active plants against C. albicans. Temel et
al. (15) reported that different levels of water extracts of Sideritis akmanii showed significant acitivity on several
bacteria including Bacillus cereus, Bacillus subtilis, Pseudomonas aeruginosa, Aeromonas hydrophila. However, it did
not exhibit any antimicrobial activity against yeasts. Koutsaviti et al (9) evaluated the antibacterial activity of five taxa
of Greek Sideritis by broth microdilution method against five gram-positive (Staphylococcus epidermidis,
Staphylococcus aureus, Micrococcus luteus, Enterococcus faecalis, Bacillus subtilis) and three gram bacteria strains
(Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli), and two different strains of Candida albicans.
They used hydrodistillation to obtain extracts of the related Sideritis species. Considerable antibacterial and antifungal
activity against certain microorganism strains were reported. Even, the MIC values of S. lanata against M. luteus and
S. aureus were comparable to reference antibiotics. Tadi¢ et al. (13) reported about the antimicrobial activity of Sideritis
romana L. subsp. purpurea in a recent study. In their study, Candida albicans, methicillin-susceptible and methicillin-
resistant Staphylococcus aureus, carbapenem-resistant and carbapenem-susceptible Klebsiella pneumoniae, and
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Escherichia coli were employed as test microorganisms. The obtained essential oil was highly potent against both
methicillin-susceptible and methicillin-resistant Staphylococcus aureus strains. In addition, 1,2-dichloroethane and n-
hexane extracts of the plant was reported to show a potent fungicidal activity. In another study, antimicrobial effects of
Sideritis scardica extracts were determined by Tadi¢ et al. (14). According to the results of their study, ethanolic extract
of the plant showed various level of antimicrobial activity all tested strains which were Micrococcus luteus, Candida
albicans, Staphylococcus epidermidis, Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and
Klebsiella pneumonia. Also, they have stated that maximum activity was seen against M. luteus, S. epidermidis, P.
aeruginosa and E. coli while moderate activity was observed against K. pneumoniae.

Different Sideritis species were reported to show various level of antimicrobial activity against tested bacteria
and yeast strains. This may be caused by the different active ingredients of the respective sideritis species which could
be affected by several factors such as harvesting time of the herb and extraction procedure.

In conclusion, three different extracts of Sideritis galatica including water, methanol, acetone extracts were
evaluated for the antimicrobial activity. Although lower extract concentrations were not so effective against tested
microorganisms, higher concentrations especially 20 % concentrations of the extracts were able to show antimicrobial
activity. However, water extract did not show activity against £. coli and E. coli O157 while acetone extract was not
able to show any activity against E. faecalis.
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ABSTRACT:

The objective of this study is to epidemiologically describe large and small ruminant Brucellosis in Turkey by conducting
a register-based study. For this purpose, the data concerning Brucellosis which is a notifiable disease in Turkey, were
obtained from anonymous disease reports of the World Organization for Animal Health. Descriptive and analytical
statistics used in that study, in the logistic regression analysis, odds ratios were calculated within a 95 % confidence
interval. In cattle, 7,889 outbreaks of Brucellosis were registered in all 81 provinces of Turkey between 2005 and 2015
were 15,059 animals contracted the disease. In sheep and goats, 2,277 outbreaks of Brucellosis occurred in the same time
period, where 21,241 animals also got sick. There was a decreasing trend in Brucellosis both in humans and in ruminants
after the new combating strategy in 2012. The disease in cattle was mostly seen in winter and the highest prevalence was
in the East Anatolian Region. Furthermore, Brucellosis in small ruminants was mostly seen in the Central Anatolian
region during the winter months. Both species (large and small ruminants) have the lowest rate of outbreaks in the summer
months.

Tiirkiye’deki sigir ve koyun brusellozunun degerlendirilmesi

Ozer:

Sunulan bu ¢alismada Tiirkiye’de bilyiik ve kii¢iik ruminantlarda yavru atimina neden olan enfeksiy6z hastaliklarin kayit
tabanli epidemiyolojik bir ¢aligma ile ortaya konulmas: amaglandi. Bu amagla ihbar1 mecburi Brusellozis hastaliginda
ulusal sistemlere kaydedilen ve Diinya Hayvan Sagligi veri tabaninda herkese acik olarak yayinlanan kayitlardan
yararlanildi. Bu ¢alismada betimsel ve analitik istatistik kullanilmistir, lojistik regresyon analizinde %95 giiven araliginda
hesaplanmistir. 2005-2015 yillart arasinda tilkemizde 81 il genelinde 7.889 biiyiikbas Brusellozis mihraki goériilmiistiir,
hastaliga yakalanan hayvan sayis1 15.059 adettir. Ayni tarihler arasinda 2.277 kiigiikkbas Brusellozis mihraki goriilmiis ve
21.241 adet kiiciikbas hayvan hastaliga yakalanmistir. Brusella hastaligi, 2012 yilindaki yeni miicadele stratejisi
sonrasinda insanda ve gevisgetiren hayvanlarda azalma egilimindedir. En yiiksek prevalans biiyiikbas hayvanlarda Dogu
Anadolu illerinde, kiigiikbas hayvanlarda ise Ig Anadolu’da ve kis aylarinda en yiiksek diizeydedir. Her iki tiirde de yazin
salginlar en diisiik seviyededir.

How to cite this article: Demeli A, Findik M: Assessment of cattle and sheep Brucellosis in Turkey. Veteriner Hekimler Dernegi Dergisi, 92(1): 7-15,
2021, DOL: 10.33188/vetheder.678481
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1. Introduction

Abortions cause serious reproduction problems in small and large ruminants. The increasing meat demand in
Turkey and around the world seen diseases, new disease-causing agents and animal welfare issues making abortion
problems a major priority. Moreover, some diseases are zoonotic and threaten human health. The most common
infectious agent for ruminant abortion in Turkey is Brucellosis, which has been monitored by the Turkish Veterinary
Service since the 1930s.

Infectious agents take a leading role in small ruminant infertility. B. melitensis, which causes Brucellosis in
these species, is the most dangerous and prevalent bacteria in human Brucellosis, because sheep and goat farming are
mostly practised in rural areas of developing countries by indigent farmers the eradication programmes of the disease
in these animals are often neglected (2).

The aetiological agent of Brucellosis was identified as the cause of deadly Malta Fever by Dr. David Bruce for
the first time in 1886. Danish Veterinary Surgeon L. F. Benhard Bang isolated B. abortus from a cattle foetus in 1895
(12). Brucellosis in Turkey was first seen during the importation of high yield cattle in the 1930s, and the first isolation
occurred in 1931 (4).

Brucella agents are non-spore-forming, nonmotile, gram-negative, intracellular pathogens that live in the
reticuloendothelial system in the reproductive cells of the organism. They usually cause chronic infections that persist
for life. Brucella pathogens can live for a long-time outside of the host in optimal conditions. They live for 6 months
in a carcase at 0 °C, 125 days on the land, and 1 year in facces. They are susceptible to most disinfectants (12).
Brucellosis in cattle is mainly caused by B. abortus however B. melitensis, which is the cause of Brucellosis in sheep
and goats, can spread to cattle. B. abortus in cattle is widespread and it causes production losses in dairy and beef farms,
therefore, there are eradication schemes in most countries for this disease (11).

Infected cattle usually abort only once, or rarely more than once, however, the placenta is colonised by Brucella
agents in each pregnancy. Subsequent calves might be born weak or healthy in appearance. They can take the agent
during the intrauterine life or by drinking the contaminated mother’s milk, so these animals become carriers (12).

B. melitensis, which seen in small ruminants, is the most invasive and pathogenic species amongst the Brucella
agents, is the most common in humans. Besides protecting both human and animal health, the biggest benefits of the
disease combatting schemes are to increase animal production, to eliminate costs of treatment and hospitalization of
people due to the illness, as well as to prevent from labour losses.

Brucellosis is prevalent in Mediterranean States such as Turkey; Greece; Italy; Portugal; Spain; North African
countries, sub-Saharan Africa; the Arabian Peninsula; India; China and South America. On the other hand, the disease
has been eradicated in Northern European countries such as Sweden, Denmark and the United Kingdom (UK). The
first eradication occurred in Norway; Australia; New Zealand and Canada which are now free from Brucellosis. Russia
has been combating the disease for a long-time and they use their vaccine called SR82 which was developed in 1970.
Some parts of the country have an officially free status from the disease. Brucella eradication began in the United States
of America (USA) in 1934, and the country is now mostly Brucella free. While France was previously free, the disease
reappeared in that country again in 2010. Brucellosis is widespread among our neighbours: Armenia, Iran, Azerbaijan,
Iraq, and Syria (3, 6, 8, 11).

Many combating strategies are used in both national and international levels. The approaches to diagnosing
and preventing Brucellosis (for example vaccination of all animals, culling of positive ones, and the vaccination of
calves etc.) have been accepted and standardised internationally. What should be taken into consideration while
deciding on the strategy is the organisational quality of the veterinary service, prevalence of the disease and their
economic resources (2). Consideration should be given to reducing the prevalence first, after eradication takes place. It
would create great economic losses, if an epidemic country culled all positive cases and paid compensation. After
keeping Brucellosis under control, it will be easier to eradicate it. Then, new outbreaks and reoccurrence of the disease
could be prevented by early warning systems. Furthermore, Brucellosis in wild-life always exists as a potential threat

).
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2. Material and Methods

This study contains register-based epidemiological analyses. For Brucellosis, which is a notifiable disease in
Turkey, the World Organisation for Animal Health (OIE), and the World Animal Health Information System (WAHIS)
data, based on the national database, are used. Animal population data were obtained from the Turkish Statistical
Institute, and the large ruminant figures. Small ruminant populations were not used in the project.

According to national regulations, all aborted animals must be tested for Brucellosis. Aborted materials (e.g.
foetus, discharge, placenta) are sent to the National Veterinary Institute of each Turkish province by an official
veterinarian, who works in the district or province directory of the Ministry. The material is examined to detect
Brucellosis. Positive cases are registered on Turkish Veterinary System (Turkvet) by the official veterinarian in the
district or province. That data is sent to the OIE by the contact person from the headquarters of the Veterinary Service,
every 6 months. These results are published publicly on the organization's website.

The study unit of this research project is the Brucella diagnosed and registered female cattle, sheep and goats.
Brucella positive male animals are not monitored and there is no record in the system, therefore it is not included in the
study. The target population is the 81 provinces of Turkey, and the sub-population is exclusively large and small female
ruminants. There were 14 million cattle, 31 million sheep, and 10 million goats in Turkey in the year 2015. According
to the animal statistics of the Turkish Statistical Institute, there were approximately 9 million cows over the age of 12
months.

The study period was between 2005 and 2015. All positive female cattle were used for this project, and cattle
and buffalo discrimination was not made in the large ruminant data. Considering the biological age of reproduction,
cattle under the age of 12 months were excluded from the population data.

There are descriptive and analytical statistics in that study. Chi-square and Fisher’s Exact Test were used to
analyse the statistical significance of the contingency tables. Median, mean and standard deviation was shown. In the
logistic regression analysis, odds ratios were calculated within a 95 % confidence interval. The p-value threshold
between the groups was 0.05.

Statistical calculations and graphics were made by R software and its packages. Outbreak maps were made by
QGIS. Since this research used data collected by other organisations and individuals already based on records and
animal experiment, biological samples and genetic material were not made. Therefore, Ethics Committee approval is
not required.

3. Results

According to the World Organisation for Animal Health (OIE) registers, which were based on Turkish
Brusellozis data, there were 7,889 large ruminant outbreaks around Turkey. During this period, 15,059 animals (cases)
caught the disease. Three of a total 81 Turkish provinces (Kilis, Yalova, and Zonguldak) had no outbreaks during those
dates.

There was an increase in cattle Brucellosis outbreaks in autumn and winter. The number of outbreaks rose
from 2005 to 2012, and then showed a decreasing trend. The highest outbreaks were seen in 2012, and the lowest was
in 2005. The peak month of Brucellosis was in January, the lowest month was July, increasing slightly in August and
September.

Cattle outbreaks were concentrated in the Eastern Anatolia region with a total of 3,382 outbreaks in 2005-
2015, and the lowest figures were in the Marmara region with 205. Considering the number of female animals over 12
months in all the regions, only the Aegean and the Mediterranean regions had changed in outbreak numbers according
to the animal population, however, the ranking of other regions had not changed (Table 1-2).



10 Vet Hekim Der Derg 92 (1): 7-15, 2021

Table 1: The monthly distribution of Large and Small Ruminant Brucellosis Outbreaks
Tablo 1: Biiyiik ve kiigiik ruminant Brusellozis mihraklarinin aylara gore dagilimi

Months 2005-2011 2012 2013 2014 2015 Total
L.Rum S.Rum L.Rum S.Rum L.Rum S.Rum L.Rum S.Rum L.Rum S.Rum L.Rum S.Rum

January 465 233 132 45 392 232 204 28 68 13 1,261 551
February 471 234 220 54 247 185 128 22 120 29 1,186 524
March 392 107 219 17 173 48 73 5 140 34 997 211
April 295 66 148 9 91 3 29 1 132 24 695 103
May 230 66 132 10 60 0 16 2 110 18 548 96
June 184 54 67 4 13 0 13 0 83 11 360 69
July 165 38 33 2 17 2 7 0 45 1 267 43
August 169 39 46 5 11 0 9 1 37 1 272 46
September 175 61 54 3 21 3 12 1 30 3 292 71
October 166 68 114 2 41 4 3 1 32 9 356 84
November 287 130 211 16 96 13 49 7 65 21 708 187
December 292 175 319 55 157 22 58 10 121 30 947 292
Total 3291 1271 1,695 222 1,319 512 601 78 983 194 7,889 2277

Table 2: The Large and small ruminant Brucellosis outbreaks by regions
Tablo 2: Biiyiik ve kiigiik ruminant Brusellozis mihraklarinin bélgelere gére dagilimi

Regions 2005-2011 2012 2013 2014 2015 Total
L.Rum S.Rum L.Rum S.Rum L.Rum S.Rum L.Rum S.Rum L.Rum S.Rum L.Rum S.Rum
Aegean 201 175 57 19 38 32 8 9 10 5 314 240
Black Sea 744 161 579 74 440 151 149 16 190 66 2,102 468
East. Anatolia 1093 163 715 24 611 27 336 13 627 28 3,382 255
Inner Anatolia 784 293 175 42 127 118 75 15 65 45 1,226 513
Marmara 152 291 16 35 16 26 5 15 16 37 205 404
Mediterranean 120 131 81 20 27 132 6 9 12 11 246 303
S. East Anat. 197 57 72 8 60 26 22 1 63 2 414 94
Total 3,291 1,271 1,695 222 1,319 512 601 78 983 194 7,889 2277

The difference in the distribution of outbreaks according to the seasons was statistically significant (p <0.05).
The logistic regression analysis showed that winter had the highest value followed by autumn and summer, and spring
was chosen as a reference category (Table 3).

Table 3: Seasonal distribution of Brucellosis in Turkey
Tablo 3: Tiirkiye 'de Brusellozisin mevsimsel dagilimi

Category Estimate Std. Error OR (95% CI) P value
Spring(Intercept) 0 0 ref P<0.001
Winter 1.0077 0.4019 2.73 (1.24-6.02)

Autumn -0.9407 0.4482 0.39 (0.16-0.93)

Summer -1.5607 0.4736 0.20 (0.082-0.053)
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As reported by the registers, 412 of the 15,059 bovine cases with Brucellosis had died, and 2,201 were
destroyed because they were not suitable for consumption. The remaining 12,446 cattle were slaughtered to consume
with heat treatment. The lethality rate, or the case fatality rate, (the mortality rate of infected animals) was 3.9 %
between the dates mentioned (Table 4).

Table 4: The number of dead, destroyed and slaughtered animals due to Brucellosis
Tablo 4: Brusellozisten dolayi olen, imha edilen ve kesilen hayvan sayilart

Years Died Destroyed Slaughtered Cases Case-Fatality Rate (%)
2005-2011 285 201 8490 8974 4.95

2012 57 1,517 760 2,336 2.44

2013 42 316 1,979 2,337 1.8

2014 18 108 733 859 2.1

2015 10 59 484 553 1.81

Total 412 2,201 12,446 15,059 (mean 3.9)

Considering the animal population of the provinces, there was no significant change in the ranking between
regions. Also, there was a positive correlation between the number of animals and the number of Brucellosis outbreaks
(Figure 1).

cases

Population

Figure 1: Correlation between population and cases

Sekil 1: Popiilasyon ve olgular arasinda korelasyon

According to The World Organisation for Animal Health (OIE) registers, which were based on Turkish
Brucellosis data, there were 2,277 small ruminant outbreaks around Turkey (Table 1), and total 21,241 animals caught
the disease. In Bartin and Batman provinces, B. melitensis had not seen between 2005 and 2015.

Outbreaks in autumn and winter peaked with 512 in 2013 and went back to 78 in 2014, which was the lowest
number. January was the most intensive month for sheep and goat Brucellosis, and July was the lowest.

Small ruminant Brucellosis were concentrated in the Marmara region with a total of 404 outbreaks in 2005-
2015, and the least in the South East Anatolia region with 94 outbreaks. The cases (number of sick animals) were seen
mostly in the Central Anatolia and the least number was in the Eastern Anatolia region and the least numbers were in
the Eastern Anatolia region over the period (Table 1, Figure 2-3).
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Figure 2: Sheep and goat Brucellosis in Turkey, 2005-2015
Sekil 2: Tiirkiye 'de koyun ve kegi Brusellozisi, 2005-2015

Cattle Brucellosis Outbreaks 2014 Small Ruminant Brucellosis Outbreaks 2014

Figure 3: Brucellosis maps of large and small ruminants in Turkey

Sekil 3: Tiirkiye 'de biiyiik ve kii¢iik ruminantlarda Brusellosiz haritalar

It can be seen that there was a decline in human Brucellosis from 2005 to 2015 (Table-5). Two deaths, due to
Brucellosis was recorded over a two-year period in 2005 and 2008.
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Table 5: Human Brucellosis Cases (OIE, Wahis)
Tablo 5: Insan Bruselloz Vakalar: (DHO, Wahis)

Year Human cases Died
2005 14644 1
2006 10790 0
2007 11803 0
2008 9818 1
2009 9324 0
2010 7658 0
2011 7177 0
2012 6759 0
2013 7225 0
2014 4475 0
2015 4173 0

4. Discussion and Conclusion

This study was conducted to determine the distribution of Brucellosis in Turkey based on national data in
recent years. It covered the 11-year period, from 2005 to 2015.

According to the distribution of the Brucellosis outbreaks during the year, the highest numbers were observed
in December, January and February months. Considering the periods in which cows give birth in our country; the
abortion cases are considered to be in the 5-7th month of pregnancy.

Another important finding is the decrease in human Brucellosis cases and deaths. This may be related to disease
control in ruminants, or to the widespread use of pasteurized milk and dairy products instead of raw milk. In Italy, for
example, the Northern regions are officially free from Brucellosis and human cases are sporadic. However, in the
Southern regions, Brucellosis is high in animals and seroprevalence in humans is about 3%. Also, it is common to sell
raw milk and milk products directly in local markets in the Southern regions of Italy (9). In a study conducted in the El
Behira region in Egypt, it was reported that human cases and animal Brucellosis progressed in parallel (5).

The case/fatality rate (the lethality) due to Brucellosis was 3.9 % between the dates 2005 and 2015. It is
reported that the mortality rate in animals aborted from Brucellosis is around 1% (1). The 16% recorded in 2005 may
have been a registration error, and when this data is removed, the mortality rate drops to 2.6%.

Due to the geographical distribution of the disease, large and small ruminant outbreaks accumulated in the
Eastern and Central Anatolia regions respectively. The least number of outbreaks were observed in the Marmara region
for large ruminants and the South East Anatolia for small ruminants.

A two-fold increase in outbreaks was observed after 2012 when the vaccination strategy was changed and
vaccination of all small ruminants was implemented (Figure 2). This increase was thought to be due to vaccine-induced
false positivity or false infection.

It is debatable that eradication of a disease is beneficial and even possible to eradicate. A systematic approach
is required before, during and after the eradication program. Moreover, eradication approaches varied from each other
(7). Thanks to epidemiological studies, the existence and prevalence of the disease in our country will be able to be
understood better, and the competent authorities will be able to take measures to protect and control the disease in
accordance with that knowledge.
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The studies showed that the outbreaks are concentrated during the winter period, when animals are usually
kept in barns to keep warm; hence, the spread of the disease between animals inside barns can be prevented by strict
biosecurity measures during that time. The seasonality of the disease must be considered as a combat strategy. It was
observed that the positive correlation between animal population and the disease. Personal and equipment requirement
of eradication schemes should be planned due to these findings. Especially in the rural areas where people keep
livestock animals intensively, the sufficient number of personnel should be charged to monitor the disease, take the
control measures and train the farmers. The medical and technical experts should be well-educated and experienced; it
should be close collaboration with universities and international institutes.

Under-reporting of animal diseases is a common problem around the world, including developed countries (3,
10). To minimise this issue, private and government veterinarians and farmers should be educated on abortions,
biosecurity and legal requirements; brochures and public service announcements should be produced and circulated to
increase disease awareness. Farmers should cooperate with the component authority while combating the disease to
gain their confidence. It should also be mentioned that the benefits of the eradication of the disease in the awareness
programs. Active surveillance should be conducted as much as possible as well passive surveillance. The information
collected from the farmers should be accurately collected using better-designed questionnaires/surveys and the
collected and summarised information should be more accurately analysed.
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MAKALE BILGiSi/ ABSTRACT:
ARTICLE Listeria species lead to mastitis infection in cows. The aerobic mesophilic bacteria count (total bacteria count) is one of
INFORMATION: the most important factors affecting udder health and determining the milk quality. The aim of this study was to determine
the aerobic mesophilic bacteria count, one of the most important factors affecting cow's milk quality, and presence and
Gelis / Received: the antibiotic resistance profiles of Listeria spp., one of the factors causing mastitis in cows. As a result of isolation and
04 Nisan 20 identification for Listeria spp., totally 3 L. monocytogenes (n: 68, 4.41%), 7 L. innocua (n: 68, 10.29%) and 3 L. ivanovii
. (n: 68, 4.41%) were isolated from cow milk samples. According to results of the disc diffusion method performed to
04 April 20 determine antibiotic susceptibility, it was found that L. monocytogenes, L. innocua, and L. ivanovii isolates were
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susceptive against sulfamethoxazole/ trimethoprim, meropenem, vancomycin, streptomycin, oxacillin and erythromycin.
Kabul / Accepted.: The aerobic mesophilic bacteria in the cow milk samples were detected 1.1x107 cfu/ml as the highest and 2.3x102 cfu/ml
01 Ekim 20 as the lowest. The average aerobic mesophilic bacteria count of milk samples was calculated 256623.971 cfu/ml. The
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total bacteria (aerobic mesophilic bacteria) count (cfu/ml) of milk samples in the study was found to be high based on the
criteria stated in the national and international standards. Also, Listeria species were isolated from these samples. Since
intermediate and resistant Listeria species were determined against the antibiotics used as a treatment option in these
isolates, it is thought that Listeria species should also be considered in mastitis infections in terms of etiology and
treatment. It is considered that a national mastitis control program is needed for preventing the mastitis infections and
antibiotic resistance development causing economic losses in dairy cattle enterprises in order to provide milking hygiene
completely.

Cow
ﬁ‘_ﬁ”" Inek siitlerinde Listeria tiirlerinin varligi ve antibiyotik direnci ile aerobik mezofilik

i . . .

bakteri sayisinin belirlenmesi

Anahtar Sozciikler: OzET:
Aerobik mezofilik
bakteri Listeria tiirleri ineklerde mastitis infeksiyonuna da neden olmaktadir. Aerob mezofilik bakteri sayisi (toplam bakteri
Antibiyotik direnci sayist), meme sagligini etkileyen ve siit kalitesini belirleyen en 6nemli parametrelerden biridir. Bu galismada inek siitii
; kalitesini etkileyen en 6nemli parametlerden olan aerob mezofilik bakteri sayisi ve ineklerde mastitise neden olan
Inek L - b . : . S L

o etkenlerden olan Listeria spp. varligiim ve antibiyotik direng profillerinin belirlenmesi amaglandi. Listeria spp. igin
Listeria izolasyon ve identifikasyon sonucunda toplam 3 L. monocytogenes (n: 68,% 4.41), 7 L. innocua (n: 68,% 10.29) ve 3 L.
Siit ivanovii (n: 68,% 4.41) inek siitii 6rneklerinden izole edildi. Antibiyotik duyarliligini belirlemek i¢in yapilan disk

difiizyon yoOnteminin sonuglarina goére L.monocytogenes, L.innocua ve L.ivanovii izolatlarinin siilfametoksazol/
trimetoprim, meropenem, vankomisin, streptomisin, oksasilin ve eritromisine kars1 duyarli olduklar1 bulundu. Inek siitii
orneklerinde aerob mezofilik bakteri sayisi en yiiksek 1.1x107 cfu/ml; en diisiik ise 2.3x102 cfu/ml bulundu. Siit
orneklerinin ortalama aerob mezofilik bakteri sayis1 256623,971 cfu/ml olarak bulundu. Calismada siit 6rneklerinin
toplam bakteri (aerob mezofilik bakteri) sayisinin (cfu/ml) ulusal ve uluslararas: standardlarda belirtilen kriterlere gore
yiiksek bulundu, ayni zamanda bu 6rneklerden Listeria tiirlerinin izole edildi. Ayrica, bu izolatlarda tedavi segenegi olarak
kullanlan antibiyotiklere kars1 orta (ilagla artmis temeasta duyarli-I-intermediate) ve direngli Listeria tiirleri tespit
edildiginden, mastitis infeksiyonlarinda etiyolojik ve tedavi a¢isindan Listeria tiirlerinin de géz 6niinde bulundurulmasi
gerektigi diisiiniildii. Sagim hijyeni tam anlamiyla saglanmasi i¢in, siit inegi isletmelerinde ekonomik kayiplara neden
olan mastitis infeksiyonlarinni ve antibiyotik direnci gelisiminin 6nlenmesi amaciyla ulusal diizeyde mastitis kontrol
programina ihtiya¢ duyuldugu diistinildi.
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1. Introduction

Mastitis is defined as an inflammatory response in udder glands leading to economic losses due to non-use of
milk in dairy cattle enterprises and treatment expenses, impairing milk quality, and being caused by the bacterial,
chemical, and traumatic reasons or heat (6,7,15,24,38). Mastitis are classified as clinical and sub-clinical mastitis. The
ones not causing clinical symptoms and visible change in udder tissue and milk are classified as "subclinical" and those
causing more or less swelling, pain, temperature increase and color change in sick udders by causing visible symptoms
are classified as "clinical". Subclinical mastitis infects easily among cows and these kinds of mastitis cause economic
loss in the enterprises. In the clinical mastitis, disorders such as decrease in milk yield, agalactia, presence of watery
secretions and clotting may develop (6,11).

The aerobic mesophilic bacteria count (total bacteria count) is one of the most important parameters
determining the udder health and milk quality (16,24,28). The total bacteria count in raw cow milk must be <100.000
(piece) in milliliter (ml) at 30°C according to raw and heat-treated drinking milk communique (2) in the Turkish Food
Codex numbered 2000/6 published in the Official Gazette dated 14/02/2000 and numbered 23964 and the EU regulation
dated 30/04/2004 and numbered 853/2004 (3,4).

There are National Mastitis Councils in the developed countries in order to eliminate mastitis. Nationwide
struggle with mastitis is performed with the National Mastitis Control Programs prepared by these councils (6,7,38)
The targets in the mastitis control programs are stated to be the elimination of the current infections, protecting from
new infections and following udders constantly in terms of mastitis. It has been reported that all cows in a herd is
enabled to be protected simultaneously by the udder health control program. The protection from the udder infections
has been achieved at the rate of 80-90% in the herds in which the udder health control programs are applied for a long
time (6,31).

Listeria genus is composed of totally 17 species, identified within the 2 groups, which are gram-positive, small
rod-shaped bacteria surviving in the environments containing low pH and temperature and high salt (5,29,36). One of
these groups is Listeria sensu stricto including Listeria monocytogenes, Listeria seeligeri, Listeria marthii, Listeria
ivanovii, Listeria welshimeri, and Listeria innocua and the other is Listeria sensu lato including Listeria grayi and 10
Listeria species recent identified as of 2009 (29). Among these species, only L. monocytogenes and L. ivanovii
identified to be pathogenic species (29,36). The species in Listeria sensu stricto group exhibit high adaption in soil and
water (26). Listeria species are also observed in farms. Especially, they are frequently found in fertilizer and fermented
silage (8,36). For this reason, animals may be infected through bad quality silage, pathogenic inhalation, direct contact,
water, forage components, litter mat, soil and dung (5). Listeria species (12), which are ubiquiter and intracellular
pathogen, cause abortion, stillbirth, encephalitis and neonatal septicemia in human beings and animals (5,23,30). Also,
Listeria species cause mastitis infection in cows (5,23). L. monocytogenes causes encephalitis, abortion, septicemia,
ocular form and mastitis infections in cows (27). Also, L. monocytogenes is an opportunistic pathogen and causes
especially important food-borne infections in human beings as well as the infections it causes in animals (10).
Particularly elderly people, pregnant women, newborns and the people with a suppressed immune system are quite
susceptible to these infections (25,36). L. ivanovii is a predominant pathogenic species in animals (8) and causes
clinical infections in cows and sheep causing abortion and stillbirth (26,27). In their study, Alexander et al. (2) declared
L. ivanovii is the potential abortion agent in cows. Rocha et al. (34) isolated L. innocua from fatal meningoencephalitis
case in fattening bull and this was the first. Listeria species, mainly L. monocytogenes, have been isolated from cow
milk and identified to be clinical mastitis cause in cows in numerous studies. Haggag et al. (19) was isolated and
identified L. monocytogenes (2.4%), L. ivanovii (2%), L. innocua (1.2%), and L. grayi (2.8%) in totally 250 milk
samples including 150 cows, 50 buffaloes, and 50 sheep. Jamali et al. (24) was isolated 17 L. monocytogenes, 3 L.
innocua, and 1 L. ivanovii from 201 milk samples obtained from clinical mastitis of cows.

Penicillin and/or its derivatives are an effective treatment option in the infections in animals caused by Listeria.
Gentamicin provides an effective treatment in the genital system listeriosis infections of cows. Additionally,
erythromycin and trimethoprim/sulfamethoxazole may be useful in septicemic form treatment (27). Also, ampicillin,
chloramphenicol, rifampicin, tetracycline and aminoglycoside antibiotics may be used in treatment (5).
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In this study looked at the aerobic mesophilic bacteria count, one of the most important parameters affecting
cow milk quality, and presence and the antibiotic resistance profiles of Listeria spp., one of the factors causing mastitis
in cows.

2. Material and Methods

In the study, 68 cow milk samples, which were taken from Holstein and Simental cows and sent to laboratory
for analysis by veterinarians, were examined in terms of the prevalence of Listeria spp. and the aerobic mesophilic
bacteria count. The milk samples were collected aseptically from each cow to sterile container during milking and sent
them to laboratory under aseptic and cold chain conditions (+2-+8°C) and their analyses were performed immediately.

Detection of Listeria species:

The cow milk samples were analyzed for Listeria spp. isolation based on ISO 11290-1 method (20).

25 milliliters from each sample were put into the sterile sample bags and homogenized in stomacher (Bigmixer,
Intersience) by 225 ml sterile Half-Fraser Broth (Merck, Germany) for 1 minute. The homogenized samples were
incubated at 30 °C for 2442 hours for pre-enrichment. And then, 0.1 ml of the samples was taken and these samples
were inoculated to Fraser Broth (Merck, Germany), a pre-enrichment, and incubated at 37 °C for 24-48 hours. And
then, Fraser Broth’s of each sample was inoculated in selective agars Ottoviani and Agosti (Merck, Germany),
PALCAM (Oxoid, UK) and Rapid’ L. mono agars (Bio-Rad, USA) and incubated at 37 °C for 24-48 hours (20). In
Rapid' L. mono agar (Bio-Rad, USA), L. monocytogenes colonies in green color, L. ivanovii colonies reproduce in blue
color by forming a yellow zone around them. L. innocua colonies reproduce in white color without forming a zone
around them (12).

After incubation, the colonies were confirmed by gram staining, catalase, oxidase and mobility tests based on
Bergey’s Manuel of Systematic Bacteriology (35). Afterwards, he isolates were verified in automatic identification
system (Vitek 2 Compact). Listeria spp. suspected colonies were arranged in tubes with 3 ml sterile salty water based
on McFarland 0.5-0.63 turbidity and identified with Gram positive identification card in Vitek 2 Compact (Biomerieux,
France) device. Afterwards, verified strains were kept by being taken into bead storage tubes and kept at (-20) °C.

Aerobic mesophilic bacteria count:

In order to determine the aerobic mesophilic bacteria count, 10 ml milk sample was diluted with 90 ml
Maximum Recovery Diluent (MRD, Merck, Germany). Then, each milk sample was diluted 10 times up to 10°. One
ml was taken from each dilution and they were inoculated in two petri dishes by pour plate inoculation technique in
Plate Count Skimmilk Agar (Merck, Germany) and incubated at 30°C for 72 hours. And then, the aerobic mesophilic
bacteria count of the milk samples was calculated in colony forming unit (cfu)/ml (21,22).

Investigation of antibiotic susceptibility of isolated Listeria isolates:

Antibiotic susceptibility was investigated according to disc diffusion method based on European Committee
on Antimicrobial Susceptibility Testing (EUCAST) and Clinical and Laboratory Standards Institute (CLSI)
(9,13,14,18). For this aim, in first step, the isolates were taken from the bead storage tubes and inoculated to Nutrient
Broth (Merck, Germany) and incubated at 37 °C for 24 hours. And then, they were inoculated in Rapid’ L. mono (Bio-
Rad, UK) agar and incubated at 37 °C for 24-48 hours. All pure Listeria spp. isolates were diluted in tubes containing
3 ml sterile salty water with McFarland 0.5 turbidity. The sterile swabs were immersed to the bottom of the tubes.
Then, the remaining liquid was removed by applying pressure inside tubes and it was inverted into the tubes. The
inoculum was spread evenly over the entire surface by swabbing in three directions to Mueller-Hinton F agar (Merck,
Germany). It was incubated at 35+/-1 °C for 16-20 hours. Gentamicin (Oxoid, 10pg), meropenem (Oxoid, 10pug),
amoxicillin clavulanic acid (Oxoid, 30ug), streptomycin (Oxoid, 10pg), chloramphenicol (Oxoid, 30ug), ciprofloxacin
(Oxoid, 5pg), amikacin (Oxoid, 30ug), ampicillin (Oxoid, 10pg), erythromycin (Oxoid, 15pg), trimethoprim-
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sulfamethoxazole (Oxoid, 25ug), penicillin G (Oxoid, 10U), rifampicin (Liofilchem, 5pg) oxacillin (Oxoid, 1pug) and
tetracycline (Oxoid, 30pg), vancomycin (Oxoid, 30pug) were used.

After incubation, the inhibition zones were measured on Mueller-Hingon F agar plates and evaluated as
resistant (R), intermediate (I) and susceptible (S) based on the breakpoints suggested by EUCAST (18) for L.
monocytogenes on ampicillin, penicillin G, oxacillin, erythromycin, trimethoprim-sulfamethoxazole, meropenem and
for the other antibiotic discs commented based on the breakpoints suggested by CLSI (14) for other Gram-positive
bacteria (1,13,14,18). Escherichia coli (ATCC ® 25922™) were used as reference on antibitoic susceptability tests.

3. Results

Three L. monocytogenes (n:68, 4.41%), 7 L. innocua (n:68, 10.29%) and 3 L. ivanovii (n:68, 4.41%) were
isolated from cow milk samples (Table 1).

Table 1: Isolation and identification results of Listeria spp. from cow milk samples

Tablo 1: Inek siitlerinden Listeria spp. izolasyon ve identifikasyon sonuglar

Listeria species Number of positive samples
L. monocytogenes 3 (4.41%)
L. innocua 7 (10.29%)
L. ivanovii 3(4.41%)
Total 13 (19.11%)

In antibiogram tests, L. monocytogenes, L. innocua, and L. ivanovii isolates were susceptible against
sulfamethoxazole/trimethoprim, meropenem, vancomycin, streptomycin, oxacillin, and erythromycin. Table 2 shows
the disc diffusion test results of Listeria spp. isolates.

Table 2: Disc diffusion test results of Listeria spp. isolates

Tablo 2: Listeria spp. lerin disk difiizyon test sonuglar

Listeria monocytogenes strains .. . L. .. .
Viog Listeria innocua strains (n:7) Listeria ivanovii strains (n:3)

o ep g e (n:3)

Antibitotic discs S I R S I R S I R
Amikacin (Oxoid, 30pug) 1 1 1 7 - - 2 1 -
Amoxicillin-clavulanic acid 3 ) ) 7 ) ) 3 ) i

(Oxoid, 30pg)
Ampicillin (Oxoid, 10ug) 2 1 - 6 1 1 2 - 1
Erithromycin (Oxoid, 15pg) 3 - - 7 - 3 - -
Gentamicin (Oxoid, 10ug) 2 1 - 4 2 1 2 1 -
Chloramphenicol (Oxoid, 30pug) 3 - - 6 - 1 3 - -
Meropenem (Oxoid, 10pg) 3 - - 7 - - 3 - -
Penicillin G (Oxoid, 10U) 2 1 - 4 - 3 1 1 1
Ciprofloxacin (Oxoid, 5ug) 3 - - 5 2 - 3 - -
Oxacillin (Oxoid, 1 pg) 3 - - 7 - - 3 - -
Rifampicin (Liofilchem, 5ug) 2 1 - 6 1 - 2 1 -
Streptomycin (Oxoid, 10pg) 3 - - 7 - - 3 - -
Tetracyclin (Oxoid, 30ug) 2 1 - 4 2 1 1 1 1
Trimethoprim-Sulfametoxazole 3 ) ) 7 i i 3 i i

(Oxoid, 25pg)
Vancomycin (Oxoid, 30 pg) 3 - - 7 - - 3 - -
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Table 3 shows the average aerobic mesophilic bacteria count of each milk sample. The aerobic mesophilic
bacteria count in the cow milk samples were found to be 1.1x107 cfu/ml as the highest and 2.3x102 cfu/ml as the
lowest. Average aerobic mesophilic bacteria count of the milk samples was calculated 256623.971 cfu/ml.

Table 3: Avarage Aerob mesophilic bacteria count results of cow milk samples

Tablo 3: Inek siitii 6rneklerinin ortalam aerob mezofilik bakteri sayimi sonuglar

Cow milks Avarage aerob mesophilic bacteria count (cfu/ml)
68 256623.971

4. Discussion and Conclusion

For quality milk, the total bacteria count is quite important. The total bacteria count in the milk obtained in
dairy cow enterprises is requested to be low. The most important factor affecting the bacteria count in milk is mastitis
infection. Mastitis infections cause inflammation in udder and injury in udder tissue and increases in the total bacteria
count and, thus, in the number of somatic cells and give harm to both cows and milk in dairy cow enterprises and
therefore cause economic losses. Throughout the world, national mastitis control programs are formed in many
countries. Within the frame of these programs, the applications on barn and environment planning, milking
management and hygiene, the maintenance and cleaning of milking equipment, teat cleaning and applying antiseptic
(teat dipping) on teats before and after milking, monitoring the udders of dairy cows in terms of clinical and subclinical
mastitis infections in farms, and dry period management are determined as the standards (6,10).

Dhuol and Osman (17) said total bacteria count in the 30-morning milking and 30 evening milking milk
samples was 650.000 cfu/ml on average. Tosun and Baki Acar (6) in Tekirdag province, they determined that the total
bacteria count was 1.796.718.36£156.573.31 cfu/mL in bulk tank samples. Darbaz et al. (16) on cow milk in the
Turkish Republic of Northern Cyprus, they reported that the total bacteria count in bulk tank changed based on seasons
and the highest average total bacteria count was 182.000 cfu/ml in fall. The aerobic mesophilic bacteria count in this
study was found to be higher than limit values determined for raw cow milk in national and international standards. In
the studies of the other researchers, this data was higher compared to the criteria. But, the average values of the aerobic
mesophilic bacteria count were calculated lower compared to the results of the other researchers. This was considered
to be associated with that fact that the milk samples taken from animals were individuals assessed instead of the bulk
tank.

There is a limited number of studies on Listeria spp. isolated from mastitis cases and antibiotic resistance
profiles. Rahimi et al. (32) was examined 85 milk samples isolated 3 (3.5%) L. monocytogenes, 5 (5.9%) L. innocua
and 1 (1.2%) L. ivanovii as a result of the identification of cultures. Rawool et al. (33) isolated L. monocytogenes from
the milk of 1 of the 3 cows with mastitis and from the dung of the other 2 cows and L. ivanovii from the dung of 1
buffalo with mastitis, among the milk of 650 cows and buffaloes. Vilar et al. (37) stated that they isolated 6 (6.1%) L.
monocytogenes and 7 (7.1%) L. innocua in 98 bulk tank samples they obtained from cow farms. Konosonoka et al. (25)
isolated 3 (1.4 %) L. monocytogenes in 221 bulk tank cow milk samples. Yadav et al. (39) stated that they isolated 3 L.
monocytogenes in 85 milk samples of the cows and buffaloes with clinical mastitis infection. Aksoy et al. (1) stated
that they isolated 8 L. monocytogenes, 4 L. seeligeri, 5 L. ivanovii, and 1 L. welshimeri in 100 raw cow milk samples
after isolation, identification, and polymerase chain reaction (PCR). The isolation findings and isolates rates obtained
in this study had shown similarity with the results of other studies. For this reason, it was thought that the Listeria
species causing mastitis in cows. So, these bacteria should also be considered in the causes of mastitis and treatment
stages in mastitis infections.

Today, antibiotic resistance is a wide spreading issue addressed by the World Health Organization (WHO).
Aksoy et al. (1) stated that they found intermediate and resistant to amikacin, meropenem, vancomycin and penicillin
G, and Trimethoprim-Sulfamethoxazole in 15 L. monocytogenes isolates they isolated from raw cow milk, cheese and
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butter. Jamali and Redmehr (23) stated resistance against penicillin G, amoxicillin-clavulanic acid, chloramphenicol,
erythromycin, and tetracycline at the rates of 66.7%, 23.8%, 19%, 4.8% and 52.4%, respectively, in 17 L.
monocytogenes isolates they have isolated from the clinical mastitis infections of cows. Also, they reported that the
resistance against 1,2 and more than 2 antibiotic active substances was 33.3%, 38.1%, and 14.3%, respectively. They
stated resistance against Penicillin G and tetracycline at the rate of 33.3% in 3 L. innocua isolates and identified that
there were 2 isolates against 1 antibiotic active ingredient. They reported that 1 L. ivanovii strain they isolated was
resistant against Penicillin G. As there were intermediate and resistant isolates in Listeria species isolated in this study
against amoxicillin-clavulanic acid, gentamicin, chloramphenicol, rifampicin, tetracycline and Penicillin G, which are
used in treatment option especially in animals, it was considered that the antibiotic resistance developed in Listeria
species, may become common and, therefore, there may be decrease in the number of antibiotics, which are used in
treatment option in the future.

The total bacteria (acrobic mesophilic bacteria) count (cfu/ml) was calculated high based on the criteria stated
in the national and international standards in milk samples. Also, Listeria species were isolated from these samples.
Since intermediate and resistant Listeria species were determined against the antibiotics used as a treatment option in
these isolates, it is thought that Listeria species should also be considered in mastitis infections in terms of etiology and
treatment. It is considered that a national mastitis control program is needed for preventing the mastitis infections and
antibiotic resistance development causing economic losses in dairy cattle enterprises in order to provide milking
hygiene completely.
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MAKALE BILGiSi/ ABSTRACT:

ARTICLE The aim of this study was to investigate the effect of heat stress on total oxidant capacity (TOC) in hair goats of different

INFORMATION: ages grown at different altitudes in the same season. The study was carried out on 208 hair goats (25 male and 183 female)
in 11 different districts of Adana province (Turkey) in the summer season. The districts were grouped as 0-99 m (Group

Gelis / Received: 1), 100-500 m (Group 2) and higher than 500 m (Group 3) according to altitude characteristics, and goats were classified

20 Temmuz 20 into two groups as under 3 years and 4 years or older. Blood samples were collected, serums harvested and stored at -
20°C until TOC analysis. Heat stress was determined according to the temperature humidity index (THI). There were

20 July 20 severe and moderate heat stress in groups 1 and 2, respectively (P<0.001). TOC was significantly lower in group 2
compared to the other groups (P<0.001). The highest TOC was measured in group 3 (P<0.001). And TOC was

Kabul / Accepted: significantly higher in animals aged 4 and older compared to under 3 years of age (P<0.05). Although male goats were

09 Kasim 20 exposed to significantly higher THI than female goats (P<0.01), TOC levels were found similar in both groups (P>0.05).
In conclusion, altitude, THI, age and gender had a complex effect on TOC.
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Altitude Kil kecilerinde 151 stresinin toplam oksidan kapasitesine etkisi
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Anahtar Sozciikler:

Ozer:

Bu ¢alismanin amaci, ayni sezonda farkli rakimlarda yetistirilen farkli yastaki kil kegilerinde 1s1 stresinin toplam oksidan
kapasite (TOC) tizerindeki etkisini aragtirmakti. Calismada Turkiye, Adana'nin 11 farkli ilgesinden 25 erkek 183 disi
olmak iizere 208 kegi kullanildi. ilgeler rakim zelliklerine gére 0-99 m (Grup 1), 100-500 m (Grup 2) ve 500 m'den daha
yiiksek (Grup 3) olmak iizere gruplandirildi. Kegiler ise 3 yasindan kiigiik ve 4 yas ya da daha yash olarak iki gruba

st stres.lh ayrildi. Kan ornekleri almarak serumlar ¢ikarildi ve TOC analizine kadar -20°C'de saklandi. Is1 stresi sicaklik nem
Kil kegisi indeksine (THI) gore belirlendi. Grup 1 ve 2'de sirasiyla siddetli ve orta dereceli 1s1 stresi vardi (P <0.001). TOC diger
Rakim gruplara gore grup 2'de anlamli olarak diisiik bulundu (P <0.001). En yiiksek TOC grup 3'te 6l¢iildii (P <0.001) ve TOC

Toplam oksidan

kapasitesi

degeri 4 yas ve tlizerindeki hayvanlarda 3 yasin altindakilere gore anlamli derecede yiiksekti (P <0.05). Erkek kegiler disi
kegilerden anlamli derecede daha yiiksek THI'ye maruz kalmalarina ragmen (P <0.01), TOC seviyeleri benzer bulundu
(P >0.05). Sonug olarak, rakim, THI, yas ve cinsiyet TOC iizerinde kompleks bir etkiye sahipti.
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1. Introduction

Farm animals are exposed to stress which is affecting their production and welfare, depending on
environmental factors and management conditions (1, 2). The environmental factors such as high ambient temperature
and relative humidity can cause heat stress in farm animals (2, 3). The heat stress occurs, when the effective temperature
of the environment exceeds the animal’s comfort temperature (4, 5). Temperature humidity index (THI) values of 75
or higher are considered stressful. The values greater than 78 cause excessive stress, and animals cannot maintain
thermoregulatory mechanisms (3). It has a multifactorial effect on health, so it is an important source of economic loss,
including fertility problems in farm animals (6). Heat stress primarily causes dehydration (7). It also causes biological
reactions in the physiological, biochemical, hormonal and haematological functions of animals. Thus, animals try to
eliminate or minimize the harmful effects of stress (8). At the same time, these changes lead to disruptions in the
homeostasis balance of important metabolites such as antioxidants, prooxidants, insulin, lipids, proteins, cholesterol
and glucose (2). Most importantly, it is known that heat stress increases reactive oxygen species (ROS) production (9)
which are the most abundant oxidant substances in biological systems (10). Already, oxidant substances are normally
produced at moderate levels during the conversion of glucose into the form of adenosine triphosphate (ATP) using
oxygen (O2) in mitochondria (11). And under normal conditions, antioxidants substances complete the missing electron
of ROS and repair them enzymatically or reduce them into new molecules such as H2O that is harmless to the body
(12). However, heat stress results in the excessive production of free radicals (13). Since it also causes a decrease in
the antioxidant defense system, it results in oxidative stress, which can cause tissue pathologies by damaging
macromolecules of healthy cells including deoxyribonucleic acid (DNA), lipids and proteins (2, 14). Moreover, altitude
can affect the antioxidant defense system and lead to oxidative stress. And it is known that high altitude is associated
with increased production of free radicals due to low oxygen pressure (15). So, it is understood that heat stress and
excessive oxidant production are critical for farm animals. The aim of this study was to investigate the effect of heat
stress on total oxidant capacity (TOC) in hair goats of different ages grown at different altitudes in the same season.

2. Material and Methods

The study was carried out on 208 hair goats (25 male and 183 female) in 11 different districts (Table 1) of
Adana province (Turkey) in the summer season (June, July and August months). All of the goats used in the study were
mature and cyclically active animals that reached puberty. Power analysis was taken into account in determining the
sample size. The districts were grouped as 0-99 m (Group 1), 100-500 m (Group 2) and higher than 500 m (Group 3)
according to altitude characteristics. Goats were classified into two groups as under 3 years and 4 years or older. Since
the sample distribution was chosen randomly, age groups could not be classified according to altitude within
themselves. All goats had similar properties, were managed in extensive systems under the same conditions and were
clinically healthy including rectal temperature, respiratory, appetite,physical posture and anamnesis. Blood samples
(10 ml) were collected from the jugular vein into sterile vacutainer tubes (Hema & Tube®, Italy) containing a clot
activator using 18-G needles at the same periods. The blood samples were centrifuged at 3000 xg for 10 minutes, then
harvested serums were stored at -20°C until TOC analysis.

Calculation of temperature humidity index (THI):

THI is a combination of environmental temperature and relative humidity. It is used to assess the risk of heat
stress (3). The daily temperature and humidity data were obtained from the meteorological station with the official
application. Daily measurements (temperature, humidity) were not made in the farms where the study was conducted
because all goats were managed under extensive systems. The THI data of each region were obtained using temperature
and relative humidity according to the formula described below (Table 1) (16). And THI values of the time the study
was performed in each zone was taken into account. THI data calculated according to the regions are presented in the
results section (Table 2). THI levels are considered normal if they are 70 or less, moderate stress if between 75 and 78,
and severe heat stress if they are greater than 78 (3).



26 Vet Hekim Der Derg 92 (1): 24-30, 2021

Table 1: Temperature humidity index formula
Tablo 1: Sicaklik nem indeksi formiilii
THI [(1.8 x T+ 32) — [(0.55 — 0.0055 x RH) x (1.8 x T —26.8)]

T is the air temperature in ° C. RH is the relative humidity in %.

Table 2: The districts where the study was conducted and the calculated THE data

Tablo 2: Calismanin yiiriitiildiigii ilceler ve hesaplanan THI degerleri

Altitude (m) Districts THI
0-99 Ceyhan 80
Yumurtalik 80
Yiiregir 79
Imamoglu 78
Karatas 81
Kozan 78
Cukurova 77
100-500 Saricam 78
>501 Tufanbeyli 66
Pozant1 75
Aladag 78

Total oxidant capacity (TOC) and test principle:

Serum TOC levels were measured using an ELISA device (TECAN, Sunrise® Swiss) and commercial kits
(LOT: OK181040, Rel Assay Diagnostics, Clinical Chemistry Solutions, Gaziantep) based on the method developed
by Erel (17, 18). The test principle is a colorimetric method, which can be measured spectrophotometrically. It indicates
the total amount of oxidant substances in the samples. Hydrogen peroxide is used as a calibrator in this test method
(17). The results were expressed as micromolar hydrogen peroxide equivalent per liter (umol H,O» Equiv. /L).

Statistical analysis

All data were analyzed using SPSS 21.0 Windows statistical package program evaluation version. The TOC
analyzes of goats in different districts were compared using one-way Anova test. The age and gender groups were
evaluated by independent-T test. A P-value less than 0.05 was considered statistically significant. Obtained results were
presented as Mean + Standard deviation (Mean + Std deviation).

3. Results

In the present study, it was found that THI levels decreased significantly as altitude increases (P<0.001). There
were severe and moderate heat stress in groups 1 and 2, respectively (P<0.001). But, there was no heat stress in group
3 (P<0.001). Serum TOC levels were significantly lower in group 2 compared to the other two groups (P<0.001). And,
the highest TOC value was measured in group 3 compared to other groups (P<0.001). It was determined that the



Vet Hekim Der Derg 92 (1): 24-30, 2021 27

distribution of age was similar in different THI values according to regions (p>0.05). Serum TOC levels were
significantly higher in animals 4 years and older compared to under 3 years old (P <0.05). It also was observed that
male goats were exposed to significantly higher THI than females goats (P<0.01). TOC levels were similar in male
goats compared to female goats (P>0.05). TOC levels, THI values and other results in groups are shown in Table 3.

Table 3: Effect of THI on serum TOC levels in hair goats. (Mean + Std. deviation).
Tablo 3: Kil kegilerinde THI 'min serum TOC seviyesine etkisi. (Aritmetik Ort. + Std. sapmay).

Variables Number of TOC/pmol/L P Value THI P Value
animals (n)
Altitude 0-99 (G 1) 89 8.733+4.112 79.40+1.105
) 100-500 (G 2) 50 6.954+2.815 <0.001° 77.86+£0.351 <0.001°
>501 (G 3) 69 9.73343.526 72.9145.075
<3 69 7.762+2.831 . 76.91+4 385
Age >4 139 9.072+4.103 0.018 76.86:4.045 0.935
Female 183 8.687+3.832 76.57+4.302 .
Gender Male 25 8.276+3.335 0.610 79.16+1.434 0.003

TOC: Total oxidant capacity, G 1: Group 1, G 2: Group 2, G 3: Group 3. “P <0,001; ® P <0,05; <P <0,01

4. Discussion and Conclusion

In the present study, the effects of heat stress, altitude, gender and age on TOC were evaluated in hair goats. It
is reported that goats have good tolerance to heat stress due to their thermoregulation ability, and long-haired goats
more resistant to heat stress compared to short-haired goats (16). No matter how resistant the farm animals to heat
stress, this is considered a major problem for livestock. Because it negatively affects the health and production of farm
animals in many ways (19, 20). Considering the increasing global temperature (21), the issue becomes more important.
It has been reported that environmental temperature and humidity should be evaluated together and heat stress should
be monitored according to THI values. Because the effect of ambient temperature on farm animals changes according
to the moisture content (21, 22). THI levels were used as a heat stress index in this study.

In the present study, the altitude had an effect on THI levels. This was due to the decrease in air temperature
and humidity as altitude increases. Teama (14) reported that THI has an effect on oxidative stress. Kumar et al. (23)
noticed that oxidative stress increases in goats during the summer season. Similarly, several researchers reported that
heat stress has increased the production of oxidant substances (14, 24). The overall oxidation status of the body is
determined by measuring the TOC level. It represents the sum of all the oxidants substances present in blood serum. It
is also defined as reactive oxygen metabolites (17). In our study, it was observed that the THI increased serum TOC
levels in group 1 when compared to group 2. However, there was no positive correlation between THI and TOC in
group 3 compared to other groups. This situation showed that THI did not have a similar effect on TOC in all groups.
Although THI value was also lower in group 3 according to the other groups, the TOC value was measured higher.
This situation can be associated with the altitude. Because it was reported that exposure to high altitude results in the
increase of ROS production by the mitochondrial metabolism of cells due to differences in oxygen pressure (25).
Similarly, Dosek et al. (26) reported that at high altitude, oxygen pressure decreases and production of reactive nitrogen
and oxygen species increases, causing oxidative stress. It has also been declared that the degree of oxidative stress is
associate with the level of altitude. Moreover, it was revealed that exposure to high altitude could reduce the activity
of antioxidant systems (26). So, it is thought that the increase of the TOC levels of group 3 was caused by the high
altitude and low oxygen pressure of the districts. It is thought that these results are very important for goat breeding
because goat farming is common at high altitudes. Furthermore, antioxidant activity should be investigated in goats
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raised at different altitudes. But, antioxidant levels were not detected in this study. Because our main aim was to
determine the effect of THI and altitude on TOC levels. The major findings of this study are that the altitude and THI
are significant determinants for TOC levels.There is no specific study on the effect of gender and age on TOC levels
in hair goats under heat stress. Chaturvedi and Kataria (27) reported that age and gender have affected concentrations
of some antioxidant substances at different ambient temperatures in Marwari goats. Also, it was revealed that levels of
antioxidant substances were higher in male goats than female goats and antioxidant levels increased with age in all
groups (27). On the other hand, it has been reported that there is a positive relationship between biological aging and
oxidant production in some animal models (28, 29). Similarly, in our study, aging was linked to an increase in oxidant
generation in hair goats. This is thought to result from an increased ROS accumulation in aging organs. Balci et al. (30)
reported that gender difference has an effect on adaptation process to changes in antioxidant capacity. Oxidative stress
risk is higher in males compared to females (31). And Razmara et al. (32) informed that estrogen increases the
antioxidant activity in the mitochondria. According to this information, TOC level is expected to be lower in female
goats than in male goats. In this study, male animals were exposed to higher ambient THI levels than females, but this
did not affect the TOC level. Therefore, it was thought that male hair goats were more resistant to heat stress in terms
of TOC levels.

In conclusion, THI levels had an effect on TOC in hair goats. However, at high altitude TOC increased despite
low THI. Age and gender also affected the TOC level. So, studies investigating the effect of THI on oxidant capacity

in hair goats should also take into account age, gender and altitude.
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MAKALE BILGiSi/ ABSTRACT:

ARTICLE This study aimed to correlate Matrix Metalloproteinase-9 and iNOS expressions with the severity of histopathological

INFORMATION: findings in tissue samples taken from sheep with encephalitic listeriosis. Thus, the role of these molecules in the
pathogenesis of the disease can be elucidated. After systemic necropsy, tissue samples of adult sheeps with

Gelis / Received: meningoencephalitis were investigated by the culture, histopathological and immunohistochemical methods in the

16 Eyliil 20 presence of Listeria spp. isolation from tissues was performed in accordance with the USDA-FSIS method with some

16 September 20

modifications. Tissue samples were fixed in a 10% buffered formaldehyde solution. Following routine procedures, tissue
sections at 5 um were stained with Hematoxylin and Eosin, investigated under light microscope and photographed.
Immunohistochemical staining was performed on the tissues using the avidin-biotin immune peroxidase complex method.

Kabul / Accepted: Listeria spp. were obtained in 20 (83.3%) of 24 tissue samples with the presence of bright grey-black centred smooth
23 Kasim 20 colonies on Listeria Selective Agar and identified as Listeria monocytogenes through the phenotypically supportive tests.
Liquefaction necrosis, purulent meningoencephalitis, perivascular cuffing, microabscesses and glial nodules were the
23 November 20 most important histopathological findings. MMP-9 immunpositive reactions were observed in the cytoplasm of microglial
cells and neurons in areas where inflammatory and necrotic areas are concentrated in medulla oblongata and pons. In
Keywords: perivascular cuffing areas, immune reactions in endothelial cells were detected. We detected iNOS positive reactions in

Encephalitic Listeriosis

the medulla oblangata and pons, especially in inflammatory cells in the microabscesses. Consequently, a positive
correlation (p < 0.05) was found between MMP-9 expression and the severity of histopathological findings in sheep with

Histopathology encephalitic listeriosis. In addition, we found that iNOS expression increased in parallel with the increase in MMP-9
Immunohistochemistry expression.

iNOS

MMP-9

Anahtar Sozciikler:

Ensefalitik listeriyozis

Ensefalitik listeriyozisli koyunlarda MMP-9 ve iNOS ekspresyonunun degerlendirilmesi

Ozer:

Bu ¢alismada ensefalitik listeriyozisli koyunlardan alinan doku 6rneklerinde gozlenen histopatolojik bulgularin siddeti

I.{lSl‘Opam-IOﬂ . ile Matriks metalloproteinaz-9 ve iNOS ekspresyonlarini korele etmeyi amagladik.Boylece bu molekiillerin hastaligin
Immunohistokimya patogenezindeki rolii agiklanabilecektir. Sistemik nekropsi sonrast meningoensefalitli eriskin koyunlardan alinan doku
iNOS ornekleri Listeria spp. varlig: i¢in kiiltiir, histopatolojik ve immunohistokimyasal olarak incelendi. Dokulardan Listeria
MMP-9 spp. izolasyonu bazi modifikasyonlarla USDA-FSIS yontemine uygun olarak gergeklestirildi. Doku 6rnekleri %10’ luk

tamponlu formaldehit soliisyonunda tespit edildi. Rutin islemlerden sonra 5 pm kalinhgindaki kesitler
Hematoksilen&Eozin ile boyandi, 151k mikroskobu altinda incelendi ve fotograflandi. Dokulara immunohistokimyasal
boya olarak avidin-biotin immunperoksidaz kompleks metodu uygulandi. Listeria spp. Listeria Selective Agar iizerinde
parlak gri-siyah merkezli piiriizsiiz koloniler bulunan 24 doku érneginden 20'sinde (% 83.3) elde edildi ve fenotipik olarak
destekleyici testler yoluyla Listeria monocytogenes olarak tanimlandi. Likefaksiyon nekrozu, purulent
meningoensefalitis, perivaskiiler hiicre infiltrasyonu, mikroapseler ve glial nodiiller en 6nemli histopatolojik bulgulardi.
MMP-9 immunpozitif reaksiyonlar1 yangimin ve nekrozun yogun oldugu alanlardaki mikroglial hiicreler ve néronlarin
sitoplazmasinda gozlemledik. Perivaskiiler hiicre infiltrasyonu alanlarinda, endotelyal hiicrelerde de immun reaksiyonu
saptadik. iNOS pozitif reaksiyonlar1 6zellikle medulla oblongata ve pons bolgesinde yer alan mikroapselerdeki yangisal
hiicrelerde tespit ettik. Sonug olarak ensefalitik listeriyozisli koyunlarda MMP-9 ekspresyonu ile histopatolojik bulgularin
siddeti arasinda pozitif bir korelasyon tespit ettik (p<0.05). Buna ek olarak MMP-9 ekspresyonundaki artiga paralel olarak
iNOS ekspresyonun da artis gosterdigini ortaya koyduk.
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1. Introduction

Listeriosis caused by members of the genus Listeria, is a ubiquitous, Gram-positive, facultative intracellular
bacterium, which is responsible for sporadic and epidemic food-/feed- borne infections in ruminants and humans (12,
13, 26). Listeria monocytogenes is the primary pathogen in humans and animals cases, however, Listeria ivanovii was
reported occasionally (11, 43). The other Listeria species such as Listeria seeligeri, Listeria grayi and Listeria innocua
is found rarely in some cases with their unclear pathogenicity (33). Listeriosis causes significant economic losses in
ruminants and serious health problems in humans (10, 16). Listeriosis is mostly detected in autumn, winter and early
spring in temperate and cold climates and is thought to occur due to consumption of poorly prepared silage (17, 28,
44). This infection can lead to different clinical symptoms such as gastroenteritis with high fever, mastitis, encephalitis,
septicemia and abortion (3, 20). Encephalitic listeriosis caused by only species-L. monocytogenes is more common
especially in small ruminants and has high mortality rates (1, 37). Sheep are more sensitive to listeriosis than cattle (9).
Encephalitic listeriosis causes anorexia, depression, excessive salivation, eye infections, keratitis, unilateral facial
paralysis, motor incoordination and tremors. It also leads to tilting of the head and permanent circling motions (4, 30).
Microabscesses, glial nodules and perivascular cell infiltration observed in the brainstem are diagnostic
histopathological findings of encephalitic listeriosis (35).

Matrix metalloproteinases (MMPs) degrade all extracellular matrix (ECM) components and perform important
tasks such as tissue remodeling and modulation of the immune system (39, 45). Increased expression of MMPs is
known in many central nervous system diseases such as multiple sclerosis, experimental autoimmune
encephalomyelitis, alzheimer's disease, stroke and meningitis (38, 42). The increase in MMP-9 expression, especially
in samples from meningitis of viral and bacterial origin, suggests that this molecule may be an important factor in the
pathogenesis of the disease (23). MMP-9, produced from activated microglia as a result of the effects of cytokines and
reactive oxygen species, destroys the extracellular matrix of the brain and causes impaired neuronal function (5).

Nitric oxide (NO) is synthesized from L-arginine via nitric oxide synthase (NOS) (41). NOS enzyme
responsible for nitric oxide formation exists in three forms. These are the two constitutive forms (neuronal NOS (nNOS)
and endothelial NOS (eNOS)) and inducible NOS (iNOS), respectively (40). NO contributes significantly to the defense
against viruses, bacteria, fungi and microbial agents such as protozoan and metazoan parasites. However, NO produced
by iNOS-expressing cells contributes to a variety of disease symptoms ranging from immunosuppression to apoptosis
and tissue damage. (36). There is a general consensus in the literature that the increase in iNOS expression is important
in the pathogenesis of natural listeriosis in the brains of cattle and goats (41).

In this study, it was aimed to correlate MMP-9 and iNOS expressions with the severity of histopathological
findings in tissue samples taken from sheep with encephalitic listeriosis.

2. Material and Methods

Animals:

The material of this study was consisted of 24 adult sheep that were brought to Pathology Department for
systemic necropsy between 1998 and 2020. Some anamnestic findings were gathered accompanying to the sheep such
as various neurological symptoms such as permanent circling movement, head pressing, unable to stand,
hypersalivation, paralysis in the eyelid, sagging on the lower lip, blindness and torticollis. We used normal brain tissues
of 4 sheep without any histopathological findings as negative controls.

Microbiological Examinations:

In this study, brain (medulla oblongata, pons and cerebellum) tissues from adult sheep were used for the
isolation of Listeria agents. Isolation was performed in accordance with the United States Department of Agriculture -
The Food Safety and Inspection Service (USDA-FSIS) method reported by McClain and Lee (27) with making some
modifications. For this purpose, 2.5 g tissue sample was transferred to 22.5 ml Pre-Enrichment Broth (Trypticase Soy
Broth (Merck 1.05459) containing 0.6% yeast extract and incubated at 30 °C for 24 hours under microaerobic
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conditions. At the end of this period, 1 ml of this Pre-enrichment Broth was transferred into 9 ml Listeria Enrichment
Broth (UVM formulation) (Oxoid CM0863) and incubated at 30 °C under the same atmospheric conditions. At the end
of the period, Listeria Selective Agar (LSA) (Oxoid, CM0856) was plated with 25 ul aliquot of Listeria Enrichment
Broth and incubated for 24 hours at 30 °C under microaerobic conditions. As a result of cultural process, the bright
grey-black centred smooth colonies on the LSA medium were considered as Listeria spp.. Within the scope of
identification, Gram staining characteristics, mobility at 25 °C, catalase and oxidase activities, carbohydrate (L-
rhamnose, D-mannitol, D-xylose and a-methyl-mannosidase) fermentation capabilities and CAMP activities were
evaluated. In the CAMP reaction, control strains of Rhodococcus equi (ATCC-33701) and Staphylococcus aureus
(ATCC-25923) were used (2, 15).

Histopathological Examinations:

After systemic necropsy of sheep, tissue samples (cerebrum, cerebellum, etc.) were fixed in a 10% buffered
formaldehyde solution. Following routine procedures, tissue sections at 5 um were stained with Hematoxylin and Eosin
(H&E), investigated under light microscope (Olympus Bx53) and photographed with Cell ~P Program (Olympus Soft
Imaging Solutions GmbH, 3,4).

Immunohistochemical Examinations:

Immunohistochemical staining was performed on the tissues using the avidin-biotin immune peroxidase
complex method. For immunohistochemical staining, the sections of 4 um in thickness taken to poly-L-lysine coated
slides were deparaffinized and rehydrated in graded alcohols. In order to prevent endogenous peroxidase activity, the
sections were treated with 3% hydrogen peroxide solution in Phosphate Buffered Saline (PBS) for 15 minutes. For
antigen retrieval, the sections were boiled in Citrat Buffer Solution (pH 6) for 25 min in the microwave oven (at 800
watt). In order to prevent nonspecific staining, the sections were incubated for 30 min with non-immune serum
(Genemed Biotechnologies REF 54-0003) at room temperature. Diluted antibodies MMP-9 (Santa Cruz, sc-393859,
Dilution Ratio: 1/100) and iNOS (Santa Cruz, sc-7271, Dilutio Ratio: 1/100) were incubated for one hour at room
temperature. The sections were washed 3 times in PBS solution for 5 minutes, and the biotinylated secondary antibody
(Genemed Biotechnologies REF 54-0003) was applied to them at room temperature for 30 minutes. After washing in
PBS (3-5 min), all sections were incubated with peroxidase-bound Streptavidin (Genemed Biotechnologies REF 54-
0003) for 30 minutes at room temperature. A solution of 3.3-diaminobenzidine tetra hydrochloride (DAB) (Genemed
Biotechnologies REF 10-0048) was used as a chromogen for 15 minutes. The sections were treated with Mayer’s
Hematoxylin for 30 second and washed in running water for 5 min, dehydrated in graded alcohols, cleared in xylene
and coated with entellan. Primary antibody was omitted from the negative brain control sections and were treated with
diluted normal serum. The slides prepared after the covering were examined under a light microscope and photographed
via the Cell*P program. Analyzes of the images were done with Image J Program.

Statistical Analysis:

Histopathological changes (meningitis, perivascular cuffings, microabscesses and necrosis) MMP-9
immunepositive expressions and iNOS scoring were evaluated under a light microscope and scored as absent (-), mild
(+), moderate (++) and severe (+++). Correlation tests were used to determine the relationship between the MMP-9
expression and the severity of histopathological changes and between the MMP-9 expression and iNOS variables. In
comparing the average of data belonging to the groups where the sample size is less than 20, The Paired Samples T-
test was used. The Pearson's Correlation Test was used to calculate the correlation coefficient between the variables.
The One-Way Analysis of Variance (ANOVA) was used to test the homogeneity of the variables. Statistical Package
for Social Sciences (SPSS) 20 Program was used in statistical tests.



34 Vet Hekim Der Derg 92 (1): 31-41, 2021

Figure 1: (a) Brainstem, Liquefaction necrosis (N), bar = 500 um, (b) Nonpurulent meningitis (M), bar = 200 pm,
(¢) Pons, Perivascular cuffings (arrows), bar =200 um, (d) Pons, Microabscess (arrowheads), bar = 20 um,
Hematoxylin & Eosin

Sekil 1: (a) Beyin kokii, likefaksiyon nekrozu (N), bar = 500 um, (b) Nonpurulent meningitis (M), bar = 200 um,
(c¢) Pons, Perivaskiiler hiicre infiltrasyonu (oklar), bar = 200 um, (d) Pons, Mikroapse (okbaslary), bar = 20 um,
Hematoksilen & Eozin
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Figure 2: (a) Pons, Intense positive reaction around liquefaction necrosis (N) and perivascular cuffing (arrow), bar =
200 pm, (b) Higher magnification, immune positive cells (arrowheads) around perivascular cuffing, bar = 100 pm,
(¢) Immun positive reactions in microglial cells (arrows) around perivascular cuffing and endothelial cells, bar = 50

pum, Immunohistochemistry

Sekil 2: (a) Pons, Likefaksiyon nekrozu (N) ve perivaskiiler hiicre infiltrasyonu (ok) etrafinda yogun pozitif reaksiyon,
bar = 200 um, (b) Daha yiiksek magnifikasyon, perivaskiiler hiicre infiltrasyonu etrafindaki pozitif hiicreler
(okbagslary), bar = 100 um, (c)Perivaskiiler hiicre infiltrasyonu etrafindaki mikroglial hiicreler (oklar) ve endotel
hiicrelerde immun pozitif reaksiyonlar, bar = 50 um, Immunohistokimya
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Figure 3: (a) Pons, iNOS immunepositive reactions in inflammatory cells in microabscess, bar = 50 um,(b) Higher
magnification, iNOS immunepositive reactions in inflammatory cells (arrows), bar = 20 pm, Immunohistochemistry

Sekil 3: (a) Pons, mikroapsedeki yangisal hiicrelerde iNOS immun pozitif reaksiyonlar, bar = 50 um, (b) Daha
yiiksek magnifikasyon, yangisal hiicrelerde iNOS pozitif reaksiyonlar (oklar), bar = 20 um, Immunohistokimya

3. Results

Microbiological Results:

In this study, Listeria spp. were isolated from 20 (%83.3) tissue samples with the presence of specific colonies
on LSA, typical microscopic morphologies (0.4-0.5 um wide and 1-2 um long, non-spore forming Gram positive
bacilli), catalase positive and oxidase negative properties and mobility at 25 °C. All of the isolates were identified as
L. monocytogenes as the result of L-rhamnose and a-methyl-mannosidase activities and positive CAMP reaction with
S. aureus.

Hematoxylen & Eosin Results:

Liquefaction necrosis infiltrated by neutrophils (Figure 1a), nonpurulent meningitis (Figure 1b), perivascular
cuffing consisted of mostly lymphocytes and fewer histiocytes and plasma cells (Figure lc), varying sizes and
multifocal microabscesses (Figure 1d) (including a small number of neutrophil granulocytes, mostly macrophages,
histiocytes and plasma cells), glial nodules, neuronal necrosis and neuronophagia were the most important findings
observed in histopathological examination of the medulla oblongata and pons.

MMP-9 and iNOS Results:

In immunohistochemical examinations, we did not detect any MMP-9 expression in normal brain tissues.
MMP-9 positive reactions were found in the cytoplasm of microglial cells and neurons in areas where inflammatory
and necrotic areas are concentrated (Figure 2-a,b). Immune reactions were detected in endothelial cells in perivascular
cuffing areas in the pons and medulla oblongata (Figure 2c). We observed iNOS positive reaction in very few neurons
in normal brain tissue. Especially, in cases of encephalitic listeriosis, we detected iNOS immunereactivity in the
inflammatory cells in the microabscess foci located in the pons and medulla oblongata (Figure 3-a,b).

Statistical Results:

Initially, the homogeneity test of variances, which is the basic assumption of one-way analysis of variance
(ANOVA), was confirmed since p value (p = 0.016 for HP/MMP-9 and p = 0.000 for MMP-9/iNOS) are greater than
0.01 (Table 1 and Table 2). Due to the sample size is less than 20 and the data of histopathological (HP) analysis, MMP-
9 and iNOS groups obtained from the same samples, paired samples t-test was used, and the means of the samples were
compared. Additionally, correlation analyzes were conducted between the HP and MMP-9 variables and the MMP-9
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and iNOS variables. As the results of paired samples t-test, the average of the HP variables was found as 2.15 and the
MMP variables as 1.85. A significance value was detected below 0.05 (p = 0.010 for 2-tailed and p = 0.000 for
correlation analysis) with 95% confidence interval (Table 1). Indeed, a statistically high relationship was detected
between these two variables and it can be said that the MMP-9 expression has increased in parallel with the increase in
HP findings. Although there was no statistically significant value between the averages of MMP-9 and iNOS variables
(p = 1.000 for 2-tailed), the correlation value between iNOS and MMP-9 variables was found to be 0.781 (p = 0.000),
so a statistically high relationship was found between these two variables at 95% confidence interval. Thus, it can be
said that the iNOS expression has increased in parallel with the increase in MMP-9 findings (Table 2).

Table 1: A comparative statistical analysis of HP and MMP-9 findings

Tablo 1: HP ve MMP-9 bulgularimin karsilastirilmaly istatistiksel analizi

Case HP MMP-9 Correlations Test of homogeneity of
number findings scores HP MMP Variances (ANOVA)
4,6,7,13, Pearson
14,15 I I HP Correlation ! 867%*  HP
1,3, 10,20 +++ ++ Sig. (2-tailed) .000
Levene .
17 = = Pearson — gozex 1 Sutisie O 47 S
MMP  Correlation
8,9 ++ + Sig. (2-tailed) .000
2,5,11, 12, N N ** Correlation is significant at the 0.01 5.286 2 17 .016
16, 18, 19 level (2-tailed)

Table 2: A comparative statistical analysis of MMP-9 and iNOS findings
Tablo 2: MMP-9 ve iNOS bulgularimin karsilastirmall istatistiksel analizi

Case MMP-9 iNOS Correlations Test of homogeneity of
number scores scores HP MMP Variances (ANOVA)
4,6,15 +++ +++ Pearsop 1 781%* HP

MMP-9 Correlation
7,13, 14 +++ ++ ) Sie. (2-tailed 000
1,10 ++ -+ ig. (2-tailed) ' Levene .
, Pearson Statistic dfl iz Sig.
sk
3,1,20 o i iNOS Correlation 781 !
19 + ++ Sig. (2-tailed) .000
2,5,8,9, ** Correlation is significant at the 0.01 level 15362 2 17 .000
11, 12, 16, + + :
18 (2-tailed)

4. Discussion and Conclusion

Clinical findings, bacteriological analysis and histopathological changes in the brain are used in the diagnosis
of encephalitic listeriosis (9, 25). Characteristic lesions of listerial encephalitis are microabscesses, focal gliosis and
perivascular cuffing (8). Typical lesions of the disease are observed in the brainstem (rhombencephalitis), especially in
the pons and the medulla oblongata (6, 16). In this study, it was determined the presence of L. monocytogenes in 20 of
24 sheep that showed various neurological symptoms such as permanent circling movement, head pressing, unable to
stand, hyper salivation, paralysis in the eyelid, sagging on the lower lip, blindness and torticollis similar to the literature
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data (1, 3, 4, 28) by bacteriological methods (4, 10, 44). As reported in previous studies, we observed microscopically
large areas of liquefaction necrosis (3, 8, 34), nonpurulent meningitis (7, 19, 31), mostly lymphocyte-containing
perivascular cuffing (8, 9, 32) varying sizes of multifocal microabscesses (20, 25, 35) (a small number of neutrophil
granulocytes in the middle part) in the brainstem.

Matrix metalloproteinases (MMPs) are a family of 28 zinc-dependent endopeptidases; which are subdivided
into collagenases, gelatinases, stromelysins, matrilysin, membrane-type metalloproteinases and metalloelastase (23,
24). MMPs cause to cleavage of ECM and modulate the pathological processes such as inflammation and innate
immune defenses (24). MMPs are thought to play an important role in the pathogenesis of meningitis, especially since
they perform functions such as the breakdown of the blood-brain barrier (BBB) (typical histopathological feature) and
the accumulation of blood-derived immune cells (23, 42). MMP-9 is mainly secreted by monocytes, which are central
cells in developing an immune response to infectious diseases. The production of MMP-9 by monocytes is interesting
in the context of facilitating leukocyte infiltration into infected areas by breaking down type IV collagen in vascular
basement membranes (39). In addition, microglia cells are a remarkable source for the secretion of MMPs (38). Due to
the destruction caused by MMP-9 in the extracellular matrix of the brain, a disorder in neuronal functions may occur
(5). In many infectious diseases, MMP-9 level has been found to increased (39). MMP-9 activity increases in BBB as
a result of bacterial meningitis. This increase in concentration is due to the damage that occurs after meningitis (29). In
our study, we found that MMP-9 expressions increased significantly in cases where histopathological findings such as
meningitis, microabscesses, necrosis and perivascular cuffings were more severe. Therefore, in line with the data
obtained from our study, we concluded that there may be a serious relationship between neuronal dysfunction and
MMP-9 expression.

There is only one study in which MMP-9 expression is evaluated immunohistochemically in Listeriosis in
sheep (21). In this study conducted by ilhan et al. (21), MMP-9 immunoreactivity was reported in the endothelial cells,
microglial cells and neurons especially in inflammatory areas. Sulik and Chyczewski (42) was also reported MMP-9
immunoreactivity in brain endothelial cells, an important factor of the BBB. In the present study, MMP-9 expressions
were detected in brainstem (neurons, microglial and endothelial cells in inflammatory and necrotic areas are
concentrated) were compared to the previous investigation (5, 21, 23, 42). In this study, it was statistically revealed that
there is a positive correlation (p < 0.05) between MMP-9 expression and the severity of histopathological findings. The
MMP-9 expression has increased in parallel with the increase in HP findings (Table 1). Yamada et al. (45) suggested
that MMPs inhibitors increase host resistance in L. monocytogenes infection.

The excessive NO production, mainly produced by iNOS, has been indicated as a mediator of cellular damage
in inflammatory areas. Under these conditions, nitric oxide reacts with molecular oxygen or superoxide and produces
reactive nitrogen species that can modify bioorganic molecules and mediate many biological processes, including ECM
proteolysis (18). Oxidants such as superoxide, NO and peroxynitrite are critical to MMP activation (14). MMP-9,
produced from activated microglia as a result of the effects of cytokines and reactive oxygen species (especially nitric
oxide), destroys the extracellular matrix of the brain and causes impaired neuronal function (5, 14). Similar to the
previous studies (22, 36, 40, 41), we observed that iNOS immunereactivity in the inflammatory cells in the
microabscess foci located in the pons and medulla oblongata. As a result of our statistical analysis, we revealed that the
increase in iNOS and MMP-9 expressions were parallel to each other. We interpreted that NO synthesized by iNOS
contributes to the MMP-9 activity and this activation may lead to degradation in the ECM of the brain.

In conclusion, in this study, it was found that there was a positive correlation between MMP-9 expression and
histopathological findings in encephalitic listeriosis cases in sheep caused by L. monocytogenes. Based on the data
obtained from this study, it was believable that MMP-9 plays an important role in the pathogenesis of the disease. In
addition, we thought that the activation of iNOS expression increases MMP-9 levels. The given characteristic of MMP-
9 can be exploited by the researchers as a marker of prognosis and diagnosis of the disease, or a specific structure
targeted by the anti-MMPs for preventing of brain damage. Further investigations focused on the MMP-9 activity in
the central nervous system is required.
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OZET:

Oocyte
Parthenogenetic Caliymamizin amaci, partenogenetik aktivasyonda farkli fare irklarinda in vitro embriyo gelisimi ve kalitesi tizerindeki
activation etkilerinin arastirilmasidir. Bu ¢alismada, B6OCBAF1, C57BL/6j, and B6D2F1 farelerin superovulasyon ile elde edilen

Anahtar Sozciikler:
Embriyo kiiltiir
Fare

Oosit
Partenogenetik

aktivasyon

oositleri kullanilmistir. Superovule edilen fareler, insan koryonik gonadotropin (hCG) uygulamasindan 14 saat sonra
oositler elde edildi ve 18 saat sonra partenogenetik aktivasyona baslandi. Oositler, 10 mM SrCl> + 5 ug/mL"' sitokalazin
B (CB) + 5 nM trikostatin A (TSA) Ca *" igermeyen Chatot Ziomek Brinster (CZB) medyumu igerisinde 6 saat bekletildi.
Aktivasyon sonrasi, embriyo kiiltiir medyumu + TSA’da inkiibatorde 37°C ve %5 CO: ortaminda 2 saat bekletildi. Son
olarak, tim embriyolar 120 saat siire ile kiiltiire edildi. Bu ¢alismadan elde edilen sonuglar gore, B6D2F1 irkinin
partenogenetik aktivasyon basarisi, C57BL/6j ve B6CBAF1 1rklarina gore daha yiiksek bulundu.
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1. Introduction

Studies on reproductive biotechnology primarily focus on areas such as obtaining more embryos,
cryopreservation, embryo culture, and developmental mechanisms. Parthenogenetic activation, which is used in
reproductive biotechnology, provides in vitro embryo development without the presence of sperm (1,2).

Parthenogenetic activation is used in areas like fertilization modeling, somatic cell nuclear transfer (SCNT) as
cloning, and research on embryonic stem cell. In cloning, the most important aspect of in vitro development is the
activation of the oocyte after somatic cell transfer (3-6). Electrical and chemical methods are widely utilized in mouse
embryos to achieve parthenogenetic activation. Among these, the SrCl, chemical activation method is the most
commonly used protocol in mouse embryos (7-9).

Research of ESC purposes is most widely obtained from fertile embryos nowadays. Due to ethical restrictions
especially on human embryo studies, parthenogenetic embryos are used as an alternative in stem cell researches.
Parthenogenetic embryonic stem cells provide a suitable research model for regenerative medicine studies like cell
therapy and tissue repair (10-12).

There are variations among different mouse strains in terms of in vitro development rates (13-14), embryonic
stem cell obtaining rates (15), and also cloning success ratios. B6BCBAF1 (C57BL/6jxCBA/J), C57BL/6j, and B6D2F1
(C57BL/6j*DBA/J) mouse strains are common used in reproductive biotechnology (ICSI, SCNT and transgenic model)
(16-18). No research was found in literature about comparative results of in vitro developments among oocytes
belonging to these strains mouse. In this study; therefore, in vitro culture development rates and development qualities
of widely used mouse strains through parthenogenetic activation were evaluated.

2. Materials and methods

All animal applications and animal care and maintenance procedure were approved (approval number: 2014 -
05) by the Local Ethics Committee for Animal Experiments of Ko¢ University. The animals were kept in the Kog
University, Animal Research Facility (KUARF) of Centre for Translational Medicine (KUTTAM), and the animals
were cared on cages (IVC) with HEPA-filtered individual ventilation, 12 hours light - 12 hours dark cycle. Commercial
rodent food and water containers were provided ad libitum. In this work, we used 12 female mice. Four mice were used
for each group.

Superovulation and oocyte collection:

6-8 weeks old female mice were used in this research. Female mice were chosen from unmated fertile adults.
The animals were intraperitoneal injected 10 international unit (IU) pregnant mare serum gonadotropin hormone
(SIGMA G4877 - PMSG) at 5:00 pm by intraperitoneal injection for superovulation. 48 hours after, 10 IU human
chorionic gonadotropin (SIGMA C8554-hCG) were also applied intraperitoneally at 5:00 pm. Superovulated mice were
then sacrificed and then a small incision was cut at ampulla regions of each oviduct in this medium with the help of a
sterile toothed forceps. The oocytes were derived from rupturing oviduct ampulla and washed in Human Tubal Fluid +
HEPES buffered (HTF, global total w / HEPES) medium + 80 IU/mL hyaluronidase (Sigma H - 3506) + 4 mg/mL
Bovine Serum Albumin (BSA, Fraction V. Sigma A3311) and isolated oocyte washed three times in 500 ul HTF
medium and selected only high-quality mouse oocytes. Then, oocytes were transferred into four well plates (18-21).

Parthenogenetic oocyte activation and embryo culture:

18 hours after hCG injection, oocytes were incubated for 6 hours in 10 mM SrCl, + 5 pg/mL "' CB + 5 nM
TSA containing Ca?* - free CZB medium. After this, further incubation was performed for two hours in humidified
atmosphere of 5% COs at 37°C in embryo culturing medium (LifeGlobal Media, LGGG - 020) + TSA. To assess the
embryo development, all embryos were transferred into the embryo medium. Embryo culture drops (10 pl each) were
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formed in a petri dish and drops were covered completely with mineral oil (LifeGlobal® Oils, LGOL - 500) to prevent
contamination, evaporation, and preserve integrity. At least 2 hours prior, embryo culture media were incubated at 5%
CO3 and 37°C temperature and high humidified in an incubator for gassing. Oocytes were cultured at embryo culture
medium (4 mg/mL BSA) for 120 hours until blastocyst stage (18-21).

Determination of cell numbers by differential staining:

Blastocysts were incubated in a solution of 100 pg/mL propidium iodide (for trofectorderm determination) +
HTF medium + 1% Triton X 100 for 10-12 seconds and then transferred to 100 pg/mL 100% ethanol (EMPROVE) +
25 pg/mL Hoechst 33258 (H1398, Molecular Probes, Inc.) solution for overnight incubation at 4°C. Next day,
blastocysts washed in a 5 pl glycerol droplet were formed on each glass slide for blastocyst stabilization. Blastocysts
were transferred to the droplet and covered with a coverslip. These blastocysts preparations were investigated in an
inverted microscope with red (propidium iodide) and blue (Hoechst)fluorescence attachment for the determination of
trophectoderm (TE) and inner cell mass (ICM) numbers (20,23). For each replication, four blastocysts were used for
each group.

Statistical analyses:

Experiments were performed in at least four replications. SPSS Statistics 22.0 program was used for statistical
evaluation of the results. One Way ANOVA with Bonferroni post hoc test was used for comparison of the differences
among groups.

3. Results
In vitro culture results

According to development evaluations done after in vitro culture, blastocyst development rates were 77.71%,
57.32% and 96.67% in B6OCBAF1, C57BL/6j, B6D2F1 groups, respectively. The differences were found significantly
important between B6D2F1 and C57BL/6j (p <0.05), B6CBAF1 and B6D2F1 (p < 0.05) and B6CBAF1 and C57BL/6j
(p < 0.05) mouse strains in terms of in vitro development rates (Table 1).

Table 1: In vitro development rates of parthenogenetically activated mouse oocytes (Mean Rate+ Std. Error of Mean)

Tablo 1: Partenogenetik olarak aktive edilmis fare oositlerinin in vitro geligim oranlar: (Aritmetik Ort. £ Std. sapma)

Group Number of Number of Blastocysts In Vitro Development Rate (%)
Embryo (n)
B6CBAF1 88 69 77.71 £5.07°
C57BL/6j 65 37 57.32+9.37°
B6D2F1 59 57 96.67 £4.08°¢

Differences between the same columns with different symbols (" ¢) were found to be significant (p < 0.05).
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Results of cell numbers determined by differential staining

According to differential staining results, mean of total cell numbers in B6OCBAF1, C57BL/6j, B6D2F1 groups
were determined as 54.8, 44 and 82, respectively. The mean cell number of trophectoderm of each group was calculated
as 41, 33.33 and 62, respectively. The mean of ICM of each group were determined as 13.8, 10.67 and 20, respectively.
The differences were found significantly important between B6D2F1 and C57BL/6j (p < 0.05), B6CBAF1, and
B6D2F1 (p <0.05) and, B6CBAF1 and C57BL/6j (p < 0.05) mouse strains in terms of total cell numbers, trophectoderm
cell numbers and inner cell numbers (Table 2).

Table 2: Cell number of blastocysts according to differential fluorescence labeling (Mean= Std. Error of Mean)

Tablo 2: Farkli floresan etiketlemeye gore blastosistlerin hiicre sayisi (Aritmetik Ort. £ Std. sapma)

Group Mean Inner Cell Mass Mean of Trophectoderm Cell Total Cell Number
Number Number Mean =+ St. Dev.
B6CBAF1 13.8+1.47°2 41+ 1.17 54.8 £1.6°
C57BL/6j 10.67 + 0.94° 33.33+3.4° 44 +£327°
BOD2FI 20+2.16° 62 +9.42¢ 82 + 11.43¢

Differences between the same columns with different symbols (" ¢) were found to be significant (p < 0.05).

Figure 1: (a) oocyte for activation (20X), (b) developed blastocyst at 96 hours (20X), (¢) differential stained of
blastocyst (40X)

4. Discussion and Conclusion

Mice are appropriate in research of parthenogenetic development for improving of cloning technology. In
mouse cloning studies, due to the genetic effects of different mouse strain, clone embryo development, as well as the
information obtained in this study. However, the effects of different mouse strains are seen in the development effects
of parthenogenetic mouse oocyte activations in this study results (24,25). In this study, we showed the importance of
genetic influence on parthenogenetic development and embryo quality among different strains.

In their study to identify the optimum conditions for parthenogenetic activation through strontium chloride on
mouse oocytes, Ma et al. (2005) achieved a 50.8% blastocyst development ratio 18 hours after hCG injection in
Kunming-strain mouse oocytes at 2.5 hours of activation with 10 mM SrCl, + Ca?'- free +CB 5 ug/mL (8). In the study
presented as high as 90% blastocyst development rates were observed with 6 hours of activation in B6D2F1 then, we
demonstrated animal strain importance for parthenogenetic activation result.

The activation period has been reported to increase the blastocysts development rate, especially 6 hours of
activation in the B6DF1 mouse strain. In the present study, 6 hours of activation of B6DF1 strain were observed
significantly higher in vitro embryonic development. Activated B6D2F1 strain mice oocytes for 3 hours at 10 mM
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SrCl, + Ca®'- free + Cytohalasine D 17 hours after hCG injection and observed 65% blastocyst development rate (23).
Our study presented also used similar mouse strain mice but obtained blastocyst development rate. Thus, it is possible
that our activation period was longer, and Cytohalasine B was used in activation medium instead of Cytohalasine D.
The one of the study, 4 hours of activation with 10 mM SrCl, + Ca?*- free + Cytohalasine D 2 pg/mL to B6D2F1 hybrid
mice and obtained 89% blastocyst development rate and mean of total cell numbers, trophectoderm cell numbers, and
inner cell mass cell numbers were defined as 75.61, 60.55 ve 15.06 in differential staining to evaluate embryo quality
(7). The study we presented also utilized a similar mouse strain but, we used 6 hours of activation with 10 mM SrCl, +
Ca*'- free + Cytohalasine D 5 ug/mL to B6D2F1 hybrid mice and obtained %96 blastocyst development rate and mean
of total cell numbers, trophectoderm cell numbers, and inner cell mass cell numbers were also found to 82, 62, 20 cell
number. The other study, B6D2F1 mice oocytes were activated for 6 hours with SrCl, + Ca’" - free + CB 5 ug/mL by
Sung et al. (27) and blastocyst development rate was found to be 97.3% Similar B6D2F1 strain mice and same
activation period were also used in our presented study and similar in vitro development rate was defined as 96.67%.

The chemical of activation method applied 6-DMAP (2 mmol/l) activation for 4 hours to oocytes of C5S7BL/6j
strain mice obtained a blastocyst development rate of 20.73% (28). C57BL/6j strain mice were also used in our
presented study but 6 hours SrCl, activation was and blastocyst development rate was found to be 57% in our study.Our
results of C57BL6j suggest that 6 hours (prolonged activation) can have a positive effect on in vitro development rates,
and the longer the duration of strontium treatment, the greater the calcium oscillations in mouse meiotic oocytes.
Moreover, mouse oocyte activation was found to increase in aged oocytes more as the oocyte ages, and also as mitogen-
activated protein kinase (MAPK) activity decreases (29).

Calcium channels are crucial for oocyte maturation and parthenogenetic activation (30-31). Different mouse
strains have different properties in Ca’* storage area and the post-fertilization (32,34). Our results demonstrated that
calcium channels might enhance the parthenogenetic embryo development in certain mouse strains consistent with
previous reports (30-32,34).

The conclusion of this study allowed the creation of an ideal protocol for chemical activation by comparing in
vitro embryo development rates and cell numbers of parthenogenetic mouse oocytes of different strains. These findings
are likely to have important applications in reproductive biotechnology. Further studies about molecular mechanisms
of parthenogenetic development will be important in research areas such as cloning, ICSI, and stem cell studies.
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Ozer:

Implantasyon, embriyonun 6zel hiicreleri olan trofoektoderm ve trophoblast vasitasiyla uterus dokusuyla baglanti
kurulmasi ile son bulan bir siirectir. Basarihi bir implantasyon, plasentasyon ve sonrasinda gebeligin gergeklesebismesi
icin damardan zengin bir endometriyum, koordine olmus bir damar gelisimi ve plasental villoz damarlarin genislemesine
gereksinim vardir. Bu bilgiler anjiyogenezin gebeligin erken donemleri igin 6nemli fizyolojik bir siire¢ oldugunu
gostermistir. Prokinetisin ailesinin bir liyesi olan vaskiiler endoteliyal bilyiime faktorii (EG-VEGF) diger bir adiyla
prokinetisin 1 (PROK1) plasentayr da igine alan spesifik endokrin dokular i¢in anjiyogenik bir faktdr olarak rapor
edilmistir. Biyolojik aktivitesini iki G protein bagl reseptor, prokinetisin reseptdr 1 (PROKR1) ve prokinetisin reseptor
2 (PROKR?2) aracilig ile gerceklestirir. Trofoblast invazyonunu kontrol eden PROK1ve PROKRI plasentada eksprese
edilmektedir. Ayrica, PROK1 plasental anjiyogenezi kontrol eder ve yiiksek oranda birinci trimester boyunca eksprese
edilmektedir. Calismamizda kullanilan disi fareler, 6strus siklusu tayini yapildiktan sonra, 1 gece erkek fareler ile birlikte
birakilarak gebe kalmalar saglandi. Vaginal plak (tikac) goriilen disiler gebe olarak degerlendirildi. Gebeligin 1, 2, 3,
4,5, 6, 7 ve 8. glinlerinde alman uterus doku Orneklerinde Western Blot yontemi kullanilarak PROK1, PROKR1
proteinlerinin ekspresyon analizi yapildi ve giinler arasinda bir farkliligin olup olmadigini belirlemek i¢in varyans analizi
yontemi kullanildi. Calismamizda PROK1 ve PROKRI proteinlerinin gebeligin ilk 8 giinii boyunca eksprese edildigi
goriildi. Bu bulgular bize PROK1 ve PROKRI proteinlerinin erken embriyo gelisimi ve implantasyon sirasinda eksprese
edildigini ve bu proteinlerin embriyo gelisiminde 6nemli roller oynuyor olabilecegini 6nermistir.

Expression of PROK-1 and PROKR-1 in mouse uterine tissue during implantation
and decidualization

ABSTRACT:

Implantation is a process culminating whereby specialized cells of the embryo, the trophectoderm and trophoblast,
establish contact with a specialized tissue of the mother, the uterus. During this process trophoblast invades the maternal
endometrium and makes contact with the maternal blood supply, which is critical for establishment of pregnancy.
Successful implantation, placentation and subsequent gestation require coordinated vascular development to provide a
richly vascularized endometrium for implantation and the development and expansion of the placental villous vasculature
to facilitate transport of nutrients and oxygen to the embryo. This knowledge supports that angiogenesis is an essential
physiological component of implantation, and placental and embryonic development in early stages of pregnancy.
Endocrine gland-derived vascular endothelial growth factor (EG-VEGF), also named prokineticin 1(PROK1), is the
member of the prokineticin family which is an angiogenic factor reported to be specific for endocrine tissues, including
the placenta. Its biological activity is mediated via two G protein coupled receptors, prokineticin receptor 1 (PROKRI)
and prokineticin receptor 2 (PROKR2). PROK1 and PROKRI are expressed in placenta and control trophoblast invasion.
Additionally, PROKR1 controls placental angiogenesis and is highly expressed throughout the first trimester. Mice were
mated overnight after determining of estrus. Pregnant mice were determined by vaginal plug control. Expressions of
PROK-1 and PROKRI1 proteins were determined by Western Blot analysis in uterine tissue samples taken at 1, 2, 3, 4, 5,
6, 7, and 8 days of gestation and the results were compared statistically by using the variance analysis to determine
whether there was a significant difference between days. In our study, we showed that PROK1 and PROKR1 proteins
were expressed during the first 8 days of gestation. These findings suggested that PROK1 and PROKR1 proteins were
expressed during early embryo development and implantation and these proteins may play important roles in embryo
development.
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1. Giris

Memeli gelisimi fertilizasyon adi verilen sperm ve oositin birlesmesi ile baglar. Fertilizasyonu ¢esitli hiicre ve
yariklanma boliinmeleri takip eder. Preimplantasyon olarak isimlendirdigimiz bu dénem farelerde embriyonik giin 3.5
(E 3.5)’de i¢ hiicre kiitlesi (ICM) ve trofoektoderm (TE) olarak adlandirilan iki farkl hiicre kokeninden olusan blastosist
adr verilen yapmnin olusumu ile devam eder. Bu donem blastositin yaklagik E 4.5 déneminde zona pellusida’dan
kurtularak endometriyuma tutunmasi ve implantasyonun baglamasi ile son bulur (40). E 7.5 giine kadar implantasyon
alan1 kurulur, ICM ve polar TE hiicreleri ¢ogalmaya devam ederler ve ektoplasental kon’u (EPC) olusturur. E 6.5 nct
giinde EPC’nin dis hiicreleri invaziv ikincil trophoblast dev hiicreleri igine farklanmaya baslar. Plasentasyon ise uterus
stromasinin 7.5-10.5 giinler arasinda bu hiicreler tarafindan iggal edilmesine baglidir (1). Bu sirada doku farklilagmast
gercekleserek uterus stromasi desidual dokuya doniigiir. Desidualizasyon esnasinda, folikiiler fazda bulunan
endometriumun fibronektin, tip I, III, V ve VI kollojen iceren intersitisyel tip ekstraseliiler matriksi, laminin, heparan
stilfat, perlekan ve tip IV kollojen igeren desidua dokusuna doniisiir. Desidualizasyon esnasinda uterusta ekstraselliiler
matriks (ECM) yikim1 meydana gelir (3, 20). Bu nedenle ECM’in implantasyon sirasinda énemli bir rolii bulunmaktadir
(12, 35). Gebeligin erken donemlerinde meydana gelen 6nemli olaylardan bir tanesi de trofoblast invazyonudur.
Ekstravilloz trofoblast hiicreleri (EVT), desidualize olmus uterus endometriyumuna dogru istilaya gecerler ve
miyometriyuma kadar ulasirlar. Bu sirada EVT, uterus spiral artelerinin lumenine go¢ eder. Erken gebelik esnasinda
uterus spiral arterleri de yeniden yapilanir, muskulo-elastik duvarlar1 kaybolur ve yerini, iginde EVT hiicrelerinin
gomiildiigii, amorf, fibrinoid bir materyal alir (27, 46, 53). Plasentanin saglikli bir sekilde gelisebilmesinin trofoblast
hiicrelerinin kontrollii bilylimesine, invazyonuna, farklilasmasina ve yeterli bir vaskiiler gelisime bagli oldugu
belirtilmistir (4). Oldukca vaskiilarize bir organ olan plasenta, gebeligin sonunda verimli materno-fetal degisim igin
esas olan ve plasental villoz dallanmanin hazirlanmasinda anahtar bir rol oynayan kapiller agin kurulmasi igin gereklidir
(6). Organ spesifik anjiogenik faktorlerin varlig1 yillardir bilinmektedir (45, 49), ancak son yillarda yapilan caligmalar
cesitli anjiojenik siirecleri uyardig1 belirlenen ve plasental gelisimde anahtar endokrin faktor olarak rol oynadig:
diistiniilen prokinetisinler {izerine yogunlagmustir.

Prokinetisinler, Prokineticin 1 (PROK1); endokrin bez-vaskiiler endotelyal biiyiime faktorii (EG-VEGF) ve
Prokinetisin 2 (PROK2); memeli Bombina variegate 8 (Bv8) olarak bilinen iki salg1 proteininden olusurlar (26, 31, 34,
36). Ancak prokinetisin ailesinin iiyeleri farkli ekspresyon drnekleri gosterir. Bv8/PROK2, sinir sistemi ile iligkili iken,
EG-VEGF/PROKI1 iireme sistemi ve endokrin organlar ile iligkilidir (7, 8). Bu aile iki G protein bagli reseptorlerin,
sirastyla. PROKR1 ve PROKR2, aktivasyonu yolu ile biyolojik fonksiyonlarini gergeklestirir (26). Reseptor
aktivasyonunun ¢esitli sistemlerde hedef hiicrelerin ¢ogalmasini, anti-apopitozisi, farklilasma ve gog¢/hareketini
diizenledigi gosterilmistir (26, 37, 43).

Prokinetisinler orijinal olarak sindirim sisteminde bagirsak motilitesini diizenleyen potent ajanlar olarak
tanimlanmustir, ancak daha sonra steroidojenik bezlerde, kalpte ve lireme organlarda anjiogenezisi tesvik ettigi
gosterilmistir (43). Prokinetisinler ndrogenezis, sirkadyan ritm, nosisepsiyon (agr1 hissi), endotel hiicre ¢ogalmasi,
hematopoez (15, 33, 36), inflamasyon ve ayni zamanda immun cevaplari diizenler (36, 39). Bunlarin gesitli biyolojik
fonksiyonlar1 ve fonksiyonel karmasiklig1 reseptor ve ligandlarmin farkli ekspresyon modelleri ve birden fazla G-
protein baglamalart ile diizenlenir (43).

Plasentada PROK1’in ekspresyonu Ferrara ve ark (18) tarafindan rapor edilmistir. Sonraki ¢aligmalar insanda
gebelik doneminde desidual ve plasental dokularda ve gebeligin erken donemlerinde peptid ekspresyonu iizerine
yogunlagmustir (11, 37). PROK1 ve onun G proteinine bagl reseptdrii PROKR1’in yiiksek oranda insan plasentasinda
eksprese edildigi, sinsityotrofoblastlarda (ST), sitotrofoblastlarda (CT), fotal endotelyumda ve Hofbauer hiicrelerinde
(Ho) immunolokalize oldugu bildirilmistir (13, 16, 37). Indirekt olarak da PROK-1’in, VEGF ekspresyonunu uyararak
anjiogenezisi indiikledigi bilinmektedir (37). Ayrica gebeligin erken donemlerinde desiduada PROK-1 ve reseptorii
PROKRI1 seviyelerinin arttig1 bildirilmistir (16). Plasenta da, endokrin bir unsur olan ST tarafindan PROK1’in giiglii
bir ekspresyonu, trofoblast farklilasmasi i¢in yeni bir plasental bilylime faktorii olarak 6nerilmesine sebep olmustur
37).
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Yapilan ¢aligmalarda prokinetisinlerin spesifik anjiogenik bir mitojen oldugu ovaryum (31) ve testiste (32)
anjiogenezisi tegvik ettigi ve adrenal bezden koken alan endotelyal hiicrelerin cogalmasini, gogiinii ve fenestrasyonunu
indiikledigi bildirilmistir (31). Prokinetisinler, ovaryumda (18, 19), tuba uterinada (48), plasentada (14, 22) ve uterusta
(5, 16, 17, 42) tanimlanmis rollerinden dolay: disi iireme fonksiyonlarmin 6nemli bir diizenleyicisi olarak kabul
edilmektedir.

Gebeligin erken doneminde, insanlarda plasental PROK1 ekspresyonu ilk trimester boyunca giigliidiir (22).
Gebeligin 7-8. haftalarinda (7-8 h), PROK lekspresyonu ST, plasental villinin endokrin birimi ve Ho ile sinirhidir. fleri
gebelik haftalarinda (9 ile 12 h), PROK1 ekspresyonu ST ve Ho’de daha gii¢lii, CT de hafiftir (22). PROK1 ekspresyonu
ekstravilloz trofoblastlarda bulunmaz. Plasental EG-VEGF ekspresyonu gebeligin 8-11. haftalarinda en yogundur ve
sonra insanlarda gebeligin ilk trimesterin sonuna dogru tedricen azalir. Bolgesel PROK1’in giiglii ekspresyonu
gebeligin farkli trimesterlerinde gebe kadinlardan alinan serumda da bulunur. Gebe olmayan kadinlarda, plazma
PROK-1 diizeyleri 40 pg/ml civarindadir ve ilk trimesterde bes kat artar (yaklasik 200 pg/ml); bu diizeyler gebeligin
sonuna dogru gebe olmayan kadinlarda gézlemlenen degerlere ulasarak tedricen azalir (24). Gebelik esnasinda yiiksek
PROK-1 diizeyleri, plasentanin PROK-1’in asil kaynag: oldugunu gostermektedir; bu daha sonra plasental eksplant
kiiltiir ortamlarinda PROK-1"in 6lgiilmesi ile ispatlanmustir (6, 23). Bununla birlikte, 6zellikle erken gebelik esnasinda
dolagimdaki PROK-1’in tek kaynaginin plasenta olmadig1 diisiiniilmektedir. Bununla birlikte PROK-1’in ayn1 zamanda
Ostrus siklusunun sekresyon (luteal) fazi esnasinda korpus luteumun (CL) granuloza kdkenli hiicreleri tarafindan asir
derecede eksprese edildigi gosterilmistir (19). Bu durum CL un sekillenmesinde bir rolii olan PROK-1’in gonadotropin
ile uyarilmig bir gen olarak tanimlanmasina sebep olmustur (28, 29, 30).

Gegtigimiz son on yilda yapilan ¢aligmalar PROK1 ve reseptorleri olan PROKR1 ve PROKR2 nin
implantasyon sonrasi Ozellikle plasentadaki rolleri ve molekiiler mekanizmalart iizerine yogunlagmistir. Yapilan
literatiir taramalarinda, plasental gelisimde 6nemli ve esansiyel roller iistlenen bu faktoriin preimplantasyon siirecinde
uterus dokusunda etki mekanizmasi, ekspresyonu ve rolleri iizerine yapilan bir ¢alismaya rastlanmamistir. Yapilan
caligmanin amaci fare uterus dokusunda preimplantasyon, implantasyon sirasinda ve sonrasinda, PROK-1 ve PROKR-
1’nin ekspresyonu belirlenerek bu dénemlerdeki rolleri hakkinda literatiire yeni bilgiler kazandirmaktr.

2. Gerec¢ ve Yontem
Hayvan materyali:

Bu ¢aligmada, Burdur Mehmet Akif Ersoy Universitesi Deney Hayvanlari Laboratuvarindan temin edilen her
grupta 6 adet olmak iizere toplam 48 adet (yaklasik 20-24 gr agirliginda, 8-10 haftalik) yetiskin disi Swiss albino cinsi
fareler kullanilmistir. Calisma boyunca farelere ayr1 kabinlerde standart yem ve su verilerek, ortamlarinin sicaklik ve
nem oranlar1 sabit olacak sekilde, 12 saat karanlik/aydinlik ortamlarda tutuldu. Vajinal smear ile &strus siklusunda
olduklar1 tesbit edilen disi fareler, 1 gece erkek fareler ile (2 disi/1 erkek) birlikte birakildi. Ertesi sabah, vajinal plug
(tikag) tespit edilen disi fareler gebeligin 1. giiniinde olarak kabul edildi. Gebeligi takip eden giinler i¢in; 1, 2, 3, 4, 5,
6, 7 ve 8. gilinlerinde, bulunan farelere xylazine (7.5 mg/kg)/ketamin (80 mg/kg) kombinasyonu ile saglanan genel
anestezi altinda, servikal dislokasyon ile dtenazi uygulanarak anterior abdominal duvar agilip uterus dokulari alindi
(41). Western blot analizleri i¢in alinan uterus dokular tiiplere konularak -80°C’lik dolaplara kaldirildi. Caligmadaki
tiim deneysel uygulamalar Burdur Mehmet Akif Ersoy Universitesi Hayvan Deneyleri Yerel Etik Kurulu tarafindan
onaylanmistir (Karar No: 2016- 173).

Western blot methodu:

Gebeligin 1, 2, 3, 4, 5, 6, 7 ve 8. giinlerinde, elde edilen doku 6rnekleri 0.2 gr dokuya 600 pl lysis buffer ve
10ul proteaz inhibitor kokteyli olacak sekilde inkiibe edilerek sonikatdr yardimi ile homojenize edildi. Tiim 6rnekler,
15000 g’de +4C de 10 dakika santrifiij edilerek siipernatant kisimlari alind1 ve dokularin igerdigi protein miktarlarini
6lgmek i¢in BCA kiti kullanildi. Elektroforezden 6nce drnekler 100 C’deki 5 dakika kaynatildi ve jel elektroforezi igin
(PROK1 igin %18’lik, PROKR1i¢in %10’luk) poliakrilamid jel hazirlandi. Her kuyucuga 20 pl (10°1luk tarak igin) ve
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10 pl (15°1ik tarak i¢in) 6rnek, protein miktarlari esit olacak sekilde konularak Mini Protean Sistem III tankinin igine
yerlestirildi. Mini Protean Sistem III tankina elektroforez soliisyonu eklenerek gii¢c kaynagina baglandi. Proteinler gii¢
kaynagi araciligi ile 100 Volt, 50 miliamperde 80-100 dakika elektroforez edildi.

Proteinler jelde yiiriicken, PVDF membran {istte ve altta 3’er adet filtre kagidi olacak sekilde sandvi¢ biciminde
hazirlandi. PVDF membran iizerine proteinleri i¢eren jel konularak hazirlanan sandvi¢ Mini protean III sistemindeki
tank blot icerisine alindi. Mini protean III tankma transfer soliisyonu eklendi ve +4°C’de gece boyu proteinlerin
membrana transfer olmasi saglandi. Proteinlerin PVDF membrana transferinden sonra Tris tampon soliisyonu (Tris
buffered-saline, TBS) ile hazirlanan % 5’lik yagsiz kuru siit tozu ile oda 1sisinda 1 saat galkalayici iizerinde bloklandi.
Bloklama soliisyonuna ayrica % 0.1 Tween-20 ilave edildi. Membran, {ireticinin tavsiyesine gére hazirlanmis ve
bloklama soliisyonu iginde sulandirilmig olan primer antikor [ PROK 1 (1:250; ab72807; abcam) ve PROKR1 (1:200;
NBP2-15201; Novus) kullanilarak +4 °C *de gece boyu karistirict iizerinde inkiibe edildi. inkiibasyon sonrasinda TBS-
T ile 1 saat boyunca 10 dakikada bir TBS-T soliisyonu yenilenerek yikama yapildi. Membran, primer antikor i¢in uygun
olan ve bloklama soliisyonu ile sulandirilmig horseradish peroksidaz (HRP) konjuge sekonder antikorla [(PROK 1 i¢in;
1/1500; PI-2000; Vector Laboratories ve PROKRI1 ig¢in; 1/2000; PI-1000 Vector Laboratories)] oda sicakliginda
karigtirict iizerinde 1 saat inkiibe edildi. Inkiibasyon sonrasinda TBS-T ile 1 saat boyunca 10 dakikada bir TBS-T
soliisyonu yenilenerek yikama yapildi. Membran SuperSignal Chemiluminisans (CL)-HRP substrat sistemi ile 5 dakika
inkiibe edildi ve sonrasinda karanlik oda igerisinde membranlardaki sinyaller hiperfilme aktarildi. Film gelistirici ve
tespitten gecirilerek, distile su ile yikanip kurutuldu. Boylece, belirlenen giinlerde Prokineticin 1 (PROK 1) ve PROKR1
protein ekspresyon miktarlart belirlendi ve semikantitatif olarak protein seviyeleri karsilastirildi (25). Western blot
bantlarinin degerlendirilmesi ImagelJ analiz sistemi ile gerceklestirildi. Standart olarak kullanilan beta-aktin ve analizi
gerceklestirilen antikorlarin bant yogunluklari karsilastirilarak protein diizeyleri arasindaki farklar tespit edildi.

istatistik analiz:

Deneyler sonucunda elde edilen veriler SPSS (IBM SPSS Statistics version 23) programi ile dncelikle normal
dagilim testi i¢in Shapiro-Wilk testi ve varyanslarin homojenligi igin Levene testi uygulanmistir. Bu sonuglar
dogrultusunda verilerin normal dagilima uygun ve varyanslarin homojen oldugu tespit edilmisir. Daha sonra gruplar
arasi istatistiksel analizler tek yonlii varyans analiz yontemi ve Tukey post hoc testi ile gergeklestirilmistir (P <0,05).
Alman degerler ortalama + standart hata (SEM) seklinde belirtilmistir.

3. Bulgular

PROKI1, PROKRI1 protein ekspresyon paternleri 1. 2. 3. 4. 5. 6. 7. 8. giinlerde toplanan uterus dokulari {izerine
Western Blot analizi uygulanarak belirlenmistir. Yapilan analizler sonucunda 12 kDa molekiiler agirliginda olan
PROKI1 proteinin gebeligin 1. giinil ile 8. giinii arasinda eksprese edildigi tespit edildi. PROK1 ekspresyonunun
gebeligin ilk dort giliniinde, ilerleyen giinler ile karsilastirildiginda istatistiksel olarak anlamli sekilde arttig1 gézlendi
(P<0,05). Blastosistin endometriyuma tutunmasinin gergeklestigi E 4.5 asamasindan sonra E 4.5-E 5.5 giinleri
arasindan baslayarak 5.-6. ve 7. giinlerde 4. giine oranla istatistiksel olarak anlamli sekilde PROK1 ekspresyonun
azaldig1 saptand1 (P<0,05). 8. giinde PROK1 ekspresyon diizeyinin 5., 6. ve 7. giinlere kiyasla istatistiksel olarak
anlamli sekilde daha fazla oldugu tespit edildi (P<0,05) (Sekil 1).

PROKRU1 proteini ise 45 kDa karsilik gelen band iizerinde tespit edilmisdi. PROK1 ile benzer sekilde gebeligin
1. giinii ile 8. gilinii arasinda eksprese edildigi goriildii. PROKRI1 proteinin ekspresyonunun gebeligin 3. giiniinde en
yiiksek diizeyde oldugu belirlenmistir. Yapilan istatistiksel analizler sonucunda PROKR1 ekspresyonun 3. giinde 1. ve
2. gline oranla istatistiksel olarak anlamli sekilde artarken 5., 6. ve 7. giinde 3. giine oranla istatistiksel olarak anlamli
sekilde azaldig1 saptandi1 (P<0,05). Analiz grafiginde 4. giinde PROKRI1 seviyesinde bir artis goriilmesine ragmen
istatistiksel olarak anlamlilik belirlenemedi (P>0,05). PROKRI1 ekspresyonun da 7. giinden sonra bir artig goriilse de
istatistiksel olarak anlamli1 bir fark bulunamadi (P>0,05) (Sekil 2).
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Sekil 1: Western blot yontemiyle gebeligin ilk 8 giinii boyunca PROK1 ekspresyonunun belirlenmesi. A: Western blot islemi
sonras! tiim gruplarda 12 kDa degerine karsilik gelen spesifik bandin goériiniimii. Kontrol amaciyla kullanilan B-aktinin
ekspresyonunun goriiniimii. B: Caligma gruplari igin Arbitrary Unit (a.u.) cinsinden verilen ekspresyon degisim sonuglarini
gostermektedir. Farkli harfler ile gosterilen indisler arasindaki fark istatistiksel olarak anlamlidir (P<0,05)

Figure 1: Determination of Prokineticin 1, expression during the first 8 days of pregnancy with Western blot method. A: The
presence of a specific band corresponding to 12 kDa level is observed in all groups after Western blot analysis. Expression
of f-actin used for control purposes. B: It shows the expression level change results given in Arbitrary Unit (a.u.) for the
research groups. The difference between the indices shown with different letters is statistically significant (P<0.05).
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Sekil 2: Western blot yontemiyle gebeligin ilk 8 giinii boyunca PROKR1, ekspresyonunun belirlenmesi. A:Western blot
islemi sonras tiim gruplarda 45 kDa degerine karsilik gelen spesifik bandin goriiniimii. Kontrol amaciyla kullanilan f-aktinin
ekspresyonunun goriiniimii. B: Calisma gruplari i¢in Arbitrary Unit (a.u.) cinsinden verilen ekspresyon degisim sonuglarini
gostermektedir. Farkli harfler ile gosterilen indisler arasindaki fark istatistiksel olarak anlamlidir (P<0,05).

Figure 2: Determination of Prokineticin Receptor 1 expression during the first 8 days of pregnancy with Western blot
method. A: The presence of a specific band corresponding to 45 kDa level is observed in all groups after Expression of p-
actin used for control purposes. B: It shows the expression level change results given in Arbitrary Unit (a.u.) for the study
groups. The difference between the indices shown with different letters is statistically significant (P<0.05).

4. Tartisma ve Sonuc¢

Son on yildir yapilan ¢alismalar EG-VEGF’nin plasentasyondaki rollerini ve kompleks sinyal yolaklarinin
bilinmesini belirlemek iizerinedir. Bu galismalar, Prokinetisinler ve reseptorlerinin birgok gebelik patolojisini ortadan
kaldirabilmek i¢in umut verici tedavi hedefleri olduklarin1 gostermektedir. Bu amagla gebeligin farkli zamanlarinda
EGF-VEGF ekspresyon caligmalart yapilmakla beraber, literatiirde belirtilen proteinlerin fare uterus dokusunda
preimplantasyon donemi sirasinda ve sonrasindaki ekspresyonlar ile ilgili bir bilgiye rastlanmamistir. Bu projenin
amaci ise fare uterus dokusunda pre ve peri-implantasyon siirecinde PROK1/PROKR ekspresyonunun tanimlanmasidir.

Calismamizda gebeligin 1, 2, 3, 4, 5, 6, 7 ve 8. giinlerinde, elde edilen doku 6rneklerinde PROK1 ve PROKR1
protein ekspresyon miktarlari belirlenmistir ve her iki proteinin de belirtilen gilinler boyunca eksprese edildigi
goriilmiistiir. Gebeligin ilk dort giiniinde (1-4. giin), ilerleyen giinler (5-8. giin) ile karsilagtirildiginda PROK1
ekspresyonunun istatistiksel olarak anlamli sekilde yiiksek oldugu gézlenmistir (P<0,05). Ozellikle 5., 6. ve 7. giine
kiyasla 4. giinde gozlenen PROKI1 ekspresyonu bize bu proteinin implantasyon sirasinda goérev yaptigin
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gostermektedir. Elde ettigimiz bulgularla uyumlu olarak, yapilan ¢alismalarda da PROK1’in endometriyumun
mikrovaskiiler gecirgenligini artirarak implantasyonu kolaylastirabildigi one siirlilmiistiir (42). Ayrica yapilan
caligmalarda PROK1’in implantasyon basarisinda etkili oldugu ve implantasyon penceresinin agildigi donemde
endometriyum-konseptus agina katildigini gdstermistir (21). Daha da énemlisi, PROK1’in seksiiel siklus doneminde
insanlarda endometriyal kabuliin (endometriyumun blastosisti basarili bir sekilde baglama yetenegi) yeni bir belirteci
olarak tanimlanmistir (16, 17, 36). PROK1’in COX-2 vedickkhopf-1 (DKK1) gibi implantasyon anahtar faktorlerinin
ekspresiyonunu da diizenledigi bildirilmistir (8). Dahasi, insanlar da PROK1’in dogrudan endometriyal implantasyon
genlerinin ekspresyonunu ve ekstraseliiler matriks proteinleri ile trophoblast hiicrelerinin yapigmasint arttirdigi, ayni
zamanda implantasyon penceresi sirasinda embriyo trofektoderm ve endometrial hiicreler arasindaki ¢apraz etkilesimde
dogrudan bir rolii oldugu ileri siiriilmektedir (2). Preimplantasyon donemi implantasyon sirast ve sonrasinda uterus
bezlerinin sayica arttifi diisiiniildiigiinde, hiicrelerde proliferasyonu destekleyen PROKI1 proteininin bu artigtan
sorumlu olabilecegi ve bezlerde eksprese olabilecegi diisiiniilebilir.

Son yillarda yapilan g¢aligmalarla prokinetisinlerin {ireme siireglerinde ozellikle endometriyal kabul ve
plasental gelisim sirasinda anahtar rol oynadiklar1 gsterilmektedir (8, 10, 37). Hoffman ve ark (24), yaptiklari ¢aligma
ile PROK1’in en yiiksek diizeyde birinci trimester doneminde oldugunu,11. haftadan sonra degerlerin diistiigiinii
sonrasinda gebeligin olmadig1 zamandaki diizeylere geldigini gostermislerdir. Ayrica PROK1’in EVT migrasyonunu
ve invazyonunu baskiladigini bildirmislerdir. Yapilan ¢aligmalar da PROKI1 proteininin plasentada esas olarak
sinsityotrofoblastlarda lokalize oldugu ve buradan eksprese edildigi bildirilmistir. Ayrica PROK1 proteinin trofoblast
hiicreleri {izerine etki ederek plasenta da proliferasyonu ve biiyiimeyi tetikledigi (22), EVT, ECM ve basarili bir
gebeligin gergeklesmesini saglayan olaylarin koordinasyonuna tiimden katkida bulunan villdz trofoblastlar {izerinde de
parakrin etkiler sergiledigi gosterilmistir. (8).

Farelerde bilindigi gibi gebeligin E 4.5 (embriyonik giin 4.5) geg blastosist asamasinda olan embriyo uterusa
dogru hareket etmeye baslar ve yaklagik E 5.0 doneminde hatching olarak adlandirdigimiz dénemde blastosist
etrafindaki zona pellusida’dan kurtularak endometriyuma tutunur. Blastosist bu sirada uterus lumeninde uterus epiteli
ile kars1 karsiya gelir. Bu karsilagma sirasinda da blastosist farklilagmaya devam eder (40). Geligsmenin yaklasik 5.-6.
giiniinde blastosist uterusun endometriyumuna yapisir. E 5.0 donemi ile birlikte yapisma embriyoblastin bulundugu
kutuptaki, yapigkan trofoblastlar tarafindan gerceklestirilir. Endometriyum epiteline yapisan trofoblastlar,
endometriuma deger degmez hizla gogalmaya baslarlar ve iki tabakaya farklanirlar. I¢ tabaka belirgin sl tek
cekirdekli hiicrelerden meydana gelir ve sitotrofoblast olarak adlandirilir. D1s tabaka ise hiicre sinirlari belirgin olmayan
yalnizca ¢ok cekirdekli sitoplazma kitlesinden olusan sinsityotrofoblast tabakasidir (44). Calismamiz sirasinda elde
ettigimiz veriler de 4. giinden sonra PROK1 ekspresyonunda bir azalma meydana gelirken (5. ve 6. giin), 7. ve 8.
giinlerde ise istatistiksel olarak anlaml1 artis meydana geldigi goriilmiistiir. Daha 6nceden yapilan ¢aligmalar ile uyumlu
olarak elde ettigimiz bulgular da implantasyon sonrasi1 5-8 giinler arasinda eksprese oldugunu tespit ettigimiz PROK1
proteinin bu siire i¢inde sinsityotrofoblastlardan sentezlendigini (22) ve implantasyon sonrast mekanizmalar ile plasenta
olusumunda bir takim roller iistleniyor olabilecegini diigiindiirmektedir.

PROKI1 seviyesi, insan endometriyumunda menstrual siklusun sekresyon fazinda artmaktadir (5, 16). PROK1
ve PROKR1 menstrual siklus boyunca uterusta bez epitel hiicreleri ve stromada, erken gebelik doneminde de desiduada
lokalize olur (5, 16, 36). Calismalar PROK1 ekspresyonunun endometriumda progesteron ve insan koryonik
gonadotropin (hCG) tarafindan diizenlendigini gdstermistir (5, 17, 42). Ayrica, endometriyumda PROK1 sinyalinin
endometrial kabul ve implantasyona da dahil olan siklooksijenaz 2 (COX2) (16), 16semi inhibitor faktdr (LIF) (17),
interlokin 8 (IL 8) (38), interlokin 2 (IL 2) (13) ve bag doku biiyiime faktorlerini (CTGF) (52) iceren birkag gen
tarafindan diizenlendigi gosterilmistir. Bu bulgular PROK 1’in erken gebeligin dnemli bir diizenleyicisi oldugunu ortaya
cikarmustir. Prokinetisinlerin, tekrarlayan gebelik kaybi, preeklampsi ve fotal bilyiime geriligi (FGR) gibi plasental
gelisim patalojilerinde goriilen belirgin fonksiyon bozukluklarinda, ovaryum, uterus, plasenta ve testisin fizyolojik
fonksiyonlarini siirdiirebilmelerinde ana diizenleyici olarak gorev yaptiklar1 diistiniilmektedir (9, 51). Gergekten,
PROKI1 ve reseptorleri ile tekrarlayan gebelik kaybi ve polimorfizim arasinda bir iliski vardir (36, 50). PROK1
ekspresyonundaki anormal artigin bozulmus desidua ve tekrarlayan gebelik kayiplari ile iliskili oldugu goriilmektedir
(47).
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Calismamizda PROKR1 proteinin ekspresyonunun gebeligin 3. giiniinde en yiiksek diizeyde oldugu
ekspresyonun 3. giinde 1. giine oranla istatistiksel olarak anlamli sekilde artarken, 7. giinde 3. giine oranla istatistiksel
olarak anlamli sekilde azaldig1 saptanmistir. Bu veriler bize PROKR1 ekspresyonun 3. giinde istatistiksel olarak anlamli
4. giinde ise istatistiksel olarak anlamli olmayan sekilde bir artis goéstererek implantasyon oncesi donemdeki
mekanizmalarda gorev aldigini gdstermistir. Implantasyon sonrasinda ise PROK 1 ile de uyumlu olarak anlamli sekilde
7. giinde anlaml1 8. giinde ise istatistiksel olarak anlamli olmayan sekilde bir artig gosterdigi tespit edilmistir.

Bugiine kadar yapilan ¢aligmalarla, PROK1/PROKR sistemin lokal diizenlenmesi hakkinda ¢ok az bilgi elde
edilebilmistir. Insan gebeligi siiresince bu faktoriin ve reseptorlerinin giiglii ekspresyon profili, plasentada bu
proteinlerin farkli mekanizmalar tarafindan kontrol edildigini gdstermektedir. Gebeligin ilk trimesteri esnasinda
plasental gelisimin dnemli bir parametresi olan hipoksi tarafindan PROK1 ve PROKR’in ekspresyon seviyesi artar.
(22). Her iki gen, hipoksi ile indiiklenebilen faktor 1 (HIF-1) baglayan diizenleyici bolgelerinde fonksiyonel bir hipoksi
yanit elementi igerir ve diisiik oksijen basinci bu proteinlerin ekpresyonlarmin indiiksiyonunu diizenler. insan gebeligi
esnasinda, hipoksik cevre ilk trimester boyunca devam eder. Bu yiizden, 8-11. haftada gozlemlenen PROKI1 ve
PROKRI1 ekspresyonundaki yiikselis sadece oksijen basing diizenlenmesi ile agiklanamamaktadir. Plasentada bagka
diizenleyicilerin de oldugu ve lokal PROK-1/reseptdr ekspresyonunu kontrol ettigi diisiiniilmektedir (7). Ayrica
gebeligin 8-10. haftalarinda yiikselerek pik yapan PROKRI1 ekspresyonu PROK1’in ekspresyonu ile paralellik
gosterirken, PROKR2 mRNA seviyeleri ilk trimesterin sonuna kadar ¢ok fazla degisiklik gostermez, fakat gebeligin
sonuna dogru giderek azaldig: bildirilmistir (22, 24).

Sonug olarak PROKRI1 ekspresyonunun &zellikle implantasyon oncesi 4. giinde artmasi, implantasyonun
meydana geldigi 5. giinde azalmasi ve implantasyon sonrasinda 7. giinden itibaren tekrar artmaya baslamasi bu
proteinin gebeligin saglikli sekilde siirdiiriilebilmesi igin gerekli siireglerde goérev aldigimi goéstermektedir. Ayrica
PROKI1 ve PROKRI1 proteinlerinin preimplantasyon, implantasyon sirasinda ve sonrasinda eksprese ediliyor olmast
bizlere bu proteinlerin bu donemlerde dnemli roller oynadigini akla getirmektedir.
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calculated as 1.621, RMSEA 0.051, GFI 0.851, CFI 0.930. The model obtained according to the fit index values was
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OZET:

Bu ¢alismada Veteriner Fakiiltesi lisans 6grencilerinin siirekli kaygi ile kisisel kararsizlik arasindaki iliskinin belirlenmesi
amaglanmistir. Bu amagla Selguk Universitesi Veteriner Fakiiltesi'nde 244 lisans 6grencisine anket uygulanmistir. Bu
ankette siirekli kaygi ve kisisel kararsizlik 6lgekleri kullanilmistir. Cronbach Alpha (o) katsayisi siirekli kaygi dlgegi igin

Siirekli Kayel, 0.798, kisisel kararsizlik 8lgegi igin 0.929 olarak hesaplanmgtir. Faktorler agiklayict faktdr analizi ile belirlendikten sonra
Kisisel Kararsizlik, faktor yapilarinin uygunlugunu test etmek i¢in dogrulayici faktor analizi ile test edilmistir. Dogrulayic: faktor analizinde
Aciklayici Faktor ki-kare testi, RMSEA, GFI ve CFI uyum indeksleri kullanilmistir. Uyum indekslerinden elde edilen sonuglar i¢in ki-kare
. testi 1.621, RMSEA 0.051, GFI 0.851, CFI 0.930 olarak hesaplanmistir. Uyum indeksi degerlerine gore elde edilen
Analizi, e . ] e . . . .. - .
3 . modelin iyi uyum sagladig: goriilmiistiir. Sonug olarak, 6grencilerin siirekli kaygisi ile kisisel kararsizlig1 arasinda bir
Dogrulayicr Faktor iliski vardi. Bulgularimiz sonucunda &grencilerin siirekli kaygilarinin karar verme siireclerini etkiledigi ortaya ¢ikmustir.
Analizi Universiteler biinyesinde her yil benzer galigmalar yapilarak 6grencilerin kisisel gelisimlerine yonelik olumlu veya

olumsuz yonleri tespit edilebilir ve ileride saglikli hekimler olmalar1 saglanabilir. Sonuglar, {iniversitelerdeki bazi
iyilestirme ve gelismelere iliskin kararlar konusunda yoneticilere fikir verebilir.
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1. Introduction

Anxiety is one of the basic emotions that affect our lives in many social, emotional and mental issues, from
early ages when we start making certain decisions to the end of our lives. People may feel anxious when they experience
a dangerous situation for various reasons (25). Anxiety is examined in two stages as state anxiety and trait anxiety.
State anxiety is anxiety experienced when encountering an unwanted event. Trait anxiety is the type of anxiety that
causes us to overreact for any reason. (24). While state anxiety is a temporary state, trait anxiety is a situation that
causes a person to misdirect and feel uneasy throughout his life. According to the indications of Arslan (1), Addington
(1995) stated that he argued the person did not know how to act in such a situation. This situation may cause the person
to make the wrong decisions or to remain indecisive when they need to decide (18).

Indecisiveness is a situation of inability to decide between options or dissatisfaction with the decision made.
This situation causes people to have difficulty and anxiety while making decisions. The indecisiveness is examined in
two stages. Impetuous indecisiveness is a type of indecisiveness that a person gives to get rid of the options as soon as
possible without examining them, and then tries to change them because of uncomfortable with this decision.
Exploratory Indecisiveness is a type of indecisiveness that cannot be decided by examining all the options in detail (4).

University life is one of the most critical periods for forming and determining their future. During this period,
students make crucial decisions for the rest of their life. Trait anxiety about essential issues such as job choice,
friendships, plans and responsibilities related to the place they want to be can cause problems in the decisions of the
person and significantly affect their future (11). Family is one of the major factors contributing to this situation. The
pressure on the child because of the family's structure, expectations and perfectionist way of thinking play an important
role in deciding. These are the most important factors affecting their anxiety level. Also, this pressure created by the
family creates various problems for students, and the trait anxiety that occurs seriously affects the situation of the
student psychologically (34).

The trait anxiety causes misunderstandings and emotional weariness. Colak and Dogan (12) stated that
controlling one's behaviours would provide control of sadness, and therefore, the condition of trait anxiety would also
decrease. This allows the person to make more precise decisions by being less concerned about their decisions.

Anxiety is an emotion that also affects a student's success. In the research of Ergene (14), it was revealed that
there is a positive linear relationship between anxiety and success. Aydin and Tiryaki (2) stated as a result of their study
that the level of trait anxiety can be reduced by the positive regulation of education policies and education programs.
At this point, it is also important to ensure that students can easily access health services and social facilities.

Bozkurt (6) found a positive correlation between depression and anxiety in a study conducted on university
students. Accordingly, it is believed that students who experience excessive anxiety affect themselves and their
environment negatively.

Urganci and Giingan (33) stated in their study that for young students, having less future anxiety positively
affected their decision-making, and they made more precise decisions. In other words, having future anxiety causes
students to make more difficult decisions.

As a result, the study aims to find a meaningful relationship between these two situations by measuring the
trait anxiety and personal indecisiveness of the students. Thanks to this interaction, it is aimed to make suggestions for
university students to create better educational life and a healthy future.

2. Material and Methods
Research population:

The material of the study was composed of primary data obtained by online and face-to-face questionnaires
for students between 1-5 classes at Selcuk University Faculty of Veterinary Medicine. In this study, personal
indecisiveness questionnaire (App. A) was used as data collection tool and, trait anxiety questionnaire (App. B) was
used to measure trait anxiety. Subsequently, a joint questionnaire was created for the trait anxiety and personal
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indecisiveness scale for Veterinary faculty students (App. C). Interviews in the study started after the approval of the
Ethics Committee.

The students were selected by stratified random sampling method (classes and gender are defined as layers)
and a sufficient number of participants were determined to represent the population (17). The sample size was
determined in the 95% confidence range. For this purpose, two new survey forms were created based on survey forms
applied in previous studies in similar or close areas.

By using the stratified sampling calculation, the minimum numbers to be taken from departments and classes
were determined. A minimum of 126 individuals was projected to be reached. The study was approved by the Local
Ethics of Selcuk University, Faculty of Veterinary Medicine (Approval Number: 2020/4-2020/38).

Purpose of research:

The motivation of the study was determined as examining the relationships between trait anxiety and personal
indecisiveness and its subscales in university students. For this purpose, the relationship between personal
indecisiveness with trait anxiety, hastiness, direct trait anxiety, reversed trait anxiety; the relationship between
impetuous indecisiveness with direct trait anxiety and conversely trait anxiety; the relationship between direct trait
anxiety and reversed trait anxiety were studied.

Trait anxiety scale:

The trait anxiety scale, which is consists of a total of 20 expressions, was modified in Turkish by Oner and
LeCompte (25) There were two types of expressions on this scale. These were direct and reverse expressions. Direct
expressions reflect negative emotions, while reverse expressions reflect positive emotions. When scoring these types
of expressions, the weight value of 1 turns into 4, and the weight value of 4 turns into 1. The total score ranges from
20 to 80, while the scale consists of 20 expressions. The participation of values that do not change in the scoring process
automatically correct the responses to the reversed statements. The answer options on the scale were 4, and they were;
1- almost no time, 2- sometimes, 3 -often, 4- is almost always in the form. Status and trait anxiety scales are independent
of each other.

First, measurement models of dimensions were evaluated in the study. Although the compliance values in the
measurement models are within the desired limits, the modification indexes were examined due to the fact that the
standardized path coefficients of 8 problems of this scale were below 0.5. As a result of these examinations, the relevant
items were excluded from the analysis (10). Re-analysis was performed and other substances included in the scale were
found to be significant. After this change, the previous and subsequent states were given in Table 3.

Personal indecisiveness scale:

Personal indecisiveness scale is a scale that describes the behaviours adopted by individuals while making
decisions and consists of 18 statements. The scale was developed by Bacanli (3) based on two criteria such as
indecision, difficulties in decision making, the cause of indecision or the variables it is associated with. The personal
indecisiveness scale has two subscales independent of each other, and it measures personal indecisiveness. These are
called exploratory indecisiveness and impetuous indecisiveness. For this reason, it was suggested that the scores
obtained from each of the subscales, not the whole scale, should be used in the research. A high score from a subscale
indicates a high level of personal indecisiveness measured by that subscale. All items on the scale were arranged in the
form of direct statements involving personal indecision, and the total score value ranges from 18 to 90. The impetuous
indecisiveness sub-scale was consists of 10 items. These are items 1, 2, 5, 6, 9, 10, 13, 14, 17 and 18. There were 8
items in the exploratory indecisiveness subscale. These items were 3, 4, 78, 11, 12, 15 and 16. Options on the scale
with a five-point Likert type; A-it is not appropriate, B-not exactly, C-a bit appropriate, D-appropriate, E-very
appropriate in the form. A- 1; B- 2; C- 3; D- 4; E- 5 points were given in the scoring process. Also, the scale was called
the ‘personal decision scale’ in order to prevent the responder from being affected (3).
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Statistical analysis:

Factor analysis: Factor analysis is a multivariate statistical method used to obtain a small number of identifiable,
meaningful variables from a large number of variables that measure the same structure. Factor analysis is divided into
two main methods: explanatory factor analysis and confirmatory factor analysis (16).

Explanatory factor analysis: Explanatory factor analysis is a process of finding factors and generating theories based
on the relationships between variables. Explanatory factor analysis has three main purposes. The first is to extract
dimensions using the correlation or covariance matrix, the second is to decide dimensions, and the third is to determine
which rotation technique is used to rotate the obtained dimensions (16).

Confirmatory factor analysis: Confirmatory factor analysis begins with establishing hypotheses that the correlations of
variables with factors and factors with each other are defined, and they perform the analysis using a package program
such as AMOS (28).

IBM SPSS Statistics for Windows (Version 25.0) and Amos (version 24.0) statistical package were used to
evaluate the data. Descriptive statistics (mean, standard deviation, median value, minimum, maximum, number and
percentage) were given for categorical and continuous variables in the study. Factor loadings for each question and
appropriate sub-dimensions for the two scales were obtained. Reliability analysis was performed for the survey by
using Cronbach’s Alpha (o) coefficient. In addition, a suitable Structural Equation Model (SEM) was created for
confirmatory factor analysis, the accuracy of this model was checked with the fit Index values, and finally, the
relationship between the two scales were examined. P<0.05 was considered statistically significant.

3. Results

The demographics of 244 students were given as number and percentage in Table 1. In the survey, the student's
percentages were determined, 16.8% were first from class, 28.3% were from the second class, 23.8% were from third
class, 18% were from fourth class, and 13.1% were from fifth class. Moreover, 36.5% of the students were boys and
63.5% were girls. The average age of the students was 21.73+£1.92. 39.8% of the participants stayed in the dormitory.
The parents of the participants were mostly graduated from primary or secondary school (60.2% and 46.7%).

Tablo 1: Demografik 6zellikler, (Aritmetik ort. = Std. hata)
Table 1: Demographic informations, (Meanx Std. Error of Mean)

n X+SEM - (%)

Age 244 21.73£1.92
Gender Female 154 63.1%

Male 90 36.9%

1 41 16.8%

2 69 28.3%
Class 3 58 23.8%

4 44 18.0%

5 32 13.1%
Total 244 100%

Explanatory and confirmatory factor analysis for trait anxiety scale:

Explanatory factor analysis results for the trait anxiety scale were given in Table 2.
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Tablo 2: Stirekli kaygi 6lgegi igin ortak faktor varyanslar1 ve faktor yiikleri

Table 2: Common factor variances and factor loads for trait anxiety scales

ltems Factors
Ist 2nd

9. I worry about trivial things. 0.747

17. No way thoughts bother me. 0.712

11. I take everything seriously and worry. 0.651

18. I take my disappointments so seriously that I will never forget. 0.620

20. The issues that have been on my mind recently make me nervous 0.618

12. I generally lack self-confidence. 0.573

5. I miss opportunities because I cannot make a quick decision. 0.517

8. I feel that the difficulties have accumulated so much that I cannot overcome 0.514

3. T usually cry easily. 0.500

14. T avoid facing difficult and difficult situations. 0.487

15. Usually, I feel sad. 0.471

2. I usually get tired quickly. 0.462

4. I want to be as happy as others. 0.264
10. I am generally happy. 0.845
1. T am generally in a good mood. 0.793
16. I am generally satisfied with my life. 0.786
13. Generally, I feel safe. 0.655
6. I feel rested. 0.638
19. I am a sane and determined person. 0.375
7.1 am generally calm, restrained and cool. 0.241
Self-values 4.235 3.689
Variance description rates % 21.177 18.431
Cronbach’s Alpha (o) 0.835 0.776

Total described variance ratio = 39.608
Kaiser Meyer Olkin (KMO) = 0.845
Bartlett test value =1596.700 p=0.001**
Total Cronbach’s Alpha (a)=0.857
*<0.05 *,<0.01

In the first stage, items 4th, 7th and 19th with factor loads below 0.40 items were excluded from the study.
Although the 2nd, 5th, 8th, 12th and 15th items were high in the explanatory factor analysis, it was determined that
they were not suitable for the model as a result of the confirmatory factor analysis. As a result, the 2nd, 4th, Sth, 7th,
8th, 12th, 15th and 19th questions were removed from the model. The model created for the confirmer factor analysis
was given in Figure 1 and the pre-status and post-status compliance values for the model were presented in Table 3.
The scale is seen perfect fit after the modification processes (x2=90.738, df=53).

Tablo 3: Modifikasyon i¢in uyum indeksi degerleri

Table 3: Fit index values for modification

Measure Before modification After modification
(2/df) 2.759%* 1.712%*

RMSEA 0.085 0.054%**

SRMR 0.074%* 0.049%*

IFI 0.799 0.958%**

CFI 0.796 0.958*

GFI 0.832 0.943%*

TLI 0.771 0.947%*

Acceptable compliance * good fit *¥*
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Sekil 1: Siirekli kaygi 6lgegi icin (a) modifikasyon dncesi, (b) modifikasyon sonrasi olusturulan dogrulayici faktor
analizi modelleri

Figure 1: Confirmatory factor analysis models for the trait anxiety scale (a) before modification, (b) after
modification.

The results of the explanatory factor analysis applied after removing the questions were given in Table 4. The
factor loads of questions in the first dimension ranged from 0.786 to 0.437 and the factor loads of questions in the
second dimension ranged from 0.871 to 0.633. The Cronbach’s Alpha (a) coefficient was calculated as 0.798, and it
can be assessed as an appropriate level for a reliable measurement tool.

Tablo 4: Stirekli kaygi 6lgegi modifikasyon sonrasi ortak faktdr varyanslari ve faktor yiikleri

Table 4: Common factor variances and factor loadings after trait anxiety scale modification.

ltems Factors
Ist 2nd
9. I worry about trivial things. 0.786
17. No way thoughts bother me. 0.759
11. I take everything seriously and worry. 0.700
18. I take my disappointments so seriously that I will never forget. 0.651
20. The issues that have been on my mind recently make me nervous 0.642
3. T usually cry easily. 0.506
14. T avoid facing difficult and difficult situations. 0.437
10. I am generally happy. 0.871
1. T am generally in a good mood. 0.820
16. I am generally satisfied with my life. 0.787
6. I feel rested. 0.680
13. Generally, I feel safe. 0.633
Self-values 3.021 2.996
Variance description rates % 25.172 24.963
Cronbach’s Alpha (o) 0.753 0.784
Total Described Variance Ratio = 50.135
Kaiser Meyer Olkin (KMO) = 0.827
Bartlett test value =894.590  p=0.001**
Total Cronbach’s Alpha (a)=0.798

#<0.05 #p<0.0]
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Explanatory and confirmatory factor analysis for personal indecisiveness scale:

Explanatory factor analysis results related to personal indecisiveness scale were given in Table 5. The factor loads of
questions in the first dimension ranged from 0.781 to 0.531, and the factor loads of questions in the second dimension
ranged from 0.826 to 0.583. Additionally, Cronbach’s Alpha (o) was 0.929 and the it was evaluated as a reliable

measurement tool.

Tablo 5: Kisisel kararsizlik 6lgegi igin ortak faktor varyanslari ve faktor yiikleri

Table 5: Common factor variances and factor loads for personal indecisiveness scales

ltems Factors
Ist 2nd
1. T have great difficulty when I have to make an impetuous indecisiveness. 0.781
2. I think for hours while making decisions even about simple things. 0.763
9. I get nervous when I have to make an impetuous indecisiveness. 0.756
18. I consider myself an indecisive person. 0.720
14. When I have to make a decision within a certain time frame, I cannot finalize my 0.706
decision.
10. While deciding, I cannot determine which option is the most suitable for me. 0.705
5. T often cannot finalize my decisions for fear of making mistakes. 0.657
17. I think for hours, even when making a decision similar to the one I have made before. 0.639
13. I have difficulty deciding which of the things I should do first. 0.537
6. When making decisions, I collect information and research about all the options, but I 0.531
still cannot decide which option is best for me. ’
8. Instead of thinking carefully about my decision, I make a impetuous indecisiveness, 0.826
then I usually give up my decision.
7. I make an impetuous indecisiveness for fear of missing opportunities, then I give up 0.789
my decision.
11. I make an impetuous indecisiveness because [ want to get rid of it as soon as possible, 0736
then I usually give up my decision.
15. As I find it troublesome to research all the options while making a decision, I choose 0.670
the one that I like best at that moment, then I give up my decision.
12. I make my decisions quickly and give up quickly. 0.668
3. While making my decision, I make an impetuous indecisiveness because I cannot be
patient to exploratory the issue and gather information about it, then I give up my 0.658
decision.
4.1 consider myself a hasty person. 0.602
16. While making a decision, I choose the option with which I can get quick results, and 0.583
when I cannot find what I was hoping for, I immediately give up my decision.
Self-values 5.298 8.870
Variance description rates % 29.437 27.056
Cronbach’s Alpha (o) 0.907 0.882

Total described variance ratio = 56.490
Kaiser Meyer Olkin (KMO) = 0.929
Bartlett test value =2533.440  p=0.001**
Total Cronbach’s Alpha (a)= 0.929

#<0.05 #p<0.01
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Confirmatory factor analysis:

Structural equation model (SEM): Since the goodness of fit values for first analysis of the model created were not

within the desired limits, necessary corrections and combinations were made by taking the improvement indices into

consideration. After improvements were made that theoretically could be installed and made the highest contribution

to the model as a correction value, as seen in Figure 2. They were made with combinations in the form of associating

the lower dimensions with each other, taking into account the harmony indices of the lower dimensions of the variables.

In the model obtained (x?=633.991, df=391) there were a total of four (exploratory indecisiveness, impetuous

indecisiveness, direct trait anxiety, inverted trait anxiety) subscales of trait anxiety and personal indecisiveness. Chi-
square / degree of freedom (x2/df), Root Mean Square Error of Approximation (RMSEA), Goodness of Fit Index (GFI),
Standardized Root Mean Square Error (Standardized Root Mean Square Residual, SRMR), Comparative Fit Index
(CFD), Incremental Fit Index (IFI), fit indices showed that the model was fit at an acceptable level; the results are given

in Table 6.

Tablo 6: Yapisal esitlik modeline ait istatistiksel degerler

Table 6: Statistical values of the structural equation model

Measure Good-fit Acceptable-fit Model fit index values
O2/df) <3 <45 1.621%*
RMSEA <0.05 0.06-0.08 0.051**
SRMR <0.05 0.06-0.08 0.065*
IFI1 >0.95 0.94-0.90 0.931*
CFI >0.97 >0.95 0.930%*
GFI >0.90 0.89-0.85 0.851*
TLI >0.95 0.94-0.90 0.922*
Acceptable compliance * good fit *¥*
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Sekil 2: Siirekli kayg: ve kisisel kararsizliga ait dort alt 6lgek arasinda etkilesime yonelik YEM modeli

Figure 2: SEM model for interaction between four subscales of trait anxiety and personal indecisiveness



68 Vet Hekim Der Derg 92 (1): 60-75, 2021

The relationships that emerged as a result of the analysis after the improvements were obtained and given in
Table 7. Statistically significant and positively directional relationships were found between the sub-dimensions of trait
anxiety and the sub-dimensions of personal indecisiveness (p<0.05).

Tablo 7: Modifikasyon indekslerine gore yapilan diizeltmeler sonrasi olusan yapisal esitlik modeli regresyon agirliklari

Table 7: Structural equation model regression weights formed after corrections made according to modification indices

Estimates Estimates Standard Critical
standardized (f3) B) error value p

Impetuous <>  Exploratory 0.782 0.350 0.060 5.812 0.001%*
lndeCISIVeneSS lndeCISIVeneSS

Impetuous <>  Reversedtrait 0.242 0.135 0.043 3.118 0.002%*
indecisiveness anxiety

Exploratory — _ _ Direct frait 0.459 0.124 0.031 3.950 0.001%*
indecisiveness anxiety

Direct trait <>  Reversedtrait 0311 0.105 0.032 3326 0.001%*
anxiety anxiety

Exploratory ——_ _ Reversed trait 0.204 0.107 0.040 2,652 0.008%*
indecisiveness anxiety

Impetuous <  Directtrait 0.626 0.181 0.041 4392 0.001%*
indecisiveness anxiety

*p<0.05 p<0.01

4. Discussion and Conclusion

The KMO test tests whether the distribution is sufficient for factor analysis and the range of it is between 0.80
and 0.90. (29). Therefore, it can be said that the KMO value in this study was at an acceptable level. The Barlett test
result was 894.590 (p<0.05) for the trait anxiety scale after modification and 2533.440 (p<0.05) for the personal
indecisiveness scale. In this study, there was no limit on the number of factors, and factors with an eigenvalue greater
than 1.50 were included in the scale. Factors with an eigenvalue of 1 or greater than 1 were considered as important
factors in factor analysis (9). Considering that variance rates varying between 40% and 60% are considered ideal in
factor analysis (27), it is said that the amount of variance obtained in this study was sufficient. According to these
results, it was seen that the data set is suitable for factor analysis.

One of the important indicators of whether a factor analysis can be performed on a data set was that the
significance of the correlation between variables is sufficient. Kaiser Meyer Olkin (KMO) measure was taken into
consideration in the evaluation of this competence (23). This value should be above 0.60 in order to be suitable for
factor analysis (22). In our study, this value was found 0.827 for the trait anxiety scale and 0.929 for the personal
indecisiveness scale. Tekindal et al. (30) in a study he conducted in the veterinary faculty, the KMO value was 0.70
and the Bartlett test is found to be 1012.414.

The reliability coefficient was found to be 0.789 for the trait anxiety scale used in the study and 0.929 for the
personal indecisiveness scale. For personal indecisiveness, the reliability coefficient was found to be 0.920 in the study
conducted by Bacanli (3). Donmezoglu (13) found this value as 0.899 in his study, and the reliability coefficient for
the trait anxiety scale was found to be 0.872 in the study conducted by Biiyiikoztiirk (8). It was found 0.895 (21) in a
study conducted for primary school students, 0.920 (15) in a study for high school students, and 0.810 in a study
conducted for primary school students (19). These results support our results.

When these values were examined, in studies to be conducted for trait anxiety and personal indecisiveness
scales, first explanatory then confirmatory factor analysis should be performed. These scales may differ for each sample
group.

University education is can be seen as the last stage of education for an individual. Ugar and Uysal (32) found
in their study that there was a negative relationship between students' trait anxiety and their perception of competence
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and lifelong learning tendency. As students' anxiety levels increase, their willingness to learn, their openness to
development, and their academic and social competence decrease. For this reason, it is thought that the contribution of
similar scientific studies such as the causes of anxiety, strategies for coping with anxiety, and the elimination of the
trait anxiety factor can contribute to students' learning and thus increasing the lifelong learning tendency. It is observed
that variables such as academic competence, social competence and trait anxiety are effective in planning the future.

In his master's thesis, Oz (26) found a negative relationship between the anxiety level of the person and the
state of enjoying their work and, concluded that the high anxiety levels of the students affect their work negatively.

University life brings serious problems that need to be overcome. The decisions made to overcome these
problems are very important. Tuncel et al. (31) found negative moderate significance between the impetuous indecision
sub-dimension of personal indecisiveness and the value and value/usefulness sub-dimensions of critical thinking
motivation in their study for prospective teachers; they also found negative and low-level significant relationships
between other sub-dimensions. Furthermore, there is a negative low-level significant relationship between the
exploratory indecisiveness sub-dimension of personal indecisiveness and all sub-dimensions of critical thinking
motivation. It is noteworthy that problem-solving and decision-making processes are commonly mentioned in
definitions related to thinking skills.

In this study, firstly, the personal indecision and permanent anxiety levels of university students were revealed.
Then, by using these results, valid and reliable scales were developed to determine the levels of anxiety and uncertainty
experienced by students. The results of the analysis to test the validity and reliability of the scales show that the prepared
measurement tool was suitable for measuring. In line with these results, it is thought that it can be used by teachers and
researchers to obtain information and collect data in determining the effectiveness of the trait anxiety scale on decision-
making. Our research findings showed that students ' ongoing concerns affect their decision-making.

This study aims to contribute to the literature on the determination of the relationship between trait anxiety and
personal indecisiveness.

Based on the findings from the research, it is possible to make the following recommendations.

This study was conducted with Konya Selguk University undergraduate students, and it can be applied in
different universities and with larger sample sizes in order to obtain more reliable results. In addition to undergraduate
students, new research can be conducted by selecting from the high school, graduate or doctorate students of the sample
group. In order to support the personality development of university students, it may be very beneficial for students to
receive more regular support from Psychological Counseling and Guidance Services. A significant relationship was
found between the sub-dimensions of university students' level of personal indecisiveness. This result may bring to
mind the question of what factors cause students to experience indecision. Therefore, the individual implementation of
the guidance services to be made may help in solving the problems. The fact that researchers focus more deeply on the
issue of indecision in their study and conduct multidimensional research may allow the quality of the obtained scientific
data to increase. Studies can be conducted by using various variables to influence the decisions students make due to
the trait anxiety they have during their university life.
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decisions. Read these statements and mark the option that suits you by placing (+).

App (A)

Personal indecisiveness scale

Explanation: There are 18 items on this scale that describe the behavior a person adopts when making

It's not Not A bit Appropr Very
Items . . . .
appropriate exactly convenient 1ate Appropriate

I have a lot of difficulty when I have to make impetuous

! indecisiveness. O O O O O
I think for hours when I'm making decisions about simple

2 things. 0 0 0 0 0
As I cannot be patient to exploratory and gather

3 information about the matter, I make an impetuous @) @) @) @) @)
indecisiveness, and then I give up my decision.

4 I consider myself a hasty person. O O O O O
Most of the time I can't make my decisions for fear of

> making mistakes. O O O O O

6 I gather information and research all options when making
decisions, but I still can't decide which option suits me best. O O O O O
I make impetuous indecisiveness for fear of missing

7 o o : 0 0 0 0 0

pportunities, then I give up.

g I make a quick decision instead of thinking it through, and
then I usually give up my decision. O O O O O
I get nervous when I have to make impetuous

? indecisiveness. O O O O O

10 I can't decide which is the best option for me. O O O O O
I make a quick decision because I want to make my

11 decision and get out of it, and then I usually give up my O O O O O
decision.

12 I'make my decisions quickly and I give up quickly. O O O O O
Among the things I have to do, I have a hard time deciding

13 which one to do first. O O O O O
I can't make a decision when I have to make a decision

14 within a certain time frame. O O O O O
I choose the one I like the most at that moment, and then I

15 - 0 0 0 0 0
give up.
When [ make a decision, I choose the option where I can

16 get results quickly, and when I don't get what I hoped for, 1 @) @) @) @) @)
give up my decision immediately.
I think for hours, even when I'm making a decision similar

17 to the one I've made before. O O O O O

18 I consider myself an ambivalent person. O O O O O

indecisiveness; 3-4-7-8-11-12-15-16, are numbered items.

Size and materials in the created scale: Impetuous indecisiveness; 1-2-5-6-9-10-13-14-17-18, exploratory
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App (B)
Trait anxiety scale

Below are some expressions that people use to describe their own feelings. Read each statement, then state
how you feel at that moment by marking the appropriate one from the spaces on the right side of the statements. There
are no right or wrong answers. Mark the answer that shows how you feel instantly without spending too much time on
any statement.

In almost no . A lot of Almost
Items . Some times .
time time always

1 | I am generally in a good mood. @) @) @) O
2 | Tusually get tired quickly. @) 0O 0O O
3 | Iusually cry easily. @) 0O 0O O
4 | Iwant to be as happy as others. ) O O @)
5 I miss opportunities because I cannot make a quick decision. O 0 0 @)
6 | I feel rested. 0O O 0O O
7 | 1am generally calm, restrained and cool. O O @) O
g I feel that the difficulties have accumulated so much that I cannot 0 0 0 0

overcome
9 | I worry about trivial things. () 0) 0 0O
10 | Iam generally happy. 0 O O @)
11 | Itake everything seriously and worry. ) () O @)
12 | 1 generally lack self-confidence. @) 0O 0O O
13 | Generally, I feel safe. @) @) @) O
14 | I avoid facing difficult and difficult situations. 0) () O @)
15 | Usually I feel sad. 0O O 0O O
16 | I am generally satisfied with my life. () @) O @)
17 | No way thoughts bother me. @) @) @) O
18 | 1take my disappointments so seriously that I will never forget. O O O 0
19 I am a sane and determined person. I am a sane and determined 0 0 0 0

person.
20 20. The issues that have been on my mind recently make me 0 0 0 0

nervous

Size and materials in the created scale: Direct Trait Anxiety; 2-3-4-5-8-9-11-12-14-15-17-18-20, Reversed Trait
Anxiety; 1-6-7-10-13-16-19, are numbered items.
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Trait anxiety and personal indecisiveness Scales for students of faculty of veterinary medicine

App (O)

) o It's not A bit Appropri Very
Items: Personal indecisiveness scale appropriate Not exactly convenient ate appropriate
I have a lot of difficulty when I have to make impetuous
! indecisiveness. O O O 0 0
2 I think for hours when I'm making decisions about simple things. () O () O O
As I cannot be patient to exploratory and gather information
3 about the matter, I make a impetuous indecisiveness, and then I 0 O 0 O O
give up my decision.
4 I consider myself a hasty person. () O () O O
Most of the time I can't make my decisions for fear of making
5| mistakes. 0 O 0 O O
I gather information and research all options when making
6 decisions, but I still can't decide which option suits me best. O O O O O
I make impetuous indecisiveness for fear of missing
7 opportunities, then I give up. O O O O O
I make a quick decision instead of thinking it through, and then I
8 usually give up my decision. O O O O O
9 I get nervous when I have to make impetuous indecisiveness. () O () O O
10 I can't decide which is the best option for me. () O () O O
I make a quick decision because I want to make my decision and
1 get out of it, and then I usually give up my decision. O O O O O
12 | I make my decisions quickly and I give up quickly. () O () O O
Among the things I have to do, I have a hard time deciding
13 which one to do first. O O O 0 0
I can't make a decision when I have to make a decision within a
14 certain time frame. O O O 0 0
I choose the one I like the most at that moment, and then I give
150 up. O O O O O
When I make a decision, I choose the option where I can get
16 | results quickly, and when I don't get what I hoped for, I give up 0 O 0 O O
my decision immediately.
I think for hours, even when I'm making a decision similar to the
17 one I've made before. O O O 0 0
18 | Iconsider myself an ambivalent person. () @) () () ()
In almost no . .
Items: Trait anxiety scale time Some times A lot of time Almost always
19 | Iam generally in a good mood. () () () ()
20 | Tusually cry easily. () () () ()
21 I feel rested. ) () () ()
22 | Iworry about trivial things. () () () ()
23 | Tam generally happy. () () () ()
24 | Itake everything seriously and worry. () () () ()
25 | Generally, I feel safe. ) () () ()
26 | Tavoid facing difficult and difficult situations. ) () () ()
27 | Iam generally satisfied with my life. () () () ()
28 | No way thoughts bother me. () () () ()
29 | Itake my disappointments so seriously that I will never forget. ) () () ()
30 | The issues that have been on my mind recently make me nervous ) () () ()

Size and materials in the created scale: Impetuous indecisiveness;

1-2-6-9-10-13-14-17-18, exploratory

indecisiveness; 3-4-7-8-11-12-15-16, are numbered items. Direct trait anxiety; 20-22-24-26-28-29-30, reversed trait
anxiety; 19-21-23-25-27, are numbered items.
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Veteriner fakiiltesi 6grencilerin icin kisisel kararsizhik ve siirekli kaygi dlcekleri Tiirkce versiyonu

(Turkish version of Trait anxiety and personal indecisiveness Scales for students of faculty of veterinary medicine)

. . Hig uygun Pek uygun Biraz Tamamiyla
Soular: Kisisel kararsizlik 6lgegi degil degil uygun Uygun uygun
1 Acele karar vermem gerektiginde ¢ok giigliik ¢ekerim. 0 O O O O
2 Basit seyler hakkinda bile karar verirken saatlerce diisiiniiriim. 0 O O O O
Karar verirken konuyu arastirmaya ve hakkinda bilgi toplamaya
3 sabredemedigim i¢in acele karar veririm, sonra kararimdan vazgegerim. O O O O O
4 Kendimi aceleci bir kisi olarak goriirim. 0 O O O O
5 Hata yaparim korkusuyla ¢ogu zaman kararlarimi kesinlestiremem. 0 O O O O
Karar verirken tiim segenekler hakkinda bilgi toplarim ve aragtirma
6 yaparim, fakat yine de bana en uygun se¢enegin hangisi olduguna karar 0 O O O O
veremem.
Firsatlar1 kagiririm korkusuyla acele karar veririm, sonra kararimdan
7 | vazgegerim. O O O O O
Karar verirken iyice diisiinmek yerine acele karar veririm, sonra
8 genellikle kararimdan vazgegerim. O O O O O
9 Acele karar vermem gerektiginde telaslanirim. 0 O O O O
Karar verirken bana gére en uygun segenegin hangisi oldugunu bir tiirlii
10 belirleyemem. ¢ e T ¢ ¢ O O O O O
Bir an 6nce kararimi verip kurtulmak istedigim i¢in acele karar veririm,
1 sonra genellikle kararimdan vazgegerim. O O O O O
12 | Kararlarimi gabuk verip gabuk ta vazgegerim. 0 O O O O
Yapmam gereken isler arasinda hangisini dnce yapacagima karar
13 Verlr)nekte iﬁclﬁk geskerim. ¢ T O O O O O
Belli bir zaman dilimi i¢inde karar vermem gerektiginde kararimi
14 kesinlestiremem. O O O O O
Karar verirken tiim segenekler hakkinda arastirma yapmak bana zahmetli
15 | geldiginden o anda en ¢ok hosuma gideni segerim, sonra kararimdan 0 O O O O
vazgegerim.
Karar verirken ¢abuk sonug alabilecegim se¢enegi secerim, umdugumu
16 bulamadigimda da kararimdan hemen vazgegerim. O O O O O
Daha 6nce verdigim kararlara benzer bir karar verirken bile saatlerce
17| iginirim. 0O 0O O 0O 0O
18 | Kendimi kararsiz bir kisi olarak gorityorum. () () () () ()
Heme.n . Baze Hemen her
Sorular: Siirekli kaygi 6lcegi hemen higbir n Cok zaman saman
zaman
19 | Genellikle keyfim yerindedir. () () () ()
20 | Genellikle kolay aglarim. () () () ()
21 Kendimi dinlenmis hissediyorum. () () () ()
22 | Onemsiz seyler hakkinda endiselenirim. () () () ()
23 | Genellikle mutluyum. () () () ()
24 | Her seyi ciddiye alir ve endiselenirim. () () () ()
25 | Genellikle kendimi emniyette hissederim. () () () ()
26 | Sikintil ve gii¢lii durumlarla karsilasmaktan kaginirim. () () () ()
27 | Genellikle hayatimdan memnunum. () () () ()
28 | Olur, olmaz diisiinceler beni rahatsiz eder. () () () ()
29 Hayal kirikliklarini dylesine ciddiye alirim ki hi¢ unutamam. 0 0 0 0
30 S((j)-n zamanlarda kafama takilan konular beni tedirgin 0 0 0 0
ediyor.

Olusturulan élgek icin faktorler ve sorular Aceleci Kararsizlik; 1-2-6-9-10-13-14-17-18, Arastirmaci kararsizlik; 3-
4-7-8-11-12-15-16. Direk siirekli kaygi; 20-22-24-26-28-29-30, Tersine donmiis siirekli kaygt; 19-21-23-25-27.
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MAKALE BILGiSi/ ABSTRACT:
ARTICLE Domestic animals, which started to live with human-animals thousands of years ago, were regarded as “things” which
INFORMATION: were created for human service and deprived of emotions until the end of the 18th century. This idea of “animals are
machines” began to change in 1789, when the British writer, philosopher and social reformer Jeremy Bentham wrote that
Gelis / Received: “The question is not, «Can they reason?» nor «Can they talk?» but, «Can they suffer?» Why should the law refuse its
18 Mart 20 protection to any sensitive being?”. Bentham added that “The time will come when humanity will extend its mantle over
everything which breathes.". Today, despite a general tendency for adopting legislation aiming to protect non-human
18 March 20 animals and to criminalize animal mistreatment and abuse, the reality is that there are still improvements needed to be
done in order to consider animals as sentient beings. This reviewing paper identifies and discusses the different
Kabul / Accepted: philosophies and theories that are in the basis of the animal rights, which include mechanistic, utilitarianism, welfarism
03 Eyliil 20 and abolitionism.

03 September 20

Keywords: Insan haricindeki hayvanlarla ilgili teoriler: mekanizmden abolisyonist diisiinceye

Animal Welfare
Animal Rights
Ethics

Human and Non-human

OZET:

Binlerce yil once insanlarla yasamaya baslamis olan evcil hayvanlar, 18. yiizyilin sonuna kadar insan hizmeti igin
yaratilmis ve duygulardan yoksun olan “nesneler” olarak kabul edildi. Bu, “hayvanlar makinedir ” griisii, Ingiliz yazar,

Relationships

Anahtar Sozciikler:
Etik

Hayvan Haklar1
Hayvan Refahi
Insan ve Hayvan
iliskileri

filozof ve sosyal reformcu olan Jeremy Bentham 'm 1789' da yazdig: su cimlelerle degismeye basladi: “Asil soru, Onlar
fikir ytiriitebilirler mi veya konusabilirler mi degil, ac1 ¢ekebilirler mi? Yasalar neden herhangi bir hassas varligi korumay1
reddetmeli?”. Bentham bu yazisina soyle devam etmistir: “Insanligin derisinin nefes alan her seyi kaplayacagi zaman
gelecektir”. Giiniimiizde, insan olmayan hayvanlar1 da korumayl amaglayan yasal mevzuatin olusturulmasi ve insan dis1
hayvanlara kotli muamele ile suistimali cezalandirmak i¢in genel bir egilim olmasina ragmen; hala daha hayvanlarincanli
ve duygulari olan varliklar olarak algilanmalari i¢in iyilestirmelerin yapilmas: gerekliligi de bir gergektir. Bu derleme
makalesi, mekanistik (mekanizm), faydacilik (utilitarizm), refah¢1 yonelim ve abolisyonist (koleligin kaldirilmast) akim
igeren ve hayvan haklarinin savunulmasina dayanan farkli felsefeleri ve teorileri tanimlamakta ve tartigmaktadir.
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1. Introduction

Philosophically, animal rights are characterised by a concept where some or all animals have a right to live in
an environment meeting their physiological, behavioural and emotional needs during their lifetime. Although the
concept of animal rights is claimed by most of the authorities, there is still a debate on this topic (13). In several
countries, the law already covers basic animal rights, and further, the constitutional consecration of these rights is
already present in Germany, Austria and some other countries (3). Those who defend animal rights reject the concept
that animals are defined as mere capital goods or property for human use or benefit. However, the opponents of animal
rights have sought to identify morally relevant differences between humans and non-human animals in order to justify
the allocation of rights and interests of human animals at the expense of non-human ones (16).

Since Pythagoras, Seneca, and Porphyry, it has been said that the condition of every living being designated
as an animal has an inseparable bond with the tree of life. In common, equalizing them is of a fragile nature, vulnerable
to disease and death, well-being and the good itself, constitutes what can be called “animal life” (10). The philosophy
of animal rights does not necessarily support the premise that human and non-human animals are equal. For example,
animal rights advocates do not support the right to vote for non-human animals. Some of the authorities differentiate
sentient and self-conscious animals and other forms of life (4). Others may extend this right to all animals including
those that do not have a high-developed nervous system or self-consciousness (25). There are also activists who support
the idea that any human being or institution that uses animals for food, entertainment, cosmetics, clothing, vivisection
or any other reason, infringes the rights of animals that deserve possessing their own lives and pursuing their own ends
(11).

After all the question is what animals do think and feel. Safina (25) tried to answer these questions by
describing his experience and the experience of other academics, by mentioning that the ability to feel, to love, to cry
and to pay homage to their dead, is not derived exclusively from human or animal sentience. However, this debate has
not always been like this. Animal sentience has long been discussed until recently. On July 7, 2012, some scientists
have proclaimed the Cambridge Declaration on Consciousness, where it is stated that “The absence of a neocortex does
not appear to preclude an organism from experiencing affective states. Convergent evidence indicates that non-human
animals have the neuroanatomical, neurochemical, and neurophysiological substrates of conscious states along with
the capacity to exhibit intentional behaviours. Consequently, the weight of evidence indicates that humans are not
unique in possessing the neurological substrates that generate consciousness. Nonhuman animals, including all
mammals and birds, and many other creatures, including octopuses, also possess these neurological substrates™ (18).

The defence of animal rights has its basis on quite different philosophical strands, developed below in this
paper, with absolutely antagonistic positions that can be summarised as:

a) The abolitionist position defends that the animal rights should be based on the principle of non-violence and

education of veganism as a way to put into practice the changes in the daily life (12);

b) Welfarism that defends a rights-based theory (20, 21);

¢) Utilitarianism which focuses on advocating improved treatment of animals, but at the same time accepts

that they can be legitimately used for the benefit of humans or other non-human animals (28); and

d) Mechanistic, advocated by Descartes, that reduces animals to automatons and denies the possibility of

assigning feelings to animals.

2. Mechanistic

In the seventeenth century, René Descartes argued that “irrational” animals were mere machines and that God
was their builder. However, in his view, non-human animals were much more admirable than any other machine that
has already been built or may be constructed by human ingenuity (7). Descartes shows, in the penultimate chapter of
his work, Discourse on Method (7), the practical application of the method to some scientific questions. This thesis,
which is also designated of mechanistic theory of animal nature, was intended to demonstrate the plausibility that any
behaviour of the non-human animal can be explained without recourse to a supposed thought or conscience (22). It was
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described that non-human animals were complex organic machines. Descartes suggested that even supposing that
animals have impulses of anger, fear, and hunger, among others, these are sensations only insofar as they depend on a
corporeal organ and, for this reason, can be explained only by means of material movements. Thus, according to this
hypothesis, not only can non-human animals be machines insofar as they do not think discursively, but their impulses
of anger, fear and thirst, for not involving an idea, can be explained without appeal to the thought. For this very reason,
these are not properly sensations. This philosopher admitted the possibility that if there was a man-made machine that
imitated a particular animal perfectly, there would be no way of distinguishing the false animal from the true one (7).

Descartes’ thesis only recognises to non-human animals the first degree of sensation, which involves only
stimuli and bodily movements, and a possible expression of this movement, but denies the possibility of attributing
sensations or feelings or affective states to animals. It was denied the second and third degrees of sensation, that is, the
consciousness of sensation and the judgment that involves sensation, which implies that he does not even contemplates
the possibility of animals being able to feel suffering, hence his well-known experiments with animals to prove his
theory (29).

Later, in the work Treatise of Man, Descartes (8) presented his last step of the argument, mentioning that
recourse to the sensory and vegetative parts of the soul is unnecessary and added the metaphysical principle according
to which “nature always acts by the simplest and easiest means”. The conclusion is that animals have neither reason
nor, therefore, sensorial experiences (5).

However, the statements of Descartes about animals were not supported by several other philosophers like
Jean-Jacques Rousseau. According to Rousseau, in the preface to his work Discourse on Inequality (23), human beings
are animals, not meaning that non-human animals have all the same rights that humans do, but only that to harm another
sentient creature is universally wrong. Furthermore, since all animals are sentient beings, they should also participate
in natural law and man is responsible for the performance of some duties, specifically one has the right not to be
unnecessarily mistreated by the other. Voltaire was another philosopher that also refuted Descartes. In his Philosophical
Dictionary (32), it can be found the following: “(...), what a sorry thing to have said that animals are machines bereft
of understanding and feeling, which perform their operations always in the same way, (...) Is it because I speak to you,
that you judge that I have feelings, memory, ideas? Well, I do not speak to you; you see me going home looking
disconsolate, seeking a paper anxiously, opening the desk where I remember having shut it, finding it, reading it
joyfully. You judge that I have experienced the feeling of distress and that of pleasure, that I have memory and
understanding. (...) You discover in it all (for Voltaire “all” were the animals vivisected by Descartes) the same organs
of feeling that are in yourself. Answer me, machinist, has nature arranged all the means of feeling in this animal, so
that it may not feel? Has it nerves in order to be impassible? Do not suppose this impertinent contradiction in nature.”

In this respect, we should also emphasise David Hume’s words “Next to the ridicule of denying an evident
truth, is that of taking much pains to defend it; and no truth appears to me more evident, than that beasts are endowed
with thought and reason as well as men. The arguments are in this case so obvious, that they never escape the most
stupid and ignorant.” (17).

3. Utilitarianism

In the fourth century BC, Aristotle argued that animals were far from humans in the “great chain of being” or
“natural scale”. Claiming irrationality, he concluded that animals would have no self-interest, and only exist for the
benefit of humans (33).

Later in the eighteenth century, one of the founders of modern utilitarianism, the British philosopher Jeremy
Bentham, argues that the ability to suffer, rather than the capacity for reasoning, should be the measure for how we
treat other beings. “The question is not, «Can they reason?» nor «Can they talk?» but, «Can they suffer?»” (1). If the
ability of reason was a criterion, many human beings, including infants and the severely cognitively disabled, would
also have to be treated as such. However, only in the early 1970s, a group of philosophers at Oxford University began
to question why the moral status of non-human animals is necessarily lower than that of humans. This group included
the psychologist Richard Ryder, who coined the term “speciesism”, used on a privately distributed leaflet to describe
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discriminatory behaviour of humans towards other animals (24). Despite this, the utilitarian philosophy or position has,
as its main representative, the Australian philosopher Peter Singer. Singer is mistakenly considered the founder of the
animal rights movement; yet his position on the moral status of animals is not based on the concept of rights but on the
utilitarian concept of equal consideration of interests. In his book Animal Liberation, argued that humans should base
moral consideration not in intelligence, or on the ability to make moral judgments, or on any other attribute that is
inherently human, but in the ability to experience pain (27). Recognising that animals also experience pain, Singer
argues that excluding animals from this consideration is a kind of discrimination called “speciesism”. Furthermore, he
stated that the most common forms where humans uses of animals are not justifiable because the benefits to humans
are ignorable compared with the amount of pain that is inflicted to the animal in order to obtain those same benefits.
These same benefits could be obtained in ways that do not involve the same degree of animal suffering. However, his
position is close to classical welfarism, even defending organic meat and some animal experimentation. In conclusion,
Animal Liberation (27), often cited as the “bible” of the animal rights movement, in reality, does not grant moral or
legal rights to non-human animals, because it is based on utilitarianism.

4. Welfarism

The term “welfare” refers to the state of an individual in relation to its environment, which can be measured.
The failure to cope with the environment is an indicator of poor welfare (2). The term “animal welfare” can have several
distinct and even contradictory meanings. For instance, if used by an “animal industry”, it may refer to the assurance
that non-human animals are treated well and their basic biological needs are satisfied. Animals have a wide range of
needs that are a consequence of the many functional systems that make life possible, being minimised by obtaining a
particular resource or responding to a particular environmental or bodily stimulus (14). For some opponents of non-
humans use, the term “animal welfare” in such context rather denotes ill fare for no matter how “humanely” non-
humans are treated, the industry has to compromise on their complex social and biological needs and at the end, they
are still slaughtered (30). Apart from this, these voices argue that animals do not have the capacity to enter into a social
contract (or exercise contractualism), which is defined by a class of theories that try to explain the paths that lead people
to form states and/or maintaining social order (21). However, philosopher Roger Scruton accuses animal rights
advocates of “pre-scientific” anthropomorphism (26).

In summary, those who hold this view argue that there is nothing inherently wrong to use animals for food,
among entertainment or scientific research, although humans, nevertheless, have a duty to ensure that animals do not
suffer unnecessarily (15). These statements have been classified by welfarism and have been advocated and spread by
some of the oldest animal protection organisations. However, advocates of animal rights, whom identify in this
argument one speciesism position, refute this concept (31).

5. Abolitionism

Abolitionism was the political movement aimed at the abolition of slavery and human trafficking, mostly of
African origin. It developed during the illuminism of the eighteenth century and became one of the most representative
forms of political activism of the nineteenth century (6).

The animal abolitionism is a social movement that fights against any use of non-human animals, which does
not accept that the non-human animals are, in any way, the property of human beings, or used for human benefit or
purposes. It is a social movement that advocates not only the regulation of the use of animal by humans, but seeks to
include them in the moral community, to ensure that their basic interests are respected and have equal consideration in
relation to human interests. Gary Francione was the first academic lecturing on the subject of the animal abolitionism
in the USA. He is also known for advocating the inclusion of all sentient animals in the moral community (12). By
suggesting the abolition of the condition of animals being property, the term abolitionism is used to designate this idea.
The abolitionist position believes that the animal rights movement should be based on the principle of non-violence
and education to veganism as a way to put into practice the changes in the daily life (12). The objective is that animals
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are not considered, neither legally nor morally, property or “natural resources” and its use is unwarranted. It argues that
non-human animals should be respected in the likeness of human rights (9). Furthermore, Francione maintains that
giving the status of family members to dogs and cats and at the same time killing chickens, cows and pigs for food,
illustrates a society that suffers from “moral schizophrenia” (12).

6. Discussion and Conclusion

If modern moral and political philosophies proclaim the principle of equality as the foundation of human
legislation, one must wonder from what criteria equality is being measured. It is no longer the species, in the biological
sense, that makes its members equal, but some characteristics selected within the scope of the species, such as soul,
intellect, language, autonomy and reason, among others (19). It is not just a matter of defending animals — as one who
tires of humanity — but of defending humans with the same vigour: it is in the same moral fabric that the rights of both
are sewn together (21).

The philosopher’s job is to push reason to the limit, and in return to celebrate the good arguments that compel
everyone to new ways of living: changing habits requires changing mindsets, says Regan, betting that his philosophical
contribution to the question of the animal and human rights is marked not by emotion and sentimentality, but by reason
and the weight of rational argument (19). Tom Regan, therefore, maintains that animals have rights on the grounds that
humans have rights. His main objection to theories such as contractualism and utilitarianism is that they produce
unacceptable moral results not only for animals but for humans as well. Regan asserts that an adequate moral theory
for human beings must include moral rights (the moral rights in question are the right to life, to bodily integrity and to
freedom) (20).

Not seriously considering these rights can easily lead to the view that individuals have only instrumental value,
that is, that they have value only for the benefits they can provide for others. When moral rights are not taken seriously,
the “inherent value” of an individual is ignored. As an ethical theory, therefore, Regan regards utilitarianism as
insufficient for the defence of animals, since it is qualified as incompatible with human rights (19).

There are a number of issues at present that consider non-human animals to have rights. Some issues are more
concerned with animal liberation and others institutionalise exploitation, but somehow both aim to alleviate the ill-
treatment of animals and to protect them. Although the concept of rights creates confusion and sets the distance between
the protagonists of animal protection, the discourse of rights has a great practical function: it strengthens the claims of
the movement that demands the broadening of the human moral horizon.

Once the argument of non-paradigmatic cases is accepted, the attribution of moral rights to animals imposes
itself. The main challenge is to determine what these rights are and how to implement them.
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1. Giris

Gida bozulmasi, karmasik bir proses olup gidada dogal olarak meydana gelen biyokimyasal degisiklikler ile
mikrobiyal aktivite sonucunda olusmaktadir. Gida bozulmalar1 arasinda en yaygin goézlenen mikrobiyal bozulma,
gidanin hem goriiniisiinde hem de dokusunda bazi degisimler ile ortaya ¢ikarak endiistride dnemli ekonomik kayiplar
ve ciddi halk saglifi sorunlarina neden olmaktadir (26). Mikroorganizmalarin, gida bozulmas: ile iligkili olan
sakkarolitik, proteolitik, pektinolitik ve lipolitik enzim aktiviteleri sonucu olusan birtakim metabolitler, arzu edilmeyen
bazi tat ve koku olusumuna bagli olarak bu gidalarin tiiketime sunulmasina engel olmaktadir (40, 54). Son yillarda,
gida bozulmalari ile ilgili ¢aligmalar, bozulma basamaklarinda Quorum Sensing (QS) / Cogunluk Algilama
sinyallerinin tespiti ile yeni bir boyut kazanmistir. Yiiksek canlilarda doku, organ ve viicudun hiicresel bir yanit
iiretebilmesi igin hiicreler arasi sinyallesmeler kullanildigi bilinmektedir (38). Insan viicudundaki hiicrelerde de
gozlendigi gibi mikroorganizmalar ve diger organizmalar, aktivitelerini kontrol etmek i¢in kiigiik ve invaziv 6zellikteki
sinyal molekiillerini kullanmaktadir. Hiicreleraras1 QS mekanizmasi ile mikroorganizmalar, irettikleri sinyal
molekiillerinin yogunlugunu 6lgebilmekte ve ¢evrelerindeki diger mikroorganizmalarin miktarini hissedebilmektedir.
Bu sayede, koloni olarak gostermeleri gereken davranis sekillerini bir hiicreden digerine sinyal molekiilleriyle
iletilebilmektedir (4, 30). Kullanilan bu biyosinyallerin yapisina bagli olarak hiicrelere giris igin farkli iz-yollarinin
kullanildig: bilinmektedir (38). Hiicreler arasi iletisimi saglayan bu mekanizma, kendiliginden sinyal iiretebilen ve
‘Auto-Inducer (Al) / Otoindiikleyici’ adi verilen ve liretildikleri hiicrenin metabolizmasi {izerinde diizenleyici etki
gosteren molekiiller gérev almaktadir (7). Uzerinde en ¢ok ¢alisma yapilmis olan diisiik molekiil agirhiga sahip
otoindiikleyiciler; Gram negatif bakterilerdeki N-acylhomoserin, Gram pozitif bakterilerdeki oligopeptitler ile
otoindiikleyicilerin bir sinifi olan ve birgok vakada ‘bilinmeyen yapilar’ olarak karsimiza ¢ikan otoindiikleyici-2 (Al-
2)’dir (5).

QS ile bakteriyel patojenite iligkisi konusunda da birgok arastirma olup giiniimiizde QS’in bakteriyel gida
bozulmasina neden olabildigi ortaya konulmustur (61). Besinlerin par¢alanmasi sirasindaki proteolitik, lipolitik,
kitinolitik ve pektinolitik aktivitelerin QS tarafindan diizenlendigi, ayrica sinyal molekiillerinin birkag tipinin ¢esitli
bozulmug gida iriiniinde tespit edildigi saptanmistir (29). Bu nedenle, QS zincirinin kirilmasmin insanlardaki
enfeksiyonlar ve gida bozulmasiyla iliskili mikrobiyal gen ekspresyonu iizerinde biiyiik rol oynayabilecegi
diisiiniilmektedir. Oncelikle, mikrobiyal bozulmanin dnlenebilmesi igin gida bozulmasma neden olan QS sinyal
molekiillerinin hiicreden hiicreye iletisimindeki roliiniin anlasilmas1 gerekmektedir. Bununla birlikte, gelistirilen QS
inhibitdrleri, hiicrenin sinyal molekiillerini inhibe etmeye ya da gida bozulmasina neden olan sinyal sistemleri ve
gidayla iliskili bakteriler tarafindan olusturulan biyofilmleri bloke etmeyi amaglamaktadir. Bu derlemede, gida kaynakli
bakterilerdeki QS sistemi mekanizmalarinin anlagilmasi, gida bozulmalart ve gida ile iligkili bakterilerin
patojenitesindeki sinyal molekiillerin roliiniin belirlenmesi, QS’in biyofilm olusumundaki rolii, biyosensorler ile
gidadaki QS sinyallerinin tespiti ile gida bozulmalarini Onleyici veya geciktirici gida koruyucular1 olarak QS
inhibitdrlerinin kullanimi hakkinda bilgi verilmektedir.

2. Cogunluk Algilama (QS)

Mikrobiyoloji alaninda son 30 yildaki en énemli buluslardan biri, bakteriler arasi iletisimdir. Bakterilerde
hiicreden hiicreye iletisim, ¢esitli aktiviteleri kontrol eden yaygin bir durumdur. QS ile bakteride gen ekspresyonunun
modiilasyonu ve bakterinin gelisimi boyunca gevre sartlarina uyum gosterebilmesini saglayan, fenotipik degisiklikler
meydana gelmektedir (69). Hiicreden hiicreye iletisim, kii¢iik ve invaziv sinyal molekiilleri olan Al’larin iiretimine,
sekresyonuna ve yanitina bagl olarak gelismektedir. Sinyal molekiilleri, bakterinin {ireme siirecinde bazal seviyede
iiretilip salgilanmaktadir. Bu molekiillerin ¢evresel sartlardaki veya bakteri matriksindeki konsantrasyonlari, bakteri
popiilasyonuna bagli olarak artip bir esik degere geldiginde, hedef genin ekspresyonuna bagli olan QS tarafindan
diizenlenen fenotipik 6zellikleri uyarmaktadir (17). Bu durum, higbir dis miidahaleye bagli olmadan gergeklesmesi
nedeni ile ‘otoindiiksiyon’ olarak tanimlanmaktadir. 1994 yilinda QS olarak adlandirilan hiicreden hiicreye iletisimdeki
cesitli basamaklarin, genellikle stres kosullar1 altindaki bakterilere zarar gelmemesi ve hayatta kalmalarinimn
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saglanmasina yonelik oldugu belirlenmistir. Ayrica QS’in, cogunlukla virulansin diizenlenmesinde, genetik yetenegin
gelistirilmesinde, konjugatif plazmidlerin transferinde, sporulasyonda, biyofilm olusumunda, antimikrobiyal peptit
sentezinde ve simbiyoziste de rol oynadigi bildirilmektedir (61). Bakterilerde ¢ogunluk algilamada gorevli iki grup
sinyal molekiilii vardir. Bunlardan birincisi, tipik olarak Gram pozitif bakteriler tarafindan kullanilan peptit tiirevleri
iken; digeri Gram negatif bakteriler tarafindan kullanilan yag asidi tiirevleridir. QS, gida mikrobiyolojisi yoniinden
onemli olan birgok bakteri tiirlinde bulunmaktadir. Agrobacterium, Brucella, Burkholderia, Erwinia, Enterobacter,
Pseudomonas, Ralstonia, Serratia, Vibrio ve Yersinia cinslerine ait bircok insan ve bitki patojeni, virulans faktdrlerinin
sentezinin diizenlenmesi i¢in QS mekanizmasi kullanmaktadir (74). Bacillus, Enterococcus, Staphylococcus,
Streptococcus ve Streptomyces cinsindeki bakteriler ise bu mekanizma ile genetik yeteneklerini gelistirerek,
antimikrobiyal peptit ve ekzotoksin iiretmekte ve biyofilm olusturabilmektedir (52).

3. Cogunluk Algilama Mekanizmasi

Bakteriler tarafindan kullanilan QS sinyal molekiilleri; Gram negatif bakteriler tarafindan kullanilan agil
homoserin laktonlar (AI-1, AHL), Gram pozitifler bakteriler tarafindan kullanilan linear (diizlemsel) ve siklik
(halkasal) otoindiiktor peptitler (AIP), hem Gram negatif hem de Gram pozitifler tarafindan kullanilan ve bu sayede
tiirler arasi iletigsimi saglayan otoindiiktor-2 (Al-2, furanosil borat diester)’dir (21,50). Son yillarda kiif (Aspergillus
flavus, Penicillium sclerotiorum) ve mayalarda (Sacchharomyces serevisiae, Cryptococcus neoformans) da QS
mekanizmasinin heniiz net olarak tanimlanmasa bile varligindan bahsedilen ¢aligmalar bulunmaktadir (8,49).

3.1. AHL mekanizmasi

Bir¢cok Gram negatif bakteri, AHL sinyal molekiilii sentezleyen LuxI enzimlerine sahip olup bu enzim, Sekil
1’de iiggen olarak gosterilen AHL sinyal molekiillerini iiretmektedir. Uretilen AHL sinyal molekiilleri serbest bir
sekilde hiicre igerisinden hiicre digina diflize olup, hiicre disindaki AHL sinyal molekiillerinin konsantrasyonu belirli
bir seviye ulastiginda AHL molekiilleri diizenleyici olarak gorev yapan LuxR proteinine baglanmaktadir. Boylelikle
LuxR iizerindeki DNA baglanma bdlgesi agiga ¢ikmakta, LuxR ve sinyal molekiilii kompleksi bakterinin eksprese
etmek istedigi genlerin diizenleyici bolgelerine yerlesmektedir. Bakteriler ancak topluluk olusturdugunda gen bolgeleri
aktive edilmekte, tek bagma olduklarinda sadece LuxI enzimi tarafindan AHL sinyal molekiilii iiretimi s6z konusu
olmaktadir. Uretilen AHL molekiilii, her bakteri tiiriinde farkli olup molekiiliiniin yapisindaki karbon zincirinden
kaynaklanmaktadir. Boylelikle, sadece aynt AHL molekiiliinii {ireten bakteriler sinyale cevap verebilmektedir. Ornegin
Pseudomonas sinyali Vibrio fischeri’de, Vibrio fischeri sinyali de Pseudomonas’da hig bir cevap olusturmamaktadir.
Tiir i¢i iletigim i¢in kullanilan bu molekiiller, anahtar kilit gibi kendi LuxR proteinlerine yerlesmekte, capraz bir iletigim
bu sistemde s6z konusu olmamaktadir (9).

Gram negatif patojen bakterilerde adhezyon, biyofilm olusturma, ekzoenzim sekresyonu, pigment {iretimi gibi
ozelliklerin AHL ye bagli QS ile regiile edildigi saptanmistir (58). Gram negatif bakterilerde tipik bir QS sisteminin 2
bileseni bulundugu ve bunlarin (1) AHL sentezinden sorumlu olan Al synthase ve transkripsiyonal aktivasyondan
sorumlu Al reseptorii oldugu bilinmektedir. AHL aracili bakteriyel iletisimde Lux IR sisteminin homologu olan genlere
sahip 100°den fazla bakteri tiirii mevcut oldugu, Serratia marcessens’deki SmalR, Cromobacterium violaceum’daki
CvilR, Halomonas anticariensis’deki HanlR ve Agrobacterium tumefaciens’deki TralR, Lux IR prensibi ile ¢aligmakla
birlikte ¢ok kiigiik degisiklikleri olan AHL’lere drnek olusturmaktadir (70). Bunun diginda, Pseudomonas aeruginosa
(P. aeruginosa)’da LasIR ve RhlIIR’nin birbiri ardina seriler halinde dizildigi QS devreleri LasIR-RhIIR olarak
bulunmaktadir (4). Bir diger QS sistemi ise Erwinia carotovora’da gézlemlenen ExpIR’dir (3).
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Sekil 1: Gram negatif bakterilerdeki AHL mekanizmasi (22)
Figure 1: AHL mechanism in Gram negative bacteria (22)

3.2. AIP mekanizmasi

Bir¢ok Gram pozitif bakteri de Gram negatif bakteriler gibi QS sistemine sahip olup, Gram pozitif bakterilerin
iletisim i¢in kullandiklart mekanizma ¢esitli farkliliklar icermektedir. Gram pozitif bakteriler, indiikleyici olarak
peptitleri kullanmaktadir. Peptitler genlerde kodlanmakta ve prekiirsor olarak sentezlenmektedir. Bu prekiirsor
proteinler, baslangigta biiytik olup sonrasinda bir isleme sistemi tarafindan kii¢iik peptitlere par¢alanmaktadir. Ardindan
hiicre icerisindeki peptitler, 6zel bir salgilama mekanizmasi tarafindan hiicre disina gonderilmekte ve ortamda
birikmeye baslamaktadir. Ortamdaki peptit konsantrasyonu kritik bir seviyeye ulastiginda ise, hiicre i¢i ile dig1 arasinda
koprii gorevi yapan sensor niteligindeki transmembran protein tarafindan baglanmaktadir. Peptitler baglandiginda,
fosforilasyon basamaklarini baglatmaktadir. Transkripsiyon faktorii, fosforile olup ardindan aktive olarak, bakterinin
istedigi gen bolgelerini agiga ¢ikarmaktadir. Bakteriler sadece topluluk halindeyken bu genleri ekprese edebilmektedir
(9) (Sekil 2).

Bacillus subtilis’deki sporulasyon, Staphylococcus aureus (S. aureus)™un, Listeria monocytogenes’in,
Clostridium perfringens ve Enterococcus faecalis (E. faecalis)’in viriilans genlerininin ekspresyonu, AIP mekanizmasi
ile regiile edilmektedir (70). Birgok Gram pozitif bakteride iletisim sinyal molekiilii ve AIP’yi tantyan membrana bagl
ikili komponent sistemi sayesinde gergeklesmektedir (48). Buna en iyi 6rnek S. aureus’daki iki komponentli QS
sistemidir. Bunun yaninda, Bacillus subtilis’in virulans faktorlerinden sporulasyon ve enzim iiretimi ile E. faecalis’deki
plazmid transferi bir diger AIP QS devresi olan ekstraseliiler proteazlar tarafindan gerceklestirilmektedir (53). Bunlarin
disinda bagka bir AIP QS sistemi ise yarismaci QS sistemi olarak adlandirilmakta olup daha 6nce adi gegen 2 sistemin
birlesmesi ile ortaya ¢ikmig ve Bacillus subtilis’in bdyle bir sisteme sahip oldugu gosterilmistir (70).
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Sekil 2: Gram pozitif bakterilerdeki AIP mekanizmasi (22)

Figure 1: AIP mechanism in Gram positive bacteria (22)
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4. Gida Bozulmasinda Cogunluk Algilama Sinyalleri

Son yillarda, gida bozulmasinda rol oynayan QS sinyal molekiillerinin etkisi tizerinde artan bir ilginin oldugu
ve Al-1 ve Al-2 gibi gesitli sinyal molekiillerinin siit, et ve sebze gibi farkli gidalarin iglendigi tesislerde tespit edilen
bazi psikrotrof bakterilerde bulundugu bildirilmektedir (51).

Siit ve siit tiriinleri, pseudomonaslar gibi psikrotrofik bakteriler tarafindan bozulmaya oldukg¢a yatkin olup, bu
Gram negatif bakteriler; gida lizerindeki etkilerini ektraseliiler proteinaz, lipaz, lesitinaz ve glikozidaz enzimleri
iireterek gostermektedir. Gram pozitif psikrotrofik aerobik Bacillus spp. ise bazi siit lirlinlerinde bozulmadan sorumlu
olan fosfolipazlari, Serratia proteamaculans sus B5a da ekstraseliiler lipolitik ve proteolitik enzimleri iiretmektedir
(64). Bu enzimlerin iiretimi, Serratia spp. tarafindan siitiin bozulmasindaki QS’i gosteren AHL temelli QS sisteminin
regiilonunun etkisi altinda olmaktadir. 2003 yilinda Christensen ve ark. (15) tarafindan yapilan bir ¢aligmada, pastorize
stittin vahsi tip Serratia proteamaculans ile inokulasyonunu takiben oda sicakliginda 18 saat bekletme sonrasinda
bozulmaya neden olurken; inaktif sprl genine sahip olan bir mutantla yapilan inokulasyonun bozulma olusturmadig:
belirlenmistir. Benzer sekilde psikrotrofik bakterilerden Pseudomonas spp., Serratia spp., Enterobacter spp. ve Hafnia
alvei tarafindan hem ¢ig hem de pastorize siitteki AHL lerin iiretimi, siit ve siit irlinlerindeki bozulmada QS sisteminin
rol oynayabilecegi gosterilmistir (51). Ayrica, diisiik sayida bakteri iceren (10 kob/ml) giinliik siitlerde, furanosil BAI-
2 sinyallerinin tespiti ile siit bozulmasindaki olast tiirler arasi iletisim fikri 6ne siiriilmiistiir (42). Pseudomonas spp.
ayni zamanda aerobik ve soguk (3-8 °C) sartlarda depolanmis et ve et iiriinlerindeki bozulmadan da sorumlu olan bir
bakteridir. 2003 yilinda Jay ve ark. (35) tarafindan aerobik soguk kosullar altinda depolanan taze et {irinlerinin
bozulmasinda et yiizeyinde siimiiksii tabaka olusumunda QS’in rol oynadig: bildirilmistir. Pseudomonadaceae (10%-
10° kob/g) ve Enterobacteriaceae (10°-10* kob/g) tarafindan sentezlenen C4-HSL, 3-ox0-C6-HSL, C6-HSL, C8-HSL
ve C12-HSL gibi AHL sinyalleri, aerobik ve soguk sartlarda depolanmis kirmizi et kiymasi ve tavukta saptanmistir
(56). Vakumlanarak paketlenmis ette baskin tiirler olarak izole edilen Hafnia alvei ve Serratia spp., AHL iireten
Enterobacteriaceae olarak tanimlanirlarken; pseudomonaslarin tespit edilebilir miktarda AHL {iretmedikleri
saptanmigtir (40). 2004 yilinda Lu ve ark. (42)’nin gergeklestirdigi bir aragtirmada, baglangic bakteriyel yiik yiiksek
olmasina ragmen (6,4-8 kob/ml), dana biftek, dana kofte, tavuk gogsii ve hindi koftesinde ¢ok diisiik miktarda BAI-2
aktivitesinin oldugu (negatif kontrol ile karsilastirildiginda bir kat liiminesans indiiksiyonundan daha az) bildirilmistir.
Bunun nedeninin, yag asitlerinin AI-2 aktivitesini tam veya kismi olarak inhibe etmesi oldugu diisiiniilmektedir (62).
Soguk sartlarda aerobik olarak depolanan bozulmus domuz kiymasindan elde edilen hiicreden ari ekstraktin, AHL ve
BAI-2 sinyalleri icerdigi, ve bu sinyallerin miktarinin 5°C’de yapilan dl¢limde 20°C’den daha yiiksek oldugu tespit
edilmistir (2). 2007 yilinda taze etten elde edilen Pseudomonas fluorescens (P. fluorescens) ve Serratia marcescens’in
18 saatlik kiiltiiriine bakteriden ari et dziitii ilavesinin, P. fluorescens’in lag fazin1 ve her iki bakteri cinsinin metabolik
aktivitesini artirdig1, bdyle bir metabolik aktivite artiginin, bakteriden ari et 6ziitiindeki QS molekiilleri gibi bilesenlerin
varligi ile baglantili oldugu ortaya konulmustur (47). AHL’ler 5, 10, 15 ve 20°C’deki modifiye atmosferde depolanmig
taze domuz kiymalarinda da tespit edilmistir. AHL iiretimi 10 ve 15°C’de 2 ve 7 giinliik depolamada maksimumum
seviyeye ulagmis ve bu durum Enterobacteriaceae ve Pseudomonadaceae iyelerinin ortamda biiylimesi ile
iliskilendirilmistir (10). Shewenella putrefaciens ve Pseudomonas spp. sirasiyla dondurulmus deniz baligi ve
dondurulmus tatli su baliklarinda spesifik bozulma yapan mikroorganizmalardir (26). AHL’ler soguk dumanlanmig
somon, balik fileto ve kiyilmis balik gibi ticari olarak farkli cesitlilikteki balik tiriinlerinde tespit edilmistir. Vakum
paketlenmis ve soguk dumanlanmis somondaki bozulma, Enterobacteriaceae ve miktarlar1 107-10° kob/g gibi yiiksek
konsantrasyonlara ¢ikan laktik asit bakterilerinden Carnobacterium sp. ve/veya Lactobacillus sp. sebebiyle meydana
gelmektedir (37). Gida bozulmasina neden olan bakterilerin gida substratinda diisiik konsantrasyonda dahi AHL
iiretebildikleri gosterilmistir. AHLler (baglica 3-oxo-C6-HSL), 5°C’deki stimule edilmis gida ortaminda, azaltilmig O
ve % 4 NaCl varliginda Enterobacteriaceae ailesinin inokule edilmis ve gidada dogal olarak bulunan iiyeleri tarafindan
strastyla 10° ve 10°-10° kob/g gibi diisiik konsantrasyonlarda iiretilmistir (25). Paketlenmis morina filetolarindan izole
edilen, biyoliiminesans vermeyen Photobacterium phosphoreum ve Aeromonas spp.’deki kitinaz aktivitesini
diizenledigi bilinen 3-hidroksi-C8-HSL’ nin tespiti, kabuklularin bozulmasinda AHL temelli bir sistemin olasi roliine
isaret etmektedir (23). 3-ox0-C6-HSL, C6-HSL, C8-HSL ve C12-HSL, gokkusag alabalik filetolarinin bozulmasinaki
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proteolitik aktiviteden sorumlu Hafnia alvei, Serratia liquefaciens, P. fluorescens ve Pseudomonas putida’da tespit
edilmistir. Benzer sekilde, AHL kontroliindeki proteolitik aktivite, gida bozulmasindaki QS AHL sistemlerinin roliinii
destekleyen ve soguk dumanlanmig somondan izole edilen Serratia proteamaculans B5a sugsunda rapor edilmistir (15).
Meyve ve sebzelerde pektin liyaz, pektat liyaz, poligalakturonaz ve pektin metil esteraz ile pektinolitik aktivite
gostererek 108-10° kob g/L’a kadar iireyebilen Pseudomonadaceae veya Enterobacteriaceae (¢ogunlukla Erwinia
spp.), bu tip gidalarda doku bozulmasi ile beraber enzimatik esmerlesme, koti tat, kotii kokuya yol agmaktadir.
Cogunlukla 3-0x0-C6-HSL ve C6-HSL varlig1 saptanan bu gidalarda AHL temelli QS sistemlerinin meyve sebze
bozulmasindaki iliskisini desteklemektedir (55).

Gram negatif bakterilerde AHL temelli QS sistemlerinin gida bozulmas ile iligkisinin incelendigi ¢aligmalara
Tablo 1°de 6rnekler verilmistir. Bununla birlikte, AI-2 ile gida bozulmasinda Gram pozitif bakteriler tarafindan iiretilen
AlP'ler hakkinda bilgi bulunmamaktadir. Donmus, vakum paketli ve modifiye atmosfer paketli pastorize siit, et ve balik
iirtinlerindeki QS sinyal bilesenlerinin varligi, mevcut olan koruma tedbirlerinin yetersiz oldugunu ortaya koymaktadir.

Tablo 1: Quorum Sensing ile iiremeleri regiile edilen fenotipler ve olusan gida bozulmalari

Table 1: Phenotypes with growth regulated by quorum sensing and related food spoilage

. Sinyale
Organizma Uriin bagimh Sinyal molekiilii Referans
fenotipler
Pseudomonas fluorescens 395 St Proteolitik EA;_EISL ve 30CB- 1
. . Lipolitik
Serratia proteonaculans sus B5a Siit Proteolitik 3-0x0-C6-HSL 15
Pseudomonas phosohoreum ve Morina Kitinolitik 3-hidroksi-C8-HSL 23
Aeromonas spp. filetolar1
. Fastilye Pektinolitik
Pectobacterium sp. A2JM filizleri Proteolitik 3-0x0-C6-HSL 56
. . Kitinaz ve 3-0x0-C6-HSL ve C6-
Serratia plymuthica RVH1 Sebzeler Proteaz aktv. HSL 72
Biyofilm
Pseudomonas spp. Et olusumu AHLler 35
Proteolitik
Photobacterium phosphoreum ve Morina Kitinolitik 3-hidroksi-C8-HSL 23

Aeromonas spp. filetolari

5. Cogunluk Algilama ve Biyofilm Olusumu

Biyofilm; mikroorganizmalarin birbirleriyle, bulunduklar yiizeylere veya bulunduklar yiizeylerden daha alt
tabakalara yani ara yiizeylere geri doniislimsiiz olarak tutunmalarini saglayan, ayn1 zamanda biiylime orani ve gen
transkripsiyonuna bagl olarak farkli fenotipik 6zellikler kazanarak salgiladiklar1 Extracellular Polymeric Substance
(EPS) / hiicre dis1 polimerik madde matriksi olarak adlandiriimaktadir (60). Olusumunda QS’in de rol aldig1 diisiiniilen
biyofilmde EPS i¢inde gomiilii olarak caliliklarini siirdiirebilen mikroorganizmalar, immun sistem elemanlarindan,
antibiyotiklerden, patojenlerin iiretmis oldugu antimikrobiyal {irlinlerden, fiziksel, kimyasal ve biyolojik streslerden
korunmaktadir (45). Biyofilm igindeki bakterilerin antibiyotiklere karsi 1000 kat daha direngli oldugu, farkl
mikroorganizmalarin ise yagadiklari gevrede planktonik formlarina gore daha fazla hayatta kalma ve biiyiime sansina
sahip oldugu bildirilmektedir (32).

Biyofilm olusumunun tiim asamalarinda rol alan QS ile, olgunlagmis bir biyofilmde, besin ihtiyact ve
kaynaklarin yeterliligine gére uyum saglamak i¢in popiilasyon yogunlugu ve metabolik aktivite diizenlenmektedir.
Biyofilmdeki bakteriler, serbest yasayan ayni soydaki planktonik bakterilerden farkli tranksripsiyonel programlara
sahiptir (6). Bakteriler, ¢evrelerinde yer alan diger bakteri hiicrelerini biyofilm olusturma yoniinde uyarabilmek i¢in,
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ortama kiiciik, diffuze olabilen molekiiller yaymaktadir. Béylece QS, bakteriyel populasyonun davranislarini kontrol
etmektedir (18). Bu asamada gergeklesen ylizeye tutunma, kimyasal baglanmadan ziyade elektrostatik bir etkilesimle
oldugu i¢in geri doniigiimliiyken, hiicrelerin bazilarinin daha siki bag kurmak amactyla bazi yapilar olusturmasi sonucu
biyofilmin diger bir basamagi olan geri doniisiimsiiz baglanmaya gecilebilmektedir (16). EPS tiretimi ile bakterilerin
yilizeye geri doniisiimsiiz baglanmasi, membrana bagli uyarici proteinlerin uyarilmasi sonucu sekillenmektedir.
Boylelikle hiicreler arasit kopriiler kurularak bakteri kiimeleri olusmaktadir (31). Bakteriler biyofilm bilesiminde
bulunan Biyofilm Associated Protein (BAP) / Birlesmis Protein yapisi ile yiizeye kolonize olabilmekte ve burada
stirekli kalabilmektedir (67). Tutunma sonrasinda, biyofilm olusturma yoniinde farklilasmanin baglamasi, QS
sisteminden gelen sinyallere bagli olarak sekillenmektedir. QS ile bakteriler gevrelerindeki bakteri popiilasyon
yogunlugunu belirlemekte ve ylizeye tutunan her bakteri ortama sinyal veren bir molekiil salgilamaktadir. Yiizeye
tutunan bakterilerin sayisi arttik¢a, bu sinyalin lokal konsantrasyonlart da artmaktadir. Bu sinyal molekiiliiniin (Al)
konsantrasyonundaki artig ile birlikte biyofilm olusumuna yonelik bir dizi iglem bagslatilmig olmaktadir. Hiicre
yogunluguna bagli olarak QS, kiiciik isaret molekdillerinin birikimine yanit verip, ortami tarayip salinimda bulunmakta,
bu tiir etkilesimler sonucunda da bir grup hedef gen regiilasyonu ile belirli bir sinyal yogunluguna erisildiginde baz
genlerin ekspresyonu saglanmaktadir (19). Sonugta olusan biyofilm ile saglanan izole ortam, bakterinin yer aldig:
ektraseliiler matriksten ayrilmasma engel olmaktadir. Biyofilm i¢i popiilasyon yogunlugu arttiginda ise bakteriler
biyofilm tabakasindan ayrilarak ortama salinabilmektedir. Stafilokoklarin polisakkarit intraseliiler adezin iiretimini
azaltmak i¢in AI-2 sinyallerini kullandigi ve bdylelikle bakterilerin biyofilmden ayrilmasma izin verdigi
diistiniilmektedir. Ayrica hiicre yogunluklar: yiiksek oldugunda, c¢ekirdek algilama kontrolii altinda olan deterjan
ozelliklerine sahip kisa peptitler, biyofilmdeki bakterilerin ortama verilmesi i¢in kullanilmaktadir. Biyofilmdeki
bakteriler, bakteri popiilasyonu genislerken planktonik bakteriler igin siirekli bir kaynak saglamaktadir (46). Siit, et ve
balik iiriinlerinden siklikla izole edilen Hafnia alvei (73)’nin biyofilm olusumunda 6nemli bir potansiyele sahip oldugu
Viana ve ark. (72) tarafindan rapor edilmistir. Vibrio cholerae ve Serratia liquefaciens sinyal molekiillerinin EPS ve
biyofilm olugumu i¢in gerekli olan hiicre birikimini kontrol ettigi goriisiiniin aksine Van Houdt ve ark. (71), gida isleme
ortamindan izole edilen Gram negatif bakterilerde QS {iretimi ile biyofilm olusumu arasinda bir korelasyon olmadigin
bildirmistir. Biyofilmlerdeki sinyal molekiillerinin tespit edilmesine ragmen QS’in heniiz biyofilm olusumundaki rolii
kesin olarak agiklanamamaktadir. Biyofilmler, gidanin iglendigi ortamlarda bulunan inatgt bir problem olup QS’in
inhibe edilmesi ile biyofilm olusumu &nlenebilmektedir. Boylece gida bozulmalari geciktirilerek gida iiretimi ve
giivenligi i¢in faydali olunabilecektir (4).

6. Biyosensorler ile Gidada Cogunluk Algilama Sinyallerinin Tespiti

QS sinyal molekiilleri; hiicreden ari siipernatant (cell-free supernatant), gida 6rnegi 6ziitleri ile gidadan izole
edilmis bakterilerin slipernatantinda (spent culture supernatant) tespit edilebilmektedir (2). Yiiksek performansli sivi
kromatografi-MS, gaz kromatografi-MS ve niikleer manyetik rezonans spektroskopisi gibi kiitle spektrometrileri (MS)
kullanilarak daha 6nce tanimlanmis AHL’lerin yapilari belirlenmistir (12). Ancak farkli AHL tiplerine spesifik
gelistirlen biyosensorler sayesinde 6lglimii daha kolay, ekonomik ve hizli bir hale gelmistir. Biyosensdrler; sadece
eksojen AHL'lerin varliginda fenotipik bir yanit1 kodlayan haberci bir genin ekspresyonunu diizenleyen soydas bir
hedef promotoriiyle (genellikle soydas Luxl sentazin promotorii) klonlanmig fonksiyonel bir LuxR familya
proteininden olugmaktadir. Sinyal molekiillerini {iretmeyip onlarin eslenik reseptorlerine sahiptir (63).

7. Cogunluk Algilama inhibitorlerinin Gida Endiistrisinde Kullanim

Giliniimiizde QS sistemine miidahale etme amaci ile bakterilerin, Al aktivite blokajinda QS inhibitorleri
(QSI)’nin ve sinyal molekiillerini parcalamada ise Quorum Quenching (QQ) enzimlerinin kullanildigina dair bulgular
mevcuttur (57). Yakin gecmise ait bu stratejilerin uygulanabilirliginin test edildigi ¢alismalar bakteriyel patojenitenin
azaltilmasi, biyofilm olusumunun minimize edilmesi, antimikrobiyal ajanlara ve makrofajlara karsi duyarliligin
artirilmasi yoniinde umut verici sonuglar vermektedir. Bazi firsat¢i insan ve bitki patojenlerindeki virulans faktorlerinin
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regiilasyonuna AHL’lerin katilmasi, spesifik olarak AHL iletigimini bloke eden bilesenlerin yogun olarak
arastirilmasinin oniinii agmistir. Hiicreler arast QS’in engellenmesinde 6nemli bir yaklasim olan QQ, 6zellikle klinik
mikrobiyoloji ve gida mikrobiyolojisinde istenmeyen mikrobiyal gelisim ve biyofilm olusumunun bertaraf edilmesi
acisindan oldukga 6nemlidir. QS mekanizmasinin isleyisinin engellenmesi amaci ile (a) QS reseptor inaktivasyonu, (b)
sinyal sentezi inhibisyonu, (c) sinyal degredasyonu ile (d) sinyal blokaji’nin hedeflendigi stratejiler bulunmaktadir (36).

QS reseptdr inaktivasyonunda; flavonoidlerin QS reseptorlerine baglanmasi sonrasi P. aeruginosa’nin virulans
gen ckspresyonunda belirgin azalma goriildiigii, boylelikle etkenin neden oldugu enfeksiyonlarda kullanilan
antibiyotiklerin terapotik dozlarinin azaltilabildigi belirlenmistir (11). Bu tiir reseptdr inhibitorlerinde karsilagilan en
6nemli sorunun, bu maddelerin alkali ortamda yapilarinin instabil hale gelmesi ve degrede olmasi oldugu bildirilmistir
(36). Sinyal sentezi inhibisyonuna iliskin olarak; AHL aracili viriilans faktorlerinin inhibe edilmesi ile okaryotik
hiicrelerdeki patolojik hasarin azaltilmasi hedef alinmstir (65). Sinyal degredasyonu; QS sinyallerinin parcalanmasinda
(enzimatik QQ) sinyal molekiillerini par¢alayan enzimler (1) lactonase enzimleri (lactonase aracilt QQ), (2) acylase
enzimleri (acylase aracili QQ) ile (3) oxydoreductase enzimleri (oxydoreductase aracili QQ) olmak tizere 3 kategoride
incelenmektedir (70). Bunlar icerisinde 6zellikle, AHL lactonase’ larin antibiyotiklere kars1 bakteriyel duyarlilig:
artirip, P. aeruginosa ve Acinetobacter baumanii’nin iiremesini etkilemedigi belirlenmistir (14, 28). Bu enzimin ayrica
P. aeruginosa’nin (59), ve karideslerde Vibrio parahaemolyticus™un biyofilm olusturmasmnin dnlenmesi (66) ile
baliklarda Aeromonas hydrophila enfeksiyonunun engellenmesinde kullanildig1 bildirilmistir (41). Insan hekimliginde
problem yaratan P. aeruginosa ile S. aures’un inhibisyonuna yonelik olarak hedef antikor kulanimi ile QS sinyal blokajt
(39); ayrica anti QS ajanlart ile antibiyotiklerin kombine kullanildig1 ve bu iki etken maddenin sinerjestik etkisinin
oldugu tespit edilmistir (24).

QS inhibitdrlerinden biri olan Avustralya kirmizi algi (Delisea pulchra) tarafindan sentezlenen halojenlenmis
furanonlar AHL reseptor proteinlerine miidahale ederek sinyal sentezinin blokajina neden olmaktadir (43). Bu
bilesenlerin uygulanmasi ile, AHL tarafindan regiile edilen P. aeruginosa ve Serratia liquefaciens virulans faktorlerinin
ekspresyonu engellenerek biyofilm olusumu azaltilmigtir (33). Halojenlenmis furonanlarin sitotoksik ozellikleri ve
kimyasal olarak kararsiz yapida olmalari, diger dogal kaynaklarda toksik olmayan baska QS inhibitdrlerinin aranmasina
neden olmustur. Biyolojik olarak aktif bilesenlerin aragtirtlmasinda en umut verici olanlardan biri, geleneksel tedavide
kullanilan bitkilerdir (34). 2015 yilinda Truchado ve ark (68) tarafindan yapilan bir ¢alismada, bitkilerde sagliga yararl
ve antimikrobiyal aktivitesi oldugu bilinen baz fitokimyasallarin subletal konsantrasyonlarda QS inhibitdr aktivitesi
gosterdikleri bildirilmistir. Benzer sekilde Duarte ve ark (20) tarafindan kisnis esansiyel yagi ile bu yag igerisinde en
yiiksek diizeyde bulunan linaloolun Campylobacter jejuni ve Campylobacter coli tlizerinde antinmikrobiyal
aktivitesinin yanisira biyofilm olusumunu engellenmesi ve olusan biyofilmin dagilmasinin saglamasi {izerinde etkili
oldugu ortaya konulmustur. Baharat ve ¢esni olarak yaygin kullanim alani bulan vanilyanin da bakteriyel QS’i inhibe
edebildigi tespit edilmistir (13). 2008 yilinda Girennavar ve ark (27) tarafindan greyfurt suyundan elde edilen dogal
furokumarinlerin, Al-1 ve AI-2 aktivitesi ve Salmonella Typhimurium, Escherichia coli ile P. aeruginosa tarafindan
olusturulan biyofilmlerin potansiyel inhibitorii olarak davrandiklari rapor edilmistir. Bu durum greyfurt suyunun,
halojenlenmis furonanlara alternatif olarak mikrobiyal QS’de hedef strateji gelistirilmesinde kullanilabilecegini
gostermektedir. Ayrica insanlarda bulunan bazi hormonlarin da mikroorganizmalar iizerine inhibisyon etkisi ve QS’i
baskilayict durumlarinin oldugu belirtilmektedir. Yapilan bir ¢alismada, Enterohemorajik Escherichia coli (EHEC) nin
QS mekanizmasinin insan viicudunda sentezlenen hormonlar ile ¢apraz etkilesimi oldugu gosterilmistir (1). QS
inhibitor bilesenlerinin bitkilerden bu cesitlilikte elde edilebiliyor olmasi gida koruma yoniinden oldukg¢a umut
vericidir. QS inhibitorleri, gida kaynakli bakterilerin gida yiizeylerinde kolonizasyonu, toksin olusumu ve ¢gogalmasin
engellemektedir. Bununla birlikte, QS inhibitorlerinin dogal olusu, toksikolojik etkilerinin ayrica degerlendirilmesi
gerektirmektedir.

8. Sonug

Biyokimyasal degisiklikler ve mikrobiyal aktivite sonucu olusan gida bozulmasi karmasik bir siirectir. Son
yillarda yapilan galismalar, dnceleri sadece mikrobiyal virulans ve patojenite ile ilgili oldugu diisiiniilen QS’in, gida
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bozulmasinda da 6nemli bir role sahip olabilecegini ortaya koymaktadir. Gram negatif bakteriler ile iligkili AHL ve
AI-2 temelli QS sistemleri farkli gida ekosistemlerinde tespit edilmistir. Bununla birlikte, Gram pozitif bakterilerin
oynadigi roliin tam olarak anlasilabilmesi i¢in daha fazla arastirmaya ihtiya¢ duyulmaktadir. QS inhibitérlerinin gida
giivenliginin saglanmast ve raf Omriiniin uzatilmasi i¢in gida koruyucusu olarak kullanilabilme potansiyeli
bulunmaktadir. Mikroorganizmalar arast QS’de olumlu ve olumsuz tiim etkenler goz oniine alindiginda, tip alaninda
ve gida endiistrisinde patojen ve gida bozulmasina yol agan mikroorganizmalarimn inhibisyonunun saglanmasi ve yeni
antimikrobiyel maddelerin gelistirilmesi i¢in mikroorganizmalara ait QS ve inhibisyon sistemlerinin iyi bilinmesi
gerekmektedir.
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Arabian mares in breeding season were evaluated in the study. Mares no abnormalities in the reproductive system and
Gelis / Received: mild-manner mares were handled. Preovulatory follicle (>35mm) was monitored twice in a day by transrectal B-mode
09 Ocak 20 ultrasonography and colour Doppler ultrasonography until the ovulation day. Follicular vascularization images which
were incorporated into the study, were monitored 18 hours before the ovulatio Also amount of pixels in colour Doppler
09 January 20 images were evaluated with computer-based image analysis program. The mares were mated naturally with a stallion.
Pregnancy diagnosis was performed by ultrasonography on day 14 to day 30 after mating. As a result of ultrasonography
Kabul / Accepted.: examination, mares were divided into two groups as pregnant (n=13) and non-pregnant (n=13). The statistical difference
25 Nisan 20 between the amount of vascularization in the preovulatory follicle wall of pregnant mares and the amount of
. vascularization in the preovulatory follicle wall of non-pregnant mares was compared by t-test. As a result of the study,
25 April 20 there were no significant differences between pregnant and non-pregnant mares in terms of area, volume and intensit
gnificant di preg preg , volu y
units of coloured pixels in the preovulatory follicle wall (P> 0.05). In conclusion, it was observed that the quantative
Yayin /Published: evaluation of the colour Doppler images of the preovulatory follicle wall in mares in the breeding season cannot be used
15 Haziran 20 to estimate the early pregnancy outcome.
15 June 20
Diizeltme/Corrected: Preovulator folikiiliin vaskiilarizasyonu: Arap kisraklarda erken gebelik sonuclarinda
11 Eyliil 20 renkli Doppler degerlendirmesi ve éngoriilen degeri

11 September 20

Anahtar Sozciikler:
Gebelik
Kisrak

Preovulator folikil

Ozer:

Sunulan makalede renkli Doppler ultrasonografi ile preovulatér folikiil ¢eperindeki damarlasma diizeyinin gebelik
olusumuyla iliskisinin belirlenmesi amaglandi. Ureme sezonundaki saglikli 26 adet Arap kisraktan alian renkli Doppler
ultrasonografi goriintiileri degerlendirildi. Sakin mizac¢li ve reprodiiktif agidan problemi olmayan kisraklar segildi.
Preovulator folikiil (>35mm), transrektal B-mod ultrasonografi ve renkli Doppler ultrasonografi ile ovulasyon giiniine
dek giinde iki kere izlendi. Calismaya dahil edilen folikiiler vaskiilarizasyon gériintiileri yumurtlamadan 18 saat 6nce

Vaskillarizasyon izlendi. Ayrica, renkli Doppler iizerinden akim goriilen alanlardaki piksel sayisi bilgisayar destekli goriintii analiz

programu ile degerlendirildi. Kisraklar, bir aygirla dogal asim yoluyla ciftlestirildi. Asim1 izleyen 14-30 giinlerde
Keywords: ultrasonografi ile gebelik muayeneleri yapildi. Bunun neticesinde kisraklar gebe (n=13) ve gebe olmayan (n=13) olmak
Mare iizere iki gruba ayrildi. Gebe kisraklara ait preovulator folikiil ceperindeki damarlagsma miktar ile gebe olmayan kisraklara
Pregnancy ait preovulator folikiil ¢eperindeki damarlagsma miktar1 arasindaki istatistiksel fark t-testi ile karsilastirildi. Caligmanin

Preovulatory follicle

Vascularization

sonucunda, preovulator folikiil ¢eperindeki renkli piksellere ait alan, hacim ve yogunluk diizeylerinin gebe ve gebe
olmayan kisraklarda farkli olmadig: gériildii (P>0,05). Sonug olarak, iireme sezonundaki kisraklarda preovulator folikiil
duvarina ait renkli Doppler goriintiilerinin kantitatif degerlendirilmesinin erken gebelik sonucunu tahmin etmek amaciyla
kullanilamayacag: goriildii.

Access to the original article: "U¢mak ZG, Kurban i, Ugmak M: The vascularity of preovulatory follicle: The colour-Doppler assessment and its predictive value
in the early pregnancy outcome in Arabian Mares. Veteriner Hekimler Dernegi Dergisi, 91(2): 104-109, 2020, DOI: 10.33188/vetheder.672255"
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VETERINER HEKIMLER DERNEGi DERGISi
YAYIM KOSULLARI

1. Dergi, Veteriner Hekimler Derneginin yayin organi olup, yilda iki kez (Ocak ve Haziran) yayimlanir. Derginin kisaltiimis resmi adi
“Vet Hekim Der Derg” olup derginin yayim dili Tiirkce ve ingilizcedir.
2. Dergide, tamami daha 6nce baska bir yerde yayimlanmamis giincel konulara iliskin 6zgiin bilimsel arastirmalar, derlemeler,
olgu sunumlari ve kisa bilimsel galismalar yayimlanir. Derleme niteligindeki ¢calismalar, ilgili bilim insanlarindan davet usulii ile
talep edilir.
3. Dergide yayimlanmak lizere gdnderilen makaleler Editorler Kurulunca degerlendirilerek konu ile ilgili hakemlere gonderilir.
Hakemlerin gorist alindiktan sonra 6nerilen degisiklik ve diizeltmelerin yapilmasi i¢in makale yazara/yazarlarina geri génderilir;
dizeltmeler yapildiktan sonra yayimlanir. Hakemlerin dnerileri disinda makalelerde sonradan ekleme ve gikartma yapilamaz.
Yayimlanmasi uygun bulunmayan makalelerle ilgili herhangi bir iade yapilmaz.
4. Dergide yayimlanmasi istenen yazilar uygun formata gore hazirlanmigs ve dergi web sitesinde erisime sunulan "sablon"a
gore diizenlenmelidir. Yazar; Dergide yayimlanmasi istenen yaziyi ilgili sablonu kullanarak uygun formata getirdikten sonra
Dergipark sistemini kullanarak 3 dosya yiikleyecektir. Bu dosyalar:

(1) Mevcut sablon uygun sekilde doldurularak elde edilen Word dosyasi (tablo, sekil, kaynaklar dahil).

(2) Mevcut sablondan "yazar isimleri, kurum adlari, sorumlu yazar iletisim bilgileri" vs. silinerek elde edilen Word dosyasi
(tablo, sekil, kaynaklar dahil)

(3) "Yazar isimleri, kurum adlari, sorumlu yazar iletisim bilgileri" olmayan versiyonun pdf dosyasina gevrilmis hali.

e ONEMLI BILGi: Makaleyi sisteme yiikleme adimlari sirasinda ulusal dizin ve atif takibi icin makalede yer alan
kaynakganin “ayrica” bir kez daha girilmesi istenmektedir. Dolayisiyla hem ana metin hem de ileriki adimlarda belirtilen
kaynaklar kismina giris yapiimahdir. Sistemde bu kisim igin kaynakga sira numarasi "olmaksizin" her bir kaynakgay “enter”
tusuna basarak ayirmali (her bir kaynakca arasinda bir satir olacak sekilde) ve belirtilen alana kopyalamaniz
gerekmektedir). Sisteme vyiiklenecek makale, sistemde “Makale Dosyalar” kismindan yiklenecek olup, “Dosya
Tipi”ni tam metin olarak segtikten sonra hemen altindaki secenekten dosya basligi kismina “makalenizin adin1” yazmaniz
gerekmektedir. Bu asamada “Dosya basligini_ metinsel olarak girmek istiyorum”u tiklatmayi unutmayiniz. (Bu sekilde
sisteme “makale kisa adi- yazarli.docx”; “makale kisa adi-yazarsiz.docx”; “makale kisa adi-yazarsiz.pdf” seklinde Ug¢
dosya yuklemeniz beklenmektedir. Lutfen sisteme yiiklediginiz dosyalarin adini verirken kendi adinizi veya kurumunuzu
belli edecek isim kullanmayiniz. )

5. Yazilarin tamami, sekil ve tablolar dahil olmak Uizere orijinal bilimsel arastirmalarda ve derlemelerde 15, kisa bilimsel
¢alismalarda 10, olgu sunumlarinda 8 sayfayi gegmemelidir.

6. Makaleler; baslik, yazar/yazarlarin isimleri, Tiirk¢ce 6z ve anahtar sozciikler, yabanci dilde baslik, yabanci dilde 6z ve anahtar
sozciikler, giris, gereg ve yontem, bulgular, tartisma ve sonug, tesekkiir ve kaynaklar sirasi ile hazirlanmalidir. Anadili Tirkge
olmayan iletisim yazarinin ¢alismasinda Tirkce 6zet sarti aranmaz. Sosyal bilimler alanindaki ¢alismalar ile saglk ve fen bilimleri
alanindaki kisa bilimsel ¢alismalarda, giris, gere¢ ve yéntem, bulgular, tartisma ve sonug béliimlemesi yapilmayabilir.

7. Makalenin basligi kisa ve agik olmali; ilk s6zcUgiin baslangici biyik, digerleri kiiglik harflerle olacak sekilde, yazilmalidir
(“Kopek ve kedilerde uterus patolojileri” gibi). Varsa calismaya iliskin agiklama dipnot isareti ile gosterilmelidir.

8. Yazar/yazarlarin, ad ve soyadlari makale bashginin altina yazilmalidir; adresleri ve unvanlari ilk sayfada dipnot seklinde
belirtilmelidir.

9. Oz, makalenin &nemli noktalarini icerecek tarzda kisa ve agik olmalidir. Tiirkce Oz, en az 150, en fazla 250 sézciik olmalidir.
Anahtar so6zcikler MeSH (Medical Subject Headings) terimlerine uygunluk agisindan Tirkiye Bilim Terimleri'nden secilmeli ve en
az 3, en fazla 5 adet olacak sekilde alfabetik olarak siralanmalidir. Yabanci dilde Oz (Abstract, Zusammenfassung, Resume), en
az 150, en fazla 300 s6zclik olmalidir. Yabanci dilde anahtar sézciikler MeSH terimlerine uygun olmali ve en az 3, en fazla 5 adet
olacak sekilde alfabetik olarak siralanmaldir.

10. Giris bolumiinde, ¢alisma ile dogrudan ilgili kisa literatir bilgisi ve calismanin orjinalligi ile ilgili bilgi verildikten sonra, son
paragrafta calismanin amaci vurgulanmalidir. Bu bolim 2 sayfayi gegmemelidir.

11. Gereg ve Yontem, gereksiz ayrintiya girilmeden, 6z ve anlasilir bicimde yazilmalidir. Etik kurul izni gerekli ise mutlak suretle
belirtilmelidir. (Kurum, Tarih, sayi numarasi ile birlikte)

12. istatistik analiz sonuglarinin gésteriminde P degerleri tam olarak raporlanmalidir. P degeri igin virgiilden sonra 3 hane,
tanimlayici istatistiklerin raporlanmasinda ise virgiilden sonra 2 hane yeterlidir. Anadili Tlrkce olan makaleler igin ondalik ayraci
olarka viirgiil (,), ingilizce olanlar igin ise nokta (.) kullaniimalidir.

13. Bulgular béliimiinde, veriler kisa bir sekilde agiklanmalidir. Tablolarda verilen bulgularin metinde tekrarlanmasindan
kaginilmaldir.

14. Bsliim basliklari sola yasli bicimde, kalin yazi karakteri ile sézciiklerin ilk harfleri biiyiik olacak sekilde yazilmalidir. ikinci
derecedeki alt basliklar sola dayali olarak kalin yazi karakteri ile sadece ilk harf biyik olacak sekilde kiigcik harflerle yazilmahdir.
Uglincti derecedeki basliklar ise paragraf basinda yer almali ve italik olarak sadece ilk harf biyiik olacak sekilde kiigiik harflerle
yazilmalidir (Bkz. Sablon).

15. Tablo ve sekil basliklari, Tiirkge ve yabanci dilde dergi formati dikkate alinarak yazilmalidir. Basliklarin tabloyu yeterli diizeyde
aciklayici olmasina 6zen gosterilmelidir. Tablolarda dikey ¢izgi kullanimindan kaginilmalidir. Yatay cizgiler ise gerektiginde
yalnizca tablonun ilk satiri ve son satirindan sonra kullanilabilir.

16. Yazarlar her bir bilimsel kisaltmanin acilimini metinde ilk gectigi yerde agiklamalidirlar. Latince cins ve tiir isimleri italik yazi
tipi ile yazilmalidir. Tim 6lgiler SI (Systeme Internationale)’ye gore verilmelidir.




17. Tartisma ve Sonug béliimiinde, veriler literatir bilgilerinin 1s1ginda tartisiimali ve yorumlanmalidir.

18. Kaynaklar béliimiinde, bibliyografik bilgi, alfabetik sira ile verilmeli, gok yazarli galismalarda yazar adlarinin arasina sadece
virglil konulmalidir. Kaynaklar alfabetik ve kronolojik dizin dikkate alinarak siralanmali ve numaralandiriimahdir. Kaynak
yaziminda yazar adlari kalin, konu basligi italik yazi tipi ile yazilmalidir. Dergi adlarinin kisaltmasi kullanilmali ve dergi adi
kisaltilmasinda "Periodical Title Abbreviations: By Abbreviation"in son baskisi esas alinmalidir. Dergi kisaltmasi igerisinde nokta
(.) kullanilmamalidir. Metin igerisinde kaynak, parantez icerisine alinmig sira numarasi ile belirtilmelidir. Metin icerisinde kaynak
kullaniminda, ayni konuyu bildiren 1’den ¢ok kaynak varsa bunlar siralari itibariyle kiiglikten biiylige dogru siralanmali ve sayilari
5’i gegmemelidir. Kaynakta belirtilen yazar isimlerinin tamami verilmeli, kaynakcada et. al. veya ve ark. seklinde kisaltma
kullanilmamalidir. et al veya ve ark yalnizca metin igerisindeki kaynak gosteriminde ikiden fazla yazar olmasi durumunda
kullanilabilir.

Metin icerisinde 6rnek kaynak gésterimi: “Lizin amino asiti yumurta kitlesini olusturan protein sentezi ile dogrudan iliskilidir
(1). Lizin amino asitinin rasyonda dogru olarak dengelenmesi kanatlilarda yemden yararlanma oranini artirir. Ayni zamanda
yumurta kalitesi ile de yakindan iliskilidir (2). Smiricky-Tjardes ve ark (3), lizin siilfat icerisinde bulunan kurumus
mikroorganizmalarin hayvanlarin performansini olumsuz etkileyebilecegi fikrini savunmustur.”

Yukarida verilen 6rnege iliskin uygun kaynak gésterimi:

1. Bailleul PJD, Bernier J, Milgen JV(2000): The utilization of prediction models to optimize farm animal production systems: the
case of a growing pig model. 379—392 In: Mc Namara JP, France J, Beever DE (Eds.), Modelling Nutrient Utilization in Farm
Animals, CAB International, Wallingford.

2. Ozpinar AA(1997): The variations in blood ionized calcium, sodium and potassium concentrations with age and laying cycle
and the relationships of these ions with eggshell quality. Arch Gefligelk, 61(6),287-290.

3. Smiricky-Tjardes MR, Mavromichalis |, Albin DM (2004): Bioefficacy of L-lysine sulfate compared with feed-grade L-lysine HCI
in young pigs. J Anim Sci, 82, 2610-2614.

Cesitli kaynak gosterimlerine drnekler:

Kaynak, bilimsel ¢alisma ise:

Kasperowicz A, Michalowski T (2002): Assessment of the fructanolytic activities in the rumen bacterium Treponema
saccharophilum strain S. J Appl Microbiol, 92, 140-146.

Christy RC, Thirunavukkarasu, M (2006): Emerging importance of animal health economics: A note. Turk J Vet Anim
Sci, 2(3), 113-117.

Kaynak, kitap ise:
Falconer DS (1960): Introduction to Quantitative Genetics. Oliver and Boyd Ltd, Edinburgh
Kaynak kitaptan bir béliim ise:

Bahk J, Marth EH (1990): Listeriosis and Listeria monocytogenes. 248-256. In: DO Cliver (Ed), Foodborne Diseases. Academic
Press, San Diego.

Kaynak internette yer aliyor ise erisim tarihi ile birlikte yazilmalidir;

Otte MJ, Chilonda P (2007): Animal Health Economics: An introduction. Erigim:
http://www.fao.org/ag/againfo/resources/en/publications/agapubs/pproc01.pdf. Erisim Tarihi: 11.05.2008

19. Yazisma adresi, ¢alismada sablon igerisinde verilen kisimda yer almalidir. Cok yazarh ¢alismalarda yazarlardan sadece birinin
adi, yazisma adresi olarak belirtilmelidir.

20. Veteriner Hekimler Dernegi Dergisinde yayimlanacak olan, hayvan deneylerine dayal bilimsel ¢calismalarda "Etik Kurul Onayi
Alinmistir" ifadesi aranir.

21. Arastirmaya konu olan maddelerin ve Urinlerin ticari adlari kullanilmamahdir.

22. Dergide yayinlanan her tiirli makalenin sorumlulugu yazarlarina aittir.

23. Gonderilen makaleler gelis tarihine gére hakeme gonderilir ve yayin kurulunun aldigi kararla yayimlanir. Makale
yayimlandiktan sonra yayin hakki dergiye aittir.
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YAYIN HAKKI DEVRi FORMU

Bu formu imzalayan yazarlar, basildigi takdirde, gdonderdikleri ve agagida bagsligi olan yazinin igerigi ile ilgili
higbir konuda Veteriner Hekimler Dernegi Dergisinin sorumlu olmadigini kabul ederler.

Makale Baslig::

Bu formu imzalamakla, yazilari basilan yazarlar;
+ yazinin, igerdigi verilerin, resimlerin ve cizimlerin orijinal oldugunu,
« verileri ve yayin Uizerinde yazar(lar) disinda bagka kisi ve kurumlarin hak sahibi olmadigini,
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» daha 6nce yayinlanmadigini, veya
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