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The Effect of Different Transport Distances and Season on Meat Quality
Characteristics of Broiler Chicken in Commercial Slaughter Conditions
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ABSTRACT

The aim of the study was to determine the effect of season and transport distance on meat quality characteristics of
broiler chicken in commercial transport and slaughter conditions. The study was carried out on Ross 308 broiler
chickens reared under similar commercial conditions from three different seasons (summer, autumn and winter) and
three different transport distances at 40 km, 70 km and 130 km. Meat samples were taken on July, October, and
December for summer, autumn and winter seasons, respectively during 2018. Broilers in trucks were waited in holding
barn for 1 h. A total of 135 broilers, 15 samples per transport distance, were randomly selected to determine meat
quality characteristics, (3 seasons X 3 transport distances X 15 samples). Meat colour parameters, pHan, drip loss,
cooking loss and Warner Bratzler shear force (WBSF) was determined. In winter, pHap, a*24n and b*24n were higher
than other seasons, while L*24p, drip loss and WBSF were lower than other seasons. The incidence of pale, soft and
exudative (PSE) meat was the highest in summer (26.67%), while the incidence of dark, firm and dry (DFD) meat was
the highest in winter (53.33%). The lowest incidence of normal breast meat was in winter season. In conclusion,
incidence of normal breast meat decreased when broiler chickens were transported in winter. However, incidence of
PSE meat was the highest in summer season. Transport distance affected adversely some meat quality characteristics
and this effect was most pronounced in summer season. In order to improve the meat quality, as much as possible,
transportation of broiler chickens should be carried out within thermal comfort zone ranges and avoided from long-
distance transports especially in summer.

Keywords: Animal welfare, DFD meat, meat quality, PSE meat, transportation
*okk

Ticari Kesim Kogullarinda Etlik Piliglerde Farkli Nakil Mesafelerinin Ve Mevsimin Et Kalitesine Etkisi

(074

Bu arastirma ticari nakil ve kesim kosullarinda etlik piliclerin et kalite 6zellikleri izerine mevsimin ve nakil mesafesinin
etkisini beliflemek amaciyla yapilmustir. Bu arastirma benzer ticari kogullar altinda yetistirilen 3 farkli mevsim (yaz,
sonbahar ve kis) ve 3 farklt nakil mesafesinde (40 km, 70 km ve 130 km) kesimhaneye nakledilen Ross 308 hattt etlik
piligler tizerinde yiratilmistir. Et 6rnekleri 2018 yilinda yaz, sonbahar ve kis mevsimleri igin sirastyla Temmuz, Ekim
ve Aralik aylarinda alinmigstir. Etlik piliclere nakil aract iginde 1 saat dinlenme stresi uygulanmustir. Her mevsimde her
bir nakil mesafesi i¢cin 15’er 6rnek olmak tizere toplam 135 etlik pili¢ (3 mevsim X 3 nakil mesafesi X 15 6rnek) et kalite
6zelliklerinin belirlenmesi igin rastgele secilmistir. Et rengi, pHan, damlama kaybi, pisirme kayb: ve Warner Bratzler
kesme kuvveti (WBSF) belitlenmistir. Kis mevsiminde pHan, a*24, ve b*24n degeri diger mevsimlerden daha yiiksek iken
L*24n, damlama kayb1 ve WBSF degeri diger mevsimlerden daha distik bulunmustur. PSE (soluk, yumusak, sulu) etin
insidensi yaz mevsiminde en yuksek iken (%26.67), DFD (koyu, sert, kuru) etin insidensi ise kis mevsiminde en yiiksek
olarak tespit edilmistir (%053.33). En disik normal et insidensi ki mevsiminde bulunmustur. Sonug olarak, kis
mevsiminde etlik piliclerin nakli normal et insidensinin diigmesi ile sonu¢lanmustir. Diger taraftan, PSE etin insidensi ise
en yiksek yaz mevsiminde bulunmustur. Nakil mesafesinin artist bazi et kalite 6zelliklerini olumsuz olarak etkilemis ve
en ¢ok bu etki yaz mevsiminde gozlenmistir. Etlik piliclerin et kalite 6zelliklerinin olumsuz olarak etkilenmemesi igin
termal konfor zonu araliklarinda naklin yapilmasi ve 6zellikle yaz mevsiminde uzun mesafe nakillerden kaginilmasi
onerilmektedir.

Anahtar Kelimeler: DFD et, et kalitesi, hayvan refahi, nakil, PSE et.
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INTRODUCTION

The rapid increase in the human population in the
wotld has closely associated with an increase in
protein demand leading to nutritional problems
(Makkar et al. 2014). Animal products due to
important essential amino acids contents constantly
increasing thus, the breeding of animals where animal
proteins can be obtained at the lowest price and in
the a short time have gained popularity (Altinel 1999).
Chicken meat has a very important role in human
nutrition because of its low cholesterol and fat levels,
high protein and calcium content, sufficient amount
of essential amino acids and being cheaper than red
meat. In addition, it is economical to breed because it
can be produced in the short term, the feed
conversion rate is good, and more products can be
obtained in a unit area than other animals (Cinar
2007, Oztiirk 2016).

Turkey provides 60% of its total meat production
from poultry meat. Chicken meat production was 163
thousand tons in 1990 in Turkey, has reached 2
million tons with an increase of 12 times in 2019 and
has a share of 2% in the world (Anonymous 2019).
Farm animals can show different reactions to the
stress depending on their specific genetic structures
during the transport process. Chickens are one of the
most sensitive species to stress among farm animals
(Isabel Guerrero 2010). They may face with risk and
the extent of economic damage become more
important considering that chickens are the most
transported farm animals in the world (EFSA 2004).
Transport of poultry from farm to slaughterhouse is a
multifactorial process. This process includes pre-
slaughter stages with varying degrees of stress, such as
the start of loading, leaving the social environment,
movement, sudden acceleration and stopping,
exposure to a new unfamiliar environment, noise,
high or low ambient temperature (Appleby 2008).
Catching, crating and transporting broilers are the
most traumatic events among these stages (Elrom
2000). Pre-slaughter stress factors can cause varying
degrees of immune system damage, bone fractures,
injuries in different regions, deterioration in meat
quality, and even death in broilers. Pre-slaughter
stress factors such as transport time and distance,
vehicle riding quality, unloading of broilers from the
transport vehicle and dispatching to slaughter, pre-
slaughter rest period have been studied by various
researchers (Watriss et al. 1992, Mitchell and
Kettlewell 1998, Knierim and Gocke 2003; Nijdam et
al. 2004). Among these factors, especially transport
distance and heat stress at pre-slaughter is a
significant threat to bird welfare. Heat or cold stress
has a negative effect on meat quality and increases the
mortality rate. Thus, it can cause great economic loss
(Mitchell and Kettewell 1998, Lara and Rostagno
2013).

The most important factor increasing the fear level of
the transported broilers is the transportation time
(Cashman et al. 1989). Long-distance transport
negatively affects both animal welfare and meat
quality. Long transports cause fatigue in broilers,
especially when they are hungry for a long time, and
decrease the glycogen stores in the body. In addition,
broilers exposed to heat stress expose to dehydration
in long-distance transportation. The stress caused by
the negative effects of long transports brings about
significant economic losses by damaging the welfare
and meat quality of broilers. Therefore, it has been
reported that the transport time should be reduced
(Burgess and Pickett 2000).

Seasonal conditions of transport may affect meat
quality characteristics. The water holding capacity,
WBSF and meat color are negatively affected when
broilers are exposed to cold weather conditions
(Barbut et al. 2005, Dadgar et al. 2010, 2011). Broiler
meats exposed to hot weather conditions have more
drip loss, cooking loss and pale meat colour with
WBSF value (McKee and Sams 1997, Petracci et al.
2004, Bianchi et al. 2005, Langer et al. 2009). On the
other hand, it has been reported that the season does
not have a significant effect on meat quality
characteristics in some studies (Holm and Fletcher
1997, Sandercock et al. 2001, Debut et al. 2003).
Temperature stress can cause inappropriate changes
in meat quality parameters such as pale, soft and
exudative (PSE) or dark, firm and dry (DFD) meat
(Langer et al. 2009). Most of the consumers do not
prefer this type of meat because of their colour and
low meat quality (Fletcher 1999). Recently, it has been
reported by many researchers that there is a close
relationship between uncooked breast meat color and
defective meat problems (Qiao et al. 2001, Bianchi et
al. 2005). It has been reported by some researchers
that the brightness value (L¥) can be used as an
indicator of PSE or DFD meat, as well as to predict
the incidence of meat defects (Barbut 1997, Wilkins
et al. 2000, Soares et al. 2002, Galobart and Moran
2004, Petracci et al. 2004).

This research was carried out to determine the effect
of season and transport distance on meat quality
characteristics of broiler chickens under commercial
transport and slaughter conditions.

MATERIAL and METHODS

Animals, study design and slaughter process

The study was carried out three different seasons
(summer, autumn and winter) and three different
transportation distances (short, medium and long
distance) treared under the similar commertcial
conditions in Samsun. The animal material of this
study consisted of Ross 308 line broilers. The short
distance transportation was determined as 40 km,
medium distance transportation was 70 kilometers
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and long distance transportation was 130 kilometers.
In the research, data were collected for the summer,
autumn and winter seasons in July, October and
December in 2018. A total of 135 broiler chickens (3
seasons X 3 transport distances X 15 samples) were
randomly selected to determine meat quality
characteristics.

In the hens, 23 hours of light and 1 hour of darkness
were applied, and feed and water were given ad
libitum by the producers. Broilers in all poultry
houses were starved 8 hours before transport
throughout the study. The dimensions of the loading
crates used for transport are 80 cm long X 45 cm
wide X 30 cm high. The type of trailers was similar

and there were 320 crates in each vehicle. Stocking
densities in the crates for all transfers were within the
range recommended by Anonymous (2011). Average
vehicle speed was approximately 40 km/h. The
transport vehicles completed the transport without
stopping, without sudden acceleration or deceleration
during the transport. A temperature and humidity
recording device (Testo 174H, Testo Instrument Co.
Ltd, Germany) was installed outside the
slaughterhouse to record the ambient temperature
and humidity. The recorded values throughout the
research are given in Table 1.

Table 1. Certain transportation and slaughter characteristics by season (Y +SX )

Items Summer Autumn Winter
Stocking density (m?/bird) 0.04310.001 0.04210.001 0.04010.001
Slaughter weight (kg) 2.13%0.05 2.10%0.05 2.14%0.05
Slaughter age (d) 40.89%0.62 40.0210.36 39.08%0.74
Temperature (°C) 16.61£0.75 4.16%0.45 0.34 £ 0.33
90.11+2.54 88.33+0.85 96.8910.63

Humidity (%)

The slaughtering process took place between 23:30
and 08:00, depending on the workload in the
slaughterhouse. The rest period before slaughter was
applied as 1 hour for all transport vehicles. Broilers
were unloaded from the crates and hung upside down
on the slaughter line at the end of this period. Broilers
were stunned electrically at 50 Volt for 10 sec before
slaughtering, afterward they were cut by hand, after
the blood flow was provided, they were passed
through a hot water tank at 60°C and their feathers
were automatically plucked. The carcasses were taken
to the relevant sections for cooling after the internal
organs were removed automatically. Laboratory
analyzes of meat quality were carried out at Istanbul
University-Cerrahpasa,  Faculty of  Veterinary
Medicine, Department of Animal Breeding and
Husbandry, Meat quality laboratory.

Meat quality analysis

M. pectoralis major was removed from the 15 carcasses
for each application. The pH of this muscle was
measured 4 hours after slaughter using a Testo 205
pH meter (Testo Instrument Co. Ltd., Germany) and
the result was recorded as pHyn.

Passive Water Loss Measurement

Samples were taken from M. pectoralis  major
approximately 20 g for passive water loss
measurement. After the moisture on the outer
surfaces of the samples taken for this purpose was
carefully dried with a paper towel, it was weighed on a
precision balance sensitive to 0.01 g (HT-1000NH+
model, Dikomsan, Istanbul) and recorded as the

initial weight (Wiusia). The sample taken was placed in
a transparent bag in such a way that it would not
touch the bag and was weighed again after it was kept
at 4°C for 24 hours. Passive water loss (PWL) is
calculated with the following formula, which
expresses the ratio of passive water loss resulting
from hanging for 24 hours to the initial sample
weight (Honikel 1998):

PWL (%) = [(Wisitiar — Wias)) / Winisial] X 100

Meat Colour Measurement

A color measuring device (Minolta CR 400, Konica
Minolta Sensing, Inc., Osaka, Japan) measuring with
L*, a*, b* coordinate system was used for meat color
measurement. The standards reported by CIE (1976)
were applied in the measurements, and D65 was used
as the light source. The device was calibrated
according to the standard white plate (Y=93.8;
x=0.316; y=0.3323). Measurements were made from
three different places (the bone-facing surface of M.
pectoralis major, from the lean and undamaged parts of
the median line) by means of a colorimeter for color
analysis. Samples taken for color measurement were
placed on a plastic plate and the first measurement
was made as soon as the sample was taken.
Afterwards, the samples were kept in a refrigerator at
4oC for 24 hours and then a second color
measurement was performed. The colorimeter is set
to take three measurements per command and
calculate their average. The average value was
accepted as the color value of that sample.
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Cooking loss analysis

The remaining part of M. pectoralis major was used for
cooking loss and texture analysis. The samples were
weighed, packed with vacuum, and baked in a water
bath at 80°C for 20 minutes before cooking At the
end of this period, the samples were removed from
the water bath and cooled under running water until
their internal temperature reached room temperature.
The samples were then kept in a refrigerator at 4°C
for 24 hours. Afterwards, the samples were taken out
of their bags, dried with paper towels and weighed to
determine their weights after cooking. Cooking loss
(%) was calculated as the ratio of the difference
between pre- and post-cooking weights to the initial
weight (Honikel 1998).

Texture analysis

Warner-Bratzler blade connected to Instron 3343
device (Instron, Norwood, USA) was used for WB
shear force analysis. The samples used in the cooking
loss measurement were used in the WBSE analysis.
Three sub-samples from each cooked meat samples
were cut parallel to the muscle fibres with a cross
section of 1X1 cm and 2.5-3 cm length. The average
value was accepted as the value of that sample (Pekel
et al. 2012).

Classification of Samples

Breast meat samples were classitied as PSE, DFD or
normal meat according to L4 value. Accordingly, if
L%an= 49.0 is considered PSE, if L', < 44.0 is DFD
and 44.0< L"241<49.0 is considered normal (Barbut
1997, Soares et al. 2002).

Statistical Analysis

Chi-square test was used to compare DFD, normal
and PSE meat incidences by season. GLM test was
performed to determine the effect of season and
transport distance on meat quality characteristics.
Season and transport distance were used as the main
factors in the model, and the interaction effect of
season and transport distance was calculated. Tukey's
multiple range tests was used to determine the
significance of the difference when the effect of
season, transport distance or interaction of both were
significant.

RESULTS

The Effect of Season on Meat Quality
Characteristics

Average values for meat quality characteristics
according to season and transportation distance are
shown in Table 2. In this study, the effect of the
season on meat quality characteristics was significant
(P<0.01 and P<0.001) except b*o, while the effect of
transport distance on pHan, L*o and L*y4 values was
insignificant (P>0.05). The value of pHan, a*o and a*»4
were the lowest in summer, and the highest L*24, and
b*24n among meat quality characteristics. In addition,

it was determined that drip loss, cooking loss and
WBSF value were higher in summer than broilers
transported in other seasons. On the other hand, it
was determined that the effect of the season X
transport distance interaction on meat quality
characteristics became significant except L*o, b*o, drip
loss and WBSF value (P>0.05).

Effect of Transport Distance on Meat Quality
Characteristics

Mean meat quality characteristics (£SEM) of different
transportation distances are given in Table 3
according to the seasons. Accordingly, it has been
determined that meat quality characteristics from
different transportation distances are greatly affected
in the summer season. It was determined that meat
quality characteristics were partially affected or the
difference was insignificant at different transportation
distances in other seasons.

Incidence of DFD, normal and PSE meat

DFD, normal and PSE meat incidences according to
the seasons are given in Table 4. According to these
findings, it was determined that DFD meat incidence
was highest in winter (53.33%) and lowest in summer
(6.66%). The highest incidence of PSE meat was
observed in the summer (26.67%) and PSE meat was
not found in the winter season. In addition, normal
meat incidence was the lowest (46.67%) in winter.
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Table 2. Means and importance levels of meat quality characteristics of seasonal and transport distance groups

Seasons (S) Transport Distance (TD) Significance

Meat Quality ) )

o Summer Autumn Winter Short Medium Long SEM S TD SXTD
Characteristics
pH.n 6.06° 6.35° 6.50° 6.35 6.31 6.26 0.03 ek ns Fek
L*, 46.48° 43.37° 44.51° 44,52 45.23 44.61 0.57 Hokk ns ns
L*y, 46.67° 44.57° 43.92° 45.37 45.06 44.72 0.23 Fokk ns *
a*, 2.59° 3.13° 3.03 2.67° 2.84% 3.25° 0.12 ok i i
a*y 2.58° 2.79% 3.03 2.51° 2.80% 3.09% 0.12 ok * ok
b*, 4.92 5.01 4.84 5.30° 4.87* 4.60° 0.18 ns * ns
b*,, 5.29% 4.74° 5.61° 5.62° 5.28% 4.74° 0.18 Yok *x *x
Dropping loss (%) 2.87° 2.17° 1.46° 2.12 2.21 2.17 0.07 falea ns ns
Cooking loss (%) 19.44° 15.34° 17.54° 17.81% 17.90° 16.62° 0.37 Fhk * *
WBSF (kg) 2.37° 1.61° 1.33° 1.87 1.76 1.68 0.09 Fhk ns ns

S: Season, TD: Transport Distance, ns: Non significant (P>0.05)
a, b, c: Mean values in the same row with different letters differ significantly (P<0.05).

* P<0.05
**P<0.01
*KP<0.001
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Table 3. Means and significance levels of meat quality characteristics at different transportation distances according to the seasons (X £SX)

Characteristics Summer Autumn Winter
Short Medium Long Sig. Short Medium Long Sig. Short Medium Long Sig.

pHan 6.06%0.03 6.10£0.02 6.03%£0.05 ns 6.45£0.05¢  6.22£0.05>  6.37+0.05%>  ** 6.52£0.06*>  6.61£0.05*  6.38%0.06> *
L*o 47.1020.200  47.25%£0.59+  45.09£0.59>  ** 41.371£2.70  44.5910.48 44.14£0.25 Ns 45.071£0.36  43.86+0.27 44.61£0.61 ns
L*o4 47.21+0.27+  47.28%£0.58* 45.51£0.54> * 44.50+0.33  44.6510.41 44.56%£0.25 Ns 44411030 43.25+0.21 44.08£0.52 ns
a*o 2.1610.13 2.17%0.27 3.44%0.26 ok 2.9410.13  2.99£0.17  3.45%£0.24  Ns 2.8910.15  3.34%20.24  2.86%0.22  ns
a*4 2.12%+0.15 2.1310.27 3.49%0.28 ok 2.57+0.12  2.76£0.16  3.02£0.18  Ns 2.83+0.18  3.51+0.27  2.75£0.21  ns
b*p 5.75%0.28 4.7120.24 4.3010.40 ok 4.82+0.39  5.30£0.22  4.89£0.31 Ns 5.32%0.32  4.60£0.24  4.59%£031 ns
b*24 6.25%0.27 5.05%0.28 4.55+0.35 ok 4.4010.34 5252023 4511030  Ns 6.21£0.31 544031  5.04%£032 *
Dropping loss (%) 2.7840.12 3.07£0.09 2.77%0.15 ns 2.12+0.14  2.19%0.15  2.19%0.12  Ns 1.47£0.06 1.36£0.07  1.55%0.05 ns
Cooking loss (o) 19.45£0.55%>  21.3220.700  17.55£0.82b  ** 15.61£0.82 15.38+0.59 15.04£0.39 Ns 18.36£0.59  17.01£0.39 17.26+0.73 ns
WBSF (kg) 2.5910.23 2.30%0.28 2.23%0.18 ns 1.54£0.06  1.72+0.13  1.57£0.08  Ns 1.49£0.11 1.25%£0.07  1.25%0.08 ns

ns: Non significant (P>0.05)
a, b, c: Mean values in the same row with different letters differ significantly (P<0.05).

* P<0.05
**P<0.01
*P<(0.001
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Table 4. The incidence of DFD, normal and PSE meat by season

Summer Autumn Winter Overall
Traits (n=45) (n=45) (n=45) (n=135) Sig.
N % n % % n %
DFD 3 6.66° 11 24 .44° 53.33% 38 28.15 ekl
Normal 30 66.67" 34 75.56° 46.67° 85 62.96 wxx
PSE 12 26.67° 0 0 0o 12 889 *rx

a, b, c: Incidence values in the same row with different letters differ significantly (P<0.05).

Sig.: Significance, *** (P < 0.001).

DISCUSSION

Poultry is more sensitive to stress than other animal
species, especially ruminants. Therefore, meat quality
problems are more common in poultry compared to
cattle and sheep (Warriss et al. 1992). It has been
reported that pre-slaughter stress factors such as pre-
slaughter fasting period, environmental temperature
and humidity, and pre-slaughter resting conditions
may affect the meat quality of broiler chickens
(Mitchell and Kettlewell 1998).

The Effect of Season on Meat Quality
Characteristics

In this study, broilers transported in summer were
more pale (+2.75 L¥*y4 units), less red (—0.45 a*aqn
units), and less yellow (—0.32 b*24 units) compared to
those transported in winter, WBSF value and drip
loss increased breast meat. In most of the studies, it
has been reported that broilers transported in
summer were a decrease in pH, a decrease in red
color (a*), drip loss, cooking loss and lightness (L*)
compared to cold weather conditions. In addition, it
has been reported by the researchers that the WBSF
value increases when broilers are exposed to pre-
slaughter heat stress (Bianchi et al. 2007). It has been
reported that exposure of broilers to pre-slaughter
heat stress accelerates the formation of rigor mortis
and causes protein denaturation. It has been stated

that if there is a rapid decrease in pH in the eatly

postmortem period when the carcass temperature is
high, undesirable results such as PSE meat (pale, soft
and exudative) may occur (Mitchell et al. 2001). These
results are in accordance with those reports by
Petracci et al. (2001), Petracci et al. (2004), Bianchi et
al. (2000) and Bianchi et al. (2007). However, it has
been reported by some researchers that heat stress
did not have a significant difference on meat quality
characteristics of broiler chickens (Sandercock et al.
2001, Debut et al. 2003). Differences between studies
may be due to differences in ambient temperature,
resting period before slaughter or starvation period
before slaughter. On the other hand, it has been
stated that cold weather conditions before slaughter
may also cause stress in broilers and adversely affect
meat quality. It has been reported by many
researchers that breast meat has less drip loss, more
shear force, darker meat color and higher pH
compared to optimum weather conditions of broilers
exposed to cold stress (Dadgar et al. 2010, 2011).
Similar results were also recorded in this study.
Broilers exposed to seasonal cold stress during
transport use some of the glycogen in the muscles to
keep their body temperature constant. Therefore, it is
thought that less glycogen is converted to lactic acid
and the pH of meat remains high (Warriss et al.

1999).
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Effect of Transport Distance on Meat Quality
Characteristics

In this study, it was determined that meat quality
characteristics were affected more in summer than
other seasons in different transportation distances in
different seasons. Three different transport times (15
km, 50 km and 150 km) and season (autumn, winter
and summer) stress on broilers were investigated by
Elsayed (2014). In this study, it was determined that
as the transport distance increased, glucose and LDH,
decreased, while H:LL and corticosterone increased. In
addition, it has been reported that corticosterone
increased in all seasons at 50 km, especially in long
transport (150 km). Stress of broiler chickens
increased in summer season. Nijdam et al. (2005)
reported an increase in plasma corticosterone level of
broiler chickens after 3 hours of transportation.
Zhang et al. (2009) reported that the plasma glucose
level increased slightly in the first 45 minutes and
then decreased within 3 hours. Oba et al. (2009)
investigated the effect of three different transport
distances (30 min, 90 min and 180 min) on meat
quality characteristics under hot weather conditions
(33 °C). At the end of the study, it was reported that
the a* value increased while the L* value decreased
with the increase in the transportation period. Yalcin
and Giler (2012) investigated the effects of three
different transport distances (65 km, 115 km and 165
km) on blood metabolites and meat quality. At the
end of the study, it was reported that long-distance
transport (165 km) has a negative effect not only on
animal welfare, but also on meat quality as well as
slaughter weight is an important factor in the
occurrence of this negative effect. A study in turkeys
(Owens and Sams 2000) reported that turkeys
transported for 3 hours had a significantly lower
breast meat L* value compared to turkeys that were
not transported. It was reported that there was a
negative correlation between L* value and breast

meat pH when the correlation between meat quality

characteristics was examined. The results found in
this study regarding transportation distance and meat
quality characteristics are similar to the research
findings of Yal¢in and Giler (2012). Transport is the
most important source of environmental stress for
broilers (Mitchell and Kettlewell 1998). The extent of
this stress is highly dependent on transport distance
and ambient temperature (Warriss et al. 1992, Kannan
et al. 1997, Warriss et al. 2005). It was reported that
transportation longer than three hours causes
increased mortality, increased carcass injuries and
decreased carcass quality (Warriss et al. 1992). Since
poultry are more sensitive to stress than other animal
species, it is recommended that the transport time
should be shorter (Warriss et al. 1993, 1999). It is
thought that deteriorate in meat quality parameters
due to the decrease in muscle glycogen stores when
transport distance increase.

On the other hand, in the study by Vosmerova et al.
(2010), three different ambient temperatures (25-35
°C, 10-20 °C and -5-5 °C) and four different transport
distances (0 km, 10 km, 70 km and 130 km) were
compared according to stress conditions of broilers
transported. As a result of the research, it was
reported that broiler chickens in short distance and
cold weather conditions had the highest
corticosterone level. Yue et al. (2010) used two
different transport distances and two different rest
periods (45 min transport and 45 min rest, 45 min
transport and 3 hours rest, 3 hours transport and 45
min rest, 3 hours transport and 3 hours rest).
Biochemical properties and meat quality parameters
were compared between the groups. As a result of the
research, there were biochemical changes between the
groups, but it was reported that there was no
significant  change in  breast meat quality
characteristics other than the a* value. In another
study, the same transport times and the same rest
periods were applied (45 min transport and 45 min

rest, 45 min transport and 3 hours rest, 3 hours
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transport and 45 min rest, 3 hours transport and 3
hours rest) (Zhang et al. 2009). It has been reported
that short transport time and short resting time cause
an increase in a* value. Bianchi et al. (2000), three
different transport distances were applied (<40 km,
between 40-210 km and >210 km) and meat quality
characteristics were compared. It was reported that
there was a significant difference only among a*
values. The a* wvalue was higher in broilers
transported <40 km than in the other two transport
groups. The results of current study on the effect of
transport distance on meat quality characteristics are
different from the results of some researchers
(Bianchi et al., 2006; Zhang et al. 2009, Vosmerova et
al. 2010; Yue et al. 2010). It is thought that the
differences between the studies may be due to the
differences in environmental temperature, resting
period before slaughter, starvation period before

slaughter, and transportation distances.

Incidence of DFD, normal and PSE meat

Bianchi et al. (2000) reported that broiler breast meats
at <12°C were darker. The a* and b* values were
higher than those in other groups from broiler
chickens housed at three different ambient
temperatures (<12°C, 12-18°C and >18°C). As a
result of the study, it was reported that the incidence
of PSE meat was 15.3% in housed at >18°C, 13.3%
in broilers housed in the 12-18°C temperature range,
and 2.8% in housed at <12°C. Petracci et al. (2004)
reported that the incidence of PSE meat was 26.7%
in broilers sent to slaughter in the summer season,
while this rate was 5.9% in the winter season. Dadgar
et al. (2010) reported that the incidence of PSE meat
was 13% at 20°C ambient temperature while the
incidence decreased to 4% at 0°C.

In this study, it was determined that DFD meat
incidence was highest in winter and PSE meat
incidence was highest in summer. The results of this

study were similar by Bianchi et al. (2006), Dadgar et

al. (2010) and Petracci et al. (2004). In addition, many
researchers (Mc Kee and Sams 1997, Owens and
Sams 2000, Van Laack et al. 2000, Petracci et al. 2004,
Bianchi et al. 2005) reported that the incidence of
PSE meat was high at high ambient temperature
while the incidence of DFD meat was high in cold
environmental conditions.

This rate in Europe was %10 (Petracci et al. 2009),
5% in Poland (Lesiow et al. 2007), in England 20%,
37-47% in the USA (Woelfel et al. 2002). In this
study, the overall incidence of PSE meat was 8.89%.
The current results in this study was similar to the
results of Petracci et al. (2009), it was lower than the
value reported by Wilkins et al. (2000) and Woelfel et
al. (2002). It is thought that the reason for the
differences among the results may be due to the
environmental temperature, the different
microclimate conditions of the transport vehicles in
different studies, the differences in the slaughter age
and weight of the broilers. On the other hand,
Lesiow et al. (2007) reported that the incidence of
DFD meat was between 18-34%. DFD meat
incidence was reported by Dadgar et al (2010) as 8%
in broilers transported between —8°C and 0°C. The
results obtained for DFD meat incidence in this study
were similar to the results of Lesiow et al. (2007),
while it was higher than the results of Dadgar et al
(2010). Differences may be due to differences in
DFD meat classification created by Dadgar et al.

(2010) (pH>6.1 and L*<46).

CONCLUSION
Poultry  transport from the coop to the
slaughterhouse is a multifactorial and extremely
stressful process involving many traumatic factors for
broilers. This stress is highly dependent on transport
distance and ambient temperature. These factors
bring about economic loss by causing meat quality
problems such as PSE or DFD. In this study, the

effect of the season on meat quality characteristics
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was significant. It was determined that the meat
obtained from broilers transported in the summer
season was paler, less red, less yellow, higher drip loss
and WBSEF wvalue than those transplanted in the
winter season. In addition, it was determined that
broiler chickens exposed to cold environmental
conditions had a darker, less drip loss and less WBSF
value due to the higher pH value of breast meat
compatred to other seasons. On the other hand, the
highest PSE meat incidence was in summer, while the
highest DFD meat incidence was in winter. At the
same time, it was determined that the lowest normal
meat incidence was in winter.

It was determined that meat quality characteristics
were partially affected, as the transport distance
increased, but the effect of transport distance was
much more evident, especially in the summer season
compared to other seasons. Broiler chickens are
affected more in winter than other seasons because
the DFD meat ratio is the highest and the normal
meat incidence is the lowest. In addition, PSE meat
incidence was highest in summer and the effect of
transport distance was significant, especially in this
season. In conclusion, In order to improve the meat
quality transportation of broiler chickens should be
carried out within thermal comfort zone ranges and
avoided from long-distance transports especially in
summet.
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ABSTRACT

In this study, demographic analysis of cases admitted to our newly established faculty hospital was aimed. For this
purpose, casese reffered between 23.06.2015-30.06.2021 to the clinic of Internal Medicine, Faculty of Veterinary
Medicine, Aksaray University, for diagnosis and treatment were included in the study. A total of 657 patients were
evaluated retrospectively. The distribution of the cases according to year, month and species, and classification by
the body systems involved were made. The highest number of cases referred was carnivores and the least was
poultry between the evaluated years. The highest number of cases were recorded recorded in 2021 and the lowest
in 2015. The number of cases peaked in the winter season, especially in February, and was the lowest in the summer
season, particularly in July. In the majority of cases admitted, the digestive system was affected and the second
most affected system was respiratory.

Keywords: Animal diseases, retrospective study, data analysis
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Aksaray Universitesi Veteriner Fakiiltesi I¢ Hastaliklar1 Klinigine Getirilen Hastalarin Retrospektif
Degerlendirilmesi

Oz

Bu calisgmada yeni kurulan fakiltemiz hastanesine getirilen hastalarin demografik analizleri amag¢lanmistir. Bu amagla
23.06.2015-30.06.2021 tarihleri arasinda Aksaray Universitesi Veteriner Fakiiltesi I¢ Hastaliklart Klinigi'ne tan1 ve
tedavi amactyla getirilen hastalar calismaya dahil edildi. Toplam 657 hastanin retrospektif degerlendirilmesi yapildi.
Hastalarin yil, ay ve tiitlere gére dagiimlar ile hastaliklarin yerlestigi sistemlere gore siniflandirilmasi yapildi. S6z
konusu yillar arasinda en fazla karnivor, en az kanatlt hastanin getirildigi belitlenmistir. Hasta yogunlugunun en fazla
oldugu yil 2021 ve en az ise 2015 yili olarak kaydedilmistir. Hayvan sayisinin kis mevsiminde, 6zellikle Subat ayinda
en yiksek orana ulastifl, yaz mevsiminde ise Temmuz ayinda en az oldugu belirlenmistir. Sistem hastaliklar
yontinden degerlendirildiginde, tim tiirlerde en ¢ok sindirim sistemi ikinci sirada ise solunum sisteminin etkilendigi
vakalar tespit edilmistir.
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GIRIS

Veteriner fakulteleri, hastaliklarin teshisi, tedavisi ve
korunmast,  zoonoz  hastaliklarin = teshis  ve
profilaksisinin yani sira tlke hayvanciliginin gelismesi
ve ilerlemesine katki saglayacak veteriner hekimleri
yetistiten 6nemli egitim kurumlaridir (Aksoy ve ark.
2018). Veteriner Fakiltesi’'nde egitim 6gretim
faaliyetleri, teorik, laboratuvar ve klinik uygulamalari
kapsamaktadir.

Aksaray Universitesi Veteriner Fakiiltesi 2014-2015
yilinda ilk egitim ve Ogretime gecmistir. 2018-2019
yiinda ilk veteriner hekim mezunlarini vermistir
(Anonim 2019).

Aksaray 11 Tarim ve Orman Midirligi’niin 2021
yilinda yayinlamis oldugu brifinge gbre biytikbas
hayvan sayist 336.200 olup iller arasinda Ttrkiye’de 15.
sirada yer alirken, kiiciitkbas hayvan sayist ise 991.397
olup Tirkiye’de 20. sirada yer almaktadir. Aksaray
ilinde 2020 yilinda TUIK verilerine gére 1.557.000 ton
yonca, Uretimi ile Glkemizde 2. sirada yer almaktadir.
Aksaray ili, sit sigirlant canlt  hayvan  sayis
kategorilerinde, Tirkiye’de il siralamasinda ik 15
arasinda yer almaktadir. Hayvan yetistiriciliginde ve
yem bitkileri dretiminde 6nemi bir ildir (Anonim
2021).

Aksaray ilinde hem yetistiricilerin bilin¢lendirilmesi
icin egitimler ve gezilerin yapilmast hem de kirsal
kalkinma yatirimlarint destekleme programlariyla da
(2021-2025) ckonomik yonden tarim ve hayvancilik
desteklenmektedir. Ayrica Aksaray ilinin tarim ve
hayvancilik olarak daha iyi bir seviyeye gelebilmesi
amaciyla yatirim amaglt tegvik ve kredi avantajlari da
sunulmaktadir (Sevimli 2020).

Biiyiik ve kiiciik bas hayvanciligin yaninda I¢ Anadolu
bolgesinde yetistirilen ve genel olarak Aksaray iline
Ozgli ‘Aksaray Malaklist’” veya ‘Malakli Karabas’ olarak
da bilinen ¢oban képegi yetistiriciligi de Aksaray halki
icin 6nem arz ectmektedir. Tarih boyunca bircok
medeniyete ev sahipligi yapan Aksaray Ili ve ¢evresinde
yetistigi icin ‘Aksaray Malaklist’ denilmekte ve bu irkin
anavatant olarak kabul edilmektedir (Aslim ve Sinmez
2017).

Bu retrospektif calismada, 2015-2021 yillart arasinda
Alksaray Universitesi Veteriner Fakiiltesi I¢c Hastaliklart
klinigine getirilen hasta hayvanlanin tird, klinige
getirildikleri ay ve yil, tanist konulan hastalik ve
hastaligin  etkiledigi sistem dagilimlarinin  ortaya
konulmast amaclanmistir. Bu calisma ile elde edilecek
sonuclarin daha sonraki bilimsel ve klinik calismalarla
birlikte klinik hizmetlerinin de iyilestirilmesine temel
olusturabilecegi distintlmiistur.

MATERYAL ve METOT

Aragtirmanin materyalini, 23.06.2015-30.06.2021 yillari
arasinda Aksaray Universitesi Veteriner Fakiiltesi I¢
Hastaliklart Ana bilim Dali klinigine muayene icin
getirilen toplam 657 hastanin protokol defterindeki
kayitll  veriler  kullandmistir.  Hastalarin ~ klinige

getirildikleri ay ve yi ile hayvan tlrlerine gore
dagiimlar:  belirlenmis olup hastaligin  etkiledigi
sistemlere gbre dagilimlar1 tablo ve grafiklerle
gosterilmistir. Aksaray ili ve ¢evresinde daha ¢ok
yetistitilen ‘Aksaray Malaklist’ icin de ayrica tablo ve
grafiklerle kullandmistir.  Sig1r, koyun ve keci
hastaliklarinin =~ tanimlanmasinda, Gulin = ‘Gevis
Getiren Hayvanlarin I¢ Hastaliklart’ isimli kitabi Giil
(2016) ve kedi, képek hastaliklarinin tanimlanmasinda
Aytug’un ‘Képek ve Kedilerin I¢ Hastaliklart® isimli
kitabi temel alinarak Aytug (2019) dizenlemeye
calistlmustir.

Genel muayene sonucu bazi hastaliklarin birden fazla
sistem Uzerinde etkili olmasi nedeniyle, klinige getirilen
hasta hayvan sayis1 ile tiire Gzgii toplam sistem
hastaliklarinin sayisal verilerinde farklilik
gorilebilmektedir. Elde edilen verilerin betimleyici
istatistik analizleri yapilmugtir.

BULGULAR

Klinigimize muayene icin getirilen toplam 657 adet
hayvanin muayenesi yapidmis olup en ¢ok hastanin
2021 yilinda (210, %31.96), en az hastanin ise 2015
yilinda (15, %2.28) getirildigi tespit edilmistir. Klinige
bu zamana kadar en ¢ok karnivor (389, %59.21), en az
ise kanatli hayvan (8, %1.22) getirilmistir. Klinige
getirilen hayvan tiirleri coktan aza dogru siralandiginda;
karnivor (%59.21), kic¢tik ruminant (%26.94), buytk
ruminant (%12.63) ve kanatl hayvan (%1.22) seklinde
stralanmaktadir (Tablo 1). Tum titlerin aylara gére
dagilimt Tablo 2’ de gbsterilmistir.

Klinige getirilen hayvanlarin aylara gére dagilimi
incelendiginde en yogun subat ayinda (108, %16.44),
daha sonra mart ayinda (96, %14.61) ve en az temmuz
ayinda (19, % 2.89) getirildigi gorilmektedir.
Ruminantlarin en fazla ki aylarinda getirildigi, yaz
aylarinda ise bu degerlerin azaldigy; karnivorlarda ise bu
durumun aksi goértuldigi kis aylarinda daha az vaka
getirilitken yaz aylarinda ise gelen vaka sayilarinin
artudr  gortlmektedir (Sekil 1). Ruminantlarin  ve
karnivorlarin aylara gore sistem hastaliklari dagilimlar
Sekil 2’de gosterilmistir.

Klinigimize getirilen tim hayvanlarin tirlere gore
ayrimt yapilmis ve hastaliklarin etki ettigi sistemler
grafikler Uzerinde gosterilmistir. Genel muayene
sonucu bazt hastaliklarin birden fazla sistem tizerinde
etkili oldugu ve bu nedenle toplam hayvan sayisi ile
hastaliklarin  etkiledigi sistem hastaliklar1 arasinda
farklilik gorilebilmektedir.

Biyitk ruminantlarda en fazla sindirim (54, %58.06)
ikinci sirada ise solunum problemleri (32, %34.41) ile
karsilasilirken en az iz element ve vitamin hastaliklart
(1, % 1.08) ile karsilastlmustir (Sekil 2). Uriner sistem,
karaciger ve metabolizma hastaliklari, dolasim sistemi
ve sinir sistemine lokalize olan hasta hayvan klinige
getirilmemistir. Getirilen kiiciik ruminantlarda ise en
fazla sindirim sistemi (106, %57.30) hastalig: ile
karsilagilitken en az metabolizma hastaliklart (2, %
1.08) ile karsilagiimistir (Sekil 2). Uriner ve dolasim
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sistemi  hastaligt  icin  klinife hasta  hayvan
getirilmemistir. Getirilen karnivorlarda en fazla
sindirim ~ sistemi (169, %56.90) hastaligi  ile

karsilasilirken en az iz element ve vitamin eksikligi (1,
%0.34) hastaligi ile karsdasilmistir  (Sekil — 2).
Metabolizma hastaligi sikayetiyle klinigimize hasta
hayvan getirilmemistit. Bu zamana kadar toplam 105
kedi-k6pek tlrd ast icin klinigimize getirilmis ve genel
muayene sonucu herhangi bir hastalik bulgusu
saptanmayan hayvanlarin ast uygulamalari yapilmustir.
Kanatlt hayvanlarda ise Gg¢ sistem ile ilgili hasta hayvan
getirilmistir. Bunlar coktan aza dogru sirastyla; sindirim
sistemi (5, %62.50), solunum sistemi (2, %25), en az iz
element ve vitamin eksikligidir (1, %12.50). Diger

sistemlerin  etkilendigi  hasta  hayvanlar  klinige
getirilmemistir.
Klinikte en c¢ok karsilagilan hastaliklar  buyiik

ruminantlarda enteritis, pnémoni, buzagl septisemis;
kucuk ruminantlar da ise en ¢cok enterotoksemi, cicek,
kuzu septisemisi; karnivorlar icin en ¢ok st solunum
yolu enfeksiyonlari, distemper, parvoviral enteritis, mix
enfeksiyonlar iken; kanatli hayvanlar icinde en sik
enterit vakalartyla karsilasilmistir.

Aksaray iline 6zgl ‘Aksaray Malaklis’ olarak
adlandirilan ¢oban képegi ise klinigimize en c¢ok
muayene icin getirilen koépek 1kt arasinda  yer
almaktadir. Bu retrospektif calismada, 2015-2021
Haziran ayma kadar ki siirecte klinigimize getirilen
toplam karnivor sayist 389 olup, bunun 254 i képektir
(Sekil 3). Kopekleri de kendi icerisinde Aksaray
Malaklist ve digerleri olarak ayirdigimizda ise ; Aksaray
Malaklist’nin toplam sayist 85, diger képek irklarinin

sayist ise 169 olarak kayit edilmistit (Tablo 3).
Klinigimize Aksaray Malaklist en ¢cok 2017 yilinda (23,
%43.4), en az ise 2019 yilinda (5, %14.70) getirilmistir.
Klinige getirilen toplam Aksaray Malaklist’'nin aylara
gbre vaka dagilimi incelendiginde en yogun subat
ayinda (14, %16.47), ikinci sirada mart ayinda (13,
%15.29) ve en az hastanin ise temmuz ve agustos
ayinda (4, %4.71) getirildigi, 2015’ten 2021 Haziran
ayina kadarki siirecte eylil ayinda (%0) ise Aksaray
Malaklist getirilmedigi gérilmektedir (Sekil 4).
Klinigimize 2015 yilindan 2021 yilinin haziran ayina
kadar getirilen toplam Aksaray Malakli (saf ve melez)
sayist 85 olarak kaydedilmis olup, bunlardan 71
tanesinin klinigimize hasta olarak getirilmistir, on dort
tanesinin ise genel muayenesi sonucu saglikli oldugu
tespit edilip sonrasinda as1 yapilmistir (Tablo 3). Hasta
olarak getirilen 71 hayvanin muayenesi sonucu
hastaligin tek bir sistemi etkilemedigi ve etkilenen
sistemsel hastaliklarinin toplam sayisiun 79 oldugu
tespit edilmistir. Hastaliklarin  etkiledigi  sistemler
grafiklere aktarilarak vakalarin dagilimlart gosterilmeye
calistimustir (Sekil 5).

Getirilen Aksaray Malakli hayvanlarinda en fazla
sindirim (49, 9%065.33), ikinci sirada ise solunum
problemleri (10, %13.33) ile karsilasirken en az Uriner
(2, %2.67), dolasim (2, %02.67), sinir sistemi (2, %02.67)
ve karaciger hastaliklar1 (2, %2.67) ile karsilasilmustir.
Metabolizma hastaliklar ile iz element ve vitamin
eksikligi sikayeti olan hasta, klinige getirilmemistir.
Klinikte en c¢ok karsilasilan hastaliklar: Parvoviral
enterit, gastirit ve trakeobronsittir.

Tablo 1. Klinige getirilen hayvanlarin tiirlere ve yillara gére dagilimi.

Table 1. Distribution of cases admitted to the clinic by species and years.

Buytiik Kuguk Kanath
Karnivor Toplam (%)
Ruminant  Ruminant Hayvan
2015 - 1 14 - 15 (2.28)
2016 3 1 41 - 45 (6.85)
2017 3 - 62 - 65 (9.89)
2018 5 5 13 - 23 (3.50)
2019 12 28 51 1 92 (14.00)
2020 35 80 91 1 207 (31.51)
2021 25 62 117 6 210 (31.96)
Toplam 83 177 389 8 657
(%) (12.63) (26.94) (59.21) (1.22) (100.00)
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Tablo 2. Klinige gelen hayvan tiirlerinin aylara gére toplam sayist ve oranlari.

Table 2. The total number and rates of animal species admitted to the clinic by months.

Ocak
Subat
Mart

Nisan

Mayis

Haziran

Temmuz
Agustos
Eylil
Ekim
Kasim
Aralik

Aylar Toplam | Ruminant %

Karnivor %

Kanatli %
3 (4.62)
1(0.93)

0.00
0.00
1(3.57)
2(2.99)
0.00
0.00
0.00
1(2.04)
0.00
0.00

Tablo 3. Klinigimize getirilen Aksaray Malaklis1 ve diger képek irklarinin yillara gore dagiimi.
Table 3. Distribution of Aksaray Malaklis1 and other dog breeds admitted to our clinic by years

7 (70)
15 (42.86)

23 (43.4)

5 (14.70)
16 (25)
19 (37.25)

85 (33.46)

3 (30)
20 (57.14)
30 (56.60)
7 (%100)
29 (85.30)
48 (75)
32 (62.75)

169 (66.54)

35

53

34

64

51

254

*Saf ve melez irklar.

* Pure and mixed breeds.
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* Toplam * Ruminant ® Karnivor

Sekil 1: Klinigimize getirilen toplam vaka ile ruminant ve karnivor vakalarinin aylara gére dagilimu.
Figure 1: Distribution of the total cases and carnivor cases admitted to our clinic by months.

Sistem Hastaliklarinin Tiirlere Gore
Dagilim Grafigi

Toplam

Iz Element ve Vitamin Eksikligi
Deri Hastaliklar1

Sinir Sistemi

Dolasim Sistemi

Metabolizma Hastaliklar1
Karaciger Hastaliklar1

Uriner Sistem

Solunum Sistemi

Sindirim Sistemi

200 300 400 500 600

® Kanath  ® Karnivor ®Kii¢lik Ruminant ¥ Biiylik Ruminant = Toplam

Sekil 2: Klinige getirilen tiim vakalarin etkilendigi sistem hastaliklart sinuflandirilmis ve bunlarin tirler tizerinde
dagilima.
Figure 2: Distribution of disease of body system all cases admitted to the clinic by species.
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Figure 3: Proportion of Aksaray Malaklisi (Pure and Crossbreed) and the other dog breeds.
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Sekil 4: Klinige getirilen Aksaray Malaklis’’na ait tiim vakalarin aylara gére dagilimu.

Figure 4: Distribution of all cases of Aksaray Malaklist admitted to the clinic by months.
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SISTEM HASTALIKLARI (MALAKLI SAF VE MELEZ)

Sekil 5: Aksaray Malaklisi’na ait sistem hastaliklarinin dagilimu.

Figure 5: Distribution of diseases located in the body system of Aksaray Malaklisi.

TARTISMA ve SONUC

Aksaray Universitesi Veteriner Fakiiltesi I¢ Hastaliklart
Anabilim Dali klinigimize 6 yilda toplam 657 hayvanin
muayenesi yapilmistir. Hastalarin 6nemli bir kismini
karnivorlar olusturmustur. Ikinci sirada ise kiiciik
ruminant gelmektedir. Aksaray ilinde ruminant
yetistiriciliginin biytk oranda merkezden uzak kirsal
kesimlerde yapilmas: Sevimli (2020) ve ulasim
problemleri sebebiyle klinigimizin daha az tercih
edilmesi ile Ozel veteriner kliniklerin sayica fazla
olmasina istinaden daha cok tercih edilmesi, hasta
sahiplerinin hayvan hastanesinde hasta bakiddigim
bilmemesi gibi nedenlerden dolay: klinigimize ¢ok fazla
ruminantin  getirilemedigi distinilmektedir. Yillara
gore bakildiginda 2015 yilindan 2021 yilina kadar olan
stirede klinigimize getirilen buylkbas ve kiiciikbas
hayvanlarin sayilarindaki artisin akademik kadromuzun
gliclenmesi ve fakiltemizdeki hayvan hastanemizin
2020 ekim ayinda ruhsat almasi, hasta sahiplerinin
hayvan hastanesi ile ilgili daha fazla bilinclendirilmesi,
yakin yillarda daha fazla alet, ekipman ve cihaza sahip
olarak daha detayli muayene ve tedavi olanaginin
olmastyla paralel olabilecegi kanisina varilmustir. Yillara
gore degerlendirme yapidiginda ise  2017-2018
yillarindaki akademik personel yetersizligi, fakiltenin
yeni binaya gegisi stirecinde hasta kabul edilmesi, yasal
streglerin tamamlanmasinin zaman almast ve hayvan
hastanesinde hasta bakildiginin bilinmemesi kaynakls
hasta sayilarinda diisis oldugu tahmin edilmektedir.
Klinigimize en c¢ok getirilen hasta tirinin kedi ve
kopek olmast ulagimin diger hayvan tirlerine gbre daha
kolay olmasi1 ve pandemi siirecinde insanlarin daha ¢ok
pet hayvani sahiplenmesi, 6zel veteriner kliniklerin

daha ¢cok ruminant agirlikli olmasi, Aksaray iline 6zgii
Aksaray Malaklis1 yetistiricilifinin artmas: nedeniyle
yiksek oldugu dustintlmektedir.

Biytikbas ve kiigiikbas hayvan hastaliklarinin daha ¢ok
sindirim  sistemi hastaliklars  ile iliskili oldugu
gorilmektedir. Aksaray ilinde tarim arazilerinin fazla
olmasina ragmen yetistiricilerin tek tip besleme
yapmasl ve yine yetistiricilerin ki¢tikbas hayvanlarinin
astlamalarina yeterince 6nem vermemesi, endo-ckto
parazit uygulamalarinin bilingsizse yapmast sindirim
sistemi  hastaliklarin1  arttiran  nedenler atrasinda
stralanabilir. Istatiksel olarak baktigimiz da ise
klinigimize getirilen sistem hastaliklart arasinda daha
cok sindirim sistemi hastaliklart ilk sirayr almaktadir.
Can ve ark. (1989) Elazig’da, Aslan ve Tiftik (1987)
Konya'da yapmis oldugu ¢alismalar sonucunda da aynt
sebeplerden dolay: sindirim sistemi hastaliklarinin en
fazla oldugu gorilmektedir. Barinma sartlarinin
iyilestirilmemesi, havalandirmaya yeterince Onem
verilmemesi, kapali barinma yerlerindeki hayvan
sayistnin  ¢ok fazla olmasi, iklim sartlart  gibi
nedenlerden dolayr da solunum problemlerindeki artis
ikinci sirada yer almaktadir. Kedi ve kopekler icinde
sistem hastaliklarinda ilk sirayr sindirim sistemi, ikinci
sirayl ise solunum sistemi hastaliklarinin yer aldigt
gorilmektedir. Bunun nedeninin ise kedi ve kdpeklere
yonelik  uygun besleme yapmadiklari, asilama
programlarinin diizensiz veya hi¢ yapilmamast, yine ic
ve dis parazit uygulamalarinin kontrolli bir sekilde
yapilmamasi, sokaktaki hasta hayvanlarla temaslarinin
olmasi, bilingsiz hayvan sahiplenmeleri gibi nedenlerin
oldugu dustintlmektedir.

Sekil 1’e bakildiginda kliniklerimize en fazla sayida
hastanin subat-mart aylarinda getirildigi gérillmektedir.
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Sekin ve ark. (1996) Van ve cevresinde yapmis oldugu
retrospektif calismada da hasta hayvanlarin en ¢ok
mart ayinda getirildigi ve en fazla sindirim sisteminin
daha sonra ise solunum sisteminin etkilendigi
sonucuna varilmis olup ve farkli bélgelerde olunmasina
ragmen  calismamiz  ile  paralellik  gOsterdigi
gorilmustir. Bu aylarda 6zellikle dogum olaylarinin
artmasi ve septisemia neonatorum grubu hastaliklarin
stk gbriilmesi, hayvanlarin kig stresince depo edilmis
besin  kaynaklarini  tlketmeleri ve hastaliklarin
(enfeksiybz ve paraziter) daha fazla yayilma imkani
bulmast hastalik artisinda etkili olmaktadir (Aslan ve
Tiftik 1987, Can ve ark. 1989, Sekin ve ark. 19906).
Temmuz-Agustos aylarinda ise en az sayida hasta
hayvanin muayene edilmesi, hayvanlarin uzak yaylim
alanlarina gotirilmesi, hasat zamani olmastyla beraber
tarim islerine daha fazla vakit ayrilmast olabilir (Sekin
ve ark 1996). Ayni zamanda bu aylarda egitim-6gretime
ara verilmesi de hasta sayisinda bir disiigse neden
olabilecegini akla getirmektedir. =~ Bu bahsedilen
hususlar, Sekin ve ark. (2005) Diyarbakir ve Aksoy ve
ark. (2018) Elazig’da yapmus olduklari retrospektif
calisma sonuglar ile elde ettigimiz veriler paralellik
gostermektedir. Karnivorlar i¢in ise bu durum tam tersi
olmustur. Kis aylarinda vaka sayidarinin distiigi, yaz
aylarinda ise arttigr gériilmistiir. Kediler icin kizginhk
mevsiminin kis aylarinda arttigi ve bunun sonucunda
ise yavrularin bahar ve yaz mevsimlerinde dogdugu, bu
zaman dilimlerinde dogmus olan yavrularin ve
annelerin hastalanma oranint arttirdiklar
dustntlmektedir.  Kopeklerde  ise  mevsimsel
kizginligin cok etkili olmadidy, genel olarak bakildiginda
ise kedi ve kopekler icin sicak havalarin en 6nemli stres
faktori oldugu, iklim degisiklikleri nedeniyle havalarin
giderek daha da 1sindigr ve hayvanlarin bu iklim
degisikliklerine adaptasyonda zorlandiklari
distnitlmektedir. Sicaklik  stresinin = sindirim  ve
solunum hastaliklarina predispoze etken olabilecegi
distnildiginde, yaz mevsimlerinde kedi ve
kopeklerde vaka sayisint  da  olumsuz yonde
arttirabilecegi kanisina varilmaktadir.

Klinigimize 6 yillik stireg icinde muayene icin getirilen
657 hasta hayvanin yil, ay, hayvan tiirii ve hastaliklarin
etki ettigi sistem dagilimlari incelendiginde, Aksaray ili
ve gevresinde yapilan hem ruminant hem de kedi ve
képek tirleri icin dogru besleme yapilmadigi, bakim-
hijyen sartlarinin iyi olmadigi, en énemli unsurlardan
biri olan asilama ve ekto-endo paraziter uygulamalarin
zamaninda ve dogru uygulanmadigl, tarim alanlarinin
iyi kullanillamadigi sonucuna varilmgtir.

Bu retrospektif calisma ile klinigimize 6 yillik stre
icinde getirilen 657 hayvanda teshis edilen hastaliklarin
toplu olarak degerlendirilmesi yapidiginda, hayvan
tirleri ve hastaliklarla ilgili yapilacak epidemiyoloji
calismalar ile klinigimize muayene icin getirilecek olan
hasta hayvanlarin teshis ve tedavisine daha verimli
klinik hizmeti verilmesinde yardimct olabilecek bir
calisma olabilecegi kanisina varilmistir.

Etik Kurul Bilgileri : Bu calisma “Hayvan Deneyleri
Etik Kurullarinin Calisma Usul ve Esaslarina Dair
Yoénetmelik” Madde 8 (k) geregi HADYEK iznine tabi
degildir.

Cikar Catismasi: Yazarlar bu yazt icin gercek,
potansiyel veya algilanan c¢tkar catigmasi olmadigini
beyan etmislerdir.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katki saglamis olduklarini beyan etmislerdir.
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ABSTRACT

The possible effects of punicalagin on some oxidant-antioxidant enzymes and biochemical parameters in
bisphenol A (BPA)-treated rabbits were investigated. Animals were randomly divided into 4 groups, each
containing 6 rabbits: Control (C; corn oil and distilled water), BPA (BPA; 20 mg/kg BPA in corn oil and distilled
water), the punicalagin (PUN; corn oil and 2 mg/kg punicalagin in distilled water), and BPA-punicalagin (B+P; 20
mg/kg BPA in corn oil and 2 mg/kg PUN in distilled water) groups. Daily treatments continued for 9 weeks and
doses were adjusted according to body weights measured for each week. At the end of the study, hematological,
biochemical, and oxidant-antioxidant parameters were measured from blood and tissue samples. The difference
in the levels of plasma bilirubin, albumin, total plasma protein, Mg, P, Ca, Na, K, and levels of glutathione
peroxidase in plasma, liver, and kidney were non-significant (p>0.1). However, oral BPA administration adversely
affected serum cholesterol, LDL, HDL, amylase, lipase, CRP, and GGT concentrations. Likewise,
malondialdehyde, catalase, and superoxide dismutase levels in the kidney and liver were also negatively altered by
BPA (p<0.05). Significant improvements in these parameters were apparent in the B+P group. The data
generated here showed that punicalagin possessed a beneficial impact on potentially reducing the possible toxic
effects of BPA in rabbits.

Keywords: Antioxidants, Cholesterol, Oxidant-Antioxidant enzymes, Polyphenols, Toxication
sk

Bisfenol A’ya maruz kalan erkek Yeni Zelanda tavsanlarinda punikalajinin potansiyel etkileri

oz

Calismada, BPA verilen Yeni Zelanda tavsanlarinda punikalajininbazi oksidan-antioksidan enzimler ile bazi
biyokimyasal parametreler Uzerine olasi etkilerin incelendi. Bu amagla 2 hafta boyunca laboratuvar kogullarina
alistirilan tavsanlar, her grupta 6 tavsan olacak sekilde rastgele 4 gruba ayrildi: Kontrol (C; musir yagi ve distile su),
BPA (BPA; misir yagt icerisinde 20 mg/kg BPA ve distile su), punikalajin (PUN; musir yagt ve distile su icerisinde
2 mg/kg punikalajin), ve BPA-punikalajin grubu (B+P; musir yagi icerisinde 20 mg/kg BPA ve distile su icerisinde
2 mg/kg PUN). Uygulamalar 9 hafta boyunca gunlik olarak yapildi ve haftada bir kez yapilan tartimlara gore
dozlar ayarlandi. Calisma sonunda alinan kan ve doku 6rneklerinden hematolojik, biyokimyasal ve oksidan-
antioksidan parametrelerin Ol¢timleriyapildr. Analizler neticesinde plazma bilirubin, albiimin ve toplam plazma
protein dizeylerti ile Mg, P, Ca, Na, K, seviyelerinde herhangi bir istatistiki farka rastlanmazken, farkli gruplardaki
plazma, karaciger ve bobrek glutatyon peroksidaz degerleri de 6nemsiz bulundu (p>0,1). Oral BPA uygulamalar
serum kolesterol, LDL, HDL, amilaz, lipaz, CRP, GGT seviyeleri ile karaciger ve bébrek dokusundaki
malonildialdehit, katalaz ve siiperoksit dismiitaz seviyelerini olumsuz etkiledi (p<<0,05). B+P grubunda ise bu
parametrelerde 6nemli Slciide iyilesme gozlendi. Elde edilen sonuglar, BPA'nin erkek tavsanlarda yol actigt olast
toksik etkilerin punikalajin tedavisi ile 6nemli 6l¢tide diizeltilebilecegini gosterdi.

Anahtar kelimeler: Antioksidanlar, Kolesterol, Oksidan-Antioksidan enzimler, Polifenoller, Toksikasyon
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INTRODUCTION

Antioxidants can be helpful in preventing the
formation of reactive oxygen species (ROS) and
reducing the potential damage caused by ROS. Thus,
it is a major defense mechanism that regulates the
detoxification process (Sener and Yegen 2009).
Antioxidants are either produced by the organism
itself (endogenous) or taken from the diet or other
outer sources (exogenous). When exposed to high
levels of oxidants, the body's natural antioxidant
mechanism may be insufficient. This phenomenon is
called oxidative stress and occurs due to the
imbalance between pro-oxidants and antioxidants
reserves (Karabulut and Gulay 2016a). Substances
such as superoxide, hydroperoxyl, and hydroxyl
radical are some of the sources of oxidative stressors
for the body. Such substances can cause both lipid
peroxidation in cell membranes and DNA damage
(Aydemir et al. 2009). Therefore, live organisms
require certain levels of antioxidants to prevent the
detrimental effects of free radicals on tissues
(Karabulut and Gulay 2016b).

Over the last two decades, there has been a
considerable scientific effort to evaluate the toxic
effect of bisphenol A (BPA). People are exposed to
man-made industrial chemical products, particularly
plastics in daily life. It is thought that the intensive
use of BPA resulted in environmental pollution that
could adversely affect human and animal health, and
lead to an increase in oxidative stress in the body
(Hamed and Abdel-Tawwab 2017). BPA is closely
associated with oxidative stress in different tissues
and organs, and further cause a number of metabolic
problems (Ogo et al. 2017, Karabulut 2019,
Karabulut and Gulay 2020). Today, reducing the use
of BPA and other external oxidative stress sources is
extensively discussed elsewhere (ECHA, 2021).
Moreover, it is evaluated that endogenous
antioxidants alone may not be sufficient against
increased oxidative stress (Suhendi et al. 2018).
Pomegranate (Punica granatum L.) is a fruit that is
frequently consumed in our country and the
Mediterranean region. This fruit has a very high
antioxidant capacity and punicalagin is thought to be
responsible for the most important part of the
antioxidant properties in pomegranate juice (Gil et al.
2000). Due to its high antioxidant capacity, it is
possible to see studies suggesting anti-inflammatory
(Jean Gilles et al. 2013, Lin et al. 1999), antimicrobial
(Machado et al. 2002, Silva et al. 2015), and tissue-
protective effects (Lin et al. 2001, Yildiz-Gulay and
Gulay 2019) of punicalagin. Moreover, it is possible
that punicalagin can be used to reduce or prevent the
possible toxic effects of BPA (Yildiz-Gulay et al
2020). Therefore, our study aimed to investigate the
potential protective effect of this natural antioxidant
in male New Zealand rabbits given oral BPA.

MATERIALS and METHODS

The experiment was supported partly by TUBITAK
(1160027) and Mehmet Akif Ersoy University
Scientific Research Projects Unit (BAP-0474YL-17)
and approved by the Ethics Committee of the
Mehmet Akif Ersoy University (25.11.2015/159).
Individually housed male New Zealand White rabbits
(8 to 10 months old, n=24) were kept at 22 £ 2 °C,
50-55% humidity, and 10 hours of dark - 14 hours of
light cycle in the Experimental Animals Unit of
Mehmet Akif Ersoy University, Faculty of Veterinary
Medicine. Water was freely available at all times. The
rabbits were fed ad libitum with commercial rabbit
feed (0,49% calcium, 0.46% phosphorous, 3,67%
crude oil, 6,93% crude ash, 12.68% crude cellulose,
17,0% crude protein; Korkuteli Food Company,
Antalya, Turkey). The initial weights of the rabbits
prior to the experiment were 2,8-3,7 kg. Bodyweight
and feed intake measurements were made weekly.
BPA and punicalagin amounts were adjusted weekly
according to the weekly body weight changes of each
individual rabbit. After the adjustment period of 2
weeks, the rabbits were randomly divided into 4
groups (n=6 per treatment group). Rabbits in the
control group (C) received daily corn oil (1 mL corn
oil for 1 kg live weight) + daily distilled water (1 mL
distilled water for 1 kg live weight). Rabbits in the
bisphenol A group (BPA) were treated with daily
BPA (20 mg/kg live weight) in corn oil (1 mL corn
oil contained 20 mg BPA) and daily distilled water (1
mL distilled water for 1 kg live weight), whereas
Punicalagin group (PUN) received daily punicalagin
(2 mg/kg live weight) in distilled water (1 mL distilled
water contained 2 mg punicalagin) and daily corn oil
(1 mL corn oil for 1 kg live weight). The last group
(Bisphenol A+Punicalagin group: B+P) was given the
same amounts of daily BPA (20 mg/kg live weight) in
corn oil and daily punicalagin (2 mg/kg live weight) in
distilled water. The current oral doses for BPA
(Karabulut and Gulay 2020) and punicalagin (Yildiz-
Gulay and Gulay 2019) were selected according to the
previous studies. Daily BPA and punicalagin doses
were administered orally before the morning feedings
between 08:00 and 09:30 hours.

At the end of the experiment (day 63), no food was
given to the rabbits for 12 hours. K3 EDTA and gel-
activated blood collection tubes were used for a
blood sample collection from the ear arteries.
Hematologic parameters (such as red blood cells-
RBC, white blood cells-WBC, hematocrit,
hemoglobin, etc.,) were measured by using an
autoanalyzer (Abacus Junior Vet SN-100702) right
after blood collection. The remaining blood samples
were centrifuged (20 min, at 1457 x g). Following
centrifugation, serum and plasma samples were stored
at -80 °C. Serum glucose, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), urea, and creatinine values were
analyzed on the same day from fresh serum by an
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autoanalyzer (Gesan Chem 200). Other biochemical
parameters (Mg, P, Ca, Na, K, bilirubin, albumin,
total plasma protein levels, serum cholesterol, LDL,
HDL, Amylase, Lipase, gamma-glutamyl transferase-
GGT, and C-reactive protein-CRP) were analyzed
from the thawed serum samples (Achitech C8000).
The lungs, liver, kidney, brain, and spleen of each
rabbit were collected immediately after sacrifice and
washed with PBS chilled to 5°C, and weights of the
organs were recorded. The right kidney and the
caudal lobe of the liver were stored at -80 °C until
used for oxidant and antioxidant parameters. Before
the analysis for oxidant-antioxidant parameters with
ELISA kits (SinoGeneClon Biotech Co., Ltd., China),
the tissue samples were prepared according to the
manufacturer’s instructions. Superoxide dismutase
(SOD; Cat No: SG-0061Rb; detection range of 30-
1000 pg/mL; intra- and inter-assay precision of
<10%), glutathione peroxidase (GPx; Cat No: SG-
0120Rb; detection range of 33-3000 pg/mlL,; intra-
and inter-assay precision of <10%), catalase (CAT;
Cat No: SG-50185; detection range of 1-36 pg/mL;
intra- and inter-assay precision of <10%), and
malondialdehyde (MDA; Cat No: SG-50252;
detection range of 0.3-7 mmol/L; intra- and inter-
assay precision of <10%), concentrations of the tissue
and serum samples were read at 450 nm.

Statistical analysis of the data was evaluated using the
SAS statistical program. ANOVA test was used to
determine the statistical differences among the
groups. The Tukey test was used for the comparisons
of the individual treatment groups.

RESULTS

During the experiment, no apparent health problems
were encountered in any of the study groups. Data on
feed consumption, body weights, and wet organ
weights of rabbits are in Table 1. There was no
statistical difference in feed consumption, body
weights, and the weights of various organs among the
groups.

Considering the hematological parameters, no
significant changes were observed in the total WBC
and platelet counts, WBC percentages, hematocrit,
and MCH wvalues. On the other hand, RBC,
hemoglobin, MCV, and MCHC were affected
significantly (Table 2). While RBC count did not
differ in the C, PUN, and B+P groups, there was a
significant decrease in the BPA group compared to

the C and PUN groups. (Table 2). The MCV was also
affected by BPA treatment. Moreover, MCHC was
the highest in the PUN group. Although MCHC
decreased significantly in the BPA group, the decrease
in MCHC was corrected by punicalagin in the B+P
group (Table 2).

The serum biochemical parameters from the
treatment groups were in Table 3. Results indicated
that orally administered punicalagin and BPA
applications did not have any effect on serum
minerals, glucose, and triglyceride levels. Similarly,
punicalagin and BPA applications did not have any
effect on plasma bilirubin, total bilirubin, albumin,
and total protein levels. However, serum lipase, CRP,
and GGT levels were significantly affected by the
treatments. BPA treatment caused a significant
increase in serum amylase, lipase, CRP, and GGT
levels while punicalagin treatments were able to lower
these parameters up to control levels when given with
BPA in the B+P group. In addition, the
administration of BPA alone caused a significant
increase in serum urea, creatinine, AST, and ALT
levels when compared with the C and PUN groups,
while this increase was inhibited in the B+P group. A
similar trend was apparent in serum cholesterol levels.
Serum total cholesterol and LDL levels were higher in
the BPA treated group than in the C and PUN
groups. Conversely, HDL levels were not affected by
the BPA and punicalagin treatments. On the other
hand, BPA alone caused a decrease in the serum
HDL/LDL percentages (Table 3).

The effects of BPA and punicalagin treatments on
some antioxidant parameters are in table 4. In general,
GPx levels in plasma, kidney, and liver tissues were
not statistically affected by the treatments studied.
However, the SOD enzyme was decreased due to
BPA treatments at tissue and plasma levels, and
punicalagin administration reduced this decrease to
control levels in the B+P group (Table 4). A similar
trend was evident for the CAT enzyme. CAT levels
were decreased significantly in the BPA group, but
the decrease in CAT levels was statistically inhibited
in the B+PUN group when punicalagin was
administered with BPA. In addition, the use of BPA
increased MDA levels in all tissues and blood
compared to the C group. However, punicalagin
applications in the B+P group were effective in
reducing the MDA levels to the levels of the C group
and reduced the negative effect of BPA.
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Table 1. The effects of oral administration of BPA and Punikalagin on body weight, feed consumption and organ
weights in male New Zealand rabbits.

C BPA PUN B+P P=
Body Weight (kg) 365 £ 049 361 £ 036 345 = 042 339 = 045 0.625
Feed Intake (g) 1963 * 393 1685 = 270 180.5 £ 38.0 1739 + 285  0.129
Lung (g) 149 + 209 150 £ 1.62 139 £ 1.04 158 * 206  0.395
Liver (g) 1055 * 155 984 + 175 106.2 £ 181 999 + 172  0.675
Right Kidney (g) 105 = 1.20 959 £ 1.19 922 £ 153 998 =+ 1.14  0.392
Left Kidney (g) 103 £ 121 958 + 1.34 9.07 + 1.60 10.0 £ 1.00  0.429
Spleen(g) 1.02 £ 032 112 £ 0.39 118 £ 141 113 £ 039  0.859
Brain (g) 718 £ 0.80 6.61 £ 0.35 675 * 035 678 * 0.67  0.398
Heart (g) 9.2 + 1.07 10.6 £ 1.20 981 + 1.39 9.65 = 098 0.435

C= Control; BPA= 20mg/kg/day BPA; PUN= 2 mg/kg/day punicalagin, B+P= 20mg/kg/day BPA and 2
mg/kg/day punicalagin.Values have given as mean * standard deviation.

Table 2. The effect of oral administration of BPA and Punikalagin on some blood parameters in male New Zealand
rabbits.

C BPA PUN B+P P=
WBC (x10°/1) 716 * 142 641 * 1.80 769 £ 217 781 £ 192 0470
Lymphocyte(x10%/1) 197 + 120 234 * 114 236 + 191 274 £ 201 0875
Monocyte (x10%/1) 024 * 0.18 042 £ 030 046 = 036 050 * 028 0456
Granulocyte(x10%/1) 495 £ 1.09 364 £ 120 488 * 207 455 £ 228  0.554
Lymphocyte (%) 266 * 16.1 361 + 166 300 £ 170 341 £ 204 0.789
Monocyte (%) 32 £ 256 68 * 498 59 + 425 71 £ 411 0350
Granulocyte (%) 702 + 0.49 571+ 182 641 + 178 588 + 336 0.623
RBC (x1012/1) 688 £ 091 617 * 016 7000 £ 090 664 * 021  0.035
Hemoglobin (g/dl) 1350 + 045 119> + 034 134 + 134 1294 + 128  0.042
Hematocrit (%) 461 £ 3.68 472 £ 198 436 £ 387 447 * 457 0246
MCV (f) 671+ £ 216 7655 + 439 626 £ 510 673 + 579 0001
MCH (pg) 19.6 + 0.39 193 + 074 192 + 1.00 193 + 166  0.892
MCHC (g/dl) 293+ 109 253 + 120 307+ * 106 287> * 056  0.001
Platelet (x10%/1) 418 + 60 430 + 99 351 + 80 395 £ 109 0457

C= Control; BPA= 20mg/kg/day BPA; PUN= 2 mg/kg/day punicalagin; B+P= 20mg/kg/day BPA and 2
mg/kg/day punicalagin. WBC= White blood cells, RBC=Red blood cells, MCV= Mean corpuscular volume, MCH=
Mean corpuscular haemoglobin, MCHC= Mean corpuscular haemoglobin concentration. Values have given as mean
1 standard deviation.
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Table 3. The effect of oral administration of BPA and Punikalagin on some biochemical parameters in

male New Zealand rabbits.

C BPA PUN B+P P=
Chol (mg/dl) 412>+ 1.30 46.8c * 192 398 =+ 311 43.6>< *+ 270 0.002
LDL (mg/dl) 16222 £ 1.57 2044> + 242 1436+ £ 190 1694+ £ 202 0.002
HDL (mg/dl) 1056 £ 1.59 9064 £ 1.62 1046 £ 0.77 10.54 = 0.89 0.627
H/LDL (%) 65.10= * 10.89 47.16> £ 877 7284 £ 9.04 06221 £ 599 0.036
Trig (mg/dl) 958 * 185 972 + 144 1001 * 128 99.8 + 156 0.953
Glucose(mg/dl) 119.3 £ 13.1 1132 £ 881 1206 £ 124 1187 £ 06.80 0.634
Mg (mmol/1) 1.72 £ 033 1.35 £ 0.17 146 £ 021 1.52 £ 040 0.284
P (mmol/I) 548 £ 1.20 516 £ 1.56 465 * 0.65 50 £ 091 0.770
Ca (mg/dl) 13.22 = 0.68 12.06 = 231 1296 * 1.69 1292 £ 041 0.639
Na (mmol/I) 1392 £ 4.20 138.6 £ 250 1404 £ 4.77 139 + 223 0.873
K (mmol/1) 424 + 026 415 + 0.13 397 + 028 413 £ 024 0.379
AST U/ 19.82 = 494 346> £ 126 173+ £ 420 219« £ 993 0.012
ALT IU/1) 583« £ 129 825> + 169 51.5= * 554 605+ = 199 0.009
ALP (IU/1) 7022+ 269 1233> + 337 783 £ 216 938> + 174 0.019
Utrea (mmol/I) 2932 £+ 382 40.1> £ 796 3172 £ 7.44 31.8 + 3.76  0.029
Creat (mg/dl) 0.67= £ 0.15 082> = 0.10 0.622 * 0.07 0.69: = 0.08 0.024
Amylase TU/T)  155.60  *+ 509 2288> + 524 1480 + 411 169.62> + 291 0.043
Lipase IU/]) 119.60 £ 475 1732> + 229 1128 + 213 1368 + 263 0.004
CRP (md/dl) 098 £ 0.59 4750 + 238 073 * 046 274+ + 158 0.002
GGT (1U/]) 6.40= + 296 1540> £ 230 6400 £ 1.14 9.80= + 349 0.001
Bil (ug/dl) 0.12 + 0.04 0.18 + 0.13 012 += 0.04 0.14 + 0.09 0.654
TotBil (ug/dl) 051 £ 0.38 1.04 £ 0.64 042 = 0.24 0.69 = 026 0.167
Albumin (g/dl) 316 = 045 284 + 0.70 310 = 040 316 = 026 0.608
TotP (g/dl) 6.06 £ 0.32 538 + 1.22 616 = 043 576 £ 042 0.323

C= Control; BPA= 20mg/

liploprotein,

H/LDL=HDL/LDL

kg/day BPA; PUN= 2 mg/kg/day punicalagin; B+P= 20mg/kg/day BPA and
2 mg/kg/day punicalagin. Chol=Cholesterol, LDL=Low density lipoprotein, HDL=High density

ratio

(HDL/LDLx100),

Trig=Triglyceride,

AST=Aspartate

aminotransferase, ALT=Alanine aminotransferase, ALP=Alkaline phosphatase, Creat=Creatinine, CRP=
C reactive protein, GGT=Gamma glutamyl transferase, Bil=Billirubin, TotBil=Total billirubin,
TotP=Total plasma protein. Values have given as mean * standard deviation.

Table 4. The effect of oral administration of BPA and Punicalagin on some oxidant-antioxidant
enzymes in blood and various tissues in male New Zealand rabbits.

C BPA PUN B+P P=

SOD (nmol/L)

Plasma 501.22> £ 99.2 4104 + 762 567.80 + 445 4584bc £ 451 0.012

Kidney 386.22 £ 984 272.6> =+ 781 420.60 £ 0647 3474> £ (3.8 0.045

Liver 400.1s> £+ 524 280.8< * 064.8 43722 £ 066.0 3352k + (9.8 0.011
MDA (nmol/L)

Plasma  3.37®> £ 0.65 488 =+ 176 251= £ 077 3.68> £ 0.87 0.028

Kidney 210> + 080 324> £+ 137 1.16+ £ 044 236> £ 1.11 0.033

Liver 272 £ 096 484 + 191 1.69+ £ 054 378 £ 0.82 0.004
CAT (pg/ml)

Plasma  4.81> + 143 259 + 048 581« £ 2.04 332 + 145 0.013

Kidney 17.32¢ £+ 482 1197 £+ 173 19.21= £ 181 16.1620 £ 281 0.012

Liver 16.80 £ 474 1171 £ 205 19.1= £ 230 1498> =+ 286 0.014
GPx(pg/ml)

Plasma 2742 + 171 2784 + 236 2764 * 262 2879 + 437 0.887

Kidney 2347 + 687 1880 £ 618 2133 *+ 268 2183 *+ 404 0573

Liver 2144 + 633 1779 £ 316 2176 + 299 1988 + 394 0470
C= Control; BPA= 20mg/kg/day BPA; PUN= 2 mg/kg/day punicalagin; B+P= 20mg/kg/day

BPA and 2 mg/kg/day punicalagin. SOD=superoxide dismutase; MDA=malondialdehyde; CAT=
catalase; GPx= glutathione peroxidase.Values have given as mean T standard deviation.

263



DISCUSSION

In the present study, BPA applications had no effect
on body weight and feed consumption in male
rabbits. There are different results regarding the
effects of BPA on body weight in laboratory animals
(Liu et al. 2013). Unlike our findings, Moghaddam et
al.  (2015) reported that BPA administered
intraperitoneally up to 2mg/kg/day for 4 weeks
caused an increase in body weight in adult mice.
However, there are also findings that BPA given at a
dose of 5000ug/kg/day in adult mice had no effect
on body weight (Marmugi et al. 2012). Similarly, Avct
et al. (2010) stated that BPA administered at a dose of
25 mg/kg/day had no effect on body weight in rats.
It has been reported that there may be a relationship
between the increase in blood BPA levels and obesity
in humans and rodents and that hich BPA may cause
an increase in body weight by accelerating fat storage
due to oxidative stress (Moghaddam et al. 2015).
However, Marmugi et al. (2014) reported that there
was no change in body weight in 6-week-old mice
exposed to BPA for 31 weeks. This difference in the
literature can be explained by the duration of
application of BPA, the age of the animals, and the
different species.

Red blood cells are the most abundant cell type in the
blood and have very important physiological
functions. Many xenobiotics are carried by our blood
and therefore it is possible for RBC to be affected by
these xenobiotics (Stasiuk et al. 2009). In our study,
oral BPA had a negative effect on the RBC,
hemoglobin amount, and MCHC. Similarly, Macczak
et al. (2016) reported that BPA could affect RBC
levels and cause hemolysis. In a different study, BPA
triggered the formation of free radicals in the RBC
membrane (Suthar et al. 2014). It has been reported
that BPA was cytotoxic to RBC due to its lipophilic
property. It is suggested that BPA might bind to the
iron in hemoglobin and cause the iron to dissociate
from hemoglobin. Then, the free iron could pass into
the RBC cytoplasm and cause lipid peroxidation. Free
radical formation and peroxidation cause damage to
RBCs, shortening their lifespan and causing early
hemolysis (Macczak et al. 2016). The literature reveals
that phenolic compounds such as BPA cause the
formation of superoxide radicals and thus the
oxidation of iron in the heme molecule, leading to
methemoglobin conversion (Bukowska and Kowalska
2004).  Consequently, ~RBCs  that contain
methemoglobin will rapidly be removed from the
circulation.

Punicalagin applied at different doses in our study did
not have a positive or negative effect on the blood
parameters measured in this study. In a study in rats,
punicalagin administered orally at a dose of 4800
mg/kg/day for 37 days had no effect on
hematological parameters (Cerda et al. 2003).
Moreover, pomegranate extract at doses of 60, 200

and 600 mg/kg/day given orally in rats did not have a
negative effect on the number of RBCs and the
amount of hemoglobin (Patel et al. 2008). Although
oral administration of punicalagin to rabbits alone did
not affect blood parameters in our study, when
applied together with BPA, it improved the negative
effect of BPA on RBC. The favorable effects of
punicalagin, when administered with BPA, may be
due to the superb antioxidant properties of this
phytochemical. As previously shown, punicalagin was
responsible for more than 50% of the high
antioxidant properties found in pomegranate juice
(Gil et al. 2000). Exogenous antioxidants, together
with endogenous antioxidants, are a vital system that
works both outside and inside the cell to prevent the
deterioration of the oxidant-antioxidant balance.
Thus, the number of free radicals was reduced and
oxidative stress was suppressed, thereby increasing
resistance to diseases (Berger 2005).

The results of the current study suggested that oral
BPA negatively affected cholesterol levels in male
rabbits. Studies examining the effects of BPA on
cholesterol levels are limited. Parallel to our study,
oral BPA at a dose of 2.72 mg/kg body weight in
female mice increased the cholesterol levels
(Miyawaki et al. 2007). On the other hand, Dodge et
al. (1996) reported that BPA given orally for 4 days
(0.1, 1, and 10 mg/kg body weight) did not affect
total cholesterol levels in rats. Similarly, Seidlova-
Woauttke et al. (2005) did not find any effect on total
cholesterol levels of BPA given with feed at doses of
0.033 and 0.333 mg/kg body weight for 3 months.
However, in these last two studies, either BPA
duration (4 days) or doses (0.033 and 0.333 mg/kg
body weight) were kept at limited levels, so BPA
might not have had any effect on serum cholesterol.
In different studies examining the effects of
punicalagin on cholesterol levels, punicalagin
protected macrophage cells from lipid deposition and
foam cell formation (Aviram et al. 2002, Kaplan et al.
2001, Rosenblat and Aviram 2011). Similarly, when
given along with a cholesterol-lowering drug (statins),
punicalagin reduced the required statin dose,
strengthened the effect of statin, and inhibited
cholesterol biosynthesis (Reiner, 2014; Rosenblat et
al,, 2013). In atherosclerotic mice supplemented with
6.25 mL/L pomegranate juice in drinking water,
macrophage lipid peroxidation, cellular cholesterol
accumulation, and the development of atherosclerosis
was reduced (Kaplan et al. 2001). It is assumed that
punicalagin binds to ApoB100 in close proximity to
the LDL receptor binding site. Upon binding,
punicalagin could change the conformation of the
protein and increase the affinity of LDL for the LDL
receptor. Thus, punicalagin might lower serum LDL
levels, possibly by interacting with the lipid portion of
LDL and protein and by accelerating LDL transport
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to macrophages (Atrahimovich et al. 2016). Although
the punicalagin dose we applied in our study did not
have a statistical effect on cholesterol or LDL levels,
it contributed positively by reducing the negative
effects of BPA, in line with the information in the
literature.

Serum Mg, P, Ca, Na, and K levels were within the
normal physiological limits suggested for rabbits
(Jones 1975).  Furthermore, the oral BPA
administration did not significantly alter the levels of
these minerals in serum. Although there is no study
on the Mg, P, Na, and K levels of BPA in serum, it is
thought that it may affect the plasma Ca level due to
its potential estrogenic nature (Suzuki et al. 2003). In
an 8-day experiment on goldfish, BPA increased the
serum Ca level for the first 4 days and decreased it for
the next four days. In addition, the serum calcitonin
level was also affected in the last 4-day period when
the Ca level decreased in these fish (Suzuki et al.
2003). Studies have reported that this was due to the
effect of BPA not indirectly on estrogen, but directly
by changing osteoblastic and osteoclastic activity
(Suzuki and Hattori 2003).

Serum ALT, AST, and ALP are important enzymes
that provide information about liver functions. An
increase in serum levels of these enzymes is observed
when there is a degeneration of liver tissue.
(Henderson and Moss 2005). In our study, the daily
20 mg/kg BPA increased the serum levels of these
liver enzymes in male rabbits. In similar studies in
rats, it was stated that BPA increased liver enzymes
(Avct et al. 2016, Korkmaz et al. 2010). The degree of
elevation of these enzymes increases in direct
proportion to the loss of hepatocellular function.
There ate studies that BPA increases oxidative stress
and may cause toxicity in organs (Korkmaz et al
2010, Daidoji et al. 2003). It is thought that this
situation occurs because it causes an increase in
reactive oxygen products and free radical levels,
disrupts the balance of prooxidants and antioxidants,
and increases the risk of causing damage to the liver
tissue (Videla 2009).

The punicalagin treatment during our study had no
effect on the levels of ALT, AST, and ALP compared
to control rabbits. In a similar study conducted on
humans, it was reported that ellagitannin-enriched
polyphenols were given 1420 mg/day orally for 28
days caused no negative effect on serum ALT, AST,
or ALP levels (Haber et al. 2007). Supplementing rats
at a dose of 600 mg/kg/day for 90 days did not cause
an increase in these enzymes (Patel et al. 2008). In our
study, punicalagin reduced the ALT, AST, and ALP
levels to normal levels in rabbits treated with BPA.
Similar effects of punicalagin were observed in rats
given carbon tetrachloride (Vora et al. 2015). There
are indications that pomegranate juice protects liver
tissue In rats with hepatitis induced by D-
galactosamine (Amal et al. 2012). Punicalagin may
have shown this effect as an antioxidant indirectly by
protecting the antioxidant defense system, removing

ROS from the system, or suppressing lipid
peroxidation.

In the current study, the levels of different tissue
markers such as amylase, lipase, CRP, and GGT
increased by BPA applications. An increase in blood
levels of these markers suggests the possible negative
effects of BPA in organs such as the liver, kidney, and
pancreas. In addition, in previous studies in humans,
there was a link between the increase in BPA levels
and inflammation indicators, and the increase in BPA
levels caused an elevation in serum CRP levels
(Tarantino et al. 2013). Thus, the increase in serum
levels of CRP seen in the current study due to BPA
treatments suggests that there was a general
inflammation related to BPA. On the other hand, it
has appeared that punicalagin applications may be
beneficial in alleviating the negative effects of BPA in
these organs. The fact that BPA administration
caused a raise in all these parameters suggests that this
chemical alters the oxidative stress in the main organs
and causes tissue damage related to it, and the
positive effect of punicalagin on the parameters
examined implies that the antioxidant capacity of
punicalagin can be effective in overcoming increased
oxidative stress.

The intracellular enzymatic antioxidants such as
SOD, CAT, and GPx are vital because of their role in
scavenging hydrogen peroxide and superoxide
radicals. Furthermore, SOD forms the first line of
defense against oxygen species (Sen et al. 2010). In
the current study, the concentrations of SOD and
CAT in the tissues and plasma of the BPA-treated
rabbits were lower than for the rabbits in the C
group. This may typically be the result of increased
lipid peroxidation as a result of oxidative stress.

In different studies, BPA caused oxidative stress in
fish and rodents (Andersen 2004, Geetharathan and
Peera 2018, Kabuto et al. 2004, Qiu et al. 2016). In
carp fish, BPA augmented the lipid peroxidation and
suppressed SOD, CAT, and GPx activities when
added to the water tanks at the doses of 10 - 1000
pg/L (Qiu et al. 2016). The increase in oxidative
stress in rat heart tissues treated with BPA was
accompanied by a decrease in the activity of SOD and
CAT (Geetharathan and Peera 2018). Furthermore,
BPA exposure increased lipid peroxidative damage in
neurons by suppressing the enzymatic antioxidant
defense, thus, negatively affecting the functional and
structural development of the central nervous system
(Andersen 2004). The increase in tissue MDA levels
due to BPA can also be observed due to the
production of ROS more than normal levels (Yonar
et al. 2014). Therefore, BPA could boost the
formation of additional ROS by inducing free radical
formation in rabbits and causing oxidative stress
(Chitra et al. 2003).

The data from the current study shows that the
increase in MDA activity and the decrease in SOD
and CAT concentrations due to BPA approached the
levels of the C group with the addition of punicalagin.
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Our results with punicalagin on antioxidant
parameters are similar to the results obtained with
different flavinoids and pomegranate juice in previous
studies. In an in vitro study on goat liver tissues,
punicalagin showed significant antioxidant activity
exposed to oxidative stress (Yaidikar 2001). Similarly,
Sun et al. (2017) showed that the application of
punicalagin increased the effect of SOD. It shows
that these antioxidants obtained from various plants
and fruits are powerful superoxide molecule
scavengers (Coballase-Urrutia et al. 2011). Various
studies have shown that the pharmacological effects
of tannins and flavonoids have major antioxidant
activities, which may result from their ability to
scavenge superoxide, chelate metal ions, and exert
synergistic effects with other antioxidant metabolites
(Manna et al. 2006, Niki et al. 2005, Raja et al. 2007).
Our results suggest that punicalagin can directly or
indirectly reduce oxidative damage by preventing the
increased formation of free radicals that may occur

due to BPA.
CONCLUSIONS

The current study suggests that punicalagin
applications have potential ameliorating effects in the
blood and various tissues against the oxidative stress
caused by BPA in male New Zealand White rabbits.
The protective effects of punicalagin may be due to
both an increase in the activity of the antioxidant
defense system and the inhibition of lipid
peroxidation. These findings imply that punicalagin
may be effective in preventing the possible negative
effects of BPA on various tissues.
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Development In Chick Embryo Model
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ABSTRACT

The aim of this study is to scan different doses of Liraglutid on the neural tube in a chick embryo model, which is
similar to first month development in mammals. 100 eggs of 61 £ 5 gr, specific pathogen-free 0 day white
fertilized chicken eggs were used. Incubation of 28 hours was maintained at a constant temperature of 37.5 *
0.5°C, humidity in the range of 60 — 68%. They were divided into 4 groups of 25 eggs each. Liraglutid was
administered subblastodermically with a Hamilton micro-injector in 3 different doses. The control group was
injected with 0.9% sterile saline, and the experimental groups were injected with liraglutide at doses of 1.5, 7.5
and 15 ng/ege. After the injection, the windows were closed with stetile drape and left for incubation. At the end
of 48 hours of incubation, all eggs were hatched and evaluated on the basis of Hamburger-Hamilton scale. In the
study, neural tube patency, somite numbers, and Hamburger-Hamilton stages were examined, it was determined
that the dose-related difference between the control and experimental groups was not statistically significant
(p>0.05). It was determined that the difference between the high dose group and the other groups in terms of
fore-aft lengths was statistically significant (P<0.05). As a result, there was no significant relationship between the
doses of Liraglutide and neural tube patency and somite counts, but differences were found between fore-aft
measurements. Further research is recommended for a clearer understanding of the effects of liraglutide on
embryo development.

Keywords: chick embryo model, incretins, liraglutide, neural tube, obesity.
sksksk

Glukagon Benzeri Peptid-1 Analogu Liraglutid’in Tavuk Embriyo Modelinde Noral Tip Gelisimi
Uzerine Etkisi

(074

Bu calismada tip 2 diyabet ve obezite tedavisinde kullanilan inkretin bazh glukagon benzeri peptid-1 (GLP-1)
reseptdr agonistlerinden liraglutid’in tavuk embriyo modelinde néral tip Uzerine etkilerinin incelenmesi
amaclandi. Caligmada 100 adet 61 + 5 gr agirlikta, spesifik patojen icermeyen fertil yumurta 37.5 = 0.5°C’de ve %
60 - 68 nem ortaminda 28 saat inkiibe edildi. Bu stire sonunda pencereleme teknigi ile agilan yumurtalar 4 gruba
(n=25) ayrilarak subblastodermik olarak uygulama yapildi. Kontrol grubuna % 0.9 steril serum fizyolojik, deney
gruplarina ise 1.5, 7.5 ve 15 ug/yumurta dozda liraglutid enjekte edildi. Enjeksiyon sonrasi pencereler steril drape
ile kapatilarak inktbasyona birakildi. 48 saat inkiibasyon sonunda tim yumurtalar acilip Hamburger-Hamilton
skalasi temel alinarak degerlendirildi. Calismada néral tip agikligi, somit sayilari, Hamburger Hamilton skalasina
gore gelisim evreleri incelendiginde kontrol grubu ile deney gruplart arasindaki doza bagl farkin istatistiksel olarak
anlamlh olmadigt tespit edildi (p>0.05). Bas-ki¢ uzunluklart bakimindan yitksek doz grubu ile diger gruplar
arasindaki farkin istatistiksel olarak anlaml oldugu tespit edildi (P<0.05). Sonug¢ olarak Liraglutid’in dozlari ile
noéral tip acikligt ve somit sayilart arasinda anlamli bir iliski saptanmazken bas-ki¢ Slciimleri arasinda farkliiklar
saptand1. Liraglutid’in embriyo gelisimi tzerine etkilerinin daha net anlasimast igin ileri arastirmalar
6nerilmektedir.

Anahtar Kelimeler: tavuk embriyo modeli, inkretinler, liraglutid, ndral tiip, obezite.
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GIRIS

Noral tiip defektleri (NTD) konjenital
malformasyonlar olup cevresel ve genetik etkenler
yaninda gebelikte ila¢ ve kimyasallara maruziyet
durumuyla da iligkilidir. NTD kliniginde parapleji,
ciddi parezi ve idrar-gaita inkontinansi 6n plandadir.
Tedavisi genellikle cerrahi olup, tedavinin prognozuna
ciddi bir katkist yoktur. Koruyucu 6nlemler daha 6n
plana ¢tkmaktadir (Kartil, 2018; Akosman, 2020).
Diunya’da canlt dogumlarda bebeklerin yaklagik olarak
% 2’sinde ciddi dogumsal anomaliler saptanmaktadir.
Anomalilerin de yaklasik olarak % 60’11 santral sinir
sistemi anomalileri olusturmaktadir (Baker, 1994).
NTD vyenidogan doéneminde en sik rastlanan
dogumsal anomalilerden birisidir  (Robert, 2000).
Noral tip erken dénemde kapanmaz ise anensefali,
ensefalosel, spina bifida okiilta, meningomyelosel,
meningosel, miyelosizis, sirengomiyeli, dermal sints
ve gerginspinalkord gelismektedir (Rowland ve ark.,
2000).

NTD cograti agidan farkli yayillimlar gosterir. Avrupa
tlkelerinde % 0.1 sikhikta gortlirken Tirkiye'de bu
oran, cesitli calismalardan elde edilen verilere gore
%0.3 - 0.5 arasinda degismektedir. Ulkemizde her yil
yaklasik 5000 cocuk N'TD ile dogmaktadir (Tungbilek
ve ark., 1999). Ingiltere’nin kuzey ve bati bolgelerinde
yiksek insidans (% 0,8) gortlirken, gliney ve
dogusunda disik insidans (% 0,2 - % 0,3)
gorilmektedir  (Milunsky, 1986). Amerika ve
Kanada’da insidans oldukca duasiktir (% 0,1).
Bolgesel faktdrlerin yaninda siyah irkta beyaz irka
gore daha az, kiz bebeklerde ise erkek bebeklere gore
daha stk NTD’ye rastlandigi da  bildirilmistir
(Brocklehurst, 1976). NTD olusmasinda yetersiz
beslenme, ylksek ates, hipertansiyon, diabetes
mellitus, obezite, kullanilan ilaclar, cevresel kitleticiler,
gecmiste NTD 6ykisii olmast, annenin 20 yasindan
kii¢ik 35 yagindan buyiik olmasi, primipar olma, dort
ve daha fazla cocuk dogurma, diisitk sosyoekonomik
diizeye sahip olma ve folik asit eksikligi gibi bir¢ok
faktor rol oynamaktadir (Daly ve ark., 1997; Akan,
2002; Yidiz ve Akbayrak, 2008). Gebelikte bazen
zorunlu olarak kullanilmast gereken ilaglar bu tip
konjenital malformasyonlara neden olmakta fakat
Ozellikle giinimiizde yeni gelistirilen ilaglarin gebelik
kategorisi ve ne tir malformasyonlara neden
olabilecegi yapilan calismalarin azligl nedeniyle tam
olarak bilinmemektedir (Tureci ve ark., 2011; Song ve
ark., 2012).

Liraglutid; kandaki glukoz seviyesini  disiren
metabolik hormonlar ailesinin bir tyesi olan

Glukagon  Benzeri  Peptit-1  analogu  olarak
tanimlanmaktadir (Baggio ve Drucker, 2007). Gidanin
alimindan sonra instlin salinimint stimtle ederken
glukagon salinimini  inhibe eder (Ozagmak ve
Bayraktaroglu, 2017). Deri alt uygulandiginda
normoglisemik bireylerde kan glukoz duzeylerini
etkilediginden  tip 2  diyabet  tedavisinde
kullantlmaktadir (Lovshin ve Drucker, 2009; Vella ve

ark.,, 2002). Liraglutid’in antidiyabetik etkisinin
yaninda antioksidatif ve antiapoptotik etkilerinin
varligt da rapor edilmistir (Inoue ve ark., 2015; Briyal
ve ark., 2014).

Bobrek (Zavattaro ve ark., 2015), kalp (Inoue ve ark.,
2015), mide (Jelssing ve ark., 2012), bagirsak
(Candeias ve ark., 2015), beyin (Briyal ve ark., 2014),
pankreas (Kimura ve ark, 2015), ovaryum
(Rasmussen ve ark., 2014), karaciger (Gao ve ark.,
2015) ve adipoz doku (Cantini ve ark., 2015) gibi
cesitli organlarda da cahsilan liraglutid’in, néral tip
gelisimi  Uzerine etkisini gosteren spesifik  tavuk
embriyo calismasina rastlanmamustir. Bu ¢alismada
liraglutid’in tavuk embriyolarinda néral tip (orta hat)
kapanmasina olan etkilerini makroskobik,
mikroskobik ve histolojik olarak inceleyerek ortaya
koymay1 amacladik.

MATERYAL ve METOT

Bu ¢alisma icin Afyon Kocatepe Universitesi Hayvan
Deneyleri Yerel Etik Kurulu'ndan (AKU HADYEK)
24/02/2020 tarih ve 49533702/216 sayili karari ile
etik kurul izni alindi Calismanin deney asamast
Afyonkarahisar Saglik Bilimleri Universitesi Tip
Fakdltesi Anatomi Anabilim Dali’'nda makroskobik ve
mikroskobik incelemeleri ise Afyon Kocatepe
Universitesi Veteriner Fakiiltesi Anatomi Anabilim
Dalr’nda gergeklestirildi.

Calismada agirhiklart 615 gr arasinda; 100 adet,
beyaz, fertil ve 0 giinlik SPF (specific patogen free)
tavuk yumurtalari kullanild. Yumurtalar
Afyonkarahisar Saglik Bilimleri Universitesi Tip
Fakultesi Anatomi Anabilim Dali Laboratuvarindaki,
standardizasyonu yapilmis otomatik inkibatérde
37.520.5°C sabit ortam sicakligi ve %60£5 bagil nem
oraninda, her 2 saatte bir 45° actyla otomatik olarak
doéndurilerek inkibe edildi. Liraglutide (Saxenda 6
mg/3 ml pre-filled-pen, novo nordisk), suda steril
sartlarda ¢ozilerek uygun solisyonlar hazirland:

(Tablo 1).
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Tablo 1. Deney gruplart ve uygulanan ilaclarin dozlart

Gruplar Kullanilan Etken Madde ve Dozlari

Kontrol (n=25)
Ddsiik Doz (n=25)
Orta Doz (n=25)
Yiksek Doz (n=25)

% 0.9 Serum Fizyolojik

Liraglutid 30 mg/kg (1.5 pg/yumurta)
Liraglutid150 mg/kg (7.5 pg/yumurta)
Liraglutid 300 mg/kg (15 pg/yumurta)

Calismanin 24 ile 28. saatleri arasinda doélla
yumurtalara steril sartlar altinda pencereler agilarak
Hamilton mikroenjektoriiyle yaklastk 45° act ile tim
gruplara 30 mikrolitre subblastodermik enjeksiyon
yapildt. Kontrol grubuna ise % 0.9 steril serum
fizyolojik uygulandi. (Resim 3.4). Enjeksiyon sonrasi
tim yumurtalardaki delikler steril drape ile kapatild:
ve kapatilan yumurta 180° c¢evrilerek kulucka
makinesine tekrar yerlestirildi. Inkiibasyonun 44-48.
saatinde SPF  yumurtalar acild;, elde edilen
embriyolarin gelisim evreleri Hamburger-Hamilton
skalasina gore 15tk mikroskobu altinda degerlendirildi.
Daha sonra néral tiipiin agtk veya kapali olmasi, somit
sayilari, kranio-kaudal uzunluklart ve embriyolojik
gelisim durumlari belirlendi.

Verilerin istatiksel analizi SPSS 20 (Statistical Package
for the Social Sciences) programi kullanilarak yapilds.
Ortalama degerleri arasindaki farklidiklarin analizinde
tek yonli varyans analizi (ANOVA), gruplar arasi
farkin 6nemlilik kontroli icin ise “Duncan” testi
uygulandt. P<0.05 olan degerler istatistiksel olarak
anlamli kabul edildi.

BULGULAR
Calismada dustk, orta ve ylksek olmak tzere farkli

dozlarda liraglutid ile % 0.9 serum fizyolojik
uygulanan toplam dort temel grup bulunmaktaydi.

Incelenen tiim parametrelerin gruplara gore dagilimi
gosteren cizelge Sekil 1’de gosterilmistir. Kontrol
grubunda 21 embriyoda néral tipiin kapali oldugu
(%84), 1 embriyoda néral tiptn actk oldugu (%e4), 1
embriyoda gelisim geriligi oldugu (%4), 2 embriyoda
diskin olugmadigi (%8) ve agma hatast olmadigi (%00)
gozlendi (Tablo 2).

Dustik doz (1,5 pg/yumurta) grubunda 20 embriyoda
néral tipiin kapalt oldugu (%80), 1 embriyoda néral
tiptn acgtk oldugu (%4), 1 embriyoda gelisim geriligi
oldugu (%4), 1 embriyoda diskin olusmadigt (%o4) ve
2 embriyoda ise agma hatasi olustugu (%8) gorildi
(Tablo 2).

Orta doz (7,5 pg/yumurta) grubunda 19 embriyoda
néral tipiin kapalt oldugu (%76), 3 embriyoda néral
tipin actk oldugu (%12), 1 embriyoda gelisim geriligi
oldugu (%4), 1 embriyoda diskin olusmadig (%4) ve
1 embriyoda ise agma hatast olustugu (%4)
gorildi(Tablo 2).

Yiksek doz (15 pg/yumurta bast) grubunda ise 19
embriyoda ndéral tipin kapall oldugu (%76), 3
embriyoda néral tipin agik oldugu (%12), 1
embriyoda gelisim geriligi oldugu (%4), 1 embriyoda
diskin olusmadigi (%4) ve 1 embriyoda ise a¢ma
hatast olustugu (%4) goriildii (Tablo 2).

Tum gruplarda embriyolarin Hamburger Hamilton
skalasina gére 11-12 evre araliginda oldugu saptandi.

Tablo 2. Gruplara gbre embriyo gelisim geriligi ve néral tiip acikligs

Gruplar Embriyo Gelisim Geriligi NT Agik NT Kapali
Kontrol 1% 4 1% 4 21 (% 84)
Diigiik Doz 1 (%4 1% 4) 20 (% 80)
Orta Doz 1% 4 3 (% 12) 19 (% 76)
Yiiksek Doz 1 %4 3 (%12 19 (% 76)
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Sekil 1: Incelenen tiim parametrelerin gruplar arasinda dagilimi

Tablo 3 incelendiginde somit sayist bakimindan
kontrol grubu ile deney gruplari arasindaki farkin
istatistiksel olarak anlamh olmadigi tespit edildi
(p>0.05). Ayni tabloya gbre bas-ki¢ uzunluklar
ortalamast kontrol grubu (670.50 pm) ile disik doz
(660.37 um) ve orta doz (660.20 um) gruplarinda

benzer iken yiiksek doz grubunda 631.62 um’ye
distiigii ve yitksek doz grubu ile diger gruplar
arasindaki farkin istatistiksel olarak anlamli oldugu
tespit edildi (P<0.05).

Tablo 3. Gruplara gére somit sayist ve bas-ki¢ Slcimlerinin dagilimi

Somit Sayis1 Bas-Ki¢c(um
Gruplar MEANS £SE ME§AN§s( iS)E
Kontrol 16,27 + 0,26 670,50 * 6,43+
Diisiik Doz 15,95 £ 0,31 660,37 £ 4,582
Orta Doz 15,45 + 0,29 660,20 + 6,48+
Yiiksek Doz 15,50 £ 0,31 631,62 £ 6,65P
P Degeri 0,159 0,000

TARTISMA ve SONUC

Merkezi sinir sistemi embriyolojik hayatta ilk
fonksiyon gdstermeye baslayan yapilardan biridir.
NTD olusumu multifaktériyel olup, bircok genetik ve
cevresel faktor rol alir. Olugma ya da tekrarlama riski
yalnizca anensefali, egzensefali, ensefalosel ve acik
spina bifida gibi major anomalilerde gdsterilmistir.
Bununla birlikte toplumdaki genel insidans, ailede
daha 6nce NTD tanist sayisina, hastalarin yakinlk
durumuna da baghdir. NTD, olusmakta olan sinir
dokusunun tim ya da parcali olarak kapanamamasi
nedeniyle ortaya ¢ikmaktadir. NTD modeli olusturma
yontemleri arasinda; memeli, kanatl, amfibiler ve
bilgisayar ~modellemeleri  olusturma  secenekleri
sayllabilir. Bu 6rneklerin birbitlerine gbre avantaj ve
dezavantajlart s6z konusudur. Memeli modellemeleri
olan rat ve fareler daha karmasitk ve uzun sireli
calisma  gerektirirken, kanath ve amfibilerdeki
modellemeler ise daha kolay ve pratik yontemlerdir.
Erken dénem tavuk embriyosu modellemesi (ilk 48

saat) memelilerde embriyonel gelisimin ilk ayina uyan
ve kimyasallarin embriyonel gelisim tizerine etkilerinin
incelendigi uygun bir modelleme 6rnegidir (Tureci ve
ark., 2011).

Yapilan  caligmalarda  ortalama  8-10  yumurta
kullanilirken deneyimizde 25 yumurta kullanidmigtir.
Kanath yumurtalarinmn kullanddigi ¢alismalarda test
maddesinin uygun ¢6ziiclide ¢Oziinmesi olduke¢a
6nemlidir. Bu nedenle en uygun steril bidistile su
¢6zich olarak kullanilmistir. Literatlir taramalarinda
da goraldigh gibi deneyde Onceki deneyler ile
paralellik géstermektedir.

NTD merkezi sinir sisteminin en yaygin dogumsal
anomalisi olup embriyonik gelisimin 3. ve 4.
haftalarinda néral tipin uygunsuz veya eksik
kapanmasinin bir sonucu olarak ortaya ¢ikar (Wang ve
ark., 2019). Tavuk embriyo modelinin kullanildig
noral tip gelisimi tzerine birgok c¢alisma vardir
(Yerby, 2003; Ertekin ve ark., 2019; Dady ve Duband,
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2017; Mete ve ark., 2016). Tavuk embriyosunun
Ozellikle ilk 48 saatlik gelisimi memeli omurgasinin
embriyonik gelisiminin ilk ayina benzer. Bu nedenle
NTD’ye neden olabilecegi diistiiniilen maddeler icin
tavuk embriyolarinin  kullanimi  olduk¢a uygundur
(Atay ve ark., 2020; Emon ve ark., 2015). Yapilan
calismalarda teratojenik maddelerin néral tipin actk
veya kapalilik durumlarina etkileri incelenmistir
(Yildiz ve Akbayrak, 2008; Song ve ark., 2012).

Erken tavuk embriyo modelinde sitokalazinler,
ionofor, papaverin, diazepam, verapamil, lokal
anestetikler, etanol, metotreksat ve aminopterin gibi
folat antagonistleri, fenitoin ve valproik asit gibi
antiepileptikler, meloksikam benzeri non steroidal
antienflamatuar ilag etken maddesine sahip agrn
kesicilerin NTD’ye sebep oldugu rapor edilmistir
(Ozer ve ark., 2012). Cetinkal (2010) calismasinda
yiksek doz meloksikamin erken tavuk embriyo
modelinde NTD’yi arttirdigint saptamustir. Vatansever
ve ark. (2003) metotreksatin  48-72  saatlik
inkiibasyondan sonra embriyolarda néral tipin
kapanmasinda kusurlara neden oldugunu bildirmistir.
Lee ve ark. (1982) erken dénem tavuk embriyolarinda
500 ug/ml kafein maddesinin NTD gelisme sikligint
belirgin sekilde arttirdigini belirtmislerdir.
Calismamizda liraglutid’in tavuk embriyolarinda néral
tip aciklik / kapalilik durumuna etkisi olmadig
belirlenmistit.

Whitsel ve ark. (2002), epilepsi tedavisinde kullanilan
valproik asitin teratojenik etkilerini incelemek icin
embriyoya 24. saatinde blastositin altina farklh
dozlarda enjeksiyonunu yapmis, makroskobik olarak
biyltmede gerileme, géz dokusu ve iskelet sisteminde
ait anomaliler tespit etmislerdir. Ertekin ve ark. (2019)
calisgmalarinda non steroid antiinflamatuvar bir ila¢
olan diklofenak sodyumun, tavuk embriyosunda
NTD’ye neden olmasinin yaninda bas-ki¢ uzunlugu
ve somit saywsint énemli Slgiide azalttigini ve néron
gelisimini etkiledigini gdstermiglerdir. Bu ¢alismada
sadece ylksek doz liraglutid’in bas-ki¢ uzunlugunu
distirdig ve bu farkin istatistiksel olarak anlamli
oldugu (P<0.05) belitlenmistir. Bu bulgu Liraglutid’in
yiksek dozunun embriyoda gelisim geriligine neden
olabilecegini distindirmistir.

Sonug olarak kandaki glikoz seviyesini disiiren, kilo
vermek icin kullanian ve liraglutid etken maddesini
iceren ilacin tavuk embriyolarinda NTD’ye sebep
olmadig1 tespit edilmistir. Ancak hamileliklere obezite
ve tip 2 diyabetin eslik ettigi durumlarda liraglutid
kullantmi  ile ilgili yapilacak calismalarda sinir
dokusuna ait histokimya ve imminohistokimyasal
boyamalarda daha nitelikli sonuglar elde edilebilecegi
dustintilmektedir. Bununla birlikte yiksek doz verilen
grupta bag-kic uzunlugunda saptadigimiz dustsin,
ileriki caligmalarda liragulitid’in gelisim geriligine olan
etkilerinin daha iyi anlasilmasina katki saglayacagt
dustnilmektedir.

Proje Destek Bilgileri : Bu ¢alisma, Afyon Kocatepe
Universitesi ~ Bilimsel =~ Aragtirma  Projeleri
Koordinasyon Birimi tarafindan 20.SAG.BIL..33 proje
numarasi ile desteklenmistir.

Etik Kurul Bilgileri : Bu ¢alisma AKU HADYEK
49533702/216 numara ve 24.02.2020 tarih ile izin
almistir.

Cikar Catigmasi: Yazarlar bu yazt icin gergek,
potansiyel veya algilanan ctkar catismasi olmadigini
beyan etmislerdir.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katki saglamis olduklarini beyan etmislerdir.
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ABSTRACT

In this study were used 40 newborn singleton Akkaraman and Merino lambs with 4 trial groups consisting of
selected 10 lambs homogeneous according to race and gender. Trial was carried out 100 days, covering 5 feeding
periods with 21-day periods the first application is on the 14th day from the birth of lambs. The lambs were fed
with lamb starter feed for the first two months, then with lamb grower feed ad-libitum and 250 g/day/head dry
alfalfa hay. At the end of the study; it was determined that the lowest total antioxidant status (T'AS) was in
Akkaraman male lambs, the highest was in Merino’s female, and it was found higher in Merino females than
males (P<0.05). There was no difference between the groups in terms of total oxidant status (TOS) and native
thiol (NTL), during the trial (P>0.05). Oxidative stress index (OSI) obtained from Akkaraman lambs was found
to be higher than Merino, lower OSI was reached in female Merino's, and total thiol (TTL) were increased in
Merino male lambs compared to Akkaraman (P<0.05). It was concluded that the Merino had better adaptation to
feeding after weaning than the Akkaraman.

Keywords: Lamb, oxidative stress, ruminant, thiol/disulfide balance

kkk

Dogum-Siitten Kesim Dénemi Araliginda Besiye Alinan Kuzularda Beslenme Dénemlerinin Oksidatif
Stres Diizeyleri Uzerine Etkileri

Oz

Bu calismada, 1tk ve cinsiyete gére homojen secilmis 10 kuzudan olusan 4 deneme grubu ile 40 adet yeni dogan
tekiz Akkaraman ve Merinos kuzular kullanilmistir. Deneme, kuzularin dogumundan itibaren, ilk uygulama 14.
ginde olmak tizere 21 giinliik periyotlar ile 5 besleme periyodunu kapsayan 100 giin siirede gerceklestirilmistir.
Kuzular ilk iki ay kuzu baslangic yemi, sonrasinda deneme stresince kuzu buyitme yemi ile ad-libitum ve
250g/gtin/bas kuru yonca otu ile beslenmislerdir. Arastirmanin sonunda; en disiik total antioksidan seviye
(TAS)’nin Akkaraman erkek kuzularinda, en ylksek degerinin ise Merinos 1rki disi kuzularda oldugu, Merinos 1rki
disilerde de erkeklerine gore daha yitksek bulundugu tespit edilmistir (P<0.05). Deneme siiresince total oksidan
seviye (TOS) ve nativ tiyol (NTL) degerleri bakimindan gruplar arasinda farklilik olmadigr gézlenmistir (P>0.05).
Akkaraman 1kt erkek ve disi kuzulardan elde edilen oksidatif stres indeksi (OSI), Merinos ikt erkek ve disi
kuzulara ait OSI’nden yiiksek bulunmus, disi Merinoslarda daha disiik OSI'ne ulasddigt (P<0.05), total tiyol
(TTL) duzeylerinin Merinos irkt erkek kuzularda Akkaraman irki erkek kuzulara gére arttgr tespit edilmistir (P
<0.05). Merinos 1rkinin Akkaraman irkina gore siitten kesim ardindan yeme adaptasyonunun daha iyi oldugu
sonucuna varilmistir.

Anahtar kelimeler: Kuzu, oksidatif stres, ruminant, tiyol/distlfit dengesi
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INTRODUCTION

The health, growth rate and performance of the
lambs from the moment they born, are closely related
to their nutritional status and are an important
criterion for increasing the quality and productivity,
which is the main purpose of animal production. The
growth rate and yield power of lambs are directly
proportional to the level of feed efficiency. Poor care
and feeding conditions are the obvious cause of stress
factors (Serin 2015, Altincekic 2016).

Oxidative stress can be defined as the deterioration of
molecular and cellular functions as a result of the loss
of the balance between the body's antioxidant defense
and the production of free radicals that cause
peroxidation of the lipid layer of the cells (Yokus and
Cakir 2002, Celi 2011). Hydroxyl, superoxide, nitric
oxide, lipid peroxide, reactive oxygen and nitrogen
species (ROS and RNS) from free radicals produced
by normal cell metabolisms as a result of oxidative
stress cause tissue damage by lipid peroxidation
(Mercan 2004, Tabakoglu and Durgut 2013,
Karabulut and Gilay 2016). The resulting oxidative
damage; it is seen as the main cause and indicator of
diseases that occur with the deterioration of tissue
functions such as cancer, cardiovascular diseases,
immune system diseases, degenerative diseases
(Pratic’o 2005). Reactive oxygen species (ROS) are
primary molecules that cause oxidative damage when
they rise above physiological levels. Increased
production of free radicals leads to damage to cell
membrane lipids and weakening of cellular protein
functions (Valko et al. 2004, Devasagayam et al.
2014). In the antioxidant defense system of the
organism against free radicals, primarily enzymatic or
non-enzymatic antioxidant mechanisms in the cells
come into play. The damage caused by radicals is
prevented by the enzyme systems of superoxide
dismutase, catalase and glutathione S-transferase in
the body, as well as important biological thiols such
as  glutathione, cysteine, homocysteine, N-
acetylcysteine. Thiols, also known as mercaptans, are
organic chemical compounds containing hydrogen
and sulfur atoms and sulthydryl (-SH) groups
attached to the catbon atom, which show antioxidant
properties in preventing the formation of any
oxidative stress state (Sen and Packer 2000, Erel and
Neselioglu 2014).

The plasma thiol level consists mostly of albumin and
protein thiols, with small amounts of low molecular
weight cysteine, homocysteine, glutathione, N-
acetylcysteine and y-glutamylcysteine biothiols (Turell
et al. 2013). Thiols participate in oxidation reactions
via oxidants and form covalent disulfide bonds.
These are defined as S-S bonds formed between the
sulfhydryl groups of two cysteine amino acids in
proteins (Huber and Parzefall 2007, Cremers and
Jakob 2013). Under oxidative stress conditions, lead

to the formation of reversible disulfides between
oxidative residues of cysteine, low molecular thiol
stacks and protein thiol groups. The disulfide bonds
formed can be reduced back to thiol groups. Thus,
dynamic thiol/disulfide balance can be achieved.
Dynamic thiol/disulfide balance has a critical role in
many cellular activities such as, antioxidant
protection,  detoxification, signal  transduction,
apoptosis, regulation of enzymatic activity and cell
growth. Today, it is a very topical indicator in the
field of medicine and is associated with many diseases
(Erel and Neselioglu 2014). The thiol groups of
sulfur-containing amino acids (cysteine, methionine..)
in proteins ate the primary target point of ROS. The
oxidation of thiol groups in the environment with
ROS to reversible disulfide bonds is the eatliest
manifestation of radical-mediated protein oxidation.
Biological importance of thiols and disulfides; can be
explained by the stabilization of the structures of
proteins, the regulation of the functions of proteins,
the regulation of enzyme functions, their roles in
receptors,  transporters, Na-K  channel and
transcription (Ates et al. 2015).

The primary immune response to pathogens, stable
oxidant/antioxidant balance and vitality ability of
lambs born and growing with insufficient immune
system capacity depend on the nutritional level during
growth and development stages from birth. On the
other hand, it is expected that the transition from
intrauterine to extrauterine environment with birth,
that is, the increase in the oxygen requirement during
the adaptation at birth and then the feeding
conditions that require high energy for many body
functions, increase the level of oxidative stress.
Disruption of dynamic thiol-disulfide balance plays a
role in the development of many diseases. By
measuring the dynamic thiol-disulfide balance, can be
obtained a lot of information related to the animal's
health and nutritional status.

In this study, it was aimed to determine the effects of
feeding on the oxidative stress level of female and
male lambs of Anatolian Merino and Akkaraman
offspring, which are the most preferred growing in
our country (TUIK 2020), by using the thiol/disulfide
balance measurement method at the developmental
stages from birth.

MATERIAL and METHOD

This study was carried out with the decision of the
local ethics committee of animal experiments in Bahri
Dagdas International Agricultural Research Institute
with the code 293286/90.

In the study, a total of 40 newborn singleton heads;
Akkaraman (20 head; 10 male and 10 female) and
Anatolian Merino (20 head; 10 male and 10 female)
lambs were used. Healthy and homogeneous animals
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with the same birth weight were selected by taking
birth weights and necessary records (single birth type,
ear number, gender, breed) from birth. The
experiment was continued for a total of 100 days
from the birth of the lambs, covering the 3-week
period in 21-day periods after the first two weeks (0-
14. days) when they were fed only with milk. The
experiment was continued for a total of 100 days
from the birth of the lambs, covering the first two
weeks (0-14. days) when they were fed only with milk,
and the 4 week period in 21-day periods. In the study,
4 experimental groups were formed, each of which
consisted of 10 lambs and the lambs with the same
weight average of each group were randomly
distributed. Lambs housed in group compartment,
each group is arranged so that there are 10 animals in
each group; Akkaraman female lambs (AFL) were
kept in the 1st group compartment, Akkaraman male
lambs (AML) were kept in the 2nd group
compartment, Anatolian Merino female lambs (MFL)
were kept in the 3rd group compartment, and
Anatolian Merino male lambs (MML) were kept in
the 4th group compartment. Fattening lambs,
according to the feeding period; the period when they
are fed only with milk from birth (0-14 days), the
period of adaptation to solid feed in addition to milk
feeding (15-36 days), the period when they are fed
with milk and solid feed (36-57 days), the weaning
period (58-78 days) and only solid feeding period (79-
100 days) by considering 5 periods (5 feeding
periods).

Group feeding was applied in the study, and lambs
were fed with only milk until the 14th day from birth,
and with milk from the 15th day to the 36th day, as
well as with ad-libitum lamb starter feed (including
2.80 Mcal/kg dry matter, 17% crude protein). At the
same time, while starting solid feed, dry alfalfa hay

was started to be given to the lambs as roughage.
After l]ambs had been get used to consuming 250 g of
dried alfalfa hay per animal daily, it was kept constant
by giving 2.500 g daily to each group throughout the
trial. Starting from the 58th day of the trial, it was
pass to lamb grower feed (including 2.75 Mcal/kg dry
matter, 16% crude protein). By adding daily
increasing amounts to the reduced lamb starter feed,
the transition was ensured with practice. Up to the
78th day, they were fed with milk as well as ad-libitum
lamb grower feed. Thus, the lambs which were
provided with sufficient solid feed consumption for
weaning and reached 4 times their birth weight, were
weaned on the 78th day and after the 79th day fed
only with feed until the 100th day which corresponds
to the end of the trial. Fresh and clean drinking water
was always available in front of the lambs.

AOAC 1984 was used as the method of determining
the amounts of dry matter (DM) crude protein (CP),
crude cellulose (CC), ether extract (EE) and crude ash
(CA); Van Soest, 1994 procedure was followed for
determining the amounts neutral detergent fibre
(NDF), acid detergent fibre (ADF) and acid detergent
lignin (ADL). Metabolic energy (ME) (Anonymous
2016), organic matter (OM), non-nitrogen extract
(NNE), cellulose (CL) and hemicellulose (HCL)
values were derived from the analysis results on feed
materials through calculation (Table 1).

During the trial, the live weights of the lambs were
started to be determined together with their birth
weights and they were recorded on the first 15th day,
then once every three weeks at the same time (08:00)
in the morning. Lambs were hungry for 12 hours
before weighing in order to prevent variation
(hungry-full) in live weight.

Table 1. The chemical composition of feed materials used in the study

Nutrients Lamb started feed Lamb grower feed Alfalfa hay
ME, Mcal/kg DM 2.80 2.75 1.38
DM,% 90.44 88.73 93.44
“OM,% 82.74 81.08 82.86
CP,% 17.00 16.00 9.57
CC,% 7.14 8.10 34.96
EE,% 3.70 2.89 0.92
CA% 7.70 7.65 10.58
“NNE,% 53.94 54.55 37.41
NDF,% - 29.24 50.09
ADF,% - 9.70 42.43
ADL,% - 0.90 9.11
“CL,% - 8.8 33.32
"HCL,% - 19.54 7.66

*OM=DM-CA, NNE=DM-(CP+CA+EE+CC), CL=ADF-ADL, HCL=NDF-ADF
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Blood samples were taken from animals 4 hours after
feeding at the beginning of each feeding period (5
periods). These blood samples were collected in flat
gel tubes (Becton Dickinson and Company, New
Jersey, USA), all samples were centrifuged at 3000
rpm for 10 minutes and stored at -80°C until analysis.
Then, enzymatic and non-enzymatic measurements of
all antioxidant and oxidant molecules were made in
these blood samples with native thiol (--SH), total
thiol (--SH+-- S--S--), Total antioxidant status (Total
Antioxidant Level -TAS), Total oxidant status (Total
Oxidant Level -TOS) kits (RelAssay Diagnostic,
Turkey) (Erel and Neselioglu 2014). The disulfide
level was calculated with the formula (serum total
thiol - serum native thiol)/2. All results are reported
as micromoles per liter (umol/L), TAS millimoles
(mmol/L) (Geotge and Hero 1979).

For total thiol measurement, 10 pl of reagent 1 (R1)
(10l of R1' is used for free thiol measurement) and
10 pl of sample were mixed. Afterwards, R2 and R3
were added and the first absorbance (A1) reading was
made spectrophotometrically at 415 nm wavelength
(Schimadzu UV-1201  spectrofotometer, Kyoto,
Japan). The second absorbance (A2) reading was
taken at the same wavelength at the 10th minute
when the reaction peaked, and the measurement was
completed by obtaining the A2-Al absorbance
difference. It was used 14.100 mol/L-1 cm-1 which is
the molar extinction coefficient of 5-thiol-2-
nitrobenzoic acid (TNB) for the calculation of total
and free thiol levels.

Antioxidants in the sample convert the dark blue-
green ABTS (3-ethyl-benzothiazoline 6 sulfonate)
radical solution to the colorless ABTS form. The
change in absorbance at 660 nm is related to the total
amount of antioxidants. The kit has been calibrated
with a stable antioxidant standard called Trolox
Equivalent, similar to vitamin E. Oxidants in the
sample oxidize the ferrous ion-clamp integrated with

the ferric ion. The oxidation reaction is prolonged by
the amplifying molecules present in the reaction
medium. Ferric ion forms a colored compound with
chromogen in acidic medium.

The total amount of oxidant molecules in the sample
was determined in relation to the darkness of the
color measured in the spectrophotometer. The kit
was calibrated with hydrogen peroxide, the results
were given as micromoles of hydrogen peroxide per
liter (umol H202 Equi v./L) (Etrel and Nesgelioglu
2014). By taking the percentage of the ratio of TOS
level to TAS level; Oxidative Stress Index (OSI) was
calculated according to TOS (umol H202 equiv./L)
/ TAS (mmol Trolox eqiv./L) formula (Erel 2005).

Analysis of the data; The data of variance was used to
determine the differences between the groups, and
Duncan test was used to control the significance of
the differences. T-Test was used to analysis the
significance of the difference between the means of
two independent groups for each parameter studied
(Duncan 1955, Dizgiines et al. 1983). Variance
analyzes were performed using Duncan Tests SPSS
statistical package programs.

RESULTS

The average live weights (kg) of the lambs obtained
during the feeding periods (with 21-day periods) from
their birth are given in Table 2. Accordingly, in terms
of live weight characteristics was observed no
statistically significant difference between the group
averages in the 1st, 2nd and 5th periods during the
fattening period from the birth of the lambs
(P>0.05). However, in the 3rd and 4th periods, the
body weight differences of AML and MML were
found to be significant (P<0.05) and the weights of
MML were lower.

Table 2. Average live weight (kg) of the lambs obtained during the feeding periods (in 21-day periods) from their

birth

Feeding periods Groups SEM P
AFL AML MFL MML

1 5.335 5.241 5.335 5.320 0.092

2 14.830 15.718 14.517 14.415 0.267

3 22.525 24.336" 22.685 20.745° 0.457 <0.05"

4 29.790 31.8912 29.470 28.509° 0.585 <0.05"

5 35.450 37.291 34.140 37.291 0.607

SEM: Standart error of the mean

“Difference among the averages shown with different letters on the same line are significant

278



Intra-group TAS (mmol/L), TOS (umol./L) and OSI
values obtained during the feeding periods of the
lambs from the beginning of the study are given in
Table 3. Accordingly, no statistical difference was
observed between the 1st, 2nd, 3rd and 4th feeding
periods of AFL in terms of TAS (P>0.05). However,
TAS values obtained in the 1st and 4th periods were
found to be lower compared to the 5th period
(P<0.05). In AML, while no statistical difference was
observed in the 1Ist, 2nd, 3rd and 5th periods
(P>0.05), the decrease detected in the 3rd period
compared to the 1st and 5th periods was significant
(P<0.05). Intra-group mean of TAS values of MFL
did not change (P>0.05). TAS values obtained from
MML during feeding periods were found to be lower
in the 1st period compared to the 3rd and 5th periods
(P=<0.001). Similarly, it was determined that there was
a significant decrease in the 1st period compared to
the other periods (P<0.05) and in the 4th period
compared to the 1st, 3rd and 5th periods (P<0.05).
As in AFL, it was observed that TOS values were
highest in the 1st and 2nd periods and the lowest in
the 5th period (P<0.05) in MML, but the difference
in the 3rd and 4th periods was insignificant when
compared to the other periods (P>0.05). In AML and
MFL, the decrease observed in TOS values in the 5th
periods compared to the 3rd and 4th periods was
found to be statistically significant (P<0.05), a
significant decrease was detected in the 5th period
compared to the 1st and 2nd periods (P=0.001).

OSI was found to be higher in the Ist period
compared to the 3rd and 4th periods in AFL
(P<0.05), and it showed a significant decrease in the
5th period compared to the 1st and 2nd periods
(P<0.001). It was determined that the OSI wvalue,
which was highest in the 2nd period from AML, was
the lowest in the 5th period (P<0.001). This decrease
observed in the 5th period was also detected in
merino female and male lambs. The decrease in MFL
in the 5th period compared to the 1st (P<0.001), 2nd
and 3rd (P<0.05) periods was found to be statistically
significant. OSI values obtained from MML were
significantly higher in the 1st period than in the 2nd
period (P<0.05) and the 3trd 4th and 5th periods
(P=<0.001). It was determined that this value was quite
low in the 5th period compared to the 1st and 2nd
periods (P=0.001).

Intra-group TTL (umol/L), NTL (umol/L) and
disulfide values obtained during the feeding periods
of the lambs from the beginning of the study are
given in Table 4. A decrease was observed in the TTL
level obtained from AFL in the 5th period when the
lambs were fed only with solid feed, compared to the
other periods, and in AML compared to the 1st and
2nd periods (P<0.05). TTL values obtained in the
2nd and 3rd periods of MFL were found to be higher
compared to the 5th period (P<0.05), and it was
determined that the TTL values obtained in the 1st
and 5th periods in MML compared to the other
periods decreased significantly (P<0.001).

Table 3. Intra-group TAS (mmol/L), TOS (umol./L) and OSI values obtained during feeding periods of lambs

Properties
Groups  Period TAS SEM TOS SEM OSI SEM P
1 1.348 0.218 13.308¢ 1.054 1.1104 0.110 Kook
2 1.640 0.168 14.9462 1.832 0.9204 0.083 ooowE
AFL 3 1.627 0.127 11.669 1.221 0.765b 0.074 *
4 1.3962 0.179 10.6942> 0.889 0.785> 0.087 *
5 1.918v 0.119 10.029> 0.825 0.545B 0.049 oowE
1 1.7662 0.207 13.3314 1.000 0.8007 0.104 Kook
2 1.28720 0.159 14.2084 1.738 1.136A 0.079 Kook
AML 3 1.112b 0.120 11.7062 1.159 1.0480A 0.070 ooowk
4 1.281%b 0.170 111242 0.843 0.9514 0.083 KoK
5 1.4722 0.113 7.827b8 0.783 0.528b8 0.047 Ko
1 2.043 0.218 13.3934 1.118 0.7177 0.110 o
2 2.486 0.168 13.9304 1.943 0.5712 0.083 Kook
MFL 3 2.532 0.127 11.7542 1.296 0.468¢ 0.074 *
4 2.406 0.179 10.3802 0.943 0.463 0.087 *
5 2.508 0.119 6.761b8 0.875 0.282b8 0.049 kooowk
1 1.3702A 0.197 12.287» 0.953 1.0802A 0.099 kooowE
2 2.005b¢ 0.152 13.5982 1.657 0.702bA8 0.076 Kooowk
MML 3 2.243bB 0.115 11,1192 1.105 0.504B¢ 0.067 o
4 1.897¢ 0.162 10.513% 0.804 0.6132BC 0.079 kooowE
5 2.335b8 0.108 8.939b 0.747 0.398b¢ 0.045 G

SEM: Standart error of the mean
"Difference among the averages shown with different lower case in the same group column are significant (P<0.05).
“Difference among the averages shown with different upper case in the same group column are significant (P<0.001).
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Table 4. Intra-group TTL (umol/L), NTL (umol/L) and disulfide values obtained during feeding periods of lambs

Properties
Groups Period TTL SEM NTL SEM Disiilfide =~ SEM P
1 476444+  23.138 233.66% 15.683 121.384 10.186 oKk
2 531.889*  206.594 282.33b 16.128 124.772A 12.652 xR
AFL 3 485556  24.038 302.228 17.237 91.66bc 9.198 *
4 482444 29.031 272.1b 12.470 105.16% 13.845 *
5  431.556>  19.702 292.333b 12.123 69.61¢<B 9.056 ek
1 4204000 21.951 201.004 14.878 109.7024 9.603 ek
2 490.900>  25.230 271.6082 15.300 109.6524 12.003 ook
AML 3 463.200 22.804 316.208bc 16.352 73.50b¢ 8.726 xR
4 453.300 27.542 286.2084b 11.830 83.55% 13.135 oKk
5 417.8000  18.691 319.508¢ 11.501 49.15<B 8.591 ook
1 442.222 23.138 187.554 15.683 127.33A 10.186 ek
2 490.556*  26.594 301.338 16.128 94.612> 12.652 ook
MFL 3 494.0000  24.038 312.558 17.237 90.72b 9.198 *
4 448.778 29.031 292.668 12.470 78.05b¢ 13.845 *
5 403.222>  19.702 286.118 12.123 58.55¢B 9.056 Rk
1 41330644 20.929 200.724 14.186 1006.31abe 9.214 ek
2 530.2738  24.056 277.54¢28BC 14.588 126.362 11.445 KooowE
MML 3 525.0008  21.743 334.90v8 15.591 95.04bc 8.320 KoowE
4 5221828 26.260 286.9028C 11.279 117.63 12.523 ek
5 4487270 17.821 263.81<C 10.965 92.45¢ 8.191 Rk

SEM: Standart error of the mean

“Difference among the averages shown with different lower case in the same group column are significant (P<0.05).
“Difference among the averages shown with different upper case in the same group column are significant (P<0.001).
8 8 pp group 8

The highest NTL level of AFL was observed in the
3rd  period, this level increased  statistically
significantly compared to the 1st period when they
were fed only with milk (P<0.001). It was determined
that the NTL detected in the 1st period in AML and
MFL decreased significantly compared to the other
periods. In MML, the NTL value was found to be the
lowest in this term (P<0.001), and it decreased
significantly in the 2nd period compared to the 3rd
period (P<0.05). In terms of disulfide values, a
significant decrease was observed in AFL and AML
compared to the 1st and 2nd periods, and in the 5th
periods compared to the 1Ist period in MFL
(P=<0.001). In MML, the decrease observed in the 3rd
period compared to the 2nd period and in the 5th
period compared to the 2nd and 4th periods were
found to be statistically significant (P<0.05).

In terms of mean values between groups, TAS level
obtained from lambs in all feeding periods and during
the experiment was found to be at the highest level in
MFL and later in MML (Table 5). While no difference
was observed between Akkaraman female and male
lambs in terms of this value (P>0.05), the increase
observed in MFL can be attributed to the dectease in
TOS in the 5th period. However, there was no
significant difference between the groups in terms of
TOS during other feeding periods and during the trial
(P>0.05). Depending on these changes, it was

determined that OSI decreased significantly in merino
female and male lambs.

The intergroup TTL (umol/L), NTL (umol/L) and
disulfide values obtained during the feeding periods
of the lambs are given in Table 6. According to the
results obtained regarding the TTL levels in the
blood, there was no statistically significant difference
between the groups in each feeding period of the
lambs (P>0.05). However, it was determined that
TTL levels did not differ in females of both offspring
during the trial (P>0.05), but increased in MML
compared to AML (P<0.05). On the other hand, the
mean NTL value, which did not differ between the
groups during the experiment, was found to be higher
in AFL than MFL in the first feeding period
(P<0.05). The mean NTL (umol/L) value of AML
was found to be higher in the 5th period compared to
MML (P=<0.001). It was observed that disulfide values
of MML were higher than females and higher than
AMLs (P<0.05).
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Table 5. Intergroup TAS (mmol/L), TOS (umol./L) and OSI obtained during feeding petiods of lambs

Period Groups SEM P
AFL AML MFL MML

TAS(mmol/L)

1 1.348¢ 1.766% 2.043b 1.370# 0.105 *

2 1.6402A 1.2872 2.486bB 2.005¢ 0.081 ook

3 1.627+A 1.112bA 2.5328 2.2438 0.061 oK

4 1.3962A 1.28122 2.40628 1.897b 0.086 Kook

5 19184 1.472bA 2.5088 2.335¢B 0.058 R

1-5 1.5862 1.384» 2.395b 1.970¢ 0.045 *

TOS(umol/L)

1 13.308 13.331 13.393 12.287 0.516

2 14.946 14.208 13.930 13.598 0.898

3 11.669 11.706 11.754 11.119 0.599

4 10.694 11.124 10.380 10.513 0.436

5 10.0292 7.827 6.761b 8.939 0.405 *

1-5 12.129 11.639 11.244 11.291 0.214

OSI

1 1.1102 0.800b¢ 0.717v 1.0802¢ 0.053 *

2 0.9202 113622 0.571bB 0.7022bB 0.040 Kook

3 0.7652 1.048bA 0.468bB 0.504b8 0.036 Kook

4 0.785 0.9512A 0.463bB 0.613< 0.042 *oowk

5 (0.545beAr 0.5282A 0.282:8 0.3982 0.024 *oowE

1-5 0.8252 0.892- 0.500v 0.659¢ 0.018 *

SEM: Standart error of the mean

“Difference among the averages shown with different lower case on the same line are significant (P < 0.05).

“Difference among the averages shown with different upper case on the same line are significant (P < 0.001).

Table 6. Intergroup TTL (umol/L), NTL (umol/L) and disulfide values obtained during feeding periods of lambs

Period Groups SEM P
AFL AML MFL MML

TTL(umol/L)

1 476.444 420.400 442222 413.364 11.154

2 531.889 490.900 490.556 530.273 12.820

3 485.556 463.200 494.000 525.000 11.588

4 482.444 453.300 448.778 522.182 13.995

5 431.556 417.800 403.222 448.727 9.498

1-5 481.578 449.120» 455.756 487.909b 5.713 *

NTL(umol/L)

1 233.662 201.00 187.55k 200.72 7.560 *

2 282.330 271.60 301.33 277.54 7.775

3 302.220 316.20 312.55 334.90 8.309

4 272.100 286.20 292.66 286.90 6.011

5 292.333 319.504 286.11 263.818 5.844 ok

1-5 276.533 278.900 276.044 272.782 4.458

Disulfide

1 121.38 109.70 127.33 106.31 4.910

2 124.77 109.65 94.61 126.36 6.099

3 91.66 73.50 90.72 95.04 4.434

4 105.16 83.55 78.052 117.63> 6.674 *

5 69.61 49.154 58.552 92.45b8 4.365 *ooowE

1-5 102.522 85.11b 89.852 107.56¢ 2,516 *

SEM: Standart error of the mean

“Difference among the averages shown with different lower case on the same line are significant (P < 0.05).
“Difference among the averages shown with different upper case on the same line are significant (P < 0.001).
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DISCUSSION

In general, no research has been found in ruminants
on the evaluation of oxidative stress level in the field
of animal nutrition by thiol/disulfide balance
measurement in the literature. Therefore, the
compatison of the results obtained is limited.

Growing performance is under the effect of factors
such as breed, gender, age, care and feeding style,
amount and quality of feed and feed consumption
increases in parallel with the age and live weight of
lambs (Esen and Yildiz 2000). In this study expected
was a situation that the live weights obtained from the
groups by periods will increase in male lambs
compared to female lambs. However, it can be said
that the decrease observed in MML in the lambs
feding solid feed together milk and reduced milk
periods compared to females and Akkaraman
offspring is related to the need for higher protein in
MML's fattening, as can be understood from the
results of some studies (Esen and Yildiz, 2000, Sawal
et al. 2011).

Insufficient, excessive or unbalanced nutrition is a
factor in the deterioration of the oxidant-antioxidant
balance of the organism and the formation of
oxidative stress. This causes a decrease in the growth
performance of newborn and developing young
ruminant (Serin 2015, Altngekic 2016).

Serum or plasma concentrations of different types of
oxidant (malondialdehyde, nitric oxide) and
antioxidant concentration (superoxide dismutase,
glutathione peroxidase, catalase, vitamin E and
selenium) can be measured separately by direct or
indirect methods. However, measuring ecach
parameter  individually has  advantages and
disadvantages. These measurements do not provide
an overall cumulative measure of oxidative and
antioxidant status. Individual measurements require
time consuming, costly and complex techniques.
Therefore, the measurement of TAS, TOS and OSI
reflects this situation and is more economical (Harma
et al. 2005). There are studies reporting that the TAS
level, which shows the total activity of all substances
with antioxidant properties in the serum, is high in
healthy sheep or lambs (Heidarpour et al. 2013, Mert
et al. 2019, Garret et al. 2021). The decrease in the in-
group TAS values of AML in the 3rd period was
found to be significant compared to the 1st and 5th
periods. This situation is related to the decrease of
antioxidant molecules in the blood of Akkaraman
male lambs during this period. The increase observed
until the 5th period is related to the antioxidant
defense mechanism that develops in response to the
high oxidant level, especially in the period until the
adaptation to solid feeds. Similar situations were
encountered in the males of the Merino. Although
merino male lambs had higher compliance with the

feed, it showed a decrease in the 4th period, and the
antioxidant level increased significantly during the
weaning period. This finding, which is valid for TAS,
is also similar to the results of research showing that
Roman lambs develop high antioxidant capacity
during the suckling period (Mialon et al. 2021). In
related to mean TAS values between groups obtained
from lambs in all feeding periods and during the
experiment at the highest level in MFL and later in
MML can be explained by the fact that Merino lambs
are better adapted to feed and reach higher
antioxidant capacity than Akkaraman lambs during
their developmental stages. There was no significant
difference between the groups in terms of TOS
during other feeding periods and during the trial.
Depending on these changes, it was determined that
OSI decreased significantly in merino female and
male lambs. Accordingly, it can be said that the
immunity of the groups develops better especially
when the lambs consume milk and solid feed
together. When the results obtained from this study
are considered, similar to the results of the research,
which stated that Norduz sheep developed better
resistance to diseases due to the higher T'AS level and
lower OSI than Morkaraman offspring, the same can
be said for Merino compared to Akkaraman in this
study (Mis et al. 2018).

Thiol or sulfthydryl groups (SH), which form the most
active and functional form of the sulfur atom, as well
as antioxidant defense are of great importance in
enzyme function, protein functionality, detoxification,
regulation ~ of  transcription  factors,  signal
transduction, apoptosis and cellular stimulation
mechanisms (Akkus 2021). It can be said that the
highest TTL values obtained from lambs increase due
to rising of thiol compounds, which show antioxidant
properties in the blood, especially during the periods
when they consume solid feed with milk in MML. It
is understood that the antioxidant defense mechanism
develops depending on the total thiol level in lambs
in this process where solid feed is consumed with
milk. As at the TTL level, intra-group differences in
NTL have been observed to a significant size. It was
concluded that the disulfide value, which increased
more significantly in the Merino race, developed in
parallel with the high level of TTL and NTL in all
groups. In other words, the thiol/disulfide balance
was found to be weaker in Akkaraman offspring, but
it was observed that the balance achieved by the high
blood total thiol level in male lambs shifted towards
thiol groups. In oxidative stress situations, while the
native thiol and total thiol values are expected to
decrease, the disulfide value is expected to increase
(Erel and Neselioglu 2014). Accordingly, it can be
said that the disulfide level tends to decrease in
parallel with the periods when the antioxidant defense
mechanism of all trial groups is activated.
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CONCLUSION

When the results obtained from the study were
evaluated in general, it was determined that the lowest
antioxidant capacity was found in Akkaraman male
lambs, the highest in Merino female lambs, and it was
found higher in Merino females than males. It has
been observed that the total antioxidant capacity can
increase in lambs consuming solid feed together milk.
The highest TAS value was observed in the 5th
period, which is the weaning period, in Merino male
lambs as well as in Merino females. On the other
hand, it was determined that oxidant parameters
TOS, OSI and disulfide decreased gradually with
adaptation to solid food in all 4 groups. The fact that
the oxidative stress index is higher in Merino lambs,
especially in females, is largely a result of higher blood
antioxidan molecules and total thiol levels in Merino
lambs than in Akkaraman lambs. This situation
explained that the lambs of both breed were able to
compensate for oxidative stress with the adaptation
developed in the transition from milk to solid feed.
According to the results, it can be said that the
oxidative stress caused by the transition from milk to
solid food and weaning is sufficiently tolerated by the
antioxidant systems of the lambs. When all oxidant
antioxidant parameters were evaluated, it was
concluded that the adaptation of Merino lambs after
weaning to feed was better than Akkaraman lambs.

By measuring the dynamic thiol-disulfide balance,
which plays a role in the development of many
diseases, a lot of information related to the health and
nutritional status of the animal can be obtained.
However, thete is a need for research on the
determination of oxidative stress by thiol/disulfide
balance measurement method in ruminants.
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Emergencies
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ABSTRACT

In the study, it was aimed to understand the traumas which was observed in cats and the pathological conditions that may
occur due to these traumas by using animal trauma triage score (ATT) and modified Glasgow coma score scales (mGCS),
and to reveal the preparation stage for them, the prognosis of the patient and the results of objective evaluation. The study
material consisted of 30 cats of various ages, breeds and genders, brought to the Department of Surgery of the Faculty of
Veterinary Medicine Selguk University in a 10-month period between 2020-2021. The mean age of the cases was between 6
months and 2 years. Skeletal and neurological system examinations were performed, and mGCS and ATT scores were
determined and noted. Clinical, radiological, ultrasonographic examinations and blood gas analyzes of the cases were
performed. According to the scoring system findings, 30 cats; triage color coding was done with 6 of them green code (20%),
14 of them yellow code (46,6%), 10 of them red code (33,3%). ATT score distribution of thirty cats; 3,3% to 0 points, 6,6%
to 1 point, 23,3% to 2 points, 33,3% to 3 points, 6,6% to 4 points, 13,3% to 5 points, 3,3% to 6 points, 6,6% to 8 points and
3,3% to 12 points were observed. Trauma distributions in cats; It was determined that it was due to falling from a height in
20 cases, traffic accidents in 4 cases, and being bitten in 3 cases, while the cause is unknown in 3 cases. The distribution of
fracture cases is; 3 tibia, 6 femur, 2 humerus, 2 phalanx, 2 hernia diaphragmatica, 5 sacroiliac luxation, 1 calcaneal luxation, 2
antebrachial fractures, 2 vertebral fractures, 1 multiple coxa fracture, 1 metatarsal fracture, 2 soft tissue injuries and 2 cases in
various regions determined as wound formation. As a result, it has been determined that the modified Glasgow coma scale
and animal trauma triage scoring will be beneficial for the clinician in terms of prognosis and provide a more objective
evaluation of the patient.

Keywords: Cat, Trauma, Trauma Triage Score, Modified Glasgow Coma Scale
*kok

Kedilerin Travmaya Bagli Acil Durumlarinda Triyaj Ve Glasgow Koma Skalas1 Bulgularinin
Degerlendirmesi

(074

Calismada kedilerde gbzlenen travmalar ve bu travmalara baglt olusabilecek patolojik durumlarin hayvan travma triaj skoru
(ATT) ve modifiye Glasgow koma skoru skalalart (mGCS) kullanilarak, 6nceden anlasilmasi ve bunlara yonelik hazirlik
agamast, hastanin prognozu ve objektif degerlendirilme sonuclarinin ortaya konulmast amaclanmistir. Calisma materyalini
Selguk Universitesi Veteriner Fakiiltesi Cerrahi Anabilim Dali Klinigi'ne 2020-2021 yillart arasinda 10 aylik periyotta travma
nedeniyle getirilen cesitli yas, 1k ve cinsiyetteki 30 kedi olusturdu. Olgular 6 ay ile 2 yil yas ortalamalarindaydi. Iskelet ve
nérolojik sistem muayeneleri yapilarak mGCS ve ATT skorlart belitlendi ve not edildi. Olgularin klinik, radyolojik,
ultrasonografik muayeneleri ve kan gazi analizleri yapildi. Skorlama sistemi bulgularina gére 30 kedinin; 6 tanesi yesil kod
(%020) 14 tanesi sar1 kod (%46.6), 10 tanesi kirmizi kod (% 33.3) ile triaj renk kodlamasi yapilmustir. Otuz kedinin ATT puan
dagilimi; %3,3’ dnin 0 puana, %0,6’sinin 1 puana, %23,3’Gniin 2 puana, %33,3’Unin 3 puana, %06,6’stnin 4 puana,
%13,3’antn 5 puana, %3,3’4nin 6 puana, %06,6’stnin 8 puana ve %3,3’unin 12 puana sahip oldugu gézlemlenmistir.
Kedilerdeki travmaya; 20 olguda ylksekten diisme, 4 olguda trafik kazasi, 3 olguda isirilmaya baglt oldugu belitlenirken, 3
olguda neden bilinmemektedir. Kirik olgularinin dagilimi ise; 3 tibia, 6 femur, 2 humerus, 2 phalanx, 2 hernia diyaframatika, 5
sakroiliak luksasyon, 1 kalkaneus luksasyonu, 2 antebrachium kirigi, 2 vertebral kirik, 1 coklu koksa kirigt, 1 metatarsus kirigi,
2 yumusak doku zedelenmesi ve 2 olguda cesitli bolgelerde yara olusumu seklinde belirlenmistir. Sonug olarak modifiye
Glasgow koma skalast ve hayvan travma triaj skorlamasinin hekime prognoz yéniinden yararlt olacags ve hastayr daha objektif
degerlendirmeyi sagladigi belirlenmistir.
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Tirkiye’de 85 milyon niifusun %10’u evinde bir kedi
beslemektedir. Bu oran ayni niifus da Avrupa
tlkelerinde % 25 ‘dir. Rusya da ise (144 milyon ntfus)
% 59, ABD’de (325 milyon niifus) % 43 oranindadir.
Nifusa oranda ise en fazla Romanya’da kedi
beslenmektedir (% 47). 2019 yili verilerine gore;
Turkiye’de ise 3,8 milyon kedi popilasyonu
bulunmaktadir (Adams 2020). Istanbul Biyiiksehir
Belediyesi Veteriner Hizmetleri sahipsiz 125 bin de
kedi bulundugunu tahmin ettiklerini belirtmistir
(Anonymous 2020 ).

Kedilerin 6zgiir ruhlu karakteristik 6zelliklerinden
dolayi, bagina buyruk tavirlart travmaya ugrama
oranlarint arttirmaktadir. Siirekli olarak aynt ortamda
bulunmaktan sikilmalari sebebiyle hareket etme
ihtiyaglari vardir. Bu durum travmaya ugrama stkligin
arttirmaktadir. Ulkemizde ulasim etkinliklerinin %
90’indan  fazlast karayolu ile yapilmaktadir ve
karayollarinda meydana gelen kazalar insan ve
kedi/képekte  6nemli  Slim  nedenleri  arasinda
degerlendirilmektedir ~ (Sungur ve ark. 2014).
Travmalarin ise baslica sebepleri basta trafik kazalari
olmak tUzere; hayvan kavgalari, kesici cisim

yaralanmalari, yuksekten disme, olarak
siniflandirilabilir (Parlak ve Arican 2015, Klainbart ve
ark. 2021).

Bu acidan travma sebebiyle yaralanan kediler
kliniklere bagvurdugu zaman erken ve dogru travma
protokoliiniin hizli bir sekilde uygulanmasi gerekir.
Temelde bu protokol iki ana asamaya ayrilmaktadir.
Birinci asama, solunum ve kardiyovaskdler sistemlerin
degerlendirilmesi ve ardindan merkezi sinir sistemi ve
iriner yolu sisteminin degerlendirilmesidir. Ikinci
asama, birinci asama sirasinda tespit edilen ve
hayvanin yasamini tehdit eden sorunlarin en kisa
stirede midahale edildikten sonra geriye kalan tim
sistemlerin  degetlendirilmesidir. Travmalt hastalar
klinik veya hastaneye geldiginde hekim temel travma
triyaj skorlama sistemi (ATT), gerceklestirir ve tibbi
ihtiyaca gore tedaviye baslar. Triyaj, hasta stabilitesini
hizlt bir sekilde degerlendirmek ve hayati tehdit eden
sorunlart aninda belirlemek i¢in yapilir ve prosediir
30-60 saniyeden fazla sirmemelidir. Triyaj tam bir
ttbbi ge¢misin alinmasini veya tam bir fiziksel
muayene yaptlmasint icermez (Drobatz ve ark. 2011,
Murgia ve ark. 2019).

Travma  triyaj  puanlama  sistemi,  veteriner
literatiirinde yayinlanan travma triyaj kilavuzlarindan
ve deneyimli acil personellerinin Onerilerinden
gelistirilmigtir. Triyaj skotrlama sistemin'de listelenen
onceden belirlenmis kriterler kullanilarak 0-3 Glcekte
alt  kategori  (perfiizyon, kardiyak, solunum,
g6z/kas/deti, iskelet ve nérolojik) puanlanir, (0 hafif
yaralanmayt veya hic yaralanma olmadigini belirtir, 3
ciddi yaralanmalar1 gosterir) puanlama tablosu fizik
muayene bulgulart birden fazla kriterleri karsiliyorsa,
en yiksek puan verilir. Toplam bir ATT puani
vermek icin altt puan bir araya getirilir. Miimkiin olan

en yliksek ATT puant 18dir (Rockar ve Drobatz
1994, Lapsley 2019, Murgia ve ark. 2019).

ATT puant ne kadar yiiksekse, hastanin hayatta kalma
olasiligt o kadar azdir ancak bu puan sadece triyaja
yardimect  olarak  kullanilmalidir.  Deneyimli  bir
veteriner  hekim  tarafindan  yapilan  fiziksel
muayenenin ve ayrintili bir ge¢misin alinmasinin yerini
alamaz, sadece daha az deneyimli ekip tyelerinin karar
verme slreclerine yardimeci olmada faydali olabilir
(Donnelly ve Leawis 2016, Lyons ve ark. 2020).
Triyajin degerlendirilmesinde; yesil kod, 24 saat
icerisinde  midahale edilebilecek  pozisyondaki
hastalar1  temsil eder (kigik siyriklar, kronik
dermatolojik problemler, apse gibi). Sart kod, birkag
saat icerisinde miudahale edilmezse kritiklesecek
hastalari temsil eder (kapal kiriklar, aktif kusma, diare,
glic dogum gibi). Kirmiz1 kod hayati riski en yiiksek
gruptur ve dakikalar icinde miidahale edilmez ise
hastanin kaybedecegini temsil eder (kardiyak arrest,
solunum distresi, anafilaktik sok, trakeal kollaps, aktif
nébetler, agir kanamalar, zehirlenmeler gibi). Siyah
kod, hastanin size ulasana kadar yolda ex olma
durumunu temsil eder (Uzun 2019, Nascimento ve
ark. 2021).

Travma skoru, travmatik bir olayda bir hastanin
maruz  kaldigt  yaralanmalarin  sayisal  bir
karakterizasyonudur. Cok heterojen bir hasta
popiilasyonu icin nesnel bir siniflandirma aract saglar.
Klinik arastrma ve dahili hastane incelemesi icin
hasta poptlasyonlarinin  smniflandirlmast i¢in  veya
bireysel travma hastalar icin sonuglarin triyaji ve
tahmini icin bir travma skotlama sistemi kullanilabilir.
1lk triyaj strasinda Gi¢ ana viicut sistemi degerlendirilir;
Solunum, kardiyovaskiiler ve né&rolojik —sistem.
Sistematik bir yaklasim icin acil bakimin (A) hava
yolu, (B) solunum (C) dolasim, (D) merkezi sinir
sistemi disfonksiyonu ve (E) hipotermi/hipertermi,
kritik deri muayenedir. Bu alanlardan herhangi birinde
bir anormallik derhal harekete gecmenin gerekli
oldugunu ve kardiyopulmoner arrestin  yakin
olabilecegini gosterir (Donnelly ve Leawis 2016).
Modifiye  Glasgow koma skorunun (mGCS)
belitlenmesi, merkezi sinir sisteminin hasarinin
ciddiyetine iliskin objektif bilgi saglanmasina yardimct
olur. mGC8’nin tekrarlanan degerlendirmesi, hastanin
prognozunun daha objektif olarak belirlenmesine izin
verir. DOrt ekstremitede da derin agr algisinin varligy,
istemli motor fonksiyonun varhigt ve refleksler
degerlendirilmesini kapsar (Drobatz ve ark 2011, Hall
ve ark. 2018, Lapsley ve ark. 2019).

Sunulan calismada, kedilerde gézlenen travmalar ve
bu travmalara bagli olusabilecek patolojik durumlarin
travma triaj skoru ve modifiye Glasgow koma skoru
skalalarinin  kullanilarak, 6nceden anlasilmast ve
bunlara yonelik hazirlik asamasi, hastanin prognozu
ve objektif degerlendirilme sonuglarinin  ortaya
konulmast amaclanmistir.
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MATERYAL ve METOT

2.1. Caligma Materyali

Calisma materyalini, Selcuk Universitesi, Veteriner
Fakdiltesi, Kiciik Hayvan Hastanesi'ne 2020-2021
yillart arasinda 10 aylk periyotta travma nedeniyle
getirilen gesitli yas, itk ve cinsiyetteki 30 kedi
olusturdu. Olgularin yas ortalamalarint 6 ay ile 2 yil
arasindaydi.

Calismaya Selcuk Universitesi Veteriner Fakiiltesi
Deney Hayvanlart Uretim ve Arastirma Merkezi Etik
Kurulu (SUVDAMEK) 17.11.2021 tarihli 2021/10
toplantt sayili, 2021/119 nolu karari ile etik kurul
onay!1 alinarak baslandu.

2.2. Calisma Metodu

Acil klinigine getirilen hastanin, anemnezi alinarak,
muayeneye baglandi. Triaj renk kodlamast yapilarak
vakalar arasindaki aciliyet durumuna gére OSncelik
verildi. 1k yardimin temel prensibi olan ABC (A
(Airway) Havayolu Kontroli, B (Breathing) Solunum
Kontroli C (Circulation) Dolagim) sistematigine
uygun olarak solunum, dolagim ve sinir sistemleri
sirastyla muayene edildi. Hastalarin solunum sikligt ve
diizeni degerlendirildi. Hastanin travmatik olay1
takiben ayakta durup duramayacagini, tim uzuvlarina
agirlik  tastylp  tasiyamayacagini - gbrebilmek  icin
yurttilmeye c¢aligild;, durusu ve biling seviyesi
degerlendirildi. Kapiller dolum stiresi, nabiz sayist ve
kalp ritmine bakildi. Olgularin tam kan sayimi (Melet
Schloesing, MS4E model, Fransa) ve kan gazn
analizleri ~ (Radiometer, ABL90 flex model,
Danimarka) yapilarak enfeksiyon durumu, hematokrit,
oksijenizasyon, baz acig1, mineral eksikligi, pH veriler
kaydedildi. Abdominal organlarinin degerlendirilmesi
ve  herhangi bir  komplikasyon  gerceklesip
gerceklesmedigini gérebilmek, herhangi bir patolojik
durum varsa uygun tedavi protokolii olusturabilmek
icin ultrason ile muayene edildi Mindray, DC-6VET
model, Cin) ve elde edilen butin veriler vakalar icin
hazirlanan formlara not edildi.

Olgularin iskelet ve norolojik sistem muayeneleri
yapilarak mGCS’. (Tablo 1) ve hayvan ATT sonuglart
not edildi (Tablo 2). Genel durumu iyi olan,
palpasyonda ve oskiltasyonda lezyon tespit edilen
olgularin sedasyon ile ya da sedasyona alinmadan, ilgili
bélgelerinin (cranium, abdomen ve ektremite) dorso-
ventral (D/V), ventro-dorsal (V/D), latero-lateral
(L/L) ve medio-lateral (M/L) pozisyonda olmak
tzere radyografileri alindi (Siemens marka 4803404

model, Italya). Alinan radyografilerin
degerlendirilmesiyle lezyonun lokalizasyonu  ve
durumu  saptanarak, uygulanacak sagalum  sekli

belirlendi. Hemodinamik stabilite saglandiktan sonra
lgilenilmesi gereken yaralar ve kirtklar gibi yasami
tehdit etmeyen acil durumlara miidahale edildi. Kirik
olgulari, cerrahi miidahale veya bandaj yapilincaya
kadar stabilize edildi ve daha sonra operasyona alindi.

Tablo 1: Calismada kullanilan modifiye Glasgow
Koma skalast
Modifiye GLASGOW Koma Skalas1
SKOR
Yurtyts normaldir,omurga 6
refleksleri normal
Hemiparesis, tetraparesis veya | 5
decerebrate sertligi
Hayvan yatar vaziyette, araliklt | 4
ekstansor kaslarinda sertlik
(rijidite)
Motor Hayvan yatar vaziyette, aralikli | 3
Aktivitesi | ekstansor kaslarinda siirekli
sertlik (rijidite)
Opisthotonus ile siirekli sabit | 2
ekstansor kaslarin sertligi
Hayvan yatar vaziyette, 1
kaslarda hipotoni, depresif
veya omurga refleksleri yok
Pupillar 151k refleksi ve 6
okilosefali refleksleri normal
Pupillar 151k refleksi yavas ve 5
normalden azalmis
okilosefalik refleksleri
Normal ila azalmis oktilosefali | 4
Beyin refleksleri olan bilateral yanit
sap1 vermeyen miyoz
refleksleri | Nokta seklinde miyosis, 3
okilosefali reflekslerin
ortadan kalkmasi
Okilosefali reflekslert 2
azalmustir, tek tarafl yanit
vermeyen midriyazis
Bilateral yanit vermeyen 1
midriyazis ve okiilosefalik
reflekslerinde azalma veya yok
Arasira uyaniklik ve cevreye 6
duyarhlik
Depresyon veya delirium 5
tepkilere cevap verebilir.
Ancak cevap uygun
olmayabilir.
Yart koma hali, gorsel 4
Biling uyaricilara cevap verir.
Seviyesi | Yari koma hali, isitsel uyarilara | 3
cevap verir.
Yart koma hali, sadece 2
tekrarlanan zararl uyaranlara
cevap verir.
Koma hali, tekrarlanan zararli | 1
uyaranlara cevap vermez.
mGSC Skor
3-8 Onemli
9-14 Orta
15-18 Iyi
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Tablo 2: Calismada kullanilan hayvan travma triyaj skotlama sistemi

Coklu Travma Triyaj Skor Sistemi
Perfiizyon Skor
Mukus membranlar pembe/nemli, CRT<2 sn, viicut 1stst >37.8C, femoral nabiz gugli ve 0
alinabilir.
Mukus membranlar hiperemik veya soluk pemb, CRT<2sn, viicut 1s1s1 >37.8°C, orta seviyede 1
femoral nabiz
Mukus membran ¢ok soluk pembe ve yapiskan hissi var, CRT 2-3 sn, viicut 1s1s1 >37.8°C 2
femoral nabiz, hissedilebilir ama zay1f
Mukus membran gri/mavi/beyaz, CRT>3 sn, viicut 1sis1 <37.8C, femoral nabiz alinamiyor 3
Solunum Skor
Respirasyon sayist normal, stridor yok, solunum da abdominal komponent yok 0
Respirasyon sayisinda hafif artis ve efor+ abdominal komponent, hafif siddetli Gst solunum 1
yolu sesleri
Respirasyon sayisinda orta siddette artis ve efor abdominal komponent, orta siddetl st 2
solunum yolu sesleri
Respirasyonda ciddi efor veya zorlanma/agoni/obstriiksiyon 3
Kardiyak Skor
HR:képek 60-140bpm,kedi 120-200 bpm;normal sints ritmi 0
HR:képek 140-180bpm,kedi 200-260 bpm;normal siniis ritmi veya ventrikiiler prematiire 1
kontraksiyon<20/dk
HR:képek >180bpm,kedi >260 bpm,; siirekli aritmi 2
HR:képek<60bpm,kedi <120 bpm; degisken aritmi 3
Go6z/kas/deri Skor
Abrasyon/laserasyon:yok veya kismi cok az/ Goz:fluresein negatif 0
Abrasyon/laserasyon:komple kalinlik, derin doku karisikligt yok/ Go6z:korneal laserasyon, 1
perfore degil
Abrasyon/laserasyon:komple kalinlik, derin doku karigmas, arter,sinir,kas bozulmamis / 2
Goz:korneal perforasyon, proptosis
Abdomen penetrasyon/Toraks abrasyon/laserasyon:derin doku karismasi, arter, sinir, kas 3
bitinligi bozulmus
Iskelet Skor
Viicut agirligt ti¢ ya da dort bacakta; palpe edilebilir kirik yok/eklemlerde laksite yok 0
Bacaklarda kapali /kostal veya mandibular kirik; tek eklemde laksite/¢tkik (sakroiliak), pelvik
kirik/karpus ve 1
Tarsus kemiklerde kirtk
Coklu gradel kondusyon;karpus/Tarsus tzerinde tek uzun kemik kirigt kortikal kemik
korunmus, 2
mandibular ve/veya kafatast ki1 yok
Vertebra kirigi/koksigeal harig ¢ikigi, karpus/Tarsus tizeti ok uzun kemik kirigi karpus/Tarsus 3
actk kingt
Noérolojik Skor
Sentral tetikte veya az uyusuk disaridan gelen seslere ilgili/Periferal:normal spinal refleks amach 0
hareket,tiim bacaklarda nosisepsiyon
Sentral: uyusuk/depresif/icine kapanik/ Periferal: amagsiz hareket, bacaklarda intakt 1
nosisepsiyon
Sentral: anksiyete, uyaricilara yanit veriyor/Periferal:amaclt hareket yoksunlugu bir ya da iki 2
bacakta nosisepsiyon, anal ya da kuyruk tonusunda azalma
Sentral:tim stimulanlara karsi tepkisiz, fel¢/Periferal: bir ya da daha fazla bacakta nosisepsiyon 3
yok, anal tonus yok

2.3. Istatistiksel Analiz BULGULAR
Bulgular % de olarak ifade edilmistir. modifiye Olgularda travma sonrast olusan lezyonlarin dagilimi
Glasgow Koma skalast ve travma triyaj skorlamasinin Tablo 3 de verilmistir.

mean degerleri alinmistir.
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Tablo 3: Kedilerin, ki, cinsiyeti, travma nedenleri ve lezyonlarin dagilimi

Olgu No. Irk Cinsiyet Travmatik Neden Lezyonlar

1 Tekir Erkek Sebebi bilinmiyor Sag tibia’da diyafizer oblik kirik

2 Melez Disi Sebebi bilinmiyor Ploral eftizyon

3 Tekir Disi Sebebi bilinmiyor Hernia diyaframatika

4 Tekir Disi Yiksekten disme Sag falanksda proksimal kirik

5 Sarman Erkek Yiiksekten diigme Pléral efiizyon

6 Chinchilla Erkek Yiiksekten diigme Sag tibiada distal transversal kirik ve pléral efiizyon

7 Melez Disi Yiksekten disme Vicudun cesitli bolgelerinde yumusak doku
zedelenmesi

8 Melez Disi Isirilma vakasi Lumbal bélgede agik yara

9 Melez Erkek Trafik kazast Lumbal vertebra kirig

10 Ankara Disi Yiksekten disme Sag humerus’un distalinde oblik kirik

11 Tekir Disi Trafik kazast Sol femur diyafizer parcalt kirik ve sag femur distal
transversal kirtk

12 Melez Erkek Trafik kazasi Sol kalkeneusda c¢ikik ve sakroiliak ayrilma

13 Melez Disi Yiksekten digme Coklu koksa kirigt

14 Melez HErkek Yiksekten diigme Sol falankslarda kirik

15 Melez Erkek Yiiksekten diigme Sol femurda suprakondiler kirtk

16 Sarman Erkek Yiksekten digme Sol antebrachiumda

17 Melez Erkek Trafik kazast Bilateral sakroiliak ayrilma

18 Tekir Disi Isirilma vakasi C1-C2 servikal omur lezyonlar

19 Melez Erkek Isirilma vakast Vicudun ¢esitli bolgelerinde yumusak doku
zedelenmesi ve yara

20 Melez Erkek Yiksekten digsme Sol femur distal transversal kirik

21 Melez Erkek Yiksekten disme Pléral eftizyon

22 Melez Erkek Yiksekten disme Pléral eftizyon, sol sakroiliak ayrilma,sol kollum
femoris kirig1 ve sag asetabulum kirig

23 Ankara Disi Yiiksekten diigme Pléral efiizyon

24 Melez Erkek Yiiksekten diigme Sol metatarsus da acik kirik ve sag sakroiliak ayrilma

25 British Disi Yiiksekten diisme Pl6ral efiizyon

Shorthair

26 Tekir Disi Yiksekten digme Pléral efiizyon ve sag sakroiliak ayrilma

27 Scottisch Fold | Erkek Yiksekten digme Ploral efizyon

28 Melez Disi Yiiksekten diigme Sag tibia diyafizer oblik kirik ve sag humerus’da
distal transversal kirik

29 Tekir Disi Yiksekten disme Sag tarsal eklemde ¢ikik, sol sakroiliak ayrilma ve
ploral efiizyon

30 Tekir Erkek Yiiksekten diisme Hernia diyaframatika ve sag kaput femoris kirigi

3.1. Klinik degerlendirme bulgular:

Calisma

materyalini

olugturan 30 kedinin 1tk
dagiliminda; 15 olgu melez (%50), 10 olgu Tekir
(%33,3), 2 olgu Ankara (%06,6), 1 olgu Chinchilla

(%3,3), 1 olgu Scottish Fold (%3,3) ve 1 olgu da
British Shorthair (%3,3) olarak saptandt (Sekil 1). 30
kedinin; 16 tanesini erkek, 14 tanesini disi oldugu

belirlendi.

% 3,3

% 6,6

%33,3

% 3,3 % 3,3

# Melez % 50

m Tekir % 33.3

u Ankara % 6,6

® Chinchilla % 3.3

M Scottish Fold % 3.3

u British Shorthair % 3,3

Sekil 1: Kedilerin 1rk dagilimu.
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Kedilerdeki 20 tanesinde yiiksekten diisme (%0606,6), 4
tanesinde trafik kazasi (%13,3), 3 tanesinde kavga
(%10) ve 3 tanesinde sebebi bilinmeyen travmalara
baglt (%10) olustugu gozlendi. Olgulara ait klinik

bilgiler (Sekil 2) de sunulmustur. Otuz kedinin 3
tanesinin tedavi sonrast (%010) 6ldugi belirlendi.

% 10

% 10

% 13,3

M Ylksekten Disme % 66,6

M Trafik Kazas1 % 13,2

i Sebebi Bilinmeyen % 10

M Isinlmaya Bagh % 10

Sekil 2: Kedilerin travma dagilimlari.

3.1.1. Triaj ve travma triyaj skorlama sistemi
(ATT) bulgulari

30 kedinin; 6 tanesi yesil kod (% 20) (Olgu no. 4, 5, 7,
14, 15, 17), 14 tanesi sar1 kod (% 46,6) (Olgu no. 1, 2,
10, 12, 13, 16, 19, 20, 21, 23, 24, 25, 26, 27), 10 tanesi
kirmizi kod (% 33,3) (Olgu no. 3, 6, 8, 9, 11, 18, 22,
28, 29, 30) ile triaj renk kodlamast yapildi. Calisma

materyalini olusturan 30 kedinin ATT puan dagilims;
% 3,3’ intin 0 puana, %06,6’s1nin 1 puana, %23,3’tintn
2 puana, %33,3’intin 3 puana, %06,6’sinin 4 puana,
%13,3’tnin 5 puana, %3,3’intn 6 puana, %06,6’simin
8 puana ve %33’tUnin 12 puana sahip oldugu
gozlemlendi (Sekil 3). Olgulardaki travma triaj
skorlamast sonuglari (Tablo 4) de verilmistir.

% 20
% 46,6

% 33,3

L1Sar1 Kod (Birkag saat icerisinde
miidahale edilmeli) % 46,6

M Kirmizi Kod (Dakikalar icinde
miidahale edilmeli) % 33,3

M Yesil Kod (24 saat icerisinde
miidahale edilmeli) % 20

Sekil 3: Kedilerin triaj renk kodu dagilimi.

290



Tablo 4: Olgulardaki travma triaj skorlamasi degerleri

Olgu | Travma Triyaj Skorlama

N
J

[\
o)

A
O

oO.
N Perfiizyon Solunum Kardiyak Go6z/Kas/Deri | Iskelet | Nérolojik
1 1 0 0 0 2 1
2 1 1 0 0 0 0
3 1 2 1 0 0 0
4 1 1 1 0 1 0
5 1 1 0 0 0 0
6 1 1 1 0 1 0
7 1 1 0 1 0 0
8 1 1 0 1 0 0
9 2 2 1 1 3 3
10 1 1 0 0 1 1
11 1 1 1 1 2 0
12 1 1 0 0 1 1
13 1 2 1 0 1 0
14 0 0 0 0 1 0
15 1 1 0 0 2 1
16 1 1 0 0 2 1
17 1 1 0 0 1 1
18 2 2 1 0 3 3
19 1 0 0 2 0 1
20 1 1 1 0 2 1
21 1 1 0 0 0 0
22 1 2 1 1 2 1
23 1 1 0 0 0 0
24 1 1 0 1 2 1
25 1 1 0 0 0 0
26 1 1 0 0 1 1
1 1 0 0 0 0
1 1 0 0 2 1
1 1 1 0 2 1
1 1 1 0 2 1

(SN
o

3.1.2. Modifiye Glasgow koma skalasi1 (mGCS)

bulgulari

Modifiye Glasgow koma skalasina gore 30 kediden; 27, 28, 29, 30) 2 tanesi orta (% 6,6) (Olgu no. 9, 11)
27 tanesi (%90) iyi (Olgu no. 1, 2, 3, 4, 5, 6, 7, 10, 11, ve 1 tanesi kot (%3,3) (Olgu no. 8) olarak skorlandi
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 20, (Sckil 4) Olgulardaki Modifiye Glasgow Koma

skalasina sonuglart (Tablo 5) de verilmistir.

% 6,6 %33
M iyi (MGCS 15-18) % 90
® Orta (MGCS 9-14) % 6,6

% 90

| Kot (MGCS 3-8) % 3,3

Sekil 4: Kedilerin mGCS ile dagilimu.
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Tablo 5: Olgulardaki modifiye Glasgow Koma skalast degerlendirmesi

Olgu | Modifiye Glasgow Koma Skalasi1
No.

Motor Aktivitesi

Beyin Sap1 Refleksler

Biling Seviyesi

||| U[ BR[N]~

O

—_
)

—_
—_

—
[\

—_
(OV]

—_
N

—_
&2}

—
~

—_
o

—_
O

[\
()

NS
—_

[\
\S)

[\
(M)

[\
~

[\
u

[\
[@)

\S)
Ny |

[\
o

N
O

—_
(@)}

N[NV U|N[UN[fLoTffL|LL|WUT L IRV OV

(o101 ko [ kol o ko oy RO ) o ko [o Y N oy kol koY o 10,1 oY koY oY L0 J ko oY ko koY oS koY Fo | Re)l

(O]
o

[S20 R0 N e N ke ko ko ko kN 0} koY kol koY 0] ko) Koy ko koY RO L Ko N ko [ ) RO, § 10, § Ko KoY Ko oY Ko [y Ko

3.1.3. Kan muayenesi bulgulari

Kan muayenesi sonuglarina gére 7 olguda (%23,3)
enfeksiyon oldugu (Olgu no. 6, 11, 12, 19, 21, 22, 206),
1 olguda (%3,3) hematokrit degerinin normal
sinirlardan yitksek (Olgu no. 21), 1 olguda (%3,3)
hematokrit degerinin normal sinirlarin altinda oldugu
(Olgu no. 28), 16 olguda (%53,3) oksijen
satirasyonunun normal smirlarinin altinda oldugu
(Olgu no. 1, 2, 6, 10, 11, 12, 19, 20, 21, 22, 23, 24, 20,
28, 29, 30) ve 6 olguda (%20) kan pH’sinin asidoza
kaydig1 (Olgu no. 1, 6, 11, 12, 28, 30) g6zlendi.

3.1.4. Ultrason bulgulari

Calismayr  olusturan  hayvanlarin abdominal
ultrasonografik muayene sonugclarina gére; 30 kedinin
12’ sinde (%40) sistit baslangict ve idrar kesesin de
tortu birikimi oldugu gézlemlendi.

3.2. Radyolojik degerlendirme bulgular:

Calismayr  olusturan 30  kedideki lezyonlarin
dagiliminda; 3 tibia kirigt (% 10) (Olgu no. 1, 6, 28),
10 pléral eftizyon (% 33.3) (Olgu no. 2, 5, 6, 21, 22,
23, 25, 26, 27, 29), 6 femur kg (%20) (Olgu no.
‘bilateral” 11, 15, 20, 22, 30), 2 hernia diyaframatika
(% 20) (Olgu no. 3, 30), 2 humerus kirig1 (%20) (Olgu
no. 10, 28), 2 falanks kirigi (%20) (Olgu no. 4, 14), 5
sacroiliak ayrilma (%16,6) (Olgu no. 12, ‘bilateral’ 17,
22,24, 26, 29), 1 calcaneus luksasyonu (3,3) (Olgu no.
12), 2 antebrachium kirig1 (% 6,6) (Olgu no. 16, 22), 2
vertebral lezyon (%00,6) (Olgu no. 9, 18), 1 multiple
coksa kingt (% 3,3) (Olgu no. 13), 1 metatarsus kirig
(% 3,3) (Olgu no. 24), 2 tane yumusak doku
zedelenmesi ( % 6,6) (Olgu no. 7, 19) ve 2 olguda
yara ( % 6,0) (Olgu no. 8, 19) olusumu belirlenmistir.
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TARTISMA ve SONUG

Travma triyajt ve modifiye Glasgow koma skala
skotlari, travmaya 6zgl hastalik siddeti ve yaralanma
siddetinin objektif olarak Ol¢lilmesine izin vererek,
mortalite oraninin agagtya dismesini saglamaktadir
(Lapsley 2019). Hayvan travma triaj skoru, travmaya
ugrayan kedi popiilasyonunda hayatta kalma icin ideal
Ongoriict performans olusturmustur. Yaralt kedilerde
serli muayenede travma triyajt skorlama sistemi ile
olgulardaki perfiizyon, solunum, kardiyak,
g6z/kas/deti, iskelet ve norolojik alt kategorilerinin
degerlendirilmesinin ~ gézden  kagcmasinin  6niline
gecmektedir. Boylece klinisyenlerin teshis koyarken
herhangi  bir  konuyu  atlamama  kolayligini
saglamaktadir (Lapsley 2019).

Modifiye Glasgow koma skoru ve travma triaj
skotlarina  bakdan 711 kedi cesitli calismalarda,
degerlendirilmistir (Goggs 2019, Cameron ve ark.
2021). Glasgow koma skorlamasina gére puanlamada
durumun kritik oldugu (3-8 puan), orta (9-14 puan) ve
iyi (15-18 puan) olarak degerlendirilmektedir. Bu
kedilerin % 26’sinin travma triaj skor puamt 1, %17'si
2 puan ve %13"3 3 puan olarak belirlenmistir. Sadece
9 kedi, >10’ triaj puani aldigi gbzlemlenmistir. Kafa
travmast gecirmeyen 66 kedide (%9,3) ise anormal
modifiye Glasgow koma skor puant ‘<18 olarak
kaydedilmistir. ~ Kedilerin =~ %711, normal  bir
muayeneye karsilik gelen ‘18’ modifiye Glasgow koma
skoru puant aldigt gézlemlenmistir (Goggs 2019,
Cameron ve ark. 2021). Sunulan ¢alismada modifiye
Glasgow koma skalast puanlamasina gére 30 kediden;
27 tanesi (%90) iyi, 2 tanesi orta (% 06,6) ve 1 tanesi
kotd (%3,3) olarak skorlanmistir. Modifiye Glasgow
koma skoru puani ile kedilerin %3,3’tiniin kotd (3-8),
%0,6’s1n1n orta (9-14) ve %90 nin iyi (15-18) oldugu
belirlenmistir. Hasta skalasinin  kriterlerine  gére
degerlendirildiginde, hastaya 3 (derin biling kaybina
isaret eder), 9-14 (orta dereceli hasar1 gosterir), 15-18
(motor  hareket  fonksiyonlartn1  kullanabilme
kapasitesiyle Olgiiliir.) arasinda puanlar verilir. Orta ve
kritik olgularin 2’sinde vertebral lezyon ve diger
olguda ise sag ve sol femur’da bilateral kirik tespit
edilmistir. Orta ve kéti olarak skorlanan 3 olguda ex
olmustur. Bu durum teshisde kot skotlamast olan
olgularin daha dikkatli gbzetim altinda tutulmas:
gerekliligini ortaya koymustur.

Kedi ve kopeklerde travmatik yaralanmalarin
etiyolojisini etkileyecek etmenler, basta trafik kazalari
olmak tizere; hayvan kavgalari, atesli silah ve kesici
cisim yaralanmalari, yiksekten disme, glnes
carpmast, donma ve kimyasal zehirlenmeler olarak
siniflandirilabilir (Parlak ve Arican 2015, Conroy ve
ark. 2019). Kedilerde kirik olusumunda ik, yas ve
cinsiyet predispozisyonu bulunmamaktadir. Kirik
olusumundaki en vyaygin olan neden yiiksekten
dismelerdir. Yasam alanlarina gore trafik kazalari da
nedenler arasinda yer almaktadir (Boysen ve
Lisciandro 2013, Fossum 2007, Harris ve ark. 2018).

Bu calismada da kedilerde ytiksekten diismeye bagh
yaralanmalar ilk sirada yer almistir.

Calismada  degerlendirilen  olgularda  yaralanma
sebeplerinin ilk sirasinda yer alan, yitksekten disme
bir sendrom olarak kabul edilmistir. Ozellikle
kedilerde binalarin balkon veya pencerelerinden
dismesi sonrasinda olusan travmatik lezyonlart
tanimlar. Yiiksek binalarin ¢ok oldugu sehirlerde daha
stk karsilasilmaktadir. Bu sendrom, iki veya daha
yiksek kattan diisen kediler icin séz konusu olup,
dismeye baglt ¢ travma bélgesi etkilenir. Bunlar; bas,
toraks ve eckstremitelerdir. Diismeye neden olan
etkenler; genellikle bir kus veya bécegi kovalama
sirasinda balkon ya da pencereden atlama durumu
olup, bazen de pencere ve balkon parmaklig
kenarinda yirirken kayip dismedir. Yiksekten
disme sendromu, bir veya daha yiiksek kattan disen
kopekler icin de tanimlanmistir. Insanlarda ise;
“yiksekten disme sendromu”, “yiiksekten ucan
sendromu” ve “atlayict sendromu” gibi tanimlamalar
kullandir  (Vnuk 2004, Liehmann ve ark. 2012,
Zimmermann ve ark. 2013).

Kedilerle yapilan retrospektif bir ¢alismada 185
travma  olgusunun  nedenleri  degerlendirmis;
bunlardan 104 trafik kazas1 (%56,2), 49 sebebi
bilinmeyen olgular (%26,5), 18 yiiksekten diisme
(%9,7), 6 kopek saldirist (%3,2), 2 atesli silah
yaralanmast (%1,1), 2 kit travma (%1,1), 2 kuyruktan
cekilme (%1,1), 1 at cifte darbesi (%0,5) ve 1 de
carpma (%0,5) sonucu olustugu rapor etmistir. Bu
olgulardan 116’st ¢oklu travma yaralanmalarindan
ctkilenirken 69unun sadece bir travmatik etkiye
maruz kaldigi belirtilmistir (Hernon ve ark. 2018).
Simpson ve Streeter, (2009)in yaptgt benzer bir
calismada 100 kedi degerlendirilmistir. Olgularin
yaslarin ortalamast (2,8 yil) olarak belirtilmistir.
Yapilan calisgmada, 32 olguda travmanin nedeni tam
olarak bilinmemekte, 30 olguda trafik kazasi, 25
olguda dusme, 7 olguda sirik yaralanmasi, 4 olguda
kiit cisim yaralanmasi, 2 olguda derin yaralanma
olarak simflandirilmistir. Bu olgulardaki radyografik
degerlendirmede 53 thorasik, 39 abdomen, 34 pelvik,
26 kolumna vertebralis, 28 periferal sinir yaralanmast
olarak gbzlenmistir. Bu olgulardan 23 tanesi 6tenazi
edilmis, 4 tanesi Olmis ve 73 tanesi yasamin
sturdirdigi  bildirilmistir.  Ali  (2013)’nin  travmaya
ugrayan 28 kedide yaptigi bir diger calismada, 10’u
yiksekten disme (%035,7), 6’st trafik kazast (%21,4),
44 evde yaganan bir travma (%14,2), 4’4 hayvan
1181 (%14,2), 3’4 insan kaynakl siddet (%10,7) ve 1’1
de bilinmeyen bir neden (%3,5) olarak aktarilmistir.
Sunulan ¢alisma kapsaminda degerlendirilen kedilerde
30 olgunun 20’ sinin yitksekten disme (%0606,0), 4’ U
trafik kazasi (%13,3), 3’0 1sirlmaya bagl (%10) ve 3’4
de sebebi bilinmeyen (%10), nedenlere bagl olustugu
belirlenmistir. Bu dagilim ile literatiir veri ile paralellik
gosterdigi gozlemlenmistir. Fakat sunulan ¢alismada
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travma nedenini ilk sirada ylksek diisme olmastyla
literatlir veri ile farklilik gOstermistir ancak stre ve
olgu sayist daha fazla oldugu takdirde literatiire benzer
sonugclar alinabilecegi diisiincesi olusmustur.
Yiksekten disme mesafesi ile olusan lezyonun siddeti
arasindaki iliskiyi actklayan bir ¢alismada; 119 kedide,
distis  yuksekliginin - artmasiyla olusan lezyonun
siddetinin de orantih olarak arttg belirlenmistir.
Calismada, degisik yukseklikten diisen 43 kedide farkli
lezyonlarin olustugu belitlenirken, bu lezyonlarin
dustis  yiksekligi ile dogru orantili olarak artis
gostermedigi saptanmustir. Ozellikle diigiis strasinda
herhangi bir yere ¢arpmadan toprak zemine diigmesi
yaralanma  riskini  azaltmaktadir  (Vnuk  2004).
Yiksekten dusen kediler erken dénemde miidahale
edilirse yasama sanslarinin %90 oldugu bildirilmistir.
Clnkii kedilerin diiserken koordinasyon ve denge
becerilerinin  hayatta kalma ve daha az hasar
almalarina neden oldugu bildirilmektedir. Ozellikle
yapilan calismalarda kedilerin yedi kata kadar olan
diismelerinde yaralanma oranlarimin fazla oldugu ve
yedi kat tizeri dismelerde bu oranin azaldig
belirtilmistir (Adams 1996). Buna 6rnek olarak da 46.
kattan disen kedilerinde yasadiklart bildirilmistir.
Arastiricilar bu konuyu kedilerin bes kat kadar saatte
60 millik bir terminal hiza (maksimum hiz) ulasarak
dustiiklerini belirtmislerdir. Kedilerin 4. kattan daha
yiksekten diismesi yaralanma oranlarini  azaldig
bildirilmistir. Bunun aciklamast kedilerin duserken
viicut koordinasyonlarini saglayabilmeleri ve ugan
sincaplar gibi yayilma kabiliyetine sahip olmalarina
baglanmustir. Bu spekiilasyon artik yaygin bir gergek
olarak kabul edilmektedir (Adams, 19906). Fakat,
dismeye bagly, cesitli thorakal lezyonlarin olabilecegi
bildirilmistir. Sunulan bu ¢alismada disen olgularda
en sik gbzlenen problemlerin basinda pldral efiizyon,
pneumothorax ve kirklar gelmistir. Radyolojik
muayenelerle bu problemler teshis edilmistir.

Orztiirk ve ark. 2006°da yaptiklari calismada travmaya
maruz kalmanin cinsiyet ile iliskisi olabilecegi ve
erkeklerde disilere oranla travmatik lezyonlarin daha
sik olustugu belirtilmistir. Bu ¢alismada ise olgularin
cinsiyete gore dagilimi incelendiginde kedilerin %53,3
nin erkek, %46,6” sint disilerin olusturmastyla literatiir
verilerle benzerlik gbstermis olmakla birlikte, ytizdelik
dilimleri birbirine yakin bulunmustur.

Sunulan ¢alismada ise 30 kedinin travma triyaj puan
dagilimi; % 3,3’ Gniin 0 puana, %6,6’simin 1 puana,
%23,3’iniin 2 puana, %33,3*intin 3 puana, %6,6’s1n1n
4 puana, %13,3’tuntin 5 puana, %3,3’iniin 6 puana,
%06,6’s1n1n 8 puana ve %3,3%inlin 12 puana sahip
oldugu gézlemlenmistir. Travma triaj puanlart distik
olan olgularin yasama oranlarinin  disiik oldugu
belirlenmistir. 30 kedinin; 6 tanesi yesil kod (% 20),
(Standart bekleme, 120 dakika bekleme ve gézlem
stresine sahiptir, 14 tanesi sart kod (%o 46,6), (Acil
mudahale, 30-60 dakika bekleme ve gbzlem siiresine
sahiptir), 10 tanesi kirmuzi kod (% 33,3) (Hemen
midahale, 0 dakika bekleme stresi) triaj renk
kodlamast yapildi.

Travmalara bagli olusabilecek lezyonlarin 6nceden
bilinmesi ve bunlara yonelik hizlt bir hazirlik yapilmasi
amaciyla, acil kliniklerinde veya acil olgularda Travma
Triyaj Skorlama sistemi ve Glasgow Koma Skorlama
sisteminin sistematik olarak yapilmasi O6nerilmistir.
Travma geciren biitiin olgularin  genel yagam
fonksiyonlari, acele edilmeden fakat seri bir sekilde
yapilmalidir. Ozellikle travmali hastalarin  torakal
radyografilerinin incelenmesi gereklidir. Ayrica klinik
muayenenin yaninda ultrasonografik muayeneler de
abdominal organ hasarlart icin  6nemli bilgiler
vermektedir. Karaciger, dalak, idrar kesesi basta
olmak tzere ultrasonografik muayeneler teshisin
dogrulanmast agisindan ¢ok Onemlidir. Travma ile
gelen hastalarda karaciger, dalak ve idrar kesesinde
olugabilecek lezyonlar ultrasonografik muayenelerle
anlastlir.

Sonug olarak; travma veya baska nedenlerle klinige
getirilen olgularda ilk basta modifiye Glasgow koma
skalas1 ve hayvan travma triaj skorlamasi yapilmasinin,
klinisyenlere olgularin acilliyet durumlarina gére hizh
siniflandirilma,  tedavi  protokoli  olusturma ve
olgunun prognozu yoninden vyararli ve objektif
degerlendirme firsatt sagladigt belirlenmistir.

Proje Destek Bilgileti: Bu proje S.U.BAP
Koordinatorligini tarafindan (Proje No. 21202133)
desteklenmistir.

Etik Kurul Bilgileri: Calismaya Selcuk Universitesi
Veteriner Fakiiltesi Deney Hayvanlart Uretim ve
Arastirma  Merkezi Etik Kurulu (SUVDAMEK)
17.11.2021 tarihli 2021/10 toplant sayili, 2021/119
nolu karari ile etik kurul onayr almstir.

Yazarlarin Katki Orant: Yazarlar makaleye esit
oranda katki saglamus olduklarini beyan etmislerdir.

Cikar Catismasi: Yazarlar bu yazi icin gercek,
potansiyel veya algilanan c¢tkar catigmast olmadigini
beyan etmislerdir.
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ABSTRACT

Endotoxemia, which is defined as an organ disorder due to irregular immunological host response to infection, is
a disease that causes serious economic losses as a result of high mortality and morbidity in sheep. In the study,
macro (Ca, Mg, Na, K, P) and micro (Fe, Cu, Se, Zn) essential element concentrations of plasma and serum samples;
taken from healthy (control) (n=0) and septicemic sheep (n=6) were determined. According to the results, the
differences between the groups in terms of Ca, K, and Se concentrations were statistically significant (p=0.05).
Comprehensive studies on the concentrations and changes of elements using sensitive analysis methods such as
ICP-MS are needed to successful diagnose and treat septic patients, identify new biomarkers, and explain their
mechanisms.

Keywords: ICP-MS, Macro element, Micro element, Plasma, Septicemia, Serum.
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LPS ile Indiiklenen Septisemik Koyunlarda Bazi Eser Element Konsantrasyonlarinin Incelenmesi
0z

Enfeksiyona karst diizensiz immiinolojik konak yanitina baglt meydana gelen organ bozuklugu olarak tanimlanan
endotoksemi, koyunlarda yiiksek mortalite ve morbidite sonucu ciddi ekonomik kayiplara neden olan bir hastaliktir.
Calismada septisemi olusturulmayan saglikli (kontrol) koyunlar (n=0) ile septisemi olusturulan koyunlardan (n=0)
alinan plazma ve serum Orneklerinde makro (Ca, Mg, Na, K, P) ve mikro (Fe, Cu, Se, Zn) esansiyel element
konsantrasyonlart belirlendi. Sonuglara gére Ca, K ve Se konsantrasyonlart agisindan gruplar arasindaki farklar
istatistiksel olarak anlamliydi (p=<0.05). Septik hastalarda basarihi teshis ve tedavi, yeni biyobelirteg belirlenebilmesi
ve mekanizmalarinin agiklanabilmesi acisindan ICP-MS gibi hassas analiz yontemlerinin kullanildigi elementler
konsantrasyonlari ve degisimleri tizerine kapsamlt ¢alismalara ihtiyag duyulmaktadir.

Anahtar kelimeler: ICP-MS, Makro element, Mikro element, Plazma, Septisemi, Serum.
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INTRODUCTION

Bacterial infections are one of the major factors
reducing farm animal productivity and raising
morbidity and mortality rates. When the immune
response, which is a defense mechanism against these
infections, becomes unbalanced and cannot be
successfully controlled, it can lead to the development
of sepsis, which is defined as organ dysfunction
resulting from the host's irregular immunological
response to the infection (Riquelme et al. 2018,
Tirkmen 2017).

Lipopolysaccharide (LPS), a bacterial endotoxin, is a
glycolipid molecule found in the outer membrane of
gram-negative bacteria, such as Escherichia coli (E.
coli), and plays a significant role in the pathophysiology
of septic shock (Riquelme et al. 2018).

Animal models induced by LPS endotoxin injection
have been widely used in sepsis research for many
years. Endotoxin's ease of use, practical storage,
applicability for controlled experiments, and suitability
for standardization are some of the advantages of the
endotoxic shock model. When administered to
animals, LPS simulates many of the pathological
symptoms of septicemia, such as fever, leukopenia,
hemodynamic  changes,  coagulopathies,  and
complement activation (Redl et al. 1993).

Elements necessary for the maintenance of vital
physiological functions for living organisms are
structural components of enzymes and cofactors that
prevent nutritional deficiencies and diseases, support
antioxidant defense, and regulate immune functions
and gene expression. They are classified as macro or
micro depending on the amount required (Strachan
2010). Calcium (Ca), phosphorus (P), potassium (K),
chlorine (Cl), sodium (Na), magnesium (Mg), and
sulfur (S) are macro elements that are required in large
quantities for normal physiological processes while
micro elements such as zinc (Zn), selenium (Se), iron
(Fe), manganese (Mn), copper (Cu), chromium (Cr),
iodine (I), molybdenum (Mo), lithium (Li) and
vanadium (V) are found in trace amounts in organisms.
While many of these elements (Cu, Se, Zn, etc.) may
have a toxic effect above tolerable concentrations,
others can become toxic by interacting with one
another. Some elements, such as aluminum (Al),
mercury (Hg), and cadmium (Cd), are not required by
the organism and can have toxic effects when they
exceed tolerable concentrations (Patrashkov 2003,
Nordberg et al. 2015, Ali and Khan 2018, Tatara et al.
2018, Zoroddu et al. 2019).

The prevention of the excess of all these elements that
may cause toxic effects or the deficiencies that may
cause different physiological or pathological effects is
provided by the homeostatic mechanism. The
regulation of element storage, absorption, and
excretion is constantly maintained by homeostasis
processes (Goyer, 2004). While this mechanism can be
influenced by a variety of factors (age, nutrition,
genetics, etc.), some homeostasis issues may arise

(Strachan, 2010). Deficiencies or excess states of
elements can result in many functional disorders.
Blood (whole blood, serum, plasma) concentrations
can also determine this deficiency or excess before
clinical symptoms arise. Measurement of element
concentrations can be helpful in identifying some
diseases. Routinely measured biochemical and
hematological blood parameters, as well as element
profiles, can provide benefits such as obtaining
additional information about disease pathogenesis,
diagnosis, and prognosis, and assessing the suitability
of element supplementation in treatment (Cedefio et
al. 2004, Mert et al. 2008, Nordberg et al. 2015, Tuncer
et al. 2020). As a result, the goal of this study was to
establish how plasma and serum element
concentrations  change in  the event of
septicemia/endotoxemia, which causes considerable
economic losses and has high death rates, as well as
their association with infection.

MATERIAL AND METHODS

Animal Material

The study included 12 sheep (Awassi breed), both
experimentally healthy control and septicemia-
induced. The sheep had free access to feed and water
throughout the study. Hatay Mustafa Kemal University
Animal Experiments Local Ethics Committee
approved the study permit with the date 30/03/2022
and number: 2022/03-03

Blood samples were taken before septicemia was
induced in sheep, and plasma (control plasma) and
serum (control serum) were obtained (n=12). The
sheep were then given 30 minutes of intravenous LPS
toxin (E. coli O55:B5) in 30 ml 10 pg kg-1 0.9% NaCl
to induce septicemia. Blood samples from sheep with
septicemia (n=12) were used to obtain plasma
(septicemia plasma) and serum (septicemia serum).

6 ml blood samples were taken into tubes with heparin
and without anticoagulant to obtain plasma and serum
from healthy controls and sheep with septicemia. After
centrifuging the blood samples at 4000 x g for 10
minutes, the plasma and serum samples were stored at
-80 C until analysis.

Element analysis

The concentrations of macro (Ca, Mg, Na, K, P) and
micro (Fe, Cu, Se, Zn) elements were determined in
serum and plasma samples collected from sheep with
and without septicemia. Organic parts of serum and
plasma samples were prepared for analysis by burning
in a microwave system. P concentrations in prepared
solutions were determined using ultraviolet visible light
absorption spectroscopy (UV-VIS), Ca, Mg, Na, and
K concentrations were determined using atomic
absorption spectrometry (AAS), and Fe, Cu, Se, and
Zn concentrations were determined using inductively
coupled plasma-mass spectrometry (ICP-MS).
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Statistical analyzes

The study's findings were evaluated using a statistical
program at the end of the study (SPSS, IBM, USA).
ANOVA and the Tukey HSD test were used to
statistically analyze the data. Significance concentration
was accepted as p=0.05.

RESULTS

Macro (Ca, Mg, Na, K, P) and micro (Fe, Cu, Se, Zn)
element concentrations in plasma and serum samples
from healthy and septicemia-induced sheep were
measured in the study. Tables 1 and 2 compare plasma

and serum macro and micro essential element
concentrations (mg L-1) (mean®SE) between groups.

Table 1. Plasma and serum macro-essential element concentrations of the groups (mg L-1) (mean®tSE)

Ca Mg Na K P
Control plasma (n=6) 100.424+21.85%44.26+2.96 2771.67+148.64 184.58+10.58* 92.08+11.77
Control serum (n=6) 67.08+5.38% 42.14+2.61 3620.83+462.76 182.50+5.16 114.58+16.06
Septicemia plasma (n=6) 58.33+5.83" 42.24+2.90 3155.83+300.49 177.50+5.77% 144.41+21.13
Septicemia serum (N=6) 55.42+2.92° 47.16+2.05 2874.17+125.87 154.58+4.93° 118.12+9.62
P 0.05 0.51 0.20 0.03 0.15
Reference ranges (Puls
1994, Radostits et al.
2006, Kaneko et al.
2008)

Differences in letters within the same column are statistically significant (p=0.05).

92-102 28-40 4647-4871 125-173 52-76

Table 2. Plasma and serum micro (trace) essential element concentrations of the groups (mg L-1) (meantSE)

Fe Cu Se Zn
Control plasma (n=6) 3.23+0.36 0.80+0.07 0.16+0.022 1.22+0.30
Control serum (n=6) 4.69+0.59 0.78+0.06 0.10+0.022 0.72+0.09
Septicemia plasma (n=6) 4.26+0.56 0.67+0.07 0.11+0.02% 0.64+0.05
Septicemia serum (n=6) 5.72+2.35 0.67+0.11 0.08+0.01° 0.59+0.13

P 0.58 0.50 0.02 0.07
Reference ranges (Puls
1994, Radostits et al. 1.66-2.22 0.58-1.6 0.08-0.5 0.8-1.5

2006, Kaneko et al. 2008)

Differences in letters within the same column are statistically significant (p=0.05).

The findings revealed statistically  significant
differences in Ca, K, and Se concentrations between
the groups (p=0.05) in the study. Ca concentrations
were found to be significantly lower in septicemia
groups (septicemia plasma and septicemia serum) than
in the control plasma group. The septicemia serum
group's K concentrations were also found to be
significantly lower than the other groups.
Furthermore, when the septicemia groups were
compared, it was found that the plasma K
concentration (septicemia plasma) increased, which
was statistically significant, more than the serum K
concentration (septicemia serum). The concentration
of selenium (Se) was found to be significantly higher in
the healthy groups (control plasma and control serum)
than in the septicemia serum group.

Serum Ca, Cu, Se, and Zn concentrations were within
normal limits, Na concentrations were low, and Mg,

K, Fe, and P concentrations were high when the data
from the control group were compared to the
reference ranges.

DISCUSSION

Animals require around 30 of the 103 elements in the
periodic table to grow, develop, and survive. Of these,
16 are considered essential trace elements (Se, Zn, Cu,
Fe, Mo, Mn, etc.). Because trace elements are difficult
to detect in biological tissues and require careful
measurements, this categorization was created first.
Despite the fact that the development of new
instrtuments has made measurements easier, the term
"trace elements" is still used (Kaneko et al. 2008). AAS
and ICP-MS were used in this study to determine the
concentrations of macro and micro (trace) essential
elements in sheep plasma and serum samples, which
are more sensitive and reliable approaches than the
measuring methods frequently used in clinics.
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The link between the elements and the risk of infection
and nutritional deficits is complicated because of the
metabolic changes in this process (Saner et al. 2000).
Although the results for Na concentration in sheep
serum samples are lower than the reference values
(Underwood 1999, Radostits et al. 20006), Na deficiency
is not a serious condition and Fan et al. (2020) is similar
to their study findings.

P serum concentration were above the reference range
in the all groups of current study while found to be low
compared to other studies (843-1910 mg L-1)
(Underwood 1999, Radostits et al. 2006, Fan et al.
2020).

In the previous two decades, Zn, Cu, Se, and other key
trace elements have been discovered to have a critical
role in modifying the immune response and changing
the risk of infection (Saner et al. 2000). The
concentrations of elements, such as Cu, Se, and Zn, in
sheep tissues can be affected by differences in soil (in
terms of plants used in diet) and water concentrations
in the region where the sheep are raised, the ration
contents, genetic factors, climate conditions,
pregnancy, and antagonistic interactions of elements
with each other (Erdogan et al. 2003).

Animals require Se as a trace element. The normal
functioning of bone and endocrine metabolism,
immunological, endocrine, and reproductive processes
all require a sufficient concentration of Se (Huo et al.
2020). Se deficiency in sheep is linked to a variety of
clinical conditions, including reproductive problems,
muscle degeneration, and cell membrane damage, in
addition to its toxic effects. As a tesult, clinical Se
status monitoring is critical. The results are evaluated
differently depending on the species, age, race, analysis
method, and sample type (Pamukcu et al. 2001).
Various ranges of values have been reported in studies.
Naghadeh et al. (2015) determined plasma Se
concentrations to be 0.01-0.29 mg L-1, Humann-
Zichank et al. (2016) reported that that plasma Se
concentrations vary between 1.24 and 21.6 mg L-1 in
their study. In their study, Yeltekin et al. (2018)
discovered very low values in the control group (0.028
mg [.-1) that were associated with regional differences
and nutrition. It has been reported that Se can be toxic
in this context, and caution should be exercised when
using it as a supplement in non-deficient areas
(Vazquez-Armijo et al. 2011). While Se concentrations
were within normal limits in all groups in the current
study, it was found to be significantly higher in healthy
groups (control plasma and control serum) than in the
septicemia serum group. Yeltekin et al. (2018) found in
their study that Se concentrations in sheep with
contagious ecthyma were lower than in healthy sheep
(0.013-0.028 mg 1.-1). Huo et al. (2020) discovered that
lambs with clinically aberrant gait, weakness, anemia,
polypnea, and arrhythmia had significantly lower
plasma Se concentrations than healthy sheep.

Despite the lack of a reference study on variations in
element concentrations in septicemic sheep, the link
between diseases and elements in several animal

species has attracted interest. However, the roles and
interactions of elements with bacterial diseases have
yet to be fully understood (Beisel 1976, Middleton et
al. 2004).

Essential trace elements such as iron, Zn, and Cu have
been linked to infection and sepsis in living organisms
(Coskun et al 2020). In 25 newborn calves with sepsis,
Coskun et al. (2020) found a large increase in K and
Cu concentrations and a significant decrease in Na and
Ca concentrations. The same study noted that K, Cu,
Na, and Ca elements may play a crucial role in
functional impairments caused by sepsis. Similar
findings were achieved in the current investigation, and
Ca, Se, and K concentrations were shown to be
considerably lower in the septicemia groups.

In an E. coli-induced intraperitoneal sepsis model, Zn,
Cu, and Fe concentrations were found to increase in
rats (Konukoglu et al. 2001). Again, serum Cu
concentrations increased significantly after 12, 24, and
72 hours of endotoxin injection in hamsters, although
serum Zn concentrations decreased after 4-48 hours
(Etzel et al. 1982).

Serum Fe, Zn, and Cu concentrations wetre found to
be lower in infants with sepsis syndrome than in the
control group in another investigation, and it was
suggested that Zn concentrations, in particular, could
be a prognostic indicator of sepsis in infancy.
According to the findings of this investigation, the
plasma and serum Zn, Fe, and Cu concentrations of
sheep with septicemia exhibited no significant changes.

CONCLUSION

In conclusion, significant differences in Ca, K, and Se
concentrations were detected in healthy and septicemic
sheep in the current study. More comprehensive
research is needed to improve diagnosis and treatment,
get new biomarkers, and explain the mechanisms
involved in light of the information about the state and
changes of elements in septic patients. The present
study will contribute to the current literature by linking
macro and micro (trace) necessary eclements with
different diseases and determining their amounts using

more sensitive and up-to-date analysis methods such
as AAS and ICP-MS.
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Injury by Reducing Increased VCAM-1 and Caspase-3 Expressions in Rats

Nasif Fatih KARAKUYU™, Ozlem OZMEN?

'Suleyman Demirel University, Faculty of Medicine, Department of Pharmacology, 32200, Isparta, Turkey
*Mebmet Akif Ersay University, Faculty of Veterinary, Department of Pathology, 15030, Burdur, Turkey

ABSTRACT

This study aims to investigate the effects of Dexpanthenol (Dex), a stable alcoholic analogue of D-pantothenic acid
which has anti-oxidant, antiapoptotic, and antiinflammatory properties, on lipopolysaccharide (LPS)-induced lung
damage via caspase-3 (cas-3) and vascular cell adhesion molecule-1 (VCAM-1) levels. According to the experimental
plan of study, thirty-two Wistar Albino rats were distributed randomly into four groups as control, LPS (5 mg/kg,
intraperitoneally (i.p), single dose), LPS (30 minutes before last Dex treatment) + Dex (500 mg/kg, i.p, for 3 days) and
Dex. After six hours of LPS application, lung tissues of the rats were taken for histopathological,
immunohistochemical and biochemical examinations. According to results of the study, LPS caused hyperemia,
neutrophil leukocyte chemotaxis and thickened septal tissue on lung. Inducing inflammation by increasing VCAM-1
expression and triggered apoptosis by increasing cas-3 expression in lung tissue. In addition, LPS decreased total
antioxidant status levels, which is a marker of anti-oxidant capacity, and increased oxidative stress index and total
oxidant status values, which are indicators of oxidative stress. Dex has shown its effect by reversing all these alterations
and normalizing the values. These results suggest that Dex can be used as a preservative to reduce LPS-induced acute
toxicity in the lung.

Keywords: Cas-3, Dexpanthenol, Inflammation, Lung, VCAM-1

Hokok

Dekspantenol, Siganlarda LPS'nin Neden Oldugu Akut Akciger Hasarinda Artan VCAM-1 ve Kaspaz-3
Ekspresyonlarint Azaltarak Inflamasyonu ve Apoptozu Inhibe Eder

(074

Bu calisma, D-pantotenik asidin antioksidan, antiapoptotik ve antiinflamatuar 6zelliklere sahip stabil bir alkolik analogu
olan Dekspantenol'in (Dex), lipopolisakkarit (LPS) kaynaklt akciger hasati tzerindeki etkilerini vaskiiler hiicre adezyon
molekali-1 (VCAM-1) ve kaspaz-3 (cas-3) seviyeleri tizerinden incelemeyi amaglamaktadir. Calismanin deneysel planina
gore otuz iki adet Wistar Albino sican rastgele dort farklt gruba ayrildi: Kontrol, LPS (5 mg/kg, intraperitoneal (ip), tek
doz), LPS (son Dex uygulamasindan 30 dakika ¢nce) + Dex (500 mg/kg, ip, 3 gun boyunca) ve Dex. LPS
uygulamasindan 6 saat sonra sicanlarn akciger dokulart histopatolojik, immiinohistokimyasal ve biyokimyasal
incelemeler i¢in alindi. Calismanin sonuglarina goére LPS, akcigerde hiperemi, nétrofil 16kosit kemotaksisi ve kalinlasmis
septal dokuya neden oldu. Akciger dokusunda VCAM-1 duzeylerini artirarak inflamasyonu indikledi ve cas-3
dizeylerini artirarak apoptozu tetikledi. Ayrica LPS, antioksidan kapasitenin bir belirteci olan total antioksidan status
duizeylerini digtrirken, oksidatif stresin gostergeleri olan total oksidant status ve oksidatif stres indeks degerlerini
artirdt. Dex, tim bu degisiklikleri tersine cevirerek ve degetleri normallestirerek etkisini gosterdi. Bu sonuglar, Dex'in
LPS kaynakli akut akciger hasarinda toksisiteyi azaltmak icin bir koruyucu olarak kullanilabilecegini diigiindirda.
Anahtar Kelimeler: Akciger, Cas-3, Dekspantenol, Inflamasyon, VCAM-1

To cite this article: Karaknyn N.F. Ozmen O. Dexpanthenol Inbibits Inflammation and Apoptosis in 1.PS-Induced Acute Lung Injury by Reducing Increased VCAM-1 and
Caspase-3 Expressions in Rats. Kocatepe Vet J. (2022) 15(3):303-310

Submission: 10.04.2022 Accepted: 19.08.2022  Published Online: 28.08.2022

ORCID ID; NFK: 0000-0002-2249-4668, OO: 0000-0002-1835-1082

*Corresponding author e-mail: fatihkarakuyu03@gmail.com

303


mailto:fatihkarakuyu03@gmail.com

INTRODUCTION

Acute lung injury (ALI) is one of the main causes of
mortality, especially in intensive care patients (Bellani
et al. 2016). It is seen clinically due to blood
transfusions and it can be experimentally induced by
acid aspiration, pulmonary ischemia-reperfusion, and
sepsis (Matute-Bello et al. 2011).

There is a complex inflammatory process in the
pathogenesis of ALIL and recent studies have focused
on basement membrane destruction in the
development of ALL Endothelial cells,
intrapulmonary leukocytes and their inflammatory
products cause ALl by interacting with lung
parenchyma cells. (Ashbaugh et al. 2005, Matute-
Bello et al. 2008, Butt et al. 2010).

Lipopolysaccharide (LPS), a glycopeptide taking part
in the external membrane of gram-negative bacteria,
induces inflammation in rat models by acting Toll-like
receptor-4 on monocytes, macrophages and other
cells (Raetz and Whitfield 2002). This receptor
signaling triggers many intracellular post receptor
mechanisms and causes apoptosis with an increase of
caspase-3 (cas-3) expression and inflammation with
an enhancement of vascular cell adhesion molecule-1
(VCAM-1) expression (Wang et al. 2019). It also
causes oxidative stress by triggering the formation of
reactive oxygen species (Park et al. 2015).
Dexpanthenol (Dex) is a stable alcoholic analogue of
D-pantothenic acid (Vitamin B5), which is used

especially in wounds, irritations and wrinkles, is easily
accessible due to its cheapness, and is frequently
found in local pharmacies (Heise et al. 2012, Stettler
et al. 2017). In previous studies; it has been proven to
be effective against oxidative stress on heart tissue
(Kose et al. 2020), against nephrotoxicity (Pinar et al.
2020), hair strengthening (Shin et al. 2021), and
prevention of hepatotoxicity (Ucar et al. 2018).

In this study, it was aimed to prove the preservative
effect of Dex in the case of ALI in rats.

MATERIAL AND METHODS

Ethical Approval

All experiments were performed in accordance with
the ARRIVE (Animal Research: Reporting in Vivo
Experiments) guidelines in 2.0, and study approved
by the Local Ethical Committee on Animal Research
of Suleyman Demirel University (N0:2022-02/29).

Study animals and design of experiment

A total of 32 adult female, Wistar Albino rats
weighing 310-360 g were placed in a temperature
controlled room (about 22°C) with specific humidity
(60%][%£5]) conditions and 12 hour dark/12 hour light
cycle was maintained. Each rat was fed a standard
commercial diet (Korkuteli Yem, Antalya, Tirkiye).
Experimental design of this study was shown in
Figure 1.

Figure 1: Experimental design of this study

The rats were divided into the following four groups
eight rats each. Groups as;

1-Control Group (n = 8); 1 ml of isotonic saline
solution given to the rats, intraperitoneally (i.p.) once
a day for three days from the left inguinal area and
one dose of 1 ml isotonic saline solution i.p. from the
right inguinal region of the rats on the third day, 30
minutes before the last saline application.

2- LPS Group (n = 8); 1 ml of saline given to the
rats by i.p. injections, once a day for three days from
the left inguinal region and a single dose of 5 mg/kg,

After 6 hours )

0.5-1 ml LPS (048K4126, Sigma Aldrich, USA) i.p.
was applied from the right inguinal area of the rats on
the third day, 30 minutes before the last saline
application.

3- LPS + Dex Group (n = 8); 1 ml, 500 mg/kg Dex
(Bepanthene, Bayer Tirk Kimya, Turkiye) given to
the rats by i.p. once a day for three days from the left
inguinal region and a single dose of 5 mg/kg, 0.5-1 ml
LPS ip. was applied from the right inguinal area of
the rats on third day 30 minutes before the last Dex
application.
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4- Dex Group (n = 8); 1 ml, 500 mg/kg Dex given
to the rats by i.p. once a day for three days from the
left inguinal region and one dose of 1 ml saline
solution i.p. from the right inguinal area of the rats on
third day 30 minutes before the last Dex application.

Six hours after LPS application, 85-105 mg/kg
Ketamine (Keta-Control, Doga Tlag, Tirkiye) and 9-
11 mg/kg Xylazine (Rompun, Bayer, Germany) wete
administered to all rats. Blood was taken from the
vena cava inferior for euthanasia from the rats who
underwent abdominal incision following anesthesia.
One-half of the lung specimens were placed in liquid
nitrogen and stored at -25 °C until biochemical
analysis. The remaining lung specimens were fixed
with  10%  neutral  buffered formalin for
immunohistochemical and histopathological analysis.

Histopathological examination

Lung tissues of rats were taken and fixed in 10%
neutral buffered formalin. After fixation, tissues were
regularly processed by a fully automated tissue
processing equipment (Leica ASP300S; Leica
Microsystem, Nussloch, Germany) and embedded
with paraffin. Then, 5um sections were taken from
paraffin blocks with a Leica RM 2155 RT microtome
(Leica Microsystem, Nussloch, Germany). After 1 day
of drying, the slides were passed through xylol and
alcohol series. Then stained with Hematoxylin—Eosin
(HE) and analyzed through a light microscope.

Lung damage was evaluated in 10 different randomly
selected fields under 20x objective for each rat. For
injury scores, hyperemia, edema, increase in septal
tissue thickness and necrosis were evaluated between
0-4. Accordingly, 0, no damage; 1, damage 1-25% of
the field; 2, damage on 26-50% of the field; 3, damage
51-75% of the field; and 4 were assessed as damage
above 76%. The score of each animal was found by
dividing the total score by the number of fields
examined and rounding up this number. Statistical
analysis was performed on these data and the
difference between the groups was found.

Immunohistochemical examination

Further, two series of sections taken from all blocks
drawn on poly-L-lysine coated slides and were stained
immunohistochemically ~ for cas-3  (Anti-cas-3
Antibody (E8): sc7272, 1/100 dilution), and VCAM-1
(VCAM-1 (M/K-2):5¢-18864, 1/100 dilution) (Santa
cruz,Texas, USA) expressions by streptavidin biotin
method according to manufacturer’s directive.
Antibody Diluent (ab64211) (Abcam Cambridge,
UK) was used for dilution of the primary antibodies.
For antigen retrieval, sections were boiled twice in
citrate buffer solution (pH 6.00) using 700 MW
irradiation. Sections were incubated with primary
antibodies for 12 hours and immunohistochemical
analysis ~ was  performed.  Streptavidin-biotin
immunoenzymatic ~ antigen  detection  system
[EXPOSE Mouse and Rabbit Specific HRP/DAB
Detection IHC kit (ab80436), (Abcam, Cambridge,

UK)] was used for detection. All evaluations were
performed on blind specimens by, pathologists from
different centers.

Sections were examined one by one for each antibody
for immunohistochemical analysis. Ten different
areas in each segment were scanned for evaluation
under 40X objective magnification.

All slides were analyzed for immunopositivity, and a
semiquantitative analysis was carried out. Samples
were analyzed by examining five different sections for
each sample and each section was then scored from 0
to 3 according to the intensity of staining (0, absence
of staining; 1, slight; 2, medium; and 3, marked
staining). Rats included in this study were evaluated
randomly in a blinded fashion by the researcher
without knowing which rat was included in which
group. For morphometric examinations of sections,
an Olympus CX41 light microscope was used.
Morphometric evaluations were made by using the
Database Manual CellSens Life Science Imaging
Software System (Olympus Corporation, Tokyo,

Japan).

Biochemical Analysis

Oxidative stress in lung tissue was analyzed by the
following steps: Lung tissues were diluted with 5x
(w/v) phosphate buffered saline (10 mM pH 7,4) and
homogenized using Janke&Kunkel IKA Ultra-Turrax
T25 (Germany) tissue homogenizator. After the
homogenization  process, the samples were
centrifuged at +4°C at 2000 rpm for 20 minutes
(Nive NF 1200 R, Turkey). From the supernatants,
tissue total antioxidant status (T'AS) and total oxidant
status (TOS) levels were measured on Beckman
Coulter AU 5800 biochemistry autoanalyzer (USA),
and also oxidative stress index (OSI) levels of the
samples were calculated (Erel 2004a).

TAS levels were measured using an automated
colorimetric measurement method developed by Erel
(Erel 2004b). The tissue TAS levels were expressed as
umol trolox equiv/L.

TOS levels of lung tissue were measured using an
automated colorimetric method and the results were
expressed as umol H202 equiv/l (Erel 2005). OSI
was calculated using the formula: OSI = TOS/TAS.

Statistical Analysis

The immunohistochemical findings of the groups
were compared between the groups for statistical
analysis. For this comparison, One-way ANOVA,
Duncan, LSD tests (posthoc tests) were used with
SPSS-22.00 package program. Significance level was
accepted as P < 0.05.

RESULTS

Histopathological Findings

At the histopathological examination, marked
hyperemia and increased septal tissue thickness in
LPS group was observed. Emphysema was also a
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common finding in lungs in LPS group. Dex
treatment decreased pathological findings. Normal
tissue structure was observed in control and Dex

M){;})\, )
<! 1 O A

groups. Histopathological appearances are shown in
Figure 2.

Figure 2: Histopathological view of groups. (A) Normal tissue structure in control group, (B) neutrophil leukocyte
chemotaxis and hyperemia (thin arrow) and thickened septal tissue (thick arrows) in LPS group, (C) Decreased
hyperemia and septal tissue thickness in LPS+Dex group, (D) Normal lung tissue histology in Dex group, HE, scale

bars=0.05mm.

Immunohistochemical Findings
Immunohistochemical examination revealed
significantly increased expressions for both cas-3 and
VCAM-1 in LPS group (1,50+0,53, 1,12%0,64;
respectively) compared to control (0,12£0,35; for
both markers) (p<0.001; for both markers). Dex
treatment (LPS+Dex group) decreased
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immunohistochemical expressions of both markers
(0,37£0,51, 0,25%0,46; respectively) compared to LPS
group (Figures 3-4) (p<0.001; for both markers). No
or very slight expressions noticed in control group
and Dex group (0,12%0,35, 0,25£0,46; respectively).
Statistical analysis results shown in Figure 5.
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Figure 3: Cas-3 immunohistochemistry findings between the groups. (A) Negative expression in control group, (B)
increased expressions (black arrows) in LPS group, (C) decreased expression in LPS+Dex group, (D) no expression
in Dex group, Streptavidin-biotin peroxidase method, scale bars=0.05mm.

Figure 4: VCAM-1 immunohistochemistry results among the groups. (A) Negative immunoreaction in control
group, (B) marked expressions (black arrows) in LPS group, (C) decreased immunoexpression in LPS+Dex group,
(D) no expression in Dex group, Streptavidin-biotin peroxidase technique, scale bars=0.05mm.
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The dissimilarity between the means of groups

carrying different signs between the groups are statistically significant, P<0.001. Data standard deviation (SD).
Differences between groups and results of immunohistochemical scores are assessed by One way ANOVA test

(post hoc Duncan test).

Biochemical Results

As shown in Table 1, the levels of TOS and OSI were
significantly higher compared with control group
(p=0.023 and p=0.002; respectively) and the grades
of TAS were significantly lower in LPS group
compared with control group (p=0,043). In the
LPS+Dex group, TOS and OSI grades were lower
while the TAS grades were higher than LPS group
but not significant (p=0,214 for TOS; p=0,358 for
OSIL; p=0,508 for TAS). On the other hand, TOS and

Table 1. Oxidative stress markers of lung tissues in rats

OSI grades were higher in the LPS+Dex group
compared to the control group, and TAS grades were
lower, but not significant (p=0,264 for TOS; p=0,105
for OSL; p=0,159 for TAS). In the Dex group, TAS
grades were significantly higher compared to the LPS
group (p=0,024), TOS and OSI grades were
significantly lower compared to LPS group (p=0.001
for both) and LPS+Dex group (p=0.017 and
p=0.005; respectively).

TOS TAS OSI
(mmol (mmol (TOS/[TAS*10])
H202Equivalents/L) TroloxEquivalents /L)

GROUPS Mean * SD pvalue | Mean * SD p value Mean * SD p value

CONTROL | 53,11 £ 9,48 1,14 £ 0,15 476 £ 1,32
LPS 62,78 £ 2,662 a:p=0.023 | 0,99 = 0,112 | a:p=0.043 6,36 £ 0,702 a:p=0.002

LPS+Dex | 57,68 £ 8,08 1,04 £ 0,16 5,56 £ 0,59
Dex 47,50 £ 9,76P>¢ | b:p=<0.001 | 1,16 £ 0,12> | b:p=0.024 4,12 £1,02b¢ | b:p=0.001
c:p=0.017 c:p=0.005

Values are presented as meanstSD. The relationships between groups and results of biochemical markers are assessed by one-
way ANOVA (posthoc LSD). ‘@’ represents comparison with control group, ‘b’ represents comparison with LPS group, ‘¢’
represents comparison with LPS+Dex group LPS — Lipopolysaccharide; Dex — Dexpanthenol; SD — Standard Deviation.

DISCUSSION

Lungs are one of the vital organs that are at the top
of the list of organs necessary for life. Lungs are
frequently exposed to infectious factors due to their
close relationship with the external environment or
their intense blood supply. Neutrophil leukocyte
infiltrates cause increase in inflammatory cytokines
and protein leakage in acute pulmonary inflammation,
are common findings in ALIL In the acute phase of

ALI neutrophils are the most abundant inflammatory
cells at the site of injury and this situation is vital to
host defense. However, excessive activation of
neutrophils triggers tissue damage by releasing
various inflaimmatory mediators. Overall, in treatment
studies, reduced neutrophil counts were associated
with a favorable prognosis. Because cytokines not
only cause recruitment and activation of neutrophils
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at the site of inflammation, but also cause severe
inflammatory damage. Neutrophil infiltration and
cytokine release particularly cause endothelial and
epithelial cell damage (Li-Mei et al. 2016). In this
study, intraperitoneal LPS application caused a
significant inflammatory reaction in the lungs and
Dex treatment improved both histopathological and
immunohistochemical findings.

Sepsis-related lung injury is frequently observed in the
community (Varisco 2011). In this case, the lung can
be heavily affected due to the high vascularization of
systemic  inflaimmation.  Oxidative and  pro-
inflammatory cytokines circulating in the blood bind
to their surface receptors in every tissue they
encounter, triggering some intracellular signaling
mechanisms. As a result, a cumulative damage picture
may occur as some cytokines synthesized in that cell
affect other nearby cells (Si-Cong et al. 2021).
Neutrophil leukocytes are the first defense cells to
come to the damaged area to tissue repair. In order to
invade the damaged tissue, these leukocytes must
adhere to some adhesion molecules while circulating
in the vessel, approach the vessel endothelium and be
extravasated by taking advantage of the increase in
permeability. As Qureshi et al. mentioned in their
study, VCAM-1, which increases in a TNF-a-
dependent manner and interacts with neutrophils, is
one of these adhesion molecules (Qureshi et al. 2003).
There are many studies, such as the studies of Vogel
et al., Alapati et al, on reducing the expression of
VCAM-1 in inflammatory or pathologic conditions
(Alapati et al. 2015, Vogel et al. 2017).

Detection of these neutrophil leucocytes in the
damage area with various analysis methods shows
that the event is acute. The scene of neutrophilic
leukocytosis detected in the LPS group in this study,
also supports this view. The fact that Dex causes a
decrease in cell density also creates the impression
that the intraperitoneally administered drug can be
used in acute events. In addition, as demonstrated
immunohistochemically, it can be said that the
reduction of VCAM-1 expressions, which was
increased in the LPS group, by Dex is effective in
reducing neutrophilic leukocytosis.

The anti-inflaimmatory properties of Dex were
proven on nephrotoxicity in the Pinar et al research
and on cardiotoxicity in the Kose et al research (Kose
et al. 2020, Pinar et al. 2022). Cytokine-mediated
increase in permeability in vascular structures in the
area of inflimmation and, accordingly, edematous
scene and hyperemia in that tissue can be observed.
These developing forms of damage cause septal
thickening and dyspnea in the thin and expandable
lung tissue. The hyperemia and septal thickening
detected in the injury group of this study were
reduced by Dex, indicating that it prevented the
progression of the damage in the lung tissue.
Although apoptosis is  generally described as
programmed cell death, some external factors can
lead healthy cells to apoptosis (Naim et al. 2005).

Caspases are enzymes that play an important role in
apoptosis. These enzymes, which are primarily
synthesized as inactive proteins, are activated in
various ways. A lot of cellular and morphological
transformations that consist during cell death,
develop as a result of a number of processes in which
these enzymes play a role (Berger.et al., 20006). In the
study of Miao et al, LPS was shown to cause
embryonic damage due to apoptosis via cas-3 (Miao
and Cui 2022).

As it is known, inflammation also contributes to the
formation of oxidant molecules circulating in the
blood and oxidative stress that occurs in the tissue. It
is known that these two important damage
mechanisms trigger apoptosis resulting in tissue cell
death. Activation/inhibition of the aforementioned
intracellular pathways mediate cell to undergo
apoptosis. The increased cas-3 levels detected in the
lung tissues of the injury group in this study, indicate
that apoptosis due to this LPS-induced systemic
inflaimmatory condition also occurs in the lung. Dex,
which is normally used as an epithelial reparative, has
a reducing effect on cas-3 levels, which can be
considered as an important finding,

The significant increment in OSI and TOS levels in
the injury group indicates that oxidative stress is
stimulated in the lung tissue. In addition to this, the
significant decrease in TAS is interpreted as the tissue
uses the endogenous antioxidant system in the fight
against oxidant substances and therefore shows a
decrease. The fact that there was no significant
change in the Dex applied group compared to the
control, indicates that the drug is not harmful to the
lung tissue. Moreover, the fact that the amount of
antioxidant enzymes in the treatment groups are
higher than in the damage group may indicate that the
drug reduces oxidative stress secondary to the
suppression of inflammatory conditions, or it can be
interpreted that the drug administration time-dose
requires a change, since the experimental model is an
acute model. For this situation, the ideal use of the
drug should be determined by studying other models
that include different durations and use different
doses.

As it was demonstrated by Li-Mei et al. (2016), Dex is
improving histological structure of lungs by arranging
the changes in tumor necrosis factor alpha,
interleukin-6, malondialdehyde, superoxide dismutase,
and glutathione. In this study, we obtained results
that supports the findings of Li-Mei et al. showed that
Dex is providing a protective effect through oxidative
stress markers, cas-3 and VCAM-1 levels and
improve the histological structure similar to the
previous study (Li-Mei et al. 2016). Moreover, the
innovative aspects of the study are that Dex, which is
used in another indication and is easy to obtain,
regresses the serious inflammatory response in the
lung, by reducing the levels of VCAM-1, an adhesion
molecule, and by reducing the apoptotic process that
causes cell death, by reducing the levels of caspase-3,
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where various apoptotic pathways intersect in the cell.
Thanks to this feature, it is predicted that it can be
used in many pathological processes using the same
mechanisms and can regress the damage scene.

CONCLUSION

As a result, with Dex application, inflammation and
apoptosis were prevented by reducing VCAM-1 and
cas-3 expressions in lung injury secondary to systemic
inflammation. It is obvious that the intracellular
pathways of this active substance should be
investigated in animal models in which different
duration and dose applications are made to solve the
mechanism of action. Unraveling these mechanisms
may shed light on many new areas for the indications
for use of this drug.

The results of this study showed that Dex may be a
potential drug choice for the treatment of the LPS
induced lung damage. Further studies are needed on
this subject.
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ABSTRACT

The aim of this research was to determine the morphological characteristics of Kirikkale tumbler pigeons. For
this purpose, morphological characteristics were determined in 80 pigeons from 7 different breeders in Kirtkkale
province. The body weight (P<0.05), body length (P<0.001), wing length (P<0.05), head width (P<0.01), and
beak depth (P<0.001) were significantly influenced by sex. Male pigeons had higher values than female pigeons
for these traits. Age group affected body weight, chest width, and chest depth. Although age group II was higher
than age group I in terms of body weight, the age group I was higher than age group 1II in terms of chest width
and chest depth (P<0.05). As a result of the study, it was determined that most of Kirikkale tumbler pigeons had
brown-eyed (89.53 %) and small muff (78.48 %), and there was a high rate of individuals with gray plumage color
(35.16 %) without a crest (45.35 %). Body weight, body length, wing length, thoracic perimeter, and head width
values of Kirikkale tumbler pigeons were lower than the study for Squadron flyer but higher than the Alabadem
and Muradiye Dének pigeons. Kirtkkale tumbler pigeons had similar values to Ankara tumbler pigeons in terms
of morphological characteristics. It can be suggested that the genetic relationship level between Ankara pigeons
and Kirikkale pigeons should be clarified by genetic studies.

Keywords: Breeding, Morphological caharacteristics, Tumbler pigeon, Kirikkale

kkk
Kirikkale Ilinde Yetistirilen Taklact Giivercinlerde Morfolojik Ozelliklerin Belirlenmesi
oz

Bu arastirmanin amact Kirikkale taklact glivercinlerinin morfolojik 6zelliklerini belirlemektir. Bu amagla Kirtkkale
ilinde 7 farkll yetistiriciden 80 gtvercinde morfolojik &zellikler belitlenmistir. Canlt agiehik (P<0.05), vicut
uzunlugu (P < 0.001), kanat uzunlugu (P<0.05), bas genisligi (P<<0.01) ve gaga derinligi (P<0.001) cinsiyetten
6nemli Slgtide etkilenmistir. Bu 6zelliklerde erkek giivercinler disi givercinlerden daha yitksek degerlere sahip
olmustur. Yas grubu canlt agirlik, g6giis genisligi ve gégiis derinligini etkilemistir. Canlt agirhk bakimindan yag
grubu II, yash grubu I’den daha yiiksek olmasina ragmen, gégiis genisligi ve goégiis derinligi bakimindan yas grubu
I, yas grubu II’'den daha yiksek olmustur (P<0.05). Bu arastirmanin sonucu olarak Kirikkale taklact
glivercinlerinin ¢ogunun kahverengi gozli (% 89.53) ve yildiz pagalt oldugu (% 78.48), gri dona sahip (% 35.16) ve
tepesiz (%o 45.35) bireylerin oraninin yiiksek oldugu belirlenmistir. Kirikkale taklact glivercinlerinin viicut agirhigy,
vicut uzunlugu, kanat uzunlugu, gégis cevresi ve bag genisligi degerleri filo glivercinleri icin yapilan calismaya
gore daha dugstk, Alabadem ve Muradiye Donek glivercinlerine gore yuksek olmustur. Kirikkale taklact
givercinleri morfolojik Ozellikler yoniinden Ankara taklact glivercinlerine benzer degerlere sahiptir. Ankara
guvercinleri ile Kirikkale giivercinleri arasindaki genetik yakinlik dizeyi, genetik calismalarla netlestirilmesi
onerilebilir.
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To cite this article: Ozgelik U.C. Erdem E. Ozarslan B. Determination of Morpholagical Characteristics of Tumbler Pigeons Reared in Kurikkale Province. Kocatepe Vet J. (2022)
15(3):311-321

Submission: 04.04.2022 Accepted: 26.08.2022  Published Online: 05.09.2022

ORCID ID; UCO: 0000-0003-2797-4983, EE: 0000-0001-5674-2538, BO: 0000-0001-8245-6383

*Cortresponding author e-mail: boraozarslan@kku.edu.tr

311



INTRODUCTION

It has been reported that the rock pigeon (Columba
livia) was domesticated 3000-5000 years ago and there
are more than 350 pigeon breeds in the world today
(Stringham et al. 2012, Vickrey et al. 2018). There
were many indigenous animal genetic resources with
high disease resistance and adaptability in Turkey.
One of these animal genetic resources is pigeon
breeds/genotypes. The breeds of pigeons in Turkey
are classified into nine main groups as diver (dalici),
tumbler (taklaci), roller (makaract), spinner (dolap
dontct), fleet flyer (filo ugucusu), high flyer (yiiksek
ugucu), racing/homer (postaci), ornamental/show
(form/sts), and singer (6tict) (Yilmaz et al. 2013).
Pigeon breeding is carried out in small flocks in
Turkey. For some breeders, the priority is to care for
and see the performance of their birds, and they
conduct their bird breeding as financial support. For
some other breeders, it is just for hobby purposes and
they see their birds as psychological support (Israili
and Igbal, 2017). In addition, small markets for
breeder sales are established on certain days of the
week, specific to the region, where the experiences of
the breeders are shared. Tumbler pigeon genotypes
are grown in almost every region of Turkey. Artificial
selection by breeders in the desired traits (cranio-
facial structures, skeletal differences, plumage color,
vocalizations, flight behaviors) revealed high variation
in pigeon genotypes in terms of morphological
characteristics (Helms and Brugmann, 2007, Vickrey
et al. 2018). Artifical selection is conducted according
to the flight performance and aerial-display abilities of
the tumbler pigeons. The number of studies, which
was conducted on tumbler pigeon genotypes bred in
Turkey is so scarce (Atasoy et al. 2013). Therefore,
the aim of this research is to determine the
morphological characteristics of Kirikkale tumbler
pigeons.

MATERIAL and METHODS

Birds

The material of this research consisted of 80 tumbler
pigeons (42 male and 38 female) in the hands of 7
breeders in Kirikkale province. Kirikkale province is
located at 39°50'30" N 33°31'22" E (Anonymous-1,
2022). No changes were applied to the care and
management conditions of the pigeons. The age
groups of the pigeons were determined according to
the private enterprise records. The age groups of
pigeons were classified into two groups: 12 - 24
months of age pigeons were as age group I, and 36
months of age and above pigeons were as age group
II. ~ The  determination of  morphological
characteristics in pigeons was carried out between
March 2018 and January 2019.

Morphological characteristics

Each pigeon was individually examined for
morphological characteristics (plumage color, head
type, eye color, head crest, presence or absence head,
and body marks, wing and tail marks, and the
presence or absence of muffs). Wing and tail feather
numbers were determined. Wing feathers were
enumerated as primary, axillary, and secondary (p-a-
s), respectively. Plumage color was determined in
consultation with local breeders. Likewise, the
classification of eye color, crest type of the pigeons
were evaluated as a result of common declarations of
the breeders (Erdem et al. 2021, Ozbager et al. 2021).
Feathered feet classification in pigeons adapted from
Domyan et al. (2016), and breeders' local
nomenclature was given in parentheses.

Morphometric characteristics

Body weight, body length, wing span, wing length, tail
length, thoracic perimeter, chest width, chest depth,
head length, head width, beak length, beak depth, and
tarsus diameter were determined individually for
Kirikkale tumbler pigeons. The body weights of the
pigeons were taken with a precision digital scale
sensitive to 0.01 g. A metal ruler was used to
determine body length, a measuring tape was used to
determine trunk length, wing span, wing length,
thoracic perimeter, and tail length. A digital caliper
was used to determine the head length and head
width, beak length and depth, chest width and depth,
and tarsus diameter (Figure 1) (Atasoy et al. 2013,
Erdem et al. 2021).

Statistical analysis

Data were tested for normality of distribution using
the Box Plot, and the outlier data was removed from
the data set. The data set was analyzed by The
Generalized Linear Model (GLM). Significance of the
difference between means was determined by Tukey's
test. The statistical significance of the difference
between the two groups' means was verified by the
Student-T' test (age groups and sexes). Statistical
analyses were performed using SPSS. Data were
presented as means t standard error (Sx). A value of
P<0.05 was considered statistically significant
(Dawson and Trapp, 2004).

RESULTS

Morphological Characteristics

As a result of breeding selection for different
purposes in indigenous pigeon genotypes, various
plumage colors and patterns, vocalizations, and flight
displays have emerged. Three eye colors were
determined in this genotype as brown (‘kahverengi’
in Turkish) (89.53 %) (Figure 2a), black (‘siyah’ in
Turkish) (8.14 %) (Figure 2b) and grayish-blue (‘muisir
or ¢akir’ in Turkish) (2.33 %) (Figure 2c) (Table 1).
There was no crest (‘takkasiz’ in Turkish) in almost
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half of the pigeons (45.35 %) of this genotype. It was
determined that 10.47 % of the examined pigeons
crested (“takkal’ in Turkish) (Figure 3a), and 41.86 %
of pigeons tufted (‘percemli’ in Turkish) (Figure 3b).
In addition, it was determined that these two feather
structures were found together in 2.32 % of them
(crested and tufted) (‘takka-percemli’ in Turkish)
(Figute 3c) (Table 2). Six plumage colors (gray/boz,
smoky/dumanli, azure/gok, yellow/sar1, white/beyaz
or siut beyaz, black/arap) were determined in this
pigeon genotype. Gray (plumage color and wing tips
were fawn-colored, and the tail feathers was gray or
brown, which was called ‘boz’) (35.16 %) (Figure 4a),
smoky (plumage color was ash or smoky-colored,
which was called ‘dumanlt’) (20.88 %) (Figure 4b),
azure (plumage color was white or azure-colored, the
wings are light gray, the tail is gray, and the wingtips
are dusky, which was called ‘gok’) (19.78%) (Figure
4c), yellow (plumage color is off-white with gray
stripes along the wing, which was called ‘yellow’),
(14.29 %) (Figure 4d), white (plumage color was
white, which was called ‘beyaz or stt beyaz’) (6.59
%) (Figure 4e), black (plumage color was black, which
was called ‘arap’) (3.30 %) (Figure 4f) were classified
as the plumage colors (Table 1). Head and body
marks were classified into six groups as whiskered or
beak-feathered (*biyikl’’ in Turkish) (15.05 %) [(the
presence of a few curled hairs at the junction of the
beak and head. It can be unilateral or bilateral. The
uni-lateral one was called as single-whiskered (‘tek
biyikli’ in Turkish), the bi-lateral one was called as
double-whiskered (* ¢ift biyikli' in Turkish)] (Figure
5a), speckled (‘benekli’ in Turkish) (12.90 %) (It is
the presence of small round-like areas on a part of the
body or on the wing of a different color from the
plumage color) (Figure 5b), white tail or shoved (‘ak
kuyruk or sokusturmali’ in Turkish) (11.83 %) [(One
or more of the tail feathers are white in pigeons with
a dark plumage color - the white tail is named

according to the number of white tail feathers, such
as single shoved, three shoved and five shoved (‘tek
sokugturmali, ic sokusturmali or bes sokusturmali’ in
Turkish)] (Figute 5c¢), gtizzled (‘kircilli’ in Turkish)
[(tis the heterogeneous distribution of white feathers
in dark plumage colored pigeons (4.30%)] (Figure 5d)
and barred (The colored line extending along the
wing, different from the wing color, was called as
‘kalemli’ in Turkish) (2.15 %) (Figure 5¢) (Table 1). It
was determined that there were three types of
feathered-feet in Kirikkale tumbler pigeons: small-
muff (yildiz paga) (78.48 %) (Figure 6a), grouse (silik
paca) (11.40%) (Figure 6b) and large-muff (bol paca)
(10.12%) (Figure 6¢). When the rates were evaluated,
it was determined that small muff had the highest rate
in this genotype. In the present study, Kirikkale
tumbler pigeons divided into four groups 10-1-11
(45.35%), 10-1-12 (36.05%), 10-1-10 (17.44%), 10-1-
13 (1.16 %) according to the number of primary-
axial-secondary wing feathers. Also, this genotype was
divided into three groups 12 (83.72 %), 13 (11.63 %),
14 (4.65 %), according to the number of tail feathers
(Table 2).

Morphometric Characteristics

The body weight was significantly influenced by age
group and sex. The body weight of male pigeons was
significantly higher than those of female pigeons (P <
0.05). Also, age group 11 was heavier than age group 1
(P < 0.05). Chest width and chest depth were found
to be significantly different between age groups. Age
group I was higher than the age group 1II in terms of
chest width and chest depth (P < 0.05). Sex
significantly affected body length, wing length, head
width, and beak depth in Kirikkale tumbler pigeons.
Body length (P < 0.001), wing length (P < 0.05), head
width(P < 0.01) and beak depth (P < 0.001) of male
pigeons were higher than those of female pigeons

(Table 3).

S —

,_,_p_:-
*HLD _d_,___,)ﬂ-ﬁ_r

Figure 1: Morphometric body measurement regions (Erdem et al. 2021).
(1 - Beak length; 2 - Beak depth; 3 - Head length; 4 - Head width; 5 - Trunk length; 6 - Body length; 7 - Wing length;
8 - Wing span; 9 - Chest width; 10 - Thoracic perimeter; 11 - Chest depth; 12 - Tail length; 13 - Tarsus diameter)
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a b c

Figure 3: Head-feather type of the Kirikkale tumbler pigeons a. Crested b. Tufted c. Crested and tufted

Figure 4: Plumage colors of the Kirikkale tumbler pigeons a. Gray b. Smoky c. Azure d. Yellow e. White f. Black
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Figure 5: Head and body marks of the Kirikkale tumbler pigeons a. Whiskered b. Speckled c. White-tail d. Grizzled
e. Barred

Figure 6. Fetahered feet types of the Kirikkale tumbler pigeons a. Small muff b. Grouse c. Large muff
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Table 1. Eye colot, plumage colot, head and body matk in Kirikkale Tumbler pigeons (%0).

Morphological characteristics Ratio (%)
Eye color

Brown (Kahverengi) 89.53
Black (Siyah) 8.14
Grayish-blue (Mistr) 2.33
Plumage Color

Gray (boz) 35.16
Smoky (dumanl) 20.88
Azure (gok) 19.78
Yellow (sar1) 14.29
White (beyaz/stt beyaz) 6.59
Black (arap) 3.30
Head and body mark

Unmarked 53.77
Whiskered (brytkls) 15.05
Speckled (benekli) 12.90
White tail (ak kuyruk) 11.83
Grizzled (kirgill) 4.30
Barred (kalemli) 2.15
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Table 2. Table 2. Head-feather type, feathered-feet type, number of wing and tail feathers in Kirikkale Tumbler
pigeons (%).
Morphological characteristics Ratio (%)

Head-feather type

Non-crested (Diiz) 45.35
Tufted (Percemli) 41.86
Crested (Takkalr) 10.47
Crested and tufted (Takka percemli) 2.32

Feathered-feet type

Small muff (Yildiz paga) 78.48
Grouse (Silik paga) 11.40
Large muff (Bol paga) 10.12
Number of wing feather

10—1-11 45.35
10—-1-12 36.05
10—1-10 17.44
10—-1-13 1.16

Number of tail feather

12 83.72
13 11.63
14 4.65
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Table 3. Morphometric characteristics of Kirikkale tumbler pigeons (X + SX)

Age S Body Body Wing Wing Tail Thoracic Chest Chest Head Head Beak Beak Tarsus
ex n
group weight length Span length length perimeter width depth length width length depth diameter
® (cm) (cm) (cm) (cm) (cm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Male 16 321.04+5.82 34.1410.25 68.4410.75 30.72£0.34  14.06£0.16 ~ 20.29£0.17  50.72+0.68  58.11%£1.01 47.96%0.39 19.62+0.29 15.401+0.25 5.12£0.09  4.81£0.01
I
Female 24 309.93+475 33.83%£0.21 67.10£0.61 31.24+0.28  13.55%£0.13  20.15%0.13  51.26£0.56  59.52%+0.83 48.38%0.32 18.55+0.24 15.80+£0.20  4.99%£0.08  4.70+0.08
Male 26 338181456 35.03+0.12 67.78%0.59 30.01£0.27  13.99+0.13  20.69%£0.13  50.74+0.53  57.55%0.79 48.66%0.31 18.99+0.23 15751020  5.4210.07  4.88%0.08
II
Female 14 323.96t6.22 33.5710.27 67.66£0.81 30.56+0.37  13.931£0.17  20.22+0.18  48.54£0.73  55.83+1.08 48.16%0.42 18.25+0.31 16.16+£0.27  4.821£0.09  4.67%0.10
TOTAL
I 40 315.48%+3.75  33.99%0.16  67.7710.48 30.36£0.22  13.80%0.11 20.22+0.11  50.99+0.44  58.81+0.65 48.17£0.25 19.09£0.19 15.60£0.16 ~ 5.05+0.06  4.76x0.06
Age
group I 40 331.07£3.86  34.30£0.17  67.72%0.50  30.90£0.23  13.96%0.11 20.45+0.11  49.64+0.45  56.69+0.67 48.41£0.26 18.62%0.19 15.95£0.16  5.12+0.06  4.77+0.06
s Male 42 329.61%3.69 34.59%0.12 68.11+x0.48 30.98+0.22  14.02£0.10  20.49%0.11  50.73£0.43  57.83%0.64 48.31£0.25 19.31£0.19 15.58%£0.16 ~ 5.27+0.06  4.84%+0.06
ex
Female 38 316.94%£3.91 33.70+0.17 67.38%£0.51 30.29%£0.23  13.74+0.11 20.18+0.11  49.90+0.46  57.68+0.68 48.27£0.26 18.31£0.20 15.98%£0.16  4.90+£0.06  4.68+0.06
Grand mean 80 323.28+2.69 34.14%0.12 (7.74£0.34 30.63+0.16  13.88%£0.08  20.34+0.08  50.31£0.32  57.75+0.47 48.29%0.18 18.85+0.14 15.78+0.12  5.09£0.04  4.76+0.04
P

Age group

Sex

kkk

k3K

kkk
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DISCUSSION

Morphological Characteristics

Pigeon genotypes, one of our indigeonous genetic
resources, are important in terms of their unique
flight display characteristics, and adaptability to the
region where they are raised. For this reason, it is
necessary to define the morphological characteristics
of indigenous genotypes (ie. eye color, crest
structure, plumage color, muff type, body
morphometric traits) and compare them with other
indigenous pigeon genotypes (Atasoy et al., 2013;
Erdem et al, 2021). In the present study, brown
(kahverengi) (89.53 %), black (siyah) (8.14 %) and
grayish-blue (cakir) (2.33 %) eye colors were
determined in Kirtkkale tumbler pigeons. In the
studies conducted in other indigenous breeds, it was
stated that the Ankara tumbler pigeons had grayish-
blue (cakir) (51.76 %), dark grayish-blue (nar/koyu
cakir) (25 %), gray (gr) (18.59 %), dark brown
(iztim/koyu kahverengi) (7.04 %) light brown (agik
kahverengi) eye colors, and the Squadron flyer
pigeons had dark brown (kehribar/kahverengi) (26.62
%), yellow (23.02 %), datk grayish-blue (natr/koyu
cakir) (18.71%), grayish-blue (cakir) (15.83%), gray
(10.06 %) and crimson/dark red (5.76 %) eye colots.
In another study conducted on Bursa Oynari pigeons,
it was reported that the majority of the pigeons had
dusty rose (gil kurusu) eye color (67.44 %). In the
same study, it was reported that pigeons also had
white (23.26 %) (beyaz) and dark dusty rose (koyu gl
kurusu) colored eyes (9.3 %). When the researches
were examined, the eye color of grayish blue was
defined as the ‘cakit’ in Kirikkale tumblers, Ankara
tumblers and Squadron flyer pigeons, and ‘giilkurusu’
in Bursa Oynari pigeons and Mulakat pigeons (Atasoy
et al. 2013, Ozbaser et al. 2016, Balc et al. 2018,
Ozbaser et al. 2020). Atasoy et al. (2013) emphasized
that pigeons with grayish-blue (¢akir) eye color were
preferred in the selection of breeding animals in the
tumbler pigeons in Ankara. Crest structure in pigeons
was defined as the growth of head or neck feathers
towards the top of the head (Shapiro et al. 2013). In
the studies carried out in Turkey, the crest structure
in pigeon genotypes were determined in Ankara
tumblers (8.54 %), Edremit Kelebek roller (46 %),
and Alabadem pigeons (100 %). The absence of crest
in Ankara tumbler pigeons was found to be 78.89%,
while it was 43.35% in Kirikkale tumbler pigeons.
These rates are quite high for both genotypes. These
findings show that there was a high rate of absence of
a crest in Kirikkale tumblers, similar to Ankara
tumblers (Atasoy et al. 2013, Erdem et al. 2018,
Erdem et al. 2021). The plumage colors of Kirikkale
tumbler pigeon were divided into six groups as gray
(boz) (35.16 %), smoky (dumanli) (20.88 %), azure
(g6k) (19.78 %), yellow (sarr) (14.29 %), white (beyaz)
(6.59 %), and black (arap) (3.30 %). Similar to this
finding, the plumage color of the tumbler pigeons

reared in Ankara was divided into six groups gray
(boz - 47.77 %), blue (g6k - 17.56 %), smoky
(dumanlt - 16.07 %), siyah (black - 9.05%), white
(beyaz - 7.04 %) and shiny (yanardéner - 2.51 %)
(Atasoy et al. 2013). The fact that gray plumage color
ratios in these two genotypes were higher than other
plumage color ratios shows that breeders give
importance to plumage color as well as flight
characteristics while applying selection. In Turkish
pigeon breeds/genotypes, one or a few feathers on
the wing/tail were white, it was called shoved
(sokusturmalr). This mark was defined according to
the number of white primaries on the wing or the tail
such as single-shoved (tek-sokusturmali), double-
shoved (cift-sokusturmali), or five-shoved (bes-
sokusturmali). If this mark was found as a wing mark
in Ankara tumblers and squadron flyer pigeons, it was
defined as grizzle color-wing (kir-kanat) (6.03 %) and
shoved-wing  (sokusturmali/arans)  (29.03 %),
respectively. In the present study, it was determined
that one or more of the tail primaries in pigeons are
white, which is called the white-tail (ak-
kuyruk/sokusturmalr) (11.83 9%). This situation is
called white tail (ak-kuyruk) or mirror tail (ayna-
kuyruk) in Ankara tumbler pigeons (15.58 %) and
silver-tail (giimis-kuyruk) in squadron flyer pigeons
(19.35 %) (Atasoy et al. 2013, Ozbaser et al. 2016). In
addition, the white-wing and white-tail marks with red
plumage color in the Cakal pigeon genotype can be
interpreted as a breed character (Ozbaser et al. 2020).
Another common point morphologically between
Ankara tumblers and Kirtkkale tumblers is that some
pigeons have lines on the wing that are different from
the wing color. This wing mark is called barred
(kalemli) in Kirikkale tumbler pigeons and aleph
(elifli/kusaklt) in Ankara tumbler pigeons (Atasoy et
al. 2013). These marks were defined as ‘strips’ in the
Oriental pigeon genotype reared in the Marmara
region (Ozbaser et al. 2020).

The feathered-feet was defined as the abnormal
growth and distribution of the feathers extending
towards the foot (Baptista et al. 2009, Kabir, 2015).
Although foot feathering in poultry species is a
desirable trait in ornamental birds, it is found in many
indigenous pigeon genotypes bred for flight display
performance purposes (Ankara tumblers, Edremit
kelebek rollers, Mulakat and Oriental pigeons)
(Atasoy et al. 2013; Erdem et al. 2018, Ozbaser et al.
2020). Bortoluzzi et al. (2020) defined the absence of
feathers on the feet (non feather- legged) as “scale’.
Also, he stated that some feather-legged birds had
short and tight foot feathers, and some had long foot
feathers similar to wing feathers. On the other hand,
the foot feathering in pigeons was divided into four
groups as scale, grouse, small muff, and large muff
(Domyan et al. 2016, Boer et al. 2019). In Kirikkale
tumbler pigeons, foot feathering was divided into
three groups as small muff (yildiz paca) (78.48 %),
grouse (silik paca) (11.40 %), and large muff (bol
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paca) (10.12 %). This situation was classified into four
groups as grouse (normal pacga), small muff (kih¢
paca), medium muff (sote paca), and large muff (bol
paca or Kayseri pag¢a) in Ankara tumbler pigeons, and
it was emphasized that all pigeons had muffs (pagalr)
(100 %). The situation of having trotters in all
Kirikkale tumbling pigeons was similar to Ankara
tumbling pigeons. The feather-legged ratio in the
tumbler pigeons bred in Kirikkale province (all
pigeons have feathered-feet) (100 %) was similar to
the tumbler pigeons bred in Ankara province (100
%). In this genotype, the number of the wing
primary-axial-secondary feathers (p-a-s) were divided
into four groups as 10 - 1 - 11 (45.35 %), 10 - 1 - 12
(36.05 %,10-1-10 (17.44 %), (10-1-13) (1.16 %).
Wing primaries were determined as 9-1-13 (50.84%),
9-1-12 (22.91 %), 9-1-11 (12.85 %), 9-1-14 (10.05 %)
and 9-1-10 (3.35 %) in Ankara tumbler pigeons. The
number of wing primaries was reported as 8-1-9
(87%), 9-1-9 (13%) in the Milakat pigeons, 11-1-
11(87%), 10-1-11 (13%) in the Oriental pigeons, and
9-1-10 (87%), 8-1-10 (13%) in the Cakal pigeons.
Three groups were determined according to the
number of tail primaries (12 - 83.72 %, 13 - 11.63 %,
14 - 4.65) in Kiurikkale tumbler pigeons. Similarly in
the previous research, Ankara tumblers were divided
into three groups in terms of the number of tail
primaries (12- 85.43 %, 13 - 9.04 %, 14 - 5.53 %)
(Atasoy et al. 2013, Ozbaser et al. 2020).

Morphometric Characteristics

Body weight, wing length, thoracic perimeter, and
head width of Kirikkale tumbler pigeons, which was
obtained in this study (323.28g, 30.63 cm, 20.34 cm,
and 18.85 mm) were lower than the study for
Squadron flyer pigeons (428.85 g, 31.34 cm, 22.11
cm, and 21.35 mm), but higher than the Alabadem
(231.17 g, 31.56 c¢m, 19.78 cm, and 18.67 mm) and
Muradiye dének pigeons (319.74 g, 29.30 cm, 19.34
cm, 18.20 mm) (Erdem et al., 2021 Ozbaser et al.,
2016; Ozbaser et al., 2021). In the present study, it
was determined that Kirikkale tumbler pigeons
(323.28 g, 34.14 cm, 67.74 cm, 30.63 cm, 20.34 cm,
and 4.76 mm) had similar values to Ankara tumbler
pigeons (321.62 g, 34.95 cm, 68.82 cm, 31.55 cm,
19.70 c¢m, and 4.01 mm) in terms of body weight,
body length, wing span, wing length, thoracic
perimeter, and tarsus diameter (Atasoy et al., 2013).
Body weight, body length, wing length, head width
and beak depth were significantly affected by sex.
However wingspan, tail length, thoracic perimeter,
chest width and depth, head length, beak length and
tarsus diameter were not affected by sex. Body weight
(P < 0.05), body length (P < 0.001), wing length (P <
0.05), head width (P < 0.01) and beak depth (P <
0.001) of male pigeons were signifcantly higher than
that of female pigeons. These results were consistent
with the other studies emphasizing that the effect of
sex difference is statistically significant in terms of
body weight, body length, wing length, head width,

and beak depth in Ankara tumbler pigeons and
Muradiye Dének pigeons (Atasoy et al. 2013, Ozbager
et al. 2021). Body weight, chest width, and chest
depth were significantly affected by age group.
However body, length, wing span, wing length, tail
length, throracic perimeter, head length, head width,
beak length, beak depth, tarsus diameter were not
affected by age group. Although age group II was
higher than age group I in terms of body weight (P <
0.05), age group I was higher than age group II in
terms of chest width (P < 0.05), and chest depth (P <
0.05). This might be due to the different management
conditions applied by the breeders in different
enterprises. Body development could be affected by
the aerial-display and racing performance in pigeons.
Mercieca et al. (2017) reported that speed and racing
performance in pigeons changed positively or
negatively depending on external (diet, geographical
and environmental factors) and internal factors
(health, innate homing ability, and body condition).

CONCLUSION

It is obvious that the nomenclature of head-feather
type, eye color, plumage color, body mark and
feathered-feet type are disparities in pigeons
according to the region. These definitions varies
according to the regions, and it is created by the
breeders in that region. The high rate of absence of
crest, high rate of gray plumage color, and fethered-
feet of all the pigeons in Kirikkale tumbers were
completely overlap with the morphological findings
in Ankara Tumblers. The high ratio of gray plumage
color in both genotypes (Ankara tumbler and
Kirikkale tumbler) shows that breeders give
importance to plumage color as well as aerial-display
characteristics in artificial selection. In addition to
these findings, when Kirikkale tumbler pigeons and
Ankara tumbler pigeons were compared in respect to
body structure, it was determined that these two
pigeons had very close mean values in terms of body
weight, body length, wing span, wing length, thoracic
perimeter and tarsus diameter. For these reasons, the
degree of similarity between Ankara tumblers and
Kirikkale tumblers should be clarified by genetic
studies. The number of morphological studies carried
out on tumbler pigeon genotypes in Turkey should be
increased. The morphological and molecular
characteristics of indigenous pigeon genotypes should
be determined throughout the country.
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ABSTRACT

This study was carried out to determine the structural characteristics of sheep farms in Elazig province. For this
purpose, 167 farms were included in the research and visited, evaluated on-site, and a face-to-face survey was
conducted with their owners. According the study, 56.3% of the breeders owned their own land, 60.0% owned
10.1-50 decares of land, 86.2% of the barns were detached, 10.8% were adjacent to the house, 88.0% wete closed
type, 42.5% were on the north-south long axis, 60.0% were brick-briquettes walled, 66.9% were soil ground,
62.9% had adequate ventilation shafts, 84.5% had sufficient windows. In addition, 94.5% of the farms use
troughs as sheep irrigation equipment, 55.8% prefer wooden mangers, 76.6% of the farms had two barn doors,
86.2% had 1 m? or less walking area per sheep. But there was no feed mill/mixer in 88.5% and no shade/porch
in 47.2%. As a result, it is expected that the sheep breeding in the province will reach the desired level by
considering the identified problems and proposed solutions through this study by both the breeders and the
relevant institutions and organizations. It is recommended to increase incentives, support and interest-free loans
in order to eliminate structural problems in businesses.

Keywords: Breeders, Facility, Sheep, Sheep Farms, Structural Features

*kkk

Elaz1 Ilindeki Koyunculuk Igletmelerinin Yapisal Ozellikleri
oz

Bu ¢alisma Elaz1g ilinde bulunan koyunculuk isletmelerinin yapisal ézelliklerini belirlemek amaciyla yapilmistir. Bu
amagla 167 ciftlik arastirmaya dahil edilerek ziyaret edilmis, yerinde degerlendirilmis ve sahipleri ile yliz ylize anket
calismast yapilmustir. Arastirmada isletmelerin %56,3"intin kendi arazisine, %60,0'mun ise %10,1-50 dekar araziye
sahip oldugu belirlendi. Calismada agillarin %86,2'sinin mistakil, %10,8'inin eve bitisik, %088,0'inin kapalt tip,
%42,5'nin kuzey-gliney uzun aksinda, %060,0'inin tugla-briket duvarli, %66,9'unun toprak zeminli olarak yapildigs;
%062,9’unda yeterli havalandirma bacast ve %84,5’inde yeterli pencere bulundugu belitlendi. Ayrica ciftliklerin
%94,5’inde koyun sulama ekipmant olarak yalak kullanddigi, %55,8’inde ahsap yemlik tercih edildigi, ciftliklerin
%706,6’sinda iki agil kapist, %86,2’sinde koyun bagina 1 m? veya daha az gezinti alam bulundugu, %88,5’inde yem
hazirlama degirmeni/mikser, %47,2’sinde ise golgelik/sundurma bulundurulmadigi tespit edildi. Sonug olarak
hem yetistiriciler hem de ilgili kurum ve kuruluglar tarafindan bu calisma ile tespit edilen sorunlar ve ¢6zim
onerileri dikkate alinarak Ilde koyun yetistiriciliginin uygun diizeye getirilmesi beklenmektedir. Isletmelerde yapisal
sorunlarin giderilmesi icin tesvik, destek ve faizsiz kredilerin artirtlmasi Snerilmektedir.
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GIRIS

Koyunculuk, bircok ilkenin ekonomisi ve tarim
sektorii igerisinde Gnemli bir paya ve potansiyele
sahiptir. Insanlarin saglikli ve dengeli beslenmeleri icin
gerekli olan 6zellikle hayvansal kaynaklt protein ve
diger fizyolojik ihtiyaclarin temini acisindan ¢ok
o6nemli bir roli vardir (Glines ve Akin 2017).

Tirkiye’de  koyunculuk —sektoriiniin - en  Gnemli
sorunlarinin  basinda diisiik maliyete sahip uygun
barinaklarin azligt gelmektedir. Ekonomik ve dogru
bir yetistiricilikte en disitk maliyetle en yitksek verimi
elde etmek temel amactir. Bu maliyetlerin icerisinde
barinak yapim: ve amortismant 6nemli bir yer
tutmaktadir. Barnaklar, koyunlarin yasam alanlari
olup, onlart olumsuz dis etkenlerden korumaktadir
(Seker ve ark. 2020).

Koyun yetistiriciliginde barinak ici ve barinak dist
cevresel sartlar koyunlarin refahina uygun olmals,
koyun tzerinde stres olusturmayacak ve koyunlarin
rahat edebilecegi nitelikleri tastmalidir (Sahin 2016).
Hayvanin tiird, ki, yast ve verim yoni ile dogrudan
iliskisi olan barinak planlamasi; sicaklik, hava akis hizi,
bagil nem, radyasyon, havanin kimyasal bilesimi, 15tk
gibi barinak ici ve dist gevre sartlari dikkate alinarak
yapimalidir. Barinak ici kosullarin en 6nemli unsuru
‘barinak  iklimi’® olarak  adlandirilan  sicaklik,
havalandirma, aydinlatma ve bagil nem 6&zellikleridir

(Ekmekyapar 1991).

Koyunculuk isletmelerinin  yapisal ~&zellikleri  de
sektordeki gelismeyi etkilemektedir. Ekonomik ve
karlt bir yetistiricilik icin saglikli ve verimli koyunlara
ihtiya¢ vardir. Uygun kosullara sahip olan barinaklar,
bircok cevresel Szelligin ideal seviyelerde tuttugu icin
koyunlarin beslenme, saglik, gelisim ve verimlerini en
st dizeye yikseltir (Seker ve ark. 2020).

Koyun, ekonomik amagla yetistiriciligi yapilan diger
tirlerle kiyaslandiginda daha kanaatkar, olumsuz ¢evre
sartlarina karst daha dayanakli, maliyeti ve kalitesi
distik besin  maddelerinden besin  ihtiyaclarini
karsilayabilmesi ve daha diisik maliyetli isletmelerde
yetistirilebilmesi  bakimindan tercih edilmektedir.
Koyun yetistiriciligi, bélgedeki iklim kogullart dikkate
alinarak, disik maliyetle ve koyunlarin tim ihtiyaclari
g6z Onlne alinarak planlanmis agillarda  yapildigs
takdirde verimliligi yitksek, ekonomik bir faaliyet
olarak yurttilebilir. Bundan dolay1 6zellikle isletmeler
acisindan barmaklarin 6zenli ve gereksinimlere gore
insa edilmesi kritik 6neme sahiptir (Gines ve Akin
2017).

Koyunculugun daha verimli ve karli bir dizeye
cikartlabilmesi icin isletmelerdeki mevcut durumun
belirlenmesi, 6ncelikli problemlerin tespit edilmesi

olduk¢a 6nemlidir. Bu amacla ilgili alanda yapilacak
bilimsel nitelikli tiim calismalar yararli olmaktadir. Bu
arastirma, Flazig Tli koyunculuk isletmelerinde yapisal
durumun tespit edilmesi amactyla ylritilmistir.

MATERYAL ve METOT

Bu arastirma, Elazig 1li Damizlik Koyun Keci
Yetistiriciler Birligi’ne tiye olan koyunculuk isletmeleri
sahipleriyle gonullulik esasina gbre yuz ylze yapilan
anketler ve isletmelere yapilan ziyaretler sirasindaki
gbzlem, degerlendirme ve Slgimlerle
gerceklestirilmistir.

Arastirmada, Oncelikle Elazig ilinin en fazla koyun
sayisina ve isletmesine sahip ilgeleri Elazig Il Tarim ve
Orman Midirligi'nden edilen veriler yardimiyla
belirlenmistir. Bu kapsamda Merkez, Kovancilar,
Karakocan, Palu, Sivrice, Baskil, Keban ilceleri 6ne
ctkmistir. Bu ilgelerde arastirmaya dahil edilecek
isletmelerin  seciminde &ncelikle Elazig Damizlik
Koyun Keci Yetistiriciler Birligi’ne tiyeligi bulunmasi
kosulu aranmis olup, bu kosulu saglayan isletmeler
arasindan tesadufi 6rnekleme metodu ile isletmeler
secilmistir. Arastirmada kullanilan anketin
givenilirligini ve gecerliligini yitkseltmek i¢in deneme
amach olarak bazt isletmelerde 6n  calismalar
yuritilmis, bu c¢alismalara gére arastirmadaki anket
sorularina son sekilleri verilmistir. Bu aragtirmadaki
anket sorulari daha Onceki benzer arastirmalardan
(Altingekic 2014, Ceyhan ve ark. 2015, Tifekei 2020)
yararlanarak, aragtirma ekibi tarafindan
olusturulmustur.

Calisma kapsaminda belirlenen isletme sahipleriyle 6n
gorismeler yapilmis, anket uygulamast icin daha
onceden scgilerek belirlenmis, gontllilik esasina
dayalt yiiz ylze gorismeyi kabul edenlerin isletmeleri
bir takvime bagl olarak arastirma ckibi tarafindan
ziyaret edilerek anket uygulanmis, ayrica ziyaret edilen
isletmelerde aragtirma kapsaminda gézlemler yapilmis
ve gerekli metrik Sl¢timler gerceklestirilmistir. Yapilan
gorismelerden elde edilen veriler kayit altina
alinmustir.

Bu arastrmayla benzerlik gosteren ve anket
uygulamast iceren bir¢ok c¢alismada gerekli Srnek
buytkliginin saptanmasinda, poptlasyonun %3
(Yamane 2010) ila %10unu (Stimbiloglu ve
Simbtloglu 2000, Cochran 1997) temsil edecek
buytklikte olacak sekilde hesaplanmasinin yeterli
olacagi kaydedilmistir. Bu aragtirma icin gerekli 6rnek
buytkligi %10 6rnekleme hatast ve %95 giivenilirlik
sinirlart icerisinde olacak sekilde asagidaki formiil
yardimtyla 92 olarak belirlenmistir (Cicek ve Erkan
1996).
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e N.t°.p.q
d*.(N-1)+t%pq

n: Ornek

N: Populasyon buytkligi (1669)

t: %95 giiven araligindaki t degeri (1.96)
p: 0.5 (%50 goriilme siklig)

q: 0.5 (%50 goriilmeme siklig)

d: Ornekleme hatast (0.10)

Formiile gbre belitlenmis olan 6rnek buyukligh bu
arastirma icin en kiicik Ornek buyikligh olarak
hedeflenmistit. Bilimsel arastirmalarda ele alinan ve
tzerinde calistlan 6rnek ne kadar biytk olursa ilgili
poptlasyonu temsil edilebilme giici de o oranda
artmaktadir. Bu cercevede mevcut arastirma
sonugclarini daha givenli kilmak amaciyla Birlige ait
aktif dye sayist olan 1669 isletmeden olusan
poptlasyonun en az %10’unun 6rnege dahil edilmesi
uygun bulunmustur. Bu kapsamda 6rnek buyukliga
167 isletme olarak belirlenmistir.

Bu ¢alismanin yuritilmesi i¢in gerekli olan etik onay,
Firat Universitesi Girisimsel Olmayan Arastirmalar
Etik Kurul'undan alinmistir (29.4.2020 tarih ve
2020/07-24 sayilt izin).

Istatistiki analizlerde, vyetistiricilerin arazi sahiplik
durumlari, agillarin topografik ve mimari 6zellikleri,
agillarin yap: malzemeleri ve koyun basina kullanim
alanlart ile isletmelerin koyun ihtiyaglarina yonelik
donatim ve ekipman varligt konularina yonelik
sorulara ankete katillan yetistiricilerin  verdikleri
cevaplar analiz edilmistir. Elde edilen veriler
kullanilarak  ilgili ~ sorulardaki parametrelere ait
secencklerin sayisal ve % frekanslart hesaplanmustir.
Bu amagcla SPSS programindan yararlanilmistir (SPSS
2015).
BULGULAR

Arastirmada, isletmelerin  %56.3’inin kendi arazi
varliklarina sahip oldugu, %31.0’inin kiralik olan
arazide faaliyet yaptigi, %0060.0’mnin 10.1-50 dekar,
%29.3"intin ise 10 dekar ve daha az arazi varligina
sahip oldugu belirlenmistir. Agillarin = %84.3intn
kéyde, %14.5’inin koyde ve vyaylada bulundugu,
%806.2’sinin mustakil ve %10.8’inin eve bitisik oldugu,
%88.0’inin kapalt oldugu, %87.4untn “I” seklinde
tasarlandidi, %42.5’inin kuzey-giiney uzun eksenli
yapildigr saptanmustir. Agillarin %77.6’sinin eninin
10.0 m ve daha az, %59.6’sinin boyunun 21-30 m,
%56.0’s1n1n yiiksekliginin 3.1 m ve daha az oldugu
tespit edilmistir (Tablo 1).

Yetistiricilerin arazi sahiplik durumlar ile agillarin

topografik ve mimari 6zelliklerine ait bulgular Tablo
1’de verilmistir.
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Tablo 1. Elaz13’da yetistiricilerin arazi sahiplik durumlari ile agillarin topografik ve mimari 6zellikleri

Table 1. Land ownership status of breeders and topographic and architectural characteristics of barns in Elazig

Anket sorusu n %
Arazi sahiplik durumu
Kendi mali 89 56.3
Kiralik olarak kullaniyor 49 31.0
Bir kismu kendi mali- bir kismm kiralik 20 12.7
Toplam 158 100
Arazi varhgi
10 da ve daha az 44 29.3
10.1-50 da 90 60.0
50.1-100 da 13 8.7
101.1 da ve Ustii 3 2.0
Toplam 150 100
Agihn yeri
Koyde 140 84.3
Koyde ve yaylada 24 145
Merada 2 1.2
Toplam 166 100
Agilin konumu
Bagimsiz 144 86.2
Eve bitisik 18 10.8
Evin altinda 5 3.0
Toplam 167 100
Agilin tipi
Acik 9 5.4
Kapali 147 88.0
Yar1 acik 11 6.6
Toplam 167 100
Agilin sekli
U 7 4.2
L 14 8.4
| 146 87.4
Toplam 167 100
Agilin uzun eksen yonii
Dogu-bati 36 21.6
Kuzey-giiney 71 42.5
Giliney-bat1 60 35.9
Toplam 167 100
Agilin genisligi
10 m ve daha az 128 77.6
11 m ve daha fazla 37 224
Toplam 165 100
Agilin uzunlugu
20 m ve daha az 23 13.9
21-30m 99 59.6
30.1 m ve daha fazla 44 26.5
Toplam 166 100
Agiln yiiksekligi
2 mden az 5 3.0
2-3m 68 41.0
3.1 m ve daha fazla 93 56.0
Toplam 166 100
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Agillarin, %G60.0’tmin - duvarinin - tugla-briketten ve
%40.0’1n1n kerpigten yapildigy, %066.9’unun zemininin
toprak, %48.5’inin ¢at1 6rtii malzemesinin oluklu sac
oldugu ve %73.0’tntin besik cat1 seklinde insa edildigi
belitlenmistir. Arastirmada, isletmelerin %686.2’sinin
koyunlar icin 1 m? ve daha az gezinti alanina,

%40.7’sinin 2.25 m? ve daha az kuzusuz koyun basina
alana, %40.7’inin ise 2.26-3.80 m? kuzusuz koyun
basina alana sahip oldugu belirlenmistir (Tablo 2).

Agillarin - yapisal malzemelerine ve koyun basina
kullanim alanlarina ait bulgular Tablo 2’de verilmistir.

Tablo 2. Elaz1g’da agillarin koyun basina kullanim alanlart ve yapisal malzemeleri
Table 2. Usage areas per animal and structural materials of barns in Elazig

Frekans
n %
Agilin duvar malzemesi
Tugla - Briket 90 60.0
Kerpic 60 40.0
Toplam 150 100
Agilin zemin malzemesi
Toprak 111 66.9
Beton 55 33.1
Toplam 166 100
Agilin gat1 malzemesi
Kiremit 52 31.1
Eternit 2 1.2
Oluklu sac 81 48.5
Naylon 20 12.0
Diger 12 7.2
Toplam 167 100
Agilin ¢at1 gekli
Besik cat1 122 73.0
Sundurma 35 21.0
Diger 10 6.0
Toplam 167 100
Agilin dinlenme yerinde koyun bagina ayrilan alan
1 m? ve daha az 144 86.2
1 m? den daha fazla 23 13.8
Toplam 167 100
Agilin kuzusuz koyun bagina gezinti avlusu biiyuklugi
2.25 m? ve daha az 68 40.7
2.26-3.80 m? 67 40.1
3.81 m? ve daha fazla 12 7.2
Avlusuz 20 12.0
Toplam 167 100
Yapilan ¢alismada, isletmelerin  %76.6’sinda iki adet %88.5’inde yem hazirlama degirmeni/karistirict

agl kapist bulundugu, %62.9unda havalandirma
bacasinin yapildigi, %84.5’inin yeterli pencere varligin
oldugu  saptanmistir.  Arastirmada, isletmelerin
%94.5inde koyun sulama ekipmani olarak yalak
kullanildigy, %055.8’inde ahsap yemlik tercih edildigi,
metal yemlik tercih edenlerin oraninin %40.4 oldugu,

bulunmadigi ve %47.2’sinde ise golgelik/sundurma
olmadig tespit edilmistir (T'ablo 3).

Isletmelerin koyun ihtiyaglarina yonelik donatim ve
ekipman varligina ait bulgular Tablo 3’de verilmistir.
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Tablo 3. Elaz1g’da isletmelerin koyun ihtiyaglarina yénelik donatim varlig
Table 3. Equipment for the animal needs of enterprises in Elazig

Frekans
n %
Agilin kapi sayis1
1 10 6.0
2 128 76.6
3 ve daha fazla 29 17.4
Toplam 167 100
Agilda baca varlig:
Var 105 62.9
Yok 62 37.1
Toplam 167 100
Agilda pencere varlig
Yetersiz 26 15.5
Yeterli 141 84.5
Toplam 167 100
Suluk varlig:
Yalak 155 94.5
Otomatik-samandirali suluk 9 5.5
Toplam 164 100
Yemlik varligi
Metal yemlik 65 40.4
Ahgap yemlik 86 53.4
Plastik yemlik 4 2.5
Beton-tas yemlik 6 3.7
Toplam 161 100
Yem hazirlama degirmen-karigtiric varlig:
Var 19 11.5
Yok 146 88.5
Toplam 165 100
Golgelik/sundurma varligi
Var 86 52.8
Yok 77 47.2
Toplam 163 100

TARTISMA

Aragtirmada,  isletmelerin  yarisindan  fazlasinin
(%056.3) kendi arazisine sahip oldugu, bir kisminin ise
(%31.0)  kiralanmis  arazilerde faaliyet  yapti§t
belirlenmistir (Tablo 1). Yapilan galismalarda, kendi
arazisinde koyunculuk yapan isletmelerin orani
Karaman’da %95.36 (Koca 2014), Ki¢tik Menderes
Havzasr'nda 9%76.5 (Aydmer 2018), Malatya’da ise
%56.7 belitlenmistir (Késeman ve ark. 2022). Bir
kism1 kendi mali bir kismu kiralik olan arazide faaliyet
yapan isletmelerin orant (%12,5) ise Malatya’da %32.4
(Késeman ve ark. 2022) ve Kastamonu’da %68.8dir
(Tifekci ve Olfaz 2015). Izmirdeki isletmelerin
%35.2’sinin arazisi bulunmamaktadir (Kandemir ve
ark. 2015). Elazg’da kendi arazisinde faaliyet
yapanlarin orant Izmirdeki vyetistiricilerden daha
yuksek, Karaman ve Ki¢lk Menderes Havzasinda

saptanandan daha disiik, Malatya’da belirlenenle
benzerdir. Kiralik arazilerde faaliyet yapanlarin orant
ise Izmirdekinden disiiktir. Sirdirilebilir ve karh
tretim  yapilabilmesi  i¢in  isletmelerin  kendi
arazilerinde faaliyet yapmalart olumlu, tamami
kiralanan arazilerde yetistiricilik yapilmast ise bir kismi1
kiralanmis arazide faaliyet siirdirmeye goére daha
dezavantajlt olarak degerlendirilmektedir.

Arastirmada, isletmelerin %060.0’tnin 10.1-50 dekar
(da), %29.3’tnin ise 10 da ve daha az arazi varligina
sahip oldugu belitlenmistir (Tablo 1). Malatya’daki
koyunculuk isletmelerinin = %57.3’t 10.1-50 da,
%35.4’0 ise 10 da ve daha az arazi varligina sahiptir
(Koseman ve ark. 2022). Izmir yoresindeki kiigiikbas
isletmelerinin % 524’tunde arazi varlig 100 da ve
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bunun altindadir (Kandemir ve ark. 2015).
Karaman’da  koyunculuk  isletmelerinde  arazi
buyuklugh ortalama 122.18 da’dir (Koca 2014).
Bulgular 1s151nda, Elazig’daki koyunculuk
isletmelerinin  arazi varliginin Malatya ilindekilere
yakin oldugu, buna karsin Izmir ve Karaman
illerindekilerden ~ daha  kig¢ik  oldugu,  arazi
buytkliklerinin bélge ve iller arasinda degiskenlik
gosterdigi  goriilmektedir. Dogru ve ekonomik bir
koyunculuk faaliyeti icin arazi buytklikleri koyun
sayisina uygun ve yetetli olmalidir (1 da arazi / 7-10
bas koyun). Elazig’daki isletmelerin sahip olduklari
arazi varhginin  mevcut koyunlarin  ihtiyaclarim
karsilayacak buyiiklikte oldugu séylenebilir.

Aragtirma bulgularina gére agillarin %84.3’ sadece
koyde, %14.51 ise hem kdéyde hem de yaylada
bulunurken (Tablo 1), Diyarbakir'da agillarin
%84.2’s1, Sanlurfa, Gaziantep ve Adiyaman illerinde
tamamt  (%100) koyde bulunmaktadir. Bununla
birlikte Diyarbakir’da agillarin %14.5’inin  kéy ile
birlikte yaylada bulundugu bildirilmistir (Dellal ve ark.
2002). Bu arastirmada sadece kéyde ve hem kéyde
hem de yaylada agili bulunan vyetistiricilerin orani
Diyarbakir’dakilerle olduk¢a yakindir. Sadece koyde
agili bulunan yetistiricilerin orani Sanlurfa, Gaziantep
ve Adtyaman’daki yetistiricilerden ise daha digstktir.
Elazig ilinde toplam alaninin ¢ogunu platolar
olusturmaktadir. Daha  dugtkli  rakimli  olan
yerleskelerde havalarin 1stnmasi ve sicak mevsimlerde
yayla kosullarinin koyunlar icin daha elverisli olmast
nedeniyle yetistiriciler koyunlariyla birlikte yaylalara
gb¢ etmekteditler.

Aragtirma  bulgularina  gére agillarin, %806.2’sinin
mistakil, %10.8’inin ise eve bitisik oldugu
saptanmustir (Tablo 1). Nigde ilindeki agillarin %69.81
mistakil (Ceyhan ve ark. 2015), Siirt ilindekilerin ise
% 56.8’1 eve bitisiktir (Bakir ve ark. 2017). Elazig’da
saptanan mustakil agillarin orant Nigde ilindekilerden
daha yiiksek, buna karsin eve bitisik olanlatin orani ise
Siirt’tekilerden daha digiktir. Agillarin mustakil inga
edilmeleri 6zellikle biyogiivenlik bakimindan olumlu
ve gerekli bir uygulamadir.

Bu calismada, Elazig’da agillarin %87.4t4nin “1”
seklinde insa edildigi (Tablo 1), bu oranin
Malatya’daki  isletmelerde  saptanandan  (%60.9)
(Késeman ve ark. 2022) daha yiksek oldugu tespit
edilmistir. Turkiye’de agillarin actk yontntin giineye,
giiney-doguya veya doguya bakmasi, kuzey tarafinin
ise kapalt olmast gerekmektedir. Bu sayede agillarin ve
koyunlarin glinesin 1sitict ve kurutucu etkisinden
yararlanmalart miimkiin olmaktadir.

Bu arastrmada, agillarn %42.5  kuzey-giiney,
%21.6>sinin dogu-batt  uzun  eksenli  yapildig
belirlenmistir (Tablo 1). Barmaklarin,
Kahramanmarasta %51.0’inin kuzey-glney (Paksoy
ve ark. 20006), Tokat ilinde ise %52.0’sinin dogu-bati

(Karaman ve ark. 2012) wuzun ecksenli oldugu
bildirilmistir. Elazig’da kuzey-giiney uzun eksenli insa
edilen agillarin  oran1 Kahramanmaragta  tespit
edilenden, dogu-bati uzun eksenli yapilanlarin orani
ise Tokat'taki agillarin oranindan daha dusiktir.
Yanlis konumlandirilan  barinaklar  kisin  solar
radyasyondan, vyazin ise serinletici rlzgarlarda
yararlanamamaktadir. EBlazig’da  riizgar  hizlarinin
diisiik ve birbirine yakin degerlerde her yénden estigi
gorilir. Elazig’da yil icinde hakim riizgar yoni
kuzeybatidir. Bunu sirasiyla batt ve dogu yénleri
izlemektedir. Riizgar yonleri genel hava dolasimina
uygun olup, topografyaya gore kanalize olmaktadir.
Bu nedenle Elazig’da agillarin kuzey-giney uzun
eksenli yapilmasinin dogru oldugu
degerlendirilmektedir.

Calismada, kapali tipte inga edilen agilarin orani
%88.0, acik tip agillarin orant %5.4, yart agik agillarin
orant ise %0.6 olarak belirlenmistir (Tablo 1). Kapali
tip agillarin orani, Kahramanmarag’taki isletmelerde
(%81.0) (Paksoy ve ark. 2000), Siirt’teki isletmelerde
(%95.8) (Bakir ve ark. 2017) ve Yozgat'taki
isletmelerde (%095.0) (Tifekci 2020) tespit edilenden
daha disiktir. Elazig’da saptanan agik tip agillarin
orani, Aydin ve Keskin (2018) tarafindan Mugla’da
belirlenenden (% 36.0), yart acik agillarin orant ise
Elmaz ve ark. (2014) tarafindan Burdur’da tespit
edilenden  (%84.4) daha dustktir. Barinaklar,
koyunlart dis etkenlerden koruyan yapilar olup
iklimsel zorunluluk yoksa kapali tip barinaklar yerine
acik veya yari agik tipteki barinaklarin tercih edilmeleri
gerekmektedir. Elazig’da kapali tipte yapilan agillarin
daha fazla tercih edilmis olmast bir olumsuzluk olarak
degerlendirilmektedir.

Aragtirmada agillarin en fazla 10 m ve daha az genislik
(%77.6), , 21-30 m uzunluk (%59.6), 3.1 m ve daha
az yikseklikte (%56.0) insa edildigi tespit edilmistir
(Tablo 1). Tokat’taki isletmelerde en ylksek orandaki
agl olctleri 6-6.9 m genislik (%35.4), 10.1-15 m
uzunluk (%32.9) ve 2.1-2.5 m yiiksekliktir (%41.8)
(Karaman ve ark. 2012). Nigde’deki isletmelerde
ortalama agl Olctleri 9.67 m genislik, 21.73 m
uzunluk ve 3.51 m yiksekliktir (Ceyhan ve ark. 2015).
Kahramanmarag’taki isletmelerde ise ortalama agil
Olgtleri 5.3 m genislik, 13.7 m uzunluk ve 2.20 m
yuksekliktir (Paksoy ve ark. 2000). Bu arastirmada
belirlendigi sekliyle, Elazig’daki agillar, genislikleri
bakimindan Nigde’deki isletmelerle benzer ve yakin
Olciilere sahip olup, Tokat ve Kahramanmarag’taki
agillardan ise daha genistir. Ayrica, Tokat ve
Kahramanmaras’taki agillardan daha uzun, Nigde’deki
isletmelerin  ortalama uzunluklarina yakindir. Agil
yiikseklikleri ise Nigde’deki agillarin  ortalama
yuksekliklerinden ~ daha  digtk, Tokat  ve
Kahramanmaras’taki ~ agillanin  yiikseklikleri  ile
benzerdir.
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Koyunculuk isletmelerinde agil genisliginin en fazla 12
metre olmasi, duvar yitksekliginin ise 200 bashk
agillar icin 3.0-3.5 metre, 500 bashk agillar icin 3.5-4.0
metre olmast  gerekmektedir. Agl uzunluklar
barindirilacak koyun sayisina gére degismektedir. Bu
arastirmada belirlenen agil genislikleri ve uzunluklart
normal Sl¢tlerde olup, agil ytkseklikleri ise dustiktir.

Bu aragtirmada, agl duvarlarnmin %060.0 oraninda
tugla ve briketten, %40.0 oraninda ise kerpicten
yapildigi belitlenmistir (Tablo 2). Kahramanmarag’taki
agillarin %50.0'sinde tugla ve briket, %43.0'unde ise
tas kullandmistir  (Paksoy ve ark. 20006). Bursa
bélgesinde agillarin %83.07tinin duvarlar1 tugla ve
briket (Onuk 2015), Siirt’teki agillarin %61.8’inin tas
(Bakir ve ark. 2017), Konya’daki agillarin ise
%060.0’11n briket, %15.0’inin tas ve %15.0’inin kerpig
(Oguz ve ark. 2019) malzemeden yapildigi tespit
edilmistir. Elazig’da, Kahramanmaras ve Siirt’teki
isletmelerin aksine kagir tastyict yapt malzeme olarak
agillarda tas kullanllmamaktadir. Bulgulara gore,
kerpic  malzeme  Konya, Siirt, Bursa ve
Kahramanmarag’taki isletmelere gére yiksek oranda
kullanllmaktadir. Agil duvarlarinda tugla ve briket
kullanimi  bakimindan ise Elazig’daki isletmeler,
Kahramanmaras, Bursa ve Konya’daki isletmelerle
benzerlik gostermektedir. Duvarlarda kullanilan kagir
tagtyict yapt malzemeleri iklim, kiltir, maliyet, temin
edilebilirlik ~ gibi  ¢ok  sayida  faktbre  gbre
belirlenmektedir. Kullanilan malzemenin
dezenfeksiyona elverisli olmasi da gerekmektedir.
Elazig’daki isletmelerde agil tabanlarinda  %66.9
oraninda toprak malzeme kullanilmaktadir (Tablo 2).
Siirt'teki agillarin %90.8’inin  (Bakir ve ark. 2017),
Burdur’daki agillarin %89.1’inin (Elmaz ve ark. 2014),
Yozgat'taki agillarin ise %95.0’inin (Tufekei 2020)
zemininde toprak kullamldigr = saptanmistir.  Bu
aragtirma bulgularina gbre agil zeminlerinde toprak
malzemenin  kullanim  orant  Siirt, Burdur ve
Yozgat'taki isletmelerden daha distktir. Bu durum
olumlu  gorilmekle  birlikte  zeminde  toprak
kullananlarin ~ orami  yine de olduk¢a yuksek
dizeydedir. Toprak, temizlik ve dezenfeksiyon icin
elverigli olmayan bir malzemedir. Bu nedenle agil
zeminlerinde toprak kullanilmasi uygun
gorilmemektedir.

Bu arastrmada, agillarin  %48.5’inde oluklu sac
kullanildigt ve catillarin %73.0’tniin besik ¢ati olarak
insa edildigi tespit edilmistir (Tablo 2). Bursa’da
yapilan arastirmada agillarin %44.0’ inde oluklu sac
kullanildigt ve catillarin %70.0 oraninda besik cati
olarak insa edildigi belirlenmistir (Onuk 2015).
Kahramanmaras’taki agillarin catisinda %30.0 oluklu
ginko kullanddigt ve agillarin  %30.0’'unun  beton
damla kapatildigt kaydedilmistir (Paksoy ve ark. 2000).
Siirt’te ise agillarin %45.4Un toprak damla 6rtildigi
belirlenmistir  (Bakir ve ark. 2017). Yapian bu
calismada, en fazla besik tip cati yapilmasi ve ¢att
malzemesi olarak en ¢ok sac kullanidmasinda

Bursa’daki isletmelerle benzerlik ve oransal bir
yakinlik vardir. Ele almnan her iki 6zellik yoniinden
gerek Kahramanmaras gerekse Siirt  illerindeki
isletmelerle ise farkliliklar tespit edilmistir.

Cat, agillanin en O6nemli unsurlarindandir. Catinin
sekli, agilin bulundugu bélgenin iklim tipi, yillik yagis
cesidi ve yagls miktariyla iligkilidir. Kullanilan catt 6rtii
malzemesinin ¢esidi ise agil ici sicakhk ve nem
miktarlarint  belitlemede biytik role sahiptir. Bu
calismada agillarda en fazla tespit edilen besik tipi ¢at,
Elaz1g’in sahip oldugu iklime uygun bir ¢att tipidir. 11
genelinde agl catdarinda en fazla oluklu sac
kullantlmast ise olumsuz bir durumdur. Sac, yazin
sicagin yiksek oranda agil icine girmesine, kisinsa agil
icinde yliksek nem olusmasina ve altligin 1slanmasina
neden olur.

Aragtirmada, agillarin %86.2’sinin dinlenme yerinde
koyun basina 1 m? ve daha az alan oldugu
belirlenmistir. Isletmelerin bir kism1 2.25 m? ve daha
az (%40.7), bir kismu ise 2.26-3.80 m? (%40.1)
kuzusuz koyun bagina gezinti avlusuna sahiptitler
(Tablo 2). Bolu’daki isletmelerde koyunlar icin ayrilan
dinlenme yeri, agillarin %31’inde 0.8 m2’nin altinda ve
%40.5inde 1 m? dstindedir. Bu ildeki agillarin
%19.0'unda  gezinti avlusu buylkliginin yeterli
oldugu belirlenmistir (Sisman ve ark. 2009). Tokat
llinde yapilan arastirmada ise agillarin %54.7’sinde
gezinti alam bulunmamaktadir (Karaman ve ark.
2012). Bu calisgmada tespit edilen koyun bagina 1 m?
ve daha az alana sahip isletmelerin orani Bolu’daki
isletmelerde belirlenenden daha yiiksektir. Diger bir
deyisle dinlenme yerindeki koyun bagina alan
bakimindan Bolu’daki isletmelerden daha yetersizdir.
Yapilan arastirmada kuzusuz koyun basina tespit
edilen gezinti alan1 ise kismen Bolu’daki ve Tokat’taki
isletmelerden daha elverislidir. Agillarda ko¢ basina
1.5-2.0 m?, koyun ve kuzusu i¢in 1.25-1.5 m?, toklu
basina 0.8-1.0 m? taban alami gereklidir. Kuzusuz
koyun basina gezinti alami ise dinlenme alaninin iki
katt kadardir. Bu ¢alismada tespit edilen koyun basina
dinlenme alani distk, kuzusuz koyun basina gezinti
alant ise normal degerlere yakindir. Elazig’daki
isletmelerde strl stkistkligina neden olan dinlenme
alanlarinin elverisli bicimde genisletilmesi
gerekmektedir.

Bu calismada, agillarin %76.6’sinda iki adet kapi
bulundugu belitlenmistir (Tablo 3). Fonksiyonel ve
modern bir isletmecilikte giris ve cikislarda sikisiklik
olmamasi icin koyun sayist fazla olan agillarda en az
iki adet kapt bulunmasi gerekmektedir. Ayrica buyik
kapasiteli isletmelerde agillarin  kisa kenarlarinda
traktér, makine ve ekipmanlarin girip ¢kacag
buytklikte karsiliklt kapilar da olmalidir. Arastirmada
tespit edilen kapt sayidart bakimindan isletmelerin
elverisli oldugu distintlmektedir.
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Arastirmada, agillarin %062.9’unda uygun
havalandirma bacasinin bulundugu, %84.5’inde de
yeteri kadar pencere varliginin oldugu saptanmistir
(Tablo 3). Havalandirma bacasi, Nigde’deki agillarin
%95.8’inde  bulunmakta (Ceyhan ve ark. 2015),
Bursa’daki agillarin ise hi¢ birinde bulunmamaktadir
(Altungekic  2014). Kahramanmaras isletmelerinin
%96.0'stnda ise pencere alaninin yeterli olmadift
bildirilmistir (Paksoy ve ark. 20006).

Bu aragtirma bulgular 1s161nda Elaz1g ilindeki agillarin
havalandirma  bacast  varligi  bakimindan  yetersiz,
pencere varhgt bakimindan ise kisith  oldugu
gorilmektedir. Bununla birlikte yetetli havalandirma
bacast  bulunan  agllarin  orant  Bursa’daki
isletmelerden, yeterli pencere bulunan agillarin orani
ise Kahramanmaras’taki isletmelerden daha yiiksektir.
Biyogiivenlik ve refah kosullarina uygun olmayan bu
cksikligin duzeltilmesi gerekmektedir.

Arastirmada, koyunlart sulamak icin %94.5 oraninda
yalak kullanildigi tespit edilmistir (T'ablo 3). Bursa’daki
isletmelerde de %100 (Altuncekic 2014), Siirt’teki
isletmelerde %48.3 (Bakir ve ark. 2017) vyalak
kullanilmaktadir. Elazig’daki isletmelerde agillarda
sulama amacl yalak kullanim orami, Bursa’daki
isletmelerde tespit edilen orandan digik, Siirt’teki
isletmelerde belirlenen orandan ise daha yiksek
saptanmiustir.  Yalaklar otomatik  suluklara  gére
koyunlarin istedikleri zaman suya erisimine daha az
imkan vermektedir. Bu nedenle otomatik suluklar
yaygtnlastirilmalidir.

Bu calisgmada, isletmelerde %55.8 oraninda ahsap
yemlik, %40.4 oraninda metal yemlik kullanilmaktadir
(Tablo 3). Ahsap yemliklerin kullanim  orani
Tokat’taki isletmelerde 9%93.7 (Karaman ve atk.
2012), Nigde’deki isletmelerde ise %91.7°dir (Ceyhan
ve ark. 2015). Ahsap yemlik kullanim orani Tokat ve
Nigde’deki isletmelerde saptanandan daha dusiiktir.
Ahsap yemlikler, 1slanip ¢liriimeye son derece elverishi
malzemelerdir. Bunlar yikama ve dezenfeksiyon
uygulamalari acisindan da elverisli degillerdir.

Elazig’daki isletmelerin %88.5’inde yem hazirlama
degirmeni/karstirict, %47.2’sinde ise
golgelik/sundurma  bulunmamaktadir  (Tablo  3).
Isletmelerin yem hazirlama degirmeni/karistirict ve
sundurma/golgeliklerin sahibi olmamalari 6nemli bir
eksikliktir.

SONUGC

Ekonomik ve sosyal bakimdan 6nemli bir faaliyet
kolu olan koyunculugun etkin ve yeterli siirdiiriilmesi
icin yapisal imkanlarin yerinde ve dogru kullanilmasi
gerekmektedir. Yapilan bu arastrmada, Elazig’daki
koyunculuk isletmelerinin yapisal Ozellikleri, hem
Tirkiye’deki farklt bélge ve illerdeki 6rnekleriyle hem
de mevcut durum bakimindan kendi icerisinde

degerlendirilmis, bilimsel ve teknik olarak analiz
edilmistir.  Elazig’daki  isletmelerin,  arastirma
kapsaminda ele almnan yapisal Slgiitler bakimindan
genel olarak standartlara uygun oldugu belirlenmistir.
Bununla  birlikte  isletmelerin =~ verimlilik  ve
sturdirilebilirlik  bakimindan daha iyi bir duruma
getirilmesi icin asagida siralanan Onerilerin daha fazla
g6z Oniine alinmasi gerektigi kanaatine ulasidmistir.

. Yetersiz sayida olan havalandirma bacast ve
kisith sayidaki pencere varligr artirddmalidir.
. Normalden daha diisiik olan agil yiikseklikleri

ile dinlenme vyerinde koyun basina alanlar
artirdmalidr.

. Catilarda sac yerine kiremit ya da izolasyonlu
malzemelerin kullanilmasi tesvik edilmelidir.
. Agil zeminlerinde toprak ve duvarlarinda

kerpi¢ malzeme yerine, temizlik ve dezenfeksiyona
elverigli malzemelerin kullanimasi saglanmahdir.

. Koyunlar icin sulak olarak kullanilan yalaklar
yerine otomatik suluklar daha fazla
yayginlastirilmalidir.

. Yazlak ve kislak agillarin oldugu yerlerde
koyunlar icin mutlaka gdlgelik ve sundurmalar
yapilmalidir.
. Yem  ve  rasyon  hazirlamak  igin
degirmen/katistirict alimi tesvik edilmelidit.

. Verilecek faizsiz kredilerle koyunculuk amaclt
kullanmak sart1 ile arazi satin alimi saglanmali ve
desteklenmelidit.

. Kosullar bakimmdan elverissiz  olanlarin
yerine yeni ve uygun agillarin yapilmasi saglanmahdir.
. Agil  yapacak yetistiricilere agill projesi

saglanmali, elverisli yerlerde yari acik, actk veya cadir-
sera tipi agillar yayginlastiriimalidir.

. Isletmelerdeki yapisal sorunlarin giderilmesi
icin mali tesvik, destek ve faizsiz krediler verilmelidit.

Cikar Catismasi: Yazarlar bu yazt icin gercek,
potansiyel veya algilanan c¢ikar catigmast olmadigint
beyan etmiglerdir.

Etik Izin: Bu calismanin yiiriitiilmesi icin gerekli olan
etik onay izni, Firat Universitesi Girisimsel Olmayan
Arastirmalar Etik Kurulundan alinmistir (29.4.2020
tarih ve 2020/07-24 sayili izin).

Finansal Destek: --

Yazarlarin Katki Orani: Yazarlar, makaleye esit
oranda katki saglamis olduklarint beyan etmislerdir.
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ABSTRACT
In this study, it was aimed to evaluate the platelet count and platelet indices in cats and dogs diagnosed with lymphoma.
Lymphoma, a malignant tumor that is very common in cats and dogs, is more common in middle-aged and older cats and
dogs. For diagnostic purposes, complete blood count, serum biochemistry profile, urine analysis and some biomarkers as well
as ultrasonography, radiography and advanced imaging techniques are used. Non-regenerative anemia, thrombocytopenia and
leukocyte variability can be encountered in the complete blood count of cats and dogs with lymphoma. In recent years, the
reflections of platelet indices on different diseases have been the subject of new studies in the fields of human medicine and
veterinary medicine. In this direction, 13 cats with lymphoma, 20 healthy cats, 33 dogs with lymphoma and 20 healthy dogs
were included in the study, which was conducted to examine PLT (Thrombocyte), MPV (Mean platelet volume-fl), PDW
(Platelet distribution width) and PCT (Thrombocytocrit-%) of cats and dogs with lymphoma. The lymphoma diagnosis of the
patients was confirmed by cytological and histopathological examinations. According to the statistical evaluations obtained
from the hemogram data, it was determined that the RBC (Red blood cell-m/mm3), HGB (Hemoglobin-g/dL), HCT
(Hematocrit-%) and MCHC (Mean platelet volume-fl) values were significantly lower (P<0.01) and the MPV value was higher
(P<0.05) in sick cats compared to healthy cats. It was determined that RBC, HGB, HCT values were lower (P<0.05), WBC
(P<0.01) and PDW (P<0.05) values were higher in sick dogs compared to healthy dogs. In this study conducted on cats and
dogs with lymphoma, it is thought that changes in some of the platelet indices may be significant for treatment management
and prognosis. It has been concluded that further studies on the subject will contribute to the field of veterinary medicine.
Keywords: Lymphoma, platelet, platelet indices, thrombocytopenia
*okok
Lenfoma Teghisi Konulan Kedi ve Képeklerde Trombosit Sayis1 ve Trombosit Indekslerinin
Degerlendirilmesi

(074

Bu aragtirmada, lenfoma teshisi konulan kedi ve kopeklerdeki trombosit sayisi ve trombosit indekslerinin degerlendirilmesi
amaclanmustir. Kedi ve kopeklerde ¢ok fazla rastlanilan malign bir timor olan lenfoma, daha sik olarak orta yas ve tizerindeki
kedi ve kopeklerde gorilmektedir. Diyagnostik amagla, tam kan sayimi, serum biyokimya profili, idrar analizi ve baz
biyobelirteclerin yaninda ultrasonografi, radyografi ve ileri gérintileme tekniklerinden faydalanilmaktadir. Lenfomalt kedi ve
kopeklerin tam kan sayiminda non-rejeneratif anemi, trombositopeni ve 16kosit degiskenlikleriyle karsilasilabilmektedir. Son
yillarda beseri hekimlik ve veteriner hekimligi alanlarinda, trombosit indekslerinin farklt hastaliklar izerindeki yansimalart yeni
calismalara konu olmustur. Bu dogrultuda, lenfomali kedi ve képeklerde PLT(Trombosit), MPV (Ortalama trombosit hacmi-
fl), PDW (Trombosit dagilim genisligi) ve PCT (Trombositokrit-%0)’in incelenmesi amaciyla yiritilen ¢alismaya 13 lenfomali
kedi, 20 saglikhi kedi, 33 lenfomali képek ve 20 saglikli képek dahil edilmistir. Hastalarin lenfoma teshisi, sitolojik ve
histopatolojik incelemeletle dogrulanmustir. Hemogram verilerinden elde edilen istatistiki degerlendirmelere gére, hasta
kedilerde RBC (Exitrosit-m/mm3), HGB (Hemoglobin-g/dL), HCT (Hematoktit-%) ve MCHC (Ortalama Eritrosit
Hemoglobin Konsantrasyonu) degerlerinin saglikli kedilere gére anlamli diizeyde distk (P<0.01), MPV (Ortalama trombosit
hacmi-fl), degerinin ise yitksek (P<0.05) oldugu tespit edilmistir. Hasta képeklerde RBC, HGB, HCT degerlerinin saglikli
kopeklere gore dustik (P<0.05), WBC (P<0.01) ve PDW (P<0.05) degerlerinin ise yitksek oldugu belirlenmistir. Lenfomalt kedi
ve kopekler tUzerinde yapilan bu calismada, trombosit indekslerinin bir kisminda meydana gelen degisimlerin tedavi yonetimi
ve prognoz icin anlamlt olabilecegi disinilmektedir. Konuyla ilgili daha fazla ¢alismanin yapilmasinin veteriner hekimlik
alanina katkida bulunacagi kanisina varilmustir.
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GIRIS

Lenfoma, kedi ve kopeklerde sik goriilen malign bir
timordir. Kanin lenfoma, ydlik olarak 100.000
kopekten 20-100 arast kbpekte goriilmekle bitlikte, en
cok teshis edilen hematopoietik neoplazilerin basinda
yer almaktadir. Kesin nedeni tam olarak bilinmemekle
birlikte, cevresel faktdrlerin ve genetik yatkinligin
hastaligin koépeklerdeki olusumunda 6nemli bir rol
oynadigt dustnilmektedir (Zandevliet, 2016). Tum
irklarda gorilebilmesine ragmen, orta ve biyik 1rk
kopeklerin lenfomaya daha yatkin oldugu belirtilmistir
(Teske ve ark., 1994a). Hastalik icin belirgin bir cinsiyet
egilimi yoktur fakat disi kopeklerde riskin daha az
oldugu bilinmektedir (Villamil ve ark., 2009).
Ginimiize kadar yayinlanan c¢aligmalar, lenfomalt
kedilerin yaklasik %70'inin kedi 16semi viristi (FeLV)
ile enfekte oldugunu géstermistir. Aynt zamanda kedi
immun yetmezlik virisi (FIV)’ntn de, kedilerde
lenfoma gelisme riskini Onemli Ol¢ide artirdift
bilinmektedir. FelLV ile enfekte kedilerde lenfoma
gorilme yastun ortalama 3, enfekte olmayan
kedilerdeki lenfoma gériilme yaginin ise 7 ile 8 arasinda
oldugu bilinmektedir (Couto, 2000).

Lenfomali kedi ve képeklerde hastaligin evresi ve
yetlesim yerindeki farkliiklar sebebiyle klinik bulgular
oldukca degiskenlik  gbstermektedir.  Hastalarin
anamnezinde siklikla istahsizlik, halsizlik, kusma, ishal,
kilo kaybi, solunum glicligl, gérme bozuklugu veya
denge kaybi gibi hastaliga spesifik olmayan semptomlar
bildirilmektedir. Klinik muayene strasinda
hepatomegali, splenomegali ve agrisiz, serbestge
hareket edebilen biyimis lenf yumrular tespit
edilebilmektedir. Lenf yumrularindaki buylimeler tek
tarafli veya multipl olabilmektedir (Couto, 2000;
Zandevliet, 2010).

Diyagnostik anlamda radyografik ve ultrasonografik
incelemeler ve bilgisayarli tomografi gibi ileri
gorintileme tekniklerine basvurulmaktadir
(Blackwood ve ark., 1997; Nyman ve ark., 2005;
Ballegeer ve ark., 2013). Tam kan sayimi, serum
biyokimya profili, idrar analizi ve bazi biyobelirteglerin
incelenmesi gibi tahlillerin yan sira tedaviye baslamak
amaciyla kesin teshis, ancak sitolojik ve histopatolojik
incelemeler sonucunda konulabilmektedir (Teske,
1994b; Couto, 2000; Bryan, 2016; Zandevliet, 2016).
Lenfomalt kedi ve képeklerin tam kan sayiminda
siklikla non-rejeneratif anemi, trombositopeni ve
l6kosit degiskenlikleriyle karsilasilmaktadir (Grindem
ve ark., 1994; Ettinger, 2003; Gavazza ve ark., 2008).
Insanlarda yapilan calismalar, tiimérlerle alakalt
hematolojik degisimlerin bazi timér tiplerinde daha sik
gerceklestigini  gOstermektedir.  Bunlar  arasinda
lenfoma da yer almaktadir. Son yillarda begeri
hekimlikte hematolojik parametreler arasinda 6zellikle
trombosit ve indeksleri daha fazla sayida arastirmaya
konu olmustur. Beseri alanda yapilan bu calismalar,
trombositlerin cesitli hastaliklarda, organ
yetmezliklerinde ve timér olgularinda etkin rol
oynadigint gostermistir (Ugmak ve ark., 2021).

Trombosit indeksleri arasinda yer alan ortalama
trombosit hacmi, trombosit dagilm genisligi ve
trombositokrit parametrelerinin  Slgiimi, ginimiz
veteriner hekimligi alaninda kullandan hematolojik
cihazlar tarafindan rahatlikla yapilabilmektedir. Son
yillarda veteriner hekimligi alaninda bir¢ok c¢alismaya
dahil olan bu parametrelerin klinik 6nemleri daha
belirgin hale gelmistir (Alan ve ark., 2022).

Lenfomal:  hayvanlarin ~ hematolojik  y6nden
incelenmesi, 6zellikle prognozun belitlenebilmesi ve
tedavi metodlarinin uygun bir sekilde olusturulmasi
acisindan o6nem tasimaktadir. Lenfomali kedi ve
kopeklerde trombosit ve indekslerinin arastirmaya acgtk
ve faydalt bir konu olabilecegi 6ngérilmistir (Graff ve
ark., 2014; Phillips ve ark., 2022). Bu amagla planlanan
calismada, lenfomalt kedi ve kopeklerdeki trombosit
sayllar1 ve trombosit indeksleri, saglikhi kedi ve
kopekler ile karsilastirmali olarak degerlendirilmistir.

GEREC VE YONTEM

Istanbul Universitesi-Cerrahpasa Veteriner Fakiiltesi
I¢ Hastaliklart Anabilim Dal’na bir veya birden ¢ok
bolgede agrisiz lenfadenopati sikayeti ile getirilmis ve
yapilan tetkikler sonucunda lenfoma teshisi konulmus
gesiti 1k, cinsiyet ve yastaki kedi ve kopekler
calismanin hasta grubunu olusturmustur. Herhangi bir
sikayeti olmaksizin genel saglik kontroli amaciyla
getirilen kedi ve kopekler viicut sicakhigi, nabiz,
solunum sayisi, mukoz membranlarin ve deri
turgorunun kontrolii olacak sekilde genel muayeneye
tabi tutulmustur. Genel muayene ve hemogram
bulgulart normal olanlar ¢alismanin saglikli gurubunu
olusturmustur. Bu hayvanlar arasinda hemogram
bulgularinda eksiklik bulunanlar ile aynt anda bagka bir
hastaliga daha sahip olanlar ve daha 6nceden tedavi
gbrmiis olanlar ¢alisma kapsamina alinmamustir. Buna
ek olarak, Cavalier King Charles, Cairn Terrier,
Norfolk Terrier ve Greyhound irki képekler kongenital
makrotrombositopeniye sahip olduklarindan dolay1
calismaya dahil edilmemistir. Bu dogrultuda, 13
lenfomali kedi, 20 saghkh kedi, 33 lenfomalt képek ve
20 saglikli képek calisma kapsamina alinmugtir.

Calisma kapsaminda degerlendirilen kedi ve képeklerin
anamnez bilgisi, klinik muayene bulgulart ve tam kan
sayimi sonuglari, poliklinigimizin elektronik tibbi kayst
veri tabant Uizerinden bulunarak not edilmistir.

Veri tarama sisteminden edinilen bilgiye gére, calisma
kapsamina dahil edilen hayvanlarin kani jugular,
cephalik veya lateral saphenous venalarin herhangi bir
tanesinden  alinarak, K3-EDTA  (Tri-potasyum
etilendiamintetraasetik asit) iceren tiiplere
konulmustur. Kan 6rnekleri Idexx ProCyte Dx model
hemogram  cihaziyla  incelenmistit.  Hemogram
verilerinden; PLT (Trombosit), MPV (Ortalama
Trombosit Hacmi-fl), PDW (Trombosit Dagilim
Genisligt), PCT (Trombositokrit-%), WBC (Lokosit-
m/mm3), RBC (Eritrosit-m/mm3), MCV (Ortalama
Eritrosit Hacmi-fl), MCH (Ortalama Eritrosit
Hemoglobini-pg), MCHC  (Ortalama  Eritrosit

333



Hemoglobin Konsantrasyonu), RDW  (Eritrosit
Dagillim Genisligi), HCT (Hematokrit-%) ve HGB
(Hemoglobin-g/dL)  bulgulari  degetlendirmeye
alinmistir. Lenfoma stipheli hastalarin biiytimts lenf
yumrusundan ince igne aspirasyon yontemi ile alinan
ornekler sitolojik incelemeye, lenf yumrularindan
alinan biyopsi 6rnekleri ise histopatolojik incelemeye
gonderilmistir.  Alinan  Orneklerin  incelemesi
fakiilltemizin patoloji anabilim dalinda gerceklesmistir.
Lenf yumrusu aspiratlarindan elde edilen tiim sitolojik
smearlar May-Griinwald Giemsa ile boyanmustir.
Histopatolojik muayene icin goénderilen timor
dokulart % 10luk tamponlu formalinde fikse
edildikten sonra parafine gémiilmis ve rotary
mikrotomda 4 Im kalinliginda kesitler alinarak 1sik
mikroskobunda incelenmek tizere Hematoksilen
Eozin ile boyanmustir.

Bu calisma igin gerekli olan etik kurul izni Istanbul
Universitesi-Cerrahpasa Rektorligii Veteriner
Fakdltesi Birim Etik Kurulu Bagkanligr'ndan alinmistir
(25.05.2022 tatih ve 2022/21 nolu karar).

Verilerin  dagilimi  Shapiro-Wilk testi ile kontrol
edilmistir. Verilerde normal dagihm gézlendigi icin
parametrik bir test olan Univariate ANOVA testi
kullanilmustir.  Verilerin -~ gosteriminde  “aritmetik
ortalama t standart hata” kullanilmistir. Veriler, “IBM
SPSS Statistics 25” paket programi ile analiz edilmistir.
Sonuglar icin anlamlilik seviyesi P<0.05 olarak kabul
edilmistir.

BULGULAR

Lenf nodu aspiratlarinin sitolojik incelemesi sonucu 8
kedi ve 21 kopege, lenf nodundan alinan biyopsilerin
histopatolojik incelemesi sonucu ise 5 kedi ve 12
képege lenfoma tanist konulmustur (Resim 1).
Neoplazik lenfositler, literatiirde yer aldigi sekilde;
hiicre ve ¢ekirdek boyutuna, kromatin paternine,
gekirdekgiklerin ve mitotik figiirlerin varligina gore
degerlendirilmistir (Moulton JE, 1990).

Her gruptaki kedi ve kopeklerin irk, yas ve cinsiyet
bilgileri kaydedilmistir. Lenfomali kedilerden 8’inin disi
(%61,54), 5inin  erkek  (%38,46);  lenfomall
kopeklerden 11inin disi (%33,33), 22’sinin erkek
(%66,66) oldugu belirlenmistir. Hasta kedilerden
12’sinin  tekir (%92,31), Vinin Scottish Fold ki
(%7,69); hasta kopeklerden 13’iniin melez (%41,93),
8inin Golden Retriever (%25,80), 3’inin American
Cocker Spaniel (%9,67), 3*intn Rottweiler (%9,67),
P’inin Cavalier King Charles Spaniel (%3,22), 1’inin
Boxer (%3,22), 1'inin Pekingese (%3,22) ve 1’ nin
Terrier (%3,22) 1rkt oldugu belirlenmistir. Hasta
kedilerin yas ortalamasi 6,281+1,26; hasta kopeklerin
yas ortalamasi ise 8,65+0,68 olarak tespit edilmistir.
Elde edilen istatistiki degerlendirmelere gbre, hasta
kedilerde RBC, HGB, HCT ve MCHC (Tablo 1 ve 2)
degerlerinin saghkli kedilere gbre anlamli diizeyde
disik (P<0.01), MPV (Tablo 3) degerinin ise yuksek
(P<0.05) oldugu tespit edilmistir. Hasta kopeklerde
RBC, HGB, HCT (Tablo 5) degetlerinin sagliklt
kopeklere gore dusik (P<0.05), WBC (P=<0.01) ve
PDW (P<0.05) degerlerinin ise yiksek oldugu
belitlenmistir (Tablo 6 ve 7).

Resim 1: Histopatolojik muayenede lenfomanin mikroskobik goriintiisii.
Image 1: Microscopic image of lymphoma on histopathological examination.
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A) Kopek. Lenf yumrusu. Lenfoma. Belirgin anizositozis, anizokaryozis gosteren pleomorfik, ¢ok cekirdekgikli lenfositik
seriden hiicreler ve zeminde bol miktarda lenfoglandiler cisimcikler. May-Griinwald Giemsa boyama.
B) Kopek. Dalak. Diffuz immunoblastik lenfoma. Hematoksilen- Eozin boyama.

A) Dog. Lymph node. Lymphoma. Significant anisocytosis, cells from the pleomorphic, multinucleated lymphocytic series

showing anisokaryosis, and abundant lymphoglandular bodies in the background. Painting by May-Griinwald Giemsa.

B) Dog. Spleen. Diffuse immunoblastic lymphoma. Hematoxylin-Eosin staining.

Tablo 1. Kedilerde lenfoma durumu ve cinsiyetin RBC, HCT ve HGB tzerine etkileri

Table 1. The effect of lymphoma status and sex on RBC, HCT and HGB in cats

Faktorler RBC HET HGB
Ort SH Ort SH Ort SH
Lenfoma durumu (L)
Lenfoma (L) 7,10 0,65 30,72 2,38 9,91 0,77
Sagliklt (S) 9,62 0,49 39,23 1,78 13,37 0,58
Cinsiyet (C)
Disi (D) 8,73 0,63 37,32 2,31 12,25 0,75
Erkek (E) 8,00 0,51 32,62 1,87 11,03 0,61
L x C etkilesimi
Lenfoma-Disi 7,77 1,08 35,15 3,96 11,27 1,28
Lenfoma-Erkek 6,44 0,72 26,29 2,64 8,54 0,86
Saglikli-Disi 9,68 0,65 39,50 2,39 13,22 0,77
Saglikli-Erkek 9,56 0,72 38,96 2,64 13,52 0,86
P degeri
Lenfoma 0,00%* 0,01 0,00%*
Cinsiyet 0,38 0,12 0,22
LxC 0,46 0,17 0,13
RBC (Eritrosit-m/mm3), HCT (Hematokrit-%), HGB (Hemoglobin-g/dL)
(*P<0.05, **P=0.01)
Veriler Ort (Aritmetik ortalama) ve SH (Standart hata) olarak verilmistir.
Tablo 2. Kedilerde lenfoma durumu ve cinsiyetin MCV, MCH, MCHC ve WBC tizerine etkileri
Table 2. The effect of lymphoma status and sex on MCV, MCH, MCHC and WBC in cats
Faktoler MCV MCH MCHC WBC
Ort SH Ort SH Ort SH Ort SH
Lenfoma durumu (L)
Lenfoma (L) 45,52 2,11 14,73 0,71 32,38 0,54 12,67 3,31
Saglikl: S) 41,04 1,58 13,99 0,53 34,15 0,40 10,58 2,48
Cinstyet (C)
Disi (D) 43,26 2,05 14,13 0,69 32,77 0,52 11,26 3,22
Erkek (E) 43,30 1,66 14,59 0,55 33,77 0,42 12,00 2,60
L x C etkilesimi
Lenfoma-Disi 45,52 3,52 14,52 1,17 31,92 0,89 9,84 5,51
Lenfoma-Erkek 45,51 2,35 14,94 0,78 32,84 0,60 15,51 3,67
Saglikli-Disi 41,00 2,12 13,74 0,71 33,61 0,54 12,68 3,32
Saglikli-Erkek 41,09 2,35 14,24 0,78 34,69 0,60 8,49 3,67
P degeri
Lenfoma 0,10 0,41 0,07** 0,62
Cinsiyet 0,99 0,60 0,147 0,86
LxC 0,98 0,96 0,91 0,24
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MCV (Ortalama Eritrosit Hacmi-fl), MCH (Ortalama Eritrosit Hemoglobini-pg), MCHC (Ortalama Eritrosit Hemoglobin
Konsantrasyonu), WBC (Lokosit-m/mm3)

(*P<0.05, **P=0.01)

Veriler Ort (Aritmetik ortalama) ve SH (Standart hata) olarak verilmistir.

Tablo 3. Kedilerde lenfoma durumu ve cinsiyetin PLT, MPV ve PCT tzerine etkileri
Table 3. The effect of lymphoma status and sex on PLT, MPV and PCT in cats

Faktorler PLT MPV PeT
Ort SH Ort SH Ort SH
Lenfoma durumu (L)
Lenfoma (L) 282,64 38,07 18,05 0,58 0,49 0,06
Saglikli (S) 306,40 28,47 16,29 0,44 0,49 0,04
Cinsiyet (C)
Disi (D) 319,93 36,99 16,55 0,57 0,52 0,05
Erkek (E) 209,11 29,86 17,79 0,46 0,46 0,04
L x C etkilesimi
Lenfoma-Disi 294,50 63,35 17,07 0,97 0,49 0,09
Lenfoma-Erkek 270,78 42,23 19,02 0,65 0,48 0,06
Saglikli-Disi 345,36 38,20 16,02 0,59 0,54 0,06
Saglikli-Erkek 267,44 42,23 16,57 0,65 0,45 0,06
P degeri
Lenfoma 0,62 0,02* 0,91
Cinsiyet 0,29 0,10 0,45
LxC 0,57 0,35 0,56

PLT (Trombosit), MPV (Ortalama Trombosit Hacmi-fl), PCT (Trombositokrit-%o)

(*P<0.05, ¥**P=0.01)

Veriler Ort (Aritmetik ortalama) ve SH (Standart hata) olarak verilmistir.

Tablo 4. Kedilerde yas durumu ve cinsiyetin lenfoma tzerine etkileri
Table 4. Effects of age and sex on lymphoma in cats

i YAS
Faktorler Ort SH
Lenfoma durumu (L)
Lenfoma (L) 0,28 1,26
Saglikli (S) 4,39 0,85
Cinstyet (C)
Disi (D) 5,39 1,23
Erkek (E) 5,28 0,89
L x C etkilesimi
Lenfoma-Disi 6,33 2,18
Lenfoma-Erkek 6,22 1,26
Saglikli-Disi 4,45 1,14
Saglikli-Erkek 4,33 1,26
P degeri
Lenfoma 0,22
Cinsiyet 0,94
LxC 0,99

(*P<0.05, *P<0.01)

Veriler Ort (Aritmetik ortalama) ve SH (Standart hata) olarak verilmistir.
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Tablo 5. Képeklerde lenfoma durumu ve cinsiyetin RBC, HCT ve HGB tizerine etkileri
Table 5. The effect of lymphoma status and sex on RBC, HCT and HGB in dogs

Faktorler RBC HCT HGB
Ort SH Ort SH Ort SH
Lenfoma durumu (L)
Lenfoma (L) 4,83 0,22 30,82 1,45 10,91 0,52
Saglikli (S) 6,90 0,27 45,20 1,79 16,10 0,65
Cinsiyet (C)
Disi (D) 5,99 0,25 39,22 1,64 13,87 0,59
Erkek (E) 5,74 0,25 36,80 1,62 13,13 0,58
L x C etkilesimi
Lenfoma-Disi 4,84 0,36 31,75 2,37 11,14 0,85
Lenfoma-Erkek 4,83 0,25 29,89 1,68 10,68 0,60
Saglikli-Disi 7,14 0,34 46,70 2,27 16,61 0,82
Saglikli-Erkek 6,66 0,42 43,71 2,78 15,59 1,00
P degeri
Lenfoma 0,00%* 0,007%* 0,00%*
Cinsiyet 0,49 0,30 0,38
LxC 0,50 0,81 0,74
RBC (Eritrosit-m/mm3), HCT (Hematokrit-%), HGB (Hemoglobin-g/dL)
(*P<0.05, #P<0.01)
Veriler Ort (Aritmetik ortalama) ve SH (Standart hata) olarak verilmistir.
Tablo 6. Kopeklerde lenfoma durumu ve cinsiyetin MCV, MCH, MCHC ve WBC tzerine etkileri
Table 6. The effect of lymphoma status and sex on MCV, MCH, MCHC and WBC in dogs
Faktérler MCV MCH MCHC WBC
Ort SH Ort SH Ort SH Ort SH
Lenfoma durumu (L)
Lenfoma () 63,89 0,76 22,49 0,28 36,62 0,82 27,49 2,90
Saglikli (S) 65,56 0,93 23,33 0,34 35,62 1,02 9,48 3,58
Cinstyet (C)
Disi (D) 65,53 0,85 23,00 0,31 36,49 0,93 18,14 3,27
Erkek (E) 63,92 0,85 22,80 0,31 35,75 0,92 18,83 3,24
L x C etkilesimi
Lenfoma-Disi 65,56 1,23 22,75 0,45 37,44 1,34 26,97 4,73
Lenfoma-Erkek 62,22 0,87 2224 0,32 35,79 0,95 28,01 3,34
Saglikli-Disi 65,49 1,18 23,25 0,43 35,55 1,29 9,31 4,53
Saglikli-Erkek 65,62 1,45 23,41 0,53 35,70 1,58 9,64 5,55
P degeri
Lenfoma 0,17 0,06 0,45 0,00%*
Cinsiyet 0,19 0,69 0,57 0,88
LxC 0,15 0,44 0,50 0,94

MCV (Ortalama Eritrosit Hacmi-fl), MCH (Ortalama Eritrosit Hemoglobini-pg), MCHC (Ortalama Eritrosit Hemoglobin
Konsantrasyonu), WBC (Lokosit-m/mm3)

(*P<0.05, *P<0.01)

Veriler Ort (Aritmetik ortalama) ve SH (Standart hata) olarak verilmistir.

337



Tablo 7. Képeklerde lenfoma durumu ve cinsiyetin PLT, MPV, PDW ve PCT tzerine etkileri

Table 7. The effect of lymphoma status and sex on PLT, MPV, PDW and PCT in dogs

Faktoiler PLT MPV PDW PCT
Ort SH Ort SH Ort SH Ort SH
Lenfoma durumu (L)
Lenfoma (L) 230,68 25,38 12,03 0,52 12,46 0,52 0,26 0,03
Saghkli (S) 292,27 31,38 11,40 0,62 10,86 0,54 0,33 0,03
Cinsiyet (C)
Disi (D) 280,67 28,69 12,24 0,58 12,08 0,56 0,32 0,03
Erkek (E) 242,28 28,38 11,19 0,57 11,23 0,49 0,27 0,03
L x C etkilesimi
Lenfoma-Disi 252,18 41,45 12,92 0,86 13,63 0,88 0,30 0,04
Lenfoma-Erkek 209,18 29,31 11,13 0,60 11,29 0,55 0,23 0,03
Saglikli-Disi 309,17 39,69 11,57 0,78 10,54 0,70 0,35 0,04
Saghkli-Erkek 275,37 48,61 11,24 0,96 11,17 0,82 0,31 0,05
P degeri
Lenfoma 0,13 0,44 0,04* 0,13
Cinsiyet 0,35 0,20 0,26 0,21
LxC 0,91 0,37 0,05 0,74

PLT (Trombosit), MPV (Ortalama Trombosit Hacmi-fl), PDW (Trombosit Dagilim Genisligi), PCT (Trombositokrit-%o)

(*P<0.05, **P<0.01)

Veriler Ort (Aritmetik ortalama) ve SH (Standart hata) olarak verilmistir.

Tablo 8. Kopeklerde yas durumu ve cinsiyetin lenfoma tizerine etkileri

Table 8. Effects of age and sex on lymphoma in dogs

. YAS
Faktotler Ort SH
Lenfoma durumu (L)
Lenfoma (L) 8,65 0,68
Saglikls (S) 7,48 0,84
Cinstyet (C)
Disi (D) 8,04 0,77
Erkek (E) 8,08 0,76
L x C etkilesimi
Lenfoma-Disi 9,00 1,11
Lenfoma-Erkek 8,29 0,78
Saglikli-Disi 7,08 1,06
Saglikli-Erkek 7,87 1,30
P degeri
Lenfoma 0,28
Cinsiyet 0,97
LxC 0,49

(*P<0.05, *P<0.01)

Veriler Ort (Aritmetik ortalama) ve SH (Standart hata) olarak verilmistir.
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TARTISMA VE SONUG

Hayvanlarda ve insanlarda timér olusumuna bagh
sekillenen ¢esitli hematolojik degisimler bildirilmistir
(Grindem ve atk., 1994; Graff ve ark., 2014).
Lenfomali insanlar {izerinde vyapilan c¢alismalarda
trombositopeni ve indekslerinin kullanimi Gzerinde
hala bir goriis birligine varilmadigindan konuyla alakali
aragtirmalara devam edildigi fark edilmistir. Hayvanlar
tzerinde yapilan arastirmalarda ise trombositopeni en
stk gbrillen hematolojik bulgu olmasina ragmen
trombosit indeksleri ile alakali képekler tzerine
yaymnlanmis az sayida makale bulunmaktadir.
Lenfomali kedilerde ise trombosit ve indeksleriyle ilgili
yapilmis herhangi bir ¢alisma olmadigr belirlenmistir.
Yapilmis olan bu calisma ile lenfomali kedi ve
kopeklerdeki trombosit indekslerindeki degisimler
incelenmistir.

Ozellikle 3 yasin altindaki gen¢ kedilerde lenfoma
gelisiminin FIV/FeLlV enfeksiyonu ile yiksek oranda
liskili oldugu bilinmektedir (Couto, 2000). Bu
calismadaki 13 lenfomali kediye yapilan FIV/FeLV
testleri negatif sonuc¢lanmustir. Calismaya dahil edilen
hasta kedilerin yas ortalamalarinin (6,28%1,26) yitksek
olmast sebebiyle hastaligin; yas, cevresel faktdrler ve
genetik yatkinlik sonucu olustugu kanisina varilmistir.
Gunimiize kadar yapilan caligmalar, lenfoma
insidansinin Szellikle orta ve buyiik irk kopeklerde
daha yiksek oldugunu gostermistir (Teske ve ark.,
19942). Onceki calismalara paralel olarak  bu
calismadaki kopeklerin biiyiik oranda orta ve biytik 1tk
oldugu belitlenmistir. Dorn ve ark., (1967) yaptiklart
calismada, lenfoma insidansinin 1 yasindan kigtk
képeklerde 100.000 képek basina 1.5 oldugunu tespit
ederken, 10 yasindan biyik kopeklerde bu oranin
100.000'de 84'c yukseldigini bildirmislerdir. Teske
(1994), lenfomalarin agirliklt olarak orta yastaki (6 ila 8
yas arast) kopekleri etkiledigini belirtmistir. Cinsiyetin
(kisirlagtirma dahil), kanin lenfoma prevalanst veya
insidanst tizerindeki etkileri cogu arastirmact tarafindan
o6nemsiz bulunmustur (Greenlee ve ark., 1990;
Edwards ve ark., 2003). Bu calismada daha Once
bilidirilen yas ortalamasina benzer sekilde lenfomali
kopeklerin ~ yag  ortalamast  8,65£0,68  olarak
belirlenmistir. Ayni zamanda calismanin istatistik
verilerine gore, erkek ve disilerde hastalik durumunun
grup etkisi bakimindan farkliik  gOstermedigi
belirlenmistir.

Lenfomali kedi ve képeklerin tam kan sayiminda, non-
rejeneratif anemi ve l6kositozis siklikla kargilasilan
anormalitelerdir (Ettinger, 2003; Gavazza ve ark.,
2008). Bu calismada, hasta kedi ve kopeklerin RBC,
HCT, HGB degerlerinin, saghkh kedi ve kopeklere
gore anlamli  dizeyde (P<0.01) dustik oldugu
saptanmistir. Bu dogrultuda calismaya dahil edilen
lenfomali kedi ve kopeklerin non-rejeneatif anemisi
oldugu tespit edilmistir. Lenfomalt kedilerin MCHC
degeri, saglikli kedilere gore anlamh diizeyde (P<0.05)
distik bulunmus ve hipokromik anemi varligini
dogrulamistir.  Ayrica lenfomali kopeklerin  WBC

degerinin, saglikli kopeklerinkine gbre anlamli diizeyde
(P<0.05) yiiksek oldugu tespit edilmistir. Bu bulgular,
Phillips ve atk., (2022) hematolojik timotleri olan
kopekler tzerinde yapuklari calismayla benzerlik
gostermektedir. 2021 yiinda meme timérd olan
kopekler tlzerine yayinlanan bagka bir calismada ise
hasta kopeklerin HCT, HGB ve MCH degetlerinin
sagliklilara daha oranla disiik oldugu bildirilmigtir
(U¢mak ve ark. 2021).

Grindem ve ark., (1994) neoplazili képekler tzerinde
yaptiklars  bir ¢alismada, lenfomali 57 képegin
%306’sinda trombositopeni saptamiglardir. Graff ve
ark. 2014 yilinda, 107 lenfomali k&pek tzerinde
yaptiklart calismada da, lenfoma sinifi 5 olan
kopeklerin trombositopenik oldugunu belirlemislerdir.
Bununla bitlikte, mevcut calismada hasta kedilerin
2’sinde, hasta kopeklerin ise 13’tinde trombositopeni
tespit edilmistir. Yapilan calismada az sayidaki hastada
trombositopeni tespit edilmis olmasinin sebebinin
lenfoma sinifiyla ilgili olabilecegi distiniilmistiir.
Phillips ve ark. (2022) hematolojik timorleri olan
kopeklerde yaptiklart calismada PDW degeri ylksek
olarak saptamus ve bu c¢alismaya benzer olarak
calismamizin  sonucunda, PDW degeri lenfomali
kopeklerde de anlamli olarak yiksek bulunmustur
(P<0.05). PDW, trombositlerdeki hacim degiskenligini
ve anizositozu ifade eden bir degerdir. Trombosit
heterojenitest, trombosit aktivasyonunun
degerlendirilmesinde  Onemlidir.  Fakiltemizdeki
mevcut hemogram cihazinin kedilerdeki PDW degerini
Olgemiyor olmasi calisma icin kisitlayict bir faktor
olmustur. Bununla bitlikte c¢alismaya dahil edilen
lenfomali  kedilerde, trombosit indekslerinden
MPV’nin anlamlt olarak artis gdsterdigi belitlenmistir
(P=<0.01). MPV, trombosit aktivasyonunu gosteren
parametrelerden biridir. Herhangi bir sorunda kemik
iliginden geng trombositlerin fazlaca tiretilmesi ve geng
trombosit sayisinin - yash  trombositlerden  fazla
olmastyla MPV degerinde artis sekillenmektedir
(Bayleyegn ve ark., 2021). MPV ve PDW degerlerinin
endotoksemi  durumlarinda  normalden  yiiksek
Olcildigi daha onceki yapilan calismalarda da
saptanmistir. Neoplastik hastaliklarda genellikle kronik
inflamatuvar yamitin sekillendigi bilinmektedir. Bu
dogrultuda, c¢alismamizin  sonucunda kedi ve
kopeklerde belitledigimiz trombosit indekslerindeki
degisimlerin  kronik inflamatuvar yanitla alakalt
olabilecegi dustnilmistiir. Buna ek olarak, bu
degerlerdeki degisimlerin kemik iligindeki
rejenerasyonla da ilgili olabilecegi de unutulmamalidir
(Phillips ve ark., 2022). Lenfomali kedi ve kopekler
tzerinde yapilan bu ¢alismada, trombosit indekslerinin
bir kisminda meydana gelen degisimlerin tedavi
yonetimi ve prognoz icin anlamli olabilecegi
dustnilmektedir.

Tedavi Oncesi ve sonrasi hemogram sonuglarinin ve
klinik tablonun karsilastirilamamis olmasi ve hastalara
lenfoma teshisi konulduktan sonraki sagkalim
strelerinin  belirnememis olmast bu calisma icin
kisitlayict bir fakt6r olmustur. Trombosit indekslerinin,

339



kisitlayicr  faktorlerin - giderilerek incelendigi, tedavi
oncesi ve sonrast degerlendirmesinin yapilabildigi ileri
calismalarin  veteriner hekimligi alanina katkida
bulunacag: disinilmektedir.

Cikar Catigsmasi: Yazarlar bu yazt icin gercek,
potansiyel veya algilanan c¢tkar catigmast olmadigini
beyan etmislerdir.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katki saglamis olduklarint beyan etmislerdir.

Etik Kurul Bilgileri: Bu calisma, Istanbul
Universitesi-Cerrahpasa Rektorlagu Veteriner
Fakultesi Birim Etik Kurulu Baskanligi tarafindan
25/05/2022 tarih ve 2022/21 sayt numarast ile
onaylanmustir.
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ABSTRACT

In this study, the total phenolic (TP) and total flavonoid (TF) profiles of multifloral honey, bee bread, bee pollen,
and drone larvae (apilarnil), which are among the products of bee hives, were determined. In addition, the
antioxidant activities of the aforementioned products were determined by 2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) assay, ferric reducing antioxidant power (FRAP) assay, and 1,1-diphenyl-2-picrylhydrazyl
(DPPH) assay methods. Honey, bee bread, bee pollen, and apilarnil samples collected from 10 honey bee hives in
the Ankara region were the material of the study. As a result of the analysis, TP content levels were found to be in
the order of bee pollen > bee bread > honey > apilarnil, while TF contents were in the order of bee pollen > bee
bread > apilarnil > honey. Considering the results of the DPPH, FRAP, and ABTS assays, the levels of activity
were determined in the order of honey > bee pollen > bee bread > apilarnil. The highest antioxidant activity level
determined in honey was concluded to be the result of synergistic antioxidant effects of other bioactive complex
substances contained in honey. Therefore, we believe that bioactive complex substances that increase the
antioxidant activity level of honey should be evaluated in future studies.

Keywords: ABTS assay, Ankara region, DPPH assay, FRAP assay, Total phenol contents, Total flavonoid contents

*kkk

Ankara Bélgesinden Toplanan Bal Aris1 Kovani Uriinlerinin Antioksidan Ozelliklerinin ve Toplam
Fenolik ve Flavonoid Igeriklerinin Degerlendirilmesi

Oz

Bu caligmada, ar1 trtinleri olan multifloral bal, at1 ekmegi, art poleni ve erkek ar1 larvasi (apilarnil)'in toplam fenolik
(TP) ve toplam flavonoid (TF) profilleri ortaya konuldu. Bunun yam sira séz konusu 6rneklerin antioksidan
aktiviteleri, 2,2"-azinobis (3-ethylbenzothiazolin)-6-sulfphonate (ABTS) testi ve ferric reducing antioxidant power
(FRAP) testi ve 1,1-diphenyl-2-picrylhydrazy (DPPH) testi metotlar1 kullanilarak belitlendi. Calismada materyalini
Ankara y6resindeki 10 bal aris1 kovanindan toplanan bal, art ekmegi, ari poleni ve apilarnil rnekleri olusturdu.
Yapilan analizlerin sonucunda bal aris1 driinlerinin toplam fenolik icerik diizeyine gore siralamast ar1 poleni > ari
ckmegi > bal > apilarnil olarak bulunurken, bal aris1 iriinlerinin toplam flavonoid igerigi dizeyine gbre siralamast
ise su sekildedir: art poleni > ar1 ekmegi > apilarnil > bal. Bal arist kovan trtnlerinin DPPH, FRAP ve ABTS
analizine gore siralamast bal > ar1 poleni > art ekmegi > apilarnil olarak belirlendi. Sonug olarak balin en yiiksek
antioksidan aktivite diizeyi balin icerdigi diger biyoaktif kompleks maddelerin sinerjistik antioksidan etkileri olarak
degerlendirilmistir ve bu nedenle balin antioksidan aktivite diizeyini artiran biyoaktif kompleks maddelerin ileriki
calismalarda degerlendirilmesi gerektigi kanaatindeyiz.

Anahtar Kelimeler: ABTS assay, Ankara yoresi, DPPH assay, FRAP assay, Toplam Fenolik ve Flavonoid igerik.
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INTRODUCTION

The breeding of honey bees has been practiced since
ancient times, and it is stated in the scientific literature
that honey bee products such as honey, bee pollen, bee
bread, and drone larvae (apilarnil) have strong curative
properties and are used for various supportive
treatments due to their high contents of bioactive
molecules (Crane et al. 1990). Scientific studies indicate
that honey bee hive products have antioxidant,
antibacterial, anti-inflammatory, antitumor, and
antiviral effects (Bartkiene et al. 2020, Viuda-Martos et
al. 2008). These properties of honey bee hive products
are a result of the vatious phenolic substances and
flavonoids, vitamins, and enzymes that these products
contain (Dzugan et al. 2018). While complex sugars
make up about 80% of honey, which is one of the food
items most widely consumed by people around the
world, various amino acids, minerals, lipids, sterols,
phenolic and flavonoid substances, vitamins, and
enzymes are also present in honey and these
compounds attract the attention of researchers
(Ajibola et al. 2012). Bee pollen, which is a honey bee
hive product, contains approximately 4-15% water,
7.5-40% protein, 15-82% sugar, 1.3-7% lipids, and 1-
3.5% wvarious vitamins and minerals (Kostic et al.
2015). In addition, similar to honey, bee pollen also
contains significant levels of organic acids, phenolic
and flavonoid substances, and enzymes (Komosinska-
Vassev et al. 2015). Bee bread is reported to contain
approximately 21.70-23.33% protein and 57.06-
58.89% carbohydrates (Mohammad et al. 2019), as well
as various bioactive peptides, minerals and vitamins,
organic acids, and phenolic and flavonoid substances,
which have been the subject of important studies
(Margaoan et al. 2019). Apilarnil, also produced in
honey bee hives, contains 9-12% protein, 6-10%
carbohydrates, 5-8% lipids (Barnutiu et al. 2013),
various vitamins and minerals, phenolic and flavonoid
substances, and sex hormones. Generally speaking, the
most important compounds responsible for the
biological activities of honey bee hive products atre
thought to be flavonoids and phenolic compounds
(Velasquez et al. 2022, Giampieri et al. 2022). The
strong antioxidant effects of flavonoids are a result of
their free radical scavenging activities (Martinello &
Mutinelli 2021, Persuric et al. 2021). For this reason, in
the present study, total phenolic (TP), total flavonoid
(TF), and total antioxidant levels of samples of these
products are examined in the evaluation of the
bioactivity levels of honey bee hive products. We
believe that it is important to reveal the levels of
bioactive substances contained in honey bee hive
products and determine the physicochemical structural
differences among these products, which vary
according to the type of product, region, and year. In
this study, the TP and TF profiles of bee hive products
including honey, bee bread, bee pollen, and drone
larvae (apilarnil) were determined. In addition, the
antioxidant activities of these samples were evaluated

by  2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS), ferric reducing antioxidant power
(FRAP), and 1,1-diphenyl-2-picrylhydrazyl (DPPH)
assay methods.

MATERIALS AND METHODS

Honey, bee pollen, bee bread, and apilarnil samples
collected separately from each of 10 honey bee hives
in one apiary in the Ayas district of the Ankara region
in June 2022 constituted the material of the study. The
bees breed in the hives from which the samples were
obtained were Apis mellifera anatoliaca. Samples (0.5 g
each for apilarnil, pollen, honey, and bee bread) were
brought to the laboratory in propylene transport bags
with ice packs and placed quickly in a refrigerator at 4
° C until analysis was performed.

Preparation of Extracts

Apilarnil samples of 0.5 g in weight were extracted with
5 mL of distilled water or 70% ethyl alcohol. Samples
were homogenized with a tissue homogenizer at
medium speed (15000 rpm) for 2 minutes. The extracts
were then centrifuged for 20 minutes in a Sigma 3-
30KS centrifuge (Sigma, Darmstadt, Germany) at
10000 rpm and 4 °C (refrigeration temperature). The
collected supernatants were held at -20 °C until
analysis. Samples of pollen, honey, and bee bread of
0.5 g in weight were combined with 5 mL of 80:20
analytical grade methanol/double-distilled water
respectively, and the mixtures were vortexed (Biosan
Biovorteks VI, Biosan, Riga, Latvia) for 5 minutes.
They were then centrifuged in a cooled centrifuge at 4
°C for 10 minutes. Afterwards, the prepared samples
were stored at -20 °C until analysis was performed
(Wilcynska et al. 2010).

Determination of Total Phenol Concentrations
TP concentration levels were determined according to
the Folin-Ciocalteu method as modified by Beretta et
al (2005). For this, after adding 900 pL of distilled
water and 5 mL of Folin-Ciocalteu reagent to 100 pL
of extract, 4 mL of Na2CO3 (75 g/L) was added to the
mixture 4 minutes later. These mixtures were
incubated for 2 hours and activity levels were
determined at 750 nm with a Shimadzu UV-1201 Uv-
Vis spectrophotometer (Shimadzu, Kyoto, Japan). The
total amount of phenolics was calculated as mg gallic
acid equivalent (GAE) in 100 g of extract (Bertoncelj
et al. 2007, Diminis et al. 2010).

Determination of Total Flavonoid Concentrations
Using the method developed by Dewanto et al. (2002),
mixtures were evaluated colorimetrically using
aluminum chloride. For this, 1.25 mL. of distilled water,
75 puL of 5% NaNO3, and 150 pL of 10% AICI3 were
added to 250 pL and this mixture was incubated for 2
hours and spectrophotometrically evaluated at 765 nm.
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FRAP assay

For FRAP assays, the method modified by Benzie and
Strain (1996) was used. The working principle of this
method is based on the reduction of a ferrous 2,4,6-
tripyridyl-s-triazine complex to its colored form in the
presence of antioxidants. To prepare the FRAP
reagent, 40 mM HCL, 2.5 mL of 20 mM FeCl3, and
2.5mL of 10 mM TPTZ solution in a total volume of
25mL were mixed. The pH of the mixture was
adjusted to 3.6 with 03 M sodium acetate.
Subsequently, 200 uL of extract was mixed with 1.5 pL
of FRAP reagent and incubated for 10 minutes, and
the absorbance of the reagent was measured
spectrophotometrically at 593 nm.

ABTS assay

For ABTS assays, the method modified by Re et al.
(1999) was wused. ABTS cation radicals were
synthesized by the reaction of 7mM ABTS solution
with 2.45mM potassium persulfate solution. The
mixture was kept in the dark at room temperature for
16 hours. The ABTS+ solution was then diluted with
distilled water until an absorbance of 0.7 at 734 nm was
reached. The extract was added to this solution
immediately after preparing ABTS+ solution aliquots
of 2.0 uLL to obtain final concentrations between 0 and
100 pg/mL. After 10 minutes, percent inhibition was
calculated for each concentration at 734 nm.

DPPH assay

DPPH assays were conducted based on the free radical
scavenging effect of DPPH for extracts prepared using
an indirect method. DPPH (0.1 mM) was prepared in
methanol in a volume of 1 mL. and 3 mL of methanolic
extract was added. With reference to ascorbic acid, the
measurements were modified at 520 nm by
spectrophotometer and they were carried out
according to the methods of Meda et al. (2005) and
Diminis et al. (2010) (Wilczynska et al. 2010). As
positive controls, 1.8 mL. of DPPH solution and 0.2
mL of ascorbic acid/Trolox solution were used.
Antioxidant activity (%) was calculated using the
absorption values of the samples against the negative
control at 517 nm.

RESULTS AND DISCUSSION

In this study, the values of TP and TF contents, DPPH
assay measurements, ABTS assay measurements, and
FRAP assay measurement were obtained for the
analysis of honey, bee bread, bee pollen, and apilarnil
samples. TP levels were measured as 31.1+1.75 mg
quercetin  equivalent  (Qeurcetin  (QE))/100 g,
11.37£0.87 mg QE/100 g, 29.36+5.1 mg QE/g, and
47.5£3.62 mg QE/100 g for honey, bee bread, bee
pollen, and apilarnil, respectively. TF levels were
measured as 2.51£0.42 mg GAE/100 g, 3.52+0.53 mg
GAE/g, 5.11£0.72 mg GAE/g, and 14.35£3.2 mg
GAE/100 g, respectively. DPPH assay measurements

yielded values of 58.61£3.24 SC 50 mg/ml., 0.48%0.02
SC 50 mg/ml, 1.3310.26 SC 50 mg/ml, and
4931095 SC 50 mg/ml., respectively. The ABTS
assay results were 38.3£2.27 SC 50 mg/ml., 0.31£0.01
SC 50 mg/ml, 24.817.47 SC 50 mg/ml, and
35.89£4.06%, respectively. The values of the FRAP
assay measurements were determined as 101.97£9.12
umol Trolox/g, 39.71+1.06 umol Trolox/100 g,
84.36£28.87 umol Trolox/100 g, and 0.59%12.73
mmol/100 g, respectively. It is important to consider
the TP and TF contents in determining the antioxidant
capacity of honey bee hive products. Didaras et al.
(2021) reported the TP contents of bee bread samples
collected from 18 different regions of Greece as
ranging between 2.34+0.22 and 5.27+0.00 mg GAE /g
bee bread. Bakour et al. (2017) determined the average
TP contents of bee bread samples from Morocco to be
14.8810.98 mg GAE/g. Malko¢ et al. (2019)
determined the average total TF contents to be 2.79
mg QE/100 g in measurements that they performed
for 11 different Anzer honey samples collected from
the Black Sea region of Turkey. Rocchetti et al. (2018)
reported TP values of 4.20+0.40-29.60 mg GAE /g for
32 pollen samples from the Marche region of Italy.
Socha et al. (2016) found the mean TP level to be
0.47£0.04 mg GAE/g for five samples of multifloral
honey collected from the southern regions of Poland.
Sawicki et al. (2022) reported average TP levels of
11.7740.15 mg QE/g for bee pollen samples and
0.07£0.00 mg QE/g for honey samples collected from
the Kujawy region of Poland. The same researchers
revealed that the TP levels of bee bread were 60%
lower than those of other bee hive products.
Rzepecka-Stojko et al. (2015) found the average TP
level of three pollen samples collected from southern
Poland to be 20.22 mg QE/g. Mayda et al. (2020)
reported the mean TP level of five honey bee hive
product samples collected from five different regions
of Turkey as 2.62-4.44 mg QE/g. Saral et al. (2019)
analyzed samples collected from the Tekirdag, Ankara,
Hatay, and Artvin regions of Turkey and reported
mean TP levels ranging from 28%5 to 58%27 mg
GAE/100 g for honey samples and 41f14 to
1258£505 mg GAE/100 g for bee pollen samples.
Silici (2019) reported the average TP content of six
apilarnil samples collected from the Kayseri region of
Turkey as 834.05 mg GAE/100 g. Sidor et al. (2021)
obtained average TP levels ranging between
144.8£16.6 and 399.3£14.6 mg GAE/100 g for three
apilarnil samples obtained from southeastern Poland.

The levels of flavonoid substances in honey bee hive
products have also been revealed in various studies.
Didaras et al. (2021) determined that the levels of
flavonoid contents of bee bread samples collected
from 18 different regions of Greece ranged between
6.4910.04 and 14.6410.26 mg QE/g. Bakour et al.
(2017) reported the TF contents in bee bread samples
collected in Morocco as 1.67£0.12 mg QE /g. Malkog
et al. (2019) found that the average value of TF for 11
different Anzer honey samples collected from the
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Black Sea region of Tutkey was 2.79 mg QE/100 g.
Saral et al. (2019) analyzed honey bee hive products
collected from the Tekirdag, Ankara, Hatay, and
Artvin regions and determined average TF levels of
141 to 512 mg QE/100 g honey for samples and
253164 to 499199 mg QE/100 g for bee pollen
samples. Sidor et al. (2021) reported TF levels of three
apilarnil samples obtained from southeastern Poland
ranging between 15.014.8 and 57.214.1 mg/100 g.

There are various studies in which the antioxidant
properties of honey bee hive products were revealed
using DPPH assay, ABTS assay, and FRAP assay
methods. Didaras et al. (2021) found the IC50 value of
the DPPH assay to range between 0.18£0.02 and
1.2520.04 for bee bread samples collected from 18
different regions of Greece. Bakour et al. (2017)
determined the mean 1C50 value of the DPPH assay
to be 0.05£0.01 mg/mL for bee bread collected in
Morocco. Malkog et al. (2019) reported an average
DPPH level of 49.12 mg/ml for measurements
performed for 11 different Anzer honey samples in the
Black Sea region of Turkey. Rocchetti et al. (2018)
determined the DPPH levels of 32 pollen samples
collected from the Marche region of Italy to range
between 11.9%£6.4 and 108.7£6.1. Saral et al. (2019)
analyzed honey bee hive products collected from the
Tekirdag, Ankara, Hatay, and Artvin regions and they
reported DPPH levels of 30.90£1.3 to 155.70£76.68
SC 50 mg/mL for honey samples and 0.4710.5 to
0.47£0.51 SC 50 mg/mL for bee pollen samples. Sidor
et al. (2021) found the DPPH activity of three apilarnil
samples obtained from southeastern Poland to range
from 6.3+1.3% to 20.5£0.1%. Previous studies have
confirmed that the ABTS assay reflects the scavenging
capacity of antioxidants by means of a free radical (i.e.,
ABTS). Didaras et al. (2021) determined the average
IC50 values of the ABTS assay to be 0.38-1.80 for bee
bread samples collected from 18 different regions of
Greece. Bakour et al. (2017) reported the average
ABTS 1IC50 level to be 0.08+0.05 mg/ml. for bee
bread samples collected in Morocco. Rocchetti et al.
(2018) reported ABTS levels of bee pollen samples
collected from the Marche region of Italy within the
range of 48.81+14.1 to 224.6+18.6 pmol TE/g DW.
Sidor et al. (2021) found that ABTS activities of
apilarnil samples collected from southeastern Poland
ranged between 32.1£0.5% and 71.3310.4%. The
FRAP assay analysis method is based on the evaluation
of a change in the color of a solution as a result of the
conversion of ferric (Fe3+) ions in that solution into
ferrous (Fe2+) ions by the antioxidants in the
environment, and this method has been used in many
previous studies. Zuluaga et al. (2015) reported an
average value of 46.1113.0 FRAP umol Trolox/g for
bee bread. Sahin and Kemal (2019) reported average
FRAP  assay results of 72.38%£0.21 umol
FeSO4.7H20/g for samples of bee pollen. Malkog et
al. (2019) determined an average FRAP level of 110.11
umol Trolox/100 g for 11 different Anzer honey
samples collected from the Black Sea region. Saral et

al. (2019) analyzed honey bee hive products collected
from the Tekirdag, Ankara, Hatay, and Artvin regions
and found the FRAP assay levels of honey samples to
range from 1.37%£0.17 to 1.37£0.17 umol
FeSO4.7H20/g while the values obtained for bee
pollen ranged from 8.6911.64 to 84.89£10.09 umol
FeSO4.7H20/¢g. Sidor et al. (2021) found the average
FRAP levels of three apilarnil samples obtained from
southeastern Poland to be between 0.4£0.1 and 10
mmol/100 g. The data obtained from the present study
are generally similar to the results of previous studies
on this subject. However, in addition to differences in
analysis methods used, such as the DPPH assay, ABTS
assay, and FRAP assay, variables such as extraction
method, botanical species, and geographical
conditions may have roles in the levels of phenolic and
flavonoid compounds determined in honey bee hive
products and may explain the differences detected in
the antioxidant properties of these products.

In this study, it was determined that the samples could
be ranked in the order of bee pollen > bee bread >
honey > apilarnil according to the levels of TP
contents in these samples. In the evaluation of the TF
levels of the collected samples, an order of bee pollen
> bee bread > apilarnil > honey was obtained. In
evaluations of the data obtained from DPPH, FRAP,
and ABTS assays, the collected samples were ranked as
honey > bee pollen > bee bread > apilarnil,
respectively. It was determined that the antioxidant
capacity of honey was higher than that of the other
considered products, which could be attributed to the
synergistic effects of bioactive substances contained in
honey.

CONCLUSION

This study was undertaken to reveal the TP and TF
profiles of honey, bee bread, bee pollen, and apilarnil
collected from honey bee hives in the Ankara region
of Turkey and to determine the antioxidant activities
of these products using ABST, FRAP, and DPPH
assays. It is thought that the present findings will serve
as a guide for future studies. In addition, this study has
provided an up-to-date assessment of the bioactivity
levels of honey bee hive products in the Ankara region.
We believe that our finding of higher antioxidant
capacity for honey samples compared to bee bread, bee
pollen, and apilarnil samples can be attributed to the
synergistic effects of other bioactive complex
substances contained in honey, and this result will be
evaluated in further studies using honey.

Cikar gatigmasi: Yazarlar bu yaz igin gergek,
potansiyel veya algilanan ctkar catismasi olmadigini
beyan etmislerdir.

Yazarlarin Katki Orani: 1TEK%50, 1SS%50

Yazarlar makaleye esit oranda katki saglamus
olduklarini beyan etmislerdir.

Calismamiz etik kurul onay: gerektirmemektedir.
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Effects of Levamisole Application on Immunity System in Anthrax-Vaccinated
Cattle
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ABSTRACT

The present study investigated the effect of levamisole administration on the immune system of anthrax-vaccinated
cattle. Totally, 40 healthy cattle were employed in the study. Cattle were divided into 4 even groups. In the control
group, saline was subcutaneously injected four times as a placebo, every three days, and one dose was administered
on the 10th day. In the second group (vaccine group), anthrax vaccine was administered subcutaneously on the
10th day following the administration of physiological saline three times every three days. The 3rd group (vaccine-
levamisole) was subcutaneously administered levamisole at a dose of 2.5 mg/kg three times with three-day intervals
and on the following 10th day, anthrax vaccine was administered. The 4th group (levamisole) was subcutaneously
administered levamisole at a dose of 2.5 mg/kg three times with three-day intervals and physiological saline was
subcutaneously injected on the following 10th day. After vaccination neutrophils, lymphocytes, monocytes count,
and the serum IgG amount of the vaccine-levamisole group were found to increase significantly (p<<0.05) compared
to the vaccine-only group. It was concluded that subcutaneously administered levamisole at a dose of 2.5 mg/kg
three times with three-day intervals before administrating the anthrax vaccine to cattle, had a stimulating effect on
the immune system.

Keywords: Anthrax vaccine, cattle, immune system, levamisole.

*kkk

Levamizol Uygulanmasinin Sarbon Hastaligina Kargt Agilanmig Sigirlarda Bagigiklik Sistemi Uzerine
Etkileri

Oz

Bu arastirmada sarbon hastaligina karsi asillanan sigirlarda levamizol uygulamasinin bagisiklik sistemi tizerine olan
etkisi aragtirildi. Arastirmada toplam 40 adet saglikli sigir kullanilds. Sigirlar dort esit gruba ayrildi. Kontrol grubuna
tger glin arayla ve bir dozu da 10. glin olmak tzere plasebo olarak serum fizyolojik dért defa deri altina enjekte
edildi. Tkinci gruba (ast grubu) Giger giin arayla ii¢ kez serum fizyolojik sonrast 10. giin sarbon astst deri alti, tigiincii
gruba (asi-levamizol) Gger glin arayla U¢ kez levamizol ¢ozeltisinden 2,5 mg/kg dozda deri altu ve sonrast 10. giin
sarbon astst deri alt1, dordiincti gruba (levamizol) ise ticer giin arayla ti¢ defa levamizol 2,5 mg/kg dozda deti alt1 ve
sonrast 10. giinde serum fizyolojik deri altina enjekte edildi. Astlama sonrasi asi-levamizol grubunda nétrofil,
lenfosit, monosit ve serum 1gG miktarinin sadece agt uygulanan gruba gére anlamli diizeyde (p<0,05) arttigi gorildi.
Sigirlara sarbon asist uygulanmadan 6nce tger giin ara ile U¢ kez 2,5 mg/kg dozda deri alt verilen levamizoliin
bagisiklik sistemi tizerine uyarict etki gosterdigi sonucuna varildr.

Anahtar kelimeler: Bagisiklik sistemi, levamizol, sigir, sarbon agis1.
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INTRODUCTION

Anthrax is an infectious disease caused by Bacillus
anthracis (Lewerin et al. 2010, Suchitra et al. 2010,
Patlak et al. 2015, Gobeli Brawand et al. 2019). The
agent responsible for the disease is a gram-positive,
spore-forming bacterium (Lewerin et al. 2010). These
spores make bacteria resistant to unfavorable
environmental conditions (temperature, dry air,
changes in pH, chemicals, etc.). Therefore, they
maintain their ability to cause disease by maintaining
their vitality in the external environment for a long
time (Suchitra et al. 2010, Dettwiler et al. 2018, Gobeli
Brawand et al. 2019).

Cattle usually ingest the pathogen into the digestive
and respiratory tract. Spores that enter the body in this
way are captured by macrophages and transported into
the lymph nodes. They are transformed from spore-
form to vegetative-form in lymph nodes. Bacteria that
enter the vegetative-form proliferate quickly. They also
synthesize toxins that are responsible for the
pathogenesis of the disease. The bacteria enter the
bloodstream is resulted in systemic anthrax which is
usually fatal (Hanna et al. 1994, Lewerin et al. 2010).
Levamisole is a widely used anthelmintic against
parasites which settle in the lungs, stomach, and
intestines of humans and animals. The drug is very
effective against nematodes and eliminates the parasite
from the place where it is settled by 90% to 100%
(Siwicki and Cossarini-Dunier 1990, Sajid et al. 2000).
This drug, belongs to the imidazothiazoles group, has
been used since 1970. The drug is indicated to have
immunomodulatory and immunostimulating
properties as well as potential anthelmintic properties
(Stwicki and Cossarini-Dunier 1990, Baydan 1995,
Sajid et al., 2006, Kiziltepe 2018). The anthelmintic
dose of this drug, widely used in veterinary medicine,
is 7.5 mg/kg, and its immune system stimulating dose
is 2-2.5 mg/kg. It is suggested that the drug should be
used 5-6 times a week or 2-3 successive days to boost
the immune system (Baydan 1995). It has been
reported to regulate immune function when given to
mice at a dose of 150 mg or 2.5 mg/kg body weight
for one week (Sajid et al. 2006). A single dose of
2.5mg/kg levamisole administration boosts the
immune system for 48 hours, and it is recommended
to repeat the drug for a more effective stimulation
(Pancarct et al. 2009). When levamisole is injected into
cattle in the non-lactating period decreases the
incidence of mastitis. The use of levamisole in an
intermittent manner is more effective than continuous
use for regulating the immune system (Sajid et al
2000).

The immunomodulating and stimulating effect of
levamisole is still not completely unknown (Kiziltepe
2018). However, some research suggests that by
stimulating phagocytes, they become sensitive to
mitogens and antigens, and increase the number of T

cells. It is reported that levamisole does not have direct
effects on B-lymphocytes, but indirectly (by affecting
T-lymphocytes and phagocytic cells) stimulates the
humoral immune response and causes an increase in
antibody level (Van Der Maaten et al. 1983, Baydan
1995, Sajid et al. 2006, Pancarci et al. 2009). Levamisole
demonstrates its effect on the cellular immune
response through imidazole and sulphide structures. It
is noted that it has a hormone-like effect due to the
increase in the amount of intracellular cGMP and
serum factors responsible for leukocyte activation in
lymphocytes exposed to levamisole (Kiziltepe 2018).
As we know, the immune system is a defense that
protects living beings from all kinds of harmful factors.
This system is mainly examined under two groups
cellular and humoral. While macrophages and T-
lymphocytes form cellular immunity, B-lymphocytes
are responsible for the humoral system. When a
foreign substance (such as bacteria, virus, fungus)
enters the organism, they are recognized and processed
by macrophages and T-lymphocytes. T-lymphocytes
stimulate B-lymphocytes  secreting lymphokines
(Baydan 1995). Stimulated B lymphocytes convert to
plasmocytes and stimulus-specific immunoglobulins
(Ig antibodies) are synthesized. These
immunoglobulins combine with antigens and impair
their ability to cause disease. The main antibodies
found in cattle are IgA, IgE, IgM and IgG. Of these
antibodies, IgG is the most abundant in serum. This
molecule is made of two subunits that are called IgG1
and IgG2 (Arda 1994).

Anthrax progresses quickly in cattle and leads to
sudden death. The disease is passed on to people and
threatens their health. Therefore, it is very important
to fight the disease in order to protect human and
animal health and prevent economic losses. As such,
healthy animals would need to be vaccinated against
the disease. In the literature review, no research was
found on the effect of levamisole on the immunity of
anthrax-vaccinated cattle. The purpose of this study
was to determine the effect of levamisole at the
immunomodulatory dose on the immune system of
cattle vaccinated against anthrax.

MATERIALS and METHODS

This study was approved by the Committee for Ethics
of the University of Kafkas (date of decision
27.11.2020 and number 2020-156) and the Ministry of
Agriculture and Forestry (letter of 30.10.2020 and
number E-3056045).

The animal experimentation part of the research
consisted of 40 cattle of different breeds and gender,
aged from 10 to 15 months on a cattle farm in the
Ardahan region. Cows that had not been vaccinated
with the anthrax vaccine and were in good health
following the exam were used in the study. The cattle
were divided into 4 groups with 10 animals in each
group. The groups were determined as control,
vaccine, vaccine-levamisole, and levamisole groups
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respectively. The cattle used in the study were fed ad
libitum with grass and tap water obtained from the
same resource in the same environment. 0.2 mg/kg of
ivermectin  (Vilmectin-Vilsan®, Turkey) was given
subcutaneously for the antiparasitic purpose to all
animals in the groups. There was one month waiting
period after the administration. In the control group, 4
ml of saline (Polifleks-Polifarma®, Turkey) was
subcutaneously injected four times as a placebo, every
three days, and one dose was administered on the 10th
day. In the second group (vaccine group), 1 mL of
anthrax vaccine (Ant Etvac-Ministry of Agtriculture
and  Forestry®, Turkey) was administered
subcutaneously on the 10th day following the
administration of physiological saline three times every
three days. The 3rd group (vaccine-levamisole) was
subcutaneously administered 10% levamisole HCI
(Levatek %10-Teknovet®, Turkey) solution at a dose
of 2.5 mg/kg three times at three-day intervals and on
the following 10th day, 1ml of the anthrax vaccine was
administered. The 4th group (levamisole) was
subcutaneously administered 10% levamisole HCI
solution at a dose of 2.5 mg/kg three times with three-
day intervals and 4 mL of physiological saline was
subcutaneously injected on the following 10th day.
Before the vaccination and the drug administration
(day zero) and on the 7th, 14th, 28th, 35th, and 45th
days following vaccination, blood samples from all
animals in the groups were collected 2 mL tubes with
anticoagulant (EDTA) (BD Vacutainer® K2E 5.4 mg,
UK) and 10 mL tubes without anticoagulant (BD
Vacutainer® CAT, UK) from vena jugularis. The
blood samples were brought to laboratory. The blood
samples from the no-anticoagulant tubes were
centrifuged at 3000 rpm and 20 minutes. The serum
obtained was stored at -20 °C in Eppendorf
(ISOLAB®, Germany) tubes prior to analysis. The
number of formula leucocytes in the blood sample
collected to contain the anticoagulant was determined
using the conventional method (Yaman 2016).

Bovine Immunoglobulin G ELISA kit (Bioassay
Technology Laboratory, Cat. No: E0010Bo, China)
was used in the determination of total IgG amounts in
the serum sample. The results of the analysis were
recorded using a 450 nm wavelength reading in an
ELISA reader (BioTek ELx800, U.S.A) (Aydin 2015).
IBM SPSS 20.0 software was used for statistical
evaluation of research findings. The normal

distribution curve was checked using the Shapiro-Wilk
test. In comparison, of group means, one-way analysis
of variance (ANOVA) and multiple comparisons were
performed using Tamhane's T2 test. The results were
presented as a mean (X) and standard deviation (SD).
In this survey, P<0.05 was found to be statistically
significant.

RESULTS

In this study, the number of formula leukocyte in the
groups is given in Table 1, and the amount of IgG in
Table 2. As shown in Table 1 above, there is no
difference in the number of neutrophils, eosinophils,
monocytes and lymphocytes in the blood sample
collected on day zero among the groups. On the 7th
days of drug and vaccine administration, an increase in
the number of neutrophils and monocytes in the
vaccine group-levamisole is statistically significant
(p<0.05) and increase of the number of lymphocytes
is not important statistically (p>0.05) compared to the
vaccine group. The number of neutrophils, monocytes
and lymphocytes in the levamisole-vaccine group
increased dramatically (p<0.05) compared to the 14th
day vaccine group. It is determined that there was a
single difference in the number of lymphocytes on the
days 28th, 35th and 45th when the blood sample was
taken. The number of lymphocytes in the vaccine-
levamisole group is higher than the vaccine group
during 28th, 35th and 45th days. The amount of serum
IgG in the cattle groups is given in Table 2 above. It
has been demonstrated that there is no difference in
the amount of serum IgG among groups on day zero.
It is determined that the amount of serum IgG in the
vaccine group is 98.90 £ 22.99 pg/mL, and the mean
of vaccine-levamisole group is 232.50 £ 69.49 pg/mlL
on the 7th days. It appears that the increase in the
amount of antibodies is statistically significant
(P<0.05). The amount of serum IgG in the vaccine-
levamisole group increased substantially (P<0.05)
compared to the vaccine group on the 14th, 28th, 35th,
and 45th. There is no difference between the control
and levamisole groups in terms of mean antibody. It
was observed that the amount of mean antibodies in
the vaccine and vaccine-levamisole groups boosted
over time.
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Table 1. The number of formula leukocyte in cattle groups (%o)
abe: Those with different letters in the same row in the range of P<0.05 were found to be statistically significant

Days Parameters Control Vaccine LVaCC|_n & Levamisole
evamisole
o Neutrophils 25.80 £2.57 25.80 +21.61 26.50+1.43 27.00 £1.05
= Eosinophils 6.40 £ 1.57 6.70 £ 1.49 7.60 +1.07 7.50+0.84
o Monocytes 2.30 +0.94 3.20+1.03 2.60 £ 1.07 3.40 £ 0.96
Lymphocytes 57.50 + 1.84 59.60 + 2.50 58.50 £ 1.71 58.50 + 2.06
~ Neutrophils 2490+1.592 33.80+£2.85" 36.60+1.34°¢ 2570+£1.88 2
) Eosinophils 5.80 + 1.68 5.40+ 1.07 5.50 +0.84 6.00 + 1.33
o Monocytes 2.80+0.91°2 3.10+1.102 520+1.03° 410+ 1442
Lymphocytes 57.60+1.712 67.60 +1.83° 70.40 £3.20 P 5830+2.31°2
S, Neutrophils 25.10 £ 1.52° 26.70+£0.94 2 32.70 £1.94° 25.50+1.082
> Eosinophils 4.30 +0.94 4.80+1.31 4.60 +0.96 4.70 £ 0.94
) Monocytes 2.60+1.07% 4.70£0.94" 7.00+1.24°¢ 2.70+ 0942
Lymphocytes 5520+1.132 67.80 £3.96 " 75.70+1.56°¢ 5430+ 1.88%
© Neutrophils 25.80 £2.57 26.20 +£2.29 26.50+1.43 26.30+ 141
< Eosinophils 6.40 = 1.57 6.70 = 1.49 7.60 + 1.07 710+ 1.37
a Monocytes 2.30 +0.94 3.20+1.03 3.20+1.47 2.80 +1.03
Lymphocytes 57.80+1.81°% 61.60+£227° 71.70+1.70 € 58.70+2.35¢%
10 Neutrophils 21.70 £3.36 23.90+2.28 23.10+ 191 23.90 £2.02
> Eosinophils 5.70 £ 1.15 5.30+1.49 6.30+ 1.33 6.10+1.44
= Monocytes 2.00+1.33 2.70 +1.05 2.80 +1.31 2.50 +1.35
Lymphocytes 57.204+2.09 2 61.30+£226" 70.00 +2.94 ¢ 57.70+£2.352
) Neutrophils 21.30+£2.94 23.10£3.54 22.00+2.21 23.50 +2.63
% Eosinophils 5.40+1.07 5.70 £ 1.15 5.60 + 1.64 5.50+1.84
) Monocytes 2.70+£0.94 2.60 +0.84 2.00+1.24 2.20+1.31
Lymphocytes 56.00 £3.012 61.60+1.95° 69.90 +0.99 © 56.10+2.072

Table 2. The amount of IgG in serum of the cattle groups (ug/mL)

abe: Those with different letters in the same row in the range of P<0.05 were found to be statistically significant

Days Control Vaccine Vaccine-Levamisole Levamisole
Day 0 79.60 + 39.38 77.10+12.54 75.40 £ 8.24 81.10+17.52
Day 7 82.40+9.55¢2 98.90 £22.992 232.50 +69.49 P 77.90+7.402
Day 14 69.20 £ 17.992 141.30 £27.77 ° 235.10 +57.64 ¢ 65.60 £ 12.73 2
Day 28 71.90 +30.252 153.70 + 38.60 P 242.30 +36.58 ¢ 73.70 £28.11 8
Day 35 72.30+12.862 170.00 + 56.37 P 247.50+48.20° 70.00 £ 27.48 @
Day 45 74.60 + 15.43 @ 174.00 + 43.38 © 251.50 +47.84 ¢ 72.50+21.24 2
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DISCUSSION

Levamisole is used to accelerate healing and to protect
against some diseases in cattle. It has been suggested
that levamisole accelerates healing by increasing serum
IgG amount when intramammal (Yarim and
Salmanoglu 2002) and oral used in cattle with
subclinical mastitis during 6 days after milking
(Ishikawa et al. 1982). It is reported that levamisole
adminstration in non-milking cattle decreased
incidance of mastitis (Sajid et al. 2006). Levamisole,
given intramusculatly at a dose of 2.5 mg/kg starting 5
or 6 weeks before birth and until two weeks before
birth, has shown positive effects on reproductive
organs by accelerating postpartum uterine involution,
providing early follicle wave development (Pancarct et
al. 2009). In addition, it is reported that positive results
are obtained with the use of levamisole in the early
period of Malignant catarrhal fever in cattle (Van Der
Maaten et al. 1983).

For treatment of some diseases such as leprosy,
rheumatoid arthritis, systemic lupus erythromatosis,
human Immunodeficiency Virus-HIV, colorectal
cancers in human is used levamisole due to stimulating
effect on the immune system. It is also used to
accelerate recovery in malnourished children with
disease (Baydan 1995, Yarim and Salmanoglu 2002,
Sajid et al. 2006).

In this study, the usage of levamisole increased the
number of neutrophils before administrating anthrax
vaccine for cattle. This increase in the number of
neutrophils is consistent with the results reported by
Mohri et al. (2005) and Bilandzi¢ et al. (2010). In a
study, it has been reported that PPR vaccine and
levamisole administration to goat did not show any
change in neutrophil count (Undiandeye et al. 2014),
while in another study, neutrophil count decreased in
sheep that received FMD vaccine (Rahman et al. 2002,
Abdullah and Basbugan 2020). In the current study,
the anthrax vaccine injected into cattle is a bacterial
vaccine. The reason for the increase in the number of
neutrophils may be due to both vaccines administered
includes bacteria (number of neutrophils increases to
bacterial infections) and neutrophils of levamisole
sensitivity to antigen. Some studies have shown that
levamisole does not affect or reduce neutrophil
numbers (Rahman et al. 2002, Undiandeye et al. 2014,
Abdullah and Basbugan 2020). It is believed that the
reason for this finding may be that the vaccines used
with levamisole are viral and that levamisole is not used
in immunostimulating amounts.

In the study, on the 7th and 14th days following the
vaccine and drug administration, the number of
monocytes in the levamisole-vaccine group increased
compared with the vaccine group only. The results of
the research are similar to those reported by Stelletta et
al. (2004), Mohri et al. (2005), Undiandeye et al. (2014),
Das et al. (2016), and Rao et al. (2017). It is thought
that the increase in monocytes in the levamisole-
vaccine group could be due to the stimulating effect of

levamisole on macrophages for antigens. Abdullah and
Basbugan (2020) reported that the FMD vaccine in
combination with 5 mg/kg levamisole decreased the
number of monocytes. This is thought to be due to the
fact that levamisole is not used in immunostimulants
and may be due to the viral structure of the vaccine.
It is noticed that the number of lymphocytes in the
vaccine-levamisole group insignificantly increased
compared to vaccine-only group on the 7th days
(P>0.05), and significantly increased on the 14th, 28th,
35th, and 45th days (P<0.05). It is reported by
Rahman et al. (2002), Gurbulak and Kilicarslan (2004),
Mojzisova et al. (2004), Undiandeye et al. (2014), Das
et al. (2016), Rao et al. (2017), and Abdullah and
Basbugan (2020) that the administration of levamisole
increased the number of lymphocytes. The results
obtained form this study are consistent with the results
of the research given above. The reason for the
increased number of lymphocytes may be due to the
stimulant effect of levamisole on T- lymphocytes by
imidazole and its sulphur structure. After vaccination,
antigen-specific antibodies are synthesized thanks to B
lymphocytes that transform into plasmocytes. This
increase in the number of lymphocytes during the
post-vaccination period is due to the stimulation of the
cellular and humoral immune response. It has been
reported that the number of lymphocytes decreased 35
days after the 5 mg/kg dose of levamisole injected into
sheep with enterotoxemia vaccine (Rashid and Yiiksek
2019). Many factors (such as toxoid vaccine, animal
type, levamisole dose used, uptake time and number of
replicates) are believed to play a role among the
reasons for this decline in lymphocytes.

In current study, the administration of levamisol
dramatically increased the amount of serum IgG.
Similar finding with the outcome of this research have
reported by some researcher in cattle with the
Hemorrhagic  septicemia-Pasteurella ~ multocida
(Sharma et al. 1990), Brucella S-19 (Sajid et al. 2000),
foot and mouth vaccine (Rao et al. 2017), bovine viral
diarthea-BVD  (Sayed-Ahmed et al. 2015), FMD
vaccine in buffaloes (Qureshi et al. 2000),
Enterotoxemia vaccine in sheep (Rashid and Yiksek
2019), FMD vaccine in sheep (Abdullah and Basbugan
2020), blue tongue (Stelletta et al. 2004), sheep pox
(Rao Dabbir and Nanjundaiah 2020), plague in goat-
peste des petits ruminants-PPR (Undiandeye et al
2014, Das et al. 2016), parvovirus in dogs (MojziSova
et al. 2004), and inactivated influenza vaccine in
chickens (Ismail et al. 2018). The results of the present
study are consistent with the results of the research
described above. The level of serum IgG in the
levamisole-vaccine group increased significantly
compared to the vaccine group alone. This may be due
to the fact that levamisole indirectly stimulates the
humoral response by sensitizing phagocytes to
antigens and increasing the number of T lymphocytes.
As evidenced by the above studies, levamisole is used
to support the immune system in vaccines and
infections in humans and animals. Levamisole shows
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immunomodulatory and immunostimulant effects
when used repeatedly in low doses (usually one third
of the treatment dose-2.5 mg/kg) before, during or
after vaccination in different animal species (Baydan
1995, Sajid et al. 2006, Rao Dabbir and Nanjundaiah
2020). In one study, higher doses of anthelmintic and
repeated levamisole did not increase antibody levels in
bovine and ovine animals infected with the leukaemia
vitus. When levamisole is used to reinforce the
immune  system, it should be used in
immunostimulating and repeated doses (Van Der
Maaten et al. 1983). In this study, administration of
levamisole at 2.5 mg/kg three times every three days
ptior to anthrax vaccination in cattle led to an increase
in serum IgG. Based on this information, levamisole
used at a dose of 2.5 mg/kg boosted the immune
system in cattle vaccinated against anthrax.

CONCLUSION

In conclusion, levamisole, which was administeted to
cattle at a dose of 2.5 mg/kg three times with three-
day intervals, increased the number of neutrophils,
monocytes and lymphocytes on the 7th and 14th days
after anthrax vaccine. The lymphocyte count increased
on the 28th, 35th, and 45th days. In addition, while the
mean serum IgG amount of the 7th day vaccine group
was 98.90 £ 22,99 pg/ml, and the mean of the
vaccine-levamisole group was 232.50 £ 69.49 ug/ml..
The mean amount of antibodies in the levamisole-
vaccine group on the 14th, 28th, 35th, and 45th days
showed a significant increase (P<0.05) in comparison
with the vaccine group. There was no difference in the
mean antibody quantity between the control and
levamisole groups. As we know, anthrax threatens
both human and cattle health. Given that the disease is
zoonotic, meat obtained from dead animals is not
eaten. Therefore, effective disease control is important
from a health and economic point of view. It is
recommended to boost the immune system by using
levamisole prior to anthrax vaccination in cattle. It is
believed that this practice will be used to strengthen
immunity against anthrax and to protect human and
animal health.
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ABSTRACT

Coccidiosis caused by Eimeria species is one of the factors causing diarrhea in lambs and kids. Although it is known that
toltrazuril is quite effective in the treatment of acute coccidiosis in lambs and kids, there is limited information on how it
affects the animals. Therefore, in this study, it was aimed to determine the effects of toltrazuril application in the treatment
of acute natural coccidiosis in Honaml kids, serum oxidative stress levels, serum haptoglobin levels and hematological
parameters. The material of this study was 10 Honamli male kids, 20-30 days old, with acute natural coccidiosis, in a private
farm. Toltrazuril was administered at a single dose of 20 mg/kg in the treatment of coccidiosis. In the findings, A statistical
difference (p<0.05) was determined between pre-treatment and post-treatment measurements of white blood cell (WBC),
lymphocyte count, lymphocyte %, neutrophil count, neutrophil %, eosinophil count, eosinophil %, basophil count, basophil
%, monocyte count, monocyte %, red blood cell (RBC) count, mean corpuscular volume (MCV) count, mean corpuscular
hemoglobin (MCH) counti mean corpuscular hemoglobin concentration (MCHC) count values. In addition, a statistical
difference (p<<0.05) was determined between pre-treatment and post-treatment measurements of total oxidant status (TOS)
and oxidative stress index (OSI) values. In conclusion, in this study, it was determined that toltrazuril was effective in the
treatment of kids with acute coccidiosis, and 7 days after the application of toltrazuril, the haptoglobin (Hp) value increased
and total antioxidant status (T'AS), TOS and OSI values dectreased.

Keywords: Coccidiosis, Haptoglobin, Hematology, Honamli kid, OSI, TAS, Toltrazuril, TOS
sk

Honamli Irki Oglaklarin Akut Dogal Koksidiyozisinin Tedavisinde Toltrazuril Uygulamasinin Serum
Oksidatif Stres Diizeyleri ve Serum Haptoglobin Diizeyleri Uzerine Etkisi

(074

Eimeria titlerinin neden oldugu koksidiyoziste kuzu ve oglaklarda diyareye neden olan etkenlerden biridir. Kuzu ve
oglaklarinda akut koksidiyozis tedavisinde toltrazuril’in oldukea etkili oldugu bilinse de canlida nasil etkiler olusturdugu ile
ilgili bilgiler stnirhidir. Bu nedenle bu ¢alismada Honamli 1rki oglaklarin akut dogal koksidiyozisinin tedavisinde toltrazuril
uygulamasinin hayvanda olusturdugu etkilerin, serum oksidatif stres dizeyleri, serum haptoglobin diizeyleri ve hematoljik
parametreler beliflenerek ortaya konmast amaglanmustir. Bu ¢alismanin metaryalini 6zel bir isletmede bulunan, 20-30 gunliik,
akut dogal koksidiyozisli 10 adet Honamli 1tk etkek oglak olusturmusgtur. Koksidiyozisin tedavisinde Tek 20 mg/kg dozunda
toltrazuril uygulanmustir. Bulgularda, beyaz kan hiicresi (WBC), Lenfosit sayisi, Lenfosit %, Notrofil sayisi, Notrofil %,
Eozinofil sayist, Eozinofil %, Bazofil sayist, Bazofil %, Monosit sayis;, Monosit %, kirmizi kan hiicresi (RBC), ortalama
korpuskiler volim (MCV), ortalama korpuskiiler hemoglobin (MCH) ortalama korpuskiiler Hemoglobin konsantrasyonu
(MCHC) say1st degetlerinin tedavi 6ncesi ve tedavi sonrast él¢timleri arasinda istatistiksel bir fark (p<0.05) belirlenmistir.
Buna ek olarak total oksidant statii (TOS) ve okidatif stres indeksi (OSI) degerlerinin tedavi 6ncesi ve tedavi sonrast
Olctimleri arasinda da istatistiksel fark (p<<0.05) belirlenmistir. Sonuc¢ olarak bu calismada akut koksidiyozisli oglaklarin
tedavisinde toltrazuril’in etkili oldugu ve toltrazuril uygulamasindan 7 giin sonra haptoglobin (Hp) degerinin yikseldigi, total
antioksidant stati (T'AS), TOS ve OSI degerlerinin distigh belitlenmistir.

Anahtar Kelimeler: Haptoglobin, Hematoloji, Honamlt oglak, Koksidiyozis, OSI, TAS, Toltrazuril, TOS

To cite this article: 1V arol K. Eser M. The Effects of Toltrazuril Administration on Serum Oxidative Stress Levels and Sernm Haptoglobin Levels in The Treatment of Acute
Natural Coccidiosis in Honamli Kids. Kocatepe Vet |. (2022):15(3):355-362

Submission: 30.06.2022 Accepted: 05.09.2022  Published Online: 10.09.2022

ORCID ID; K17: 0000-0002-3057-2865, ME: 0000-0003-1542-2989

*Corresponding author e-mail: kmlvrl@yahoo.com

355


mailto:kmlvrl@yahoo.com

INTRODUCTION

The acute phase response develops with disruption of
homeostasis in vivo and is stimulated by interleukins
and proinflammatory cytokines released from
activated leukocytes at the site of tissue damage. In
addition, these cytokines are responsible for the
production of acute phase proteins, which are
glycoproteins, in the liver (Eckersall 2000).
Haptoglobin (Hp) is one of these acute phase
proteins and is one of the most important acute phase
proteins for ruminants. Haptoglobin is widely used to
diagnose many inflammatory diseases (pasteurellosis,
pneumonia and foot and mouth etc.) (Eckersall 2000,
Ganheim et al. 2003).

Oxidative stress is the event that the balance between
oxidant and antioxidant substances in the organism, is
disrupted in favor of oxidant substances. This
condition is considered pathological in vivo. The sum
of oxidative stress resulting from this imbalance is
shown as total oxidative stress or total oxidant status
(TOS). Oxidative stress, on the other hand, occurs as
a result of the production of excessive reactive
oxygen or nitrogen substances in the body or the
failure of the antioxidant buffer systems to work
propetly. Total antioxidant status (TAS) is an
indicator of the capacity of antioxidant substances in
the body to protect cellular membranes and other
cellular structures against damage by oxidants and to
prevent the formation of oxidants (Mac Kinnon et al.
1999, Mert et al. 2019). Determining the total
antioxidant level may provide better results than
measuring each antioxidant substances separately.
Because TAS reveals the total activity of all
substances with antioxidant properties in the serum
(Erel 2004, Mert et al. 2019).

The most important diseases observed in neonatal
lambs and kids are diarrheal diseases. Coccidiosis
caused by Eimeria species is one of the causative
agents of diarrhea in lambs and kids. It is stated that
coccidiosis is very common in the worldwide and in
Turkey, causing huge economic losses in sheep and
goat farms (Cimtay and Sevgili 2003, Gauly et al
2004, Igbal et al. 2013, Ok et al. 2019). However,
there is insufficient scientific data about the
prevalence, risk factors and economic losses of the
disease in sheep and goats compared to cattle. Of the
15 sheep and 13 goat Eimeria species reported so far,
12 sheep and 9 goat Eimeria species were found in
Turkey (Karaer et al. 2012). Lambs and kids are more
susceptible to coccidiosis in the 3-8 week period. In
addition, the mortality rate (>58 %) is quite high in
lambs and kids (Jalila et al. 1998, Ok et al. 2019). In
lambs and kids, E#meria species cause anorexia, pootr
performance, weight loss, dysentery, bloody diarrhea,
dehydration, anemia, coma and death (Jalila et al.
1998, Ocal et al. 2007, Ok et al. 2019).

Enteritis and colitis are typical pathological lesions in
lamb and kid coccidiosis. In lambs and kids, clinically
a general depression, fatigue, loss of appetite,

contamination of hair and wool with feces, matte
color of the fleece and weakening are the prominent
symptoms. Diarrhea with abundant watery, which is
not continuous and recurring at intervals, diarrhea
with mostly mucus and sometimes blood, and
dysentery draw attention. In addition, tenesmus and
prolapse recti are observed in advanced cases. In mild
cases, symptoms such as dehydration, anemia, weight
loss and wool loss are seen, while in severe cases
fever, muscle spasms and nervous symptoms are also
seen. Such cases can result in death if left untreated.
Neurological symptoms characterized by ataxia,
incontinence paresis, tremors, muscle spasms,
tremors, convulsions, depression and dehydration
were observed clinically, especially in 1-2 month-old
kids (Igbal et al. 2013, Karaer et al. 2012).

Oral or parenteral anticoccidial —drugs are
administered for the treatment of acute clinical
coccidiosis. Sulfaquinoxaline, sulfamethazine,
sulfaguanidine,  sulfadimethoxine, sulfadimidine,
nitrofurazone, amprolium, monensin, halofuginone,
toltrazuril and diclazuril and combinations of these
drugs are the most commonly used anticoccidial
agents, especially in companion animals and livestock
(Diaferia et al. 2013, Cartier et al. 1992, Mundt et al.
2007, Igbal et al. 2013, Odden et al. 2018, Ok et al.
2019). The fact that the treatment period, 3-5 days, of
amprolium and sulfadimethoxine, which is effective
in the treatment of coccidiosis, increases the
workforce (Ghanem and El-Raof 2005, Cartier et al.
1992). The use of triazinones (toltrazuril, diclazuril) in
a single dose and being effective in treatment
provides an important advantage (Ocal et al. 2007,
Ok et al. 2019).

Although it is known that toltrazuril is quite effective
in the treatment of acute coccidiosis in lambs and
kids, there is limited information on how it affects the
animals (Karaer et al. 2012, Igbal et al. 2013, Ok et al.
2019). Therefore, in this study, the effects of
toltrazuril application in the treatment of acute
natural coccidiosis in Honamlt kids will be revealed
by determining serum oxidative stress levels, serum
haptoglobin levels and hematological parameters.

MATERIALS and METHODS

Study design: Prospective study

This study was carried out with the permission of the
Burdur Mehmet Akif Ersoy University Animal
Experiments Local Ethics Committee, dated
10.02.2022 and numbered 98/856. Sample size in this
study could not be reached to the numbers obtained
from power analyze. So, this study based on
convenience sampling. The material of this study was
10 Honamlt male kids, 20-30 days old, with acute
natural coccidiosis, in a private farm. Toltrazuril
(Baycox 5 %/Bayer ) was administered at a single
dose of 20 mg/kg in the treatment of coccidiosis.
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Blood was drawn 2 times in total, just before the
treatment and 7 days after the application. Blood
samples taken at the beginning of the treatment
formed the control of the study.

The diagnosis of coccidiosis was made on the basis of
examination of stool samples taken from the rectal
route from affected kids. It was examined in terms of
coccidia oocysts by flotation method. The number of
oocysts in one gram of stool (OpG) was determined
in stool samples in which oocysts were detected in
the flotation technique. In cases with clinically bloody
diarrhea and pathogenic species, OpG over 2000
were included in the study.

Blood collection process; with the help of a holder
from the vena jugular of the animals, by complying
with the conditions of asepsis and antisepsis; 8 ml
blood sample was taken into gel tubes (BD
Vacutainet®/China) to obtain blood serum, and 2 ml
blood sample was taken into vacuum tube with
K3EDTA (BD Vacutainer®/China) to determine
hematological parameters. In order to extract the
serum from the collected blood, the blood samples
was centrifujed at 3000 rpm for 15 minutes, and the
extracted serums were stored at -20°C until the tests
were performed. To determine the hematological
parameters, blood samples were analyzed in a
hematology device (Mindray BC-5000 Vet/China) in
a private clinic and whole blood parameters were
determined.

TAS and TOS were determined according to erel’s
metodhs(2004,2005). Oxidative stress index (OSI)
was calculated using the formula [TOS (umol H202
equivalent/L)/10 x TAS (mmol  Trolox
equivalent/L)] (Karababa et al. 2013). OSI will be
calculated from the ratio. Serum Haptoglobin levels
(BT EO0099Go), which is one of the acute phase
proteins, were determined by ELISA kit.

Statistical analysis

IBM SPSS 22.0 for Windows package program was
used to evaluate the study data. The normal
distribution of the groups in the analyzes was
evaluated by using the Shapiro-Wilk test. In the case
of normal distribution, paired samples t test test was
used for comparisons between measurements. A p
value of <0.05 was considered statistically significant.

RESULTS

Clinical findings such as loss of appetite, weakness,
and bloody diarrhea were observed in the kids with
diarrhea, which was the material of this study. In
addition, an increase in body temperature, respiratory
rate and heart rate was detected. From the 24th hour
following the treatment applied to the kids, an
increase in appetite was observed, as well as the
disappearance of symptoms such as loss of appetite
and weakness. The consistency of the stool improved
following 24 hours of the treatment. At the 48th hour
after the treatment, it was determined that the kids
were alert and the feces were completely improved.
When the measurements were examined before
toltrazuril application (before treatment) and 7 days
after toltrazuril application (after treatment); a
statistical ~ difference (p<0.05) was determined
between the pre-treatment and post-treatment
measurements of white blood cell (WBC),
lymphocyte, monocyte, lymphocyte %, monocyte %,
red blood cell (RBC), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH) mean
corpuscular hemoglobin concentration (MCHC), red
cell distribution width (RDW), neutrophil, eosinophil,
basophil, neutrophil %, eosinophil % and basophil %
values (Table 1).

No statistical difference (p>0.05) was found in the
comparisons between the measurements of HGB,
HCT and MCH values (Table 1).

Statistical ~ difference (p<0.05) was determined
between  pre-treatment  and  post-treatment
measurements of TOS and OSI values (Table 2 and
Figure 1C, D).

No statistical difference (p>0.05) was found in the
comparisons between the measurements of the Hp
and TAS values (Table 2 and Figure 1A, B).
Cortrelation findings are given in Table 3.
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Table 1. Hematological parameters before and 7 days after toltrazuril application.

Parameter Before treatment (n=10) | 7 days after treatment (n=10) p
xtsd xtsd

WBC (10°/L) 14,71 £2,13 17,39 £2,85> 0,013
Lymphocyte (10°/L) 6,60+2,24a 15,9314,84b <0,001
Monocyte (10°/L) 1,75%0,482 0,22£0,037> <0,001
Lymphocyte (%) 0,45+0,11» 0,91£0,02> <0,001
Monocyte (%o) 0,12+0,042 0,01£0,003> <0,001
RBC (1012/L) 14,37+1,812 18,68%4,96b 0,050
HGB (g/dL) 9,1140,68 10,71£3,142 0,164
HCT (%) 25,68+1,644 26,46£7,03x 0,721
MCYV (fL) 18,14%2,02» 14,3942,53b 0,010
MCH(pg) 6,410,542 5,780,642 0,081
MCHC (g/L) 354,50%16,00¢ 406,70£51,00v 0,018
RDW (fL) 35,351+9,622 23,23+9,15b 0,009
Neutrophil (10°/L) 5,67+2,552 0,66£0,18> <0,001
Eosinophil (10°/L) 0,24+0,07» 0,33£0,07> 0,025
Basophil (10°/L) 0,37+0,122 0,24£0,15> 0,007
Neutrophil (%) 0,38+0,102 0,04£0,02> <0,001
Eosinophil (%) 0,017£0,0052 0,019£0,0032 0,175
Basophil (%) 0,02+0,0072 0,01£0,007> 0,002

White Blood Cell (WBC), Red Blood Cell (RBC), Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH) Mean Corpuscular Hemoglobin
Concentration (MCHC), Red Cell Distribution Width (RDW).

Table 2. Hp, TAS, TOS and OSI levels before and 7 days after toltrazuril application.

Parameter Before treatment (n=10) | 7 days after treatment (n=10) p
xtsd xtsd

Hp (mg/L or pg/mL) 58,67 £11,002 65,86 £13,43b 0,237

TAS (mmol/L) 1,47£0,152 1,41£0,152 0,392

TOS (umol/L) 16,2311,482 7,153,370 <0,001

OSI (arbitrary unit) 1,10£0,11» 0,50%0,21> <0,001

Haptoglobin (Hp) Total Antioxidant Level/Ltatus (TAS), Total Oxidant Level/Status (TOS) Oxidative Stress Index (OSI).

Figure 1: Hp, TAS, TOS and OSI levels before and 7 days after toltrazuril application.
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Table 3. Correlation findings between hematological parameters, Hp, TAS, TOS and OSI levels.

Pearson Correlation

WBC LYMP MON RBC HGB HCT MCV | MCH | MCHC RDW NEUT EOS | BAS HP TAS TOS OSl
WBC Pearson Correlation 1 ,807" -,531" 480" | ,437 221 | -,444" | -,238 | ,582™ -,087 -,331 ,547" | ,055 ,178 -,287 | -474" | -419
Sig. (2-tailed) ,000 ,016 ,032 ,054 ,350 ,050 , 313 ,007 ,715 ,154 ,012 ,819 ,453 ,219 ,035 ,066
LYMP Pearson Correlation ,807 1 - 7747 ;7527 | ,662™| ,408 |-,628"| -,405 ,675™ -,246 -,630™ | ,709™ | -,207 ,365 -,248 - 7317 | -, 7277
Sig. (2-tailed) ,000 ,000 ,000 ,001 ,074 ,003 ,077 ,001 ,296 ,003 ,000 | ,382 114 ,291 ,000 ,000
MON Pearson Correlation -531" | -, 774" 1 -442 | -272| -,044 | 575" | 467" | -494" ,569" ,828™ | -,450" | ,425 | -,260 ,314 ,854" | ,824™
Sig. (2-tailed) ,016 ,000 ,051 ,246 ,852 ,008 ,038 ,027 ,009 ,000 ,047 ,062 ,268 77 ,000 ,000
RBC Pearson Correlation ,480" 752 -,442 1 ,8927 | 672" |-654"| -473" | ,632" -,139 -,349 ,505" | -,284 , 113 -,017 -, 373 -,404
Sig. (2-tailed) ,032 ,000 ,051 ,000 ,001 ,002 ,035 ,003 ,560 ,132 ,023 | ,224 ,635 ,945 ,106 ,077
HGB Pearson Correlation 437 ,662™ -,272 ,892™ 1 ,889™ | -,292 | -,034 449" ,201 -,236 ,320 | -,162 ,336 -,158 -,362 -,357
Sig. (2-tailed) ,054 ,001 ,246 ,000 ,000 ,212 ,888 ,047 ,397 ,316 , 169 | ,495 ,148 ,505 117 122
HCT Pearson Correlation 221 ,408 -,044 ,672" |,889" 1 ,105 ,233 -,003 424 -,018 ,125 ,027 ,288 -,114 -,140 -,123
Sig. (2-tailed) ,350 ,074 ,852 ,001 ,000 ,659 ,323 ,990 ,063 ,939 ,599 | ,910 ,218 ,633 ,556 ,605
MCV Pearson Correlation - 444" -,628™ 575" -,654™ | -292 , 105 1 ,893™ | -,829" ,659™ 454" | -563"| ,426 , 136 -,146 ,409 ,485"
Sig. (2-tailed) ,050 ,003 ,008 ,002 ,212 ,659 ,000 ,000 ,002 ,044 ,010 | ,061 ,566 ,538 ,073 ,030
MCH Pearson Correlation -,238 -,405 LA67" -473" | -,034 ,233 ,893" 1 -,511" 731" ,319 -,485" | ,352 ,366 -,324 ,168 ,261
Sig. (2-tailed) ,313 ,077 ,038 ,035 ,888 ,323 ,000 ,021 ,000 171 ,030 | ,129 ,112 ,163 478 ,266
MCHC Pearson Correlation ,582™ ,675™ -,494" ,632™ | 449" | -,003 |-,829"| -511" 1 -,356 -, 453" 494" | -,362 , 176 -,131 -505" | -,524"
Sig. (2-tailed) ,007 ,001 ,027 ,003 ,047 ,990 ,000 ,021 ,123 ,045 ,027 | 117 ,458 ,581 ,023 ,018
RDW Pearson Correlation -,087 -,246 ,569™ -,139 ,201 424 ,659™ | ,731™ | -,356 1 ,370 -,161 |,581"| ,159 -,221 ,407 484"
Sig. (2-tailed) , 715 ,296 ,009 ,560 ,397 ,063 ,002 ,000 ,123 ,108 ,499 | ,007 ,504 ,348 ,075 ,031
NEUT Pearson Correlation -,331 -,630™ ,828™ -,349 | -,236| -,018 454" ,319 -, 453" ,370 1 -384 | 543" | -,328 ,257 ,790™ | 784"
Sig. (2-tailed) , 154 ,003 ,000 ,132 ,316 ,939 ,044 171 ,045 ,108 ,094 | ,013 ,158 ,275 ,000 ,000
EOS Pearson Correlation 547" ,709™ -,450" ,505" ,320 , 125 | -,563™ | -,485" | ,494" -,161 -,384 1 ,153 ,003 ,029 -,359 -,403
Sig. (2-tailed) ,012 ,000 ,047 ,023 ,169 ,599 ,010 ,030 ,027 ,499 ,094 ,520 ,990 ,903 ,120 ,078
BAS Pearson Correlation ,055 -,207 ,425 -,284 | -,162 ,027 426 ,352 -,362 ,581™ 543" , 153 1 -,181 -,013 451" 486"
Sig. (2-tailed) ,819 ,382 ,062 224 ,495 ,910 ,061 ,129 117 ,007 ,013 ,520 446 ,956 ,046 ,030
Hp Pearson Correlation ,178 ,365 -,260 ,113 ,336 ,288 , 136 ,366 ,176 ,159 -,328 ,003 | -,181 1 -,483" | -533" | -,478"
Sig. (2-tailed) ,453 , 114 ,268 ,635 , 148 ,218 ,566 ,112 ,458 ,504 ,158 ,990 ,446 ,031 ,015 ,033
TAS Pearson Correlation -,287 -,248 314 -,017 |-,158 | -,114 -,146 | -,324 -,131 -,221 ,257 ,029 | -,013 | -,483" 1 ,354 ,159
Sig. (2-tailed) ,219 ,291 77 ,945 ,505 ,633 ,538 ,163 ,581 ,348 275 ,903 | ,956 ,031 , 126 ,503
TOS Pearson Correlation -474 | -, 731" ,854™ -,373 | -,362 | -,140 ,409 , 168 | -,505" ,407 , 790" | -,359 | ,451" | -,533" ,354 1 975"
Sig. (2-tailed) ,035 ,000 ,000 ,106 117 ,556 ,073 478 ,023 ,075 ,000 , 120 ,046 ,015 ,126 ,000
oSl Pearson Correlation -,419 - 7277 ,824™ -,404 | -,357 | -,123 ,485" ,261 -.524" 484" , 784" -,403 | ,486" | -,478" , 159 ,975™ 1
Sig. (2-tailed) ,066 ,000 ,000 ,077 , 122 ,605 ,030 ,266 ,018 ,031 ,000 ,078 ,030 ,033 ,503 ,000

**, Correlation is significant at the 0.01 level (2-tailed).
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DISCUSSION

Toltrazuril is a drug of the Triazinon group, derived
from triazine by trimerization of nitrile. It is
suggested that toltrazuril exhibits antimicrobial,
antiprotozoal, anticonvulsant, antihemostatic,
antitumor, anti-inflammatory and analgesic properties
(Harder and Haberkorn 1989). Clinically, toltrazuril is
used in the treatment of many protozoal diseases
(Isospora  spp. neosporosis,  hepatozoonosis,
sarcocystosis, toxoplasmosis, etc.) as well as the
treatment of coccidiosis caused by Eimeria spp.
(Al-Qadri et al. 2020).

The liver is responsible for the metabolism of
toltrazuril. The excretion of toltrazuril occurs through
the feces. Very little of it is excreted through the
kidneys (Perez et al. 2008). The absorption and
elimination half-life following oral administration of
toltrazuril varies with species. Accordingly, when
Toltrazuri is administered at a dose range of 15-20
mg/kg in rats, pigs, calves and sheep, the half-life is
23, 148, 154 and 160 hours, respectively (Dirikolu et
al. 2009, Soliman, 2015, Al-Qadti et al. 2020).

As can be seen, due to the long half-life of toltrazuril
in the blood, it has a very long and good effect.
Therefore, the most important advantage of
toltrazuril is that it is effective in all stages of Eimeria
causing sheep and goat coccidiosis (Mundt et al. 2009,
Ghanem and Abd El-Raof 2005, Le Sueur et al.
2009).

Ocal et al. (2007) reported that toltrazuril was highly
effective in the treatment of acute coccidiosis in hair
goat kids. Igbal et al. (2013) determined that
toltrazuril was more effective than amprolium in the
treatment of intestinal coccidiosis of goats. Mundt et
al. (2009) reported that toltrazuril is quite effective in
the treatment and metaphylaxis of lamb coccidiosis.
Ok et al. (2019) reported that lambs and kids started
to respond to treatment 24 hours after a single dose
of toltrazuril and diarrhea slightly darkened. In the
same study, they reported that after 48 hours, the
lambs and kids were voracious, lively, standing and
interested in the environment, and the feces were
completely solid.

In our study, following the application of toltrazuril,
it was observed that the kids responded to the
treatment after 24 hours and completely recovered
after 72 hours. In addition, it was observed that the
blood in the feces of the kids decreased in the 24th
hour and completely disappeared at the 48th hour.
The disappearance of bleeding in the feces of kids in
a short time may be related to toltrazuril's
antiprotozoal activity as well as its antihemostatic
property. The increase in RBC, HGB and HCT
values also supports this results.

It is reported that TOS, TAS and OSI may change in
cases of local and/or systemic inflammation ot
infection and can be used as non-invasive markers

(Celi and Gabai 2015, Merhan et al. 2017b, Aydogdu
et al. 2018). Studies have reported that serum TOS
levels increase in cases of inflammation (Cicek et al.
2012, Kirmuzigil et al. 2016, Ertas and Kirmizigil
2021). Oxidative stress plays a role in the
pathogenesis of many diseases (Miller et al. 1993). In
parasite infections, the host organism forms a
response mechanism against parasites by means of
free radicals that cause oxidative stress (Woodbury et
al. 1984). There are many studies showing that
oxidative stress occurs in animals infected with the
parasite (Sjmsek et al. 2006, Saleh 2008, Saleh et al.
2009, Merhan et al. 2017a, Bozukluhan et al. 2017,
Giltekin et al. 2017, Kozan et al. 2010).

In our study, it was observed that oxidative stress
increased clearly by increasing TOS and OSI values in
acute coccidiosis in kids. After 7 days of treatment
with toltrazuril, TOS and OSI values decreased, and
oxidative stress was found to be decreased and
statistically significant (p<<0.05) (Table 2 and Figure
1C, D).

Haptoglobin is a valuable indicator of inflaimmation
in goats (Gonzalez et al. 2008). On the other hand,
Gonzalez et al. (2008) reported that the mean Hp
value in healthy goats was 41.6 mg/L. El-Deeb et al.
(2020) determined the average Hp value as 93 mg/L
in healthy goats.

In our study, the Hp value was determined as 58.67
mg/L before the treatment and 65.86 mg/L after the
treatment. Although there was a slight increase on the
7™ day after treatment compared to before treatment,
no statistical difference (p>0.05) was detected (Table
2 and Figure 1A).

Acute inflammation is characterized by wvascular
changes, edema, and neutrophilic infiltration.
Mononuclear cell infiltration rich in macrophages,
lymphocytes and plasma cells is seen in chronic
inflaimmation (Sentirk 2013). In our current study,
since chronic inflammation developed on the 7% day
after treatment; WBC, lymphocyte and Eosinophil
values increased on the 7 days after treatment
compared to before treatment, and it was found to be
statistically significant (p<<0.05). It was observed that
Monocyte, Neutrophil and Basophil values decreased
on the 7 days after treatment compared to before
treatment, and was statistically significant (p<<0.05)
(Table 1).

Macrophages, neutrophils, and other phagocytic cells
generate large amounts of toxic reactive oxygen
species and reactive nitrogen species, which directly
kill pathogens. TOS can be used as an indicator for
oxidants produced by the organism and taken up by
environmental factors (Macun et al. 2018).

In the light of this information and considering the
inflammation process; while TOS and OSI values
were negatively correlated with WBC, lymphocyte
and eosinophil values, it was observed that they were
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positively correlated with WBC, lymphocyte and
eosinophil values (Table 3).

Antioxidants eliminate the harmful effects of free
radicals. TAS defines all antioxidants. In cases of
inflammation, the serum TAS level decreases (Ertas
and Kirmizigiil 2021). Although not statistically
significant, a decrease in TAS value was observed at
the end of 7 days after treatment compared to before
treatment (Table 2 and Figure 1B). Despite complete
recurrence after treatment with toltrazuril, the
increase in inflammation may suggest that toltrazuril
does not show anti-inflaimmatory properties in
coccidiosis cases. Therefore, this situation should be
clarified by conducting new studies on the anti-
inflammatory properties of toltrazuril.

In conclusion, in this study, it was determined that
toltrazuril was effective in the treatment of kids with
acute coccidiosis, and 7 days after the application of
toltrazuril, the Hp value increased and TAS, TOS and
OSI values decreased. In addition, the effectiveness
of toltrazuril, which has antimicrobial, antiprotozoal,
anticonvulsant, antihemostatic, antitumor, anti-
inflammatory, analgesic properties and a rather long
half-life, should be investigated with more
comprehensive studies.

Limitations of the study

In the current study, the lack of the molecular analysis
to diagnosing Eimeria Spp. in fecal samples is one of
the limitations of the study. The second limitation is
the small sample size for the study group.
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ABSTRACT

The presented case report material was composed of a 4-year-old Golden Retriever dog brought to Afyon
Kocatepe University Animal Hospital with complaints of weakness, anorexia, severe contraction and
incoordination 1.5 months after giving birth. Due to biochemical analysis performed within the scope of
anamnesis and clinical symptoms, serum calcium level was measured as 5.81 mg/dL and the patient was
diagnosed with hypocalcemia (eclampsia). After the appropriate treatment procedure, all vital findings returned to
normal, moderate hematemesis was observed 4 hours after the treatment. It was thought that the effect of
hypocalcemia on the coagulation mechanism may cause gastric bleeding. In the biochemical measurement
repeated 24 hours after the treatment, serum calcium level was determined as 7.70 mg/dL. In the subsequent
follow-ups, no evidence of hematamesis was found and no recurrence was observed. The risk of bleeding
disorders in dogs with hypocalcemia is significant and should be considered.

Key Words: Phosphorus, gastrointestinal bleeding, hypocalcemia, calcium, dog,.
Kook

Bir Képekte Hipokalsemi Ile Iligkili Gastrik Kanama Olgusu
oz

Sunulan vaka raporu materyalini dogum yaptiktan 1.5 ay sonra halsizlik, istahsizlik, siddetli kasidma ve
inkoordinasyon sikayeti ile Afyon Kocatepe Universitesi Hayvan Hastanesine getirilen 4 yaslt Golden Retriever
1irki képek olusturdu. Anamnez ve klinik belirtiler kapsaminda gergeklestirilen biyokimyasal analiz sonucu serum
kalsiyum diizeyi 5.81 miligram/desilitre (mg/dL) olarak belitlenen hastaya hipokalsemi (eklampsia) tanist kondu.
Uygun tedavi prosediirii sonrasi tim vital bulgulart normale dénen hastada, tedaviden 4 saat sonra orta siddetli
hematemesis gézlendi. Gastrik kanamaya hipokalseminin pihtilasma mekanizmasi tzerindeki etkisinin neden
olabilecegi disunildi. Tedaviden 24 saat sonra tekrarlanan biyokimyasal Sl¢limde serum kalsiyum diizeyi 7.70
mg/dL olarak belitlendi. Sonraki takiplerde hematamesis bulgusuna rastlanmadi, niks gézlenmedi. Kopeklerde
hipokalsemi olgularinda kanama bozuklugu riski 6nemlidir ve dikkate alinmalidir.

Anahtar Kelimeler: Fosfor, gastrointestinal kanama, hipokalsemi, kalsiyum, képek.
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INTRODUCTION

Eclampsia is an acute disease with high mortality,
characterized by a blood calcium level lower than
7mg/dL (hypocalcemia) in dogs. It is usually seen
during pregnancy or between 1st and 3rd weeks of
lactation. However, as stated in the presented case
report, dogs that continue to breastfeed can still have
the disease 1.5 months after birth (Dimitrov et al.,
2016). Eclampsia is triggered by the increase in the
need for calf calcium in the last period of pregnancy
and the first milk release after birth, and the disease
picture emerges as a result of the decrease in maternal
blood calcium level. Since the calcium level in breast
milk is kept at a normal level, offspring are not
affected by hypocalcemia (Pathan et al., 2011).
Animals that continue to breastfeed are highly
susceptible to changes in blood calcium levels (Moe,
2008). Undiagnosed hypocalcemia causes clinical
symptoms that require urgent treatment. Therefore,
blood ionized calcium levels should be measured
routinely in all suspected patients. Although this
disease is usually seen in small breed dogs, it is also
found in medium breed dogs with multiple puppies.
Excessive calcium loss, atrophy of the parathyroid
gland, and calcium deficiency play a role in the
etiology of the disease (Drobatz et al, 2000).
Eclampsia is an easy disease to diagnose with its
typical clinical findings. At the onset of the disease,
affected dogs are restless and nervous. In a short
time, they start walking with difficulty and shaking. In
the last phase of the disease, the legs contract and the
dog becomes unable to walk. Severe muscle spasms,
nystagmus and dyspnea may be seen. The patient's
body temperature is often above 40°C. Accordingly,
the respiratory rate also increases. Clinical symptoms
sit very quickly, and ataxia, tremors and tetany are
observed on average 12 hours after the first
symptoms such as restlessness and aggression.
Eclampsia is diagnosed by measuring blood calcium,
phosphorus and glucose levels. Dogs with serum
calcium levels below 7 mg/dL are diagnosed with
eclampsia. At the same time, serum phosphorus level
is generally determined to be low in these patients
(Pathan et al., 2011). Apart from puerperal eclampsia,
the most common causes of hypocalcemia in dogs are
hypoproteinemia and hypoalbuminemia (Thomas et
al., 1995). Calcium is responsible for blood

coagulation, mineralization of the skeletal system,
transmission between nerve cells, muscle contraction
and intracellular communication. The role of calcium
in blood plasma in coagulation is to convert
prothrombin produced in the liver to thrombin.
Thrombin, on the other hand, provides coagulation
by converting fibrinogen to fibrin. Since the blood
calcium level is low in an animal with eclampsia,
prothrombin cannot turn into thrombin and
fibrinogen cannot turn into fibrin, and coagulation
metabolism is impaired (Dzik et al., 1988). Calcium
ions atre involved in the regulation of the coagulation
process, which plays an important role in hemostasis
(Varga-Szabo et al., 2009; Braun et al., 2011). Calcium
ions are responsible for the full activation of various
coagulation factors, including coagulation factor X111,
apart from platelet activation (Ambrus et al., 2001).
The aim of this case report is to show that dogs with
eclampsia can develop hematemesis and to emphasize
the importance of this issue.

CASE HISTORY

Case Submission

The material of this case report was composed of a 4
year-old and 20 kg live weight Golden Retriever dog
brought to Afyon Kocatepe University Animal
Hospital. In the anamnesis, it was informed that the
patient gave birth 1.5 months ago, had 6 puppies and
the puppies are still sucking their mother. In the
clinical examination of the patient who applied to our
clinic with complaints of tremor, severe contraction
and incoordination, her body temperature was
measured as 42.5°C. Symptoms of hyperpnea (45
beats/minute), tachypnea (190 beats/minute) and
agony were detected in the patient. Before the
treatment  complete  blood  count (Human,
HumaCount80 TS) and calcium and phosphorus
levels (Mindray BS120) were measured by blood
samples taken from vena (V. cephalica into
anticoagulant and gel tubes (Tables 1-2). Whose
serum calcium level was measured as 5.81 mg/dL in
the dog and, it was diagnosed with hypocalcemia in
the light of clinical findings. After the treatment, in
order to control, blood samples were taken and
serum calcium and phosphorus levels were detected
(Table 2).
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Table 1. Hemogram results before treatment (Fielder, 2015).

RESULT REFERENCE RANGE
WBC 19.13 10° /ul 5.0-14.1
LYM % 58.4 % 821
GRA % 40.9 % 62.0-87.0
LYM 11.18 10° /ul 0.4-2.9
GRA 7.8310° /ul 3.00-12.00
Hb 12.9 ¢/dl 11.9-18.9
MCH 24.9 pg 21.0-26.2
MCHC 42.8 ¢/dl 32.0-36.3
RBC 5.16 10° /ul 4.95-7.87
MCv 58.3 fl 6677
HCT 30.13 % 35-57
PLT 138 10° /ul 211-621
MPV 9.7 fl 6.1-10.1

Table 2. Serum Ca and P levels before and after treatment (Fielder, 2015).

RESULT

REFERENCE RANGE

Before Treatment

After Treatment

Ca

5.81 mg/dL

7.70 mg/dL 9.1-11.7

P

2.85 mg/dL

2.9-53

Diagnosis and Treatment

The diagnosis of the disease were made by anamnesis,
clinical findings, serum biochemical analysis and
evaluation of the response to treatment. The fact that
the serum calcium concentration measured before the
treatment is lower than 7 mg/dL confirms the
diagnosis (Hall, 2015). The first symptom of
eclampsia is usually restlessness. Later, the animal has
gait disturbances and inability to walk, convulsions,
hyperpnea, tachycardia and an increase in body
temperature. The pupillary reflex is generally
decreased and the pupils are dilated (Austad et al.,
1970).

In the presented case report, caffeine (Kafedif®,
Ceva, Tutkey) at a dose of 5-15 mg/kg (0.8 ml) was
applied subcutaneously (SC) for the first time in the
treatment of the disease. In the patient 9 ml of
calcium (Calcicaf, Provet, Turkey) and 250 ml of 5%
dextrose solution were intravenous (IV) applied as
diluted by 500 ml 0.9% isotonic sodium chloride
solution. Upon the intense blood vomiting observed
in the patient 4 hours after the treatment, 1.6 ml
Ranitidine (Raniver, Osel, Turkey) Intramuscular
(IM), 4 ml Metoclopromide HCI (Metpamid, Sifar,
Turkey) IM, 2.5 ml Tranexamic acid (Transamine,
Actavis, Turkey) IM and 2 ml vitamin K (Hemadur-
K, Alke, Turkey) IM were administered. It was
thought that this bleeding was caused by the effect of
serum calcium level on the coagulation mechanism.
5% Dextrose (250 ml), Ranitidine, Metoclopromide
HCI and Tranexamic acid treatment were continued
at the defined doses for two days. In addition to this

treatment, the use of oral calcium preparations is also
recommended in the treatment of the disease (Austad
et al., 1976). Barbiturates and tranquilizers can also be
used to relieve contractions in the treatment of
eclampsia (Bloom, 1968).

DISCUSSION

A decrease in blood calcium concentration below 7
mg/dL is defined as puerperal hypocalcemia
(eclampsia) (Hall, 2015). Carlstrom measured the
blood calcium level of 5-7 mg/dL in dogs with
eclampsia for the first time in 1929 (Carlstrplm,
1929). According to a study by Bentinck-Smith in
1971, normal serum calcium level was determined as
9-11.5 mg/dL, Mg level 1.7-2.9 mg/dL, inorganic P
level 2.5-5 mg/dL, glucose level 60-100 mg/dL in
non-lactating female dogs. Similarly, in the presented
case, the serum calcium level was measured as 5.81
mg/dL, initially. The main reason for this decrease in
calcium levels is breastfeeding. The first urgent
application in the treatment of the disease is to
increase the falling blood calcium level. Calcium
preparations used for this purpose are organic
calcium compounds such as calcium barogluconate or
calcium gluconate. The drug to be wused is
administered IV slowly until the contractions stop
(Austad et al, 1976). In the general treatment
protocol, 10% calcium gluconate (0.5-1.5 ml/kg) is
administered at a dose. After the application, rapid
clinical recovery and muscle relaxation are seen within
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the first 15 minutes. In the presented case report, 0.5-
1.5 ml/kg of calcium was administered to the patient
by IV route and a decrease in the intensity of muscle
contractions was observed in a short time. The
determined dose of calcium gluconate can be given
by diluting in 0.9% isotonic (Hall, 2015). The calcium
preparation we gave in the treatment was diluted in
0.9% istonic and used in our patient. Parathyroid
gland hormones such as parathyroid hormone (PTH)
are effective in regulating calcium metabolism in the
body. In the deficiency of these hormones, neural
symptoms along with muscle contraction and muscle
spasm and convulsions are seen after a few days
(McDonald, 1965). The oscillations of impulses in
dogs occur at the neuromuscular junction in
hypocalcemia, low blood calcium concentration
decreases the activation level of sodium channels.
The reason for this interaction is that calcium ions
bind to the outer surface of sodium channels. Sodium
channels are activated much less than normal levels,
and this event facilitates the stimulation of netve
fibers. Sometimes nerve fibers are repeatedly
stimulated without rest. In dogs with hypocalcemia,
severe muscle contractions and muscle spasms occur
when motor nerve fibers are  stimulated
spontanecously and repeatedly without rest (Hall,
2015).

Due to severe muscle contraction, an excessive
increase in body temperature occurs. Extra antipyretic
agents are not required for this increase in body
temperature.  Fever  usually improves  with
hypocalcemia treatment (Hall, 2015). The body
temperature of our patient in the case presentation
was measured as 42.5 oC. After the first treatment of
hypocalcemia, the body temperature of our patient
was measured as 39.5 oC.

Too fast calcium administration may lead to
bradycardia. During calcium administration, heart rate
should be monitorize in order to prevent bradycardia
and arrhythmia. In the event of an arrhythmia,
calcium therapy should be interrupted until the heart
rhythm returns to normal (Hall, 2015). Our patient
was continuously monitorized during the treatment.
No adverse events developed associated with caffeine
injection.

Severe hyperpnea findings can also be seen in the
disease. Hyperpnea causes respiratory alkalosis.
Respiratory alkalose, on the other hand, promotes the
binding of serum calcium to proteins, causing
exacerbation of hypocalcemia (Hall, 2015). Similarly,
when the patient, who was the subject of the case
report, applied to our hospital, a respiratory rate of
45/min hyperpnea was detected.

In a study conducted by Moretti et al in 2016, it was
stated that calcium is an important cofactor of the
coagulation mechanism and may play a role in the
pathophysiology ~ of  intracerebral — hemorrhage.
Hypocalcemia was diagnosed in 229 of 2103 patients
with intracerebral hemorrhage included in this study.
Hypocalcemia is associated with the degree of

bleeding in patients with intracerebral bleeding,
Calcium plays a role in vascular reactivity.
Hypocalcemia causes higher blood pressure due to
increased arterial vascular tone (Morotti et al., 2016).
A certain level of calcium is required in the blood
coagulation mechanism. Since prothrombin cannot
turn into thrombin and fibrinogen in the absence of
calcium in the blood, impairments occur in
coagulation metabolism and bleeding occurs in
various otrgans or parts of the body (Dzik et al.,
1988). Similarly, in this case report, it was evaluated
that gastrointestinal system bleeding was observed in
our patient due to a possible effect of calcium
deficiency on the blood coagulation mechanism.

In a study conducted by Drobatz et al. in 2000,
various abnormal clinical findings were detected in 29
of 31 dogs with eclampsia. Multiple abnormal clinical
signs were reported in most dogs affected in this
study. According to the study, typical eclampsia
symptoms such as tremors, spasm, gait disturbance,
and nystagmus were observed in 23 of the 29 dogs.
Further, in this study, hyperpnea in 15 animals,
behavioral disorders in 14 animals, weakness in 6
animals, vomiting in 3 animals, diarrhea in 3 animals
and aggression in 2 animals (Drobatz et al., 2000).
Similarly, a significant part of these findings were
detected during the preliminary clinical examination
in the presented case report.

While Mayer (1968) emphasized that eclampsia
develops due to calcium and vitamin D deficiency
during pregnancy and breastfeeding. Nesvadba (1971)
stated that overfeeding with animal proteins such as
egg and meat may cause impairment of calcium
metabolism  and  hypocalcemia.  Vitamin D
supplements increase the absorption of calcium from
the intestines. Vitamin D  supplementation
administered at a dose of 0.03-0.06 mcg/kg to dogs
with eclampsia may play a role in preventing
hypocalcemia (Hall, 2015). Again, phytate compounds
bind ionized calcium to make it biologically unusable
and are recommended as a support for hypocalcemia
treatment (Resnick, 1964). For patients who will
continue breastfeeding after hypocalcemia, the use of
oral calcium preparations at a dose of 25-50 mg / kg
3-4 times a day has been recommended. If the
puppies are large enough, they should be weaned.
Puppies should not be allowed to suckle for 24 hours
after an eclampsia attack to prevent relapse
(Wikstrom, 1974). In this case, the puppies were
prevented from sucking.

CONCLUSION

In the presented case report, hypocalcemia due to
calcium deficiency was diagnosed in our patient due
to prolonged breastfeeding. Breastfeeding was
discontinued in the patient whose general condition
improved after treatment, and the patient's diet
regimen was changed. A proprietary formula
containing calcium and vitamin D and phytate-
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containing cereals (soybean, legume) was proposed.
The patient was prescribed a balanced feed
supplement (VMP tablet) containing vitamins,
proteins and minerals. No recurrence was detected.
Feeding is important in dogs in the post-pregnancy
period. In order to avoid possible cases of
hypocalcemia and serious complications such as GIS
bleeding, attention should be paid to maternal feeding
during this period. During the lactation period, the
use of a balanced and period-appropriate diet and
feed supplement and etc. should be recommended.
The risk of bleeding disorders in dogs with
hypocalcemia should not be clinically ignored and
taken into account by veterinarians.
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