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ABSTRACT

The aim of present study was to assess the time periods of exogenous development of Trichostrongylus tenuis
nematodes that parasitize in domestic goose, and their survival z vitro. To do that, eggs of Trichostrongylus were
obtained from excrement of infected birds and cultured in laboratory to the third stage larvae (L3). Culturing was
performed at 15°C, 20°C and 25°C. Time periods of the parasitic development was analyzed, as well as their
survival. According to results, the optimum temperature of embryonic and postembryonic development of
T.tenuis is 25°C. The time period of exogenous development at 25°C was the shortest (five days), and survival was
83.67%. Decreasing temperature resulted in slower development of infectious larvae (10 days) of lower survival
(58.67%). Developmental processes in eggs and larvae of Trichostrongylus were accompanied by changes in their
sizes regardless of the temperature conditions. Parasitic embryogenesis was characterized by increasing length and
width of eggs. Postembryonic development of nematodes was associated with inflating length and width of
second stage larvae, but inflating length and decreasing width of third stage larvae.

Keywords: domestic goose, trichostrongylosis, exogenous development
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Evcil Kazlarda Parazitlenen Trichostrongylus tenuis Nematodlarin Ekzojen Gelisim Siirelerinin
Degerlendirilmesi

0Z

Bu calismanin amact, evcil kazlarda parazitlenen Trichostrongylus tenuis'in eksojen gelisim ve in vitro ortamda canlt
kalma stirelerini degerlendirmektir. Enfekte kuslarin diskisindan izole edilen Trichostrongylus spp. yumurtalart
laboratuvar ortaminda 3. donem larva elde edilmek tzere 15°C, 20°C ve 25°C olmak tzere ¢ farklt sicaklikta
kiltir edilmistir. Farklt sicakliklardaki larva gelisimi ve canli kalma siireleri analiz edilmistir. Elde edilen analiz
sonuglarina gore, T. fenuis’ in embriyonik ve postembriyonik gelisimi icin optimum stcaklik 25°C ' dir. Larvalar, in
vitro ortamda en hizlt gelisimi 5 giinde 25°C'de gostermisler ve % 83.67 hayatta kalmuglardir. Azalan sicaklik,
enfektif larvalarin daha yavas gelisimine (10 glin) ve daha kisa siire canli kalmalarina (% 58.67) sebep olmustur.
Trichostrongylus yumurta ve larvalari her g sicaklik ortaminda, farkli degerlerde olsa da gelisim gOstermistir.
Parazitik embriyogenez, yumurtalarin uzunlugunun ve genisliginin artmasi ile karakterize edilmistir. Nematodlarin
postembriyonik gelisimi sirasinda, ikinci dénem larvalarda uzunluk ve genislikte artis gézlenirken, ticlincli dénem
larvalarda uzunlukta artis, genislikte ise azalma gzlemlenmistir.

Anahtar Kelimeler: Kaz, trichostrongylosis, ekzojen gelisim
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INTRODUCTION

The poultry farming may develop not only by
creating new highly productive breeds of geese,
improving diets for nutrients, but by also ensuring
sustainable epizootic control (Romanov 1999,
Elmberg et al. 2017). The common helminth

infections of geese include
gastrointestinal nematodoses. One of the most
widespread gastrointestinal nematodoses is

trichostrongyloidosis, associated with significant
losses for poultry farming (Enigk and Dey-Hazra
1971, Shutler et al. 2012).

Epizootological features of trichostrongyloidosis have
been mostly studied in wild birds (Anseriformes,
Galliformes, Gruiformes, and Otidiformes), and this
infection is widespread throughout Europe, Asia,
North America, Africa, Australia, New Guinea, New
Zealand. There, the infection rates can reach 100 %,
and the intensity of infection can be up to 2471
nematode specimens per bird (Calvete et al. 2003,
Webster et al. 2007, Bhat et al. 2014).

Most of the scientific works ate studies of the
parasitization of Trichostrongylus fenwis in partridges.
The pathogen destabilizes the dynamics of partridge
population, leading to its decline. Moreover, the
prevalence of infection in partridges reaches 90%, the
intensity of infection is up to 30.000 nematode
specimens, and infection rates are higher (in 30 times)
in adult birds than in young animals (Wilson 1983,
Fox and Hudson 2001, Newborn and Foster 2002,
Seivwright et al. 2004).

It has been proven that T. zenuis nematodes evolved
from the free-living ancestors of modern rhabditates.
This is indicated by their partial free-living lifestyle,
namely the part of the life cycle and metamorphoses
that occur outside the host’s body, in the external
environment. The parasite’s development is direct
involving one definitive host. The wild birds and
poultry that are susceptible to the causative agent of
trichostrongyloidosis include _Anser albifrons, Anser
anser dom., Gallus gallus dom., Anas platyrhynchos dom.,
Meleagris gallopavo, Anas platyrbynchos, Branta canadensis,
Chen caerulescens, Lagopus scoticus, Lagopus muta, Numida
meleagris, Otis  tarda, Perdix  perdix, Pavo cristatus,
Phasianus colehicus. Moreover, such a wide distribution
of this pathogen in birds is explained by the
peculiarities of its development, where exogenous
preservation of the parasite at the stages of the egg
and larva allows parasites to survive as a species
(Watson et al. 1988, Cattadori et al. 2005, Skirnisson
et al. 2012).

Thus, a comprehensive study of Trichostrongylus tenuis
parasites of domestic goose is not only of general
biological interest, but it has a great importance in the

ensuring of trichostrongylosis epizootic control at
poultry farms also.

MATERIAL and METHODS

Studies were conducted at the Laboratory of the
Parasitology and Veterinary Expertise of the
Department of Veterinary Medicine of the Poltava
State Agrarian Academy (Poltava, Ukraine, 49 °© 35'42
"N 34 °33'19 " E) in 2019.

The time periods of the exogenous development of
T. tennis nematodes were studied in laboratory
conditions. In order to do that, helminth eggs were
isolated using Kotelnikov-Khrenov’s method of
coproscopic examination of domestic goose reared in
private farms of Poltava region (Kotelnikov, 1984),
from excrement of infected birds. The obtained
washed eggs were transferred to Petri dishes, 100£5
eggs per dish, and cultured in a thermostat at various
temperatures  (15°C, 20°C and 25°C) until the
formation of third stage larvae (L3). Samples were
examined daily under a microscope. The stage of
development of eggs and larvae of nematodes was
determined by morphological structure, considering
the timing of their development and taking into
account the number of dead eggs and larvae. Each
experiment was carried out in triplicate.

The metric parameters of 1. fenuis eggs and larvae
during their development were studied using Image]
for  Windows®  software  (version  2.00).
Microphotography was performed using a digital
camera to a MikroMed 5Mpix microscope (China).
The research protocol of the current study was
approved by the Ethic Committee of the Poltava
State  Agrarian Academy (Approval number:
2019/02).

Statistical analysis

Statistical processing of the experimental results was
carried out using Statistica 10 (StatSoft Inc., USA)
software. Standard deviation (SD) and average values
(M) were calculated. Significance of difference
between average values in studied eggs and larvae
cultures of T. fenuis was established using one-way
analysis of wvariance and F-test. The statistically
significant rate was set as p<0.05.

RESULTS

The exogenous development of T. zenuis was shown
to include five stages: blastomere cleavage (Fig. 1 a),
larval formation in egg (embryonic) (Fig. 1 b), and
postembryonic formation of first stage (L1) (Fig. 1 ¢),
second stage (L.2) (Fig. 1 d) and third stage (L3) larva
(Fig. 1 e). The timing of development and survival
rates of exogenous stages of parasites depended on
the temperature regime (Table 1).
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The most optimal temperature for the successful
development of eggs to the infectious L3 was 25°C.
The time periods of development were the shortest,
five days at this temperature, and the survival rate was
83.67%3.51%. A decrease in temperature contributed
to longer development of Trichostrongylus, and
nematode survival was reduced to 75.33%1.53% at
20°C and to 58.67£2.08% at 25°C.

The morphometric parameters of T.zenuis eggs were
studied during their embryonic development.
Regardless of the temperature of cultivation, their
length and width changed (Table 2).

At 15°C, the length and width of Trichostrongylus eggs
increased by 3.77% (p<0.01) and 6.39% (p<0.001),
respectively. At 20°C, the parameters of eggs during
cultivation significantly (p<0.001) increased: length by
4.62%, width by 8.08%. Cultivation at 25°C also led
to an increase in their size (p<0.001): length by
5.44%, width by 7.82%. During postembryonic

development of T.zenuis larvae, their sizes changed at
all temperature conditions (Table 3).

At 15°C, the length and width of the second stage
larvae (L2) increased relative to the sizes of the first
stage larvae (L1) by 22.10 and 8.55% (p<0.001),
respectively.  Similar data were obtained for
cultivation at 20°C and 25°C. The length of L2
increased by 22.21 and 20.26% (p<0.001), and the
width increased by 8.26 and 8.72% (p<<0.001). At the
same time, infectious larvae of the third stage (L3)
had a longer and narrower body in comparison with
L1. At 15°C, length of L3 increased by 26.74%
(p<0.001), and the width decreased by 5.20%
(p<0.01). At 20°C, L3 were longer (by 26.34%,
p<0.001) and narrower (by 7.88%, p<0.001). The
same tendency in L3 body size changes during
postembryonic development was also observed at
259C. Infectious larvae were longer by 24.27%
(p<0.001) and narrower by 11.60% (p<0.001) relative
to L1.

a b
< d

Fig. 1. Stages of embryonic and postembryonic development of nematodes Trichostrongylus tenuis,
which parasitize domestic geese: a — blastomere cleavage; b — formation of larvae in the egg; ¢ —

L1;d-12;e—-13
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Table 1. The effect of temperature on the timing of exogenous development and survival of Trichostrongylus tenuis in

laboratory culture, n=100, M+SD

Temperature (°C)

Duration of development (days)

Rates of formation of L3 (%)

15 10
20 7
25 5

58.67£2.08
75.3311.53
83.67%3.51

Table 2. Morphometric parameters of Trichostrongylus tennis eggs during embryonic development, n=10, M£SD

Parameters Temperature Stages of egg development
(um) (°C) Blastomere cleavage Formation of larva in egg
15 69.21%£1.56 71.9211.93%*
Len/gth 20 69.03%£1.29 72.37£1.85%F*
25 68.82+1.51 72.78£1.60%**
15 37.23%£1.15 39.77£1.69%+*
Width 20 37.19%1.36 40.46£0.95%**
25 37.74%1.28 40.94£1.15%+*

Note: ** — p<0.01; *** — p<0.001 — compared to values for eggs at the stage of blastomere cleavage

Table 3. Morphometric parameters of Trichostrongylus tenuis larvae during postembryonic development, n=10,

M=£SD
Larval stages Para;nnelters, Tempera;(;re (°C) ~

- Length 367.55+17.44 372.46113.44 385.19%15.66
Width 23.6510.57 23.9910.48 24.39%0.68
Length 471.84%6.87FF* 478.81£06.02%** 483.04L5.74%+*

- Width 25.86£0.70%* 26.15£0.71%%¢ 26.72£0.62%%*
Length 501.70£2.89%** 505.6313.33%** 508.65£4.90***

= Width 22.421+1.06%* 22.10%1.32%%% 21.5611.28%**

Note: ** — p<0.01; *** — p<0.001 — compared to values for first stage larvae (L1)

DISCUSSION

According to scientific evidence,
trichostrongyloidosis is a significantly common
disease of birds, both wild and domestic. Its
pathogens are nematodes of the species
Trichostrongylus tenuis. The disease occurs in both
waterfowl and terrestrial birds in many countries of
the world (Wascher et al. 2012, Cervantes-Rivera et al.
2016, Denizhan and Karakus 2019). The high
prevalence of pathogen in various bird species is
explained by the biological specifics of T.zenuis that
enhance its adaptation to environmental factors,
which affect the exogenous development of the
parasite (Dobson and Hudson 1992, Connan and
Wise 1993). Thus, further studies are needed to

determine the timing of the development of these
nematodes in the external environment and the
influence of temperature on the rate of L3 formation
and survival. This will allow to use the correct and
more  effective  preventive and  therapeutic
anthelmintic measures in poultry farming.

We found that the temperature factor significantly
affects the timing of exogenous development of
T.tenuis nematodes, and is also one of the factors
determining their survival. The most favorable
temperature for the formation of the largest number
of infectious larvae (up to 83.6713.51%) under
laboratory conditions is 25°C. In these conditions, the
exogenous development of T. zenuis occurs in five
days. With decreasing temperature, the formation of
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L3 slows down to seven days at 20°C, or 10 days at
15°C. At the same time, the survival of L3 decreases
to 75.33£1.53% at 20°C, or 58.67£2.08% at 15°C.
Such dependence of the development time and
survival of T.fenuis on temperature both in the
laboratory and in the environment has been noted
before (Shaw et al. 1989). The authors indicate that
eggs do not develop to L3 and die at low
temperatures of winter, while mass formation of
infectious larvae occurs in summer, at an average
monthly soil surface temperature of 7.6 to 10.3°C. At
the same time, it has been observed that temperature
indirectly affects the development of infectious
larvae. A colder temperature (10°C) provides better
humidity conditions on the surface of the vegetation
for migration of larvae (Saunders et al. 2000).

We also obtained new data on the morphometric
parameters  of  Tifenwis  during  exogenous
development. The embryonic development is
characterized by an elongation (by 3.77-5.44%) and
widening (by 6.39—8.08%) of eggs. In the process of
postembryonic larval development, we noted an
increase in L2 in length (by 20.26-22.21%) and width
(by 8.26-8.72%), and further in L3, an increase in
their length (by 24.27-26.74%) with a decrease in
width (by 5.20-11.60%). Such changes, in our
opinion, contribute to maximum survival in the
external environment, and the possibilities of
migration on plants for further entry into the host
organism.

CONCLUSION

The timing of exogenous development and survival
are determined in different temperature conditions
tor Trichostrongylus tenunis nematodes isolated from
domestic geese. It is established that the optimal
temperature for the formation of infectious larvae is
259C, at which their formation occurs in five days,
and survival reaches 83.67%. The growth and
development of exogenous parasitic stages is
accompanied by a change in their morphometric
characteristics. That is an adaptive mechanism to
environmental conditions, which contributes to the

widespread occurrence of trichostrongyloidosis in
birds.

Conflict of Interest: The authors declare that they
have no conflict of interest.
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ABSTRACT

Near-Infrared Spectroscopy has been commonly adopted in feed quality evaluations. The majority of studies have
been performed on the detection of fibrous components with the help of NIR. Model development studies are
not yet common for different roughage quality characteristics such as Relative Forage Value (RFV), Relative
Forage Quality (RFQ), and Net Energy Lactation (NEL), which are used in the evaluation of roughage quality.
The purpose of this study is the detection of RFV, RFQ, and NEL values with NIR spectroscopy in different
roughage samples, and to investigate the effect of wavelength selection on the model's success. In this study,
spectral data belonging to silage, dry alfalfa, dry oat, and wheat straw samples and laboratory analysis results were
used to develop estimation models according to the partial least square regression (PLSR) method. A variable
importance projection (VIP) method was used as the wavelength selection method. Estimation models, which
were developed according to study results, were obtained from the VIP-PLS model combination (RMSE=12.7,
Bias=0.000, R2=0.804, RPD=2.28) for RFV. VIP method has increased the estimation of success for all
variables. Based on the study results, it was recognized that it is possible to use NIR in the calculations used in
roughages quality evaluation parameters.

Keywords: Near-Infrared Reflectance (NIR), Roughage quality, Wavelength Selection, Chemometrics

kksk

Kaba Yem Kalitesinin Near Infrared Reflectance (NIR) Spektroskopisi ve Kemometrik Teknikler ile
Tahmin Edilmesi

oz

Yakin Kizil6tesi Spektroskopisi yem kalite degerlendirmelerinde yaygin olarak kullanilmaya baslanmustir. Yapilan
calismalarin biyitk kismi lifli bilesenlerin NIR ile tespitine yonelik olarak yirtilmistir. Kaba yem kalitesinin
degerlendirilmesinde kullanilan Nisbi yem degeri (Relative Forage Value, RFV), Nisbi yem Kalitesi (Relative
Forage Quality, RFQ) ve Net Enerji Laktasyon (Net Energy Lactation, NEL) gibi farkl kalite 6zelliklerine yonelik
ise model gelistirme calismalart heniiz yayginlasmamustir. Bu calismada farkli kaba yem 6rneklerinde NFV, RFQ
ve NEL degerlerinin NIR spektroskopisi ile tespiti ve dalgaboyu seciminin model basarist tizerine etkisinin
arastirilmasi amaglanmustir. Arastirmada silaj, yonca kuru otu, yulaf kuru otu ve bugday samant 6rneklerinde alinan
spektral veriler ve laboratuvar analiz sonuglart kullanilarak kismi en kiigiik kareler regresyon (PLSR) yéntemine
gbre tahmin modelleri gelistirilmistir. Dalga boyu secim yontemi olarak variable importance projection (VIP)
metodundan yararlanilmistir. Aragtirma bulgularina gére gelistirilen tahmin modellerinin RFV i¢in VIP-PLS model
kombinasyonundan (RMSE=12.7, Bias=0,000, R2=0,804, RPD=228) eclde edilmistir. VIP yontemi biitiin
degiskenler icin tahmin basarisint yiikseltmistir. Arastirma bulgularina dayanarak, kaba yem kalite degerlendirme
parametrelerinde kullanilan hesaplamalarin NIR ile tespitinin miimkiin oldugu anlasiimustur.
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INTRODUCTION

Near-Infrared Reflectance (NIR) spectroscopy is one
of the analytical devices that has widespread use in
the content analysis of different agricultural products,
and it has been commonly used in feed analyses
(Sinnaeve et al. 1994). In feed quality analyses,
characteristics such as moisture, protein content, and
digestibility has been the main center of focus. As an
alternative to reference analyses that are used to
evaluate feed quality, NIR spectroscopy allows us to
analyze multiple variables simultaneously without
using chemicals and in a shorter time (Undersander
2000).

Measuring feed quality with NIR spectroscopy has
originatedat at the end of the 1970s and the first
years of the 1980s. In this period, various studies have
been performed, which showed it was possible to use
NIR spectroscopy devices for the analysis of protein
and fibrous materials in feed samples (Notris et al.
1976, Shenk et al. 1981, Marten et al. 1983, Jones et
al. 1976). These studies are still ongoing in our day,
and it is investigated whether it is possible to use NIR
to measure feed quality in different plant types with
newly developed devices. In this scope, estimation
models have been developed to ensure the
measurement of parameters of feed quality such as
ADF, NDF, CP and crude fat in soybean (Asekova et
al. 20106), Italian ryegrass (Yang et al. 2017) , corn
(Gumistas and Bayram 2018) and wheat straw
(Nielsen et al. 2019) with the help of NIR. These
parameters are determined with wet chemical
methods recognized by international standard
organizations, history of which depends on the
detergent system of analysis recommended by Von
Soest (1991) and Wendee's system of analysis (Erglin
et al. 2004). Instead of wet chemical methods used in
the determination of feed quality parameters, NIR
determination methods have been adopted, and these
methods have been accepted by ISO (ISO 12099).
The number of NIR spectroscopy studies about
novel statistical methods has been increasing on
chemometric ~ approaches  covering  efficient
wavelength selection methods and pretreatment on
spectral data.

Chemometric methods are used mainly in three stages
in the development of calibration models with NIR
devices. These stages consist of the pretreatment for
the removal of noise and unwanted changes in
spectral data, the selection of wavelengths related to
the target variable, and the formation and validation
of the estimation model (Kahriman and Egesel 2018).
While each of these stages has a separate importance
on the model's success, the use of efficient
wavelength  selection methods to enable the
determination of variables that should be used in the
model can noteworthily increase the model's success.
Different wavelength selection methods have been
used on scientific literature in studies about spectral
analyses. Some of those are Variable Importance

Projections (VIP), Selectivity Ratio (SR), Competitive
Adaptive Resampling Method (SPA), and Random
Frog (RFOG) methods (Wold et al. 1993, Galvio et
al. 2008, Li et al. 2014). There is a high number of
studies reporting that the success of the established
model increases by applying wavelength selection
methods on data obtained from NIR devices
(Cécillon et al. 2009, Kahriman et al. 2017).

In the literature review, it was observed that mostly
general parameters such as fiber analyses (ADF,
NDF) or total protein content are used as target
variables in the studies that use NIR on the
determination of feed quality. From this point forth,
it was considered that it would be beneficial to
investigate whether it is possible to estimate RV,
RFQ, and NEL parameters directly with NIR and to
study how wavelength selection will affect the success
of the established model.

The purpose of this study is to determine whether it
is possible to determine RFV, RFQ, and NEL values
with NIR in different roughage samples, and to study
the effect of wavelength selection on the estimation
success of the models established for these
parameters.

MATERIALS and METHODS

Samples

The samples of roughage used (n=52) in the study
(Corn silage, Alfalfa, Oat grass hay, Wheat straw)
were obtained fresh from farms in 0.5 kg weight.
They were transported to the laboratory after being
placed in airtight bags, and stored at -20 °C until
analyses were performed. Dried feed samples were
milled (Retsch ZM 200 ultra centrifugal mill, on 1
mm screen) before reference and spectral analyses.

Reference (REF, Chemical Analyses) Analyses
Reference (REF) (chemical) analyses of roughage
samples from the study were performed in Balikesir
University Faculty of Veterinary Animal Nutrition
and Nutritional Diseases Laboratory by using dry
matter (method 934.01), ash (method 942.05), crude
protein (method 990.03), crude oil (method 920.39)
AOAC (1997) methods in compliance with the
reported method, and reference analysis values
(nutrient values) were determined. NDF and ADF
analyses of feed samples were performed according to
the methods reported by Van Soest et al. (1991) by
using automated Gerhard FT12 Fiber Analyzer
(Gerhardt Analytical Systems Documents, 2012).
RFV, RFQ, and NEL levels were calculated
according to equations reported in NRC (2001) by
using nutrient values obtained from the chemical
analyses of roughages samples.

Development of NIR Models and Evaluation

Spectral measurements were performed on a desktop
NIR device (Spectrastar 2400D, Unity Scientific,
USA) with the samples after completing laboratory
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analyses. Rotational measurement cup mode was used
in measurements, and spectral data were recorded at
each 1 nm between 1200-2400 nm  with
approximately 50 g of ground sample. For model
development, sample files were compiled in jdx
format by using the InfoStar program.

Spectral data were imported to an Excel file with
Unscrambler 10 x (Camo, Oslo, Norway).
Afterwards, these files were transferred into the
program named R (R Development Team, 2018), and
modeling studies were performed by using the
mdatools package (KKucheryavskiy, 2020). First of all,
spectra were converted to line charts in order to
obsetve the change in spectral data (Figure 1). Partial
least square regression (PLSR) method was used as
the modelling method, and two separate models were
established with spectral data for each variable. In the
first model, all spectral data was used to develop the
estimation models. In the second model, efficient
wavelengths were selected according to the VIP
method (Wold et al. 1993), and estimation models
were developed by using these wavelengths.
Estimation success and reliability of established
models were evaluated according to the following
parameters.

2
RMSEP — \/Z (Ypredn— Yref)

SEE = \/nL_l(RMSEPZ — Bias?)
STDref
SE

RPD =

pred

Where; RMSEP: the square of the mean value of
estimated squares; Ypred: the calculated value; Yref:
the value obtained by standard analyses; n: the
number of observations; Bias: the mean difference
between estimated and standardized analyses; SEE:
the standard error of the predicted values in the
calibration set; STDref: the standard deviation of
reference analyses, and SEpred, the standard error of
prediction values. Moreover, the coefficient of
determination was calculated for the models. These
calculations were performed separately for the
calibration and wvalidation set, and the internal
validation method was used as the validation method.

Determination of Relative Feed Value (RFV),
Relative Forage Quality (RFQ) and Net Energy
Lactation (NEL) Values

The estimated values of dependent variables in
prediction models were calculated by the equations in
Table 1. Proposed equations were obtained from
previous studies (Samiei et al. 2015, Romero et al.
2014; Jaranyama and Garcia 2004, Van Dyke and
Anderson 2000).

Table 1. Calculation formulas for RFV, RFQ, and NEL values and the related equation components

Equation for Target Varibale

Equaiton Components

RFV = DDM x DMI x 0.775

120

DMI = ——
NDF%

DDM = 88.9 — (0.779xADF%)

(DMIXTDN)

RFQ =
¢ 1.23

4
) x100

NDED — 45 (
+( )* {1350

DMI = (—)
NDF%

TDN = (NFCx0.98) + (CPx0.93)
+ (FAx 0.97 x 2.25)+ (NDFn x(NDFD/100)) - 7
NFC = 100 - (NDFn + CP + EE + ash)

NDF = else estimated as NDFn= NDF ¥ 0.93

FA= fatty acid (% of DM)= ether extract — 1

NDFD = 45 is an average value for fiber digestibility of alfalfa
and alfalfa/grass mixtures

NE,= [0.866 — (0.0077xADF)] = 2.2

DDM = Digestible Dry Matter, DMI = Dry matter intake (% of Body Weight), DM=Dry Matter, TDN = Total Digestible Nutrients (% of DM), NDF=
Neutral Detergent Fiber (% of DM), ADF=Acid Detergent Fiber (% of DM), NDFD = 48-hour in vitro NDF digestibility (%o of NDF), CP = Crude Protein
(% of DM), NDFn = Nitrogen Free, NFC = Non Fibrous Carbohydrate (% of DM), NEL= Net Energy Lactation.
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RESULTS

Descriptive statistics of the laboratory analysis results
are presented in Table 2 for the samples used in the
study. A noteworthy vatriation was also observed in
the raw spectral data obtained from the samples
(Figure 1). Depending on those, it can be stated that
both the variation in spectral data and the variation in
target variables were suitable for estimation model
development in the established models.

The evaluation parameters are presented in Table 3
for the estimation models established in the study.
While 99.9% of the variation in spectral data can be
explained by models for all feed quality parameters,
34.20% to 80.43% of the variation independent
variables could be explained in established models
(Table 3). Root-mean-square error (RMSE) was
found to be at an acceptable level for the measured
feed quality evaluations. While slope values of the
estimations varied between 0.60 and 0.80, estimations
without any deviation could be provided in
calibration models (Bias=0.00), and in contrast,
various levels of deviations were observed in internal
validation sets although it changed according to
models. RPD wvalues belonging to calibration and
validation sets were determined to be between 1.25
and 2.22 (Table 3). The studies on spectral model
development reported that models with RPD values

above 2 could be used for scans. It was observed that
the wavelength selection method (VIP) used in the
study increased the estimation success in calibration
sets for NEL and RFV parameters, and reduced it for
RFQ parameter (Table 3). These data ate being
confirmed with the relation between reference and
NIR estimations of the models developed by using all
spectral data (Figure 2 a, b, ¢) and the results of the
models that used wavelengths selected with VIP
(Figure 2 d, e, f). There are various studies on
literature that reported a positive correlation between
RFV and RFQ (Undersander and Moore 2004).
Accordingly, a positive connection may be expected
in the NIR estimations of RFV and RFQ values. It
was observed in the study that the use of the VIP
method did not meet this expectation for the external
validation set, and it was understood that wavelength
selection might lead to deviations in NIR estimations
for the RFQ parameter.

On the other hand, the fact that there were different
main components in RFQ and RFV calculation
formulas may have an important effect on NIR
estimations. While DMI and TDN are main
estimators in RFQ calculations, ADF and NDF are
effective in RFV calculation. It is considered that the
wavelength selection method poses a positive effect
on the selection of areas related to ADF and NDF,
however, it leads to a number of deviations in the
detection of wavelengths related to DMI and TDN.

Absorbance Unit (a.u)
05
|

00

1800 2400
Wawvelength

Figure 1. The plot of spectral data obtained from roughage samples.

Table 2. Descriptive statistics for REV, RFQ, and NE, calculations in the sample set used

n Mean Minimum Maximum Standard
Deviation
RFV 53 91.4 47.9 158.0 29.0
RFQ 53 86.1 48.3 160.9 27.0
NEL 53 1.23 0.90 1.56 0.19
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regression models established with the entire

Table 3. Evaluation parameters for PLS models established with all spectral data and wavelengths selected with the

VIP method
X Y RMSE Slope Bias RPD
cumexpvar cumexpvar
RFV PLS-Cal 99.99 79.36 13.043 0.79 0.0000 2.22
PLS-Val ~ 99.97 45.40 21.080 0.66 1.0494 1.38
VIP-Cal 99.99 80.43 12.700 0.80 0.0000 2.28
VIP-Val 99.98 36.17 22.859 0.70 0.6319 1.27
RFQ PLS-Cal 99.9 78.61 12.371 0.79 0.0000 2.18
PLS-Val ~ 99.97 35.10 20.883 0.61 0.7463 1.29
VIP-Cal 99.99 76.48 12.973 0.76 0.0000 2.08
VIP-Val 99.99 34.86 21.056 0.63 0.5881 1.28
NEL PLS-Cal 99.99 76.35 0.092 0.76 0.0000 2.08
PLS-Val  99.98 34.20 0.154 0.62 0.0062 1.25
VIP-Cal 99.99 78.90 0.087 0.79 0.0000 2.20
VIP-Val 99.98 39.88 0.147 0.67 0.0014 1.31
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DISCUSSION

It was determined that there was a sufficient variation
for RFV, RFQ, and NEL values in the sample set
that was used as a dependent variable in the
modelling study (Table 2). The variation determined
in target variables overlaps with the limit values
reported in previous studies for the calculation of
these  characteristics with  roughage samples
(Undersander and Moore 2004, Giiney et al. 2010).
The results of the study are similar to the results
obtained from other studies on feed quality
evaluations in roughage samples. Nevertheless, there
is a prominent change in calibration success
according to the sample type used in scientific
literature. It was observed in the study of Dogusoylu
and Bayram (2019) that estimation success was low in
the calibration model they established for determining
NDF content in corn kernel, and it was determined
that R-value was 0.3353, R2 was 0.1124, and the
standard deviation was 3.4691 in the calibration set.
In another study, NDF, ADF, crude ash, crude fat,
and crude protein values were compared in locust
bean with chemical and spectroscopic (NIRS)
methods, and it was stated that different results had
been obtained (P< 0.05, P<0.01) (Pehlevan and
Ozdogan 2015). Asekova et al. (2016) found R2
values above 80% and RPD values above 2 for the
calibration models established for crude protein,
crude fat, and NDF content in soybean, and they
have calculated R2 value as 78.9% and RPD value as
1.79 for ADF content. While RFV, RFQ, and NEL
parameters were not addressed in these studies, it is
observed that there are prominent changes due to
sample type in the analysis results belonging to the
characteristics used in the calculation of these
parameters. In our study, roughages of different plant
types have been used as the material. Among these
materials, silage samples have relatively different
characteristics compared to other roughage samples
and were separated from other samples in spectral
data (Figure 1). This may have caused deviations in
the NIR estimations of RFV, RFQ, and NEL
parameters. In the study performed by Rushing et al.
(2016), apart from important feed characteristics, the
estimation success for RFV value (n = 55, R2 =
0.916, RSCD = 3.45, RSCIQ = 3.04) was found to be
higher than the model established in our study for the
determination of RFV value with NIR. This may have
caused by the fact that samples of only one plant type
(Elymus glabriflorus) were used in that study. These
results suggest that calibration models should be
established separately for samples belonging to
different roughage types. The number of samples in
this study did not allow this to be performed.

CONCLUSION

In this study, it was investigated whether it was
possible to determine the indirectly calculated RFV,
RFQ and NEL parameters with NIR spectroscopy in
roughage feed quality measurements, and the effect
of wavelength selection on the model's success was
examined. According to study results, it was
recognized that RFV, RFQ, and NEL parameters
could be determined with NIR at an acceptable
accuracy. It was observed that the wavelength
selection that was used (VIP) affected estimation
success positively, and it will be useful for estimation
models to only use the wavelengths related to the
target variable in the scanned spectral area as the
indicator variable. Since the number of samples used
in this study is limited, the samples that negatively
affected the model success could not be eliminated. It
is estimated that increasing the number of samples in
the calibration set and using different chemometric
methods in future studies may allow determining
RFV, RFQ, and NEL values more accurately in
roughage samples.
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ABSTRACT
Monogeneans gill parasites of the diversified Dactylogyrus genus are host-specific to freshwater fish of the
Cyprinidae family. Accurate detection of various Dactylogyrus species is very time-consuming and requires highly
experienced personnel; to overcome this problem, the genomic DNA technology has been recently used to detect
Dactylogyrus spp. In this study, 23 Cyprinus carpio and 19 Ctenopharyngodon idella isolates were collected from different
farms and local markets of Ahvaz, southwest of Iran. The gill arches of each fish were carefully examined under a
light microscope. Dactylogyrus species was identified morphologically. Identical species were kept in ethanol for
molecular study. Molecular analysis was performed using amplification of the ITS-1 region of the ribosomal RNA
gene of the parasite. Then, the amplified PCR products were sequenced. The aligned nucleotide sequences were
analyzed to construct the phylogenetic tree of the identified species. The results revealed two lineages including
D. extensus isolated from common carp and D. lamellatus taken from grass carp fish. Phylogenetic analysis showed
that the detected D. extensus and D. Jamellatus isolates from Khuzestan region were clustered with some Iranian
(Guilan), Chinese and Czech isolates. Importing fingerlings from Guilan Province could lead to introducing
monogenean infections to native cyprinid fish.
Keywords: Dactylogyrus, Common Carp, Grass Carp, Fish, PCR.

kkk

Iran'in Giineybatisinda Yer Alan Cyprinus Carpio ve Ctenopharyngodon Idella'daki Dactylogyrus
Tirlerinin Motfolojik ve Molekiiler Tespiti

oz

Cesitlendirilmis Dactylogyrus cinsinin solunga¢ monojenleri, Cyprinidae ailesinin tath su baliklarina ev sahipligine
6zgudir. Cesitli Dactylogyrus tirlerinin dogru tespiti ¢ok zaman alict oldugundan ve ¢ok deneyimli personel
gerektirdiginden, genomik DNA teknolojisi son zamanlarda Dactylogyrus spp. Bu galismada, Giineybati Iran'n
Ahvaz'in farkls ciftliklerinden ve yerel pazatlarindan 23 Cyprinus carpio ve 19 Ctenophatyngodon idella topland.
Her baligin solunga¢ kemerleri, 15tk mikroskobu altinda dikkatle incelenir. Dactylogyrus titlerinin morfolojik
olarak tanimlanmasi morfolojik olarak belirlenmistir. benzer tiirler molekiiler calisma igin etanol icinde tutuldu.
Molekiiler analiz, parazitin ribozomal RNA geninin ITS-1 bélgesinin amplifikasyonu kullanilarak yapildi. Daha
sonra amplifiye PCR urtnleri dizildi. Hizalanmis ntkleotit sekanslari, tanimlanan tirlerin filogenetik agacint
yuriitmek icin analiz edilir. Sonuglar, ortak sazandan izole edilen D. extensus ve ¢im sazan baliklarindan alinan D.
lamellatus da dahil olmak tzere iki soyun ortaya ciktigini géstermistir. Filogenetik analiz, Khuzestan bélgesinden
tespit edilen D. extensus ve D. lamellatus izolatlarinin bazt Iran (Guilan), Cin ve Cek Cumhuriyeti izolatlartyla
kiimelendigini gosterdi. Guilan Eyaletinden baliklarin ithal edilmesi, yerli Cyprinid baliklarina monojenik
enfeksiyonlarin ortaya ¢tkmasina neden olabilir.
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INTRODUCTION

Various species of cyprinid fish have been imported
from the Far East (China), Russia and FEastern
European (Romania and Hungary) countries into the
fish culture industry of Iran over the past 60 years.
The growth rate of this sort of freshwater fish in
aquaculture has been on the rise due to the increasing
interest of Iranian consumers and the economic and
nutritional values of this type of fish (Zolfinejad et al.
2017, Shamsi et al. 2009). When transferring fish to
farm ponds and natural habitats, different pathogenic
parasites are introduced to native species.

The cyprinid fish naturally harbor various species of
monogenean gill parasites. Dactylogyrus Diesing 1850
(Monogenea), is the most common gill parasitic worm
of freshwater fish (Woo 2006). This ectoparasite is
known to be highly cyprinid fish-specific (Simkova et
al. 2007). The host specificity of this species is very
high such that each Dactylogyrus species attaches to a
distinct niche of the gill arch. Sometimes, this
specificity of the host and parasite species is such that
they approach phylogenetically close to each other
(Simkova et al. 2007, Kadlec et al. 2003). According
to the studies by Shamsi et al. (2009) and Daghigh
Roohi et al. (2019), each grass carp can carry at least
two species of Dactylogyrus on its body surface. Severe
parasitism of the gill filaments leads to epithelial
hyperplasia followed by setious respiratory failure and
negative effects on fish growth. It can also cause a
high rate of mortality in small fish (Lu et al. 2012, Tu
et al. 2015, Thoney and Hargis 1991). The infected
fish are more susceptible to secondary infestation,
which increases the intensity of pathogenicity of the
Dactylogyrus species, and eventually, the economic loss
(Woo et al. 2002, Tu et al. 2015). Dactylogyrus direct
life cycle accelerates the rate of parasitic infection
distribution, and it can cause disease transmission to
reach its epizootic level (Thoney and Hargis 1991).
Therefore, early detection of the causative
microorganism plays a significant role in controlling
and preventing fish infections and economic losses.
Also, the taxonomic study of parasites in a specific
geographical region helps to find common lineal
species, and it informs fisheries organizations of the
provinces or countries of where this parasitic
infection originates from.

Morphological identification of Dactylogyrus species
directly depends on the accurate observation of
copulatory components with different shapes and
sizes in various species. Since Dactylogyrus is a very
small (usually less than 1 mm) parasite, it is difficult to
differentiate various species, especially when flatted
marginal hooks occur in viscous gill media during the
mounting process (Sharma et al. 2011). Also, the
exact identification of closely resembling species of
Dactylogyrus based on morphological characteristics is
extremely time-consuming and requires highly

experienced  personnel. The genomic DNA
technology has recently been used for the accurate
detection of various microorganism species such as
Dactylogyrus.

Previous molecular studies have shown that the
ribosomal DNA (tDNA) of Platyhelminthes is a
highly conserved region and can be used as a suitable
marker for the identification and evolution study of
different species (Olson et al. 2003). Most molecular
studies have been carried out on the 28§ rDNA
region in cyprinid fish in Iran (Ahmadi et al. 2017,
Mozhdeganlou et al. 2011, Daghigh Roohi et al.
2019), while there are limited studies on the internal
transcribed spacer 1 (ITS-1) region of tDNA. In the
present study, we evaluated the genomic sequence of
the internal transcribed spacer 1 (ITS-1) region to
detect closely-related Dactylogyrus species in Khuzestan
Province, Iran.

MATERIAL and METHODS

Parasite collection

A total of 42 freshwater cultured common and grass
carp, including 23 C. carpio and 19 C. idella, were
acquired as dead but fresh from different
aquacultures and local markets of Ahvaz, southwest
of Iran. After transferring the fish to the parasitology
laboratory of the Faculty of Veterinary Medicine of
Shahid Chamran University of Ahvaz, the gill arches
of each fish were placed on a plate and examined
under stereomicroscope. Then, the identified
Dactylogyrus species were separated and collected by
the routine methods. Fish sampling continued until
10 Dactylogyrus-infected fish from each species were
collected (of the 42 fish, 20 infected fish were found
and investigated).

Identification of each parasite was performed based
on a survey of the structures of sclerotic attachment
and reproductive organs according to Gusev (Gusev
1985). The parasites were observed on clear slides in
glycerin using a light microscope equipped with
digital image analysis (Carl Zeiss Axiovision LE 4.5).
Some similar species were placed in 70% ethanol
before DNA extraction.

Molecular studies

DNA extraction and PCR amplification

Each ethanolic specimen was washed in distilled
water to remove alcohol from its tissues. The
genomic DNA was extracted using the CinnaPure
TMDNA kit (CinnaGen Co., Iran) according to the
manufacturer's instructions. The ITS-1 region of
ribosomal RNA genes was amplified with forward
(5°-CTGCGGAAGGATCATTATC-3") and reverse
(5-GATCCACCACTTGCAGTTGT-3") primers
(Mozhdeganlou et al. 2011). Polymerase chain
reaction (PCR) was carried out in a thermocycler
(A&E, England) for 38 cycles as follows: 5 min at
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94°C (initial denaturation) followed by 45 s at 94°C
for further denaturation, annealing for 45 s at 56°C,
45 s at 72°C and a final extension of 72°C for 10 min.
The PCR products were investigated on 1.5%
agarose-Tris-acetate-EDTA  (TAE) gel, visualized
with safe stain under a UV illuminator. Distilled water
was used instead of genomic DNA of PCR as
negative control.

DNA sequencing

For morphologic confirmation, the amplified PCR
products were purified and sequenced at Bioneer-
Korea Co. using both sets of primers. After reading
the sequences, the data were analyzed using BioEdit
V. 7.0.5.3 software and the Basic Local Alignment
Search Tool (BLAST) programs and databases of the
NCBI ~ (National — Center for  Biotechnology
Information, BLAST:
http://blast.ncbi.nlm.nih.gov/Blast.cgi). The
alignment sequences were analyzed by the Molecular
Evolutionary Genetics Analysis (MEGA) software,
version 10, using default parameters to construct the
phylogenetic tree of the isolated species.

Phylogenetic analysis

The evolutionary history was inferred by using the
maximum likelihood estimation method and Kimura
2-parameter model (Kimura 1980). The tree with the
highest log likelihood (-2522.07) has been evaluated.
The percentage of trees in which the associated taxa
clustered together is shown next to the branches. The
initial tree(s) for the heuristic search was obtained
automatically by applying Neighbor-Join and BioN]
algorithms to a matrix of pairwise distances estimated
using the maximum composite likelihood (MCL)
approach, and then the topology with superior log
likelihood value was selected. A discrete gamma
distribution was used to model evolutionary rate
differences among sites (5 categories [+G, parameter
= 1.6401]). The rate variation model allowed for
some sites to be evolutionarily invariable ([+1], 0.00%
sites). The tree is drawn to scale, with branch lengths

Figure 1. Photomicrograph of Dactylogyrus extensus: A: Adult whole mount wo

measured in the number of substitutions per site.
This analysis involved 23 nucleotide sequences. There
were 227 positions in the final dataset. Evolutionary
analyses were conducted in MEGA X (Kumar et al.
2018).

RESULTS

Twenty Dactylogyrus parasites were isolated from 42
collected fish (19 grass carp and 23 common carp).
Microscopic identification of the species revealed that
two species of Dactylogyrus including D. extensus
(Figure 1) and D. Jamellatns (Figure 2) were isolated
from the gills of common and grass carp, respectively.
The PCR products with the bond lengths of 515 and
618 base pairs were visible on the gel-electrophoresis
in C. carpio and C. idella samples, respectively (Figure
3).

The nucleotide sequence of the PCR products was
aligned and compared with other registered
Dactylogyrus species in the GenBank. According to the
phylogenetic analysis, the detected isolates belonged
to two distinct clusters. The Khuzestan isolate of D.
extensus was 95% homologous with the Chinese
(KM277459.1) and Czech (AJ564129) isolates of this
species. The Khuzestan isolate of D. lamellatus was
also 99% homologous with the Chinese (KKX369221
and KX369218), Czech (AJ564141.1) and Guilan,
Iran (MG907490.1) isolates of this species in the
GenBank. The results of phylogenetic analysis on the
ITS-1 region of rDNA showed that D. extensus
(Khuzestan isolate) was grouped together with the
same species isolates collected from China and Czech
Republic, along with the closely related sister species,
D. minutus isolate from Guilan, north of Iran. Also, D.
lamellatus isolated from Khuzestan Province was
clustered with the Iranian isolate (Guilan Province,
north of Iran) and the same species isolates collected
from China and Czech Republic with high bootstrap

(99%) (Figure 4).

AT S e |

rm, B: Haptor of D. extensus,

Anchors (arrow head), Dorsal bar (narrow arrow), marginal hook (thick arrow), C: male copulatory organ

(arrow).
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Figure 2. Photomicrograph of Dactylogyrus lamellatus: A:
Adult whole mount worm, B: Haptor of D. lamellatus;
Anchors (arrow head), Dorsal bar (narrow arrow), marginal
hook (thick arrow), C: male copulatory organ (arrow).
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Figure 3. Agarose gel electrophoresis of PCR amplification
products from D. extensus and D. lamellatus under UV light.
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72 Dactylogyrus lamellatus (AJ564141.1)
Dactylogyrus lamellatus (KX369218.1)
Dactylogyrus lamellatus (KX368221.1)
Dactylogyrus lamellatus isolate D6-Guilan-Lamella (MG907480.1)
Tetraonchus monenteron (AJ480158.1)

Figure 4. Phylogenectic tree based on the partial sequence of 185, ITS-1 region and 5.85
rDNA, constructed according to the maximum likelihood method. Black dots represent the
Iranian Dactylogyrus isolates (Khuzestan province). Numerals above the branches indicate
bootstrap values (%) from 1000 replicates. The scale bar indicates the proportion of sites

changing along each branch.

DISCUSSION

The routine identification of Dactylogyrus species was
performed based on morphological characteristics
during the process of appropriate preservation,
fixation and staining of genital organs of the parasite
(Strona et al. 2009). For this purpose, highly
experienced personnel and powerful microscopic
instruments are often required due to the minute size
of parasites. Thus, the identification of Dactylogyrus
species is difficult and time-consuming. Today,
molecular techniques using genomic DNA of
parasites are used as a more accurate and reliable
method, which has significantly aided with the
detection of these parasites. In the freshwater fish of
Iran, more than 70 species of Dactylogyrus have been
identified (Mozhdeganlou et al. 2011), which are
mainly specific to cyprinid fish. These parasites have
been introduced to the Iranian aquaculture and
farming systems during the import of the cyprinid
fish from the Far East (China), Russia and Eastern
Europe (Romania and Hungary) over the past 40
years (Shamsi et al. 2009).

Shamsi et al. (2009) studied the geographical
distribution of Dactylogyrus species in cyprinid fish of
different fauna of Iran. They could isolate the species

of D. anchoratus, D. extensus and D. vastator from Barbus
sharpeyi,  Carassins — anratus ~ gibelio and  C.  carpio,
respectively, in Khuzestan region (Mesopotamian
fauna). Therefore, the present study is the first report
of the presence of D. extensus in common carp and D.
lamellatus in grass carp fish of Khuzestan Province,
Southwestern Iran. Borji et al. (2012) detected the
species of D. extensus and D. anchoratus in C. carpio
(Borji et al. 2012) under a light microscope from the
ponds around Mashhad, Northeastern Iran. Also, in
another study in Northeastern Iran, the species of D.
anchoratus from C. carpio and C. idella, D. extensus from
C. carpio and D. lamellatus from C. idella were detected
using molecular analysis (Ahmadi et al. 2017). The
identified species in Northeastern Iran were similar to
Khuzestan species, but since the molecular study was
performed on the 28S rDNA region, it has not been
considered for comparison with Khuzestan isolates in
the GenBank. In the north of Iran (Guilan Province),
the D. Jamellatus species was reported in 95% of the
farmed grass carp using molecular methods (Daghigh
Roohi et al. 2019). The molecular study of Dactylogyrus
species in Guilan Province was the only study from
Iran on the ITS-1 region of rtDNA. As the freshwater
fish of farming systems and local markets in
Khuzestan Province are provided by internal and
external imports from Guilan Province and other
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countries, monogenean infections ate also introduced
to native cyprinid fish of the southwest of Iran.

Molnar found that the evolution and maturation time
of the D. lamellatus parasites increase with rising water
temperature (Molnar 1971). Khuzestan Province is
located in southwest of Iran at 29°57-33°0'N and
47°38'-50°32'E and this area has a hot desert climate.
In the present study, the maximum and minimum
temperatures of the Province duting the fish sampling
period (December 2017 to March 2018) varied from
13 to 31°C on different days of months. Therefore, to
provide an appropriate habitat for D. lamellatus in the
intensive farming system, the proliferation of the
parasite and the rate of fish involvement should
increase. Among Dactylogyrus species, D. extensus has
the lowest host specificity and broadest host range.
Thus, the parasite can be easily transmitted from
other species of fish to common carp (Gibson et al.
1996). Also, D. extensus has a high tolerance to a wide
range of temperatures (from 1 to 30°C) and salinity
(up to 1.3%) of water throughout the year (Jalali
1998, Mahdipour et al. 2004, Jalali and Barzegar
2005). Therefore, the incidence of D. extensus
infection in these favorable environmental conditions
for the parasite habitat is acceptable.

The phylogenetic analysis showed that the D. exzensus
and D. lamellatns isolates detected from Khuzestan
region had a close affinity with some Iranian (Guilan),
Chinese and Czech isolates. Since Khuzestan fish
farmers usually provide the need of their cyprinid fish
from East (China), Russia and Eastern Europe (i.ec.,
Romania and Hungary) as fry or fingerlings, the
Dactylogyrus species can be easily introduced to Iranian
water resources and native fish of southwest of Iran.
The biodiversity of the detected Dactylogyrus species
might be caused by the host specific features and high
diversity of these monogenean parasites in various
geographical and environmental conditions.

CONCLUSIONS

This was the first study to demonstrate the
occurrence of D. extensus and D. lamellatus in common
and grass carp from Khuzestan Province,
Southwestern Iran. Also, we found that PCR is a
reliable and feasible diagnostic tool for the detection
of Dactylogyrus species, and it can be applied for large-
scale assessments in screening programs of customs
and fisheries organization to ensure the health of
imported aquatic species. Further molecular
investigations are needed for the diagnosis and
prevention of  Dactylogyrus  infections in other
freshwater fish.
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ABSTRACT

In this study, it was investigated that how the abdominal ultrasonography (USG) affect the ECG (for heart rate)
and EMG data and whether it would be possible to apply both ECG and EMG simultaneously while applying
USG. ECG and EMG data were recorded at least 15 seconds before and after 10 seconds during the USG
procedure in 12 dogs. The biosignal recording system was set for 1 channel EMG and 1 channel ECG. The
common mode rejection ratio of the amplifiers was over 85 dB. The transmission band of the EMG amplifier
was set to 5-450 Hz according to the amplitude analysis, and the transmission band of the ECG amplifier was set
to 0.5-40 Hz for heart rate detection. The system's 12-bit Analog digital converters were averaged 128 consecutive
sampling data and transferred to the Android 7.0-based recording system. Then datas were processed with Matlab
2018 analysis program. As a result, when the EMG and ECG datas of the dogs included in the study were
evaluated, a significant contraction was detected in the affected muscle groups, also heart rates increased
statistically. However, it was observed that such applications did not cause any complications that would affect
the patient's health.

Keywords: Dog, Ultrasonography, EMG, ECG

kkk

Abdominal Ultrasonografi Uygulanan Képeklerde EKG ve EMG Bulgularinin Degerlendirilmesi

(074

Bu ¢alismada, képeklerde uygulanan abdominal ultrasonografinin, es zamanl uygulanan EKG (kalp hizt icin) ve
EMG (kas kasilmast i¢in) verilerini ne sekilde etkiledigi arastirilmig, ayrica USG uygulanirken ayni anda hem EKG
hem de EMG uygulanmasinin her hangi bir komplikasyon olusturup olusturmayacaginin ortaya konulmas: da
amaclanmistir. Esaote My Lab Five VET marka renkli Doppler Ultrasonografi cihazi ve bu cihaza ait 5.0/8.0
MHz multi frekanslarinda tarama yapabilen mikrokonveksprob kullanilarak yapilan 12 kopekteki USG islemi
esnasinda en az 15 saniye 6ncesi ve 10 saniyesi sonrast EKG ve EMG verileri kayit altina alinarak degetlendirildi.
Biyosinyal kayit sistemi, 1 kanal EMG ve 1 kanal EKG verisi i¢in ayarlandi. Amplifikatorlerin ortak giiriiltiden
kurtulma orant 85 dB’in tizeri idi. EMG amplifikat6rinin gegirme bandi amplitid analizine uygun sekilde 5-450
Hz, EKG amplifikat6riinin gecirme bandi ise 0.5-40 Hz olarak ayarlandi. Sistemin 12-bit Analog dijital ¢eviricileri
128 kez ardigik 6rneklemenin ortalamasint alarak veriyi, Android 7.0 temelli kayit sistemine aktardi. Veriler daha
sonra Windows temelli bir bilgisayarda Matlab 2018 bilimsel analiz programu ile islendi. Sonug olarak calismaya
alinan koépeklerde EKG verileri degerlendirildiginde kalp hizinin istatistiksel olarak arttigt ayrica EMG sonuglatina
gore de etkilenen kas gruplarinda anlamli derecede kasilma saptandi. Ancak bu tiir uygulamalarin hastanin saglhigint
etkileyecek herhangi bir komplikasyona yol agmadigi gorildi.
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INTRODUCTION

Ultrasonography (USG) is the technique of examining
soft tissues with high frequency sound waves (Nyland
et al. 2002). With this method; the identification of
the abdominal pathologies, imaging, recording of the
images and taking biopsies can be applied by the
surgeons (Alkan 1999, Sindak and Biricik 2000).

Electrocardiography (ECG) is the recording of the
electrical signal that develops during the beating of
the heart muscle (Tilley 1979, Basoglu 1992), which
created by the action potentials that occur during the
contraction (depolarization) and  relaxation
(repolarization) of the heart. Electromyography
(EMG) is a technique that results from physiological
changes in muscle fibril membranes, develops,
records and analyzes myoelectric signals. Superficial
kinesiological EMG records signals from the targeted
muscle with electrodes adhered to the skin.
Superficial EMG focuses on exercise selection,
training, functional movements and neuromuscular
activation of muscles in postural positions.
Kinesiological EMG applications are used in
laboratory conditions to understand the contraction
patterns of the muscles, to measure the amount of
activation of the muscles, to evaluate the muscle
synergistic activation profile and to define the
formation of fatigue (Basmajian and De Luca 1985,
De Luca 1997, Cerrah et al. 2010).

In this study, the aim was emphasized to
determination of heart rate frequency via ECG
technique and analysis of muscle contraction by
quantitative processes by EMG during abdominal
USG examination in healthy dogs which were
handled to Afyon Kocatepe University (AKU)
Veterinary Faculty Animal Hospital. Also, to reveal
any complications that arises whether ECG and
EMG application at the same time concurrently while
applying USG.

MATERIAL and METHODS

The study was performed under the approval dated
numbered 49533702/16 of the local ethics committee
for animal experiments of Afyon Kocatepe
University, in Turkey.

The material of the study consisted of 12 dogs
between the ages of 1-9 who were brought to AKU
Veterinary ~ Faculty =~ Animal  Hospital  for
ovariohysterectomy, castration operation and general
examination. General examination was performed to
all dogs than after a 30-minute rest period; they were
taken to the USG room following the shaving of the
hair in the abdominal region.

USG, EMG and ECG Examinations

All dogs were placed in the lateral position and then
the mid part of the M. biceps femoris muscles was
clipped. After the skin was wiped, Ag / AgCl sticky
electrodes were parallelly placed to the muscle fibers.
The distance between two electrodes was 2 cm away
from. For the ECG, two electrodes were sticked to
both sides of the heart. After the EMG and ECG
recording system was connected, waited for 5 minutes
until the dog calmed down in this position. Later,
Hsaote My Lab Five VET color Dopplet
Ultrasonography device and a micro-convex probe
capable of scanning at 5.0 / 8.0 MHz muld
frequencies of this device were used at least 15
seconds before and 10 seconds after the abdominal
USG examination. These signals were used in data
analysis. The modular prototype device produced for
this study was used for ECG and EMG examinations
(Figure 1). The biosignal recording system was set for
1 channel EMG and 1 channel for ECG recording.
The common mode rejection ratio of the amplifiers
was higher than 85 dB. The transmission band of the
EMG and ECG amplifier were 5-450 Hz and 0.5-40
Hz respectively. 1000 Hz sampled signals transferred
to a Windows-based computer for analysis with the
Matlab 2018 (Mathworks, USA) software. Artifact
rejection and rms (root-mean-square) filters were
applied to the EMG signals. Then, the maximum
value of the first 5-second of the processed EMG; the
maximum value of the first 5-second of the processed
EMG before the USG probe touched the dog and the
maximum value of the 5-second of processed EMG
after the USG probe touched the dog (excluding the
I-second portion after touch) were used in the
statistics (Figure-1). Heart rates were calculated from
the same 5-second ECG segments as range (= max-
min) using QRS wave peaks. In this way, the data of
5-second intervals; rest, the probe was labeled before
and after touch.

Statistical Analysis

Descriptive statistics of the data obtained were
determined by determining the average and standard
deviation values. In dogs with abdominal USG,
statistical findings of heart rate were evaluated with
the ECG device by Student-t test. The EMG findings
detected in the same dogs were processed with the
Mann Whitney-U test and the data before and after
the examination were statistically revealed.

RESULTS

ECG Measurements

Variance analysis for repeated measurements was
used for evaluating the heart rate period statistics
(Geisser-Greenhoused correction was also applied).
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The periods of the heart rates after touching the
probe was reduced (p <0.01) when detecting by
duration (milliseconds). It means that number of
heart rates was significantly increased in 12 cases after
the probe touched. When the number of heart beats
taken 15 seconds before and 10 seconds after the
probe touched (Table 1, Figure 2).

EMG Measurements

According to the data obtained from the electrodes
placed on the M. biceps femoris of the study group dogs,
when the muscle activation values occurred 15
seconds before the probe was touched and 10
seconds after being touched, it was observed that the
muscle activation values increased statistically in ten
cases after the probe was touched (p <0,02) (Table 2,
Figure 3, Figure 4).

Figure 1. Prototype moduler ECG and EMG device.
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Heart rate period (ms)

Rest

Figure 2. Heart rate periods (Mean,SD) )
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Figure 3. Processed EMG (Mean, SD).
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Figure 4. Raw EMG signal from a dog. P: USG probe touch artifact

Table 2. EMG Datas in Dogs
EMG (MikroVolt)

Table 1. Heart rate period in dogs
Heart Beat Period (ms)

Rest Before Touch After Touch Rest Before Touch After Touch
498 567 542 20 21 7
697 697 652 62 61 102
526 666 607 85 93 124
08 o 545 126 381 478
640 620 ) 118 147 165
505 661 517 153 173 146
519 601 54 267 362 770
679 673 676 51 53 58
679 753 538 30 29 39
1029 906 983 30 47 68
960 1005 958 434 651 1232
“01 681 ) 207 308 390
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DISCUSSION and CONCLUSION

When faced with a live source of stress, the body
shows war or run away response due to the activation
of the sympathetic nervous system. As a result of the
physical and chemical changes in the body during the
war or run away response, the condition develops as
the acceleration of heartbeat, high blood pressure,
acceleration of breathing and sudden secretion of
adrenaline (Giigli 2001). Even if stress is experienced
for a short period of time, it could cause permanent
results in a short time such as tension and increased
heart rate (Kahn and Cooper 1993). In this study, the
results of the increase in heart rate following the
probe contact were formed in all dogs with ECG
accompanied by USG, and results consistent with the
findings of sudden cardiac increase in environmental
compliance were obtained.

Fear could be divided into two sections which are
called conditionally and unconditionally. Stimuli that
cause an unconditional fear response generate fear
without the creature's learning experience related to
these stimuli. In conditions of conditional fear, it is
now possible for the organism to emerge conditional
fear responses in the living as a result of the
temporal-spatial matching of a previously neutral
stimulus with an unconditional stimulus (such as
electric shock). The main reactions used in measuring
conditional fear used in the studies conducted are
freezing behavior, tachycardia and ultrasonic
vocalization (Borszcz 1995, Fendt and Fanselow
1999). In this study, USG application was accepted as
an external stimulus and although the sound and light
control was provided in the environment, following
the touching of both the supine position and a solid
material such as a probe to the abdominal muscles,
the heart responds to this situation, which will
increase the number of beats per minute.

EMG measurement results can be affected by many
factors. Unlike invasive needle or thin wire EMG,
where probes can be placed precisely in specific areas
of the muscle, SEMG shows the total signal of target
and nearby muscle activities. The formation of cross
talk from other active muscles caused by skin
movement is another problem. In addition, extensive
research has proven the importance and validity of
surface EMG measurements in humans (Bockstahler
et al. 2012). Expressed as the maximum average and
minimum average ratios to compare muscle activity
data, a lower Min-average ratio is a rather low
maximum activity value (indicative of less muscle
activity during the rest phase) or a significantly higher
average activity value (Zaneb et al. 2009). In this
study, surface EMG was used to measure muscle
activity during USG in dogs. Apart from these, the
extent to which stress and excitement factors will
affect muscle activation during the USG examination
of the dogs, and considering the external factors,

when we look at the EMG results obtained in 12
cases, it was determined that the amplitude showed
significant increases after the probe touch. As a result,
it was observed that the muscle contractions of the
dogs increased excessively in accordance with the
previous literature data (p <0.02).

As a result; portable ECG and EMG device provides
convenience to veterinary clinicians and academicians
due to its compact structure. It was concluded that
the device used in the study can be used safely in
dogs for neuromuscular diseases and in detecting
physiotherapy effectiveness above muscle activity.
When the ECG data of the dogs included in the study
were evaluated, the number of beats per minute was
statistically increased and quantitative data were casily
detected. In addition, according to the results of
EMG, significant contraction was determined in the
muscle groups, and in dogs, muscle contractions were
displayed graphically by EMG during USG. It has
been demonstrated that ECG and EMG
examinations performed simultaneously with USG
application can be easily applied in dogs. Thus, it is
thought that veterinarians will save time by applying
multiple advanced technical diagnostic methods at the
same time. In veterinary clinics, as the time spent in
both diagnosis and treatment lengthens, this creates a
stress factor on patients. For this reason, in our study,
multiple diagnosis methods were used simultaneously,
and the time spent in patients in veterinary clinics and
hospitals was shortened and thus, the stress factor on
patients was tried to be minimized. However, it was
also observed that the application of all three
diagnostic methods at the same time did not cause
any complications in affecting the patient's health.
Nevertheless, the determination of heart rate
especially with ECG and muscle contractions with
EMG will shed light on further researches.
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ABSTRACT

The vesicular gland is an important genital gland related to the fertility of bovine. In this study, the morphometric
and stereological methods were sought to adapt to the bovine vesicular gland. For this aim, 8 healthy Holstein
bull’s paired vesicular glands were collected from the slaughterhouse. The weight and the dimensions of the
glands were measured before the fixation. After the formalin fixation, all the glands were divided into 3
subgroups for the total volume estimation of the gland, cell counting and the volume estimation of the cell
nucleus. The cell counting and the volume estimation of the cell nucleus were performed on the principal cells.
The average weight, width, length, height, the volume of the glands, the mean number and nucleus volume of the
principal cells were 30.9 g., 2.62 cm, 8.86 cm and 1.86 cm, 29.7 cm?, 3.58.10° and 108 pm?, respectively. The
researchers believe that the findings will contribute to the literature and in particular, facilitate experimental and
toxicological researches performed in the future.

Keywords: Cell number, Nucleus volume, Smooth fractionator, Stereology, Vesicular gland

kkk

Sig1r Vezikiiler Bezinin Morfometrik ve Stereolojik Olarak Degerlendirilmesi

oz

Vezikiler bez sigir fertilitesinde 6nemli bir iireme bezidir. Sunulan bu calismada sigir vezikiler bezinin
morfometrik ve stereolojik olarak incelenmesi amaglanmustir. Bu amacla 8 saglikli Holstein bogasinin ¢ift olan
vezikiller bezleri mezbahadan toplanmis ve agirligt ile boyutlart Slciilmistiir. Formaldehit tespitinden sonra tim
bezler bezin toplam hacminin, hiicre sayisinun ve ¢ekirdek hacminin Slgiilmesi i¢in 3 alt gruba ayrilmustir. Hiicre
sayimi ve hiicre ¢ekirdek hacmi Sl¢imi bezin en ¢ok bulunan ana hiicresi olan principal hiicreler tizerinde
gerceklestirilmistir. Bezin ortalama agithgl, eni, uzunlugu, yiksekligi, ortalama hacmi, principal hiicrelerin ortalama
sayist ve ortalama cekirdek hacmi sirasiyla 30,9 gr., 2,62 cm, 8,86 cm, 1,86 cm, 29,7 cm?, 3,58,10% ve 108 pm?
olarak bulunmustur. Arastirmacilar bu bulgularin literature katki saglayacagina ve gelecekte yapilacak olan deneysel
ve toksikolojik ¢alismalara 151k tutacagina inanmaktadir.
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INTRODUCTION

The accessory genital glands are fully developed in
the bull (Budras et al. 2003). The paired vesicular
gland is one of the accessory genital glands (Frandson
et al. 2003) and this gland contributes to the bulk of
the seminal fluid (Pakurar and Bigbee 2004). The
fluid of this gland is the source of energy for the
spermatozoon motility (Gartner and Hiatt 2006). The
vesicular gland of the bovine is an irregular, lobulated
gland surrounded by a fibromuscular capsule. It is
more or less solid with narrow branching lumina
(Aughey and Frye 2001, Frandson et al. 2003,
Marettova and Legath 2010, Rahman et al. 2010). The

ducts are separated in the lobules and terminated as
elongated and coiled tubules (Cons 1957). The
mucosa of these tubules is made of an epithelium and
lamina propria surrounded with a muscular layer
(Badia et al. 2006, Rahman et al. 2010). The
epithelium of these tubules has double layer and
contains three different types of cells; principal
(formerly called type A), basal (formerly called type B)
and dense (formerly called type C) cells. The principal
cells are the most abundant main cells, which form an
inner lining. These cells are tall, columnar, and have a
large oval nucleus (Amselgruber and Feder 1986,
Cons 1957) (Figurel).

Figure 1: The vesicular gland histology (40 um thick section, x100 objective). Arrows indicate the principal cells, (E)

Endpiece, (F) Fibroblast and, (IT) Interstitial tissue.

Sekil 1: Vezikiler bez histolojisi (40 um’luk kalin kesitler, x100). Oklar principal hicreleri, (E) Endpiece, (F)

Fibroblastlart ve (IT) Intersitisyel dokuyu isaret etmektedir.

The structure investigation of the organ is important
in the morphological and experimental researches
(Altunkaynak et al. 2007, Aslan et al. 2006). The
changes in the organ structure are directly related to
its functional reserve as an indicator of the health
status. The stereological methods produced unbiased
estimates about the tissue and highly statistically
efficient, precise results without any assumptions
(Michel and Cruz-Orive 1998, Santos et al. 2009,
Sorensen 1989, 1991). The stereological methods
could use on the morphological, experimental,
toxicological and tumoural studies. The stereological
methods are unbiased, precise and independent from
the tissue shrinkage (Santos et al. 2009). One of the
stereological methods used in this study is the
Cavalieri method. This method could easily estimate
the total volume on the selected sections obtained
from the organ (Gundersen et al., 1988). The second
method was the optical fractionator method. It is a
precise, unbiased and modern stereological method
for the nucleus counting and combines the optical
disector with the fractionator method (West et al.

1991). Optical disector is a 3D probe for particle
counting in the thick sections (West et al. 1991,
Gundersen et al. 1999). The fractionator is a sampling
design that samples the organ systematically and
randomly (West et al. 1991, Gundersen et al. 1988).
However, the smooth fractionator technique is a
modification of the fractionator method. This
modification has gained increased efficiency to the
fractionator method. In order to increase efficiency,
the items are arranged (slab, sections, etc.) in
symmetrical design with a peak and minimal jumps
(Gundersen 2002). The third method is the nucleus
volume estimation of the cell. The nucleus volume
estimation of an organ is clearly and significantly
important for the tumoural grading. The stereological
methods could estimate the nucleus volume even in
the irregular shaped particles and produced efficient
and precise results (Serensen 1989, 1991). In this
study, the volume estimation method was combined
with the vertical sectioning procedure (Baddeley et al.
1986, Serensen 1991).

In the present study, the morphological and
stereological evaluations were performed on the
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bovine vesicular gland. The stereological methods
were sought to adapt to the bovine vesicular gland for
the first time according to our knowledge. The
obtained findings of this study and the stereological
applications may facilitate the future experimental,
toxicological and tumoural researches.

MATERIAL and METHODS

In this study, the morphometric and stereological data
were obtained from the vesicular gland of the healthy
Holstein  bulls (2.5-3 years, 650-700kg). The
morphometric data were collected from the paired
glands of the 8 Holstein bulls. For this aim 16
vesicular glands of 8 animals were obtained from the
slaughterhouse. All the glands were weighed (Kern,
Balingen-Germany) and the dimensions were
measured using vernier calliper before the fixation
(Labomar, 304B-01- Turkey).

After the morphometric measurements, all the 16
glands were fixed with the neutral buffered 10%
formaldehyde during two weeks. After the fixation, all
the glands were divided into three subgroups for
explaining the methods cleatly. The first group was
the glandular volume estimation (n=0) group, the
second group was the cell counting (n=5) group and
the third group was the cell nucleus volume
estimation (n=>5) group.

Firstly, the Cavalieri principle (Gundersen et al.,
1988), was performed to estimate the mean gland
volume. Therefore six fixed glands were

systematically sliced into 3 mm intervals with a
random start to obtain ~8 slabs per gland. The area
of these slabs was measured with 0.3 cm spaced point
grid. The calculations per gland were performed by
the formula below;

'=[txa/pxYP| cm?,

t; is the slab thickness,

a/p; is the area represented by one point,

>'P; is the total counted points.

In the cell counting (Gundersen, 2002) group, the
glands were sliced into 3 mm intervals (from a
random start in the first 3mm distance) to obtain ~8
slabs per gland and every third slab was chosen to
obtain a fraction of 1/3 (Figure 2/A). The smaller
slabs were placed peripherally and the larger ones
wete placed centrally (Figure 2/B). After the paraffin
embedding, the length of the tissue in the paraffin
block was measured and separated with a knife into
nine equal pieces from a random start in the first
interval (Figure 2/C). Every piece was turned 90° to
the same side, collected in the metal holder and re-
embedded into paraffin block (Figure 2/D). This
block was sliced into 40 um sections and the slices
were chosen which passed through the centre of the
tissues and then staining with the Giemsa’s azure
eosin methylene blue solution (Figure 2/E). The
counting procedure was performed on the nine
tissues per gland.

Figure 2: The diagram of the baseline sampling scheme for the cell counting: A; The gland was sectioned from a random start, B; The slabs
were arranged according to the smooth fractionator principle and totally embedded in paraffin, C; The length of the tissue was measured and
divided D; The pieces were totally embedded in paraffin at the metal holder, E; The paraffin block was sliced for the cell counting.

Sekil 2: Hicre sayimi igin 6rnekleme semasi: A; Bez rastgele bir baslangicla dilimlendi, B; Dilimler smooth fractionator metoduna gére dizildi,
C; Doku uzunlugu él¢tlip, bélindi, Dj; Parcalar parafine gémiildi, E; Hiicre sayimi igin blok dilimlendi.
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Finally, in the (n=5) nucleus volume of the cell
estimation group (Baddeley et al. 1986, Moller et al.
1990, Serensen 1989, 1991), each gland was sliced
into 3 mm intervals and every third slab was chosen.
These slabs (with a random start) were re-sliced into 3
mm bars and every 7t bar was chosen. They were
rotated around their vertical axis and embedded into
the paraffin. The paraffin block was sectioned into 40
pm thickness and the sections were selected which
pass through the centre of the tissue.

Stereological Analysis

The number of the principal cell was estimated using
a computer loaded Shtereom I software (Oguz et al.
2007), attached to a light microscope with a
motorized stage. The thickness of the tissues on the
slides was measured by microcator. The researchers
sought to count between 100-200 nuclei per gland
according to the disector principle (Gundersen et al.
1999). The counting frame area, step lengths along
the X and Y axis and the disector height were set at
about 76.9 um?, 1250 um and 10 um respectively

(Figure 3).

Figure 3: The principal cell counting process with optical disector in the vesicular gland

(x100) A; (0 um), B; (8 pm), C; (13 um), D; (21 pm).

Sekil 3: Optik disektér sondastyla vezikiiler bezde principal hicre sayimu (x100) A; (0 um), B;

(8 um), C; (13 pm), D; (21 um).

The total principal cell number was estimated
according to the following formula (West et al. 1991).
N=1/Fux 1/Fus x 1/Fasrx 1/Faabx Y Q-

Fast; the sampling fraction of the section,

Fus; the sampling fraction of the height (the mean
section thickness divided by the height of the
dissector,

Fas the sampling fraction of the area (multiplying the
step lengths and divided by the area of the frame,
Fqab; the converted value to the micron of the tissue
length in the paraffin, and this value is divided by the
height of the slicing section,

> (Q; the counted principal cells.

The coefficient error of the counted nucleus and the
mean section thickness (the mean section thickness
measured with the microcator per area during
counting principal cells on the glass slide) were

estimated according to Gundersen’s formula
(Gundersen et al. 1999):

CEN)= JCE?(Disector)+CE?(t)

The volume of the principal cell nucleus was
estimated on the live image reflected the computers
screen. The orientation frame and the test probe were
both placed on the monitor. The nucleus that fell
inside the orientation frame and intersected with the
transparent test probe was evaluated. This transparent
test probe also guided the ruler for measuring the
nucleus. The ruler was in 15 classes and the total
length of the ruler was 35 mm. The final
magnification of the cell on the monitor was
calculated as x1960. Almost 250 principal cell nuclei
were estimated per gland (Figure 4). The formula for
the nucleus volume estimation was:
V,=n/3x(L15x1000/3.00xMagnification)?xly
(Sorensen,1991).
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Figure 4: The nucleus volume estimation of the principal cells with ruler in the vesicular gland.
Sekil 4: Cetvel vasitastyla vezikiler bez principal hiicrelerinde ¢ekirdek hacmi hesaplanmast.

RESULTS
(§D=0.30), 8.86 cm (§D=1.78) and 1.86 cm
The mean weight of the gland was 30.9 gr. The mean (§D=0.32), respectively (Table 1).
width, length and height of the glands were 2.62 cm
Tablo 1. Sol ve sag vezikiiler bezler hakkinda morfometrik veriler.
Table 1. The morphometric data about the left and right vesicular glands.
No. Gland  Width Length Height Gland  Width Length Height
1 left 2.56 cm 7.87 cm 1.47 cm right 213 cm 7.68 cm 1.50 cm
2 left 2.67 cm 7.60 cm 1.80 cm right 2.55 cm 7.24 cm 1.83 cm
3 left 245 cm 8.00 cm 1.50 cm right 2.24 cm 8.30 cm 1.50 cm
4 left 2.83 cm 10.1 cm 2.07 cm right 3.00 cm 10.6 cm 2.22 cm
5 left 2.60 cm 8.00 cm 2.20 cm right 2.39 cm 8.86 cm 1.80 cm
6 left 3.37 cm 9.08 cm 2.76 cm right 2.88 cm 9.05 cm 1.60 cm
7 left 251 cm 10.6 cm 1.96 cm right 2.56 cm 10.6 cm 1.90 cm
8 left 2.78 cm 9.51 cm 1.88 cm right 2.43 cm 8.63 cm 1.79 cm
Meant 2.72 8.85 1.95 2.52 8.87 1.77
SD cm0.29 cmt1.14 cm0.41 cm0.30 cmt1.22 cmt0.24

All the vesicular glands examined displayed normal
histology, and the epithelial cells were visualized at
every depth in all the sections. The mean volume of
the gland was found as 29.7 cm? (CE=0.09) (Table 2).
The estimated mean amount of the principal cell in
the vesicular gland was 3.58.10°

and the mean coefficient of etror (CE) was 0.09
(Table 2). The mean volume of the principal cell
nucleus was 108 um? (Table 2). The shrinkage of the
sliced tissue on the glass slide where the cells were
counted and the mean final thickness of the slice was
465 % and 214 pm (SD=1.5), respectively.
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Table 2. The mean volume of the vesicular gland, principal cell number and the nucleus volume.
Tablo 2. Vezikiler bezin ortalama degerleri, principal hiicre sayist ve ¢ekirdek hacmi

No. The Mean CE Value The Number of the CE Value The Nucleus

Volume  of Principal in the Volume of the

the Gland Gland Principal Cell

in the Gland
2 24.8 cm? 0.083 3.39.10° 0.10 110 pm?3
6 25.5 cm3 0.089 - - -
Meant 29.7 cm3+5.9  0.090 3.58.109%5.44.108 0.09%0.005 108 um3+8.7
SD
DISCUSSION on the epithelial cells. Besides the toxicological

In the present study the weight, volume, external
dimensions, cell number and the nucleus volume of
the principal cell in the vesicular gland were
estimated. This genital gland of the bulls was
investigated by several researchers, previously. In one
of this, the vesicular gland of Bangladesh’s indigenous
bull was investigated. According to the morphological
measurements, the weight of the gland was different
from the Holstein bulls in this study. The Holstein
bull’s vesicular gland (~30 gr) was heavier than the
indigenous bull (~20 gr). However, the other
parameters such as length and width were the same
except thickness. The Holstein bull’s vesicular gland
(~1.9 cm) was thicker than the indigenous bull (~1.5
cm). These differences may the reflection of the beef
aimed breeding of Holstein bulls. However, Budras et
al. (2003) and Dyce et al. (1999) reported different
findings from the Holstein and indigenous bull. They
were estimated the gland mean length was between
10 or 20 cm and width was 3 or 5 cm. However, the
length (~9 cm) and the width (~2.6 cm) of the
Holstein bull’s vesicular gland were still in the range
of the Rahman et al. (2010) and Dursun’s (1998)
reports.

Studies on the male accessory glands are generally
concentrated on its morphometric and histological
features (Badia et al. 2006, Budras et al. 2003,
Chandolia et al. 1997, Frandson et al. 2003,
Macmillan and Hafs 1969). In the literature, the
stereological studies are not adequate. A study on the
mice vesicular gland performed using stereological
methods was revealed the harmful effects of alcohol
usage (Gomes et al. 2002). The chronic alcohol intake
has negative effects on the secretory process of the
vesicular gland and causes morphological alterations

studies, in experimental research the triggering effect
of the melatonin hormone on the reproductive
activity of the inactive rams in the non-breeding
season was investigated evaluating the principal cell
height and the nucleus diameter (Mokhtar et al. 2016).
The stereological methods were performed to the
Holstein  bull’s  bulbourethral gland, previously
(Akosman et al. 2013). According to this research,
there was 3.22.10° principal cell in the bulbourethral
gland and the nucleus volume of this cell was 59.1
um?3. The epithelial cell number in the bulbourethral
gland of the rabbit and guinea pig was also evaluated
with the stereological methods (Vasquez and del Sol
2014). The development of the mice prostate gland
(Singh et al. 1999) and the tumoural grading also
investigated ~ with the stercological —methods
(Santamaria et al. 2016). In another research, seasonal
structural changes of the donkey vesicular gland were
observed with estimating the nuclear/cell ratio and
the interstitial/ glandular tissue ratio (Abou-Elhamd
et al. 2020).

In this study, the tissues were embedded in paraffin.
The paraffin embedding creates an almost 50%
shrinkage in volume (Dorph-Petersen et al. 2001). In
the present study, this value was estimated as 46.5%.
When the square of the coefficient error divided by
the square of the coefficient of variance, the result
should between the values of the 0.25<X<0.5. In this
study, the obtained ratio was 0.36, which is in the
acceptable range (Lodrup et al. 2008, West et al.
1991).

In conclusion, experimental investigations on the
vesicular gland generally rely on calculating the height
of the tubular epithelium and the tubule diameter
(Archana et al. 2009). Besides the measurements,
estimating the number and the nucleus volume of the
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glandular cells using stereological methods will make
a major contribution to the accuracy of the recent
research.

Conflict of Interest: The authors declare that they
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REFERENCES

Abou-Elhamd AS, Abdelrahman YA, Selim AA. Histological
and histochemical studies on the seminal vesicles of
Donkey (Equus asinus): with special reference to their

seasonal variations. Journal of Advanced Veterinary
Research. 2020: 10 (3); 126-134.

Akosman MS, Ozdemir V, Demirel HH, Andersen ]B.
Unbiased estimate of the epithelial cell number and
epithelial cell nuclear volume in the Bulbourethral
(Cowper) glands of Holstein bulls - A stereological study.
Kafkas Univ Vet Fak Derg. 2013: 19 (1); 13-18.

Altunkaynak BZ, Ozbek E, Altunkaynak ME. A stereological
and histological analysis of spleen on obese female rats,
fed with high fat diet. Saudi Med J. 2007: 28(3); 353-357.

Amselgruber W, Feder FH. Licht- und
elektronenmikroskopische
samenblasendriise (glandula vesicularis) des bullen. Anat
Histol Embryol. 1986; 15:361-379.

untersuchungen der

Archana P, Katiyar RS, Sharma DN, Farooqui MM.
Gerentological studies on the gross and histomorphology
of the vesicular gland of gaddi goat (capra hircus). Int |
Motphol. 2009; 27(1):13-20.

Aslan H, Songur A, Tunc AT, Ozen OA, Bas O, Yagmurca
M, Turgut M, Sarsilmaz M, Kaplan S. Effects of
formaldehyde exposure on granule cell number and

volume of dentate gyrus: a histopathological and
stereological study. Brain Res. 2006; 29: 191-200.

Aughey E, Frye FL. Comparative veterinary histology with
clinical correlates. Iowa State University Press, Iowa.
USA. 2001; pp.175.

Baddeley AJ, Gundersen HJG, Cruz-Orive LM. Estimation of
surface area from vertical sections. ] Microsc. 1980;
142(3):259-276.

Badia E, Briz MD, Pinart E, Sancho S, Garcia N, Bassols J,
Pruneda A, Bussalleu E, Yeste M, Casas I, Bonet S.
Structural and ultrastructural features of boar seminal
vesicles. Tissue and Cell. 2006; 38:7-18.

Budras KD, Habel RE, Wiinsche A, Buda S. Bovine anatomy,
An illustrated text. Schlitersche GmbH, Hannover,
Germany. 2003. pp. 92.

Chandolia RK, Honaramooz A, Omeke BC, Pierson R,
Beard AP, Rawlings NC. Assessment of development
of the testes and accessory glands by ultrasonography in

bull calves and associated endocrine changes. Therio.
1997; 48:119-132.

Cons, DN. Some observations on the histology and
histochemistry of the seminal vesicles of the bull. ]
Endocrin. 1957; 14:304-308.

Mokhtar DM, Abd-Elhafeez HH, Abou-Elmagd A, Hassan
AH. Melatonin administration induced teactivation in the
seminal gland of the soay rams during non-breeding
season: An ultrastructural and morphometrical study. ]
Morphol. 2016; 277(2):231-243.

Dorph-Petersen KA, Nyengaard JR, Gundersen HJG. Tissue
shrinkage and unbiased stereological estimation of
particle number and size. ] Microsc. 2001; 204(3):232-
246.

Dursun N. Veterinary Anatomy II. Medisan Publications,
Ankara, Tirkiye. 1998. pp. 152.

Dyce KM, Sack WO, Wensing CJG. Anatomia veterinaria.
McGraw-Hill Interamericana, Mexico. 1999. pp. 193.

Lodrup AB, Karstoft K, Dissing TH, Pedersen M,
Nyengaard JR. Kidney biopsies can be used for
estimations of glomerular number and volume: A pig
study. Virchows Arch. 2008; 452:393-403.

Frandson RD, Wilke L, Fails AD. Anatomy and physiology of
farm animals. State Avenue, Ames, lowa, USA. 2003. pp.
375.

Gartner LP, Hiatt JL. Color textbook of histology. Saunders.
2006. pp. 505.

Gomes IC, Cagnon VHA, Carvalho CAF, De Luca IMS.
Stereology and ultrastructure of the seminal vesicle of
¢57/bl/6j mice following chronic alcohol ingestion.
Tissue and Cell. 2002; 4(3):177-186.

Gundersen HJG, Bendtsen TF, Korbo L, Marcussen N,
Moller A, Nielsen K, Nyengaard JR, Pakkenberg B,
Sagrensen FB, Vesterby A, West MJ. Some new, simple
and efficient stereological methods and their use in
pathological research and diagnosis. Apmis. 1988; 96:379-
394.

Gundersen HJG, Jensen EBV, Kieu K, Nielsen J. The
efficiency of systematic sampling in stereology-
reconsidered. ] Microsc. 1999; 193(3):199-211.

Gundersen HJG. The smooth fractionator. ] Microsc. 2002;
207(3):191-210.

Macmillan KL, Hafs HD. Reproductive tract of holstein bulls
from birth trough puberty. ] Anim Sci. 1969; 28:233-239.

Marettova E, Legath J. The presence of smooth muscle cells
and elastic fibers in the bull vesicular gland. Slov Vet Res.
2010, 47(3):91-96.

Michel PR, Cruz-Orive LM. Application of the cavalieri
principle and vertical sections method to lung: estimation
of volume and pleural surface area. ] Microsc. 1998;
150(2):117-1306.

Moller A, Strange P, Gundersen HJG. Efficient estimation of
cell volume and number using the nucleator and the
disector. ] Microsc. 1990; 159(1):61-71.

Oguz EO, Conkur ES, Sar1t M. Shtereom I simple windows
based software for stereology, volume and number
estimations. Image Anal Stereol. 2007; 26:45-50.

Pakurar AS, Bigbee JW. Digital Histology. John Wiley & Sons,
Inc., Hoboken, New Jersey. USA. 2004. pp. 190-191.

260



Rahman MS, Islam MS, Rahman MT, Parvez NH, Rhaman
MM. Morphometric analysis of vesicular glands of
indigenous bull. Int ] Sustain Crop Prod. 2010; 5(1):11-
14.

Santamaria L, Ingelmo I, Teba F, Coloma A, Martinez L.
Quantitative  stereological ~estimations of  structural
patterns of the glandular tree in benign hyperplasia of
prostate. Open Journal of Pathology. 2016; 6: 122-133.

Santos M, Marcos R, Santos N. Malhao F, Monteiro RAF,
Rocha E. An unbiased stereological study on
subpopulations of rat liver macrophages and on their

numerical relation with the hepatocytes and stellate cells.
J Anat. 2009; 214(5):744-751.

Singh J, Zhu Q, Handelsman D]J. Stereological evaluation of
mouse prostate development. J.Androl. 1999; 20(2): 251-
258.

Serensen FB. Objective histopathologic grading of cutaneous
malignant melanomas by stereologic estimation of nuclear

volume. Cancer. 1989; 63:1784-1798.

Serensen FB. Stereological estimation of the mean and variance
of nuclear volume from vertical sections. ] Microsc.

1991; 162(2):203-229.

Vasquez B, del Sol M. Stereology of the bulbourethral gland of
the rabbit (Oryctolagus cuniculus) and guinea pig (Cavia
porcellus). Pesquisa Veterinaria Brasileira. 2014; 34(12):
1247-1250

West M]J, Slomianka L, Gundersen HJG. Unbiased
stereological estimation of the total number of neurons in
the subdivisions of the rat hippocampus using the optical
fractionator. Anat Rec. 1991; 231(4):482-497.

261



Kocatepe Veterinary Journal

Kocatepe Vet ] (2020) 13(3):262-266
DOI: 10.30607/kvy. 741109

RESEARCH ARTICLE

The Effects Of Melatonin Treatment On Some Serum
Immunoregulatory Cytokine Levels In Rats Exposed To Chronic
Cadmium Toxicity

ihsan KISADERE *

Balikesir University, Faculty of 1 eterinary Medicine, Department of Physiology, Balikesir, Turkey

ABSTRACT

The present study aimed to investigate the effect of melatonin treatment on some serum immunoregulatory
cytokine levels in rats exposed to chronic cadmium toxicity. For this purpose, animals (# = 32) were divided
randomly into four equal groups as untreated control (C), cadmium (Cd), melatonin (Mlt) and Cd + Mlt (CdMI).
The rats in Cd and CdMlt groups received cadmium chlotide (CdCL) (2 mg/kg/day) orally by gastric gavage three
times a week for 4 weeks. On the other hand, Mlt (100 mg/kg/day) was orally administrated to Mlt and CdMlt
groups five times a week for 4 weeks. C group was not received any treatment. After the treatments, the animals
were sactificed and blood samples were taken to without anticoagulant tubes. Then, levels of I1L-13, IL-2, IL- 6,
TNF-a, and INFy in the serum were determined. It was not found any change among the groups according to IL-
18, 1L-2, and IL-6 levels (p>0,05). Besides, the administration of Mlt ameliorated the TNF-a levels in CdMIt
group compared to Cd (p<<0,05). IFNy levels were found the highest in C and MIlt groups compared to Cd
(p<0,05). In conclusion, Mlt treatment caused a significant change only in TNF-« levels in rats exposed to Cd.
Keywords: Cadmium, Cytokine, Melatonin, Serum, Rat

kkk

Melatonin Uygulamasinin Kronik Kadmiyum Toksikasyonuna Maruz Kalan Siganlarda Bazi Serum
Immun-Regiilatér Sitokinler Uzerine Etkisi

oz

Bu calisgmada kronik kadmiyum toksikasyonuna maruz kalan sicanlarda melatonin’in bazt serum immun-regilator
sitokin seviyeleri Uzerine etkilerinin aragtirlmast amaclanmistir. Bu amag¢ dogrultusunda, hayvanlar (z =32);
kontrol grubu (K) kadmiyum grubu (Cd), melatonin grubu (Mlt) ve kadmiyum + melatonin grubu (CdMIt) olmak
tizere rastgele dort esit gruba ayrildi. Cd ve CdMIt gruplarindaki hayvanlara, 4 hafta boyunca haftada t¢ kez gastrik
gavaj yoluyla oral kadmiyum kloriir (CdCly) (2 mg/kg/giin) verildi. Ote yandan Mlt ve CdMIt gruplarina 4 hafta
boyunca haftada bes kez oral Mlt (100 mg/ kg/glin) uygulamast yapildi. Kontrol grubunda yer alan sicanlara
herhangi bir uygulama yapilmadi. Deney periyodundan sonra, sicanlar sakrifiye edildi ve kan Ornekleri
antikoagulant icermeyen tlplere alindi. Deneme sonunda serum IL-18, IL-2, IL-6, TNF-a ve INFy
konsantrasyonlart belirlendi. IL-18, IL-2 ve IL-6 seviyelerinde deney gruplart arasinda bir degisiklik bulunmadi (p
>0,05). Ayrica, Mlt uygulamasi CdMlt grubundaki TNF-a diizeylerini Cd grubuna kiyasla iyilestirdi (p  <0,05).
IFNy seviyeleri Cd grubu ile karsilastirildiginda en ytksek oranda C ve Mlt gruplarinda tespit edildi (p<0,05).
Sonug olarak, Mlt uygulamasi Cd toksisitesine maruz kalan sicanlarda sadece TNF-o diizeylerinde 6nemli bir
degisiklige neden olmustur.
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INTRODUCTION

Cadmium (Cd) is, a toxic heavy metal, a worldwide
significant environmental pollutant that exerts a
variety of adverse effects on humans and also animal
health (Dukic-Cosic et al. 2020). It is used in many
industrial areas include the nickel-Cd batteries,
sensors, televisions, metal-electro plating, pigments,
plastics, and alloy (Klassen et al. 2009, Predes et al.
2010). Although living beings are mainly exposed to
Cd through the intake of contaminated water, food,
plants (vegetables) or air, dermal exposure (through
the skin) is uncommon (IARC 2012, Kisadere and
Donmez 2019). It has been reported that long-term
Cd accumulation causes setious tissue damages in
many organs and biological systems (Cuypers et al.
2010). Although Cd causes oxidative stress by
increasing lipid peroxidation (LPO) and/or by
changing intracellular glutathione (GSH) levels, recent
studies have shown that it can also affect the immune
system functions in humans and animals (Patra et al.
2011, Kisadere et al. 2019, Tutley et al. 2019). Marth
et al. (2001) have been reported that at low
concentrations, Cd is able to stimulate the immune
system, while at higher concentrations it has
inhibitory and immune-suppressive properties.

Inflammation is a very complex process, a preventive
response of the organism to injury (physical,
chemical, etc.) or infections. In a part of this process,
different types of immune cells (macrophages, B/T
lymphocytes, mast cells, and endothelial cells, etc.)
produce biochemical compounds of inflammatory
and immune reactions called cytokines. They have a
specific effect on the interactions (synergistically or
antagonistically) and communications between cells
(Zhang and An 2007). They are divided into two
groups as pro-inflammatory and anti-inflammatory
cytokines. Excessive secretion of these mediators
(~5-20 kDa), however, cause functional problems in
different type of immune cells (Moniuszko-Jakoniuk
et al. 2009). One of them is interleukin-13 (IL-1B3), a
pro-inflammatory cytokine, is crucial for host-defense
system responses to infection and injury (Dinarello
1997). Also, IL-2 plays a major role in the activation,
proliferation, and differentiation of T, B lymphocytes
and natural killer (NK) cells. Another important
multifunctional pro-inflaimmatory cytokine is IL-6
that plays critical roles in host defense, acute phase
response, B cell proliferation, and thrombopoiesis
(Hirano 1998, Zhang and An 2007). An increased
serum IL-6 values have been related to wvatious
pathological conditions, including infections, physical
trauma, inflammations, auto-immune problems and
different types of malignancies (Taga and Kishimoto
1997). Tumor necrosis factor-alpha (TNF-o) also
plays major roles in microbial infections, cell death,
inflammation, pain, and the growth of different
malignant tumors. Also, elevated TNF-a levels have
been implicated with some serious problems such as

cachexia, septic shock, and autoimmune diseases
(Ware et al. 19906). Interferon gamma (IFNy) is, type
two (II) interferon, a critical for innate and adaptive
immunity of host against various viral, bacterial, and
protozoal infections. It also has immunostimulatory
and immunomodulatory effects include: induces of
class I MHC and class II MHC in different cells,
activates macrophages, neutrophils, natural killer cells
(NK), promotes cell-mediated immunity (Zhang and
An 2007). Szuster-Ciesielska et al. (2000) have been
announced that some cytokines include TNF-a, IFNy
and I1.-6 may be influenced by the exposure to Cd.

In recent years, it has been reported that the
detrimental effects of Cd can be alleviated by using
some substances that have antioxidant and metal-
binding properties. Many chelating agents and
antioxidants have been used to diminish tissue
damages in chronic Cd exposed animals (Pourmorad
et al. 2000, Karabulut-Bulan et al. 2008). One of them
is Mt (n-acetyl-5-methoxytryptamine), a neuro-
hormone, was secreted mainly from the pineal gland.
The control of biologic circadian rhythms, sleep
pattern-induction, regulation of seasonal
reproduction, food intake, and immune enhancement
can be described as a biological function of Mit
(Maestroni 1998). It has been suggested that it is a
powerful antioxidant and free radical consumer
substance due to its small size and lipophilic
properties. Besides, it has a metal binding function
(Karbownik et al. 2001, Dan et al. 2018). In addition,
recent studies have shown that Mlt (an immune
modulator) has regulatory effects on immunity and
anti-inflammation (Shin et al. 2014). On the other
hand, Kim et al. (2000) have been reported that Mlt
restores significantly the immunotoxic status induced
by Cd in mice. Also, positive immuno-regulatory
effects of Mlt on different heavy metal intoxications
were reported by different researchers (Bali et al.
2016, Li et al. 2016, Dutta et al. 2018, Durappanavar
et al. 2019).

The purpose of this study was to determine the
effects of oral MIt treatment on some serum
immunoregulatory cytokine levels in rats exposed to
low dose chronic Cd toxicity.

MATERIALS and METHODS

Animals and Experimental Design
Male albino Wistar rats (z = 32; 3 weeks old; body
weight ~ 200 £ 30g) were obtained from Balikesir
University Experimental Medicine Research and
Application Center (BUEMRAC). After one week of
acclimatization  period, animals were divided
randomly into four groups as detailed below:
untreated control (C), cadmium (Cd), melatonin (Mlt)
and Cd + Mlt (CdMlt) groups; each group contained
8 animals. Animals were, housed in standard plastic
rat cages (polypropylene), maintained in an air-
conditioned room (BUEMRAC; temperature: 23 + 2
C% humidity: 55 = 10%) on a 12-h light/dark cycle
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with fresh-water and food available ad libitum. The
animals in Cd and CdMIt groups received cadmium
chloride (CdCly) (2mg /kg/ day) orally by gastric
gavage three times a week for 4 weeks (Almenara et
al. 2013). On the other hand, Mlt (100 mg/kg/day)
was orally by gastric gavage administrated to Mlt and
CdMIt groups five times a week for 4 weeks (Haddadi
et al. 2015). At the end of the 4-weeks experiment
period, rats were sacrificed under anesthesia using an
intramuscular injection of ketamine/xylazine (0.1
ml/100gm/body weight). Blood samples wete drawn
by cardiac puncture using without anticoagulant
tubes. Then, they were centrifuged (at 3000 g for 20
min) after coagulation and serum were separated. The
serum samples not used immediately were frozen at -
80°C until further analysis. The levels of IL-18, IL-2,
IL-6, TNF-a, and INFy in the serum were
determined.

Determination of Some Serum Cytokine Levels
The levels of 1L-18, 1L.-2, IL.-6, TNF-«, and IFNy in
the serum were measured by enzyme immunoassay
using ELISA kits from Sunred Biological Technology
(Shanghai, China) according to the kit instruction.
This assay based on a double-antibody sandwich
ELISA assay to measure the levels of rat IL-1p, IL-2,
IL-6, TNF-a, and IFNy in the serum. In brief, serum
samples and standards provided in the kit were
extracted on an extraction plate, derivatized using an
equalizing reagent, and subjected to ELISA in IL-1§,
IL-2, IL-6, TNF-a, and IFNy pre-coated microtiter
strips. The absorbance of the solution in the wells
was read at 450 nm within 15 min using a microplate
reader (Thermo Scientific Multiskan FC, USA). The
optical density was used to calculate the cytokine
levels using a standard curve.

Statistical Analysis

The statistical analysis of the data was done using by
analysis of variance (one way-ANOVA) followed by
Duncan’s test using the SPSS 25.0 package program
(SPSS, Inc., Chicago, IL). Value for P = 0.05 were
considered as statistically significant.

RESULTS and DISCUSSION

The results of the study were shown in Table 1. It
was not found any significant change among the
experimental groups according to 1L-1§3, IL-2, and
IL-6 levels (p>0,05). On the other hand, serum TNF-
o levels were detected the highest in the Cd group
when compared to other experimental groups
(p<0,05). Besides, the administration of Mit
ameliorated the TNF-a levels in CdMlt group
compared to Cd (p<0,05). In addition, IFNy levels
were found the highest in C and Mlt groups when
compared to Cd and CdMlt (p<<0,05).

In the present study, Cd (2 mg/kg/p.o for 4 weeks)
administration did not lead to any significant change
in serum IL-13, IL-2) and IL-6 levels in all

experimental groups. Afolabi et al. (2012) reported
that different doses of Cd (50-100 ppm/p.o for 7
weeks) treatment led to an increase in plasma IL.-2
and 1L-6 levels in rats. Also, Moniuszko-Jakoniuk et
al. (2009) suggested that the levels of 11.-6 elevated in
rat serum only after oral treatment of Cd (50 mg/kg)
for 16 weeks. In a previous study, Yiicesoy et al.
(1997) announced that long term (one year) exposure
did not alter serum IL-2 levels in the factory workers
who were directly exposed to Cd. It might be
changed due to different dose only. On the other
hand, Mlt (100 mg/kg) treatment did not cause any
significant change in the levels of IL-13, IL-2, and 1L-
6 in our study. It was not found any information
about the effects of Mlt on serum IL-18, IL-2, and
IL-6 levels in rats exposed to chronic Cd in the
literature. Bali et al. (2016) announced that Mlt (10
mg/kg/bw p.o) administration significantly decreased
the serum levels of 1L-6 in arsenic (As)-induced liver
damaged rats. Also, Durappanavar et al. (2019)
reported that per-oral Mt administration (10
mg/kg/bw) suppressed the release of IL-1pB, IL-6,
and TNF-« in the brain tissue of Wistar rats that were
exposed to As.

In our study, serum TNF-a levels were determined
the highest in Cd group compared to C, CdMlt, and
Mlt. Alghasham et al. (2013) suggested that Cd (40
mg CdCly/L) treatment significantly increased the
plasma levels of TNF-a and IL-6 in rats exposed to
Cd-polluted water for six (6) weeks. Moniuszko-
Jakoniuk et al. (2009) also informed that levels of
some main proinflammatory  cytokines  were
remarkably increased in the serum of experimental
animals after long term exposure to Cd. Also, another
researchers have noticed that accumulation of Cd
induces the production of TNF-a and IL-6 in some
living beings (Kataranovski et al. 1998, Krocova et al.
2000). On the contrary, Yiicesoy et al. (1997) noticed
that long-term (one year) Cd administration (average
1.8-25.3 pg/1) did not alter serum TNF-o levels in the
workers of battery production company. The
differences could be occurred due to the chemical
form of the heavy metal, application route, dosage
regime, exposure time, and genetic properties of host.
In the present study, Mlt treatment ameliorated the
serum TNF-a levels in CdMIt group compared to Cd.
It was not found any significant information about
the effects of Mt on serum TNF-« levels in rats
exposed to chronic Cd in the literature. Besides,
Dutta et al. (2018) reported that Mlt treatment
reduced the levels of both TNF-o« and matrix
metalloproteinase-2 (MMP») in As intoxicated kidney
injury. Our results were also corresponding with the
previous studies (Li et al. 2016, Durappanavar et al.
2019).

In our study, IFNy levels were found the lowest in Cd
and CdMlt groups compared to C. Theocharis et al.
(1991) also detected a decrease in IL-2 and IFNy
levels in the presence of 104 M Cd?*. Besides,
Szuster-Ciesielska et al. (2000) suggested that Cd
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effect depended on the concentration used, and 1 and
10 pM CdCI2 partially, but 100 pM Cd completely
inhibited the production of TNF-a and IFNy in
bovine aorta endothelial cells. On the other hand,
Moniuszko-Jakoniuk et al. (2009) reported that
exposure to Cd in both 5 and 50 mg Cd/l doses,
alone or in combination with ethanol (EtOH), led to
an increase in the serum levels of IL-1a, TNF-«, and
INFYy in rats. Similarly, Yiicesoy et al. (1997) detected
an increase in the serum IFNy levels in the long-term
low-dose Cd-exposed workers. In the present study,
low dose (100mg/kg for 4 weeks) oral Mlt treatment
did not attenuate the IFNy levels in CdMlt group

compared to C. Although Mlt has anti-inflammatory
effects, previous studies about the effects of Mlt on
cytokine levels are sometimes contradictory.
Srinivasan et al. (2005) have been reported that Mlt
increases IL-2, 1L-6, 1L-12, and IFNy levels by
stimulating cytokine production in aged individuals
and patients in an immunocompromised state. In the
contrary, Broncel et al. (2007) have been suggested
that Mlt decreases 1L-6, 1L.-12, TNF-a, and IFNy
levels in patients who at risk of atherosclerosis.
These different results may be occurred due to Mlt
could not exhibit its metal-binding properties in that
dose.

Table 1. Some serum immunoregulatory cytokine levels of experimental groups.

Parameters C Mit CdMlt Cd

IL-1p (pg/L) 782,00+153,36 824,50+23,31 1280,58+330,59 1385,75+365,48
IL-2  (ng/L) 2,82+1,18 2,96+0,26 3,4240,43 3,68+0,56
IL-6  (ng/mL) 32,63+0,45 32,69+0,61 32,77+0,44 33,41+0,27
TNF-a (ng/L) 576,60+2,33b 576,96+0,91b 578,75+2,06b 586,42+2,33a
IFNy (ng/L) 61,81+5,10a 56,95+4,05a 40,28+4,92b 39,31+3,43b

Groups: C, control; Mlt, melatonin; Cd, cadmium; CdMlIt, Mlt + Cd. **Means in the same line with different superscripts differ significantly (p < 0.05).

CONCLUSION

In conclusion, Mlt (100 mg/kg/day) treatment
exhibited a very partial change in some serum
immunoregulatory cytokine levels in rats exposed to
chronic low dose Cd toxicity. Therefore, further
investigations are required for the clarification of
these important interactions.
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ABSTRACT

Caseous lymphadenitis (CLA), caused by Corynebacterinm pseundotuberculosis, is a highly prevalent disease of sheep and
goats resulting in significant economic losses in the world. In this study, it was aimed to determine the iz vitro
antimicrobial susceptibility of C. pseudotuberculosis strains isolated from sheep with CLA to vatious antibiotics. A
total of 16 C. psendotuberculosis strains isolated from lung samples of 67 sheep with CLA lesions were tested.
Tetracycline, oxytetracycline, streptomycin, enrofloxacin, cloxacillin, ampicillin/sulbactam, amoxicillin/clavulanic
acid, penicillin/novobiocin, trimethoprim/sulfamethoxazole and neomycin/bacitracin/tetracycline discs were
tested by disc diffusion method. A total of 14 (87.5%) C. pseundotuberculosis strains were susceptible to enrofloxacin,
13 (81.2%) strains to neomycin/bacitracin/tetracycline, 12 (75.0%) strains to penicillin/novobiocin, 11 (68.7%)
strains to oxytetracycline, 11 (68.7%) strains to amoxicillin/clavulanic acid, 10 (62.5%) strains to cloxacillin, 9
(56.2%) strains to tetracycline, 5 (31.2%) strains to ampicillin/sulbactam and 3 (18.7%) strains to
trimethoprim/sulfamethoxazole. None of the isolates were susceptible to streptomycin.

Keywords: Antimicrobial susceptibility testing, Caseous lymphadenitis, Corynebacterinm psendotuberculosis

kkk

Kaze6z Lenfadenitisli Koyunlardan zole Edilen
Corynebacterium pseudotuberculosis Suslarinin in-Vitro Antibiyotik Duyarliliklari

oz

Koyun ve kecilerde Corynebacterinm psendotuberculosis taratindan olusturulan kazedz lenfadenitis (KLA), tim diinyada
yaygin olarak gorilmekte ve 6nemli ekonomik kayiplara neden olmaktadir. Bu ¢alismada, KLLA’ koyunlardan
izole edilen C. psendotuberculosis suslarinin cesitli antibiyotiklere 7z vitro duyarliliklarinin belirlenmesi amaglands.
Calismada KLA lezyonlart gosteren toplam 67 adet koyunun akcigerlerinden izole edilen 16 adet C.
psendotuberculosis susu test edildi. Disk diftizyon yontemiyle yapilan degerlendirmede; tetrasiklin, oksitetrasiklin,
streptomisin, enrofloksasin, kloksasilin, ampisilin/sulbaktam, amoksisilin/klavulanik asit, penisilin/novobiosin,
trimetoprim/sulfametaksazol ve neomisin/basitrasin/tetrasiklin diskleri kullanildi. Suslarin 14 (%87.5) adet
enrofloksasine, 13 (%81.2) adeti neomisin/basitrasin/tetrasikline, 12 (%75.0) adeti penisilin/novobiosine, 11
(%68.7) adeti oksitetrasikline, 11 (%068.7) adeti amoksisilin/klavulanik asite, 10 (%062.5) adeti kloksasiline, 9
(%56.2) adeti tetrasikline, 5 (%31.2) adeti ampisilin/sulbaktama ve 3 (%18.7) adeti ise
trimetoprim/sulfametaksazole duyarh bulundu. Izolatlardan higbiri streptomisine duyarh bulunmadi.

Anahtar Kelimeler: Antibiyotik duyarlilik testi, Corynebacterinm psendotuberculosis, Kazedz lenfadenitis
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GIRIS

Corynebacterium — psendotuberculosis ~ Gram  pozitif,
hareketsiz, sporsuz, kapsilsiiz, kokoid veya ¢omak
morfolojisinde, fakiltatif intraseliler bir bakteridir.
Bakteri 37°C’de, aerobik veya fakiltatif anaerobik
ortamlarda, 2-4 ginde kicik, yuvarlak, sarimst veya
gri-beyaz renkte, agar yiizeyinde kayan koloniler
olusturmaktadir. Proteolitik etkisi olmayan etkenin,
biyokimyasal aktivitesi zayif ve degiskendir. C.
pseudotubercnlosisin - nitrata olan etkisi bakimindan,
nitrat negatif ve pozitif olmak tzere farkli suslari
bulunmaktadir. Genel olarak koyun ve kegi orijinli
suslar nitrat negatif, at ve sigir orijinliler ise nitrat
porzitiftir (Dorella ve ark. 2006, Quinn ve ark. 2011).
C. psendotuberculosis insan dahil cesitli canlt tirlerinde
degisik enfeksiyonlara neden olmaktadir (Kuria ve
Holstad 1989, Dorella ve ark. 2006, Bastos ve ark.
2012). Bakteri daha ¢ok koyun ve kecilerde kazetz
lenfadenitis  (KLA)’in  spesifik  etkeni olarak
bilinmektedir. KLLA, 6zellikle eksternal lenf yumrular
(eksternal form) ve akcigerler bagta olmak tizere cesitli
ic organlarda  kapsilli  apselerin  olusumuyla
karakterize (internal form), kronik bir enfeksiyondur.
Dinyanin bir¢ok bélgesinde yaygin olarak gorilen
enfeksiyonda apselesmeyle birlikte erken dogum,
yavru atma, deri ve yapagi kalitesinde bozulma, ileri
derecede zayiflamaya bagli olarak et verimi ve
kalitesinde disme, genc hayvanlarda daha fazla olmak
tzere nadiren de olsa Olimler gorilebilmektedir
(Middleton ve ark. 1991, ilhan 2001, Dorella ve ark.
2000, Parin ve ark. 2018).

KLA’in tedavisinde ¢esitli antimikrobiyal maddeler
kullanilmaktadir. Etkenin cesitli antibiyotiklere 7 vitro
duyarliligina  yonelik bazi  calismalar  yapilmuistur.
Kanada’da yapilan bir calismada, KLA’li kegilerden
izole edilen toplam 26 adet C. pseudotuberculosis susu
test edilmis ve izolatlardan 3’Gniin neomisine,
tamamunin ise ampisilin, kloramfenikol, linkomisin,
gentamisin, tetrasiklin, penisilin G ve
trimetoprim/sulfametaksazole duyarlt oldugu rapor
edilmistit.  Aymt  calisgmada  tim  izolatlarin
streptomisine ise direngli oldugu bildirilmistir (Muckle
ve Gyles 1982). Fransa’da 6 farkhi cografi bolgede
yetistirilen KLA’li koyun ve kegilerden elde edilen 22
adet C. pseundotubercnlosis susuyla yapilan calismada,
izolatlardan birinin yliksek dizeyde streptomisine
direngli oldugu ifade edilmistir (Pepin ve ark. 1989).
Ispanya’da subklinik mastitisli koyun orijinli 10 adet
C. psendotuberculosis susunun incelendigi arastirmada;
amoksisilin, penisilin, tetrasiklin, kanamisin,
gentamisin,  eritromisin, rifampisin, linkomisin,
siprofloksasin, doksisilin ve kloramfenikol test
edilmistir. Arastirmada sonuc¢ olarak, izolatlarin
tamaminin MIK degerlerinin oldukea yiksek oldugu
rapor edilmistir (Fernandez ve ark. 2001). Sa ve atk.
(2013), Brezilya’da KLA’li koyun ve kegilerden izole
ettikleri toplam 398 adet C. pesudotuberculosis susuyla
yaptiklart  antibiyogram ~ testinde;  izolatlarin
%100anin flotfenikol ve tetrasikline, %099.2’sinin

linkomisin,  enrofloksasin ~ ve  siprofloksasine,
%98.9’unun sefalotine, %98.7’sinin  norfloksasine,
%97.7’sinin  gentamisine, %94.2’sinin  ampisiline,
%91.2’sinin penisilin G’ye ve %89.2’sinin neomisine
duyarl;  %100’inin ise novobiyosine direncli
oldugunu bildirmislerdir.

Yapilan calisgmalar  dikkate alindiginda, KLA’l
hayvanlardan izole edilen C. pseudotubercnlosis suslarinin
in vitro antibiyotik duyarliliklarinin belirlenmesinde,
cesitli antimikrobiyal maddelerin kullanildigi ve bu
calismalardan  olduk¢a farkli sonuclarin  alindigi
gorilmektedir. Bu calismada, Balikesir ilinde KLA’l
koyunlardan izole edilen C. pseudotuberculosis suslarinin
cesitli antimikrobiyal maddelere in vitro
duyarliliklarinin belirlenmesi amaglandi.

MATERYAL ve METOT

Materyal

Calisma kapsaminda toplam 67 adet koyun akciger
ornegi materyal olarak kullaniddi. Materyaller, Bigadi¢
Belediye Mezbahasinda Eylil 2018-Nisan 2019
tarihleri arasinda kesimi yapilan koyunlardan toplandi.
Kesimi yapilan hayvanlarin akcigerleri, veteriner
hekimler tarafindan  kontrol edildi. Ornekler,
makroskopik olarak pnéymoni belirtileri gbzlenen ve
apselesmis lenf yumrulart (bronsiyal ve mediastinal)
saptanan hayvanlardan alindi. Kesim sonrasinda
yaklastk 10-15 gr. agithginda temiz plastik kaplara
konulan Ornekler, soguk zincirde ve kisa siirede

Balikesir Universitesi Veteriner Fakiiltesi
Mikrobiyoloji ~ Anabilim  Dali  Laboratuvarina
ulastirild.

Izolasyon

Akciger 6rneklerinden steril svaplarla %5-7 defibrine
koyun kanli agara (1.10886, Merck, Darmstadt,
Germany) ekimler yapildt. Petri kutulari 37°C’de ve
aerobik ortamda 1-3 glin inkube edildi. Besiyerinde
sekillenen koloniler makroskopik ve mikroskopik
morfolojileriyle  birlikte,  gesitli  biyokimyasal
Ozelliklerine gbre C. psendotuberculvsis olarak identifiye
edildi (Dorella ve ark. 2006, Quinn ve ark. 2011).

Antibiyotik duyarlilik testi

Bu amagla, akciger 6rneklerinden identifiye edilen C.
psendotuberculosis suslart brain heart infusion brotta
(CM1135, Oxoid, Basingstoke, England) aerobik
atmosferde, 37°C’de dretildi (McFarland Standart
Tip No: 0.5). Test, plate count agarda (105463,
Merck), Kirby-Bauer Disk Diftizyon Yo6ntemime gore
yapildt (Bauer ve ark. 19606). Teste; tetrasiklin (30 pg,
Oxoid), oksitetrasiklin -~ (30 png, Bioanalyse),
streptomisin (10 pg, Bioanalyse), enrofloksasin (5 ug,
Bioanalyse), kloksasilin @ ug, Oxoid),
ampisilin/sulbaktam ~ (10/10  pg)  (Bioanalyse),
amoksisilin/klavulanik asit (2/1) (30 pg, Oxoid),
penisilin/novobiosin (40 ug, Oxoid),
trimetoprim/sulfametaksazol  (1.25 pg/23.75 g,
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BBC) ve neomisin/basitrasin/tetrasiklin (30 pg/10
IU/30 pg, Mast Diagnostic) diskleri kullanidi.
Sonuglar, besiyetleri 37°C’de 24 saat inkube edildikten
sonra degerlendirildi (CLSI 2013).

BULGULAR

Izolasyon

Incelen 67 adet akciger 6rneginin 16 (%23.8)’sindan
C. pseudotubercnlosis izole edildi. Etken 9 (%56.2)
ornekte saf kiltir olarak, 7 (%43.8) 6rnekte ise ¢esitli

Gram pozitif ve negatif bakteriyel etkenlerle birlikte
tredi.

Antibiyotik duyarhilik testi

Toplam 16 adet C. pseudotubercnlosis  susunun
kullanildig1 bu calismada, test edilen antimikrobiyal
maddeler arasinda en yitksek duyarhilik (%87.5)
enrofloksasine ~ karst  saptanirken,  izolatlarin

tamaminin  streptomisine direncli oldugu goruldi
(Tablo 1).

Tablo 1: C. pseudotuberculosis suglarinun in vitro antimikrobiyal duyarlili.
Table 1. In vitro antimicrobial susceptibility of C. pseudotuberculosis strains.

Antimikrobiyal Madde Izolat Sayis1 (%)
Orta

Duyarlt Duyarlt Direncli

Enrofloksasin 14(87.5) 1(6.2) 1(6.2)

Neomisin/basitrasin/tetrasiklin 13(81.2) 2(12.5) 1(6.2)
Penisilin/novobiosin 12(75.0) 0(0.0) 4(25.0)
Oksitetrasiklin 11(68.7) 1(6.2) 4(25.0)
Amoksisilin/klavulanik asit 11(68.7) 2(12.5) 3(18.7)
Kloksasilin 10(62.5) 3(18.7) 3(18.7)
Tetrasiklin 9(56.2) 4(25.0) 3(18.7)
Ampisilin/sulbaktam 5(31.2) 0(0.0) 11(68.7)
Trimetoprim/sulfametaksazol 3(18.7) 1(6.2) 12(75.0)
Streptomisin 0(0.0) 1(6.2) 15(93.7)

TARTISMA nedenleriyle, gercek  prevalans  degeri  olarak

KLA tim dunyada yaygin olarak gorilen ve kigik
ruminant endistrisinde 6nemli ekonomik kayiplara
neden olan bir enfeksiyondur. OIE’nin raporuna gore
1996-2004 yillart arasinda 201 farkl ilkeden alinan
veriler degerlendirilmis ve 64 ilkede enfeksiyonun
varhg bildirilmistir. Bu dlkelerin  19’u  Amerika
Kitasinda, 181 Afrika Kitasinda, 140 Avrupa
Kitasinda, 11 Asya Kitasinda ve 2’si de Okyanusya’da
bulunmaktadir ~ (OIE ~ 2009).  Ulkelere  gére
enfeksiyonun  prevalanstyla ilgili olduk¢a farklt
degerler bulunmaktadir. Bu degerler yaklagik %08-90
arasinda degismektedir (Kuria ve Holstad 1989,
Middleton ve ark. 1991, Stanford ve ark. 1998, Ali ve
ark 20106). KLA’in prevalanstyle ilgili
degerlendirmeler, genellikle enfeksiyonun eksternal
formunda goérilen lezyonlara goére yapilmaktadir.
Ancak hastaligin gercek prevalansinin saptanmasinda
internal forma ait lezyonlarin da mutlaka dikkate
alinmast gerektigi bildirilmektedir (Abebe ve Tessema
2015). Gergeklestirilen bu  ¢alismada, Balikesir
Ilindeki koyunlarda KILA’in prevalanst %23.8 olarak
saptanmistir. Bu bulgu; incelenen hayvan sayisinin az
olmasi, istatistiksel bir 6rnekleme yonteminin/lerin
uygulanmamast  ve  bazt nedenlerden  dolay1
enfeksiyonun eksternal formuna ait semptom ve
lezyonlarin ~ yeteri  diizeyde  incelenememesi

gorillmeyebilir. Yine de bulgunun, konuyla ilgili bir 6n
calisma olarak degerlendirilmesi olasidur.

KLA’Li koyun ve kecilerden izole edilen C.
psendotuberculosis  suslartnun  in pitro  antimikrobiyal
maddelere duyarliliklarinin belirlenmesinde,
Tirkiye’de daha az olmak tzere, baz iilkelerde degisik
calismalar yapilmistir. Konya’da KLA’li koyunlardan
izole edilen C. psendotuberculosis — suslatinun in vitro
antimikrobiyal duyarliliginin arastirildigy bir calismada;
izolatlarin florfenikol (%98.6), telitromisin (%91.6),
enrofloksasin ~ (%83.3), penisiin = G (%83.3),
oksitetrasiklin (%81.9), rifampisin (%81.9), gentamisin
(%81.9), amoksisilin (%77.7), ampisilin/sulbaktam
(%706.3), eritromisin  (%69.4), spiramisin (%58.3),
kloksasilin (%55.5) ve ampisiline (%37.5) duyath
oldugu ifade edilmistir (Sakmanoglu ve ark. 2015).
Misir’da yapilan bir calismada, klinik olarak KLA
semptomlart gosteren 80 adet koyun ve 46 adet
kecinin  ekstermal lenf yumrularindan  alinan
Orneklerin  analizinden elde edilen 52 adet C.
psendotucerculosis susu  test edilmistit. En  ylksek
duyarhiligin siprofloksasin (%96.2), amikasin (%90.4),
neomisin (%88.5) ve streptomisine (%80.8) karsi
oldugu calismada; penisilin (%96.2) ve eritromisine
(%92.3) karst ise en yiksek direncliligin saptandigt
rapor edilmistir (Algammal 2016). Etiyopya’da 82 adet
koyun ve keciden alinan Orneklerin bakteriyolojik
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analizinde, 59 (%71.9) hayvandan C. pseudotuberculosis
izole edilmistir. Yapilan antibiyogram  testinde
izolatlarin 46’s1 (%77.9) norfloksasine, 434 (%72.8)
doksisilin ve tetrasikline, 41’1 (%69.4) kanamisin ve
vankomisine, 351 (%59.3) ise ampisilin  ve
klindamisine duyarli bulunmustur (Abebe ve Tessema
2015). Sudan’da koyun ve kegilerden izole edilen
toplam 66 adet C. pseudotubercnlosis  susunun disk
difizyon yo6ntemiyle yapilan degerlendirilmesinde;
%386.7’sinin nitrofurantaine, %78.8’inin kloramfenikol
ve rifampisine, %72.1’inin eritromisine, %066.2’sinin
ampisiline, %065.2’sinin gentamisine, % 59.1’inin ise
tetrasikline duyarli oldugu bildirilirken; izolatlarin
%100’untn nalidiksik asit ve kolistine, %87.9’unun
penisiline ve %72.7’sinin ise streptomisine direncli
oldugu ifade edilmistir (Abdel Wahab ve Shigidi
2013). Robaj ve ark. (2017), Kosova’da 284 adet
hayvandan olusan bir koyun sirlsiinde klinik olarak
KLA semptomlari gdsteren 38 hayvandan aldiklar
ornekleri kiltire ederek, 32 (%84.2) hayvandan C.
psendotuberculosis  izole  ettiklerini  bildirmislerdir.
Aragtiricilar - yaptiklart - antibiyogram  testinde;
izolatlarin amoksisilin/klavulanik asit ve
oksitetrasikline %100, kloksasiline %095.8, gentamisine
%91.7, trimetoprim/sulfametaksazole  %83.3 ve
streptomisine %16.7 oraninda duyarli oldugunu rapor
etmislerdir. Gerceklestirilen bu calismada, izolatlarin
%87.5’1 enrofloksasine, %81.2’s1
neomisin/basitrasin/tetrasikline, %75.0%1
penisilin/novobiosine, %068.7’si  oksitetrasiklin ile
amoksisilin/klavulanik  asite, %062.5’i kloksasine,
%56.2’si tetrasikline, %31.2’si ampisilin/sulbaktama
ve %18.7’si ise trimetoprim/sulfametaksazole duyatl
bulunurken; tamaminin ise streptomisine direncli
olduklar1 saptanmustir. Konuyla ilgili calismalar
birlikte  degetrlendirildiginde, C.  pesudotuberculosis
suslarinin cesitli antibiyotiklere olan
duyarlik/direncliliginin olduke¢a farkliliklar gosterdigi
gorilmektedir. Bu durum, ¢alismanin yapildig iilke ve
bolgelerin  farklt olmastyla  aciklanabilecegi  gibi
izolasyon vyapilan hayvanlara yonelik antibiyotik
uygulamalari ve calismalarda uygulanan yoéntemlerin
farkliligiyla da (degisik besiyerlerinin kullanilmast gibi)
ilgili olabilir.

Diger bakteriyel enfeksiyonlarda oldugu gibi KILLA’in
tedavisinde de en Onemli roli antibiyotikler
stlenmektedir. Tlk  antibiyotik olan penisilinin
kesfinden itibaren hem beseri hem de veteriner
hekimlikte — enfeksiyéz  hastaliklarla  miucadelede
antibiyotiklerle 6nemli basarilar elde edilmistir. Ancak
ik antibiyotigin kullanimiyla birlikte, muhtemelen ilk
antimikrobiyal diren¢ de gorilmeye baglamistir.
Giiniimiizde Diinya Saglik Orgiiti (WHO) basta
olmak tzere, konuyla ilgili bircok kurulus ve bilim
insant tarafindan gelisen antibiyotik direngliligine
dikkat cekilerek, gelecekte yeni antibakteriyellerin
bulunmamasi halinde, bazi bakteriyel enfeksiyonlarin
tedavisinde ¢ok oOnemli sorunlarin yasanabilecegi
bildirilmektedir (Lee ve ark. 2012, WHO 2020).
Bakterilerin antibiyotiklere kars1 direng gelistirmesinde

cesitli faktorler rol oynamaktadir. Bunlardan belki de
en Onemlisi bilingsizce ve rastgele antibiyotik
kullanimidir. Gergeklestirilen bu calismada, KILLA’in
internal formundan izole edilen C. pseudotuberculosis
suslarinin - oldukga yiiksek oranlarda streptomisin
(%93.7), trimetoprim/sulfametaksazol (%75.0) ve
ampisilin/sulbaktama (%68.7) direncli bulunmast,
bolgede koyunlara test yapimadan antibiyotik
uygulanmastyla ilgili olabilir. Diger yandan bu durum,
koyun orijinli C. psendotuberculosis  suslarinda  s6z
konusu antibiyotiklere karst cogul direng gelisimiyle
de aciklanabilir.

Streptomisin 1943 yilinda Streptomyces grisens’tan elde
edilen bir antibiyotik olup, daha ¢ok Brucella spp. ve
Mycobacterium spp. gibi fakultatif intraseliiler bakteri
enfeksiyonlarinin tedavisinde kullanilmaktadir (Quinn
ve ark. 2001; Alavi ve Alavi 2013). Bu c¢alismada,
fakiltatif — intraseliler  bir  bakteri olan C.
pesudotubercnlosisin - streptomisine  yiksek  oranda
(%93.7) direncli olmasi, dikkat ¢ekici bulunmustur.
Benzer durum, Kanada’da kegi orijinli (Muckle ve
Gyles 1982), Fransa’da ise koyun ve keci orijinli
(Pepin ve ark. 1989) C. pesudotuberculosis suslartyla
yapilan c¢alismalarda da gorilmektedir. Muckle ve
Gyles (1982) ile Pepin ve ark. (1989) tarafindan
yapilan calismalarin yapildiklari dénemler dikkate
alindiginda, antibiyotiklere wulasim ve kullanim
oranlarinin giniimiz ve yakin ge¢mise gére oldukea
distik dizeyde oldugu distnilebilir. Bu hipotezden
hareketle, koyun ve keci orijinli C. pesudotuberculosis
suslarinin  streptomisine  yitksek diizeyde direngli
olmast, s6z konusu bakterinin streptomisine dogal
direncli olabilecegi seklinde degerlendirilebilir.

C. psendotuberculosis bir hayvan siristine bulastiginda,
enfeksiyonun kontrol altina alinmasinda  ¢esitli
sorunlar yasanmaktadir. Bunlar arasinda, hastaligin
bazi vakalarda sub-klinik formda seyretmesi nedeniyle
fazla sayida hayvanin kisa stirede enfekte olmasi ve
bakterinin hiicre duvarindaki kalin lipit tabakas:
nedeniyle bazi antibiyotiklere direngli olmasi sayilabilir
(Abebe ve Tessema 2015). Bu durum dikkate
alindiginda, koyunlardaki KLLA’in tedavisinde mutlaka
antibiyotik duyarhlik test sonuglarina gore tedavi
stratejilerinin belirlemesi gerekmektedir. Sonug olarak,
rastgele ve uygunsuz antibiyotik kullanimi direncli
suslarin  yayllmasina neden olabildigi gibi tedavi
giderlerinin de artmasina yol acmaktadir.

Cikar Catigmasi: Yazarlar, ¢ikar catismast olmadigint
beyan eder
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ABSTRACT
This research is the first study on wild orphan animals in Turkey. The aim of this study is to evaluate the reasons
of the orphans’ arrival, their health status and fate in the Afyon Kocatepe University Wildlife Rescue
Rehabilitation, Training, Practice and Research Center. Data on 118 orphans accepted the center in 2017, 2018
and 2019 were evaluated. A total of 16 different species, including 12 birds and 4 mammals, were recorded. Most
of the orphans (89%) were birds and few mammals (11%). Most of the orphans (45.8%) were accepted to the
center during the breeding seasons, especially in July. Most of the orphan birds were from the urban areas
(94.3%) while most of the orphan mammals were from the rural areas (84.6%). The majority of orphans (81.4%)
admitted to the rehabilitation center were uninjured and healthy. The mortality rate in the rehabilitation center
(47.5%) was higher than those who were successfully released into wildlife (40.7%), those in captivity (5.9%) and
euthanasia (5.9%). Despite the high rate of healthy offspring, the high mortality rate indicates that the
rehabilitation process is difficult and requires expertise. As a result, not all wild offspring found by humans are
orphans. Leaving healthy offspring in their habitat in a controlled manner can increase their chances of survival.
It has been concluded that increasing education and awareness-raising activities both in rehabilitation centers and
in the community will reduce the problem of orphans in wildlife.
Keywords: Afyonkarahisar, biodiversity, conservation, rescue, Turkey, wildlife

*okok
Afyon Kocatepe Universitesi Yaban Hayat1 Kurtarma Rehabilitasyon Egitim Uygulama ve Aragtirma
Merkezindeki (AKUREM) Yabani Oksiiz Yavrular Uzerine Bir Retrospektif Aragtirma

oz

Bu arastirma Tirkiye'deki 6kstiz yaban hayvanlart tizerine yapilan ilk ¢alismadir. Bu ¢alismanin amaci, Afyon
Kocatepe Universitesi Yaban Hayati Kurtarma Rehabilitasyon Egitim Uygulama ve Arastirma Merkezi’ne getirilen
yaban hayati 6kstiz yavrularinin gelis nedenlerini, saglik durumlarini ve akibetlerini degetlendirmektir. Merkeze,
2017, 2018 ve 2019 yillarinda getirilen 118 &ksiiz yavruya ait veriler degerlendirilmistir. Onikisi kus ve dordi
memeli olmak tizere toplamda onalti farkls tiir kayit altina alinmistir. Oksiiz yavrularin gogunlugu kuslardan (%89),
azinlig1 ise memelilerden (%11) olusmustur. Oksiiz yavrular {ireme sezonunda, yogun olarak da Temmuz ayinda
(%45.8) merkeze kabul edilmistir. Oksiiz kuslarin biytik kismi (%94.3) kentsel alanlardan, 6ksiiz memeliler ise
daha ¢ok (%84.0) kirsal alanlardan getirilmistir. Rehabilitasyon merkezine kabul edilen 6ksiiz yavrularin ¢ogunlugu
(%81.4) zarar gérmemis ve saglikliydi. Rehabilitasyon merkezindeki 6lim orani (%47.5), yaban hayatina basartyla
salinanlardan (%40.7), esaret altunda tutulanlardan (%5.9) ve Otenazi yapilanlardan (%5.9) daha yiksek
bulunmugtur. Sagliklt yavru orant yiiksek olmasina ragmen Slim oraninin yiiksek olmast rehabilitasyon stirecinin
gicligini ve uzmanlik gerektirdigini géstermektedir. Sonug olarak, insanlar tarafindan bulunan her yabani yavru
Okstiz degildir. Saglikli yavrularin yasam alanlarinda kontrolli bir sekilde birakilmasi hayatta kalma sanslarini
artirabilir. Bu konuda, hem rehabilitasyon merkezlerinde hem de toplumda egitim ve bilin¢lendirme faaliyetlerinin
artirilmasinin yaban hayatindaki 6kstiz yavru sorununu azaltacagi kanaatine varilmustir.
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INTRODUCTION

Wildlife are under threat from many different kinds
of human activities not only in Turkey but also all
over the World. With the industrialization and
technological developments, the increase in the
human population has reduced the distance between
wild life and human beings and in some areas, species
extinctions have started to occur due to human
activities. As the urbanization of areas with wildlife
habitats continues to increase, oppression are
enforced on the wild animals (Schenk and Souza,
2014; Mckinney, 2002). Wild animals are harmed in
nature by anthropogenic and natural causes (Molina-
Lo pez et al., 2017). Nowadays, it is inevitable to take
wildlife protection measures, as many species are
already extinct and many are in danger of extinction.
This 6th wave of extinction of life, which has
previously disappeared five times, is accelerating with
human influence. It is necessary to reduce the
destructive pressure of humans on wildlife (Ceballos
et all, 2010).

Wildlife Rehabilitation is described as the treatment
and impermanent care of injured, diseased and
displaced or orphaned wild animals, and ultimately
they can be returned to their natural habitat (Miller,
2012). Treating and rehabilitating animals that are
damaged and releasing them to nature is one of the
methods of wildlife protection. Rehabilitated wild
animals can get a chance to live in nature again
(Grogan and Kelly, 2013). “Orphaned” means that
chicks, fledgling or young animals, supposedly
abandoned by their parents or fallen from their nest
or brought by humans on the grounds that they are
alone in nature. Especially juvenil animals are
seriously admission to wildlife rescue centers
(Mullineaux, 2014). Since every wild animal babies
need unique care and diets, wild orphan animal
raising and releasing is very difficult in the
rehabilitation center. Wildlife rehabilitation specialists
and veterinarians who care for wild babies must know
how to care for wild animals. On the other hand,
while people teach orphaned wild animals how to
survive in wild, they are not as competent as wild
parents (Moore and Joosten, 1997, Ruth, 2012, Miller,
2012). Wild babies raised by humans may have
problems in detecting dangerous situations to be
avoided, getting to know all the nutrients, caring for
babies, and communicating with each other in the
same kinds. Many wild animals offspring are
unnecessarily rehabilitated since biological parents are
more succesfull than even well trained rehabilitators
(Robertson and Harris 1995). Many baby animals are
kidnapped by well-intentioned people. People want to
save the offspring when they see alone and think they
are abandoned. Unfortunately the fact is that, most of
the baby animals encountered in the wild are not
orphaned or abandoned and they don’t need help
(Ruth, 2012, Miller, 2012). First of all we accept this
situation and then decide if wild animal need help or

not. If the mother is known to be dead, if the baby
has obvious injuries or look sick, if the baby is crying
and appears to be pootly fed and dehydrated, then
wild baby animals need help and should be rescued.
In some cases, the baby needs only little help. Maybe
it can be dropped into the nest where it fell from or
abondoned. Although they are not injured, there are
three obstacles to the offspring being considered
orphans by being taken away from nature. It is
important that whether these orphans will survive in
rehabilitation centers, will orphans gain sufficient
skills to survive, will orphans find a living space in
nature without harming others in the environment
(Wimberger and Downs, 2010). Wild animals take
care of their offspring in a variety of ways, that may
look like unusual behavior to us but it is actually just a
normal part of the animal’s strategy for survival in
nature. Unfortunately, human raising strategies
remain insufficient in this regard. (Tseng, 2002).
Afyonkarahisar is a rich province about biodiversity,
located on bird migration routes due to its large
number of wetlands, with habitats suitable for
different animal species as it is at the transition area
between the Aegean and Central Anatolia regions.
For this reason, Afyon Kocatepe University Wildlife
Rescue Rehabilitation Education Practice and
Research Center (AKUREM) was started their
activity in 2017. AKUREM is one of the a few
rehabilitation center, assigned the task of rescuing and
rehabilitating wild animals in Turkey.

Apart from Afyonkarahisar, AKUREM also provides
services to wild animals brought from Eskisehir,
Kitahya, Usak and Denizli provinces within the
scope of the protocol signed with the V. Regional
Directorate of Nature Conservation and National
Parks (DKMP). Wild animals, which are damaged in
nature, are picked up by the Nature Conservation and
National Parks Authorities and sent to the center
upon the notification of citizens and mostly sensitive
citizens. Among the many activities of the
AKUREM, the care and feeding of orphaned
offspring occupies an important place. When the
breeding season starts in spring, many wild offspring
are brought to AKUREM that they arte found
sometimes injured, sometimes sick but mostly healty
on the ground. In this study probable reasons and
therefore the fate patterns of wild orphan animals are
investigated in a wildlife rehabilitation center in
Turkey.

MATERIALS and METHODS

Between the period from 2017 to 2019 a total of 640
injured wild animals were brought to AKUREM in
which 118 of them (18,4%) was orphan animals. A
retrospective study was conducted based on the data
of 118 applications of wild orphan animals to evaluate
their fate at the AKUREM. The rehabilitation center
is operated under the direction of the Afyon
Kocatepe University, who stipulates the management
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protocols and Ethical Principles according to the
DKMP legislation.

Species were grouped into the following broader
taxonomic categories for statistical analyses purpose.
These groups were clasified as 13 mammals
(including Artiodactyla-Red Deer, Carnivora-Red
Fox, Equidea-Feral Horse, Rodentia-Red Squirrel)
and 105 aves (including Accipitriformes- Common
Kestrel, Long- legged buzzard, Eurasian hobby,
Imperial Eagle, Apodiformes- Common Swift;
Ciconiformes - Stork; Columbiformes- Pigeon;
Cuculiformes- Common Cuckoo; Passeriformes-
Eurasian Magpie and Sparrow; Piciformes- Syrian
Woodpecker; Strigiformes- Long Eared Owl).
Information that was collected on admission of
orphaned animals included rescue center number,

date of admission, location found, treason for
presentation and fate status. Relevant data was
organised into a computerised database (Microsoft
Office  Professional  Plus 2010,  Microsoft
Corporation, Redmond,  Washington, = USA).
Microsoft Excel was used to calculate the summary
statistics (totals, means and proportions), and to
create graphical outputs.

RESULTS

The evaluation process was made on 118 admission
(18.4% of all the admissions) reports (Figure 7).

118;(18.4%)

m OTHER CASES
ORPHAN ANIMALS

Figure 1. Percentages of total wild animals accepted to AKUREM from 2017 to 2019

Birds admission (89%) were more than the mamalian
admission (11%) in the rehabilitation center (Figure 2).

13;(11%)

H BIRD ORPHANS
M MAMMAL ORPHANS

Figure 2. Percentages of orphan wild animals accepted to AKUREM from 2017 to 2019

The group under investigation was covered 16
different species. Four of these species were
mammals and contained 13 animals under four orders
namely Artiodactyla, Carnivora, FEquidea and
Rodentia. The remaining other 12 species were birds
and contained 105 animals under 8 orders namely

Accipitriformes, Apodiformes, Ciconiformes,
Columbiformes, Cuculiformes, Passeriformes,
Piciformes, Strigiformes. The distribution of the
animals according to species and oders are given in
Table 1. Only one animals, Imperial eagle (Aquila
heliaca) was Vulnerable (VU) statues and the others
were considered as Least Concerned (LC) categories
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and by the IUCN (International Union for
Conservation of Nature and Natural Resources) red
list. Among the orphaned mammals accepted to the
rehabilitation center, the highest rate were belongs to
red deer (53.8%), followed by red fox (23.1%), red
squirrel (15.4%) and feral foal (7.7%) respectively.

Table 1: Species in this research

Among the orphaned birds, the most frequently
brought to the center, were common kestrel (Falco
tinnunculus) (24.8%), common swift (Apus apus)
(21.9%), pigeon (Columba livia) (19%) and eurasian
magpie ~ (Pica  pica) (13.3%)  respectively.

MAMMALS
Artiodactyla N %
Red Deer (Cervus elaphus) 7 53.8
Carnivora
Red Fox (Vulpes vuipes) 3 23.1
Equidea
Feral Horse (Equus caballus) 1 7.7
Rodentia
Red Squitrel (Scinrus vulgaris) 2 15.4
Total 13 100
BIRDS
Accipitriformes N %
Common Kestrel (Faleo tinnunculus) 26 24.8
Long-legged buzzard (Buteo rufinus) 2 1.9
Eurasian hobby (Falo subbuteo) 1 0.95
Imperial Eagle (Aguila heliaca) 1 0.95
Apodiformes
Common Swift (Apus apus) 23 21.9
Ciconiformes
Stork (Ciconia ciconia) 5 4.8
Columbiformes
Pigeon (Columba livia) 20 19.0
Cuculiformes
Common Cuckoo (Cuenlus canorsns) 1 0.95
Passeriformes
EBurasian Magpie (Pica pica) 14 13.3
Sparrow (Passer domesticus) 3 29
Piciformes
Sytian Woodpecker (Dendrocopos syriacus) 1 0.95
Strigiformes
Long Eared Owl (Asio otus) 8 7.6
Total 105 100
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The distribution of orphaned mammals and birds
admitted by the center by years and months are given
in Table 2. In this study, the orphan rates were
increased by the years (2017, 2018, 2019); 25, 36, 57

were admitted to center (45.8%). The proportion of
orphaned accepted to the center regardless to the
species in  March, April, May, June, August,
September and October were 0.9, 2.5, 23.7, 18.6, 5.9,

respectively. The breeding season (spring and 0.9 and 1.7% respectively. In autumn season, only
summer months), especially in July, more orphan juvenile pigeon were admitted to the center.
Table 2: Distribution of admitted orphans by season and months
MONTHS*
Years  Orphan 3. 4 s 6. 7. 8. 9. 10. TOTAL
Mammals 0 0 2 1 1 0 0 0 4
2017 Birds 0 2 2 2 11 4 0 0 21
TOTAL 25
2018 Mamma Is 0 0 3 1 0 0 0 0 4
Birds 0 0 4 11 14 2 1 0 32
TOTAL 36
2019 Mamma Is 1 0 0 3 1 0 0 0 4
Birds 0 1 17 4 27 1 0 2 53
TOTAL 57
TOTAL 1 3 28 22 54 7 1 2 118
% 0.9 2.5 23.7 18.6 45.8 5.9 0.9 1.7 100
Seasons Spring Summer Autumn

*3. March, 4. April, 5. May, 6. June, 7. July, 8. August, 9. September, 10. October

The health status of orphaned animals brought to the
center is shown in Figure 3 and 81.4% of orphans

brought to the center were healthy while 18.6% of the
orphans were found to be sick, frail or injured.

® UNINJURED
INJURED

Figure 3. Health status of orphan animals

Information about the areas where the orphans found
and brought to AKUREM is shown in Table 3. As it
is easily seen from the Table 3, most of the orphans
(85.6 %) came from the urban areas, while 14.4%
came from rural areas. 94.3% orphans from urban

areas were belongs to avian species while 15,4% were
belongs to mammals. Opposite to this, 84.6% of the
orphans from rural areas were belongs to mammals
while only 5.7% were belongs to avian species.
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Table 3: The areas where the orphans found

URBAN AREA RURAL AREA TOTAL
SPECIES n % n % n %
Mammals 2 15.4 11 84.6 13 14.4
Avian 99 94.3 6 5.7 105 85.6

The reasons for orphans' acceptance to the center are
reported in Table 4. The causes can be classified as
uninjured orphan 81.4%, animal attacked 2.5%,
entangled or adhesive 4.2% and injured 11.9% were
determined. When an overall assessment of the

causes of orphans admitted to the center was made,
the rate of uninjured orphans was found at the
highest (81.4%). The rate of uninjured orphans were
found to be high in both birds (81.9%) and mammals
(53.8%).

Table 4. Descriptions of the reasons of the orphans to be accepted to the rehabilitation centre

Case number Total
Causes Description Birds Mammals
n % n % n %
Uninjured Orphan with no injuries 89 81.9 7 53.8 96 81.4
Animal attack  Attacked by dog, cat or non-domestic 1 0.9 2 15.4 3 2.5
animals
Entangled or  Entangled in string, fishing line or 5 4.8 0 0 5 4.2
adhesive smeared with adhesive
Injured Broken bones, wounds, paralysed, blind 10 9.5 4 30.8 14 11.9
or concussed
TOTAL 105 100 13 100 118 100

Descriptions of condition and fate patterns of
orphaned animals admitted to the rehabilitation
centre is shown in Table 5. After rescue, release to
the wild life, captivity, euthanasia and mortality the
rate were 42.9, 0.9, 6.7 and 49.5% for birds while

23.1,46.2, 0, 30.7% for mammals respectively. When
taking the total numbers into account for mixed

species the rates were found to be 40.7, 5.9, 5.9,
47.5%.

Table 5. Definitions of the status and destiny patterns of orphans admitted to the rehabilitation center

Case number TOTAL
Fate patterns Description Birds Mammals
n % n % n %
Release to wild Releasable orphan, may 45 42.9 3 23.1 48 40.7
successfully survive in the wild
Captivity Non-releasable  orphan,  poor 1 0.9 6 46.2 7 5.9
survivability in the wild
Euthanasia Humanely assisted death, with 7 6.7 0 0 7 5.9
worst prognosis
Died Unassisted natural death 52 49.5 4 30.7 56 47.5
TOTAL 105 100 13 100 118 100
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DISCUSSION

In this study which as explained in the materials and
methods, the ratio of orphans was 18.4% of all the
wild injured animals (640) brought to the Akurem.
This ratio of orphans brought to any rehabilitation
centre was more or less similar to that of the studies
made in Australia (24.65%-Taylor-Brown A, et al,
2019), in South Africa (43% -Wimberger&Downs,
2010) and in Alabama USA (74%-Williamson&
Lepczyk, 2017). As can be understood from the
ratios, orphaned animals have occupied a significant
position at the some different rehabilitation centers.

It was observed that the bigger proportion of the
orphans admitted to the AKUREM was birds (89%)
and the rest was mammals (11%). It was reported by
Smith (2016) that the most of the orphans come to
the rehabilitation center in the spring was birds rather
than mammals. Similarly, statistics from the data for
the year 2000, indicated that approximately 67% of
casualties were birds, and 32% mammals (Kirkwood,
2003).

The reason for this seems that the habitats between
human and birds are much closer compare to
mammals and therefore birds seems to be much
vulnerable than mammals. One can assume that the
spring was the time of the year that the breeding
season for birds started and it is most likely that the
fledgling may fallen from their nests during spring
(Smith, 2010).

On the contrary, more mammals (56.6%) were
brought to wildlife rescue centers rather than birds in
Australia (Taylor-Brown et al. 2019). However, in the
BWRC (British Wildlife Rehabilitation Council)
analysis showed that 50% of birds and 54% of
mammals admissions were of offspring animals
(Kirkwood 2003) in the UK. It is thought that wildlife
rescue centers' habitat and biodiversity situation
affects this ratio between birds and mammals. Among
the orphaned mammals the highest rate belongs to
red deer fawn with 53.8% Table 1. Red deer fawn can
walk shortly after birth, and they won’t begin to
follow their mother until about one month of age.
For this reason, their mother keeps them in a suitable
place, for example in the bush, and goes to feed and
returns soon. Spotted coats of the fawns serve as
camouflage having no smell to help to avoid to be
found by predators.

In this study, the orphan number was increased by
the years, and the number of orphans adopted in
2019 was the highest (Table 2). This can be explained
by the fact that the effectiveness of the operation of
the center has increased over the years. On the other
hand, this finding may also indicate that the social
awareness to wild life is developing among the people
by the time. It’s common for humans to encounter
baby birds and mammals during the birth or
incubation season (spring and summer). In our study,
the offspring were mostly admitted to center in July

(45.8%) that was similarly reported by Wimberger and
Down (2010). They reported that incubation of birds
that hatch several times, such as pigeons, can also be
admitted to the center in autumn in South Africa.
This finding also supported by Kelly and Bland
(2006). They reported that admissions for European
sparrowhawks (Accipiter nisus) species were mostly
seasonal, with most birds being admitted between
July and September.

Many wild orphan animals (85.6%) brought to the
AKUREM were from the urban areas while 14.4%
were from rural. 94.3% of the orphans in urban areas
were belongs to birds while only 15.4% were
mammals. This can be explained by the fact that birds
live closer to humans in urban areas (Table 3).
Among the birds, common kestrel (24.8%), common
swifts (21.9%) and pigeons (19.0%) were admitted
distinctively more than the other species (Table 1).
Those birds living in close association with humans
were the most frequently admitted to rehabilitation
centres. Some bird species such as pigeons live close
to humans as they can meet a significant portion of
their food requirements in urban areas (Marchesini,
2016). The reason why orphan birds are higher in
urban areas may be due to the possibility of nesting in
roof and roof eaves of the buildings. Wild birds can
build their nests on trees, shrubs, under rocks and
tree stumps, and in chimneys. As stated by Soulsbury
and White (2015) urban wildlife has both positive and
negative interactions with people. Since birds live
close to humans, their offspring are easily found and
easily collected, while mammals often avoid humans
and tend to be encountered only when they clash
with humans (Wimberger and Down, 2010).

In this study, 81.4% of orphans admitted to the
center were identified as uninjured juvenils and most
of them (81.9%) was orphan birds. Baby birds can
spend days to weeks in the nest and they are fed by
their parents during their eatly period of life. If the
baby birds that fallen from their nest was healthy,
they must be placed back in their nests by the
rescuers. At the eatly ages the healthy baby birds may
leave the nest and hop along the neighboring
branches for gaining strength or flying exercise may
fallen ground. In that case, people with not enough
knowledge about wildlife find those animals, they
think that those animals are orphan and unnecessarily
take such animals to rehabilitation center.
(Williamson&Lepczyk 2017). Normally those animals
should be placed back to their parents care in their
nests. If the fledging is looks healty should be left at a
point where cats, dogs and other creatures cannot
reach without being removed from their area (Miller
2012)

After rescue and rehabilitation process, orphaned
animal releasing success was 40.7% (Table 5). This
finding was supported Grogan and Kelly (2013). It
was reported by RSPCA’s (Royal Society for the
Prevention of Cruelty to Animals) wildlife centres as
the typical of other wildlife centres in the UK, around
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40 per cent of casualties are released. Releasing
success was higher (42.9%) in birds than the
mammals (23.1%). This finding is thought to be due
to the arrival of many healthy uninjured juvenil birds.
Kelly et all. (2011) have found the release rate of 31%
in orphaned wood pigeons (Columba palumbus) and
they have found the euthanased rate of 37%, the died
rate was 30%. On the other hand our euthanased rate
was only 6.7% and mortality rate was 49.5% in birds.
The reason was that in some cases we hoped that
they would get better rather than euthanased, but it
didn't happen. Unfortunately, the death rate (47.5%)
was more than our releasing rate (40.7%) for all the
orphans.

The rate of captivity was found to be very high
(46.2%) in unhealthy orphan mammals (Table 5). For
some orphaned wild animals, life in captivity is safer.
The prognosis for rescued orphans in captivity is not
always positive. They needed specialized care with
special care facilities, time and resource. Furthermore,
they are especially susceptible to disease and other
captivity related problems (imprinting). Hovewer,
fledglings have a much better chance of survival in
the wild than in captivity (Smith, 2016). We can say
that the survival skills of orphaned birds thrown out
by their families from their nests are poor, even if
they seem physically healthy. This may be the reason
for the mortality rate which was quite high. On the
other hand, this high mortality rate also may be due
to the fact that our center has been in operation
recently and therefore our facilities are not sufficient.
Insufficiency  of  wildlife  veterinarians  and
rehabilitators and their lack of education in Turkey
have previously been reported by Kandir&Aslan
(2017). It is obvious that the high standard facilities,
care programs, housing systems, hygiene, handling,
nutrition and treatment practices are important
factors for rehabilitation success (Dubois and Fraser,
2003).

Captivity rate for unhealthy orphan mammals was
found very high (46.2%). For some orphaned wild
animals, life in captivity is safer then release to nature.
Because of some young animals raised by human,
think themselves are human and they may develop a
different instict from others. Animals that develop
instincts in this way will not want to be with other
members of their own species and will not be able to
propetly interact with them (Ruth, 2012). Regarding
the fate of orphan mammals, 5 red deer fawn (Cervus
elaphus) were sent to a semi-natural area belonging to
DKMP after weaning (kept in captivity) and one feral
horse (Eguus caballus) yeatling continues to be kept in
captivity in the AKUREM. Of the birds, only one
Imperial Eagle (Aguila heliaca) could not return to
nature due to wings problem and remained in the
center for student educational purposes.

CONCLUSIONS

This research is important as it is the first study in
Turkey for orphaned wild animals to examine the
acceptance reasons and fate patterns in the wildlife
rehabilitation center. Every breeding season, a large
number of wild orphan animals are taken to
rehabilitation centres for treatment, care, raise and
release. Therefore, the analysis of admission records
of wild orphan animals to the rehabilitation center
and the resulting actions can provide important
information about wildlife rescue. Three important
conclusions were reached in this research;

1. Social education and awareness activities on this
subject will reduce the problem associated with
orphan animals in the wildlife.

2. With the technical knowledge obtained from the
researches on wildlife, the attractiveness of the
research making will increase and as a result, the
success of the rehabilitation centers will increase.

3. Increasing the number of such studies will be an
opportunity for wildlife rehabilitation centers to
measure their success and reach higher levels. In this
context, it can be concluded that cooperation
between countries is important in the partnership of
states, univetrsities and NGOs.
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ABSTRACT

In this study, it was aimed to determine the prevalence of E. vermicularis in various public transportation vehicles
and parks in the city center of Eskisehir. For the study, 7 public transportation vehicles and 6 parks were selected
in the city center of Eskisehir. Diagnosis was made using cellophane tape method. A total of 192 samples were
collected from children's parks and public patks, and 138 samples from public transportation vehicles. In 4.1% of
the samples taken from the parks; E. vermicularis egg was found in 0.8% of the samples taken from public
transportation vehicles. It has been observed that park and public transportation vehicles can be effective in E.
vermicnlaris infection. It was identified that deficiencies in public health services, environmental and personal
hygiene were identified and necessary measures were taken.

Keywords: Enterobius vermicnlaris, playground, public transport vehicles, Eskisehir

kkk

Eskigehir'de Park ve Toplu Tasima Araglarinda Enterobius vermicularis Kontaminasyonunun
Aragtirilmasi

(074

Bu calismada Eskisehir il merkezinde hizmet veren ¢esitli toplu tasima araglari ile parklarda Enterobins vermicularisin
yayginligini belitlemek amaclanmigtir. Calisma icin Eskisehir il merkezinde bulunan 7 toplu tasima araci ile 6 park
secilmistir. Teshis selofan bant yontemi kullanilarak yapilmistir. Cocuk parklart ve genel parklardan toplam 192
ornek, toplu tagima araglarindan toplam 138 6rnek toplanmistir. Parklardan alinan Srneklerin %4,1’inde; toplu
tasima araclarindan alman Orneklerin %0,8’inde E. vermicularis yumurtasina rastlanmustie.  E. vermicularis
enfeksiyonunda park ve toplu tasima araclarinin etkili olabilecegi gézlenmistir. Halk sagligi hizmetleri, cevresel ve
kisisel hijyen konusundaki eksikliklerin belitlenerek 6nlemlerin alinmasinin gerekliligi belitlenmistir.
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GIRIS

Oksiytur ya da kil kurdu olarak bilinen Enterobins
vermicnlaris, insan ve sempazelerde Ozellikle kalin
bagirsagin sekum ve rektum bolgesinde yerlesim
gosteren nematodlardan  biridir. Bu parazit krem
rengindedir. Erkekleri 2-5 mm disileri ise 8-13 mm
uzunlugundadir. Tim diinyada bulunmakla birlikte,
timan bolgelerde daha fazla gorilmektedir (Giralp
1981, Ozcan ve ark. 2004). Bu parazitin
yumurtalarinin  enfekte hale gelebilmesi icin, Ozel
ortamlara (toprak, su gibi) ihtiyact yoktur. Bu sebeple

E.  wvermicularis  genis kitleleri  etkileyerek yaygin
enfeksiyonlara neden olmaktadir  (Unat 1979,
Zahariou ve ark. 2007). Ewnterobins  vermicularis

enfeksiyonunun en Onemli belirtisi anal kasintidir.
Anal kasintt yumurtlamadan o6nce digi parazitlerin
anlis disina gocli ile ortaya c¢ikmaktadir. Diger
belirtiler arasinda ise istahsizlik, bulanti, salya akmasi,
sinirlilik, zayiflama, korkulu riya, uykuda iseme ve
uykusuzluk bulunmaktadir (Merdivenci 1978, Wang
ve ark. 2010).

E. vermicnlarisin dinyadaki yayginligs %2-42 arasinda
degismektedir (Giray ve Keskinoglu 2006). Ekonomik
durumu  ve egitim dizeyi disik, gecekondu
yapilasmast fazla, temiz igme suyu yetersiz ve
kanalizasyon konusunda alt yap1 eksiklileri olan
toplumlar arasinda sik gériilmektedir (Altindis ve ark.
2004, Giray ve Keskinoglu 2006, Ariyarathenam ve

ark. 2010). Ulkemizde dogu bolgelerinde batt
bolgelerine  gére  daha  fazla  gOriilmektedir.
Sosyoekonomik  kosullarin ~ kéti  oldugu  bati

bélgelerinde de stk karsilasiimaktadir (Altindis ve ark.
2004, Giray ve Keskinoglu 2000).

Halk tarafindan kullanilan otobiis duraklari, toplu
tagtma araclari, halka acik tuvaletler, halka acik parklar
ve halkin toplandigt meydanlar parazitle enfekte olma
olasiligr yiksek olan yerlerdir (Borges ve ark. 2009).
Bu arastirmada Eskisehir il merkezinde hizmet veren
cesitli toplu tasima araglart ile oyun parklarinda E.
vermicnlaris'in yayginligini belirlemek amaclanmustir.

MATERYAL ve METOT

Aragtirmanin 6rnekleri Nisan-Haziran 2017 tatrihleri
arasinda HEskisehir il merkezinde hizmet veren ve
arastirmacilar tarafindan rastgele secilen 7 toplu
tastma aract ile 6 parktan temin edilmistir. Orneklerin
toplanmast i¢in hava kosullarinin  uygun oldugu
zamanlarda toplu tagima araglarina ve parklara
gidilmistir ve el temasinin fazla olabilecegi disiinilen
kistmlara  selofan  bant uygulanmistir.  Cocuk
parklarindan  toplam 192 6rnek, toplu tasima
araglarindan toplam 138 6rnek toplanmistir. Toplanan
ornekler agzi kilitli plastik torbalar icine konularak
laboratuvara  getirilmistir. Laboratuvara  getirilen
ornekler 10X ve 40X buytutmede 1stk mikroskobu
alinda kil kurdu  yumurtalarn  yoninden
degerlendirilmistir. Orneklerin analizinde yiizdelik ve
bagimsiz 6rneklem t testi kullanilmistir. Istatistiksel
anlamlilik p<<0,05 olarak kabul edilmistir.

BULGULAR

Almnan  6rneklerin  laboratuvarda  degerlendirilmesi
sonucu Tablo 1, Tablo 2 ve Tablo 3’te goérilen
degerler elde edilmistir.

Table 1. Distribution of positive and negative values detected in the samples collected areas.
Tablo 1. Orneklerin toplandigi alanlarda saptanan pozitif ve negatif degerlerin dagilimi.

Pozitif Negatif Toplam
Ornek Alinan Alan (yumurta  (yumurta yok)
var)
n % n % n %
Parklar (n=192) Park 1 0 0,0 6 100,0 6 100,0
Park 2 0 0,0 26 100,0 26 100,0
Park 3 0 0,0 40 100,0 40 100,0
Park 4 2 3,6 54 96,4 56 100,0
Park 5 3 75 37 92,5 40 100,0
Park 6 3 12,5 21 87,5 24 100,0
Toplu Tagima Arag 1 0 0,0 18 100,0 18 100,0
Araglar1 (n=138)  Arag 2 0 0,0 18 100,0 18 100,0
Arag 3 0 0,0 20 100,0 20 100,0
Arag 4 0 0,0 22 100,0 22 100,0
Arag 5 0 0,0 20 100,0 20 100,0
Arag 6 1 5,0 19 95,0 20 100,0
Arag 7 0 0,0 20 100,0 20 100,0
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ve Ara¢ 7°de E. vermicnlaris yamurtasi saptanmamistir.
Ara¢  6'dan toplanan Orneklerin = %5,0’inde  E.
vermicnlaris yamurtast saptanmustir (Tablo 1).

Orneklerin toplandigi parklar incelendiginde Park 1,
Park 2 ve Park 3de E. vemmicularis yumurtast
saptanmamistir. Park 4’den toplanan 6rneklerin
%3,6’s1nda, Park 5’den toplanan 6rneklerin %7,5’inde
ve Park 6’dan toplanan 6rneklerin %12,5’inde E.
vermicnlaris yumurtast saptanmustir (Tablo 1).

Orneklerin ~ toplandigr ~ toplu  tasgtma  araglart
incelendiginde Arag 1, Ara¢ 2, Arag 3, Arag 4, Ara¢ 5

Table 2. Positive and negative values detected in the samples collected ateas.
Tablo 2. Orneklerin toplandigs alanlarda saptanan porzitif ve negatif degerler.

Pozitif Negatif Toplam
Ornek Alnan Alan (yumurta  (yumurta yok)
var)
n % n % n %
Parklar (n=192) 8 41 184 95,9 192 100,0
Toplu Tagima Araglart (n=138) 1 0,8 127 99,2 138 100,0

bulunan E. vermicularis yamurtast toplu tagima
araclarindan yaklastk 5 kat fazladir.

Orneklerin toplandigt alanlar incelendiginde parklarin
%4,1’inde ve toplu tagima araclarinin %0,8’inde E.
vermicnlaris yumurtast saptanmustir (Tablo 2). Parklarda

Table 3. Distribution of positive values detected in infected areas where samples are collected.
Tablo 3. Orneklerin toplandigt enfekte alanlarda saptanan pozitif degerlerin dagilimi.

. Pozitif
Ornek Alinan Alan n %
Parklar (n=192) Park 1 0 0,0
Park 2 0 0,0
Park 3 0 0,0
Park 4 2 22,2
Park 5 3 33,3
Park 6 3 33,3
Toplam 8 88,8
Toplu Tagima Araglart Arag 1 0 0,0
(n=138) Arag 2 0 0,0
Arag 3 0 0,0
Arag 4 0 0,0
Arag 5 0 0,0
Arac 6 1 11,2
Arag 7 0 0,0
Toplam 1 11,2
Genel Toplam 9 100,0

Orneklerin toplandigi enfekte alanlar incelendiginde
saptanan E. vermicularis  yumurtasinin - %88,8’inin
parklarda, %11,2’sinin toplu tasima araglarinda oldugu
belirlenmistir.  Parklarda  saptanan  yumurtalarin
tamaminin genel parklarda oldugu g6rilmistir.
Toplu  tastma  araclarinda  saptanan  parazit
yumurtalarinin - tamaminin - Ara¢ 6’da oldugu
gorilmistir (Tablo 3).

Parklar ve toplu tasima araglarindan  alinan
numunelerde  saptanan  pozitif E.  vermicularis
yumurtalarinin ortalamalari karsilastirldiginda

istatistiksel olarak anlamli bir fark bulunamamistir
(p=0,112). Parklar ve toplu tasima araglarindan alinan
numunelerde  saptanan  negatif E.  vermicularis
yumurtalarinin ortalamalart karsilastirldiginda
istatistiksel olarak anlamli bir fark bulunamamistir

(p=0,165).
TARTISMA

Bu c¢alismada toplanan veriler, genel toplumun
rahathikla ulasabildigi toplu tastma araclari ve
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parklardan Ornek alinmast araciligtyla elde edilmistir.
Enterobiasis’in daha ¢ok okul 6ncesi ve okul dénemi
cocuklarda gorilmesi nedeniyle (Giray ve Keskinoglu
2000) literatirde yer alan c¢alismalarin ¢ogunlukla
anaokulu (Cazotla ve ark. 2006, Artan ve ark. 2008,
Chu 2012, Haddad ve ark. 2014, Anuar ve ark. 2016),
ilkokul 6grencileri (Ozcan ve ark. 2004, Giray ve
Keskinoglu 20006, Cazorla ve ark. 2006, Hazir ve ark.
2009, Celikséz ve ark. 2010, Chai 2015) tzerinde
yapildigt gorilmistir. Diger bazt arastirmalarda,
etkenin  yetiskinlere de kolaylikla bulasabildigi
(Kochan ve ark. 2015), bazi bdlgelerde hem
yetiskinler hem c¢ocuklar (Koksal ve ark. 2010) hem
de vyashlar icin buytk bir halk saghgt problemi
olusturdugu ve sayilan tim gruplarda 6lime neden
olabilecegi bildirilmis, enfekte olan kisilerin tekrar
tekrar enfeksiyon gecirebilmesinin ¢ok yaygin oldugu
da vurgulanmistir (Rasti ve ark. 2012). Bu nedenle
cocuklardan numune alinarak yapilan ¢alismalarin yant
sira, topluma actk yerlerden numuneler alinmasi
gereklidir. Bu calisma igerik bakimindan literatiirde
siklikla karsilagilan calismalardan farklidir.
Afyonkarahisar’da yapilan bir aragtirmada oyun
parklarindan alinan 6rneklerde parazitin yumurtasina
rastlanmamistir. Toplu tagtma araglarindan alinan
orneklerin ~ %1,33%linde  parazit ~ yumurtasina
rastlanmistir  (Dedeoglu  ve Kozan 2011). Bu
calismada ise parklardan alinan 6rneklerin %04,1’inde;
toplu tagima araclarindan alinan Srneklerin %0,8’inde
E. vermicularis yumurtasina rastlanmustir.
Arastirmamizda saptanan E. vermicularis yamurtasinin
Afyonkarahisar’da yapilan ¢alismada saptanandan
yaklastk 3,5 kat daha fazla oldugu gorilmistir. Bu
durum aralarinda kilometre olarak c¢ok fazla uzaklik
olmayan bu sehitlerin bulundugu bélgesel farkhiliktan,
nifuslarindan ve sahip oldugu tniversite Ggrencisi
potansiyelindeki farklhiliktan kaynaklanabilecegini akla
getirmektedir. Ayrica son yillarda Eskisehir’e olan
goctinde Enterobiasis enfeksiyonunun artisina neden
olabilecegini dustindirmektedir.

Hem Afyonkarahisar’da hem de bu arastirmada oyun
parklarinda E. vermicularis yumurtasina
rastlanmamustir.  Parklarda  oldugu saptanan E.
vermicularis yumurtalarinin  tamamu  genel parklarda
bulunmaktadir. Bu durum ¢ocuklarin yani sira
yetiskinlere yonelik ¢alismalarin da  arturilmasinin
gerekli  oldugunu  g6stermektedir.  Brezilya’da
yuritilen bir calismada otobuslerden  alinan
Orneklerin  %18,7sinde  ve parkta yer alan iki
tuvaletten alinan 6rneklerin %06,25’inde E. vermicularis
yumurtasina rastlanmustir (Borges ve ark. 2009). Bu
calismada saptanan degerler bizim elde ettigimiz
degerlerden ¢ok yiiksektir. Bu durum ilkelerin sahip
oldugu halk saglhgt hizmetleri, cevre kosullart ve
kisisel ~ hijyen  uygulamalarindaki  farkliliklardan
kaynaklanabilir. Yapilan iki calismada da topluma agik
yetlerden alman Ornekler analiz  edilmistir. Bu
calismalara benzer baska bir arastirmaya literatirde
rastlanmamuistir.

SONUGC

Bu arastirmada incelenen 320 6rnekten toplam 9’unda
E. vermicularis yumurtast saptanmugtir. Yumurta pozitif
Orneklerin sekiz tanesi parklarda ve bir tanesi de toplu
tastima araclarinda bulunmustur. Parklardan alinan
orneklerde saptanan E. vermicularis yumurtast toplu
tasima araclarindan alinan 6rneklerden yaklasik 5 kat
fazladir. Cocuk patklarinda E. vermicnlaris yumurtast
saptanmamistir.

Ulkemizde E. vermicnlaris’e yonelik yapilan arastirmalar
siklikla okullardan 6rnek toplanarak yapilmaktadir.
Otobis, otobiis duraklari, parklar ve halk tarafindan
kullantlan tuvaletler gibi topluma agik yerlerden daha
fazla 6rnek almnarak, kapsami daha genis arastirmalar
vapilmasi E. vermicularis’in ilkemizdeki durumunu ve
risk altindaki toplumu belitlemeye yardimct olacaktir.
E. vermicnlarisin durumunun tespit edilmesi tlkemizde
halk saglhgr hizmetleri, ¢evresel ve kisisel hijyen
konusundaki eksiklikleri ortaya ¢ikartabilir. Bu konuda
eksikliklere yonelik alinacak 6nlemler, enfeksiyonla
miicadelede 6nemli rol oynayabilir.

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

Thawing condition is one the most important factors affecting the re-animation of the spermatozoon in order to
fertilise the oocyte. For that matter, we aimed to evaluate the morphological features of the head and midpiece of
cryopreserved spermatozoa thawed at different temperatures and for various durations, with using CASA
(Computer aided sperm analyser). Frozen semen samples belonging to the same batch, collected from three
different bulls were grouped as; control group thawed for 20 seconds at 37 °C; and experimental groups were
thawed for 30, 40, 50 and 60 s at 25 °C and 37 °C; for 10, 15, 20 and 25 s at 40 °C; for 3, 6, 9, 12 s at 70 °C.
Morphometrical features of the samples were evaluated by using CASA system with nine repetitions. As a result,
straws thawed at 25°C for 40 s had the highest average length of head (6.22 + 0.09 um), and the width of mid-
piece (0.68 * 0.01 pm). It was concluded that the thawing temperature and duration has affected/altered the
morphometry of the sperm head and midpiece, although the results were not statistically significant (p> 0.005).
Keywords: Bull sperm, CASA, morphometry, sperm head, sperm mid-piece

kksk

Farkl1 Siire ve Sicakliklarda Cézdiiriilen Boga Spermalarinin Morfolojik Fonksiyonlarinin CASA Cihazi
ile Degerlendirmesi

oz

Suni tohumlamada kullanilan dondurulmus spermanin ¢6zim sonu parametrelerini belirleyen faktérlerin basinda
¢bzdirme kosullar1 gelmektedir. Yapilan arastirma ile Simental, Holstein ve Brown Swiss 1rki bogalarin donmusg
spermalarinin, deneysel olarak belitlenen farkli sicaklik ve siirelerde ¢ozdiriilmesi sonucu CASA cihazt ile
spermatozoon bast ve orta kismina ait parametreler bakimindan degerlendirilmesi amaglanmistir.  Calismada
gruplar; kontrol grubu 37 °C’de 20 saniye; deney gruplarn ise, 25 °C’de 30, 40, 50 ve 60 sn.; 37 °C°de 30, 40, 50 ve
60 sn.; 40 °C’de 10, 15, 20 ve 25 sn.; 70 °Cde 3, 6, 9, 12 sn. olarak belirlenmistir. Ug farklt irk bogaya ait, tek
cjakilasyonda elde edilen dondurulmus boga spermalari, 9 tekrarda CASA parametreleri agisindan
degerlendirilmistir. 25 °C’de 40 sn.’de ¢ozdirtlen spermalarin bas uzunluklarmnin (6.22 £ 0.09), orta kisim
genisliginin (0.68 = 0.01) diger sicaklik ve siirelere gére daha yiksek ortalamaya sahip oldugu saptanmustir.
Cozdiirme sicaklik ve siiresinin spermatozoon bas ve orta kismina dair parametreleri degistirdigi ancak elde edilen
sonuglarin istatiksel olarak anlamli olmadig1 belirlenmistir (p> 0.005).

Anahtar Kelimeler: Boga spermatozoonu, CASA, morfoloji, spermatozoon basgt, spermatozoon orta kismi
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INTRODUCTION

In general, the length and width of the sperm head
varies depending on the changes in the size and
organization of the acrosome and nuclei (Mortimer,
2018, Gu et al. 2019). The relationship of sperm head
and midpiece morphometry with fertility has been
cleatly established (Gil et al., 2009; Valverde et al.,
2016; Yaniz et al., 2015), indicating that males with
high fertility rates produce longer and conical
spermatozoa (Beletti et al. 2005; Gravance et al.
2010). However, cryopreservation and thawing
procedure causes acrosome, midpiece and tail
abnormalities that are primarily originated by plasma
membrane damage, resulting in rendering sperm cells
with impaired fertilization ability. This indicates the
presence of variation both in the membrane
properties of individuals and their responses to
freeze-thawing (Valverde et al. 2016) conditions and
osmotic stress is related differences in the plasma
membrane volume and shrinkage.

Changes in the temperature during the freezing and
thawing of the sperm reduce the rate of motile
spermatozoa and cause ultra-structural, biochemical
and functional damage (Senger 1980). The
fertilization ability of spermatozoa after thawing is
greatly affected by the thawing temperature and
duration (Senger 1980, Tleri and Ak 1993, Nur et al.
2003). Subtle differences in shape, volume or area
between spermatozoa are likely to be responsible for
differences in water inlet and outlet microfluidic
channel velocity throughout the plasmalemma during
cryopreservation as well as the thawing process
(Tekin and Dagkin 2019, Nur et al. 2003), which may
be the source of morphologically different sperm
subpopulations (Nunez-Martinez et al. 2007). Thus,
leads to sperm chromatin changes during these
processes (Karabinus et al. 1997). These changes are
responsible for a decrease in the surface area of the
sperm head, which may be caused by excessive
condensation of spermatozoon nucleochromatin
(Royere et al. 1998). Changes in chromatin have been
associated with a reduced fertility in bulls (Sailer et al.
1996; Ostermeier et al., 2001; Januskauskas et al.
2003). As a result of the chromatin structure
alterations and the decrease at the surface area of the
sperm head, abnormal morphological structure may
occur in the sperm head. Abnormal chromatin
sttucture  and  head  related  morphological
abnormalities of the spermatozoon are responsible
for the loss of fertility in bulls (Saacke and White
1972; Gravance et al. 1998).

The midpiece morphology has a key importance for
the mobilization of the spermatozoon due to
phospholipid hydroperoxide glutamate peroxide and
tyrosine phosphoryl proteins, which both have a

primary role in sperm motility (Shivaji et al. 2009) that
generates the ATP synthase beta subunit.
Mitochondria are the source of adenosine
triphosphate (ATP) in the midpiece of the sperm. It
transmits energy to axonemia located in the principal
part that produces the driving force of sperm
(Piomboni et al. 2012, Gu et al. 2019). Therefore, the
lengths of the sperm midpiece and the principal part
can be critical in determining the sperm swimming
rate and fertilization rate (Firman et al. 2010,
Bennison et al. 2015; Gu et al. 2019). In house mice
and primates, the length of the sperm midpiece was
largely considered a reasonable predictor of sperm
swimming rate/velocity (Anderson and Dixson 2002,
Firman et al. 2010, Gu et al. 2019). With regard to
sperm competition, beneficial changes in sperm
morphology can increase swimming speed of the
sperm cells, which is the main determinant of
fertilization success (Ramm et al. 2005, Fisher et al.
2016, Gu et al. 2019). Interestingly, Non-Return
Rates (NRR) in cows inseminated with the
cryopreserved semen in which mid-length was
measured, resulted with up to a 5% reduction in NRR
in those with a longer midpiece (Shahani et al. 2010).
Moreover, alterations in midpiece has a negative
impact on the normal product of cellular respiration,
thus creates Reactive Oxygen Species (ROS) that
subsequently accumulates in the sperm midpiece and
mitochondria (Desai et al. 2010).

Since the fertilising ability of sperm is highly affected
by environmental conditions, the success of artificial
insemination depends on providing the optimum
conditions (Leticia, et al., 2013). While routine
laboratory studies use scientific guidelines for thawing
temperature and time values; indeed field conditions
are usually different than those of the laboratory. The
alterations in the morphometrical feauters of the
sperm that could occur during the different thawing
conditions can directly affect the result of
insemination. Owing to the recent development of
digitalized microscopic evaluation of spermatozoa
with CASA (Computer Assisted Semen Analysis)
technology, morphometric measurement of a
spermatozoon  became  optimized and  thus,
introduced new possibilities in the spermatology
assessment (Garcia-Herreros et al. 2007, Yaniz et al.
2015).

In this study, it was aimed to evaluate the
morphological alterations in the head and midpiece of
the spermatozoa subjected to different thawing time
and temperatures in order to reflect various possible
field conditions prior to artificial insemination
practice.

MATERIALS and METHODS

Selection of Semen
For this study, a total of 153 commercially frozen
semen straws from three different bull breeds
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(Holstein, Simmental and Brown Swiss) were used.
All the semen samples were selected from a single
semen batch to eliminate individual differences,
diluted, packed in 0,25 ml/straw, frozen and stored at

-196°C under the commercial standard

Table 1. Thawing temperatures and durations of the groups

cryopresetvation  process by  Supergenetics®
company, Konya/Turkey. Only the frozen semen
samples were accepted with the following criteria
met; motility with 70%, morphologically normal
spermatozoa rate and viability with 80 % were used.

Groups Thawing temperature and times

Control 37°C20s
Group 1 25°C 30
Group 2 25°C40s
Group 3 25°C50s
Group 4 25°C60's
Group 5 37°C30s
Group 6 37°C40s
Group 7 37°C50s
Group 8 37°C 60 s
Group 9 40°C10s
Group 10 40°C15s
Group 11 40°C 20 s
Group 12 40°C 255
Group 13 70°C 3 s
Group 14 70°C 6 s
Group 15 70°C 9 s
Group 16 70°C12s

Thawing of the Semen

Frozen semen straws from Simental, Holstein and
Brown Swiss were divided into 17 groups according
to the thawing time and temperature. Each semen
straw (0.25 ml) was thawed at the temperatures and
times given in the groups (Table-1). The straws were
thawed in a water bath (Memmert, MiniTube®,
Germany), taken to the Eppendorf tubes (1.5 ml.)
previously warmed at heating table (Leica, HI 1220,
Germany) then immediately used for morphological
staining.

Sperm Preparation and Morphological Staining
To examine the morphology, smear samples were
taken and dried in the air at least for 30 s with
previously cleaned slide to eliminate the foreign
particles during analysis. Then, smear samples were
covered with fixation solution for 1 minutes, and
excessive part was drained. Thereafter, the fixed
smears placed horizontally onto staining tray, and
covered with Sperm Blue stain (Microptics®, Spain)
for 3 minutes. Once stained, all the slides were
permanently sealed with Eukitt® mounting medium
and a coverslip.

Spermatozoa Morphometry

The measurement of spermatozoa head and midpiece
morphometric analysis were done with SCA
motphological software (Microptics®, Spain). A

phase-contrast microscope (Nikon, Eclipse 501) with
a camera attachment (Basler, Scout Specific digital
Basler camera with 1280%X1024 resolution, 60 frame
per sec) were used under x60 magnification
objective. SCA® Morphology module were used for
automatic morphometry analysis under bright-field
microscopy. Spermatozoa were randomly selected
and captured from different slide fields until 100
spermatozoa were reached. The selection of those
spermatozoa with foreign particles and overlapped
ones were discarded manually. The dimensions of
the head and midpiece were manually selected,
measured simultaneously by the software system and
recorded as um unit into a separate excel file.

Statistical Analyses

Descriptive statistics for the data were calculated and
shown as “Arithmetic Mean * Standard Error”. For
each variable, the group effect is examined with the
help of mixed models; in the model created,
repetitions of semen measurements are random;
degrees, duration basic effects are included as fixed
effects. In cases where the interaction term was found
meaningful, simple effects analysis with Bonferroni
correction was applied. For all statistical analysis, p
<0.05 criterion was used. The analyzes were carried
out through the Stata 12 / MP4 (License No:
50120500264) statistical package program.
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RESULTS

The parameters related to the head of sperm, thawed
at different times and temperatures are given in
Table-2 while the parameters related to the mid-piece
are given in Table-3. When the parameters were
evaluated statistically, no significant difference was

found (p> 0.005).

The lowest head width was obtained as 2.89 * 0.05
pm in semen thawed for 60 s at 37 °C (p> 0.005).
The head widths of sperm, which were thawed at 70
°C for both 6, 9 and 12 s, was determined as 2.96 *
0.06 pm. Sperm thawed for 3 s at the same
temperature were found to have a head width of 2.91
+ 0.05 pm.

The lowest head length measurement was found to
be 6.04 £ 0.09 pm in group thawed at 70 °C for 3 s.
It was determined that the head perimeter at the same
temperature and time had the lowest value with 13.03
1+ 0.19 um. The head area was the highest as 17.42 &
0.49 pm? in sperms thawed for 12 s at 70 °C. Sperm
in the group thawed at 25°C for 50 s have the lowest
head area, 16.54 & 0.43 um? (p> 0.005).

When the midpiece widths were evaluated, the semen
thawed at 25°C 40 s wete found to have the highest
value of 0.68 = 0.01 pm, and the lowest value of 0.6
+ 0.03 pm at 25 °C 50 s (p> 0.005). It was
determined that the semen thawed at 25 °C 40 s in
the middle part area had the numerically highest with
5.26 = 1.58 pm?2

Table 2: The morphometrical features related to the head of sperm, thawed at different temperatures and time

petiods

Arithmetic mean * Standard error

Groups (n=9)

Head Length (um) Head Width (um) Head Area (um?) Head Perimeter

(p=0.930) (p=0.994) (p=0.993) (um) (p= 0.997)
Control (37°C 20 s) 6.15 £ 0.07 2.92 % 0.04 16.88 + 0.38 13.28 +0.17
37°C 30 s 621 £0.11 2.95 £ 0.06 17.27 £ 0.50 13.36 + 0.24
37°C 40 s 6.11 £ 0.08 2.90 £ 0.05 16.70 + 0.39 13.21 £ 0.15
37°C 50 s 6.16 £0.12 2.93 £ 0.06 16.90 + 0.64 13.22 +0.23
37°C 60 s 6.07 £ 0.09 2.89 £ 0.05 16.65 + 0.42 13.15 + 0.21
25°C 30 s 6.10 £ 0.06 2.93 % 0.03 16.69 + 0.41 13.18 + 0.12
25°C 40 s 6.22 + 0.09 2.95 £ 0.06 17.33 £ 0.53 13.38 + 0.18
25°C 50 s 6.11 +0.08 2.92 % 0.05 16.54 + 0.43 13.23 +0.18
25°C 60 s 6.15 +0.08 2.93 £ 0.05 17.11 + 0.48 13.31 £ 0.17
40°C 10's 6.15 + 0.06 2.93  0.04 16.93 + 0.33 13.23 + 0.14
40°C 15 s 6.13 £ 0.07 2.92 % 0.05 16.86 + 0.39 1332+ 0.15
40°C 20 s 6.15 £ 0.09 2.96 £ 0.07 17.09 + 0.49 13.32 4 0.22
40°C 25 s 6.18 £ 0.09 2.94 % 0.05 17.16 + 0.50 13.37 £ 0.23
70°C 3 s 6.04 + 0.09 2.91 £ 0.05 16.78 + 0.44 13.03 +0.19
70°C 6 s 6.12 £ 0.07 2.96 £ 0.06 17.01 + 0.43 13.29 £ 0.16
70°C 9 s 621 +0.09 2.96 £ 0.06 17.33 + 0.48 13.39 + 0.19
70°C 12's 6.30 £ 0.09 2.96 £ 0.06 17.42 + 0.49 13.43 +0.22
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Table 3: The morphometrical features related to the midpiece of sperm. thawed at different temperatures

and time periods.

Groups (n=9)

Arithmetic mean * Standard error

Midpiece Width (um) (p=0.514)

Midpiece Area (um?) (p=0.381)

Control (37°C 20 s) 0.64 + 0.02
37°C 30 s 0.65 * 0.01
37°C 40 s 0.67 * 0.01
37°C 50 s 0.65 £ 0.02
37°C 60 s 0.65 £ 0.01
25°C 30 s 0.64 £ 0.02
25°C 40 s 0.68 £ 0.01
25°C 50 s 0.60 + 0.03
25°C 60 s 0.66 £ 0.01
40°C 10 s 0.65 £ 0.02
40°C 15 s 0.63 £ 0.01
40°C 20 s 0.66 + 0.03
40°C 25 s 0.67 £ 0.01
70°C 3 s 0.65 £ 0.02
70°C 6 s 0.65 + 0.03
70°C 9 s 0.65 * 0.01
70°C 12’5 0.64 * 0.01

353 £0.12
3.81 + 0.08
3.65 %+ 0.10
3.61 +0.18
3.76 £ 0.10
3.48 +0.18
526 = 1.58
334+ 0.12
3.73 £ 0.15
3.60 £ 0.14
3.62 + 0.05
3.52+0.17
3.66 + 0.17
379+ 0.12
345+ 0.18
3.70 £ 0.12
3.52 + 0.08

DISCUSSION

Routine assessment of sperm, including the
assessment of normal spermatozoa morphology, has
long been used to assess the effects of the semen
freezing process and thawing procedures. Abnormal
spermatozoa morphology is an important indicator of
decreased fertility in stallions and bulls. Spermatozoa
head abnormalities have been associated with early
embryonic loss, decreased embryo quality, and
reduced capacity to bind to the ova (Maroto-Moralesa
et al. 2010). Studies investigating chromatin
condensation and the morphology of spermatozoa
suggest that abnormal chromatin condensation may
be affected by or lead to morphological abnormalities.
The change in sperm head parameters revealed that it
was associated with fertility potential and abnormal
chromatin structure in bulls (Sailer et al. 1996). In
addition, changes in spermatozoon chromatin
structure after scrotal isolation of bulls were found to
be parallel to an increase in morphologically abnormal
spermatozoa percentage (Karabinus et al. 1997).
Chromatin ~ condensation in  epididymal  cat
spermatozoa assessed by aniline blue and acridine
orange staining was determined to be significantly
higher than spermatozoa with tail defects only in
spermatozoa with head abnormalities (Hingst et al.
1995). Abnormal chromatin condensation was

observed in about 95% of human spermatozoa with
some abnormalities. The percentage of spermatozoa
showing normal chromatin condensation was found
to be lower than those with abnormalities in the
spermatozoa head (Dadoune et al. 1998).

The present study showed unexpected correlation
between sperm thawing temperature and time on
sperm morphometric parameters even if it is not
statistically significant. The control group (37 °C 20
s) and 70 °C 12 s head area determined as 16.88 *
0.38 um?; and 17.42 + 0.49 pm? respectively (Table
2). It is known that spermatozoon morphology is also
negatively affected at this temperature. In parallel
with the studies mentioned above, the change in the
head area draws attention. Even though the thawing
tempetature is set for 70 °C in 12 s perfectly, the
cooling time from 70 °C to heating stage temperature
should be taking into consideration. In line with
above mentioned statement, our preliminary result
for intact membrane rate conversely showed the
highest abnormality. Based on this, it is determined
that the changes occurring per sperm also show
negativities related to morphology. The head width of
sperm thawed in 70 °C 6, 9 and 12 s was found to be
the same as 2.96 = 0.06 pm. The same temperature
value was found to be 2.91 + 0.05 um in semen
thawed for 3 s (Table 2). When the parameters on the
head perimeter is taken into account, the lowest value
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was determined as 13.03 = 0.19 um? in the semen
thawed for 3 s at 70 (Table 2). The lowest value of
the head length ratio of the sperms that were kept for
3 s at 70 °C was determined as 6.04 £ 0.09 um (Table
2), but no significant difference was found between
the parameters (p> 0.005). However, this results
could be interpret as the timing and temperature is
take a importance place for optimised osmotic
swelling at right ionic equilibrium. Gravance et al.
(2009) compared the length and width of the head
before and after semen cryopreservation, it was
determined  that the head length  before
cryopreservation was 8.67 um, while it decreased to
8.45 um after freezing and thawing. The head width
was decreased from 4.55 um to 4.39 um. Higher
thawing temperatures should provide even faster
heating, but are not usually prefered due to the
perceived risk of cell injury above 37 °C (Calamera et
al. 2010).

Sperm are exposed to changes in lipid composition of
the sperm plasma membrane (Buhr et al. 1989),
externalization of phosphatidylserine, physical and
chemical stress (Schiller et al. 2000), externalization of
phosphatidylserine (Glander and Schaller 1999) and
thus reduction in head size (Gravance et al. 1998)
during freezing. Human spermatozoa has also been
reported to be particularly sensitive to lipid
peroxidation caused by the oxygen radical (Jones et al.
1979, Alvarez et al. 1987), membrane phospholipid
damage (Alvarez and Storey 1995, Aitken 1995). ATP
produced by thermal flagellum for maintaining sperm
motility (Calamera et al. 1982) and ATP loss due to
membrane damage (Calamera et al. 2010). In addition
to membrane-bound cryo-damage, oxygen radicals
have been found to damage peripheral axonemia and
nuclear DNA (Sailer et al. 1995). The production of
superoxide anion (Oz) has been shown to increase
during thawing in bovine sperm (Chatterjee and
Gagnon 2001). This may partially explain why DNA
damage has increased immediately after it has been
resolvedChatterjee  and  Gagnon  (2001)  have
determined that the potential for increased motility
recovery observed after thawing at 40 °C will be with
a faster recovery rate of sperm enzymatic antioxidant
activity. During thawing, there are two processes that
terminate the degree of cell damage: [1] the amount
of oxygen radical production and [2] recovery rate of
enzymatic antioxidant activity. As principle, the
higher the temperature rises, the faster the recovery
of enzymatic antioxidant activity occurs. Therefore, it
has been reported that after thawing at 40 °C, the
increase in the production of oxygen-radical that
occurs during thawing can be neutralized more
efficiently than at 37 °C. When sperm DNA integrity
and ATP content were evaluated to detect sperm
damage due to oxygen-free radical origin at different
thawing temperatures tested, the thawing at 40 °C
had no observable determinative effect on DNA
integrity. No remarkable difference in ATP content

was observed between semen thawed at 40 °C and
thawed at 37 °C. In the present study, the head length
parameters of the control group, which thawed in 37
°C 20 s, and the sperms thawed in 40 °C 10 s, were
found to be very close to each other with the values
of 6.15 £ 0.07 pm and 6.15 = 0.06 pum, respectively.
In length, perimeter and area of the head parameters,
37°C30s (621 £ 0.11 um /13.36 + 0.24 ym /17.27
+ 0.5 um) and 40 °C 25 s (6.18 + 0.09 um /13.37 £
0.23 pm /17,16 £ 0,5 um) have the highest values
among the same temperatures. In this study,
morphometrical values of sperm head were similar
between 37 °C and 40 °C. It was obsetved that the
width of the midpiece at 37 °C 40 s and 40°C 25 s
were uniform as 0,67 = 0,01 pm. Based on these
parameters, 37 °C and 40 °C temperature values
appear to have a similar effect on sperm morphology.

In mammals, the variability in total sperm length has
been stated to occur mainly due to differences in the
length of the flagellum and the mid-piece (Cummins
and Woodall 1985). The spermatozoa mid-piece
contains a dense helix array mitochondria that
provides energy to push the cell that determines the
flagellar beat frequency (Cardullo and Baltz 1991).
The size of the mid-piece of the spermatozoa can be
important in determining the outcome of sperm
competition. Comparative  studies  between
vertebrates showed that the sperm size correlated
positively with swimming speed (Fitzpatrick et al.,
Lipold et al. 2009). Studies show that increases in the
mid-piece volume can turn into higher swimming
speed and thus provide an advantage in sperm
competition (Anderson and Dixson 2002). As a
contradiction to this hypothesis, a study in red deers
(Cervus elaphas) revealed that there was a negative
correlation between sperm mid-piece length and
sperm swimming speed. Spermatozoa, which have
long heads and shorter mid-piece, swim faster.
However, no relation was found between sperm
velocity and flagellum or total sperm lengths (Malo et
al. 2006). This highlights the need for investigation on
these relationships in other mammals. In general,
spermatozoa with longer tails have been found to
have a tendency to reach the ovum faster while
swimming in the female genital tract and to swim
faster than those with a shorter tail (Gomendio and
Roldan 1991). In the present study, semen thawed in
25 °C 40 s were determined to have the numerically
greatest midpiece width with a value of 0.68 £ 0.01
um as well as midpiece area with 526 * 1.58 pum?
(Table 3). The group with the lowest mid-piece area
was found to be 3.34 + 0.12 pm? in the sperm thawed
at 25 °C for 50 s.

In conclusion, when the head and mid-piece
parameters of the sperm thawed at different times
and temperatures were evaluated, the changing time
and temperature caused different results in the

291



parameters. The thawing conditions of semen are a
factor that directly affects spermatozoa. Since
changes in time and temperature affect the
morphology of spermatozoa, changes occur in the
mid-piece and head sizes. These changes have
positive or negative effects on the fertilization ability
of spermatozoa. When performing insemination in
field conditions, it has been observed that paying
attention to the dissolution time and temperature of
the semen is important for the positive functioning of
the insemination process and obtaining pregnancies.
Any setbacks that occur during this process affect
spermatozoa negatively and decrease their fertilization
abilities. Especially in high temperature values, it was
seen in the parameters related to the head and mid-
piece that morphology was negatively affected. It
should be noted that the cause of unsuccessful
insemination may be due to changes in temperature
and time that will occur during the thawing of the
semen.
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ABSTRACT

In this study, the relationship between the expression levels of SCD, FLASN, SREBPFT genes and milk fatty acid
profiles in goat milks with low (LSFA) and high (HSFA) saturated fatty acid content was investigated and
correlated. In HSFA group, SCD, FASN and SREBPF7 genes were approximately 7, 9 and 4 folds more
expressed than LSFA in milk somatic cells, respectively (P<0.01). Also, positive correlations were determined
between SCD and FLASN (0.907; P<0.001), SCD and SREBPF7 (0.628; P<0.001), FASN and SREBPF7 (0.720; P
<0.001) genes. Positive and important correlation was found between C6:0 (Caproic acid) and SCD (0.468;
P<0.05) and SREBPFT (0.388; P<0.05) genes. On the other hand, positive correlations were found between all of
these three genes and C8:0 (Capric acid) and C10:0 (Caprylic acid). In milk samples, C14:0 (Mytistic acid) and
SREBPF1 genes were correlated positively (0.469; P<0.05). Moreover, positive correlation was found between
the odour index and SCD (0.553; P<0.01), FLASN (0.444; P<0.05), SREBPF1 (0.499, P<0.05) genes. The results
showed that SCD, FASN and SREBPF7 genes have important effects on the milk fatty acid profile and milk
quality of goats and these genes may be candidate in selection applications in goats.

Keywords: Gene expression, Goat, Milk fatty acids, Somatic cells
*okok

Damascus Kegilerinde Siit Yag Asidi Profili ile SCD, FASN ve SREBPF1 Genlerinin Ekspresyon
Seviyeleri Arasindaki Iligki

(074

Bu calismada, doymus yag asidi icerigi disik (LSFA) ve yiksek (HSFA) olan keci sttlerinde SCD, FASN,
SREBPF1 genlerinin ekspresyon diizeyleri ile stit yag asidi profilleri ve aralarindaki iligki arastirilmistir. HSFA
grubunda siit somatik hiicrelerinde SCD, FLASN ve SREBPFT genleri, LSFA grubuna gére yaklagik sirasiyla 7, 9
ve 4 kat daha fazla ifade edilmistir (P<0,01). Ayrica, SCD ve FASN (0,907; P<0,001), SCD ve SREBPF7 (0,628;
P<0,001), FASN ve SREBPF7 (0,720; P <0,001) genleri arasinda pozitif korelasyonlar tespit edilmistir. C6:0
(Kaproik asit) e SCD (0,468; P<0,05) ve SREBPF7 (0,388; P<0,05) genleri arasinda pozitif ve 6nemli
korelasyonlar bulunmugtur. Bununla bitlikte, bu ti¢ genin tamamiu ile C8:0 (Kaprik asit) ve C10:0 (Kaprilik asit) yag
asitleri arasinda pozitif korelasyonlar belirlenmistir. Siit érneklerinde C14:0 (Miristik asit) ve SREBPF7 geni
arasinda pozitif korelasyon gozlenmistir (0,469; P<0,05). Ayrica, koku indeksi ile SCD (0,553; P<0,01), EASN
(0,444; P<0,05), SREBPFT (0,499, P<0,05) genleri arasinda porzitif korelasyon tespit edilmistir. Sonuglar, SCD,
FASN ve SREBPFT genlerinin kegilerin stt yag asidi profili ve st kalitesi tizerinde 6nemli etkileri oldugunu ve bu
genlerin kegilerde seleksiyon uygulamalarinda aday olabilecegini gostermistir.

Anahtar Kelimeler: Gen ekspresyonu, Keci, Siit yag asitleri, Somatik hiicre
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INTRODUCTION

The basic principle of animal breeding is to obtain
healthy populations with superior characteristics in
terms of vyield and quality. With this principle,
sustainable breeding studies continue in animal
husbandry. Researchers have focused on characters
such as meat yield, milk yield and milk quality in
ruminants, which are important farm animals
(Akcapinar and Ozbeyaz 1999, Ozkan and Yakan
2017). Increasing awareness of nutrition raises the
demand for healthy and quality food. The world
population is increasing day by day. Currently, the
population of around 8 billion people is expected to
be around 10 billion by 2050 (Anonymous 2020a).
Increasing population and consumption awareness
requires higher quality production in animal foods
such as eggs, meat, milk and dairy products (Haile et
al. 2016, Balthazar et al. 2017).
The World Health Organization (WHO) states that
the saturated/unsaturated fatty acids and the n6/n3
ratios should be less than 1.0 and 4.0, respectively
(WHO, 2013). Studies show that goat milk has more
positive values in terms of these values than cow and
sheep milk (Ceballos et al. 2009, Silanikove et al.
2010, Yakan et al. 2019). On the other hand, goat
milk is more digestible than cow’s milk. The goat
milk’s fat globules are smaller and also milk is richer
in terms of short and medium chain fatty acids
(Kompan and Komprej 2012, Yurchenko et al. 2018).
Goat breeding is an increasingly important form of
livestock for some dairy products such as cheese and
ice cream (Yurchenko et al. 2018). It is estimated that
there are more than 1000 goat breeds in the world
and the total number of goats is around 1 billion
today (Crisa et al. 2016, Anonymous 2020b). Today,
the number of goats increased approximately 2-folds
compared to 10 years ago and it is reported that more
than 10 million goats exist in Turkey (Anonymous
2020a). In addition to pure and native breeds such as
the Hairy goat, Angora goat, cultural breeds such as
the Saanen, German Alaca Noble goat, Toggenburg
and Damascus goat, and hybrid breeds such as the
Kilis, Akkeci, Bornova goat constitute the Turkish
goat population. Damascus goat, due to its high milk
yield and fertility properties, is an important animal
breeding in countries such as Turkey, Syria, Lebanon,
Israel and Cyprus (Keskin 2002, Yakan et al. 2019).
While quality in animal products has been
associated with hygiene and cheating formerly, today
it is evaluated in terms of parameters such as
composition, processing and technology of the
product (Raynal-Ljutovac et al. 2005, Yakan et al.
2019). Milk fatty acid composition is one of the most
important factors affecting the quality of milk and
dairy products. The amounts and rates of saturated
and unsaturated fatty acids in milk composition
considerably affect milk quality (Yakan et al. 2019). It
has been reported that the consumption of saturated

fatty acids triggers cardiovascular diseases; however
polyunsaturated fatty acids (PUFA) are protective
against cardiovascular diseases (Simopoulos et al.
2008). On the other hand, it has been stated that
subacute ruminal acidosis may be estimated in
ruminants with the fatty acid profile in milk, and milk
fatty acids may be used as biomarkers for detecting
subacute ruminal acidosis (Colman et al. 2015,
Yurchenko et al. 2018).

In goats, milk secretion type is apocrine.
Therefore, the number and content of somatic cells in
milk are different. The somatic cells that provide the
natural defense mechanism of the mammary gland are
composed of leukocytes, polymorphous nuclear cells,
and largely epithelial cells. In ruminants, somatic cell
count is one of the most important parameter that
gives information about mammary health and animal
physiology. Molecular activity in milk somatic cells is
reported to be an important marker for
understanding about biological activity in the
mammary gland (Murrieta et al. 2006, Feng et al.
2007). In molecular studies related to mammary
health and activity, it is possible to study from milk
somatic cells without the need invasive methods such
as biopsy in tissues (Feng et al. 2007, Jacobs et al.
2013). In addition to giving ideas about mammary
health, somatic cells reflect the biological activity in
molecular pathways such as lipogenesis in mammary
tissue (Murrieta et al. 2000).

Although there are a lot of researches about
the molecular activities of genes in the lipogenesis
pathway in non-ruminant species, what is known
about the relationship between these genes and milk
fat synthesis in ruminants, especially goats, is quite
limited (Yao et al. 2017). The mammary gland in
lactation is one of the major organs where lipid
synthesis takes place (Rudolph et al. 2010). It has
been reported that SCD (Stearoyl-CoA Desaturase),
along with many factors in goats, is particularly
effective in the formation of milk fatty acid
composition (Kompan and Komprej 2012). SCD is
highly responsible for fatty acid elongation in milk
(Kompan and Komprej 2012). FASN (Fatty Acid
Synthase) and SREBPF7 (Sterol Regulatory Element-
Binding Transcription Factor 1) are another
important regulators of lipogenic pathway. In this
study, it is aimed to investigate the expression levels
of SCD, FASN and SREBPFT genes in the goat milk
with low and high saturated fatty acid content and to
reveal the relationship between the expression levels
of these genes and the milk fatty acid profile in goat
milk.

MATERIALS and METHODS

Animal Materials

In the study, 20 milk samples were taken from 2-3
years old Damascus goats, which are in the 4th
month of lactation. Goats were under semi-intensive

295



feeding. Approximately 100 ml milk collected to
nuclease free and sterile tubes from each goat from
the morning milking (50 ml volume falcons were used
for sample collection). Samples were CMT (California
Mastitis Test) negative and animals were healthy.
Then, milk samples were quickly transferred to the
laboratory for analyzes under cold chain.

Cream and Somatic Cell Collection

The samples were centrifuged at 1800 xg for 15
minutes at + 4 °C. After centrifugation, samples were
kept at — 20 °C for cream layer for 10 min. The cteam
layer of samples was collected to new tubes with the
help of a spatula. Cream samples were kept at — 20 °C
until fatty acid analyzes.

After cream layer was removed, the supernatants in
falcon tubes were discarded and the pellets at the
bottom of falcons were transferred to 15 ml, sterile
and nuclease-free falcon tubes. Cell suspensions in
the falcon tubes were completed with PBS to 15 ml
Samples were centrifuged at 1800 xg for 15 minutes
at +4 °C. Then, supernatants of samples wete poured
out; 1 ml TRI Reagent (Sigma-Aldrich, USA) solution
was added to the cell pellets of samples. Total RNA
isolation was made from the cell pellets homogenized
in TRI Reagent.

Fatty Acid Analysis

Approximately 500 pl cream from each sample was
used for fatty acid analysis. The creams were
homogenized with 2 ml of 2N methanolic KOH for
4 minutes at room temperature. Thereafter, 4 ml of n-
Heptane (Merck, USA) was added to the
homogenate. After homogenization for 2 minutes at
room temperature, samples were centrifuged at 200
xg for 5 minutes to phase separation. Methyl esters
collected in the upper phase were transferred to vials
with a volume of 1.5 ml and fatty acids were
determined by HP Innowax column (60 m length,
0.25 mm 1.d. x 0.25 um film) in Gas Chromatography
(HP Agilent 6890, USA). Injector temperature was set
at 250 °C and detector temperature at 270 °C. Helium
was used as the carrier gas. Injection was splitless
with a total injection volume of 1 ul and injector was
washed three times with n-Heptan. Oven temperature
was programmed initially at 90 °C for 3 min and was
increased to 250 °C with a 3 °C/min ramp rate. The
determined peaks on chromatogram were verified by
comparison of retention times of internal standards
(FAME Mix, Supelco, USA)

According to the results of fatty acid contents of
milks, the samples were divided into two groups as
Low Saturated Fatty Acid Content (LSFA) and High

Saturated Fatty Acid Content (HSFA). The groups
were created by ordering the samples from large to
small according to the SFA contents. The first 10
samples constitute LSFA group, while the last 10
samples formed HSFA group.

Total RNA Isolation and cDNA Synthesis

Total RNA isolation was performed from milk
somatic cells according to the TRI-Reagent (Sigma-
Aldrich, USA) kit protocol (Rio et al. 2010). After
chloroform-isopropyl alcohol-ethyl alcohol steps, the
RNA pellets were obtained from the samples.
Depending on their size, the RNA pellets were
diluted with 30-100 ul of nuclease-free water and
checked for quality.

The purity (A260/280) and concentration of the
RNA isolated from the samples were checked in the
nucleic acid meter (Merinton, SMA-1000 UV
Spectrophotometer). Also, 28S and 185 rRNA
subunits were evaluated in 1% agarose gel for RNA
quality controls (100 V and 25 min).

The DNase treatment was performed to samples for
possible genomic DNA contamination (DNase I,
RNase free, Thermo Scientific, USA, Cat no:
ENO0525). According to the Revertaid First Strand
cDNA Synthesis kit (Thermo-Scientific, USA)
protocol, cDNA synthesis was performed. In the
thermal cycler (Bio-Rad T100, USA), the reaction was
carried out for 10 min at 25 °C, 120 min at 37 °C, and
5 min at 85 °C. After reaction, the final volume of the
samples were completed to 200 puL with nuclease free
water and kept at — 80 °C until gene expression
analyses were performed.

Quantitative Real-Time PCR Analysis

Amplification of genes were performed using 10 pl
of each cDNA sample with the kit containing SYBR
Green I dye (Power SYBR® Green PCR Master,
ThermoFisher Scientific, USA, Cat no: 4367659). The
reaction was arranged 10 minutes at 95 °C, followed
by 15 seconds at 95 °C, 60 seconds at 60 °C, and 40
cycles in qPCR (Bio-Rad CFX-96 Touch Real time
PCR, USA). Each cDNA sample was studied as
duplicate and ACTB gene was used as reference gene.
The forward and reverse sequences of the primers

used in the amplification of genes are shown in Table
1.
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Table 1. Forward and reverse sequences of primers of studied genes

GENES FORWARD AND REVERSE PRODUCT
PRIMER SEQUENCES* LENGTH
F: 5-GCACACAATATGGACCCCCA-3
FASN 183
R: 5-CATGCTGTAGCCTACGAGGG-3
F: 5-ATCGCCCTTACGACAAGACC-3
SCD 186
R: 5-CATAAGCCAGACCGATGGCA-3
F: 5-AACATCTGTTGGAGCGAGCA-3
SREBPF1 134
R: 5- TCCAGCCATATCCGAACAGC-3
F: 5-TGGATCGAGCATCCCCAAAG-3’
ACTB 169

R: 5>ACTGGCCCCTTCTCCTTAGA-3

*: All primer sequences were designed in this study by the authors via Primer-BLAST (NCBI).

Statistical Analysis

SPSS package program (Version 23.0) was used to
calculate the obtained data. Student-t test was used to
measure the difference between the groups.
Spearman correlation coefficient was used to calculate
the correlation between parameters. Odour (Yakan et
al. 2019), thrombogenic and atherogenic indexes were
calculated using fatty acid parameters (Ulbricht and
Southgate 1991). On the other hand, the 2-24C
method was used for gene expression calculations,

and results were given as fold changes (Livak and
Schimitgen 2001). P<0.05 was accepted as significant.

RESULTS

The saturated fatty acid content was 64.9220.90(%0)
in the LSFA group, while HSFA group saturated fatty
acid content was 71.27+0.45(%), (P<0.001). Between
groups, variable levels of significance in terms of fatty
acids were determined (Table 2).

Table 2. Milk fatty acid profiles of LSFA and HSFA groups (Mean+SEM)

Fatty acids (%) LSFA HSFA P
C4:0 (Butyric Acid) 1.6240.07 1.47+0.15 -
€6:0 (Caproic Acid) 2.06%0.08 2.16%0.12 ;
C8:0 (Caprylic Acid) 2.42+0.11 2.68+0.14 .
C10:0 (Capric Acid) 7.60%0,38 9.2840.33 ok
C11:0 (Undecanoic ACld) 0.234+0.02 0.191+0.02 _
C12:0 (Lauric Acid) 2.95+0.17 3.68+0.17 .
C14:0 (Myristic Acid) 8.63%0.30 10.63+0.47 o
C14:1 (Miristoleic Acid) 0.44+0.04 0.64+0.31 B
C15:0 (Pentadecylic ACld) 1.524+0.09 1.374+0.04 B
C15:1 (Pentadecenoic acid) 0.3840.02 0.314+0.01 *
C16:0 (Palmitic Acid) 24.43+0.69 26.740.56 *
C16:1 (Palmitoleic acid) 0.97+0.11 0.824+0.10 B
C17:0 (Margaric acid) 1.02+0.04 0.87£0.05 ok
C17:1 (Heptadecenoic Acid) 0.49+0.03 0.38+0.01 %
C18:0 (Stearic Acid) 11.27+0.47 10.87+0.48 -
C18:1 (Oleic Acid) 26.48+1.13 21.18%0.50 ook
C18:3 n3 (Alphalinolenic Acid) 1.5740.17 1.6820.17 -
C20:0 (Arachidic Acid) 0.71+0.08 0.89+0.20 -
C20:1 (Gondoic Acid) 1.4240.08 0.98+0.04 ook
C20:2 n6 (Eicosadienoic Acid) 0.48£0.08 0.41£0.09 -
C20:3 n3 (Eicosatrienoic Acid) 0.18%+0.02 0.18£0.03 -
C20:3 n6 (Dihomo-g —linolenic Acid) 0.13+0.02 0.14%0.02 -
C20:4 n6 (Arachidonic Acid) 0.18%0.01 0.16+0.01 -
C22:0 (Behenic Acid) 0.3840.01 0.33+0.01 ok
C22:1 (Erucic Acid) 0.2240.03 0.16+0.01 -
C24:0 (Lignoceric Acid) 0.15+0.02 0.190.04 -
C24:1 (Nervonic Acid) 0.8240.12 0.640.04 -

*: P<0.05; **:P<0.01; ***:P<0.001; -:P>0.05
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Differences were found in some parameters nutritional value was lower in LSFA than HSFA
determined in samples grouped according to group (P<0.01), atherogenic and thrombogenic index
saturated fatty acid content (Table 3). While the values were higher (P<0.001) (Table 3).

Table 3. Some parameters were determined according to the fatty acid compositions in the groups (Mean*SEM)

PARAMETERS LSFA HSFA P
XSFA 64.9240.90 71.2740.45 otk
IMUFA 29.79+1.07 24.03%+0.56 ook
ZPUFA 3.87+0.35 3.7140.28 -
>UFA 33.66+0.85 27.74%0.44 otk
Zn6 2.1840.25 1.87£0.22 -
Zn3 1.70+0.19 1.84+0.17 -
Zn6/n3 1.3840.17 1.12+0.19 -
o1 13.70£0.60 15.59+0.69 -
NV 1.56+0.08 1.21+0.05 ok
Al 1.460.07 2.07+0.09 ook
TI 1.27£0.04 1.60%0.03 ook

SFA: Saturated fatty acids; MUFA: Monounsaturated fatty acids; PUFA: Polyunsaturated Fatty acids; UFA: Unsaturated fatty acids; OI:
Odour index; NV: Nutritional Value; AI: Atherogenic index; TI: Thrombogenic index

*: P<0.05; **:P<0.01; ¥**:P<0.001; -:.P>0.05

OI= (C4:0+C6:0+C8:0+C10:0); NV= (C18:0+C18:1)/C16:0;

AT = (C12:0+(4*C14:0)+C18:0)/XUFA

TI= (C14:0+C16:0+C18:0)/((0.5%C18:1)+(0.5*XMUFA) +(0.5*Xn6) +(3*Xn3) +(Xn3/Xn0))

Correlation values between milk fatty acid parameters
such as SFA, MUFA, PUFA, and UFA in milk are
given in Table 4.

Table 4. Correlations between some parameters in milk

PARAMETERS XMUFA XPUFA XUFA n6 Zn3 Xn6/n3 OI NV Al TI
XSFA -0.937*F%F 0.023 -0.997F%  -0.119 0.332 -0.364 0.623**  -0.820%*F  (0.920%%  (.889***
XMUFA -0.244 0932+ -0.014 - 0.383* -0.657FF  0.815%kF  _0.892%KF (. 789%**
0.523%*
XPUFA 0.005 0.811%F  0.582%*  0.212 0.183 -0.194 -0.018 -0.053
ZUFA 0.156 -0.341 0.398* -0.591+F  0.826%%F  -0.929%FFF  -0.886%F*
Xn6 0.056 0.683*F*  0.147 0.003 -0.198 -0.005
¥n6/n3 -0.023 0.341 -0.442* -0.114
(0) 1 -0.361 0.480* 0.411*
NV -0.756%*%  0.808***
Al 0.847#%x

*P<0.05;%:P<0.01; ***:P<0.001

RNA samples had appropriate purity 9 (9.17; P<0.05) and 4 (4.26; P<0.05) folds more in
(A260/280=1.87%0.03) and concentration the HSFA group compared to the LSFA group,
(283.07+42.37 ng/ul). SCD, FASN and SREBPF1 respectively (Figure 1).

genes were expressed approximately 6 (6.35; P<0.05),
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Figure 1. mRNA fold changes of genes in LSFA and HSFA groups (*: P<0.05)

Some correlations were determined between SCD,
FASN, SREBPFT genes and fatty acid parameters.
The correlation results showed that there were
important, positive and high correlations between
genes (Between SCD and FASN: 0.907: P<0.001;
between SCD and SREBPF7: 0.628; P<0.001;
between FASN and SREBPF7: 0.720: P<0.001).
Also, with variable levels of significance, positive and
negative correlations were found between genes and
fatty acids (Table 5).

While there was a positive correlation between
saturated fatty acid ratio and SCD (0.444; P<0.05),
FASN (0.344; P>0.05) and SREBPF7 (0.405;

P<0.05), a negative correlation was found between

Table 5. Correlations between genes and fatty acid parameters

the monounsaturated fatty acid ratio and the
expression levels of SCD (-0.540; P<0.01), FASN (-
0.439; P<0.05) and SREBPF7 (-0.471; P<0.05). In
addition, there was a positive correlation between
SCD gene and polyunsaturated fatty acid ratio (0.426;
P<0.05) and negative correlation between the
unsaturated fatty acid ratio and SCD (-0.433; P<0.01)
and SREBPF7 (-0.414; P<0.05) wete found. But then,
a positive correlation was found between the SCD
and n3 ratio. Odour index was found correlated with
SCD, FASN and SREBPF7 genes (0.553; 0.444;
0.499, respectively, P<0.05). A positive correlation
was found between SREBPF!, a lipogenic
transcription factor, and the atherogenic index (0.398;
P<0.05).

PARAMETERS# SCD FASN SREBPF1
C6:0 (Caproic Acid) 0.468* 0.370 0.388*
C8:0 (Caprylic Acid) 0.573%* 0.457* 0.466*
C10:0 (Capric Acid) 0.492* 0.400* 0.508*
C14:0 (Myristic Acid) 0.197 0.241 0.469*
C17:1 (Heptadecenoic Acid) -0.325 -0.254 -0.432*
C18:1 (Oleic Acid) -0.466* -0.377* -0.478*
C18:3 n3 (Alphalinolenic Acid) 0.460* 0.420* 0.232
C20:1 (Gondoic Acid) -0.385* -0.284 -0.490*
C20:2 n6 (Eicosadienoic Acid) 0.519* 0.339 0.253
XSFA 0.444* 0.344 0.405*
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XMUFA
XPUFA
XUFA
2n6

n3
¥n6/n3
(0)

NV

Al

TI

-0.540%* -0.439% -0.471%
0.426* 0.259 0.211
-0.433* -0.355 -0.414*

0.301 0.099 0.113
0.391* 0.356 0.211
-0.083 -0.217 -0.087

0.553** 0.444* 0.499*

-0.277 -0.140 -0.202
0.287 0.247 0.398*
0.229 0.090 0.223

&: Statistically significant correlations were showed in table
*; P<0.05; **: P<(0.01

DISCUSSION

In recent years, with the increasing demand for goat
milk, goat husbandry has gained importance and the
level of breeding has increased (Novotna et al. 2019).
In this study, SCD, FASN and SREBPF7 genes
expression levels and fatty acid profiles of goats that
divided into two groups according to milk SFA
contents were investigated.

Saturated fatty acids in the diets are associated with
cardiovascular diseases (Siri-Tarino et al. 2010).
Investigation of the factors that play roles in the
formation of variation in dietary fatty acids has
become an important goal. An important part of milk
fatty acids in ruminants are saturated fatty acids (Haile
et al. 2016). One of the most important parameters in
the formation of milk quality is fatty acid profile
(Chilliard et al. 2003). Numerous candidate genes and
transcription factors in lipogenic pathways regulate
the formation of milk fatty acid qualities and
quantities via production and secretion of fatty acids
(Moioli et al. 2007, Bionaz and Loor 2008).

In HSFA group, while C10:0, C14:0 and C16:0 fatty
acids ratios were more than LSFA group (P<0.01),
MUFAs as C15:1, C17:1, C18:1 and C20:1 and C22:0
fatty acids ratio were significantly lower (P<0.05).
According to milk fatty acid composition, no
significant difference was found between the groups
in terms of other unsaturated fatty acids (Table 2). In
accordance with the literature, while the atherogenic
and thrombogenic index values were found to be
high in the HSFA group, the unsaturated fatty acid
ratio and thus the nutritional value were found lower
(Haile et al. 2016, Idamokoro et al. 2019) (Table 3).
As expected, a negative correlation was found
between the monounsaturated fatty acid ratio and the
odour, atherogenic and thrombogenic indexes. In
addition, it was determined that there was a positive
correlation between the nutritional value and the

unsaturated fatty acid ratio and it was understood that
this correlation probably occurred due to MUFAs.

In HSFA group SCD, FASN and SREBPF1, primaty
lipogenic genes, were expressed more than 4 folds
compared to the LSFA group and these results
showed that these genes played an important role in
the synthesis of saturated fatty acids in goat mammary
gland (Figure 1).

SCD has a role as the key regulator in de novo fatty
acid synthesis in mammary gland together with ACC
and FASN (Bernard et al. 2008). It is reported that
the main function of SCD in the mammary gland
plays a role in the conversion of long chain fatty
acids, especially C16:0 and C18:0, to C16:1 and C18:1,
respectively. SCD has a significant effect on the
fluidity of milk as well (Feng and et al. 2007). In a
study it is reported that the SCD gene is more
expressed during the lactation period in goat
mammary tissue compared to the dry period, and
increased SCD expression led to increase of the
MUFA content and fat storage in the cell (Yao et al.
2017). In the same study, it is stated that
concentration of oleic acid and synthesis of
triacylglycerol are decreased with silencing of SCD
gene. On the other hand, it is reported in some
studies that that animals with high SCD activity in
milk may be selected for high quality milk production
that have high UFA content such as oleic acid (Feng
et al. 2007, Jacobs et al. 2013). However, in this study,
while HSFA groups’ SCD gene expression was
approximately 6 folds more than LSFA groups
(Figure 1), UFA contents of HSFA groups’ were
lower than LSFA groups (Table 5). In addition, there
was no difference in oleic acid levels between the
groups. It is thought that lactation period and animal
race may be caused these results. Since, mammary
gland molecular activity and composition of milk
change in different periods of lactation. On the other
hand, it is reported that the milk fatty acid
composition of three different goat breeds were
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different under similar environmental conditions
(Idamokoro et al. 2019).

Abnormal SCD expression in humans is known to be
associated with obesity and its complications (Huang
et al. 2015, Southam et al. 2015). In cattle and goats, it
is reported that the polymorphism in SCD gene has
led to change of milk fatty acid composition and
therefore milk quality characteristics have changed
(Conte et al. 2010, Alim et al. 2012). It is reported in a
study, the over-expression of the SCD gene causes
significant upregulation of some lipogenic genes
especially as FASN and PPARG in lactating goats
(Yao et al. 2017). In this study, it is determined that
there is a very high correlation between SCD and
FASN gene (0.907; P<0.001). SREBPF1, which is
responsible for the activity of a large number of
lipogenic genes such as SCD and FASN in mammals,
shows a high level of positive correlation with both
SCD (0.628; P<0.001) and FASN (0.720; P<0.001).
SREBPF1, a lipogenic transcription factor, is a trigger
of SCD and FASN genes and it regulates milk fatty
acid profiles with activation in mammary epithelial
cells in lactating ruminants. SREBPF7 is required to
trigger SCD expression (Huang et al. 2015, Souhtam
et al. 2015). Disorders in milk fatty acid synthesis
have been reported as a result of abnormal SKREBPF7
activity (Xu et al. 2010). It is reported that SREBPF7
gene expression increased approximately 2 times in
cattle, rats and humans, while it increased up to 30
times in goats due to mammary gland physiology in
the period from pregnancy to lactation (Xu et al
2016). SREBPF1 activity is well defined in humans,
rodents and cattle, but what is known about
SREBPFT in goats is limited.

In a study investigating the lipogenic activity in goat
breast epithelial cells, SKREBPF7 is found to trigger
FASN gene expression (Xu et al. 2016). In another
study, it is reported that FLASN is a key metabolic
regulator that has a primary role in long chain fatty
acid synthesis (Han et al. 2018). FASN gene which is
expressed in large numbers in tissues in mammals has
shown that it is one of the major genes in goat
mammary gland (Haile et al. 2016). In this study on
Damascus goats, the positive correlation between the
genes of which the expression levels were investigated
compatible with the other studies (Xu et al. 2016,
Haile et al. 2016, Han et al. 2018). In addition, a
significant  positive correlation was determined
between FASN and C18:3 n3. In selection studies,
FASN gene expression levels should be taken into
consideration to obtain high quality milk according to
milk fatty acid profile, especially in terms of C18:3 n3.
Short and medium chain fatty acids are fatty acids
between C4:0-C14:0. In goats, it is reported that
approximately half of C16:0 with these fatty acids are
de novo synthesized in mammary epithelial cells
(Haile et al. 2016). In this study, no correlation is
found between C16:0 and SCD, FASN and
SREBPFT genes. However, a positive correlation is
found between C14:0 used in the calculation of

atherogenic and thrombogenic indexes and SREBPF7
(0.469; P<0.05). With these results, it is thought that
there is a relationship between milk with high
atherogenic and  thrombogenic  indexes and
SREBPF1.

Significant positive correlations were found between
target genes of study (SCD, FASN, SREBPFT) and
C6:0, C8:0, and C10:0 fatty acids (Table 5). SCD,
FASN and SREBPF7 genes have important effects
on the synthesis of these fatty acids used in the
calculation of the odour index. Capric and caprylic
acids have been used in medical therapy for
metabolic-related ~ digestive  disorders such as
hypetlipoproteinemia, premature infant feeding,
epilepsy, cystic fibrosis, and coronary heart diseases
(Kompan and Komprej 2012). Considering this
situation, it is thought that the expression levels of
these genes in the mammary epithelial cells may give
important ideas in selection applications on milk
quality in goats.

CONCLUSION

In conclusion, the expression levels of SCD, FASN
and SREBPF7 genes, which are important in the
regulation of energy metabolism, are investigated in
milk with low and high saturated fatty acid content
and their relationship with fatty acid profile in this
study. It is thought that successful results may be
obtained by investigating these genes in the selection
applications on milk quality in ruminants. Also, more
studies at the molecular levels are needed to
investigate the importance of fatty acid profile in the
formation of milk quality.
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ABSTRACT

Mesenchymal stem cells (MSCs) have become a potent source for cell therapy due their inherent properties of
self-renewal and ability to undergo unlimited divisions in the field of regenerative medicine. In this study, equine
adipose tissue stem cells (EASCs) have been evaluated on the basis of their morphology, proliferation potential
and multilineage differentiation capabilities for their future usage in cell therapy. The cells were further
differentiated into osteogenic and adipogenic cell lineages as well as into adipose derived neurospheres to ensure
the stemness of propagated cells. In our study, we further successfully cultured the neurosphere derived cells
which were cultured from neurospheres after enzymatic dissociation. The study exhibits that EASCs offer a
suitable choice for cellular regenerative therapy in equines. Nonetheless, there is a still need to molecular
characterization of EASCs in order to establish a standard practice in equine medicine.

Keywords: Equine, Morphology, Multilineage differentiation, Neurosphere, Stem cells

kksk

At Yag Dokusu Kaynakli Mezenkimal Kok Hiicrelerin Izolasyonu ve Coklu Farklilagtirmasi

oz

Mezenkimal kok hiicreler kendilerini yenileyebilme ve sinirsiz bolinebilme kabiliyetlerinin vasitastyla rejeneratif
tip alaninda etkili bir kaynak haline gelmistir. Bu ¢alismada at yag dokusu kaynaklt mezenkimal kok hicreler
(EASCs) gelecekte hiicresel tedavilerde kullanilabilirligi adina, morfolojileri ve g¢oklu farklilasma kabiliyetleri
bakimindan degerlendirmeye alinmistir. Elde edilen hiicrelerin kék hiicre 6zelligini kesinlestirmek icin hiicreler
osteojenik ve adipojenik farklilastirmaya tabii tutulmus ve nérosfer farkhilastirmast yapilmistir. Bunun yam sira,
calismada elde edilen ndrosferlerin enzimatik olarak ¢6ziliminden sonra elde edilen nérosfer kaynaklt hiicreler
kiltire edilmistir. Calisma at yag dokusu kaynakli kék hucrelerin atlarda rejeneratif tip igin uygun bir secim
olabilecegini 6ne sirmektedir. Fakat at hekimliginde pratik uygulama icin bir standardin olusturulmasindan 6nce
daha detayli molekiiler karakterizasyon galismalarina ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: At, Morfoloji, Coklu farklilastirma, Norosfer, Kok hiicre

To cite this article: Kibria ASMG. Nawaz S. Dikmen T. Akkaya O.0. Yaga A. Equine Adipose Tissue Derived Mesenchymal Stem Cells
and Their Multilineage Differentiation. Kocatepe Vet J. (2020) 13(2):304-312

Submission: 12.06.2020 Accepted: 04.09.2020 Published Online: 07.09.2020

ORCID ID; ASMGK: 0000-0003-1303-4341, SH: 0000-0001-5468-8267, TD: 0000-0003-4470-7465, O0O.A: 0000-0001-6372-
9155, AY: 0000-0002-8081-9774

*Corresponding author e-mail: asmgk1982@gmail.com

304



INTRODUCTION

Stem cell research has become an important tool for
modern science in the field of gene targeting, cloning,
drug research as well as regenerative medicine. Stem
cells are known for their unique and promising
adequacies such as capability of self-renewal and
ability to differentiate into various types of somatic
cells (Biehl and Russell 2009). Besides, stem cells have
the ability to migrate into the inflaimmation sites
(Laflamme et al. 2007) and facilitate cellular
regeneration (Rompolas et al. 2012) and could be
source of treatment and cure to various debilitating
and notorious diseases (Laflamme et al. 2007, Chen et
al. 2018, di Domenico et al.,, 2019). Broadly, stem
cells are classified as totipotent, pluripotent,
multipotent, oligopotent and unipotent stem cells
with the addition of re-programmed induced
pluripotent stem cells (Zakrzewski et al. 2019).
Although embryonic stem cells (ESCs) have higher
cellular potency (Zakrzewski et al. 2019), MSCs have
several benefits over embryonic cells (ESCs), as
serious ethical concerns exist while using ESCs and
MSCs have lesser immunogenecity (Macrin et al.
2017). Multipotent stem cells are being frequently
used in stem cell research as they are easy to obtain
and have enough potency to differentiate into many
cell types (Mirzaei et al. 2018). The adult stem cells
are considered as multipotent stem cells and they
could be procured from many tissues of an individual
such as bone marrow, muscles, adipose tissue, etc.
(Quimby and Dow 2015). The International Society
of Cellular Therapy has set certain criteria to declare
stem cells as mesenchymal stem cells which include
(a) adherence capability to plastic, (b) expression of
CD105, CD73, and CD90, (c) absence of expression
of CD45, CD 34, CD14 or CD11b, CD79 o or
CD19, and HLA class II, and (c) ability to
differentiate into different cell lineages like
osteocytes, adipocytes, and chondrocytes (Dominici
et al. 2000). EASCs are reported to have exhibited
expression of mesenchymal markers (CD29, CD44
and CD90) and not the major histocompatibility
complex II (MHC-II) and CD34 (hematopoietic
marker), hence fulfilling the criteria of MSCs (Alipour
et al. 2015).

In animals, application of stem cells is getting more
important and gaining momentum day by day. In
horse, stem cell therapy for cases like tendinitis
(Rivera et al. 2020), laminitis (Angelone et al. 2017)
has brought about a new dimension in veterinary
medicine. Autologous and allogenic applications of
equine adipose tissue derived stem cells (EASCs)
have become a focus for therapeutic purposes. There
are several promising uses of EASCs for tendinitis
which resulted in improvement and nearly full
recovery; inspiring many researchers for the use of
stem cells (Pacini et al. 2007, Crovace et al. 2010,
Rivera et al. 2020). The safety of using stem cells for

therapeutic approaches is a concern as they might
induce cancer or inflamation. For this reason use of
stem cells in equine had been investigated by
researchers and their results propose that it is safe
and easy to use stem cells in equines (Barberini et al.
2018).

In adipose tissues, presence of stem cell number is
almost 35 times higher than the stem cells available in
bone marrow. It has been noted that one gram of
adipose tissue contains 5000 adipose tissue stem cells
approximately (Huang et al. 2013). Considering this
fact, in the present study EASCs have been isolated,
identified, propagated and differentiated. We also
aimed to devise a method to isolate viable, feasible
and efficient stem cells which could be used further
for in-vitro and in-vivo researches as well as for clinical
trials.

MATERIALS and METHODS

Collection of Adipose Tissue and Isolation of
EASCs

The adipose tissues were collected at postmortem
from a 3-4 years old horse brought to Research and
clinical center of Afyon Kocatepe University (AKU),
Turkey (Record#107, 16/06/15). Approximately, 8
grams of subcutaneous fat tissue was collected from
the gluteal region of horse under optimum sterile
conditions in 50 ml centrifuge tube (VWR, USA)
containing sterile HBSS (Sigma, USA) with 1%
penicillin-streptomycin ~ (Gibco, UK) and 0.1%
amphotericin-B (Biowest, France). Soon after, the
tissue was transported to Histology and Embryology
laboratory, Faculty of Veterinary Medicine, AKU,
Turkey for stem cell isolation and further studies.
Harvested adipose tissues were placed in a 10 mm
petri dish, washed four times with sterile HBSS
containing 1% penicillin-streptomycin and  0.1%
amphotericin-B and cut into small pieces (about 1
cm? size).  The tissues were minced into very small
pieces with the help of scissors before enzymatic
digestion. Later, samples were transferred into a 50
ml centrifuge tube and about 5 ml collagenase-1A
(0.01%) (Gibco, USA) was added and incubated into
a shaking water bath at 37 °C for 2 hours. During
enzymatic digestion, the tube was stirred by turning
upside down at 15 minutes interval. After the
enzymatic dissociation, the digestion mixture was
strained with the help of 70 um cell strainers (Grenier
Bio-One GmBH, Germany) and collected sample was
centrifuged at 300 g for 10 minutes. Following the
centrifuge, the supernatant was discarded and the
pellet was suspended in low glucose Dulbecco’s
Minimum Essentials Medium (LG-DMEM) (Sigma,
USA) containing of 10% Fetal Bovine Serum (FBS)
(Biowest, South American Origin), 1% penicillin-
streptomycin (Gibco, UK), 200 mM L-Glutamine
(Gibco, UK) and 0.1% amphotericin-B (Biochrom
GmbH, Germany). Afterwards, cells were seeded into
25cm? cell culture flasks and incubated in a
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humidified atmosphere with 5% CO, at 37 °C.
Medium was changed every 3rd day and cells were
passaged until they reached the required confluence.
Cells from 3t passages were used for differentiation
studies.

Colony Forming Units Assay

To evaluate the colony forming properties of the
isolated stem cells; harvested cells from passage three
and five (P3 and P5) were seeded at different
densities of 250 cells/cm?2, 500 cells/cm?2, 1000 cells/
cm?, in 6-well plates and continued to culture for 15
days (3 replicates each). The culture medium was
replenished every 3 days with aforementioned
medium. At the end of the 15% day; cells of the
colonies were fixed with 4% paraformaldehyde
(Merck, Germany) and stained with crystal violet
(Pre-Med, Turkey). Colonies having at least 16-20
cells were took into consideration for counting
(Lange-Consiglio et al. 2013). The microscopic
images were obtained using low objectives under
stereo microscope and the captured images were
analyzed by CS-photoshop.

Doubling Time Calculation of EASCs

Cells were harvested from primary culture were
seeded at 25 cm? flask at a density of 20,000 cells /
cm? and cultured under 5% CO; in humidified
incubator at 37 °C. Complete renewal of medium was
performed with every three days interval till cells
reach 80-90% confluence.  After treatment with
0.05% trypsin-EDTA (Sigma, USA) passaging was
performed and harvested cells were counted by
Neubauer chamber by Trypan blue (Sigma-Aldrich,
USA) dye exclusion method. This process was
continued from P1 till P7. There were three sets of
cultures in each passage. Cell culture time was
calculated for each passage and doubling time was
calculated by using following formula (Roth and
Tuggle 2015).

duration *log (2)

Doubling time = — .
: log(Final concentration) — log(Initial concentration)

Growth Curve Determination of EASCs

To generate the growth curve and to observe the
behavioral pattern of cell proliferation, EASCs were
seeded at the density of 8000 cells per cm? into four-
well cell culture plates (Thermo Scientific, Denmark),
at passage 3, 5 and 7 (P3, P5 and P7). Cells were
cultured for 14 days and in every 2 days interval cells
were trypsinized and counted by using Neubauer
chamber and Trypan blue dye. The cell culture
medium was changed every third day of culture. This
process was repeated for three sets for each of the
mentioned passages.

Neurospheres generation
Stem cells from P3 and P5 were considered for
neurospheres  generation. To  perform  the

neurospheres generation, four-well cell culture plates
were coated with 0.01% Poly-L-Lysine (Sigma, USA).
The cells were seeded in the plates at a density of
50,000 cells/cm?. Medium containing DMEM/F-12
(Gibco, UK), 1% Penicillin-Streptomycin (Gibco,
UK), 0.1% Amphotericin-B  (Biochrom GmbH,
Germany), 1% Insulin- Transferrin- Selenium (Gibco,
USA), 20 ng/ml EGF (Sigma, USA) and 20 ng/ml
FGF (R&D Systems, USA) was used to generate
neurospheres. Plates were cultured in 95% humidity
and 5% CO; supply conditions at 38.5 °C. Half of the
differentiation medium was changed with great care
to avoid aspirating neurospheres, in every two days.
The neurospheres were photographed at 24t 48t
96™ and 120%™ hours post induction under inverted
microscope using DP-25 software. There were 3
replicates for each.

Culture of Neurospheres into Neurospheres
Derived Cells

Neurospheres were collected into a 15 ml centrifuge
tube carefully along with culture medium from the
dishes. By flushing 2 ml of serum free medium into
the wells; remaining neurospheres were harvested
completely. Neurospheres that were collected into
the centrifuge tube were centrifuged at 1000 rpm for
3 minutes and supernatant was discarded. After that
the cell pellet was resuspended with 1 ml of trypsin-
EDTA and incubated at 37 °C for 1 minute.
Afterwards, 1 ml of FBS containing culture medium
was added into the tube to stop the enzymatic activity
of trypsin-EDTA. The final mixture was centrifuged
at 1000 rpm for 3 mins. Cell pellet was resuspended
in 2 ml of serum containing culture medium after
discarding supernatant. Then, cell suspensions were
re-plated on poly-D-lysine (Company, Country)
coated O-well culture plates with 2ml serum
containing medium in each well used for EASCs
culture. Adipose neurospheres derived cells were
grown under normal culture condition at 37 °C and
5% COz (De Oliveira Carvalho 2012) where medium
was changed every 2 days. After reaching confluence,
cells were harvested using trypsin-EDTA.

Osteogenic Differentiation of MSCs

After third passage, MSCs were collected and seeded
into a 24-well cell culture plate at 29000 cells/well
with the help of differentiation medium containing
10% FBS (Biowest, South America), 1% penicillin-
streptomycin  (Gibco, UK), 0.1% amphotericin-B
(Biochrom GmbH, Germany), 200 mM L-Glutamine
(Gibco, UK), 0.1uM dexamethasone (Sigma,
Belgium), 0.05 mM ascorbic acid (Dr. Ehrenstorfer
GMbH, Germany) and 10 mM B-glycerophosphate
(Gibco, UK) in a-MEM (Lonza, Belgium). Medium
was changed with every three days interval and
condition was regularly checked under inverted
microscope. To ensure the differentiation, cells were
stained with Alizarin Red S at 14t and 21% day of
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differentiation. Photographs were taken using DP-25
software under inverted microscope.

Adipogenic Differentiation of EASCs

After third passage, EASCs were collected and seeded
into 24 well cell culture plate at 29000 cells/well using
adipogenic induction medium containing LG-
DMEM, 10% FBS, 1% Penicillin-Streptomycin
(Gibco, UK), 0.1% amphotericin-B  (Biochrom
GmbH, Germany), 05 mM  3-isobutyl-1-
methylxanthine (IBMX) (Sigma, Germany), 1uM
dexamethasone, 10 pg/ml insulin (Gibco, USA) and
100 pM indomethacin (Cayman Chemical Company,
USA). Additionally, at Day 7 and 15 of
differentiation, EASCs were cultured in adipogenic
maintenance medium composed of LG-DMEM, 10%
FBS, 0.05% Pen/Strep and 10 pg/ml insulin. Medium
was changed by three days interval and status of cells
was checked under inverted microscope according to
the cell culture manual (Cat# SCR020, Chemicon®

International). To evaluate the differentiation, cells
were stained with Oil red O at 14% and 19% day for
identification of adipogenic character. Photographs
were taken using DP-25 software under inverted
microscope.

RESULTS

Morphology of Equine Adipose Tissue Derived
MSCs

In the culture flask, after the isolation, cells exhibited
adherence to plastic surface. In subsequent passages,
cells were observed for good proliferation potential
and were observed to reach 90-95 % confluence in
the P2, P3 and P4 within 3-4 days. EASCs were
observed to have spindle shaped of fibroblast like
morphology  under inverted microscope, a
characteristic feature of stem cells. After, initial
culture, EASCs from P2 onward exhibited
homogenous fibroblast-like morphology (Fig. 1).

bl 4 % A il A -
Figure 1. . EASCs dominantly exhibited fibroblast-like morphology starting from P2 and onwards. A: EASCs at P2; B: EASCs

at P6.

Colony Forming Unit Assay

EASCs were evaluated for numbers of colony
formation in relation with different seeding densities
at the beginning of culture and at different passages
(P3 and P5). At both passages, it was observed that

numbers of colonies were observed to have
significant increase which was proportional to
increase in seeding density of EASCs (Fig. 2A-F).
However, it was found that EASCs from P3 exhibited
more colonies compared to P5 which was observed
after  staining  with  crystal  violet  stain.

Figure 2. Colony forming unit assay showed that in both P3 (A,B,C) and P5 (D,E,F); colony numbers increased depending
upon seeding densities. For both passages concentration of 250 cells/cm? (A,D) resulted with least colonies while 500
cells/cm? density (B,E) demonstrated better results but 1000 cells/ cm? (C,F) had highest numbet of colonies. It was visible
that P3 cells gave rise much more colonies compared to P5 cellsfor all concentrations.
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Doubling Time Analysis

During doubling time calculation, it was observed
that EASCs  exhibited significantly  highest
proliferation rates with minimal doubling time at P5

followed by P6 and P4 when compared to other
passages (p<<0.05). However, no significant difference
was observed among P4, P5 and P6 (Fig. 3).
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Figure 3. Doubling time analysis of EASCs at different passages (P1-P7). Results are presented as mean T standard deviation.
Significance is shown by differences in * (p<<0.05).

Growth Curve Analysis

The growth curve study for EASCs showed that the
initial phase is was stand for 2-4 days for all recorded
passages (P3, P5 and P7). The subsequent log phase
was noticed for 4-10 days in and then declined. From

the growth pattern it was revealed that the cells of P5
have got the longer stationary phase revealing higher
potentiality for proliferation. With the subsequent
advancement of passaging, cells had slower and lesser
prolificacy (Fig. 4).
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Growth curve for horse adipose tissue stem cells

Days

Figure 4. Growth curve analysis of EASCs at P3, P5 and P7. The study showed that P5 have got the longer stationary phase
and the cells demonstrated slower growth by the advancing passages

Neurospheres Generation

As a part of multilineage differentiation studies,
neurospheres were generated on lysine coated plates
with define medium (Fig. 5). For EASCs at P5,
neurospheres were observed as spheroid, three-
dimensional (3-D) structures that usually formed by
the 48th h of culture but took about 4 days to

become fully matured and free floating spheroids.
After the 5th day, the spheres were observed to
disintegrate. Neurospheres formation was found to
be comparatively slower at P3 when compared to P5
and P7. It was noticed that with the advancement of
time, the 3-D structure of neurospheres become
degraded  gradually and  disappeared finally.
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Figure 5. Neurospheres were succéssfully generated under the influence of EGF and FGF. Bar: 50 um (A, B); 20 um (C).

Culture of Neurospheres into Neurospheres
Derived Cells

The generated neurospheres were collected and
treated with trypsin-EDTA. After the trypsinization,
cells were re-plated on poly-D-lysine coated plates
with culture medium containing serum. The
disintegrated cells were found to be reattached with
culture surface and began to grow within 22 h (Fig.
6). After 72 hours of culture, it was observed that

T 00um D —

neurospheres derived cells started to grow from
periphery of neurospheres and became confluent
within couple of days during monolayer cell
expansion. The cells observed to have fibroblast like
morphology meanwhile, center of neurospheres was
observed to have dark appearance. The cells were
cultured till P5 and were observed to have good
proliferation potential throughout the cultured time.

[ 10oum | 7 Za Al

Figure 6. The EASCs neuropsheres were able to regenerate neurosphere derived cells. After the seeding, cells started to grow
from periphery of neurospheres (A, B). These cells exhibited fibroblast-like morphology (C).

Osteogenic Differentiation Potential

EASCs were observed to have good osteognic
potential after 21 days of culture in induction medium
in-vitro. The characteristic osteogenic differentiation

was observed by extracellular calcium deposition

stained orange red with Alizarin Red-S staining while

the control sample remained unaffacted (Fig. 7).

Figure 7. During the multi-lineage differentiation studies, EASCs were subjected with osteogenic differentiation. After 21 days
of differentiation, calcium deposits were demonstrated with alizarin red-s staining (B). The control sample was unaffacted by

the stain (A).

Adipogenic differentiation Potential
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The adipogenic differentiation of EASCs was
confirmed by Oil red-O staining. Nuclei stained in
black after hematoxylin staining and the accumulation
of lipid droplets in the cytoplasm of the cells stained

& AN SN S

'B\" & = N\

in bright red colour at 14th and 19th days of the
differentiation study. Meanwhile the control sample
remained unaffacted after staining (Fig. 8).

Figure 8. EASCs were also subjected to adipogenic differentiation for 14 and 19 days. To demonstrate the adipogenic

differentiation, Oil Red-O stainings were performed at both time intervals. The oil droplets were in red for both day 14 samples

(B) and day 21 samples (C). There was no staining in the control group (A). Arrow: Oil droplets.

DISCUSSION

Adipose tissues are gaining more popularity among
researches for stem cell therapies and applications
due to ease of isolation and high proliferation
potential. In consistent with previous findings from
human adipose stem cells (De Coppi et al. 2007) and
from equine (Lange-Consiglio et al. 2012), EASCs
exhibited fibroblast morphology and strong adherent
properties. During primary culture at initial seeding,
EASCs were observed to less homogenous in
morphology and showed a combination of branched
spindle shaped fibroblast like cells and ovoid or
circular cells similar to previous reports (Dominici et
al. 2000, lacono et al. 2012, Zuk et al. 2001). At PO,
the aggregated cells with nodular or globular
structures were recognized as budding nest. This
particular phenotype criterion has already been
reported by Alipour et al. (2015) and Tepliashin et al.
(2005) who suggested that this accumulation give rise
to populate special type of cells with uniform
morphology.

The growth curve and doubling time analysis showed
that EASCs possess high proliferation potential.
Although, we couldn’t perform comparative study for
specific proliferation potential of EASCs with any
other stem cell, in a comparative study, Burk et al.
(2013) reported that adipose derived stem cells
express higher proliferation potential when compared
to bone marrow derived stem cells. The EASCs are
reported as multipotent stem cells by several
researches (Dixon-Shanies et al. 1975, Gimble and
Guilak 2003) and EASCs getting more importance
day by day for application in regenerative cell therapy
(De Mattos Carvalho et al. 2011, Vidal et al. 2007).

It is reported that to be established as a stem cell,
cultured cells should be able to differentiate into
multiple lineages such as adipogenic, osteogenic or
neurogenic lineages (De Schauwer et al. 2011,
Dominici et al. 2006). Cells are reported to exhibit

some phenotypic, metabolic and genetic changes
during differentiation process which could be
assessed by expression of specific markers (De
Schauwer et al. 2011). However, such changes can
also be detected by staining of the differentiated cells
with tissue specific staining agents. EASCs were
successfully differentiated into osteogenic lineage
which was analyzed by Alizarin Red-S staining.
Adipogenic differentiation was proved by Oil red-O
to detect intracellular lipid droplets ensuring that the
cells differentiated into adipogenic lineage. These
findings and procedures were similar to previous
studies in this regard (Kog et al. 2008, Moonesi Rad
et al. 2019, Fink and Zachar 2011, Nawaz et al. 2020,
Ozden-Akkaya et al. 2019).

Furthermore, neurospheres generation from adipose
tissue make provision for the treatment of alleviation
of neurogenic disorder or diseases that may need
proper administration media and process. Researchers
had reported similar results from different sources of
various species such as human (Lee et al. 2011),
bovine (Ozden-Akkaya et al. 2019), canine (Altunbas
et al. 20106) in the context of neurosphere generation
under the influence of EGF and FGF, supporting our
findings. Although equine stem cells of different
sources like equine umbilical cord (Martino et al.
2014), equine amniotic membrane (Lange-Consiglio
et al. 2012) known to be able to differentiate into
neurogenic cells; there were no reports found on
neurospheres generation for equine. This study shows
that EASCs are able to form neurospheres.
Moreover, it was teported (De Oliveira Carvalho.
2012) that neurospheres derived cells have that
potential capability to propagate and regenerate into
neuron like cells having neuronal marker B-tubulin-111
and amyloid precursor protein. The yielding of
monolayer plastic adherent fibroblast like cells from
neurospheres (Girard et al. 2011) is one of the criteria
for evaluation of neurospheres that was also
confirmed in this study. Although we were unable to
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prove molecular characteristics of the cultured cells;
neurospheres gave rise to fibroblast-like cells which
were adherent to the plastic surface and demonstrate
a good proliferation rate while the cells were able to
undergo sub-culture for many passages.

CONCLUSIONS

The morphologic criteria of the isolated and
proliferated mesenchymal stem cells and its
differentiation into multiple cell lineages confirmed
their identity as multipotent stem cells. These findings
also favors the regenerative therapy with MSCs that
are able to migrate and take residence to the injured
or application sites with propagation of desired cells
of the target tissues. Also, a small amount of adipose
tissue is able to give large amount of cells for the
therapy. However, more detailed and in-depth
investigations are important to establish stem cells
proliferation and differentiation within the spatial
distribution of adipose tissue in animal body to
understand detailed molecular and biological system
in extensive clinical uses.
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ABSTRACT

Oxytocin hormone, which is frequently used in order to hasten uterine involution process and to ensure milk
ejection, is also effective in regulation of vascular tone. Doppler ultrasonography is a highly practical technique
that allows the evaluation of blood flow characteristics of tissues and organs. In this study, it was aimed to
investigate the hemodynamic changes of mammary artery caused by oxytocin administration in postpartum ewes.
The study was conducted with 20 primiparous Kivircik ewes which lambed singleton. The ewes were randomly
divided into oxytocin and control groups (n=10 for each group). A dose of 10 IU/sheep oxytocin and 1
ml/sheep saline solution were administered intramuscularly bid on the first 3 days postpartum to oxytocin and
control groups, respectively. The pulsed Doppler ultrasonography is used to measure pulsatility and resistance
indices (PI and RI, respectively) of external pudendal artery. Although oxytocin group tended to have relatively
higher PI and RI values, significant differences were detected only in PI values of the first and second days
postpartum (p<0.001 and p<0.05, respectively) between groups. It has been concluded that oxytocin
administration increased the resistance of mammary artery in early postpartum ewes.

Keywords: Doppler ultrasonography, Ewes, Oxytocin

kksk

Postpartum Dénemdeki Koyunlarda Oksitosin Uygulamasinin Meme Arteri Doppler Indeksleti Uzerine
Etkileri

oz

Dogum sonrast uterus involisyonunu hizlandirmak ve siitiin indirilmesini saglamak amactyla siklikla uygulanan
oksitosin hormonu vaskiiler tonusun diizenlenmesinde de etkilidir. Doppler ultrasonografi, doku ve organlara ait
kan akimi Ozelliklerinin degerlendirilebilmesine olanak saglayan olduk¢a pratik bir tekniktir. Bu ¢alismada
postpartum dénemdeki koyunlara uygulanan oksitosin hormonunun meme kan akiminda olusturdugu
hemodinamik degisikliklerin incelenmesi amaglandi. Calisma tekiz kuzulamis olan 20 adet primipar Kivircik 1wkt
koyun ile gerceklestirildi. Koyunlar randomize sekilde oksitosin ve kontrol gruplarina ayrild: (her grup icin n=10).
Oksitosin ve kontrol gruplarina sirastyla 10 IU/koyun dozda oksitosin ve 1 ml/koyun dozda serum fizyolojik
dogum sonrasi ilk ti¢ glin boyunca giinde 2 kez kas ici yoldan uygulandi. Puls Doppler ultrasonografi teknigi
kullantlarak eksternal pudendal artere ait pulsatilite ve rezistans indeksleri (sirastyla PI ve RI) él¢tldi. Oksitosin
grubu daha yitksek PI ve RI degetlerine sahip olma egiliminde olmasina karsin gruplar arasinda anlaml farklidik
sadece birinci ve ikinci postpartum glnlerin PI degetlerinde saptandi (sirastyla p<<0,001 ve p<0,05). Postpartum
erken dénemdeki koyunlara uygulanan oksitosin hormonunun, meme arterinin direncini arttirdigi sonucuna
ulasild.
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GIRIS

Koyunlarda meme dokusunun vaskilatizasyonu
eksternal iliak arterin kolu olan eksternal pudendal
arter tarafindan saglanir. Bu damarin uzantist meme
arteri olarak tanumlanir (Adam ve ark. 20106).
Memenin fonksiyonel ve fizyolojik aktivitesi dokuya
gerceklesen kan akimi  ile yakindan iliskilidir
(Kensinger ve ark. 1983, Piccione ve ark. 2004).
Ruminantlarda meme kan akim 6zelliklerinin
incelendigi 6nceki yillara ait calismalar invaziv
yontemleri barindiriyorken (Gorewit ve ark. 1989,
Reynolds ve ark. 1968) gilintimiizde vaskiler
fonksiyon  arastirmalart  Doppler  ultrasonografi
sayesinde kolaylikla yapilabilmektedir (Piccione ve
ark. 2004).

Doppler ultrasonografi, doku ve organlara ait
hemodinamik  6zelliklerin  degerlendirilebilmesine
olanak saglayan, noninvaziv, pratik ve olduk¢a etkin
bir 6n tani aracidir. Ses dalgalarinin hareket halindeki
eritrositler  tarafindan  farkli  oranlarda  geri
gonderilmesi  sonucu olusan Doppler kaymast,
spektral mod veya renk kodlart tizerinden monitore
aktarilir. Doppler ultrasonografi ile kan akiminin
haritasi, yoni ve hiz1 belitlenebilmekte ve kan
perfizyonu hakkinda bilgi edinilebilmektedir. Bir
spektral teknik olan puls Doppler ultrasonografi,
incelenecek doku veya organa ait cesitli kan akim
parametrelerinin kalitatif ve kantitatif
degerlendirilmesine olanak saglar (Erdogan 2018,
Meinecke-Tillmann 2017; Petridis ve ark. 2017). Bu
parametrelerden pulsatilite ve rezistans indeksleri
(sirastyla PI ve RI), arteriyel kan akim hizi dalga
formlarinin yar kantitatif degerlendirilmesinde stklikla
kullantlir. Pl puls dalga formu soniimlemesinin
derecesini  tamimlar. RI vaskiler yatagin direng
gostergesidir  (Meinecke-Tillmann 2017). Dokunun
hemodinamigi ile yakindan iligkili olan bu indeksleri
baska deyisle tanimlamak gerekirse: artan RI
incelenen arterde diren¢ artisina ilaveten kan
perfiizyonunun azaldigini gosterirken artan PI ise
Olgim alinan noktanin daha distalinde perfiizyonun
azaldigint yansitir (Ginther 2007). PI ve RI, acidan
bagimsiz parametreler oluslart sebebiyle 6zellikle
jinekolojik degetlendirmeler icin 6nem tasir (Erdogan
2018).

Oksitosin, hem bir nérohipofiz hormonu hem de
merkezi néromodilatér 6zellikte peptit yapilt bir
hormondur. Oksitosin reprodiktif ve maternal
davranislarin gelisiminde rol oynar ve néroendokrin
yolla siit alveollerindeki myoepitel hiicreleri uyararak
sttin indirilmesini kolaylastirir. (Cumbers ve atk.
2007, Landgraf ve Neumann 2004). Dogum sonrasi
myometriyal kontraksiyonlart arttirmak ve sitin
indirilmesini hizlandirmak amaciyla da uygulanan
oksitosin hormonu, myoepitelyal hticre farklilasmast,
proliferasyonu ve kontraksiyonunu arttiran bir etkiye

sahiptir. (Rizzo ve ark. 2012, Thibonnier ve ark.
1999).

Oksitosin bu bilinen etkilerinin yani sira vaskiiler
tonusun dizenlenmesinde de etkilidir. Yapilan
calismalarda oksitosinin farklt tir ve dokularda
vazodilatasyon ya da vazokonstriksiyon gibi birbirine
z1t etkilere sahip oldugu gorilir (Gutkowska ve ark.
2000, Petersson 2002, Petersson ve ark. 1996, Rizzo
ve ark. 2012, Thibonnier ve ark. 1999, Vedernikov ve
ark. 2006). Insan vaskiiler endotelyal hiicreleri, uterus
ve meme oksitosin reseptotleri ile ayni yaptya sahip
olan oksitosin reseptorleri eksprese eder. Bu
endotelyal oksitosin reseptotlerinin vazodilatér bir
cevap olusturdugu rapor edilmistir (Thibonnier ve
ark. 1999). Ratlarda gerceklestirilen bir ¢alisgmada
oksitosin uygulamast sonrasi, kan basincinin uzun
streligine dustik seyrettigi bildirilmistir (Petersson ve
ark.  1996). Kopeklerde intravenéz  oksitosin
enjeksiyonu sonrast meydana gelen vazodilatasyon,
kan basincinda azalma ve kalp atim sayisinda artma ile
iliskilendirilmistir (Nakano ve Fisher 1963). Oksitosin
enjeksiyonu plazma atriyal natriliretik peptit (ANP)
salinimini  indikleyerek  sodyum ve potasyum
ekskresyonunu arttirtr  (Haanwickel ve ark. 1995).
Oksitosinin ~ kardiyovaskiiler etki mekanizmasinin
incelendigi bir calismada kalp ve biiylik damar yapilar
igerisinde oksitosin mRINA’lar1 tespit edilmistir. Renal
elektrolit ekskresyonundaki artigin  vasopressinden
bagimsiz meydana geldigi; oksitosinin etkisiyle lokal
olarak uretilen ANP’nin damar basincinin azalmasina
sebep olabilecegi bildirilmistir (Gutkowska ve ark.
2000). Bahsedilen vazodilator etkilerin aksini belirten
calismalar da mevcuttur. Ratlarda oksitosine ait
vazokonstriktif etkinin bélgesel duyarlilik gosterdigi
bulunmustur. Oksitosin uterin arter izerinde kuvvetli
konstritksiyona sebep olurken bu etki femoral arterde
ve aortada giderek azalmis, karotid arterlerde ise
bulunmamustir (Vedernikov ve ark. 2006). Oksitosinin
vazokonstriktér ya da vazodilator etkilerinin sekstiel
siklus dénemine veya uygulama dozuna gére farklilik
arz edebilecegi bildirilmistir. Birbirinden farkli olan bu
etkiler oksitosin reseptorlerinin hem endotelyal hem
vasktler diz kas hicrelerinde bulunmasindan
kaynaklanir (Petersson 2002, Prosser ve ark. 1996).

Ciftlik hayvanlarinda meme kan akiminin incelendigi
cesitli  aragtirmalar mevcuttur.  Disi  kuzularda
beslenmenin meme bezi gelisimi Uzerine etkisi
(Dantas  ve ark. 2017), gebelik toksemisinin
laktogeneziste ~ meydana  getirdigi  degisiklikler
(Barbagianni ve ark. 2015), emziren ve makinali sagim
uygulanan koyunlarda meme kan akimi (Piccione ve
ark. 2004), koyunlarda meme involiisyonu sireci
(Petridis ve ark. 2014), mastitisli kegilerde meme kan
akimi (Santos ve ark. 2015), ineklerde meme veni kan
akimi ile California Mastitis Test (CMT) skorlar
arasindaki iliski (Rigsvanli ve ark. 2018) ve vyine
ineklerde oksitosin uygulamasinin  meme  veni
hemodinamigi tizerine etkisi (Rizzo ve ark. 2012) puls
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Doppler ultrasonografi ile incelenmistir. Koyunlarda
ise gunlik oksitosin enjeksiyonunun siit verimi ve
laktasyon uzunlugunda meydana getirdigi degisiklikler
(Zamiri ve ark. 2001) arastiridlmis olmakla birlikte
meme kan akimi Uzerine etkisini degerlendiren bir
calismaya rastlanmamustir. Bu calismada koyunlarda
dogum sonrast uygulanan oksitosinin eksternal
pudendal arter PI ve RI parametreleri tizerindeki
etkisinin incelenmesi amacglanmistir.

MATERYAL VE METOT

Calismada klinik olarak saglikli oldugu bilinen
primipar 20 adet Kivirctk 1rki koyun kullanidi.
Hayvanlarin yas ortalamasi 2,1530,23 olup vicut
kondiisyon skoru literatiir bilgiye uyumlu sekilde
3,125%+0,32/5 olarak belitlendi (Russel ve ark. 1969).
Tum koyunlarin normal yolla, miidahalesiz sekilde tek
kuzu yavruladigi ve yavru zarlarini dogumu izleyen ilk
6 saat icerisinde attgl gorildi. Calisma materyali
aglda kuzulari ile birlikte barndinldi, calisma
stresince yavrularini  emzirdi ve klinik mastitis
bulgusuna rastlanmadi. Koyunlar Hayvan Besleme ve
Beslenme Hastaliklart  Anabilim  Dali  tarafindan
gereksinimleri dogrultusunda hazirlanan rasyon ile
beslendi. Dogum sonrast koyunlara yiyebilecekleri
kadar Kkaliteli kuru c¢ayir otu ve hayvan bagina
0,5kg/gun koyun stt yemi (%18,72 ham protein, 2493
Mcal/kg metabolik enetji) verildi. Su ve yalama tasina
ad libitum erisim saglandi. Tamimlanan tim klinik
uygulamalar Istanbul Universitesi-Cerrahpasa
Veteriner Fakiltesi Birim FEtik Kurulu tarafindan
onaylanmistir (rapor no: 2019/27).

Koyunlar randomize sekilde oksitosin ve kontrol
gruplarina ayrildi. Oksitosin grubuna (n=10) dogum

sonrast ilk 3 giin boyunca 12 saat ara ile 10 1U/koyun
dozda kas i¢i oksitosin hormonu (Oksitosin, Vetas,
Tirkiye) uygulandi. Kontrol grubuna ise (n=10)
calisma grubu ile es zamanl olarak 1 ml/koyun dozda
kas ici %0,09 NaCl solisyonu enjekte edildi.
Ultrasonografik muayeneler dogum sonrast ilk 3 giin
boyunca giinde bir kez, oksitosin ya da plasebo
uygulamasindan sonraki 10. dk’da gerceklestirildi.

Ultrasonografik muayeneler ayakta zaptedilerek,
minimum stres dizeyinde gerceklestirildi. Meme
arterine ait hemodinamik dlcimler, es zamanli B-mod
ultrasonografi cihazinin (Esaote Pie Medical MyLab
Five Vet, Esaote Pie Medical, Italya) puls Doppler
teknigi ile gerceklestirildi (6,6 MHz mikrokonveks
prob, 60 mm derinlik). Memeyi besleyen eksternal
pudendal arteri belirlemek i¢in prob meme lobunun
kaudaline, meme-abdomen sinirina konumlandirildi.
Ardindan renkli Doppler modu ile pudendal arter
gorintilendi. Optimal renk akimi saglandiginda puls
Doppler ile spektral mod aktiflestirildi ve 6rnekleme
yapildi (Sekil 1). Insonasyon agisinin 607 den kiigiik
olmasina  &ézen  gosterildi.  Ornekleme — sirasinda
hayvanlarin sakin ve hareketsiz olmasina dikkat
edilerek, en az U¢ ardisik artefaktsiz trase sonrast PI,
RI degerleri otomatik olarak kaydedildi. Tslem sirastyla
her iki meme lobu icin tekrarlandi, gruplarin
karsilagtirilmasinda iki 6lctimiin ortalamast kullanildr.

Istatistiksel Analizler

Istatistiksel analizler icin SPSS 20.0 paket veri
programi kullanildi. Oksitosin ve kontrol gruplarina
ait PI ve RI ortalama degerleri arasinda farklilik olup
olmadigi Student t testi ile incelendi. Istatistiksel
farklilk  igcin = p<0,05 anlaml  kabul edildi

Sekil 1. Eksternal pudendal arterin puls Doppler ultrasonografi ile goriintiisi
Figure 1. Image of external pudendal artery by pulse Doppler ultrasonography
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BULGULAR degeri ( 1,61£0,05) ¢alismanin ilk gintnde saptandi.
Kontrol grubunda ise bu indeks, ¢alisma ilerledikce

Meme arterine ait hemodinamik parametreler matematiksel bir artis gésterdi (Sekil 2).
incelendiginde oksitosin uygulanan grubun kontrol

grubundan matematiksel olarak daha yiiksek PI ve RI Ginliik ortalama RI degerleri incelendiginde gruplar
degerlerine sahip oldugu gérildi. Gruplar arasindaki arasinda istatistiksel farklilik saptanmadi (Sekil 3).
PI degerleri ortalamasi farki, postpartum birinci ve Bununla birlikte RI degerleri her iki grupta da artan
ikinci giinde anlaml bulundu (sirastyla p<<0,001 ve bir seyir gosterdi.

p<0,05). Oksitosin uygulanan grupta en yiiksek PI

M Oksitosin Grubu B Kontrol Grubu

1,80
1,60
1,40
1,20
1,00
0,80
0,60
0,40
0,20
0,00

PI Degetleri

1 2 3

Calisma Guinleri

Sekil 2. Oksitosin ve kontrol gruplarina ait ortalama PI degerleri
Figure 2. Mean PI values of oxytocin and control groups

B Oksitosin Grubu M Kontrol Grubu

0,74
0,72
0,70
0,68
0,66
0,64
0,62
0,60
0,58
0,56
0,54

RI Degerleri

1 2 3

Calisma Gunleri

Sekil 3. Oksitosin ve kontrol grubuna ait ortalama RI degerleri
Figure 3. Mean RI values of oxytocin and control groups
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TARTISMA ve SONUG

Sutci  isletmelerde memeden siitiin  indirilmesini
saglamada, mastititis olgularinin tant ve sagaltiminda
oksitosin hormunu siklikla uygulanir (Macuhova ve
ark. 2004). Koyunlarda da laktasyon strecini st
verimi y6niinden yonetmek icin oksitosin uygulamast
yapimakla birlikte (Zamiri ve ark. 2001) dogum
sonrast yavru zarlarinin atiimint kolaylastirmak ve
involisyon sirecini  hizlandirmak amaciyla da
oksitosine bagvurulur (Kuru ve ark. 2016). Uterus ve
meme dokusunun yami sira endotelyal doku ve
merkezi sinir sistemi dokusunda da reseptotlere sahip
olan oksitosinin seksiiel ve maternal davraniglar
uyarict etkilerine ilaveten kardiyovaskiiler
fonksiyonlart oldugu da belirlenmistir (Gutkowska ve
ark. 2000, ‘Thibonnier ve ark. 1999). Bu
kardiyovaskiiler etki, incelenen damar yapisina gore
vazodilatasyon ya da vazokonstriksiyon ile sonuglanir
(Petersson 2002, Prosser ve ark. 1996, Rizzo ve ark.
2012). Sunulan calismada elde edilen indeks verileri,
oksitosinin meme arterinde direnc arttirict etkisini
ortaya koydu. Calismada eksternal pudendal artere ait
cap verileri degerlendirilmemis olmakla birlikte damar
direncindeki artisin vazokonstriktif etkiyi isaret ettigi
dustintlmektedir.  Oksitosin ~ uygulanan  grupta
gozlenen istatistiksel 6neme sahip PI artist (Sekil 2),
oksitosinin meme damari direncinde ve basincinda
artiga, distal perfiizyonda ise azalmaya sebep
oldugunu tanimlamaktadir.

Koyun meme dokusuna ait kan akim 6zelliklerinin
incelendigi arastirma sayist kisithdir. Disi kuzularda
beslenmenin meme bezi gelisimi Gzerine etkisinin
incelendigi bir c¢alismada gruplar arasinda vicut
gelisimi farklhiliklart olusmasina ragmen meme arterine
ait PI ve RI degetleri benzer bulunmustur (Dantas ve
ark. 2017). Gebeligin 6zellikle son ddénemlerinden
itibaren laktogenezis icin gelisen meme dokusunu
besleyen cksternal pudendal arter genisler ve dokuya
kan akimi artar. Gelisen meme dokusunda meydana
gelen hemodinamik degisiklikler cesitli Doppler
ultrasonografi indeksleri ve parametreleri ile takip
edilebilir (Barbagianni ve ark. 2015). Makineli sagim
uygulanan koyunlarda meme arterine ait sistolik ve
diyastolik akim hizlarinin sagim sonrasi arttifl tespit
edilmis; bu durum meme i¢i basincin sagima bagh
olarak dismesi ile iliskilendirilmistit. Emziren
koyunlarda memenin kuzular tarafindan devaml
uyartlmasinin  bir sonucu olarak sabah ve aksam
Ol¢timleri arasinda farklilk olusmadigi bildirilmistir.
Kuru doénemde ise kan akim hizi, meme bezinin
inaktif olmasindan 6tiiri daha dustik gdzlenmistir
(Piccione ve ark. 2004). Sunulan ¢alismada koyunlarin
kuzulart  ile bitlikte barindirilarak  emzirmenin
kisitlanmamast, meme icinde biriken stt miktarinda
bireysel ~ farkliliklar  olusturabilmekle  birlikte
calismanin  tekiz  kuzu  yavrulamus  primipar
hayvanlarda ve postpartum ik 3 gin iginde

gerceklestirilmesi ile birdrneklik saglanmaya calisildr.
Her iki grupta da calisma ilerledikce artan RI degerleri
(Sekil 3), meme arteri direncinde artigt ve akim
hizinda azalmay1 isaret etti. Bu durum kuzularin sik
araliklarla memeyi uyarmasi neticesinde memenin
makineli sagimda meydana geldigi gibi tam
bosalmadan tekrar slt Uretimine devam etmesi ve
dolayisiyla meme i¢i basincin artmasi ile agtklanabilir.
Meme bezinin involisyon siirecinde ise PI ve RI
degerlerinin artti§1 bildirilmistir. Ancak bu durum
bosaltilmayan stitiin meme icinde birikerek meme ici
basinct artmasindan ziyade, sit sekresyonundaki
azalmaya baglt olarak dokunun kanlanma ihtiyacinin
azalmasinin bir sonucu olduguna dikkat cekilmistir
(Petridis ve ark. 2014). Laktasyondaki ineklere
uygulanan oksitosinin meme veninde vazodilatasyona
sebep oldugu Dbildirilmistir.  Ancak  oksitosinin
incelenen damar yapisma gore farkli  etkileri
olabilecegi ve hormonun myoepitelyal hiicreler
tzerindeki etkisi neticesinde artan arteriyel kan
akiminin bir sonucu olarak da vendéz vazodilatasyon
sekillenebilecegine dikkat c¢ekilmistir (Rizzo ve ark.
2012). Sunulan ¢alismada emzirmeye bagl olarak siit
Uretiminin devam etmesine ilaveten uygulanan
oksitosinin siit alveollerinde olusturdugu kontraktil
etkiler neticesinde meme dokusuna ait kan akiminda
degisikliklerin gozlenebilecegi sonucuna varilmistir.
Ayrica oksitosinin damar endotel ve kas hiicreleri
lizerindeki olasi lokal vazokonstriktif etkisi, oksitosin
grubunda gézlenen direng artist ile iliskilendirilebilir.
Oksitosinin damar tonusu Uzerindeki bu karsit
etkilerinin ¢alismalar arasindaki metot farkliligindan
kaynaklanmis olabilecegi distintlmektedir. Elde
edilecek verilerin c¢alismanin gerceklestirildigi dénem
(sekstiel  siklus,  gebelik,  laktasyon, = meme
involiisyonu), hayvanlarin yavrulart ile ya da aym
barindirlmasi, emzirme, sagim, hastalik durumu,
incelenen damar tipi gibi faktorlerden etkilenecegi goz
6ntinde bulundurulmalidir.

Doppler ultrasonografi ile ruminantlarda meme
hastaliklar1 ve gebelik toksemisi gibi olgularda belirgin
degisimler gézlenmistir (Barbagianni ve ark. 2015,
Rigvanlt ve ark. 2018, Santos ve ark. 2015). Sunulan
calismada sagliklt koyunlara ait Doppler indekslerinin,
meme kan akimini etkileyebilecek gesitli hastaliklarin
ayirict tanisinda yol gosterici olacagt distntlebilir.

Yapilan bu calisma ile dogum sonrasi oksitosin
uygulamasinin, koyunlarin meme arteri direncini
arturdigl sonucuna ulasildi. Oksitosinin koyunlarda
meme arteri tonusu Uzerindeki etkilerini ortaya
koymaya  yonelik  yeni  ¢alismalara  ihtiyag
duyulmaktadir.
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ABSTRACT

In this study, antioxidant properties of olive (Olea enropaea 1..) leaves containing oleuropein were investigated in 7-
hexane, ethyl acetate, and methanol based extracts obtained from dried olive leaves at different concentration by
various 7 vitro methods. Percentage yields of the O. exsropaea were found for the #-hexane extract 13.21%, for ethyl
acetate extract 26.15% and for methanol extract 34.59%, respectively. Total phenolic substance content
(85.27£15.03%), linoleic acid reduction (89.5219.77%) and reduction capacity (1.4920.03) were the highest in the
methanol extract. Finally, the DPPH radical scavenging efficiency (72.93%0.42%), reduction of iron (II) ions
(50.53£5.53%) and superoxide radical scavenging activity (72.93£0.42%). were the highest in the ethyl acetate
extract. In conclusion, it was seen that total phenolic substances, linoleic acid reduction and reduction capacity of
the methanol extract of the antioxidant activity of the O. e#rgpaea was more active when equated with #-hexane
and ethyl acetate extracts. Also, it was found out that the ethyl acetate extract was more effective in DPPH radical
scavenging, iron reduction, linoleic acid reduction and superoxide radical scavenging activity. According to the
data obtained, it is thought that olive leaf might be evaluated as a natural and cheap alternative antioxidant in
different fields such as food, cosmetic, pharmaceutical industry and animal nutrition.

Keywords: Antioxidant activity, Olea eurgpaea L., Oleaceae, Olive, Total phenolic substance
*okok

Zeytin (Olea Europea L.) Yapraginin Antioksidan Etkilerinin in vitro Yontemlerle Arastirilmasi

oz

Bu calismada pek ¢cok sekonder metabolitin yaninda major madde olarak oleuropein iceren zeytin (Olea enrgpaea 1..)
yapragindan elde edilen edilen #-hekzan, etil asetat ve metanol ekstrelerin farkli konsantrasyonlardaki antioksidan
aktiviteleri ¢esitli 7z witro yOntemlerle incelenmistir. Zeytin yapraginin #-hekzan, etil asetat ve metanollii
ekstrelerinin ylizde verimleri sirastyla %13.21, 26.15 ve %34.59 olarak bulunmustur. Toplam fenolik madde igerigi
(85.27+15.03%), linoleik asit indirgeme (89.52%9.77%) ve indirgenme kapasitesi (1.49%0.03) methanol
ckstresinde en yuksek idi. Son olarak, DPPH radikali siptrici aktivitesi (72.931£0.42%), demir (II) iyonlarim
indirgeme (50.53+5.53%) ve stperoksit radikali giderme aktivitesi (72.00£1.35%) etil asetat ekstresinde en
yuksekti. Sonug olarak zeytin yapraginin metanolli ekstresinde toplam fenolik madde, linoleik asit indirgeme ve
indirgenme kapasitesi diger ekstrelere gére daha aktif bulunmustur. DPPH radikali tutma, demir (II) selatlama ve
stperoksit radikali giderme aktivitesinde ise etil asetat ekstresinin daha etkili oldugu tespit edilmistir. Elde edilen
veriler dogrultusunda, zeytin yapragimin gida, kozmetik, ilag endustrisi ve hayvan besleme gibi alanlarda dogal
alternatif bir antioksidan olarak degerlendirilebilecegi distintlmektedir.

Anahtar Kelimeler: Antioksidan aktivite, Olea europaca L., Oleaceae, Toplam fenolik madde, Zeytin
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INTRODUCTION

Olive and olive products have important place from
in terms of Turkey economy, in which ranks 4% in the
field of olive cultivation among the world countries
(Keser and Bilal 2010). In Turkey, olive leaves
remaining after harvesting the fruits are generally to
be destroyed by burned due to they are waste.
Investigations for evaluation of the biological activity
have revealed that leaves of this plant to possess
antibacterial, antifungal and antioxidant properties
(Benavente-Garcia et al. 2000, Ferreira et al. 2007,
Lee et al. 2010). Olive, a valuable plant in terms of
nutritional value, contains water (50%), lipid (22%),
protein  (1.6%), sugar (19.1%), cellulose (5.8%),
minerals, hydrocarbons, tocopherols and polyphenols
(Kiritsakis  1998). Olive leaf also contains high
functional value phenolic compounds (tyrosol,
coumaric acid, hydroxytyrosol, gallic acid, caffeic acid,
ferulic acid), flavonoids (luteolin, quercetin, catechin,
apigenin) and secoiridoids (oleuropein, ligstrocyte)
(Dekanski et al. 2009, Talhaoui et al. 2015).
Oleuropein, which causes bitter and acrid aroma of
olive, is the main component of olive tree (Silva et al.
2006) and has antioxidant, antimicrobial, antiviral,
anti-inflammatory,  antiatrogenic,  hypolipidemic,
antiaging, and parkinson, alzheimer, skin, heart and
cancer-protective effects (Ferreira et al. 2007, Omar
2010, Barbora et al. 2014).

Olive leaf extracts are used primarily in animal
nutrition and biomass energy. In addition, it is
assumed that presence of excessive level of
cardiotonic substance oleanolic acid in olive leaves
may prove it beneficial for hypertesnive associated
cardiac arrests (Somove et al. 2003).

Leaves of olive usage in the food, cosmetics and
pharmaceutical industry is becoming increasingly
common (Spinelli et al. 2010, Rodrigues et al. 2015,
Souilem et al. 2017). Although there are studies to
reveal different biological effects of olive, which have
been reported to have anti-inflammatory, antiallergic,
antibacterial, antimycotic, immunoregulator,
antidiabetic and hypolipemic effects (Omar 2010),
researches on i vitro or in vivo effects of olive leaves
are quite insufficient.

The objective of this study is to investigate the
antioxidant properties of n-hexane, ethyl acetate and
methanol based extracts obtained from olive leaves
using iz vitro methods.

MATERIALS and METHODS

Plant material

Olea enropaca 1.. (Oleaceae) leaves were acquired from
Seleuk  district of Izmir province, Turkey in
December 2017. The leaf samples after collection
were first verified a by Prof. Dr. Esra Akkol,
Department of Pharmacognosy, Faculty of Pharmacy,
Gazi University, Ankara, Turkey and were deposited
in the Herbarium of same Faculty.

Preparation of extracts

Leaves (400 @) of O. europea were grinded after
comlete shade-driying. The grounded powder was
later extracted with 2000 mL n-hexane, ethyl acetate
and methanol each, for 5 days at room temperature.
The collected extracts were first strained and later
vaporized under low pressure at 40°C till there were
completely dried. The percentage yields of each
extract were calculated and were found to be 13.21%
for n-hexane, 26.15% for ethyl acetate, and 34.59%
for methanol, respectively.

HPLC analysis

The high-performance liquid chromatography
(HPLC) analysis was conducted by using 1200
series HPLC system by Agilent Technologies (Palo
Alto, CA, USA) according to method as described by
Ansari et al. (2006). The system consisted of a
quaternary  pump, in-line  degasser, column
thermostat, and ultraviolet detector. Agilent
Chemstation software was used for the data
processing and acquisition. The chromatographic
separation of the fractions was performed by a
LiChrospher® 100 RP C-18 (film thickness, 5 um; 250
x 4.0 mm) (Supelco Inc., Bellefonte, PA, USA)
column using an isocratic elution of HPLC-grade
water adjusted to pH 2.5 with o¢-phosphoric
acid:acetonitrile  (80:20  vol/vol).  Detection
wavelength was 280 nm, and the flow rate was
optimized at 1 mL/minute. The stock solution (1
mg/ml) of oleuropein (Chromadex, Irvine, CA,
USA) was prepared by dissolving it in HPLC-graded
water and was used as reference. The calibration
curve was achieved by diluting the stock seven times,
and the equation was designed. The methanol extract
was solubilized in methanol, while ethyl acetate
extract was liquefied in a small quantity of ethyl
acetate and then diluted with isopropanol to the
desired volume. Oleuropein and the all other extracts
were filtered by using a membrane filter (pore size,
0.45 pm). The reference compound and diluted
extracts were inoculated for evaluation of their
oleuropein concentration.

In vitro antioxidant property tests

Estimation of total phenolic substances

The overall phenolic substances of olive leaf extracts
wete measured using Folin-Ciocalteu's phenol reagent
(FCR) as described by Singleton and Rossi (1965).
The principle of this method rely on the formation of
a blue colored compound as a result of the phenolic
substances reducing FCR. The absorbance of blue
compound is recordedat 760 nm. The total phenolic
substances of olive leaf extracts are presented in
terms of mg gallic acid equivalents (GAE) per g of
extract.

The gallic acid was used as standard solution. 0.5 mL
of test extracts solution was stirred along with 0.5 mL
FCR and incubated for 3 minutes. Then, 2% NaxCOs
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was added and stored at room temperature for 2 h.
After incubation period, the absorbance of reaction
mixture was recorded at 760 nm against distilled
water by using as blank. The results were computed
by using the standard calibration curve of gallic acid
(62.5-1000 pg/mL) and were demonstrated in terms
of gallic acid equivalents (GAE pg/g).

Evaluation of DPPH radical scavenging activity
The DPPH scavenging activity of olive leaf extracts
was established by using the technique of Blois
(1958). The method works on the principle of
removing DPPH, which is a stable free radical and
has a dark purple colour. When the DPPH radical is
scavenged, the colour of the reaction mixture shifts
from purple to yellow and reduces absorbance at 517
nm.

Briefly, 0.5 mL olive leaf extracts (100-250-500-1000
pg/mL) were supplemented with DPPH (2 mL, 0.1
mM). Each mixture was placed in the dark for 30 min
and the absorbance was recorded at 517 nm against
ethanol using as blank. A blank is reffered as measure
of the absorbance of the control reaction which
contains all reagents except test compounds. A
sample is measure of the absorbance of the olive leaf
extracts only. The percentage of inhibition was
calculated against blank.

Inhibition % = (A blank - A sample/ A blank) X 100

Antioxidant activity with ferric thiocyanate
method in linoleic acid system

Antioxidant activity in a linoleic acid emulsion system
was evaluated using the ferric thiocyanate method
(Pan et al. 2007). According this method, peroxides,
an oxidation product of linoleic acid, oxidize Fe?* to
Fe3*. As a result, a decrease in absorbance reflects
increased level of antioxidant activity.

The linoleic acid emulsion was developedby adding
77.5 uL of linoleic acid, 87.5 mg of Tween 20 and 25
ml of phosphate buffer (0.04 M, pH 7.0). Then the
mixture was homogenized. Variable concentrations
(100-250-500-1000 pg/mL) of olive leaf extracts (0.5
mL) were added into linoleic acid emulsion (1.25 mL,
0.2 M, pH 7.0) and phosphate buffer (0.75 mL, 0.04
M, pH 7.0). The blend was incubated at 37°C which
accelerated the peroxidation process. The control
composed of linoleic acid and phosphate buffer
without adding extracts. After an interval of 24 h
each, the readings were recorded. The mixture 0.05
mL of misture was removed and mixed thoroughly
with 2.35 ml. of 75% ethanol, 0.05 mL of 30%
ammonium thiocyanate and after 3 minutes with 0.05
mL of 20 mM ferrous chloride in 3.5% HCI. After
blendig with all component, the mixture was set out
for 5 minutes at room temperature. The levels of
peroxidation were calculated by measuring the
absorbance at 500 nm.

The percentage of inhibition was determined against
control by using following formula:

Inhibition % = 1-(A sample/ maximum control) X

100

Determination of iron (II) ions chelating activity
Iron (II) ions chelating activity of olive leaf extracts
was performed conferring to protocol described by
Dinis et al. (1994). This method works on the
principle of inhibition in the formation of ferrous
iron-ferrozine complex of chelating agents in the test
tube. The decrease in red colour was determined by
decrease in absorbance of the ferrous iron-ferrozine
complex at 562 nm.

Concisely, altered concentrations of olive leaf extracts
(100-1000 pg/mL) in 0.5 mL were mixed with a
solution of 0.6 mM ferrous chloride (0.05 mL) and
kept for 30 min. Later, the mixture was supplemented
with ferrozine (5 mM, 0.1 mL). After 10 min,
absorbance of the test tubes and EDTA as standatds
(50-250 ng/mL) were recorded
spectrophotometrically at 562 nm. The control
consisted of distilled water only without FeCl, and
ferrozine. The percentageinhibition of iron chelating
activity was recorded with following equation:

Inhibition % = 1-(A control - A sample/ A control) x
100

Measure of superoxide radical scavenging
activity

The superoxide radical scavenging activity works on
the principle that the superoxide radical produced by
the NADH (nicotinamide adenine dinucleotide)/PMS
(phenazine methosulfate)/O> complex reduces nitro
blue tetrazolium (NBT) from vyellow to purple-
coloured formazone (Nishimikiet al. 1972). The
decrease of the absorbance values indicates
consumption of superoxide radical anions.

According to method, 0.5 mL NBT (156#M) and
NADH (468 xM) in the sodium phosphate buffer
20mM, pH 7.4) were added to different
concentrations of extract solutions (0.5 mL, 100-250-
500-1000 pg/mlL) in phosphate buffer. The reaction
began by supplementation of PMS (50uL, 60 pM)
into the reaction mixture and incubated at room
temperature for 5 minutes. Then, the absorbance was
monitored at 5060nm against the corresponding
distilled water as control.

The percentage of inhibition was calculated by using
following formula:

Inhibition % = (A control - A sample/ A control) X
100
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Ferric ions reducing antioxidant power

Reducing capacity of olive leaf extracts was
determined according to the developed method
Opyaizu (1986). The method is based on Fe*3 ions are
reduced to Fet? ions. When ferric chloride (FeCls) is
added, the absorbance of the complex compound
formed in Prussian blue colour is measured at 700
nm. The highest absorption values mean the highest
reduction capacity for extracts.

A 0.5 mL solution of extracts (100-250-500-1000
ng/mL) was mixed with 1.25 mL of phosphate buffer
(0.2 M, pH 6.6) and 1% potassium ferricyanide. After
incubating at 50°C for 20 minutes, the reaction
mixture was further supplemented with 1.25 mL of
10% trichloroacetic acid and vortexed. The reaction
mixture was centrifuged at 2500 rpm for 10 minutes.
Later, 1.25 mL supernatant was collected and mixed
with equal volume of distilled water and 0.25 mL
FeCls (0.1 %). It was kept for 10 minutes at room
temperature and the absorbances were evaluated at
700 nm against distilled water as blank.

Antioxidant activity assays was conducted in
triplicate. The results obtained were evaluated by
SPSS 13.0 and given as mean * standard error values.
The statistical differences among groups were
analysed through One way ANOVA analysis.
Duncan test was used as a posthoc test. Statistical
significance of all data was determined as P <0.05
level.

RESULTS

The results obtained with the n-hexane, ethyl acetate
and methanol extracts of the leaves of O. europea in
the antioxidant activity tests are given in Table 1-6.

The olive leaf extracts were examined for their total
phenolic substance amounts (Table 1) according to
acquire from standard gallic acid curve graph (Figure
1). The highest phenolic content of methanolic
extract was 85.27+15.03 mg GAE in 1000 pg/mL
while the lowest value was 0.18+1.32 pg GAE/g
extract in n-hexane extract (500 pg/mL).
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Statistical analysis
Figure 1.Standard gallic acid curve graphic

Table 1. Total phenolic substances concentration of the extracts obtained from O. europea leaves

Total phenolic substances

Extracts (ng GAE/g + SEM)

100pg mI.1 250pg mlL1 500pug ml-1 1000pug mI1
n-Hexane 0,4177£2,344 2,79+0,714 0,18+1,324d 12,53+3,82¢cd
Ethyl acetate 13,4918 22¢<d 14,91+£3,59<d 19,89+£2,29<d 33,6714,12bc
Methanol 11,58+0,63¢4 26,78+3,14< 48,39+1,42b 85,27+15,03¢

abed Different letters in the same column represent the statistically significant difference between the mean values P<0,001

SEM: Standard error meaning
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The percentages of DPPH inhibition of olive leaf acetate extract (72.93 * 0.42%) at a concentration of

extracts at different concentrations are shown in 500 pg/mlL, the lowest value in n-hexane extract (100
Table 2. According to the results, DPPH radical pg/mL) was 13.77 + 1.23%.
scavenging activity was found to be highest in ethyl

Table 2. DPPH radical scavenging activity of the extracts obtained from O. exropea leaves

DPPH radical scavenging activity

Extracts (Inhibition % * SEM)
100pg mILt 250pg mLt 500pg mL-! 1000pg mL-1
n-Hexane 13,77%1,23f 43,67£1,04¢ 64,10£4,952b.c 71,17£2,932
Ethyl acetate = 42,3713 34¢ 61,50£0,79b-cd 68,40+0,67~> 72,9310,422
Methanol 55,77+1,58¢d 55,67%2,83¢4d 54,43+5,174 60,53£4,33b.cd

a,b,c,d,e,f Different letters in the same column represent the statistically significant difference between the mean values P<0,001
SEM: Standard error meaning

As shown in Table 3, the highest value linoleic acid lowest value as 61.1914.05% in ethyl acetate extract
reduction was obtained as 89.52%£9.77% in at 100 ug/mlL concentration.
methanolic extract at 250 pg/ml. concentration, the

Table 3. Antioxidant activity in linoleic acid system of the extracts obtained from O. exrgpea leaves

Antioxidant activity in linoleic acid system

Extracts (Inhibition % * SEM)
100pg ml1 250pg mL1 500pg ml! 1000pg mL-1
n-Hexane 76,19£2,032bc 76,19£5,612bc 75,24+1,26%bc 71,67£1,26b<
Ethyl acetate  (61,1944,05¢ 63,09%0,48¢ 65,24£6,67¢ 86,6717,63~>
Methanol 83,57+2,70ab 89,521+9,77» 74,7943,93abc 67,6712,34¢

sbe Different letters in the same line represent the statistically significant difference between the mean values P<0,001
SEM: Standard error meaning

The effects of various amounts of olive leaf extracts extract at 1000 pg/mlL concentration, the lowest
on reduction of iron (II) ions are given in Table 4. value was 8.1610.43% in n-hexane extract 100
While it was found 50.53%5.53% in ethyl acetate ug/mL concentration.

Table 4. Iron (II) ions chelating activity of of the extracts obtained from O. enrgpea leaves

Iron (II) ions chelating activity

Extracts (Inhibition % * SEM)
100pg ml! 250pg mL1 500pg ml1 1000pg mL-1
n-Hexane 8,16+0,43¢ 8,9510,144de 9,05%0,20d¢ 8,85£0,18de
Ethyl acetate  14,8711,22¢de 16,9115,22bcde 25,6245 90p 50,53+5,53#
Methanol 11,6110,244de 15,3310,20¢de 17,7010,33b-cd 23,26%0,31b<

abede Different letters in the same column represent the statistically significant difference between the mean values P<0,001
SEM: Standard error meaning

As shown in Table 5, the superoxide radical 13.7612.24% in n-hexane extract at 500 pg/mL
scavenging activity was detected 72.00£1.35% in concentration.

ethyl acetate extract (250 pg/mL), the lowest value as

Table 5. Superoxide radical scavenging activity of the extracts obtained from O. exrgpea leaves

Superoxide radical removal activity

Extracts (Inhibition % + SEM)
100pg mI1 250pg ml 500ug ml! 1000pg mL1
n-Hexane 13,76£2,24¢ 31,53+1,97¢ 39,96+3,524 51,0210,46¢
Ethyl acetate  70,781+2,992 72,00£1,352 63,88%1,65 67,29£2.23x
Methanol 59,02+2,51ab 56,9010,85b 67,02£1,474 68,8210,65

sbedefDifferent letters in the same column represent the statistically significant difference between the mean values P<0,001
SEM: Standard error meaning
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Finally, according to the results while the highest
value in the reduction capacity of extracts was found
1.49£0.03 in methanol extract at 1000 pg/mL

concentration and the lowest value was in ethyl
acetate extract (100 pg/mL) (Table 6).

Table 6. Reduction capacity of the extracts obtained from O. exrgpea leaves

Reduction capacity

Extracts (Absorbance = SEM)
100pg mILt 250pg mLt 500pg mL-t 1000pg mL-1
n-Hexane 0,25%0,01¢f 0,23%0,02¢f 0,24+0,01¢f 0,28£0,004¢
Ethyl acetate  0,19+0,01f 0,25£0,01¢f 0,21£0,004 0,44£0,01¢
Methanol 0,33£0,004 0,54£0,01> 0,90£0,04+ 1,49£0,032

abedefDifferent letters in the same column represent the statistically significant difference between the mean values P<0,001

SEM: Standard error meaning

To determine the oleuropein concentration in the
extracts, HPLC analysis was used. In order to
determine the oleurpeins’s concentration in all
extracts, calibration curve and the equation were first
proved by using oleuropein as reference compound.
Retention time was recorded as 9.1 £ 3 min for the
oleuropein. The reference oleuropein and the all
extracts were inoculated respectively to confirm if the
detected major peak is oleuropein or not. The
repetitive increase in the area of the same peak
confirmed the idea that the major peak was
oleuropein in the methanol extract. Thus, it has been
measured that 1 g of methanol extract contains 24.12
T 2.87 mg of oleuropein.

DISCUSSION and CONCLUSSION

In the current study, it was recorded that the yield of
extraction of olive leaves of the Memecik cultivar was
34.59% in methanol, 26.15% in ethyl acetate and
13.21% in n-hexane extracts. Orak et al. (2019)
reported the yield of olive leaf extracts varied from
24.26-29.87% and also the yield of methanol extract
of Memecik type was found at the level of 27.11%.
In addition, the oleuropein in methanol extract was
determined as 24.12 £ 2.87 mg / g in this study. The
result obtained for oleuropein in the methanol extract
is in accordance with previous report which state that
oleuropein, the main phenolic component for all
genotypes, range from 21.0 to 98.0 mg /g in the
methanolic extract (Orak et al. 2019). Orak et al
(2019) reported that oleuropein found at 38.2%1.9 for
the methanol extract of Memecik type olive leaf.
Moreover, hydroxytyrosol, verbascoside, luteolin 7-O-
glucoside and luteolin 4'-O-glucoside have been
widely contained in olive leaves (Talhaoui et al. 2015).

The maximum amount of total phenolic substances
was determined as 85.27 + 15.03 in methanol extract
(1000 pg / mL), the lowermost value was found as
0.18 + 1.32 mg gallic acid (GAE) / g in n-hexane
extract (500 pug / mL). This value in the methanol
extract was found to be lower than 209 * 3.4 mg

GAE/g reported by Orak et al. (2019) for Memecik
cultivar olive leaf. Orak et al. (2019) described that
total phenolic substances was found as a 110-268 mg
GAE/g in the methanol extract of leaves of other
Olea species growing in Turkey. These differences
stem from cultivated conditions, natural habitats of
the olive tree.

In this study, the highest value in the DPPH radical
scavenging activity was measured 72.93%£0.42% for
ethyl acetate extract at 500 pg/mL concentration and
the lowest value was 13.77£1.23% in #-hexane (100
ug/mL). Addition, it was found in this study that
when the concentration of extracts in methanol, ethyl
acetate and #-hexane groups decreased, DPPH radical
scavenging activity was found to decreasing
accordingly. Hayes et al. (2009), olive leaf methanol
extract DPPH radical scavenging activity increased
from 100 ppm to 400 ppm and this increase reached
94% at 1000 ppm. Our results were consistent with
these reported results. Stupans et al. (2002) reported
that this activity was due to hydroxytyrosin and
oleuropein, a radical scavenging agent in olive leaves.
Non-enzymatic lipid peroxidation caused by free
radicals begins with lipid peroxidation of H atoms
containing an electron from conjugated double bonds
in fatty acids and the fatty acids in the membrane are
converted to lipid free radicals. These radicals are
unstable and are converted to oxygen by lipid
peroxide radical (LOO-) and then by electron from
other fatty acids to lipid peroxides (LOOH).
Malondialdehydes are orginated as a result of
peroxidation of fatty acids while chaining continues
(Halliwel and Gutterigde 1990). In our study, the
highest value linoleic acid reduction was found as
89.52+9.77% in methanol extract at 250 pg/mL
concentration, the lowest value as 61.19+4.05% in
ethyl acetate extract at 100 pg/ml concentration.
Danahaliloglu et al. (2018) found that the %
inhibition values in the methanolic extract of the
Halhali type olive leaf ranged between 72.89-41.32%.

The highest value in reduction of iron (II) ions was
found as 50.53%5.53% in ethyl acetate at 1000
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pwg/mL  concentration, the lowest value as
8.16£0.43% in n-hexane 100 pg/mlL concentration.
Hayes et al. (2009) reported that iron chelating
activity was found in methanolic extracts as ellagic
acid>sesamol> olive leaf extract™> lutein, respectively.

It is known that superoxide dismutase (SOD) is a key
antioxidant enzyme and catalyses the dismutation of
the superoxide (O27) radical into eithermolecular
oxygen (Oz) or hydrogen peroxide (H202). SOD has
three isozymes as Mn-SOD, Fe-SOD and CuZn-
SOD, which localized in different cell compartments
of olive leaf (Corpas et al. 2006; Halliwell et al. 2000).
According to our findings, the highest superoxide
radical scavenging activity was found 72.00£1.35% in
ethyl acetate extract (250 pg/mL), and was measured
the lowest value as 13.76£2.24% in n-hexane extract
(500 pg/mL). Lee and Lee (2010) reported that SOD
activity was determined at 18% in oleuropein of olive
leaves, 67% in routine, 83% in caffeic acid and 19%
in their mixtures. Finally, the highest reduction
capacity was found 1.49 * 0.03 in methanol extract
(1000 pg / mL) and the lowest value was 0.19 + 0.01
in ethyl acetate extract (100 pg /mL) in our study.
Danahaliloglu et al. (2018) reported that FRAP values
for methanol extracts of olive leaves of Halhali type
were between 0.96-0.11.

Various antioxidant activity differences observed in
the olive leaf extracts are thought to be due to the
level of polyphenolic compounds passing into the
solvent used and the difference in their chemical
structure. Considering the extracts according to
polarity, it was found that phenolic substances
dissolved in methanol extract alone or together
synergistically reduce free radicals, chelate metal ions,
prevent lipid peroxidation and have metal-reducing
capacities.

As a result, it was determined that the methanolic
extract of olive leaf was found to be more active than
other extracts in terms of total phenolic substances,
linoleic acid reduction and reduction capacity.
Considering this study data, where the antioxidant
activities of olive leaves in different extracts were
determined, it was concluded that olive leaf might be
regarded as a natural alternative antioxidant source in
food, cosmetics, pharmaceutical and animal nutrition

fields.
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