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Abstract

The aim of this study was to examine the morphometry and the immunolocalization of androgen receptors in the epididymis of
D’Man lamb during postnatal development. The epididymis was collected at the slaughtering lamb, aged of 2 to 5 month. The weight
of the epididymis increased with a significant difference at 3 months. The tubular diameter of the corpus and the cauda epididymal
tubules increased respectively from 2 till 4 months, and from 2 till 5 months. The luminal diameters of the caput epididymal tubules
increased significantly at 3 months. The luminal diameters of the corpus and cauda epididymal tubules increased significantly from 3
and 4 months respectively. The epithelial height of the caput and cauda epididymal tubules increased significatively at 5 months. The
epithelial height of the corpus epididymal tubules increased significantly at 3 months. The androgen receptor immunostaining was
localized in nuclei and cytoplasm of epithelial cells, smooth muscle cells and in the cytoplasm of interstitial cells of the epididymis
at each age. In conclusion, both the morphometric changes and androgen receptors immunolocalization during the postnatal
development of epididymis indicated the necessity of androgens for postnatal differentiation and maintaining the structure of the
epididymis.

Keywords: Epididymis, Morphometry, Androgen receptor, Inmunohistochemistry, Postnatal development, D’Man lamb

Cezayir'in Kurak ikliminde Yetistirilen D’Man Kuzularinda
Postnatal Gelisim Siiresince Epididimiste Androjen Reseptorlerinin

immunolokalizasyonu ve Morfometrik Bir Calisma

Ozet

Bu calismanin amaci D’Man kuzularinda postnatal gelisim siiresince epididimiste androjen reseptdrlerinin immunolokalizasyonunu ve
morfometrisini arastirmaktir. 2 ile 5 ay arasinda yaslari degisen kuzulardan kesim sonrasinda epididimisler toplandi. Epididymis agirhigi 3
aylik olanlarda anlamli oranda farkli bulundu. Corpus ve cauda epididimal tlplerin tubular caplari sirasiyla 2'den 4 ayliga ve 2'den 5 ayliga
kadar olanlarda artma gosterdi. Caput epididimal tlplerin luminal ¢aplari 3 ayliklarda anlamli oranda artti. Corpus ve cauda epididimal
tplerin luminal caplari sirasiyla 3 ve 4 ayliklarda anlamli oranda artti. Caput ve cauda epididimal tliplerin epitel yikseklikleri 5 ayhklarda
anlamli oranda artis gosterdi. Corpus epididimal tuplerin epitel ylkseklikleri 3 ayliklarda anlamli oranda artis gosterdi. Androjen reseptor
immunboyanmasi tim yas gruplarinda epididimisin epitel hiicrelerinin ¢ekirdek ve sitoplazmalarinda, diiz kas hiicrelerinde ve intersitisyel
hicrelerinin sitoplazmasinda lokalize oldu. Sonug olarak; morfometrik degisimler ve androjen reseptér immunolokalizasyonu epididimisin
postnatal gelisimi ve olusumu siiresince androjenlerin gerekli oldugunu gostermistir.

Anahtar sézciikler: Epididimis, Morfometri, Androjen reseptér, Inmunohistokimya, Postnatal gelisim, D'Man kuzu
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INTRODUCTION

Sheep is an important part of the Algerian agricultural
economy. D’Man and other second breeds (Hamra,
Barbarine, Sidahou, Tazegzawt) represent less than
1% of the Algerian sheep population. D'Man breed
acquires its importance from its exceptional reproductive
performances and its high adaptation to the oasian
environment . The productivity was consistently higher
due to generally high fertility and prolificacy @ with an
early onset of puberty at 3 months E.

The morphohistological change is essential to gain a
comprehensive knowledge on the reproductive physiology
of epididymis “?. Indeed, epididymal functions can be
divided into several general categories: concentration
of sperm; functional maturation; storage in a quiescent
state until ejaculation, removal of degenerating sperm,
provision of appropriate conditions for survival, transport
by the myoid cells, protection and maintenance of the
blood epididymal barrier . In most species, the epididymis
is divided into the caput, corpus and cauda regions 7.,
The activity of these regions is regulated by endocrine,
lumicrine, and paracrine factors, the relative importance of
which remaining a topic of investigation ¥, The presence
of androgen receptors (ARs) during spermatogenesis was
investigated in rodent models in which testosterone levels
were chemically deleted, or in models with transgenic
disruption of ARs P. The use of these models made it
possible to identify the steps of spermatogenesis requiring
ARs, specifically the maintenance of spermatogonia
number, integrity of blood-testis barrier, completion of
meiosis, adhesion of spermatids and spermiation. Together
these studies detailed the essential nature of androgens
in the promotion of male fertility '%. Luminal factors from
the testis, in addition to androgens, are important for both
the epididymal development " and maintenance of adult
tissues 14, The presence of steroids and their receptors,
specifically ARs, which are responsible for maintaining
epididymal structure and functions throughout the
postnatal development ! has not yet been shown in the
epididymis of D'Man lambs. In the prepubertal period
several factors can cause epididymal obstruction, such as
iatrogenicities due to inguinal herniotomies, inflammatory,
tumoral, cystic and similar causes "%, The effect of these
conditions on the testes and epididymal ARs distribution
are of major importance. In this study, the objective was
to characterize the morphological normal changes and
immunolocalization of ARs of the epididymis in 2 to 5
months old D'Man lamb.

MATERIAL and METHODS

Twelve lambs aged from 2 to 5 months reared at El Meniaa
experimental station in Algeria (30° 34’'N., 02° 52’ E.) have
been used for this study. For each month, three lambs were

weighed and immediately slaughtered; the epididymis
was separated from testis and weighed. From each regions
of epididymis (caput, corpus and cauda), a sample was
fixed in 10% formaldehyde in phosphate buffered saline,
dehydrated in a graded series of ethanol, clarified in xylene
and embedded in paraffin. The sections were hydrated and
stained with Masson’s trichroma in order to study general
histology. The diameters of tubules and lumen tubules of
the epididymis were measured on 10 cross-sections per
animal. The height of epithelial cells was measured from
the basement to the apical membrane in cross-sections of
10 tubules using a computer program of light microscope
Nikon Eclipse E 400 connected to a Nikon DXM 1200 digital
camera.

Androgen Receptor Inmunohistochemistry

The immunohistochemical studies of ARs were performed
using the avidin-biotin complex method (ABC), with
Vectastain Elite ABC kit (Vector Laboratories, Burlingame,
CA, USA). Paraffin sections (3 um thick) were deparaffinized,
hydrated through a graded ethanol series (100%, 95% and
70%), and washed in PBS. Immunohistochemistry was
performed on deparaffinized adjacent sections with heat
-induced antigen retrieval in citrate buffer (pH 6.0)
using water bath set at 94°C, as described in the prospectus
for the kit “Vector Antigen Unmasking Solutions” (Vector
Laboratories, CA, H3300). This step was followed with
endogenous peroxidase blocking 3% H,0, in PBS for 5
min at room temperature. All washes between antibody
or reagent incubations were rinsed 5 min 2 times at room
temperature in PBS, and all the incubations were carried
out in a wet chamber. Tissue sections were first submitted
to the appropriate serum in order to block the non-specific
binding sites. After that, sections processed for ARs
labeling were incubated with normal horse serum at room
temperature for 5 min, and then with both avidin and
biotin sites subsequently blocked (Vector Laboratories,
CA, SP-2001). All sections were incubated overnight
at 4°C with the primary antibody: a rabbit polyclonal
antibody (C-19) raised against a peptide within the
C-terminal domain of the human AR (sc-815, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), which was diluted
at 1 : 200 in PBS. This antibody being currently used to
detect the presence of androgen receptors in several
mammals, it was used to detect androgen receptors in
D’'man lamb epididymis. Bound antibodies were visualized
by incubating the sections with biotinylated secondary
antibody (Vectastain Elite ABC kit-Vector Laboratories, CA,
#PK-6200) for 30 min. Labeling of ARs was performed with
3,3’-diaminobenzidine-tetra-hydrochloride chromogenic
substrate (SK-4100, DAB substrate kit for peroxidase; Vector
Laboratories) and monitored microscopically. Sections
were counterstained with hematoxylin (Hematoxylin
QS, H-3404; Vector Laboratories, Burlingame, CA, USA).
Those sections were dehydrated and mounted. Sections
incubated with normal horse serum instead of primary
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antibody were used as negative controls. Images were
captured using a light microscope (Nikon Eclipse E 400
connected to a Nikon DXM 1200 digital camera).

The results of immunohistochemical staining, evaluated
by semiquantitative methods, were given for the epithelial
cells (principal, basal and apical cells), the interstitial
stromal cells and the peritubular smooth muscle cells of
each epididymis compartment. The staining intensity was
evaluated at four different levels: ++ / strong, + / moderate,
-/ negative, +/-/ variable.

Statistical Analysis

Results were expressed as Mean = SEM after verification
of their homogeneity. The CV observed was below 20% .
Analysis of variance was performed using the One-
way ANOVA. Each parameter was analyzed by pairwise
comparison using the Tukey HSD test. All analysis was
performed using XLSTAT version 2016. The correlation
between the average epididymis weight and age was
analyzed using a Pearson’s Linear Correlation test. P<0.05
was considered as significant.

RESULTS
Epididymis Weight

The weight of the paired epididymis related to the
age presented in Fig 1, increased (P<0.001) from 2 to 5
months. At 2 month, the epididymis weight was 2.8+0.3
g, and increased quickly to 10.7+1.4 g at 5 month with a
significant increase (P<0.05) observed at 3 months. The
average epididymal weight was significantly affected
by the age (P<0.001) and a positive correlation (r=0.76,
P<0.05) was observed between the average epididymis
weight and age (Fig. 1).

Morphometry Development of the Epididymis

The evaluation of the effects of the age on the tubular
diameter, luminal diameter, and epithelial height of the
epididymis is shown in Fig. 2. The measures of tubular and
luminal diameters, and the epithelial height showed some
regional differences in the three regions of the epididymis
(Fig. 2).

The tubular diameter of the caput epididymal tubules
presented a high increase (P<0.001) from 2 (389+9.7
pm) to 3 (542+11.3 pym) months, then it stabilized at 5
months (550+13.7 pm). In 2 months-old animals, the
epididymal tubular diameter was 279+9.9 and 294+9.9
pum, respectively for the corpus and cauda epididymis,
increased to 490+7.5 and 467+11.8 um respectively in 5
months-old animals. The tubular diameter of the corpus
and the cauda epididymal tubules increased (P<0.001)
gradually, respectively between 2 to 4, and between 2 to 5
months (Fig. 2a). During the growth period, there were age
effects (P<0.001) on the tubular and luminal diameters of
the epididymal tubules (Fig. 2a).

The luminal diameters of the caput epididymal tubules
increased continuously with the age, with a significant
(P<0.001) increasing in 3 months-old animals (412+12.8
um) (Fig. 2b). The epididymal luminal diameters measuring
180+£3.7 and 221+7.9 um, respectively for the corpus and
cauda epididymis in 2 months-old animals, increased to
366+8.3 umand 373+£12.8 umin 5 months-old animals. The
luminal diameters of the corpus and caudal epididymal
tubules increased significantly (P<0.001) from 3 and 4
months respectively (Fig. 2b). During the postnatal growth,
there were age effects (P<0.001) on luminal diameters of
the epididymal tubules (Fig. 2b).

The epithelial height of the caput and caudal epididymal
tubules remained unchanged between 2 till 4 months,
then it increased significatively (P<0.001)
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in 5 months-old animals (Fig. 2c). The
epithelial height of the corpus epididymal
tubules increased significatively (P<0.001)
I in 3 months-old animals (Fig. 2¢c). During
the postnatal growth, age effected
(P<0.001) the epithelial height of
epididymal tubules (Fig. 2¢).

Immunolocalization of Androgen
Receptor During Epididymis
Development

ARs immunostaining was observed in all
the segments of lamb epididymis (Fig.

Age (Month)

1| 3). ARs were localized in the principal
> cells of the caput, corpus and cauda.
The cytoplasm was slightly positive by
comparison with nuclei in all the regions.

Fig 1. Age-related changes in the epididymis weight (g) in D'Man lamb

In the epithelium, the ARs immuno-
expression was observed in the basal and
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600 1 age : p<0.001 : : . @ apical cytoplasm of 'n.on—ciliated cells and in
: apical cytoplasm of ciliated cells.
s a
ok : k3 In the corpus and cauda epididymis, the same
E wmwl B L2 pattern of ARs repartition was observed.
E - b = However, a decreasing intensity of immuno-
§ 200 - expression was observed, with the lowest
= intensity in principal cells of corpus, and
:; e | cauda epididymis (Table 1). The peritubular
& connective tissue was negative. Intermittent
— immunostainings for ARs were also seen
N in smooth muscle and connective tissue.
s | . . ] Sperm in the lumen appeared positive for ARs
6”(" . A immunostaining. Nuclei of cells belonging
| Agep<0,001 @ to connective tissue and smooth muscle
o cells were also positive. Additionally, nuclei
= " a of interstitial cell and sperm were positive
i P : for antibodies directed against ARs. Luminal
5 ) B o ECp sperm in corpus and cauda epididymis
% 300 - LA showed positive immunostaining for ARs in
= o . oct the cytoplasmic droplet.
=
E 200 + > d No immunoreaction was observed in the
& mCd caput, the corpus and the cauda epididymidis
100 4 incubated without any primary antibody. ARs
staining in the epithelial cells appeared to
0 - . . . be stronger than in the peritubular smooth
1007 age: peo,001 " @ muscle cells. In the epithelial cells, staining
901 ab ab a intensity was stronger in the principal cells than
80 - a b a b g in basal and apical cells. The staining intensity
- 70 of AR positive cells changed depending on
:i éo the age of animal. The AR immunostaining
S intensity increased between 2 till 5 months for
E . o all the different regions of epididymis.
% 40 b
-
2 7 DISCUSSION
20 -
10 - After this study, the epididymis weight
0 4 ‘ increased quickly during the period comprised
2 3 4 5 between 2 and 5 months. The same increase
Age (month) pattern in testis weight was observed in lambs
Fig 2. Effect of age on the tubular diameter (a), luminal diameter (b), and epithelium in postnatal development ". Several authors
height (c) in epididymis. Bars represent means + SEM (n = 3). Cp: caput, Cr: corpus, Cd: reported epididymis weight was increasing
cauda with age (15,16]

Table 1. Average staining intensity of ARs in the different region of epididymis (caput, corpus and cauda) at 2 and 5 months of age during postnatal

development in D'Man lamb

2 Months 5 Months
Epithelial Cells
Caput Corpus Cauda Caput Corpus Cauda
Principal cells + + + ++ ++ ++
Basal cells = = = 15 i +/-
Apical cells + + + ++ ++ ++
Interstitial stromal cells = +/- + + +/- +/-
Peritubular smooth muscle cells - - +/- +/- + -
*Symbols are as follows: ++ strong, + moderate, — negative, +/- variable
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Fig 3. Immunolocalization of androgen receptor in the epididymis of D’'Man lamb
AR immunostaining is observed in the nucleus and cytoplasm of epididymal epithelial cells in the caput, corpus and
cauda in 2 and 5 months-old D’Man lambs. The images shown here are representative of the results of immunostaining
observed in three animals for each age group. No immunostaining was observed in negative controls (inset). E: epithelial
cell; P: principal cell; B: basal cell; N: narrow cell; Cl: clear cell; Spz: spermatozoa
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At each age, the tubular diameter decreased from the
caput to cauda in D'Man lamb. Noviana et al."” reported
in Kacang goats and local sheep that the diameter in the
corpus was smaller than the caput and cauda regions’ones,
due to the narrowed and elongated anatomical structure
of the corpus epididymis. The tubular diameter increased
significantly with the age in the cauda, because
spermatozoa were stocked in this epididymis area.

The luminal diameter of the caput epididymal tubules
presented a high significant increase in 3 months-old
animals. The epididymal luminal diameters decreased
from caput then increased in cauda. For the domesticated
adult African great cane rat (Thryonomys swinderianus) '®
and in age-related study in the rat "%, the epididymal
luminal diameters increased progressively from caput
to cauda. While the cauda epididymis acted as a sperm
reservoir, both the caput and corpus were responsible for
sperm maturation 2%,

The height of the epithelium of each region increased, as
the age increased. The epithelial height of caput was more
developed than in corpus and cauda epididymis. In One-
Humped Camel (Camelus dromedaries) 2", in rat 1'%, the
highest epithelium was seen in the caput and decreased
gradually toward the cauda; wards the epididymal duct
might mechanically facilitate the passage of the sperms
toward the terminal segment 2,

The development of a fully differentiated epithelium is
dependent on androgens and also requires the influence
of luminal factors from the testis 1?2. The epithelial cells of
epididymis are able to synthesize some steroid hormones
because the cytoplasm has accumulated lipid droplets and
contains the active enzymes of steroidogenesis, capable to
moderate the in vitro synthesis of androgens 3. Androgens
play a crucial role in the proliferation, differentiation and
function of the epididymis ?*. Immunocytochemistry
identified the epithelium of the epididymis such as a site
of ARs expression, while the connective tissue stroma and
the blood vessels lacked specific signals throughout the
organ. Androgens are also implicated in the regulation
of epididymal blood flow ©°l. The ARs immunostaining in
D’'Man lamb epididymis was observed in both the nuclei
and cytoplasm of ciliated and non-ciliated epithelial cells,
in addition to the peritubular and some stroma cells. The
epididymal localization of the ARs was reported for various
species . However, the presence of ARs epididymis is
well documented in adult ram 262 than during postnatal
development of lambs. Additionally, sperm in the lumen
appeared positive for ARs. The heterogeneous signal
distribution for ARs expression along the ram epididymis
did not change depending on age as reported in the rat ..
During postnatal development, the luminal secretion of
androgens is essential for the maintenance of epithelial cell
identity 2% and for the normal development and function
of the stromal cells B, Gur and Timurkaan ¥ reported
the progressive degenerative alterations occurred in

the seminiferous tubules after prepubertal epididymal
ligation. These degenerative changes included increase
at the seminiferous tubule diameter and basal membrane
thickness, decrease at the germinal epithelium thickness,
depletion of spermatids and presence of multinucleated
spermatids 2. Both the regionalized differentiation of
the epididymis and the variation in the luminal fluid
composition take place under the control of androgens 53,

The morphometric changes and immunolocalization of
androgen receptors during the postnatal development
of epididymis indicated the necessity of androgens for
postnatal differentiation and maintaining the structure of
the epididymis.
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Abstract

The aim of this research was to investigate the effect of cornelian cherry (Cornus mas L.) paste (CP) on the quality properties of ice cream. CP
was added to an ice cream mix at four concentrations (0, 5, 10 and 15%, w/w) for ice cream production. The increment of CP level caused the
increased of vitamin C content, a values and overrun values, whereas it decreased the viscosity of samples compared to Control ice cream
sample. The results indicated that lyophilised water extracts of CP (LWECP) contain remarkable phenolic compounds. The findings showed
that there is a positive correlation between the total phenolics and flavonoid contents in LWECP and ice cream samples antioxidant activity.
CP has shown to be an effective source of natural antioxidants. CP may be used as a source of natural colour and flavour agent in ice cream
manufacture. CP enhanced vitamin C amounts of ice cream, and improve sensory properties. In the literature surveys of Science Direct, Web
of Science, Google Scholar and Scopus databases an ice cream study using cornelian cherry fruit was not found.

Keywords: Ice cream, Cornus mas L., Cornelian cherry, Antioxidant activity, Sensory properties

Kizilcik (Cornus mas L.) Ezmesi ilaveli Dondurmanin Antioksidan
Aktivitesi, C Vitamini icerigi, Fiziksel, Kimyasal ve Duyusal Ozellikleri

Ozet

Bu arastirmanin amaci, kizilcik ezmesinin (KE) dondurmanin kalite 6zelliklerine etkisini incelemektir. Dondurma retimi icin, dort farkli
seviyede (%0, 5, 10 ve 15, w/w) KE dondurma miksine ilave edilmistir. KE seviyesinin artmasiyla, Kontrol dondurma 6rnegine kiyasla, C vitamini,
a degeri ve hacim artigi degerleri artmis, gériinlr viskozite degerleri azalmistir. Sonuglar, KE'nin liyofilize su ekstraktlarinin (KELSE) dikkate
deger fenolik bilesik icerdigini gostermistir. Bulgularimiz, KELSE ve dondurma 6rneklerinin antioksidan aktivitesinde toplam fenolik madde ile
flavonoid igerigi arasinda pozitif bir korelasyon bulundugunu gostermistir. KE, dogal antioksidanlarin etkili bir kaynagi oldugunu géstermistir.
KE dondurma urretiminde dogal renk ve lezzet verici madde olarak uygun bir kaynak olarak kullanilabilir. KE, C vitamini miktarlarint arttirmis,
duyusal 6zellikleri gelistirmistir. Science Direct, Web of Science, Google Scholar ve Scopus kaynaklarinda yapilan literatlr taramasinda, kizilcik
meyvesi kullanilarak yapilan bir dondurma ¢alismasina rastlanmamistir.

Anahtar s6zciikler: Dondurma, Cornus mas L., Kizilcik, Antioksidan aktivite, Duyusal ézellikler

and hardening process . As a result of consumer’s trend
ice cream technology rapidly has been developed by
different taste demands 2®. Many researches have been

INTRODUCTION

Ice cream is a popular and nutritious dairy product

which is consumed at all seasons. Its quality depends on
mix formulation and processing. Actually, the highest
quality of ice cream manufacture depends on excellent
quality of ingredients and a mix which is formulated and
balanced the proper function of components, freezing

focus on this field which shows that additives affects
nutritional value, functional and sensory properties. In
recent years, the interest of consumers has increased,
the fruit rich in antioxidant compounds. Among these
fruits, cornelian cherry fruits gained lately an increasing
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importance ©. Cornelian cherry fruits are rich source in
terms of their nutrients for humans such as vitamin C,
organic acid, tannin, dietary fiber and some minerals ['%'"
and have antioxidant effect "4, This fruit contain significant
amounts of polyphenols . Antioxidant compounds have
been widely used as food additives to protect food against
oxidative degradation, especially caused by lipids [,
Cornelian cherry tastes sweet-sour and slightly astringent.
Fruits are not only consumed fresh but also used to
produce jam, marmalade, pestil, compotes and several
types of soft drinks in food area. It is known that significant
amounts of anthocyanins in cornelian cherry can be used
as natural food colorants ['?., Due to many beneficial effects
of cornelian cherry, this study aims to examine usage of
cornelian cherry fruits in ice cream production. For this
reason, there are several analyses are planning to carry out
physicochemical and colour analyses, vitamin C amounts,
antioxidant properties and sensory characteristics of
ice cream samples with cornelian cherry paste (CP). In
the literature surveys of Science Direct, Web of Science,
Google Scholar and Scopus databases an ice cream study
using cornelian cherry fruit was not found.

MATERIAL and METHODS

Materials

Cornelian cherry fruits were collected from Tortum/
Erzurum, Turkey in September, 2013. All samples were
sorted in terms of shape, colour, size, ripening stage,
physical damage and then transported to the laboratory.
After removal of kernels, fruits were broken into small
pieces with a blender (Waring, 7011HS). Sugar, salep and
emulsifier (mono- and di-glycerides) were obtained from
local market. Skim milk powder was supplied by Pinar
Dairy Products Co. (izmir, Turkey). The cream and cows'’
milk were obtained from the Dairy Factory of Food
Engineering Department, Atatlrk University (Erzurum,
Turkey).

Methods
Preparation of Mixes and Ice Cream Samples

Ice cream samples were produced in the Dairy Factory of
Food Engineering Department, Atatlirk University (Erzurum,
Turkey). The mix samples were prepared at four different
compositions of 0%, 5%, 10%, 15% CP, respectively. The
formulation with 0% CP was accepted as Control. The fat
content of milk was adjusted to 6% with cream which had
38% wy/v fat content. The milk was divided into four equal
parts of 4.0 L. After that 18% sugar, 0.7% stabilizer (salep),
4.8% skim milk powder and 0.2% emulsifier (mono- and
di-glycerides) were added to all mixes. The mixes were
stirred consistently and pasteurized at 85°C for 25 s.
After cooling to 4°C and they were remained at constant
temperature for 24 h. Fresh CP was added to the aged

ice cream mixes at three different concentrations of 5%,
10% and 15%, respectively. They were frozen in ice cream
machinery (Ugur Cooling Machineries Co., Nazilli, Turkey)
and hardened at -22+1°C for one day. Ice cream samples
stored at -18+1°C.

Physical and Chemical Analysis

Colour analysis were carried out with a colorimeter
(Minolta, Model CR-200; Minolta Camera Co., Osaka, Japan).
Measurements were done according to Chunthaworn et
al'”, Colour saturation (C) and Hue angle (H°) values were
calculated according to the formula by Mendoza et al."®.
For the overrun (OR) analysis was used a standard 100-
mL cup. OR values were calculated using the following
formula ™.

Overrun (%) = (weight of the ice cream mix — weight of
same volume of the ice cream sample)/(weight of same
volume of the ice cream sample) x 100

First dripping and complete melting analysis of the samples
were carried out at room temperature (20°C) according
to the method of Giliven and Karaca . The viscosity of
ice cream samples was determined with a digital visco-
meter (Brookfield Engineering Laboratories, Model DV-
I, Stoughton, MA, USA) according to Cakmakgi et al.’.
pH, total solids, protein and ash of ice cream samples were
done according to AOAC Y, while fat was determined
according to Girsel and Karacabey 2. Ascorbic acid
amount of fresh CP and ice cream samples were
determined according to Cakmakgi et al.”.

The overall experimental procedures were duplicated.
Antioxidant Methods

Antioxidant activity of liyophilised water extract of CP
(LWECP) was determined by various in vitro methods.
To prepare LWECP, 100 g of seedless fruit was grounded
into a fine powder in a mill and added to 250 mL distilled
water. This mixture was stirred by a magnetic stirrer
for 1 day at 25°C. Then, the extract was filtered through
filter paper (Whatman No.1). The filtrates were frozen
and lyophilised in a lyophiliser (Labconco, Freezone 1 L)
at 5 mmHg at -50°C. Following measurements and
evaluations were done according to Apak et al®® and
Gakmakgi et al.”. FRAP assay is based on the reduction
of Fe3* - TPTZ complex under acidic conditions *, DPPH'
scavenging activity assay was used in order to determine
the DPPH free radical scavenging activity of LWECP. DMPD*
radical scavenging activity of sample was measured by
the N,N’-dimetil-p-fenilendiamin dihidrokloriir (DMPD)
method proposed by Fogliano et al.*’!. Total phenolic and
flavonoid compounds in the CP and ice cream samples
were done according to Slinkard and Singleton 2. The
concentration of total phenolic and flavonoid compounds
in CP was determined as pg of standard compounds
equivalent.
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Sensory Analysis

The sensory characteristics of the ice creams were
evaluated according to the modified version of hedonic
scale suggested by Bodyfelt et al?”\. Samples were tested
by fifty consumer panellists. All sensory properties were
graded from 1 to 9 (1: poor, 9: excellent) on point scales.
Coded ice cream samples were stored at -18°C for 2 days
before analysis. The samples (~50 g) were placed on white
colour plates. Each panel member evaluated the ice cream
samples in terms of their six sensory attributes including
colour & appearance, texture, flavour, sweetness and
overall acceptability.

Statistical Analysis

The experimental design consisted of a completely
randomised design in a factorial arrangement: four
treatments (ice cream samples: Control (without CP),
+5% CP, +10% CP and +15% CP, as seen Table 1), and two
replicates. Statistical analysis were performed with using
SPSS 17.0 (SPSS Inc., Chicago, U.S.A) software. Statistical
comparisons between samples were carried out using
Duncan’s Multiple Range method. Differences were
considered as significant at P<0.05.

RESULTS

Physical Properties

The colour values of ice cream samples are shown in
Table 1. The average of the overrun values achived in the
ice cream samples are summarised in Table 2. The highest
overrun and the lowest viscosity values were observed
bythe 15% CP added ice cream sample (Fig. 1). The first

and complete melting behaviours of the samples are
illustrated in Fig. 2. The lowest first dripping and complete
melting times (840 and 3870 s, respectively) were
determined in Control sample while the highest (1290
and 4620 s, respectively) were 15% CP added ice cream
sample.

Chemical Properties

Dry matter (%), protein (%), ash (%), pH and vitamin C
(mg/100 g) contents of CP were found, respectively, as
follows: 14.83; 0.66; 0.54; 3.93; 48.8. Our ascorbic acid
result is in accordance with this reported by Tural and
Koca 8, Qur dry matter and ash results are lower reported
by Ayar et al.?”.,

The chemical composition of ice creams can be seen
from Table 2. Control sample had the highest dry matter,
protein, fat, ash and pH values. There were no significant
difference (P>0.05) in the ash and fat contents for ice cream
samples. As can be seen from Table 2, pH values of samples
were found between 5.3 and 6.7. Vitamin C content of the
CP which is the material of ice creams in this study had
an average of 0.488+0.42 mg/g. It is clearly shown that in
Table 2, increasing level of CP which was added in to the
ice cream samples, was significantly increased the vitamin
C amount (P<0.05).

Antioxidant Properties

Table 3 indicates the reducing activity of CP and the
standards (BHA, BHT, a-tocopherol and trolox) using
different antioxidant activity methods. The human diet
contains plants which include a variety of phenolic and
flavonoid compounds. Additionally, it was reported that
these molecules are with respect to antioxidant capacity.

Table 1. Comparison of colour parameters for ice cream samples and CP

Samples L* a* b* H° Cc*
Control 90.02+0.18e -2.77+.0.09a 9.66+0.02e 106.00+£0.71e 10.05+0.04d
+5% CP 83.03+0.08d 2.50+0.01b 6.34+0.11d 70.93+0.17d 6.82+0.04a
+10% CP 79.12+0.37¢ 5.62+0.13c 4.49+0.05¢ 39.85+0.64c 7.20£0.12b
+15% CP 74.89+0.16b 9.08+0.10d 3.25+0.07b 16.95+£0.17b 9.64+0.09c
CcpP 29.50+0.20a 34.69+0.07e 2.43+0.28a 4.01+0.05a 34.72+0.02e
Means + standard deviation; Values followed by different letters in the same column are significantly different (P<0.05); CP: Cornelian cherry paste

Table 2. Effect of the addition of CP on the gross chemical composition of ice cream samples

I;ea ;r:laer: Tota(lo/i;alids Protein* (%) Fat* (%) Ash* (%) pH Vit;r::; Cm (aTtgelr; 00 Ov(i/:r)un
Control 41.4x0.11c 12.0+0.67a 13.0+0.34a 2.6+0.07a 6.7+0.07d < 6.0a 28.4+3.39a
+5% CP 38.0+0.09b 11.9+0.60a 12.9+0.40a 2.7+0.08a 5.9+0.04c 11.8+0.72b 39.6 +2.83b
+10% CP 37.7+0.08a 11.6+0.40a 12.8+0.40a 2.7+0.11a 5.5+0.02b 17.5+£0.61c 41.2+2.55¢
+15% CP 37.7+0.19a 11.6+0.72a 12.6+0.36a 2.8+0.09a 5.3+0.07a 18.3+£0.50c 42.3+2.97¢

*in dry matter; Mean values followed by different letters in the same column are significantly different (P<0.05); CP: Cornelian cherry paste
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Fig 1. Viscosity values of ice cream mixes
Different letters above the bars indicate significant differences by
Duncan multiple comparison test (P<0.05)
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Fig 2. First dripping and complete melting times of ice cream samples
Different letters above the bars indicate significant differences between
samples (P<0.05) (Duncan multiple comparison test)

Table 3. Ferric ions (Fe**) and cupric ions (Cu*) reductive potential and FRAP assay, DPPH " scavenging assay, DMPD ** scavenging assay of CP and reference

antioxidants at the same concentrations (20 ug/L)

Antioxidants Fe?‘”Fez" Cuprac FRAP DPPH’ Scavenging DMPD'* Scavenging
Reducing Assay Assay Assay Assay Assay
BHA 1.86 0.45 2.16 0.08 0.61
BHT 1.95 0.46 2.14 0.49 0.64
a-Tocopherol 0.78 033 1.32 0.04 0.55
Trolox 0.31 0.31 0.38 1.18 0.68
CP 0.19 0.07 0.52 1.28 0.76
CP: Cornelian cherry paste

In this study, total phenolic and total flavonoid content
of CP and ice cream samples are shown in Table 4. It was
observed that, 89.5 ug of gallic acid equivalent of phenols
and 67.20 ug of quercetin equivalent of flavonoids were
found in 1 mg of CP.

Sensory Properties

The sensory characteristics of ice cream samples are
shown in Table 5. The addition of the CP as ingredient
significantly affected the sensory analysis results of the ice
cream samples.

DISCUSSION

Colour is an important factor for consumers due to
the fact that colour of food is closely associated with
freshness, ripeness, desirability and food safety. L* and b*
values decreased significantly (P<0.05) with increase in CP
concentration. Black and blue character-istics increase
when CP concentration increase in the ice cream
samples. A disparate trend was observed in a* values.
The highest a* value was determined at 15% CP added
ice cream sample. Morever, Yiksel et al® reported that
similar result was observed in terms of a values of ice
cream with terebinth coffee. The highest C* value was

achieved with Control while the lowest was 15% CP added
sample. Data also showed that H° value progressively
decreased by CP addition in increasing concentrations.
The hue angle value of Control sample represents a
colour in the yellow/green region due to between 90° and
180°. This region changed towards the red/yellow region
with CP addition. The phenolic substance addition
changes the colour properties of ice creams compared
to Control sample 1,

Overrun is an important parameter for evaluating an
ice cream product. This situation relates to a rising
in the volume of ice cream during processing 5. The
highest overrun and the lowest viscosity values were
observed by the 15% CP added ice cream sample. The
lowest overrun was determined Control sample. There
are opposite results about overrun and viscosity values
at literature. Researchers generally studied with dried
fruits or concentrated fruit products in these studies.
For example, one of the study of Hwang et al.®? about
grape wine lee (GWL) paste explain that addition of
GWL in ice cream product with increasing concentration
caused decreasing of overrun and increasing in viscosity
values. In this study, CP which has high water content is
the material of this experiment. Therefore, the general
increment in overrun and decrement in viscosity values
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Table 4. Total phenolic and flavonoid contents of CP and ice cream samples

Samples Total Phenolic Content Flavonoid Content
(Mg GAE/mg) (ng QE/mg)
(@ 89.5+1.45e 67.20+1.10e
Control 18.1+2.20a 13.6+2.10a
+5% CP 47.06£2.13b 38.65+1.30b
+10% CP 53.50+3.10c 49.23+2.50c
+15% CP 68.75+1.20d 53.47+2.00d

Mean values followed by different letters in the same column are significantly different (P<0.05); CP: Cornelian cherry paste

Table 5. Sensorial properties of ice cream samples (1: poor, 9: excellent)

Samples

Properties

Control +5% CP +10% CP +15% CP
Colour and appearance 7.2+1.04a 7.4+0.93b 7.8+0.82c 7.9+0.48c
Texture 7.2+0.57a 7.4+1.14b 7.9+0.54c 8.0+0.64d
Flavour 6.8+1.01a 7.5£0.83c 7.4+0.25b 7.4+0.45b
Sweetness 7.4+0.82c 7.4+0.78c 7.2+0.48b 6.9+0.25a
General acceptability 7.2+1.00a 7.6+£0.56b 7.6+0.59b 7.7+0.86b

Mean values followed by different letters in the same column

are significantly different (P<0.05); CP: Cornelian cherry paste

with CP addition were considered as normal. Fig. T illustrates
the viscosity values of samples which are measured at
20 and 50 rpm. Addition of CP with a concentration of
5%, 10% and 15% caused a significant decrement (P<0.05)
in the apparent viscosity when it was compared to
Control sample.

The lowest first dripping and complete melting times
were determined in Control sample while the highest one
was 15% CP added ice cream sample. At the same time
15% CP added sample had the highest overrun value,
as previously reported. Similarly, Sakurai et al.®® and
Sofjan B4, reported that ice creams with lower overruns
had faster melting rates.

The chemical composition of ice cream samples can be
seen in Table 2. Control sample had the highest total solids,
protein, fat, ash and pH values. There were no significant
difference (P>0.05) in the ash and fat contents for ice
cream samples. As can be seen from Table 2, pH values of
samples were in the range of 5.3 to 6.7. All of ice cream
samples added to CP had statistically (P<0.05) lower pH
values when it compared to Control sample.

The cornelian cherry fruit contains high amount of
ascorbic acid between 0.164 and 0.786 mg/g as reported
by researchers %31, |n this aspect, ascorbic acid content
is significantly higher when it compared to other fruits
which contain high ascorbic acid such as oranges (0.31
mg/g), strawberries (0.46 mg/g) and kiwis (0.29-0.80
mg/g) "l Vitamin C analysis is essential for fruity ice
creams which have high vitamin C contents. The added of
CP with increasing level (5%, 10% and 15%) dramatically

increased the vitamin C amount of ice cream samples
(P<0.05). The highest vitamin C value was achieved by
15% CP added sample (18.3 mg/100 g) while the lowest
was in Control sample (<6.0 mg/100 g).

Antioxidants may be used to help the human body in
reducing oxidative damage by free radicals and active
oxygen ¢, The antioxidants use to protect quality of lipids
and fatty foods. Therefore, antioxidants play much more
important role in the food industry '>*7, The antioxidant
activity of CP and the standards (BHA, BHT, a-Tocopherol
and Trolox) with using different antioxidant method are
presented in Table 3. For measuring reductive activity of
CP, the Fe3*-Fe?* transformation was investigated in the
existence of CP. CP has a approximate effect trolox rather
than other standarts in all metods. In addition, cupric ion
(Cu?*) reducing power of CP and standards decreased in
order of CP < trolox < a-Tocopherol < BHA < BHT. When
the FRAP (Ferric reducing antioxidant power) assay of CP
and the same amount of the standard compounds was
examined, CP has a higher activity than Trolox.

DPPH' scavenging activity of CP and standards increased
in the following order: a-Tocopherol> BHA> BHT> Trolox>
CP. According to results obtained from DMPD™ radical
scavenging assay (Table 3), DMPD scavenging ability of CP
has similar to the all standards.

Flavonoids are the most common group of polyphenolic
compounds in the human nutrition and they are
commonly found in fruits and vegetables ©'3. Known
quantities of gallic acid and quercetin were used as
the standart for calibration curves for analysis of total
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phenolic and flavonoid compounds. Our datas showed
that phenolic and flavonoid contents of ice cream samples
increased with the addition of CP when compared with
control group. It was observed that, 89.5 ug of gallic acid
equivalent of phenols and 67.20 ug of quercetin equivalent
of flavonoids were found in 1 mg of CP. Our results are
higher than the results reported by Moldovan et al.”l. As
seen in Table 4 total phenolic and total flavonoid content
of ice cream samples in the range of 18.1-68.75 ug GAE/
mg and 13.6-53.47 ug QE/mg, respectively. These findings
clearly demonstrate that there is a positive correlation
between the total phenolics and flavonoid contents in the
samples and antioxidant activity.

The addition of the CP as ingredient significantly affected
the sensory analysis of the ice cream samples (Table 5).
Samples have different colour and appearence score range
between 7.2 and 7.9. The highest score was determined in
sample +15% CP. CP gave reddish colour to ice cream that
was desirable for the panellists. The samples containing
CP showed relatively high scores in terms of organoleptic
characteristics such as colour and appearance, texture,
flavour compared to the Control group. The highest value
of colour is +15% CP, although the lower values of colour
are +10% CP, +5% CP and Control samples, respectively.
Morever, the addition of CP positively affected colour,
texture, flavour. The highest flavour score is determined
in +5% CP sample. The highest sweetness score was
determined in Control sample and following order +5%
CP, +10% CP and +15% CP. Therefore, the addition of CP
decreased sweetness of ice cream samples. The general
acceptability scores were higher in all CP samples
compared to Control group. Ayar et al.**’ have determined
that yogurt made with CP is more appreciated than yogurt
samples made with Diocypros kaki, Diocypros lotus and
rosehip (Rosa rugosa). Also, Celik et al.*® stated that CP can
be successfully used in fruit yogurt production.

The addition of CP significantly affected the physico-
chemical, colour, sensory and antioxidant properties of
ice cream. CP has a sweet-sour, slightly astringent taste
and pleasing colour. Thus, ice cream samples with the
fruit were preferred by the panellists. CP can be used as
easily accessible source of natural antioxidants and a
potential food additive in food industry. CP enhanced the
amounts of vitamin C and improved sensory properties in
ice cream. Generally, the best properties were determined
in +10% CP concentration compared with Control group.
CP may be used as a source of natural colour and flavour
agent in ice cream manufacture. In general evaluation
of the research results, this fruit which is less known can
be as a potential functional food or value ingredients in
our digestive system.
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Abstract

Pectus excavatum (PE) is an uncommon, congenital thoracic wall deformity that has been previously documented in a variety of
species. Most of the time, the preferred treatment modality is surgical. External and internal splints may also be used according to the
age of the patient and pliability of the sternum. In this study, the authors have aimed to share the clinical and radiographic results
obtained in the treatment of PE by traditional external splintage, internal splintage and sternal turnover techniques in cats. For this
purpose, PE was treated using the sternal turnover technique in 8 patients, internal splintin 1 patient and external splint in 9 patients.
Ages of the patients varied between 2-24 months. The external splint technique was preferred to treat cats aged younger than 12
months. Frontosagittal indices (FSI), vertebral indices (VI) and clinical severity scores (CSS) were determined before and after surgical
interventions. Mean FSI, VI and CSS values were 2.1, 10.0 and 0.8 and 1.8, 11.3 and 0.4 in external splint and sternal turnover groups,
respectively. At the end of the study, FSl and VI values did not reach the reference interval, however, CSS values were improved in both
the external splint and sternal turnover groups. In conclusion, results of the sternal turnover technique, used for the first time in feline
patients with PE, were satisfactory even though complete recovery in FSI and VI values could not be achieved. Also, in the opinion
of the researcher, results of using sternal turnover technique in feline PE patients younger than 12 months of age should be further
investigated.

Keywords: Pectus Excavatum, External Splint, Sternal Turnover, Cat

Pektus Ekskavatum Hastasi Geng ve Yetiskin Kedilerde Cerrahi Tedavi
Sonuclari

Ozet

Pektus ekskavatum (PE) farkli tirlerde gortildigu 6nceki yillarda rapor edilmis bir kongenital toraks duvari deformitesidir. Tedavisinde
¢ogu zaman cerrahi yontemler tercih edilir ve hastanin yasi ve sternumun esnekligi géz oniine alinarak eksternal veya internal
splintlerden faydalanilir. Bu calismada PE ‘nin geleneksel eksternal ve internal splint uygulamasi ve sternal dondirme teknikleri
ile tedavisi ile elde edilen klinik ve radyografik bulgularin paylasiimasi amaclanmistir. Bu maksatla ¢alismamizda PE, 8 hastada
sternal dondirme, 1 hastada internal splint, 9 hastada ise eksternal splint kullanilarak tedavi edilmistir. Hastalarin yasi 2 ila 24 ay
arasinda degismekteydi. Oniki ayliktan kigulk kedilerin tedavisinde eksternal splint teknigi tercih edildi. Frontosagital indeks
(FSI), vertebral indeks (VI) ve klinik 6nem skorlari cerrahi girisim 6ncesi ve sonrasinda tespit edildi. Ortalama FSI, VI ve klinik 6nem
skorlari, eksternal splint ve sternal dondiirme uygulanan gruplar icin sirasiyla 2.1, 10.0 ve 0.8 ve 1.8, 11.3 ve 0.4 olarak hesaplandi.
Calismanin sonucunda eksternal splint ve sternal dondirme grubunda FSI ve VI degerleri normal referans araliga getirilemedi
ancak klinik 6nem skorlari iyilestirilebildi. Sonug olarak kedilerde PE ‘un tedavisinde ilk kez kullanilan sternal dondirme teknigi ile
elde edilen sonuglar her ne kadar FSI ve VI indeks degerleri normal sinirlara ¢cekilemese de tatminkar bulundu. Ayrica arastiricilarin
gorusine gore, sternal dondiirme tekniginin 12 ayliktan kiiclik kedilerde PE ‘un tedavisi icin kullanilmasinin ayrica arastirilmasi
gerekmektedir.

Anahtar sézciikler: Pektus Ekskavatum, Eksternal Splint, Sternal Déndiirme, Kedi
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INTRODUCTION

Pectus excavatum (PE) is an uncommon congenital
abnormality of the chest wall and it is characterised by a
concave deformity of the caudal sternum and consecutive
narrowing of the entire thorax . This anomaly has been
reported in humans, cats, dogs, cows, sheep, ruffled
lemurs and sea otters. While the aetiology of PE is poorly
understood, possible reasons have been reported as;
shortening of the central diaphragmatic tendon, abnormal
diaphragmatic musculature or abnormal intrauterine
pressure, especially in the congenital form B, PE is inherited
in humans, and the predisposition of Burmese kittens and
brachycephalic dogs suggests a possible heritable basis in
small animals ™.

The major clinical symptoms in PE are growth retardation,
exercise intolerance, cyanosis, tachypnea and vomiting ..
Cardiac displacement, murmurs and cardiomegaly may
occur in humans and small animals . A diagnosis of PE
can be made by palpation and radiography. The deformity
may be evaluated objectively by measuring the fronto-
sagittal and vertebral indices on thorax radiographs .,

Animals with solely a flat chest may contour to near
normal configuration, medical management could be
prefered 2. Surgical treatment of PE is indicated when
cardiopulmonary signs are severe. In very young patients,
when the tissues are still pliable, external splinting may
be used “#8, Older animals usually require surgery on the
hard or soft tissues of the thoracic wall to allow correction
of the defects 73,

In this study, the authors evaluated the surgical treatment
results of both young and adult cats with PE using external
splint and sternal turnover technique.

MATERIAL and METHODS

Patient Selection and Preoperative Evaluation

All cats were brought with the complaint of respiratory
distress. Cats with concave deformity of the caudal
sternum determined during clinical examination were
included in the study. Depending on respiratory rate and
the severity of exercise intolerance and dyspnoea, clinical
severity score (CSS) was rated between 0-5 during clinical
examination. No clinical signs during examination was
scored 0 and prolongesd periods of dyspnea with evidence
of significant extrathoracic disease was scored as 5,
according to previous study %, Radiographic examination
of the thorax and blood tests were carried out routinely.

Frontosagittal (FSI) and vertebral indices (VI) were used
to assess the severity of PE in all patients. FSI is the ratio
of thoracic width at T10 level in dorsoventral radiography
and the distance from the centre of the ventral surface of
T10 or the vertebra overlying the deformity to the nearest

point on the sternum in laterolateral radiography. VI is the
ratio of the distance from the centre of the dorsal surface
of the vertebral body overlying the deformity to the near
point of the sternum and the dorsoventral diameter of the
centrum of the same vertebra. FSI between 0.7-1.3 and VI
between 12.6-18.8 were considered normal ', FSI >2 and
VI <9 were considered as surgical candidates.

Surgery

Butarphanol (Butomidor®, Interhas) 0.4 mg/kg SC was used
for preanesthethesia. Also we took precaution to avoid
postoperative respiratory distress by the use of butarphanol
at the same time. Anesthesia was induced with 2-4 mg/
kg IV propofol (Pofol®, Sandoz) and maintained with
isoflurane in oxygen. Non-rebreathing anesthesia circuit
was used. Patients were positioned in dorsal recumbency
and the ventral thorax was aseptically prepared for surgery.
Perioperative fluid therapy consisted of Lactated Ringer’s
solution (10 mL/kg/h). Three different surgical treatment
method were used depending on the pliablility of the hard
and soft tissues. Ceftriaxone (Novosef® Zentiva) 50 mg/kg
IV was administered 30 min before the operation.

External Splint Application

Preoperatively, a U-shaped, two sided splint made of PVC
material was prepared by making holes at 1 cm intervals to
include the sternum. The patient was positioned in dorsal
recumbency. Non-absorbable monofilament no:1 suture
material (Propilen®, Dogsan) was passed under the internal
surface of the sternum starting from the caudal xiphoidea.
Suture ends were left long and tagged with mosquito
haemostats. All stay sutures were passed through the
holes on the splint using an 18-gauge needle and then
tied securely. The edges of the splint were padded. A
bandage was applied lightly to cover the splint. The splint
was removed three weeks post-surgery. After removal of
the splint, normal thoracic depth was observed in physical
and radiographic examinations.

Internal Splint Application

A medial ventral surgical approach to the sternum was
used. Sternebrae were liberated from the superficial,
deep pectoral and rectus thoracis muscle attachments
by periosteal elevation 3. Non-absorbable no:1 mono-
filament sutures were passed under the sternebrae and
costae and then were passed through the holes on the
special design T-shaped plate (316-L steel) and finally tied
securely. The skin was closed routinely (Fig. 1).

Sternal Turnover Technique

The cat was positioned in dorsal recumbency, and both
the ventral aspect of the thorax and the abdomen were
prepared aseptically for surgery (Fig. 2-A). A midline skin
incision was made extending from the manubrium of
the sternum to 2 cm cranial to the umbilicus (Fig. 2-B).
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cranial; Cau, caudal; L, left; R, right

Fig 1. Internal splint application, case no 2. Preoperative lateral radiographic view, A; Placement of internal splint to ventral thorax by
circumcostal and circumsternal sutures, B; Postoperative lateral radigraphic view, C; Postoperative dorsoventral radiographic view, D; Cr,

Following this, the sternum was transected just above the
point where it begins its posterior displacement. Costal
cartilages and medial ends of the intercostal muscles were
then resected en bloc (Fig. 2-C,D) "*.. The sternum was freed
from its dorsal attachments, turned over and attached to
its cranial part using Kirschner wires (Fig. 2-E,F,G,H). Next,
the lateral and caudal parts of the sternum were attached
to muscles and other soft tissue structures using no:0
monofilament absorbable suture material (Tekmon®,
Dogsan) in a simple interrupted fashion (Fig. 2-1). Skin and

subcutaneous tissues were closed using 2/0 monofilament
non-absorbable suture material (Propilen®, Dogsan) (Fig.
2-J). Laterolateral and dorsoventral thorax radiographs
were taken and evaluated in the pre- and post-operative
periods and also following removal of the Kirschner wire

(Fig. 3).
Postoperative Management and Evaluation

Patients were placed in an oxygen tent and respiratory rate,
mucous membrane colour and existence of dyspnoea was
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I; Subcutaneous tissues and skin were closed routinely, J

Fig 2. Operation stages of the sternal turnover technique. Patients were positioned in dorsal recumbency and ventral thorax was
aseptically prepared, A; Median skin incision was made from manubrium to the caudal of xyphoid process, B; Costal cartilages and the
medial ends of the intercostal muscles were then resected en bloc, C; Sternum was transected just above the point where it begins its
posterior displacement, D; Sternum was freed from its dorsal attachments, E-F; Sternum was turned over 180° and @ 1.5 kirshner wire
was passed through the centre of the sternebrae, G-H; Next, sternum was attached to its cranial part by kirchner wire and lateral and
caudal parts of sternum were attached to muscles and other soft tissue structures using no:0 monofilament absorbable suture material,

Fig 3. Preoperative and postoperative control radiographs of a cat (Case no: 6) in the sternal turnover group. Preoperative view of the
sternal concavity, A; Changes in the sternal concavity immediately after operation, B; Lateral thorax radiography of the same cat 2
months after the operation, immediately after removal of the kirschner wire, C

observed at regular intervals. Administration of antibiotic
and analgesic medications (Ceftriaxone and butarphanol)
were continued for 7 days. External splints were removed
20 days after the operation and control radiographs
were taken. In patients treated using the sternal turnover
technique, Kirschner wires were removed 1.5-2 months
postoperatively. FSI and VI values were recalculated in
external splint and sternal turnover groups on radio-
graphs taken 20 days and 1.5-2 months postoperatively,
respectively. CSS was reevaluated and recorded at the
same time.

RESULTS

The material of this study comprised a total of 18 cross
bred cats (10 male and 8 female). Their ages varied
between 2 and 24 months (average 11.1 months). During
this study PE was diagnosed in 2 littermates from the same
mother. Case no 16 and 17 were brothers and external
splint application was carried out. Clinical signs included

palpable abnormality of the sternum, as well as exercise
intolerance and dyspnea in all of the patients. CSS was
evaluated in both the preoperative and postoperative
period. Patient were split into groups according to their
age at the time of admission. While the external splint
technique was used in cats younger than 12 months old,
the sternal turnover technique was used in cats older than
12 months of age.

PE was treated using the sternal turnover technique in 8
patients, internal splint in 1 patient and external splint in
9 patients. One of the patients (case no: 7) treated with
an external splint died in the acute postoperative period
due to respiratory distress. Also another patient in the
external splint group (case no: 4) was presented to the
clinic with a complaint of severe dyspnea one week
after removal of the external splint. Control radiography
revealed that the concave deformity of the sternum had
worsened after splint removal. The external splint was
reapplied. The internal splint application in one patient
(case no: 2) failed. A reaction occurred between the soft
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Table 1. Signalment, preoperative and postoperative FSI and VI indices and CSS, surgical techniques used and complications including information
belonging to the patients

FSI: frontosagittal indices; VI: vertebral indices; CSS: clinical severity score; N/A: not applicable

Table 2. Evaluation of the postoperative mean FSI, VI and SCC values of the patients in sternal turnover and external splint groups

FSI: frontosagittal indice; VI: vertebral indice; CS: clinical severity score; sd= standart deviation

tissue and the plate and the material had to be removed
(Table 1).

When the external splint and sternal turnover groups were
evaluated separately, the improvement in FSl and VI values
in the postoperative period were different. Mean FSland VI
values were 2.1 and 10.0 in the external splint group and
these values did not reach the reference interval. On the
other hand, general clinical condition and CSS (mean 0.8)
values were satisfactory in the external splint group when
compared to the preoperative period. FSI and VI values
were close to the reference interval in the sternal turnover
group (FSI, mean 1.8; VI, mean 11.3) at 1.5-2 months
postoperatively and general condition and CSS (mean
0.4) values had improved as much as the external splint
group (Table 2).

Postoperative skin abrasions, suture abscesses, and
dermatitis-like complications were rarely observed and
any additive evaluation was not required.

DISCUSSION

Pectus excavatum, also known as funnel chest or trichter-
brust, is a skeletal abnormality of the sternum characterised
by dorsal deviation of the sternebrae and resultant dorso-
ventral compression of the thorax B. Aetiology of the
congenital form is poorly understood. Theories such as;
shortening of the central diaphragmatic tendon, abnormal
diaphragmatic musculature or abnormal intrauterine
pressure have been put forward . Predisposition in
Burmese cats suggests that this developmental defect
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application, C

Fig 4. Case no: 4. Preoperative radiography, A; One week after removal of external splint, B; One month after second external splint

may be heritable in some cases "% In this study, PE was
determined in 2 littermates. Although no genetic tests
have been performed, it has been suggested that PE may
be heritable in such cases.

PE has been reported in Bengal, Main Coon, Burmese,
domestic shorthair and domestic longhair cats #8141617],
Domestic shorthair and domestic longhair cats are cats of
mixed ancestry and thus not belonging to any particular
recognised cat breed "', in other words cross bred. In the
present study, all of the cats were cross bred. When the
authors analyzed previous studies, PE was commonly seen
in cross bred cats. The breed distribution of cats in this
study is compatible with previous cases and studies.

External splint application to the ventral aspect of the
thorax is the most common technique used to correct
PE defects in small animals. However, the external splint
technique can be used in young animals due to the
pliability of the costal cartilage and sternum, and the
thorax can be reshaped by applying traction to the
sternum using sutures 2. Although some studies suggest
that external splintage should be used before 4 months of
age “, it is also known that this technique can be used in
older animals and FSI and VI could be improved . In this
study, the external splint technique was used in cats older
than 4 months old (oldest 9 months-old). Postoperative
mean FSI and VI values did not reach the normal reference
ranges but respiratory and cardiopulmonary signs had
regressed. Body weight was increased and exercise
intolerance and high respiratory rates were decreased in
most of the patients in the postoperative period. Mean
CSS in this group was 0.8. One patient (case no:18) was
brought to the clinic 1 month after removal of the external
splint, with complaints of a relapse of the respiratory
signs and an increase in the concave deformity of the
sternum. In this case, the external splint was reapplied and
removed 3 weeks later as usual (Fig. 4). It is known that, the
ensuing costal mineralisation provides sufficient rigidity to
maintain the costal arch and sternum in their final correct
shape after removal of the external coaptive device M3,
Ongoing contraction of the central diaphramatic tendon,
especially in ages 2 to 4 months may be the reason of
the rising concavity after removal of the external splint in

this case. According to the authors’ observations, external
splint was considered to be better tolerated in 5 to 9
month-old cats in terms of postoperative adaptation and
respiratory signs regressed more rapidly. On the other
hand, the reanimation period was longer and respiratory
distress-like complications were more common in cats
younger than 4 months of age in the external splint group
in this study.

In adult cats, the sternum is less pliable and the external
splint technique may not be sufficient enough to correct
sternal abnormality. Because of this, instead of external
splints, the plate and Kirschner wire were both used to
correct sternal deformity in cats older than 4 months 123,
In this study, the researchers used a special design T-shaped
plate to correct sternal deformity in a 12 month-old cat as
an internal splint but the results were not satisfactory. In
this case, the plate was placed on the sternum and
attempts to stabilise were made using circumsternal
and circumcostal sutures. In this case, poor stabilization
of the plate resulted in soft tissue reaction and seroma
formation under the skin. The plate was removed and no
other treatment options were applied since consent was
not given by the owner.

Sternal turnover technique was first described in 1965
for the treatment of PE in human patients "%, Satisfactory
results using this technique were obtained in 97% of
the 199 patients in the 15-year experience. Despite the
excellent results and the appeal of such a direct method of
repair, experience with sternal turnover has been limited
even in human medicine until the 1980s "' In this study,
the researchers preferred to use this technique to treat
PE in cats older than 12 months. When preoperative and
postoperative FSI and VI values were examined, it was
determined that FSI and VI values close to normal chest
conformation could be reached in the sternal turnover
group. In addition, postoperative CSS values were between
0-1 in all of the patients in the postoperative period.
Although sternal turnover has some disadvantages,
such as a long operation time and more invasive surgical
technique when compared to other internal splint
methods, results were satisfactory. On the other hand,
sternal turnover technique may give better results, if this
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technique is used in cats younger than 12 months of age,
since the cats continue to grow.

In conclusion, the results achieved by the authors suggest
that, sternal turnover technique may be used successfully
to correct sternal deformity in PE in cats older than 12
months of age. Also, results of using the sternal turnover
technique in PE patient cats younger than 12 months of
age should be further investigated.
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Abstract

Articular cartilage lesions are most common injury of the knee for which several repair methods have been described. We
described in-vivo potential of collagen type | scaffold extracted fromknee of ostrich. Full thickness defects were created
bilaterally in the weight bearing area of femoral condyles of the both femurs of 7 white New zealand adult male rabbits
weighting 1800+100 g. The six left medial condyles as experimental group | were filled by using cell-free tissue and six
right medial condyles of the same rabbit were treated by cell-tissue as experimental group Il and the right medial condyle
defect of one rabbit as control group was left without treatment. Histopathology data demonstrated significant difference
between three groups with respect to the cartilage repair indicators as the morphology of the cells, color matrix and cartilage
thickness (P<0.05). Furthermore, sub-chondral bone formation showed a significant difference and relationship between two
experimental groups and control group (P<0.05). The use of cell-free ligamentum plantar matrix showed markedly significant
improvement in the processes of joint cartilage repair compared control group (P<0.05). Results support the use of cell-free
ligamentum plantar can be useful and promising bio-engineering procedure as a scaffold for the treatment of the articular
cartilage surface.

Keywords: Cell-free matrix, Ostrich plantar ligament, Repair, Articular cartilage defect, Rabbit

Tavsanlarda Artikular Kartilaj Defekt Onariminda Devekusu Plantar
Ligament Kokenli Hiicre icermeyen Matriks Doku Kullanimi

Ozet

Artikular kartilaj lezyonlari dizin en siklikla gozlenen yaralanmasi olup birka¢ onarim metodu tanimlanmistir. Bu calismada
devekusunun dizinden ekstrakte edilen kollajen tip | doku iskelesinin in vivo potansiyeli tanimlanmistir. Agirhklarr 1800+£100
g olan 7 adet Yeni Zelanda ergin erkek tavsanin her iki femurunda femoral konduluslarin agirlik tasiyan bolgelerinde bilateral
olarak tim kat hasari olusturuldu. Alti sol medial kondulus hiicre icermeyen doku ile doldurulurken (Grup ) ayni tavsanlarin
alti sag medial kondulus hasari hiicre iceren doku ile tedavi edildi (Grup Il) ve bir tavsanin sag medial kondulus hasari tedavi
uygulanmayarak kontrol grubu olarak birakildi. Histopatoloji bulgulari kartilaj onarim belirtecleri olarak hiicre morfolojisi, renk
matriks ve kartilaj kalinligi bakimlarindan her t¢ grup arasinda anlaml derecede fark oldugunu gésterdi (P<0.05). Ayrica, sub-
kondral kemik olusumu iki deney grubu ile kontrol grubu arasinda anlamli derecede fark oldugunu gdstermistir (P<0.05). Hiicre
icermeyen ligamentum plantar matriks kullaniminin kontrol grubu ile karsilastirildiginda eklem kartilaj onariminda belirgin
derecede iyilesme olusturdugu gézlemlendi (P<0.05). Elde edilen sonuclar hiicre icermeyen ligamentum plantar kullaniminin
artikular kartilaj ylizey onariminda bir doku iskelesi olarak tGmit verici biyomuhendislik prosediriinde yararl olabilecegini
gostermistir.

Anahtar s6zciikler: Hiicre icermeyen matriks, Devekusu plantar ligament, Onarim, Artikiiler kartilaj hasari, Tavsan
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INTRODUCTION

Cartilage defects have been indicated to being the most
common injury of the knee joint caused by trauma,
inflammation and/or biomechanical dysfunction. Chondral
and osteochondral lesions related to injury or other
pathologic conditions are mainly associated with the
progression of osteoarthritis, leading to joint destruction.
The articular cartilage defects are one of the main
challenges in orthopedic surgery and may progress
symptomically to severe osteoarthritis in the stifle joint 2.

Several approaches have been described for cartilage
repair such as bone marrow stimulation via micro-
fracture or drilling, arthroscopic resurfacing, autologous
chondrocyte implantation (ACl), and osteochondral trans-
plantation. The repair of articular cartilage remained
as a challenge for many years particularly because of
cartilage’s hypocellularity and insufficient nutrient supply.
Furthermore, other factors responsible for delayed healing
include the inability of bone marrow stem cells or resident
chondroprogenitor cells for hyaline cartilage formation
played role 219,

ACl has been demonstrated to be promising when
implanting culture-expanded chondrocytes alone in
clinical trials "#. The disadvantages of autologous or
allogeneic osteochondral transplants are shown to be the
limited amount of grafts and donor site morbidity and
also the incongruence of the surface. The implantation of
autologous chondrocytes has been used for the treatment
of full-thickness cartilage lesions. It is worth noting that
this method is not effective for treatment of many types
of lesions such as deep defects involving the subchondral
bone [9,10]'

Different scaffolds with osteochondral regenerative
potential have been provided in order to overcome
problems of joint treatment, and promising findings
were achieved using these scaffolds "2, In recent years,
matrix-induced autologous chondrocyte implantation has
successfully been used in animal models " and even in
clinical trials '¥. However, mentioned technique is time-
consuming and implicates the risk of potential donor-
site morbidity because of chondrocyte harvesting >,
Collagen-based materials have been already used for
cartilage repair in rabbits with satisfying findings "8,

Various matrices were applied in orthopedic applications
including polylactic acid based matrices, fibrin glue,
hyaluronic acid, alginate, polyglycolic acid, and collagen "%,
It has been indicted that collagen-based matrices may be
satisfying in this respect because of their biocompatibility,
biodegradability and mechanical integrity.

Cell-free collagen type | scaffold has been reported to be
correlated with high-quality tissue repair in defects up to
12 mm in diameter 22, Moreover, a new technique using

a cell-free collagen type | matrix in human have been
suggested promising findings.

This study was aimed to investigate the effectiveness of
a cell-free scaffold derived from ostrich type | collagen in
healing of loading aspect of cartilage defect in rabbit.

MATERIAL and METHODS

This study was carried out on rabbit as an animal model
after approval by ethical committee of the Iranian
laboratory animal ethic frameworks under the reference
code IAEC-205-P.

Tissue Restoration

A total of five pairs of ostrich’s limb with an average age of
11 months were collected from a slaughterhouse in Iran.
Metatarsophalangeal fibrocartilage tissue of limbs were
used for tissue engineering and creating extracellular
scaffold in order to replace a cartilaginous defect in rabbit
femoral condyle. Histological examination on this tissue
revealed fibrocartilage tissue rich in collagen fibers.

Briefly, the tissue samples were harvested and placed in
the plantar surface of the metatarsophalangeal joint of 3
and 4t digits. The tissues were transferred to the laboratory
of Faculty of Specialized Veterinary Sciences, Science and
Research Branch of Islamic Azad University. After washing
with sterile sodium chloride solution and 10% povidone
iodine, specimens were fixed with 10% neutral buffered
formalin for histological evaluation and stored in PBS
(Phosphate buffered saline) solution for decellularization
process.

For preparing a cell- free tissue, a combination of physical
and chemical methods were applied. The protocol used
in this study was a modification of the method described
previously by Tischer et all?®. An equal approximately
5 mm thick specimens were placed in deionized water
for 48 h. Then sonicator was used as a mechanical stage
of decellularization process. It was followed by ionic
detergent (Sodium dodecyl sulfate (SDS) 2%) in a vacuum
for 10 days. This process continued by placing them in
deionized water and 70% ethanol for 24 h separately.
Finally, they were washed and put in PBS.

In order to confirm decellularization process, the tissues
were sent to laboratory for DAPI (4,6-diamino-2-
phenylindole) staining. To determine types of bacteria
in the fibrocartilage tissue and select effective post-
operative antibiotics, bacterial cultures were performed
on Blood-agar and Mac-conkey medias. A sample was
also cultured on Muller-Hinton agar and antibiotic discs
including Ciprofloxacin, Oxytetracycline, Chloramphenicol,
Cloxacillin, Ampicillin, Gentamicin, Penicillin, Lincomycin,
Enrofloxacin and sultrim were used to test bacterial
sensitivity. The cultures were incubated in 37°C for 48 h.
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To inhibit bacterial growth in the acellular tissue, an
antibiotic cocktail containing 100 mg streptomycin, 80
mg of gentamicin and 100 units of penicillin was added
to PBS solution. The in-vivo study was performed on seven
white Newzealand adult male rabbits with average weight
of 1800+100 g. In order to respect ethics, we involved
less animals in the study. Therefore left and right limbs of
each rabbit were prepared for surgery. The rabbits were
randomly divided into three groups (two experimental
and one control). The left limbs of six rabbits designed as
experimental group | and were implanted with acellular
scaffold, the right limbs of same rabbits were designed
as experimental group Il and were implanted with
unprocessed scaffold. Both limbs of another rabbit were
used as control group with no treatments. In order to
achieve environmental adaptation, all animals were kept
for a week before initiating the study under appropriate
temperature, humidity and diet. Animals were kept NPO
(Nil Per Os) for 6 hours and were prevented from drinking
water for 2 h before surgery. They were anesthetized
with intramuscular injection of acepromazine (1 mg/kg)
and ketamine hydrochloride (40 mg/kg) cocktail. After
aseptic preparation of stifle joint, animals were positioned
in dorsal recumbency. Arthrotomy of each stifle was
performed via lateral approach and medial femoral
condyle was exposed (Fig. 1-A).

A 4 mm osteochondral defect was made on the weight

bearing surface of medial femoral condyle with orthopedic
drill. Cell-free and cellular plantar ligament were trimmed
to a diameter equal to the defect size and implanted
with press fit technique in left and right femoral medial
condyle defects in experimental group | and II, respectively
(Fig. 1-B). Both condylar defects in control group was left
untreated. The joint was irrigated with diluted Gentamicin.
Afterward, the joint capsule was sutured with 4-0
polyglactin910 with simple interrupted suture pattern.
Subcutaneous tissue was sutured with the same suture
material with continuous suture pattern. The skin was
sutured with nylon suture material with simple interrupted
suture pattern in all rabbits.

In first 48 h, ice pack was placed over the surgical site twice
a day for 15 min. For the next 72 h, warm compress was
placed on the surgical site every 12 h for 15 min. All the
animals received a daily dose of Enrofloxacin (5 mg/kg)
and Flunixin meglumine (1 mg/kg) two times a day for
3 days. Clinical assessment was also done. Both groups
were evaluated for walking pattern, pain, joint effusion
and range of motion (ROM) and infection. The animals
were euthanized with intravenous injection of high dose
thiopental sodium 12 weeks after surgery and specimens
were collected and fixed in 10% Buffered formalin.
Decalcification process was performed with EDTA 5.5%
solution. The specimens were embeded in paraffin,
cut with 5 micrometer microtome and stained with

Fig 1. A- Osteochondral defect in
the femoral medial condyle, B- Pre-
paring blocks from decellularized
Plantar ligament to press-fit into
the defect

Fig 2. Morphology of Plantar
ligament before (A) (x10) and after
(B) (x40) Decellularization process
with DAPI staining
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‘ Fig 3. Histopathological samples stained with Trichrome staining. A- Control group; B,C,D- Un-processed (cellular) group; E,F,G,H- Acellular group ‘

Table 1. Evaluation and scoring of histologic factors of experimental groups

Experimental Groups
Parameters Parameters Score 1 2 3 4 5 6 7
R/ L | R|L R|L R|L R L|R|L|R| L
Hyaline cartilage 4
Mostly hyaline cartilage 3
The morphology of the cell Fiber cartilage and transparent 2 1 2 1/12(2|2((1]2|1|2|1]3|0/|0
Mostly cartilage fiber 1
Mostly without cartilage 0
Like natural areas 4
Slightly dimmer 3
Color matrix Decreased 2 1 2 1720|323 |1]|2|2]3|0/|0
Highly decreased 1
Without color 0
Smooth 2
Regular levels Slightly irregular 1 0 1 0|1 11010 |0]| 0|1 110/|0
Irregular 0
100% 4
75% 3
Thickness of cartilage 50% 2 1 2 112103 |1 11021300
25% 1
0% 0
Both integrated edge 2
Connecting two levels An integrated edge 1 2| 2 11202 |2 |2|1]2|2]|2]1 1
Both non-integrated edge 0
% [The formation of new 90-100 3
boneur;\der?hgcT;trilzgeemark' —_— .
(inccating normalbone. 3374 U2 e e ek 2
repair following a similar
cartilage)] Less than 25 0
Total 6 | 11 511,11, 8|8 |3|9]|8]|14]|1 1
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hematoxylin-eosin (H&E) and Trichrome.abbits.staining
for histopathological evaluation.

Statistical analysis was performed using SPSS 16 software
package. Difference between groups was analyzed using
the Mann-whitney test and P<0.05 was considered
statistically significant.

RESULTS

DAPI staining demonstrated that almost 95% of the cells
were removed and the native structure of tissue was
preserved without any destruction as well (Fig. 2-A,B).

In clinical assessment, no signs of pain was observed in
about 4-5 days after surgery. The quality of walking was
reported favorably in all animals. Weight bearing on
operated foot was seen immediately after recovery. All
rabbits were able to walk freely in their cages and natural
ROM of stifle joint was seen. Macroscopically, xenografts
were completely in their place in both experimental groups
and tissue necrosis or transplant rejection was not grossly
observed. Pathologic changes were observed only on one
of the femoral condyle of rabbits in the control group.

H&E and Trichrome stained slides (Fig. 3) were evaluated
microscopically. The results are shown in the following
table (Table 1). Based on four indices including cellularity,
the predominant cell type, the morphological matrix and
collagen formation. We scored specimens using some
components of the International Cartilage Repair Society
Visual Assessment Scale and a total score was obtained .
Histopathology data demonstrated a significant difference
between acellular and cellular groups with respect to
the cartilage repair indices, such as the morphology of
the cells, color matrix and cartilage thickness (P<0.05).
Furthermore, a significant difference was present between
experimental groups | and Il in respect to subchondral
bone formation (P<0.05). Moreover, there were significant
correlations among the 2 experimental and control
groups (P<0.05). Cell-free plantar ligament matrix showed
markedly significant improvement in articular cartilage
repair compared to control group (P<0.05). As the matter
of fact, a similar pattern to normal tissue was seen in terms
of the type of cartilage formation (hyaline cartilage).

DISCUSSION

Hyaline cartilage as an avascular, alymphatic and aneural
tissue is susceptible to trauma because of the current
life style and activity of human societies . Over 151
million people suffer from osteoarthritis worldwide,
indicating a massive clinical and socioeconomic load ¢,
Several strategies are being studied for restoring of
articular cartilage defects and the scaffold-based cartilage
treatments have been addressed as a fascinating treatment
option. Investigations are mainly focusing on simplifying

the surgical methods and adopting more effective agents
to stimulate tissue regeneration.

The most important aspect of our study was using a new
biomaterial derived from ostrich plantar ligament as an
acellular scaffold which can facilitate repair of the articular
cartilage defects of up to 4 mm in diameter in femoral
condyle surface of rabbits.

Several studies focused on evaluating cartilage repair
using different animal models including sheep, horse
and goat "*#29, A specialized characteristic of rodents
and lagomorphs is that they possess auto-intrinsic repair
of cartilage which is not present in larger animal and
human B,

Scaffold-based cartilage treatments have been reported
to be effective in the improvement of cartilage repair
processes B'32, The preclinical and clinical researches of
scaffold therapy indicated that it had superior results in
cartilage healing ™. The advantage of Cell-free matrices
is avoiding of cell manipulation and its regulatory
obstacles with good clinical findings ©*. Additionally a
cell-free one step procedure is time saving and also cost
effective. Current studies showed that new generation
of biomaterials are able to exploit the intrinsic tissue
regeneration potential.

Many kinds of matrices have been used in reconstruction
of bony and cartilaginous defects including polylactic acid,
fibrin glue, hyaluronic acid, alginate, polyglycolic acid,
and collagen matrices "*?%, It has been suggested that
collagen-based matrices may be promising sources due
to their biocompatibility, biodegradability and mechanical
integrity.

It is clear that transplanting unprocessed tissues is
associated with immune reactions. Therefore, tissue-
engineering methods such as decellularization are used
to diminish the immune response and elimination of
post-operative suppressive therapies. Therefore, the main
goal of our study was to investigate the bio-behavior of
a xenogenic decellularized scaffold originating from
Ostrich in the repair of rabbit stifle osteochondral defects.
Metatarsophalangeal fibrocartilage tissue of 11-months-
old ostrich was used for tissue engineering and creating
alternative extracellular matrix in osteochondral defects.
Histological examination conducted on this tissue
revealed a fibrocartilage ground substance rich in collagen
fibers. Other studies assessed microstructure, mechanical
properties and collagen content of ostrich plantar ligament
highlighting that it has a good mechanical strength and it
may be appropriate for application in tissue engineering.
Since it is considered as a slaughterhouse waste, it is very
cost-effective and has resolved the problem of expensive
tissue procurement. On the other hand, as ostrich still is
not the main source of humanitarian needs in the world,
common and serious zoonosis disease has not been
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reported, so risk of disease transmission is low.

In literature it has been documented that collagen has
well biocompatibility and a number of advantages for use
in tissue repair. Greater cellular interaction because of the
presence of ligands in cell adhesion, ease of integration
in vivo without any resultant adverse response, and great
capacity to be co-polymerized with other biological
materials to increase their bio-functionality are some
of the aforementioned advantages. Schneider et al.?%,
indicated that implantation of a cell-free collagen type-I
gel consisted of 4.8 mg/mL rat tail collagen was associated
with a high-quality tissue repair in the Goettinger minipig
articular defect which can be considered equal to cell-
based procedure one year postoperatively. They showed
the high chondrogenic potential of collagen gel, which
may be useful for overcoming inherent disadvantages
of using in conventional cartilage tissue engineering
techniques B4, Another study evaluated a cell-free collagen
type 1 matrix in vitro and also on nude-mouse as an animal
model and their results revealed that this cell-free scaffold
offered a suitable environment that leads to chondrocyte
colonization and subsequent transformation of the former
matrix into repair tissue ®°. Many studies have been
evaluated different cell-seeded collagen matrices in
cartilage repair because of their high biocompatibility 1263,
In addition collagen gels increase chondrocyte proliferation
and proteoglycan synthesis in vitro .,

Ostrich acellular plantar ligament as a source of collagen
in this study had milky appearance after processing and
maintained its 3D structure and viscoelasticity following
decellularization procedure and sterilization. Furthermore,
immune response similar to what is present in porcine
decellularized matrix was not observed in our decellurized
ostrich collagen matrix.

The presence of fibroblasts and fibrocytes in decellularized
matrix was the most interesting finding in this.
Decellularization has opened new insights in trans-
plantation of xenogenic tissues, that cost-effectiveness
and the availability of extracellualr matrix are two
significant advantages of them. The specific tissue after
decellularization process is resilient and stiff, crucial
to proper functioning of the fibrocartilage tissue. In
Microscopic overview of tissue, presence of inflammatory
mononuclear cells was reported only in experimental
group Il and a single rabbit of experimental group | with
joint effusion.

In conclusion, the extracellular matrix of ostrich plantar
ligament rich in collagen type | and proteoglycans is a
complex 3D structure that as an acellular scaffold could be
a potential bioactive bed in mimicking the natural tissue
behavior. It can promote cell proliferation, differentiation
and enhance the healing of osteochondral defects in
rabbit stifle and therefore it might be a very valid option in
regenerative medicine in future.
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Abstract

This study was carried out on 20 of 8-10 months old Anatolian black goats which were healthy or Linognathus africanus infested (n=10 each).
Each goat was housed individually all along the study. Five of ten louse-infested goats were administered vitamin B complex (Benefor enj)
intramuscularly at a dose of 40mL/goat.Remaining goats (n=5) were not given vitamin B complex. The other goats that have not been infested
with L. africanus were grouped exactly the same as above. All the animals (n=20) were first sensitized and then measured for hypersensitivity
reaction in terms of cellularimmune response. Infested goats given vitamin B complex were shown a decrease in L. africanus infestation. The other
5 number of infested goats that not given vitamin B complex were detected with an increase in the louse infestation. At the end of the trial, the
higher live weight was recorded in healthy goats than those not administered vitamin B complex.

Keywords: Linognathus africanus, Vitamin B, Performance, Cellular immunity, Goat

Kecilerde Parenteral Verilen B Vitamininin Performans, Bit (Phthiraptera)
Enfestasyonlari ve Hiicresel immiinite Uzerine Etkisi

Ozet

Bu arastirma 20 adet 8-10 aylik, Linognathus africanus ile enfeste (n=10) ve saglikli (n=10) erkek kil kecilerinde yapildi. Her bir kegi calisma siiresince
bireysel bolmelerdeayri ayri beslendi. Bitli olan 10 adet keginin 5 tanesinevitamin B kompleksi (Benefor enj) 40mL/keci dozunda kas ici yolla
uygulandi. Diger 5 adet bitli hayvana vitamin B kompleksi uygulanmadi. Bitsiz 10 adet kegi ise ayni dozda vitamin B komleksi uygulanan ve
uygulanmayan olmak lzere iki gruba ayrildi. Tim hayvanlar (n=20) 6nce duyarhlastirildi ve ardindan asiri duyarlilik reaksiyonu ile hiicresel immiin
cevap yonunden degerlendirildi. Calisma sonunda, bitli olup vitamin Bkompleksi uygulanan 5 adet kecide L. africanus enfestasyonunda 6nemli
derecede azalma gordillrken, vitamin B kompleksi uygulanmayan diger 5 adet kecide ise bit enfestasyonunda artis gozlendi. Deneme sonunda en
yuksek canli agirlik bit enfestasyonu olmayan ve B vitamini verilmeyen gruptaki kegcilerden elde edildi.

Anahtar sézciikler: Linognathus africanus, B Vitamini, Performans, Hiicresel immdinite, Kegi

INTRODUCTION

Infestation of louse is called pediculosis or phthirapteriasis ™.
Louse infestation is the most common in winter and
early spring. The rate of infestation is higher in animals
with poor body structure than animals with good body
composition 9. Lice cause significant decline in
productivity and major economic losses worldwide 193],
It has been reported that inTurkey there are 109 lice

species belonging to a large number of genus that
morphologically diagnosed in birds and mammals up to day.
Among these mammalian lice, 20 lice species belonging
to 8 genera in the Anoplura, 8 lice species belonging to
3 genera in Ischnocera and 2 lice species belonging to 2
genera in Amblycera were identified ',

Konya is a pioneering region of national goat breeding
with the number of 260.577 goats '*., Huge economic

& lletisim (Correspondence)
+90 332 2233621
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loses in the yields of meat, milk and wool are caused by lice
infestations in goats every year. Lice are known to cause
weakening in animals by diminishing body conditions
of animals. This causes great damage not only to the
country’s economy but also to its animal health. Millions
of dollars of drugs are used every year depending on
pediculosis throughout the World (121617,

Despite not enough, studies have been conducted on
lice infestations in various regions of the country 820,
In a study from the Region Van, a positive lose rate of
57.60% was found in examined goats. Infestations caused
by the species of Bovicola caprae, B. crassipes, B. limbata,
L. africanus, L. stenopsis were reported as being 52.51%,
7.56%, 6.39%, 17.81%, 15.71%, respectively. Additionally, it
was emphasized that the infestation was more common
in winter months with the rate of 40.16%. By some other
studies carried out in Turkey,the rate of lice infestations in
goats was found to vary between 57.60% and 82.10% 222,
The lice on sheep can cause itching because of intense
irritation, secondary bristle and wool lossby destroying
nerve endigs in the skin. However, small ruminants carrying
few lice do not show clinical signs. This parasite also causes
restlessness, weak condition, low efficiency and leads to
friction and thickening of the skin caused by the itching 67
Blood-sucking lice may penetrate through the mouth
organelles and bleed. Serum leaked from wound cause
the wool to become dirty. These wounds attract flies and
predispose the infested goats to myiasis 1224,

The purpose of this research is to measure relationship
between the lice infestation, cellular immune response
and performance in goats whichvitamin B complex were
administered parenterally and thus indirectly determine
the effect of vitamin B complex on host resistance to
infestation.

MATERIAL and METHODS

The ethic committee document related to this study
was taken from the Ethics Committee of the Experimental
Animal Production and Research Center of the Veterinary
Faculty of Selcuk University with the number of Decision
2016/16.

This research was carried out between 21 January and
21 March 2016. The research material consisted of 20 goats
obtained from a private flock in Konya region and from
which lice collected. All the goats from the same breed
(hair goat) and gentle (male) were placed to individual
compartments one by one in sheep unit of Prof. Dr.
Himeyra Ozgen Research and Application Farm, Faculty of
Veterinary Medicine, Selcuk University.

Firstly, animals were weighed in the experiment, then
were divided into two groups in which each group has 10
goats. Infested animals were put into the first group. The
first group were further divided into two groups, consisting

of one given the vitamin B complex via parenteral route
(n=5), and the other (n=5) not given vitamin B complex.
The same trial procedure was also applied to the second
group including 10 animals.

Parasitological Examination

Flotation, Sedimentation and Barmen-Wetzeltechniques
were applied to all animals before starting to trial. Positive
animals for the presence of other parasites were only
included in the study provided that treatment completed.

At first, 10 goats infested with lice were macroscopically
examined. Later, the hairs on the back, neck, tail and foot
parts were collected by scraping into a plastic cuvette
with an appropiate comb. White-barrel-shaped eggs were
identified by appearing on the bristles of dark hairy goats.
Identification of lice, nymphs and ovaries was performed
by macroscopic and microscopic examinations "%, In
addition, the hair in the form of pinches was taken from
these areas by using scissors. These bristles were put in nylon
bags separately and the protocol numbers were noted.

Afterwards all samples were brought to the laboratory
of the Parasitology, Veterinary Faculty of Selcuk University.
Lice and eggs fallen into a white plastic cuvette were
collected and taken into bottles containing 70% alcohol.
The lice were fixed on slides with Canadian Balsam followed
by a treatmentin 10% KOH to make them transparent.Lice
were identified by examining in binocular light micro-
scopein accordance with the relevant literature. Data
for performance, condition and parasite presence were
evaluated in goat groups with and without vitamin B complex.

Vitamin B complex usedin this study includes100 mg
Thiamin HCI (Vit. B), 5 mg Riboflavin (Vit. B2), 10 mg
Pridoxin HCI (Vit. B6), 100 mcg Cyanocobalamin (Vit B]2),
100 mg Niasin and 10 mg D-Panthenol per 1 mL. Five goats
in first group infested with lice and other 5 in second group
without infestation were injected with vitamin B complex
intramuscularly (dose 5 mL/goat/week; 8 times, totally
40 ml/goat) and performance values were evaluated.

Determination of Nutrition Performance

At the beginning of the study,all the goats, taken to the
experimentwere weighed usingan electronic weighing
machine on an empty stomachin the morning. During the
experiment, weights were measured four times for two
months, once an every two weeks. The live weights as well
as live weight gains were determined.

Individual feeding program was applied in the trial.
Every goat was nourished with 4% of its weight concen-
trated feed. Roughage was given to the animals as ad libitum.

Immunologicalexamination

For the immune measurements, all the goats were first
sensitized and then measurements for delayed type allergy
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reactionwere performed. For this purpose,a method were
used with modifications ?°. On the 50 day of the
experiment, one side of necks of all the goats were shaved
15 ¢cm x 15 cm in dimensions and topical application of
0.2 mL 90% (in alcohol) DMSO (Dimethylsulfoxide; Sigma
D2650) was applied to the center of this field. Three
minutes later, the same area was again topically applied
with 0.2 mL of 5% DNCB (1-Chloro-2,4-dinitrobenzene;
Sigma-Aldrich-237329) (wt/vol solvent alcohol). This
sensitization was repeated in the same manner and to
the same spots after 2 days (the 52"¢ day of the experiment).

The skin thicknesses of the two points (10 cm apart from
each other) in sensitized area were measuredat 57" day
of trial. 0.1 mL as control to first spot (4:1acetone:oil) of
0.1% acetone (Sigma Aldrich 320110) + olive oil (Sigma
(8392) and 5% DNCB as test to second spot were injected.
Sensitivity determination was recorded by measuring skin
thickness at 24 h.

Statistical Analysis

Anderson Darling normality test was first applied to
analyze distribution of the samples then Paired sample t
test was used. P values of weight gain and skin thickness
for all groups less than 0.05 (P<0,05) were considered as
statistically significant.

RESULTS

By the parasitological examination of the lice from
infested group, all the lice collected from all parts of the
body were found to be L. africanus, a blood-sucking louse
species (Fig.1, Fig. 2). In the second subgroup of infested
group and the goats from which the vitamin B complex
has not been applied to, lice infestation was observed to
increase at the end of the study. At the beginning of the
work, the average number of lice
counted was 25 in the 10 cm?
area, while at the end it was 50
from the same area.

Significant losses of wool amounts
and levels of irritations were
observed due to severe infestations
in goats without vitamin B complex
of the infested group.

Skin thicknesses were recorded
before and after sensitization as
well as following testing by using
digital calipers (Fig. 3).

Based on groups, degrees of
hypersensitivity reactions and
values measured afterwards are

Fig 1. Linognathus africanus ‘

Q,
O

Fig 2. Linognathus africanus, original, microscopic appearence ‘

shown in Table 1. When skin thick-
ness of control site compared with

Fig 3. Normal, sensitized and test skin thickness measurements, A- Shaved skin, skin ready for
sensitization, B- Sensitized skin, C- Control and test injections, D- Test reading at 24" h
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Tablo 1. Effect of vitamin B application on hypersensitivity reaction in healthy and lice-infested goats

Before sensitization ST 3.89+0.63 4.13+0.45 3.49+0.36 3.78+0.75

Control ST 9.72+1.80 9.89+1.79 7.55+2.02 7.85+1.58
24 h after ID application ST Test ST 17.98+1.93 19.514+2.26 19.89+1.96 21.43+4.19
Test ST-Control ST 8.26+2.41 9.62+1.94 12.34+1.77 13.58+4.02

*1: Lice infested, vitamin B complex applied, 2: Lice infested, vitamin B complex unapplied, 3: Non-lice infestation, vitamin B complex applied, 4: Non-lice
infestation, vitamin B complex unapplied

25
20
15
10
Fig 4. Statistically comparison of each group skin thickness
5
Ll i B B
Group 1 Group 2 Group 3 Group 4
M First Skin Thickness M Control Area Skin Thickness M Test AreaSkinThickness

35
30
25

Fig 5. Statistically comparison of | | 20
each group at the beginning and 15

end of the study i

1 2 3 4

M Beginning of the study, Kg M End of the study, Kg

Table 2. The live weight averages obtained at the end of the study

those of first (for sensitization) or second (for trial)  groups with or without louse infestations (P>0.05). This is also
injections all determined to be statistically significant  the same case for the groups of vitamine supplemantation
(P<0.05). However, no differences were seen between the  (P>0.05) (Fig. 4).
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The measurements of nutrition performances are presented
in Table 2 and Fig. 5.

DISCUSSION

Single-sex goats were used and no gender comparisons
were made in this study, sincetype of goat genderhas
been reported as not one of the determining factors for
spreading of lice #92226:27],

L. africanus toxins cause paralysis in hair roots and lead
to alopecia resulting in development of suppurative
lesions by disruping skin integrity. However, no dermatitis
occurrence was not detected in this study.

Two sides of neck are the body regions recommended
for the measurement of cellular immunity using allergic
skin tests 8, In addition, as the primary region where
the lice are localized on the host and in cases where the
number of lice is low, both sides are suggested as suitable
sides. In this trial, these regions were preferred for intra-
dermal injection.

The delayed type of hypersensitivity reactions are
used to assess cellular immune response. IVt type of
hypersensitivity reactions is an in vivo test and has found
clinical use in animals 23", It has long been known that
the vitamin B complex is one of the major factors in the
development of resistance to ectoparasites in animals 5233,
Various studies have been made to explain this effect
of vitamin B B4 Atpresent study, the development
of the hypersensitivity reaction induced by DNCB was
examined in both healthy and L. africanus infected goats.
The adaptation of the method to the goats was clinically
determined to develop a hypersensitivity reaction in
the goats. Of vitamin B complex applied goats, the skin
thickness of L. africanus infested goats (17.98+1.93 mm)
was found to be lower than that measured by healthy
goats (19.89+1.96 mm) (P>0.05).

A similarity was the case for the groups which did not
receive vitamin B complex (19.51£2.26, 21.43+4.19 mm)
(P>0.05) (Fig. 4). These findings may led to the conclusion
that L. africanus infestation had an effect on suppressing
the development of cellular immune response. On the
other hand, with the planning of new trials with more
goats and different types of lice infestations in the future, it
would then be possible to determine statistically meaningful
conclusions.

It is known that various toxins of blood-sucking lice cause
local paralysis and alopeciaby reaching the hair roots 1.
Although the L. africanus lice are not deeply established on
surface skin, it is suggested that migration of cells which
affect the skin and subcutaneous tissuescontributing to
the formation of cellular granulomas (primarily T cells) to
the region was inhibited by lice.Lice may cause this effect
either locally via their secretions on wool to reach the skin

or by a systemic wayfollowing absorption of secretions
leading to T cell differentiation or even by both ways.

At the beginning of the trial, live weights were determined
as 19.50, 19.92, 20.02 and 21.68 kg in the groups. At
the end of the experiment, the average live weights
obtained from the same groups were as 22.97, 22.82,
23.46 and 27.46 kg, respectively. At this time of the study,
the highest live weight was obtained from a group which
no lice infestation occurred and no vitamin applied
(P<0.05). In this particular group, the increase in live
weight can be due to the absence of lice-infestation
and injection stress.

In the first group of the infested animals applied with
vitamin B complex, there was a decrease in the number of
lice at the end of the experiment while the lice had already
been removed in the goat number 3. This was inter preted
as the possibility that the application of the vitamin B
complex would likely remove the stress factors in the goat
and reduce the intensity of the lice infestation.

It was concluded that the DNCB hypersensitivity reaction
can be used when cellular immunity measurementis
needed in L. africanusinfested goats, but this should be
interpreted with caution and the recommendation of
applying alternative tests or methods should be taken
into account. In addition, when the vitamin B complex was
administered in dose of 40 mL/goat by parenteral route
(IM) in L. africanus infested goats, cellular immune system of
the host and development of lice are negatively influenced.
Vitamin B complex in goat breedingis concluded to be
recomended parenterally at the dose used in this study.
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Abstract

The objective of this case-control study was to examine the milk production, body condition score and metabolic profiles at the peak of lactation as
risk factors for chronic lameness present in cows during the first six months of lactation. A total of 100 Holstein-Friesian cows were enrolled in the
study, out of which 30 were classified as lame (a locomotion score (LS) >3 according to 4 of 5 monthly measurements) and 70 exhibited no signs of
clinical lameness (LS <3). The cows with milk production above 30.9 kg/day showed a higher risk for chronic lameness (OR=1.9, a 95% confidence
interval (Cl)=1.2-4.5), and the risk peaked at a milk production of 39.1 kg/day (OR=4.8, Cl=2.1-8.8). A suboptimal BCS <2.5 or >3 at the peak of lactation
increased the probability of lameness in the exposed group of cows (OR=4.9, Cl=2.2-8). The cows were exposed to higher risk factors for chronic
lameness under the following circumstances: BHBA>0.8 mmol/L (OR=3.5, ClI=1.2-9.9), LDH>1900 IU/L (OR=2.3, CI=1.4-5.9), and triglycerides>0.22
mmol/L (OR=2.2, Cl=1.5-2.9). The interaction between two risk factors showed a higher OR for developing chronic lameness in comparison with a
single-factor exposure: BCS x BHBA (OR=22, CI=1.2-1000), BCSxXLDH (OR=33, CI=1.8-1400), milk production x BHBA (OR=18.24, Cl=2.1-433) and milk
productionxLDH (OR=14.2, CI=1.5-327). Lameness cows exposed to risk factor showed un-significant lower concentration of urea, ALP and higher
concentration of cholesterol and triglycerides probably due to energy and protein malnutrition. Glucose concentrations were similar in healthy and
lameness cows. Same mean concentration of glucose was maintained with decrease of LDH activity in healthy cows, but with increase LDH in lame
cows, probably due to high glycolysis. Metabolic adaptation in pick of lactation and its relation with lameness need further research.

Keywords: Cows, Lameness, BCS, Milk production, Metabolic parameters

Siitcii ineklerin Laktasyon Pikinde Kronik Topalligin Risk Faktorleri Olarak
Siit Uretimi, Viicut Kondisyon Skoru ve Metabolik Parametreler

Ozet

Bu olgu-kontrol calismasinin amaci ineklerde laktasyonun pik yaptigi ilk alti ayi stiresince kronik topalligin risk faktorleri olarak stt Gretimi, viicut
kondisyon skoru ve metabolik parametrelerin incelenmesidir. Calismada toplam 100 adet Holstein-Friesian inek kullanildi. Bu ineklerin 30'u topal
(5 ayhk ol¢timlerin 4'tine belirlenen lokomosyon skoru (LS) >3'e gére) olarak siniflandirilirken 70'i klinik olarak topallik gostermemekteydi (LS <3).
30.9 kg/giin'den daha fazla siit tretimine sahip olan inekler topallik icin daha yliksek risk gésterirken (OR=1.9, 95% guivenlik araligi (Cl)=1.2-4.5) siit
Uretimi 39.1 kg/glin'de risk pik yapti (OR=4.8, CI=2.1-8.8). Laktasyon pikinde suboptimal BCS <2.5 veya >3 maruz kalan ineklerde topallik olasiligini
artirdi (OR=4.9, CI=2.2-8). inekler belirtilen sartlarda kronik topallik icin daha fazla risk faktérii gésterdiler: BHBA>0.8 mmol/L (OR=3.5, CI=1.2-9.9),
LDH>1900 IU/L (OR=2.3, Cl=1.4-5.9) ve trigliseridler>0.22 mmol/L (OR=2.2, CI=1.5-2.9). iki risk faktériiniin etkilesmesi tek faktére maruz kalanlarla
karsilastirildiginda kronik topalligin gelismesi icin daha ytiksek OR gosterdi BCS x BHBA (OR=22, Cl=1.2-1000), BCSXLDH (OR=33, Cl=1.8-1400), siit
Uretimi x BHBA (OR=18.24, C|=2.1-433) ve sut UretimixLDH (OR=14.2, Cl=1.5-327). Risk faktorlerine maruz kalan topal inekler muhtemelen enerji ve
protein dengesizligine bagli olarak anlamsiz derece daha dusuk tre konsantrasyonuna, ALP ve daha ylksek kolesterol ve trigiliserid konsantrasyonuna
sahipti. Topal ve saglikli ineklerde glikoz konsantrasyonu benzerlik gostermekteydi. Saglkli ineklerde diistik LDH aktivitesi ile birlikte benzer ortalama
glikoz konsantrasyonu saglanirken topal ineklerde artmis LDH mevcuttu. Bu durum muhtemelen yiiksek glikolizise baghydi. Laktasyonun pik
doéneminde metabolik adaptasyon ve topallik ile iliskisi daha fazla calismaya ihtiyac oldugunu géstermektedir.

Anahtar sézciikler: inek, Topallik, BCS, Siit iiretimi, Metabolik parametreler
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Risk Factor for Chronic Lameness in Cows

INTRODUCTION

After infertility and mastitis, lameness is the third most
common reason for involuntary culling of dairy cows M.
Lameness is a painful condition which adversely affects
longevity, fertility and milk production. Moreover, lameness
has been classified as the most representative animal-
based indicator of compromised welfare in dairy cattle *3..
The etiology of lameness is complex and multifactorial.
The factors influencing lameness include the following:
housing conditions, social interactions/influence, stages
of lactation, pregnancy or calving and high yielding .

In a cross-sectional study, Bicalho et al."” found a greater risk
of lameness and claw horn disruption lesions developing
in cows with lower body condition scores (BCS) and lower
digital cushion thickness (DCT). Cows with a low BCS
<2.5 (on a scale from 0 to 5) are more likely to be treated
for lameness in 0 to 2 or >2 to 4 months following such
a score ", This result supports the hypothesis that a low
BCS is correlated with reduced digital cushion thickness,
which can be associated with claw horn disruption lesions ',
Our previous study showed that BCS assessment is a
suitably strong predictor of lameness in fat cows, but in
normal or thin cows, lameness prediction required the
combination of both BCS and ultrasound measurement
of subcutaneous fat deposit '\,

Zhang et al.'" demonstrated higher values of inflammatory
cytokines, beta-hydroxybutyrate (BHBA) and nonesterified
fatty acid (NEFA) in the transition period prior to a clinical
diagnosis of lameness in early lactation. Some other
metabolic diseases, which become clinically manifest later
in lactation (e.g. laminitis), can be traced back to metabolic
insults that occurred during early lactation . Days in
milk (DIM) and lameness are significantly interrelated,
thus lameness is most common in the first 100 DIM "¢, A
relation between the metabolic status, milk production, a
BCS and lameness in later lactation has not been argued
in the literature. The purpose of the present study is to
examine the milk production, body condition scores and
metabolic profiles, as well as their mutual interaction, at
the peak of lactation as risk factors for chronic lameness
developing during the subsequent lactation period.

MATERIAL and METHODS

Animals

A total of 100 Holstein-Friesian cows were enrolled in a
case-control study from the group with a high prevalence
of lameness. The cows were milked twice a day and fed a
total mixed ration, according to NRC recommendations !'”:
Hay 4.5 kg; Concentrate mixture 9.95 kg; Straw 0.30 kg;
Sugar beet 0.7 kg; Haylage, 7.0 kg; Sylage 20 kg; Provided
DM 21.5 kg; Crude protein 3440 g; Digestible crude protein
2250 g; Percentage of protein 16.5 kg/SM; Total energy

144; NEL 6.65(MJ/kg DM); CF 17.2%; ADF 21.7%; NDF 36%;
Ca 0.85%; P 0.50%; NaCl 0.30%.

Locomotion Score

The locomotion score was assessed using a 1-5 lameness
scoring system (LS) as argued by Sprecher et al.l'®l, This
system uses a 1-5 numerical scale where a score of 1
denotes sound locomotion, 2 and 3 indicates clinically
unimportant changes in gait, and a score of 4 to 5 describes
different severities of clinical lameness. In the present
study, the cows were described as lame (a locomotion score
>4) or non-lame (a locomotion score <3). Lameness was
indicated by a LS >3 from the 2" to 6™ month of lactation
according at least to 4 of 5 monthly measurements.

Milk Production

The average milk yield in the previous lactation was
7794+1210 kg/305 days. All the cows were supervised
daily by a veterinarian. Milk production was recorded by
a farm software program. In this research, the peak of milk
production was used as a risk factor. Cows reach the peak
of milk production between the sixth and eighth week
of lactation.

Body Condition Score

A 1-5 BCS system 1'%, which incorporates a numerical scale
where thin animals receive lower scores and fat animals
higher scores, was employed in the study. All the cows
were scored at the end of a dry period and on a monthly
basis during the first six months of lactation.

Metabolic Profile

Blood samples were obtained from the v. jugularis, using
sodium heparin vacutainers (Becton, Dickinson & Co,
GB), during the second month of lactation, when cows
achieve peak milk production. The samples were stored
on ice (max. 2 h) until centrifugation (2000 g. for 20 min.
at 4°C), after which plasma was harvested. The plasma
samples were stored at -20°C until analysis. Concentration
of plasma level of glucose, lactate dehydrogenase (LDH),
alkaline phosphatase (ALP), total cholesterol, triglycerides,
urea were measured by colorimetric reaction (Accent 200,
P.Z. Cormay, S.A.) and blood level of BHBA was measured
by ketone meter (FreeStyle Optium - Abbot Germany).

Statistics and Design

The milk production, LS and BCS were recorded at the
peak of lactation, and blood samples were taken for the
measurement of metabolic parameters. In order to classify
the cows, locomotion scores were recorded throughout
the first six months of lactation. At the end of month 6 of
lactation, the cows were divided into two groups, lame
and non-lame cows, depending on the LS observed during
lactation. A linear regression line for the LS from months
1 to 6 of lactation will be displayed for each cow. The data
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are presented in 2x2 tables: lame cows, non-lame cows,
cows with parameter values lower than the cut-off value,
and cows with parameter values higher than the cut-off
value. An odds ratio (OR) was calculated for each value of
milk production, BCS and metabolic parameters in order
to find the optimal cut-off point for those continuous
parameters in binary outcomes. An OR was calculated
was calculated between groups with normal BCS (2.5-3.0)
and suboptimal BCS (BCS <2.5 or >3). Thereafter, the cows
were divided into two groups: lame and healthy cows.
Each group was divided into two groups: group with risk
factor (significant parameters above the risk cut-off value)
and group without risk factor. The difference between
the mean values of measured parameters was confirmed
using a t-test. Regression between glucose and LDH was
examined in order to detect influence of glycolysis to
maintaining glucose level in blood. For statistical purposes,
the Analyse-it program (v3.90.70.) for Microsoft Excel
was used.

RESULTS

A total of 30 cows were classified as lame (a locomotion
score (LS) >3 according to 4 of 5 monthly measurements),
whereas 70 exhibited no signs of clinical lameness (LS
<3). The regression lines for the LS from months 2 to 6
of lactation are shown in Fig. 7 with a clear distinction
between lame and non-lame cows.

The cows with milk production above 30.9 kg/day
showed a higher risk for chronic lameness (OR=1.9, a 95%
confidence interval (Cl)=1.2-4.5), and the risk peaked at
a milk production of 39.1 kg/day (OR=4.8, Cl=2.1-8.8).
A suboptimal BCS <2.5 or >3 at the peak of lactation
increased the probability of lameness in the exposed group
of cows (OR=4.9, Cl=2.2-8.0). The cows were exposed to
higher risk factors for chronic lameness under the following

circumstances: BHBA >0.8 mmol/L (OR=3.5, CI=1.2-9.9),
LDH>1900 IU/L (OR=2.3, Cl=1.4-5.9), and triglycerides
>0.22 mmol/L (OR=2.2, CI=1.5-2.9). The ALP, cholesterol
and urea concentrations showed significant ORs at higher
values, i.e. the highest ORs at the most extreme parameter
values. The glucose concentrations did not indicate the
cut-off value with significant ORs (all the Cls contain 1).
The maximum odds ratios (maxOR) for BHBA and LDH
concentrations were obtained using the 97.5" percentile
cut-off value: BHBA >0.9 mmol (maxOR=20) and LDH
>2300 IU/L (maxOR=12.6). These cut-off values are only
to be used for risk assessment on account of a very small
number of animals with such parameter values in the blood.
The interaction between two risk factors showed a higher
OR for developing chronic lameness in comparison with a
single-factor exposure: BCSXBHBA (OR=22, Cl=1.2-1000),
BCSxLDH (OR=33, ClI=1.8-1400), milk productionxBHBA
(OR=18.24, CI=2.1-433), and milk productionxLDH (OR=14.2,
Cl=1.5-327) (Fig. 2).

When the cows are classified in the two categories (lame
cows and cows with no signs of lameness), we conclude
that the body condition, milk production, LDH and BHB are
the most sensitive indicators of lameness, because their
values are significantly changed in lame cows compared
to the healthy cows and in healthy cows exposed to risk
factors compared to the entirely negative control (healthy
cows with no risk factors). On the other hand, there is a
deviation in cholesterol, triglycerides, urea and ALP in a
group of cows which is under a risk factor with lameness
compared to the negative control (Table 1).

The glucose level was not statistically significantly different
in the examined groups of cows. LDH activity and glucose
concentration exhibit polynomial quadratic relation.
In the lame cows, LDH activity increases from the
lowest values up and peaks at the mean values of the

glucose, and there on the LDH activity

S

decreases and this relationship is
statistically significant (LDH=-634.5 X
GLU? + 4391.7 x GLU - 5609.1; R=0.365;
P<0.05). However, in healthy cows LDH
and glucose demonstrate an inverse
relation compared to the lame cows, so
that the lowest LDH activity is reached

at the mean values of the glucose, and

Locomotion score

its activity increases with increasing
and decreasing values of glucose, but
this relationship was not statistically
significant (LDH=196.74 x GLU?* 1351.7x
GLU +4019.1; R=0.19; NS) (Fig. 3).

aftercalving

Regression lines for the locomotion scores measured from months 2 to 6

DISCUSSION

Milk production is an important

Fig 1. Lameness in dairy cows from months 2 to 6 of lactation

‘ risk factor for lameness. High milk
production can cause lameness in
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Fig 2. Odds ratios (ORs) for chronic lameness in the function of milk production, BCS, metabolic

parameters in the blood and their combination

a single-factor exposure. Conse-
quently, a low energy balance at
the peak of lactation can predict

cows %, Bicalho et al.”’ showed that lame cows produced
3.02+0.23 kg more milk prior to lameness in comparison
with the control group. Using body fat reserves for milk
production entails mobilizing fat from many tissues, including
the digital cushion ®, Other studies have also revealed a
connection between a lower BCS and lameness ©1%1221 ag
well as a connection between a higher BCS and a higher
LS ©2. In a prospective longitudinal study, Randall et al.l?*
found that a low BCS predisposes cows to lameness and
that maintaining a BCS >2.5 is optimal for reducing the risk of
alameness event.

High concentrations of BHBA and LDH in cows at the peak of
lactation indicate high odds of chronic lameness. According

the development of lameness
during a longer period of lactation.

A high LDH concentration is an important risk factor
for lameness. A high LDH concentration could be a
consequence of a higher BHBA concentration affecting
the liver. Furthermore, cows stand longer during lameness
with consequently higher muscle loads. High muscle loads
lead to high lactate production, which is reduced by LDH
in muscle tissues. LDH is not an organ-specific enzyme
as it is found in large concentrations in the muscles,
heart, kidneys and liver, and is released during acute
inflammations of those organs. Moreover, the activities of
LDH in the blood are closely correlated with the degree
of fatty infiltration of the liver 2%, The LDH cut-off value in
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Table 1. Metabolic profile, body condition scores and milk production in lame cows with different numbers of risk factors, and in healthy cows

Parameter Lame Cows with Risk Lame Cows without Risk Healthy Cows with Risk : Healthy Cows
Factor Factor Factor without Risk Factor
Glucose (mmol/L) 3.52+0.51°2 3.6+0.422 3.5+0.482 3.41+0.422
LDH (1U/L) 2150+224.8% 1812+192.38 1725+101.58 1657.82+231.78
ALP (IU/L) 49.1£18.3° 61.3+£11.52 51.4+18.12 60.33+£21.2°
Urea (mmol/L) 4.49+1.12% 7.2+0.918 4.5+0.958 6,51+1.74
Cholesterol (mmol/L) 4.68+1.62° 451+1.52 4.11+1.32 4,01+0.98°
Triglycerides (mmol/L) 0.21+0.09* 0.19+0.08° 0.17+0.09¢ 0.18+0.1¢
BHBA (mmol/L) 1.2£0.11% 1.1£0.094 0.96+0.18 0.61+0.118
Suboptimal BCS (%) 904 0 58 58
Milk production (L) 33.34+5.35% 30.5+2.98 29.87+3.18 26.90+3,14°
Different superscript means significant difference at level: *>< P<0.05; 5 P<0.01

of ALP and LDH in heifers associated
with an excessive carbohydrate
intake. Decrease concentration of
urea could be in relation with
malnutrition in proteins and lower
ALP could be sign in low protein
intake or hypophosphatemia.

LDH and BHBA are metabolites
which together with milk production
and body condition score help
in the assessment of risk for the
development of lameness. Lame
cows have either prolonged time
standing or prolonged time lying
when compared to healthy cows B4,
These changes can lead to changes
in glucose metabolism in muscle

and the result is an increase in the

Glucose mmol/L

3000,00
o
2500,00 +
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—
~
-
I
Q
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¢ Lameness cow
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500,00 ‘
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production of lactate. The later was
confirmed by Zhang et all™ who
found elevated plasma lactate in

5,00

lame cows. On the other hand,

Fig 3. Regression lines between glucose concentration and LDH in healthy and lame cows

lactate is always the end product of

this research is approximate to the mean value of LDH
in healthy cows during early lactation 2%,

A high risk for lameness occurs when the concentrations
of cholesterol and urea are either at high or low levels. The
cholesterol concentration indirectly reveals the ability of
the liver to produce VLDLs (very low density lipoproteins)
and decreased cholesterol and triglycerides are sign of
fatty liver %31, Gross et al.®? showed that change in lipid
metabolic parameters during starvation is depends on
lactation stage. During early lactation we have decrease
of cholesterol and triglyceride concentration, but in later
period concentration of this parameters increase during
feed restriction. Yeruham et al.®¥ found lower concentrations
of cholesterol and urea, and higher blood activities

cell glycolysis and is accompanied by
high activity of LDH B°. Lactate
is then transported to the liver
through the bloodstream where in the process of
gluconeo-genesis it is again transformed into glucose
that flows into the muscles and other tissues, a process
known as the Cori cycle. However, in dairy cows the
udder is the preferred site to use glucose, so it is possible
that the produced glucose goes to the udder where
it is used directly. As a result, the muscle tissue
continues to utilize glycolysis that further increases the
lactate. In support of this speculation speaks the fact
that the relation of LDH and glucose is significantly
different and shows the inverse relationship in healthy
and lame cow.

In cows that have BHBA values higher than 0.8 mmol/L, the
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risk for lameness increases. Elevated levels of BHBA indicate
negative energy balance and the use of fat for energy.
Although the changes in the BHBA value is small compared
to the healthy controls, it is known that BHBA increases in
cows in late lactation as a result of underfeeding, but not
as much as in early lactation B°. Also, in the late lactation
there is no rapid decline of glucose as in early lactation =9,
which renders glucose not a significant risk factor.

In conclusion, this study demonstrated that high milk
production, a low or high BCS, a high BHBA concentration
and a high LDH concentration are important risk factors
for developing chronic lameness. Furthermore, it was
demonstrated that the interaction between milk production,
a BCS and metabolic parameters (high BHBA and LDH
concentrations) poses a higher risk for developing chronic
lameness in dairy cows in comparison with the exposure to
a single risk factor. Metabolic adaptation in pick of lactation
and its relation with lameness need further research.
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Abstract

This study was conducted to determine the effects of supplementary liquid-colostrum (LiqC) on growth performance, carcass yield,
ceruloplasmin, sialic acid, and antioxidant levels in growing quails. In this study, a total of 90 ten-days-old mixed-sexed Japanese quail chicks
were used. Quails were divided randomly into 3 groups. Chicks were fed one of three diets: basal diet or basal diet supplemented with 2%
or 4% liquid colostrum. Birds were exposed to a 14L:10D illumination cycle for 32 (days of 10-42) days. When the effects of dietary liquid
colostrum supplementation on performance were examined, values of final body weight, live weight gain, cumulative feed intake, feed
efficiency, cold carcass weight and cold carcass yield in quails were higher in the trial groups compared to control group (P<0.05); but organ
weights were not affected (P>0.05). Levels of liver malondialdehyde (MDA), ceruloplasmin, and sialic acid were lower, but levels of superoxide
dismutase (SOD) were higher in trial groups (P<0.05), and there was no effect on total antioxidant status (TAS) levels (P>0.05). Serum MDA
levels were lower and SOD levels were higher in liquid colostrum supplemented groups (P<0.05), although a numerical increase was found
in TAS levels, no statistically important difference was found in trial groups. In conclusion, the oxidative, transport and slaughter stresses can
be attenuated by liquid colostrum supplementation at 4% of diets in quail.

Keywords: Colostrums, Growth performance, Ceruloplasmin, Sialic acid, Quail

Bildircinlarda Sivi Kolostrumun Biiyiime Performansi, Karkas Verimi,
Seruloplazmin, Sialik Asit ve Bazi Antioksidan Diizeyleri Uzerine Etkisi

Ozet

Bu calisma, bildircinlarda sivi kolostrumun biytime performansi, karkas verimi, seruloplazmin, sialik asit ve bazi antioksidan diizeyleri tizerine
etkisini belirlemek amaciyla yapildi. Calismada toplam 90 adet 10 giinliik yasta karisik cinsiyette Japon bildircini civcivleri kullanildi. Bildircinlar
rastgele 3 gruba ayrildi. Bildircinlara bazal diyet; bazal diyete %2 ve %4 oraninda sivi kolostrum ilave edilen (g farkli yem verildi. Hayvanlar
32 giin boyunca 14 saat aydinlk:10 saat karanlik olacak sekilde bir aydinlatma programina tabi tutuldu. Bildircin rasyonlarina ilave edilen sivi
kolostrumun performans tizerine etkileri incelendiginde; deneme sonu agirhdi, canli agirlik artisi, yem tiiketimi, yemden yararlanma orani,
soguk karkas agirligi ve soguk karkas randimaninin deneme gruplarinda kontrol grubuna gore daha ytiksek oldugu (P<0.05), ancak organ
agirhiklari Gzerine herhangi bir etkisinin olmadigi gorildi (P>0.05). Deneme gruplarinda karaciger malondialdehit (MDA), seruloplazmin
ve sialik asit duizeylerinin daha disik olmasina ragmen; stperoksit dismutaz (SOD) dizeylerinin daha ylksek oldugu gorildi (P<0.05).
Ancak TAS diizeyine herhangi bir etkisinin olmadidi tespit edildi (P>0.05). Serum MDA, SOD ve TAS diizeylerine etkisi incelendiginde MDA
diizeylerinin deneme gruplarinda daha dusiik, SOD diizeyinin ise daha yiksek oldugu goriildi (P<0.05). Deneme gruplari TAS diizeylerinde
sayisal bir artis olmasina ragmen istatistiksel olarak nemli bir fark bulunmadi. Sonug olarak, bildircin rasyonlarina %4 diizeyinde katilan sivi
kolostrum ile oksidatif, tasima ve kesim kaynakli stresler azaltilabilir.

Anahtar s6zciikler: Kolostrum, Biiyiime performansi, Seruloplazmin, Sialik asit, Bildircin
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INTRODUCTION

Colostrum is a liquid lactated by the mammary glands
of female mammals for the first few days after birth.
Colostrum contains not only nutrients such as protein,
carbohydrate, fat, vitamins and minerals, but also various
bio-active components such as growth and antimicrobial
factors "2,

Two of the most important components contained in
colostrum are immune and growth factors B4, Immune
factors are the substances that reduce the effects of micro-
organisms causing diseases, protect from diseases and
help the body . Growth factors contain components that
increase healing effects by building and aiding recovery
of bones, muscles, fibers and cartilage, stimulating
fat metabolism, sustaining blood glucose level balance
and helping to regulate brain chemicals controlling state
of mind [,

Sialic acid is one of the most important structures in
biological membranes and is available within the structures
of glycolipids, polysaccharides, glycoprotein and muco-
protein 7. It is commonly available in animal tissues and
bacteria. Serum total sialic acid increases considerably in
infectious, tumoral, and metabolic diseases . Cerulo-
plasmin, which is an acute phase protein, functions as an
antioxidant within the organism. Free copper and iron
ions are powerful catalysts of free radical damage. Cerulo-
plasmin by binding copper, prevents free copper ions from
catalyzing oxidative damage. Ceruloplasmin levels rise
following infection, trauma, or inflammation . In recent
years, colostrum has been used as a good protein source to
support the development of the musculoskeletal system
and healthy and powerful immune system, to shorten the
time of regeneration after workouts, to shorten recovery
period after injuries, and as a stress reducing factor "%,
Additionally, research about colostrum’s effects on
performance and the immune system are limited, except
for studies performed on ruminants; there has not been
sufficient research done on poultry. This study was
conducted to determine the effects of liquid cow colostrum
on growth performance, some blood parameters, and
antioxidant levels in quail.

MATERIAL and METHODS

Animals, Treatments and Management

The ethical committee approval of Dicle University
(DUHADEK: 2010-44) was taken in order to conduct this
study. Ten-Days-old (47+0.5 grams) mixed-sexed Japanese
quails (Coturnix coturnix japonica, 90), obtained from the
poultry unit of the Veterinary Faculty of Dicle University.
The birds were distributed randomly to one of three groups,
and each of the experimental groups was replicated in
six cages (60x120x30), each containing five birds. Quails

were housed in wire cages at 37.5°C on the first days in a
temperature-controlled room. The room temperature was
then gradually decreased to 22°C by the end of the third
week and was then kept constant. Birds were exposed to
a 14L:10D illumination cycle for 32 (days of 10-42) days.
Feeds as isocaloric and isonitrogenic were prepared (LiqC
was added into diets at expense of corn). Feed and fresh
water were offered ad libitum throughout the experiment.

Sample and Data Collection

Quails were divided into 3 groups randomly. No additions
were made to the basal diet of the first group. 2% LiqC was
added to the second group’s diet (Per kilogram of basal diet
was added 100 mL LiqC), and 4% to the third group (Per
kilogram of basal diet was added 200 ml LiqC). Colostrum
dry matter, protein, fat and lactose was calculated as
20.4%, 12%, 6.3% and 3.2%, respectively (Funke Gerber,
Laktostar, Milk Analyzer, Berlin, Germany). Nutrient and
chemical components of the diets of trial groups are given
in Table 1.

Table 1. Ingredient and nutrient composition of the basal diet’

Ingredient Starter phase Grower phase
(days 10-21) (%) | (days 22-42) (%)

Corn 53 58.9
Soybean meal 36.6 322
Soy oil 6 5

Limestone 1.7 13
Dicalcium phosphate 1.6 1.6
Sodium chloride 0.4 0.4
Vitamin-mineral premix® 0.5 0.5
DL-Methionine 0.2 0.1

Chemical analyses, dry matter basis

Crude protein 22.7 20.6
Crude fat 6.73 6.15
Crude fiber 3.85 3.87
Calcium 1.0 0.9
Phosphorus 0.75 0.71

Calculated compositions¢

Metabolizable energy, MJ/kg 12.91 1291
Lysine 1.18 1.05
Methionine + cystine 0.9 0.63

aLigC was added into diets at expense of corn; ® Vitamin premix provides
the following per kg: all-trans-retinyl acetate, 1.8 mg; cholecalciferol, 0.025
mg; all-a-tocopherol acetate, 1.25 mg; menadione (menadione sodium
bisulphate), 1.1 mg; riboflavin, 4.4 mg; thiamine, 1.1 mg; pyridoxine, 2.2
mg; niacin, 35 mg; Ca-pantothenate, 10 mg; vitamin B, 0.02 mg; folic acid,
0.55 mg; d-biotin, 0.1 mg. Mineral premix provides the following per kg: Mn
(from MnO), 40 mg; Fe (from FeSO4), 12.5 mg; Zn (from Zn0O), 25 mg; Cu
(from CuSO.), 3.5 mg; | (from Kl), 0.3 mg; Se (from NaSe), 0.15 mg; choline
chloride, 175 mg; < Calculated value according to tabular values listed for
the feed ingredients ['”!
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Feed consumption and body weight gain of quails were
recorded weekly. The weight gain and feed utilization
efficiency of the birds were calculated weekly. At the end of
the study, 30 quails from each group were slaughtered to
determine carcass yield. Mix sexed 12 quails (one male and
one female quails per replicate) were used to determine
serum and liver MDA, TAS, ceruloplasmin, and sialic acid
levels. The carcasses were obtained after the feathers,
feet, and visceral organs were removed. The carcasses
were kept at 4°C for 18 h, and cold carcass yields were
calculated. Blood samples were collected into biochemical
tubes to determine the level of the blood serum. The tubes
containing the blood samples were centrifuged at 4°C at
3.000 rev/min for 10 min. Serum and liver samples were
stored at -20°C until analysis.

Laboratory Analyses

Tissue samples were immediately weighed and washed
with 0.9% NaCl solution, homogenised (2.000 rpm/min
for 1 min, 1:10 w/v) using a stirrer (Stuart SHM 1, UK) in
1.15% KCl solution in an ice bath. Then homogenate was
centrifuged at 5000xg for 60 min at 4°C. The resultant
supernatant was used at the analyses. Protein analysis in
homogenate and supernatant was performed according
to the Lowry method "',

SOD Analysis in serum was performed to the Sun et
al.'%, MDA levels in the homogenate and serum were
determined by using the single heating method of Yoshioka
et al."¥ based on thiobarbituric acid (TBA) reactivity. Total
antioxidant capacity (TAS) of the supernatant or serum
was determined using an automated measurement method
with a commercially available kit developed by Rel (Total
Antioxidant Status Assay kit, Rel Assay Diagnostics, Turkey).
The antioxidative effect of the sample against the potent-
free radical reactions initiated by the reduced hydroxyl
radical is measured using this method. The results were
expressed as millimoles of Trolox equivalent per mg tissue
protein in supernatant or millimoles of Trolox equivalent/L
in serum. Serum and supernatant total sialic acid levels
were measured spectroscopically using Warren’s ' thio-
barbituric acid method (Shimadzu UV 1800, Japon). Serum

and supernatant ceruloplasmin levels were determined
by measurement of p-phenylenediamine oxidase activity
defined by Sunderman and Nomoto ",

The nutritional composition of the diets was determined
according to the Association of Official Analytical
Chemists ", Energy and amino acid (lysine and Methionine
+ cystine) contents were calculated from tabular values
listed for the feedstuffs I'7],

Statistical Analysis

Performance variables [feed intake, weight gain, and
feed efficiency], and serum MDA, SOD, and TAS levels
were analyzed by one-way ANOVA using the PROC
MIXED procedure (SAS, 2002). The linear model to test
the effects of dietary LiqC supplementation on response
variables was as follows: yij = 4 + b0 + Ri + €], where y =
response variable; p = population mean; b0 = covariate,
measurements obtained at the end of the pretest period;
R = LiqC supplementation; and e = residual error being
N (o, ; 0, 1). The model also included orthogonal and
polynomial contrast to determine changes in response
variables as supplemental LiqC level was increased 8,
Mean differences of interaction effects were compared to
Duncan test. Statistical significance was considered at P<0.05.

RESULTS

The effects of the LiqC added to the quail diet on growth
performance are given in Table 2. When the data were
examined, it was found that quail in the experimental
groups increases final body weight, body weight gain,
cumulative feed intake, cold carcass weight, and cold
carcass yield of the quails, and decrease in feed efficiency
as supplemental LiqC increased from 0% to 4% (P<0.05).

When the effect of the LiqC added to the feed mix on
organ weight was investigated, it was observed that it has
no effect (Table 3).

The effects of the LiqC added to the quail feed mix on liver
MDA, SOD, TAS, ceruloplasmin, and sialic acid levels are

Table 2. Effects of liquid colostrum (LiqC) supplementation to quail diets on growth performance®

LiqC, % Statistical Significance, P>Fb
Variable© SEM
0 2 4 S L Q

Final body weight, g¢ 181.52° 187.20° 191.09* 1.901 0.001 0.0001 0.651

Live weight gain, g 133.53¢ 139.79° 146.232 0913 0.0001 0.0001 0.957

Cumulative feed intake, g 635.25¢ 649.08° 658.332 1.880 0.0001 0.0001 0.416

Feed efficiency® 4.76° 4.64° 4.50° 0.038 0.002 0.001 0.815

Cold carcass weight, g 119.71¢ 125.03° 129.352 1.081 0.0001 0.0001 0.675

Cold carcass yield, % 65.65° 67.72 69.80° 0.984 0.030 0.009 0.995
aData are the least square means from 10-42 days animal experimentation; *Statistical contrast: S = LiqC supplementation effect (quail supplemented with
LigCvs. quail not supplemented with LiqC); L = Linear effect of increasing dietary LiqC; Q = Quadratic effect of increasing dietary LiqC; “Different letters within
the same rows indicate differences among groups (P<0.05); “n = 30 quails per group; ¢Feed efficiency = feed consumed, g: weight gained, g
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Table 3. Effects of liquid colostrum (LiqC) supplementation to quail diets on organ weights

LiqC, % Statistical Significance, P > F*
Variable® SEM
0 2 4 S L Q

Liver, g 2,97 3.26 333 0.185 0.446 0.234 0.671

Heart, g 1.73 1.72 1.70 0.038 0.950 0.758 0.941

Spleen, g 0.11 0.12 0.11 0.011 0.822 0.734 0.602
aStatistical contrast: S = LiqC supplementation effect (quail supplemented with LiqC vs. quail not supplemented with LiqC); L = Linear effect of increasing
dietary LiqC; Q = Quadratic effect of increasing dietary LigC; ®n = 12 quails per group

Table 4. Effects of liquid colostrum (LiqC) supplementation to quail diets on liver MDA, SOD, TAS, ceruloplasmin and sialic acid levels®

LiqC, % Statistical Significance, P > F°
Variable<* SEM
0 2 4 S L Q

MDA® 14.53° 13.42%® 12.18° 0.434 0.006 0.002 0.907

SODf 24.41° 27.82* 29.63° 1.657 0.018 0.006 0.582

TAS? 1.40 1.48 1.63 0.096 0.274 0.119 0.765

Ceruloplasmin® 27.06° 23.26° 21.70° 1.017 0.012 0.004 0.431

Sialic acid’ 184.08* 90.04° 81.00° 9.632 0.0001 0.0001 0.014
aData are the least square means from 10-42 days animal experimentation; ® Statistical contrast: S = LigC supplementation effect (quail supplemented
with LigC vs. quail not supplemented with LiqC); L = Linear effect of increasing dietary LiqC; Q = Quadratic effect of increasing dietary LiqC; <° Different
letters within the same rows indicate differences among groups (P<0.05), n = 12 quails per group (six male and six female); ¢ MDA = umol/ mg protein;
fSOD = % inhibisyon/mg protein; 9 TAS = mmol trolox equiv./mg protein; " Ceruloplasmin = g/mg protein; Sialic acid = pg/mg protein

Table 5. Effects of liquid colostrum (LigC) supplementation to quail diets on serum MDA, SOD and TAS levels

LiqC, % Statistical Significance, P > F°
Variable© SEM
0 2 4 S L Q
MDA® 12.75° 11.14° 9.96¢ 0.606 0.0001 0.0001 0.629
SODf 19.80° 26.97° 31.30° 1.586 0.001 0.0001 0.522
TASY 2.31 249 2.56 0.276 0.644 0.374 0.799

aData are the least square means from 10-42 days animal experimentation; ° Statistical contrast: S = LiqC supplementation effect (quail supplemented
with LigC vs. quail not supplemented with LiqC); L = Linear effect of increasing dietary LiqC; Q = Quadratic effect of increasing dietary LiqC; “° Different
letters within the same rows indicate differences among groups (P<0.05), n = 12 quails per group (six male and six female); ¢ MDA = umol/mg protein;
fSOD = % inhibisyon/mg protein; 9 TAS = mmol trolox equiv./mg protein

given in Table 4. When the table was examined, it was we found that the addition of powdered colostrum
seen that the MDA, ceruloplasmin, and sialic acid levels increased final body weight, body weight gain, cumulative
are lower and SOD level is higher in the trial groups when  feed intake, cold carcass weight, cold carcass yield, and
compared with the control group (P<0.05). On the other  decreased feed efficiency in quails . Similarly, in the
hand, it was detected that it has no effect on the TAS level  present study we observed that LiqC supplementation
(P>0.05). increased body weight gain, and decreased feed efficiency
in quails with increasing dietary LiqC supplementation
for 42 days of the experimental period. King et al.>”
reported that dietary spray-dried colostrum improved feed
conversion ratio at day 14, and in another study conducted
in broiler, it was declared that colostrum added to the
feed mix increased body weight gain on the 13" day of
the growth . Additionally, in studies made on humans, it
has been reported by many researchers that cow colostrum
DlSCUSSlON increases muscle growth, accelerates muscle-skeleton

regeneration, and enhances power and strength 1022,
This study was designed to determine the effect of the  The findings of many researchers mentioned above show
LigC on growing performance, sialic acid, ceruloplasmin,  similarity with our findings. This can be explained by the
and some antioxidant levels in quails. In a previous research,  following: colostrum is a nutritious liquid which is rich

When the effect of the LigC on serum MDA, SOD and
TAS levels was analyzed (Table 5), it was seen that MDA
levels are lower and SOD level is higher in the trial group
(P<0.05). However, it was determined that although
there is a numerical increase in TAS levels, there is not a
statistically significant difference.
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in essential and nonessential amino acids, fatty acids,
minerals and vitamins, contains growth factors for cell
and tissue growth @ and helps the growth of intestinal
system 3. Lipid peroxidation occurring through free oxygen
radicals is a significant cause of injury to cell membranes.
It causes excessive accumulation of Ca* in cells by affecting
membrane permeability ?4. Cell membrane dysfunction
results in cell swelling and cell death. Malondialdehyde
is an end result of lipid peroxidation and is used to show
oxidative injury level. Plasma MDA and tissue MDA levels
are measured as an indicator of free radicals .. Both tissue
and serum MDA levels’ being lower in the trial groups
when compared with the control groups is an indicator for
oxidative damage being less in this study.

Superoxide dismutase is an essential enzyme that is
produced as endogen and for each cell constituting the
organism. The first defense against free radicals within
this organism is made with superoxide dismutase (SOD)
enzyme. It protects the organism from harmful effects
of oxidants by transforming superoxide radical, which
causes cell injury, to less harmful hydrogen peroxide and
molecular oxygen 2. In a study made on elderly people, it
was reported that addition of cow colostrum to their diets
caused an increase in the level of serum SOD. In a study
made on mice, Mahenderan et al.?” reported that the level
of SOD in the group fed with colostrum was higher when
compared with the control group. The results of our study
show similarity with the studies reporting that tissue and
serum SOD level is higher in trial groups when compared
with the control groups. Bovine colostrum has significant
amounts of enzymatic and non-enzymatic antioxidants.
Lactoperoxidase, catalase, superoxide dismutase, and
glutathione peroxidase are the important enzymatic anti-
oxidants present in bovine colostrum. The high levels of
these oxidants in colostrum may cause an increase in SOD
levels in trial groups 128,

Antioxidants function as a cell protection against
destructive side effects of oxidative stress. Oxidative and
antioxidative status evaluation can be done with the
measurement of TAS and MDA levels 9. In this study,
the TAS levels in the trial groups showed no difference
statistically. However, when compared with the control
group, there was a numerical increase in the trial groups. This
increase is caused by the fact that antioxidant substance
level is high in the nutritious component of colostrum.

Acute phase proteins (AFP) synthesized by the liver as a
reaction to the acute phase response may have different
functions and characteristics 5. While these proteins are
present at a insignificant level in healthy animals, they
increase during inflammation and have an indicator role.
During the acute phase response, the synthesis and release
of certain plasma proteins such as ceruloplasmin, sialic acid
increase B, Ceruloplasmin is an a2 globulin composed
of a single polypeptide chain. The transfer of copper, lipid
peroxidation, oxidation of toxic ferrous iron to non-toxic

ferric form and prevention of free radical generation are
among the duties of ceruloplasmin B2, In a study made on
dogs, it was reported that ceruloplasmin concentration
increased with infection and tissue damage B3, With the
present study, ceruloplasmin concentration was found
higher in control groups when compared with the trial
groups. There may be two reasons for this increase. First,
it may be caused by the presence of a subclinical course
of disease or a noneffective inflammatory in control
groups. Second, ceruloplasmin level may have increased
depending on the stress level during the transport and
bird slaughter. Since no disease symptoms were detected
clinically in any of the groups of birds subjected to the
study, the second factor is thought to be in effect.

Sialic acid concentration increases rapidly in situations
such as tissue damage, inflammation, infection, and trans-
port B4, During the study, sialic acid level was found higher
in control groups when compared with the trial groups. As
in ceruloplasmin, the increase of sialic acid in the control
group may have resulted from the stress increase occurring
during the transfer and slaughter of the birds.

It was observed that addition of LiqC to the feed mix
increased slaughter weight, body weight gain, feed intake,
carcass weight, and carcass yield but had no effect on
organ weight. It was observed that it decreased MDA,
ceruloplasmin and sialic acid levels, increased SOD levels,
and had no effect on TAS levels. Additionally, ceruloplasmin
and sialic acid levels’ being low in the groups to whose feed
mix was added colostrum may be a significant indicator of
the animals’ welfare. During transport and slaughter, the
birds become stressed, and this can reduce the quality of
meat. Addition of colostrum to the feed mix can minimize the
oxidative, transport, and slaughter stresses that may occur.
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Abstract

This study was conducted to determine the effect of dietary supplementation with cumin (Cuminum cyminum L.) seeds on growth
performances, relative weights of carcass and viscera, haematological and biochemical parameters, and thyroid hormones concentrations
of broiler chickens subjected to natural fluctuation of Algerian summer ambient temperatures. A total of 440 28-day old chickens were
divided into 2 groups (5 replicates of 44 birds) with similar body weight (971+48 g): a “Control” group fed with a standard diet and a “Cumin”
group receiving a basal diet supplemented with 0.2% of cumin. As a result of this study, dietary cumin supplementation did not significantly
modify the growth rate and final body weights of heat-exposed chickens but it slightly improved feed conversion ratio (-7%, P=0.1). Carcass
traits, viscera (liver, heart, gizzard, spleen, bursa and thymus) intestine morphology and abdominal fat of heat stressed birds did not reveal
any changes by cumin inclusion compared to the control ones. Also, thyroid hormones (T3 and T4) concentrations were not significantly
influenced by dietary cumin (P>0.05). However, heat-exposed chickens supplemented with cumin exhibited a significant (P<0.01) lower
values of plasma glucose, cholesterol, triglycerides and total proteins and higher calcium concentrations than those of control group. Cumin
dietary may be a successful means to enhancing diet conversion and reducing glaecimic, lipidaemic and calcaemic disorders in chronically-
heat exposed chickens.

Keywords: Blood parameters, Broilers, Carcass, Chronic heat stress, Climate, Cuminum cyminum, Performance, Thyroid hormones

Kimyon (Cuminum cyminum L.) Cekirdegi ile Beslenen ve Kronik Isi
Stresine Maruz Birakilan Broiler Tavuklarda Biiyiime Performansi,
Karkas ve Visseral Organ Agirliklari, Kan Bilesenleri ve Tiroit Hormon

Konsantrasyonlari

Ozet

Bu calisma, Cezayir'de yaz cevre isisinin dogal dalgalanmasina maruz kalan broiler tavuklarda yeme kimyon (Cuminum cyminum L.) cekirdedi
ilavesinin buylime performansina, karkas ve vissera agirhd oranina, kan ve biyokimyasal parametrelere ve tiroit hormon konsantrasyonuna
etkilerini belirlemek amaciyla yapildi. Toplam 440 adet 28 glinliik tavuklar viicut agirliklari (971+48 g) benzer olmak tizere 2 gruba (44 tavuk, 5
tekrar olarak) ayrildi.“Kontrol grubu” standart diyet ile beslenirken, “Kimyon grubuna”% 0.2 oraninda kimyon ilave edilmis bazal diyet verildi. Elde
edilen sonuglar 1s1 stresine maruz kalan broiler tavuklarda diyetsel kimyon ilavesinin biiylime oranina ve nihai viicut agirhgina 6nemli bir etki
yapmadigini fakat az oranda yem konversiyon oranina (% -7, P=0.1) etki ettigini gosterdi. karkas 6zellikleri, visseral organ (karaciger, kalp, taslik,
dalak, bursa ve timus), bagirsak morfolojisi ve abdominal yag miktari isi stresine maruz kalan kontrol grubu ile karsilastirildiginda kimyon ilave
edilen grupta bir farklilik géstermedi. Tiroit hormonlari (T3 ve T4) konsantrasyonlari diyetsel kimyon ile anlamli derecede farkhlik gostermedi
(P>0.05). Ancak, kimyon verilen ve s stresine maruz birakilan tavuklarda kontrol grubu ile karsilastirildiginda anlaml derecede olmak Uzere
(P<0.01) duisuk plazma glikoz, kolesterol, trigliseritler ve total proteinler seviyeleri ile yiiksek kalsiyum konsantrasyonu belirlendi. Diyete kimyon
ilavesinin kronik isi stresine maruz kalan tavuklarda diyet konversiyonunu artirmak ve glasimik, lipidemik ve kalsemik bozukluklari diizeltmek
amaciyla kullanilabilecegi kanisina varilmistir.

Anahtar sézciikler: Kan parametreleri, Broiler, Karkas, Kronik Isi Stresi, Iklim, Cuminum cyminum, Performans, Tiroit hormonlari
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INTRODUCTION

In summer season, chronic heat stress continues to be a
great problematic for poultry production. The prolonged
periods of high ambient temperatures compromise
productivity and cause large economic losses . Heat
exposure decreases broilers growth rate, which is generally
due to the reduced feed intake and generate many
physiological, hormonal and molecular changes ™. Also,
it has been established that chronic heat stress affect
development of several internal organs such as digestive
(proventriculus, gizzard, intestine) and lymphoid organs
(thymus, spleen, and bursa of fabricius), which could
compromise the efficacy of nutrient digestibility and
absorbability as well as the immune responses of birds 23,

To alleviate the negative effects of high environment
temperature on poultry production, scientific investigations
have considerably increased in the last decades ™. Several
nutritional approaches using safe and natural feed additives
have been suggested. In this respect, many studies have
shown that antioxidant nutrients supplementation in their
synthetic (vitamins, minerals) or natural (herbs, spices)
form can be used to improve productivity ), enhance
nutrient availability and prevent against detrimental effect
of heat stress ©7.,

Cuminum cyminum is a small annual and herbaceous
plant belonging to Apiaceae (Umbelliferae) family, which
is cultivated in Arabia, India, China and in the countries
bordering the Mediterranean Sea ®. Cuminum cyminum
seeds have shown excellent antioxidant, anti-inflammatory
and antimicrobial activities which are generally attributed
to their major components such as cuminaldehyde,
terpinenes, polyphenols and flavoids . Little is known
about the effect of cumin (Cuminum cyminum L.) on
zootechnical performances and physiological responses of
broilers reared under high environmental temperatures. The
few existing studies have focused on the effects of dietary
Cuminum cyminum L. inclusion on growth performance
of broilers under standard thermoneutral conditions ',
Al-Kassy 'Y, found that dietary supplementation with 0.5
or 1% of cumin seed improved body weight gain and feed
conversion ratio of broilers reared under thermoneutral
conditions, with decreasing hematological values such as
haemoglobin, red blood cells and packed cell volume.
Under heat stress conditions, cumin dietary feed supple-
mentation at level of 2 g/kg has been shown to ameliorate
weight gain, enhance carcass, liver, pancreas and pro-
ventriculus percentage and increase haematocrit values
and blood haemoglobin concentration of slow-growing
chicks 2. To our knowledge, this study is the only
published trial on the effect of Cuminum cyminum
dietary inclusion on broiler chickens subjected to heat
stress. The influence of cumin on growth, performance,
metabolism and thyroid hormones of commercial broilers
under hot climate remains to be explored. In this context,

the aim of this study is to assess the efficacy of dietary
supplementation with cumin seeds (2 g/kg) to improve
growth performances, carcass characteristics, lymphoid
organs weights, and some haematological, biochemical
and hormonal parameters of commercial broiler chickens
reared in hot conditions (natural fluctuation o f A Igerian
summer ambient temperatures).

MATERIAL and METHODS

Birds and Experimental Design

This research was approved by the scientific council of
the Superior National Veterinary School of Algiers, Algeria.
A total of 500 one-day-old of unsexed ISA HUBBARD
broilers chicks obtained from a local hatchery were used
in this experiment. From 1 to 28 days of age, chicks were
given a standard starter diet (2.800 kcal ME/kg, 20% crude
protein) from 1 to 10 d of age and a grower diet (2.900
kcal ME/kg, 19% crude protein) from 11 to 28 d of old. All
animals were reared under standard breeding conditions.
At 28 days old (experimental period), 440 chicks were
selected on the basis of their body weight and equally
divided into 2 groups, with similar average body weight
(971+48 g) with 5 replicate pens of 44 birds each. Control
chickens were fed a basal diet (grower diet from 28 to 42
d old and a finisher diet from 43 to 49 d old) as shown in
Table 1. In cumin group, chickens received the same
basal diet supplemented with 0.2% of cumin (Cuminum
cyminum L.) in form of fine powder. During all the
experimental period, all chicks were given free access to
diet and water and were kept under similar rearing
conditions and were exposed to the natural fluctuations
of the summer ambient temperature (Fig. 1).

Growth Performance

Body weights, feed intake and feed conversion ratios
(g of feed/g of gain) for each group were recorded at
42 days and 49 days of old.

Carcass Traits

At the age of 49 d, ten birds per group were weighed,
slaughtered, and then their feathers were removed. After
eviscerating, carcasses, abdominal fat and the removed
internal organs (liver, heart, gizzard, spleen, thymus, bursa,
and intestine) were weighed and then expressed as
percentage of live body weight. Also, the total length of
intestine was measured and the intestine density was
calculated.

Laboratory Analysis

At the end of experimental period (49 d), ten birds
having a similar body weight to the average of their group
were selected from each group and used for determination
of the blood parameters. The birds were fasted for
approximately 12 h before blood collection.
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Table 1. Composition of the basal diet of the experiment

Ingredient (g/100 g) Starter (d1-10) Grower (d11-42) Finisher (d43-49)
Maize 60.90 64.80 68.60
Wheat bran 5.90 5.00 6.00
Soybean meal (46%CP) 29.20 26.40 21.80
Limestone 0.57 1.20 1.30
Dicalcium phosphate 240 1.60 1.30
Methionine 0.03 = =
Vitamin-mineral premix S-G* 1.00 1.00 -
Vitamin-mineral premixF® = = 1.00

9Each kilogram of starter and grower diet provided: 850.000 IU of vitamin A; 170.000 IU of vitamin Ds; 1.350 IU of vitamin E; 199 mg of vitamin K;, 100 mg
of vitamin Bi; 450 mg of vitamine B; 150 mg of vitamine Bs; 1 mg of vitamine B;;; 1.5 mg of biotin; 600 mg of pantothenic acid; 1.000 mg of niacin; 40 mg of
folic acid; 34.800 of choline chloride: 100.000 mg ; 738.8 mg of crude ash; 142.7 mg of calcium; 5.1 mg of magnesium; 130.5 mg of sodium; 1.2 mg of sulfur;
15.5 mg of insoluble ash; 3.600 mg of iron (Fe carbonate); 7.488 mg of zinc; 2250 mg of copper (sulfate); 75.052 mg of manganese (oxyd); 121 mg of iodine
(iodate); 40 mg of cobalt (carbonate); 25 mg of selenium (selenite); 120.000 mg of methionin; 10.000 mg of BHA-ethoxyquine; 85 mg of molybdenum; 6.000
mg of narasin; ® Each kilogram of finicher provided: 1.000.000 IU of vitamin A; 240.000 IU of vitamin Ds; 2.500 IU of vitamin E; 200 mg of vitamin K3, 180 mg
of vitamin B;; 600 mg of vitamine B,; 290 mg of vitamine Bs; 1 mg of vitamine B, 1.5 mg of biotin; 900 mg of pantothenic acid; 2.900 mg of niacin; 26 mg
of folic acid; 49.998 mg of choline chloride: 100.000 mg; 766 mg of crude ash; 204.3 mg of calcium; 5.1 mg of magnesium; 130.5 mg of sodium; 1.2 mg of
sulfur; 15.5 mg of insoluble ash; 3.600 mg of iron (Fe carbonate); 7.488 mg of zinc; 2.250 mg of copper (sulfate); 75.052 mg of manganese (oxyd); 121 mg of
iodine (iodate); 40 mg of cobalt (carbonate); 25 mg of selenium(selenite); 120.000 mg of methionin; 10.000 mg of BHA-ethoxyquine; 85 mg of molybdenum

were collected and stored at -20°C

Ambient
temperature Relative until analysis. Plasma glucose, total
oc humidity (%) protein, total cholesterol, triglycerides
32 4 r 70 and calcium were determined by using
a spectrophotometer (LKB Novastec) and
31 7 - 60 available commercial kits (SPINREACT,
SA, Espagne) at various wavelengths
30 1 - 50="=T | a5 follows: Glucose concentration was
e determined as mg/dL by using GOD
2l - A0——p POD method " at 505 nm; total protein
™ . H concentration was analyzed by the Biuret
Method (colorimetric test) " at 540
27 - - 20 nm; plasma cholesterol concentration
was determined as mg/dL by using
26 - - 10 the CHOD PAP "9 method at 505 nm;
plasma triglyceride concentration was
25 ——————— 11— 0 determined as mg/dL by using the
d28 d30 d32 d34 d36 d38 d40 d42 d44 da6 d48 GPO-PAP enzymatic method "” at 505
nm; plasma calcium concentration was
Fig 1. Evolution of daily mean ambient temperature and relative humidity during the determined as mg/dL by using the
experimental period (28-49d ays). Ta, ambient temperature; RH, relative humidity o-Cresophtalein v/v complex method '8

Haematology Analysis

At slaughtering, blood samples were collected into
EDTA tubes. The measurement of haematocrit percentage,
haemoglobin concentration and total red blood cells
(RBC) were performed on the same day using automated
hematology analyzers as described by Post et al."™.

Biochemical Analysis

Blood samples were collected from the slaughtered
birds in heparinized tubes and then centrifuged at
3.000 rpm for 10 min. The blood plasma obtained

at 570 nm.
Thyroid Hormone Analysis

Blood samples were collected in heparinized tubes,
centrifuged at 3.000 rpm for 10 min. The plasma samples
were collected and kept at -20°C until analysis. The
total plasma triiodothyronine (T3) and thyroxin (T4)
concentrations were measured by radioimmunoassay (RIA) ™.

Statistic Analysis

Data are expressed as means + standard error and
subjected to one factor variance analysis (ANOVA1)
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performed with the STATVIEW software %, Differences
were considered statistically significant at P<0.05.

RESULTS

Growth Performance

The effects of dietary supplementation of cumin seed
at 0.2% on body weight gain (BWG), feed intake (FI) and
feed conversion ratio (FCR) of chronically heat stressed
broilers are presented in Table 2. In the present study, body
weights of cumin supplemented chickens were similar to
those of control animals both at the age of 42 d (1886+68 g
vs. 1799+59 g; P>0.05) and 49 d (2302462 g vs. 2264+69 g;
P>0.05) (data not presented in Table 2). When considering
overall weight gain of heat-stressed broilers, we found that
cumin inclusion in diet did not affect this parameter despite
a lower weight gain during finishing period (-11%, P=0.03).
In heat-exposed chickens, feed intake recorded from 28
to 42 d of age was significantly (P<0.05) decreased by the
dietary inclusion of cumin (-20% comparing to control)
while it was similar in the two groups from 43 to 49 d of
age. In the growing period (28 to 42 d of old), dietary cumin
supplementation resulted in a significant improvement of
feed conversion ratio (FCR) while in the finishing period (42
to 49 d of age), this parameter was significantly increased
comparing to control animals. Throughout the experiment
(28 to 49 d of age), the inclusion of 0.2% of cumin to diet
seemed slightly enhanced FCR (-7%, P=0.1).

Carcass and Internal Organs Traits

The effects of cumin seeds inclusion on carcass and
viscera weights and their relative weights are shown in
Table 3. Supplementing diet with 0.2% of cumin did not
significantly (P>0.05) affect weights and relative weights
of carcass, gizzard, liver, heart, abdominal fat per 100

Table 2. Effect of dietary cumin supplementation on body weight gain,

feed intake and feed to gain ratio of broiler chickens reared under high
temperature summer from 28 to 49d of age

Variables Control Group | Cumin Group P-value
Feed intake (g)
28-42 days 1012+53 81048 0.03
43-49 days 1082+68 1146+26 0.41
28-49 days 2094+120 195665 0.35
Body weight gain (g)
28-42 days 845+35 898+19 0.23
43-49 days 465+12 416+13 0.03
28-49 days 1310443 1314+19 0.93
Feed to gain ratio
28-42 days 1.20+0.03 0.90+0.05 <0.01
43-49 days 2.32+0.10 2.76%0.11 0.02
28-49 days 1.60+0.04 1.49+0.04 0.11

Table 3. Effect of dietary cumin supplementation on carcass and internal
organs weights and as a percentage of body weight (BW) of broiler chickens

reared under high temperature summer

Variables Control Group | Cumin Group | P-value
Carcass (9) 1600.13+48.33 | 1616.53+47.27 0.81
Carcass (%BW) 69.40+9.00 70.02+7.00 0.46
Liver (g) 45.23+2.54 44.29+2.29 0.76
Liver (%BW) 2.00+1.00 1.90+1.00 0.85
Heart (g) 10.15+£0.62 9.36+0.44 0.31
Heart (%BW) 2.00+22x10* 2.00+17x10* 0.26
Gizzard (g) 31.94+1.27 32.85+0.83 0.55
Gizzard (%BW) 1.40+0.01 1.40+0.00 0.46
Abdominal fat (g) 29.00+1.42 28.66+2.48 0.68
Abdominal fat (%BW) 1.30+0.01 1.20+0.01 0.72
Intestine weight(g) 101.53+4.68 95.89+3.74 0.35
Intestine weight/%BW 4.37+0.12 4.07+0.13 0.10
Intestine length (cm) 239.70+4.21 241.30+4.18 0.79
Intestine density 0.42+0.02 0.40£0.01 0.25
(g/cm)

Spleen weight (g) 2.96+0.22 3.07+0,16 0,68
Spleen (%BW) 0.13+0.10 0.13+0.09 0.82
Bursa (g) 1.53+0.31 1.20+0.15 0.35
Bursa (%BW) 0.07+0.01 0.05+0.01 0.28
Thymus (g) 7.26+0.46 8.57+0.07 0.27
Thymus (%BW) 0.36+0.04 0.39+0.03 0.38

Table 4. Effect of dietary cumin supplementation on haematological and

biochemical parameters and plasma thyroid hormones concentration of
broiler chickens reared under high temperature summer

Variables Control Group | Cumin Group | P-value
Glucose (mg/dL) 236.38+9.08 212.13+3.63 0.019
Total proteins (g/dL) 3.27+0.10 2.75+0.07 0.0002
Triglycerides (mg/dL) 94.19+11.91 43.95+£2.93 0.0003
Cholesterol (mg/dL) 107.33£4.71 70.29+4.27 <0.0001
Calcium (mg/dL) 4.71+0.38 10.51+0.48 <0.0001
Haematocrit (%) 26.40+0.57 25.19+0.44 0.103
RBC (x10°/pL) 2.54+0.06 2.44+0.05 0.190
Haemoglobin (g/dL) 8.66+0.23 8.13+0.29 0.166
T3 (pmol) 2.38+0.23 2.70+0.35 0.457
T4 (pmol) 6.13+3.88 6.73+2.91 0.701
T3/T4 0.86+0.29 0.48+0.09 0.222

g of body weight of broiler reared under chronic heat
stress. Intestine weight, length and density of cumin
supplemented birds did not differ significantly from those
of control. Also, results showed that none of lymphoid
organ (thymus, bursa, and spleen) weights and their
relative weights were significantly influenced by dietary
cumin supplementation.

Biochemistry, Haematology and Thyroid Hormones
Concentrations

The effects of dietary cumin supplementation on blood
biochemistry, haematological parameters and thyroid
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hormones (T3; T4) concentrations of chronically heat
stressed broiler chickens are presented in Table 4. A
significant decrease of plasma glucose (-10 %, P<0.05),
triglyceride (-53%, P<0.001), cholesterol (-34%, P<0.0001)
and total proteins (-16%, P<0.001) concentrations were
recorded in the cumin supplemented groups compared
to the control ones, while, a significant (P<0.0001) increase
in plasma calcium concentration by this diet additive
was observed.

Haematological parameters in term of haematocrit
percentage, red blood cell count and haemoglobin
concentration were not affected by supplementing diet with
0.2% of cumin. However, a slight tendency to a decrease
of these blood contents by cumin diet was observed.

There were no significant (P>0.05) effects of cumin seeds
supplementation on plasma T3 and T4 concentrations and
on T3:T4 ratio. However, numerical results revealed slight
increases for T3 (+13%; P>0.05) and T4 (+10%; P>0.05).

DISCUSSION

In the present study, the overall body weight gain of
heat stressed chickens did not differ significantly by cumin
inclusion. These results disagree with those obtained in fast-
grower chicks reared under thermoneutral conditions ",
and those reported in slow-growing chicks subjected to
heat stress "2, The improvement of weight gain induced by
cumin supplementation of local Egyptian strains "2 could
be explained by the rusticity and thus a lower sensitivity
of these breeds to heat stress. It can also be justified by
the length and magnitude of the applied heat challenge
which was 4 h per day during 3 successive days per weeks
while in our conditions, birds were daily exposed to the
high temperature of the summer period. In this study,
the lower feed consumption occurred at the beginning
of the dietary cumin supplementation could be related
to a period of adaptation of chickens to the smell and the
taste of the diet. However, the overall feed intake (d 28-
49) of cumin supplemented birds was similar to those
of control group. In slow-growing chickens subjected to
heat stress, dietary cumin supplementation at the level
of 0.2% did not induce a significant variation of feed
consumption "2, Similarly, in commercial broiler chickens
maintained at thermoneutral conditions, adding cumin to
diet (increasing doses of 0.5 to 1.5%) did not significantly
alter feed intake "' Throughout the experiment (28 to 49 d
of age), the inclusion of 0.2% of cumin to diet numerically
enhanced FCR (-7%) (Table 2) as it has slightly reduced
feed intake without affecting the growth rate. The positive
effect of cumin on FCR is in agreement with previous
results "2 and could reveal a better feed efficiency
probably related to the beneficial properties of this
spice to enhance digestive enzymatic activities, and
thus, nutrients digestibility and absorbability ©". At high
ambient temperatures, birds reduce their feed intake and

consequently less nutrients were provided to the internal
organs, which compromise their developments 2. In the
present study, diet supplemented with 0.2% of cumin
seeds did not ameliorate carcass and the selected internal
organs weights measured at 49 d of age. In literature,
inconsistent results have been reported on the effects of
natural ?? and synthetic © diet additives used in avian diet
on broiler carcass traits and organs yields. In contrast to
our results, Ali et al."? stated that the negative effect of
heat stress on carcass yield was reduced by adding 0.2% of
Cuminum cyminum during 12 weeks (21-84 d). Also, they
recorded a significant improvement for liver, pancreas and
proventriculus percentage. However, similar to our results,
these researchers have reported no significant effect
of cumin feeding on relative weights of heart, gizzard
and abdominal fat. It is very likely that the responses of
broilers to this feed additive may be influenced by heat
stress challenge and also by duration and period of cumin
inclusion. In addition, the lack of positive impact on the
carcass yield in the present study is probably associated
with the absence of differences in body life weight at
slaughtering age between the two groups of birds. Indeed,
some researchers have reported a strong relationship
between live body weight and carcass yield of broiler
chickens 1. Several studies have shown that heat stress
can affect intestinal maturation ?%. Marchini et al.®! have
stated a decrease in intestinal length and a reduction in the
intestinal absorption capacity of broiler chickens reared
under hot climate. In the current study, cumin supplemen-
tation did not affect intestine morphometry of birds
reared under high ambient temperatures (Table 4). To our
knowledge; there were no available data on the effect
of cumin on intestine morphometric characteristics
when broilers were heat challenged. The most reports
on digestive effects of cumin seeds on broiler chickens
were carried out under thermoneutral conditions. It has
been reported that Cuminum cyminum seed improve
the absorption of nutrients and reduce time of transit in
intestine ', Recently, Sharifi et al.”” failed to detect any
improvement in gastrointestinal tract by adding 1.5%
of Cuminum cyminum in diet of broilers reared under
standard conditions. In our study, the lack of enhancement
of the intestinal morphology was may be due to the
inclusion period of cumin in diet (28 to 49 d) which
coincides with the slow development period of intestine.
Thus, some researchers have reported that the rapid rate
growth of small intestine related to the body weight of
broilers occurs earlier at the beginning of the starter
phase (1 to 6-10 d of age), and after 10 d post-hatch, this
rate begins to slow, determining the end of the rapid
development phase 9. Also, Teixeira et al.*”? have reported
that the total length of intestine was influenced by weight
gain of broiler but, in the current study, this last parameter
remains unchanged by the cumin supplementation. It
was well documented that heat stress can perturb the
immune system and thus, affect the defense mechanisms
of poultry ??¥ Reduced relative weights of both primary
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and secondary lymphoid organs, such as thymus, bursa
of Fabricius and spleen have been found under heat
stress 28, Also, it has been reported that changes in
dietary ingredients, greatly influences the development
of this above-mentioned organs .. Our results showed
that none of lymphoid organ weights and their relative
weights (thymus, bursa, and spleen) were significantly
influenced by dietary cumin supplementation (Table 3). In
this respect, no effect of cumin supplementation on the
relative thymus weight was observed in slow-growing
chickens subjected to heat stress ', whereas, this feed
additive increased significantly the relative bursal weight of
these chickens strain ['?. Also, in thermoneutral conditions,
Alimohamadi et al.?” failed to obtain any enhancement
of immune responses expressed by measuring lymphoid
organ weights when birds were fed a diet supplemented
with cumin at the level of 0.4%. At higher level of inclusion
(0.8%), these authors have recorded higher relative weight
of bursa of Fabricius and thymus. In another study, cumin
seed was shown to have the potential to stimulate the
cellular immunity and increase spleen and thymus weights
of normal and immune-suppressed swiss albino mice B'.
These authors demonstrated that the immunomodulatory
activity recorded by this spice can be attributed to its
flavonoid glycoside compound.

Several metabolic disturbances such as carbohydrates,
fat, protein and calcic metabolism were observed when
broiler chickens were exposed to heat stress 28, Also,
researchers have reported a decrease in haematological
values of heat challenged birds 2. Our results demonstrated
that feed cumin addition greatly influence the plasma
nutrients concentration of broiler reared under summer
high ambient temperatures (Table 4). The observed anti-
hyperglycaemic, antihypercholesterolaemic and antihypertri-
glyceridaemic properties of cumin were expected, the fact
that, some investigations on humans, rabbits and rats have
revealed such beneficial effects 5334, Also, the contribution
of the antioxidants in the form of herbs, spice or synthetic
substances to improve the negative effects of heat stress
on term of blood metabolites has been shown 35, |n
termoneutral conditions, Golian et al."”and Alimohamadi
et al.®” have not observed any changes of plasma glucose
when broilers were respectively fed diet supplemented
with 0.2, 0.4, 0.6, 0.8 and 1% of cumin seed and with
0.4 and 0.8% of cumin essential oil. However, other
researchers 3 have shown that glycaemia in diabetic or
normal rats and normal rabbits may be lowered by cumin
inclusion. This hypoglycaemic response was attributed
to the enhancement of insulin sensitivity by protecting
pancreatic beta cells integrity, improvement of serum
insulin content B3 and/or to the regulation of glucose
homeostasis by increasing peripheral utilization of glucose,
increasing hepatic glycogen synthesis or decreasing the
glycogenolysis. Furthermore, similarly to our results, the
hypolipidaemic and hypocholesteroleamic properties of
Cuminum cyminum in form of seeds, essential oil and/or

extracts components have also been reported previously
in human, rabbits, turkeys and rats 25%7) In broiler, Al
Kassi " have reported the effectiveness of adding 1 and
1.5% of cumin seeds to commercial strain chickens diet
and maintained at thermoneutral conditions in reducing
plasma cholesterol and triglycerides. In another study,
the inclusion of 0.8 g of cumin essential oil per 1 kg of
broiler diet have not change triglycerides level, whereas,
cholesterol concentration was significantly reduced . In
contrast to our results, slow-growing chicks subjected to
heat stress, have showed no significant effects of dietary
cumin seeds supplementation on plasma cholesterol
concentration "2, Also, an insignificant difference in blood
triglycerides and cholesterol levels has been reported
in broilers fed diets supplemented with cumin seeds at
0.4 and 0.8% compared with no supplemented birds
reared under standards conditions 2% Several mechanisms
by which cumin can lower blood cholesterol and tri-
glycerides concentrations were suggested. Some published
researches have reported that the active compound
(flavones) of Cuminum cyminum can activate the antioxidant
enzymes (superoxide dismutase and catalase) ** which can
reduce the rate-limiting enzyme for cholesterol synthesis
(3-hydroxy-3-methylglutaryl-CoA reductase: HMG-CoA
reductase) % Also, presence of sterol in Cuminum cyminum
seeds can increase bile acids production and lipase activity ',
The triglycerides lowering effect induced by cumin was
associated with the unsaturated fatty acids of this spice .
Birds'plasma protein profile can be modulated by heat
stress B2, In the present study, total plasma proteins
concentration decreased significantly in the blood of
cumin supplemented birds reared under hot summer
temperatures (Table 4). This result was inconsistent with
those reported by Ali et al."’” who showed no significant
variation of plasma total protein of slow-growing chickens
subjected to heat stress. Also, under thermoneutral
conditions, plasma total proteins concentration was
not affected by dietary cumin inclusion %38, |t is well
established that during heat stress, immune responses
require specific nutrients needs and the reduction in
nutrients availability due to reduce feed intake result
in redistribution of body resources to detriment of growth
requirements. However, the plasma total protein results
lead us to suppose that cumin supplemented broilers
expressed less stress, since as we have previously
mentioned and discussed, cumin feeding have reduced
feed intake without affecting growth, which may mean
that proteins were rather used for growth than for immune
responses. In this respect, Ali et al.**! have shown that the
addition of cumin seed at 0.2% to a low energy diet of
broilers has significantly decreased plasma total protein
and reduce numerically globulin values, but did not
influence growth performances. Thus, these authors have
concluded that this spice reduces immune cost for a more
efficient use of proteins in growth and supposed that
cumin can protect proteins from free radical injuries. In the
present study, calcium concentration showed a significant
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increase by diet cumin supplementation (Table 4). This
result agrees that reported for broiler chickens ¥4 and for
Turkey poults ™ reared under standard environmental
conditions. In the best of our Knowledge there is no study
available concerning the effect of Cuminum cyminum seed
on calcium profile of broilers under heat stress. In this
study, the plasmatic concentration increase of calcium,
lead us to suggest an enhancement in absorption and
digestibility of this mineral element by cumin feeding.
Also, Pradeep et al.** have reported that cumin seeds are
good source of minerals. In same trend of our results, no
significant variation was observed on blood haematology
by dietary cumin of broiler chickens reared under hot 1'%
and thermoneutral B conditions. However, the deleterious
effect of cumin on haematopoiesis by decreasing haemo-
globin concentration, red blood cells number and
percentage of haematocrit was reported when high level
of Cuminum cyminum 1.5% " was included in broiler diet.

A rise in ambient temperature was generally accompa-
nied with decreased in the level of triiodothyronine (T3)
and tetraiodothyronine (T4) hormones in response to a
reduction on thyroid activity in order to reduce internal
heat production of broilers 7., In our study, there were
no significant effects of Cuminum cyminum seeds
supplementation on plasma T3 and T4 concentrations and
on T3:T4 ratio (Table 4). Up to now no studies have reported
the effects of Cuminum cyminum seeds on broiler blood
thyroid hormones whether in thermoneutral or heat stress
conditions. Also, limited numbers of animal studies on
the effects of some feeding spice products and medicinal
herbs acting as an antioxidant on thyroid hormones were
reported and discrepant results were obtained %4,

The supplementation of broiler chicken’s diet with
Cuminum cyminum seeds at a level of 0.2% enhanced broiler
feed efficacy during the summer and concomitantly,
alleviated the negative effects of chronic heat stress
on glycaemia, lipidaemia and calcaemia of broilers. However,
this feed additive did not affect blood haematology, carcass
and viscera yields, and thyroid hormones concentrations.
The mechanisms of action of this medicinal spice need
more clarification.
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Abstract

The main objective of the present study was to evaluate the effects of feed particle size, form and also pellet quality on intestinal pH,
population of beneficial bacteria and pathogenic bacteria and performance of broiler chickens during growth period. Chicks were fed the
same starter ration, but at day 11 of age, chickens were randomly assigned to eight treatments and four replicates and fed dietary treatments
until day 28 of age as grower diet. Dietary treatments were as: pellet diets with (1.8 and 2.2 mm) or without dust, graded diets (0.78 and 1.27
mm) and mash diets (2 and 3 mm diameter), poor quality pellet and high quality pellet with die diameter of 1.8 and 2.2 mm. The lowest pH
of duodenal and ileal contents was for pellet 2.2 mm and mash 3 mm, respectively (P<0.05). In mash diet, chicks fed the particle size of 3 mm
had 7.3% greater the relative weight of gizzard than those fed particle size of 2 mm. Daily feed intake and daily weight gain of chicks were the
highest in pellet diets and the lowest in graded diet 1.27 mm. The worse feed conversion ratio was for chicks fed mash 3 mm and graded diet
1.27 mm (P<0.05). There were no differences (P>0.05) among treatments for bacterial populations, except Escherichia coli population. The
highest Escherichia coli population was found in high quality pellet 1.8 mm and poor quality pellet 1.8 mm and lowest one was found in mash
2 and 3 mm (P<0.05). It was concluded that both feed form and particle size may influence on the gizzard weight and the pH of duodenal
and cecal contents and Escherichia coli population in the cecal of broiler chicks. High quality pellet 2.2 mm resulted in better feed conversion
ratio, although the Escherichia coli population was the highest in the cecal content of these chickens.

Keywords: Broiler chicken, Bacterial population, Feed form, Particle size, Performance

Degisik Boy ve Formda Diet ile Beslenen Broiler Tavuklarda Biiyiime ve
Sekum Bakteri Popiilasyonu

Ozet

Bu calismanin amaci broiler tavuklarda biiylime periyodu siiresince verilen yemin partikil buyukligu, formu ve ayni zamanda pelet
kalitesinin bagirsak pH’si, yararli ve zararli bakteri populasyonlari ve performans tzerine etkilerini arastirmaktir. Civcivler ayni baslangic
yemi ile beslendikten sonra 11. glinde rastgele olarak dérder tekrar olmak tizere sekiz uygulama grubuna ayrildi ve 28. gline kadar farkli
blylme yemleriile beslendi. Yem uygulamalari su sekilde gergeklestirildi: tozlu veya tozsuz pelet diyet (1.8 ve 2.2 mm), dereceli diyet (0.78
ve 1.27 mm) ve lapa diyet (2 ve 3 mm capinda), 1.8 ve 2.2 mm capinda disuk kaliteli pelet ve yliksek kaliteli pelet. En diisiik duodenum ve
ileum iceriklerin pH degerleri sirasiyla 2.2 mm pelet ve lapa 3 mm i¢in bulundu (P<0.05). Lapa diyette 3 mm partikil boyutu ile beslenen
civcivler partikil blyukligld 2 mm olan ile beslenenlerle karsilastirildiginda %7.3 daha fazla tashk agirhgina sahipti. Civcivlerin glinliik
yem tuketimi ve gunlik agirhk kazanimi en yiiksek olarak pelet diyette gozlemlenirken en diisiik 1.27 mm dereceli diyette tespit edildi.
En kotl yem donlsiim orani lapa 3 mm ve 1.27 mm dereceli diyetle beslenenlerde gozlemlendi (P<0.05). Escherichia coli hari¢ bakteriyel
poplilasyonlar agisindan uygulamalar arasinda fark bulunmadi (P>0.05). En yiiksek Escherichia coli popilasyonu yiksek kaliteli 1.8 mm
pelet ve disik kaliteli 1.8 mm pelet ile tespit edilirken en dusik deger lapa 2 ve 3 mm ile bulundu (P<0.05). Yem formu ve partikdl
boyutunun taslik agirligi, duodenum ve sekum icerikleri ve sekum Escherichia coli popilasyonu Uzerine etki yapabilecedi sonucuna
varild. Yiiksek kaliteli 2.2 mm pellet daha iyi yem déniisiim oranina neden olurken sekumdaki Escherichia coli populasyonu bu grupta en
yliksek olarak tespit edildi.

Anahtar s6zciikler: Broiler tavuk, Bakteriyel popliilasyon, Yem formu, Partikiil boyutu, Performans
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INTRODUCTION

Particle size and form of feed and feed form quality with an
important role in broiler nutrition has long remained the
basic paradigm of feed manufacturers. From a bird’s view, a
coarse feed particle without dust is instinctive preference.
From a feed manufacturing perspective, smaller feed
particle size is preference to improve efficiency and
uniformity of mixing, reduce ingredient segregation, and
improve performance 2. From a nutritional perspective,
smaller feed particle size could increase the relative surface
area, improve digestibility, and reduce selective feeding by
the bird. From an alternative nutritional perspective, larger
particle size could promote gizzard development and
activity, longer ingredient retention in the gizzard, more
uniformity of particles when pass to the small intestine,
and consequently improve digestibility ™. There is a
discrepancy like particle size for feed form among different
perspectives.

During recent two decades, many papers published
concerning the effects of feed particle size and form on
performance, nutrient availability, gizzard development, gut
morphometry, gizzard or stomach Salmonella population in
poultry or pigs, but their effects on population of beneficial
and common pathogenic bacteria in broilers has been
limited studied. It has been demonstrated that pigs fed
finely ground compared with those fed coarsely ground
feed had a higher incidence of Salmonella ™. Furthermore,
pelleted feed increases the risk of Salmonella infection
in pigs compared with mash feed ", In poultry, it was
demonstrated that enhance in gizzard activity by large
particle size could increase digesta retention time ! and
consequently changed the colon pathogenic bacteria ®.

The main objective of the present study was to evaluate
the effects of feed particle size, form and also pellet
quality on intestinal pH, population of beneficial bacteria
(Bifidobacterium and Lactobacillus) and pathogenic bacteria
(Clostridium perfringens and Escherichia coli) and performance
of broiler chickens during growth period.

MATERIAL and METHODS

Chicks used in this study received human care based
on criteria outlined in the Guide for the Care and Use of
Laboratory Animals ® published by the National Institutes
of Health in the United State, and the experimental
protocol was approved by the Research Committee of
Islamic Azad University, Science and Research Branch
(19.02.2015; 190215).

A total of 384 chicks 1-day-old male broiler chicks (Ross 308)
were obtained from a local hatchery. Chicks were divided
in floor pens (100 cm X 90 cm) covered with new wood
shavings and raised under environmentally controlled
conditions and lighting program based on Ross 308 broiler

guides. The chicks had ad libitum access to feed and water.
Feeders were shaken once per day to prevent variation
in feed intake. Chicks were individually weighed, and
assigned to pens (12 birds per pen) so that the average
weight per pen was similar. Broiler diets were formulated
and manufactured according to suggested requirements
of Ross 308 broilers.

Chicks were fed the same pre-starter and starter rations, but
at day 11 of age, chickens were randomly assigned to eight
treatments and four replicates and fed dietary treatments
until day 28 of age as grower diet period (Table 1). Dietary
treatment were as: mash diet with dust screened at 1.8 and
2.2 mm; mash diet without dust screened to have particles
with diameter 0.78 and 1.27 mm; poor quality pellet (75%
crumbles and 25% dust) with die diameter of 1.8 and 2.2
mm and high quality pellet with die diameter of 1.8 and
2.2 mm. Corn grain and soybean meal were ground with a
hammer mill equipped with two screens and blended in
mixer to produce the mash diets. For pelleting, grounded
mixed particles were conditioned at 85°C for 45 s and
pelleted with a ring die pellet set. In the initial and day
28 of the experiment, feed intake and live body weight of
chickens were recorded, and then feed conversion ratio was
calculated with considering the weight of dead chickens.

At day 25 of age, two chicks per replicate were randomly
chosen, weighed, and euthanized by cervical dislocation.
Immediately, the gastrointestinal tract was eviscerated
and the pH of different parts of small intestine was quickly
recorded by inserting the pH meter directly into the
digesta. The gizzards were opened, the contents were
removed, weighed and expressed as a percentage of body
weight. Also, caecal contents of these chicks (two chicks
per each replicate) were collected, pooled and a sample
was used to assay beneficiary bacteria (lactic acid bacteria
and Bifidobacteria) and pathogen bacteria (E. coli. and
Clostridium perfringens). The populations of bacteria were
estimated as the log 10 of colony forming units (CFU) per
gram of content.

One gram of each sample was tenfold serially diluted (10
to 10°) in 0.9% sterile bacteriological peptone diluents.
Bifidobacteria and Lactobacillus were cultured on MRS
agar in anaerobic and aerobic condition, respectively.
Anaerobic cultures jar was used for creating anaerobic
conditions. Clostridium perfringens was cultured on SPS
agar in anaerobic cultures jar. E. coli and other Coliforms
were counted by EMB agar (Eosin methylene blue) and Mac
Conkey agar. All commercial media (Merck, Dusseldorf,
Germany) were rehydrated in distilled water. The agar
media were sterilized by autoclaving at 121°C for 15 min.
All the cultured samples were incubated at 37°C after 48 h,
the plates containing 25 to 250 colonies were enumerated
and recorded as CFU/g of sample. The number of replicate
samples was three, and the experimental program was
repeated twice.
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Table 1. Ingredient composition and nutritional values of the experimental diets fed during three phases

Ingredients (%) Pre-starter (days 1-7 of age) | Starter (days 8-21 of age) | Grower (days 22-28 of age)
Corn 55.20 59.10 62.00
Soybean meal 38.00 34.44 30.884
Soybean oil 2.200 2.350 3.350
Calcitic limestone 0.950 0.900 0.850
Dicalcium phosphate 1.950 1.800 1.670
Salt 0.266 0.250 0.240
Sodium bicarbonate 0.334 0.360 0.355
DL-methionine 0.255 0.175 0.175
L-lysine 0.345 0.225 0.220
Vit and Min Supp.' 0.500 0.400 0.400
Total 100 100 100
Chemical composition
Metabolizable energy (kcal/kg) 2945 3000 3120
Crude protein (%) 22.05 20.75 19.35
Calcium (%) 0.95 0.90 0.87
Available phosphorus (%) 0.47 0.45 0.42
Methionine (%) 0.58 0.48 0.47
Sulfur amino acids (%) 0.93 0.82 0.80
Lysine (%) 1.47 1.28 1.20
Sodium (%) 0.22 0.21 0.20
Chlorine (%) 0.20 0.20 0.19
Linoleic acid (%) 2.45 2.60 3.15
Potassium (%) 0.85 0.81 0.76
! Vitamins and minerals supplement (per kg feed): pantothenic acid 12.8 mg, folic acid 1.25 mg, B.H.T 2.5 mg, biotin 0.125 mg, choline
chloride 800.0 mg, niacin 38 mg, Vit-A 13.000 IU, Vit-D; 2.500 IU, Vit-E 30.0 mg, Vit-K 2.5 mg, Vit-B; 2.5 mg, Vit-B;; 25mg, Vit-B; 5.5mg, Vit-Bs
5.0mg, Copper 12.5 mg, Iron 62.65 mg, lodin 0.025 mg, Manganese 68.0 mg, Selenium 0.23 mg, Zinc 69.0 mg

At first, the normality of data distribution was checked
using the Kolmogorov-Smirnov test. The Statistical analysis
was done with ANOVA of SAS using GLM procedure for
Windows version 14.1 % Means were separated by Tukey
test at P<0.05.

RESULTS

As shown in Table 2, significant differences exist among
treatments for pH of duodenum and cecum contents,
but there was no significant effects of feed forms or feed
particle size on pH of jejunum and ileum contents. The
lowest pH of duodenum and ileum contents was for high
quality pellet 2.2 mm and mash 3 mm, respectively.

The effects of dietary treatments on the relative weight
of gizzard and performance of broilers on day 28 of age
are presented in Table 3. The relative weight of gizzard was
influenced by the form of diet. Chicks in mash 3 mm had
higher gizzard weight than other treatments. Chickens fed
pellet had the lowest gizzard weight. Chicks fed graded

Table 2. The effect of mash form and patrticle size on the pH of different
section of broilers intestine

Treatments Duodenum | Jejunum | lleum | Cecum

Mash 2 mm 6.12° 6.59 7.11 5.97:0

Mash 3 mm 6.132 6.52 7.09 5.93°

Good quality pellet 5,550 6.13 6.75 6.18°

1.8 mm

Come g 571l 541 6.10 672 | 620°

2.2 mm

Poor quality Pellet 6.03 6.31 693 | 610%

1.8 mm

ORI NS 6.12: 6.28 675 | 617

2.2 mm

Graded 0.78 mm 6.14° 6.75 7.10 6.08%°

Graded 1.27 mm 6.172 6.54 7.15 6.15%

SEM 0.112 0.147 0.124 0.048

P value 0.005 0.0605 0.0876 0.006
Means within a column with different superscripts are significantly
different (P<0.05)
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diet had higher gizzard weight than poor quality pellet,
but lower than those fed mash diet. Regardless of diet
form, the gizzard weight of chicks fed different particle size
was not significant, but significant difference appeared
between mash 1.8 and 2.2 mm. In mash diet, chicks fed
the particle size of 3 mm had 12.5% greater relative weight
of gizzard than those fed particle size of 2 mm. Daily feed
intake and daily weight gain of chicks were the highest in
pellet diets and the lowest in graded diet 1.27 mm. The
worse feed conversion ratio was for chicks fed mash 3 mm
and graded diet 1.27 mm.

The effects of dietary treatments on bacterial populations
on day 25 of age are presented in Table 4. There were no
significant differences among treatments for bacterial
populations, except Escherichia coli population. The highest
Escherichia coli population was found in high quality pellet
1.8 mm and poor quality pellet 1.8 mm and lowest one was
found in mash diets 2 and 3 mm. Both mash diets have the
highest counts of Lactobacillus and Bifidobacterium.

DISCUSSION

In this study, pH of duodenum was the highest in chicks
fed mash and graded diets and the lowest in good quality
pellet 2.2 mm. As stated by Huang et al.'"! mash diets
are retained for longer period in the gizzard of broilers as
compared with pelleted diet. Hence, mash and graded
diets require further grinding and gizzard muscular activity.
The higher activity of gizzard stimulates the proventriculus
and increases in the secretion of hydrochloric acid. Thus,
the pH of the duodenum in broilers fed mash, graded and
poor quality pellet diets is lower compared with those fed
pelleted diets as this result is in agreement with the finding
of Engberg et al™?. Our finding is in contrast to the report
of Dahlke et al™® who concluded that proventriculus pH
and intestinal pH were not affected by different particle sizes.

In the jejunum and ileum of chicks, pancreatic and bile
secretion influence on pH of digesta and no difference
observed among treatments. The bacterial activity could

Table 3. The effect of mash form and particle size on the relative weight of gizzard and performance parameters of broilers during grower period

Treatments Relative Gizzard Weight (g) | Body Weight Gain (g/day) Feed Intake (g/day) | Feed Conversion Ratio
Mash 2 mm 1.89° 31.6° 41.5% 1.313%
Mash 3 mm 2.04° 29.3¢ 38.75 1.320°
Good quality pellet 1.8 mm 1.19¢ 36.12 43.1° 1.192¢
Good quality Pellet 2.2 mm 122 36.0° 42.7° 1.187¢
Poor quality Pellet 1.8 mm 1.36¢ 33.0° 41.4% (256
Poor quality pellet 2.2 mm 1.42¢ BN 41,52 1.269%¢
Graded 0.78 mm 1.77° 30.0« B0 12367
Graded 1.27 mm 1.82° 26.1¢ 34.54 1.3232
SEM 0.028 0.93 0.83 0.024
P value 0.001 0.006 0.005 0.008
Means within a column with different superscripts are significantly different (P<0.05)

Table 4. The effect of mash form and particle size on the bacteria population (log:o cfu/g) in the cecum of broilers during grower period

Parameter Lactobacilus Bifidobacterium Colostridium Escherichia coli Coliforms
Mash 2 mm 9.176 8.824 3.853 8.068¢ 8.927
Mash 3 mm 9.246 8.728 2.606 8.281%¢ 8.629
Good quality pellet 1.8 mm 8.920 8.042 2.201 10.0912 9.493
Good quality Pellet 2.2 mm 8.795 7.938 2.634 9.704° 9.215
Poor quality Pellet 1.8 mm 9.182 8.188 3.460 10.108° 9.303
Poor quality pellet 2.2 mm 9.188 8.033 2.068 9.5532 9.508
Graded 0.78 mm 9.477 8.367 2514 8.9042*< 8.609
Graded 1.27 mm 9.437 8.289 1.515 9.283%¢ 9.545
SEM 0.0655 0.0858 0.3059 0.1701 0.1163
P value 0.081 0.116 0.195 0.008 0.109
Means within a column with different superscripts are significantly different (P<0.05)
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change the pH of the cecum content, as in Table 1 was
seen, mash diet with coarse particle size caused a decrease
and good quality pellet diet caused an increase in the pH
of cecum contents. The availability of nutrient from mash
diet in the cecum resulted in a non-significant increase in
the lactobacillus population and consequently declined
the pH of content. In the present study, the form and
particle size of diet influenced on the gizzard weight.
Chicks fed good and poor quality pellet diets had lower
gizzard weight as compared with mash and graded diets.
In line with our finding, several authors "> reported lower
gizzard weights in broiler chickens fed the pelleted diet.
Lower gizzard weight was also attributed to low coarse
particles in pelleted diets ©. Regardless the diet form,
gizzard weight numerically increased as particle size
increased in the present study. Mash diet with coarse
particle size needs higher muscular activity for grinding,
and more activity causes an increase in the weight and
size of gizzard. Of course, dietary form had higher impact
than dietary particle size on the relative weight of gizzard.
Our result is in agreement with finding of Nir et al."
who reported that broilers were fed diet with particles in
coarse and medium sizes, the gizzard weight increased as
compared with the chicks fed fine particles. The gizzard
has an important and unique role in the gastrointestinal
tract of broilers, as it acts a mechanical grinder for reduction
of dietary particle size " which effectively resulted in
gastrointestinal motility . The gizzard weight has a positive
broiler growth response, as Parsons et al.'"” reported an
increase in mash feed particle size and coarser diet, chicks
had the largest gizzard weight and the highest weight
gain. In this study, differences for gizzard weight among
particle size in each feed form was not significant, but
Amereh et alV reported significant differences. In the study
of Parsons et al.l'”’, the chickens fed the coarse corn mash
diets had greater absolute and relative gizzard weights as
compared with the chickens fed the fine corn mash diets.

One of strategy for development of gizzard is manipulation
of diet as mentioned previously by Nir et al.™ and Engberg
et al.® Graded feed in this study was a mash diet with
the uniform particle size and compare with pellet diets
resulted in greater gizzard weight, but its effect was lower
than mash diet. The existence of large uniform particles
in graded diet resulted in longer retention of feed in the
gizzard ), the development and activity and consequently
the weight of gizzard '*\. As seen in Table 2 and Table 4, a
higher relative weight of gizzard resulted in a decrease in
the population of E. coli that support the finding of Bjerrum
et al."®, thus may be reduce the risk of enteric diseases
as speculated by Engberg et al.®’and Bjerrum et al."'®,

Broilers fed pellet diet had the highest feed intake and
body weight gain but had the lower feed conversion ratio.
The result of this study is inconsistent with finding of
Amerah et al."! who reported birds fed pellet diets showed
lower feed conversion ratio than those fed mash diets. In

contrast to feed intake of chicks in this study, Parsons et
allreported no difference in feed intake when birds were
fed mash versus pellet diets. In agreement with our study,
Lemme et alindicated that pellet diets of good quality
had the highest weight gain than poor-quality pellet feed.
In the present study, chickens fed mash diet had lower
feed intake and feed conversion ratio. The differences may
be attributed to the particle size in mash and pellet diets,
the passage rate of digesta and the particles distribution.
Amerah et al." demonstrated that large particles in mash
diets promoted broiler performance and pelleted diets
had controversial results on performance.

An increase in the beneficial bacteria population and a
decrease in the pathogenic bacteria population or both
is a favorite strategy for broiler industry. In this study, the
dietary form had higher impact on the bacterial population
than particle size. Diets with larger particle sizes have an
indirect effect on reducing enteric disease problems in
broilers. These diets may alter the microbial populations
of the gastrointestinal tract. The gizzard development
stimulated through increase in grinding activity, which
leads to an improvement in gut motility ?%. Gizzard activity
also increases the secretion of hydrochloric acid, which
ultimately reduces the pH of intestinal contents. This
event, in combination with the increased retention time
of feed in the gizzard, has an antimicrobial effect. When
pathogenic bacteria such as Escherichia coli entered to the
gastrointestinal tract, they inactivated by the highly acidic
media of intestine '*?, Therefore, the gizzard acts as a
barrier in reducing the entrance of pathogenic bacteria to
the distal intestinal tract .

In this study, lactobacilli populations were numerically
higher in mash diets than pellet diets. The finding of
this study was inconsistent with the report of Engberg
et al.'?. An increase in lactobacilli populations is usually
considered to be beneficial to the host, because they can
prevent colonization of diarrhea-causing pathogens such
as E. coli 8222 Engberg et al.®? compared coarse or finely
ground mash or pelleted feed and reported that there
was an increase in lactobacilli populations in the ceca and
rectum when birds were given coarse mash diets, with the
lowest counts of lactic acid bacteria in birds given finely
ground pellets. There was no additional study concerning
the effect of feed form and particle size on bacterial
population in the intestine of broiler chickens.

Both feed form and particle size influence on Escherichia
coli population in the cecal of broiler chicks. Escherichia
coli population was the highest in the cecal content of
chickens fed high quality pellet diets. This finding is in
agreement with study of Engberg et al.®, who observed
that broilers fed pelleted diets presented higher coliform
and enterococci counts in the ileum and lower lactobacilli
and Clostridium perfringens numbers in the cecca and
rectum compared with mash diet.
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The findings of this study suggest that both feed form
and particle size may influence on the gizzard weight and
the pH of duodenal and cecal contents and Escherichia
coli population in the cecal of broiler chicks. Based on
the results of this study, high quality pellet resulted in
better feed conversion ratio, although the Escherichia coli
population was the highest in the cecal content of chickens.
The use of good quality pellet with fine particles could
significantly improve the broiler performance and health.
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Abstract

The aim of this study is to determine fattening performance, slaughter and carcass characteristics of single and twin male Honamli kids raised
under semi- intensive conditions. In the study, 90 day-olds (weaned at the age of 75 days and the 15-day period of adaptation to feeding),
10 single and 10 twin Honamli male kids were fattened for 56 days and all kids were sent for slaughter at the end of the fattening period.
Final average live weights were found to be 34.4 kg and 30.4 kg for single and twin kids. Average daily live weight gain during fattening was
203 g for single kids and 231 g for twin kids. Hot carcass weights obtained after slaughter were 14.47 kg and 12.43 kg; dressing percentages
calculated based on empty body weight were determined to be 52.46% and 51.11% for single and twin kids, respectively (P>0.05). Cold
carcass weights were determined to be 14.19 kg and 11.17 kg for single and twin kids, respectively; cold carcass yields calculated based on
empty body weight were determined to be 51.53% and 50.04% for single and twin kids. The surface areas of M. longissimus dorsi (MLD) were
found to be 13.39 cm2 and 12.43 cm2, respectively. Withers height, rump height, body length, chest girth, and nose length of single kids were
relatively higher compared to twin kids at the end of the fattening period.

Keywords: Honamli male kids, Type of birth, Fattening, Slaughter, Carcass

Honamli Erkek Oglaklarinda Bliyiime, Besi Performansi ve Karkas
Ozelliklerine Dogum Tipinin Etkisi

Ozet

Calismanin amaci, yari entansif kosullarda yetistirilen Honamli tek ve ikiz erkek oglaklarinin besi performansi ile kesim ve karkas 6zelliklerinin
belirlenmesidir. Calismada 90 giinlik yasta (75. glinde sitten kesim yasi ve sonrasinda 15 glin yeme alistirma dénemi) 10'ar bas Honamli
irki erkek tek ve ikiz oglak 56 giin siireyle besiye alinmis ve besi sonunda tiim oglaklar kesime sevk edilmistir. Besi stiresi sonunda ise canl
agirliklar tek ve ikiz oglaklar icin 34.4 kg ve 30.4 kg olarak tespit edilmistir. Besi siiresince ortalama gtinliik canh agirlik artisi tek dogan
oglaklarda 203 g, ikizlerde ise 231 g olarak gerceklesmistir. Kesim sonrasinda elde edilen sicak karkas agirliklari da sirasiyla 14.47 kg ve 12.43
kg; bos viicut agirhgina gore hesaplanan sicak karkas randimanlari tek ve ikiz oglaklar icin sirasiyla %52.46 ve %51.11 olarak tespit edilmistir.
Soguk karkas agirliklari tek ve ikiz oglaklar icin sirasiyla 14.19 kg ve 11.17 kg; bos viicut agirligina gére hesaplanan soguk karkas randimanlari
ise yine tek ikiz oglaklar icin sirasiyla %51.53 ve %50.04 olarak belirlenmistir (P>0.05). M. longissimus dorsi (MLD) kesit alani ise sirasiyla 13.39
cm?2 ve 12.43 cm2 olarak tespit edilmistir. Besi sonunda tek dogan oglaklarin cidago yuksekligi, sagr yiksekligi, viicut uzunlugu, gégis
cevresi ile burun uzunluklari ikiz dogan oglaklara gore nispeten daha yiiksek bulunmustur.

Anahtar s6zciikler: Honamli erkek oglak, Dogum tipi, Besi, Kesim, Karkas

INTRODUCTION of the region is the popular place for this breed. Nomad,
semi-nomad and settled breeders keep the Honamli for

Honamli goats are reared in the Mediterranean region the kid production. Rapid growth rate and bigger body
throughout the Taurus mountains, especially west part parts are the characteristics of the breed. Honamli goat
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was officially registered by the Turkish Ministry of Food,
Agriculture, and Livestock as an original goat breed of
Turkey in the year of 2015.

When it comes to meat yields of farm animals, generally
not only the amount of carcass obtained from the
animals is considered but also the amount of edible
meat on carcasses comes to forefront economically.
While the amount and quality of carcass are crucial in
terms of meat production, particularly determination of
fattening performances is also important economically
and for revealing yield capability of animals. Fattening
performance is affected by several factors such as species,
breed, age, gender, and feeding style . The quality of
carcass is one of the critical factors for determining meat
yield in animals . Meat production from animals is
fundamentally based on revealing carcass characteristics
of these animals reaching the maturity for slaughtering
by intensively-feeding methods applied by focusing on
growth traits of offspring. In addition, the quality which
allows meat to be utilized commercially is also significant &I,
This is also valid for goats as well as for all farm animals.
In addition to different grazing preference of goats and
high adaptation for current environmental conditions,
traditional habits and socio-economic structures of
communities could be asserted to play a role in preference
of consumption of goat meat . Due to similar raising
conditions, numerous studies have been conducted to
reveal differences of goat meat compared to sheep meat.
Goat meat containing lesser water than sheep meat and
thus having a less tender structure has been found to be
really flavorful and preferably by consumers ©. There has
been an obvious increase in consumption of goat meat all
over the world in last 20 years ©. The goal for raising sheep
and goats for meat is to reach as much offspring as mother
can care for weaning period. This is because lamb and
kid meat is the most important outcome of this system.
In this situation, multiple births provides the advantage
but lambs and kids develop late. Sale of kids is leading in
terms of incomes provided for goat breeding .. It is very
important for kids raised for meat yield be fed sufficiently
during the suckling period. By this way, the meat of kids
has a more tender structure as a result of rapid adaptation
of goats to forage consumption and environmental factors
and their rapid development ©. Survival rate of born
kids, therefore, ensuring low mortality levels in the flock
require to perform regularly management-feeding, health
controls applied to kids ..

As a tradation, twin kids are not very wellcome among the
extansive and semi-entansive goat breeders in the region.
Even they want to rear twin kids as single and sparate one
of them just afeter bird. In the raelity twin kids can produce
more calibro at the end of weaning and they can find time
to compensate their low birth weight until slaughter time.
Twin birth rate of the investigated flocks were 63.8% and
61.6% in the years of 2014 and 2015 respectively "%, It

is important to show the capability of twin born kids for
the slaughter characteristics, in order to persuade the
breeders to keep their twin kids in the flock. In this study,
the effect of birth type (single-twin) on growth and carcass
characteristics of Honamli kids was examined in order to
evaluate this concept.

MATERIAL and METHODS

The age of 90 days (weaned at the age of 75 days and the
15-day period of adaptation to feeding), 10 single and 10
twin Honamli male kids were fattened for 56 days in order
to determine growth, fattening, and carcass characteristics
of Honaml kids. Concentrated feed containing 15% raw
protein and 2800 Kcal ME per 1 kg was given ad-libitum
for the kids during the stated fattening period in addition
to grazing in the pasture. Live weights of the kids were
measured every week during fattening period. Some
morphological body measurements (withers height, rump
height, body length, chest girth, and nose length) of the
kids were also taken at the beginning, middle, and end of
fattening period. After fattening period, the kids were sent
for slaughter. Live weights of the kids were determined
before slaughter. Head, feet, skin, and internal organs were
resected and weighed after bleeding process and the hot
carcass was obtained. Hot carcass yield was also calculated
based on empty body weight as well as live weight before
slaughter. Cold carcass yields and chilling loss occurring
in the course of holding time were calculated from these
measurements with respect to pre-slaughter live weight
and empty body weight of carcasses that were kept in
cold storage at +4°C for 24 h. Then, some measurements
(carcass length, leg length, buttock and chest girth) were
taken from hung carcasses in such a way to compatible with
the reports by Fisher and De Boer ""and Caneque et al.!"?.

Following carcass measurement, chilled carcasses were split
into left and right halves along the vertebral column. When
measuring weights of carcass parts, left half of carcass was
separated into a total of 5 parts including shoulder, neck,
flank, ribs, and long leg according to the method reported
by Colomer-Rocher et al.¥l. Weights and propertions
of every mentioned pieces were recorded. The region
between 12-13%" costa was utilized for determining surface
area of M. Longissimus dorsi (MLD). The surface area of
MLD was drawn onto tracing paper as was indicated
by Akbas and Saatci ' and transferred into computer
environment. Then, surface area of MLD was determined
by using Autocad drawing program . Thickness of back
fat was calculated by measuring by using digital caliper on
the same surface.

Project has been approved by Mehmet Akif Ersoy University
Local Ethical Committee on Animal Experiments (6.9.2012,
meeting number: 1, resolution number: 6).

The aim of the statistical analyses was to compare the twin
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and single groups at the same age to see the differences
between two birt type. In this condition, the only reached
carcass parameters are important in terms of production
aspect. Therefore, two-sample T test was applied by using
Minitab ['® statistical software in order to compare slaughter
and carcass characteristics of the contemporary kids.

RESULTS

Table 1 shows initial and final average live weights and
mean scores of fattening performances at different periods
of fattening for 10 single and 10 twin born Honamli male
kids fattened for 56 days in the study. When Table 1 was
examined, mean initial live weights of single and twin kids
approximately at 90 days of age were 23 kg and 17.53 kg,
respectively. Final live weights were determined to be 34.4
kg and 30.4 kg for single and twin kids. Average daily live

weight gain during fattening was 203 g for single born kids
and 231 g for twins. Compared to single born kids, twin
kids were observed to reach higher values in terms of live
weight gain between 0-28" and 28-56" days of fattening.
Daily concentrated feed consumption of single and twin
kids during fattening increased after 28 days of fattening
and was detected to be 500 g and 460 g between 0-56
days, respectively (Table 1).

Table 2 shows some morphological body measurements
of Honaml kids at different periods of fattening since
the initiation of fattening. Body measurements of single
born kids were relatively greater than twin born kids,
only the differences indicated for body length at the
beginning of fattening process were statistically significant
(P<0.05).

Table 3, Table 4, and Table 5 showed slaughter and carcass

Table 1. Birth weight, fattening performance and average daily feed intake (concentre) of Honamli male kids at different periods (X£Sx)

Table 2. Some morphological body measurements of Honamli kids at different periods (X+Sx)
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Table 3. Some slaughter and carcass characteristics of Honamli male kids (X+Sx)

DP1: Dressing percentage based on slaughter weight; DP2: Dressing percentage based on empty body weight

Table 4. Some cold carcass characteristics of Honamli male kids (X+Sx)

DP1: Dressing percentage based on slaughter weight; DP2: Dressing percentage based on empty body weight
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Table 5. Percentages of the valuable parts and noncarcass components in Honamli male kids (X£Sx)

Traits Single Twin P
'Percentages (%) of carcass parts
Shoulder 21.33+0.34 21.05+0.30 0.534
Flank 9.26+0.12 9.00+0.21 0.479
Neck 10.20+0.14 10.03+0.27 0.430
Ribs 27.97+0.65 26.92+0.83 0.354
Sirloin 19.35+0.18 18.52+0.30 0.086
Loin 8.61+0.08 8.39+0.07 0.681
Long leg 31.22+0.42 31.05+0.53 0.418
'Percentages (%) of noncarcass parts
Head 7.65+0.10 7.29+0.06 0.010*
Four Feet 4.13+0.12 4.05+0.07 0.385
Skin 11.78+0.31 10.26+0.24 0.044*
Lungs and Trachea 2.08+0.06 2.14+0.08 0.381
Heart 0.49+0.02 0.47+0.04 0.536
Liver 2.60+0.05 2.72+0.14 0.076
Spleen 0.24+0.02 0.23+0.03 0.795
Internal fat 0.46+0.06 0.24+0.03 0.005%*
! Percentage based on cold carcass weight
characteristics according to birth type (single and twin)  DISCUSSION

of Honamli kids. As is seen from relevant tables, live
weights of single and twin Honamli kids before slaughter
were found to be 33.29 kg and 28.92 kg, respectively.
Hot carcass weights obtained after slaughter were 14.47
kg and 12.43 kg; hot carcass yields calculated based on
empty body weight were 52.46% and 51.11% for single
and twin kids, respectively. Cold carcass weights were
14.19 kg and 11.17 kg and cold carcass yields calculated
based on empty body weight were 51.53% and 50.04% for
single and twin kids, respectively. The surface area of M.
longissimus dorsi (MLD) was determined to be 13.39 cm?
and 12.43 cm?, respectively. As is seen, the highest mean
scores in terms of mentioned values were obtained from
single born kids and the differences between the groups
were not found to be statistically significant for indicated
yield values (P>0.05).

As measurements on carcasses of single and twin
Honamli kids were evaluated (Table 4); carcass length,
leg length, buttock girth and chest girth values were
observed to be 74.35 cm, 29.30 cm, 53.70 cm, and 71 cm
for single born kids; respectively. The same values were
determined to be 70.50 cm, 29.05 cm, 53.26 cm, and 65.26
cm respectively for twin born kids. However, statistically
significant differences were found between single and
twin kids only in terms of carcass length and chest girth
(P<0.05). There was no statistically significant difference
between single and twin kids in terms of proportional
values of carcass parts (shoulder, flank, neck, rib, and long
leg) (P>0.05).

Fattening performances, slaughter and carcass character-
istics of single and twin Honamli kids were examined
comparatively. Kids with the same gender (male) were
weaned at similar days of age and started fattened with the
same forage and concentrated feed. High twinning rates
seen in Honamli goats have brought along to determine if
or not birth type had an effect on fattening performance
as well as revealing fattening performances of kids. In
the study, a statistically significant difference was found
between initial average live weights (23 kg and 17.53 kg)
of single and twin kids at the same age (P<0.05); this was
considered to be associated with birth weights of kids
and the amount of milk they sucked.

Even though average daily live weight gain during
fattening was relatively higher in twin born kids compared
to single born kids and the relevant difference was found
to be statistically significant only in the first 28 days of
fattening period (P<0.05). Daily live weight gain in the study
was found to be relatively higher than the value (197 g)
reported by Aktas et al."” for Honamli kids during 60 days
of fattening and considerably higher than values reported
by Kosum et al.'® for various breeds during 56 days of
fattening period.

In the study, daily feed consumption of single male kids
in the first half of fattening (28 days) was lower compared
to the second period. This could be associated with low
capacity of digestive system and feed adaptation period
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in kids. Additionally, single born kids were observed to
consume more daily concentrated feed (500 g) compared
to twin kids.

Some morphological body measurements of kids were
also determined at various period of fattening in order
to reflect their growth performances. Single kids were
observed to have higher values compared to twin kids;
the reported values (except for chest girth) were found
to be relatively higher than those reported by Gok et al.l'”
for Honamli kids and lower (nose length) than reports
by Elmaz et al.??. Body measurements of kids at various
growth periods were found to be higher than different
values reported for kids by Alade et al.=?".

When calculating slaughter and carcass characteristics
in the study, empty body weight was also considered in
addition to pre-slaughter live weight as it was done by
numerous researchers 2223, |t was observed that when
single and twin born kids were taken into account in terms
of hot carcass yields calculated based on initial live weight,
hot carcass yields were between 42.83% - 43.37%, they
were 51.11% - 52.46% based on empty body weight and
the difference between yields of single and twin kids was
statistically insignificant (P>0.05). Similarly, reported that
there was no statistically significant difference between
single and twin kids in terms of yield values . Hot carcass
measurements calculated based on empty body weight
were compatible with those reported by Dhanda et al.”**
and Daskiran et al.?®; higher than those reported by
Kor ?and Pena et al.”®; and lower than reports by Kebede
et al.”’and Koyuncu et al.?”.,

Cold carcass yield values (between 41.93% - 42.60%
according to slaughter weight, 50.04% - 51.53% according
to empty body weight) determined in the study were
compatible with values noted by Daskiran et al.®, and lower
than those reported by Kor 27, Pena et al.?®, Bonvillani et
al.B%and Santos et al.?. In addition, cold carcass yield
values revealed in the study were observed to be higher
than values reported by Gokdal 2.

No statistically significant difference was determined
between single and twin kids for thickness of back fat
which is important in terms of revealing fat level of
carcasses (P>0.05); and twin kids were observed to have
relatively lower body fat thickness compared to single
kids. Values determined in the study (0.66 mm and 0.73
mm) were found to be higher than values detected
by Akbas and Saatci "* for Honamli kids raised under
extensive conditions. Additionally, these were observed to
be higher than values reported by Kosum et al."®, for kids
from different breeds; and lower than values reported by
Koyuncu et al.??.

Values (13.39 cm?and 12.43 cm?) determined for surface
area of M. longissimus dorsi (MLD) which gives information
about the amount of meat on carcass were relatively lower

than those reported in the study conducted by Akbas
and Saatci ' on the same breed; and higher than values
reported by Aktas et al."”, for Honamli kids with higher
slaughter weight. The current condition is thought to
result from genotype of Honamli breed.

When carcass measurements in the study were examined
generally, single Honamli male kids were observed to have
higher values compared to twins. While they were higher
than values reported by Kor ?! for kids of Hair and Akkegi
sent for slaughter with about 25 kg of carcass weight,
generally had similar quality with reports by Simsek and
Bayraktar 2 for kids of Hair and Saanen X Hair hybrid with
a weight of about 35 kg sent for slaughter.

In the study, there was no statistical significance between
single and twin male kids in terms of ratios of important
carcass parts served for consumption (P>0.05). In addition,
ratios of shoulder (21.05% and 21.33%), rib (26.92% and
27.97%) and long leg (31.05% and 31.22%) determined
in the study were relatively lower than the reports by
Akbas and Saatci ' and Aktas et al.'”, for long leg ratio
in the same breed with similar weight sent for slaughter.
Furthermore, values found in the study were lower than
values stated by Kosum et al."¥, Daskiran et al.*®, Pena
et al.”® and Bonwvillani et al.?% and compatible with the
values reported by Kor et al.**and Atay et al.B%.

A statistically significant difference was observed between
single and twin male kids only for head and skin from non-
carcass part ratios calculated in the study. This situation
is considered to be associated with the differences in
initial live weights of kids in both groups. Values of
head percentage calculated in the study were generally
compatible with values stated by several researchers 2234,
for different breeds. Also, skin percentage determined in
the study were found to be higher than the reports by Atay
et al®¥ and Koyuncu et al.”, for Hair goats with various
slaughter weights.

With this study, limited fattening and carcass data of
Honamli goats were used. This is important for determining
characteristics of the breed. Multiple births which comes
forefront in some flocks is an issue required to focus on
Honamli goat breed. These have also been tried to be
answered with this study, as well. Having 11.17 kg cold
carcass weight from each twin kids can be considered total
22.34 kg carcass and this amont dramatically much more
from the carcass (14.19 kg) of single born kids.

No any statistical differences were found in the per-
centages of carcass parts between single and twins. This
is a reflection that if twin kids are fed until at the end of
the weaning they can be used a good product for the
mentioned breeding sytem.

Live weight gain determined particularly during the last
part of fattening period indicated that fattening could
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be prolonged and thus heavier carcass and meat yield
could be obtained. Also, back fat thickness which was
found to be relatively low pointed out that carcass weight
could be increased without gaining much fat. In fattening
process applied to Honamli which is a quickly developing
breed, birth weight and compensation of weight losses
during suckling period in twin kids could be solved by
prolongation of fattening period. Trying different fattening
periods for this issue namely determination of optimum
fattening duration will clearly reveal characteristic of
the breed.
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Ozet

Tiirk Veteriner Hekimleri Birligi, 6343 sayili Veteriner Hekimligi Mesleginin icrasina, Tiirk Veteriner Hekimleri Birligi ile Odalarinin Tesekkiil Tarzina
ve Gérecegi Islere Dair Kanun kapsaminda, 1954 yilinda kurulmustur. Ayni yil icerisinde, Birligi, tilkenin cesitli illerinde temsil eden ilk veteriner
hekim odalari da olusturulmustur. Bu odalardan Erzurum Bolgesi Veteriner Hekimleri Odasi, uzun yillar, Kars'ta calisan veteriner hekimleri de
catisi altinda toplamistir. Ancak izleyen sirecte, Kars'taki veteriner hekimlerin meslek odasi agilabilmesi icin yeterli sayi olan 30'u ge¢mesi ile
birlikte, 1989 yilinda Kars Bolgesi Veteriner Hekimler Odasi (Kars VHO) kurulmustur. Bu calisma, Kars VHO’nun veteriner hekimligi ile hayvanciliga
yonelik faaliyetlerine 1sik tutmak amaciyla gerceklestirilmistir. Calismanin ana materyalini, Kars VHO ve Kafkas Universitesi Veteriner Fakiiltesi
Veteriner Hekimligi Tarihi ve Deontoloji Anabilim Dali Arsivlerinden saglanan ilk elden kaynaklar olusturmustur. Bu kaynaklar, belge analizi
uygulanarak degerlendirilmistir. Arastirma sirasinda, Kars VHO'nun, kurulusundan itibaren gegen zaman icerisinde, Uyelerinin ve bolge halkinin
bilinclendirilmesi amaciyla ¢ok sayida toplanti diizenledigi; ayrica Oda tarafindan, Bolgede goérev yapan veteriner hekimlerin mesleki becerilerini
gelistirebilmelerine olanak taniyacak cesitli meslek ici egitim programlarinin da hayata gecirildigi gérilmustar. Calisma ile Kars VHO'nun
kurulus amaclariyla ortiisen bir gelisim sergiledigi, Uyelerine, meslege ve hayvan yetistiricilerine yonelik 6nemli islevlerinin bulundugu;
bununla birlikte denetim-yaptinm etkinliklerinin artirilmasinin ve Odaya ait derginin yayin hayatina devam ettirilmesinin gerekli oldugu
sonucuna varilmistir.

Anahtar s6zctikler: Kars Bolgesi Veteriner Hekimleri Odasi, Tiirk Veteriner Hekimleri Birligi, Veteriner hekim odalari, Veteriner hekimligi tarihi

A Study on the Activities of Veterinary Chambers in Turkey:
The Veterinary Chamber of the Kars Region as an Example

Abstract

The Turkish Veterinary Medical Association was founded in 1954, pursuant to Law 6343 on the Execution of the Veterinary Medical Profession
and the Establishment and Tasks of the Turkish Veterinary Medical Association and Veterinary Chambers. The first veterinary chambers to
represent the Association in the various provinces of Turkey, were established the same year. Of these chambers, the Veterinary Chamber
of the Erzurum Region served veterinarians working within the borders of the Kars province for many years. In the course of time, when the
number of veterinarians working in Kars reached a level sufficient (at least 30) to establish a separate professional chamber in this province
in 1989, the Veterinary Chamber of the Kars Region (Kars VC) was established. This study was aimed to provide an insight on the activities
of the Kars VC on veterinary services and livestock production. Primary resources were obtained from the archives of the Kars VC and the
Department of the History of Veterinary Medicine and Deontology of the Faculty of Veterinary Medicine, Kafkas University, constituted the
basic material of this study. These resources were assessed by means of the document analysis method. In this study it was determined that,
since its establishment in 1989, the Kars VC has organized multiple meetings to raise awareness among its members and the local people of
the region. Furthermore, the Chamber was ascertained to have carried out vocational trainings for the veterinary practitioners working in
the region with a view to improve their professional skills. In this respect, it is concluded that the Kars VC has been successfully accomplished
its original targeted development and has had a significant role in serving both the veterinary profession and its members and local animal
breeders. However, in our opinion, the Chamber must increase its effectiveness on sanctions control framework and continue to publish its
ceased journal.

Keywords: Veterinary Chamber of the Kars Region, The Turkish Veterinary Medical Association, Veterinary chambers, History of veterinary medicine
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Tiirkiye de Veteriner Hekim ...

GiRiS

Tiurkiye'de, veteriner hekimligi alanindaki ilk kamu
kurulusu niteliginde sivil toplum orgutu olan Tirk
Veteriner Hekimleri Birligi (TVHB) U, Veteriner Hekimligi
Mesleginin lcrasina, Tiirk Veteriner Hekimleri Birligi ile
Odalarinin Tesekkiil Tarzina ve Gorecedi Islere Dair 6343
saylli Yasa' ile 1954 yilinda kurulmustur. TVHB'nin kurulug
amaglari, veteriner hekimler arasinda mesleki deontoloji
ve dayanismayi korumak, veteriner hekimligin kamu ve
kisi yararina uygulanip gelistirilmesini saglamak ve meslek
mensuplarinin haklari ile yararlarini gézetmektir. TVHB,
islevlerini Merkez Konseyi (MK), Yiksek Haysiyet Divani
(YHD), Buyuk Kongre, Denetleme Kurulu ve veteriner
hekim odalar isimli organlar araciligiyla yaritmektedir.
Veteriner hekim odalari, Birligin veteriner hekimlerle
iletisimini ve Uyelerinin mesleklerini mevzuat hiikiimleri
cercevesinde sirdirmelerini saglamakla yikimludirler.
Odalar, en az 30 veteriner hekimin gorev yaptigi illerde
ya da birkag ilin birlestirilmesiyle olusturulan bélgelerde
kurulurlar2.

TVHB'nin hukuksal dayanadini olusturan 6343 sayili
Yasa'nin gegici 5. maddesinden yetki alan Tirk Veteriner
Hekimleri Dernegi* Merkez Kurulu, Birlige islerlik
kazandirmak Uzere, 1954 yilinda ilk veteriner hekim
odalarini* kurmustur 3. Bunlardan Erzurum Bélgesi
Veteriner Hekimler Odasi, uzun yillar, Kars ilinde gorev
yapan veteriner hekimleri de catisi altinda toplamistir.
Ancak gecen zaman igerisinde, Kars'ta calisan veteriner
hekimlerin, ayr bir oda acgabilmek icin yeterli sayiya
ulagmasi, bu veteriner hekimlerde, Kars Odasinin kurulmasi
istemini dogurmustur®.

Turkiye'de yer alan tim veteriner hekim odalarinin bagli
bulundugu TVHB'nin kurulusu, gelisimi ve baz etkinlik-
leri, Melikoglu ve Kiziltepe ™ tarafindan gerceklestirilen
bir arastirma ile ortaya konmustur. Ancak 6 Temmuz 2017
itibariyle sayisi 56'ya ulasan ®! bu odalarin tarihine iliskin
olarak, yalnizca Samsun Bolgesi Veteriner Hekimler Odasi
hakkinda bir bilimsel yayina ® rastlanmistir. Bu calisma, Kars
Bolgesi Veteriner Hekimler Odasinin tarihsel gelisimi ile
veteriner hekimligi ve hayvanciliga yonelik islevlerini
ortaya koymak ve gelecekte yapilacak arastirmalara veri
saglamak amaciyla gerceklestirilmistir.

MATERYAL ve METOT

Calismada, Kars VHO ve Kafkas Universitesi Veteriner
Fakiiltesi Veteriner Hekimligi Tarihi ve Deontoloji Anabilim

1- 18 Mart 1954 glin ve 8661 sayili Resmi Gazete (RG).

2- 6343 sayili Yasa'nin 16. Maddesi. Bak. Dipnot 1.

3- 1930'da kurulan bu Dernek, buglin “Veteriner Hekimleri Dernegi”
ismiyle calismalarini sirdtirmektedir.

4- Ankara, Balikesir, Bursa, Diyarbakir, Erzurum, Eskisehir, istanbul, izmir,
Konya, Sakarya, Samsun ve Trabzon veteriner hekim odalar &\,

5- Kars'ta gorevli bazi veteriner hekimlerin TVHB MK'ne verdikleri
dilekgeler, 1988. Kars VHO Arsivi.

Dali Arsivlerinden saglanan ilk elden kaynaklar ile Odada
gorev almis bazi veteriner hekimler ve TVHB MK temsil-
cileriyle yapilan goériismelerden elde edilen veriler kullanil-
mistir. Konuya iligskin yayinlardan da yararlanilmistir. Oda
karar defterlerinde yer alan etkinliklerin gerceklestirilip ger-
ceklestirilmedikleri, cesitli yayinlar, Kars VHO Arsivinde yer
alan 6zgun belgeler ve ilgili donemin oda bagkant ile yapilan
gorismeler araciligiyla netlestirilmistir. Belge analiziyle ve
gorusmelerin degerlendirilmesi yoluyla saglanan veriler,
kronolojik sira ile yaziya aktarilmistir. ilk elden belgelerin
kinyeleri ve aciklayici ek bilgiler dipnotlarda gdsterilmistir.

BULGULAR

Kars Bolgesi Veteriner Hekimler Odasinin Kurulusu

Kars'ta veteriner hekim odasi agmak icin, ilde yer alan cesitli
kuruluslarda gorevli 37 veteriner hekim, 6343 sayili Yasanin
16. Maddesi ve bu Yasayi degistiren 2993 sayili Kanunun®
3. maddesini dayanak gostererek, 5 Aralik 1988 tarihinde
TVHB MK'ne basvuruda bulunmustur’. MK tarafindan 10
Aralik 1988'de yapilan toplantida, “Kars Bolgesi Veteriner
Hekimler Odasi” adi altinda yeni bir odanin kurulmasina
ve Odanin Gegici Yonetim Kurulunun, Kafkas Universitesi
Veteriner Fakiiltesi Cerrahi AD Ogretim Uyesi Doc. Dr.
Seckin GUnduz (Sekil 1), Serbest Veteriner Hekim Bahattin
Ozdemir, Kars Tanm il Mudirliginde gérevli veteriner
hekimlerden Hiseyin Bolluk, Nermin Glines ve Melahat
Tirker'den olusturulmasina karar verilmistir. Dog. Dr. Seckin
Glindiiz baskanhgindaki Gecici Yonetim Kurulu, Odayi,
kurulus asamalarindan gegcirerek ilk genel kurula tasimistir®.

Sekil 1. Kars VHO Kurucu
Baskani Dog. Dr. Seckin
Glinduz (KAU Veteriner
Fakultesi Veteriner Hekim-
ligi Tarihi ve Deontoloji AD
Arsivi)

6- 9/3/1954 Tarih ve 6343 Sayili Veteriner Hekimligi Mesleginin Icrasina,
Veteriner Hekimleri Birligi ile Odalarinin Tesekkiil Tarzina ve Gdrecegi
islere Dair Kanunun Bazi Maddelerinin Dedistirilmesi ve Bu Kanuna Bazi
Maddeler Eklenmesi Hakkinda 1/6/1983 Tarihli 68 Sayili Kanun Hiikmiinde
Kararname ile Bu Kararnamenin Bazi Hiikimleri ile 6343 Sayili Kanunun
Bazi Hiikiimlerinin Dedgistirilmesine Dair 6/9/1983 Tarihli 86 Sayili Kanun
Hiikmiinde Kararnamenin Dedistirilerek Kabulli Hakkinda Kanun. 7 Nisan
1984 guin ve 18365 sayili RG.

7- Bak. Dipnot 5.

8- Kars VHO Gegici Yonetim Kurulu Calisma Raporu, 1988-1989. Kars VHO
Arsivi.
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Tablo 1. Yillara gére Kars VHO yénetim kurullarinda gérev alan veteriner hekimler

Veteriner Hekimler
Donem Yillar .
Baskan Yazman Sayman Uye Uye

1 1989-92 | Seckin Guinduiz Huseyin Bolluk Gllstim Takhizade Akif Senytrek Nermin Giines

2 1992-94 | Seckin Glinduz Fuat Kutluay Turgay Seyda isa Ozaydin Kemal Irmak

3 1994-96 | Sinasi Umur Alkan Kamiloglu Mete Cihan Salih Otlu Abdullah Dogan

4 1996-97 | Gurbiz Gokge Sahin Aslan Fethi Polat Erkan Sural Mesut Karadurmus

4 1997-98 | Sahin Aslan Nesrin Acarer Erkan Sural Gurbiz Gokge Mesut Karadurmus

. . M. Sadik Aras
5 1998-00 | Alkan Kamiloglu A.HaydarK|(m|Z|gu| LefEES ; Erkan Sural’ Ejder Kurtbas
Erkan Sural M. Sadik Aras' . ,
Stileyman Tolun'®

6 2000-02 | Alkan Kamiloglu Sahin Aslan Nevzat Goksu M. Sadik Aras Erkan Sural

7 2002-04 | Alkan Kamiloglu Sahin Aslan Asuman Kiziltepe Olcay Oktay Oztiirkler | Birol Giil

8 2004-06 | Cadlar Yarici Birol Guil izzet Tolu Yavuz Oztiirkler Semistan Kiziltepe
Savas Yildiz

9 2006-08 | Yavuz Oztiirkler Engin Kilig Dogan Akca' M. Sadik Aras Tolgay Akturk
Turgay Deprem?

10 2008-10 | Yavuz Oztiirkler Engin Kilig Savas Yildiz M. Sadik Aras Tolgay Aktiirk

1 2010-12 | Yavuz Oztiirkler Engin Kilig Recai Kulaksiz Tolgay Akttirk M. Sadik Aras

12 2012-14 | Vargin Boy A. Serhat Uslu Semistan Kiziltepe S. Caglar Gulyiyen Selcuk Ozdamar

13 2014-16 | Vargin Boy Asuman Kiziltepe Ozkan Soylu A. Serhat Uslu Korkut Cabak

14 2016-18 | Semistan Kiziltepe Gokhan Katok Ozgiir Celebi Erding Kog Tahir Gezer

iFethi Polat'in 1997'de Kars'tan ayrilmasi ile Yonetim Kurulu ve Kurulun gérev dagilimi degismistir; "Askerlik, sehirden tasinma gibi nedenlerle Kuruldan
ayrilan yelerin yerine atanan veteriner hekimler

18 Kasim 1989 tarihinde gerceklestirilen 1. Olagan Genel
Kurulda secimi kazanan uyelerden Dog. Dr. Seckin GilindUz,
ilk donem olan 1989-1992 yillar arasinda Oda Bagkanligi
goérevini ylritmustir. ilk Yénetim Kurulunda bulunan
diger veteriner hekimler ile Oda kurullarinda 1.-14. Secim
Donemleri arasinda hizmet veren Uyelerin isimlerine,
Tablo1 ve Tablo 2'de® yer verilmistir.

Kars'a bagh Ardahan ve Igdirin 1992'de il olmasiyla
birlikte, Kars VHO, buinyesinde ¢ ili barindiran bir meslek
kurulusu kimligine sahip olmustur. Zamanla, Odaya ait
resmi yazismalarda, “Kars-Ardahan-Igdir Bolgesi Veteriner
Hekimler Odasi” ismi benimsenmeye baslanmistir. Bununla
birlikte, TVHB MK'ne gore, Odanin kayith adinin hala Kars
Bolgesi Veteriner Hekimler Odasi oldugu saptanmistir'®.

Kurulusunda 37 Uyesi bulunan Kars VHO'nun, Subat 2017
itibariyle Kars, Ardahan ve 1gdir illerinde gorev yapan
toplam 338 liyeye sahip oldugu belirlenmistir'".

Odanin Etkinlikleri (1989-Haziran 2017)

Odanin, kurulusundan itibaren gerceklestirdigi faaliyetlere
bakildiginda, Uye kayit-nakil islemleri ve burokratik
ziyaretlerde bulunmak yoluyla meslegin tanitiminin

9- Tablo 1 ve Tablo 2 (Kars VHO Secim Tutanaklari ve Karar Defterleri,
1989-2017. Kars VHO Arsivi.)

10- Kars VHO Gelen ve Giden Evrak Dosyalari, 1989-2017. Kars VHO Arsivi;
TVHB MK Baskani Talat Gozet ile 12 Mayis 2017, TVHB MK calisanlarindan
Saban Aydemir ile 20 Haziran 2017 tarihlerinde yapilan gortismeler.

11- Kars VHO Uye Listesi, 2017. Kars VHO Arsivi.

saglanmasi gibi calismalarin yani sira, veteriner hekim
olmayan kisilerin meslegi icra etmesi, yetkisiz ve ruhsatsiz
yerlerde ila¢ satigi, bilingsiz ilag¢ kullanimi, haksiz rekabet
ve diploma kiralama gibi mesleki sorunlarin ¢éziimiine
yonelik bazi girisimlerde bulunuldugu goérilmektedir. S6z
konusu sorunlar icin, meslekten olmayan kisilere karsi,
savcihiga su¢ duyurusunda bulunmak, tyelerine yonelik
olarak da 6zel veteriner kliniklerinin denetimi, asgari lcret
tarifesi hazirlama ve meslek ici egitim ve bilgilendirme
gibi ¢6zlim yodntemlerine basvuruldugu anlasiimaktadir'.
Bununla birlikte, Oda Haysiyet Divani kararlarina yonelik
bir arastirma yapildiginda, yalnizca bir veteriner hekime
yazili ihtar cezasi verildigi belirlenebilmistir™.

Oda Yonetim Kurulu, 1991 yilinda, mesleki camianin talebi
olan Hayvancilik Bakanliginin kurulmasini desteklemek
Uzere, donemin koalisyon hiikiimetinin temsilcilerine resmi
basvuruda bulunmustur'. Yine Oda yetkilileri, Hayvancilik
ve Su Uriinleri Mistesarhdi kurulmasi hakkindaki yasa
tasarisina destek vermek amaciyla, Cumhurbaskanhgi,
Meclis Baskanligi, Basbakanlik ve ilgili bakanliklar nezdinde
bazi girisimler gerceklestirmis ve yore milletvekilleri ile
yerel basinin dikkatini bu konuya ¢ekmeye calismistir™.

Kars VHO, Kurban Bayramlari éncesinde, halki kesim

12- Kars VHO Calisma Raporlari ve Karar Defterleri, 1989-2017. Kars VHO
Arsivi.

13- Kars VHO Haysiyet Divani Dosyasi, 1989-2017. Kars VHO Arsivi.

14- Kars VHO 1. Dénem Calisma Raporu, 1989-1992. Kars VHO Arsivi.
15- Kars VHO 3. Dénem Calisma Raporu, 1994-1996. Kars VHO Arsivi.
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ve hijyen acisindan bilgilendirmek lzere, medya ara-
aligyla gerceklestirdigi calismalarin yani sira, Irak Savasi
gibi toplumsal konularda da basin agiklamalarinda bu-
lunmustur'® ®. Ayrica Oda baskanlarindan Prof. Dr. Yavuz
Oztiirkler (2006-2012), yerel televizyon kanali Serhat
TV'de, 21 Subat 2009 tarihinde baslayan, dort bolimlik
“Hayvancilikta Bilingli miyiz?” adli bir program hazirlayip
sunmustur'’.

Gecmiste Kafkas Universitesi Veteriner Fakiiltesinde ve il
merkezinde kiralanan ¢esitli yerlerde hizmet vermis olan
Oda icin, 27 Temmuz 2012 tarihinde bir biro satin alinmis ve
ayni yil icerisinde, Eski Belediye ishani 1. Kat 108 numarada
bulunan bu yere tasinilmistir'.

Kars VHO, Bolgede goérev yapan veteriner hekimlerin
mesleki donanimlarini gelistirebilmelerine olanak taniyacak
bircok meslek ici egitim programini hayata gegirmistir
(Tablo 3'). S6z konusu kurslarin bircogunda, dersleri vermek
lizere Kafkas Universitesi Veteriner Fakiiltesi 6gretim ele-
manlar gorevlendirilmistir. Oda tarafindan, gerek Uyelerinin
gerekse bolge halkinin bilgilendirilmesi ve sorunlarinin
ortaya konularak ¢6ziim yollarinin arastirilmasi amaciyla,
bircogu Kafkas Universitesi Veteriner Fakiiltesi ile isbirligi
icerisinde gerceklestirilen, cok sayida toplanti da diizen-
lenmistir (Tablo 4%°, Sekil 2).

Kars VHO, ulusal ve uluslararasi nitelikteki bazi bilimsel
toplantilara da mali yonden destek vermistir. Bu etkinlikler,
5. Ulusal Veteriner Cerrahi Kongresi (Kars-1996)?', ineklerde
Ureme ve Meme Saghgi Paneli (Kars-2009)%, 39. Ulus-
lararasi Diinya Veteriner Hekimligi Tarihgileri Birligi
Kongresi ve 3. Ulusal Veteriner Hekimligi Tarihi ve Mesleki
Etik Sempozyumu? (Antalya-2010)*, 13. Ulusal Veteriner
Cerrahi Kongresi (Uluslararasi katilimli) (Kars-2012)* ve 5.
Ulusal Veteriner Hekimligi Tarihi ve Mesleki Etik Sempoz-
yumu (Bursa-2016)*dur. Bilimsel toplantilarin desteklen-

16- Kars VHO 7. Dénem Calisma Raporu, 2002-2004. Kars VHO Arsivi.

17- Kars VHO, 10. Dénem Calisma Raporu, 2008-2010. Kars VHO Arsivi.
18- 30 Temmuz 2012 giin ve 125 sayili Yonetim Kurulu Karari (YKK). Kars
VHO Arsivi.

19- Kars VHO Karar Defterleri ve Egitim Dosyalari, 2006-2016. Kars VHO
Arsivi.

20- Tablonun olusturulmasinda, tablo bashdinda atifta bulunulan
kaynaklara ek olarak su bilgi ve belgelerden yararlanilmistir: 13 Nisan
1998 giin ve 2 sayili YKK, 20 Nisan 1999 giin ve 3 sayili YKK, 29 Eyliil 2000
glin ve 6 sayil YKK, Kars VHO 6. Donem Faaliyet Raporu (2000-2002), 8
Subat 2004 ve 15 sayili YKK, Kars VHO 7. Dénem Calisma Raporu (2002-
2004), Kars VHO 8. Donem Faaliyet Raporu (2004-2006), 30 Ekim 2008
glin ve 37 sayili YKK, 30 Ekim 2010 giin ve 82 sayili YKK. Kars VHO Arsivi;
Etkinlik Davetiyesi (2010), Etkinlik Davetiyesi (2011), KAU Veteriner
Fakiltesi Veteriner Hekimligi Tarihi ve Deontoloji AD Arsivi; Prof. Dr. Yavuz
Oztiirkler ile 20 Nisan 2016 tarihinde yapilan gériisme; Prof. Dr. Sahin
Aslan ile 16 Subat 2017 tarihinde yapilan telefon gortismesi.

21- 2 Agustos 1996 glin ve 96 sayil YKK. Kars VHO Arsivi.

22- 27 Nisan 2009 gin ve 48 sayili YKK. Kars VHO Arsivi.

23- Orijinal adi XXXIX™ International Congress of the World Association for
the History of Veterinary Mecidine & Il National Congress of the History of
Veterinary Medicine & Professional Ethics'tir.

24- 6 Eylul 2010 glin ve 77 sayili YKK. Kars VHO Arsivi.

25- 15 Haziran 2012 glin ve 120 sayili YKK. Kars VHO Arsivi.

26- 21Mayis 2016 glin ve 35 sayil YKK. Kars VHO Arsivi.

Tablo 3. Kars VHO'nun gerceklestirdigi egitim ¢alismalarindan bazilari

Egitim Calismasinin Konusu Tarihi'

4-8 Aralik 2006
17-21 Eylil 2007
19-23 Subat 2007
26-30 Ocak 2009

29 Haziran-3 Temmuz 2009
19-23 Temmuz 2010
26-30 Temmuz 2010

1-5 Kasim 2010

11-15 Temmuz 2011
18-22 Temmuz 2011
25-29 Temmuz 2011
15 Mayis 2007
15-17 Haziran 2007
10-12 Aralik 2007

9-11 Ocak 2009

4-6 Temmuz 2009
16-18 Temmuz 2010
10-12 Aralik 2007
11-12 Temmuz 2009
23-25Temmuz 2010
9-10 Temmuz 2011
9 Ekim 2011

14 Haziran 2012

21-23 Mayis 2007
14-16 Haziran 2007
20-22 Haziran 2009

24 Ocak 2012
19-20 Haziran 2012
21-22 Haziran 2012
26-29 Haziran 2012

14-15 Mart 2013
1-5Temmuz 2013
1-5 Agustos 2016

Tabloda, yalnizca tarihleri belirlenebilen egitim ¢alismalarina yer verilmistir;
iiPersona TR isimli sirket ile birlikte gerceklestirilmistir; Serhat Kalkinma Ajansi,
Konya ABIGEM AS ve Kalkinma Bakanligi ile birlikte gerceklestirilmistir

Sigirlarda Rekto-Vaginal Suni
Tohumlama

Akredite Veteriner Hekimlik

ISO 22000: 2005 Gida Guvenligi
Yonetim Sistemleri (HACCP)

Veteriner Temel Ultrasonografi ve
Sigirlarda Jinekolojik Ultrasonografi

Sigirlarda Reprodiiktif Ultrasonografi

Zorunlu Hizmet I¢i Egitim

Proje Dongusu

Tanimsal Basar Igin Etkili iletisim®

mesinin yani sira, Odayi temsilen, Yonetim Kurulu
Uyelerinin, ulusal ve uluslararasi diizeyde gerceklestirilen
bazi etkinliklere de katildiklari belirlenmistir. Bu toplantilar
arasinda, 8. Hayvancilik Kongresi (Ankara-2000)?, Kars-
Gence Hayvanciligi ve Bilimsel isbirligi Sempozyumu (Kars-
2001)%, Gence-Kars Veteriner Hekimligi Sempozyumu
(Gence/Azerbaycan-2003)*° (Sekil 3), Uluslararasi Kug Gribi
Kongresi (Antalya-2007)%, 3. Turk Veteriner Hekimligi
Kurultayr (Ankara-2010)*' yer almaktadir.

27-12 Nisan 2000 giin ve 2 sayili YKK. Kars VHO Arsivi.
28- 23 Eyltl 2001glin ve 10 sayil YKK. Kars VHO Arsivi.
29- 11 Nisan 2003 gtin ve 10 sayili YKK. Kars VHO Arsivi.
30- 6 Haziran 2007 glin ve 12 sayil YKK. Kars VHO Arsivi.
31- 10 Mart 2010 giin ve 62 sayil YKK. Kars VHO Arsivi.
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Tablo 4. Kars VHO'nun diizenledigi toplantilardan bazilari >

Toplantinin Adi

Toplantinin Niteligi

Tarih

Kars Bélgesi Hayvanciliginin Sorunlari ve C6ziim Onerileri Sempozyum 30 Haziran 1998
Veteriner Hekimlikte Etik Konferans: Prof. Dr. Ferruh Dinger 14 Mayis 1999
Turkiye'de Veteriner Hekimligin Konumu ve Gelecegi Konferans: Prof. Dr. Hazim Gokgen 23 Ekim 2000

Klinik Veteriner Hekimlikte Son Gelismeler

Panel: Prof. Dr. isa Ozaydin, Dog. Dr. Mitat Sahin, Dog. Dr. Yavuz
Oztiirkler, Dr. Kutlay Girbulak

28 Nisan 2004

GUnUmuzde Veteriner Hekimlik

Panel: Prof. Dr. Abamiisliim Giiven, Dog. Dr. Hakan Kocamis, Ozel
Veteriner Hekim M. Sadik Aras

30 Nisan 2005

Avrupa Birligi'nde Veteriner Hekimlik

Panel: Prof. Dr. Abamslim Giiven, Prof. Dr. Salih Otlu, Dog. Dr.
Mustafa Saatci, Dog. Dr. Yavuz Oztiirkler, Dog. Dr. Savas Oztiirk,

29 Nisan 2006

Panel: Prof. Dr. Abdullah Dogan, Prof. Dr. Sahin Aslan, Dog. Dr.

PUIVER Gl il A Dog. Dr. Mustafa Saatci, Hakan Kocamis, Dog. Dr. Engin Kilig Nisan 2007

. . . Panel: Prof. Dr. Abdullah Dogan, Prof. Dr. Sahin Aslan, Dog. Dr. .
VTS A e Sl Bl Yavuz Oztiirkler, Ozel Veteriner Hekim M. Sadik Aras MRS
e Panel: Prof. Dr. Abdullah Dogan, Prof. Dr. Isa Ozaydin, Prof. Dr. 19 Kasim 2008

Sahin Aslan, Doc. Dr. Yavuz Oztiirkler

Zoonotik Hastaliklar

Panel: Prof. Dr. Yavuz Oztiirkler, Prof. Dr. Zati Vatansever,
Yrd. Dog. Dr. Yakup Yildirim

23 Nisan 2009

Serbest Veteriner Hekimliginde Deontolojik-Etik Sorunlar Konferans: Dr. Asuman Kiziltepe 29 Nisan 2010
Kurban Bayrami ve Halk Saghgi Panel: Prof. Dr. Yavuz Oztiirkler, Dog. Dr. Atilla Akca Kasim 2010
Sut Sigirciiginda Kritik Donemler ve Veteriner Hekimlik Egitimi | Konferans: Prof. Dr. Veysi Aslan 28 Nisan 2011

Veteriner Hekim Yontyle Mehmet Akif Ersoy

Konferans: Dr. Asuman Kiziltepe

28 Nisan 2011

Hayvansal Gidalarda Kimyasal Kalinti Problemi ve Antibiyotik/
Antelmintik Direng

Panel: Prof. Dr. Sezai Kaya, Prof. Dr. Ender Yarsan

14 Mayis 2012

Gida Guvenligi ve Halk Sagligi

Panel: Prof. Dr. Mustafa Atasever, Do¢. Dr. Nebahat Bilge, Kars
VHO Baskani Veteriner Hekim Vargin Boy

30 Nisan 2013

Veteriner Fakiiltesi Kariyer GUnleri

Panel: Prof. Dr. sa Ozaydin, EGE VET Genel Miidiirii Tahir Yavuz,
Kars VHO Baskani Vargin Boy, Resmi Veteriner Hekim Semistan
Kiziltepe, Ozel Veteriner Hekim Orsan Karacép

15 Mayis 2015

Sekil 2. Klinik Veteriner Hekimlikte Son Gelismeler Paneli (2004)
(KAU Veteriner Fakiiltesi Veteriner Hekimligi Tarihi ve Deontoloji AD
Arsivi)

Sekil 3. Oda baskanlarindan Yrd. Dog. Dr. Alkan Kamiloglu, Azerbaycan
Kend Teserriifati Akademiyasi Rektérii Prof. Dr. . Memmedtagi Ceferov’a
Kars VHO adina plaket verirken (2003) (KAU Veteriner Fakiiltesi Veteriner
Hekimligi Tarihi ve Deontoloji AD Arsivi)

Oda, cesitli donemlerde, hayvan yetistiricilerinin hayvan-
alida iliskin konularda bilgilendirilmesine yonelik bir dizi
projeyi de hayata gecirmistir. 1000 Kéyde 1000 Seminer
Uygulamasi kapsaminda, 2006-2008 yillar arasinda ilge
merkezlerinde muhtarlara, 2008-2010 yillari arasinda ise
koylerde yetistiricilere yonelik olarak, hayvancilikla ilgili

seminerler verilmistir®2. 2013 yili icerisinde yuratulen,
Sarbon ve Brusella Hastaliklari ile Micadele ve Hayvan
Yetistiricilerinin Bilinclendirilmesi Projesi cercevesinde ise
tanitici afis ve brosurler hazirlanarak kdylerde dagitiimis;
Kars ili ve ilcelerine bagh cesitli kdylerde yasayan 541

32- Kars VHO Calisma Raporu, 2008-2010. Kars VHO Arsivi.
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Sekil 4. Dog. Dr. Seckin Gundulz, Kars Veteriner Fakultesinin ilk
mezunlarindan Dénem Birincisi Ayla Bicer'e Veteriner Hekimlik Rozeti
takarken (1990) (KAU Veteriner Fakiiltesi Veteriner Hekimligi Tarihi ve
Deontoloji AD Arsivi)

yetistiriciye egitimler verilmis; bir bélimine ise anketler
uygulanarak, elde edilen veriler bir kitapcik halinde
yayimlanmistir '],

Turkiye'de modern veteriner hekimlik 6gretiminin yil-
doénimi nedeniyle, Oda ve Veteriner Fakiiltesinin ortaklasa
gerceklestirdigi torenlerde, siit kosulari dizenlenerek,
kosu sonucunda ilk Uge giren 6grencilere ve sonuncu
ogrenciye sit hediye edilmistir. Yine veteriner fakultesi
ogrencilerinin mezuniyet torenlerinde etkin bicimde rol
alinarak (Sekil 4), meslektas adaylarlyla Oda arasindaki
iletisimin gelistirilmesine cahsiimistir®. Oda tarafindan,
meslektaslarin sosyal ortamda bir araya gelmesini
saglamak Uzere, Veteriner Hekimler Giint balolar da
dizenlenmistir. Bu kutlamalara, meslegin topluma tanitimi
amaciyla, veteriner hekim olmayan insanlarin da katilimi
saglanmistir®,

Yayin Organi

Odanin yayin organi olan “isimsiz” adli dergi, 2007 yilinda
yayin hayatina baslamistrr. ilk sayisinda, “Neden Hayvancilik
Kurultayi?’, “Bolgemizde Brusella'dan Kurtulma Umudu’,
“Veteriner Hekimlik ve Toplum iliskileri’, “Meslek Hukuku
Dersi” ve “Kus Gribi Fay Hatti” baslkli makaleler ile meslege
iliskin haberlere yer verilen dergi (Sekil 5) 7, ilk sayidan
sonra yayimlanamamistir®.

TARTISMA ve SONUC

TVHB, veteriner hekimler arasinda mesleki deontoloji ve
dayanismayi korumak, veteriner hekimligin kamu ve kisi
yararina uygulanip gelistirilmesini saglamak ve meslek
mensuplarinin haklari ile yararlarini gdzetmek tzere kurul-

33- Kars VHO Galisma Raporlari ve Karar Defterleri, 1989-2016. Kars VHO
Arsivi.

34- Kars VHO Galisma Raporlari ve Karar Defterleri, 1989-2017. Kars VHO
Arsivi; Prof. Dr. Isa Ozaydin ile 15 Mart 2016 tarihinde yapilan gériisme.
35- Kars VHO Arsivi (1989-2017).

Sekil 5. “isimsiz” (Kars VHO Yayin Organi) (KAU Veteriner Fakiiltesi
Veteriner Hekimligi Tarihi ve Deontoloji AD Arsivi)

mustur. Veteriner hekim odalarinin yonetim kurullarina
ise Birligin veteriner hekimlerle iletisimini ve Gyelerinin
mesleklerini mevzuat hikimleri ¢ercevesinde siirdiirme-
lerini saglamak, Uyelerinin mesleki ve bilimsel yonden
gelismelerini desteklemek, meslek onurunu ve veteriner
hekimlerin hak ve yararlarini korumak gibi bazi sorum-
luluklar yiklenmistir®®. Bu calisma ile Kars VHO'nun,
kendisine yiiklenen misyonu gergeklestirmeye yonelik
etkinlikler yaruttigi belirlenmistir. Oda etkinliklerinin
dederi, genel icerisinde irdelenirse anlam kazanacaktir.
Ancak diger veteriner hekim odalarina iliskin bilimsel
calismalarin noksanligi, boyle bir degerlendirmeyi gtic-
lestirmektedir. Ote yandan, ¢alismanin, Kars VHO'nun
faaliyetlerini gin 1sigina c¢ikarmasi agisindan, diger
veteriner hekim odalarinin kendilerine vizyon olustururken
yararlanabilecekleri bir model ortaya koydugu ve gele-
cekte benzer konularda yapilacak ¢alismalar icin bilgi
saglayabilecedi ileri striilebilir.

Sanal ve Melikoglu Golcu tarafindan gerceklestirilen
arastirmada ), Samsun-Sinop Veteriner Hekimleri Odasinin
cok sayida egitim faaliyeti yaptigi ve bazi mesleki ve
bilimsel toplantilari destekledigi saptanmistir. Benzer
bicimde, bu calismada da Kars VHO'nun etkinlikleri arasinda,

36- Veteriner Hekimligi Mesleginin crasina, Tiirk Veteriner Hekimleri Birligi
ile Odalarinin Tesekkiil Tarzina ve Gérecedi [slere Dair 6343 sayili Kanun’un
14. ve 23. maddeleri. (Bak. Dipnot 1)
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veteriner hekimligi meslek ici egitim kurslarinin (Tablo 3)
ve hayvan yetistiricilerine yonelik egitim projelerinin3 ¢
hayata gecirildigi belgelenmistir. Meslek ici egitim calis-
malarinin, veteriner hekim odalarinin, tyelerinin mesleki
gelisimlerini destekleme goreviyle ortistigi ileri sir-
lebilir. Yetistiricilere yonelik etkinlikler ise veteriner hekimligin
ilerlemesi icin 6nce hayvanciligin gelistiriimesi hedefle-
nerek, hayvan yetistiricilerinin bilgi seviyesinin daha yuksek
diizeylere cekilmesi cabasi olarak degerlendirilebilir. Nitekim,
2006-2012 yillari arasinda Oda Yonetim Kurulu Bagkanhgini
ylriiten Prof. Dr. Yavuz Oztiirkler, bélgedeki hayvan ireti-
cilerinin yeterince egitimli olmamasinin, bircok mesleki
soruna yol actigi, bu nedenle Odanin 6ncelikli amacinin
Ureticilerin bilinglendirilmesi oldugunun altini gizmistir ['#l,

Calisma sirasinda, Kars VHO tarafindan, bilimsel toplan-
tilarin diuzenlenmesine (Tablo 4), desteklenmesine ve
bu gibi etkinliklerde Odanin temsil edilmesine ayri bir
onem verildigi gorilmuistir. Oda faaliyetlerinde egitim
etkinliklerinin (Tablo 3) ve bilimsel toplanti odakli ¢abalarin
on plana ¢ikmasi, Kars'ta veteriner fakultesinin bulunmasi
ve gerek fakilte yonetiminin gerekse burada gorevli
ogretim elemanlarinin bu calismalara cesitli katkilar
sunmasi ile agiklanabilir.

Odanin egitsel, mesleki ve bilimsel nitelikli etkinlikleri,
gerek TVHB'nin kurulus amaclari gerekse veteriner hekim
odalarinin gorevleri ile iliskilendirilebilir.

Cesitli calismalarda 924, Turkiye'de gorev yapan ozel
klinisyen veteriner hekimlerin deontolojik-etik ihlalleri
ortaya konulmustur. Kiziltepe ), “Tiirkiye'de Klinik Veteriner
Hekimligi Uygulamalarinda Karsilasilan Deontolojik-Etik
Sorunlar Uzerine Bir Arastirma” adli doktora tez calisma-
sinda, Turkiye'de “meslege saygi ve rekabet’, “hasta ve
hasta sahibiyle iliskiler” ve “meslektaslar arasi iliskiler”
boyutlarindaki ihlallerin en fazla, Dogu ve Giineydogu
Anadolu bdlgelerinde gorildigini bildirmistir. Anilan
calismada, TVHB YHD'nin, 1994-2009 zaman dilimine ait
olan, 6zel klinisyenlikle ilgili kararlari da incelenmis ve bu
kararlar ile veteriner hekimlere bes yazili ihtar, dort para
cezasl ve dort meslekten gecici men cezasi olmak Uzere
13 adet ceza verildigi; 10 dosyanin ise iade veya iptali
kararina gidildigi kaydedilmistir. Tong ve ark.?* ise izmir
Veteriner Hekimler Odasi (izmir VHO) Haysiyet Divaninin
aldigi kararlara yonelik olarak yaptiklar arastirmada, 1992-
2013 yillart arasindaki Divan kararlarindan 59'unun o6zel
klinisyenlik, besinin ise kamuda calisan veteriner hekimler
hakkinda alindigini saptamiglardir. Ayni ¢alismada, divanin
yaptigi dosya incelemelerinin 33'Uniin yazih ihtar, G¢iinin
para cezasl ve Uclnin de meslekten gecici men cezasi
seklinde karara baglandigi, 25'inde ise kusur bulunmadig
sonucuna varildigi bildirilmistir. YHD ve izmir VHO
Haysiyet Divaninin verdigi cezalar ile karsilastinldiginda,
Kars VHO Haysiyet Divani tarafindan cezalandinlmis yalnizca
bir Uyenin tespit edilebilmesi, Odanin Ulye sayisinin
gorece azligi ve 1954 yilinda yapilandiriimis bu 6rgutlerle

37- Bak. Dipnot 32.

karsilastinldiginda yeni bir oda sayilabilecek Kars VHO'nun,
hentiiz yeterince kurumsallasamamasi ile acgiklanabilir.
Bununla birlikte, deontolojik-etik ihlallerin en fazla gorl-
digu bolgelerden birinde yer alan Kars VHO'nun, ihlallere
yonelik yalnizca bir cezalandirma yapmis olmasi, Oda
Haysiyet Divaninin yeterince isletilemedigini diisindir-
mektedir. Odanin gerek mesleki etik alaniyla ilgili etkinliklere
verdigi destek gerekse deontolojik-etik sorunlara yonelik
girisimleri, bu sorunlarin ¢éziimine iliskin iyi niyetli cabalar
olarak degerlendirilebilir. Ancak deontolojik-etik ihlallerin
onlenmesiyle ilgili denetim-yaptirrm mekanizmasinin
onemli dislilerinden olan odalara, bu konuda daha fazla
sorumluluk diisttigi ortadadir.

Odanin “isimsiz” adli dergiyi ¢ikarmaya baslamasi 17,
Uyelerle iletisimin saglanmasi ve veteriner hekimler ile
toplumun bilinglendirilmesi adina, énemli bir girisim olarak
degerlendirilebilir. Bununla birlikte, yayinin sirekliliginin
saglanamamasinin buyk bir eksiklik olduguileri strilebilir.

Sonug olarak, Kars VHO'nun faaliyetlerinin, bir veteriner
hekim odasindan beklenen sorumluluklar yerine getirmeye
yonelik olmasi, Odanin kurulus amaclariyla ortiisen bir
gelisim sergiledigine ve Uyelerine, meslege ve -hayvan
yetistiriciliginin yogun olarak yapildigi bir bélgede hizmet
verdigi g6z onlinde bulunduruldugunda- tlke hayvanci-
igina yonelik dnemli islevlere sahip olduguna isaret
etmektedir. Ancak Odanin kurumsallasmasi ve hizmetlerinin
daha etkin bir bicimde gerceklestirilebilmesi agisindan,
denetim-yaptirnm konusundaki calismalarinin artirilmasi
ve Odaya ait derginin yayin hayatina devam ettirilmesi
gerekmektedir. Veteriner hekim odalarinin gelisiminin
ve islevlerinin daha iyi anlasilabilmesi, bu meslege iliskin
diger odalara ait verilerin giin 1s1gina cikarilmasiyla
mumkun olacaktir.

TESEKKUR

Onerileriyle calismami zenginlestiren Prof. Dr. R. Tamay
Basagac Gul'e, Odanin ge¢misine ait taniklklarindan
yararlanmami saglayan Prof. Dr. Seckin Gilindiiz, Prof.
Dr. Sahin Aslan, Prof. Dr. Yavuz Oztiirkler, Prof. Dr. Alkan
Kamiloglu'na ve Odanin ismiyle ilgili yonlendirmeleri
nedeniyle TVHB MK Bagkani Talat Gozet ile MK Calisani
Saban Aydemir'e tesekkir ederim.
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Abstract

Interferon-tau (IFNT) is the main signal for maternal recognition of pregnancy in ruminants. IFNT acts on the endometrium, corpus luteum,
and liver through paracrine and endocrine style, which is involved in inhibiting the development of luteolytic mechanism and suppressing
maternal immune rejection of the semi-allogeneic fetus. Bone marrow (BM) is a key component of the lymphatic system, supports the body’s
immune system through producing the lymphocytes. At present study, the BM was obtained from days 13, 16 and 25 of pregnant ewes, day
16 of non-pregnant ewes to study the expression of interferon stimulated gene 15 kDa protein (ISG15) mRNA and protein through a qRT-PCR
assay, Western blot, and an immunohistochemistry analysis. Our results showed that the expression of ISG15 mRNA, proteins and conjugated
proteins were up-regulated in the stroma of BM during early pregnancy, and the immunohistochemistry results confirmed that the I1SG15
proteins were localized in the cytoplasm of different cells in the stroma of BM. In conclusion, IFNT derived from the conceptus induced up-
regulated expression of ISG15 and conjugated proteins in the stroma of BM through an endocrine style, which were involved in regulating the
maternal immune response during early pregnancy in ewes.

Keywords: Ewes, Bone marrow, Pregnancy, Interferon stimulated gene 15 kDa protein

Koyunlarin Erken Gebelik Doneminde Kemik Iliginde ISG15 Ekspresyonu

Ozet

interferon-tau (IFNT) ruminantlarda gebeligin maternal tanisindaki baslica sinyaldir. IFNT endometrium, korpus luteum ve karaciger
lizerinde parakrin ve endokrin yollarla etki ederek luteolitik mekanizmanin gelismesini inhibe eder ve semi-allojenik fetusun anne tarafindan
reddini baskilar. Kemik iligi lenfatik sistemin en 6nemli bilesenlerinden biri olup lenfositleri tiretmek suretiyle viicudun bagisiklik sistemini
desteklemektedir. Bu ¢alismada, 13, 16 ve 25. glinlerde gebe koyunlardan ve 16. giinde gebe olmayan koyunlardan kemik iligi alinarak
interferon tarafindan uyarilan gen 15 kDa protein (ISG15) mRNA ve protein ekspresyonu qRT-PCR, Western blot ve immunohistokimyasal
yontemlerle arastirildi. Elde edilen sonuclar ISG15 mRNA, proteinler ile konjuge proteinlerin ekspresyonunun erken gebelik doneminde kemik
iliginde upregule edildigini ve immunohistokimyasal olarak ISG15 proteinlerin kemik iliginin stromasinda farkl hiicrelerin sitoplazmasinda yer
aldigini gostermistir. Sonuc olarak, gebelige bagli olarak tiretilen IFNT; ISG15 ve konjuge proteinlerin ekspresyonunu kemik iliginin stromasinda
endokrin yolla upregiile etmis ve boylece koyunlarin erken gebelik ddneminde maternal bagisiklik cevabin diizenlenmesinde rol almistir.

Anahtar sézclikler: Koyun, Kemik iligi, Gebelik; Interferon tarafindan uyarilan gen 15 kDa protein

synthetase (OAS-1) @, ubiquitin-like interferon-stimulated
gene 15-kDa protein (ISG15) B, Mx proteins , Stat-1,
Stat-2, interferon regulatory factor 1 (IRF-1) and IRF-9 B,
In addition, interferon-stimulated genes are also up-regulated
in the ovine CL and blood cells during early pregnancy,
including ISG15, OAS-1 1, receptor transporter protein
4 (RTP4) 71 1t is through an endocrine style that IFNT

INTRODUCTION

It has been documented that interferon-tau (IFNT) is
the main signal for maternal recognition of pregnancy in
ruminants. IFNT acts on the endometrium to inhibit the
development of luteolytic mechanism, and prolongs the

lifespan of the ovarian corpus luteum (CL) to produce
progesterone (P4) continuously ™. It is reported that many
interferon-stimulated genes are up-regulated in the ovine
uterus during early pregnancy, such as 2;5-oligoadenylate

secreted by the conceptus releases into the uterine vein,
and extends luteal life span in ewes . It is also reported
that ISG15 and MX-1 mRNAs are detectable in the liver on
day 18 of pregnancy in cattle, which is induced by IFNT .,
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As an ubiquitin cross-reactive protein, ISG15 conjugates
to the target proteins by its C-terminal LRLRGG motif.
ISG15 modification (ISGylation) does not target proteins
for degradation, but enhances the cellular response to
interferon through enhancing Jak-1 and Stat-1 activities %,
which is different from ubiquitination. ISG15 plays a role
in innate immunity, and is closely regulated by specific
signaling pathways. During ruminant pregnancy, the
maternal immune system must inhibit its immune rejection
of the semi-allogeneic fetus to adapt the existence of the
conceptus 12, Bone marrow (BM) is a key component
of the lymphatic system, supports the body’s immune
system through producing the lymphocytes. It is reported
that there is a progressively diminished in the numbers
of pre/pro B and immature B cells in the BM of pregnant
mice "3, However, it is unclear that the expression of ISG15
in the BM during early pregnancy in sheep. In this study,
the BM from non-pregnant and early pregnant ewes were
sampled to explore the expression of 1SG15, which may be
helpful to make out the immune suppression mechanism
regulated by BM during early pregnancy in sheep.

MATERIAL and METHODS

Animals and Experimental Design

Small Tail Han ewes approximately 18 months of age
with normal oestrous cycles were observed daily for oestrus
using vasectomized rams, and were mated three times
with intact rams at 12-h intervals after the detection of
sexual receptivity. The experimental protocol was approved
by the Hebei University of Engineering Animal Ethical
Committee (HUEAE 2015-021), and humane animal care
and handling procedures were followed throughout the
experiment. The day of coition was counted as day 0 of
pregnancy, and the ewes were randomly divided into
four groups (n = 5 for each group), and ewes assigned
to the non-pregnant group were not mated with intact
ram. The BM was obtained from ewes on days 13, 16 and
25 of pregnancy, day 16 of non-pregnancy at the time of
slaughter. Pregnancy was confirmed through observing
the presence of conceptus in the uterus. The BM was
sampled from the femur, and several sections of BMs (0.3
cm?®) were fixed in fresh 4% (w/v) paraformaldehyde in PBS
buffer (pH 7.4). The remaining portions of BMs were frozen
in liquid nitrogen for subsequent quantitative Real Time
PCR (gRT-PCR) and protein analysis.

RNA Extraction and qRT-PCR Assay

The total RNA from the BM sample was extracted
using TRIzol Reagent, according to the manufacturer’s
instructions (Invitrogen, California, USA), and the cDNA was
synthesized with FastQuant RT Kit (Tiangen Biotech Co,, Ltd.,
Beijing). The SuperReal PreMix Plus Kit (Tiangen Biotech
Co., Ltd., Beijing) was employed for gRT-PCR. The primer
sequences of ISG15 (accession no. NM_001009735.1) was

Table 1. Primers used for qRT-PCR

Gene Primer Sequence Size (bp)
Forward CATCCTGGTGAGGAACGACAA
ISG15 186
Reverse AAAGACAGCCAGAACTGGTCC
Forward GGGTCATCATCTCTGCACCT
GAPDH 176
Reverse GGTCATAAGTCCCTCCACGA

designed and synthesized by Shanghai Sangon Biotech
Co., Ltd. (Table 1), and GAPDH was based on Oliveira et
all® (Table 1). The relative levels of mRNA expression were
calculated using an internal control gene (GAPDH). The
relative expression value was set as 1 for the group of day
16 non-pregnant BMs.

Western Blot

The total proteins of the BMs were extracted by RIPA
Lysis Buffer (Biosharp, BL504A). The protein concentration
was measured using a BCA Protein Assay Kit (Tiangen
Biotech Co,, Ltd,, Beijing, PA115) with bovine serum albumin
as the standard. An equal amount of total proteins (10
pg/lane) was separated using 12% SDS-PAGE, and the
proteins were transferred to 0.22 um polyvinylidene fluoride
(PVDF) membranes (Millipore, Bedford, MA, USA). The
PVDF membranes were blocked in 5% non-fat milk in Tris-
buffered saline plus Tween 20 (TBST) at 4°C overnight.
The mouse anti-ovine I1SG15 monoclonal antibody was
prepared as described by Austin et al.' with rolSG15
instead of rbolSG15. ISG15 and conjugated proteins were
detected using the ISG15 monoclonal antibody (1:20000)
at 37°C for 1 h. The secondary goat anti-mouse |gG-HRP
was at a dilution 1:20000 (37°C for 1h). Pro-light HRP
chemiluminescence detection reagent (Tiangen Biotech
Co.,, Ltd, Beijing) was used to detect immunoreactive bands.
Sample loading was monitored with the GAPDH antibody
(Santa Cruz Biotechnology, Inc., sc-20357) at a dilution of
1:1000. Immunoreactive proteins greater than 30 kDa were
deemed conjugates ! and semi-quantified together. The
intensity (INT) of blots were quantified using Quantity One
V452 (Bio-Rad Laboratories), and the unit was INT/mm?.

Immunohistochemistry Analysis

The fixed BMs were embedded in paraffin, and paraffin-
embedded sections were deparaffinized in xylene and
rehydrated in ethanol. The sections were quenched endo-
genous peroxidase activity with 3% H,0,, and reduced
non-specific binding was completed with 5% normal goat
serum in PBS buffer. Imnmunocytochemical localizations
of ISG15 in the BMs were performed using the I1SG15
monoclonal antibody (1:2000). The immunoreactive protein
was detected using secondary goat anti-mouse IgG-HRP
(1:1000). A DAB kit (Tiangen Biotech Co., Ltd., Beijing) was
used to visualize the antibody binding sites in the tissue
sections, and the nucleus was stained with hematoxylin.
Finally, the images were captured on using a light micro-
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scope (Nikon Eclipse E800, Japan) and a digital camera
DP12, and the intensity of staining and density of stained
cells were analyzed through the images.

Statistical Analyses

The relative expression values for the gRT-PCR assay were
calculated using the 222 analysis method. Statistical
analyses were performed using Statistical Analysis System
Package version 9.1 for Windows (SAS Institute, Cary, NC,
USA). P value < 0.05 was considered statistically significant
difference.

RESULTS

Relative Expression Level of ISG15 mRNA in BMs

The expression levels of ISG15 mRNA were significantly
higher at days 13, 16 and 25 in pregnant BMs comparing
with that at day 16 in non-pregnant BMs (P<0.05), and
there was a statistical difference between days 13 and 25
of pregnant BMs in the expression levels of ISG15 mRNA.
Furthermore, the relative expression level of ISG15 mRNA
was significantly higher at day 16 in pregnant BMs than
that at days 13 and 25 in pregnant BMs in sheep (Fig. 1).

Western Blot Analysis for the ISG15 Proteins in BMs

Western blot analysis showed that the ISG15 and
conjugated proteins were expressed at days 13, 16 and 25
in pregnant BMs, and only the ISG15 conjugated proteins
were expressed at day 16 in non-pregnant BMs. Western
blot analysis revealed that the ISG15 and conjugated

proteins up-regulated increasingly from day 13 to day 16
in pregnant BMs, and down-regulated from day 16 to day
25 in pregnant BMs in ewes (Fig. 2).

The Immunohistochemistry Analysis for ISG15 in BMs

The immunohistochemistry does not distinguish bet-
ween free ISG15 and conjugated proteins in the tissue
sections, because the antibody recognizes the both forms
of free ISG15 and conjugated proteins. In this study, pregnant
ewes were adult, so the BMs from femurs were converted
to yellow marrow. Yellow marrow is mainly made up of
fat cells and little stroma, and stroma includes fibroblasts,
macrophages, osteoblasts, osteoclasts, and endothelial
cells. Immunohistochemistry analysis confirm that the
ISG15 and conjugated proteins were expressed in the
stroma from days 13, 16 and 25 in pregnant BMs, and day
16 in non-pregnant BMs. The staining intensity was the
strongest in the stroma from day 16 of pregnant BMs, and
the staining intensity of the stroma from day 16 in non-
pregnant BMs was the lowest (Fig. 3). Furthermore, there
was a strong staining intensity located in the cytoplasm of
different cells in the stroma from pregnant BMs, including
macrophages.

DISCUSSION

It is necessary for the maternal immune system to
suppress maternal immune rejection of the semi-allogeneic
fetus during pregnancy, which is essential for the conceptus
to develop normally in ruminants "2, Many researchers
reported that the IFNT exists its effect on blood cells '8,

CL ©19211 and liver ' in the ovine and
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bovine. It is through paracrine and
endocrine style that IFNT secreted by the
conceptus releases into the uterine vein,
and extends the luteal life span during
early pregnancy in sheep 82223, Therefore,
it is possible that IFNT exerts its effect on
the BM, which is implicated in regulating
the maternal immune system through
blood circulation during early pregnancy
in sheep.

Our results revealed that there were
changed expression of 1ISG15 mRNA,
ISG15 and conjugated proteins from
day 13 to 25 in pregnant BMs (Fig. 1
and Fig. 2). These findings were similar
to previous results that there were
changed expressions of ISG15 in endo-
metrium 524, blood cells 26 CL ©27]

during early pregnancy in sheep and

within different column

Fig 1. Relative expression value of ISG15 mRNA in day 16 non-pregnant, days 13, 16 and 25
pregnant bone marrow through quantitative real time PCR in sheep. Note: DN16 = Day 16 of
non-pregnant bone marrow (BM); DP13 = Day 13 of pregnant BM; DP16 = Day 16 of pregnant
BM; DP25 = Day 25 of pregnant BM. Significant difference was indicated by different letters

cattle. It was indicated that the embryonic
signal (IFNT) reached the blood cells,
CL and BM to up-regulate ISG15 expression
through blood or/and immune cells
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significantly higher rate of preterm
delivery and lower birthweight babies
in female who conceived naturally after
peripheral blood or BM transplantation
than normal conception B% which
indicated that BM was of importance for
normal conception. As an ubiquitin cross-
reactive protein, ISG15 contains two
domains with structural homology similar
to ubiquitin BY, Unlike ubiquitination,
protein ISG15 modification (ISGylation)
does not target proteins for degradation,
but regulates the function of target
proteins B2, and ISGylation plays a
role in innate immunity B3, Our results
showed that there was an up-regulation
of I1SG15 and conjugated proteins in
the BMs (Fig. 2), which indicated that

Conjugated
ISG15

ISG15

60000 ~

0O ISG15
B Conjugated ISG15

BM was implicated in regulating the
maternal immune response during early
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pregnancy in ewes.

We also reported that there were
changing expressions of Th1 and Th2
cytokines in bovine peripheral blood
mononuclear cells (PBMC) during early
pregnancy B4, It is known that macro-
phages play a crucial role in initiating
the immune response. Our present

study showed that the positive signal

Fig 2. Expression of ISG15 and conjugated proteins in ovine bone marrow from day 16 of
non-pregnancy, days 13, 16 and 25 of pregnancy. Note: DN16 = Bone marrow (BM) from day
16 of the estrous cycle; DP13 = BM from day 13 of pregnancy; DP16 = BM from day 16 of
pregnancy; DP25 = BM from day 25 of pregnancy. Immunoreactive proteins greater than 30
kDa were deemed ISG15 conjugated proteins. Significant differences (P<0.05) are indicated

for 1ISG15 was strongly localized to the
cytoplasm of macrophages (Fig. 3). It was
suggested that IFNT derived from the
conceptus entered the maternal blood

by different superscript letters within same color column

circulation, which induced up-regulated

during early pregnancy in sheep. However, there was
no expression I1SG15 protein in mammary gland during
early pregnancy in cattle 7, and there was also no
significant change in expression of ISG15 mRNA in cells
from milk samples during early pregnancy in cows &,
Furthermore, we also found that there was no expression
ISG15 protein in lymphoid node and spleen during early
pregnancy in ewes (our unpublished data), so IFNT
exerted its effect selectively on different tissues and
cells during early pregnancy in sheep. Therefore, we had
no clear explanation that IFNT in the circulation selectively
influenced expression of ISG15 by different immune organs
during early pregnancy in sheep. It was probable that BM
was in some part responsive to the circulating IFNT, or/
and peripheral blood immune cells, which remained to be
elucidated and verified.

As the central immune organ, BM produces lympho-
cytes to support the body’s immune system. The immune
cells mediate a cross-talk between the embryo and
mother during early pregnancy in human ©?. There were

expression of ISG15 and conjugated

proteins in the stroma of BM. The immune
cells from the stroma of BM up-regulated expression
of ISG15 and conjugated proteins, and then the immune
cells entered into the maternal blood circulation, which
was implicated in regulating the maternal immune
response. Therefore, it was suggested that up-regulated
expression of ISG15 and conjugated proteins in the stroma
of BM may be of importance in pregnancy maintenance
in ewes.

In conclusion, the expression of ISG15 mRNA, proteins
and conjugated proteins were up-regulated in the ovine
BM during early pregnancy, which was suggested that
IFNT derived from conceptus entered into the maternal
blood circulation, induced up-regulated the expression of
ISG15 and conjugated proteins in the stroma of BM. The
immune cells from the stroma of BM were up-regulated
expression of ISG15 and conjugated proteins, which were
involved in regulating the maternal immune response
through an endocrine style during early pregnancy in
ewes.
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Fig 3. Representative immunohistochemical localization (200 x magnification) of ISG15 in ovine bone marrow collected on
day 16 of the estrous cycle and days 13, 16 and 25 of pregnancy. The macrophages are conspicuous by their size and irregular
nucleus. The immunohistochemistry does not distinguish between free ISG15 and conjugated proteins in the tissue sections.
Note: DN16 = Bone marrow (BM) from day 16 of the estrous cycle; DP13 = BM from day 13 of pregnancy; DP16 = BM from day 16

of pregnancy; DP25 = BM from day 25 of pregnancy; S = Stroma; F = Fat; M = macrophages. Bar = 50 um
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Abstract

The objective of this study was to evaluate the effect of niacin on the metabolic parameters and lipolysis inhibition in dairy cows during early lactation.
A total of 30 clinically healthy, multiparous Holstein-Friesian cows in late gestation were enrolled in the study (15 supplemented with niacin (120 g/d/
cow) and 15 in the negative control group). Blood samples were taken weekly for 3 weeks after calving. The research results show that cows that
received niacin indicated lower NEFA concentrations in all three weeks of the experiment. The NEFA concentrations did not change from weeks 0 to
2 after calving in the niacin group, whereas the NEFA concentrations in the control group were significantly increased (P<0.05). The administration of
niacin exerted significant effects on the metabolic adaptations in cows during early lactation. Niacin significantly decreased BHB, MDA, total bilirubin,
urea and phosphorus concentrations and liver enzyme activity (AST, ALP and GGT) and increased albumin, cholesterol, triglyceride and glucose
concentrations. The administration of niacin significantly affected the correlation and regression between NEFA concentrations and other metabolic
parameters, rendering the glucose, cholesterol, triglycerides, total bilirubin, AST, albumin, urea and phosphorus values less regressed against the
NEFA values. In conclusion, niacin administration decreases lipolysis and metabolic adaptations proved to be less dependent on NEFA concentrations
in niacin group compared to the control group.

Keywords: Cow, Niacin, Lipolysis, Metabolic profile

Erken Laktasyon Siiresince Siitcii ineklerde Niasin ilavesinin Metabolik
Parametreler ve Lipoliz Uzerine Etkisi

Ozet

Bu calismanin amaci erken laktasyon stiresince stitcli ineklerde niasinin metabolic parametreler ve lipolizi inhibe etme Gzerine etkilerini arastirmaktir.
Toplam 30 adet klinik olarak saglikl ge¢ gebelik donemindeki multiparous Holstein-Friesian inek (15'i 120 g/giin niasin takviyesi verilmis ve 15'i negatif
kontrol) calismada kullanildi. Kan érnekleri dogumu takiben 3 hafta siiresince haftalik olarak alindi. Calisma sonuglari niasin alan ineklerde 3 hafta
stiresince NEFA konsantrasyonunun daha diisiik oldugunu gosterdi. NEFA konsantrasyonu 0 ile dogumdan sonraki 2 hafta boyunca niasin grubunda
degismezken kontrol grubunda anlamli oranda artma gdsterdi (P<0.05). Niasin verilmesi erken laktasyon dénemindeki ineklerdeki metabolik
adaptasyona anlamli derecede etki etti. Niasin anlamli oranda BHB, MDA, total bilirubin, tire ve fosfor konsantrasyonlari ile karaciger enzim aktivitesini
(AST, ALP ve GGT) dusurirken albumin, kolesterol, trigliserid ve glikoz konsantrasyonlarini artirdi. Niasin verilmesi anlamli oranlarda olmak lzere
NEFA konsantrasyonlari ile diger metabolik parametreler arasindaki korelasyon ve regresyonu etkiledi. Glikoz, kolesterol, trigliserid, total bilirubin,
AST, albumin, Ure ve fosfor degerleri NEFA degerlerine gore daha az gerileme gosterdi. Sonug olarak, niasin verilmesi lipolizi azaltirken metabolik
adaptasyonun kontrol grubu ile karsilastirildiginda niasin grubunda NEFA konsantrasyonuna daha az bagiml oldugu gosterilmistir.

Anabhtar sézciikler: inek, Niasin, Lipoliz, Metabolik profil

INTRODUCTION esterified fatty acids (NEFA) concentrations occur as a result

of lipid mobilization. Consequently, the high influx of NEFA
During the transition period, energy requirements exceed  to the liver exceeds its oxidative capacity, which results in
energy intake, resulting in negative energy balances triacylglycerol (TG) accumulation in the liver and ketosis ©.
(NEB) and marked catabolism %, Increased plasma non-  Lipolysis (NEFA) and ketogenesis (3-hydroxybutyrate- BHB)
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exert a significant influence on the metabolic profile in
cows during the periparturient period .. Proper nutrition
and management of cows during this period benefits their
future health and milk production.

The term niacin is a generic descriptor for two compounds
performing the biological action of the vitamin: nicotinic
acid and nicotinamide . Another physiological effect
of niacin is the potential to suppress lipolysis when
administered in pharmacological doses ", Nicotinic acid,
under certain conditions, reduces the NEFA release from
adipose tissue, whereas nicotinamide does not exert the
same effect ®. Reduced NEFA concentrations lead to a
lowered TG accumulation and ketone body formation in
the liver ®. The antilipolytic effect of niacin is mediated by
the activation of G protein-coupled GPR109A receptors,
which exist in a functional form in cattle "%, Consequently,
the inhibition of adenyl cyclase activity occurs, reducing
the intracellular levels of cyclic adenosine monophosphate
(cAMP) and resulting in the suppression of lipolysis'.

In this research, it has been hypothesized that antilpolytic
effects of niacin is taken into consideration, niacin may
show beneficial effect metabolic and oxidative status in
dairy cows during early lactation.

The objective of this study was to evaluate the effect of
niacin on the metabolic parameters and lipolysis inhibition
in dairy cows during early lactation.

MATERIAL and METHODS

Animals, Treatments and Blood Collection

A total of 30 clinically healthy, Holstein-Friesian cows in
second and third lactation were enrolled in the study.
Cows were 3 to 4 years old. Their health status was
evaluated on clinical examination and no signs of illness
were found. None of the cows had history of abortion.
Cows were divided into two groups, 15 cows in the
experimental and 15 cows in the control group. The
experimental group was treated with niacin for 14 days
prior to the expected calving date and for 14 days after
parturition. Niacin was not in a rumen-protected form such
as nicotinic acids (Rovimix®Niacin, F. Hoffmann-La Roche
AG, Switzerland) and was administered per os with food,
120 g/d per cow (in order to ensure about 12 g of niacin in
small intestine). The control group was not treated with
niacin. Cows were feed twice a day. The diet suited the
energy necessary for cows in late pregnancy and early
lactation. The cows in late pregnancy were fed with a diet
consisting of 6 kg lucerne hay, 15 kg maize silage (30%
DM) and 3 kg concentrate (18% crude proteins, CP). The
cows in early lactation were fed with a diet consisting of
7 kg lucerne hay, 20 kg maize silage (30% DM) and 5 kg
concentrate (18% CP).

Blood samples were collected by venipuncture from

the coccygeal vein before morning feeding and were
taken three times, on the day of calving and during the
first and second week after parturition. Blood samples
for biochemical analysis were collected in sterile 10-ml
vacuum tubes with gel separator (BD Vacutainer® SST Il
Advance, BD Plymoth, UK) and appropriately marked. After
centrifugation of the blood samples at 4.000x g for 10 min,
the plasma was obtained. The samples were kept in a dry
pace and protected from light until laboratory analysis.

Measurements of Metabolic Parameters

Metabolic parameters such as NEFA (colorimetric method
based on acylation of ACoA), BHB (BHB dehydrogenase),
triglyceride (GPO-PAP method), cholesterol (cholesterol
esterase method), glucose (glucose oxidase test, GOT),
total protein (Biuret method), albumin (BCG/BCP methods),
aspartate aminotransferase (AST) (modified IFCC method),
alkaline phosphatase (ALP) (DEA method), gamma-glutamyl
transferase (GGT) (colorimetric method with final 5-amino-
2-nitrobenzoat), total bilirubin (Modified Jendrassik and
Vanadate Oxidation), urea (kinetic method), malondialdehyde
(MDA) (method with thiobarbituric acid), calcium (CPC/
AMP method) and phosphorus (UV method) concentrations
were determined using colorimetric test kits (Randox,
UK and Pointe Scientific, USA) and a semi-automatic bio-
chemistry analyzer (Rayto RT/1904cv, China).

Calculation and Statistical Analyses

The effects of niacin administration on the metabolic
parameter values were analyzed during the first three
weeks after calving (week 0, 1 and 2). The two-way ANOVA
analysis and LSD tests indicated differences in the mean
values of metabolic parameters between cows that received
niacin and cows that did not receive niacin (the control
group) in all three weeks of the experiment.

The metabolic adaptations of cows, relative to the degree
of lipolysis, were determined by a regression analysis and
correlation between the metabolic parameters and NEFA
concentrations (using the general linear formula Y = bXi +
a) in all the samples obtained from the experimental and
control groups after calving (N = 45, 15 samples x 3 weeks).
The effects of niacin on the metabolic adaptations of cows
in early lactation were determined by testing differences
in the correlation and regression coefficients obtained for
certain metabolic parameters and NEFA concentrations
in the experimental and control groups. Statgraphics
Centurion (USA) and Microsoft Excel (USA) were used
for statistical calculations and analysis. P<0.05 level was
accepted statistically significant.

RESULTS

The research results show that cows supplemented with
niacin indicated lower NEFA concentrations in all three
weeks of the experiment. The NEFA concentrations did
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Table 1. Effects of niacin administration on the metabolic parameter values in cows during early lactation

not change from weeks 0 to 2 after calving in the group
that received niacin, whereas the NEFA concentrations
in the control group were significantly increased. The
administration of niacin exerted significant effects on the
metabolic adaptations in cows during early lactation.
Cows supplemented with niacin were found to exhibit
significantly lower BHB concentrations, higher cholesterol
and triglyceride concentrations, lower MDA concentrations,
higher glucose concentrations, decreased total bilirubin
concentrations and liver enzyme activity (AST, ALP and
GGT), higher albumin concentrations, and lower urea and
phosphorus concentrations. The changes in metabolite
values were also tested in all weeks of the experiment. The
results are shown in Table 1.

In the niacin group, the metabolic adaptations proved to be
less dependent on NEFA concentrations compared to the

control group. With increased lipolysis, the administration
of niacin significantly reduced the degree of ketogenesis
(Fig. 1). Increased NEFA concentrations greatly impeded
the increase in MDA concentrations in cows that received
niacin (Fig. 2). In addition to ketogenesis and lipid
peroxidation, the administration of niacin significantly
affected the correlation between NEFA concentrations
and other metabolic parameters, rendering the glucose,
cholesterol, triglycerides, total bilirubin, AST, albumin, urea
and phosphorus values less regressed against the NEFA
values (Table 2).

DISCUSSION

A typical metabolic profile of cows a week postpartum
is characterized by reduced plasma concentrations of
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Table 2. Effects of niacin administration on the regression and correlation between the metabolic parameters and NEFA concentrations

have the ability to inhibit lipolysis, thereby reducing the
hepatic uptake of NEFA, improve the metabolic profile of
the transition cow and prevent energy-related metabolic

glucose, protein, albumin, cholesterol and calcium, as
well as high plasma concentrations of NEFA, BHB, bilirubin
and liver enzymes ['>3, Pharmacological doses of niacin
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disorders associated with excessive mobilization of fat
reserves ', Havlin et al.'™ concluded that effects of
niacin in dairy cows dependent on dose level and feeding
duration and low level of niacin feeding did not reduced
blood serum NEFA concentration but it did result in a
decreased prevalence of ketosis. In this study, cows that
received niacin indicated decreased plasma NEFA and
BHB concentrations in all three weeks of the experiment
alongside a strong but lower correlation between the
NEFA concentrations and metabolic parameters in
comparison with the control group. Niacin was shown
to reduce the dependence of the metabolic adaptations
on the degree of lipid mobilization in cows during early
lactation. Pires and Grummer ' showed that a single
abomasal infusion of niacin inhibits lipolysis and reduces
plasma NEFA concentrations, followed by a rebound in
plasma NEFA concentrations upon the termination of
infusion and Rauls et al.'® showed that niacin-supple-
mented cows had lower NEFA concentration in week 1 of
lactation than non supplemented niacin cows but niacin
had no effectif the cows arein late lactation. In our study,
the niacin group did not indicate significant changes in
the NEFA concentrations in all weeks of the experiment,
which proved the antilipolytic effect of niacin and the
importance of continuous niacin administration during
the transition period. Serum levels of glucose, triglyceride,
total cholesterol, total protein, albumin and urea are
indicators of hepatic function 78, and a decrease in the
plasma concentration of these metabolites may occur
provided endogenous liver synthesis is reduced. In this
study, the concentrations of triglyceride, cholesterol,
glucose and albumin were higher in the niacin group,
which emphasizes a better hepatic function. In human
medicine the niacin is used as broad-spectrum lipid drug
and has ability to reduce cholesterol concentration in
plasma thereby inhibits diacylglycerol transferase, enzyme
that is a key in hepatic synthesis of triglycerides. The
niacin causes reduced catabolism rate of LDL (low-density
lipoprotein) and VLDL (very low density lipoprotein) 11929,
But metabolism in ruminates is different than metabolism of
other mammals by having diminished capacity to form VLDL
from cholesterol and to secrete VLDL from the liver 2122,
There is negative correlation between cholesterol and
NEFA 231 and the effect of niacin on triglyceride and
cholesterol may be due to the action of niacin on NEFA.
Further research is needed to established the direct effect
of niacin on cholesterol in dairy cows.

When fat infiltrates the liver, a lesion appears in the
hepatic tissues and the levels of enzymes indicating the
liver injury (AST and GGT) are generally augmented 4.
Lower liver damage in the niacin group can be detected
by a lower activity of liver enzymes (AST, ALP and GGT)
and a lower concentration of total bilirubin. Plasma NEFA
concentrations increase a few days before parturition
and rise to higher levels in the week after calving %%, In
our study, cows supplemented with niacin were found to

exhibit a reduced degree of ketogenesis upon increased
lipolysis, which may be due to pharmacological doses of
niacin administered. Niacin decreased the NEFA release
from adipose tissue, leading to a reduced hepatic uptake of
NEFAs and lowered BHB formation, i.e. an improved hepatic
function. In the niacin group, less regression was recorded
between the values of MDA and NEFA concentrations,
which indicates that the administration of niacin may
exert effects on lipid peroxidation. Moreover, Yuan et al.”!
speculate that niacin may have the antioxidant potential
via inhibiting lipolysis, and thus decreasing the amount
of fatty acid substrates available for lipid peroxidation.

Glucose concentrations change in early lactation in
same manure in both of niacin and control group.
Higher concentration of glucose in niacin group could
be consequence of greater gluconeogenic activity,
decrease removal of glucose or increased hepatic glucose
production 72729,

The administration of niacin affects the indicator values
of carbohydrate metabolism, fats, proteins, as well as the
functional status of hepatocytes and ions. Niacin decrease
ketogenesis and oxidative stress in cows during early
lactation.

In conclusion, niacin reduces the dependence of the
metabolic adaptations on the degree of lipid mobilization
in cows during early lactation.
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Abstract

Dimethoate is one of the most important organophosphate insecticides and may cause oxidative stress leading to production of
free radicals and alterations in antioxidants. The aim of this study was to investigate the protective effects of Laurocerasus officinalis
Roem. fruit extract containing antioxidant compounds on dimethoate-induced hepatotoxicity in rats. The rats were divided into six
groups as follows: Control group; dimethoate-treated group; L. officinalis-treated group; the group of pre-treatment with L. officinalis
prior to dimethoate; the group of pre-treatment with vitamin C before dimethoate; the group of post-treatment with L. officinalis
after dimethoate. Aspartate transaminase (AST), alanine transaminase (ALT), and total bilirubin (TBil) as liver function tests and the
oxidative stress parameters such as total oxidant status (TOS), total antioxidant status (TAS), superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx), and malondialdehyde (MDA) were measured. The DNA damage was determined with comet assay.
The results indicated that dimethoate caused a significant increase in AST, ALT, TOS, MDA, DNA damage and an important decrease
in TAS, SOD, CAT, GPx as compared to control group. However, administration of L. officinalis or vitamin C to dimethoate-exposed rats
restored these biochemical and oxidative stress parameters to nearly normal levels. In conclusion, toxic effects of dimethoate on rat
liver are mainly attributed to hepatic function enzymes, oxidative stress and DNA damage, while these effects were largely ameliorated
by L. officinalis fruit extract.

Keywords: Laurocerasus officinalis Roem, Cherry Laurel, Dimethoate, Hepatotoxicity, Rat

Sicanlarda Dimetoatla Olusturulan Hepatotoksisite Uzerine Taflan
(Laurocerasus officinalis Roem.) Meyvesinin Koruyucu Etkisi

Ozet

Dimetoat en 6nemli organofosfatl insektisitlerden biridir, serbest radikallerin Uretimine ve antioksidanlarda degisimlere yol acarak
oksidatif strese neden olur. Calismanin amaci, ratlarda antioksidan bilesikler iceren Laurocerasus officinalis Roem. meyve ekstresinin
dimetoat kaynakli karaciger toksisitesindeki koruyucu etkilerini incelemektir. Ratlar asagidaki gibi alti gruba ayrildi: Kontrol grubu;
dimetoate ile muamele edilen grup; L. officinalis ile muamele edilen grup; dimetoat dncesi L. officinalis verilen grup; dimetoat oncesi
vitamin C verilen grup; dimetoat sonrasi L. officinalis ile muamele edilen grup. Karaciger fonksiyon testleri olarak aspartat transaminaz
(AST), alanin transaminaz (ALT) ve toplam bilirubin (TBil) ile toplam oksidan durum (TOS), toplam antioksidan durum (TAS), stiperoksit
dismutaz (SOD), katalaz (CAT), glutatyon peroksidaz (GPx) ve malondialdehit (MDA) gibi oksidatif stres parametreleri 6l¢tildi. DNA
hasari komet testi ile belirlendi. Sonuclar, dimetoat'in kontrol grubuna kiyasla AST, ALT, TOS, MDA, DNA hasarinda belirgin bir artisa ve
TAS, SOD, CAT, GPx'de 6nemli bir azalmaya neden oldugunu gosterdi. Bununla birlikte, dimetoat’a maruz birakilan ratlara L. officinalis
veya vitamin C’'nin uygulanmasi, bu biyokimyasal ve oksidatif stres parametrelerini neredeyse normal seviyelere getirdi. Sonug olarak,
dimetoat’in rat karacigeri lizerindeki toksik etkileri esas olarak hepatik fonksiyon enzimleri, oksidatif stres ve DNA hasarina atfedilirken,
bu etkiler L. officinalis meyve ekstresi tarafindan blyuk 6lclde iyilestirilmistir.

Anahtar sézclikler: Karayemis, Taflan, Dimetoat, Hepatotoksisite, Sican

& lletisim (Correspondence)
+90 352 2076666/28325
>4 eken.ayse@gmail.com



780

FEffect of Laurocerasus officinalis ...

INTRODUCTION

Dimethoate (O,0-dimethyl S-N-methyl carbamoyl methyl
phosphorodithioate) is one of the most significant and
broad-use organophosphate insecticides on a great number
of crops against various pests 2. Producers, pesticide
workers, and farm owners are the basic risk groups of
dimethoate exposure Bl Previous studies indicate that
dimethoate leads to oxidative stress via production
of free radicals and induction of lipid peroxidation ¢,
Some studies have shown that dimethoate causes significant
increase in lipid peroxidation by interacting with membrane
lipids due to its lipophilic feature “#. It has been noticed
the dimethoate toxicity results in deleterious effects on
various organs such as liver, brain, testes, pancreas of rats ©.
The liver is the target organ for chemicals and play a main
role in xenobiotic metabolism. Therefore, evaluation of
hepatotoxicity is an important process for the detection
of toxic action of xenobiotics [

There is a growing interest in the importance of natural
dietary antioxidant compounds as therapy to prevent
damage in many health concerns related to oxidative
stress ©'", Therefore, high fruit consumption may reduce
the risk of some diseases such as hepatotoxicity, cancer,
cardiovascular and coronary heart diseases, diabetes and
atherosclerosis "2, Laurocerasus officinalis Roem. (Cherry
laurel) is grown as a native fruit in the coasts of the Black Sea
region of Turkey and locally called “Taflan” or “Karayemis” /%],
It was found that L. officinalis fruit is a rich source of
antioxidant substances such as phenolics (chlorogenic
acid, phenolic acids, anthocyanins, vanillic acid) and ascorbic
acid 29 Some studies indicated that L. officinalis fruit
has radical scavenging action against superoxide and
2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals ['>192",

In previous studies, some pesticides have been shown
to cause oxidative stress, DNA damage and cytotoxicity
in vitro and in vivo test systems. Thus, the purpose of
the research was to evaluate the hepatotoxic actions of
dimethoate and the preventive efficacy of L. officinalis fruit
on liver function markers, parameters of oxidative stress,
and DNA damage in rats.

MATERIAL and METHODS

Chemicals

An emulsion form of dimethoate (Korumagor 40 EC, 40%,
Koruma Agriculture, Turkey) was diluted in saline (0.9%
NaCl) to get an effective dose (7 mg/kg body weight-bw)
for rats. The percentage of the active content was used for
the calculation of concentration of dimethoate. All other
reagents were analytical grade and provided from Sigma
Chemical Co. (St. Louis, MO, USA).

Plant Material and Preparation of Extract

L. officinalis fruits were collected from Akcaabat, Trabzon

in Turkey and voucher specimen was deposited in the
Herbarium of Pharmacy Faculty of Ankara University (AEF
26257). The fruits were washed with distilled water and
dried at 40°C for 5 days. The fruits were macerated with
methanol (MeOH) with magnetic stirrer for 8 h at room
temperature and the extracts were filtered by Whatman No.
1 filter paper. This process was repeated twice with MeOH.
All filtrates were dried at 40°C with a rotary evaporator
and then lyophilized. The lyophilisate was kept in a freezer
until usage.

Determination of Total Phenolic Content

Total phenolic content of fruit extract was identified by
the method of Ahmed et al.??. 0.5 mL extract and 0.25 mL
Folin-ciocalteu reagent and 0.5 mL sodium carbonate (20%
w/v) were mixed and incubated for colour development
at room temperature for 60 min. The absorbance was
recorded at 765 nm with spectrophotometer (UV-1800,
Shimadzu Co., Kyoto, Japan). Total phenolic substance
was defined as mg gallic acid equivalent (GAE)/g extract
from the calibration curve. This experiment was repeated
3 times and the results were shown as mean=+SD values.

DPPH Radical Scavenging Activity

Determination of radical scavenging effect of the
fruit extract was assayed according to the method of
Pourmorad et al?®, 50 pL of the extract solution at various
concentrations were allowed to react with the 950 pL
methanolic solution of DPPH (100 uM) in the dark for 10
min. Thereafter, the absorbance change was followed at
515 nm with a spectrophotometer. Measurements were
repeated in triplicate. The known antioxidants, gallic acid,
chlorogenic acid, and quercetin were applied as standards.
The value of inhibitory concentration (ICs;) means the
amount of sample, which is necessary to clearance 50%
of DPPH free radicals.

Animals and Experimental Procedure

The experimental procedure approved by the Ethical
Committee for Animal Research at Erciyes University
(approval date:15.08.2012; no:12/82) was in accordance
with the European Union Directive 2010/63/EU for care
and use of laboratory animals. Sixty male Wistar albino
rats (weighing 200-250 g) were housed under standard
laboratory conditions (in polycarbonate cages, 12 h/12 h
light/dark cycle, 22-24°C temperature and 55-60% relative
humidity).

The rats were divided randomly into six groups consisting
of ten animals each and were applied with oral gavage
during sixty days as follow: Group | (controls) received
only saline; group Il (D) was exposed to dimethoate; group
Il (LOFE) was applied with only L. officinalis fruit extract;
group IV (LOFE + D) received L. officinalis fruit extract 30
min prior to dimethoate; group V (Vit C + D) was given
vitamin C 30 min before dimethoate; group VI (D + LOFE)
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received dimethoate during the first month, the rats
were exposed to dimethoate 30 min prior to L. officinalis
fruit extract throughout the second month. The doses for
dimethoate (7 mg/kg/day)'?, vitamin C (100 mg/kg/day) "™,
and L. officinalis fruit extract (4 mg/kg/day) 24 were
determined by using the results of other studies.

Sample Preparation

At the end of the experiment, blood was collected from
anesthetized (xylazine/ketamine) rats and then centrifuged
at 4400 rpm for 10 min at 4°C. Samples of plasma were
kept at -20°C until analysis for the evaluation of aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and total bilirubin (TBil) levels. Livers were removed and
washed in ice-cold physiologic saline solution, blotted and
divided into three parts. One part of liver was preserved
in 10% formalin for histopathologic evaluation. For comet
assay, a piece of the liver cut into thin slices were placed
in phosphate buffered saline. Tissues were allowed to
stir for dissociation at 500 rpm for 10 min to get the cell
suspension ?°!. For oxidative stress parameters, a homo-
genate from about 0.5 g of the remaining liver was obtained
with a homogenizer (IKA Ultra-Turrax T10 basic model,
Germany) in cold buffer solution of 140 mM KCl and 50 mM
Tris-HCl (pH 7.6) for 2 min at 13000 rpm. Malondialdehyde
(MDA) level was measured in the liver homogenate by
using spectrophotometer. The homogenates were then
centrifuged at 15000 rpm for 30 min at 4°C and clear
supernatant was used for the assessment of superoxide
dismutase (SOD), glutathione peroxidase (GPx), catalase
(CAT), total oxidant status (TOS) and total antioxidant
status (TAS) levels. Protein content in tissue homogenate
and supernatant was determined according to method of
Lowry et al.l?%,

Liver Function Tests

The levels of AST, ALT, and TBil in plasma were assayed
spectrophotometrically using by commercial diagnostic
kits (Biolabo Company, France)

Oxidative Stress Parameters

Activity of SOD was evaluated as defined by Eken et
al.?’. In brief, 840 uL of substrate solution (0.05 mmol/L
xanthine sodium, 0.025 mmol/L 2-(4-iodophenyl)-3-(4-
nitrophenol)-5-phenyltetrazolium chloride, 50 mmol/L
3-(cyclohexylaminol)-1-propanesulfonic acid, and 0.094
mmol/L ethylenediaminetetraacetic acid-EDTA) (pH 10.2)
were mixed with 30 pL supernatant. After addition of
130 pL xanthine oxidase (120 U/L) to the mixture, the
absorbance increase was recorded by spectrophotometer
at 505 nm for 3 min. The activity of SOD was defined in U/
mg protein.

Activity of GPx was identified by the method of Pleban et
al.?8, 30 uL supernatant and 970 L of the reaction mixture
(50 mmol/L tris(hydroxymethyl)laminomethane, 1 mmol/L

EDTA-disodium salt, 2 mmol/L reduced glutathione, 4
mmol/L sodium azide, 0.2 mmol/L nicotinamide adenine
dinucleotide, and 1000 U glutathione reductase) (pH
7.6) were mixed and incubated for 5 min at 37°C. When
8.8 mmol/L hydrogen peroxide (H,0,) was added, the
decrement of absorbance was followed for 3 min by
spectrophotometer at 340 nm. Activity of GPx was given
as U/mg protein.

CAT activity was evaluated according to Aebi . The rate
of H,0, decomposition in supernatant was recorded at
240 nm for 30 sec at 25°C. Activity of CAT was given as
U/mg protein.

MDA level was detected for marker of lipid peroxidation by
the method of Ohkawa et al.B% The MDA in the sample was
reacted with thiobarbituric acid reactive substance and
then the product was measured spectrophotometrically
at 532 nm. Tetramethoxypropane was used as a standard.
The result was expressed as nmol/mg protein.

Assays of TOS and TAS developed by Erel =" were carried
out by commercial kits (Rel Assay Diagnostic, Turkey) in
supernatant. Oxidative stress index (OSI), which is a marker
of the ratio of oxidative stress, was calculated from the
percent ratio of TOS to TAS.

Determination of DNA Damage with Comet Assay

DNA damage was identified by comet technique as defined
by Singh et al.*? with some changes ©2. Firstly, microscope
slides were pre-coated by using agarose with normal
melting point (0.5%) in distilled water, drying at room
temperature. Secondly, 10 pL of the cell suspension was
mixed with 100 pL of agarose with low melting point
(0.8%) in phosphate buffer saline at 37°C and dropped
onto the first layer. Slides waited to concretion at 4°C in a
humid container for 5 min were immersed in cold buffer
solution (25 g sodium dodecyl sulfate in Tris Borate-
EDTA) for 7 min at 4°C. The slides removed from the buffer
solution was placed in the electrophoresis unit containing
neutral electrophoresis solution (27.5 g boric acid, 54 g
Tris, and 20 mL EDTA, pH 8.4) and left to unwind the DNA
for 20 min. Electrophoresis was applied at 64 V for 2 min
and was set to 250 mA. The neutralized slides were stained
with 50 uL ethidium bromide. A fluorescent microscope
(Olympus, BX51, Japan) was used for observations with
a magnification of x400. Comet assay software project
(CASP-1.2.2, Windows 2010) was applied for evaluation the
images of 50 randomly selected nuclei. A tail of fragmented
DNA that migrated from the cell head, causing a ‘comet’
pattern indicated damage. However, without a comet,
whole cell heads were not regarded to be detriment.

Histopathologic Evaluation

The liver pieces fixed in formalin (10%) were embedded in
paraffin. Thick paraffin sections about 5 um were cut from
each specimen and were stained with hematoxylin and
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eosin dye. A microscope (Olympus BX-51, Japan) equipped
with a high resolution of camera (Olympus DP-71, Japan)
was used for the histologic assessment.

Statistical Analysis

Statistical package for the social sciences (SPSS version
18.0 for Windows, Chicago, IL, USA) was performed for
the analysis of the data. The comparison of the values
among the groups was performed by one-way ANOVA and
followed by Tukey multiple comparisons test. The results
were defined as meanzstandard deviation (SD). P<0.05
value was considered significant.

RESULTS

Antioxidant Properties of L. officinalis Fruit Extract

The phenolic content of fruit extract was detected to be
high (340+3.18 mg GAE/g extract) which may be responsible
for antioxidant activity. As presented in Table 1, DPPH
scavenging effect of the extract was referenced to known
antioxidants (quercetin, gallic and chlorogenic acid). L.
officinalis fruit extract was demonstrated to possess DPPH
radical scavenging activity.

Hepatic Function Markers

Data represented in Table 2 shows the liver function tests of
control and experimental rats. Treatment with dimethoate
alone caused a significant increase in AST (+43%) and
ALT (+59%), and the level of TBil (+22%) compared to the
control rats (P<0.05). On the other hand, pretreatment
with L. officinalis fruit extract (-37%) or vitamin C (-37%)
greatly reduced the activity of ALT in comparison to
the group of dimethoate-applied alone (P<0.05). Pre-
(-42%) and post-treatment (-27%) with L. officinalis fruit
extract or pretreatment of vitamin C (-30%) significantly
decreased the activity of AST compared with the group
of dimethoate-treated alone (P<0.05). Pre- (-29%) and
post-treatment (-28%) with L. officinalis fruit extract or
vitamin C treatment (-33%) remarkably diminished the
TBil level compared with the group of dimethoate-applied
alone (P<0.05). L. officinalis fruit extract treatment without
dimethoate did not show any important change in hepatic
enzymes of AST and ALT and TBil level when compared
to control rats (P>0.05).

Oxidative Stress Parameters

The results of Table 3 indicate the MDA levels and the
antioxidant enzyme activities of SOD, CAT, and GPx.
Dimethoate treatment raised to a considerable increase in
MDA levels, while an important decrease was seen in SOD,
CAT, and GPx as compared to the control rats (P<0.05).
In contrast, pre- and post-treatment with L. officinalis
fruit extract or vitamin C greatly (P<0.05) diminished
the elevated MDA level, whereas the SOD and GPx were
prominently raised in comparison to the dimethoate-

treated group (P<0.05). Pre-treatment with L. officinalis
fruit extract or vitamin C treatment remarkably elevated
the activities of CAT as compared to the dimethoate-
applied group (P<0.05). Administration of L. officinalis fruit
extract did not show any significant change in SOD, CAT,
GPx and MDA when compared to controls (P>0.05).

TOS and TAS levels and the mean value of OSI were shown
in Fig. 1A, 1B, and 1C, respectively. An important rise in
the values of TOS and OSI was observed in dimethoate
administered rats, while a substantial decrement was
detected in the TAS in comparison to the control rats
(P<0.05). On the other hand, pre- and post-treatment with
L. officinalis fruit extract or vitamin C treatment significantly
(P<0.05) reduced the elevated TOS and OSI levels, whereas
the TAS level was greatly increased in comparison to
dimethoate-treated group (P<0.05). There was not seen
any substantial change in the values of TOS, TAS, and
OSl in the L. officinalis fruit extract-applied rats alone as
compared to the controls (P>0.05).

DNA Damage

In this study, the tail DNA% in total comet DNA in liver
cells of control and experimental rats was measured via
comet assay as an indicator of DNA damage. The results
are illustrated in Fig. 2 and comet images of rat liver
cells for each experimental group are shown in Fig. 3.
An important increase by 94% in parameter of the tail
DNA% was observed in rats receiving dimethoate alone
compared with the control rats. Pre-treatment (-48%) and

Table 1. Comparison of DPPH radical scavenging activity of L. officinalis

fruit extract and those of standards

Samples Concentration | Scavenging 1Cso
" (mg/mL) (%) (mg/mL)

L. officinalis 50 83+0.94 17+0.09

Gallic acid 0.125 85+1.2 0.05+0.02

Quercetin 0.125 74£1.5 0.08+0.06

Chlorogenic acid 0.226 85+0.98 0.13+0.08
Each value in the table was obtained by calculating the average of three
experimentststandard deviation

Table 2. Toxic effect of dimethoate and the ameliorative potency of L.

officinalis fruit extract on liver function tests

Groups AST (uKat/L) ALT (pKat/L) TBil (mg/dL)
Control 0.63+0.17 0.37+0.07 1.00+0.14
Dimethoate 0.90+0.16° 0.59+0.07° 1.22+0.212
LOFE 0.55+0.20 0.43+0.11 0.93+0.12
LOFE+D 0.52+0.14° 0.37+0.10° 0.87+0.14°
VitC+D 0.63+0.15° 0.37+0.14° 0.82+0.10°
D + LOFE 0.66+0.13° 0.57+0.15 0.88+0.21°
Values are expressed as mean+SD. LOFE: L. officinalis fruit extract;
D: dimethoate; Vit C: vitamin C; AST: aspartate aminotransferase;
ALT: alanine aminotransferase; TBil: total bilirubin. @ P<0.05 vs. control
group; ®P<0.05 vs. dimethoate-treated group
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Table 3. Toxic effect of dimethoate and the ameliorative potency of L. officinalis fruit extract on oxidative stress parameters

Groups MDA (nmol/mg protein) SOD (U/mg protein) CAT (U/mg protein) GPx (U/mg protein)
Control 0.45+0.07 7.03+0.75 637.37+59.22 9.84+0.67
Dimethoate 0.97+0.06° 5.88+0.76° 496.24+54.99° 7.64+0.73°
LOFE 0.48+0.08 6.93+0.75 575.46+57.45 9.15+0.65
LOFE + D 0.57+0.08° 6.94+0.58° 579.36+31.09° 9.38+0.49°
VitC+D 0.50+0.06° 6.99+0.63° 594.55+60.22° 9.65+0.59°
D + LOFE 0.55+0.09° 6.96:+0.49° 514.67+50.29 9.42+0.65°
Values are expressed as mean+SD. LOFE: L. officinalis fruit extract; D: Dimethoate; Vit C: vitamin C; MDA: malondialdehyde; SOD: superoxide dismutase;
CAT: catalase; GPx: glutathione peroxidase. °P<0.05 vs. control group; ® P<0.05 vs. dimethoate-treated group
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post-treatment (-48%) with L. officinalis fruit extract or
vitamin C administration (-48%) reduced DNA damage in

rat hepatocytes as compared with dimethoate-applied
alone group (P<0.05).
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Fig 3. Cometimages of rat liver cells
for each experimental group (200x
magnification). Control group (A),
dimethoate-treated group (B),
L. officinalis fruit extract-treated
group (C), in group of pre-treatment
with L. officinalis fruit extract before
dimethoate (D), vitamin C-treated
group (E), post-treatment with
L. officinalis fruit extract after
dimethoate (F)

Fig 4. Photographs of sections
of the liver from rat (H&E, x20).
The liver of control rats had
normal histological structure
of hepatocytes (H), portal
triad (PT), and blood sinusoid
(A); Dimethoate-treated group
showed dilated sinusoids
(arrow head), congested blood
vessels (arrow), lymphocytes
infiltration (star) (B); L. officinalis
fruit extract-treated group
indicated normal architecture
(C); The most of the hepatocytes
exhibited normal histological
morphology, although there
was dilated sinusoids (arrow
head) and lymphocytes infilt-
ration (star) in group of pre-
treatment with L. officinalis
fruit extract before dimethoate
(D); an improvement of liver
morphology was observed in
groups of vitamin C-treated
(E) and post-treatment with
L. officinalis fruit extract after
dimethoate (F)
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Histopathologic Evaluation

The liver section of control animals displayed a normal
liver structure, including well-protected cytoplasm and
nucleus of hepatocytes as shown in Fig. 4A. Dimethoate
exposure exhibited severe histopathological changes in
the liver sections compared with control rats as presented
in Fig. 4B. The hepatocytes appeared large-sized cyto-
plasmic vacuolization. Moreover, dilated sinusoids,
congested blood vessels, lymphocytes infiltration, and
hepatocellular damage were observed. In addition, focal
hepatocytes necrosis was also found. L. officinalis fruit
extract-treated group did not indicate any pathological
changes and the liver tissues appeared as the control
group (Fig. 4C). Liver sections in group of pre-treatment
with L. officinalis fruit extract showed a reduction in the
injury with little pathological alterations such as dilated
sinusoids and lymphocytes infiltration when compared
with only dimetoat-treated group (Fig. 4D). In group of pre-
treatment with vitamin C (Fig. 4E) and post-treatment with
L. officinalis fruit extract (Fig. 4F) indicated an improvement
of liver morphology.

DISCUSSION

Findings in the current study showed that the subchronic
exposure to dimethoate caused hepatotoxicity in rats.
Only administration of dimethoate alone caused a
significantincrease in AST and ALT, and TBil level compared
to the control group. Conversely, pretreatment with L.
officinalis fruit extract or vitamin C severely alleviated the
activity of ALT compared with the group of dimethoate-
treated alone. Pre- and post-treatment with L. officinalis
fruit extractorpretreatmentwithvitamin Cgreatly decreased
the activity of AST and TBil level in comparison with the
group of dimethoate-treated alone. These findings were
compatible with those obtained by other research. Saafi
et al.” reported that dimethoate exposure produced liver
toxicity in rats, increasing AST and ALT in comparison
to controls. However, pre- and post-treatment with fruit
extract of date palm (Phoenix dactylifera L.) significantly
ameliorated these parameters in comparison with
dimethoate-applied rats.

Oxidative stress mainly occurs through production of free
radicals that consequently react with biological molecules,
causing damage to membranes and tissues leading to
lipid peroxidation 5**, It has been notified that the exposure
to dimethoate induces oxidative stress in rats, as evidenced by
enhanced lipid peroxidation, accompanied by concomitant
decrement in the SOD, CAT, and GPx activities in tissues 3439,
MDA is an oxidation product of polyunsaturated fatty acids
and serves as an important biomarker of lipid peroxidation 57,
Increased MDA level indicates an enhanced lipid per-
oxidation, leading to tissue injury and failure of the
antioxidant defense mechanism to prevent the excess
production of free radicals . Vitamin C is a well-known

antioxidant that capable of scavenging free radicals
such as superoxide, hydroxyl and singlet oxygen with its
reversible properties of oxidation and reduction “?¥, The
enzymes of SOD, CAT, GPx act as the important antioxidant
defense mechanism and provide protection against the
deleterious effect of toxicants by means of their being free
radical scavengers B8, In the present research, MDA as a
lipid peroxidation index, antioxidant enzymes of SOD, CAT,
GPx were carried out to determine the oxidative damage
in rat liver. Moreover, the values of TOS, TAS, and OSI were
determined to more accurately assess oxidative stress.
The current study results showed that subchronic subject
to dimethoate caused a substantial increase in MDA and
TOS levels and OSI value, while an important reduction
was seen in SOD, CAT, and GPx enzymes and TAS level as
compared with the control rats. Confirming the data in
the current research, Sharma et al.** indicated that oral
treatment with dimethoate at a dose of 30 mg/kg/day bw
for 30 days markedly elevated the MDA level as compared
with control rats. Sivapiriya et al.*® observed that subacute
exposure to dimethoate (18 mg/kg/day bw) for 14 days
resulted in a significant rise in MDA, but a reduction in SOD,
GPx, glutathione-S-transferase (GST), glutathione reductase
(GR), and glutathione in liver of experimental mice.

In the current study, pre- and post-treatment with L.
officinalis fruit extract or vitamin C significantly diminished
the elevated the levels of MDA, TOS and OSI, while the
activities of SOD and GPx and the level of TAS were
increased in comparison with the dimethoate-treated
group. Pre-treatment with L. officinalis fruit extract enhanced
the activities of CAT as compared to the dimethoate-
applied group. Consequently, L. officinalis fruit extract
provided protective effects against oxidative stress induced
by dimethoate exposure. This may be reason that the
antioxidant properties of L. officinalis fruit "> and
its hepatoprotective effect on rat liver toxicity induced
by carbon tetrachloride “ have been reported by the
previous studies. In recent times, there is an attention
for the significance of antioxidant compounds such as
phenolic compounds present in the plants, which prevent
toxic effects of free radicals because of their radical
scavenger efficacy and have beneficial on human health ",
We detected that L. officinalis fruit extract has activity of
DPPH radical scavenging and antioxidant effect due to
their high phenolic content. Our results were compatible
with those presented by some studies. Saafi et al.”! found
that pre- and post-treatment with extract of date palm fruit
alleviated the oxidative stress caused by orally exposure
to dimethoate (20 mg/kg/day for 2 months), including
improvement of antioxidant enzyme activities and histo-
pathological alterations and the prevention of lipid
peroxidation in liver of rats. Salim et al.®! also reported that
dimethoate administration (20 ppm) for 6 weeks produced
a highly significant increase in the lipid peroxidation and
an important decrease in antioxidant defense system in
comparison to control rats. However, administration of
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pomegranate seed due to its antioxidant content such
as polyphenols, total flavonoids and phenols provided
protection against dimethoate-induced oxidative stress.
Similarly, Abu El-Saad and Elgerbed ¥ demonstrated that
dimethoate (21 mg/kg bw) treatment alone for 7 weeks
produced a highly major rise in MDA level and a significant
reduction in SOD, CAT, and GST compared with control
rats. In contrast, treatment with vitamin E greatly reduced
the MDA level and substantially elevated the SOD, CAT,
and GST activities in comparison with dimethoate exposed
group. Al-Awthan et al.”! observed that the orally subject
to dimethoate (7 mg/kg bw) for 28 days resulted in a
significant increase of MDA, while major reductions in CAT,
GST enzyme activities. On the other hand, co-treatment
with vitamin C and vitamin E to dimethoate-applied guinea
pigs restored all those parameters to nearly normal levels.

In this study, the tail DNA% in total comet DNA in liver
cells of control and experimental rats was measured via
comet assay as an indicator of DNA damage. Because
the tail DNA% covers a widest range of damage and
is linearly related to break frequency over most of this
range ¥, An important increase in parameter of the tail
DNA% was observed in rats receiving dimethoate alone
compared with the controls. However, pre-treatment
and post-treatment with L. officinalis fruit extract or
vitamin C administration reduced DNA damage in rat
hepatocytes as compared with dimethoate-treated alone
group. This results were confirmed by the other studies.
Similarly, Ayed-Boussema et al.*®¥ found that treatment
with dimethoate (at doses ranging from 1 to 30 mg/
kg bw) for 30 successive days produced DNA damage in
liver of mice. In another study carried out by Abu El-Saad
and Elgerbed B%, the increased DNA damage was found
in dimethoate-applied rats compared to control group.
Conversely, the combined treatment with vitamin E and
N-acetylcysteine considerably decreased DNA damage
in comparison to dimethoate group. Histopathological
findings of the present research demonstrated that
exposure to dimethoate exhibited severe changes in
the liver including dilated sinusoids, congested blood
vessels, lymphocytes infiltration, large-sized cytoplasmic
vacuolization in hepatocytes, focal hepatocytes necrosis,
and hepatocellular damage compared with control group
rats. Our results are compatible with similar findings
reported in the other studies 244, Sharma et al.** found
that dimethoate (6 mg/kg) administered group has
portal inflammation in rats, and dimethoate (30 mg/kg)
treatment caused variable portal inflammation, centrizonal
congestion, and foci of necrosis, suggesting hepatocellular
damage. In the present study, liver sections in group of
pre-treatment with L. officinalis fruit extract indicated a
reduction in the damage with little pathological changes
such as dilated sinusoids and lymphocytes infiltration
compared to only dimethoate group. In group of vitamin
C-treated and post-treatment with L. officinalis fruit extract
displayed an improvement of liver histology. It was also

identified that treatment with fruit extract of the date
palm showed improvement the hepatotoxicity induced
by dimethoate in rats !,

According to the findings of this study, dimethoate caused
a significant oxidative damage in rat liver as evidenced by
increase in lipid peroxidation and DNA damage, alteration in
antioxidant status, depletion in the activities of CAT, SOD
and GPx, and histopathological changes. L. officinalis fruit
extract or vitamin C, on the other hand, was observed to
ameliorate these disturbances induced by dimethoate.
Thus, it can be suggested that the supplementation of a
natural antioxidant such as vitamin C or L. officinalis fruit
extract may act as a protective agent against dimethoate-
induced hepatotoxicity. However, further studies are
required to propose the potential therapeutic use of L.
officinalis fruit extract in preventing the liver from xeno-
biotic-induced oxidative damage. In addition, further work
should unravel the detailed role played by the individual
components present in the L. officinalis fruit extract.

REFERENCES

1. Kamath V, Rajini PS: Altered glucose homeostasis and oxidative
impairment in pancreas of rats subjected to dimethoate intoxication.
Toxicology, 231, 137-146, 2007. DOI: 10.1016/j.tox.2006.11.072

2. Sayim F: Dimethoate-induced biochemical and histopathological
changes in the liver of rats. Exp Tox Path, 59, 237-243, 2007. DOI: 10.1007/
s00128-007-9196-5

3. Saafi-Ben Salah EB, El Arem A, Louedi M, Saoudi M, Elfeki A,
Zakhama A, Najjar MF, Hammami M, Achour L: Antioxidant-rich date
palm fruit extract inhibits oxidative stress and nephrotoxicity induced
by dimethoate in rat. J Physiol Biochem, 68, 47-58, 2012. DOI: 10.1007/
s13105-011-0118-y

4. Spodniewska A, Zasadowski A: Content of glutathione and vitamin
Cin the liver of rats exposed to dimethoate and pyrantel tartrate. Acta
Vet Brno, 77, 355-362, 2008. DOI: 10.2754/avb200877030355

5. Saafi EB, Louedi M, Elfeki A, Zakhama A, Najjar MF, Hammami M,
Achour L: Protective effect of date palm fruit extract (Phoenix dactylifera
L.) on dimethoate induced-oxidative stress in rat liver. Exp Tox Pathol,
63, 433-441,2011.DOI: 10.1016/j.etp.2010.03.002

6. Salim A, Abou-Arab AAK, Mohamed SR, Eldesouky TA: Influence of
pomegranate (Punica granatum L.) on dimethoate induced hepatotoxicity
in rats. Int J Biol Biomol Agr Food Biotechn Eng, 8 (8): 908-913, 2014.

7. Astiz M, de Alaniz MJ, Marra CA: Antioxidant defense system in
rats simultaneously intoxicated with agrochemicals. Environ Toxicol
Pharmacol, 28, 465-473, 2009. DOI: 10.1016/j.etap.2009.07.009

8. Ben Amara |, Soudani N, Troudi A, Bouaziz H, Boudawara T, Zeghal
N: Antioxidant effect of vitamin E and selenium on hepatotoxicity
induced by dimethoate in female adult rats. Ecotoxicol Environ Saf, 74,
811-819,2011.DOI: 10.1016/j.ecoenv.2010.11.007

9. Al-Awthan YS, Al-Douis MA, El-Sokkary GH, Aqlan EM: Dimethoate-
induced oxidative stress and morphological changes in the liver of guinea
pig and the protective effect of vitamin C and E. Asian J Biol Sci, 5(1), 9-19,
2012.DOI: 10.3923/AJBS.2012.9.19

10. Heikal TM, Ghanem HZ, Soliman MS: Protective effect of green
tea extracts against dimethoate induced DNA damage and oxidant/
antioxidant status in male rats. Biohealth Sci Bull, 3 (1): 1-11, 2011.

11. Eken A, Unlii-Endirlik B, Baldemir A, ilgiin S, Soykut B, Erdem O,
Akay C: Antioxidant capacity and metal content of Physalis peruviana
L. fruit sold in markets. J Clin Anal Med, 7, 291-294, 2016. DOI: 10.4328/
JCAM.2709

12. Kasim R, Siiliisoglu M, Kasim MU: Relationship between total


http://www.sciencedirect.com/science/article/pii/S0300483X06007153?via%3Dihub
https://link.springer.com/article/10.1007%2Fs00128-007-9196-5
https://link.springer.com/article/10.1007%2Fs13105-011-0118-y
https://actavet.vfu.cz/77/3/0355/
http://www.sciencedirect.com/science/article/pii/S0940299310000370?via%3Dihub
http://www.waset.org/publications/9999568
http://www.sciencedirect.com/science/article/pii/S1382668909001392?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0147651310003799?via%3Dihub
http://www.scialert.net/abstract/?doi=ajbs.2012.9.19
http://www.amdi.usm.my/images/Biohealth_Science_Bulletin/archive/Vol._3_Issue_1_2011/1_Protective_effect_of_green_tea_extracts_against_dimethoate-treated_ratsnew.pdf
http://www.jcam.com.tr/files/KATD-2709.pdf
http://akademikpersonel.kocaeli.edu.tr/mukasim/diger/mukasim26.12.2011_13.28.47diger.pdf

787

EKEN, UNLU ENDIRLIK, BAKIR
BALDEMIR, YAY, CANTURK

anthocyanin level and colour of natural cherry laurel (Prunus laurocerasus
L.) fruits. AfrJ Plant Sci, 5 (5): 323-328, 2011.

13. Beyhan O: A study on selection of promising native cherry laurel
(Prunus laurocerasus L.) genotypes from Sakarya, Turkey. J Anim Plant Sci,
20 (4): 231-233, 2010.

14. Ayaz FA, Kadioglu A, Reunanen M, Var M: Phenolic acid and
fatty acid composition in the fruits of Laurocerasus officinalis Roem.
and its cultivars. J Food Comp Analys, 10, 350-357, 1997. DOI: 10.1006/
jfca.1997.0550

15. Kolayh S, Kiigiik M, Duran C, Candan F, Dinger B: Chemical and
antioxidant properties of Laurocerasus officinalis Roem. (Cherry Laurel)
fruit grown in the Black Sea Region. J Agric Food Chem, 57, 7489-7494,
2003.DOI: 10.1021/jf0344486

16. Alasalvar C, Al-Farsi M, Shahidi F: Compositional characteristics
and antioxidant components of cherry laurel varieties and pekmez. J
Food Sci, 70 (1): S47-S51, 2005.

17. Colak A, Ozen A, Dincer B, Giiner S, Ayaz FA: Diphenolases from
two cultivars of cherry laurel (Laurocerasus officinalis Roem.) fruits at an
early stage of maturation. Food Chem, 90, 801-807, 2005. DOI: 10.1016/j.
foodchem.2004.06.004

18. Halilova H, Ercisli S: Several physico-chemical characteristic of
cherry laurel (Laurocerasus officinalis Roem.) fruits. Biotechnol Biotechnol
Eq, 24,1970-1973,2010. DOI: 10.2478/v10133-010-0059-6

19. Erdogan-Orhan |, Kiipeli-Akkol E: Estimation of neuroprotective
effects of Laurocerasus officinalis Roem. (cherry laurel) by in vitro methods.
Food Res Int, 44,818-822,2011. DOI: 10.1016/j.foodres.2011.01.037

20. Yaylaci-Karahalil F, Sahin H: Phenolic composition and antioxidant
capacity of cherry laurel (Laurocerasus officinalis Roem.) sampled from
Trabzon region, Turkey. Afr J Biotechnol, 10, 16293-16299, 2011.

21. Liyana-Pathirana CM, Shahidi F, Alasalvar C: Antioxidant
activity of cherry laurel fruit (Laurocerasus officinalis Roem.) and
its concentrated juice. Food Chem, 99, 121-128, 2006. DOI: 10.1016/j.
foodchem.2005.06.046

22. Ahmed J, Giiveng A, Kiiclikboyaci N, Baldemir A, Coskun M: Total
phenolic contents and antioxidant activities of Prangos Lindl. (Umbelliferae)
species growing in Konya province (Turkey). Turk J Biol, 35, 353-360, 2011.
DOI: 10.3906/biy-0809-23

23. Pourmorad F, Hosseinimehr SJ, Shahabimajd N: Antioxidant
activity, phenol and flavonoid contents of some selected Iranian
medicinal plants. AfrJ Biotech, 5 (11): 1142-1145, 2006.

24. Ahmed MB, Hasona NA, Selemain HA: Protective effects of extract
from dates (Phoenix dactylifera L.) and ascorbic acid on thioacetamide-
induced hepatotoxicity in rats. Iran J Pharm Res, 7 (3): 193-201, 2008.

25. Cerda H: Detection of irradiated fresh chicken, pork and fish using
the DNA comet assay. Lebensm.-Wiss. u.-Technol, 31, 89-92, 1998. DOI:
10.1006/fstl.1997.0304

26. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ: Protein measurement
with Folin’s phenol reagent. J Biol Chem, 193, 265-275, 1951.

27. Eken A, Aydin A, Sayal A, Ustiindag A, Duydu Y, Diindar K: The
effects of hyperbaric oxygen treatment on oxidative stress and SCE
frequencies in humans. Clin Biochem, 38, 1133-1137, 2005. DOI: 10.1016/j.
clinbiochem.2005.09.001

28. Pleban PA, Munyani A, Beachum J: Determination of selenium
concentration and glutathione peroxidase activity in plasma and
erythrocytes. Clin Chem, 28,311-316, 1982.

29. Aebi H: Catalase in vitro. Methods Enzymol, 105, 121-126, 1984. DOI:

10.1016/50076-6879(84)05016-3

30. Ohkawa H, Ohishi N, Yagi K: Assay for lipid peroxides in animals and
tissues by thiobarbituric acid reaction. Anal Biochem, 95, 351-358, 1979.
DOI: 10.1016/0003-2697(79)90738-3

31. Erel O: A novel automated direct measurement method for total
antioxidant capacity using a new generation, more stable ABTS radical
cation. Clin Biochem, 37, 277-285, 2004. DOI: 10.1016/j.clinbiochem.
2003.11.015

32. Singh NP, McCoy MT, Tice RR, Scheider EL: A simple technique for
quantitaion of low levels of DNA damage in individual cells. Exp Cell Res,
237,123-130, 1998. DOI: 10.1016/0014-4827(88)90265-0

33. Akdag Mz, Dasdag S, Canturk F, Karabulut D, Caner Y, Adalier
N: Does prolonged radiofrequency radiation emitted from Wi-Fi devices
induce DNA damage in various tissues of rats? J Chem Neuroanat, 75, 116-
122,2016. DOI: 10.1016/j.jchemneu.2016.01.003

34. Abu El-Saad AM, Elgerbed MSA: Dimethoate-induced hepatotoxicity
in rats and the protective roles of vitamin E and N-acetylcysteine. Egypt
J Exp Biol Zool, 6 (2): 219-230, 2010.

35. Nazam N, Lone MI, Sharma M, Khan AA, Kelany AM, Ahmad W:
Biochemical and cytoarchitechtural evaluation of dimethoate intoxication
in rat liver and kidney: an in vivo study. Indo Am J Pharm Res, 5 (3): 1127-
1137,2015.

36. Sivapiriya V, Sakthisekaran J, Venkatraman S: Effects of dimethoate
(0,0-dimethyl S-methyl carbomoyl methyl phosphorodithioate) and
ethanol in antioxidant status of liver and kidney of experimental mice.
Pest Biochem Phys, 85, 115-121, 2006. DOI: 10.1016/j.pestbp.2005.12.001

37. Yang J, Cao J, Sun X, Feng Z, Hao D, Zhao X, Sun C: Effects of
long-term exposure to low levels of organophosphorous pesticides and
their mixture on altered antioxidative defense mechanism and lipid
peroxidation in rat liver. Cell Biochem Funct, 30, 122-128, 2012. DOI:
10.1002/cbf.1825

38. Heikal TM, Mossa AH, Abdel Rasoul MA, Marei GIK: The ameliorating
effects of green tea extract against cyromazine and chlorpyrifos induced
liver toxicity in male rats. Asian J Pharm Clin Res, 6, 48-55, 2013.

39. Sharma Y, Bashir S, Irshad M, Gupta D, Dogra TD: Dimethoate-
induced effects on antioxidant status of liver and brain of rats following
subchronic exposure. Toxicology, 215, 173-181, 2005. DOI: 10.1016/j.
t0x.2004.06.062

40. Mirzaei A, Rezanejad MT: Hepatoprotective effect and antioxidant
activity of aqueous cherry extract on rats. Indian J Sci Techn, 8, 1-4, 2015.
DOI: 10.17485/ijst/2015/v8i22/56644

41. Eken A, Yiicel O, Bosgelmez ii, Baldemir A, Cubuk S, Cermik AH,
Unlii Endirlik B, Bakir E, Yildizhan A, Giiler A, Kosar M: An investigation
on protective effect of viburnum opulus . fruit extract against ischemia/
reperfusion-induced oxidative stress after lung transplantation in
rats. Kafkas Univ Vet Fak Derg, 23 (3): 437-444, 2017. DOI: 10.9775/
kvfd.2016.16964

42. Collins AR, Oscoz AA, Brunborg G, Gaivao |, Giovannelli L,
Kruszewski M, Smith CC, Stetina R: The comet assay: Topical issues.
Mutagenesis 23, 143-151, 2008. DOI: 10.1093/mutage/gem051

43. Ayed-Boussema |, Rjiba K, Moussa A, Mnasri N, Bacha H:
Genotoxicity associated with oxidative damage in the liver and kidney of
mice exposed to dimethoate subchronic intoxication. Env Sci Pollut. Res,
19, 458-466, 2012. DOI: 10.1007/s11356-011-0588-z

44. Khogali FA, Sheikh JB, Rahman SA, Rahim AA, Daghestani MH:
Histopathological and hematological effects of dimethoate 40EC on
some organs of albino mice. J King Saud Univ, 18, 73-87, 2005.


http://akademikpersonel.kocaeli.edu.tr/mukasim/diger/mukasim26.12.2011_13.28.47diger.pdf
http://www.thejaps.org.pk/docs/20-04-2010/Revised10-071-Final.pdf
http://www.sciencedirect.com/science/article/pii/S0889157597905500
http://pubs.acs.org/doi/abs/10.1021/jf0344486
https://www.researchgate.net/profile/Mohamed_Al-Farsi/publication/227964326_Compositional_Characteristics_and_Antioxidant_Components_of_Cherry_Laurel_Varieties_and_Pekmez/links/0c960531893d5e2f13000000.pdf
http://www.sciencedirect.com/science/article/pii/S0308814604004194?via%3Dihub
http://www.tandfonline.com/doi/abs/10.2478/V10133-010-0059-6
http://www.sciencedirect.com/science/article/pii/S0963996911000603?via%3Dihub
https://www.ajol.info/index.php/ajb/article/view/97656
http://www.sciencedirect.com/science/article/pii/S0308814605006059
http://journals.tubitak.gov.tr/biology/issues/biy-11-35-3/biy-35-3-11-0809-23.pdf
https://www.ajol.info/index.php/ajb/article/view/42999
http://ijpr.sbmu.ac.ir/article_765_7.html
http://www.sciencedirect.com/science/article/pii/S0023643897903042?via%3Dihub
http://devbio.wustl.edu/InfoSource/ISPDFs/Lowry%201951.pdf
http://www.sciencedirect.com/science/article/pii/S0009912005002584?via%3Dihub
http://clinchem.aaccjnls.org/content/28/2/311.short
http://www.sciencedirect.com/science/article/pii/S0076687984050163?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0076687984050163?via%3Dihub
http://www.sciencedirect.com/science/article/pii/0003269779907383?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0009912003002315?via%3Dihub
http://www.sciencedirect.com/science/article/pii/0014482788902650?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/26775760
http://www.ejmanager.com/mnstemps/3/3-1430779119.pdf
http://www.ejmanager.com/mnstemps/36/36-1428997189.pdf
http://www.sciencedirect.com/science/article/pii/S0048357505001549?via%3Dihub
http://onlinelibrary.wiley.com/doi/10.1002/cbf.1825/abstract
http://www.ajpcr.com/Vol6Issue1/1461.pdf
http://www.sciencedirect.com/science/article/pii/S0300483X04003865?via%3Dihub
http://indjst.org/index.php/indjst/article/view/56644
http://vetdergi.kafkas.edu.tr/extdocs/2017_3_1/437-444.pdf
https://academic.oup.com/mutage/article-lookup/doi/10.1093/mutage/gem051
https://link.springer.com/article/10.1007%2Fs11356-011-0588-z
https://www.researchgate.net/publication/237646407_Histopathological_and_Hematological_Effects_of_Dimethoate_40EC_on_Some_Organs_of_Albino_Mice




Kafkas Univ Vet Fak Derg Karkas UNIVERSITESI VETERINER FAKULTESI DERGISI
23 (5): 789-796, 2017 JournaL Home-Pace: http://vetdergikafkas.org Research Article
DOI: 10.9775/kvfd.2017.17752 ONLINE Susmission: http://submit.vetdergikafkas.org

Effectiveness of Hesperidin on Methotrexate-Induced Testicular
Toxicity in Rats "

Soadet BELHAN 2 Mustafa OZKARACA 2 Fatih Mehmet KANDEMIR @
Fetin GULYUZ*  Serkan YILDIRIM 2 AliDogan OMUR®  Zabit YENER ¢

1 This study was supported by Yuzuncu Yil University Scientific Researches Project Foundation with project number: 2015-
VF-B115

'Yuzuncu Y1l University, Veterinary Faculty, Dept. of Reproduction and Artificial Insemination, TR-65080 Van - TURKEY
2 Ataturk University, Veterinary Faculty, Department of Pathology, TR-25240 Erzurum - TURKEY

3 Ataturk University, Veterinary Faculty, Department of Biochemistry, TR-25240 Erzurum - TURKEY

* Akdeniz University, Faculty of Agriculture, Department of Zootechnics, TR-07070 Antalya - TURKEY

5 Ataturk University, Veterinary Faculty, Dept. Reproduction and Artificial Insemination, TR-25240 Erzurum - TURKEY
5Yuzuncu Yil University, Veterinary Faculty, Department of Pathology, TR-65080 Van - TURKEY

Article Code: KVFD-2017-17752 Received: 22.03.2017 Accepted: 05.07.2017 Published Online: 05.07.2017

Citation of This Article

Belhan S, Ozkaraca M, Kandemir FM, Giilyiiz F, Yildinim S, Omiir AD, Yener Z: Effectiveness of hesperidin on methotrexate-induced testicular
toxicity in rats. Kafkas Univ Vet Fak Derg, 23 (5): 789-796, 2017. DOI: 10.9775/kvfd.2017.17752

Abstract

The aim of this study was to investigate the effect of hesperidin on male reproductive system in rats to which methotrexate (MTX) was
administered. In the study, 28 male Wistar albino rats at the age of 8 weeks and had 250-300 g of live weight were used. Four experimental
groups were formed; Group 1 (n=7): The control group, only feed and water were given. Group 2 (n=7): MTX group, a single dose of 20 mg/
kg of i.p. MTX was administered. Group 3 (n=7): Hesperidin group, 200 mg/kg of hesperidin was administered by gavage for 7 days. Group 4:
MTX + hesperidin group (n=7): Following administration of a single dose of 20 mg/kg i.p. MTX, 200 mg/kg of Hesperidin was administered
by oral gavage for 7 days. At the end of the experiment, rats were decapitated and biochemical, histopathological and spermatological
parameters were examined. It was observed that in the MTX group, sperm motility and density, the enzymes CAT, GPx and SOD and GSH
level decreased, TNF-alpha and IL-1 Beta, as well as MDA, levels were increased, regular structure of spermatogenic cells was impaired, and
seminiferous tubules became necrotic and degenerative. It was determined that spermatological parameters improved and, necrotic and
degenerative changes diminished by the administration of MTX+hesperidin. These outcomes indicated that hesperidin had a protective
effect on destructive effects of MTX in rat testiclesv.

Keywords: Male rat, Hesperidin, Methotrexate, Sperm, Reproductive system

Ratlarda Metoraksat Kaynakl Testikiiler Toksisite Uzerine Hesperidinin
Etkisi

Ozet

Bu calismanin amaci, metoraksat (MTX) uygulanan ratlarda hesperidinin erkek Greme sistemi Gzerindeki etkisini arastirmakti. Calismada 8
haftalik yasta, 250-300 g canli agirliga sahip 28 erkek Wistar albino cinsi rat kullanildi. Dért deney grubu olusturuldu; Grup 1 (n=7): kontrol
grubu, sadece yem ve su verildi. Grup 2 (n=7): MTX grubu, 20 mg/kg MTX i.p. tek doz uygulandi. Grup 3 (n=7): Hesperidin grubu, 200 mg/kg
hesperidin 7 glin sure ile agizdan sonda yardimiyla verildi. Grup 4 (n=7): MTX + hesperidin grubu, 20 mg/kg MTX i.p tek doz uygulamasini
takiben 200 mg/kg hesperidin 7 giin sire ile agizdan sonda yardimiyla verildi. Deney sonunda ratlar dekapite edilerek biyokimyasal,
histopatolojik ve spermatolojik parametreler incelendi. MTX grubunda sperm motilitesi ve yogunlugunun, CAT, GPx ve SOD enzimlerinin ve
GSH duizeyinin diistugu, TNF-alpha ve IL-1 Beta ile MDA diizeyinin arttigi, spermatojenik hiicrelerin diizenli yapisinin bozuldugu, seminifer
tubullerin nekrotik ve dejeneratif bir hal aldigi gézlendi. MTX + hesperidin uygulamasi ile spermatolojik parametrelerin diizeldigi, nekrotik
ve dejeneratif degisikliklerin azaldig tespit edildi. Bu sonuclar hesperidinin rat testislerinde MTX tarafindan olusan yikici etkiler Gizerinde
koruyucu etkiye sahip oldugunu gosterdi.

Anahtar sézciikler: Erkek rat, Hesperidin, Metotreksat, Spermatozoon, Ureme sistemi
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INTRODUCTION

Chemotherapeutics are well-known to have an acute
toxic effect which influences many organs. One of these
effects is testicular toxicity presenting with azoospermia
and infertility in males M. Methotrexate causes defective
oogenesis and spermatogenesis 2.

Presence of omega 3 polyunsaturated fatty acids (PUFAs)
within the membrane of testicle makes this organ more
susceptible to oxidative stress 34, There are various
antioxidant mechanisms in testicle which neutralize harmful
effects of reactive oxygen species. However, MTX application
causes an increase in formation of free radicals due to loss
of effectiveness of antioxidant mechanisms, alterations in
proinflammatory cytokine system and activation of phago-
cytic cells B9, Activation of immune cells via proinflammatory
cytokines leads to overproduction of ROS, resulting in
overproduction of ROS, which leads to an increase in LP
levels, just like MDA. Overproduced ROS interacts with
structure and ratio of PUFA2 and leads to loss of fluidity in
biological membranes .,

It has been reported in previous studies that MTX leads to
reductions in weights of reproductive organs, as well as
leads to severe degradation of seminiferous epithelium,
reduction of diameter of seminiferous tubules, reduction
in size of spermatogenic cells and dilations in interstitial
region 78,

It has been reported that MTX-induced organ toxicity can
be as a result of oxidative stress . Therefore, compounds
with antioxidant properties may protect testicular tissue
from harmful effects of the oxidative stress caused by MTX 1'%,

The antioxidant known as Hesperidin is a bioflavonoid
antioxidant used in traditional Chinese medicine "\ In
many studies, it was demonstrated that Hesperidin reduced
toxic effects 1274,

HP has radical clearance and anti-inflammatory effects '>€l,
It has been reported that Hesperidin significantly reduces
lipid peroxidation in testicular tissue, leads to positive
effects on sperm parameters and biochemical parameters, as
well as provides improvements in epididymal functions "7,

Although protective properties of some antioxidants in
rats exposed to MTX have been investigated, protective
property of Hesperidin has not been investigated yet.
Therefore, in this study, effect of Hesperidin on male
reproductive system is investigated at biochemical, histo-
pathological and spermatological levels.

MATERIAL and METHODS

Chemicals

MTX (Ebewe Pharma® Unterach-Austria) was bought from
a pharmacy. Hesperidin (Sigma-Aldrich St. Louis, MO, USA)

was provided from a medical market. Rat TNF alpha ELISA
kit and Rat IL-Beta ELISA Kit were procured from Cayma
and other chemicals, however, were procured from Abcam
and Merc.

Animals and Experimental Procedure

The study was approved by Yuzuncu Yil University Local
Ethics Committee On Animal Experiments (Approval
number: 2015/28). The study was performed on 28 healthy
male Wistar albino rats (8 week-old, with 250-300 g of
body weight) which were provided from Firat University
Faculty of Medicine Experimental Research Center (Elazig,
Turkey). Animals were adjusted to experimental conditions
for a 1-week period before starting dosage. The animals
were housed in standard laboratory conditions (24+3°C
temperature, 40-60% humidity and 12 h light/12 h dark-
ness). They were fed with commercial pelleted feed
(Bayramoglu Food, Erzurum/Turkey) and fresh drinking
water was provided ad libitum.

The experimental administrations were done in Experimental
Animal Research Center of Yuzuncu Yil University. Rats
were divided into 4 experimental groups, with 7 rats in
each. Dosages of administered drugs were regulated in
accordance with previous studies ['01418],

Group 1: Healthy control group (n=7): Only feed and water
were given.

Group 2: MTX group (n=7): A single dose of 20 mg/kg of
MTX was administered I.P. Because, it was revealed in
previous studies that this dose (20 mg/kg) causes tissue
toxicity "1 MTX was dissolved in physiological saline.
Group 3: Hesperidin group (n=7): 200 mg/kg of hesperidin
was administered by oral gavage for 7 days . Hesperidin
was dissolved in physiological saline.

Group 4: MTX + hesperidin group (n=7): Following
administration of a single dose of 20 mg/kg MTX 1P, 200
mg/kg of Hesperidin was administered by oral gavage
for 7 days.

Twenty-four hours after the last administration, the rats
were decapitated under mild anaesthesia with sevoflurane.
One of the testicular tissues was taken for biochemical
analyses and kept under -80°C, and cauda epididymis of the
other testicle was taken for spermatological examinations
and the related testicle was fixed in Bouin’s solution %,

Collection of Samples and Evaluation of Spermatological
Features

Testicles were removed. In order to obtain sperm from
cauda epididymis, the method which was previously
described by Sonmez et al?"'was used. Briefly, epididymis
is minced within 1.0 mL of physiological saline (0.9% w/v
NaCl) by using an anatomical scissor in a petri dish. In order
to provide transition of all spermatozoa into the fluid, it
was left for incubation for 15 min. The obtained fluid was
used as a sperm sample.
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Sperm density was determined by using a slight
modification of the method described by Sonmez et al.?".
Sperm sample was poured into an eppendorf tube via
an automated pipette with 10 pL of volume and 990 ul of
eosine solution was added. Approximately 10 uL of diluted
sperm suspension was transferred to counting chambers
of a thoma slide (HHH Germany) and 5 min were awaited.
They were counted at 200x magnification under phase
contrast microscopy and calculated by using the formula
used for calculation of sperm density.

Percentage of sperm motility was evaluated at 200x
magnification by using a light microscope with a heating
stage (ECLIPSE E 400 Nikon JAPAN), as it was stated by
Sonmez et al.?". Average of three consecutive evaluations
was used as the final motility score.

In order to evaluate abnormal sperm cells, the method
which was reported in the study conducted by Turk et al.*?
was used. Briefly, one drop of sperm sample was mixed
with the same amount of eosine-nigrosine staining (1.67%
eosine, 10% nigrosine, and 0.1 M sodium citrate) and thin
smear was prepared. 300 sperm cells were examined at
400x magnification under light microscope.

Biochemical Evaluations of Testicular Tissues

The testicular tissue which was triturated in porcelain
mortar by using liquid nitrogen was diluted with 1.15% KClI
and homogenized within ice with IKA-T-18 BASIC model
ultra turrax. Firstly, obtained homogenate was centrifuged
at 3500 rpm for 15 min and then the supernatant portion
was separated for determination of protein, malondi-
aldehyde, glutathione, superoxide dismutase and catalase.

The testicular tissue which was weighed according to
dilution rate was diluted with 1.15% KCl and homogenized
within ice by IKA T-18 BASIC ultra-turrax homogenisator.
After the homogenate was centrifuged at 11.000 rpm
for 20 min, the supernatant portion was separated for
determination of glutathione peroxidase.

Determination of MDA was performed with thiobarbituric
acid reaction method, which was reported by Placer et al®.
Measurement of GSH level was performed in accordance
with the method reported by Sedlak and Lindsay 4. SOD
activity was performed with the method reported by Sun
et al®. SOD activity is measured via absorbance at 560 nm
demonstrated by farmasone within the formed coloured
solution. GPx activity was measured with the method of
Matkovics et al.?®l. CAT activity in the testicular tissue was
measured with method of Aebi ?7, Testicular cytokine
production was measured by using a commercial enzyme-
linked immunosorbent assay (ELISA) kit in accordance with
the instructions of the producer. Testis tumour necrosis
factor-a (TNF-a) and Interleukin-1( (IL-1pB) kits were provided
from Sunred biological technology (Shangai, China). Protein
amount was determined by using the method described
by Lowry et al.?®,

Histopathological Evaluations

Obtained testicular tissues were fixed in Bouin’s solution
for 24-48 h. Tissues taken into paraffin blocks were passed
through routine alcohol-xylol series. Slices which were
sectioned 5 pm in thickness were stained with hematoxylin-
eosin and examined under light microscope. For histo-
pathological evaluation, Johnsen’s testicular biopsy score
was used 29,

Definition

No cells

No germ cells, sertoli cells present
Only spermatogonia present

Few spermatocytes

Many spermatocytes

Few early spermatids

Many undifferentiated early spermatids
Few late spermatids

Many late spermatids

0 Complete spermatogenesis

Score

= OO NOUT D WN =

Immunohistochemical Evaluations

Following deparaffinization, the slices were treated with
400 watts antigen retrieval solution (pH 6.0) in microwave
oven for 15 min. To prevent endogenous peroxidase
activity, it was awaited within 3% H,O, for 10 min Slices
washed with PBS were incubated for 15 min under
room temperature with 8-OhDG primary antibody (cat no.
Sc-66036, dilution ratio 1/200, Santa Cruz Biotechnology
USA) and anti-NFKB1 antibody (cat no. ab7971, dilution
ratio 1/200, Abcam, USA). Slices washed with PBS were
continued to be stained with expose mouse and rabbit
specific HRP/DAB detection IHC kit. 3,3’ diaminobenzidine
(DAP) was used as a chromogen. Slices which were passed
through alcohol xylol series following counterstaining
with hematoxylin were examined under light microscope.
Immunopositivity was evaluated as none (0), mild (1),
moderate (2) and severe (3).

Statistical Analysis

All statistical data were evaluated by using SPSS program
(SPSS for windows, version 20.0). Spermatological and
biochemical data were evaluated with Post hoc Tukey-
HSD test and One-way variance analysis (ANOVA) in order
to determine the differences between the groups. For
histopathological and immunohistochemical findings,
non-parametric Kruskal-Wallis and Mann-Whitney-U tests
were used. P<0.05 value was accepted to be significant.

RESULTS

Spermatological Parameters

Sperm density, motility and abnormal sperm rate are given
in Table 1. MTX group exhibited a significant decrease in
sperm density and motility and a significant increase in
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abnormal sperm rate, compared to the control and other
groups. In addition to this, it was determined that MTX with
Hesperidin treatment reduced the increased abnormal sperm
rate and increased the reduced sperm motility and sperm
density, compared to the only MTX group (Table 1, P<0.05).

Biochemical Results

Biochemical results of the testicular tissue are given in
Table 2. It was determined that in the testicular tissue, MDA
level increased in MTX group compared to the control
group and MTX + hesperidin administration lowered this
level to a near value in the control group (P<0.05). It was
also determined that GSH level reduced in MTX group and
MTX + hesperidin administration increased this lowered
level (P<0.05).

It was determined that CAT, GPx and SOD activities were
lower in the MTX-treated group compared to the control
group, MTX + hesperidin administration led to an increase
in enzyme activities and strengthened antioxidant defence
system (P<0.05).

When the testicular tissue was examined in terms of
TNF-alpha and IL-1 Beta levels among cytokines, it was
determined that the levels were significantly lower in
the group for which hesperidin was administered alone,
compared to the control group. With MTX administration,
increase in TNF-alpha and IL-1 Beta levels occurred, and
addition of hesperidin treatment to MTX treatment was
observed to decrease TNF-alpha and IL-1 Beta levels (P<0.05).

Histopathological Findings

Structure of seminiferous tubules was observed to be
normal in the control and hesperidin groups (Fig. 1A-1B).
It was recognized that in the group for which MTX was
administered, regular structure of spermatogenic cells was
impaired, and seminiferous tubules became necrotic and
degenerative, with development of sporadic flaking (Fig.
10). It was determined that in the group for which MTX was
administered together with hesperidin, observed necrotic
and degenerative changes were reduced compared to
the group for which MTX was administered alone (Fig. 1D,
Table 3, P<0.05).

Table 1. Sperm motility, density and abnormal sperm rate in rats after administration of methotrexate and hesperidin. The different letters (a,b,c) in the same

column indicate differences between the groups (P<0.05)

Motility Rate Density Abnormal Sperm Rate (%)
Groups (%) (x109)
X Head Tail Total

Control n=7 70.71£1.30* 70.42+1.91° 3.42+0.29° 6.14£0.79° 9.57+0.99°
Hesperidin n=7 76.42+0.92° 71.85+1.73° 3.14+0.59° 5.71+0.64° 8.85+0.98°
Methotrexate n=7 36.42+1.42° 33.85+1.56° 13.57+0.78° 18.28+1.86° 32.28+1.28°
Methotrexate+ hesperidin n=7 4571+2.02¢ 44.14+0.98¢ 9.42+0.71¢ 10.71+0.80¢ 20.28+1.50¢
Significance (P<0.05) (P<0.05) (P<0.05) (P<0.05) (P<0.05)

Table 2. MDA, GSH, GPx, SOD, CAT, TNFa and IL-1 Beta levels in testicular tissues of rats for which methotrexate and hesperidin were administered. The

different letters (a,b,c,d) in the same column indicate differences between the groups (P<0.05)

Groune MDA GSH GPx SoD CAT TNFa IL-1Beta

P (nmol/g tissue) | (hnmol/g tissue) | (U/g protein) | (U/g protein) | (katal/g protein) | (ng/g tissue) | (pg/g tissue)
Control (n=7) 73.47+1.28¢ 4.47+0.03° 8.57+0.16° 18.96+0.35° 6.02+0.07° 3961+36.78° | 14078+58.84¢
Hesperidin (n=7) 68.14+0.64¢ 4.94+0.04° 9.57+0.142 21.54+0.322 6.81+£0.09° 3644+27.649 | 12892+74.29¢
Methotrexate (n=7) 103.42+2.83 3.59+0.04¢ 6.63+0.17¢ 14.50+0.22¢ 4.22+0.08¢ 5313+68.38° | 21153+£292.78*
mft;;m’exate* hesperidin | g33411000 | 426+0.84° | 7.424013° | 17.13:0.15¢ |  528+0.10° | 4081+40.84° | 17319+176.41°
Significance P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05

Table 3. Histopathological changes in testicular tissues of rats for which

methotrexate and hesperidin were administered. The different letters (a, b,
¢, d) in the same column indicate differences between the groups (P<0.05)

Groups Johnsen'’s Testicular Biopsy Score
Control 9.42+0.20°

Hesperidin 9.57+0.20°
Methotrexate 7.14+0.26¢
Methotrexate + hesperidin 5.42+0.29¢
Significance (P<0.05)

Table 4. 8-OhDG and NFKB1 expressions levels in testicular tissues of rats
for which methotrexate and hesperidin were administered. The different

letters (a,b,c,d) in the same column indicate differences between the groups
(P<0.05)

Groups 8-OhDG NFKB1
Control 0.28+0.18* 0.57+0.20°
Hesperidin 0.57+0.20° 0.85+0.14°
Methotrexate 2.85+0.40¢ 2.42+0.20¢
Methotrexate + hesperidin 1.85+0.26¢ 1.57+0.20¢
Significance (P<0.05) (P<0.05)




793

BELHAN, OZKARACA, KANDEMIR
GULYUZ, YILDIRIM, OMUR, YENER

N i

-
‘\

e
29

G SV nel e &)
R :g,,‘.o‘;*,ﬁf.‘{.)q.f’.. , , )
Py ~,;‘; ", SNt ;‘q -
et ¢ ’G'.’ ’«",:;. v"l. 4 Skt

{'Ji\-h:"z Wi 1)/ SSEASR :l. X
r'- ot
ﬁ."&:’.‘;‘
w v-..-;"‘:. o
> P

.
3 <
.‘} -

Immunohistochemical Findings

8-OhDG expression was determined to be extremely
low in control and hesperidin groups (Fig. 2A-2B). It
was determined that in the group for which MTX was
administered alone, 8-OhDG was expressed strongly in
seminiferous tubules but 8-OhDG expression level decreased
in the group for which MTX was administered together with
hesperidin (Fig. 2C-2D, Table 4, P<0.05). NFKB1 expression,
however, was at extremely low level in control and
hesperidin groups (Fig. 3A-3B). Whereas it was observed
that NFKB1 was expressed strongly in spermatids in the
group for which MTX was administered alone, expression
level was observed to begin decreasing in the group for
which MTX was administered together with hesperidin
(Fig. 3C-3D, Table 4, P<0.05)

DISCUSSION

Testicles are the most important target organs for oxidative
stress due to their high content of polyunsaturated
membrane lipids ?°. Increased oxidative stress in testicles
damages to spermatological parameters 5%,

In the current study, the decrease in sperm count and
sperm motility and the increase in abnormal sperm rate

(LR A A R
A 0 'g
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Vi ’{"2:’.;% N
%

Fig 1. Structure of seminiferous
tubules was observed to be normal
in the control and hesperidin
groups (A-B). Intense necrotic and
degenerative alterations (arrow
head) of seminiferous tubules are
seen in the MTX alone group (C).
Slightly necrotic and degenerative
alterations (arrow head) are seen in
the MTX + hesperidin group (D); H-E;
(magnification 20x.)

determined following MTX administration confirmed
previous studies %3, The increase in abnormal sperm rate
and reduction in sperm density and motility are associated
with the increased lipid peroxidation. This situation can be
explained by that MTX damages cell membrane integrity
by disturbing lipids and proteins within the sperm
membrane. It was determined in previous studies that like
MTX, Cisplatin causes a marked decrease in sperm density
and motility 5234,

Hesperidin administration in addition to MTX decreased
effects of MTX on sperm parameters and increased sperm
count and motility. Protective effects of hesperidin are
probably may be referred to its obvious antioxidant
potential which was observed in this study.

Our biochemical findings indicated that MTX increased
MDA level which is among the most important oxidant
parameters in the testicular tissue, compared to the control
group. This finding is consistent with some reports indicating
that MTX stimulates oxidative stress by increasing MDA
levels 81931 Also, it revealed that MTX treatment significantly
decreased endogenous antioxidant enzyme activities such
as SOD, CAT and GPx and GSH level, which are commonly
used for monitoring oxidant/antioxidant status. In the
study, it was determined that Gpx, CAT and SOD enzyme
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activities, as well as GSH level, were significantly increased
and lipid peroxidation induced by MTX was significantly
reduced with hesperidin administration. These results are
consistent with those of previous studies ['#17:3¢],

TNF-alpha exists in seminiferous tubules and is strongly
up-regulated under both pathological and physiological
conditions ¥738, |L-1 Beta is produced by macrophages.
This cytokine is known as an important mediator of various
cellular functions, including reproduction, differentiation
and apoptosis, and of the inflammatory response B9,
The increase in TNF-alpha and IL-1 Beta levels which
was observed after MTX administration suggested that
MTX led to an inflammatory reaction. Reduction of this
increase in TNF-alpha and IL-1 Beta levels by administration
of hesperidin in addition to MTX suggests that hesperidin
has anti-inflammatory effects. It was reported in a
previous study that MTX led to an increase in TNF-alpha
level 1“9, It is consistent with this study that Cisplatin,
Doxorubicin and Sodium nitrite increase TNF-alpha and
IL-1 Beta levels among pro-inflammatory cytokines
in testicular tissue 1042

In histopathological evaluation, severe necrotic and
degenerative changes were determined in MTX group. In

Fig 2. 8-OhDG expression was
determined to be extremely low
in control and hesperidin groups
(A-B). In the MTX alone group,
intensive 8-OhDG expression
(arrow head) is detected (C). Slightly
expression of 8-OhDG (arrow head)
is seen in thye MTX + hesperidin
group (D); IHG; (Magnification 20x.)

MTX + hesperidin group, however, necrotic and degenerative
changes were determined to be milder. Therefore, possible
protective effect of hesperidin was evaluated immuno-
histochemically with 8-OhDG in regard to DNA damage
and with NfKB in regard to inflammatory reaction. 8-OhDG
is a form of free radicals and a biomarker used in oxidative
stress %I, In various studies it was expressed that severity
of DNA damage in testicular destruction due to oxidative
stress was determined with 8-OhDG ", In the present
study, whereas 8-OhDG was strongly expressed in MTX
group, reduction in 8-OhDG expression in the group for
which MTX was administered together with hesperidin
suggested that DNA damage was diminished and, hence,
hesperidin had a protective property. NfKB, however,
is a molecule which is activated when oxidative stress is
developed “>#9, |t was reported that level of NfKB increased
with testicular intoxication 748, Present study, NfKB was
determined to be severe in MTX group and moderate in
MTX + hesperidin group. This situation was expressed as
that hesperidin reduced inflammatory reaction.

This study demonstrated that administration of a single
dose of 20 mg/kg of MTX increased lipid peroxidation
levels in testicles of Wistar albino rats and, thus, caused
oxidative stress. Additionally, it also demonstrated that
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it had toxic effects including histopathological changes
and spermatological damage. Treatment of MTX together
with hesperidin was determined to significantly prevent
toxicity of MTX on reproductive system. When results of
all groups are taken into consideration, we suggest that
hesperidin has a regenerative effect on testicular tissue
and sperm parameters.
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Abstract

The respiratory efforts of the thorax and abdominal muscles of donkeys have not adequately been quantified. According to our knowledge, there
is no objective, non-invasive monitoring system of lung mechanics in donkeys. This study is the first to describe the nature of thoracoabdominal
asynchrony in donkeys. From 22 June 2016 to 19 January 2017 in turn all donkeys (n=18) owned by the Schlosshof GmbH were used for this study.
The aim of this study was to analyse the differences of thoracic and abdominal excursions during breathing by using Respiratory Ultrasound
Plethysmography (RUP). Synchronisation, rhythm and relative contribution of the thoracic and abdominal muscles were analysed. The final goal
was to contribute to a reference data base for diagnostic purposes and find out if RUP could be a simple diagnostic technique for use in the field.
The RUP system in its current form is too sensitive to signal noise and generated data are difficult to quantify. Nevertheless, using an alternative
algorithm the respiratory strategy of healthy and coughing donkeys appeared different.

Keywords: Donkey pulmonary function, Respiratory ultrasound plethysmography, Thoracic abdominal asynchrony

Eseklerde Solunum Ultrason Pletismografisinin Gozlemlenmesi
Uzerine Bir Calisma

Ozet

Eseklerin gogus ve karin bolgelerinin respiratorik eforu yeterince tanimlanmamistir. Bildigimiz kadariyla, eseklerde akciger mekaniginin izlenmesi
icin objektif, invaziv olmayan bir sistem yoktur. Bu calisma, eseklerde torakoabdominal asenkroninin dogasini tanimlayan ilk ¢calismadir. Bu amag
icin, 22 Haziran 2016'dan 19 Ocak 2017'ye kadar, Schlosshof GmbH'ya ait tim esekler (n = 18) kullanilmistir. Bu calismada, solunum sirasindaki
gogus ve karin bolgelerinin hareket farkliliklarinin Solunum Ultrason Pletismografi (RUP) metodu ile analiz edilmesi amaclandi. Bu amacla g6gis
ve karin bolgelerinin hareketlerinin senkronizasyon, ritim ve bagil dagilimlari analiz edildi. Calismanin nihai amaci, referans veri tabanina katkida
bulunmak ve sahada diyagnostik amach basit bir RUP teknigi gelistirmekti, fakat, RUP metodunun mevcut haliyle sinyal guriltilerine agsiri
duyarli oldugu ve elde edilen verileri etkiledigi g6zlemlendi. Bununla birlikte, saglikli ve 6ksiiren eseklerin solunumlari icin alternatif algoritma
stratejisi uygulanmasiyla da sonuglarin farkli oldugu ortaya konuldu.

Anahtar sézclikler: Eseklerin solunum fonksiyonlari, Respirasyon ultrason pletismografisi, Torasik-abdominal asenkroni

breeding; however, numbers of pure donkeys were modest
over the course of time in Western Europe. On the contrary, in
South Europe, the Mediterranean, Asia, Africa and America
donkeys were or still are common working animals.

INTRODUCTION

Domestic donkeys (Equus africanus asinus) descend from
African wild ass (Equus africanus) populations. The

domestication process started probably about 7000 years  pyimonary disorders are quite prevalent in working

ago, which is 2000 years earlier than of the horse 2,
Donkeys were brought to Europe soon after domestication
and were already widely distributed throughout the
continent in the classical antiquity ©. In Western Europe,
donkeys played a role as working animal and for mule

donkeys, but suitable diagnostic tools are absent or
have not been validated. Of note is the apparently less
developed cough reflex of donkeys compared with horses .
This blunts signs of pulmonary dysfunction and impedes
rapid diagnosis.
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As the donkey is definitely not just a smaller, inferior
type of horse ), data from equine pulmonary function
studies cannot be extrapolated to donkeys. In fact, a study
by Delvaux et al® showed that the breathing mechanics of
donkeys compared more closely to bovines than horses. In
particular, donkeys have increased respiratory frequency
(13-31 breaths/min), increased total pulmonary resistance
and a reduced dynamic compliance in comparison with
horses.

In a recent UK survey of post mortem findings in 1444
aged donkeys " pulmonary fibrosis was found in more
than 35% of all cases, making this the most important
lethal respiratory cause. Earlier detection of this disease
may reduce animal suffering.

The conventional pulmonary function test (PFT) of
horses [, is based on the measurement of the trans-
thoracical pressure differences between in- and expiration
measured in the oesophagus. Therefore, a balloon catheter
must be inserted through a short naso-gastric tube via
the ventral nasal passage into the thoracic part of the
oesophagus. However, this procedure is not always well
accepted by horses and thus sedation becomes mostly
inevitable. Since sedatives affect the mechanics of
breathing , blunting of measurements will occur. Moreover,
PFT appeared not a very sensitive tool for detecting smaller
changes in diseased airways 1'%, Thus, alternative systems
to measure changes in lung function parameters are being
developed for horse since more than two decades, but
most of them are still under study """ or interest in the
methods was lost.

Konno and Mead "® described the lung as a model of
two compartments (thorax and abdomen), whereby the
movement of the abdomen predominantly reflects the
activity of the diaphragm. Elastic bands around thorax
or rib cage (RC) and abdomen (ABD) replace the classical
body chamber of double-chamber plethysmography ¢l
Induction loop incorporated into these bands function
as sensors that detect and quantify movements of the
thoracic and abdominal compartments at respiration. This
method finds a broad application for the measurement
of tidal volume, respiratory rate and monitoring of apnea,
hypo- and hyperventilation in man 7. Tidal volume
measured by the pneumotachograph and by Respiratory
Inductive Plethysmography (RIP) differed by only +6% 89,
indicating that RIP would provide accurate measures of
ventilation. However, in a veterinary environment the
RIP system was too sensitive for electric interference,
therefore a different method, the Respiratory Ultrasonic
Plethysmography (RUP), was developed to record changes
in thoracic and abdominal changes in circumference 2°..

The aim of the study was to record respiration-induced
changes in the RUP signal in order to visualize and calculate
normal respiratory patterns of donkeys.

MATERIAL and METHODS

Animals

Twelve healthy and six coughing sedentary pet donkeys
aged between 3 and 17 years (see for the gender all other
characteristics Table 1), all owned by the Schlosshof GmbH
were used for this study and allocated in two groups. Before
the measurements started, donkeys were accustomed to
the measuring procedure. Airway mechanics was measured
with the RUP late in the morning (11.00 am) till mid after
noon (3:00 pm). All donkeys were kept out on a grass
paddocks and were not fed extra hay or concentrates
during the experiments.

Experimental Design

The experimental protocol was approved by the Ethical
Review Committee of the Veterinary University of Vienna
Animal and by the Austrian Ministry of Education. Sciences
and Culture licence number GZ: BMWFW-68.205/0097-WF/
V/3b/2016. The study was observational and descriptive
statistics were principally used.

Respiratory Ultrasound Plethysmography

The RUP system according to Schramel et al.’% was
used. Two ethanol filled rubber tubes, placed in the
11th intercostal space and behind the last rib, respectively,
were used to measure alterations of abdominal and
thoracic circumference during breathing, with 100 Hz

Table 1. Donkeys used in the study

Name Gender (:;i) Wigr: ::m) Cough w::g;‘ t
Donkey 1 Mare 8 170 1 200
Donkey 2 Mare 9 160 1 182
Donkey 3 Mare 5 155 0 167
Donkey 4 Mare 7 150 0 165
Donkey 5 Mare 5 170 1 180
Donkey 6 Mare 5 155 0 190
Donkey 7 Mare 17 170 1 170
Donkey 8 Mare 13 155 0 170
Donkey 9 Stallion 6 165 0 195
Donkey 10 Mare 6 165 1 190
Donkey 11 Stallion 8 155 0 180
Donkey 12 Mare 9 160 0 175
Donkey 13 Gelding 4 150 0 145
Donkey 14 Mare 3 150 0 146
Donkey 15 Mare 12 160 0 165
Donkey 16 Gelding 4 155 0 140
Donkey 17 Gelding 10 165 1 190
Donkey 18 Stallion 4 170 0 200
Mean 7.5 160 175
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sample rate. Data were recorded by the software
program BioSystem XA° Version 2.7.9. The data were
analysed using Microsoft Office Excel 2016°. The system
measures the stretching of compliant liquid - filled rubber
tubes with an inner diameter of 5-8 mm that are fastened
around the regions of interest. The elastic tubes act as
ultrasonic waveguides between an ultrasonic transmitter
and receiver at the respective ends. The distance
between the tube endings is calculated from the time
delay of ultrasonic pulses propagating in the liquid. The
tubes are filled with 96% ethanol which has an acoustic
velocity of 1207 m second™ at 25°C The signal undergoes
minimal attenuation even over distances in the magnitude
of metres 2%,

Special care must be taken not to introduce air bubbles
into the fluid. A small electronic processing unit carried
by the subject generates signals with a resolution of 0.3
mm and transmits them at sampling rates of 10 or 100
Hz via a Bluetooth link to a computer. Sensor length
can be adapted individually within the range of 0.15-2.0
m. Additionally analogue output signals for the two
channels use for thoracic and abdominal compartments
are available for external data acquisition and comparison
with other devices. Prior to measuring, the length of the
tubes has to be adapted to the size of the subject to achieve
a range of movement within 15% of the total length. The
part of the perimeter between transmitter and receiver
is completed by means of an adaptable metallic chain
preferably placed over the spinal region. This method
allows proper pre-tensioning of the waveguides with no
slackening during end expiration. The electronics measure
the running time of the ultrasonic waves in the ethanol
and transfer the data to a laptop via Bluetooth® 2%, In
all donkeys, RUP measurements were performed in
standing position and during normal spontaneous
breathing.

However, the placement of the abdominal band in the 16"
and 18" intercostal space 2" gave technical problems due
to sliding in the caudal direction (Fig.1). For this reason,
the system had to be adapted s uch that thoracic and
abdominal bands were ventrally fixed with a 20 cm strap to
each other (Fig.1). This strap was fixed to 2 small rigid tubes
through which the rubber measuring tubes were passing.
This prevented sliding backwards, but may have affected
measurements.

Data Handling and Statistical Analysis

Data and waveforms were analysed visually post hoc
after processing into graphs with the Microsoft Office Excel
2016 statistical add-in. Thoracic-abdominal asynchrony
(TAA) was planned to be measured by Pearson’s correlation
coefficient from 4 to 6 breath ??, but data deviated
too much from the base line that further quantitative
analysis with waveform Independent techniques on the
unprocessed data was not performed. Using outlier analysis,
the data base was cleaned from outliers such that visually
reasonable Lissajous loops could be produced. Sub-
sequently a semi-quantification was performed by calculation
of the regression of the thoracic signal on the abdominal
signal using IBM SSPS Statistic Version 23 software 2016.
The arctan of the slope (tg 6) of the regression line of the
data plots was subtracted from 45°, the slope of the perfect
synchronisation of abdominal and thoracic excursions, for
each individual donkey in order to establish the degree
of asynchrony.

Another approach to analyse the 40.000 to 80.000 data
points per animal was by selecting a region of 10000 data
points per case. These sets were than normalized by their
means and standard deviations. Normalised data were
further analysed using cross correlation and by calculation
of the regression line of xy-plots.

RESULTS

A proportion of the studied donkey occasionally coughed
and since these animals were identified as having
increased airway resistance, two groups were created for
further analysis post hoc.

Many produced curves were too much affected by noise
from moving legs, swiping tails or bending of the thorax to
enable the detection of 4 to 6 uniform breaths for analysis
as was severe base line drift. Fig. 2 shows a suitable curve
with a few normal breaths and occasional deep sighs of a
quiet and cooperative donkey. The xy-plot of the thoracic
and abdominal signals resulted in imperfect Lissajous
loops (Fig. 2), but the data cloud enabled calculation of the
regression lines.

In this model, the healthy donkey group tended to have
greater phase shift, with the thorax lagging behind the

Fig 1. Sliding of the abdominal
band towards the prepubic (flank)
region causing decrease in circum-
ferential movement. These tapes
keep the tubes in a stable state
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Fig 2. Thoracic (blue) and abdo-
minal (red) signals of the RUP
system (right) in a cooperative and
quietly breathing donkey. Nearly
perfect in-phase breathing is shown
by the xy-plot (right). The calculated
regression line was y=0.92 X + 158
and the level of agreement (r?)
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abdomen movements than with the coughing animals but

the differences were not statistically significant (P=0.96).
So were the cross-correlation coefficient differences
insignificant (P=0.55).

The second analytical approach, which is waveform
independent, appeared more useful with large data sets in
quickly finding phase shifts between thorax and abdomen
excursions. On average, abdomen activity started before
thorax activity in both groups as in the first model, but in
the coughing donkeys, the lag between abdomen activity
and thoracic activities was only 12 msec compared to the
23 msec of the healthy donkeys. However, the difference
was not statistically significant (P=0.96).

DISCUSSION

The RUP system has been developed by Schramel 2022
and validated as an alternative to the RIP system that
appeared too sensitive to environmental electric noise.
Yet, there are still conditions that decrease the accuracy
of the device. Firstly, belts should not be placed too tight
causing the actual cross sectional change of the chest or
abdomen to be restricted and thus data will not reflect
the patient’s true breathing efforts. On the other hand,
if belts are placed too loosely, the belts will slide to pre-
pubic region in donkeys where there is less abdominal
distension and hence weak signals are produced. In the
horse the thoracic band is placed in the 11" intercostal
space, which was also feasible with donkeys. Some authors
prefer to position the thoracic band in the 6" intercostal
space accepting small excursions of the thorax thereby
offering larger excursion for specify 23,

Thoraco-abdominal asynchrony (TAA) is defined as
the no coincident motion of thorax and abdomen and is
considered as relevant clinically. TAA may be calculated
using the Lissajous approach 4, but in case of much
signal noise, the calculation of cross correlation coefficient
pxv(T) has been shown to be a better approach .. In the
case of sinusoidal signals, 6 is independent of the choice
of reference points for its calculation, but the respiratory
signals may not be sinusoidal in shape ?°. Assessing start

and stop of inspiration and expiration, merely from the
RIP sum signal, is difficult. Especially in the case of severe
asynchrony, the start of inhalation cannot be inferred from
the RIP or RUP signals alone. In man, therefore an external
source for respiratory timing is used 27, This alone makes
RUP unsuitable for fast and simple diagnostics in the field.

For the analysis of data in this study the pyy(t) approach
appeared to produce the better results. The cross-correlation
analysis indicated that in donkeys on average the thoracic
activity lags behind the abdominal activity and in the
coughing, donkeys this lag period on average seems
smaller than in healthy animals suggesting that the thoracic
activity attributes more early in the respiratory effort as
has been shown to occur in horses with heaves 1",

It is still unclear how to interpret changes in TAA. The
TAA pattern in infants with airway obstruction and/or
lung restriction is such that the on-inspiration thorax lags
behind the abdomen 27. In contrast to diseased children,
the healthy horses show the same pattern with none to
a minimal phase shift, with the thorax lagging behind
the abdomen during the onset of inspiration. On the
other hand, horses with heaves have a phase shift that is
characterized by the thorax leading in sequence before
the abdomen. This pattern was unique to heaves. It was
most pronounced in a group of horses with the abdominal
paradox 9. Furthermore, Haltmayer et al.”® found that
horses affected by a pulmonary disorder showed a lower
degree of TAA than healthy horses, which agrees with
our finding with the RUP in coughing donkeys. The RIP
and possibly the RUP system too appear not that suitable
for the diagnosis of pulmonary problems in a quick and
simple way. So were Miller et al.”® not able to show a
significant correlation between the degree of change in
resistive pulmonary load on foals and the degree to which
phase angle was altered. Although RIP variables changed
markedly with fixed upper airway resistive loading, the
degree to which they changed was erratic and therefore
not useful for grading these obstructions. Hoffman et al.™
reported that RIP variables were insensitive measures of
bronchoconstriction. RAO horses during exacerbation
have severely increased 6 with abdomen consistently
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lagging behind the thorax, and a reduced contribution of
the abdomen to ventilation U, This was pattern in contrast
with the breathing strategy of healthy donkeys and most
of the coughing animals.

Although it was possible to find a decrease in phase
shift between the coughing and healthy donkey group, the
RUP system is too sensitive for signal noise and therefore
not specific enough to simply detect subtle changes in
breathing pattern suggestive for pulmonary dysfunction
in donkeys. Similarly, the RIP system also largely appeared
unsuitable for diagnosing foal’s respiratory disorders 29,
Therefore, measuring TAA in Donkeys with RIP instead
of RUP likely would not have improved the outcome of
the study.
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Abstract

Salmonella infections are one of the most important diseases and cause economic problems in poultry. The zoonotic feature of
the agent and leading to food-borne infections are also important in public health issues. Increasing antibiotic resistance causes
difficulties of controlling Salmonella infections, in recent years. Among non-typhoidal Salmonella serotypes the rate of Salmonella
Infantis are increasing in Turkey. With this increase, it is important to know the antimicrobial resistance patterns of Salmonella
Infantis strains as seen in other Salmonella serotypes. In this study, we aimed to investigate Salmonella Infantis strains which
were isolated from feces of healthy broiler chickens for the presence of antibiotic resistance and frequency of Class 1 integrons
that is responsible for the transfer of antibiotic resistance as plasmids, transposons. For this purpose a total of 150 S. Infantis
strains which were isolated and identified according to the ISO 6579-2002 and Kauffmann-White serotyping scheme were used.
Antimicrobial resistance of the strains was determined by the disc diffusion method following to the recommendations of CLSI 2011
standard protocol and also Class 1 integrons were investigated by PCR. According to the results, high rate of multi-drug antibiotic
resistance (89.3%), high rate of sensitivity (100%) to cefotaxime, ciprofloxacin, gentamicin, ceftazidime were observed and also Class
1 integrons were determined in all isolates. In conclusion, the presence of Class 1 integron is all strains of Salmonella Infantis showed
the potential importance of these strains as recipient for antibiotic resistance.

Keywords: Antimicrobial resistance, Class 1 integron, Salmonella Infantis

Broyler Tavuklardan Elde Edilen Salmonella Infantis Suslarinin
Antibiyotik Direnc Profilleri ve Sinif 1 integron Varlig

Ozet

Salmonella infeksiyonlari kanatli hayvanlarda gériilen ve ekonomik kayiplara neden olan en dnemli hastaliklardan biridir. Etkenin
zoonotik karakteri ve gida kaynakli infeksiyonlara neden olmasi da halk sagligi agisindan 6nem gostermektedir. Son yillarda artan
antibiyotik direncliligi Salmonella infeksiyonlarinin kontroliint guiclestirmektedir. Tirkiye'de non-tifoidal Salmonella serotiplerinden
Salmonella Infantis'in orani artis gostermektedir. Bu artis ile birlikte, diger Salmonella serotiplerinde yaygin olarak gorilen
antimikrobiyal direncliligin Salmonella Infantis suslarinda da bilinmesi dnem tasimaktadir. Bu calismada, saghkl broyler tavuklarin
diskilarindan izole edilen Salmonella Infantis suslarinda antibiyotik direncliligi ve plasmidler, transpozonlar gibi antibiyotik
direncliliginin tasinmasinda rol oynayan sinif 1 integronlarin sikiginin arastirilmasi amaglandi. Bu amacla 1SO 6579-2002 ve
Kauffmann-White serotiplendirme semasina gore identifiye edilen 150 adet Salmonella Infantis susu kullanildi. Suslarin antibiyotik
direncleri CLSI 2011 standart protokoliine gore disk diflizyon yontemiile belirlendi ve PZRile sinif 1 integronlar arastirildi. Elde edilen
sonuclara gore ylksek oranda ¢oklu antibiyotik direncliligi (%89.3), yiiksek oranda (%100) sefotaksim, siprofloksasin, gentamisin,
seftazidime karsi duyarlilik ve incelenen suslarin tamaminda sinif 1 integron varhgi tespit edildi. Sonug olarak, Salmonella Infantis
suslarinin hepsinde sinif 1 integronlarin varligi, bu suslarin potansiyel direng alici haline gelmesi bakimindan énem tasidigini
gOstermektedir.

Anahtar sézciikler: Antimikrobiyal direng, Salmonella Infantis, Sinif | integron
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INTRODUCTION

Non-typhiodal Salmonella infection is one of the most
significant health problem in poultry all over the world
particularly in developing countries . Salmonella is also
the most important zoonotic pathogen in poultry &
Salmonella may be transmitted to the raw chicken meat
by improper evisceration of the intestine at the slaughter-
house which leads to food-borne infections in humans. On
the other hand, Salmonella isolates carrying the antibiotic
resistant genes are also important for both human and
animal health ¥ According to the European Food Safety
Authority (EFSA), among Salmonella serovars Salmonella
Infantis is the most commonly reported serovar in poultry
flocks ™. In Turkey, the prevalence of S. Infantis serovar from
healthy broiler chicken flocks is 77.2% by percentage ©..

In Argentina, Australia, Brazil, Netherlands, Finland, Canada,
Hungary, Japan, New Zealand and Russia this serovar has
increasingly been reported and multidrug-resistant (MDR)
Salmonella has been observed for more than 20 years ©7.
Most of the antimicrobial resistance genes are integrated
in mobile genetic elements such as plasmids, transposons
and integrons ['#°, Typically, Class 1 integrons have intl1
gene which encodes integrase, a recombination specific
site, a promoter and gene cassettes. They can be inserted
into transposons/plasmids and carry antibiotic resistance
genes from bacteria to bacteria. Class 1 integrons harbor
more than 100 gene casettes some of which are encoding
resistance to PB-lactamases, rifampicin, trimethoprim,
aminoglycosides, quinolones and chloramphenicol ",
Class 1 integrons are the most frequent integron type
classified in MDR Salmonella serotypes %13,

In recent years, several studies have been conducted to
investigate integrons in Salmonella ®°'2'3, For example a
study in Germany demonstrated that all S. Derby isolates
obtained from pigs had Class 1 integrons. Another study
in Thailand showed that 84 of 183 Salmonella strains
(S. Anatum, S. Kedougou, S. Stanley, S. Weltevreden, S.
Rissen, S. Baiboukoum) which were isolated from humans
and pork had Class 1 integrons and 18 of the strains carried
resistance gene cassettes '2'3, Nevertheless, information
of antimicrobial resistance related integrons of S. Infantis
is limited in Turkey. Because of the relative prevalence
of S. Infantis to other Salmonella serotypes in poultry
production has increased in recent years, in this study
multiple antibiotic resistance and the presence of Class 1
integrons related with antibiotic resistance was investigated
in S. Infantis strains.

MATERIAL and METHODS

Salmonella Strains and Antimicrobial Susceptibility Tests

A total of 150 S. Infantis strains selected among 206 S.
Infantis strains which were isolated from feces of healthy
broiler chickens between 2012-2013 were used in this

study. 150 strains were selected from four different regions
(57 from Black Sea region, 39 from Central Anatolia, 30
from Aegean and 24 from Mediterranean region) of
Turkey according to the capacity of flocks. Briefly, a 10%
systematic sampling method was used for the flocks which
were below 10.000 broiler chickens (Table 1). The isolation
method and serotyping was performed according to the
ISO 6579-2002 and Kauffmann-White scheme, respectively.
Antimicrobial resistance of the strains was detected by the
disc diffusion method following to the recommendations
of CLSI 2011 standard protocol. Discs were used as
follows: ampicillin (AMP: 10 pg); cefotaxime (CTX: 30
ug); chloramphenicol (C: 30 ug); ciprofloxacin (CIP: 5 pg);
gentamicin (GM: 10 ug); kanamycin (K: 30 pg); nalidixic
acid (NA: 30 pg); streptomycin (S: 10 pug); tetracycline
(TE: 30 pg); trimethoprim- sulfamethoxazole (SXT: 5 ug);
sulfonamide (S3: 250 pg) and ceftazidime (CAZ: 30 ug).
Escherichia coli ATCC 25922 and Pseudomonas aeruginosa
ATCC 27853 were used as positive control in all tests.

DNA Extraction

DNA was extracted from the isolates with a commercial kit
(Genomic DNA Purification, Thermo Fisher Scientific, USA)
following the manufacturer’s recommended protocol.
Then, all samples were kept in -20°C until the PCR assay
was performed.

PCR Amplification of the intl1 Gene

Integrons were investigated by the detection of intl1
gene . PCR amplification was performed containing 0.2
UM of each primer (int1-F 5-GCC TTG CTG TTC TTC TAC-3;
int1-R 5'-GAT GCC TGC TTG TTC TAC-3'), 0.2 mM dNTPs (10
mM dNTP mix; Thermo Fisher Scientific, USA), 3 mM of
MgCl, (Thermo Fisher Scientific, USA), 2.5 uL PCR reaction
buffer, 2U of Taq DNA polymerase (Thermo Fisher Scientific;
EP0402), and nuclease-free water to a final volume of 25
pl. In the reaction, 2 uL of DNA was used as template. The
amplification was performed as follows: strand separation
at 94°C for 3 min, followed by 30 cycles of 94°C for 1 min,
55°C for 1 min, and 72°C for 1 min. Finally, there was a 7 min
at 72°C for further strand extension. Ten microliters of the
amplified PCR products were analyzed by electrophoresis
on 1.5% agarose gel (Promega Corporation, USA) with
4 uL of SafeView Classic (Applied Biological Materials,
Canada) in Gel Electrophoresis Apparatus with 180V for
60 min. Positive (AVMA-SI14/2 Salmonella Infantis strain)
and negative (Leptospira spp., Listeria spp., Bordatella spp.,
Ornithobacterium rhinotracheale, Streptococcus spp. and
Pseudomonas spp.) strains were obtained from strain
collection of Ankara University Faculty of Veterinary
Medicine Department of Microbiology.

RESULTS

The isolates showing resistance to at least four and more
antibiotic drug resistance were assessed as multiple-
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Table 1. Distribution of Salmonella Infantis strains according to the regions

Regions/Cit Number Number of Flocks Number of Flocks with Number
9 y of Total Flocks <10.000 10% Sampling of Isolates
Black Sea/Bolu 378 70 7 57
Central Anatolia/Corum 60 3 0.3" 7
Central Anatolia/Ankara 20 9 0.9 19
Central Anatolia/Afyonkarahisar 70 2 0.2 13
Aegean/izmir 55 4 0.4 30
Mediterranean/icel 92 41 4 24
* The fractional results of 10% sampling calculations were accepted as one flock

Table 2. The antimicrobial resistance prevalence of Salmonella Infantis
isolates

Antimicrobials Number of Isolates | Resistance Rates (%)
AMP 10 6.6
C 11 7.3
K 66 44
S 117 78
SXT 122 81.3
S3 139 92.6
TE 140 93.3
NA 142 94.6
CTX 0 0
CIp 0 0
GM 0 0
CAZ 0 0

Table 3. Antimicrobial resistance patterns of 134 MDR Salmonella Infantis
isolates

Multiple Resistance Patterns Number of Isolates (%)
K, NA, S, TE, SXT, S3 46 (30.6)
K, NA, TE, SXT, S3 6 (4)
K, NA, S, TET, S3 5(3.3)
NA, S, TE, S3 8(5.3)
NA, TE, SXT, S3 13 (8.6)
NA, S, TE, SXT, S3 43 (28.6)
AMP, C, NA, S, TE, SXT, S3 2(1.3)
AMP, K, NA, S, TE, SXT, S3 1(0.6)
AMP, C,NA, S, TE, S3 1(0.6)
AMP, NA, S, TE, SXT, S3 1(0.6)
AMP, C, K, NA, S, TE, SXT, S3 4(2.6)
C K, NA, S, TE, SXT, S3 3(2)
C,NA, S, TE, SXT, S3 1(0.6)

resistant strains. One hundred forty two (94.6%) isolates
were resistant to nalidixic acid, 140 (93.3%) isolates were
resistant to tetracycline, 139 (92.6%) isolates were resistant
to sulfonamide and 122 (81.3%) isolates were resistant to
trimethoprim- sulfamethoxazole (Table 2). Also, all isolates

were sensitive to cefotaxime, ciprofloxacin, gentamicin
and ceftazidime (100%). Furthermore, 134 (89.3%) multi-
drug resistance isolates were demonstrated (Table 3).

All samples were investigated for the presence of intl1 gene
and thus the Class 1 integron (int/T gene) was detected
in all isolates. Beside this, all multi-drug resistant isolates
have been found to have Class 1 integron.

DISCUSSION

Increasing antibiotic resistance is an important public health
problem and resistance continues to spread due to many
factors. Antibiotics used for therapeutic and prophylactic
purposes for broilers as stimulating growth in production.
Some antibacterial drugs, such as ampicillin, tetracycline,
chloramphenicol, enrofloxacin, neomycin, which are usedin
antibacterial treatment of Salmonella infections to become
resistant by inhibiting the microflora of the digestive system
and these bacteria play an important role in the transfer
of resistance genes and cause serious infections that affect
the food chain when spreading in nature '>'8, For all these
reasons, after January 2006, antibiotic feed additives are
not allowed to be imported to Turkey by law ',

In the present study, antibiotic susceptibility and presence
of Class 1 integron of 150 S. Infantis strains that were
isolated from healthy broiler chickens feces were detected.
Nogrady et al.?” also conclude that S. Infantis strains, which
had multiple resistance spread through the poultry meat
among humans and this supported that MDR has become
a public health concern. According to the European Food
Safety Authority (EFSA) report, it was emphasized that S.
Infantis strains detected in poultry resistant to tetracycline,
ampicillin and sulphonamides and 31% of MDR of these
isolates . Similar studies related to antibiotics that was
used by poultry industry, performed by other researchers.
Kudaka et al.?" 99.2% of broiler isolates were identified
as S. Infantis and antimicrobial resistance strains were
detected as tetracycline, streptomycin and trimetoprim
and especially sulphanamide. In our study, the resistance
of nalidixic acid, tetracycline and sulfonamide against
S. Infantis is 94.6%, 93.3%, 92.6% respectively. The high
resistance rate of S. Infantis to quinolones was known in
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Germany and Hungary, but in our study we had an opposite
result of 100% sensitivity of ciprofloxacin .. Resistance to
ciprofloxacin was reported to be 66.7% to 100%, especially
in Germany, Slovakia, Bulgaria and Austria ¥, while the
study strains showed sensitivity to ciprofloxacin. Also
high frequency of resistance to ciprofloxacin and nalidixic
acid for S. Infantis was reported in several reports in Iran
too 221 Quinolones were used frequently in treatment
regimens and also as a feed additives in poultry industry 24,
In recent years several studies have been reported about
third-generation cephalosporin resistance patterns of
Salmonella was isolated from domestic animals and
human %7, In parallel with this situation, Kameyama et al.
emphasized that 3rd-generation cephalosporin-resistant
S. Infantis associated with B-lactamases is increasing in
worldwide 28, Although cefotaxime and ceftazidime
resistance were found in their research ?%, our isolates
were 100% sensitive.

Furthermore, in this study, it was observed that multiple
antibiotic resistance was directly proportional to Class
1 integron presence. In our study S. Infantis strains were
investigated for the presence of int/T gene and Class 1
integron was detected in all isolates. Previously, several
laboratories mentioned that antibiotic resistance genes
are chromosomally encoded and contain integrons.
Integrons play an important role in the dissemination of
antimicrobial resistance through horizontal transmission
and it was known that prevalence of integron increases
in Salmonella isolates 2%, Firoozeh et al.® showed that
poultry MDR Salmonella isolates were carried Class 1
integron 91.4%, also Asgharpour et al.” reported that
S. Infantis strains contain 36% Class 1 integron in Iran.
Naghoni et al.*" were detected Class 1 integron from S.
enterica serovars and Kudaka et al?" was revealed that
presence of Class 1 integron in S. Infantis isolated from
broiler chickens as our study. Several other researches
have been reported in many different countries about
Class 1 integron but S. Infantis studies were limited 223,
This situation is similar in Turkey. To our knowledge there is
only one study conducted to determine the association of
antibiotic resistance with integrons of S. Infantis strains 57,

In our study, it was revealed that the antibiotic resistance
rates were high in S. Infantis strains and a great number
of these isolates have been found as MDR. Therefore, the
more prudent usage of antibiotics and epidemiological
studies are needed which can reveal the mechanism of
spreading resistance and resistant strains must be included
in prevention strategies.
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Abstract

The study describes prevalence of coagulase positive Staphylococcus aureus, a zoonotic pathogen, and rule out key risk factors associated
with the spread of this pathogen. A total of 900 milk samples of animals (n = 450 cattle and n = 450 buffaloes) from three subdistricts of
Faisalabad were collected and processed microbiologically for staphylococci identification while, PCR for coa gene identification. Surf field
mastitis test was used to screen the samples for subclinical mastitis at milking. Chi-square test was used to assess association of risk factors
with mastitis. The overall prevalence of subclinical mastitis was 55% comprising 54 and 56% in cattle and buffalo’s milk, respectively. A
significant difference (P<0.05) was seen in the prevalence of subclinical mastitis among the cattle from different cities. The prevalence of
coa gene presented 39.33% from total samples. Highest prevalence was found in tehsil Samundari followed by Jaranwala and Faisalabad
presenting 43%, 39%, and 36%, respectively. The quarter based prevalence of subclinical mastitis was found 32% while 5.58% of quarters
were blind. Right side quarters and teats were more affected. The risk factors except body condition and parity presented significant
association with mastitis. The study concluded that bacterial coa gene, was prevalent in milk, and determinants were strongly associated
with higher prevalence.

Keywords: Coagulase, Staphylococcus aureus, Coa gene, Risk Factors and subdistricts

inek Siitiinde Koagulaz Pozitif Staphylococcus aureus Coa Geni Prevalansi
ve ilgili Risk Faktorleri

Ozet

Bu calisma; zoonotik bir patojen olan koagiilaz pozitif Staphylococcus aureus’un prevalansini ve bu patojenin yayilmasinda rol oynayan risk
fakorlerini tanimlamaktadir. Faisalabad’in 3 ayri bélgesindeki hayvanlardan toplanan toplam 900 adet siit 6rneginde (n = 450 sidir ve n
= 450 manda) Staphylococci identifikasyonu amaciyla mikrobiyolojik analiz ve coa geninin tespiti amaciyla PCR gerceklestirildi. Subklinik
mastitisin taranmasinda sagim esnasinda sorf mastitis testi uygulandi. Risk faktorlerinin mastitisle iliskisini degerlendirmek amaciyla Ki-kare
testi kullanildi. Sigir ve manda sttlerinde subklinik mastitis prevalansi sirasiyla %54 ve %56'si olarak hesaplanirken toplamda %55 olarak
bulundu. Farkli sehirlerden 6rneklenen sigirlar arasinda subklinik mastitis prevalansi yoninden anlaml bir fark tespit edildi (P<0.05). Coa
geninin prevalansi toplam orneklerde %39.33 olarak saptanmistir. En yiiksek prevalans orani %43 olarak Samundari'de saptanirken bunu
sirastyla %39 ile Jaranwala ve %36 ile Faisalabad izlemektedir. Subklinik mastitisin meme loblarindaki prevalansi %32 olarak saptanirken
meme loblarinin %5.58'inde ise korelme belirlendi. Sag taraftaki meme loblari ve meme baslarinin daha fazla etkilendigi saptandi. Viicut
kondisyonu ve dogum sayisi disindaki risk faktorleri mastitis ile anlamli iliski iceriyordu. Calisma, bakteriyel coa geninin sitte yayginligini ve
gostergelerin ylksek prevalans ile kuvvetli bir iliskisi oldugunu gostermektedir.

Anahtar sézclikler: Koaglilaz, Staphylococcus aureus, Coa geni, Risk faktérleri ve alt bélge

INTRODUCTION somatic cell count making milk unfit for consumers. This

deterioration accounts for annual losses in dairy industry
Milk quality and quantity deteriorates with bacterial reaching to approximately 2 billion dollars in USA and 526
invasion to milk producing glands thatresultantlyincreases  million dollars in India where subclinical mastitis gives
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its contribution to approximately 70% of these losses ™.
Among bacterial contaminants in bovine mastitis,
Staphylococcus aureus (S. aureus) are overwhelming to
control and are well-known to cause subclinical mastitis.
The pathogen is a Gram positive organism with ability to
survive in high salt and high temperature range appearing
as an opportunistic pathogen and frequent colonizer
of the epithelium causing severe diseases in humans
and animals. The organism is of zoonotic importance
that becomes more serious in its resistant form against
antimicrobial agents >3, The bovine S. aureus transferred
to humans may lead to outbreak in humans and animal
population ™,

The lower cure rate of bovine S. aureus mastitis, evading
immune response of the host, and extensive use of beta-
lactam antibiotics add to S. aureus nuisance ®¢ which
influences the pathogenesis of S. aureus in mastitis.
Coagulase positive S. aureus has ability to yield toxins such
as; exfoliative, toxic shock syndrome toxin and panton-
valentine leucodin. Subclinical mastitis has dynamic
importance in its association with zoonotic impacts as milk
serves as vehicle of pathogens transmission 7,

Intramammary infections caused by S. aureus damage
the alveolar physiology; decrease in milk production, and
impart harmful effects on milk composition <. S. aureus
inflicted intramammary infections are long term and
chronic as bacteria has the ability to hide itselfin mammary
epithelial cells and host phagocytes. Concurrent resistance
of bacterial species to antimicrobials of different structural
classes is increasing in multitude complicating therapeutic
management of infections 1'%,

The traditionally infectious agents are identified on the
basis of cultural examination that sometimes fails in case
of non-cultivable strains thus creating ambiguity in
identification. Polymerase Chain Reaction (PCR) works
as an effective technique to diagnose coagulase positive
S. aureus from human and animal origin "%, Adding to
this, scarce epidemiological studies regarding S. aureus
prevalence in bovine milk may unleash zoonotic spread of
pathogenic S. aureus.

Keeping in view the animal and human health hazard
anchored with this pathogen, the current study was
designed to estimate prevalence of Coagulase positive S.
aureus from cattle and buffalo milk obtained from various
private and public dairy farms of Pakistan and to rule out
key risk factors associated with spread of this pathogen.

MATERIAL and METHODS

The district Faisalabad, 3 largest city in Pakistan situated
184 meter higher to sea level with altitudes between
31°20"-31°33'N and 73°13’-72°55'1"3], The sole livelihood of
people in and around the jurisdiction of district Faisalabad

is agro based where lives of locals are directly linked
with livestock rearing. Cattle and buffalo are kept as live
banks by families in that mostly bovine serve as only
income generator for house hold expenses. Three tehsils
of district Faisalabad i.e. Faisalabad, Jaranwala and
Samundari were selected as representative of bovine
population of district. The bovine populations were
approached using convenient technique of sampling as
described by Thrusfield ' keeping in view constraints
of farm owner’s willingness and access to the laboratory.
The milk samples collected from bovine were divided into
three categories; (1) 40-90 bovine, (2) 91-200 bovine and
(3) >200 bovine in such a way that ten farms from each
tehsil each with 30 milk samples from each farm (n=15
cattle, n=15 buffalo) totaling 900 milk samples (n=450
cattle, n=450 buffalo) were taken. Subclinical form of
mastitis was assessed by Surf Field Mastitis Test (SFMT)
proposed by Muhammad et al.l"®,

Milk samples (n=900) were streaked on blood agar and
later based on colony characters were sub-cultured on
Mannitol Salt Agar. Gram staining and catalase test ' were
performed to differentiate organisms as Staphylococci.
The Staphylococci were processed to DNA extraction using
bacterial DNA extraction kit (GF-1 Bacterial DNA extraction
kit, Vivantis Technologies Sdn. Bhd, Malaysia). The
extracted DNA was quantified by Nano-Drop technique
(NanoDrop 2000, Thermo-Scientifics, NanoDrop products,
3411 Silverside Rd, Bancroft Building, and Wilmington, DE
19810 USA).

The specification of PCR reaction included reaction
mixture of 25 ulL having, 12.5 pL of master mix (2x master
mixes, Accuprime TM super mix11), 1.5 uL (10 pmol) from
each primer, 8 uL distilled water, and 1.5 yL DNA sample.
The primers, Coag 2 (CGA GAC CAA GAT TCA ACA AG),
Coag 3 (AAA GAA AAC CAC TCA CAT CA) were used with
product size of 970bp. The reaction of PCR was run in
thermocycler (Eppendorf, Mastercycler®5330, Eppendorf-
Netheler-Hinz GmbH, Hamburg, and Germany) with
following specification; initial denaturation at 94°C/10 min
for once, and denaturation at 94°C/45 seconds, annealing
at 54°C/1 min and extension at 72°C/2 min, respectively for
30 cycles each. Final extension at 72°C/10 min were given
at the end for single time. The PCR product was run on
1.5% agarose gel stained with ethidium bromide "' that
was photographed under ultraviolet illuminator (Fig. 7).

Risk factors assumed in dichotomous questionnaire to
check their association with mastitis included information
like specie, breed, age, diet, season, system of rearing,
presence of ticks, body health, use of teat dips, feed
and water, udder consistency and condition, animal
physiological status either lactating or dry, parity, milking
system, hygiene and milker’s care during milking, use
of antibiotics for general ailments, mastitis purpose,
call for veterinary professionals, and call for veterinary
consultancy.
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Statistical Analysis

The data was subjected to statistical analysis using
appropriate designs on SPSS version 22.0 computer
program. Prevalence of mastitis was calculated as per
formula described by Thrusfield " and chi-square test
was used to statistically correlate the risk factors with
prevalence at 5% probability.

RESULTS

Subclinical form of mastitis is type in which there are
apparently no abnormal signs except that screening test
detects invisible abnormality in milk. The current study
found 55% (495/900) subclinical mastitis in bovine from
district Faisalabad with highest percentage noted in tehsil
Samundari (67.67%) followed by Jaranwala (52.33%)
and Faisalabad (45%) (Table 1). There was a significant

difference (P<0.05) of subclinical mastitis among different
tehsils on overall bovine subclinical mastitis basis. However,
subclinical mastitis in cattle from different tehsils indicated
a non-significant difference (P<0.05) presenting 62.67%,
50.67%, and 48.67% of subclinical mastitis from tehsil
Samundari, Jaranwala, and Faisalabad, respectively. Similar
pattern was observed in case of buffalo milk subclinical
mastitis from different tehsils of district Faisalabad. The
comparison of specie showed a non-significant difference
(P>0.05) of subclinical mastitis in cattle and buffalo from
different cities of district Faisalabad with 48.67% versus
41.33%, 50.67% versus 54%, and 62.67% versus 72.67%
of subclinical mastitis between cattle and buffalo in
tehsil Faisalabad, Jaranwala, and Samundari was noted,
respectively.

Coa gene (Staphylococcus aureus) presented 39.33% in
bovine from district Faisalabad from total collected milk
samples (Table 2). The comparison of S. aureus

5 4 3 2 1 N

P M

prevalence from different tehsils showed 43%,
39%, and 36% from tehsil Samundari, Jaranwala,
and Faisalabad, respectively. Subclinical mastitis
among different tehsils of district Faisalabad
presented a non-significant difference (P>0.05)
with 34%, 36%, and 40% of prevalence from
tehsil Faisalabad, Jaranwala, and Samundari,
respectively. Similar pattern was noted in case
of buffalo milk subclinical mastitis from different
tehsils of district Faisalabad.

The number of blocked quarters were found
5.58% (201/3600) with highest percentage of
blocked quarter noted in case of front right (FR)
followed by rear right (RR), front left (FL), and rear
left (RL) with 6.89%, 6.56%, 4.67%, and 4.22%,
respectively (Table 3). The study found right

negative samples

Fig 1. PCR results of coa gene, M = 1kb marker (product brand), P = positive control
(coa gene, Momtaz et al."®), N = neative control, 1-2 positive samples at 907bp, 3-5

side suffering higher mastitis compared to left
side quarters with a non-significant difference
(P>0.05). The quarter based prevalence was

Table 1. Prevalence of subclinical mastitis in bovine from District Faisalabad

Overall
Cattle Buffalo (Cattle and Buffalo)
Sampled
Area . No. . No. . No.
E:mn:;LI: Positive Cl P-value Is\l:mn:;:: Positive Cl P-value 2:'“":;2: Positive cl P-value
(%) (%) (%)
. 73 62 135
Faisalabad 150 (48.67) 39.98-56.02 150 (41.33) 33.42-9.24 300 5) 39.36-50.64
Jaranwala 150 76 41.97-58.03 | 0.022 150 81 46.00-2.00 0.001 300 157 46.67-58.00 | 0.001
(50.67) ’ ’ ’ (54) ’ ’ ’ (52.33) ’ ’ ’
. 94 109 203
Samundari 150 (62.67) 54.90-70.43 150 (72.67) 51.41-0.60 300 (67.67) 62.36-72.96
243 252 495
Total 450 (54) 48.94-58.16 450 (56) 65.50-9.82 900 (55) 51.75-58.25
C.I: Indicates confidence interval set at 95%; P<0.05 indicate significant difference
* Between specie comparison: cattle versus buffalo from Faisalabad P=0.246, Jaranwala, P=0.488, Samundari P=0.064, and Total district P=0.461
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Table 2. Prevalence of coa gene (Staphylococcus aureus) from bovine milk of District Faisalabad

Cattle Buffalo Overall
Sampled
Area No. milk |  NO No. milk |  No No. milk |  NO
Samples Positive cl e | G Positive cl P-value S Positive Cl P_value
(%) (%) (%)
51 >7 108
Faisalabad 150 26.40-41.61 150 (38) 30.21-45.80 300 30.56-41.44
(34) (36)
Jaranwala 150 >4 28.29-43.71 | 0.547 150 63 34.07-49.92 | 0.373 300 117 33.47-44.53 | 0.212
(36) b o b 42) 1 I b (39) . b b
. 60 69 129
Samundari 150 (40) 32.13-47.87 150 (46) 38.00-54.00 300 @3) 37.39-48.61
165 189 354
Total 450 (36.67) 32.20-41.12 450 42) 37.43-46.56 900 (39.33) 36.14-42.52
C.I: Indicates confidence interval set at 95%; P<0.05 indicates significant difference
* Between specie comparison: cattle versus buffalo from Faisalabad P=0.470, Jaranwala P=0.287, Samundari P=0.294, and Total district P=0.101

Table 3. Prevalence of teat blockage and quarter based prevalence

Prevalence of Blocked Quarters Prevalence on Quarter Basis
Quarters T‘:::; r?‘:‘:;;er No- ?;Z)c ked (d] P-value Tc:::;r?::er;er No. I::/: )c ked a P-value
FR 900 62 (6.89) 5.23-8.55 838 290 (34.61) 31.38-37.83
FL 900 42 (4.67) 3.29-6.05 858 252(29.37) 26.32-32.42
0.028 0.001
RR 900 59 (6.56) 4.94-8.18 841 311 (36.98) 33.72-40.25
RL 900 38 (4.22) 2.91-5.53 862 235 (27.26) 24.29-30.23
Total 3600 201 (5.5) 4.83-6.33 3399 1088 (32.0) 30.35-33.48
Cl: Indicates confidence interval set at 95%
found 32% (1088/3399) from bovine. The right side DISCUSSION

quarters presented higher prevalence with 36.98% and
34.61% in rear right (RR) and front right (FR) compared to
left side quarters with 29.37% and 27.26% in front left (FL)
and rear left (RL), respectively. The difference of quarter
based prevalence among different quarters showed
significant difference (P<0.05).

The study found non-significant association of mastitis
with age in case of cattle whereas age of buffalo was found
significantly associated with subclinical mastitis (Table
4). The breeds of cattle showed significant association
with mastitis occurrence among them Frisian cattle
had higher prevalence of subclinical mastitis (66.67%)
than to Sahiwal (40%) and non-descript cattle (48.83%).
However, breeds factor in case of buffalo subclinical
mastitis did not have a significant (P>0.05) association
with mastitis occurrence. Higher number of calving
(>4 calving in life), lack of teat dipping, higher tick
infestation, udder pathology, lactation status, higher
milk yield, higher milking frequency, unhygienic milker’s
hands, use of beta-lactam drugs for general ailment, lack
of veterinary professional services for disease treatment
and prevention proved potential risk factors associated
with this disease.

The prevalence of S. aureus mastitis in current study was
calculated from milk samples irrespective of screening
test. The findings of Farooq et al.' reporting 44% of
from subclinical mastitis was in line with current study.
Contrary to current study Ali et al.” stated 8.32% S. aureus
prevalence from bovine milk. Highest Staphylococcal
species in bovine milk had been reported by various
studies 2?2, Higher prevalence of S. aureus was also noted
by Khan and Muhammad ¥ presenting 45% on subclinical
mastitis basis, respectively. The higher prevalence in
current study might be due the significant association
of assumed risk factors with mastitis. The discrepancies
in S. aureus prevalence included its stay and survival in
keratin of healthy animal’s teat canal, and formation of
biofilm that may give rise to lower than exact isolation
of S. aureus during in vitro culturing. The prevalence of S.
aureus varies specie to specie ¥, breed, geographic zones,
and farm management conditions. The surrounding
of animal such as bedding and manure are true source
of contagious microorganisms. These microbes may
be present in soil as well as in air as environmental
microorganisms. Milker’s hands, towels and flies spread
these pathogenic bacteria to clean udders during the
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Table 4. Bivariate analysis of risk factors associated with subclinical mastitis in cattle and buffalo from District Faisalabad

P<0.05 indicate significant association, * Cattle breeds, ** Buffalo breed
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milking process and are responsible for most of the
mastitis cases °\.

Subclinical mastitis serves as reservoir of infectious
pathogens and together with other forms of mastitis piles
up to 70% of economic losses . The rate of subclinical
cattle mastitis (54%) in current study was in line with
findings of Singh and Baxi ?® who described 54%
prevalence of subclinical mastitis in India while higher
bovine subclinical mastitis was noted as 64% and 86.3%
by Mureithi and Njuguna 7 and Abrahmsen et al.?®,
respectively. Whereas, lesser to the current study was
reported as 44% and 34.4% from Pakistan and Kenya 220
respectively.

The prevalence of subclinical mastitis in buffalo in present
study is in agreement with findings of Getahun et al.®"” and
Mustafa et al.*? who reported 54.7% and 59.64% subclinical
buffalo mastitis, respectively. Higher prevalence in buffalo
might because of enriched nutrients in milk that favors
comparatively higher growth of microbes. In addition to
this pendulous udder and longer teats of buffaloes make
it prone to mastitis. Contrary to the finding of current
study lower prevalence was found to be 32.85% 33 and
23.18%. The discrepancies in prevalence are also linked
with different climatic zones, management trends, and
exposure to microbial environment.

The higher prevalence of subclinical mastitis in cross bred
cattle was in line with findings of Sanotharan et al.®*
and Alemu et al.?>® who reported significant association
(P<0.05) of crossbred animals with subclinical mastitis.
The significant association (P<0.05) of breed with mastitis
occurrence was also reported by Alebachew and Alemu 9
and Lakew et al.*”., The difference in anatomical, genetic,
production status may predispose occurrence of this
disease B8, Researchers have noticed native breed resistant
to mastitis 5% and this could be due to genetic resistance
and adaptation to the environment %, Higher prevalence
of mastitis in late lactation was in agreement with results of
Dego and Tareke . However, Mungube et al.“*" reported
higher prevalence of mastitis in early stage of lactation.
The variations in the effect of stages of lactation among
different studies could be related probably to disparities in
age, parity and breed of the sampled animals as indicated
by Getahun et al.B".
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Abstract

The treatment of cancer is highly challenging and contains surgery, chemotherapy and radiotherapy alone or combinations which have
various side effects on the patient health. This study aimed at observing the possible antineoplastic activity of AK27-herbal mixture, a
combination of pistachio resin, rhus resin, pollen, Nigella sativa seed, pomegranate skin and olive oil, on experimentally induced Ehrlich
ascites carcinoma (EAC) in a mouse model. EAC-bearing mice were evaluated by tumor cell count (viable and non-viable), median survival
time, percentage increase in the life span and live body weight changes up to 30 days of EAC inoculation. Volume of EAC cells and viable
cell count were found to be significantly decreased in AK27 treated groups when compared to EAC control group (P<0.01). The highest
viable cell count (mean 15.5x10’/mL/mouse) and EAC volume (average 12 mL/mouse) was measured in the cancer group. Administration
of AK27 mixture before tumor challenge prevented the EAC development whereas simultaneous administration or after tumor initiation,
AK27 significantly reduced the number of viable EAC cells with respect to cancer control group. After the 4th day onwards until the 12th day
significant differences were observed between groups in terms of live body weight (P<0.001). All animals in cancer control group died within
12 days as expected. Mean life span in AK27 treated groups were varied from 24 to 26 days with percentage increase in life span of from 100
to 150. The present study demonstrated that AK27-compound was exhibited promising antitumor efficacy in EAC bearing mice.

Keywords: Ehrlich ascites carcinoma, Pistachio, Rhus, Nigella sativa, Pollen, Olive oil

Farelerde AK27 Bitkisel Karisiminin Ehrlich Ascites Karsinoma Uzerine
Antitimorijenik Etkisi

Ozet

Kanser sagaltimi oldukg¢a zor ve hastanin saghgi lzerine olumsuz etkileri olan cerrahi, kemoterapi ve radyoterapinin tek basina veya
kombinasyonlarini kapsar. Bu calismanin amaci antep fistigi recinesi, sumak reginesi, polen, ¢érek otu tohumu, nar kabugu ve zeytinyadi
kombinasyonundan olusan AK27-bitkisel karisimin muhtemel antineoplaistik etkinligini fare modelinde deneysel olusturulan Ehrlich asites
karsinomunda (EAK) gostermektir. EAK'lI fareler timér hiicre sayisi (canli ve 6l{), ortalama yasam stiresi, yasam surresinde ylizde artis ve
canh agirlik degisimi yoninden degerlendirildi. En ylksek canli hiicre sayisi (ortalama 15.5x10”/mL/fare) ve EAK hacmi (ortalama 12 mL/
fare) kanser grubunda 6lcuildi. AK27 karisiminin timor olusturulmasindan 6nce verilmesi EAK gelisimini engellerken ayni anda veya timor
olustuktan sonra verilmesi kanser kontrol grubu ile karsilastirildiginda canh EAK hiicre sayisini anlaml diizeyde azalttigi gozlendi. Dordiincii
glinden itibaren 12. gline kadar canli agirlik artisi bakiminda gruplararasinda anlamli farklar tespit edildi (P<0.001). Beklenildigi gibi kanser
kontrol grubundaki hayvanlarin timi 12. glinde 6ldi. AK27 uygulanan gruplarda ortalama yasam siiresi 24 ile 26 glin arasinda artarken
yasam siresinde ytizde artis 100 ile 150 arasinda degisti. Bu calisma AK27 bilesiminin EAK'l farelerde dikkate deger antitimor etkisinin
oldugunu gosterdi.

Anahtar sézclikler: Ehrlich ascites karsinomu, Antep fistigi, Sumak, Nigella sativa, Polen, Zeytin yagi
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INTRODUCTION

Cancer is one of the most aggressive disease and closely
associated to the causes of morbidity and mortality in
humans with approximately 14 million new cases in 2012 [,
By 2020, the number of new cases is expected to rise as high
as 70%. It is the second leading cause of death globally,
and was responsible for 8.8 million deaths (approximately
1in 6 mortality) in 2015 12,

Cancer is the disease of all vertebrated animals and can
be defined as uncontrolled cellular growth, invasion and
spreading of local cells from the primary site to other sites
in the body to generate new colonies of cancer cells &\

The nature of cancer can be evaluated by experimental
tumor models especially transferable tumor cells from
one individual to the other ¥. Under in vivo conditions
transplanting tumor tissues subcutaneously from mouse
to mouse was pioneered by Ehrlich and Apolant B Then
the liquid form of carcinoma “Ehrlich ascites carcinoma”
(EAC) was deposited into the peritoneum of the mouse
and achieved successful passage thus making next studies
possible ©. EAC is known as undifferentiated carcinoma,
and is originally hyperdiploid, has high transplantable
capability, no-regression, rapid proliferation, shorter life
span, 100% malignancy and also has no tumor specific
transplantation antigen ..

The management of cancer is challanging and usually
treated by one of or combinations of surgery, chemo-
therapy and/or radiotherapy. In metastasized cases,
the treatment becomes more drastic and patients suffer
various side effects during and/or after therapy. Several
anti-tumor agents have cytotoxic effects and been designed
to stop tumor growth ®. Long term use of chemo-
therapeutics is closely associated with significant negative
outcomes on patients’ health status. Therefore several
natural compounds have been investigated without any
detectable side effects.

In folkloric and traditional medicine several plants, vegetables
and herbs have been frequently used for the prevention or
treatment of malignant masses as nutraceuticals and they
served as the main source of cancer chemoprevention
drug discovery and development 1",

Plant derived natural products (remedies) such as pistachio,
rhus, Nigella sativa seed, olive oil, pommegrande skin
have received significant attention due to their ignorable
side effects on comsumers/patients. It was shown that
pistachio or its resin possessed apoptotic activity through
cytotoxic and apoptosis-inducing effects on human
hepatoma cell line "2, Rhus coriaria exhibits anticancer
activities (suppressing angiogenesis, metastasis and tumor
growth) by promoting cell cycle arrest and autophagic
cell death of the breast cancer cells '>', N, sativa has long
been recognised as antitumorigenic effects especially on

hard splenic masses . It has been exclusively used for
a wide range of tumors. Intraperitoneal administration
of N. sativa extract dramatically restricted soft tissue
sarcomas chemically induced in albino mice '*'7), Several
studies have shown that bee pollen has greater or lesser
antimutagenic properties in certain types of cancer 1'®',
It has been also shown the growth of breast, prostate,
colon and lung cancer cells in culture were successfully and
selectively inhibited by pomegranate (Punica granatum)
extracts 2. Olive oil phenols as chemopreventive and
therapeutic effects against cancer has been reviewed 2?2
and shown that olive oil prevented experimentally induced
colon cancer in a mouse model %3,

We believe that due to many facets of cancer malignancy
using single plant derived substance may have only
limited effect however a combination of these matters
may generate synergistic impact on the tumor cells. Thus,
here, we evaluated possible effect of the combination
(AK27 herbal mixture) of pistachio resin, rhus resin,
pollen, N. sativa seed, pomegranate skin and olive oil on
experimentally induced EAC in a mouse model.

MATERIAL and METHODS

Formulation of AK27 Mixture

A total of 100 g preparation of AK27 mixture contained
followings and prepared by one of the author (AK). Resin
of pistachio was collected from branches of pistachio trees
approximately 5 year-old and 10 cm in diameter after
pruning. Similarly rhus resin was obtained after pruning
of the young branches (1-2 year-old) of the rhus plants.
Freshly collected resins were melted at 50-55°C for 15
min and kept at room temperature overnight and then
overlayed as a thin layer on a marble block to solidify. Thin
layer of resins were removed from the marble and finely
crushed into powder form. Ten g of each resin powder was
mixed. Shadow-dried skin of unrippen pomegranates
(local name: Delieksi) were crushed into fine particles. From
this, 15 g was added to the formulation. N. sativa seeds and
bee-pollen were purchased from a local herbalist and both
were further triturated by a fine grinder. Twenty-five g of n.
sativa seed and 20 g of pollen were added to the mixture.
The formulation was filtered through a fine particular sized
drain. Finally 20 g of natural olive oil (produced locally in a
traditional manner) was added to the formulation and
mixed until the end-product was viscous.

Animals and Handling

Handling animals carried out in accordance with the ethical
guidelines for the care of laboratory animals of Afyon
Kocatepe University, Turkey (Ethical approval no: 49533702-
110, 14.06.2016). All effort made to control the experimental
pain in conscious animals. A total of 84 eight-week-
old, weighing 24-25 g male BALB-c mice were used and
allocated into six groups each having 14 mice. Animals
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were climatised and housed before the experiment for
10 days at the university’s experimental animal research
center and kept in separate polyacrylic cages without
contacts between groups i.e. four animals per cage. All
animals received 3 g standard pellet feed per day with ad
libitum access to water. Room temperature was kept at
22-24°C and humidity 50%=2. The light cycle was 12 h dark
then 12 h light. The air in the room was cleaned by a bio-
filter system (Airsopure S980, Airsopure International, USA).

EAC and Stock Animals

EAC cells were obtained from Department of Anatomy,
Faculty of Medicine, Erciyes University, Kayseri, Turkey 24,
The tumor cells were maintained in our laboratory by serial
intraperitoneal passage in male BALB-c mice for 7-10 days.
EAC cells were tested for viability and contamination using
trypan blue dye exclusion technique. Cell viability was
usually found to be 95% or more. Tumor cell suspensions
were prepared in phosphate buffered saline (PBS). Finally
EAC cells were implanted into the peritoneal cavity of
experimental groups’ to establish the animal model for
ascites carcinoma.

Experimental Study

Animals in group | (n=14) were given freshly prepared 2
g/mouse of AK27 mixture (0.2 g of pistachio resin, 0.2 g
of rhus resin, 0.3 g pommegranate skin, 0.5 g of N. sativa
seeds, 0.4 g of pollen, and 0.4 g of olive oil per mouse)
orally for 7 days then 3x10° EAC cells/mouse (0.2 mL/
mouse) was administered intraperitoneally. AK27 mixture
feeding was continued until the end of the experiment
(to observe preventive effect of AK27 mixture). In group Il
(n=14) immediately after intraperitoneal administration
of 3x10° EAC cells/mouse, oral AK27 mixture (2 g/mouse)
was given and continued until the end of the experiment
(to observe effect of tumor initiation) whereas in grup lll
(n=14) after 5 days of single intraperitoneal administration
of 3x10° EAC cells/mouse, oral AK27 mixture (2 g/mouse)
was given and continued until the end of the experiment
(to observe effect on tumor development). Group IV (n=14)
served as cancer control group where mice received
intraperitoneal 3x10° EAC cells/mouse and then daily
oral 0.9% NaCl (0.2 mL/mouse) was administered. For the
AK27 control, group V (n=14) mice had single injection
of intraperitoneal normal saline solution (0.2 mL/mouse)
followed by oral AK27 mixture (2 g/mouse) until the end of
the experiment (AK27 mixture control). Group VI serves as
sham control in which routine feeding was practiced. The
experiment was terminated at the 30*" day of the study.

EAC Cell Count

Six of the mice in each group were sacrificed at 10th day
and abdominal ascites were removed to observe viability
of the cells by microscopy. One ml of EAC ascites was added
1 mL of PBS making 2 mL total. A 100 microliter of diluted
EAC was mixed with 100 microliter of trypan blue solution

(Sigma, T8154, product of UK). Then approximately 50
microliter was subjected to cell count using a counting
chamber (Thoma, Iso Lab, Germany). Five large squares of
each counting area of the chamber was considered for cell
count. The cells that did not stained by trypan blue were
considered as viable and those stained were non-viable.
All viable and nonviable cells were counted.

Volume of EAC

Ascites fluid were withdrawn from the abdomen of
sacrificed mice and centrifuged at 3000 rpm for 10 min at
4°C. Subtracting the volume of the supernatant gave the
volume of ascites fluid.

Mean Survival Time and Percentage Increase in Life Span

Mice that were not sacrificed (n=8 in each group) were
observed for the mean survival time (MST) and percentage
increased in life span (PILS) according to quotations given
below . The live body weight of animals were measured
every other day up to 30 days.

MsT = Jotal survival time of each mouse in group
Total number of mice in group

PILs = MST of treated group 1 y 100
MST of control group
Statistics

Data were analysed using SSPS for windows. Differences
between groups were evaluated by ANOVA and Duncan
tests. Significant level was set at P<0.05.

RESULTS

Antitumor activity of AK27 compound against EAC-
bearing mice was evaluated by tumor cell count (viable
and non-viable), median survival time, percentage increase
in the life span and live body weight changes. The findings
of the study indicated that the AK27 compound produced
significant antitumor effects on mice with EAC.

Live Body Weight Increase

When the live body weight (LBW) increases of the mice
were considered, the differences between groups were
not significant on days 0 and 2 (P>0.05). After the 4th
day onwards until the 12% day significant differences
were observed between groups (P<0.001). The highest
mean LBW was noted in group IV (cancer control group)
then followed by groups Ill and Il. On day 4, no significant
difference was seen in groups Il and IV however the
difference was significant between 6 and 12 days of the
study (Table 1).

After 14 days, the highest LBW increase was observed in
group Ill (mean 28.36 g) followed by groups Il (27.44 g)
and | (27.11 g). The lowest LBW increase was in groups
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V (26.19 g) and VI (25.39 g). AK27 significantly (P<0.05)
maintained the body weight of mice in groups |, Il and llI
toward normal with respect to EAC control animals (group
IV) (Fig. 1). Increase in the LBW was 44.9% for group IV
however it was 8.6%, 11.4% and 15.1% for groups |, Il and
Ill, respectively. In control groups LBW was increased 6.1%
and 5.3% (Table 2).

Cell Count and EAC Volume

Volume of EAC cells and viable cell count were found to
be significantly decreased in AK27 treated group when
compared to EAC control group (P<0.01). No viable or
non-viable CEA cells or abdominal fluid was recovered
from groups |, V and VI however the highest viable cell

All animals died
38 4 in group IV
~—Group I
36 - = Group II
— ~—Group III
o 34 = Group IV
5
= 32 4
>y ———Group VI Fig 1. Representation of mean life span and
"8 body weight of normal and EAC bearing mice.
g 30 - Note: Animals in cancer control group (IV)
= were died at the 12™ day of the experiment
=
28 -
26 -
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Days

Table 1. Live body weight changes in normal and EAC bearing mice (first 12 days of the experiment)

abed Different letters respresent significant differecences between groups (P<0.05)

Table 2. Initial, final, average and increase in live body weight of mice
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Table 3. Viable and non-viable cell count and volume of EAC in mice

Viable Cell Count (cell x 107/mL) Non-viable Cel Count (cell x 107/mL) EAC Volume
Sroups Lowest Highest Mean Lowest Highest Mean (mL)

| - - - - - - -

Il 8.1 29.5 15.5 0.5 2 1.4 6

I 21.5 30.2 255 0.3 0.9 0.6 8
\% 30.1 443 331 0.2 0.5 0.4 12

V o = o o o o =
Vi - - - - - - -

In groups I, V and VI no ascites fluid was obtained

160

Groups

= Mean survival time (days)

1A m Percentage increase in life span (%)

120
100
80
60
40
20

o | | ~

1 2 3 4

Fig 2. Chart showing mean survival time and
percentage increase in life span in normal and tumor
bearing mice

count (lowest 8.1x107/mL, highest 29.5x107/mL and mean
15.5x107/mL) and EAC volume (12 mL) was measured in
group IV (Table 3). Administration of AK27 before tumor
challenge (group 1) prevented the EAC development
whereas simultaneous administration (group Il) or after
tumor initiation (group Ill), AK27 significantly reduced the
number of viable CEA cells with respect to cancer control
group (P<0.05) displaying negative effects on initiation
and development of the tumor.

Longevity of Animals

All animals in group IV (cancer control) were died within 12
days as expected. No dead was observed in group | where
AK27 was given 1 week before the EAC challenge. However
in groups 2 and 3, two and three dead out of 8 animals
were noted, respectively. In the cancer control group, the
median survival time was 12 days whereas it significantly
increased in AK27 treated groups to 30 days in group |, 26
days in group Il and 24 days in group Il with PILS of 150,
116 and 100, respectively (Fig. 2).

Effect of AK27 on Normal Mice

After oral administration of AK27 compound at a dose of 2

g/day/mouse for 30 days, none of the mice exhibited either
clinical side effects or abnormal behavioral responses
(such as aggressiveness, inactiveness, loss of appetite, slow
movement, dullness, dizziness, erection of hairs, and hypo-
thermia; data not shown) in group V. Moreover repeated
daily oral doses of 2 g/mouse for 30 days also did not have
any effect on the live body weight of the mormal mice.

DISCUSSION

Nature was the main source of food, protection, clothing,
transportation and remedies for humans since ancient
times for survival in this planet . This is also true today’s
modern world. Natural products are also considered as
one of the major contributor that can be used for the
design and development of potential chemotherapeutic
agents . A number of plant extracts have been used
for major health problems for instance the management
and combat of cancer and cancer related diseases in
traditional medicine however, only a few of them have
been scientifically explored 2%l

The treatment of cancer is not promising in all cases.
Several side effects on the patient’s health is still significant
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obstacle in modern medicine today. These effects may be
short term or long term 2%,

Using plant derived extracts remedy principles indicate
cytotoxicity towards tumor cells B% and antitumor activity
in experimental animal models B,

Pistachio consumption reduced cancer mortality and may
protect prostate cancer, colorectal and colon cancers.
In vitro studies and those studies carried out on animals
suggested that the health properties of pistachios can
be attributed partially to the content of the nut’s dietary
antioxidants activity 2. Anti-cancer properties of N.
sativa has been exclusively reviewed by Randhawa and
Alghamdi .. The thymoquinone main constituent of
the volatile oil of n. sativa seed enhanced the anti-cancer
effect in rats and mice due to its antioxidant action % that
interferes with DNA synthesis coupled with enhancement
of detoxification processes and apoptosis and cell cycle 4.
Sumac is the generic name for genus Rhus that cover over
250 plant species and has a long historical background
of use by indigenous people for medicinal and other uses
including antimutagenic and antitumorigenic activities ©=°..
Anti-tumorigenic activities can be attributed to its pro-
motion of cell cycle arrest ', Pollen possesses a wide range
of primary and secondary metabolites that exhibit various
properties and bioactivities i.e. anticarcinogenic. This effect
is associated with the development by cytotoxic activity ..
Elsewhere, the efficacy of pomegranate was evaluated
and concluded that it has a very high antioxidant activity
associated with anti-proliferative, anti-invasive and pro-
apoptotic entities in various cancer cell lines and animal
models B¢ for example, pomegranate significantly suppresses
TNFa-induced COX-2 protein expression and NF-kB binding
suggesting anti-proliferative activity #7.

In our study the combination of aforementioned plants
was formulated and successfully used for the prevention
and treatment of CEA in the mouse model. The rationale
behind combination approach may be explained that many
tumors arise from a single malignant cell, by the time they
are clinically detectable (1 cm?® or 10° cells), they contain
a heterogeneous population of cells. When tumor mass
contains 10° cells, inherent drug resistance may develop B8,
This genetic instability may further be associated with
a tumor that initially responds to treatment but later
relapses due to resistance clones grow predominantly.
Sometimes single agent therapy is not curative therefore
induction regime should contain multiple drugs ®? and
combination protocols must maximize cell kill and maintain
acceptable toxicities, broaden the range of efficacy against
a heterogeneous tumor population and prevent or slow the
development of resistant tumor cells 7.,

EAC is highly aggressive and causing mortality within
12 days in mice. Nascimento et al.“" reported that the
longevity of EAC bearing mice were 12 days maximum
similar to the current study in which all animals in EAC

treated group were died within 12 days.

To observe antineoplastic effect of agents on the EAC
model the live body weight (LBW) of animals are compared
between groups “2. Our study showed that LBW in cancer
group increased dramatically until death however it was
not the case in groups | and Il indicating EAC prevention
effect. In group lll, increase in LBW was not significant at 30th
day of the tumor challenge mimicking anticancer activity.

It was suggested that studies directed to longevity after
cancer cell inoculation should be monitored at least 30
days since the distribution of death occurrence with a 50%
longevity of 14.3 days in mice models 3. We observed the
animals up to 30 days.

The prolongation of lifespan of animals is highly reliable
and valuable criteria for judging the anticancer drugs
effectiveness in experimental investigations 4. Enhance-
ments of life span by 25% are more over that of the control
can be considered as effective antitumor response of the
drug in question “. MST and PILS in study groups were
significantly longer than control group in our study. This
observation displays that increased lifespan of tumor
bearing mice in experimental groups further corroborates
the antitumor potential of AK27 mixture.

To conclude, the results of our study showed enhanced
antitumor activity of AK27 compounds on experimentally
induced EAC in mice. AK27 mixture formulation appeared
to be stable at room temperature, safe to use and easy
to administer by means of oral gavage. No side effects of
AK27 was observed at a dose of 2g per mouse in this
study. However, the maximum tolerated dose should
be determined and also this formulation requires
further evaluation to identify the possible antineoplastic
action/mechanism (synergism or contribution) of the
combinatorial fashion. Eventually, future phase studies in
human cases should be considered.
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Abstract

Herein, we reported an Escherichia coli-based expression and purification method of recombinant porcine interferon alpha (rPolFN-a). PolFN-a
coding sequence was cloned into pMD18-T vector and then subcloned into pET-32a (+) vector using standard recombinant DNA techniques
and the resulting plasmid was transformed into BL21(DE3) competent cells. After induction with isopropyl-B-D-1-thiogalactopyranoside
(IPTG), rPolFN-a was purified from the supernatant of the bacteria lysate using a simple two-step chromatography process consisting of a Ni2*
affinity chromatography and a DEAE anion exchange chromatography. rPolFN-a was purified to >95% homogeneity with a yield of 48 mg/L
of culture. It has isoelectic point of 6.09 and bacterial endotoxin was less than 1 EU/mg. N-terminal amino acid sequence and the peptide
map digested by trypsin provided additional evidence for the authenticity of rPolFN-a. The biological activity of rPolFN-a was 1.1x10° U/
mL in HEp-2/ Vesicular Stomatitis Virus (VSV) titration system and its specific activity reached to 1.0x10° IlU/mg. In conclusion, we obtained
high-level expression of a soluble form of bioactive rPolFN-a by using pET-32a (+) prokaryotic expression system.

Keywords: Soluble expression, Protein purification, Quality control, Porcine interferon-a, Vesicular Stomatitis Virus (VSV)

Rekombinant Domuz interferon-a’nin Coziiniir Ekspresyonu, Protein
Saflastirmasi ve Kalite Kontrolii

Ozet

Bu sunuda rekombinant domuz interferon alfa (rPolFN-a)'nin Escherichia coli-temelli ekspresyonu ve saflastirma metodu rapor edilmistir.
PolFN-a kodlayan sekansi pMD18-T vektor icine klonlandi ve sonrasinda standart rekombinant DNA teknikleri kullanilarak pET-32a (+)
vektor icine subklonlandi ve elde edilen plazmid BL21(DE3) kompetan hiicreler icine nakledildi. izopropil-B-D-1-tiogalaktopiyranosid (IPTG)
ile uyarmanin ardindan rPolFN-a, bakteri lizatinin sipernatantindan basit iki basamakli kromatografi islemi (Ni?* affinite kromatografi ve
DEAE anyon degisim kromatografi) kullanilarak saflastirildi. rPolFN-a 48 mg/L kiiltiir olusumu ve >95% homojenite ile saflastirildi. Uriin
6.09 izoelektrik puanina sahip olup bakteriyal endotoksin 1 EU/mg'dan daha azdy. N-ucu amino asit sekansy ve tripsin ile olupturulan
peptit haritasy rPolFN-a’nin 6zgiinligi hakkinda ilave kanyt sadlady. rPolFN-a’'nin biyolojik aktivitesi HEp-2/ Vesicular Stomatitis Virus (VSV)
titrasyon sisteminde 1.1x10° [lU/mL olarak tespit edilirken spesifik aktivitesi 1.0x10¢ IlU/mg’a ulasti. Sonug olarak, pET-32a (+) prokaryotik
ekspresyon sistemi kullanilarak biyoaktif rPolFN-a’'nin ¢oziintr formunun yiiksek derecede ekspresyonu saglandi.

Anahtar sozciikler: Coziintir ekspresyon, Protein saflastirma, Kalite Kontrol, Domuz interferon-a, Vesicular Stomatitis Virus (VSV)

INTRODUCTION recombinant IFN-a has been successfully expressed in

prokaryotes, eukaryotes and baculovirus 4. However, the
Among type | Interferons (IFNs), IFN-a plays important  function of the E. coli expressed products was constrained
roles in inhibition of viral replication . Previously, by protein misfolding ©. The protein expressed in Pichia
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was readily degradable. The baculovirus expression system
does not sustain continuous high level expression.

In the present study, we represented the expression,
purification, and quality control scheme for producing
bioactive rPolFN-a in large scale. It will facilitate the
biological research and clinical application of porcine
IFN-a.

MATERIAL and METHODS

Bacterial Strains, Reagents and Cell Lines

Molecular biology reagents were purchased from TaKaRa
Biotech (TaKaRa, Dalian, China). The Ni** His-bind resin and
DEAE -Sepharose Cl 6B column were obtained from GE
Healthcare (Piscataway, NJ, USA). The mouse anti-PolFN-a
monoclonal antibody was purchased from Abcam (ab11408,
Abcam, Cambridge, UK). The pET-32a (+) vector, E. coli
DH5aq, E. coli BL21 (DE3), and HEp-2 cell line were preserved
in our laboratory.

Porcine IFN-a cDNA Cloning

Total RNA was extracted from peripheral white blood
cells of a 6-month-old Bamei pig and was then reverse
transcribed to cDNA. The primer sequences for RT-PCR
of PolFN-a (NCBI accessing number AY345969) were
5'-GGAATTCATGTGTGACCTGCCTCAG-3' (forward) and
5'-CTCGAGTCACTCCTTCTTCCTGAGT-3' (reverse) which
included EcoRl and Xhol sites (underlined). The amplification
length was 501 bp, and It did not include the signal peptide
sequence. The RT-PCR product was cloned into pMD-18T
vector and the resulted recombinant plasmid was further
confirmed by PCR and DNA sequencing, The final product
was named as pMD18T-PolFN-a.

Expression Vector Construction

The inserted PolFN-a gene in pMD18T-PolFN-a was
digested by EcoR | and Xho |, and was then ligated into
the pET-32a (+) plasmid. The authenticity, orientation
and reading frame of the recombinant plasmid pET-32a
(+)-PolFN-a was verified by DNA sequencing.

Expression of PolFN-a Protein

The plasmid pET-32a (+)-PolFN-a was transformed into
competent E. coli BL21 (DE3). The bacteria were cultured
in LB medium at 37°C to a density of ODgy,=0.6. After
4 h induction by IPTG, the bacteria were collected and
resuspended in lysis buffer for sonication The lysate was
then centrifuged and the supernatant and pellet were
collected separately ©.

Purification of rPolFN-a Protein

The rPolFN-a protein in the supernatant of cell lysate
was purified with Chelating Sepharose Fast Flow Ni?*

chromatography (GE Healthcare, Piscataway, NJ, USA)
following the protocol from the manufacturer. The chromato-
gram were shown in Fig. 2A and Fig. 2B.

Determination of Protein Concentration and Purity

The protein concentration was determined by the
Bradford method . Reversed-phase high-performance
liquid chromatography (RP-HPLC) analysis was used to
determine the purity of the purified rPolFN-a product.
The integrity and specificity of the purified proteins were
demonstrated by Western blot assay.

Mass Spectrometry Analysis

The purified protein was further analyzed by matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometer (MALDI-TOF MS). Mass analysis was per-
formed using a Voyager DE-STR Biospectrometry™ Work-
station (Applied Biosystems, Foster City, CA, USA).

Determination of rPolFN-a Biological Activity

A cytopathic effect inhibition based IFN-a bioassay
was used to evaluate the ability of the recombinant
protein to protect HEp-2 cells from VSV infection. Data
were expressed as mean unit (U)/mL, where 1 unit of
IFN-a activity was defined as the reciprocal of the dilution
producing 50% inhibition of CPE. The titer of sample
IFN, was determined by the Reed-Muench method as
previously described .

Other Quality Control Measurement of rPolFN-a

The peptide map, isoelectric point, endotoxin, ultraviolet
spectroscopy, and N-terminal amino acid sequencing of
rPolFN-a were all determined according to the guidelines
in Veterinary Pharmacopoeia of People’s Republic of China
(2010 edition) ™.

RESULTS

Soluble Expression of Recombinant Protein
PET-32a (+)-PolFN-a

The rPolFN-a protein was over expressed as shown by a
dominant band of 35.0 kDa in Coomassie blue stained
PAGE gel (Fig.1A). Besides, the over-expressed protein in
the E. coli culture was found majorly in the supernatant, not
in the pellet (Fig.1B). By SDS-PAGE analysis, the expressed
recombinant protein contituted to 32% of the total cellular
protein, or 48 mg/L in E. coli culture.

Purification of pET-32a (+)-PolFN-a Protein

In the supernatant of cell lysate, it was shown a single
protein peak by Ni?* affinity chromatography (Fig. 2A)
and by DEAE anion exchange chromatography (Fig. 2B).
The result of purification by HPLC showed that there
was a dominant protein peak with purity of 95.5% (Fig.
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Fig 1. Analysis of rPolFN-a protein by 12% SDS-PAGE

A: Lane M: molecular weight marker. Lane 1-8. Total cellular
proteins from E. coli BL21(DE3) at Oh, 1h, 2h, 3h, 4h, 6h, 8h,
10h after IPTG induction, B: Lane 1. Total proteins before
induction. Lane 2. Total proteins after induction. Lane 3
Supernatant of bacterial lysate after ultrasonication. Lane
4. Pellet of bacterial lysate after ultrasonication. Lane M:
molecular weight marker, C:Lane M. Molecular weight marker.
Lane 1. Purified rPolFN-a after Ni?* affinity chromatography
and DEAE anion exchange chromatography

(©)

: 53

AZSOlun n

Fig 2. Protein characterization| |
by affinity chromatography, anion | | ®
exchange chromatography, HPLC
and Western blot

A: Ni** affinity chromatography
with absorbance at 280nm, B: DEAE
anion exchange chromatography
with absorbance at 280 nm, C:
HPLC examination of purified
proteins. The peak is the target

B

Azs Oun

(A)

protein which was detected at a
wavelength of 280 nm, D: Western

Blot analysis of purified proteins.
Lane M. Molecular weight marker.
Lane 1. Purified rPolFN-a protein
without enterokinase digestion.
Lane 2. Purified rPolFN-a with
enterokinase digestion. Lane 3.
Total cellular proteins before
induction

2C). Western blot analysis with anti-PolFN-a monoclonal
antibody showed a non-enterokinase digested protein
product at 35 kDa (Fig. 2D) and a enterokinase digested
PolFN-a protein at 19.3 kDa (Fig. 2D), consistent with that
in SDS-PAGE gel (Fig. 1C).

The purification chart of rPolFN-a from 300 mL of bacterial
culture showed that the recombinant rPolFN-a was

purified to 4.9 fold by the two-step purification procedure
and its specific activity reached to 1.0x10° IU/mg
(Table 1-A).

Bioactivity of Purified rPolFN-a

The results showed that HEp-2 cells pretreated with
1 U of purified rPolFN inhibited 50% of VSV infection
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Fig 3. Antiviral activity of the rPolFN-a in HEp-2/VSV titration system

A:50% of CPE inhibition by 1 unit of rPolFN-a and 1 unit of rHulFN-a and the control groups for the titration of biological
activity of IFN, A: about 50% CPE was observed in VSV infected cells pre-incubated with 1 unit of IFN-a, B: about 90%
CPE was observed in VSV infected cells without IFN-a treatment, C: No CPE was observed in the cells pre-incubated with
1 unit of IFN-a without VSV infection, D: No CPE was observed in the cells which was treated with neither VSV infection
nor IFN-a addition. B: The dose-response curve of interferon in HEp-2/VSV system. The figure shows that the titre of
rHulFN-a is slightly higher than that of rPolFN-a in human cells

Table 1-A. Purification chart of rPolFN-a from 300 mL of bacterial culture®

Purification Step Total Protein (mg) Total Activity (IU) Specific Activity (IlU/mg) Fold of Purification
Before purification (Cell Lysate) 77.9 1.6x107 2.0x10° 1.0
After two-step purification 14.5 1.4x107 1.0x10° 49

* Results were representative of three independent experiments

Table 1-B. Quality control of the bulk of rPolFN-a

Category Method

Specification Reference

Specific activity HEp-2/VSV

>1.0x10°1U/mg

Purity SDS-PAGE and HPLC >95.0% Ref. ), Appendix 36,41

Bacterial endotoxin LAL(Limulus Amebocyte Lysate) <1EU/mg Ref.”, Appendix 130

Isoelectic point Isoelectrofocusing 6.09(within 4.5~6.5) Ref.”, Appendix 41

UV maximum UV scan (278+3) nm Ref.”, Appendix 26

Peptide map Tryptic digestion Conformed to reference Ref.”, Appendix 107

N-terminal amino acid sequence Edman degradation CDLPQTHSLAHTRAL Ref.®, Appendix 32
(Fig. 3A). The antiviral activity of the final rPolFN-a  DISCUSSION

protein was determined as 1.1x10° IU/ml by the bio-
activity assay. The inhibitory activity of rPolFN-a on VSV
replication in culture was dose dependent. The dose-
response curve of interferon in HEp-2/VSV system was
shown in Fig. 3B.

Study on Quality Control of rPolFN-a

The primary structure of purified rPolFN-a was confirmed
by N-terminal sequencing and Mass Spectrometry analysis
(Table 1-B). Also, the recombinant molecules appeared to
be homogenous by reversed-phase HPLC analysis and gel
filtration (Fig. 2C) with no signs of aggregation (data not
shown). The results of rPolFN-a analysis of quality control
are summarized in Table 1-B.

In the production of recombinant protein in heterologous
expression systems, solubility is a key issue. Soluble
recombinant proteins are usually properly folded,
functional and they are much easier to be purified than
aggregated proteins obtained from inclusion bodies.

The pET is one of the most powerful systems yet developed
for the expression of the recombinant proteins in E. coli.
The pET32 series were fused with the 109 amino acid
Trx-Tag™ thioredoxin protein which is a solubilization
tag that assists in the proper folding of the expressed
peptides and keeps them from precipitating. This vector
also contains cleavable His-Tag® and S-Tag™ sequences for
detection and purification. Through the use of combination
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of pET-32a (+) vector and BL21(DE3) host cell, the desired
expression product can comprise more than 30% of the
total cell proteins in a few hours after induction ©.

In summary, the present study demonstrated that a
functional porcine IFN-a protein was expressed in E. coli
in a soluble form. The recombinant protein was readily
purified by a two-step chromatographic procedure. Its
authenticity and bioactivity were verified by multiple
tests of quality control. This protein could be further
expected for mass production and clinical applications of
rPolFN-a.
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Abstract

Deep pectoral myopathy (DPM) is a disease characterized by focal necrosis, hemorrhages, and green discoloration in the pectoral muscle
of broilers and turkeys. The lesions of the affected muscles are usually detected during dissection after slaughter. DPM causes significant
economic losses in the poultry meat industry. The purpose of this study was to investigate the gross and microscopic findings in a house-
reared broiler flock with DPM. In this study, the pathological findings of 12 house reared 100-120-day-old broilers with DPM were examined. All
birds were clinically healthy but hemorrhages and green discoloration were detected on the pectoral muscle mass during dissection. Samples
were collected from the lesioned muscles for a histopathological examination, which revealed necrosis, hyalinization, and hemorrhage.
Inflammatory cell infiltration and atrophy of breast muscles was present in some cases. DPM was diagnosed based on gross characteristics
and microscopic findings.

Keywords: Deep Pectoral Myopathy (DPM), Pathology, Broiler

Koy Kosullarinda Beslenen Broylerlerde Saptanan Derin Pektoral
Myopatide Patolojik incelemeler

Ozet

Derin Pektoral Myopati (DPM), broyler ve hindilerin pektoral kaslarinda fokal nekroz, kanamalar ve yesil renk degisikligi ile karakterize bir
hastaliktir. Etkilenen kaslarin lezyonlari kesimden sonra ve et parcalama sirasinda fark edilir. DPM etlik kanatli endistrisinde dnemli ekonomik
kayiplara neden olabilen bir hastaliktir. Bu calismanin amaci kdy kosullarinda yetistirilen bir broyler siirisiinde saptanan DPM olgusunun
makro ve mikroskobik bulgularini incelemektir. Bu calismada, 12 adet kdy kosullarinda yetistirilmis, 100-120 gtinliik broylerlerde saptanan
DPM'de patolojik bulgular incelenmistir. Biitiin tavuklar klinik olarak saglikli gériinimde iken kesim sonrasi et parcalama islemi sirasinda
pektoral kaslarda kanama ve yesil renk degisikligi fark edildigi bildirildi. Histopatolojik inceleme icin lezyonlu kaslardan 6rnekler alindi.
Mikroskobik incelemede pektoral kaslarda nekroz, hiyalinizasyon ve kanamalar izlendi. Bazi olgularda yangisal hiicre infiltrasyonlari ve gogus
kaslarinda atrofi mevcuttu. Hastaliga karakteristik makro ve mikroskobik bulgulara gére DPM tanisi kondu.

Anahtar s6zciikler: Derin Pektoral Myopati (DPM), Patoloji, Broyler

green discoloration. However, these symptoms are rarely
detectable until the affected muscles are dissected. The
disease appears as a surprise before preparation because

INTRODUCTION

Deep pectoral myopathy (DPM) or Oregon green muscle

disease is a hidden and degenerative condition characterized
by focal necrosis of the pectoral muscle in poultry. The
disease involves the wing elevating muscle known as
the deep pectoral muscle or M. supracoracoidus; hence,
it is referred to as degenerative myopathy of the supra-
coracoideus "I, The lesions often affect the muscle
symmetrically and vary in color from hemorrhaged to a

of the unpleasant aspect. DPM is not a contagious disease,
and the symptoms are not detectable in living animals 24,

Two forms of DPM reported; one results from normal
muscular activity (spontaneous DPM), as it can be
reproduced by repeated contraction of the pectoral muscles
through electrical stimulation, and the other form occurs

& lletisim (Correspondence)
+90 248 2132170
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by inducing birds to flap their wings (induced DPM) . The
only affected pectoral muscle is the supracoracoid muscle.
DPM appears to be the consequence of oxygen associated
with wing flapping "% Blood circulation increases signifi-
cantly during contraction of the pectoral muscle to supply
oxygen and nutrients to the muscle. Insufficient blood
supply to the myoglobin can cause ischemia and DPM .,

DPM has caused important economical loses in the broiler
industry ©. The disease was first described in 1968 in
turkeys, in 1975 in broiler breeder hens, and in 1980 in
young broiler chickens “*7l. DPM has been reported in
North America and Europe "7, There is no report about
DPM in Turkey, and this is the first study about DPM in
Turkey. The aim of this study was to examine naturally
occurring DPM in broilers using pathological methods.

MATERIAL and METHODS

In this study, 12 broilers (nine males and three females)
with DPM were used. The chickens originated from a flock
consisting of 100 animals that a household reared and that
were slaughtered by the owner. The broiler chickens were
100-120 days old and weighed 3.5-4.0 kg. The flock has
been comprised of >60 birds but most had been previously
slaughtered. These 12 birds were the last remaining
animals in the flock and were slaughtered together. No
DPM had been diagnosed previously in any slaughtered
bird from the flock. Lesions of different severities were
observed from hemorrhage to green discoloration during
the necropsy.

The lesioned pectoral muscle samples were fixed in 10%
buffered formalin for the histopathological examination.
After routine processing of fixed samples, they were
embedded in paraffin, sectioned to 5 um with a Leica
RM 2155 rotary microtome (Leica Microsystems, Wezlar,
Germany), stained with hematoxylin-eosin (HE) and Masson'’s
trichrome methods and examined microscopically.

RESULTS

All chickens were >3 months old and heavier than 3.5
kg. They were freely reared in the garden of the owner’
home. No clinical sings were observed before slaughter.
The owner stated that he also had laying poultry and
slaughtered them occasionally but there were no DPM
case in the layers of the same age or broilers slaughtered
previously.

The carcasses of the broilers were normal on a gross
examination. DPM was detected during dissection of
the pectoral muscles. The lesions were localized to the
middle and deep layers of the pectoral muscle. All affected
pectoral muscles were greenish, pale, and swollen and
covered by a fibrinous, sometimes hemorrhagic membrane
(Fig. 1). The cut surface of the green, dry, friable necrotic
and hemorrhagic tissue was evident. The lesions were
generally focal but some were diffuse in the pectoral
muscle. Gross bilateral lesions were more common than
unilateral lesions in the present study. Lesion severity was
related to body weight, and lesions were more diffuse and
severe in heavier chickens.

Fig 1. Gross appearance of the
breast muscle from broilers with
deep pectoral myopathy (DPM);
pale yellow-green discoloration and
necrosis (arrows) and hemorrhage
(arrow head)
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The microscopic investigation revealed an acute inflamma-
tion characterized by heterophillic leucocyte and macro-
phage infiltration, edema, hyperemia, and hemorrhages
in the affected area, particularly in early DPM lesions.
Degenerative or necrotic changes and edema were
commonly observed in these cases. Large necrotic areas,
swollen, hyalinized and necrotic muscle fibers with
hemorrhagic zones were observed in the chronic cases.
Infiltration of inflammatory cells, mainly macrophages and
lymphocytes, was seen around the lesions. In some cases,
the breast muscles were atrophied (Fig. 2). In addition,
hyalinized areas and newly formed fibro-adipose tissue
were observed in some cases.

The owner stated that it was impossible to detect
DPM when the carcasses were inspected and that it appeared
during muscle dissection. The unpleasant appearance of
the meat was usually noticed during cooking in the
kitchen.

DISCUSSION

In the present study, DPM was diagnosed in a house-
reared broiler flock. The birds were heavy because of their
long life expectancy (100-120 days) and prevalence was
significantly higher in birds >110 days. This finding was in
agreement with previous studies suggesting that DPM
is more prevalent in heavy birds [*8°, In addition, the
typical chronic lesions were observed because of the
older ages and heavier body weights of the chickens in
the present study.

Fig 2. Microscopic appearance
of the muscle with lesion, (A)
numerous degenerated muscle
cells and connective tissue (arrows),
(HE), Bar = 500 pm, (B) higher
magnification of the lesioned area
of the pectoral muscle, HE, Bar =
200 pm, (C) old and chronic lesion.
Muscle fibers were replaced by
fibro-adipose tissues, HE, Bar =
200 pm. (D) Fibrous tissue forming
in the pectoral muscle, Masson’s
trichrome, Bar = 200 um

DPM is becoming more common problem in the broiler
industry worldwide, especially in broilers grown to heavier
body weights. Numerous studies have reported that
rapid body weight gain in broilers may result in various
forms of degenerative chronic diseases of muscle such as
DPM 0121011 | this study, broilers of numerous chicken
breeds were reared together with this flock, and DPM was
only observed in the broilers. This result supports the idea
of a possible predisposition in broiler chickens.

According to some researchers %, the condition appears
to be more common in males than females. However, there
is some disagreement on this matter "%, The problem is
also seen more frequently in free-range broilers ™. In this
study we observed a higher prevalence in male house-
reared broilers.

The lesions can occur in acute or chronic forms. The
supracoracoid muscle appears pale and swollen and is
covered by a fibrinous or hemorrhagic area in the acute
lesions. The necrotic tissue may be white to green color.
The lesions are generally limited to the deep layer of the
supracoracoid muscle. In chronic cases, the muscle is
necrotic and green in color. The cut surface of a lesioned
muscle is dry and friable 2, All lesions in the present study
were chronic and characteristic because of the older and
heavier birds.

The histology of the affected muscle typically had large
zones of swollen and necrotic muscle fibers. An inflammatory
reaction, particularly macrophage infiltration, was seen in
early stages of the lesions. Fibro-adipose tissue formations
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were characteristic of older or chronic lesions and the
affected parts of the deep pectoral muscle were replaced
by adipose tissue. The breast mass was usually atrophied
and thin. The main cause of these histopathological lesions
is associated with circulatory failure 7. A histopathological
examination of the chickens in this study showed excessive
fibrous and adipose tissue indicating the chronic form of
the DMP.

The main cause of the disease is related to insufficient blood
flow, oxygen, and nutrients for muscle contraction "\ This
finding also supports this hypothesis because the birds
were heavy and moved freely. DPM is not a contagious
disease and no bacteria can be isolated from affected
muscle &4,

Classical knowledge indicates that the major cause of
DPM is increased bird activity that results in wing flapping,
increased body weight, and stress factors, such as excessive
noise, that disturbs the birds. Owners should consider
these factors to prevent the disease.

The present study demonstrated that DPM can cause meat
loss in house-reared broiler chickens, particularly in heavier
birds. The main lesions were located deep in the pectoral
muscles, which generally had chronic lesions. Postmortem
and microscopic examinations are needed to confirm the
disease because no clinical findings or guidelines exist for
this disease. This study also indicates that DPM may be
a problem in the Turkish broiler industry.
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Abstract

Feline paranasal tumours are relatively rare and require sufficient imaging for both diagnostic success and planning the treatment of cases.
Radiography is inferior to computed tomography for diagnostic purposes near sinonasal cavities and tissues surrounding them, it is widely accepted
that CT is the best imaging technique for tumours of this area. With the advent of 3D rendering software, it became possible to show borders of a
lesion in a different manner. Such images are simpler to assess even to those with little to no experience with conventional CT. The preoperative CT
images of two cats with paranasal area tumours were rendered in this study in hopes of providing better orientation to the surgeon. While the soft
tissue details of 3D images were not adequate, they were useful in seeing outline of the tumours and determining the extent of bony destruction. The
intraoperative findings of both cats confirmed that the 3D CT findings were useful in orientation and determination of bony defects, as the images
were instrumental in determining the limits of the skull. However, the rendered images were inadequate to provide detail on soft tissue borders so
conventional CT images were relied on to determine deep soft tissue borders in both cases.

Keywords: Computed tomography, Paranasal tumour, Cat

Paranazal Tiimérii Olan iki Kedide Bilgisayarli Tomografi, Klinik ve Cerrahi
Bulgularin Degerlendirilmesi

Ozet

Kedilerde paranazal timorler nispeten nadir gozlenir ve basarili tani ile sagaltimin planlanmasi icin yeterli goriintiileme gerektirirler. Sinonazal
kavitelerin ve bunlari cevreleyen yumusak dokularin gériintilenmesi icin radyografi bilgisayarli tomografiye (BT) gére daha basarisizdir, bu bolgenin
tiimérlerinin gériintiilenmesi icin en iyi yéntemin BT oldugu kabul edilmektedir. U¢ boyutlu bicimlendirme yazilimlarinin gelisimiyle lezyon sinirlarini
farkl bicimde gostermek mumkin olmustur. Bu gérintiler, uygulayicinin normal BT goriintilerini inceleme konusunda deneyimi kisith olsa bile
daha kolay degerlendirilebilmektedir. Bu calismada, operatore daha iyi orientasyon saglama amaciyla paranazal bolgede timori olan iki kedinin
preoperatif BT gorintuleri bicimlendirilmistir. Her iki kedinin intraoperatif bulgular, tGi¢ boyutlu BT ile elde edilen gorintilerin, kafatasi sinirlarinin
belirlenmesini sagladigi icin operasyona hazirlik ve kemik dokudaki defektlerin bulunmasi konusunda yararh oldugunu gésterdi. Ancak, her iki olguda
da, bicimlendirilmis goriintuler, yumusak doku sinirlarini belirlerken detay yetersiz kaldig icin, derin yumusak doku sinirlarini degerlendirmek icin,

normal BT kesitleri kullanild.

Anahtar sézclikler: Bilgisayarli tomografi, Paranazal tiimér, Kedi

originating in the nasal cavity tend to expand and infiltrate
into local tissues, obliterating nearby bone and soft tissue

INTRODUCTION

Nasal and paranasal tumours are rarely seen in cats and
the previously recorded incidences of these tumours are
between 1% to 8.4% ™. The most commonly encountered
type of paranasal tumours in the cat are lymphomas 2. It
is a well known fact that most feline nasal and paranasal

structures &,

Radiography is not recommended for the diagnosis of
paranasal tumors due to superimposition . Computed
tomography images are considered superior to radiography
because they reduce the risk of misdiagnosis caused by

tumours are malignant . Most aggressive tumours
& lletisim (Correspondence)
+90 362 3121919 (1195)
< taylan.onyay@omu.edu.tr
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superimposition of neighbouring structures and provide
better anatomical detail *¢. Computed tomography can
also allow detection of bone lysis and tumour extension to
nearby tissues . Those findings were previously used to
differentiate tumours from nasal inflammation in humans
and dogs P Bone lysis seen as a CT finding is
especially suggestive of neoplasia. Because of
these properties CT has been used to determine
the surgical approach to nasal and paranasal
tumours .

This paper details the clinical, CT and surgical
findings of 2 cats with paranasal sinus tumours.

CASE HISTORY

Both patients underwent complete physical and
clinical examinations with bloodwork including

the frontal bone of the skull, with a mediocre invasion of
the right orbit, pushing the right eye cranially and laterally.
No bone lysis or septal deviation was seen in the nasal bone
or skull, and there was some soft tissue contrast inside the
right frontal sinus (Fig. 2).

complete hemogram and serum biochemistry.

Craniocaudal, laterolateral and dorsoventral
x-rays of the head and two way thorax x-rays of
the thorax were taken. Rhinoscopy could not be
attempted at the 1 case because the nostril was
constricted and failed to yield clear images in
the 2" case.

Spiral CT scans (Xpress/GX model TSX 002a
Toshiba, Toshigi-Ken) of the cats were taken in
sternal recumbency under general anaesthesia.
Image acquisition parameters were 120 kV, 250
mAs, with a slice thickness of Tmm. Window level
was set for 200 HU and window width was set at
900 HU for the assessment both patients. A 64

bit image rendering software (Osirix®, Pixmeo
SARL, Bernex - Switzerland) was used to convert

Fig 2. The mass over the right orbit and nasal bone with no invasion to the nasal
cavity (A) and increase in soft tissue density on in the right frontal sinus (B)

conventional CT images.

Both cats were anaesthesized using the same

protocol for surgery. The anaesthesia was induced with
propofol (6 mg/kg, IV) before intubation and maintained
with isoflurane in oxygen. Both cats received one dose of
Cefazolin (20 mg/kg, 1IV) before surgery. Meloxicam was
used for pain management (0.2 mg/kg, SC). Ringer’s lactate
solution was given during the operation (20 mL/kg/h).
Amoxycillin clavulonate was administered for 7 days to the
1st case (20 mg/kg, PO, BID).

Case 1: A 3 year old, male, mix breed cat was presented to
our clinic with an enlargement of the right eye and a small
mass encompassing the right nasal and frontal area. The
nasal tumour, which was approximately 3 cm in diameter
grew to its final size in about 3 months’time (Fig. 1).

The right submandibular lymph node was extremely large
on palpation. Fine needle aspiration biopsies were collected
from the tumour and submandibular lymph nodes and
sent for pathological evaluation. Cytology results indicated
lymphoma. The CT findings of the patient revealed a mass
originating from just over the right nostril extending up to

Fig 3. No bone lysis or deformation is seen on the 3D rendered image
of the 1+ case
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The patient’s 3D CT rendering showed no lysis to
the bones of the skull (Fig. 3). The patient owner
did not accept chemotherapy due to probable
side effects so the cat was taken into surgery to
improve his quality of life. The tumour had mild
adhesions to nearby soft tissues and bones and
could be easily excised. The exposed frontal and
orbital regions of the skull were intact as was
seen in 3D rendered images. A small sinusotomy
defect was made to irrigate the right frontal
sinus. The soft tissue contrast inside the sinus
was confirmed to be mucous content during
the operation. Pathology identified the mass

as low grade lymphoblastic lymphoma. In the

postoperative period the cat healed fine in 10
days and the stitches were removed. After five

months, the tumour recurred in the same location
and the cat was euthanized in accordance with
the owner’s wishes.

Case 2: A four year old, male, mix breed cat was
presented to our clinic with a large tumoral mass
on the left side of its head. The patient history
was unclear as the cat was mostly free-roaming
and the owner only saw it at the time of feedings.
The cat had bloody-mucoid discharge from
the left nostril. The left eye was enlarged and
slightly exophthalmic and the conjunctive tissue
surrounding it was oedematous and hyperaemic
(Fig. 4). The mass was solid and unmoving during

Fig 5. The mass completely filling and extending outward from the maxillar area, palpation.

obliterating the bone and invading the nasal area completely and slightly deviating

the nasal septum (A). The orbital part of the tumour is pushing the eye laterally, Fine needle aspiration and tru-cut biopsies

invading the nasal cavity and frontal sinus (B)

were performed during short term propofol

Fig 6. Extensive bone lysis on left nasal bone and orbital lamina

anaesthesia. Fine needle aspiration biopsies were
obtained both from the mass and the closest (left)
submandibular lymph node. Cytology results were
inconclusive. Computed tomography images of the head
were taken from the cat’s head to determine the dimensions
and invasion margins of the tumour. The cranial margin
of the tumour originated from both nasal and maxillary
regions, extending caudally to both the frontal area and the
temporal boundary of the left eye. The tumour completely
filled the left nasal cavity, deviating the nasal septum
slightly to the right, the ventral wall of the frontal sinus was
completely obliterated and the frontal sinus was mostly
filled by the mass. Some fluid/soft tissue contrast was also
seen inside the left sphenoid sinus. There was no lysis on the
sinus wall neighbouring the brain. There was also some soft
tissue contrast presence in the right frontal sinus, separate
from the mass. The left eye deviated from the orbit, laterally
and caudally, because of the mass, and there was bone lysis
on the orbital lamina (Fig. 5).

After 3D rendering was done to show the skull, the lysis of
the bony structures could be clearly defined (Fig. 6).

Surgery was chosen as the course of action in accordance
with the patient owner’s wishes after all possible



838

Evaluation of computed tomography ...

complications were explained. Amoxicillin Clavulonate was
administered for 1 week before surgery, until the bloody
discharge dissipated. The mass did not came off easily over
the bone and orbit, necessitating aggressive resection. The
void regions that could be seen in 3D rendered images were
filled with tumour masses. In addition to successfully remove
the tumour, a sinusotomy was performed in addition to
removing some of the remaining bony coverage of the area
and all of the exposed mass was excised. The left eye was
also enuclateated. The tumour’s margins were not very clear
but all of the intra and periocular muscles were removed.
The patient died 4 hours after the surgery due to respiratory
collapse followed by cardiac failure. Histopathological
examination identified the mass as rhabdomyosarcoma.

DISCUSSION

Two cases were presented to our hospital at a relatively
advanced stage of their respective tumours so the clinical
signs were rather obvious in differentiating the disease from
rhinitis. Both had facial deformity, exophthalmus, epiphora,
nasal discharge, and sneezing which are commonly known
clinical symptoms of nasal tumours \. Paranasal tumours
are more likely to be seen in older cats (8+ years), but reports
of younger cases are present . Both our patients were young
adults, 3 and 4 years old respectively, which is common.

The recommended evaluation of paranasal tumour
patients include bloodwork, serum biochemistry, urinalysis
and orthogonal thorax and nasal radiographs . Normal
diagnostic procedure in nasal or paranasal tumour patients
should also include rhinoscopy, biopsy, CT evaluation “’ and
both cases in this report underwent these evaluations.

The most commonly encountered paranasal tumours in the
cat are lymphomas, followed by squamous cell carcinomas 7.,
Fine needle aspiration biopsies were collected from the
closest lymph nodes of both cats in addition to other biopsies
as suggested before ., When fine needle biopsy cytologies
and tumour histopathology were evaluated in the 1%
case, low grade lymphoblastic lymphoma was diagnosed.
However the 2™ case was diagnosed with rhabdomyo-
sarcoma, which originates from striated muscles ©. This
led us to believe the mass did not originate from the nasal
cavity and invade the bulbar area but the other way round.
Though retrobulbar tumours occur rarely in cats, some may
cause bone lysis and invade sinonasal cavities ..

The advantage of CT imaging over radiography is
well known ©¢1% The addition of software that allows
3D rendering of images provide the clinician a better
orientation in our opinion. In our opinion 3D CT images
allow better visualisation of bony structures and make
it easier to determine the margins of the operation. CT
imaging provides “slices” of every possible location on the
scanned locus, 3D software provides a better overview of
the bony structures and simplifies explanation of lesions. In
a recent study, the 3D CT views and prints were obtained
and it was found to be successful in preoperative planning """

In our cases, the rendered images provided a better
orientation in explaining and understanding the extent of
deformation/obliteration on bones, mainly because there
is little or no experience needed for reading 3D CT scans.
In the cases reported here, the 3D rendered images were
useful in showing the outside borders of lesions and
determining the damage on bony structures. This helped
estimate surgical approach beforehand. To determine the
changes in deeper soft tissues we had to rely on cross-
sectional CT images, 3D rendering could not provide a view
of multiple layers of soft tissue. This may be because of poor
rendering technique or limitations of the software used.

In conclusion, 3D rendering was a helpful tool to determine
limits of invasive masses near sinonasal cavities in the
aforementioned cases. But in our cases, only the outline of
the head and skull provided useful images, rendering of soft
tissues did not yield valuable information. Considering that,
we think 3D rendering is a valuable technique when used in
addition to conventional CT for imaging paranasal tumours.
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Abstract

A 12 year old dog was submitted for a routine pregnancy examination. The information received from the owner was that the animal had
been mated 45 days previously. During abdominal palpation, a hard, round mobile structure was detected. Extension of the tumour from
the right ovary into the abdomen was determined by ultrasonography. Hemogram, blood biochemistry, estradiol and serum progesterone
analyzes were performed before surgery. An ovariohysterectomy was performed and 1.6 L of ascites fluid aspirated. A tumour in the right
ovary weighing 1.3 kg was detected. Histopathological examination revealed ovarian papillary cystadenoma. One month after the operation,
the animal showed good general condition, however, five months after the operation, the state of health deteriorated. Euthanasia followed
this, because the metastases were detected in the repeated laparotomy operation. As a result, Increased serum E2 and E2/P4 ratio (3.15), and
sonographically detectable abdominal mass and ascites could be useful for the dectection of the ovarian tumour in bitch. In case of rapidly
growing papillary adenomas, frequent post-operative controls should be recommendable.

Keywords: Bitch, Ovarian tumour, Cystadenoma

Bir Kpekte Ovaryum Tiimorii: Teshis, Cerrahi ve iyilesme

Ozet

Oniki yasinda kdpek gebelik kontroli icin getirildi. Alinan anamnezde kdpegdin 45 glin 6nce ciftlestigi bilgisi verildi. Abdominal palpasyonda
yuvarlak, sert kivamda hareketli bir yapinin oldugu hissedildi. Ultrasonografik muayenede sag ovaryumla baglantili timéral yapinin varligi
saptandi. Cerrahi operasyon dncesi hemogram, kan biyokimya, estradiol ve serum progesteron analizleri yapildi. Yapilan Ovariohysterektomi
operasyonu ile abdomendeki asites aspire edildi (1.6 L). Sag ovaryumdaki timérin 1.3 kg agirhdinda oldugu tespit edildi. Histopatolojik
kontroller sonucunda ovaryum papillar kist adenom tanisini konuldu. Ameliyattan bir ay sonra, hayvanin genel durumunun iyi oldugu,
ancak ameliyattan bes ay sonra saglk durumu kétilestigi tespit edildi. Bu durum ardindan tekrardan yapilan laparatomi operasyonunda
metastazlar tespit edildigi icin 6tenazi uygulandi. Sonug olarak, artmis serum E2 ve E2/P4 orani (3.15) ile ultrasonografik olarak saptanabilen
abdominal kitle ve asides varligi ovaryum timorinin tanisi bakimindan 6nem tasimaktadir. Hizla biylyen papiller adenomlar durumunda
sik post-operatif kontroller yapilmasi dnerilebilir.

Anahtar sézciikler: Kbpek, Ovaryum tiimord, Kist adenom

and especially long-term enlargement of the abdomen .
They can cause symptoms like anoestrus, nymphomania,

INTRODUCTION

Ovarian tumours are rarely found in dogs. They constitute
0.5-1.2% of all tumours detected in dogs. Papillary
adenoma and adenoma carcinoma constitute 40-50%
of these phenomena. The most frequently occuring sex
cord stromal tumours are granulosa cell tumours which
comprise 50% of all ovarian neoplasms .

Clinical symptoms in dogs are: slow moving, lethargy

masculinization, hyperadrenocorticism, alopecia and
occasionaly with mammary complex carcinoma but may
also be asymptomatic 4,

In this case report, clinical, ultrasonographic, vagino-
scopic, radiographic and laboratory findings along with
post-operative and pathological results are presented.
Additionally post-operative recovery and monitoring of

# lletisim (Correspondence)
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a dog suffering from this type of tumour is described.

CASE HISTORY

Medical History and Clinical Findings

A 12 year old Labrador Retriever dog weighing 30 kg was
brought to Near East University Animal Hospital with a
history of abdominal distension and suspected pregnancy.
In the medical history obtained from the owner, mating of
the dog took place 45 days previously, soon afterwards,
the dog calmed down, and her activity declined despite a
normal appetite.

During clinical examination, abdominal extension was
observed and a large structure with hard consistency was
palpated on the right side of the abdomen. The mammary
glands were not enlarged and no secretion was assessed.
Body temperature was 38.6°C.

In the vagina, during vaginoscopical examination,
hemorrhagic and petechial areas were seen. Furthermore,
ulceration areas and local bleeding were observed
towards the longitudinal folds of the vagina.

During ultrasonographic examination, the animal was found
not to be pregnant, and the uterus showed physio-logical
structure and dimension (Fig. 7). In contrast, a structure
with knotty-wavy-cauliflower like appearance, most
probably related to the right ovary, filled the abdomen (Fig.
2). Connection to other organs could not be excluded sono-
graphically. The presence of anechogenic areas indicated
fluid accumulation in the abdomen. A hyperechogenic
structure and distinct boundaries of the intestine were
determined free floating in the abdominal fluid.

No pathology was observed in 3-way chest radiography
of the patient, however, peritoneal effusion and loss of
details because of moderate accumulation of free fluid
in the abdomen were assessed. Slight enlargement of

Fig 1. Wavy appearance of ovarian tumours in front of the cornu uteri
(cu) and urinary bladder because of liquid accumulation

Fig 2. Round slightly wavy ovarian tumour in front of the urinary
bladder and extended into the abdomen (surrounded by arrows)

Fig 3. Radiography of the abdomen: Loss of details because of liquid
accumulation

sternal lymph nodes were identified (Fig. 3).

The haematological parameters were analyzed using an
automatic analyzer (BC-2800Vet, Mindray, Shenzen, China),
Serum biochemical analyses were measured by using
commercial assay kits (Randox Laboratories Ltd., UK; Mindray
Chemistry Reagents, Shenzen, China) and an automated
blood chemistryanalyzer (BS120, Mindray, Shenzen, China).
Competitive ELISA test was used for serum progesterone
(P4) and estradiol concentration measurement (Demeditec
DE1651 Lot. 23K035, Kiel, Germany). Total blood analysis
revealed an elevated number of white blood cells (WBC)
(36.60x10°) and granulocytes (36.60x10°), albumin was
low (1.61 g/dL), and haematocrit value was below normal
limits. Estradiol and serum progesterone values were 119.06
pg/mL and 37.70 ng/mL, respectively (E2/P4 ratio: 3.15).

Operation

General anesthesia was induced with propofol. After
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Adhesions between mesometrium, mesovary and the ovary

Fig 4. a- The tennis ball-sized tumour in the right ovary (arrows), b- No pathological changes or thickening in the uterus (arrows), c-

Fig 5. Cystic (arrows) and papillary structures (arrowheads) surrounded
by a fibrovascular stroma. H&Ex100

intubation, anesthesia was maintained by means of
inhalation of sevoflurane. The operation was performed by
routine ovariohysterectomy method. First free abdominal
fluid was aspirated (1.6 L). Then two tumours were
detected, one which is a tennis ball-sized mass in the
right ovary was removed by ligaturing (Fig. 4a). The
uterus did not show pathological changes (Fig. 4b).
Adhesions between mesometrium, mesovary and the
ovary were determined (Fig. 4c). The second tumour which
completely removed from in the same ovary weighed 1.3 kg
(20x16 cm).

Histopathology

Histopathological examination revealed ovarian papillary
cystadenoma. The tumour was characterized by the
presence of cysts and proliferation of papillae, both lined
by single- or multi-layered cuboidal to columnar epithelial
cells. The neoplastic epithelial cells with pale eosinophilic
cytoplasm, distinct cell margins, round to ovoid nuclei,
and prominent nucleoli were arranged mainly around

the cystic and papillary structures, and surrounded by a
fibrovascular stroma (Fig. 5).

Patient Monitoring and Postoperative Findings

No problems were encountered during the post-operative
week, the patient’s general condition and appetite
returned to normal. One month post-operative control
of the blood profile, revealed an increased. Five months
after the last clinical examination and blood testing, the
owner brought his animal to the clinic, since the animals
state of health had suddenly deteriorated. Blood analysis
showed that BUN (8.27 mg/dL) and UREA (17.50 mg/dL)
were decreased. The lymphocytes were (8.10%) decreased,
and WBC (21.20x10%L), granulocyte (19.30x10°/L-89.40%)
and eosinophiles (1.70%) increased. In ultrasonographic
examination, metastasis-like formations were detected
in the spleen, kidney and other organs. Laparotomy was
performed, and tumours were found in the spleen, kidney
and all intestines. The animal was euthanized on request of
the owner of the animal, however.

DISCUSSION

In bitch, mated 40-45 days ago, recent enlargement of
the abdomen and since the general situation of the dog is
normal, dogs are usually examined for pregnancy. Similarly,
in some articles>*%! it is mentioned that no deterioration
was seen in the general situation of the patient and dogs
were brought to controls only due to excess enlargement
of the abdomen.

During the abdominal palpation, at the right side a bulk,
rigid, round and large structure was assessed. In some
reports it is stated that ovarian teratomas can be localized
by abdominal palpation?.In the presented case, additional
soft structures inside the large rigid mass prevented the
definitive diagnosis of ovarian tumors.

In the presented case, sonographically round, hetero-
geneous, hypoechogenic and locally anechogenic regions
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were detected on the ovary. If the diameter of the tumour
is larger than 10cm, it is difficult to determine whether the
tumor originates from the ovary or other organs "; however,
similar ultrasonographical findings were described in cases
of ovarian teratomas 2.

During laparotomy, increased amounts of peritoneal fluid
were detected and 1.6 L were aspirated. In the right ovary,
a mass with 20cm diameter was seen. The tumour had a
weight of 1.3 kg. Tumours of the ovary have previously
been described to reach diameters from 1.5 cm to 25 cm
and up to 3.3 kg weight "7},

Clinical symptoms frequently comprise recurrant vaginal
secretions, caused by ovarian tumour derived progesterone
and estrogen, and leucocytosis . In this case, no external
vaginal secretion was detected during clinical controls.
However vaginoscopically, blood and ulceration areas in
the vagina were seen. Serum-estradiol was 3 times higher
than P4, which is reflected in the appearance of the vagina.
Unfortunately, no literature exists, whether P4 values
being 3 times the E2 values have any diagnostic value in
these cases, this warrants further investigation.

During pathological examination, irregular cystic, papillary
areas and neoplastic cells were detected and histologically,
a papillary cyst adenoma was diagnosed. The most
frequently seen ovarian tumours are cyst adenomas .
During the operation, two tumours on the same ovary
were detected; one had the size of a tennis ball and the
other 20x16 cm in diameter. Previously tumours have
been detected on both ovaries, but not several on one
ovary P, Excessive growth of ovarian tumours covering
the peritoneum, including ovary and bursa ovarica was
reported in several cases "% In benign tumours, like
papillary cyst adenomas, a grossly enlarged tumour
incorporating the salpinx extends into the abdomen is
characteristic.

The post-operative state of health of the dog was satisfying
and improved continuously. Laboratory tests carried
out one month later revealed that the blood parameters
were normal. It is known that papillary adenocarcinomas
metastasize into the kidney, mesenteric lymph nodes and
lungs ', However, in this case, the diagnosis was papillary
cyst adenoma which is supposed to be a benign tumour.
In the presented case, 6 months after the operation,
the general situation of the dog deteriorated. During
laparotomy, adherence to other organs and metastases

in peritoneum, spleen and mesenterium indicate bad
prognosis; in these cases, if the general health status of
the patient is bad, euthanasia should be recommended.
In one study, 30 days after operative removal of a
papillary adenocarcinoma, no metastases were assessed
radiographically . In our case, controls were made
after 30 days, however, changes indicating metastases
occurred thereafter. Controls in different intervals are
recommended after the operation; in case of metastases,
chemo-immunotherapy may prolong the animal’s life .

In conclusion, any enlargement of the abdomen together
with elevated estrogen might indicate an ovarian tumour.
In our case, increased serum E2 and E2/P4 ratio (3.15),
and sonographically detectable abdominal mass and
ascites were additionally assessed. Some cases with a
history of previous mating are typically introduced for
pregnancy control. In case of rapidly growing papillary
adenomas, frequent post-operative controls should be
recommendable.
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Abstract

A 4-year old crossbred Pointer, with observable vaginal prolapse was brought to our hospital at the 47th day of gestation. The prolapse
reoccurred next day despite of the vulval suturing. During the examination of the prolapsed mass towards the cranium via palpation, it was
observed that gestational sacs and urinary bladder were also in the prolapsed mass as well. Ultrasonographic imaging of the tissue revealed
that puppies were presented into one-third section of the prolapsed vagina and there were no signs of vitality in the puppies. Although it
is rare, vaginal prolapse might occur in association with simultaneous dilation of urinary bladder with a part of uterus in the third trimester
of the gestation in dogs. In this case, the probability of true vaginal prolapse during gestation was restated and it was revealed that as an
innovation ultrasound was a beneficial and guiding technique for the diagnosis of this case.

Keywords: Bitch, Pregnancy, Ultrasonography, Vaginal prolapse

Bir Disi Kopekte Goriilen Gercek Vaginal Prolapsus Olgusunda Tani ve
Ultrasonografik Bulgularin Degerlendirilmesi

Ozet

Dért yasli, Pointer melezi bir kdpegin kontrolleri sonucunda gebeliginin 47. glintinde oldugu ve ilk muayenede vulva dikisi uygulandigi halde
vaginal prolapsusun tekrardan sekillendigi tespit edildi. Prolabe olan kitlenin kaudalden kraniale dogru yapilan palpasyonunda, kitle icinde
yavruya ait boltimler ve idrar kesesinin oldugu tespit edildi. Dogrudan prolabe olan kitleye yapilan ultrasonografik muayenede yavrularin
prolabe vaginanin ilk licte birlik bolimiinde bulundugu ve 6lu olduklari belirlendi. Kopeklerde cok ender de olsa, gebeligin son Ugte birlik
doneminde prolapsus vagina olgularinin uterusun bir bolimund ve idrar kesesini de icine alabilecek sekilde gelisebildigi gorilmustir. Bu
olguda kopeklerde oldukca az karsilasilan gercek vaginal prolapsus olgusunun gebelikte gelisebilecegdi bir kere daha gosterilmis olmakla
birlikte, yenilik olarak, benzer olgularin tanisinda olayin derecesi ve ciddiyetini belirlemede ultrasonografinin yararli ve yol gdsterici olarak
kullanilabilecegi gosterilmistir.

Anahtar s6zciikler: Kbpek, Gebelik, Ultrasonografi, Vaginal prolapsus

While vaginal hyperplasia or vaginal fold prolapse is
observed mostly during the term close to estrus; true
vaginal prolapse usually occurs antepartum in dogs 4.

INTRODUCTION

True vaginal prolapse might occur in dogs during

pregnancy and is correlated with low levels of progesterone,
together with elevated levels of estrogen ", True vaginal
prolapse is the complete protrusion of vagina with cervix
out of vulva and is commonly associated with dilatation
of the urethral orificium and prolapse of other organs 23,

No other organ observed on the vaginal prolapse besides
protrusive oedamatous vagina. In spite of the vaginal
mucosa, protrusion of urethral orificium is observed in
Type Ill vaginal prolapses ¥\ True vaginal prolapse cases
are observed rarely in bitches. Whilst vaginal prolapse Type
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Il cases were defined during pregnancy and especially
on the last trimester of gestation. However; case reports
presenting vaginal prolapse together with partial uterine
prolapse are extremely rare and our purpose is to present
this one.

CASE HISTORY

A 4-year old crossbred Pointer weighing 18 kg was referred
to our hospital; it was assessed to be at the 47" days of
the gestation. Despite of suturing in the first inspection
vaginal prolapsus (VP) were determined.

One day previously a mass was detected and prolapsed
mass is rejected and vulva suture was applied in any clinic.
The vagina is protruded completely due to tenesmus
and also green flux from orificium uteri externa were
observed (Fig. 1). Prolapsed vagina was approximately 17
c¢m in length and 9 cm wide. When the prolapsed mass
were examined by external cranial palpation; various
body parts of puppies determined to be inside this mass
and also urinary bladder was observed to be protruded.
Ultrasonography (USG) were performed directly on the
tissue (Mindray®DC-N3Vet; 5.0 MHz; convex probe); puppies
were revealed to be attached to the first third of the
prolapsed vagina and showing no signs of vitality (no
heartbeat or movement detected). The vagina was also
shown to be interlocked with the cranial part of the uterus,
with its boarders clearly defined (Fig. 2). Ultrasonography

‘ Fig 1. Appearance of vaginal prolapse

DC-N3 Vet

-

Fig 2. Ultrasonographic view of the prolapsed uterus and vagina

The sternum and some organs
s can still be selected for the fetus

Fig 3. Abdominal ultrasonographic image of the fetus ‘

examination of the abdomen presented osteoid sternum-
like structures, but still no fetal movement or heartbeat
were detected. Slow movement from caudal to cranial
with the ultrasonography probe, revealed that the uterus
continued behind the symphysis pelvis (Fig. 3).

Following the consideration of blood tests (WBC
35.2x10%/L, oestradiol 17-3 measured value 2 days after
the prolapsus is 23.5 pg/mL) and the request of the patient
owner dead foetuses and prolapsed tissue were removed
via “cesarean section”. Prior to the surgery part of the mass
were rejected to inside. The incision was made in line with
linea alba. Uterus were removed without hysterotomy
(Fig. 4), and following the removal four dead puppies with
approximately 8.0x3.2 cm dimensions were detected.
Prolapsed uterus section have revealed enlargement of
the cranial region and an increase in the levels of oedema
(Fig. 4). The prolapsed part of the vagina had shrunk
completely within one day post ovariohysterectomy. 3
day after surgery, no VP was observed externally; in spite
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Fig 4. Oedema and color change in the right uterine corn which is a
prolapsed (arrows)

of this the patient were transferred to the our hospital
department of surgery for cystopexy and uteropexy
procedures since the previously rejected urinary bladder
was still partially prolapsed and could be easily seen
externally. Urinary bladder was rejected during surgery
and returned to its anatomical position were performed
according to Mc Namara et al.l®. After consultation, the
bladder was reported to have regressed one day following
the subsequent examinations revealed that the dog had
fully recovered.

DISCUSSION

True vaginal prolapses are cases with protrusion of vaginal
walls, urinary bladder, uterine tissue and/or distal part
of colon. Cases accompanied with vaginal prolapse and
uterine prolapse are extremely rare [,

Even though exact etiology is not known, vaginal
prolapses are more frequently encountered during
terms where oestrogen levels are elevated such as cystic
ovary ), exogenous oestrogen application ¥, granulosa
cell tumors ® and follicular phase ¥ of sexual cycle. In
addition, factors like relaxation of ligaments due to
aging ¥, abdominal pressure increase due to gestation
and ascites, trauma "% causes vaginal fold prolapse. It
is more appropriate to define cases which are regressed
at dioestrus and neither vaginal hyperplasia nor true
prolapse as vaginal fold prolapses '"". No neoplastic tissues
were observed in this case. Vaginal prolapse cases are
considered to be based on oestrogenic influences when
rejected before arrival to the clinic and true vaginal prolapse
is considered to be developed due to internal pressure
which is caused by uterine contractions continued after
vulva suture application. The potential for vaginal prolapse
development is reported to be starting from estrus (or end
of proestrus) until almost the end of gestation 1", In this
case, true vaginal prolapse is determined as developing at

a time near the parturition. Concannon et al.'* revealed
that progesterone (P4) serum values are around 4.5+0.6
ng/mL nearly 120 h before postpartum. Having 5.6
ng/mL P4 values indicates that the cases occur closer to
parturition. Other publications report that true vaginal
prolapse occurs during a period near postpartum where
P4 values start to decrease and oestrogen values begin to
increase “'*1%], In the present case, it was easy to diagnose
since puppies could be palpated on first one third caudal
part of clinically prolapsed vagina and a second layer
with palpation. Also, this shows that determination using
ultrasonographic imaging diagnosis of partial uterine
tissue engaged in vaginal prolapse at the caudal region of
the mass is possible. Determination of additional foetus and
other parts of uterus on the caudal parts when abdomen
was palpated to the caudal of pecten pubis shows that
part of the uterus remaining in cranial was prolapsed
with vagina. Vaginal prolapses can be easily diagnosed
with identification of protrusive cyclindiric part "%, As
understood from published cases that prolapsed uterus
with vagina is revealed after operation ™. This case reveals
diagnosis of true vaginal prolapse with palpation and
especially through the use of ultrasonographic imaging
techniques. There are many publications regarding
pathological and physiological changes of the uterus with
ultrasonographic '”; however, to our knowledge this is the
first account regarding the determination of true vaginal
prolapse using USG.

In previous reports in cases of true vaginal prolapse
or vaginal fold prolapse upon determination of both
live and dead puppies via ultrasonography; generally a
ovariohysterectomy were performed *'°. In this case the
reason for surgical intervention were the death of the
foetuses and the failure of the repositioning of the tissue(s).
While excessive tenesmus related to dystocia causes
prolapse, stenosis related to dystocia on reproductive
canal reported to be possibly prevents repositioning the
organ .,

As aresult, it is concluded that, even though it is extremely
rare in dogs, during the last third term of gestation, a
part of uterus and bladder may be dilated accompanied
with vaginal prolapse. In this report possibility of
development of true vaginal prolapse in the pregnancy
period were represented, and benefits and guidance of
ultrasonographic method in the diagnosis of such cases
are revealed.
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Abstract

Canine parvovirus (CPV), the etiology of hemorrhagic enteritis in dogs, was first isolated as CPV type 2 (CPV-2) almost 40 years ago, and was soon
replaced by the emergence of new variant types. The major viral capsid proteins encoded by the VP2 gene are the sites where amino acids are
often substituted, accounting for the unusual nature of this type of DNA virus. The alteration of specific residues has contributed to different
antigenic variants which have affected the evolution of virus binding and host immunity to this virus. Sequence analysis of the VP2 gene and
subsequent characterization have revealed three circulating CPV-2 strains, CPV-2a, CPV-2b, and CPV-2c¢, identified by mutations at amino acid
residue 426. The latter strain displays increased pathogenicity in dogs and an extended host range. The present review article aimed at updating
contemporary information on epidemiological studies and surveys from CPV field work. Moreover, we pointed out some sensitive and rapid
diagnostic tools for detecting CPV in clinical samples, techniques which will be useful for health monitoring and management of CPV with
currently available vaccines.

Keywords: Canine Parvovirus, CPV type 2, Genetic Variation, VP2 Gene, Mutation, Dog

Koépek Parvovirusu Uzerine Bir Giincelleme: Képek Konakg¢iya Etki Eden
Genetik Varyasyonlarin Molekiiler ve Genomik Ozellikleri

Ozet

Koépeklerde hemorajik enteritin etiyolojik etkeni olan Canine parvovirus (CPV) neredeyse 40 yil 6nce ilk olarak CPV tip 2 (CPV-2) olarak izole edildi
ve hemen sonrasinda ortaya ¢ikan yeni varyant tipler CPV tip 2'nin yerine gecti. VP2 geni tarafindan kodlanan major viral kapsid proteinler ayni
Spesifik yapilardaki degisimler farkli antijenik varyantlarin olusmasina katkida bulunarak bu virsiin baglanma ve virusa karsi konakgl
bagisikliginin degismesini etkilemistir. VP2 geninin sekans analizi ve takibinde karakterizasyonu, 426. amino asitte mutasyon ile sekillenen CPV-
2a, CPV-2b ve CPV-2c olmak uizere dolagimda 3 farkli CPV-2 susunun oldugunu gostermistir. CPV-2c kdpeklerde artmis patojenite ve daha genis
konakgr yelpazesi gostermektedir. Bu derlemede giincel epidemiyolojik calismalar ile CPV saha calismalar hakkindaki bilgilerin giincellenmesi
amaclanmistir. Ayrica, klinik 6rneklerde CPV'nin tanisinda kullanilmak suretiyle saghk taramasinda faydali olabilecek ve mevcut asilarla CPV'nin
kontrol altina alinmasinda faydali olabilecek bazi hassas ve hizli tani yontemleri degerlendirilmistir.

Anahtar s6zciikler: Canine Parvovirus, CPV tip 2, Genetik Varvasyon, VP2 Geni, Mutasyon, Képek

INTRODUCTION (raccoons), and Felidae (cats, lions, tigers, and cheetahs) M.

This viral disease is very common in unvaccinated dogs
Canine parvovirus (CPV) is a contagious, life-threatening  living in densely populated areas. The transmission of CPV
viral disease in young dogs, with a wide host range in  is mediated by persons, animals, and fomites that come
many mammalian families: Mustelidae (ferrets, minks, and  in contact with infected secretions or materials, such as
badgers), Canidae (dogs, foxes, and wolves), Procyonidae  feces, blood, food bowls, clothing, or bedding. The most
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clinically significant forms induced by CPV are hemorrhagic
enteritis, or bloody diarrhea. The general clinical signs
may present as anorexia, depression, vomiting, fever, and
mucoid or watery diarrhea. In severe cases, dehydration
and hypovolemic shock may occur. The mortality rate in
puppies can reach more than 70%, whereas the rate in
the adults is less than 1% ™. Canine parvovirus replication
occurs in host cell nuclei and requires rapidly dividing
cells of fetuses, newborns, lymphoid tissue, and intestinal
epithelium of animals. The CPVs spread easily and are
highly stable in the environment, able to survive in harsh
conditions for about six weeks ",

Puppies without or inadequate titer of maternal-derived
antibody (MDA) to this virus are prone to be infected . In
any circumstances, healthy dogs or infected dogs with
hemagglutination inhibition (HI) titer of 320 or higher
are suggested to be protected from virus replication ™.
With sufficient protective immunity, the feces of dogs
challenged with CPV-2 remained undetectable of CPV
DNA by real-time PCR if they had the Hl titer level of 320 of
MDA ™. In case of a low Hl titer, such as 160 and lower, active
CPV can be demonstrated by utilizing a reliable, sensitive
method such as real-time PCR to detect the presence
of the viral genome 7.,

CANINE PARVOVIRUS AND ITS
GENOMIC ASPECTS

Canine parvovirus is a DNA virus and a member of the
Parvoviridae family. This virus family consists of two
subfamilies, Parvovirinae and Densovirinae. According to
available information, Parvovirinae viruses are able to infect
vertebrate hosts, while the latter subfamily can only infect
insects. Currently, the Parvovirinae subfamily is comprised
of eight genera, namely Amdoparvovirus, Aveparvovirus,
Bocaparvovirus, Copiparvovirus, Dependoparvovirus,
Erythroparvovirus, Protoparvovirus, and Tetra parvovirus .
The unique viruses in the genus Parvovirus are canine
parvovirus (CPV) and feline panleukopenia virus (FPV),
which are now well characterized .

Parvoviruses are non-enveloped viruses, single-stranded
DNA approximately 25 nm in diameter. The parvovirus
genome consists of approximately 5,323 nucleotides .
The full length of the viral genome contains two large
open reading frames (ORFs). The first ORF is encoded for
two nonstructural proteins (NS1 and NS2). The second ORF
is built up of three structural proteins or capsid proteins
(VP1, VP2, and VP3) through an alternative splicing of
the same mRNAs B!, The parvovirus capsid is icosahedral
and consists mainly of 60 subunits of the polyproteins
VP1 and VP2 859, VP3 is a product of VP2 from virus—host
interactions when cleaved by proteolytic enzymes ©..

The global distribution of contemporary CPV is thought to be
divergent from canine minute virus (CnMV) .. This virus,

formerly known as canine parvovirus type 1 (CPV-1),
has caused neonatal death in puppies ®. It has been
documented that CPV-1 emerged from feline parvovirus
(FPV) and has been circulating worldwide since the 1970s ",
A few years later, the first CPV-2 isolates were discovered 1'%,
CPV-2 causes severe hemorrhagic gastroenteritis in dogs,
as well as myocarditis '".

The evolution of the original CPV-2 was established in
the mid-1980s . Since that time, the original CPV-2
(simply called “CPV-2") has been completely replaced by
alternative variants, the first two of which are known as
CPV-2a and CPV-2b ™, This phenomenon suggests that CPV-
2 has evolved a highly fit conformation . In 2000, a new CPV
subtype, CPV-2c, was detected, and it is now confirmed
to be co-circulating with the other presenting subtypes .

At present, the antigens or subtypes of CPVs can be
systematically identified using certain amino acid residues
positioned within the VP2 protein. The antigenicity of
CPVs, which determines the host range, is associated with
VP2 capsid proteins. There is an antigenicity difference
frequency of CPV-2a/2b detection 5. The introduction
of the CPV-2c strain was reported in 2001 "'®, CPV-2c is more
widespread in South America '8, with the exception of
Brazil where all circulating strains were characterized as
CPV-2a or -2b 2%, few CPV-2c strains have been detected
in India 222,

The VP2 protein is a favored location for mutations. This
protein accounts for interactions with host transferrin receptor
(TfR). Once alterations become permanent, the affinity to
canine TfR could be significantly enhanced "%, The favora-
bility of mitotically active tissues, such as actively dividing
intestinal cells and myocardiocytes in canine puppies,
leads to the pathogenesis of CPV infection because the
transferin receptors are highly expressed in those cells 2%,

CANINE TRANSFERRIN RECEPTOR
(TFR), AND CPV RECEPTOR
RECOGNITION

The adaptation of receptor binding to canine transferrin
receptor (TfR) type-1 has resulted in the extension of the
host range of this virus, which for the newer antigenic
types now includes both dogs and cats '"**?¢. Canine
parvovirus has evolved its ability to bind the TfR type-1 by
naturally occurring mutation of capsid protein (VP2) which
conferred small local changes *”. The binding of the canine
TfR plays a critical role in the canine parvoviral infection 2.
The TfR-capsid interaction depicted asymmetrical docking
conformation %39, |t js postulated in vitro study that
binding of viral capsid to canine TfR, required only a small
number of TfR (one to five TfRs per capsid) in initiation of
infection 12°37),

The alteration of hydrogen bonds and amino acid sub-
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stitution at position 300 of VP2 are likely to cause a great
susceptibility of the host receptor in binding of the viral
particles 2732, Adjacent to residue 300, replacement of
Gly299 (G299) increased hydrogen bonds with aiding
in the flexibility of capsid surface loop .. The single point
mutation between two AA residues is unlikely to cause the
major change in protein structure, but this phenomenon
can enhance the thermodynamic properties or entropy of
surrounding AAs 2733 and further influence the interaction
between viruses and TfR.

The CPV-2a, which has descended from CPV-2, has a
broad host range of both domestic and wild carnivores 7.,
The certain substitution of AAs on the exterior surface
of VP2 (G299K/A300K) has demonstrated the efficient
binding to the receptor and eventually allowed virus
entry into both feline and canine cells 2%. Within the virus-
binding region of canine TfR and closely related canids
(e.g. coyotes, and gray wolves), the glycan molecules at
glycosylation site has been discovered to influence the
binding of the virus thus promote the infection of canine
cells 223435 The presence of glycosylation site prevents
binding and infection of FPV-like virus in dogs, but this event
was later overcome by antigenic variants of CPV-2 (323638]
suggesting that a specific Gly300 residue has some
potential to bind efficiently to canine TfR 2. The changes
of specific AAs of three-fold spike of new antigenic CPV-2a,
-2b and -2c (e.g. AA # 87, 101, 297, 300, and 305) resulted
in the cross-species viral transfer and adaptation to new
hosts 28, while the differences of AA residue 426 dictate
antigenic variants of CPV-2 8, The mutation at AA residue
300 (e.g. Trp300), and its neighboring AA residues 299 and
301, has rendered CPV non-infectious for a dog with an
exception for other animal species (e.g. cat and fox) B2, It
is important to note that AA position at 300 of VP2 proteins
may be considered as a key determinant of CPV host tropism
through TfR binding " and even more about the pandemic
emergence of CPV/ 124273239401,

The study of glycosylation found at TfRs of some carni-
vorous animals demonstrated the variation in patterns
in which highly suggesting that the presence of glycan
of domestic dog TfR forces the susceptibility to CPV B2,
The binding of AA residues near the 3-fold spike of VP2,
especially residues 299 to 301, with TfR required the
change of residue 300 (A300G) of virus to gain access to
dog host, whereas there were some evident dictated
that the mutation of residue 299 (G299E) or residue 300
(A300D) causing reduced binding and infectivity of canine

TfR [24,29,31,32,38,40]

Table 1. Frequent amino acid mutation sites found in full-length VP2 genes of canine parvovirus

AMINO ACID CHANGES AND CPV
TYPE 2 VARIANTS

The emergence of new CPV-2 subtypes, specifically
CPV-2c¢, has drawn attention to how well they fit to the
canine host. CPV-2c is thought to have a less severe clinical
course and a lower mortality rate, as observed in dogs
infected with the Glu-426 mutant (currently known as CPV-2c)
compared with outbreaks caused by CPV-2a and CPV-2b 1641,
The alterations of amino acids (AA) in the VP2 protein at
specific residues - asparagine to glutamic acid (N426E)
and aspartic acid to glutamic acid (D426E) - as determined
by the antigenicity of antibodies has resulted in different
antigenic detection of monoclonal antibodies, as shown in
many studies ©''#2 (Fig. 1). From the perspective of humoral
immunity, the monoclonal antibodies (mAbs) A4E3 and
C1D1 could recognize this novel antigenic determinant
occurring within the major antigenic sites of VP2 in the
CPV-2 virus 3, The other site in VP2 where alterations
are often detected is the amino acid residue at the 440
position. The threonine to alanine mutation (T440A) is of
interest since it is located in close proximity to the Glu426
residue in the major antigenic site, or epitope A, found on
the three-fold spike of the CPV capsid protein ©.,

Indeed, progressive changes inside the capsid protein
(particularly VP2) have been occurring throughout the past
three decades, and these changes are continuing; however,
the transformation seems rather small ™. Changes at the
426 amino acid residue may account for the spread of all
CPV-2 subtypes. The new mutant VP2 structure may improve
the biological properties of the virus, contributing to canine
host adaptation, stabilization of the VP2 capsid structure, and
enhanced antigenic escape from monoclonal antibodies **.

Many studies have identified the changes in amino
acid residues located within the full-length gene encoding
the main capsid protein VP2. Here, we list some of these
changes in amino acids (Table 1). It is currently unknown
whether the various new mutants, such as S297A, D426E, or
T265P, are also associated with altered receptor binding ",
Analysis of the VP2 protein has shown that all CPV-2c
strains and sequenced CPV-2a/2b strains retain the AA
changes of the variants with respect to the original CPV-
2 (M87L, 1101T, A300G, D305Y, N375D) and display the
S297A mutation typical of the recent CPV-2a/2b isolates ..
The most relevant change was at T440A, which was
encountered in one United States. type 2c strain (110/07-
27), but also in two type 2a lItalian strains (333/05 and

compared with a reference strain (accession number

M38245)
87 101 267 297 300 305 324 375 389 418 426 440 555
N426D
M87L 1101T F267Y S297A A300G D305Y Y324l N375D T389N 1418T NA26E T440A V555I
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80/08) 1. This change was also present in some reference
isolates, CPV-2a (northern India) and K022 (South Korea)
and CPV-2b LCPV-V204 (Vietnam) “L, In contrast, strain CPV-
2b 311/04 (Italy) displayed a different change at the same
position (T440N) and a further change in a nearby residue
(D434V) ¥,

The GH loop, situated between the G and BH strands of
the capsid surface (VP2) of the parvovirus, is formed
by residues 267 to 498. This region contains sites with
the most variability, influenced by its presentation on
the capsid surface "%, Aside from amino acids 297 and
440, changes detected in the GH loop of the VP2 protein
of CPV-2c were R274K, F420L, N421Y, and V463l, of which
the change at position 463 has been identified in a Korean
CPV-2a isolate .,

PREVALENCE OF CANINE
PARVOVIRUS TYPE 2 VARIANTS

A new antigenic variation, carrying the AA substitution
Asp426Glu (D426E) in the major antigenic site of the viral
capsid protein VP2, was first reported in 2001 by a group of
Italian virologists 4. This newest variant, designated CPV-
2¢, has already been detected in other European countries,
as well as in Asia, Africa, and the Americas. Five AA changes
are present in the VP2 capsid protein, while the antigenic
differences observed in CPV-2b are the consequence of
only one AA substitution (Asn426Asp; N426D) located in
the major antigenic site of the capsid (epitope A) (Fig. 1).
CPV-2, on the other hand, replicates poorly in feline cells
in vitro; however, this finding was not in accordance with
the results of an in vivo study of live cats ['". CPV-2c displays

a low genetic variability and shared amino acid changes
already detected in recent CPV-2a/2b isolates ..

The prevalence of CPV-2 subtypes has been intensively
studied at only a few laboratories. The majority of reports
were derived mainly from countries in Europe, America,
and Asia, where there are suspected endemic areas. We
have collected information from a public dataset, which
is summarized in a phylogenetic tree (Fig. 2). The
phylogenetic clusters accounting for the geographical
distribution were created using selected full-length amino
acid sequences of the VP2 capsid protein (full 584 AAs)
from various types of viruses (FPV, CPV-2, CPV-2a, CPV-2b,
and CPV-2¢) with the corresponding GenBank accessions
(Fig. 2).

CPV-2c has been identified by sequencing at the major
antigenic variation within the VP2 capsid. CPV-2c is the
dominant and most prevalent type of CPV-2 that has been
spreading in Argentina “*°°31 Ecuador %, Uruguay *?,
and Rio de Janeiro, Brazil ¥, In Colombia, the presence of
the antigenic variants CPV-2a/2b with a possible new CPV-
2a are currently circulating 5,

In the United States and Mexico, CPV-2 types have been
documented as CPV-2, CPV-2b, as well as CPV-2¢ 165355 |n
Asia, CPV-2a and 2b are currently predominant in Japan 67,
Taiwan 8% and South Korea ©°5", |n Vietham, CPV-2¢
is often used as a reference strain for the naturally occurring
Vietnamese HNI-4-1 prototype “*. In Thailand, dog popu-
lations are often crowded into urban and metropolitan
areas such as Bangkok and Chiang Mai. It was previously
reported that CPV-2, CPV-2a and CPV-2b were the
pre-dominant types found in Bangkok and the vicinity ©°.

Residue 426

PDB: 2CAS

B

CPV-2a CPV-2b

D426

CPV-2c
E426

N426

Fig 1. Amino acid variations in capsid protein (VP2) of canine parvoviruses (CPV). (A) Surface representation
structures of VP2, with residue 426 highlighted in red and nearby amino acids shown in lime green. Enlarged
views of the 426 position are provided. (B) Graphical representation of VP2 capsid protein depicts the 3
strands of the eight-stranded antiparallel B barrel (red), a helices (blue), and loops (green) in the structure.
The N-terminal is labeled ‘G37’and the C-terminal end is labeled ‘'Y584" Magnified views of the original residue
426 from CPV-2a (N426), or substituted residues in CPV-2b (D426), and CPV-2c (E46), which account for CPV-2
variants, are shown with stick configurations. This graphic is derived from PDB accession number 2CAS
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CPV-2a

I\TTI\AC TTTAACC TTCC TGTAACAAATGATAATGTATTGC TACCAACAGATCCA
5 ] CN O p -V

415 426 435
I I |

CPV-2b

415
|

CPV-ZC

ATTAACTTTAACCTTCC TGTAACAGAAGATAATGTATTGC TGCCAACAGATCCA,
BN N F N EEmm P T HENEDE N SV T I

GQ379045 Thailand
95| GQ379046 Thailand
GQ379048 Thailand

Fig 2. (A) Representative sequenc-
ing chromatograms of CPV-2a, -2b,
and CPV-2c. The partial nucleotide
sequences at residue 426 are
labeled in order to compare the
different amino acid substitution
among the three strains. (B) Phylo-

—
0.002

C

4l JF906788 Uruguay CPV-2a genetic analysis based on selected
21 DQ340434 Brazil GenBank complete VP2 amino acid
FJ869126 Thailand sequences of FPLV and CPV viruses
AB120727 Vietnam I S of various CPV-2, CPV-2a, CPV-2b,
67! FJ222821 Italy and CPV-2c strains. (C) Multiple
36 FJ869122 Thailand amino acid sequence alignment
99 _| M74849 Italy CPV-2b of the Fomplgte VP2 gene, with
521 M74852 Italy the amino acid at position 426
M24000 Uruguay highlight. (B) and (C) are made

T' M24003 Uruguay I FPLV from the same dataset

L— M38245 USA I CPV-2b
GU212792 Quantum Vaccine
ﬁgo Primodog Vaccine | CPV-2
64'GU212791 Vanguard Vaccine

370 380 30 00 410
Consensus ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYP EC—:DHIONINFNLPVTNDNVLLPTDPIGGKTGINYTNIFNT
oy m it t
Seauence Logo m2 E QAA]XiD R\AF R K GE‘[ EmYIAH GR\ “
|

1. M24000 'FPLV ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDHIQNINFNLPVTNDNVLLPTDPIGGKTGINYTNIFNT
2. M24003 ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTNDNVLLPTDPIGGKTGINYTNIFENT
3. GU212790 QAADGEPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTNDNVLLPTDPIGGKTGINYTNIENT
4.GU212791 flVaccine ENQAADGEPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTNDNVLLPTDPIGGKTGINYTNIENT
5. GU212792 ENQAADGEPRYVFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTDDNVLLPTDPIGGKTGINYTNIENT
6. GQ379046 ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTNDNVLLPTDPIGGKAGINYTNIENT
7.GQ379048 NQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTNDNVLLPTDPIGGKAGINYTNIENT
8.6Q379045 Bcpv-2a ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTNDNVLLPTDPIGGKAGINYTNIENT
9. FJ869126 ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTNDNVLLPTDPIGGKTGINYTNIENT
10. DQ340434 ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTNDNVLLPTDPIGGKTGINYTNIENT
11. FJ869122 NQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINENLPVTDDNVLLPTDPIGGKTGINYTNIENT
12. M74849 ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTDDNVLLPTDPIGGKTGINYTNIENT
13. M74852 CPV-2b ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTDDNVLLPTDPIGGKTGINYTNIENT
14. M38245 NQAADGNPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTNDNVLLPTDPIGGKTGINYTNIENT
15. AB120727 ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFNLPVTEDNVLLPTDPIGGKTGINYTNIENT
16.FJ222821 JCPV-2¢ ENQAADGDPRYAFGRQHGQKTTTTGETPERFTYIAHQDTGRYPEGDWIQNINFENLPVTEDNVLLPTDPIGGKTGINYTNIENT

More recently, we discovered that mixed types of CPV-2
- CPV-2a, CPV-2b, and CPV-2c - circulate in combination
and cause mucoid or bloody diarrhea in dogs residing in
the Chiang Mai municipality (unpublished data). There has
also been a recent CPV-2c epidemic in Vientiane, Laos %
and Taiwan . In China’s capital city, Beijing, CPV-2a and
2b remain the dominant types of this virus 7558, but more
recently, the presence of CPV-2c has been confirmed in
China ©%°71, |n India and Iran, the dominant types in recent
outbreaks were CPV-2a and -2b '7273 |n 2016, CPV-2c was
detected in northern and central India "+ and Iran 3],

In European countries, the co-circulation of CPV-2a, -2b,
and -2c has been reported 7677, CPV-2c, causing gastro-
enteritis in dogs, has been detected in Spain %, the
United Kingdom (UK) '3, Italy 1649, Germany, France V7!
and Portugal 7877 In Albania ®, Hungary " and Turkey ®%,
CPV-2a and mutants are widely spread. In Australia,
New Zealand, and Oceania, investigation of CPV in
dogs has demonstrated that CPV-2a remains the
predominant genetic variant, and has not been replaced
by CPV-2b or CPV-2c, as in many other countries B384, |n
Africa, infection of dogs with either CPV-2a or -2b was
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reported in Nigeria, Mozambique, and South Africa ©>%;
however, the CPV-2c strain was found to be present in
Morocco . The numbers and percentages of detected CPV
cases are summarized by region in Fig. 3.

DIAGNOSTIC TOOLS FOR CPV
ANTIGEN AND ANTIBODY
DETECTION

Canine parvovirus infection is the main viral etiology
responsible for diarrhea in dogs. This disease may be
differentially diagnosed by the time of clinical manifestation.
Some viruses, such as morbillivirus, rotavirus, coronavirus,
adenoviruses, reovirus, and norovirus, have contributed to
causing diarrhea in dogs . The virus causing gastroenteritis
should be confirmed by laboratory diagnosis in order to
be distinguished from bacterial enteritis. CPV infection
causing gastroenteritis is usually a major cause of illness
in the early life of dogs. The feces, intestinal contents, or
tissues from affected dogs, or even EDTA blood samples
at the time of viremia, have proven to be useful in
diagnosis 254388,

In recent years, many research groups have attempted
to validate the use of various methods to detect the
presence of CPV as a causative virus. Some are working on
antibody-based tests for rapid detection of CPV antigens.
Several studies have demonstrated that ELISA test kits are
able to detect CPV antigens and have shown promising
sensitivity and specificity toward new variants of CPV %9,
A recent study compared commercial antibody-based tests
for rapid detection of CPV antigens with other detection
methods, i.e. PCR and immunoelectron microscopy (IEM).
The results revealed the high specificity and low sensitivity
of the antigen-detection kits ©".

Molecular biology techniques, such as traditional poly-
merase chain reaction (PCR) and quantitative PCR (real-
time PCR; gPCR) have been widely developed and used
in the detection of CPV genetic materials from blood and
fecal samples 74143481 Because of the sensitivity, specificity,
and reproducibility of PCR and real-time PCR in detection of
CPV DNA, this method might replace traditional methods
such as virus isolation and antibody detection. Real-time
PCR technology, using SYBR Green or minor groove
binding (MGB) TagMan probes for PCR assays, has many



853
VANNAMAHAXAY, CHUAMMITRI

advantages over conventional PCR 792, The quantification
of virus load is one example of the many applications for
exploiting gqPCR. Real-time PCR can also be performed
with a large throughput to achieve an inexpensive and
time-saving method .

As documented in Desario et al*®, monoclonal anti-bodies
(mAbs) can be raised against CPV-2 types in order to
determine the hemagglutination inhibition (HI) titers
in different viral variants. Abs clones A4E3, B4A2, C1D1,
and B4E1 were unequally recognized major epitopes in
original CPV type 2, CPV-2a, CPV-2b, and CPV-2c (formerly
known as Glu-426 mutant) 3, The clones A4E3 and C1D1
demonstrated superior reactivity with nearly all CPV
variants . The change in CPV-2c at amino acid residue
426 has shown differences in antigenic determination by
the monoclonal antibodies 21C3 and 19D7 642,

CANINE PARVOVIRUS VACCINES:
FUTURE PERSPECTIVES

The original CPV-2-based vaccines have been proven to
provide secure immunization against CPV-2c in Italian
isolates . The antibodies produced in dogs vaccinated
with the latest CPV-2b field strain have shown more
promising reactivity than the traditional CPV-2 strain
vaccines ®9. The observed antigenic contrasts may drive
the selection of CPV strains by producing differential
immunogenic pressures among canine populations, which
raises concerns about immunization efficiency 4. The
CPV-2c¢ variation displayed a one-of-a-kind antigenic
example, since it was inadequately recognized by specific
antibodies of dogs inoculated with CPV-2, CPV-2a, and
CPV-2b strains “4. Several studies have demonstrated that
CPV-2 vaccines can be used to promote CPV-2 antibodies
against CPV variants ¢, A new modified live CPV
vaccine (CPV-MLV) recently launched in the marketplace
is designed from the CPV-2b variant, or can be genetically
engineered to simulate the new CPV-2c variant “*3, In
the serum neutralization (SN) test, titers to the antigenic
variants CPV-2a, CPV- 2b, and CPV-2c in immunized dogs
were significantly lower than the homologous titers
(raised to the original type) "%, As previously observed
by Pratelli et al.®®, the greatest antigenic differences were
found in comparison with the original CPV-2, which is
still largely utilized in vaccine manufacturing *4. The
SN immunologic method has been found to provide
greater clarity and contrast than HI in cross-antigenic
assessment of CPV-2 variability. The heterologous SN titers
(versus CPV-2a and -2c) were significantly lower than the
homologous SN titer (versus CPV-2b) ¥4, After inoculation
with the CPV-2c variant, lower SN titer was found in the
sera of dogs and rabbits immunized with heterologous
(CPV-2, -2a, and -2b) viruses. Moreover, these discoveries
suggest the opportunity to develop modified live virus
(MLV) vaccines from the CPV-2c strain 4. Another study

has also confirmed the notion that the current vaccine
regimen, made from nucleotide sequences of CPV-2b, can
provide antigenic cross-protection of dogs from the CPV-
2¢ variant ¥, In the case of maternal antibodies, a specific
titer might provide adequate resistance to disease caused
by homologous CPV infection, but it may not fully protect
puppies if they encounter a heterologous virus strain 1",

CONCLUSIONS

The continuous antigenic evolution of CPV-2 has caused
the rapid displacement of older strains by a new antigenic
variant strain, CPV-2¢c, which emerged in Italy in early
2000 "# js spreading with high morbidity and mortality in
the dog populations of Italy and neighboring countries.
This progressive mutant is now replacing the antigenic
variants CPV-2a and -2b . Studies by authors from
many countries, i.e., Italy, Portugal, Spain, France, United
Kingdom, Belgium, Germany, Greece, Bulgaria, Tunisia,
United States, Uruguay, Argentina, China, Taiwan, Vietnam,
Thailand, Laos, and India, have demonstrated that the new
variant 2c is a global threat for puppies. The substitution
of CPV-2 by strains -2a and -2b, and then -2¢, has been
connected with expanded receptor-binding capacity to
canine transferrin receptors. The mutation at Glu-426
confers the benefit of infectivity and, even more, influences
clinical disease status. Continuing progress in vaccine
development will determine whether the CPV vaccines
currently in use will still provide full protection against the
new variant or whether we should be prepared to replace
those homologous vaccines with a novel technology,
heterologous vaccines.
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