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Abstract

Pernicious anemia due to cobalamin deficiency is a predominant finding in human Helicobacter infections, but is generally considered in
exocrine pancreatic insufficiency and intestinal disease in veterinary medicine. The aim of this study is to investigate the cobalamin levelsin
dogs infected with Helicobacter spp. Material of the study were selected from 81 dogs referred to our clinics with probable gastrointestinal
system origined clinical complaints including vomiting, neusea, epigastric pain and anorexia, and consisted of 36 female and 22 male
(n:58) dogs in which Helicobacter spp. gastritis was diagnosed with Urea Breath test (**C-UBT). To these dogs, gastroscopy, complete
blood count, serum biochemistry including blood urea nitrogen (BUN), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma glutamyl transferase (GGT), alkalen phosphatase (ALP), lipase, amylase, total protein and albumin levels were performed. In 38
dogs (65.51%) microcytic anemia was observed in complete blood count. All animals were treated with metronidazole, amoxycillin and
famotidine and dietary management was scheduled. *C-UBT test, complete blood count and cobalamine levels were reperformed after
ceasion of the therapy. Cobalamin levels were analysed in 38 dogs with anemia. Low cobalamin levels were determined in dogs with
gastric Helicobacter infection and anemia and after therapy-without any Bs, supplementation- cobalamin levels and mean corpuscular
volume (MCV) and Haemoglobin (Hgb) values elevated to normal reference limits were observed. This suggests that cobalamin level must
be determined in dogs with Helicobacter infections and in deficiencies which are still present after therapy, essential supplementation
would be clinically beneficial. In conclusion, this is the first study demonstrating that pernicious anemia must be a considered factor in
Helicobacter gastritis with microcytic anemia in dogs and further investigation will be beneficial to demonstrate the cobalamin levels in
dogs with or without microcytic anemia in Helicobacter gastritis.

Keywords: Cobalamin, Dog, Helicobacter, Pernicious anemia, Gastritis

o wv e

Helicobacter Gastritisli Kopeklerde Kobalamin Eksikligine Baglh
Pernisiyoz Anemi

Ozet

Kobalamin eksikligine bagh pernisiydz anemi insan Helicobacter enfeksyonlarinda baskin bir bulgu olmakla birlikte, bu anemi veteriner
hekimlikte genellikle ekzokrin pankreatik yetmezlik ve intestinal hastaliklarda g6z 6niine alinmaktadir. Bu ¢alismanin amaci, kopeklerde
Helicobacter spp. enfeksiyonlarinda kobalamin seviyelerinin arastiriimasidir. Calismanin materyalini kliniklerimize kusma, istahsizlik,
bulanti ve anoreksi gibi muhtemel gastrointestinal sistem sikayetleriyle getirilen 81 kdpekten Ure nefes testi (*C-UBT) ile helikobakter
enfeksiyonu tanisi konulan 58 (36 disi ve 22 erkek) kdpek olusturmustur. Bu kdpeklere gastroskopi, tam kan sayimi, kan re nitrojen
(BUN), alanin aminotransferaz (ALT), aspartat aminotransferaz (AST), gama glutamil transferaz (GGT), alkalen fosfataz (ALP), lipaz, amilaz,
total protein ve albumin seviyelerini kapsayan serum biyokimyasal tetkikler uygulanmistir. Bu kdpeklerden 38'inde (%65.51) mikrositik
tipte anemi gozlenmistir. Tim hayvanlar metronidazol, amoksisilin, famotidin ve diyetsel diizenleme ile tedavi altina alinmis ve tedavinin
tamamlanmasindan sonra. “C-UBT test, tam kan sayimi ve kobalamin seviyesi 6lciimi tekrarlanmistir. Anemili 38 kdpekte kobalamin
seviyesi 6lctilmis ve gastrik Helicobacter enfeksiyonlu ve mikrositik anemi gézlenen bu kdpeklerde kobalamin seviyelerinin diisiik oldugu
gorilmustir. Anemili kopeklerde tedaviden sonra (Bi, destedi verilmedigi halde) kobalamin seviyesi ile ortalama hiicresel hacim (MCV)
ve hemoglobin (Hgb) degerlerinin normal referans araliklara dondugi gézlenmistir. Bu durumda, klinik pratikte Helicobacter enfeksiyonlu
kdpeklerde kobalamin seviyesi belirlenmesi ve tedavi sonrasi normal degerlere ulasmadigi durumlarda takviye yapilmasi gerekebilir. Sonug
olarak, bu calismada Helicobacter gastritisli ve kan tablosunda mikrositik anemi goézlenen kdpeklerde kobalamin eksikligi saptanmasi
bu alandaki ilk calisma olup, kopeklerde mikrositik anemi olan ve/veya olmayan Helicobacter gastritis olgularinda kobalamin seviyesini
ortaya koyan ileri calismalar faydali olacaktir.

Anahtar sozciikler: Kobalamin, Képek, Helicobacter, Pernisiy6z anemi, Gastritis
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INTRODUCTION

Helicobacter spp. are gram-negative, microaerophilic,
motile and curved-spiral bacteria found predominantly in
the stomach and also intestines and liver of many species ™.
In dogs the isolated Helicobacter spp. from the stomach
are H. felis, H. bizzozeronii, H. salomonis, Flexispira rappini,
H. bilis, and H. heilmannii 2. In humans, H. pylori, injures
the gastric mucosal barrier, diminishes the parietal cell
responsiveness and alters the gastric secretory procedure
and results with gastric inflammation, atrophic gastritis,
peptic ulcers, and also predisposes humans to the develop-
ment of gastric cancer 34,

In dogs, gastric infection with Helicobacter has a
prevalence of 67 to 100% in healthy pet dogs, and 74 to 90%
in dogs presented with vomiting ¢ and is characterized by
the predominant mucosal cellular infiltrate as lymphocytic,
lymphoplasmacytic, eosinophilic, or granulomatous glandular
degeneration, enlarged canaliculi and pyknotic parietal cells
resulting with gastritis, ulcerations ¢! nearby development
of canine inflammatory bowel disease due to enterohepatic
Helicobacter spp..

Cobalamin and iron deficiency anemias are pre-
dominant findings in human Helicobacter infections ©1%.
There are few suggestions on Helicobacter infections cause
cobalamine deficiency; H. pylori is usually located on the
surface of the gastric antral epithelial cells and directly
effects the gastric mucosa by either preventing iron uptake
and By, or causing an increased loss of iron in the stomach ',
Another way of pernicious anemia development is by loss
of gastric parietal cells, either by autoimmune destruction
which are responsible, in part, for the secretion of intrinsic
factor, a protein essential for subsequent absorption
of vitamin B;, in the ileum ©'. Severe food cobalamin
malabsorbtion and low acid-pepsin secretion are other
factors considered 2,

Cobalamin is essential for many metabolic functions. It
has a major role in DNA replication, in the synthesis of red
blood, and in maintaining the myelin sheath that surrounds
nerve cells and deficiency of cobalamin leads primarily to
central and peripheral neuropathies, immunodeficiency
and gastrointestinal abnormalities I3,

Pernicious anemia due to cobalamin deficiency is
generally considered in exocrine pancreatic insufficiency
and intestinal disease in veterinary medicine. Pernicious
anemia often goes undetected and there is a weak
correlation between vitamin B,, deficiency and mean
corpuscular volume (MCV), therefore subjects with low
serum vitamin B, level should not be absolutely anemic ',
According to the literature, there is no research performed
on cobalamine levels in Helicobacter gastritis in dogs. The
aim of this study is to investigate the cobalamin levels in
dogs infected with Helicobacter spp..

MATERIAL and METHODS

Material of the study were selected from 81 dogs
referred to our clinics with probable gastrointestinal
system origined clinical complaints including vomiting,
neusea, epigastric pain and anorexia, and consisted of
36 female and 22 male (n:58) dogs weighing 15-25 kg, in
which Helicobacter spp. gastritis was diagnosed with Urea
Breath test (*C-UBT). Breed distribution of the subjects
was as follows; 33 mixedbreeds, 5 Golden Retrievers, 3
Labradors, 12 Terriers, 4 Turkish shepherd dogs and 1
German shepherd. The mean age of dogs was 4.5 years
with a range of 3 to 6 years.

Each of 81 dogs was performed a detailed physical
examination and ™C-UBT test. To 58 dogs with grade 2
14C-UBT test (Helicobacter infection positive) gastroscopy,
complete blood count, serum biochemistry including
blood urea nitrogen (BUN), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma glutamyl
transferase (GGT), alkalen phosphatase (ALP), lipase, amylase,
total protein and albumin levels were performed. Complete
blood counts were studied with Abacus Vet Junior Hemato-
logy Analyzer (Diatron, Austria). Serum biochemistry
analyses were performed with Idexx Vet 8008 Analyser.
All data were recorded into their individual protocols.

“C-UBT test was applied to all subjects. Dogs were
starved for 6 h, free from antibiotics and active acid
inhibitors for at least a month. Before the test, the animals
were made to swallow a "C- Urea capsule (HELICAP®)-with
plenty of water. Following the ingestion of the capsule, 2
mg/kg of 2% Xylazine HCl was administered to the patient
for sedation. Within 10 min breath collector was connected
to the dry cartridge. Suitable endotracheal tube was
applied to sedated patient. The breath is collected with
the attached system until the membrane’s color of the
cartridge changed from orange to yellow within 20 min
(approximately this period longs for 20 min). Then, dry
cartridge system was scanned at an analyser (Heliprobe
Analyser Nosterkibion System 2223- A™), and the results
were received in 250 sec. The results evaluated as GRADE 0
meaning negative infection; GRADE 1 meaning suspicious;
GRADE 2 meaning infected. Evaluation of the Heliprobe
Analyzer Results are presented in Table 1. Fifty eight dogs
with grade 2 results were included in the study.

Gastroscopy was performed to 58 dogs with grade
2 "C-UBT test results before and after the therapy, with

Table 1. Evaluation of the heliprobe analyzer results
Tablo 1. Heliprob analizer ile alinan sonuglarin degerlendirilmesi

Grading Infection Status d (cpm)
0 Infection negative d <25cpm
1 Suspicious 25 cpm < d <50 cpm
2 Infection positive d =50 cpm
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Olympus XQ20 model endoscopy equipment. Starting from
the pharynx, in addition to the systematic examinations of
oesophagus and antrum, the examination of the stomach
was completed with the scrutinization along the angulus
antrum and pyloric canal as a whole.

Serum cobalamin levels were investigated in 38 dogs
with microcytic anemia and determined with Immulite
2000 Vitamin B;, Macro ELISA kit, according to the
manufacturers instructions.

All animals were treated with metronidazole (10 mg/kg
three times a day; po) for three weeks, amoxycillin (20 mg/
kg three times a day; po) and famotidine (1 mg/kg twice
a day; po) and dietary management was scheduled ',
4C-UBT test, complete blood count and cobalamine levels
were reperformed after ceasion of the therapy.

The assessment of the results has been done using
T-test in statistical package program (SPSS, 12.0). The
findings have been presented as average values and
standard error. For this study, the ethical committee report
numbered 2009-38 has been taken from OMU Animal
Ethical Committee.

RESULTS

Serum biochemistry including BUN, ALT, AST, GGT, ALP,
lipase, amylase, total protein and albumin levels of the
dogs were within reference ranges. Complete blood count
revealed microcytic anemia in 38 subjects (65.51%). The
distributions of “d” values obtained via C- UBT method
used in the study are presented in Table 2 1'%, Serum
cobalamine levels and MCV and Hgb values of the anemic
dogs are presented in Table 3. Endoscopy revealed
ulcerative-atrophic gastritis in 11 dogs and antral nodules,
red patches, erythematous, scabraus mucosal view in the
rest of the Helicobacter positive subjects. Clinical and gastro-
scopic evaluations revealed complete recovery with the
disappearance of vomiting, neusea, epigastric pain and
anorexia and healthy gastric endoscopic observation.

DISCUSSION

In dogs, various reports had been published on the
prevalance of gastric infection with Helicobacter spp. in a
range of 67 to 100% in healthy pet dogs, and 74 to 90% in
dogs presented with vomiting 5471, In the present study,
from the 81 dogs presented with vomiting, epigastric pain,
anorexia and neusea to our clinics, *C-UBT test referred
58 (71.6%) gastric infection with Helicobacter spp.

Urea breath test used in the present study, demonstrates
the actual Helicobacter colonization, it is the preferred
noninvasive method to document a successful eradication
in humans and animals ¥, Sensitivity rate of 96.55% was
reported for C-UBT in dogs in the detection of the

Table 2. The distributions of “d” values obtained via '*C- UBT method used
in the study

Tablo 2. Calismada uygulanan “C- UBT yontemi ile elde edilen “d” deger
dagilimlan

Group |
Before Treatment
(n=38) (cpm) (mean=SE)

d 97+36°

Group I
After Treatment
(n=38) (cpm) (mean=SE)

11+4.1°

1“C Isotope
Values (cpm)

* Groups with different letters are significant among themselves (P<0.001)

Table 3. Serum cobalamine levels and mean corpuscular volume and
haemoglobin values of the anemic dogs

Tablo 3. Anemik kopeklerde serum kobalamin degerleri ile MCV ve Hgb
degerleri

Before After Therapy
Parameter/Unit | Therapy (n=38) (n=38) Range
(meanzSE) (meanzSE)

Cobalamin (ng/L) 117+£192 231+41° 150-1000

MCV (fl)** 57.66%3.2° 63.17+£2.1° 60-77

Hgb (g/dL)*** 10.89+2.6° 12.12+0.8° 12.00-18.00
* Groups that are assigned a different letter have been found to be
statistically significant at the level of P<0.05; ** Mean corpuscular volume;
*** Haemoglobin

existence of spiral bacterium before the designation of
species. Wong et al." reported a 94.5%, where Ricci et al.”®
reported a 95-97% sensitivity. Urea test was found 65 times
more reliable than Helicobacter staining method, twice as
reliable as PCR analysis method, that it is a non-invasive
method increases its suitability among other methods
used for diagnosis 2, Similarly, in the study of Kopanski et
al?2 it was reported that urea breath test as a non-invasive
choice for detection of Helicobacter infections had
higher sensitivity.

Cobalamin is an essential micronutrient that plays an
important role in the differentiation, proliferation and
metabolic stability of cells. Cobalamin has fundamental
roles in CNS function at all ages, especially the methionine-
synthase mediated conversion of homocysteine to
methionine, which is essential for nucleotide synthesis and
genomic and non-genomic methylation 3. It has a major
role in DNA replication, in the synthesis of red blood, and in
maintaining the myelin sheath that surrounds nerve cells
and deficiency of cobalamin leads primarily to central and
peripheral neuropathies, immunodeficiency and gastro-
intestinal abnormalities ['>23,

Pernicious anemia is an important disorder caused by
cobalamin deficiency and is usually underdiagnosed 24,
Megaloblastic anemia occurs because of impaired DNA
synthesis that results from deficiencies of vit B, folic
acid or both &, In complete blood counts of the subjects,
anemia observed in 65.51% of the dogs was in microcytic
character resembling an iron deficiency etiology. This is
not unexpected, regarding the reports suggesting a weak
correlation between vitamin B,, deficiency and MCV and
that subjects with low serum vitamin B, level are not
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absolutely anemic %, A likely explanation for the micro-
cytic anemia in the present study may be iron deficiency
accompanying gastritis 131529, Since gastritis both impair
dietary iron and cobalamin absorbtion, the factors
determining its clinical presentation in the form of micro-
cytic or macrocytic megaloblastic anemia are suggested
as age, gender, duration, severity of the disease as the
cobalamin stores last longer than iron 2°,

In the present study, low cobalamin levels were
determined in dogs with gastric Helicobacter infection and
anemia and following therapy-without any B, supplemen-
tation- cobalamin levels and MCV and Hgb values elevated
to normal reference limits were observed similar to the
literatlire . In human medicine H. pylori is determined as
the causative agent of vitamin B;, deficiency for the last
two decades 38924,

In the present study, low cobalamin level determined
in dogs with gastric Helicobacter infection and anemia is
unexpected, since stomach is not the major source of the
intrinsic factor in dogs. This cobalamin deficiency may be
due to the following factors;

Pepsinogen and gastric acid liberates the dietary
cobalamin ingested from the dietary proteins in the
stomach and cobalamin immediately bounds to gastric and
salivary R-protein (haptocorrin) which transfers cobalamin
to duodenum where pancreatic proteases breake down
this complex and intrinsic factor bounds to cobalamin, and
finally this cobalamin-intrinsic factor complex is readily
absorbed from ileal mucosa enterocytes 327,

In human medicine one reason of pernicious anemia
observed in Helicobacter infections is suggested as the
decreased secretion of intrinsic factor by parietal cells ©22],
This is not valid for the dog, as pancreas is the major source
of intrinsic factor and only a minor intrinsic factor secretion
is from the stomach 329,

Intrinsic factor theory do not explain the cobalamin
deficiency in Helicobacter infected dogs and we guess this
is why B, deficiency is considered only in intestinal and
exocrine pancreatic disorders in the dog. However intrinsic
factor deficiency is not the only reason for cobalamin
decrease in Helicobacter gastritis and especially in the last
decade few other predominant factors are stated.

Low acid-pepsin secretion in gastritis results in decreased
release of free vitamin B;, from food proteins ®. This
maldigestion decreases the cobalamine consumption.
Another factor of maldisgetion is that Helicobacter anti-
genically cross react with antral mucosa and parietal cells
in dogs © leading to food cobalamine malabsorbtion. Also
decrease in pepsin secretion and hypochlorhydria due
to decreased parietal cell function promotes overgrowth
of bacteria that bind vitamin B,, for their own use in the
hypochlorhydric stomach %,

As mentioned, R-protein (haptocorrin) has a crucial
role in cobalamin metabolism. Haptocorrin location is
found in parietal cells in the stomach of rat, human and
dog. Haptocorrin in gastric juice comes from both salivary
glands and gastric mucosa 7. The parietal cells located in
the upper third of the fundic gland secrete hydrochloric
acid, R-protein and intrinsic factor in dog "3 and therefore
impairment of parietal cell function due to gastritis effects
cobalamin metabolism.

Return to normal cobalamin levels after therapy without
and cobalamine supplementation may be explained by
the remission of the above factors.

This is the first study demonstrating cobalamin deficiency
in Helicobacter infections in dogs to the authors’ knowledge.
Up to date, cobalamine deficiency is only considered in
exocrine pancreatic insufficiency and intestinal disorders,
perhaps due to pancreatic secretion of intrinsic factor
in dogs. However there are other contributing factors as
mentioned above, in the etiology of cobalamine decrease
in Helicobacter gastritis and the predominant factor in dogs
playing role in this deficiency needs further investigation.
Cobalamin level must be determined in dogs with
Helicobacter infections and in deficiencies which are still
present after therapy, essential supplementation would be
clinically beneficial. In conclusion, this study demonstrates
that pernicious anemia must be a considered factor in
Helicobacter gastritis with microcytic anemia in dogs and
further investigation will be beneficial to demonstrate
the cobalamin levels in dogs with or without microcytic
anemia in Helicobacter gastritis.
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Abstract

Serotype B of Pasteurella multocida is a major agent of haemorrhagic septicaemia (HS), a form of blood poisoning widespread in cattle
and buffalo from Southern Asia. The vaccines currently used against the disease are not potent enough, being effective only for a limited
duration only. In an attempt to identify immunogenic components of P. multocida for use as live/subunit vaccines, the outer membrane
proteins (OMPs) of B:2 and B:3,4 serotypes were isolated and their profiles compared. Three common immunogenic components;
polypeptides of molecular weight (MW) 39.0, 33.5, 31.0 kDa, were identified by immunoblotting. The immunogenicity of identified OMPs
was also confirmed using antisera generated against them. The antigenic OMPs identified in current research could be explored in the
formulation of new, safe and effective vaccines for indigenous buffalo and cattle breeds with a prolonged efficacy.

Keywords: Cattle, OMP, Vaccine, Haemorrhagic septicemia

Pasteurella multocida B:2 ve B:3,4 Serotiplerinin Ortak
immunojenik Protein Komponentlerinin Karsilastiriimasi

Ozet

Pasteurella multocida B serotipi Gliney Asya'daki sigir ve mandalarda yaygin olarak goriilen ve kanda septisemi ile seyreden hemorajik
septisemi (HS)'nin en 6nemli nedenidir. Hastalik i¢in glinimuzde kullanilan asilar yeteri kadar etkili degildir ve sadece sinirl bir siirede
etkisini gostermektedir. Canli/subunit asilarda kullanilmak tzere Pasteurella multocida’nin immunojenik komponentlerinin belirlenmesi
icin yapilan calismamizda, B:2 ve B:3,4 serotiplerinin dis membran proteinleri (OMP) izole edilmis ve bunlarin profilleri karsilastiriimistir.
immunbloting sonucunda 39.0, 33.5 ve 31.0 kDa molekiiler agirliklarinda 3 adet ortak immunojenik polipeptit belirlenmistir. identifiye
edilen dis membran proteinlerinin immunojenitesi ayrica bunlardan elde edilen antiserumlar ile dogrulanmistir. Bu ¢calismada identifiye
edilen antijenik OMP’ler uzun siire etki gdsteren yeni, glivenli ve etkin asilarin formiilasyonlarinin gelistirilmesine katki saglayacaktir.

Anahtar sozciikler: Sigir, OMP, Asi, Hemorajik septisemi

Cattle and buffalo are the most susceptible host for
HS, buffalos as compared to other animals ™. The major
P. multocida pathogenicity factors include polysaccharide
capsule, endotoxins or lipopolysaccharide (LPS) and outer
membrane proteins (OMPs) playing an important role for
conferring protective immunity in a wide range of hosts "4,
There is a clear correlation between capsular type and the
disease; however, contribution to the disease specificity,
of a particular type of lipopolysaccharide or the type and
amount of bacterial surface proteins is still unclear *7,

INTRODUCTION

Haemorrhagic Septiceamia (HS), a widely distributed
animal disease of tropical countries, is mainly associated
with Asian and African countries. Prevalence of HS is
mostly observed with moist conditions with most probably
disease spread during winter season resulting in high
morbidity and mortality rate. Several serotypes of Pasteurella
multocida (Gram negative bacilli) are responsible for disease
pathogenicity. Clinical signs included high temperature,

respiratory distress with nasal discharge and frothing from
the mouth, leading to death.

Molecular techniques have been employed to understand
pathogenicity and epidemiology of P. multocida antigenic
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components 7', The common serological methods, based
on capsular and somatic antigen, are; indirect haem-
agglutination (IHA) test for capsular serotypes detection
and agglutination/agar gel immunodiffusion (AGID) tests
for somatic serotyping. Capsular type B belongs to Asian
countries and serotype B:2 is the main disease causing
agent. Serotypes B:3, B:4 and B:3,4 cause HS in cattle and
wild ruminants producing signs and lesions similar to
those by serotypes B:2 in water buffaloes and cattle ',

An effective treatment of sulphur drugs with antibiotics
was reported, but some strains of P. multocida show
resistance against antibiotic '*'4, Immune serum therapy
was considered to be ineffective. Commonly, immunity
against HS are provided by using three common vaccines
namely, (i) bacterins (ii) alum-precipitated vaccine (APV)
and (jii) oil-adjuvanted vaccine (OAV). P. multocida serotype
B:3, 4 isolated from a fallow deer in the United Kingdom
was used in manufacturing live heterotypic vaccine.The
vaccine protected cattle vaccinated subcutaneously against
a serotype B:2 challenge and conferred immunity against
HS for a year I, Cross-protection by P. multocida serotype
B:3,4 in a live intranasal vaccine against a subcutaneous
challenge with serotype B:2 has been confirmed in
Myanmar ¢, This study revealed outer membrane proteins
(OMPs) as common immunogenic components (MW 39.0,
33.5, 31.0 kDa) of P. multocida serotypes B:3,4 and B:2,
rendering B:3,4 a successful candidate for use as a live
vaccine against haemorhhagic septicaemia. Moreover the
polypeptides identified could be used in future for the
development of sub unit vaccine

In Pakistan, cattle and buffalo populations are at high
risk of HS infection owing to high animal losses. In an
attempt to provide animals protection against disease,
a comparative study was conducted to identify local
pathogenic strain specific immunogenic components
use as vaccine. The identified immunogenic polypeptides
could be explored for subunit vaccine production in future.

MATERIAL and METHODS

For culturing purposes, P. multocida strains; B:2 and B:3 /4,
were obtained from Bacteriology Laboratory, Animal
Sciences Institute (ASI), National Agricultural Research
Centre (NARC) Islamabad, Pakistan. After reconstitution
in normal saline, 0.5 mL of each strain was injected into
mice subcutaneously (2 mice for each isolate) maintained
in animal house for 24 h. Blood samples were collected
from treated animals through cardiac puncture under
anaesthesia. Blood was streaked on Trypton Soya Agar
medium plates (Oxoid Ltd., England) and incubated at
37°C for 24 h. Positive colonies were initially selected by
Gram staining and, for further confirmation, APl 20NE
identification kit (Biomerix 20NE System) was used. Mass
cultivation of pathogenic organisms was performed in
250 mL flasks containing 100 mL brain heart infusion (BHI)

broth kept in shaker incubator at 37°C for 24 h. Liquid
cultures were centrifuged at 10.000 rpm for 30 min at 4°C;
pellet was re-suspended in normal saline overnight at 4°C
followed by centrifugation at 10.000 rpm for 20 min at 4°C.
The resulting pellet was again suspended in normal saline,
centrifuged and suspended in 10 mM N-(2-hydroxyethyl)
piperazine-N-2 ethane sulfonic acid (HEPES) buffer, pH 7.4
(a ratio of 0.1 g pellet wet weight/mL of extraction buffer).
The suspended cellular pellet was sonicated (Sonicator
G-055 UP 400S) at 100% amplitude for 2 min with 30 sec
intervals for cell disruption. The sonicated supernatant
was then centrifuged at 1.700xg for 20 min at 4°C and
supernatant containing whole cell proteins was divided
into aliquots for storage. The study was ethically approved.

Preparation of OMP Enriched Fraction

The OMPs were extracted by the method of Choi et
all', The supernatant was ultra-centrifuged at 100.000xg
/2.8500 rpm at Beckman Coulter L-100XP ultracentrifuge
using SW41 Ti-Rotor for 1 h at 4°C. The pellet was collected
and re-suspended in 2% sodium lauryl sarcosinate
detergent and then incubated at 22°C for 1 h. The solution
was ultracentrifuged at 100.000xg for 1 h at 4°C. The pellet
was kept in distilled water overnight and ultra-centrifuged
followed by another washing step and dissolved in Nano-
pure water. Next the pellet was dialyzed against distilled
water for 8 h using dialysis membrane of 6.000-8.000
Dalton. The final protein concentrations of 3.05 mg/mL
for B: 2 strain and 1.1 mg/mL of B:3,4 strain were obtained. The
protein rich extract was then separated by SDS-PAGE '8
using 4% stacking and 12% separating gels visualised
using Coomassie brilliant blue stain. Molecular weights of
proteins were determined through Rf values (Rf = band
distance/distance covered by dye front). Molecular weights
obtained through plots were then log transformed.

Hyperimmune Sera Production

Antisera were raised in two groups of rabbits (3 animals
per group, two for each strain and one as a control) while
two groups of animals were used for raising antisera in
calves "%, The blood of infected animals was collected and
serum separated by centrifugation at 3.000 rpm for 10 min.

Immunoblotting of Anti-Sera Proteins

Effectiveness of raised antisera was checked using
dot blot method with standard rabbit antisera (Chinchilla
breed). Three experiments were performed: one with
B:2 and B:3,4 antigens (OMPs and LPSs) and B:2 antisera
raised in rabbits; other with B:2 and B:3,4 antigens with
B:3,4 antiserum raised in rabbits; third with B:2 and B:3,4
antigens (OMPs and LPSs) and B:2 antisera raised in calves.
The primary antisera (raised in rabbits) and secondary anti-
body (goat anti-rabbit IgG Alkaline Phosphatase conjugated)
dilutions were prepared in TEN buffer. The substrate
contained nitroblue tetrazolium (NBT) and 5-bromo-4-chloro-
3-indolyl phosphate (BCIP) in alkaline phosphate buffer (APS).
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Immunoblotting was performed using standard protocol
and transblot apparatus by the protocol given on the
manufacturer’s website 2% followed by SDS-PAGE using
pre-stained markers (SM 0671, Fermentas). Blotting was
performed using E844 CONSORT Electrophoretic power
supply at 4°C. Two dilutions (1:50 and 1:100) of B:3,4
antiserum were used as the primary antibody following the
same conditions as mentioned above. The 1:100 dilution
of primary antibody (B:2 antiserum in calf) was prepared
using 3% bovine serum albumin (BSA), incubated for 2 h at
room temperature with constant shaking. The BSA was
removed and antiserum washed thrice with 15 mL of 0.1%
phosphate buffered saline with tween (PBST). The horse-
radish peroxidase conjugated secondary antibovine 1gG
antibody (1:1000 dilution) and primary antibody (1:50
dilution) were added followed by three washings with
0.1% PBST. The filter was placed in Diaminobenzidine (DAB)
substrate solution and reaction was stopped by rinsing
with water. The images were scanned and stored for further
analysis. In another experiment, the 1:50 and 1:100 dilutions
of B:3,4 antiserum were used as the primary antibody
following the same conditions as mentioned above.

LPS Profiling

For LPS extraction from B: 3,4 and B:2 strains was
performed using O.I. E Manual (2004) and enzymatic method
Bastuji et al.?V respectively. Bacterial strains were mass
cultivation using BHI broth and cells were harvested. The
extracted LPS were analysed on 4% stacking gel and 12.5%
separating gel, along with L4130 as standard LPS marker
and then silver stained ?'\. The gels were then transferred to
nitrocellulose membranes following the method described
by Towbin et al.?2,

RESULTS

The B:2 and B:3,4 strains of P. multocida were found to
be Gram negative coccobacilli as they gave pink colour
after Gram staining under microscope. The data gathered

from kit-based tests was transformed with a numerical
value of 3.000,004 and was confirmed in the Analytical
Profile Index.

The OMPs concentration was found to be 3.05 mg/mL
for B:2 strain and 1.1 mg/mL of B:3,4 strain. The SDS-PAGE
results showed five polypeptides of 94.8, 56.5, 33.5, 31.0
and17.06 kDa for strain B:3,4 whereas five polypeptides of
71.61, 33.5, 31.0, 23.44 and 17.06 kDa (Table 1) for strain
B:2. Among these, three polypeptides (33.5, 31.0, and 17.0
kDa) were common in both of the strains (Fig. 1). As far as
the intensity of bands was concerned, the polypeptide
having MWof 33.5 kDa showed the most intense band
among bacterial strains.

The dot blot results were positive for all the dilutions
(1:100, 1:200 and 1:400) of primary antisera (raised against

Table 1.Calculation of OMPs molecular weights using Rf values and log of
molecular weight plot

Tablo 1. OMP’lerin molekdil agirliklarinin Rf degerleri ve molekiiler agirlik
plot logaritmasi kullanilarak hesaplanmasi

Specimen | Distance Covered Rf Values Mw Log
ID by Bands (cm) (kDa) Mw

0.6 0.6/8 =0.075 116.0 2.064

1.2 1.2/8=0.15 66.2 1.820

22 2.2/8=0.275 45.0 1.653

SM0431 29 2.9/8 =0.362 35.0 1.544
4.1 4.1/8=0.512 25.0 1.397

4.9 4.9/8=0.61 18.4 1.264

53 5.3/8 =0.662 14.4 1.158

0.6 0.6/8 =0.075 94.83 1.976

1.9 1.9/8 =0.237 56.5 1.752

B:3,4 3.2 3.2/8=04 335 1.52
34 3.4/8 =0.425 31.0 1.491

4.9 4.9/8=0.612 17.06 1.232

13 1.3/8=0.1625 71.61 1.855

3.2 3.2/8=04 335 1.52

B:2 34 3.4/8 =0.425 31.0 1.491

4.1 4.1/8=0.512 23.44 1.370

4.9 4.9/8=0.612 17.06 1.232

Distance covered by dye front= 8.0 cm
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Fig 1. Outer membrane protein profiles of Pasteurella
multocida strains B:2 and B:3,4

Lane 1: Protein marker (SM 0661), Lane 3 and 5: B:3,4 (1:2

dilution), Lane 7: Protein marker (SM 0431), Lane 8: B:2(1:2
dilution)

Sekil 1. Pasteurella multocida B:2ve B:3, 4 suslarinin dis
membran protein profilleri

Kolon 1: Protein markeri (SM 0661), Kolon 3 ve 5: B:3,4 (1:2
sulandirma), Kolon 7: Protein markeri (SM 0431), Kolon 8:
B:2(1:2 sulandirma)
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. 4 Dilution Factors
Antigens/ Antiserum
IDs 1:100 1:200 1:400
v — A N .
OMPs B2/ B:2 antiserum ? Q ®
. 4 C Fig 2. Dot blot results of B:2 and B:3,4 antigens
LPS B2/ B:2 antiserum g g against B:2 antiserum raised in rabbits
i Sekil 2. Tavsanlardan elde edilen B:2 anti-
Pogtive Control serumuna karsi B:2 ve B:3,4 antijenlerinin Dot-
(B:2 Culture) B2 antiserum ’ O Blot sonuglar
OMPs (B3 4) B:3 4 antiserum e e @
LPS B:3.4/B:3 4 anfiserum - -

Antigens/ antiserum | 17100 dil 1200 1300 1/400
OMPs B2Y B34|! | 1| N ‘
‘: _ t LY. « N

LIPS B2 B34| &
antiserum

Fig 3. Cross reactivity of B:2 antigens against (

B:3,4 antiserum raised in rabbits +IVO OOﬂh’Ol (B 2 :n

Sekil 3. Tavsanlardan elde edilen B:3,4 anti- i %
serumuna karsi B:2 antijenlerinin capraz reak- mmv B3:4

tivitesi
antiserum

+ive control (B:2
cul fure B34
antiserum

-ive control (B2
cul ture/ control
antiserum
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Antigens/ 1/100 dil 1/300 1/100 1/300
antiserum
Antiserum calf 308 Antiserum calf 405
OAPsB:2
LPSB:2 )
P “ Fig 4. Dot blot results of B:2 and B:3,4 antigens
- ri against B:2 antiserum raised in calves
Sekil 4. Buzagilardan elde edilen B:2 anti-
OMPsB:3.4 serumuna karsi B:2 ve B:3,4 antijenlerinin Dot-
Blot sonuglari
LPSB:34
+ive control (B:2
culture)

Fig 5. Immunoblot result of P multocida B:2 and B:3,4
OMPs against B:2 antiserum raised in calves; a- 1:50
dilution, b- 1:100 dilution

Lane 1:B:3,4 OMPs, Lane 2: B:2 OMPs, Lane 3: Pre-stained
protein marker (SM0671)

Sekil 5. Buzagilardan elde edilen B:2 antiserumuna karsi
P.multocida B:2 ve B:3,4 dis membran proteinlerinin
immunoblot sonucu; a- 1:50 sulandirma, b- 1:100
sulandirma

Kolon 1: B:3,4 OMPs, Kolon 2: B:2 OMPs, Kolon 3: On-
boyamali protein markeri (SM0671)

(a)

P. multocida B:2 and B:3,4 in rabbits). The OMPs of
B:2 and B:3,4 strains reacted with all three dilutions of
their respective antiserum (self reactivity) whereas 1/400
dilution was positive for B:2 LPS only (Fig. 2, Fig. 3). The
antisera raised in buffalo calves and B:2 antiserum
dilutions (1/100 and 1/300) from two groups of animals

170
130
95
72
35
43
34
26

17

was also checked for its efficacy against its own antigens
(B:2 OMPs and LPS i.e., self reactivity) and antigens
of the other strain, B3,4. (cross reactivity). The results
were positive for OMPs with both the dilutions whereas
B:2 LPS gave positive result only with 1/300 dilution
only (Fig. 4).
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The immunoblot of OMPs confirmed common bands
33.5, 31.0 and 17.0 kDa among B:2 and B:3,4 strains of P,
multocida as revealed by SDS-PAGE. The polypeptides
having molecular weight of 39.0, 33.5 and 31.0 kDa were
found immunogenic in B:2 and B:3,4 strains as revealed by
western blotting. The band of molecular weight of 39.0 kDa
was not obvious in the gel but was visualised in Western
blotting thus proving that this method is more sensitive
in detecting immunogenic proteins than Coomassie blue
staining (Fig. 5).

As in case of LPS, dot blot results were found positive for
1/100 and 1/300 dilution of primary antisera with 1/1000
dilution of secondary antibody though immunoblots with
LPS were unsuccessful.

DISCUSSION

Asian and African cattle and buffalo are highly
susceptible to HS infection resulting from P. multocida.
The disease prevalence, morbidity and mortality rate is
high in tropical environments including certain regions of
Pakistan. Several serotypes of P. multocida exist ranging in
disease pathogenicity. Serotype B:2 is the common disease
causing agent in Asian water buffaloes while B:3, B:4 and
B:3,4 serotypes cause HS in cattle and wild ruminants ™.
Disease pathogenicity arises from polysaccharide capsule,
endotoxins or LPS whereas P. multocida OMPs especially
B:2 serotype are reported for conferring immunity against
disease 124231, Therefore, detection of immunogenic proteins
common to B:2 and B:3,4 serotypes of P. multocida are being
explored as future targets for subunit vaccine production
against HS infection.

The OMPs of B:2 and B:3,4 serotypes of P. multocida
were studied for their immunogenicity. The SDS-PAGE
profiling of OMPs from B:2 and B:3,4 serotypes identified
five proteins with three common bands; 33.5, 31.0, and
17.06 kDa. The polypeptide with 33.5 kDa showed the
most intense band between both bacterial strains. No
research has been reported regarding the comparative
analysis of B:2 and B:3,4 strains. As far as the band intensity is
concerned, Jain et al.?” reported 31.7 and 34.9 kDa as the
major OMPs among nine protein bands with MW ranging
from 21.1-89. 2kDa. Kedrak and Opacka 2 found protein
bands of 22 to 86kDa in the OMP profile of serotype B:2
while Pati et al.?® reported ten protein bands ranges
between MW of 25 to 88 kDa. In another study, Johnson
et al?® demonstrated polypeptides of 32 kDa as the major
OMP. With a little difference from our findings, Tomer et
al?” concluded 31, 33 and 37kDa as the major OMPs
while comparing the outer membrane protein profiles
of P. multocida B:2 isolates.

The immunogenic and protective role of OMPs against
HS infection has been elucidated previously 22228, With
regards to the immunogenicity of OMPs of P. multocida B:2

and B:3,4, both strains reacted with respective antiserum
raised in rabbits, thus confirming cross-reactivity. Western
blotting analyses revealed three polypeptides from B:2 and
B:3,4 strains; 39.0, 33.5 and 31.0kDa possessing immuno-
genicity against infection (Fig. 5). Based on quantitative
analysis of gel bands, Tomer et al'® also reported three
polypeptides MW of 31, 33 and 37 kDa, with 37 kDa
fraction being highly antigenic. Whereas other study
reported polypeptides of 44, 37 and 30 kDa being major
immunogens among ten polypeptide bands of 25 to
88 kDa in a study on outer membrane protein from P.
multocida serotype B:2 24,

The efficacy of antisera raised in both groups of animals
(rabbits and calves) is indicative of the immunogenic
nature of both the antigens (OMPs and LPS). Experiments
showing cross reactivity of antisera with antigens reveal
the common nature of the mentioned immunogenic
components also evident from SDS-PAGE analysis of
OMPs where three common bands (MW of 33.5, 31.0
and 17.0 kDa) were found among B:2 and B:3,4 strains.
Therefore, present study clearly revealed outer membrane
proteins (OMPs), as common immunogenic components
of P. multocida serotypes B:2 and B:3,4 for use as a live
vaccine against haemorrhagic septicaemia. Moreover,
the polypeptides identified could be employed for the
development of subunit vaccine(s).
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Abstract

The study aimed at analysing the effects of ejaculate volume on the physical parameters of ejaculates and the sperm morphology of
Hypor boars. The analyses involved 114 ejaculates collected from 12 Hypor insemination boars. The ejaculates were classified according
to the criterion of ejaculate volume. Three groups were specified: ejaculates with a volume of 251 ml or lower (Group ), ejaculates with
a volume of 252-310 ml (Group Il), and ejaculates with a volume of 311 ml or higher (Group Ill). The ejaculates were assessed to identify
the basic physical traits and determine the incidence of morphological abnormalities in the spermatozoa, specifying major and minor
abnormalities. Furthermore, the morphological structure indices for the spermatozoa were also calculated. Rising ejaculate volume
accompanied with a rise in the total number and motility of spermatozoa, and a simultaneous slight fall in sperm concentration in the
ejaculates. The ejaculates with the highest volumes turned out to contain more morphologically well-formed spermatozoa. We also
determined that rising ejaculate volume is accompanied with increasing sperm dimensions, especially those of the head. The increased
parameters were the length and the width of sperm heads, as well as their perimeters and areas. Ejaculate volume has an impact on
the shape of Hypor boar spermatozoa. As the ejaculate volume increases, the shape of sperm heads becomes increasingly more oval.
Additionally, spermatozoa in ejaculates with greater volumes have larger heads in relation to flagellum length.

Keywords: Boar, Ejaculate volume, Morphometric traits, Semen, Spermatozoa

Hypor Domuzlarinda Sperm Morfolojisi ve Ejakiilatlarin
Fiziksel Ozellikleri Yoniinden Ejakiilat Hacminin Onemi

Ozet

Galismada Hypor erkek domuzlarin sperm morfolojisi ve ejakulatin fiziksel 6zellikleri tzerine ejakllat hacminin etkilerini incelemek
amaclandi. Bu amagla, 12 adet Hypor irki suni tohumlama domuzundan alinan 114 ejakdlat incelendi. Ejakilatlar hacme gore
gruplandirildi: Numuneler, 251 ml ve altinda (Grup 1), 251-310 ml (Grup 2) ve 310 ml ve Ustiinde (Grup 3) olarak ayrildi. Sperma, major ve
minor morfolojik sperm anomalilerinin sikligi ve temel fiziksel 6zellikleri yoniinden degerlendirildi. Ayrica, spermatozoa’nin morfolojik
yapisina ait degerler saptandi. Ejakilat hacmi artis ve ejakilasyondaki sperm konsantrasyonunda az miktarda dusus ile, motilite ve
toplam sperm sayisinda bir artisla beraber bulundu. En yiiksek hacimli ejakiilatlarda diizgiin yapida morfolojiye sahip daha fazla sayida
spermatozoa saptandi. Ayrica, daha yuksek ejakilat hacmiyle birlikte spermatozoonlarin 6zellikle bas kisminda olmak tizere ebatlarinin
blyudigu saptandi. Spermatozoonun bas uzunlugu ve genisligi ile cevre uzunlugu ve ylizey alani biiyidu. Ejakilat hacmi Hypor domuz
spermatozoonlarinin sekli Gzerinde bir etkiye sahipti. Ejakiilat hacminin artmasiyla spermatozoa basi daha oval bir sekil aldi. Ek olarak,
hacmin artmasiyla ejakulattaki spermatozoa kuyruk uzunlugu ile daha uzun basa sahip olma arasinda bir iliski saptand..

Anahtar sozclikler: Erkek domuz, Ejakiilasyon hacmi, Morfolojik 6zellikler, Sperma, Sperm

INTRODUCTION oxidative potential of the spermatozoa, apoptotic changes
or on the basis of sperm ATP level assays “5.,

The efficacy of insemination largely depends on the

quality of spermatozoa inferred from analyses of sperm Morphological abnormalities in spermatozoa reduce
morphology 1. Sperm quality can be also determined male fertility . Particular individuals exhibit differences

on the basis of an analysis of the damage to the sperm in the quality of spermatozoa they produce. This includes
membrane ), the state of chromatin structure, the anti-  difference in the incidence of spermatozoa with morpho-
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logical abnormalities 7. The shape and dimensions of
spermatozoa are also important. Their dimensions and
shapes determine their motility and capacity to penetrate
the egg ®. This issue has been dealt with by numerous
researchers who concentrated on the variation in morpho-
metric parameters of spermatozoa, depending on the
physical traits of the ejaculates produced by the sires ©1%,
It is believed that the presence of spermatozoa with head
abnormalities in the semen can be the reason for reduced
embryo quality " and miscarriages in the initial period of
pregnancy 2,

The size and shape of the sperm head is a species-related
trait. However, differences have been identified between
males representing different breeds of the same species,
or even between particular individual animals 3. Some
scientists believe that motor parameters of spermatozoa
depend on their sizes and shapes "'*'9, This has impact on
the competitiveness of spermatozoa in the reproductive
organs of the female. Faster and viable spermatozoa
undergo spontaneous selection following capacitation.
Spermatozoa negotiate a long way in the reproductive
tract of the female, surmounting the immunological barrier,
disadvantageous pH, complex oviduct topography and
the untoward conditions prevalent there !'7.,

The volume of ejaculated semen varies among animals
depending on nutrition, genetics, breed and management "8,
High-volume ejaculates are considered to be particularly
useful for insemination because they make it possible to
prepare numerous insemination doses containing the
required numbers of spermatozoa. Ejaculate volume is also
important for fertilization efficacy and embryo survival "%,
Semen volume affects the distribution of spermatozoa °.
Increased ejaculate volume positively influences the transport
of semen by stimulating the central layer of the uterine
accelerate its contractions and inducing the pituitary body
to release hormones that stimulate contractions of the
smooth muscles of the matrix . Ejaculate volume may
also affect the quality dimensions and shape of sperms,
as well as their motor parameters that determine their
fertilizing ability. Currently, there are studies that indicate a
connection between the sperm morphometric parameters
and concentration in the ejaculates of boars .

The present study was aimed at analysing the relation-
ship between ejaculate parameters and sperm morphology
and the volume of ejaculates produced by Hypor boars, on
the basis of physical traits of the ejaculates, morphometric
measurements of the spermatozoa, and an evaluation of
the incidence of morphological sperm abnormalities.

MATERIAL and METHODS

The study concerned 114 ejaculates collected from 12
Hypor boars used at three insemination centres. The boars
(aged 8 to 18 months), were managed in accordance with
the rules of animal welfare '\, The individual pen area was

10 m?/boar, and the pen had a concrete slatted floor. The
boars were fed according to Swine Nutrition Requirements 22,
with ad libitum access to water. Temperature, relative
air humidity, and atmospheric pressure were measured
during semen collections. Temperature was measured
with a precision of one degree Celsius. Humidity, expressed
as a percentage, was measured with a precision of one
percentage point. Temperature and humidity was recorded
using a thermo-hygrometer TERMIK PLUS (1000209, Termo-
produkt, PL). Atmospheric pressure was measured using an
ADLER barometer (Bar 003, Demus, PL) with a resolution
one hPa. Relative humidity was close to 70%. The air
temperature in the boar pens was 16°C (average minimum
13°C and maximum 21°C). Air pressure inside the buildings
averaged 1005 hPa (min. 987 hPa, max. 1016 hPa). Ejaculates
were collected using the manual method ' in one-month
intervals over a period of nine months. A total of 114
ejaculates were collected from July 2013 to April 2014.
Each boar provided at least 10 ejaculates for the analysis. The
ejaculates were grouped according by volume as follows:

Group | : ejaculates with a volume below 251 ml - 32
ejaculates,

Group Il : ejaculates with a volume between 251 ml and
310 ml - 38 ejaculates,

Group Il : ejaculates with a volume above 310 ml - 44
ejaculates.

The following physical parameters were determined
in the freshly collected ejaculates: ejaculate volume (ml),
sperm concentration (x10%/ml), sperm motility (%), total
number of spermatozoa (x10°), and number of insemination
doses per ejaculate (n). Ejaculate volumes were determined
by weight, without the gelatinous fraction, using electronic
scales. Sperm concentration in the ejaculates was determined
with a photometric method, using a spectrophotometer
(IMV Technologies, France). Sperm motility was evaluated
with a Nikon Eclipse 50i light microscope equipped with
a heated stage. A sample of 5 pl of sperm suspension was
placed on a pre-warmed slide and sealed with a coverslip
at 37°C. Under 200x magnification, the percentage of
normally motile spermatozoa was determined in the
overall number of sperms present in the field of vision of
the microscope. The total number of motile spermatozoa
and the number of insemination doses per ejaculate were
calculated using SYSTEM SUL (v. 6.35; Gogosystem, Poland)
software package.

Semen samples from the collections were used to
prepare microscopic slides. The slides for morphological
analyses were stained using eosin and gentian violet,
according Kondracki et al.?*. Microscopic analyses of
the smears were performed under 100x magnification
with immersion lenses, using the Nikon Eclipse 50i light
microscope. The morphology of 500 spermatozoa was
assessed per slide, identifying the number of well-formed
and malformed spermatozoa and differentiating those
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with primary and secondary changes, according to Blom’s
classification 2%,

Also, sperm morphometric measurements were carried
out on 15 randomly selected normal spermatozoa in each
slide. The measurements were performed using a suite for
computer image analysis (Screen Measurement v. 4.1),
according to methodology proposed by Kondracki et al.?d.
The following sperm measurements were taken: head
length (um), head width (um), head area (um?), head peri-
meter (um), flagellum length (um), and total length (um).
The following morphological indices were calculated on
the basis of the measurements:

head width/head length,

head length/total length,

head length/flagellum length,
flagellum length/total length,
head perimeter/total length,
head area/total length,

head length x width/total length.

Experimental data were analysed using a program
STATISTICA® 10 PL (StatSoft, Tulsa, USA) 271, All results
are expressed as mean (X) + standard deviation (Sx). The
obtained material was statistically analysed according to
the following mathematical model:

Yij=p+ai+eij

Where: Y; is the value of the analysed parameter, p is
the population mean, a;is the effect of ejaculate volume,
e;is the error. The significance of the differences between
the groups was assessed with the Tukey test at P<0.05
and P<0.01.

RESULTS

Table 1 contains data on the physical parameters of
the Hypor boar ejaculates in relation to ejaculate volume.
The data reveal that ejaculate physical parameters are

Table 1. Physical traits of ejaculates in relation to ejaculate volume

correlated with ejaculate volume. An increase in ejaculate
volume was accompanied by a decrease in sperm concen-
tration and an increase in sperm motility. With an increase
in volume, the total number of sperm and the number of
insemination doses per ejaculate significantly increased too.
Group |, which comprised the lowest-volume ejaculates,
showed the highest sperm concentrations, which averaged
430.66 x 10%/ml and were by more than 18 x 10%/ml higher
than in Group II, and by nearly 29 x 105/ml higher than in
Group I, the one with the highest ejaculate volumes. These
differences were not, however, statistically confirmed.

The data in Table 1 show that spermatozoa in the higher-
volume ejaculates have greater progressive motility. Group
Ill, comprising ejaculates with the highest volume, was
found to contain spermatozoa with the highest motility.
The percentage of motile spermatozoa in the ejaculates
from this group was more than 3% higher than in Group |l
(P<0.01) and almost 5.5% higher than in Group | (P<0.01).
The highest sperm counts were found in Group lll. The
ejaculates in this group contained over 114 billion spermato-
zoa with progressive motility, over 26 billion more than
those in Group Il (P<0.01) and approximately 40 billion
more than those in Group |, with the lowest volumes
(P<0.01). The number of spermatozoa in the ejaculate also
determines the number of insemination doses that can be
prepared out of the ejaculate. The most numerous doses
were prepared from the ejaculates in Group lll, those with
the highest volumes. Each ejaculate in this group provided
more than 37 insemination doses, approximately 8.4 doses
more than the ejaculates in Group Il and over 13 doses more
than the ejaculates in Group | (P<0.01). Table 2 contains the
results of the analysis of morphological abnormalities in
the spermatozoa.

The mean percentage of normally formed spermatozoa
remained within the range from 94.72% to 96.90%. The
fewest spermatozoa with normal morphology were found
in the ejaculates in Group lll. The data presented in Table 2
show Hypor boar semen quality to be very high. The mean
percentage of spermatozoa with major morphological
abnormalities did not exceed 1.71%. The differences

Tablo 1. Ejakiilat hacmine iliskin ejektilatlarin fiziksel dzellikleri

Groups & Ejaculate Volume (ml)
Specification
1(<251) 11(251-310) 1 (>310)
Number of ejaculates (n) 32 38 44
Ejaculate volume (ml) X+Sx 217.19+33.147 284.47+15.548 364.09+46.37¢
Spermatozoa concentration (x 10¢/ml) X+Sx 430.66+131.65 412.50+129.98 401.86+103.20
Percentage of spermatozoa with progressive motility (%) X£Sx 73.44+4.82° 75.79+5.00° 78.86+3.21¢
Total number of spermatozoa (x 10°) X+Sx 75.21+38.572 88.39+25.15P 114.58+18.54¢
Number of insemination doses per ejaculate (n) X£Sx 24.22+8.49" 29.37+8.78% 37.75+8.00¢
ab Differences between average values, represented by different letters in the same row, are important (P<0.05); “€ Differences between average values,
represented by different letters in the same row, are important (P<0.01)
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sperm anomalilerinin gortilme sikhg:
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0,0
Group l< 251

Group Il 251-310

Ejaculate volume (ml)

O spermatozoa with simple bent tail ®spermatozoa with proximal droplet O spermatozoa with distal droplet

Group Il > 310

Table 2. Frequency of spermatozoa with morphological changes in relation to ejaculate volume

Tablo 2. Ejaktilat hacmine iliskin morfolojik degisikliklere sahip spermatozoa sikligi

Groups & Ejaculate Volume (ml)

Specification

1(<251) 11(251-310) 11 (>310)
Number of ejaculates (n) 32 38 44
Ejaculate volume (ml) X+Sx 217.19+33.14* 284.47+15.548 364.09+46.37¢
Percentage of normal spermatozoa (%) X+Sx 96.08+3.208 96.90+2.638 94.72+3.72*
Spermatozoa with major abnormalities (%) X+Sx 1.09+1.08 0.91+1.80 1.71+2.05
Spermatozoa with minor abnormalities (%) X+Sx 2.88+2.69 2.18+1.81 3.60+2.93

AB Differences between average values, represented by different letters in the same row, are important (P<0.01)

Table 3. Morphometric traits of spermatozoa with regard to ejaculate volume

Tablo 3. Ejakiilat hacmine iliskin morfometrik spermatozoa ézellikleri

Groups & Ejaculate Volume (ml)
Specification
1(<251) 11(251-310) 1 (>310)

Number of ejaculates (n) 32 38 44

Ejaculate volume (ml) X+Sx 217.19+33.14* 284.47+15.548 364.09+46.37¢

Head length (um) X+Sx 8.99+0.55 9.10+0.56 9.19+0.46

Head width (um) X£Sx 4.73+0.32 4.85+0.30 5.02+0.34

Head perimeter (um) X+Sx 23.24+1.02 23.59+1.14 23.75+1.32

Head area (um?) X+Sx 37.88+4.39" 39.16+4.57"8 40.53+4.28°

Flagellum length (um) X+Sx 43.19+1.12° 43.84+1.16° 43.59+1.37%
Total length (um) X+Sx 52.18+1.00" 53.02+1.158 52.80+1.62"8
ab Differences between average values, represented by different letters in the same row, are important (P<0.05); “® Differences between average values,
represented by different letters in the same row, are important (P<0.01)

between the groups were slight and statistically un-
confirmed. The highest percentage of spermatozoa with
major abnormalities was found in the semen of the boars
with the highest ejaculate volumes. Among the major
morphological abnormalities, cytoplasmic droplets in the
proximal position in the spermatozoa were most frequent.
The mean percentage of spermatozoa with this defect was
low and did not exceed 0.5% (Fig. 7). The highest numbers

of sperm with minor morphological abnormalities were
found in the semen of Group Il (3.60%). The differences
between the groups were, however, low and statistically
non-significant.

The data in Table 2 suggest that the volume of ejaculates
collected from Hypor boars insignificantly affected the
frequency of morphological abnormalities in the spermato-
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Table 4. Morphometric indices of spermatozoa in relation to ejaculate volume

Tablo 4. Ejakiilat hacmine iliskin morfometrik spermatozoa endeksleri

Groups & Ejaculate Volume (ml)
Specification
1(<251) 11(251-310) 1 (>310)
Number of ejaculates (n) 32 38 44
Ejaculate volume (ml) X+Sx 217.19+33.14* 284.47+15.548 364.09+46.37¢
Head width/head length X£Sx 52.71+£3.08" 53.42+2.55"8 54.61+2.88%
Head length/total length X+Sx 17.23£1.09 17.15+0.96 17.40+0.66
Head length/flagellum length X+Sx 20.84+1.59 20.76+1.40 21.09+0.99
Head area/total length X£Sx 82.76+1.09 82.69+1.31 82.54+0.79
Head length x width/total length X£Sx 44.54+2.09 44.48+1.94 44.96+1.69
Perimeter of the head/total length X+Sx 72.61+8.50° 73.79+7.94% 76.66+6.82°
Flagellum length/total length X£Sx 81.7949.54° 83.46+8.94° 87.37+7.88°
ab Differences between average values, represented by different letters in the same row, are important (P<0.05); #¢ Differences between average values,
represented by different letters in the same row, are important (P<0.01)

zoa. The results of the morphometric measurements of the
spermatozoa are presented in Table 3.

The data in Table 3 show that the spermatozoa in
the ejaculates with the highest volumes (Group Ill) have
larger head dimensions than those in the ejaculates
with intermediate and low volume (Group Il and I). The
head lengths and widths increase with ejaculate volume.
The spermatozoa in the ejaculates with the highest
volumes (Group Ill) had 0.17 um wider heads than those
in the ejaculates in Group Il (P<0.05) and 0.29 um wider
heads than the spermatozoa in Group | (P<0.01). The
spermatozoa in the ejaculates of the highest volumes were
also characterized by the largest head areas. The head
area exhibits a clear rising trend in line with the increase in
ejaculate volume (P<0.01).

Sperm flagella in the ejaculates in Group Il were on
average 0.65 um longer than those in in Group | (P<0.05),
and 0.25 um longer compared to Group lll. The spermatozoa
total length was also the greatest in the ejaculates in Group
Il, principally due to the longer flagella. Table 4 contains
data on the structural indices defining the sperm shape.

The data in Table 4 suggest that the effect of ejaculate
volume on the shape of Hypor boar spermatozoa is non-
significant. Most of the structural sperm morphology
indices assumed similar values in all groups, and the
observed differences largely remained within the range of
statistical error. It was recorded that the spermatozoa in the
ejaculates with the lowest volume (Group I) had the most
elongated heads, and as the ejaculate volume grew, the
shape of the sperm heads turned increasingly more oval.
This has been confirmed in the head width/head length
index, the highest in the ejaculates in Group Il - 1.90 times
higher than in Group | (P<0.01). The data in Table 4 also
show that as the ejaculate volume rises, the proportions
between the spermatozoa head and the flagellum change
as well. With an increase in ejaculate volume, the head

area/total length and head length x width/total length
ratios also increased. Both indices were higher in Group I,
compared to those in Groups Il and | (P<0.05). This suggests
that spermatozoa in ejaculates with higher volumes have
larger heads in relation to the flagellum length.

DISCUSSION

The ejaculate volume has a physiological basis and is
associated with the secretory function of the accessory
sexual glands, which produce seminal plasma forming
environment for development, and existence of sperm.
Functionality of the accessory sexual glands depends on
many factors including genetic and non-genetic factors.
Important for the physiology of plasma secretion of semen
components is sexual development of pig males. The
sexual development of pig males is not over at 8-9 months
of age, when boars start to be used for insemination, but
proceeds until a much more advanced age. Some authors
have reported that boar ejaculate volume and sperm
count of the boars grows until the age of around 27-28
months 2829, The further development of sexual glands in
sexually mature and active breeding boars is confirmed
by testicular morphology analysis. It was shown that
boar testes increase in size until the age of 20 months 3.
Oestrogens play a crucial role in the control of testicular
development and functionality ®'22. Dynamically rising
weight of testes during pubescence as well as the number
of reproductive and somatic cells within the parenchyma
of testes may be determined by oestrogen levels.

An essential parameter in the qualitative assessment
of boar semen is the percentage of sperm with superior
motility. The reason is that motility is a symptom of viability
and indirectly reveals the fertilization capability of sperma-
tozoa. Acceptable, fertilisation-capable boar semen should
contain at least 70% of spermatozoa with progressive
rectilinear motion 53, The data of the present study showed
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the spermatozoa in all the analysed groups having a good
motility, much above the values reported by Shipley B4,
It was essential to identify the positive effect of ejaculate
volume on sperm motility. Raising ejaculate volume was
accompanied with a significant increase in sperm motility.
Numerous factors affecting sperm motility have been
reported. Some authors have reported the negative impact
of morphological defects on sperm motility &%, while
others have pointed out the considerable impact of the
hyperosmotic environment of spermatozoa on their
motility B¢, Frequent causes of reduced sperm motility
include spermatogenetic disorders, anomalies in the
functioning of the epididymal epithelium and debilitated
functioning of the additional sexual glands 7. The correlation
between sperm motility and the physical parameters of the
ejaculate has not been clearly confirmed yet. Publications
on the subject provide inconclusive observations. The
study of Pietrain boars by Kondracki et al.®! showed the
highest motility in spermatozoa in ejaculates with the
lowest volumes. The progressively motile spermatozoa
identified in the previous study ranged from 75 to 79%, and
was slightly higher in ejaculates with the lowest volumes,
i.e. contrarily to the correlation observed in this study. The
observed changes were, however, non-significant, and
the percentage of spermatozoa with progressive motility
was not too much. Studies of the importance of sperm
concentration have revealed that sperm motility is not
in significant correlation with sperm concentration in
the ejaculate 578, There was no correlation between sperm
motility and the total number of spermatozoa in the
ejaculate has been identified either ') The results of the
present study showed that sperm concentration was
slightly higher in ejaculates with lower volumes. This confirms
the existence of an inversely proportional correlation
between ejaculate volume and sperm concentration in
boar ejaculates, as identified in previous studies 12439,

The total number of sperm increased with ejaculate
volume. The differences were significant and very
pronounced. This is consistent with the expectations,
since the content of motile spermatozoa in the ejaculate
depends on ejaculate volume and sperm concentration.
A directly proportional correlation between the number
of spermatozoa and ejaculate volume has also been
observed in other studies .

The results of the present study justify the conclusion
that ejaculate volume affects sperm morphology. The
spermatozoa in ejaculates with different volumes differ
in their sizes and shapes, as well as in the incidence of
morphological abnormalities. The spermatozoa in the
ejaculates with the highest volumes (above 310 ml) were
larger in size than those in the ejaculates in Group | - with
the lowest volumes (below 251 ml). Sperm size affects
the motility and fertilization capacity 3%, According to
Noorafshan & Karbalay-Doust 1'%, sperm length is positively
correlated with the speed of sperm motion. Spermatozoa

with longer mid-pieces and flagella have stronger tails “°.
The correlation between flagellum length, and primarily
mid-piece length, and sperm motility has also been
revealed (41541,

It is probable that, sperm mid-piece length can
be associated with the level of energy originating in
mitochondria "2, Spermatozoa with longer flagella are
more competitive since they might reach the egg faster. The
present authors found that spermatozoa with the longest
flagella were present in ejaculates with intermediate
volumes (251-310 ml). A study by Marmor and Grob-
Menendez ¥ revealed that spermatozoa with low motility
could have flagella that are shorter by as much as 50%. The
results of the above study were confirmed by Noorafshan
and Karbalay-Dust . The data presented in this work
also validate this correlation, because the lower flagellum
length in ejaculates containing spermatozoa with low
motility was statistically confirmed. The interrelation between
flagellum length and ejaculate parameters has already
been identified in several studies *##, It has been revealed
that ejaculates with a high sperm concentration contain
spermatozoa with shorter flagella 574¢, However, no clear-
cut correlation was identified between flagellum length
and the total number of spermatozoa in the ejaculate "'\,

The rising ejaculate volume was accompanied with
increasing sperm head dimensions, including the length,
width, perimeter and area (Table 3). The sperm head
contains the cellular nucleus, which is the primary carrier
of genetic information transferred during fertilization.
The variation in the dimensions of sperm heads can stem
from differences in chromatin structure “”. Some reports
informed that even slight modifications in the sperm
head shape can be associated with changes in chromatin
structure in the cellular nucleus “®, leading to reduced
fertility %, A correlation has been found between sperm
head dimensions and male fertility. It was observed that
the spermatozoa of males with higher fertility had narrower
and shorter heads *°°'!, The studies by Villalobos et al.>?
demonstrated a positive correlation between fertility and
spermatozoa head morphometry in swine. It was concluded
that males with high fertility showed the values of 8.9 um
in length and 4.5 um in width. The data of the present
work revealed that the spermatozoa in the ejaculates
with the lowest volumes had the lowest head dimensions.
Their heads were shorter and narrower than the heads of
spermatozoa in the ejaculates with higher volumes. The
association of sperm head dimensions with the physical
parameters of ejaculates has also been identified in other
studies . Sperm head dimensions have been observed to
be dependent on the sperm concentration in bull 24 and
boar ejaculates 13738,

The head shape can be significant in the context of
sperm motility. Spermatozoa with an elongated head
shape move faster than those with rounded heads ©3. The
current data showed that the spermatozoa in the ejaculates
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with the lowest volumes (Group 1) had the most elongated
heads, and as the ejaculate volume increases, the shape
of the sperm heads turned increasingly more oval (Table
4). Helfenstein et al.5* have reported the existence of a
correlation between the length of the head and flagellum
and the speed of sperm motion. Spermatozoa with a
lower ratio of head length to tail length move faster.
Considering the results of the experiment, this refers to
the spermatozoa from the ejaculates classified in Group Il
in terms of the volume.

Sperm head dimensions can be affected by the manner
of storage and preservation of semen ¢ A study by
Hidalgo et al.*® revealed that buck sperm heads in refri-
gerated were smaller than those in fresh semen. This was
explained with the damage to or loss of the acrosome, or a
possible change in sperm chromatin structure as a result
of refrigeration. The detection of abnormalities in sperm
heads makes it possible to recognize fertile animals and
those with reduced fertility 7. Morphometric analyses of
ram spermatozoa have revealed that sires with reduced
fertility have larger sperm heads than fertile males 8,
The reason for the increase in head size can be disordered
spermatogenesis, or changes in chromatin structure during
the maturation and transport of spermatozoa. Sperm head
defects often cause deterioration in the quality of embryos
and lead to miscarriages in the first period of pregnancy %>,

The data presented in this work indicate a moderate
correlation between the incidences of sperm morphological
abnormalities and ejaculate volume. However, ejaculates
with the highest volumes had the lowest proportions of
spermatozoa with correct morphology. The presence of
morphologically abnormal spermatozoa reduces male
fertility and was an index of a reduced performance of the
seminiferous epithelium. The incidence of morphological
abnormalities in spermatozoa can result from the influence
of seasonal factors ?, genetic conditions !'>6", and individual
predispositions ©2. The incidences of morphologically ab-
normal spermatozoa also depend on feeding factors 3,
Large differences in the frequency of morphological
abnormalities in spermatozoa have also been identified
in relation to the age of sires (2864661,

Boars with normal fertility always have a certain
percentage of morphologically abnormal spermatozoa 3.
A maximum of 15% spermatozoa with major and 10-15%
with minor abnormalities is acceptable. The presence of
spermatozoa with major abnormalities that have appeared
during spermatogenesis is particularly disadvantageous. A
high percentage of spermatozoa with major modifications,
especially acrosome defects, substantially reduces the
chances for insemination. The data presented in this
study showed that the samples of spermatozoa with
major abnormalities was low and did not exceed 1.71%
in any of the groups. Among the major morphological
abnormalities, the proximal cytoplasmic droplet in the
spermatozoa was the most frequent defect. Such defects

result from anomalies in sperm maturation. The reason
for the appearance of the abnormalities can be a short
a time of sperm maturation in the epididymal duct ©”.
It should be noted that the incidence of the tail defects
could be a consequence of an osmotic difference between
the spermatozoa and the solution in which the sample
is immersed 8, According to Martin-Rillo et al.*, a
maximum of 20% spermatozoa with a proximal droplet is
acceptable in collected semen. Any amount in excess of this
level leads to a considerable reduction of male fertility 7.

Ejaculate parameters depend on the volume of
produced ejaculates. The rise in ejaculate volume was
accompanied with an increase in the total number and
motility spermatozoa, as well as with a concomitant slight
fall in sperm concentration. Ejaculates with the highest
volume were highly usable for preparation of more
insemination doses. Ejaculates with the highest volumes had
a larger proportion of spermatozoa with normal morpho-
logy. However, ejaculate volume does not substantially
affect the frequency of morphological sperm abnormalities
in Hypor boar ejaculates. Ejaculate volume influences
morphometric parameters of Hypor boar spermatozoa. The
rise in ejaculate volume is accompanied with an increase
in sperm dimensions, especially with regard to the sperm
head. The increased parameters were the length and the
width of sperm heads as well as their perimeters and areas.
Ejaculate volume had an impact on the shape of Hypor boar
spermatozoa. As the ejaculate volume increases, the shape
of the sperm heads changes from elongated to increasingly
more oval. Spermatozoa in ejaculates with higher volume
had a larger heads in relation to the flagellum length.
When using Hypor boars for insemination purposes, it is
preferred to choose sires with a high ejaculatory efficacy
and producing ejaculates of high volume. Such ejaculates
allow not only for generating more insemination doses,
but also doses including spermatozoa of higher mobility
and quality.
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Abstract

Glycoprotein D (gD) is the major structural protein of infectious bovine rhinotracheitis virus (IBRV). It can induce both humoral and cellular immunity thus
it is a preferable protein for IBR diagnostic reagent. Regarding to DNAstar analysis, the major antigenic region of the gD fragment was amplified by PCR
using the IBRV genomic DNA as a template, and subsequenly constructed into the recombinant plasmid pET32a-gD. The fusion protein was expressed
upon IPTG induction. The fusion protein was purified by immobilized Ni ion affinity chromatography with a Ni-NTA Kit after verification by SDS-PAGE and
Western-blotting analysis, then was utilized as a coating antigen to detect antibodies to infectious bovine rhinotracheitis virus (IBRV) in an indirect ELISA
method. Cross-reactivity examinations have showed that the recombinant antigen had no cross reaction with positive sera of other common viral diseases
(bovine ephemeral fever, bovine viral diarrhea-mucosal disease, calf diarrhea, bovine intestinal virus infection, bovine coronavirus disease) which indicating
a strong specificity. Application of this diagnostic method in 1315 clinical serum samples displayed an antibody positive rate of 23.7% (311/1315), with
respect to a coincidence rate of 96.8% as compared to a commercialized IBRV whole virus ELISA. Our method is stable and sensitive hence provides a quick
and convenient serological diagnosis favoring epidemiology and disease identification of domestic IBR.

Keywords: gD, Indirect ELISA, Infectious bovine rhinotracheitis virus, Serology

Enfeksiyoz Bovine Rhinotracheitis Virusun Tespitinde IBRV Sus
SD Rekombinant Glikoprotein D Kullanilarak indirekt ELISA
Yonteminin Gelistirilmesi ve Uygulanmasi

Ozet

Glikoprotein D (gD) sigir enfeksiyoz rhinotracheitis virus (IBRV)'lin major yapisal proteinidir. Glikoprotein D hem humoral hem de hiicresel bagisikligi uyarmasi
nedeniyle IBR'nin tespitinde tercih edilen bir proteindir. DNAstar analizi ile ilgili olarak gD fragmaninin major antijenik bolgesi BRV genomik DNA'sI sablon
olarak kullanilmak suretiyle PCR ile amplifiye edildi; sonrasinda rekombinant plazmid pET32a-gD icinde yapilandirildi. Flizyon proteini IPTG olusturulmak
suretiyle ifade edildi. Flizyon proteini; SDS-PAGE ve Western Blotting analizleriyle onaylandiktan sonra Ni-NTA Kit kullanilarak immobilize Ni iyon affinite
kromotografi ile saflastirildi. Sonrasinda, saflastirilan protein indirekt ELISA metodunda enfeksiy6z bovine rhinotracheitis virts (IBRV) antikorlarini belirlemek
amaciyla ortli antijeni olarak kullanildi. Capraz reaksiyon incelemeleri ise diger yaygin viral hastaliklarin (bovine ephemeral fever, bovine viral diare-mukozal
hastalik, buzagd dizanterisi, bovine intestinal viriis enfeksiyonu, bovine coronavirus hastaligi) pozitif serumlari ile capraz reaksiyon olusturmayarak gii¢li bir
spesifiteye sahip oldugunu gosterdi. Tani amaglh olarak metodun 1315 serum 6rneginde uygulanmasi neticesinde antikor pozitif orani %23.7 (311/1315)
olarak belirlendi. Bu sonugla glivenli kullanim orani ticari IBRV tiim virtis ELISA ile karsilastirildiginda %96.8 olarak tespit edildi. Cabuk ve kullanigh serolojik
tani saglamasi nedeniyle mevcut yontem IBR'nin hastalik tanisi ve epidemiyolojisinde istikrarli ve duyarli bir test olarak kullanilabilir.

Anabhtar sézciikler: gD, indirekt ELISA, Enfeksiyéz Bovine Rhinotracheitis Virus, Seroloji
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INTRODUCTION

Infectious bovine rhinotracheitis (IBR) is an acute, feverish
and contagious disease caused by infectious bovine rhino-
tracheitis virus (IBRV) '3l [BRV is one of critical pathogens
causing bovine respiratory diseases (also known as shipping
fever). Apart from direct pathogenicity, IBRV also induces
immune suppression resulting in secondary bacterial
infection, which subsequently weakens cattle reproductivity
and causes mortality in severe cases. This virus has a typical
pantropism enabling it to attack a variety of tissues and
organs with diverse symptoms. The cattle are characterized
with latent and persistent infections after virus invasion
and can be a long-term, or even life-long carrier #°1, The
potential carriers intermittently release viruses during a
period of up to one and half years which rapidly spread
around in a high density stock causing exclusive infections.
Meanwhile, certain amounts of IBRV in the semen also lead
to a widespread of viruses making it extremely difficult to
control and eliminate the disease.

From the 1850s when the disease was identified for the
first time in the US, so far there have been IBR infections
reported worldwide and thus it became a prominent
global disease. Since IBR was isolated in China in 1980
from the cattle imported from New Zealand, the presence
of this disease in most Chinese provinces is rising up and
impacting greatly on the rates of cattle fattening, milk
production and reproductivity 7%, IBR is classified as a class
B infectious disease by the World Organization for Animal
Health (OIE), and is a key quarantine by the Law of the
People’s Republic of China on the entry and exit animal ¥,
Therefore, further development of diagnostic method for
IBR is of great importance for prevention and control of
the disease.

IBRV also called bovine herpesvirus type | (BHV-1). The
BHV-1 genome is an approximately 138 kb linear double-
stranded DNA Bl |t encodes about 30 to 40 structural
proteins including 11 glycoproteins among which, the
gD is a major one located at the surface of virus particle
associated with virus infection P It is mainly involved
in virus entry and can induce humoral and cellular immunity
in host cells ', The whole virus ELISA method experiences
a risk of virus contamination although with a better anti-
genicity. The neutralization antibody against gD largely
produced in the host has the best performance to
antagonize IBRV, hence is favored as the top choice for
manufacturing diagnostic reagents and subunit vaccines 0.
This study utilizes a prokaryotic system to express recombi-
nant gD. Preliminary data showed that the recombinant
product of the whole gD gene mainly existed as an inactive
form in inclusion body and needed further complicated
re-activation after purification. Hence in this study, a
fragment of the gD gene centralized with antigen clusters
was truncated depending on the outcome of biological
software analysis. The majority product of this truncated

gD gene was in a soluble form. In addition, Western-blot
analysis of purified protein indicated that this shortened
gD protein exhibited a relative high reactivity to be used
as the antigen in ELISA '2,

This study aims to establish an indirect ELISA method to
detect IBRV using the recombinant gD protein expressed
in prokaryotic cells as the coating antigen. It provides a
quick and convenient technique for IBRV serological and
epidemiological investigation.

MATERIAL and METHODS

Virus, Bacterial Strains, Plasmids and Serum Samples

The IBRV-SD strain was isolated from a dairy farm in
Jinan, Shandong, China. The cloning vector pEASY-T3, and
DH5a, BL21(DE3) competent cells were purchased from
Transgene Biotechnology Co.,, Ltd, Beijing, China. The pET32a
(+) expression plasmid, IBRV positive/negative sera and
1315 blood samples collected from dairy cattle in some
Shandong farms were stored in the Dairy Cattle Research
Center, Shandong Provincial Academy of Agricultural
Sciences, Jinan, China.

Enzymes and Reagents

The enxymes and reagents were purchased from
different companies (Table 1).

Extraction of Virus Genomic DNA

Monolayer MDBK cells were inoculated with 100TCIDs,
IBRV (TCIDs, = 107%%/0.1 mL) and underwent 3 freeze-thaw
cycles once 80% of lesion achieved. The IBRV genomic
DNA was purified with the virus genomic DNA extraction
kit (Takara Biotechnology Co., Ltd (Dalian, China) following
manufacturer’s instructions.

Construction and Verification of the gD Vector for
Prokaryotic Expression

The gD ORF was amplified by PCR from the IBRV SD
strain genome. The primer sequences for the gD gene
were gD-F and gD-R. The primers were designed specifically
using a primer design software (Table 2) and synthesized
by Sangon Biotechnology Co., Limited (Shanghai, China).
The truncated gD fragment was amplified by PCR and
digested with BamH I/Hind Il after purification. Afterwards
it was cloned into the pET32a (+) backbone to generate the
recombinant plasmid pET32a-gD which was transformed
into DH5a competent cells. The plasmids were purified
from a bulk culture and verified by restriction analysis
and sequencing.

Expressionand Activity Evaluation
of Recombinant gD Protein

BL21 (DE3) cells were transformed with positive recombi-
nant pET32a-gD plasmids and a single colony was picked
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Table 1. Enzymes and reagents used in this study
Table 1. Calismada kullanilan enzim ve maddeler

Enzymes and Reagents

Sellers

LA Tag enzyme

Takara Biotechnology Co., Ltd (Dalian, China)

T4 DNA ligase

Takara Biotechnology Co., Ltd (Dalian, China)

restriction endonucleases

Takara Biotechnology Co., Ltd (Dalian, China)

viral genomic DNA extraction kit

Takara Biotechnology Co., Ltd (Dalian, China)

protein loading buffer and marker

Sangon Biotech Company (Shanghai, China)

Ni-NTA spin kit QIAGEN (Hilden, Germany)
IPTG Sangong Biotechnology Co. Ltd (Shanghai, China)
X-Gal Sangong Biotechnology Co. Ltd (Shanghai, China)

plasmid extraction and gel extraction kits

Tiangen Bioech (Beijing) Co.,Ltd (Beijing, China)

mouse anti-6-histidine (His) monoclonal antibody

Sigma-Aldrich Co. LLC (Saint Louis, USA)

horseradish peroxidase-conjugated goat anti-mouse IgG antibody

Sigma-Aldrich Co. LLC (Saint Louis, USA)

96-well plates

Sigma-Aldrich Co. LLC (Saint Louis, USA)

Table 2. Primers for prokaryotic expression
Table 2. Prokaryotik ifade tespitinde kullanilan primerler
Primer Name Primer Sequences (5’-3’)

gD-F ATGGATCCTTCGCCTACCCCACGGAC

gD-R GCAAGCTTGTTGACGTTGCCAAAGGCC

and inoculated into 5 mL of LB containing 0.1% ampicillin
followed by overnight growth at 37°C, 200 r/min in a
shaking incubator. The next morning the overnight culture
was inoculated into 5 mL of LB containing 0.1% ampicillin
at 1 in 100 dilution and shake at 200 r/min, 37°C until
OD600 to be 0.6 to 0.8. Then IPTG was added to a final
concentration of T mmol/L and the bacteria were induced
at 30°C for 6 h before harvesting. The pellet from 1 mL of
broth was vortexed and boiled in 80 pL 1% SDS plus 20
pL of loading buffer for 5 min, after short spin, 10 pL of
the supernatant was loaded on a 12% SDS-PAGE gel
for analysis.

The induced bacteria were harvested and washed for
three times with ice-cold PBS. The cells were disrupted
by sonication and centrifuged at 1200 r/min for 15 min.
Then the target protein expression in the supernatant
and cell pellet were separately analyzed by SDS-PAGE
electrophoresis. The target protein was purified with the
Ni-NTA protein purification kit according to manufacturer’s
instructions.

The proteins separated by 12% SDS-PAGE gel were
transferred onto a PVDF membrane. The membrane was
blocked in PBST containing 5% of skimmed milk, 4°C for
overnight, followed by sequential staining with primary
mouse anti-6-Histidine (His) monoclonal antibody (1:5000
dilution) and secondary HRP-conjugated goat anti-mouse
IgG antibody (1:5000 dilution). The immunoactivity of
recombinant gD protein was detected through X-ray
spectroscopy.

Development of Indirect ELISA (iELISA) to
Detect Recombinant gD

- Procedure of Indirect ELISA

The purified protein was appropriately diluted in
carbonate buffer (pH 9.6) and coated onto a 96-well ELISA
plate at 4°C, overnight. The plate was washed for 3 times
with 0.5% PBST buffer for 3 min each, and blocked at 37°C
followed by repeated washes as above. The diluted serum
samples were added into the reaction plate and incubated
at 37°C. Then the plate was washed again as above. The
secondary HRP-conjugated antibody was added into the
reaction plate after appropriate dilution. After washing,
the TMB chromogenic substrate solution was added and
reacted for certain time before stopped by 2 mol/L
of H,SO,. The absorbance of degraded substrate was
measured at 450 nm in a microplate reader.

- Optimization for Indirect ELISA

The main factors impacting on the outcome of indirect
ELISA include the concentration of coating antigen, the
blocking buffer and time, serum dilution, serum-antigen
reaction time, the secondary antibody dilution and
incubation time. The optimized conditions were deter-
mined by the square matrix titrimetry. Under the same
reaction conditions, the plate was coated with different
concentrations of antigen (0.5 pg/well, 1.0 ug/well, 1.5 pg/
well, 2.0 ug/well, 2.5 pg/well, 5.0 pg/well, 7.5 pg/well, 10.0
pg/well, 12.5 pg/well, and 15 pg/well), added in serially
diluted serum samples (1:20, 1:40, 1:80, 1:100, 1:120, 1:140,
1:160, and 1:320), blocked with different blocking solution
(5% horse serum, 10% horse serum, 20% horse serum in
PBST and the PBST control) for various duration (30 min, 60
min, 90 min, 120 min, and 150 min), incubated with serially
diluted secondary antibody solution (1:1000, 1:2000,
1:3000, 1:4000, 1:5000, 1:6000, 1:7000, and 1:8000) with a
range of reaction time (30 min, 60 min, 90 min, 120 min,
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and 150 min). All these conditions made up of a square
with which the negative and positive OD values at 450 nm
were measured via a plate reader, and subsequently the
maximum P/N value was selected as the best combination.

- Determination of Positive and Negative
Thresholds of iELISA

Indirect ELISA was performed with 40 bovine serum
samples in duplicate (all samples were negative in serum
neutralization test and IBRV whole virus analysis). The
final results of OD450nm were calculated as mean (x)
and standard deviation (S). In accordance with statistical
principles, the thresholds were set up based on the
criteria as follows: a sample OD450nm value > x + 3S was
considered as positive; a sample OD450nm value < x + 2S
was considered as negative; and the values between x +
3S and x + 2S were regarded as suspicious. The suspicious
samples were double examined and considered as positive
if the value still questionable. In this circumstance, clinical
symptom was taken into account for diagnosis if applicable,
and follow-up monitoring was carried out ',

- Specificity Analysis

Under the same conditions, the bovine sera positive of
other viral diseases (bovine ephemeral fever, bovine viral
diarrhea-mucosal disease, calf diarrhea, bovine intestinal
virus infection, and bovine coronavirus disease) were
examined by indirect ELISA in parallel with standard IBRV
positive and negative serum samples as reference. Cross-
reactivity is determined according to the standard.

- Experiment Reproducibility

Intra-batch experiment reproducibility: under the same
experimental conditions, 6 serum samples were chosen
randomly with each examined for 6 times. The average
coefficient of variation was calculated.

Inter-batch experiment reproducibility: under the same
experimental conditions, 6 serum samples were chosen
randomly with each examined by ELISA for twice using 4
batches of proteins purified at different time. The average
coefficient of variation was calculated (C.V %).

C.V %=S/x x 100%
- Evaluation of Clinical Samples

In total 1315 bovine serum samples were examined
simultaneously using the indirect ELISA method with IBRV
recombinant gD developed in this study and commercialized
IBRV whole virus ELISA diagnostic kit. The results from
whole virus ELISA were used as reference to evaluate the
coincidence rate, sensitivity, specificity of gD-ELISA.

Coincidence rate = sample number with the same
result/total number of samples x 100 %

Sensitivity = sample number with positive results by

gD ELISA/sample number with positive results by whole
virus ELISA kit x 100%

Specificity = sample number with negative results by
gD ELISA/sample number with positive results by whole
virus ELISA kit x 100%

RESULTS

Expression and Purification of Recombinant Protein

The recombinant plasmid pET32a-gD transformed into
E. coli BL21 (DE3) displayed efficient expression under IPTG
induction. There were a large amount of recombinant
proteins in expected size in the induced group over the non-
induced one as verified by 12% SDS-PAGE electrophoresis
(Fig. 1). The majority of expressed target proteins were
present as inclusion bodies in the precipitates, whereas
some were in a soluble form in the supernatant. The
concentration of purified protein was measured by the
BCA assay with an average of 0.210 mg/mL.

Identification of Recombinant Protein by Western-blot

Western-blot analysis was carried out to evaluate
recombinant gD. As a result, there was a specific band
presented at the desired location for the target protein only
in the positive serum sample instead of the negative one
(Fig. 2). This demonstrates that the expressed recombinant
protein could react specifically with the standard IBRV
positive serum with a promising reactogenicity.

Establishment of Indirect ELISA using Recombinant gD
- Confirmation of ELISA Conditions

The final optimal reaction conditions were confirmed
after the square titration experiments as follows: protein
coating concentration: 2.5 pg/mL; blocking solution: 20%
(v/v) horse serum, blocking time: 37°C for 2 h; serum sample
dilution: 1:100; incubation time: 37°C for 1 h; optimal
secondary antibody dilution: 1:5000; incubation time:
37°Cfor 1 h; chromogenic reaction time: 37°C for 5 min.

- Establishment of Positive and Negative Thresholds

The range of OD450nm values was between 0.138~0.338
with an average of 0.198 and a standard deviation of
0.055, as measured from 40 negative serum samples.
The threshold between negative and positive samples
was 0.308 which indicates that, a serum sample can be
regarded as positive at OD450nm >0.363, or negative at
OD450nm <0.308, or as suspicious with a value between
0.308-0.363. The suspicious sample was measured again
and considered as positive with a questionable value.

- Specificity Evaluation

According to established iELISA conditions, the positive
sera of other common viral diseases (bovine ephemeral
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Fig 1. Induced expression of pET32a-gD. M.
Protein marker; 1. Non-induced lysates from BL21
transformed with pET32a (+); 2. Non-induced
lysate from BL21 transformed with pET32a-gD; 3.
Lysates from BL21 transformed with pET32a-gD and
induced with IPTG

pET32a-gD

Sekil 1. pET32a-gD ekspresyonu. M. Protein markiri;
1. pET32a (+) ile olusturulan BL21'in uyariimamis
lizatlari; 2. pET32a-gD ile olusturulan BL21'in uyaril-
mamis lizati; 3. pET32a-gD ile olusturulan ve IPTG ile
uyarilmis BL21'in lizatlan

118KDa
90KDa

50KDa

30KDa

27KDa

20KDa

Fig 2. Western blot analysis of pET32a-gD. 1. Positive serum of IBRV; 2.
Negative serum of IBRV

Sekil 2. pET32a-gD’nin Western blot analizi. 1. IBRV'nin pozitif serumu; 2,

IBRV'nin negatif serumu

fever, bovine viral diarrhea-mucosal disease, calf diarrhea,
bovine intestinal virus infection, and bovine coronavirus
disease) all showed negative OD450nm values, indicating
a negative cross-reactivity of this antigen with above sera.

Experiment Reproducibility

The variation coefficient is less than 7% within intra-
batch experiments, whereas less than 11% with inter-batch
experiments using different batches of purified recombinant
antigens. This result suggests a good reproducibility of
this study.

Clinical Sample Evaluation

Examination of serum samples from 1315 cows in
Shangdong Province using the indirect ELISA method and
commercialized IBRV whole virus ELISA kit (Laboratorios
HIPRA, Girona, Spain) showed that, there were 311 samples
with positive IBRV antibodies and a 23.7% of seropositivity
rate by indirect ELISA. The coincidence rate is 96.8% in
comparison to the results using commercialized whole
virus ELISA kit (Table 3).

DISCUSSION

Infectious bovine rhinotracheitis is prevalent worldwide
as a globally important disease. Almost all countries had
seropositive cattle (even including a small number of
countries in South American yet without isolated viruses).
World Organization for Animal Health (OIE) included
infectious bovine rhinotracheitis virus in the statutory
reporting list of animal diseases, whilst China also obliged
IBRV assessment as an obligation for all imported and
exported cattle. Since the disease was detected and
reported in China for the first time from cows imported
from New Zealand in 1980, its prevalence all over the
country has been rising up. A seroprevalence survey in
2010 revealed 66.7% of positive serological antibodies in
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Table 3. Comparison of the results obtained from gD-ELISA and the commercialized IBRV whole virus ELISA

Table 3. gD-ELISA ve ticari IBRV tiim virus ELISA'dan elde edilen sonuglarin krsilastirmasi

gD-ELISA Detection
Detection Method and Results
Positive Negative Specificity/% Sensitivity/% Coincidence Rate/%
IBRV whole virus | Positive 294 25 98.3% 92.2% 96.8%
B Negative 17 979
Total 319 996

cows distributing in five northern regions (Beijing, Liaoning,
Jilin, Inner Mongolia, and Shanxi). There were also 1505
out of 5000 breeding bulls imported from Australia
exhibiting positive reactions to IBRV antibodies during
quarantine in 2005, with 2 of them having isolated viruses.
Taken together, the epidemic situation is not optimistic
on domestic herds under double pressure from both
imported carries with hidden infection and also local cattle
with high infectious bovine rhinotracheitis. Thus, it is of
top importance to establish a fast and accurate method
for diagnosis of the disease.

Serological detection of antibodies is an essential
immunological technology for diagnosis of the disease.
Serum neutralization assay and ELISA are two major
serological methods and also commonly used techniques
worldwide. Serum neutralization assay has high accuracy,
yet requires a long period and complicated procedure to
perform therefore is not suitable for a large number of
samples with limited use. ELISA becomes a widely used
serological diagnostic technique, as also recommended
by OIE International Trade, in animals quarantine for
infectious diseases and epidemical investigation due to
several advantages including strong specificity, sensitivity
and objective criteria, etc.

The specificity of ELISA can be affected by many factors,
notably the antigen coating concentration and serum
sample dilution factors. High antigen coating concentration
leads to multi-layer formation of proteins so that some are
detached from the support surface to be easily washed
off during the wash process causing a non-specific effect.
On the other hand, low concentration would leave some
un-occupied spaces by antigen on the surface of the
ELISA plate also contributing to high non-specificity. There
are also some extra effects from various blocking buffer
and time, reaction time with serum samples and secondary
antibody, as well as chromogenic reaction time. In this
study all optimal experimental conditions were probed by
the square titration and the thresholds were established
via statistical analysis. Evaluation of clinical samples
suggested that, as compared to the commercialized IBRV
whole virus ELISA kit, our method has 96.8% coincidence,
92.2% sensitivity and 98.3% specificity. Meanwhile, the
variation coefficient of intra-batch experiments is less
than 7%, and the one of inter-batch experiments is less than
11%, indicating that this methodology has decent repro-

ducibility and stability. One of the important characteristics
of BoHV-1 is establishment of life long latency in sensory
neurons of the peripheral nervous system after replication
in mucosal epithelium. Reactivation from latency can
occur after natural stimulus exposure "' or corticosteroid
treatment "% culminating in recurrent virus transmission
to uninfected animals generally without clinical signs.
Currently the most developed and widely used technique
for IBRV detection includes virus isolation, virus neutrali-
zation test, ELISA, and PCR, etc.l'"'8. Rational use of these
detection technologies in combination with regulatory
procedures can greatly improve the efficiency of IBRV
detection and consequently reduce the possibility of
hidden IBRV. It applies particularly on the imported cattle
in quarantine in order to reassure the quality of animals
and keep carriers out of the country. Our study establishes
an indirect ELISA method for detection of IBRV anti-
body which provides a promise for developing IBRV
ELISA kit in the future and also technical support for
quarantine, diagnosis, antibody surveillance, prevention
and control of IBR.
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Abstract

In this study, the protective effects of L-carnitine (LC) against Lead (ll) acetate (Pb(C;H;0,),) toxicity in Capoeta capoeta were investigated
by means of histopathologically, via electrophoretic and biochemical methods. Fish caught from Kars creek were divided into four
groups, which include 10 fish each in 500 L tanks. Lead and liquid LC were added to water. Fish in the first group were adjusted as
control. Fish in the Il. group were applied 1 mg/L lead (as Lead (Il) acetate) for 10 days. Fish in the Ill. group were administered 100
mg/L LC. Fish in the IV. group were administered 1 mg/L lead and 100 mg/L LC. Degenerations in liver, gill, intestine and kidney tissues
were observed to reduce LC administration against the toxic effects of lead acetate. Electrophoretically, inhibitions of some protein
bands in the group, which was applied lead acetate, were caused, and increases in protein expression in the group, which was applied
L-carnitine, have occurred. While high a level of total protein in the group that was administered lead was found; in the group that was
treated lead + LC, it was found to be lower (P<0.05). Levels of globulin in the group that was administered LC + lead were observed to
be significantly lower (P<0.05). Total oxidant capacity (TOC) in lead treatment group were higher than the control group, TOC levels in
lead + LC treatment group were determined to be between the control and lead group. LC was concluded to show a protective effect
on Capoeta capoeta that were exposed to lead.

Keywords: Lead (ll) acetate, L-carnitine, Capoeta capoeta, Electrophoresis, TAC, TOC, Histopathology

Capoeta capoeta (Guldensteadt 1773)’larda Kursun (ll) Asetat
Toksisitesine Karsi L-Karnitinin Koruyucu Etkileri

Ozet

Galismada, Capoeta capoeta’da Kursun (Il) asetat (Pb(C;H;0,),) toksisitesine karsi L-karnitinin (LK) koruyucu etkileri histopatolojik,
elektroforetik ve biyokimyasal yontemlerle incelendi. Kars Cay'ndan yakalanan baliklar 500 Llik tanklarda her grupta 10'ar adet balik
bulunan 4 gruba ayrildi. Kursun ve sivi LK suya ilave edildi. I. gruptaki baliklar kontrol grubu olarak belirlendi. II. gruptaki baliklara
10 glin suireyle T mg/L kursun asetat uygulandu. lll. gruptaki baliklara 100 mg/L LK uygulandi. IV. gruptaki baliklar ise 1 mg/L kursun
ve 100 mg/L dozunda LK uygulandi. Karaciger, solungag, bagirsak ve bobrek dokularinda kursun asetatin toksik etki gosterdigi
ve buna karsi L-karnitin uygulamasinin koruyucu etki gostererek olusan bu dejenerasyonlarin siddetini azalttigi gozlemlendi.
Elektroforetik incelemede, kursun asetatin bircok protein bandinda inhibisyona neden oldugu, LK uygulamasi sonucunda da protein
ekspresyonlarinda artis meydana geldigi saptandi. Kursun uygulanan grupta total protein dizeyinin yiiksek, kursun + LK verilen
grubun ise disiik oldugu belirlendi (P<0.05). Globulin diizeylerinin, LK + kursun verilen grupta istatistiksel olarak dusik oldugu
saptandi (P<0.05). Kursun uygulanan grubun Total Oksidan Kapasitesinin (TOK) kontrol grubuna gore yiksek, kursun + LK verilen
grubun TOK diizeyinin ise kontrol ile kursun verilen grubun arasinda oldugu belirlendi. Sonug olarak; LK'in Capoeta capoeta’da kursun
toksisitesine karsi koruyucu 6zellik gésterdigi kanisina varildi.

Anahtar sozciikler: Kursun (ll) asetat, L-karnitin, Capoeta capoeta, Elektroforez, TAK, TOS, Histopatoloji
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INTRODUCTION

Sources of lead in the environment are either natural or
unnatural (anthropogenic) sources. While geological and
volcanic events form natural resources of lead; anthropogenic
sources include mining and resources in the industrial
area (batteries, cables, pigments, oil, solder and steel) M2,
Lead in living organisms are not necessary for normal
physiological events Bl Lead exposure generally occurs
through occupational or environmental contamination .
The main contamination form of lead in the environment
is by air, and airborne. Lead can accumulate in soil and
aquatic environments. Later, it can be transported to people
through the food chain by living organisms in the aquatic
environment and plants. Lead shows toxic effects on many
organs and organ systems of living organism (blood, brain,
kidney, heart and immune system) "2, L-carnitine, being a
vitamin-like compound, is endogenously synthesized from
lysine and methionine that are essential amino acids mainly
in the liver, kidney and brain Pl For this synthesis, lysine,
methionine, iron, vitamin C, vitamin B6 and niacin are
needed . The most important function in the organism of
L-carnitine is to facilitate the entry into the mitochondria of
fatty acids to be used in energy production 72, In addition,
L-carnitine plays an important role in reducing toxic effects
of various drugs and chemical substances in the organism ©.
Nevertheless, carnitine is known to increase the blood
antioxidant level . Deficiency of L-carnitine emerges from
immune function defects, such as systemic sclerosis and
chronic fatigue syndrome "%,

In this study, investigation of productive effects of LC
on Capoeta capoeta that was exposed to Lead (Il) acetate
was aimed.

MATERIAL and METHODS

Experimental Design

This study has been conducted under the approval
(KAU-HADYEK/2015-043) of Kafkas University Animal
Experiments Local Ethics Committee. Capoeta capoeta
(200-270 g) caught by electro shock from Kars creek was
divided into four groups, which included 10 fish each in 500
L tanks. Fish were fed with ad libitum until experimental
studies. Feeding was stopped during experimental study.
Fish in the first group were adjusted as control. Fish in the Il.
group were applied 1.00 mg/L lead for 10 days. Fish in the
lll. group were administered 100 mg/L L-carnitine. Fish in
the IV. group were administered 1.00 mg/L lead and 100
mg/L L-carnitine.

The water temperature and oxygen concentration
was adjusted to 18.0+0.20°C by thermostat thermometer
and 5.00+0.40 mg/L, respectively. At the end of the
experimental period, blood samples from dorsal vein of
fish for biochemical and/or electrophoretic analysis and,

liver, kidney, intestine and gill tissue samples for histo-
pathological analysis were taken.

In tanks, Kars creek water was used and water was
changed daily. The quality of the water in the Kars creek
was identified as pH: 7.80-8.40, O,: 5.00-8.50, conductivity
213 mS/cm?, NH;: 408 mg/L, PO,: 53.7 mg /L, NO;: 0.25
mg/L and temperature: 16.3-19.0°C.

Histopathology

Tissues taken from the samples were passed through
graded alcohol and xylene series after being fixed in
10.0% phosphate buffer formaldehyde solution. Gills
were decalcified with Osteotec (Bio-Optica, Italy). Paraffin
blocks from tissue samples were prepared by routine
methods and slices from paraffin blocks were taken in 3.00
to 5.00 microns thickness. Slices were stained according
to hematoxylin-eosin method (HE) and evaluated under
a light microscope (Olympus BX51, JAPAN).

Sodium Dodecyl sulphate-Polyacrylamide
Gel Electrophoresis (SDS-PAGE)

Blood samples were centrifuged at 4.00°C for 10 min
at 3.000 rpm and serums were separated. Serums were
stored at -20.0°C until analysis. The protein concentrations
of the samples were measured by the biuret method "
SDS-PAGE was performed by the methods modified from
Laemmli and O’Farrell '2'3], Bovine albumin (66 kDa), egg
albumin (45 kDa) and trypsinogen (24 kDa) were used as
protein standards in electrophoresis. Molecular weight of
the protein was performed according to the method of
Weber et al."4,

Biochemical Analysis

Antioxidant and oxidant levels of Serum were measured
by Total Antioxidant Status and Total Oxidant Status Assay
kit (Assay Rel Diagnostics, Clinical Chemistry Solutions,
Gaziantep, Turkey) . Blood glucose, total protein, albumin
and globulin levels were measured using a commercial
kit (ERBA DDS, Turkey).

Statistical Analysis

One-way analysis of variance for the statistical analysis
of the differences between the groups (ANOVA), Tukey’s
test was used to determine differences between groups.
as SPSS Statistics 18.0 software package was used. Values
are expressed as mean = standard deviation (P<0.05).

RESULTS

Histopathology

The livers of the fish in the control group did not exhibit
any histopathological findings (Fig. 1A). Structure of livers
of fish, which were applied 100 mg/L L- carnitine, was
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similar to the livers of fish in the control group (Fig. 1B). The
fish livers that was applied 1.00 mg/L lead acetate were
observed to deteriorate in the remark cords with severe
degenerative and necrotic changes. Large and small sharp-
edged vacuolar degeneration in the cytoplasm of hepato-
cytes was detected. Hydropic degeneration were observed
in a small number of cells. Due to changes in the cytoplasm
of hepatocytes, cells demonstrated quite growth and
loss of intercellular sinusoidal space. Focal necrotic areas
were detected by the death of a few cells (Fig. 1C). In
the group, which was applied 1.00 mg/L of lead acetate
+100 mg/L L-carnitine, the prevalence and severity of
the degeneration of the liver were observed to decrease
significantly compared to group, which was applied only
lead acetate. Hepatocytes in this group have often been
found small and sharp edged vacuoles in the few cells with
hydropic degeneration. Necrosis was also detected in a few
cells. Although the general structure of the remark cord
was protected; particularly, the remark cord was found to
be disrupted in necrotic areas. Light activation was formed
in Kupffer's Star cells (Fig. 1D).

There were no histopathological findings in the
control group and LC of kidney tissue (Fig. 2A-B). Kidney
tissues of fish, which were applied 1.00 mg/L lead acetate,
especially drew attention to leave the basal layer with
hydropic degeneration in the proximal tubule epithelium
and segmental necrosis. Integrity in the basal layer of the
tubules was slightly lost. Tubule lumen were observed in a
small number of pink hyaline cylinders. These degenerative
changes were observed less in the distal tubule. Increased
mesangial cells in glomeruli and thickening in bowman
capsule were determined (Fig. 2C). In kidney tissues of fish

that were applied Lead acetate + L-carnitine, although
reductions in the severity and prevalence of degeneration
and necrosis occurring in tubules were observed compared
to the group that was applied only lead; degenerations still
continue. While glomerulus appear to be robust in some
areas in the experimentals in this group; in some areas,
especially in cytoplasms of the endothelial and epithelial
cells close to the Bowman space, increase in eosinophilic
staining and formation of pyknosis in nucleus attracted
attention (Fig. 2D).

In tissue samples taken from intestine, the control
group and LC did not show any histopathological findings
like in kidney tissues (Fig. 3A-B). In the lead acetate applied
group, the inner layer of the epithelium was observed
to increase in goblet cells filled with secretory granules.
Lamina propria was seen in mononuclear cell infiltration,
edema and light hyperemia (Fig. 3C). In the group, which
was administered Lead acetate + L-carnitine, a decrease
in degenerative and necrotic changes and a significant
increase in goblet cells were seen, compared to the control
and LC groups. However, compared to the group that
was applied lead, it was quite a small number of increase
in goblet cells. Mononuclear cell infiltration in the lamina
propria was similar to control group and the one that was
applied LC (Fig. 3D).

The fish gill tissues in control and LC groups had normal
histological appearance (Fig. 4-A-B). In gill tissues of fish,
which were applied 1.00 mg /L lead acetate, degeneration
in the secondary lamellae epithelium, loss in necrosis,
swelling of the chloride cells, and hydropic degeneration
in the lamellar epithelium were observed (Fig. 4C). In the

Fig 1. Liver tissue of fish in the
control and experimental groups
(Hematoxylin and eosin, x40). A-
Control and B- liver tissues of fish in
LC group, C- Liver tissue of fish applied
1.00 mg/L lead acetate, vacuolar
(arrows) and hydropic (arrowhead)
degeneration, focal necrosis (N),
D- Liver tissue of fish that were
administered 1.00 mg/L lead acetate
+100 mg/L LC. Vacuolar (arrows) and
hydropic (arrowhead) degeneration,
focal necrosis (N)

Sekil 1. Kontrol ve deney gruplarin-
daki baliklara ait karaciger dokusu
(Hematoksilen ve eozin, x40). A-
Kontrol ve B- LC grubundaki baliklara
ait karaciger dokusu, C- 1.00 mg/L
kursun asetat iceren tankta 10 gin
stireyle tutulan baliklara ait karaciger
dokusu vakuoler (oklar) ve hidropik
(ok basi) dejenerasyon, fokal nekroz
alanlari (N), D- 1.00 mg/L kursun
asetat ile birlikte 100 mg/L dozunda LK
verilen baliklara ait karaciger dokusu,
vakuoler (oklar) ve hidropik (ok basi)
dejenerasyon, fokal nekroz alanlari (N)
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Fig 2. Kidney tissue of the fish in the
control and experimental groups
(Hematoxylin and eosin, x40). A-
Control and B- kidney tissues of fish in
group LC, C-Kidney tissue of fish,which
were applied 1.00 mg/L lead acetate.
Hydropic degeneration in the proximal
tubule epithelium (arrows), pyknosis
(arrowhead), segmental necrosis (N),
D- Kidney tissue of fish that were
applied 1.00 mg/L lead acetate + 100
mg/L LC. Hydropic degeneration in the
tubule epithelium (arrows), pyknosis
(arrowhead), segmental necrosis (N).

Sekil 2. Kontrol ve deney gruplarin-
daki baliklara ait bdbrek dokusu
(Hematoksilen ve eozin, X40). A-
Kontrol ve B- LC grubundaki baliklara
ait bobrek dokusu, C- 1.00 mg/L
kursun asetat iceren tankta 10 giin
stireyle tutulan baliklara ait bobrek
dokusu. Proksimal tubul epitellerinde
hidropik dejenerasyon (oklar), piknoz
(ok basi), segmental nekroz (N), D- 1.00
mg/L kursun asetat ile birlikte 100
mg/L dozunda LK verilen baliklara ait
bobrek dokusu. Tubul epitellerinde
hidropik dejenerasyon (oklar), piknoz
(ok bast), segmental nekroz (N)

Fig 3. Intestinal tissues of fish in the
control and experimental groups
(Hematoxylin and eosin, x40). A-
Control and B- Intestinal tissue of fish
in the group, which was applied LC,
C- Intestinal tissue of fish that were
applied 1.00 mg/L of lead acetate.
The increase in goblet cells (arrows),
mononuclear cell infiltrate in lamina
propria and edema, D- Intestinal tissue
of fish, which were applied 1.00 mg/L
of lead acetate +100 mg/L LC. Increase
in goblet cells (arrows)

Sekil 3. Kontrol ve deney gruplarin-
daki baliklara ait bagirsak dokusu
(Hematoksilen ve eozin, x40). A-
Kontrol ve B- LK grubundaki baliklara
ait bagirsak dokusu, C- 1.00 mg/L
kursun asetat iceren tankta 10 gin
stireyle tutulan baliklara ait bagirsak
dokusu. Goblet hiicrelerindeki artis
(oklar), Lamina propriyada mononiik-
leer hiicre infiltrasyonu, ve 6dem, D-
1.00 mg/L kursun asetat ile birlikte 100
mg/L dozunda LK verilen baliklara ait
bagirsak dokusu. Goblet hiicrelerinde
artis (oklar)

gill tissues of lead acetate + LC applied fish, degenerations
and necrosis in the secondary lamellae were significantly
reduced and degeneration were only seen at the starting
of secondary lamellae (Fig. 4D).

SDS-PAGE

The electrophoretic examination, thinning in expressions
of high molecular weight albumin bands and thickening in
expressions of low molecular weight globulin bands were

observed in lead applied fish. In the group, which was
administered Lead + L-carnitine, compared to the control
group, proteins with 98 kD and 43 kD molecular weights
were over-expressed (Fig. 5).

Biochemical Analysis

Glucose levels of groups treated with lead, LC and
lead + LC were significantly lower than the control group
(P<0.001). Total protein levels in the group of fish that
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Fig 4. Gill tissue of fish in the control and
experimental groups (Hematoxylin and
eosin, x20). A- Control and B- Gill
tissue of fish in the LC applied group,
C- Gill tissue of fish that were applied
1.00 mg/L lead acetate. Degeneration
in epithelial of secondary lamellae and
necrosis, loss (arrows), swelling in the
chloride cells (circle), D- Gill tissue
of fish that were administered 1.00
mg/L of lead acetate + 100 mg/L LC.
Degeneration in epithelial of secondary
lamellae and necrosis (arrows)

Sekil 4. Kontrol ve deney gruplarindaki
baliklara ait solunga¢ dokusu (Hema-
toksilen ve eozin, x20). A- Kontrol
ve B- LC grubundaki baliklara ait so-
lungag dokusu, C- 1.00 mg/L kursun
asetat iceren tankta 10 glin sireyle
tutulan baliklara ait solungag dokusu.
Sekonder lamel epitellerinde dejene-
rasyon ve nekroz, dokilme (oklar),
Klorid hiicrelerde sisme (daire), D-
1.00 mg/L kursun asetat ile birlikte 100
mg/L dozunda LK verilen baliklara ait
solungag dokusu. Sekonder lamel epi-
tellerindeki dejenerasyon ve nekroz
(oklar)

102 kD
98 kKD
87 kD
78 KD
72 KD
66 KD
66 KD
Fig 5. SDS-PAGE electropherogram
obtained from fish, which were 59 KD
administered LC with Lead. a- Control
group, b- Lead applied group, c- LC 51 KD
applied group, d- Lead+LC applied
group, e- Standard proteins 46 KD 45 KD
Sekil 5. Kursun ile birlikte LC verilen 43 KD
baliklarin SDS-PAGE'den elde edilen
elektroferogrami. a- Kontrol grubu,
b- kursun uygulanan grup, c- LC
uygulanan grup, d- Kursunla birlikte LC
uygulanan grup, e- Standart proteinler A
29 KD
24 kKD
19 KD
17 KD

was applied LC were not observed to have a statistically  total protein level of group that was administered Lead
significant difference; while total protein levels of the + LC was determined to be low (P<0.05). Albumin level
group that was applied lead were found to be high, and  of the group that was applied LC was observed to have a
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Table 1. The biochemical analysis of fish that were applied LC and lead

Tablo 1. Kursun ve LC uygulanan baliklarin biyokimyasal analizleri

Parameter Control Lead LC Lead + LC P Value
Glucose (mg/dL) 73.19+£3.03° 57.06+3.16¢ 49.74+3.67> 47.89+1.16° 0.000
Total Protein (g/dL) 4.06+0.33% 4.26+0.07° 4.02+0.15%® 3.55+0.12° 0.044
Albumin (g/dL) 1.95+0.11° 2.18+0.04%® 2.23+£0.10* 2.08+0.05%® 0.117
Globulin (g/dL) 2.11£0.312 2.08+0.09* 1.78+0.09* 1.46+0.08° 0.018
Albumin/Globulin 1.11£0.19° 1.074£0.07° 1.2740.07% 1.45+0.07° 0.055
TAC (mmol Trolox Equiv./L) 0.47+0.06* 0.46+0.032 0.45+0.01° 0.51+0.02° 0.658
TOC (pmolH,0, Equiv./L) 9.68+1.62° 17.02+1.372 10.91+2.21° 13.20+1.79% 0.061
* Means with different superscript letters are statistically different in line (P<0.05)

statistically insignificant increase (P>0.05), compared to
the control group. Globulin level of the group that was
applied lead +LC was significantly lower than the control
group (P<0.05). Globulin levels of the LC applied group fish
were found to be between total globulin levels of groups
that were applied lead and lead+L-carnitine. Albumin/
globulin ratio of group treated with Lead + LC statistically
insignificant (P>0.05) compared to the control group,
but was found to be high. TAC levels in the experimental
groups and the control group were not observed to have a
statistically significant difference. Total oxidant capacity
(TOQ) did not occur as a statistical difference between the
groups (P>0.05). TOC levels in the group treated with lead
were higher than the control group. TOC levels in group
treated with lead + LC were determined to be between the
control and lead group (Table 1).

DISCUSSION

Although the literature about the effects of metals
on aquatic organisms is quite wide, studies on fish are
limited with lead. The use of LC in the aquatic environment
is emphasized, which will be important in many ways. In
particular, to accelerate the growth, to provide protection
against xenobiotics and toxic levels of ammonia, to
facilitate adaptation to environments of the fish in the
changing temperature in water, the reduction of stress
and increasing of reproductive performance of LC are
some factors that make it important for fish ©., In particular,
the research relating to lead toxicity was found to have
adverse effects on the antioxidant system of the lead. In
studies conducted on the effects of different tissues and
organs of fish exposed to lead, lead has been reported
to cause oxidative damage in hepatocytes of liver I'?, and
kidney tissue "7 In a histopathological study, formation
of mononuclear cell infiltration and necrosis, expansion in
sinusoidal space of in liver tissue depending on the lead
toxicity have been indicated 8. In another study, necrosis
and cytoplasmic vacuolization in liver tissue of rat that
were applied lead have been observed, whereas different
degeneration and necrosis in kidney tissue have been
reported . Mutlu et al®? reported that degenerative and

necrotic deterioration in liver tissue of lead acetate applied
rats have occured. In the present study, while degenerations
in the liver, kidney and intestines gill tissue of fish that were
applied lead were formed, LC administration was observed
to reduce the severity of degenerations.

There were no studies in the literature about the
protective role of LC against lead toxicity on fish, electro-
phoretically. Changes in increase and decrease occurring
in protein expression according to applied substance
and the animal species have clearly been demonstrated
in the toxicity studies 22, In the present study, changes
in protein expression due to lead the application have
occurred, and the administration of LC showed an increase
in expression of some proteins. The reason for increases
in expression of these proteins was thought to be formed
due to reduction of the toxic effects of lead exposure.

Proteins show the excessive sensitivity to free oxygen
radicals 3, In a study conducted in rats induced by
acetaminophen, comparing to control group, globulin levels
were significantly decreased, however, the application of
LC did not change the level of globulin 2%, Another study,
dietary protein and glucose levels have increased in the
application of LC on Oreochromis niloticus °!, In the present
study, while lead application increased levels of the total
proteins; Lead + LC administration was determined to
decrease levels of the total proteins. However, globulin
levels of the group treated with L-carnitine + lead were
statically lowered more than the control group. Further-
more, glucose levels of the group treated with with L-
carnitine + lead were statically lowered more than the
control group.

Reactive oxygen species have quite increased in
physiological and pathological conditions 2. LC shows
features similar to antioxidants and the harmful effects
reactive oxygen species caused by various toxic substances
reduces ?. In a study, it was found that LC showed to be
protective against oxidative damage induced by ethanol 3,
In another study, researchers reported that LC reduces the
peroxidation of lipids and increases activities of antioxidant
enzyme in rats fed with fish oil ®. Protective effect of LC
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against oxidative damage generated in Tilapia (Oreochromis
niloticus) that were applied cylindrospermopsin has been
determined . In another study, oral administration of
LC increased the level of antioxidant enzymes, whereas
reduced the level of oxidative enzymes against lead stress
in rats 3% In the present study, in terms of TAC levels
between treatment groups and the control group, a
statistically significant difference was not observed. In
terms of TOC levels, while there were increases in levels of
TOC in the group that was administered lead, there were
decreases in levels of TOC in the group treated with lead
+ LC. According to these data, LC reduces the oxidative
damage and shows an antioxidant feature.

In conclusion, while there were histopathologically
degenerations in livers, gills, intestines and kidney tissues of
fish exposed to lead, LC caused a reduction in the severity
of the toxicity of lead.

Increases and decreases in the expression of some
proteins in lead toxicity occurred, electrophoretically,
increase in expressions of proteins with 98 kD and 43 kD
molecular weights in the group that was administered
lead + LC were observed.

In the biochemical analysis, while levels of total protein
in the group which applied lead were found to be high,
levels of total protein in the group that was applied lead +
LC were found to be low.

LC increases the albumin, insignificantly.

Compared to control group, globulin levels in the
group that was applied LC + lead were found to be lower
(P<0.05).

TAC levels against the lead toxicity were found to show
a protective effect of L-carnitine.

While depending on the dose and duration lead acetate
administered revealed various toxic effects on Capoeta
capoeta, LC showed protective effect on fish that were
exposed to lead.
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Ozet

Leishmaniasis Turkiye ve diinyada onemli paraziter bir hastaliktir. Leishmaniasis tedavisinde sodyum stibogluconate, miltefosin, paramomisin,
amfoterisin B ve pentamidin gibi anti-leishmanial ilaclar kullaniimaktadir. Fakat leishmaniasisin kemoterapisinde kullanilan bu ilaglarin nefrotoksik,
hepatotoksik ve teratojenik yan etkileri gorilebilmektedir. Ayrica antimon bilesiklerine karsi direng gelismesi nedeniyle de yeni terapétik ajanlarin
kesfedilmesi ve gelistirilmesine 6ncelik verilmesi gerektigi dustinilmustir. Bu calismanin amaci, sentezlenmis hidrazon yapisindaki on farkl bilesigin
(5a-5j) Leishmania infantum promastigotlarina karsi anti-leishmanial aktivitesinin mikrodiliisyon yontemiyle belirlenmesidir. Hazirlanan hidrazon
bilesikleri, konsantrasyonu 6 ug/ml olacak sekilde RPMI-1640 besiyerlerine eklenmis ve bilesiklerin mikroplakta konsantrasyon araligi 3 - 0.003 pg/ml
olacak sekilde seri diltisyonlari yapilmistir. Mikroplaklarda mikrodillisyon besiyeri yontemi uygulanarak, tizerine hemositometrede hticre sayisi 2.5x10”
huicre/ml olacak sekilde ayarlanmis standart Leishmania infantum promastigotlari eklenerek 27°C'de inklibe edilmistir. Yirmi saat sonra mikroplaklarin
lUzerine alamar mavisi eklenerek 4 saat inklibe edilmistir. Promastigotlarin Gremesi 24, 48 ve 72. saatlerde degerlendirilmistir. Kuyucuklarda rengin
maviden pembeye donmesi parazitin Uredigi, rengin degismeden kalmasi ise parazitin Gremedigi seklinde degerlendirilmistir. Bu calismada,
Leishmania infantum promastigotlarina karsi en etkili maddelerin 5e, 5g ve 5h bilesikleri (MiK 0.187 ug/ml) oldugu, en etkisiz bilesigin ise 5i bilesigi
(MIK 3 pg/ml) oldugu saptanmistir. Sentezlenen bilesiklerin ilag olarak kullanilabilmesi icin; gerekli oldugu diisiiniilen in vitro makrofaj kiiltiirinde
Leishmania amastigotlarina karsi etkinligi ve in vivo olarak deneysel hayvan modellerinde kontrol calismalarina ihtiyac vardir.

Anahtar sézclikler: Leishmania infantum, Hidrazon, Anti-leismanial aktivite, Alamar mavisi

Investigation of Anti-leishmanial Activity of the Ten Different
Hydrazone Derivatives

Abstract

Leishmaniasis is an important parasitic disease in Turkey and the world. Anti-leishmanial drugs such as sodium stibogluconate, miltefosine,
paramomycin, amphotericin B, and pentamidine are used for the treatment of leishmaniasis. However, the drugs, used for the chemotheraphy of
leishmaniasis, have some side effects such as nephrotoxicity, hepatotoxicity, and teratogenicity. In addition, it is deemed that the discovery and
development of the new therapeutic agents must be given priority due to the development of resistance against antimony compounds. The purpose
of this study is detecting the anti-leishmanial activity of ten different synthesized hydrazone compounds against Leishmania infantum promastigotes
via the microdilution method. The prepared hydrazone compounds, having the concentration of 6 pg/ml, were added to RPMI-1640 media and the
dilution of the hydrazone derivates was performed in the wells of microplates in the range of concentrations of 3 - 0.003 pg/ml. The microdilution
broth method in the microplates was prepared, than the adjusted standard Leishmania infantum promastigotes, 2.5x107cells/mL, were added, into
the mentioned microplates which was incubated in 27°C. Twenty h later, the alamar blue were added on the microplates and they were incubated for
4 h.The proliferation of promastigotes was evaluated in 24, 48, and 72 h. It was considered that changing the color from blue to pink in the wells were
exhibiting the growth of parasites, while the unchanged color was not. The present study has revealed that the most effective substances against
Leishmania infantum promastigotes were 5e, 5g, and 5h compounds (MIC 0.187 ug/ml) while the least effective compound was 5i (MIC 3 ug/ml). There
is a need for further studies on in vitro activity against the Leishmania amastigotes in macrophages cultures and in vivo experimental animal models
for the synthesized compounds showing anti-leishmanial effect in the present study.

Keywords: Leishmania infantum, Hydrazone, Anti-leishmanial activity, Alamar blue
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GIRIS

Diinya Saglik Orgiitii (DSO) verilerine gére; Afrika, Asya,
Avrupa, Gliney ve Kuzey Amerika'da toplam 98 ulke ve
yerlesim yerinde yaklasik 350 milyon insan leishmaniasis
agisindan risk altindadir ™. Hastalik, Turkiye'nin de iceri-
sinde yer aldigi Akdeniz havzasina kiyisi olan tlkelerde,
Ortadogu llkeleri, Hindistan ve Giliney Amerika Ulkelerinde
ciddi bir saglik problemi olusturmaktadir 3, Tlrkiye'de
2000-2014 yillari arasinda toplamda 413 vaka bildirimi
yapilmis olan visseral leishmaniasis (VL) enfeksiyonunun
en 6nemli etkeni Leishmania infantum'dur “. En 6nemli
etkeni Leishmania tropica olan kutanéz leishmaniasis (KL)
vakalari 2000-2014 yillari arasinda toplamda 29845 olarak
rapor edilmistir ™.

Parazit memeli viicuduna inokile olurken, vektorin
takariaglindeki hyalironidaz-maksadilan salgisi ile vazo-
dilatator etki olusturularak enjeksiyon bolgesinde temel
immun engellerin hizla asiimasi ve enfeksiyonun baslama-
sina yardimci olur B, Promastigotlarin fagositozunu takiben,
tutunma ve baglanmada 6nemli rol oynayan parazit Griin-
leri ve virilans faktorleri, tekrar devreye girerek parazitin
zarar gérmeksizin makrofaj icinde yasamasini ve cogal-
masini saglarlar 59,

Leishmaniasis tedavisinde, sodyum stiboglukonat, milte-
fosin, paramomisin, amfoterisin B ve pentamidin gibi anti-
leishmanial ilaglar kullanilmaktadir ©. Fakat leishmaniasisin
kemoterapisinde kullanilan bu ilaglarin etkileri oldukca
sinirhdir. Ayrica bu ilaclarin cogunun nefrotoksik, hepato-
toksik ve teratojenik etkiler basta olmak Uzere ciddi yan
etkileri bulunmaktadir B°1%, Diinyada ve Turkiye'de KL ve
VLlin tedavisinde birincil ilag olarak kullanilan bes degerli
antimon tlirevleri, sodyum stiboglukonat (Pentostam®) ve
megluminantimoniat (Glucantime®) 1940 yilinda gelistirilmis,
ancak bu ilaclara karsi direng gelistigi, arastiricilar tara-
findan bildirilmistir ©11-14,

Hastaliga karsi etkili bir profilaktik asinin bulunmamasi,
mevcut kullanilan ilaglarin toksik etkileri ve bu ilaglara karsi
direncin giderek artmasi nedeniyle yeni terapdtik ajanlarin
kesfedilmesi ve gelistirilmesine oncelik verilmesi gerektigi
bildirilmistir 1015,

Antiparaziter tedavilerde kullanilan hidrazon tirevi
bilesikler; aldehit veya ketonlarin, hidrazin veya alkil-
hidrazinler ile kondansasyon reaksiyonunun sonucunda
sentez edilen ve kimyasal yapisi (-C=N-NH-) grubu olan
bilesik sinifinin genel adidir. Hidrazon grubunun farmako-
lojik ve biyolojik olarak aktif bilesiklerin merkezinde yer
almasi, pek cok arastirmaya ve yeni ilag gelistirme sirecine
kaynak olusturmustur. Hidrazonlarin anti-mikrobiyal, anti-
tiberkiler, anti-konviilzan, analjezik, anti-enflamatuar,
pihtilasmayi 6nleyici ve timorler, virisler ve malaryaya
karsi etkinliklere sahip oldugu rapor edilmistir %17,

Bu arastirmada alamar mavisi mikrodillisyon yontemi

ile aksenik kiltiirde VL etkeni olan L. infantum promastigot
izolatlar kullanilarak, sentezlenmis 6-stibstitiie-3(2H)-
pridazinon-2-asetil-2-(slibstitlie/nonstbstitiieasetofenon)
hidrazon yapisindaki on adet farkh bilesigin (5a-5j) anti-
leishmanial aktivitesinin belirlenmesi amaglanmistir.

MATERYAL ve METOT

Arastirmada standart aksenik L.infantum suslari,
hidrazon yapisindaki on farkli bilesik ve standart ilag olarak
amfoterisin B kullaniimistir.

Leishmania Promastigotlarinin Hazirlanmasi

Galismada aksenik standart L. infantum (MHOM/TN/19-
80/IPT1) susu kullaniimistir. Temin edilen suslar, icerisine
%10 Fetal Bovin Serum (FBS F4135 Sigma-Aldrich USA),
%1 Penisilin (P3032 Sigma-Aldrich USA) ve Streptomisin
(59137 Sigma-Aldrich USA) (100.000 Unite penisilin ve
10 mg streptomisin) eklenmis RPMI-1640 (R8758 Sigma-
Aldrich USA) besiyerinde cogaltiimis ve pasajlanarak
devamliligi saglanmistir.

Promastigotlar, cogaltildiklar besiyerinden 20 ml alina-
rak steril falkon tuplerine aktarilmis ve 10 dak. 1.000 g'de
santrifilj edilmistir. Daha sonra tuplerdeki stipernatant
atilarak ¢okeltide bulunan promastigotlarin Gzerine 10
ml steril PBS eklenmis ve diisiik devirde vortekslenmistir.
Bu hazirlanan ¢ozelti 10 dak. 1.000 g'de santrifiij edilmis
ve islem ¢ kez tekrarlanarak promastigotlarin yikanmasi
saglanmistir.

Hidrazon Bilesikleri

in vitro anti-leishmanial aktivite testinde kullanilan
hidrazon turevi bilesikler (5a-5j) Utku ve ark.'® tarafindan
daha 6nce sentezlenmistir. Bes basmakta elde edilen
sonug Urlnlerinin sentezini kisaca ozetlenecek olursa;
3,6-dikloropiridazin ve 1-fenilpiperazin etanol icerisinde
isitilmis ve ardindan asetik asit ilave edilerek 6-siibstitiie-
3(2H)-piridazinon tirevi bilesikler sentez edilmistir. Etil
bromoasetat kullanarak 6-stbstitlie-3(2H)-piridazinon-
2-il asetat tlrevinin sentezi yapildiktan sonra hidrazin
kullanarak hidrazon tirevleri sentezi yapilmistir. Farkli
substitlent tasiyan aldehit turevleri kullanilarak sonug
Urtinleri olan (5a-5j) turevlerinin sentezi tamamlanmistir.
Sentez edilen bilesiklerin yapilari 'TH-NMR (Varian Mercury
400 MHz FT-NMR spektrometre) ve IR (Bruker Vector 22
IR/Opus Spectroscopic Software Version 2.0) ve elemental
analiz verileri (LECO 932 CHNS analizor) ile aydinlatiimistir.
Bu on farkli hidrazon bilesigi Tablo 1'de verilmistir.

in Vitro Anti-Leishmanial Aktivite testi

Sentezlenmis olan 6-slibstitlie-3(2H)-pridazinon-2-asetil-
2-(slibstitlie/nonsubstitiie asetofenon) hidrazon yapisin-
daki on adet bilesik DMSO/H,0 (%10) icerisinde ¢oziilerek
homojen hale getirilmis ve 0.20-um membran filtre (Millipore,
USA) ile steril edilmistir. Uzerine konsantrasyonu 6 ug/ml
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Tablo 1. Anti-leishmanial aktivitesi arastirilan hidrazon yapisindaki on farkli bilesik

Table 1. Anti-leishmanial activity investigated the hydrazone structure ten different compounds

Sira Sentezlenen Bilesigin Adi Aciklama
Bilesik 52 Verim%61, Erime noktasi 234-235 °C,'H-NMR (DMSO-ds): 6 (ppm) 11.65 (s, 1H, N-H),7.70-7.67 (d, TH,
e piridazinon H5), 7.66-6.94 (m, 10H, aromatik protonlar), 6.84-6.81 (d, 1H, piridazinon H4),5.04 ve 4.66
1 e g (s, s, 2H, CH2), 3.39-3.37 (t, 4H, piperazina+a’ protonlar), 3.29-3.27 (t, 4H, piperazinb+b'protonlar), 2.23
asetofenonhidrazon (s, 3H, CH3). FT-IR (KBr): v 1705 (C=0, hidrazon), 1662 (C=0, 3(2H)- piridazinon), 3216(N-H). Analitik
Hesaplanan. C24H26N602:C, 66.96; H, 6.09; N, 19.52. Bulunan: C, 67.13; H, 6.30; N, 19.37
Bilesik 5b Verim%73, Erime noktasi 243-244°C. "H-NMR (DMSO-de): 6 (ppm) 11.67 (s, 1TH, NH), 7.72-7.69 (d, TH,
A e piridazinon H5), 7.67-6.88 (m, 9H, aromatikprotonlar), 6.80-6.77 (d, 1H, piridazinon H4), 5.02 ve 4.63
2 piridazinon-2- asetil-2-(4 (s, s,2H, CH2), 3.36-3.34 (t, 4H, piperazina+a’ protonlar), 3.28-3.25 (t, 4H, piperazinb+b’ protonlar), 2.22
S, Y (s, 3H,CH3). FT-IR (KBr): v 1703 (C=0, hidrazon), 1666 (C=0, 3(2H)- piridazinon), 3217 (N-H). Analitik
Hesaplanan. C24H25BrN602:C, 56.59; H, 4.95; N, 16.50. Bulunan: C, 56.81; H, 5.05; N, 16.69
Bilesik 5¢ Verim%67, Erime noktasi 252-253°C,'"H-NMR (DMSO-de): 6 (ppm) 11.69 (s, TH, NH), 7.73-7.70 (d, 1H,
B4 femipinerazintA2H) piridazinon H5), 7.68-6.91 (m, 9H, aromatik protonlar), 6.83-6.79 (d, TH, piridazinon H4), 5.06 ve 4.68
3 e (s, s,2H, CH2), 3.36-3.34 (t, 4H, piperazina+a’ protonlar), 3.28-3.24 (t, 4H, piperazinb+b’ protonlar), 2.23
Kloroasetofenon) hidrazon (s, 3H,CH3). FT-IR (KBr): u 1706 (C=0, hidrazon), 1665 (C=0, 3(2H)- piridazinon), 3214 (N-H). Analitik
Hesaplanan. C24H25CIN602:C, 62.00; H, 5.42; N, 18.08. Bulunan: C, 62.07; H, 5.54; N, 17.96
Bilesik 5d Verim%81, Erime noktasi 262-263 °C,'H-NMR (DMSO-de): 6 (ppm) 11.70 (s, 1H, NH), 7.76-7.74 (d, TH,
6-(A-fenilpiperazin}3(2H)- piridazinon H5), 7.67-6.89 (m, 9H, aromatik protonlar), 6.82-6.80 (d, 1H, piridazinon H4), 5.05 ve 4.66
4 B onin oo el A (s, s,2H, CH2), 3.39-3.37 (t, 4H, piperazinea+a’ protonlar), 3.29-3.27 (t, 4H, piperazineb+b’ protonlar),
floroasetofenon) hidrazon 2.24 (s, 3H,CH3). FT-IR (KBr): u 1704 (C=0, hidrazon), 1668 (C=0, 3(2H)- piridazinon), 3215 (N-H). Analitik
Hesaplanan. C24H25FN602:C, 64.27; H, 5.62; N, 18.74. Bulunan: C, 64.14; H, 5.74; N, 18.77
Bilesik 5e Verim%80, Erime noktasi 271-272°C,'"H-NMR (DMSO-de): 6 (ppm) 11.73 (s, 1H, NH), 7.77-7.75 (d, TH,
S ettt e piridazinon H5), 7.72-6.96 (m, 9H, aromatikprotonlar), 6.85-6.83 (d, 1H, piridazinon H4), 5.07 ve 4.70
5 IO R Ao (s, s,2H, CH2), 3.39-3.37 (t, 4H, piperazina+a’ protonlar), 3.30-3.28 (t, 4H, piperazinb+b’ protonlar), 2.21
asetofenonhidrazon (s, 3H,CH3). FT-IR (KBr): u 1705 (C=0, hidrazon), 1666 (C=0, 3(2H)- piridazinon), 3213 (N-H). Analitik
Hesaplanan. C24H25FN602:C, 64.27; H, 5.62; N, 18.74. Bulunan: C, 64.04; H, 5.33; N, 18.81
Bilesik 5f Verim%62, Erime noktasi 248-249°C. "H-NMR (DMSO-d): 6 (ppm) 11.80 (s, 1H, NH), 7.79-7.76 (d, 1H,
6-[4-(4-florofenil) piperazin]- piridazinon H5), 7.70-6.95 (m, 8H, aromatik protonlar), 6.86-6.84 (d, TH, piridazinon H4), 5.07 ve 4.70
6 3(2H)- piridazinon -2- asetil (s, s,2H, CH2), 3.40-3.38 (t, 4H, piperazina+a’ protonlar), 3.30-3.28 (t, 4H, piperazinb+b’ protonlar), 2.23
-2-(4-bromoasetofenon) (s, 3H,CH3). FT-IR (KBr): u 1705 (C=0, hidrazon), 1663 (C=0, 3(2H)- piridazinon), 3216 (N-H). Analitik
hidrazon Hesaplanan. C24H24BrFN602:C, 54.66; H, 4.59; N, 15.94. Bulunan: C, 54.82; H, 4.48; N, 16.12
Bilesik 5 Verim%50, Erime noktasi 229-230°C,'"H-NMR (DMSO-de): 6 (ppm) 11.82 (s, 1H, NH), 7.77-7.75 (d, 1H,
6-4-(4-florofenil) piperazin]- piridazinon H5), 7.79-6.72 (m, 8H, aromatik protonlar), 6.99-6.97 (d, 1H, piridazinon H4), 5.10 ve 4.80
7 3(2H)- piridazinon -2- asetil (s, s,2H, CH2), 3.42-3.39 (t, 4H, piperazina+a’ protonlar), 3.31-3.29 (t, 4H, piperazinb+b’ protonlar), 2.24
“2-{4-Kloroasetofenon) hidrazon (s, 3H,CH3). FT-IR (KBr): u 1704 (C=0, hidrazon), 1665 (C=0, 3(2H)- piridazinon), 3214 (N-H). Analitik
Hesaplanan. C24H24CIFN602:C, 59.69; H, 5.01; N, 17.40. Bulunan: C, 59.81; H, 5.16; N, 17.26
Bilesik 5h Verim%40, Erime noktasi 241-242 °C,'"H-NMR (DMSO-ds): 6 (ppm) 11.79 (s, 1H, NH), 7.75-7.72 (d, 1H,
B e piridazinon H5), 7.68-6.90 (m, 8H, aromatik protonlar), 6.85-6.83 (d, TH, piridazinon H4), 5.07 ve 4.70
8 B I p— (s, s,2H, CH2), 3.39-3.37 (t, 4H, piperazina+a’ protonlar), 3.29-3.27 (t, 4H, piperazinb+b’ protonlar),
B I 1 e 2.23 (s, 3H,CH3). FT-IR (KBr): v 1706 (C=0, hidrazon), 1662 (C=0, 3(2H)- piridazinon), 3216 (N-H).
AnalitikHesaplanan. C24H24F2N602:C, 61.79; H, 5.19; N, 18.02. Bulunan: C, 61.51; H, 5.36; N, 17.93
Bilesik 5i Verim%>56, Erime noktasi 280-281°C,'H-NMR (DMSO-de): 6 (ppm) 11.72 (s, 1H, NH), 7.73-7.70 (d, TH,
o i dlaatiartll i piridazinon H4), 7.67-6.90 (m, 9H, aromatik protonlar), 6.82-6.80 (d, 1H, piridazinon H4), 5.05 ve 4.70
9 3 (2 pitidazinon 2= aseti] 2 (s, s,2H, CH2), 3.37-3.35 (t, 4H, piperazina+a’ protonlar), 3.27-3.25 (t, 4H, piperazinb+b’ protonlar), 2.22
asetofenon hidrazon (s, 3H,CH3). FT-IR (KBr): v 1706 (C=0, hidrazon), 1664 (C=0, 3(2H)- piridazinon), 3218 (N-H). Analitik
Hesaplanan. C24H25CIN602:C, 62.00; H, 5.42; N, 18.08. Bulunan: C, 62.17; H, 5.56; N, 17.98
Bilesik 5j Verim%438, Erime noktasi 231-232°C,'"H-NMR (DMSO-dq): 6 (ppm) 11.70 (s, 1H, NH), 7.77-7.75 (d, TH,
6-[4-(4-klorofenil) piperazin]- piridazinon H4), 7.65-6.90 (m, 8H, aromatik protonlar), 6.80-6.79 (d, 1H, piridazinon H4), 5.07 ve 4.70
10 3(2H)- piridazinon -2- asetil (s, s,2H, CH2), 3.38-3.36 (t, 4H, piperazina+a’ protonlar), 3.28-3.26 (t, 4H, piperazinb+b’ protonlar), 2.24
-2-(4-bromoasetofenon) (s, 3H,CH3). FT-IR (KBr): u 1704 (C=0, hidrazon), 1663 (C=0, 3(2H)- piridazinon), 3212 (N-H). Analitik
hidrazon Hesaplanan. C24H24BrCIN602:C, 53.00; H, 4.45; N, 15.45. Bulunan: C, 53.08; H, 4.40; N, 15.35

olacak sekilde fenol red icermeyen RPMI-1640 besiyeri
eklenmistir. Besiyerine ayrica 1si ile inaktive edilmis %10
Fetal Bovine Serum (FBS) eklenmistir. Hazirlanan her bir
karisim sirayla 96 kuyucuklu mikroplaklarin ilk kuyucuk-
larina 225 pl dagrtilmistir. icerisine 112.5 pl besiyeri eklen-
mis 2. kuyucuga ilk kuyucuktan 112.5 ul eklenerek V2
oraninda diliie edilmistir. Ayni sekilde seri dillisyonla 10
kuyucukta islem tekrarlanarak son kuyucuktan alinan
karisim disari atilmistir.

Kuyucuklarin Gzerine, hemositometre ile hiicre sayisi
2.5x107 hicre/ml olacak sekilde ayarlanmis 112.5 pl
Linfantum promastigotlar eklenerek son konsantrasyonlari
3-0.003 pg/ml olacak sekilde bilesikler sulandirilmistir.

Pozitif kontrol olarak 11. siradaki kuyucuklara sadece
225 pl promastigot, negatif kontrol olarak da 12. siradaki
kuyucuklara sadece 225 pl sentezlenmis bilesik eklenmistir.
Mikroplaklar 27°C’ye ayarlanmis sogutmali etlivde 20 saat
sureyle inkiibasyona birakilmistir.
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Hazirlanmis olan tiim kuyucuklara bu suirenin sonunda
25 pl alamar mavisi (Resazurin sodium salt R7017 Sigma-
Aldrich USA) (0.1 mg/ml) eklenmis ve tekrar 27°C'de 4
saat daha inkiibasyona birakilmistir. Mikroplaklar 24, 48
ve 72 saat sonra degerlendirilerek sonuglar kaydedilmistir.
Galismada kontrol ilaci olarak da amfoterisin B kullaniimistir.
Tam testler iki kez tekrarlanmistir.

BULGULAR

Calismada sentezlenmis hidrazon yapisindaki 10 farkli
bilesigin anti-leishmanial aktivitesi 96 kuyucuklu mikro-
plaklarda mikrodilisyon alamar mavisi yontemi kullanilarak
arastinilmistir. Kuyucuklarda rengin maviden pembeye
dénmesi parazitin Uredigi, rengin degismeden kalmasi ise
parazitin Gremedigi seklinde degerlendirilmistir (Sekil 1).

Arastirmada beklenildigi gibi pozitif kontrol kuyu-
cugunda renk maviden pembeye degisirken, negatif
kontrol kuyucugunda herhangi bir renk degisikligi goz-
lenmemistir.

Galismada hidrazon yapisindaki on adet bilesigin Mini-
mal inhibitér Konsantrasyon (MiK) degerleri Tablo 2'de
verilmistir.

TARTISMA ve SONUC

Diinya genelinde yaygin olan bes paraziter hastalik
arasinda yer alan leishmaniasis énemli bir halk saghgi
sorundur. DSO'ne gére her yil cogu gelismekte olan
Ulkelerden yaklasik 2 milyon yeni vaka bildirilmekte olup12
milyon insani etkilemektedir ',

| ; A x

Tablo 2. Anti-leishmanial aktivitesi arastirilan hidrazon yapisindaki on
farkli bilesigin MK degerleri

Table 2. MIC values of ten different hydrazone derivatives investigated
anti-leishmanial activity

Sira Sentezlenmis Bilesik MiK (ug/ml)
1 5a 1.5
2 5b 0.75
3 5¢ 1.5
4 5d 1.5
5 5e 0.187
6 5f 1.5
7 59 0.187
8 5h 0.187
9 5i 3
10 5 15

Konrtol Amfoterisin B 0.003

P P P P P P

Sekil 1. ilk 8 bilesige ait mikroplagin 24 saatlik
inklibasyon sonrasindaki goriinttisii (11.sttun nega-
tif kontroller 12. Sttun pozitif kontroller)

Fig 1. Image of microplate belong the first eight
compounds in at the 24 h incubation (11. column
negative controls, 12. column positive controls)

Leishmaniasis tedavisinde bes degerli antimon bilesik-
leri, amfoterisin B deoksikolat, miltefosin, paromomisin,
sitamaquin, azoller ve pentamidin gibi farkl anti-leishmanial
ajanlarin yaninda termoterapi ve kriyoterapi gibi uygula-
malar da kullanilmaktadir %21,

Tedavisinde kullanilan bes dederli antimon bilesiklerinin
etkinliginin %90'In Uzerinde oldugu bildirilirken, miyalji,
artralji, karin agrisi, hepatit, pankreatit ve cesitli labora-
tuvar degerlerinde yukseklik gibi nadiren lokal ve sistemik
yan etkilere neden olabilecedi de rapor edilmistir 2",
Amfoterisin B ise viicutta genis bir yayllim gostermesi
nedeniyle, inflzyon reaksiyonlari, nefrotoksisite, hipo-
kalemi ve miyokardit gibi yan etkilere sahiptir ve hasta
4-5 hafta yatarak takip edilmektedir. Amfoterisin B'nin yan
etkilerini azaltmak icin dalak ve karaciger gibi organlarin
makrofajlarinda hizla konsantrasyonlari ylkselerek, uzun
siire bu organlarda kalabilen cesitli lipid formilasyonlar
(lipozomal amfoterisin B) gelistirilmistir '?, Antimon
bilesiklerine direng gelistiginde, VL tedavisinde intraventz
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veya intramuskuler olarak amfoterisin B kullaniimaktadir.
Ancak bu ilaglara karsi da direng gelistigi bildirilmistir 2.
Sunulan c¢alismada da hidrozon bilesiklerinin tedavide
etkili olabilecegi gozlemlenmistir. Bu durum hastaligin
etkili ve kisa surede tedavisi ile ilgili olumlu olarak
degerlendirilmistir. Ayrica tedavi siirecinde yan etkisi az
olan ve etkili olan bir ilacin kullanilmasi hastanin yasam
kalitesi acisindan da 6nemlidir.

Galismada parazitin canliligini belirlemek icin kullanilan
alamar mavisi, oksidasyon-rediksiyon indikatoru olarak
hicre canlihgi ve toksisite, hiicresel biylime ol¢limleri
icin cesitli deneylerde kullanilan ve uzun inkiibasyon
stiresi boyunca canl hiicreler icin toksik etki gdstermeyen
bir maddedir 222, Bu 6zellikleri nedeniyle Leishmania
parazitlerine karsi bilesiklerin sitotoksisitesini dl¢meye
yonelik farkli yontemlerde ve kantitatif kolorimetrik test-
lerde kullanilmistir. Kiltir ortaminda canli Leishmania
promastigotlarinin alamar mavisini indirgeyerek rengini
maviden kirmiziya donistirdigunu belirten calismalar
mevcuttur 24,

Tedavide kullanilan anti-leishmanial ilaglarin toksik
yan etkileri ve bu ilaglara karsi parazitin direng gelistirmesi
nedeniyle giinimiize kadar yeni molekillerin tanimlanmasi
ve formilasyonlari ile ilgili calismalar yapilmistir B. Sudan’
da yoresel olarak KL'nin tedavisinde kullanilan Allium
sativa (sarimsak) ve Azadirachta indica (Neem)'dan elde
edilen etanol ekstratlarinin anti-leishmanial aktivitelerinin
pentostamla kiyaslandiginda anlaml bir farki olmadigini
belirten calismalardan ™, makrolid grubunda yer alan iki
antibiyotikten azitromisinin ve klaritromisine gore L. topica
promastigot ve amastigotlari lzerinen anti-leishmanial
etkisinin daha yiksek oldugu vurgulayan 2! calismalara
kadar farkli cahismalar yapilmigtir 162529,

Ulasilan kaynak bilgilerde Coa ve ark.?® on farkli kinolan-
hidrazonhibridini, Alptiiziin ve ark.2% pyridinium hydrazone
derivelerini, Al-Kahraman ve ark.2" N-unsubstituted hidrazon
yapidaki 3 (benzilmonohydrazones) ve 5 (benzophenone-
hydrazones) bilesiklerini ve Coimbra ve ark.* tarafindan
7-chloro-4-quinolinyl hydrazone derivelerini kullanarak
anti-leishmanial aktivitelerini denemisler ve olumlu
sonuglar elde ettiklerini bildirmislerdir. Sunulan calismada
kullanilmis olan hidrazonlar diger arastirmalardan fakli
yapidadir (Tablo 1).

Bu calismada kullanilan hidrazonlarin anti-leishmanial
aktivitesi ile ilgili simdiye kadar yapilan herhangi bir
arastirmaya rastlanilmamistir. Calismamizda elde edilen
sonugclara gore en etkili maddelerin 5e, 5g ve 5h bilesikleri
(MiK=0.187 ug/ml) oldugu, en etkisiz bilesigin ise 5i
(MiK=3 pg/ml) oldugu gérilmiistiir (Tablo 2). Standart
ilac olarak kullanilan amfoterisin B'nin ise 0.003 pg/ml
konsantrasyonda etkili oldugu belirlenmistir. Bu durum
5e, 5g ve 5h maddelerinin parazitin tedavisi icin ilag adayi
olabilecekleri seklinde aciklanabilir.

Leishmania turlerinin promastigot sekillerinin canlihgr ve
¢ogalmasinin saptanmasinda, enzimatik belirleyiciler, H?
timin eklenmesi ve kolorimetrik metodlarin kullanilabilecegi
bildirilmistir. Kolorimetrik metodlar arasinda da alamar
mavisinin tek asamali, uygulamasi basit, disiik maliyetli,
cevre dostu ve kolay transfer edilebiliyor olusu ve ayrica
redoks indikatoriniin hicre toksisitesinin olmamasi ve
uzun inklibasyon periyotlarinda kullanilabiliyor olmasi
gibi cesitli avantajlari rapor edilmistir . Mikus ve ark.??
da, L. major promastigotlariyla yapilan ila¢ tarama testinde
alamar mavisinin uygulanabilir kolorimetrik indikator
oldugunu gostermislerdir. Calismamizda da indikator boya
olarak alamar mavisi kullaniimistir.

Sonug olarak; calismada sentezlenen 5e, 5g ve 5h
(MIK = 0.187 pg/ml) bilesikleri antiparaziter olarak etkili
bulunmus olup bu hidrazonlarin ilag adayi olarak ileri
calismalarina devam edilebilecegi kanisina varilmistir.
Sentezlenen bilesiklerin ila¢ olarak kullanilabilmesi icin;
gerekli oldugu dislintlen in vitro makrofaj kiltlriinde
Leishmania amastigotlarina karsi etkinligi ve in vivo olarak
deneysel hayvan modellerinde kontrol ¢alismalarina ihtiyag
vardir. Ayrica alamar mavisi mikrodiliisyon y&nteminin,
anti-leishmanial ilag aktivitesi arastinlmasinda basit, gtivenilir
ve tekrarlanabilirligi yiiksek bir yontem oldugu saptanmistir.
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Abstract

This study aimed to determine the prevalence of clinical coccidiosis and to estimate the costs of disease control and treatment in
broiler production. The study was performed with randomly selected poultry farms in Aksehir district of Konya Province. Each farm
was visited for once at the day of 21 and over of the production period. Necropsy samples (5/10000) were collected from each farm for
parasitological and histopathological examinations. The prevalence of clinical coccidiosis was found as 7.72%. A significant relationship
was determined between the prevalence of clinical coccidiosis and age groups (P<0.05). Four Eimeria species: E. brunetti (35.48%), E.
necatrix (35.48%), E. maxima (19.35%) and E. tenella (9.68%) were identified. Mixed infection was observed in 45.83% of the chicks.
Disease control and treatment costs were estimated as 4604.17 $ and 2683.25 $ respectively. In conclusion, this multidisciplinary
study showed that coccidiosis was still a serious disease for broiler production in the region. The costs of the control and treatment of
coccidiosis may vary depending on its prevalence. Therefore, disease control strategies maintain its importance.

Keywords: Clinical coccidiosis, Broiler production, Disease control cost, Treatment cost

Broiler Uretiminde Klinik Koksidiyozisin Prevalansi ve
Hastalik Kontrol ve Tedavi Maliyetlerinin Tahmini

Ozet

Bu arastirma, broiler tretiminde klinik koksidiyozisin prevalansini belirlemek, hastaligin kontrol ve tedavi maliyetlerini tahmin etmek
amaciyla yapilmistir. Calisma, Konya ili Aksehir ilcesinde rastgele secilen isletmelerde yiritilmistir. Her isletme retim siirecinin 21
ve lizerindeki giinlerde bir kez ziyaret edilmistir. Bu isletmelerden, parazitolojik ve histopatolojik incelemeler icin nekropsi numuneleri
(5/10.000) toplanmistir. Klinik koksidiyozisin prevalansi %7.72 bulunmustur. Klinik koksidiyozisin prevalansi ile yas gruplari arasinda
anlamli bir iliski belirlenmistir (P<0.05). Dort adet Eimeria tirQ tespit edilmistir: E. brunetti (%35.48), E. necatrix (%35.48), E. maxima
(%19.35) ve E. tenella (9.68%). Piliclerin %45.83'linde miks enfeksiyon gézlenmistir. Hastaligin kontrol ve tedavi maliyetleri sirasiyla
4604.17 $ ve 2683.25 $ tahmin edilmistir. Sonug olarak, multidisipliner 6zellige sahip bu arastirma koksidiyozisin broiler tGretimi igin
bdlgede halen ciddi bir hastalik oldugunu gdéstermistir. Hastalik kontrol ve tedavi maliyetleri koksidiyozisin prevalansina bagh olarak
degisebilir. Dolayisiyla, hastalik kontrol stratejileri 5nemini korumaktadir.

Anahtar sozciikler: Klinik koksidiyozis, broiler tiretimi, hastalik kontrol maliyeti, tedavi maliyeti

INTRODUCTION domestic poultry with substantial economic losses in the
world. Commercial broiler production is mostly affected

Coccidiosis caused by protozoan parasites of the from coccidiosis. Production losses (mortality, decreased
genus Eimeria, is the most important parasitic disease of  liveweight gain and increased feed conversion ratio-FCR)
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were reported up to 81-96% while disease control and
treatment expenditures have responsibility up to 4-18% in
total production costs ['2,

The clinical form of the disease manifests through
prominent signs of mortality, morbidity, diarrhoea or
bloody faeces ?. The attempts to control and treatment
the disease can cause an increase in production costs 54,

Turkey, with an annual poultry meat production of
1.7 million tons has a 2% share in the world poultry meat
market and has moved to 8" rank. In the last 12 years,
production capacity of sector increased about 158%, its
annual turnover is 4.5 billion US$, and export of poultry
meat is about 567 million USS. As a growing sector, 2.4
million people work for it ©.

The aim of this study was to determine the prevalence
of clinical coccidiosis and to estimate the costs of disease
control and treatment in broiler production in Aksehir
district of Konya province in Turkey.

MATERIAL and METHODS

Study Area

This study was conducted from July to November
in 2011 in Aksehir district of Konya province where has
a significant potential in terms of broiler production in
Turkey. It is located some 135 km south-west of the Konya
province, at an altitude of 1050 m above sea level with
latitude 38°22'N and 31° 26'E. The district has a continental
climate: hot and dry summers, mild and rainy springs,
cold and snowy winters. Broilers are reared in an intensive
deep-litter system in this region.

Sampling

The material consisted of the farms that were allowed
to give necropsy materials (approved by Afyon Kocatepe
University, the Local Ethics Committee on Animal Experi-
ments, 03/08/2011, B.30.2.AKU.0.8Z.00.00/76). Five necropsy
sample per 10.000's capacity were collected from each
farm ®©. Each farm was visited only one time from starting
the 215t day of the production period (average slaughter
age of chickens is 42 days in this area). Randomly selected
necropsy samples were subjected to the routine post-
mortem examination according to the method described
by Conway and Mckenzie ). Charecteristics of lesions
and sites were recorded. Mucosal scrapings were made
from segments of intestine with gross lesions. Segments
of intestines about 1-3 cm in length were taken for histo-
pathology from parts of the intestine with gross lesions.

Parasitological Techniques

Mucosal scrapings were microscopically examined for
developmental stages of coccidia. In positive samples,
faeces were mixed thoroughly with a 2.5% potassium

dichromate solution. The mixture was poured in thin
layers into petri dishes and left to sporulate at 29°C for
morphological identification of oocysts.

Histopathological Examination

The tissue samples taken from parts of the intestine
with gross lesions were fixed with buffered formalin
solution for microscopic examination and were blocked
with paraffin after routine laboratory follow-up. Sections
taken from paraffin blocks with 5 u thickness were stained
with hematoxylin-eosin (HE). The prepared sections were
examined at light microscope (Olympus CX41) mounted
with a digital camera and analysis system (Kameram®).

Species identification

Coccidial species were identified according to the site
of infection, the sporulation time, morphological features of
sporulated oocysts, nature of gross lesions and histological
changes in tissues 78, Sporulated oocysts from each
sample were measured using a Nikon Eclipse i-Series 80i
trinocular research microscope with 100x magnification
and DS-5M-L1 digital camera system.

Estimation of the Costs of Disease Control and
Treatment

The costs of disease control and treatment were
calculated according to Williams ® and Bera et al.l'.
General information of farms such as farmer’s name, farm
location, flock age, flock size, production period and feed
consumption were collected through questionnaires at
the time of sampling for estimating the costs of disease
control and treatment. Otherwise, it was interviewed with
the veterinarians who was working in the research area for
disease control (the use and the price of coccidiostats) and
treatment (medicine usage and the price of medicine).

Statistical Analysis

Chi-square (X?) test was used for comparisons between
infection and age groups.

RESULTS

In this study, clinical coccidiosis was diagnosed in 24
chicks (7.72%) out of 311 necropsied chicks. Results showed
that the prevalence of clinical coccidiosis has statistically
significant effects on age groups (P<0.05). Chicks with 36-
42. days of age showed the highest prevalence of infection
(Table 1).

Four Eimeria species: E. brunetti (35.48%), E. necatrix
(35.48%), E. maxima (19.35%), E. tenella (9.68%) were
identified (Table 2). Mixed infections with two species were
found in 45.83% of the chickens (Table 3).

The cost of disease control and treatment were calculated
as 4604.,17 $ and 2683.25 $ respectively (Table 4).
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Table 1. Prevalence of clinical coccidiosis by age groups

Tablo 1. Yas gruplarina gére klinik koksidiyozisin prevalansi

Necropsy Age Groups (days) Total

Sl 2128 | 2035 | 36-42

No. of examined 102 153 56 311

No. of positive 5 2 17 24

Prevalence (%) 4.90 1.31 30.36 7.72
x% 37.57, P<0.05

Table 2. Eimeria species by age groups

Tablo 2. Yas gruplarina gore Eimeria tiirleri

Eim e'ri 0 Age Groups (days) Total %
spectes 21-28 | 29-35 | 36-42

E. brunetti 3 0 8 1 35.48
E. necatrix 2 1 8 11 3548
E. maxima 1 0 5 6 19.35
E. tenella 0 0 3 3 9.68
Total 6 1 24 31 100.00

Table 3. Frequency of Eimeria species according to single and mixed
infections

Tablo 3. Tek ve miks enfeksiyonlara gére Eimeria ttirlerinin dagilimi

Single and Mixed infections Frequency %
E. brunetti 7 29.16
E. necatrix 6 25.00
E. brunetti + E. maxima 2 833
E. brunetti + E. tenella 1 4.17
E. brunetti + E. necatrix 1 4.17
E. necatrix + E. maxima 3 12.50
E. necatrix + E. tenella 1 4.17
E. maxima + E. tenella 1 4.17
Eimeria spp. 2 8.33
Total 24 100.00

DISCUSSION

A diagnosis of clinical coccidiosis is warranted if oocysts,
merozoites, or schizonts are seen microscopically and if
lesions are severe . In this study, the prevalence of clinical
coccidiosis among examined broiler chicks was 7.72%
(24/311). In the previous studies in different countries,
the prevalence of coccidial infection in broiler chicks
ranged between 21% and 92% %', In Turkey, there are
limited studies on poultry coccidiosis *'>'¢. Karaer et al.'"!
suggested that prevalence of subclinical coccidiosis in
broiler farms is 54.3% in different regions of Turkey.

In this study, the prevalence of clinical coccidiosis
(7.72%) was very low compared to investigations in Turkey
and other countries. Mismanagement, such as wet litter

Table 4. The costs of disease control and treatment
Tablo 4. Hastalik kontrol ve tedavi maliyetleri

Cost parameters Code | Value | Explanation
No. of chicks population N 622000 | Project data
No. of sampled Ns 311 (N/10000)*5
No. of chicks in clinical form Nc 48018 (N*7.72)/100
Cumulative feed consumption .

for 28 days (tonne/chick) @ OOz | Pleat el
Coccidiostat for control (kg/tonne) | Ac 0.5 Project data
Price of coccidiostat ($/kg) Pa 6.76 Project data
Disease control cost (N x Cf x Ac x | 4604.17

Pa) ($)

Water consumption for 21 day old .

it Ly Wc 0.25 Project data
Treatment period (days) D 2 Project data
Medicine for treatment (ml/L) Mt 0.001 Project data
Price of medicine ($/L) Pm 111.76 Project data
Treatment cost (Nc x We x D x

Mt x Pm) ($) Il 2683.25

Total costs (I +11) ($) 7287.42
1 USS: 1.7 Turkish Lira

that encourage oocysts sporulation, contaminated drinkers
and feeders, poor ventilation, and high stocking density
can exacerbate the clinical signs '”.. Coccidiosis can be
controlled by proper stocking density, the housing and
handling of the chicks, the proper use of anticoccidial
drugs U219, In current investigation, this might be due
to good management practices, and the proper use of
anticoccidial drugs (questionnaires).

It was noted that the highest rate of clinical coccidiosis
(30.36%) was determined in the 36-42 days age group in
the present study. This is in agreement with the findings
reported by Lobago et al.l'?, Karaer et al."! and Amare
et al'®, Hygienic measurements are not enough alone
for coccidiosis control. In order to prevent infection
usually supplemental anticoccidial feeds and for the
treatment of disease drugs including active ingredients
of sulphonamide, amprolium and toltrazuril are used &,

In this study, it has been found that anticoccidial feed
additives were used except the last two weeks (between
28"-42 days) of the production period. It was determined
that these drugs were mixed into the drinking water. We
found pathogenic Eimeria species responsible for clinical
coccidiosis: E.brunetti, E. necatrix, E.maxima, E.tenella.
Previous studies reported that E.tenella was the most
prevalent coccidial species in broiler chickens 13171920
where as the findings of the present study showed that
E. brunetti and E.necatrix were the most common. This
inconsistency may be arised from which the anticoccidial
drugs in general use are developed specifically to control
this pathogenic species.
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Bera et al."! suggested that the major economic losses
considered in relation to clinical coccidiosis in commercial
broiler were expenses on control, therapy and mortality.
Death in poultry is known to occur more often in situations
where more than one pathogenic agent is combined. It
has been reported that coccidiosis is seen with salmonella
or gumboro ®'. However, lethal coccidiosis is becoming
rare, because of widely implemented prevention and
control strategies 222,

According to Williams @, the anticoccidial drugs used
constitute an extremely variable cost of chick production,
both from drug to drug and from country to country. In this
study, disease control was the most important parameter
in broiler industry in Aksehir district of Konya province. This
result was in consistent with the finding of Bera et al" who
reported prevention of coccidiosis in India mainly depends
on control. Prophylactic use of anticoccidial feed additives
are primary means of controlling coccidiosis in the broiler
industry. However, this leads to a further problem of drug
resistance and drug residue in consumable meat ",

In conclusion, the costs of disease control and treatment
may vary due to the prevalence of coccidiosis which is
affected by several factors such as geography and climate.
This study that carried out in multidisciplinary manner
showed that coccidiosis is still a serious disease for broiler
production in the region. Therefore, disease control
strategies are going to be the main issue about coccidiosis.
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Abstract

In this study, the presence of anisakid nematodes in the European eels (Anguilla anguilla L.) was investigated. A total of 30
specimens of eels were caught by local fishermen from the Buyuk Menderes River, Turkey. Nematoda species of Raphidascaris
acus was found from eels. This is the first record of R. acus from A. anguilla from Turkish waters. The ribosomal DNA (rDNA)
internal transcribed spacer regions (ITS-1and ITS-2) and 5.8S of this parasitic species was amplified and sequenced. Also, all the
nematodes were identified as R. acus based on nucleotide sequence comparisons. Pairwise comparison between the entire ITS
regions and 5.8S of the R. acus isolates of A. anguilla (GenBank accession number: KT633862) and other R. acus isolates from
Caspian Sea (KM047505), and Vistula Lagoon, Poland (AY603537) showed differences ranging from 0.0 to 1.9% intraspecific
nucleotide differences, respectively. With the present study, R. acus infecting A. anguilla caught off the Aegean Region streams
were characterized for the first time by sequencing of the rDNA ITS regions and 5.8S.

Keywords: Raphidascaris acus, Anguilla anguilla, ITS gene regions, 5.8S, Aegean Region streams, Molecular characterization

Ege Bolgesi Akarsularinda Yakalanan Avrupa Yilan Baliklarinda
(Anguilla anguilla Linnaeus, 1758) Raphidascaris acus Bloch, 1779
(Nematoda: Anisakidae)’un ilk Molekiiler Karakterizasyonu

Ozet

Bu calismada balikgilar tarafindan Blylik Menderes Nehri'nden yakalanan 30 adet Avrupa yilan baliginda (Anguilla anguilla L.)
anisakid nematodlarin varligr arastirilmistir. Yilan baliklarinda Raphidascaris acus tirli nematoda rastlanmistir. Raphidascaris
acus Tirkiye sularinda yakalanan yilan baliklarinda ilk kez bildirilmistir. identifiye edilen parazitlerin internal transcribed
spacer gen bolgeleri (ITS-1 ve ITS-2) ve 5.8S rDNA’si amplifiye edilerek sekans analizleri gerceklestirilmistir. Nikleotid sekans
karsilastirmalari sonucu bu nematodlarin R. acus oldugu dogrulanmistir. Yilan baldinda tespit edilen R. acus izolatinin
(GenBank erisim numarasi: KT633862) ITS gen bdlgeleri (ITS-1 ve ITS-2) ve 5.8S bolgesinin ikili hizalamalari sonucunda Hazar
Denizi (KM047505) ve Polonya, Vistula Laglini'nden (AY603537) izole edilmis R. acus izolatlari ile arasinda sirasiyla %0.0 ve
1.9 oranlarinda tir ici nikleotit farkhligi saptanmistir. Bu calismada Ege Bdlgesi akarsularinda sularinda yakalanan yilan
baliklarinda (A. anguilla) saptanan R. acus'un ITS gen bolgeleri (ITS-1 ve ITS-2) ve 5.8S rDNA’s1 sekanslanarak ilk kez molekuler
karakterizasyonu yapilmistir.

Anahtar sozciikler: Raphidascaris acus, Anguilla anguilla, ITS gen bélgeleri, 5.8S, Ege Bélgesi akarsulari,
Molekdiler karakterizasyon
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INTRODUCTION

Anisakid nematodes of the genus Raphidascaris (Railliet
& Henry, 1915) are parasites of the digestive tract of a
range of marine, brackish and freshwater fishes in world-
wide. Raphidascaris acus is a cosmopolitan species reported
from different host species M.

Raphidascaris acus has three well developed lips that
mouth surrounded. However, the interlabia are rudimentary
or absent. Nerve ring is encircling approximately at border
of first and second thirds of oesophagus. Excretory pore is
located at behind level of nerve ring. The intestinal caecum
is absent. Raphidascaris acus has various genital papillae.
The tail of both sexes is short and conical 2.

Raphidascaris acus has been morphologically identified
from Turkish waters 4. However, to date there has not
been any study regarding molecular characterization of
R. acus from fish caught off the Turkish waters. Recently,
molecular techniques, using DNA sequencing of the
nuclear ribosomal DNA spacers, have been proven to
be particularly useful for the accurate identification of
ascaridoid nematodes at the species level for eggs, larvae,
and adults 52, Nevertheless, before the present study,
there had been no reports of characterizing the R. acus from
the Turkish waters using well-defined internal transcribed
spacers (ITS1 and ITS2) and 5.8S region sequence.

Therefore, in the present study, R. acus from Aegean
Region streams were genetically characterized for the
first time by sequencing of ITS regions and 5.8S subunit
markers.

MATERIAL and METHODS

Sampling and Parasitological Examination

Atotal of 30 specimens of Anguilla anguilla were caught
by local fishermen from the Buyuk Menderes River in
Aydin vicinity of Turkey. Fishes were dissected carefully
and examined for nematodes in the stomach, intestine,
abdominal cavity, and muscles. Nematodes were only
found from the intestine and washed in physiological
saline. For each nematode, a small piece of the mid-body
was cut and stored in 70% ethanol for molecular analyses
and anterior-posterior ends of specimens were cleared
in lactophenol for morphological studies. The parasites
were identified by using the morphology of the labia,
the position of the excretory pore, ventricular appendix
and the tail ™.

DNA Extraction, PCR Amplification, and Sequencing

Three nematodes (i.e., three individuals were randomly
selected among the samples) were subjected to the
molecular analysis. Genomic DNA (gDNA) was extracted
from the nematodes using the DNA puirification kit (Wizard

Genomic, Promega) according to the manufacturer’s
instructions. Polymerase chain reaction (PCR) was performed
to amplify the ITS regions (ITS-1and ITS-2) and 5.8S. PCR
reaction (50 pl) was contained 10-50 ng of extracted DNA,
1x TaqBuffer with KClI (Thermo Scientific), 3mM of MgCl,
(Thermo Scientific), 0.3 mM dNTPs (Thermo Scientific),
2 pmol of each primer, 2.5 U of Tag DNA polymerase
(Thermo Scientific), and DEPC-treated water. The ITS
regions and 5.8S were amplified using the primers NC5
(5'-GTAGGTGAACCTGCGGAAGGATCATT-3') and NC2 (5'-TTA
GTTTCTTTTCCTCCGCT-3') B The PCR was performed in
an automated thermocycler (Applied Biosystems) and
the conditions were modified as follows: 15 min at 95°C,
then 30 cycles of 1 min at 94°C, 1 min at 55°C and 1 min
at 72°C followed by a final extension step at 5 min at 72°C.
PCR products were electrophoresed in 1.5% agarose gel,
stained with ethidium bromide and visualized by UV
illumination. Then the positive samples were purified by
the commercial kit (High Pure PCR product purification kit,
Roche) from the agarose gel. The purified products were
commercially sequenced by Macrogen (Netherlands) in
both directions, using NC5 and NC2 primers.

Data Analysis and Phylogenetic Tree Construction

The forward and reverse nucleotide sequences were
assembled and edited with using Contig Express (Vector
Nti® Advance 11.5, Invitrogen, Carlsbad, California, USA).
A standard nucleotide Basic Local Alignment Search Tool
(BLAST [blastn]) search was conducted 3. Nucleotide
sequences were aligned with the software CLUSTAL W
in Mega 6.0 multiple sequence alignments . Genetic
distances were calculated using the Kimura two-para-
meter model with pairwise deletion in Mega 6.0 "\
Phylogenetic analysis with other known Raphidascaris
species was conducted using Maximum-Likelihood (ML)
analysis in Mega 6.0 'l The aligned sequences were
tested with Mega 6.0 model test to find the best DNA
model to infer the phylogenetic trees . The general-
time reversible model (GTR+G) was selected using Akaine
Information Criterion (AIC). The evolutionary history
was inferred using the ML method based on the GTR+G
model for ITS sequences with Eustrongylides sp. as an out
group. Confidence in the ML trees was determined by
analyzing 1.000 bootstrap replicates "¢ using the Mega
6.0 program. The sequences of ITS regions and 5.8S of R.
acus has been deposited in GenBank databases under
accession number KT633862.

RESULTS

These species were analyzed in the present paper clearly
belongs to the genus Raphidascaris. The morphology
of our specimens agrees well with the description of R.
acus M. The amplification of the ITS regions and 5.8S was
produced a fragment of approximately 1.000 bp from
each nematodes. No intraspecific differences were found
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in the sequences of R. acus, which represented a single
genotype. Therefore, only one sequence was submitted
to GenBank.The length of ITS sequences of R. acus was 866
bp. Raphidascaris acus isolates from the Menderes River,
Turkey (KT633862) showed 98.1 to 100% identity with
various geographical isolates of R. acus from the Vistula
Lagoon, Poland (AY603537) and Caspian Sea (KM047505)
from GenBank, respectively. Pairwise comparison between
the present data and other R. acus isolates from the Caspian
waters (KM047505) and the Poland (AY603537) displayed
only 0.0 to 1.9% intraspecific nucleotide differences (Table
1), respectively. Phylogenetic relationships among R. acus
isolates from A. anguilla of the Menderes River, Turkey and
the other Raphidascaris species isolates as inferred by ML
analysis of the ITS sequence are presented in Fig. 1.

DISCUSSION

The genus Raphidascaris Railliet & Henry, 1915 consists
of three subgenera namely Ichthyascaris Wu, 1949,
Sprentascaris Petter & Cassone, 1984, and Raphidascaris
Railliet & Henry, 1915 7%, The present material is assigned

to Raphidascaris due to the lips well-developed, excretory
pore slightly behind the nerve-ring, posterior directed
ventricular appendix, and intestinal caecum absent ",
Raphidascaris acus is found in different freshwater fishes
(Esocidae, Salmonidae, Anguillidae, Gadidae) in Europe,
Asia and North America . Until now, only one species, R.
acus has been morphologically identified from Esocidae
(Esox lucius L.) from Turkish waters 34, To the best of
our knowledge, this is the first record of R. acus from
Anguillidae (A. anguilla) from Turkish waters.

Accurate identification of a parasite at any stage of
its development has important implications for studying
parasite epidemiology and resolving taxonomic problems 2,
Different studies have demonstrated that the ITS regions
and 5.8S provide useful genetic markers for the accurate
identification of sibling species and morphospecies within
ascaridoid species 101221,

There are three Raphidascaris species [R. lophii (Wu,
1949), R. trichiuri (Yin & Zhang, 1983), and R. longispicula
(Li et al., 2012)] belongs to the subgenus Ichthyascaris Wu,
1949 2224 and two species [R. acus (Bloch, 1779) Railliet

Table 1. Pairwise comparison of nucleotide sequence differences (%) in the ITS gene regions and 5.8S among Raphidascaris

acus (Turkey) isolates and various geographical isolates

Tablo 1. Raphidascaris acus izolati (Turkiye) ile degisik cografik bolgelere ait izolatlarin ITS gen bélgeleri ve 5.8S nikleotit
sekans farkliliklarinin (%) ikili karsilastirmalar

Isolate No

GenBank Accession Numbers and Locations

Nucleotide Sequence Differences (%)

1 2 3

1 KT633862 Menderes River, Turkey

2 KMO047505 Caspian Sea

0.0

3 AY603537 Vistula Lagoon, Poland

JX974559 Raphidascaris lophii
KP262039 Raphidascars lophii
JF809816 Raphidascans lophii
FJ009682 Raphidascarns trichiur

%2 JN102362 Raphidascaris longispicula

KR232377 Raphidascans macroun
100 lKR232376 Raphidascarn's macrour

AY603537 Raphidascans acus (Vistula Lagoon, Poland)
4‘95 KT633862 Raphid: is acus (Mend River, Turkey)
80! KM047505 Raphidascans acus (Caspian Sea)

0.05

GQ215514 Eustrongylides sp.

internal nodes (>70% only)

gosterilmistir (>%70)

Fig 1. Phylogenetic tree reconstructed using Maximume-Likelihood (ML) analysis of ITS regions and 5.8S. The evolutionary history was
inferred using the ML method based on the GTR+G model for ITS sequences with Eustrongylides sp. as an out group. The accession
numbers of individual sequences determined in the present study are shown in each tree. A scale bar indicates estimated distance. The
percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1.000 replicates) are shown at the

Sekil 1. ITS gen bolgeleri ve 5.85in filogenetik agaci Maximum-Likelihood (ML) analiz yontemi kullanilarak olusturulmustur. ITS
dizilimlerinin evrimsel siirecine Eustrongylides sp/nin dis grup olarak kullaniimasi ile GTR+G modelini temel alan ML analiz yontemi
kullanilarak varilmistir. Bu calismada belirlenen sekanslarin erisim numaralari agagta gosterilmistir. Olcek cubugu tahmini uzakliklari
gostermektedir. Bootstrap testinde birbirleri ile iliskili taksonlarin filogenetik agactaki tekrar ylizdeleri agacin i¢ digimlerinde
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& Henry, 1915, R. macrouri (Pérez-i-Garcia et al., 2015)]
belongs to the subgenus Raphidascaris Railliet & Henry,
1915 studied of the ITS gene region %™,

This study provides the first molecular characterization
of R. acus from the Turkish waters. Raphidascaris acus
isolate of Turkey (KT633862) showed 100% identity
with isolate of Caspian Sea (KM047505) from GenBank.
Nonetheless, the ITS sequence variation between the
Turkish and Polish populations was 1.9%. A significant
ITS sequence variation between the two populations
is evidence on the lacking gene flow between the
Turkish waters and Vistula Lagoon, Poland. In this study,
bootstrapping of the sequences with ML revealed
significant support for one clade containing R. acus isolates
from the Turkey (KT633862), Caspian waters (KM047505)
and the Vistula Lagoon, Poland (AY603537), revealing a
close relationship between these isolates (Fig. 1).

As conclusions, the ITS gene sequences of R. acus
from Turkish waters have been obtained for the first time
in the present study, and further researches using more
polymorphic genetic markers are required to examine the
genetic variability and population genetic structure within
R. acus from different freshwater and marine fish species
and geographical locations in Turkey.
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Abstract

The aim of this study was to investigate the effect of 3-carotene in acute phase response (APR) in rabbits which were administered high
doses of toxic diethylnitrosamine (DEN). Twenty-one New Zealand race rabbits at 5-7 months of age were divided into 3 groups each
having 7 ones. Control group received single dose of 0.9% NaCl solution intraperitoneally (IP); Group 1 received single dose of 100 mg/
kg DEN (IP); Group 2 received both 100 mg/kg DEN (IP) and 2 mg/kg/day B-carotene orally for 7 days. After applying administrations,
blood samples were obtained on 1%, 4", and 7" days. The levels of ceruloplasmin was determined by the Colombo and Richterich
technique; serum amyloid A (SAA) and haptoglobin using ELISA; iron (Fe) and unsaturated iron binding capacity (UIBC), AST and
ALT using a commercial colorimetric kit; total iron binding capacity (TIBC) and transferrin saturation (TS) were determined using a
formula based on Fe and UIBC. We determined that the levels of haptoglobin and SAA on 1%, 4%, and 7" days (P<0.01) and the level of
ceruloplasmin on 1%t and 4t days significantly increased (P<0.01) relative to the controls. On the other hand, the levels of TS decreased
on 4" and 7t days relative to control (P<0.05). These results suggest that 3-carotene has a protective role on APR resulted from the
toxic effect of DEN.

Keywords: Acute phase protein, 3-carotene, Diethylnitrosamine (DEN), Rabbit

Dietilnitrozamin Verilen Tavsanlarda -karotenin Akut Faz
Yanita Etkisi

Ozet

Bu calismada, tavsanlara yiiksek dozda verilen dietilnitrozaminin (DEN) toksik etkisine karsi olusabilecek akut faz yanit (AFY)
Uzerine B-karotenin etkisinin arastirlmasi amaclandi. Materyal olarak kullanilan 21 adet, 5-7 aylik Yeni Zelanda irki tavsan, her
birinde 7 adet olacak sekilde 3 gruba ayrildi. Kontrol: Tek doz %0.9'luk NaCl soliisyonu intraperitoneal (iP), Grup I: Tek doz 100 mg/
kg DEN (iP), Grup II: Tek doz 100 mg/kg DEN (iP) + 2 mg/kg/giin B-karoten 7 giin boyunca giinliik oral yolla verildi. Tavsanlardan
enjeksiyondan sonraki 1., 4. ve 7. glinlerde kan 6rnekleri alindi. Seruloplazmin diizeyi Colombo ve Richterich yontemiyle, serum
amiloid A (SAA) ve haptoglobin ELISA kit ile albiimin, demir (Fe), doymamis demir baglama kapasitesi (DDBK), AST, ALT ticari kit
kullanilarak kolorimetrik yontem ile, total demir baglama kapasitesi (TDBK) ve transferin doyumu (TD) ise Fe ve DDBK lzerinden
formille hesaplanarak saptandi. Haptoglobin ve SAA diizeylerinin 1., 4. ve 7. glinlerde (P<0.01), seruloplazmin diizeyinin 1.
ve 4. gunde kontrol grubuna gore arttigi (P<0.01), TD dizeyinin ise 4. ve 7. glinlerde kontrol grubuna gore azaldigi (P<0.05)
go6zlenmistir. Sonug olarak, DEN'in toksik etkisine bagli olarak meydana gelen AFY’ye 3-karotenin koruyucu etkisinin olabilecegi
sonucuna varilmistir.

Anahtar sozciikler: Akut faz protein, 3-karoten, Dietilnitrozamin (DEN), Tavsan

INTRODUCTION are known to have carcinogenic effects 4. Nitrosamines
cause tissue damage and inflammation because they

Nitrosamines which are found in different types of food-  increase the levels of free radicals, and ultimately leads to
stuff including, meat, salted fish, alcoholic beverages, agri-  acute phase response (APR) Bl To evaluate the damage in
cultural drugs, insecticides, cigarette and several vegetables  the liver, the levels of AST and ALT are routinely measured ©..
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The precursor of vitamin A, [3-carotene, is taken via
diet because it cannot be synthesized in the body .. Due
to conjugated double bonds in their chemical structures,
carotenoids have an inhibitory action for superoxide #".
Carotenoids not only remove already existed superoxide
and peroxide radicals but also prevent the formation
of them 12131,

Acute phase response is an unspecific reaction in an
organism in response to inflammation, tissue damage,
neoplastic formations, or immunologic disorders. It
actually delineate changes in the concentration of
numerous plasma proteins which are produced by the
liver in response to above listed events '™, Assessing
APR is important for determining diagnosis, prognosis,
and treatment strategies "%l There-fore, it is imperative
to better understand the mechanism of APR in various
pathological conditions in various animal species.

It is believed that free radicals are one of the main
players causing inflammation and tissue damage. Hence,
in this study, the toxic effects of high DEN exposure on liver
damage at the tissue level, and the role of 3-carotene on
APR were investigated.

MATERIAL and METHODS

In this study, 21 New Zealand race rabbits at 5-7 months
of age were utilized. Before the experimental procedure,
the permission for the use of laboratory animals was
obtained from Kafkas University Animal Experimentation
Ethics Board (Decision no: KAU-HADYEK: 2012/9).

Animals were adapted in an environment with
temperature (25+2°C), and light (12 h light/dark cycles),
and ventilation. All animals allowed to access ad libitum
nourishing. According to their weight, 3 groups each
having 7 rabbits were formed. The weight and total feed
consumption of each group was recorded weekly basis
throughout the experiment. Control group received single
dose of 0.9% NaCl solution intraperitoneally (IP); Group
1 received single dose of 100 mg/kg DEN (IP); Group
2 received both 100 mg/kg DEN (IP) and 2 mg/kg/day
B-carotene (Sigma) daily by oral gavage for 7 days. For
biochemical analyses, blood samples obtained from vena
auricularis at 1%, 4", and 7t days post-injections, and serum
was separated and stored at -20°C until further analysis.

The levels of ceruloplasmin was determined by the
Colombo and Richterich " technique; SAA and hapto-
globin using ELISA (Cusabio Biotech, China); albumin, Fe,
and UIBC, AST and ALT using a commercial colorimetric
kit (DDS, Turkey and Epoch, Biotech, USA); TIBC and TS
were determined using a formula based on Fe and UIBC
(TS (%) = Fe/TIBC x 100) I8,

Statistical Analysis

The data were analyzed using SPSS " for Windows

16.0.2 software. The difference among groups using
ANOVA and Tukey multiple comparison test; and the
difference among days was determined via variants
analysis of repeated measures. Values were presented as
mean +/- standard error.

RESULTS

When comparing groups relative to the control, the
levels of haptoglobin and SAA on 1%, 4", and 7™ days in
group | and Il significantly increased relative to control
(P<0.01), and the level of haptoglobin peaked on day 1, the
levels of SAA peaked on day 4. The level of ceruloplasmin
increased relative to control on 15tand 4" days (P<0.01)
with the highest level on day 4. The concentration
of albumin and Fe in groups increased relative to the
control but not significant. The level of TS (%) significantly
decreased (P<0.05) on day 4 and 7 relative to the
control group.

When comparing days, haptoglobin levels in both
DEN and DEN + (-carotene were significantly higher on
day 1, and significantly lower on days 4 and 7 (P<0.01).
The level of ceruloplasmin in DEN given group was highest
on 4t day (P<0.01), and it was lowest on 7" day in DEN +
[B-carotene group (P<0.05). The concentration of aloumin
significantly lower on 4™ and 7" days in DEN and DEN +
[-carotene relative to 1t day. The increase in TIBC in those
days were not significant relative to day 1. The levels of AST
and ALT in response to DEN was highest on 7" day relative
to other days (P<0.05), and they was significantly higher
in DEN and DEN + (B-carotene group on 4% and 7" days
relative to 1t day (P<0.05).

When comparing groups, the levels of AST and ALT in
all groups significantly increased in all three days relative
to control (P<0.05), and reached the highest on 7* day. In
addition, the levels of AST and ALT were significantly lower
in DEN + B-carotene relative to only DEN given group
(P<0.05) (Table 1).

DISCUSSION

Nutrients meet animals’ nutritional needs and may
play roles in preventing diseases; however, they may also
cause diseases. N-nitrosamines in the environment and in
nutrients are one of the risks [". Although the mechanism
is not fully understood, nitrosamines which are used as
preservative in meat and meat products are proposed to
be carcinogenic for numerous tissues 2%, DEN metabolism
is catalyzed by the enzymes in monooxygenase system
which belongs to cytochrome P-450. As a consequence
of its metabolic activation, it displays its toxic effects. The
intermediate products stemmed from its bioactivation
have low binding affinity to the binding sites of various
enzymes, and therefore, instead of excretion with urine,
they may form covalent bonds with important components
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Table 1. The levels of acute phase protein and the activities of AST and ALT in DEN given rabbits

Tablo 1. DEN verilen tavsanlarda bazi akut faz protein diizeyleriile AST ve ALT aktiviteleri

Time (day)
Groups P Values
Parameters 1 4 7
Control 0.108+0.003* 0.105+0.003* 0.104+0.005* NS
DEN 1.003£0.021»2 0.894+0.032v> 0.873+0.032° P<0.01
Haptoglobin (g/L)
DEN+pB-Carotene 0.756+0.021%2 0.637+0.0197° 0.594+0.0142> P<0.01
P Values P<0.01 P<0.01 P<0.01
Control 14.36+0.90* 13.76+0.62* 14.96+0.25% NS
DEN 24.88+0.33%2 25.82+0.15%° 23.84+1.50v0 P<0.01
SAA (ug/mL)
DEN+pB-Carotene 23.52+0.67%2 24.34+0.70%2 21.68+0.76" P<0.01
P Values P<0.01 P<0.01 P<0.01
Control 16.33+1.49¢ 17.11+£2.42% 16.47+2.34 NS
DEN 27.2611.44%» 28.87+1.43% 22.81£1.72° P<0.01
Ceruloplasmin (mg/dL)
DEN+-Carotene 24.58+2.17" 25.15+£2.25» 19.20+1.04° P<0.05
P Values P<0.01 P<0.01 NS
Control 3.40%0.11 3.44+0.13 3.41+0.13 NS
Albumin (g/dL) DEN 3.23+0.13 3.06+0.17 3.05+0.09 NS
DEN+-Carotene 3.31£0.19 3.12+0.10 3.08%0.12 NS
Control 184.70+5.36 181.90+3.25 185.23+5.09 NS
Fe (ug/dL) DEN 176.02+4.92° 171.53+3.45b 170.62+4.60° P<0.05
DEN+p-Carotene 180.26+6.16 174.28+4.80 178.58+4.83 NS
Control 264.80+2.49 262.57+2.95 268.89+5.82 NS
TIBC (ug/dL) DEN 278.48+4.94 279.46+4.91 282.77+5.93 NS
DEN+p-Carotene 274.93+3.54 276.77+6.26 277.84+4.07 NS
Control 69.85+2.45 69.28+1.08* 68.97+1.79" NS
. DEN 63.33+£2.11%2 61.58+2.13%0 60.57+2.37%0 P<0.05
%
DEN+pB-Carotene 65.72+2.84 63.13£2.06" 64.29+1.62Y NS
P Values NS P<0.05 P<0.05
Control 100.70+6.05* 99.86+3.20 99.33+4.44 NS
DEN 122.1146.3372 130.9046.73¥2 148.03+7.85%° P<0.05
AST (U/L)
DEN+p-Carotene 108.43+3.35% 116.79+5.23%2 121.43+8.30%° P<0.05
P Values P<0.05 P<0.05 P<0.05
Control 86.93+5.75 85.41+6.92* 86.61+5.72* NS
DEN 118.17+£5.78» 122.73£12.76"* 128.57+6.417° P<0.05
ALT (U/L)
DEN+p-Carotene 98.50+6.56% 99.39+8.95%2 103.21+6.49%° P<0.05
P Values P<0.05 P<0.05 P<0.05
@b The groups in the same line labeled different letters are statistically significant (P<0.05, P<0.01)
*¥z The groups in the same column labeled different letters are statistically significant (P<0.05, P<0.01), NS: Non Significant

of the cells, and ultimately cause mutations, necrosis and
cancer B2, One of the intermediate products formed by
the bioactivation of DEN is superoxide anion free radical
that may cause inflammation and tissue damage 2.
Inflammation and tissue damage triggers APR, and as
a result, acute phase proteins (APP) are produced by
the liver U9,

Atakisi and Ozcan ¥, Chiarello et al.?®, Bansal et al.l?¥

and Pradeep et al.”! have reported that single dose of
150 mg/kg or 200 mg/kg DEN (IP), respectively caused
significant liver damage. In addition to these studies,
Sahin et al.”® reported that exposure of 100 and 200 mg/
kg DEN (IP) increased serum concentrations of AST, ALT
and GGT in rats. In this study, we believe that the increase
in AST and ALT resulted from the hepatotoxicity due to
DEN exposure. In order to decrease the damage caused
by DEN, Atakisi and Ozcan B, Atakisi et al.”” reported that
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omega-3 rich fish oils might decrease the toxic effects of
DEN. Similarly, in other studies in rats, when Karaca and
Baysu Sozbilir & administered a-lipoic acid; when Sadik
et al.?® administered blueberries, and when Liu et al.B%
administered barley enriched with selenium, the activities
of AST, ALT, ALP, and GGT were decreased relative to only
DEN given group, and accordingly they decreased the
toxic effects of DEN. Parallel to these studies, in our study,
[-carotene decreased the serum levels of AST and ALT on
7t day suggesting the protective effect of -carotene.

Free oxygen radicals play important roles in
stress induced tissue damage and pathogenesis of
inflammation B'32, The imbalance between protective
and damaging mechanisms results in acute inflammation.
Cytokines, such as IL-1 and TNF-a, are released from
damaged tissues due to inflammation. Because of the
effects of these cytokines, APPs are synthesized in the
liver 33, The levels of these proteins are important for
diagnosis and prognosis of inflammation, tissue damage,
and formation of tumors B4 There are a very limited
number of studies on the effect of DEN on APR up-to-
date. Sadik et al.?? and Sukata et al.B* have reported
that the concentrations of a-fetoprotein and a-macro-
globulin positive APPs are increased in response to DEN.
Consistently, in our study, a positive APP, haptoglobin, on
15t day, and SAA and ceruloplasmin reached their highest
levels on 4™ day, and subsequently their concentration
significantly dropped on 7" day. The reduction in APP on
day 7 might be due to the inhibiting effects of 3-carotene
on superoxide anions.

Active cytokines during acute phase reaction released
from the damaged tissues also affect other organs, such as
the brain, liver, and other tissues and cause a reduction in
the levels of various minerals, such as Ca, Zn, and Fe ™. In
this study, we found that the level of Fe dropped possibly
due to APR. The level of TS is also reduced proportionally
to the level of Fe.

In conclusion, our study revealed that toxic effect of DEN
led to APR; and as a consequent of this, the synthesis APP
and the hepatotoxicity were induced. Our results also support
the idea that exogenous B-carotene supplementation has
beneficial roles against APR resulted from the toxic effects
of DEN, and this should be further scrutinized for both
medical and veterinary clinical pathology.
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Abstract

In this study was investigated effects of borax (BX) on inflammation markers, haematolojical parameters and total oxidant (TOS)-antioxidant
status (TAS) in rats applied 3-methylcholanthrene (3-MC). In this research a total of 24 Wistar Albino rats were used. They were divided into
4 groups each containing 6 rats. 1st group was separated as a control group. 3-MC was applied twice a week first 2 weeks 25 mg/kg dose to
the 2nd group with i.p. way. BX was given to 3rd group 300mg/L/day dose with drinking water during 150 days. 3-MC was applied twice a
week first 2 weeks 25 mg/kg dose with i.p. way and BX were given with drinking water during 150 days to 4th group. At the end of the study
blood analysis, tumor necrosis factor alpha (TNF-a) and interleukin 1 beta (IL-1B) levels in 3-MC group; TOS and oxidative stress index (OSI),
platelet (PLT) levels in 3-MC and 3-MC+BX groups showed significantly increases when compared to other groups. It was determined that
lymphocytes % (LY%) of ever 3 groups were significantly higher; however, neutrophil % (NEU%) were significantly fewer according to control
group. Haemoglobin (HGB) and hematocrit (HCT) values of 3-MC+BX groups showed significantly decrease according to other groups (P<0.05).
Mean corpusculer volume (MCV) in 3-MC and 3-MC+BX groups showed significantly decrease when compared to other groups (P<0.05). As
a result, in case of exposure to 3-MC, long-term use of BX with oral ways may not decrease oxidative stress, may changes haematolojical
parameters such as, WBC, LY%, NEU%, PLT, HGB, HCT, MCV. However, these changes remain within physiological limits. Even so, in the use of
BX should be considered use of iron. Furthermore, BX with the abovementioned dosage may be used to reduce the levels of TNF-q, IL-1B3, IL-6
being inflammation and cancer markers.

Keywords: Borax, Haematology, Inflammation, Interleukin, Rat, Tas, Tos, Tnf-a, 3-MC

3-Metilkolatren Uygulanan Sicanlarda Boraksin inflamasyon,
Hematolojik Parametreler ve Total Oksidan-Antioksidan
Durumlar Uzerine Etkileri

Ozet

Bu calismada, 3-metilkolatren (3-MC) uygulanan sicanlarda boraksin (BX) inflamasyon gostergeleri, hematolojik parametreler ve total oksidan
(TOS)-antioksidan durumlar (TAS) Uzerine etkileri arastirildi. Calismada toplam 24 Wistar Albino sican kullanildi. Sicanlar her grupta 6'sar adet
olacak sekilde 4 gruba ayrildi. Birinci Grup kontrol grubu olarak ayrildi. ikinci gruba 25 mg/kg dozunda haftada iki kez ilk 2 hafta 3-MC i.p. yolla
uygulandi. Uclincii gruba BX 300 mg/L/giin dozunda icme sulariile 150 giin boyunca verildi. Dérdiincii gruba 3-MC 25 mg/kg dozunda haftada
iki kez ilk 2 hafta i.p. yolla uygulandi ve BX 300 mg/L/giin dozunda igme sulari ile 150 giin boyunca verildi. Calisma sonunda kan analizlerinde,
diger gruplarla karsilastirildiginda 3-MC grubunda timor nekrozis faktor alfa (TNF-a) ve interldkin 1 beta (IL-1); 3-MC ve 3-MC+BX gruplarinda
ise, TOS, oksidatif stres indeksi (OSI) ve trombosit (PLT) seviyeleri istatistiksel 6nemde artis gosterdi. Kontrol grubuna gore her 3 gruptaki %
lenfosit (%LY) seviyeleri yliksek; fakat % nétrofil (%NEU) seviyeleri 6nemli diizeyde disiik oldugu belirlendi. 3-MC+BX grubunda hemoglobin
(HGB) ve hematokrit (HCT) degerleri diger gruplara gore 6nemli bir azalma gésterdi (P<0.05). 3-MC ve 3-MC+BX gruplarindaki ortalama alyuvar
hacmi (MCV) diger gruplarla karsilastirildiginda 6nemli bir azalma gosterdi (P<0.05). Sonug olarak, 3-MC'ye maruziyet durumunda BX'in uzun
sureli oral kullanimi oksidatif stresi azaltamayabilir, WBC, %LY, %NEU, PLT, HGB, HCT, MCV gibi hematolojik parametreleri degistirebilir. Fakat
bu degisimler fizyolojik sinirlar icersinde kalir. Yinede BX'in kullaniminda demir kullanimina dikkat edilmelidir. Ayrica, bu dozda BX'in kullanimi
inflamasyon ve kanser gostergeleri olan TNF-q, IL-1pB, IL-6 seviyelerini azaltabilir.

Anabhtar sézciikler: Boraks, Hematoloji, inflamasyon, interlékin, Sican, Tas, Tos, Tnf-a, 3-MC
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INTRODUCTION

Boron (B) is an essential element being responsible in
metabolic reactions, which affect physiological systems of
organism. Borax (BX) mineral being a component of Boron
on the other hand, is a boric acid salt ™. Used especially
in pharmaceutical industry, Borax is a necessary mineral
as a trace element for human, animals and plants 2.

Borax affects activity !, mineral metabolism (Ca and
P) ¥, hormones ! and lipid metabolism ©, free radicals of
many enzymes 74,

Being one of the unsaturated aromatic hydrocarbons,
3-methylcholanthrene (3-MC) is a chemical carcinogenic
which is used in experimental studies. Therefore, it can be
applied through hypodermic, peritoneal spread and oral
ways to test animals ),

Tumor necrosis alpha-factor (TNF-a), interleukin-6 (IL-
6) and interleukin-1 beta (IL-103) are released by adipositis.
Adipositis can initiate tumor formation in angiogenesis
and cancer cells "%, |t is reported that these formations
occur by means of cytokines such as TNF-q, IL-6, ve IL-1-
receptor agonist 11",

Several pro-inflammatory cytokines released by innate
and adaptive immune cells have been shown to regulate
cancer cell growth and thereby contribute to tumor
promotion and progression 12,

There is a remarkable balance between antioxidants and
oxidants in a healthy body. Health problems occur due to a
rise of free radicals or fall of antioxidants. Total antioxidant
status (TAS) and total oxidant status (TOS) measurement
is the most practical, economic and rapid practice that
detects oxidant '3 and antioxidant '¥ amounts.

There is limited information about whether any effects
of BX on inflammation, TAS- TOS and haemataological
parameters in rats could be applied 3-MC. Therefore, in
the present study, we have investigated the effect of
BX on TNF-q, IL-1pB, IL-6, TAS, TOS, WBC, RBC, PLT values in
rats applied 3-MC.

MATERIAL and METHODS

Study Groups

In this study were used total of 24 Wistar albino rats
weighing between 200 and 250 g in a climate-controlled
animal care facility, with a 12 h light/dark cycle. The animals
were given with standard rat chow and water, ad libitum.

They were divided into 4 groups each containing 6 rats.
Group 1 (Control) was separated as a control group and
saline (1 mL of 0.9% NaCl) was injected twice a week first 2
weeks of study with i.p. way. Group 2 (3-MC) was applied
25 mg/kg dosage of 3-MC (Sigma- Aldrich Code: 213942)

2 twice a week first 2 weeks of study with i.p. way and was
given normal drinking water during 150 days. Group 3 (BX)
was given BX (Aldrich, Code: 2 21732) 300 mg/L/day dose
with drinking water, during 150 days. Group 4 (3-MC+BX)
was applied 25 mg/kg dosage of 3-MC twice a week first 2
weeks with i.p. way and BX was given 300mg/L/day dose
with drinking water, during 150 days. All applications were
simultaneously begun first day of study.

This study was approved by the local ethics committee
of Yuzuncu Yil University (YUHADEK-Approval No: 2014/5).

Blood Collection

At the end of 150 days, blood samples were collected
from all the rats and sacrificed by anesthetizing with a i.p.
injection of 70 mg/kg of ketamine HCl (Ketalar, Pfizer) and
xylasine HCl 10 mg/kg i. p. xylazine (Rompun, Bayer)

Blood samples were taken from hearts with sterile
injector and placed into tubes with EDTA and coagulated
tubes. Then bloods were separated into serum by centri-
fugation at 1.800 g (3.000 RPM) for 10 min. Serum was
stored (-20°C) until the analysis.

Assay

The TNF-q, IL-1B, IL-6 levels were analysis by ELISA
kits (eBioscience, Austria); TAS, TOS values using a novel
automated measurement method developed by Erel 134
by colorimetric kits (Rel Assay, Tirkiye) in serum. The
oxidative stress index (OSl) was calculated with the ratio
of TOS to TAS.

Hematology parameters, WBC, % leukocyte, RBC, HGB,
HCT, PLT, were determined using rat mode of veterinary
the blood cell counter (Abocus Junior Vet-5, Austria) in
whole blood.

Statistical Analysis

All data were analyzed using the Kruskal-Wallis test.
Dunn test was performed to determine the different groups.
Statistics Calculator taken as 5% level of significance and
SPSS statistical software 16.0 for Windows was used for
the calculations. The data was given as meanststantard
deviation (X+SD)

RESULTS

The serum levels of TNF-q, IL-18 and IL-6 are shown in
Table 1. According to the Table 1 the levels of TNF-a (P<0.05),
IL-1B (P<0.05) and IL-6 in group 2 increased compared
to other groups. But increase of IL-6 was not statistically
significant.

The hematolojical parameters are shown in Table 2.
According to the Table 2 the increase of WBC levels in group
2 were not significantly compared to other groups. LY%
levels of every 3 groups were significantly higher (P<0.05);
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however, its NEU% (P<0.01) and MO% were lower than
control group. But, MO% was not statistically significant.
The HGB and HCT values of group 4, MCV in group 2 and
group 4 were obtained significantly decrease (P<0.05)
compared to other groups. The PLT counts in groups
2 and 4 were determined significantly higher than others
groups (P<0.05) (Table 2).

The serum levels of TAS, TOS and OSI are shown in
Table 3. According to the table 3 serum TOS and OSlI levels
in groups 2 and group 4 were determined significantly
higher (P<0.01) than other groups. There was no difference
for TAS amona the aroups.

Table 1. Serum TNF-a, IL-18 and IL-6 levels in all the groups (mean=SD)

Tablo1. Tiim gruplardaki serum TNF-a, IL-18 and IL-6 seviyeleri

DISCUSSION

Being of great importance for environmental health,
3-MC changes metabolism and toxicity of physiological
substances and drugs and leads to mutation after being
taken into body. As a result of genotoxic effects of 3-MC,
teratogenicity, leucemia, especially lung and cervix cancer
types occur.

Cytokines are multi-functional polypeptides which are
synthesized by various cells in body and have significant
roles in the develooment of cellular. humoral immune and

Inflammation Control 3-MC BX 3-MC+BX P Value
Markers Group n:6 Group n:6 Group n:6 Group n:6

TNF-a (pg/mL) 309.76+24.83° 379.70+44.37° 312.92+34.11° 305.31+£67.45° <0.05
IL-1B (pg/mL) 301.72+95.76° 481.85+79.06° 365.94+80.08° 339.70+89.88° <0.05
IL-6 (pg/mL) 162.88+41.12 184.46+47.37 163.22+39.91 157.28+22.73 >0.05

b in the same line values with different letters show statistically significant differences

Table 2. The haematolojical parameters in all the groups (mean=SD)
Tablo 2. Tiim gruplardaki hematolojik parametreler

Haematolojical Control Group 3-MC Group BX Group 3-MC+ BX Group

Parameters n:6 n:6 n:6 n:6 PValue
WBC (10°/L) 6.81+1.93 7.74+£1.13 6.53+1.78 6.02+1.88 >0.05
LY (%) 64.87+9.84° 74.82+4.05° 78.40+2.48° 77.57+2.17° <0.05
MO (%) 6.98+3.98 2.96+2.17 3.03+2.05 4.83+4.46 >0.05
NEU (%) 28.13+6.29° 22.18+2.79° 18.57+2.69° 17.58+3.88° <0.01
RBC (10'%/L) 7.70£0.19 7.63+0.47 7.52+0.90 7.13+0.76 >0.05
HGB (g/dL) 13.93+0.37° 13.58+0.532 13.98+0.66* 12.72+0.79° <0.05
HCT (%) 45.74+1.34° 43.80+2.45° 44.43+5.552 40.71+4.18° <0.05
MCV (fl) 59.50+1.52° 57.60+1.49° 59.17£2.23° 57.33+£1.37° <0.05
MCH (pg) 18.10+0.30 17.88+0.49 18.88+3.47 17.95+1.66 >0.05
MCHC (g/dL) 30.52+0.82 31.10+0.63 31.98+5.71 31.42+2.83 >0.05
RDWc (%) 14.83+0.37 14.94+0.71 14.22+0.48 14.97+0.74 >0.05
PLT (10°/L) 607.00+69.57¢ 715.83+71.37° 605.50+75.63¢ 779.17+67.81° <0.05
PCT (%) 0.47+0.22 0.51+0.08 0.44+0.05 0.59+0.14 >0.05
MPV (f1) 7.85+0.74 7.72+25.14 7.27+0.12 7.53+0.38 >0.05
PDWc (%) 34.85+1.23 35.05+0.96 34.63+0.44 35.27+0.86 >0.05
ab< jn the same line values with different letters show statistically significant differences

Table 3. Serum TAS-TOS and OSl values in all the groups (mean=SD)
Tablo 3. Tiim gruplardaki Serum TAS-TOS and OSI degerleri

Oxidant-Antioxidant Control Group 3-MC Group BX Group 3-MC+BX Group
P Value
Parameters n:6 n:6 n:6 n:6
TAS (mmol Trolox Equiv/L) 0.54+0.09 0.52+0.06 0.47+0.7 0.56+0.03 >0.05
TOS (umol H,0, Equiv/L) 4.83+1.03¢ 9.17£1.56° 4.57+1.35¢ 16.16+2.08? <0.01
OSI (Arbitrary Unit) 0.89£0.13¢ 1.76+0.36° 0.96+0.28¢ 2.89+0.42° <0.01
ab< in the same line values with different letters show statistically significant differences
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inflamatuar responses; supervising the cell growth and
differentiation and initiating cicatrisation processes ',
Main cytokines being responsible for chronic inflammation
are TNF-q, IL.-6 and inflammasome-activated IL-13; and
TNF-as and IL-6 play a significant role in cell growth and
differentiation 1.,

It has been emphasized that IL-6 being a significant
cytokine that plays role in inflamatuar response and patho-
genesis of cancer " is a remarkable marker of experimental
cancer, IL-6 levels rise in some cancer patients ¥ and anti-
apoptotic effects are observed in tumor cells "2,

In a study ®, serum IL-6 and TNF-a levels were investigated
in fibrosarcoma induced by 3-MC (0.2 mg). The experiment
took about 150-210 days until the appearance of tumor
tissue in mause. IL-6 and Tnf-a was higher than controls. In
another study, 1 mg of 3-MC was injected into rats with i.p.
way; it was determined that it leads to tumor with 66.6%
rate and it was reported that 3-MC plays role in cancer
biology by means of mutation directly or immune system
depression indirectly . In this study, levels of serum
TNF-a and IL-1B (P<0.05), IL-6 in 3 MC group was higher
than other groups; these values in BX+3MC group were
smiliar to control group.

3-MC injected into rats with 30 mg/kg dosage leads to
the synthesis of oncogenic proteins that can be used for
the diagnosis 2%, In a study 2 detected that 3-MC injected
with 200 mg/kg dosage leads to atrophy in thymus glan, T
and B lymphositopeny and cancer. However, in these study,
ever 3 groups were demonstrated notropenia (P<0.01)
and lenfositosis (P<0.05) according to control group. This
finding could result from a chronic inflammation which was
a result of 3-MC effect. As a matter of fact, it was reported
that TNF-a has a toxic effect on 3 cells of pancreas, ensures
vein adhesion of inflamatuar cells, matures monocyte and
macrophages and B and T lymphocytes 324, |n addition,
IL-1 increases expression of surface molecules which help
the aggregation of leucocytes; does not directly activate
inflammatuar leucocytes as neutrophile does, but affects
mononuclear and endothelium cells instead; thus leads to
the synthesis of chemokines that activate leucocystes ">,

IL-1 has also many inflammatuar characteristics of
TNF. For example, it was reported that IL-1 affects endo-
thelium cells and increases coagulation >, |n these
study, the PLT counts in 3-MC and 3MC+BX groups were
determined to be significantly higher (P<0.05) while the
MCV values significantly lower (P<0.05) than others groups.
At the same time, HGB ve HCT values in 3MC+BX group
was significantly decrease according to others groups
(P<0.05). However, these decreases were found to be within
physiological limits. Furthermore, decrease of HGB and
HCT and increase of PLT may be caused by iron deficiency.
Although iron is an essential element for hemoglobin
the free iron is moved binds to the transferin, stored as
proteins such as ferritin or hemosiderin complexes, it is

used holding in the hemoglobin and myoglobin. Because
free iron is toxic for cells 129,

Oxidative stress is the imbalance between free radicals
and antioxidant defense systems and associated with the
etiology and progression of aging and many diseases @72,
Having genotoxic effects, 3-MC increases oxidative stress
as well B9 |t is asserted that antioxidants taken through
nutrition may decrease tumor incidents of antioxidants 2%,
Anti-mutagens and antioxidants decrease oxidative stress
and lead to decrease in genotoxicity and cancer risk B,

Studies have demonstrated that B compounds are
effective in maintaining the balance of prooxidants and
antioxidants by reducing tissue damage resulting from
oxidative stress 732, Pawa and Ali ! demonstrated that
B limits oxidative damage by enhancing the glutathione
store or inducing other free radical elimination.

In our study, TOS values were analyzed to assess the
total effect of oxidants. Likewise, we measured the TAS level
instead of evaluating antioxidant molecules separately.

In a study 12, B compounds supplementation in diet
(100 mg/kg) significantly decreases the lipid peroxidation
(LPO) and malondialdehit (MDA) concentration, and
enhances the antioxidant defense mechanism such as GSH
in blood. However, in this study, serum TOS ve OSI levels
in 3MC and 3MC+BX (300 mg/L) groups were determined
significant increase according to others groups (P<0.01).
This increase may be from iron deficiency in HGB and
increase free iron in blood plasma. In this case free radicals
and oxidative stress is increase 53, Also this stuation may
be due to the difference in dose. Turkez et al.® reported
that B did not alter MDA concentration at low doses (5-50
mg/L) but increased it at high doses (500 mg/L) in human
peripheral blood. However, in this study this level of B is
nontoxic. Because B compounds are given orally to animals
for a short term, the LD50 values for borax in laboratory
animals are in the range of approximately 400-700 mg B/kg
of body weight 54351, Furthermore, the maximum tolerable
level of B is 150 mg/kg; diet B deficiency may occur in
animals when their diet contains B at 0.3 mg/kg B¢,

Antioxidant capacity is an important factor in all
physiological standards, and for the performance of humans
and all animals 5738, Turkez et al.® observed that at low
doses (15 mg/L) B compounds increased both SOD and
CAT activities, while at high doses decresed (500 mg/L)
in erythrocytes. Kog et al.®¥, were demonstrated that B
compounds (100 mg/kg), increases antioxidan capacity
in spinal cord 1schemia/reperfusion injury. However, in
the present this study, serum TAS levels did not alter in
between groups. This result is consistent with literature 52,
Ince et al.*? showed that dietary B supplementation did
not alter the plasma antioxidant capacity when compared
to control. Turkez et al.® determined TAA in erythrocytes
under in vitro conditions while we measured it in plasma,
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which contains many nonspecific antioxidants such as
urea, uric acid, and proteins 52,

According to these studies, the use of BX different doses
and time has been reported that its different effects are on
oxidative stress and the antioxidant status, but it has not
revealed their impact on inflammation markers and the
haematolojical parameters. Therefore these effects of BX
were evaluated in this study.

In summary in the present study, TNF-a and IL-1(3 (P<0.05),
IL-6 (P=0.05), WBC (P=0.05) levels in 3-MC group, TOS and
OSI (P<0.01), PLT (P<0.05) levels in 3-MC and 3-MC+BX
groups were detected increases compared with other
groups. It was determined that LY% levels of ever 3 groups
were increased (P<0.05); however, NEU% (P<0.01) and
MO% (P=0.05) levels were decreased according to control
group. Also, MCV in 3-MC and 3-MC+BX groups (P<0.05),
HGB and HCT values in 3-MC+BX group were decrease a
physiology limited compared to other groups (P<0.05).

As a result, this experimental study has demonstrated
that 3MC may increase the level of inflammation and cancer
markers, oxidative stress and some haematolojical para-
meters. In case of exposure to 3-MC, use alone of BX with 300
mg/L/day dosage with drinking water during 150 days does
not decrease oxidative stress, may changes haematolojical
parameters such as, WBC, LY%, NEU%, PLT, HGB, HCT,
MCV. However, these changes remain within physiological
limits. Even so, iron metabolism should be considered in
the use of BX. Furtermore, BX with the abovementioned
dosage may be used to reduce the levels of TNF-q, IL-1pB,
IL-6 being inflammation and cancer markers.
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Abstract

Anti-Millerian hormone (AMH) is synthesised in the Sertoli cells of the testes and granulosa cells of the ovary. As the ovaries seem
to be the primary source of AMH, it may be used for determination of the presence or absence of ovaries or ovarian remnants in
mammalians. The purpose of the present study was to compare the serum AMH concentration of rats with experimentally induced
ovarian remnant syndrome and the expression of AMH in the ovarian tissue removed during ovariohysterectomy and remnant ovarian
tissue. A total of eighteen Sprague Dawley rats were used in the study. Group | consisted of 6 rats that were gone through ovarian
remnant syndrome (ORS) experimentally, group Il consisted of 6 rats in which both ovaries were removed and group Il consisted of 6
rats that were sham-operated. Median laparotomy was performed in the all groups under general anaesthesia. AMH mRNA expression
was determined using Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR). AMH mRNA expression levels in group | were
decreased on day 30 after surgery when compared to day 0 (P>0.05). Mean concentration of serum AMH on day 10 after surgery in
group |, Il and lll were found 2.27+0.52 ng/ml, <0.312 ng/ml and 3.96+0.53 ng/ml, respectively (P<0.05). In conclusion, this finding
suggests that evaluation of serum AMH concentration could be an useful method to determine the presence or absence of ovaries or
ovarian remnants in the rat.

Keywords: Anti-Mdillerian hormone, Ovarian remnant syndrome, Rat

Deneysel Olarak Ovaryum Kalintisi Sendromu Olusturulan
Ratlarda Serum Anti-Miillerian Hormon Konsantrasyonu ve
Kalinti Ovaryum Dokusunda AMH mRNA Ekspresyonu

Ozet

Anti-Millerian hormon (AMH), testislerde Sertoli hiicrelerinden ve ovaryumlarda granuloza hiicrelerinden sentezlenmektedir. Anti-
Millerian hormonun ovaryum kékenli olmasindan dolay;, memelilerde ovaryum varliginin veya kalan ovaryum dokusunun tespit
edilmesinde kullanilabilmektedir. Bu ¢alismanin amaci, deneysel olarak ovaryum kalintisi sendromu olusturulan ratlarda serum
AMH konsantrasyonlari ve ovaryohisterektomi ile uzaklastirilan ovaryum dokusunda ve kalan ovaryum dokusundaki AMH gen
ekspresyonlarini karsilagtirmakti. Calismada toplam 18 Sprague Dawley rat kullanildi. Deneysel olarak ovaryum kalintisi sendromu
olusturulan 6 rat grup I'i, her iki ovaryumu da uzaklastirilan 6 rat grup II'yi ve sham operayonu yapilan 6 ratise grup 't olusturdu. Biitiin
gruplarda genel anestezi altinda median laparotomi gergeklestirildi. AMH mRNA ekspresyonu kantitatif gercek zamanli polimeraz
zincir reaksiyonu (qRT-PCR) ile 6l¢lildii. Operasyon sonrasi 30. glinde, 0. gline kiyasla AMH mRNA ekspresyon diizeylerinde azalma oldu
(P>0.05). Operasyondan 10 giin sonra ortalama AMH degeri grup |, Il ve lll'de sirasiyla 2.27+0.52 ng/ml, <0.312 ng/ml ve 3.96+0.53 ng/
ml olarak bulundu (P<0.05). Sonug olarak, ¢alismanin bulgularina gére serum AMH konsantrasyonunun, ratlarda ovaryum varliginin
veya kalinti ovaryum dokusunun tespit edilmesinde kullanilabilir bir ydntem oldugu belirlendi.

Anahtar sozciikler: Anti-Miillerian hormon, Ovaryum kalintisi sendromu, Rat
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INTRODUCTION

Anti-Mullerian hormone (AMH), named additionally
Miillerian inhibiting substance is a member of the trans-
forming growth factor-B (TGF-B) superfamily and is
synthesised in the gonads of mammalians 3. AMH is
produced from the Sertoli cells of the testes and granulosa
cells of preantral and small antral follicles of the ovary
particularly in the layer nearest to the oocyte whereas
its expression is absent when follicles become atretic “8.,
Durlinger " showed that AMH inhibits the initiation of
primordial follicle growth in anti-Millerian hormone-
deficient female mice. Thus, it is thought that serum
AMH concentration represents the size of the small antral
follicles, the number of residual primordial follicles or the
ovarian reserve in both women ®'% and rodents *>#11,

In rats, no alterations was detected during the estrus
cycle in the expression of AMH and its type Il receptor
(AMHRII), however some heterogeneity has been determined
in AMH mRNA expression in preantral and small antral
follicles at estrus and diestrus #5721, In addition, it has been
reported that ovariectomy in regularly cycling women
causes undetectable AMH concentrations "3, Hence, the
ovaries seem to be the primary source of AMH; therefore, it
may be used for determination of the presence or absence
of ovaries or ovarian remnants in dogs and cats ['*'%,

Several researches emphasized the evaluation of AMH
concentrations in various ovarian pathological conditions
including polycystic ovary syndrome, granulosa cell tumors
and premature ovarian failure in the women and rat and also
ovarian remnant syndrome in the bitch and queen ©1617],
The purpose of the present study was to compare the serum
concentration of AMH and the expression of AMH gene
in the ovarian tissue removed during ovariohysterectomy
and in remnant ovarian tissue in rats with experimentally
induced ovarian remnant syndrome.

MATERIAL and METHODS

Animals and Study Design

A total of eighteen adult female Sprague Dawley rats
weighing 200-250 g were obtained from Harlan Laboratories
B.V. (The Netherlands). Animals were maintained with a
12-h light/dark schedule and supplied standard rat chow
(Korkuteli Food Industry, Turkey) and water ad libitum. The
rats were divided into three groups. Group | consisted of 6
rats gone through ovarian remnant syndrome experi-
mentally, group Il consisted of 6 rats performed total ovario-
hysterectomy and group lll consisted of 6 rats sham
operated. Median laparotomy was performed in all groups
under xylazine (5 mg/kg) and ketamine (45 mg/kg)
anaesthesia. In group |; uterus, left ovary and half of the
right ovary were removed (total hysterectomy and uni-
lateral hemiovariectomy) '8, Remnant ovarian tissue was

removed 30 days later with the same technique. In group II;
uterus and both ovaries were removed at the same time
(total ovariohysterectomy). All the ovarian tissue samples
were stored in liquid nitrogen at -196°C until mRNA isolation.
Intravenous blood samples from tail vein were obtained
into plain tubes on day 0, 1, 5, 10 and also day 30 from
group | and were immediately centrifuged at 1550 g for 10
min. Sera were removed and stored at -80°C until analyzed
for AMH concentration. In order to compare the serum
AMH concentrations of different stages, we performed
vaginal cytologic examination to determine the stages of
the estrus cycle in all rats. Vaginal secretion was collected
with a plastic pipette filled with 10 IU of normal saline
(NaCl 0.9%) by embedding the tip into the vagina. Vaginal
fluid was dropped on glass slides. Unstained material
was evaluated under the light microscope (Leica CME
Microscope, 1349522X, NY, USA, 40x objective lenses)
according to Marcondes et al.".,

All procedures involving the use of animals were
approved by the Gazi University Animal Experiments Local
Ethics Committee (Approval no:15.31; Turkey) and were
performed at Laboratory Animal Breeding and Experimental
Researches Center of the same university.

Serum AMH Assays

The serum AMH concentration was determined using
an enzyme-linked immunosorbent assay kit (VBS701712,
MyBioSource, Inc. San Diego, CA 92195-3308, USA),
according to the manufacturer’s instructions. All serum
assays were performed in duplicate. The minimum
detectable concentration of the assay was 0.375 ng/ml.
The lower and upper limits of detection were 0.375 ng/ml
and 150 ng/ml, respectively. The intra-assay coefficient of
variation (CV) was < 8% and the inter-assay CV was <10%.

Quantitative Real-Time PCR Analysis

Total RNA was extracted from each tissue using the
TriReagent (peqGOLD TriFastTM, Peglab, Erlangen, Germany)
and treated with DNase |, RNase-Free (Thermo scientific,
Fermentas) according to the recommendations of the
supplier. The RNA concentration of each sample was
measured at 260 nm using a NanoDrop ND-1000 spectro-
photometer (Thermo Scientific, Waltham, USA). The reverse
transcription reaction of RNA was performed with the
Transcriptor First Strand cDNA Synthesis Kit (Roche
Diagnostics, Mannheim, Germany) according to the
manufacturer’s instructions. Samples were analyzed on a
LightCycler® 480 instrument (Roche Diagnostics, Mannheim,
Germany) and relative mRNA expression of the AMH was
normalized to the expression levels of beta actin (ACTB)
expression. The sequences of the gene-specific primers and
probes for AMH and ACTB transcripts were designed using
the online Universal Probe Library (UPL) Assay Design Center
(https://www.universalprobe library.com). The sequences
of the primers used for QRT-PCR experiments were as
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follows: rat ACTB forward (5-CCCGCGAGTACAACCTTCT-3')
and reverse (5-CGTCATCCATGGCGAACT-3"), probe no 17;
rat AMH forward (5-CTGGACACCGTGCCTTTC-3') and reverse
(5'-CACTGTGTGGCAGGTCCTC-3’), probe no 26. The QRT-
PCR reactions with the following program: after initial
denaturation at 95°C for 15 min, followed by 45 cycles
consisting of 95°C for 15 sec, and 60°C for 20 sec and cooled
down to 40°C. The concentration of the expression level
for each sample was determined from the threshold cycle
(Ct), which is the cycle where an increase in PCR product
is first detected at a statistically significant level.

Statistical Analysis

The statistical significance of the differences in the AMH
concentration between groups was analyzed by One-Way
ANOVA analysis of variance and Duncan’s multiple range
test using SigmaStat (Jandel Scientific Software Inc.; San
Jose, CA, USA). Data were expressed as meanzt standard
deviation (SD). A P value of <0.05 was considered statistically
significant. The relative expression for each gene is obtained
by comparing the CT values for each gene using the
equation 2—AACT following the Pfaffl-based method with

the Relative Expression Software Tool 2008 (REST®) 20,
Each experiment was carried out three times.

RESULTS

Vaginal Cytologic Examination

Estrus cycle stages of the rats in all groups were
determined as six proestrus, four estrus, four metestrus
and four diestrus before surgery. There was no significant
difference in serum AMH concentrations among the stages
of the estrus cycle in all groups (P>0.05) (Fig. 1).

Serum AMH Concentrations

The pre-operative serum AMH concentrations in group
I, Il and Il were 4.61+1.13 ng/ml, 4.32+0.71 ng/ml and
4.15+0.71 ng/ml, respectively (P>0.05). As shown in Table
1, the pre-operative serum AMH concentrations in group
I and Il were significantly different compared to post-
operative day 1 and 5 (P<0.05 ). In group lll, there was no
significant difference between pre-operative and post-
operative stage in serum AMH concentrations (P>0.05). In

Serum AMH Concentration (ng/ml)

[

Fig 1. Mean serum AMH concentrations (ng/ml) at
different stages of the estrus cycle in all groups at day
0, P>0.05

Sekil 1. Tum gruplarda 0.giinde farkli Ostrus siklus
evrelerindeki serum AMH konsantrasyonlari (ng/ml),

P>0.05
1
0
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Fig 2. Relative mRNA expression of AMH in group | at day 0 and 30. -
mRNA: messenger RNA; PCR: polymerase chain reaction, P>0.05 .E 0.6
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Table 1. Mean serum AMH concentrations (ng/ml) of the groups at day 0, 1, 5 and 10

Tablo 1. Gruplardaki 0., 1., 5. ve 10. ginlerdeki ortalama serum AMH konsantrasyonlari (ng/ml)

Groups Day 0 Day 1 Day 5 Day 10
Group | (ORS) 4.61+1.13° 2.72+0.717° 1.35+0.244< 2.27+0.528°
Group Il (OHE) 4.32+0.71° 1.78+0.248° 0.52+0.138< ND
Group Il (Sham) 4.15+0.71 3.98+0.42¢ 4.09+0.50¢ 3.96+0.53¢
ND: non-detectable. Different superscript capital letters indicate significant difference between the groups in the same column, Different
superscript small letters indicate significant difference between the days in the same row (Duncan’s test; P<0.05)

14 -

12 -

1.0 |

0.8 -

0.6 -

0.4 -

Relative Expression Levels

0.2 4

Proestrus Estrus Metestrus

0.0 I T I ; I . l

Diestrus

Fig 3. Relative mRNA expression of AMH at different stages
of the estrus cycle in all groups at day 0. mRNA: messenger
RNA; PCR: polymerase chain reaction, P>0.05

Sekil 3. Tim gruplarda 0. glinde farkli Ostrus siklus
evrelerindeki goreceli AMH ekspresyon diizeyleri. mRNA:
messenger RNA; PCR: polymerase chain reaction, P>0.05

group I, serum AMH concentrations were below the non-
detectable concentration (0.312 ng/ml) on day 10 after the
surgery (Table 1). In addition, serum AMH concentration in
group | was determined to be 2.03+£0.71 ng/ml on day 30.

Relative Expression Levels of AMH

AMH mRNA expression levels in group | showed no
significant difference in comparison with the group Il on
day 0 (P>0.05). In addition, AMH mRNA expression levels
in group | were decreased on day 30 after surgery when
compared to day 0, but this reduction was not statistically
significant (P>0.05) (Fig. 2). There was no significant
difference between the stages of the estrus cycle in AMH
MRNA expression levels in all groups (P>0.05) (Fig. 3).

DISCUSSION

Anti-Mullerian hormone (AMH) is only produced by
granulosa cells of the ovary ©7821 AMH may be used for
determination of the presence or absence of ovaries or
ovarian remnants in mammalians since the ovaries appear
to be the primary source of AMH. It has been determined
that serum AMH concentration was undetectable on day
3-5 after bilateral ovariectomy in women "3 Similarly, the
present study showed that serum AMH concentrations
gradually decreased from day 1 to 5 and were undetectable
on day 10 after ovariohysterectomy and this finding made
us thought that serum AMH concentration might be
affected by the absence of the ovaries.

Recent studies revealed that serum AMH concentrations
were not significantly different during the menstrual cycle
in normocycling women 223, However, a comparison of
serum AMH concentrations between the stages of the
estrus cycle in the rat has not been investigated before. In
our study, we demonstrated that serum AMH concentrations
before surgery were not statistically different amongst all
groups considering the stages of the estrus cycle (P>0.05).

AMH and AMHRII mRNA expression in preantral follicles
did not vary during the estrus cycle, despite the hetero-
geneous decrease at estrus in rats "2, Hirobe et al.” also
presented that AMH mRNA expression are wide and
uniform in recruited growing antral follicles on the morning
of estrus but become heterogeneous on diestrus, when
selection for atresia occurs. However, expression of AMH
gene in the ovarian tissues at all stages of the estrus cycle in
rats has been identically strong and homogenous in our study.

AMH mRNA expression initiates at the peri-natal
period, declines along reproductive life and becomes un-
detectable at the postmenopausal period in women 24, In
rodents, AMH expression in the ovary has been observed
by postnatal day 3 in granulosa cells of growing primordial
follicles 5. Kevenaar et al.® found that serum AMH
concentrations decrease in mice with increasing age and
this reduction in serum AMH is not represented by a similar
change in AMH mRNA expression level. Immunostaining
intensity of AMH expression in granulosa cells of growing
follicles does not show an alteration with age in mice ®. The
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rats used in the study were particularly chosen from the
young adults already reached puberty and aged 2.5 to 3.0
months to exclude the diversity of results due to different
ages. Therefore, both the measurement of serum AMH
concentrations and gene expressions were performed
when the rats were active reproductively.

AMH mRNA expression levels in group | declined on
day 30 after surgery when compared to day 0, but this
reduction was not statistically significant. This is because
the amount of ovarian tissues taken at day 0 and 30 in
order for measurements of AMH mRNA expression level
were same. Therefore, it was thought that the statistically
insignificant difference of AMH mRNA expression was
not dependent upon the amount of tissue. The reason for
the measurement of AMH mRNA expression of remnant
ovarian tissue at day 30 was to wait the tissue to complete
its repairment. One major drawback of our study is lack of
comparison of AMH mRNA expression in remnant ovarian
tissue on day 1, 5 and 10 after surgery.

In a study by Minke et al.”®, seventy-five percent of the
devascularized ovarian tissue revascularized and forty-
three percent of them demonstrated follicullar growth. One
step ahead, our present study indicated that devascularized
ovarian tissue remained functional and this was confirmed
by increased serum AMH concentration between 5% and
10t postoperative days in group |, which was attributed
to the revascularization of remnant ovarian tissue.

In conclusion, the present study revealed that serum
AMH concentrations were below the non-detectable
concentration on day 10 after ovariohysterectomy. This
finding suggests that evaluation of serum AMH concen-
tration could be an useful method to determine the
presence or absence of ovaries or ovarian remnants in
the rat. This result may be considered for future studies
to clarify serum AMH concentrations and AMH mRNA
expression levels in the stages of the estrus cycle in rats.
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Abstract

This experiment was conducted to investigate if usnic acid, a lichen metabolite, exerts therapeutic action against coccidiosis. A total of
160 one-day-old male Ross 308 broiler chicks were divided into 5 experimental groups (A-E), each replicated in 4 pens of 8 chicks. At 16
days of age Groups B-E were infected orally with a mixture of purified oocysts including 30 x 10* sporulated oocysts from field isolates
of E. acervulina, E. brunetti, E. maxima, E. mitis, E. praecox and E. tenella, whereas Group A was remained uninfected. Seven days after the
coccidiosis induction, infected birds were divided into 4 groups to receive orally with 20 mg usnic acid (Group C), 100 mg usnic acid (Group
D) and 7 mg toltrazuril (Group E) per kg body weight. The birds in Group B were untreated and served as infected control. The experiment
was terminated at 29 days of age. As a result of the study it was evaluated that infected birds had lower feed intake and body weight
and worse feed conversion, higher intestinal lesion score, longer small intestine and cecum, and higher fecal oocyst count than healthy
birds. The anticoccidial effect of usnic acid at 100 mg/kg application dose was comparable to toltrazuril as reflected by alleviations in
performance and pathology findings. In conclusion, it is demonstrated that usnic acid possesses some anticoccidial effects, but not nearly
as good as toltrazuril.

Keywords: Lichen, Usnic acid, Toltrazuril, Broiler, Coccidiosis

Usnik Asitin Broylerlerdeki Anticoccidial Etkinligi

Ozet

Bu calismada, bir liken metaboliti olan usnik asitin coccidiosise karsi terapétik etkinliginin arastirilmasi amaclanmistir. Toplam 160 adet,
1 glinlik yastaki erkek Ross 308 civciv, her bir grup 4 tekerriirlii olacak sekilde 5 deneysel gruba (A-E) ayrilmistir. Hayvanlar 16 guinlik
yasa geldiginde Grup B-E'dekiler E. acervuling, E. brunetti, E. maxima, E. mitis, E. praecox ve E. tenella’'nin saha izolatlarindan elde edilmis
inokulumdan 30 x 10* sporlanmis oocyst ile enfekte edilmistir. Grup A'da yer alanlar civcivler ise enfekte edilmeden kontrol olarak
birakilmistir. Hastalik olusturulduktan 7 giin sonra, enfekte hayvanlara agiz yolu ile 20 mg/kg usnik asit (Grup C), 100 mg/kg usnik asit (Grup
D) ve 7 mg/kg toltrazuril (Grup E) uygulanmis; B grubundaki enfekte hayvanlara tedavi uygulanmadan enfekte kontrol olarak birakilmistir.
Broylerler 29 giinliik oldugunda ¢alisma sona erdirilmistir. Enfekte hayvanlarin saglikli hayvanlara kiyasla daha disiik yem tiketimi, viicut
agirhigi ve yemden yararlanma oranina; daha yliksek lezyon skoruna, daha uzun bagirsak uzunluguna ve daha yiiksek oocyst sayisina sahip
oldugu tespit edilmistir. Performans ve patolojik bulgulardaki degisimler g6z 6ntinde bulunduruldugunda 100 mg/kg dozda uygulanan
usnik asitin toltrazuril ile karsilastirilabilecek derecede anticoccidal etkinlige sahip oldugu belirlenmistir. Sonug olarak; usnik asitin bazi
anticoccidial etkinliklere sahip oldugu ancak bu etkilerin toltrazuril kadar gliclii olmadigi kanisina varilmistir.

Anahtar sozciikler: Liken, Usnik asit, Toltrazuril, Broyler, Coccidiosis

feed conversion leading to poor performance, increased
susceptibility to other diseases and increased mortality 2.

INTRODUCTION

Coccidiosis is a widespread poultry disease caused

by Eimeria parasites. Primarily, seven species of Eimeria Traditionally, coccidiosis control is largely dependent

(E. acervulina, E. brunetti, E. maxima, E. mitis, E. necatrix, E.
praecox and E. tenella) cause coccidiosis in chickens ™. The
disease is associated with reduced growth rate, impaired

on anticoccidial drug usage and on live vaccines on a
limited scale at intensive poultry production systems.
However, problems with drug resistance in Eimeria strains
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in the field, withdrawal period for drugs prior to slaughter,
consumer pressure for poultry products free of drug
residues, restriction of using antibiotics as growth promoters
by European Union and the cost of expensive vaccines
urged researchers to explore cheap and safe alternative
agents B4, There are a number of research articles proving
anticoccidial activity of natural products including plants ¥,
pre- and probiotics **! and fungi .. Natural products
are expected to be alternative in the coccidiosis control
promisingly by including new therapeutic molecules to
which Eimeria strains have not yet developed resistance 19,

Lichens are symbiotic associations between an exhabitant
fungus and one or more inhabitant photosynthetic partners
(algae orcyanobacteria) and they synthesize more than 800
types of metabolites '"'?. Numerous biological investiga-
tions have showed that secondary lichen metabolites have
a broad range of biological activities including antibiotic ',
antiviral ', analgesic and antipyretic "}, antifungal %7,
anti-inflammatory "8, cytotoxic and antimicrobial "%,
antiulcerogenic and antioxidant 2% and immunologic
modulator 2",

Usnic acid is one of the most extensively studied lichen
metabolites and present in the lichen genera Alectoria,
Cladonia, Evernia, Lecanora, Ramalina and Usnea 2, It is
shown to exert a number of biological activities including
anti-inflammatory, analgesic and antipyretic, antibiotic,
antiviral, antimicrobial, antiproliferative, gastroprotective,
antitumor, antioxidant, antimycotic, antigrowth and anti-
insect properties ?>2, Although few studies ®*1 dealing
with antiprotozoal effect of usnic acid are available,
its anticoccidial effect is largely unknown. The present
experiment was set out to investigate therapeutic action
of usnic acid against coccidiosis in broilers.

MATERIAL and METHODS

Animals and Management

A total of 160 one-day-old male Ross 308 broiler chicks
were purchased from a commercial hatchery and housed
in an experimental house from 1 to 29 days of age. They
were reared altogether in a large pen from d 1 to 7 for
adaptation. Chicks were then divided randomly into the
final 5 groups (A, B, C, D and E) in 4 replicate subgroups
containing of 8 chicks per subgroup. Each subgroup was
housed in a separate floor pen (1.5 m x 2.5 m) equipped
with one hanging bell drinker, two tube-type feeders and
electrical heater. Wood shavings were used as bedding
material with a depth of 5 cm. The room temperature was
gradually decreased from 33°C on d 1 to 22°C on d 21, and
then remained unchanged. The chicks were vaccinated
against infectious bronchitis and Newcastle disease with
Nobilis MA5+Clone30 (Intervet, Boxmeer, Netherlands)
at 1 d of age via drinking water. The feed contained no
anticoccidials or growth enhancers. Birds were offered feed

and water ad libitum. The experiments were conducted
according to the ethical norms approved by the Atatiirk
University Ethic Committee of Experimental Animal Teaching
and Researcher Center (No: 2012-49).

Parasites and Usnic Acid

The reference parasite stock was provided by the
Department of Parasitology at the Veterinary Medicine
Faculty of Ataturk University, Turkey. The stock, containing
30 x 10*sporulated oocysts from field Eimeria isolates (E.
acervulina, E. brunette, E. maxima, E. mitis, E. praecox and
E. tenella), was passaged in Eimeria-free chickens to keep
them infective.

(+)- Usnic acid (Sigma-Aldrich, Steinheim, Germany) was
suspended in 1% carboxymethyl cellulose (CMC) water
solution and then had been filtered through a 0.2-pm-
pore-size filter.

Acute Toxicity Test

An acute toxicity test was conducted on 10-day-old
broiler chicks. The birds were divided into 5 groups (CMC
and 10, 100, 500 or 1.000 mg (+)-usnic acid extract per
kilogram diet, respectively), each consisting 5 birds. The
birds were observed for 24 h for signs of toxicity or death.

Experimental Design

After one-week adaptation period, chicks in Group
A were not infected and served as uninfected control,
whereas those in Group B-E were infected orally with a
mixture of purified oocysts including 30 x 10* sporulated
oocysts from field isolates of E. acervuling, E. brunetti, E.
maxima, E. mitis, E. praecox and E. tenella on 16 days of age.
The oocyst inoculum was washed several times with tap
water and then a 2 ml suspension of 30 x 10* sporulated
oocysts administered directly into the crop via oral gavage.

After observation of typical lesions of coccidiosis at d
7 post-infection (Pl), one chick from each subgroup was
chosen randomly and euthanized to inspect lesion scores
in order to confirm success of the infection. Group B was
untreated and served as infected control. Starting from d
8 Pl the birds in Group C, D and E were dosed orally with 20
mg usnicacid, 100 mg usnic acid and 7 mg toltrazuril (Baycox
2.5%, Bayer, Leverkusen, Germany) per kg BW for 5, 5, and 2
days, respectively. The experiment was terminated on d 13 PI.

Fecal oocysts were enumerated a day before infection
and performed daily between 20-29 days of age. For this
purpose, approximately 200-300 g fecal samples were
collected daily from each replicate pen in several spots.
Representative fecal samples for each pen were placed
in screw cap containers and stored at +4°C until oocyst
counts were performed (oocyst per gram of feces, OPG)
using the McMaster counting technique 2%,

At the end of the experiment, all birds were slaughtered
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for scoring intestinal lesions caused by Eimeria species
according to the method of Johnson and Reid 29, 0
indicating normal and 1, 2, 3 or 4 indicating the degree of
severity of infection. The upper, middle and cecal sections
of the chick intestine were examined for lesions. Because
the mixed infection was induced, the sectional data were
averaged by the group prior to statistical analysis.

Performance Measurements

Feed intake (FI) and body weight (BW) were measured
and performance variables (BW gain, BWG and feed
conversion ratio, FCR) were calculated at d 1, 16, 23, and
29 on a pen basis.

Statistical Analysis

Considering 5% reduction in oocyst count upon
treatment with usnic acid to be significant, sample size
was calculated to be 4 replicates. Data were analyzed by
one-way ANOVA in a completely randomized design. The
oocyst count data were log transformed prior to statistical
analysis. The model to test effect of treatments included
treatment effect as fixed effect and treatment within group
as random effect. Time and group by time interactions
were also fixed factor for Fl and oocyst data. Statistical
significance was considered at P<0.05.

RESULTS

No acute toxic effect or mortality was detected in the
toxicity test.

Typical clinical signs of coccidiosis including inappetence,
wing drooping, distorted feathers, huddling and bloody
droppings were observed in all the infected groups of

chickens at day 7 Pl which were inferred the success of the
experimental infection. Reduction in severity of the clinical
signs was observed in groups C-E, conspicuously in group
E, after the treatment. On the contrary, severity of clinical
signs in group B was increased progressively and resulted
with a mortality of 10% by day 13 PI.

Table 1 summarizes performance parameters in response
to treatment effects in broilers subjected to the coccidiosis
induction. After oocyst inoculation, the coccidiosis-induced
birds had depressed FI (by 12.1%) and BWG (by 12.2%) and
elevated FCR (by 9.9%). Toltrazuril treatment alleviated
FCR as compared to the healthy control group. The high
level of usnic acid treatment was as effective as toltrazuril
treatment (Table 1, Fig.1).

Responses of changes in intestinal pathology and fecal
oocyts count to the treatments were ambiguous. Comparing
with the healthy control group, the oocyst inoculation
caused an increase in lesion scores and elongation of
intestine sections as well as presence of oocyst in feces
(Table 2). Toltrazuril and usnic acid treatments considerably
reduced intestinal lesion score at a similar extent as
compared to the untreated groups. However, usnic acid
was not as effective as toltrazuril to recover intestinal
length. Both usnic acid and toltrazuril caused reduction
in fecal oocyst count at a similar level as compared to the
untreated group (Fig. 2).

DISCUSSION

In acute toxicity test, neither mortality nor toxicity
signs were recorded. This result confirms the previous
report 2%, which indicated that usnic acid is well tolerated
up to 1000 mg/kg BW

Table 1. Performance parameters in response to treatments in broilers subjected to coccidiosis induction

Tablo 1. Coccidiosis olusturulan broylerlerde tedavilere karsi gelisen performans parametreleri

Groups'
Parameter/Stage P<
Group A Group B Group C Group D Group E
Body weight (BW), g
Before trial (d 7) 189.4+1.3
Before infection (d 16) 320.4+2.5
End of infection (d 23) 661.2+3.12 581.4+10.2° 0.0005
End of treatment (d 28) 1399.2+29.4° 1190.0+£13.4¢ 1159.7£39.5¢ 1331.7£17.0* 1293.3+39.2° 0.0002
Feed intake (Fl), g
Before trial 59.0+0.8
During infection period cumulative 520.3+6.9° 456.7+10.0° 0.002
During treatment period cumulative 1127.9431.4° 1056.2+23.2% 994.6+33.2° 1110.4£37.6° 1070.8+16.8% 0.05
Feed conversion ratio (FCR, Feed: BW Gain)
Before trial 0.31+0.004
During infection 1.58+0.02° 1.74+0.03" 0.01
During treatment 1.53+0.02° 1.68+0.04° 1.65+0.07%° 1.51+0.05° 1.59+0.04%° 0.10
Superscripts among columns indicate group differences at P<0.05
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Fig 1. Effect of treatment on feed intake in broilers subjected to
coccidiosis induction. Covariate represents feed intake on d 7.The
birds in Group A were not infected and served as positive control,
the birds in Groups B-E were infected and then subdivided into
untreated and served as negative control (Group B) or treated
with 20 mg usnic acid (Group C), 100 mg usnic acid (Group D)
and 7 mg toltrazuril. Pooled SE was 3.79

Sekil 1. Coccidiosis olusturulan broylerlerde tedavinin yem
tiketimine etkisi. Esdegisken 7. gtindeki yem tiiketimini gos-
teriyor. A grubundaki hayvanlar enfekte edilmeyerek pozitif
kontrol olarak ayrilirken B-E gruplarindakiler enfekte edilip daha
sonra tedavi uygulan-mayan negatif kontrol (Grup B), 20 mg/kg
usnik asit ile tedavi edilen (Grup C), 100 mg/kg usnik asitle tedavi

d20-21 d22-23 d24-25 d 26-27

Age

Covariate  d 16-17 d18-19

' edilen (Grup D) ve 7 mg/kg toltrazuril uygulanan alt gruplara

42829 ayrilmistir. Ortalama standart hata 3.79

Table 2. Intestinal lesion score and fecal oocyst count in response to treatments in broilers subjected to coccidiosis induction

Tablo 2. Coccidiosis olusturulan broylerlerde tedaviler sonrasi bagirsak lezyon skorlari ve oocyst sayilari

Groups'
Parameter Part/Period P<
Group A Group B Group C Group D Group E
Lesion score 0.00£0.00° 2.96+0.12¢ 0.9+0.04° 0.6+0.03° 0.54+0.13 0.0001
Small Intestine 156.5+1.8° 177.2+5.6% 186.2+9.32 187.2+11.6% 158.5+7° 0.03
Length (mm)
Cecum 16.2+0.7° 19.12+0.52 18.0+0.5% 18.1+0.9% 16.9+0.6° 0.05
Infection Period 0.00+0.00* 5.92+0.07" 0.0000
Oocyst count?
Treatment Period 0.00+0.00° 5.274+0.12¢ 5.13+0.12° 5.17+0.12° 5.12+0.13° 0.0001

The birds in Group A were not infected and served as uninfected control, the birds in Groups B-E were infected and then subdivided into untreated control
(Group B) or treated with 20 mg usnic acid (Group C), 100 mg usnic acid (Group D) and 7 mg toltrazuril (Group E) per kg body weight. Superscripts among
columns indicate group differences at P<0.05; 2 Time effect, P<0.0001. Group x Time effect, P<0.0001
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Fig 2. Effect of treatment on fecal oocyst count in broilers
subjected to coccidiosis induction. The birds in Groups B-E
were infected and then subdivided into untreated control
(Group B) or treated with 20 mg usnic acid (Group C), 100 mg
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sonra tedavi uygulanmayan negatif kontrol (Grup B), 20 mg/
kg usnik asit ile tedavi edilen (Grup C), 100 mg/kg usnik asitle
tedavi edilen (Grup D) ve 7 mg/kg toltrazuril uygulanan alt
gruplara ayrilmistir. Zaman etkisi, P<0.0001. Grup x Zaman
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etkisi, P<0.0001. Ortalama standart hata 0.12

5 6 7 8 9 10

Day Relative to Induction of Coccidiosis

In the present experiment, poor performance (Table 1,
Fig. 1) as well as intestinal lesions, prolonged intestine and
OPG count (Table 2, Fig. 2) confirm success of the coccidiosis
induction B%33, These are related to significant damage
to the intestinal mucosa and enterocytes during the
progression of Eimeria lifecycle after the Eimeria challenge B4.
It appears that body responds to the challenge through
elongation of the intestine.

As an alternative to antibiotics, anticoccidial effect of
various herbal extracts has been reported B'3*3, Their
effects were related to protection and/or relieve of intestinal

mucosa. To our knowledge, no data on anticoccidial effect
of usnic acid are available. However, few investigations
have been performed on its antiprotozoal activity. Wu et
al.?stated that (K) usnic acid exhibited a strong effect
against Trichomonas vaginalis in vitro. Intralesional adminis-
tration of (+) usnic acid in mice infected with Leishmania
promastigotes produced a significant reduction of
cutaneous lesions and parasite loads ", Luz et al.*” also
determined the antileishmanial activity of usnic acid
on L. infantum chagasi promastigotes and suggested
that usnic acid as a possible phytotherapic agent in the
treatment of visceral leishmaniasis. It appears that the
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antileishmanial action mode is linked to a complete lysis
of promastigotes of the Leishmania species 7. Lichen
constituents (thallus, methyl evernate, tenuiorin and three
hopane triterpenoids) exerted a weak trypanocidial effect
in comparison with the conventional drug in use against
epimastigotes of Trypanosoma cruzi °. De Carvalho et al.*¥
investigated the effects of usnic acid against Trypanosoma
cruzi epimastigotes and trypomastigotes, and reported
that usnic acid treatment resulted in growth inhibition
in a dose-dependent manner. Lauinger et al.”® reported
antiplasmodial effect of some lichen compounds (e.g.,
evernic acid, vulpic acid, psoromic acid and (+)-usnic acid)
against liver stages of Plasmodium berghei.

Anticoccidial effect of usnic acid was comparable to
toltrazuril that is a well-known anticoccidial agent 3241, In
this study, usnic acid increased FI and BWG and alleviated
FCR (Table 1, Fig. 1). These could be consequence of its
relieve effects on intestinal mucosa (Table 2), which was
associated with decreased OPG (Fig. 2) and partially
shortened cecal length (Table 2).

In summary, data showed that usnic acid (100 mg/kg)
was effective in the treatment of coccidiosis as reflected by
performance and pathology parameters but regrettably
not as good as toltrazuril. Further studies are needed to
substantiate our findings and elucidate its action in detail
to suggest usnic acid as an alternative anticoccidial agent.
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Abstract

Addition of soy protein sources in food products is widely used because of their functional properties such as water binding, fat
binding, beneficial effects on texture and emulsification capability and providing improved economy with increasing yield. However,
the use of soy protein in food products causes economical disadvantages because of replacement of an expensive ingredient like meat
with a cheaper ingredient like soy and health risks for the consumers as well. Soy is an important allergy source for sensitive consumers.
Because of these reasons, the most recent meat products regulation of Turkish Food Codex has banned the addition of soy in doners
since 2012, like several other countries. Detection of soy in food products is performed by detection of soy protein or soy DNA. Because
DNA is more stable to processing, PCR methods are shown to be more reliable when used in processed foods. In our study, 50 doner
samples were collected from various retail sales points. Twenty-five doner samples were collected before and 25 after the regulation
was enacted. DNA was isolated from doner samples and PCR testing of these DNA extracts were performed. The detection results of
the doner samples showed that any of the 25 samples collected after the regulation enacted did not contain soy ingredient while 3 of
25 sample (12%) collected before the regulation came into force contained soy.

Keywords: Soy, Doner, PCR, lectin, GM soy

Tiiketime Hazir Donerlerde PCR ile Soya Proteininin Aranmasi

Ozet

Soya proteinleri, gida endustrisinde, su baglama, yag baglama, tekstiir ve emilsifikasyon yetenedi, verim arttirma gibi fonksiyonel
ozelliklerinden ve verimin artisina bagli olarak ekonomik karlihgr arttirmasindan dolayi genis kullanim alani bulmaktadir. Ancak gida
Urlinlerinde soya kullanimi, tiiketiciler icin ekonomik kayiplar ve saglik riskleri gibi olumsuzluklara sebep olmaktadir. Soya, hassas
tiiketiciler icin dnemli bir alerji kaynagidir. Bu gibi nedenlerden tilkemizde Aralik 2012'de cikan Tiirk Gida Kodeksi Et ve Et Uriinleri Tebligi
ile donerlerde soya kullanimi bircok diger llkelerde de oldugu gibi yasaklanmistir. Gidalarda soyanin tespit edilmesi soya proteinin
ya da soya DNA'sinin tespit edilmesi ile gerceklestirilir. Ancak, DNA gida isleme sartlara daha dayanikli olmasi sebebiyle islenmis
gidalarda ¢cok daha giivenilirdir. Calismamizda, 25 adedi Et ve Et Uriinleri Tebliginin yirirlige girmesinden énce, diger 25 adedinin ise
tebligin yurirlige girmesinden sonra olacak sekilde 50 adet doner 6rnegi cesitli perakende satis noktalarindan toplanmistir. Déner
drneklerinden DNA izole edilmis ve bu DNA'larin PZR testleri gerceklestirilmistir. Elde edilen sonuclara gére Et ve Et Uriinleri Tebliginin
yururlige girmesinden sonra toplanan hicbir drnekte soya tespit edilemezken, tebligin yayinlanmasindan énce toplanan 25 érnekten
3’linde (%12) soya varligi saptanmistir.

Anahtar sozciikler: Soya, doner, PCR, lektin, GD soya

INTRODUCTION

Addition of non-meat protein sources in food products,
is widely used because of it is capability of improving the
product properties and reducing the production cost. Soy
protein fractions are preferred because of their higher
protein content and functional properties 2. The use
of soy protein fractions in meat products is also widely

applied for their properties such as water binding,
fat binding, texture and emulsification capability and
providing improved economy with increasing yield .
Soy protein fractions are available in various forms such as;
flour, grits, concentrates, isolates and textured 5. However,
the use of soy in food products, causes health and economic
risks for the consumers as well. It brings economical
disadvantages because of replacement of an expensive
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ingredient like meat with a cheaper ingredient like soy.
Besides soy is an important allergy source for sensitive
consumers B3, Because of these reasons, use of soy in food
products are limited or banned in various countries ..
In our country presence of soy in a food product has to
be declared in the label. Additionally, meat products
regulation of Turkish Food Codex banns the addition of
soy in doner ., Despite, addition of soy in ready to eat
meat products like doner, meat patties is not uncommon
for reducing the cost.

Several methods have been used for detection of soy in
food products so far 547, However, most reliable methods
are based on detection of soy protein or DNA. Protein based
methods includes, electrophoretic or serologic (ELISA)
methods 7 while PCR is most widely used as DNA based
methods “'%, Because DNA is more stable to processing
conditions than protein, PCR methods are shown to be
more reliable when used in processed foods "%,

In this study, the presence of soy in doner kebabs sold in
local sales points were investigated. The doner samples
examined were purchased before and after the regulation
enacted, to evaluate the effect of regulatory enforcement.
For this, PCR detection of soy specific lectin gene with PCR
was performed. The positive samples were further analyzed
to detect whether they are Genetically Modified (GM) or not.

MATERIALS and METHODS

Doner Samples

For the study, 50 meat and poultry doner samples were
collected from various retail sales points. Twenty five of
these doner samples were collected before the regulation
was released, while 25 were collected after the regulation.
Additionally, soybean powder (IRMM, Geel, Belgium) and
beef were used as positive and negative controls respectively.
All the meat samples were stored in -20°C freezer till they
were used.

DNA Extraction and Purification

For DNA isolation from doner samples and positive
and negative control samples, the Promega Wizard™ DNA
isolation kit (Promega, Madison, USA) was used according
to the manufacturer’s instructions. Two hundred to three
hundred milligrams of food material taken from a previously
homogenized sample was mixed with 860 pl of extraction
buffer (10 mM Tris-OH, 150 mM NaCl, 2 mM EDTA and
1% w/v sodium dodecyl sulfate), 100 pl of guanidine
hydrochloride (5M) and 40 pl of proteinase K (20 mg/ml),
then incubated at 65°C overnight. The samples were then
centrifuged at 13.500 g for 10 min. After centrifugation, 500
ul of the supernatant was mixed with 1 ml of Wizard™ resin
(Promega, Madison, USA) and pushed through a Wizard™
minicolumn (Promega, Madison, USA). The column was
further washed with 2 ml of isopropanol. Following

centrifugation of the column at 12,000 g for 5 min, the
DNA was eluted with 50 ul of pre-warmed (65°C) elution
buffer (10 mM Tris-OH). The columns were incubated at
room temperature for T min and centrifuged at 10.000 g
for 2 min. The collected DNA was stored at -20°C until used.

DNA quantification was achieved by measuring the
UV absorption at 260 nm using a T80 UV/VIS spectrometer
(PG Ins. Ltd., UK).

PCR Primers and PCR Conditions

The primers GMO3 (5'-GCC CTC TAC TCC ACC CCC ATC
C-3’) and GMO (5-GCC CAT CTG CAA GCC TTT TTG TG-
3’) were used for the amplification of soy-specific lectin
sequence and yielded a longer PCR product (118 bp) 011,
The primers 35s-f2 (5'-TGATGTGATATCTCCACTGACG-3)
and petu-r1 (5-TGTATCCCTTGAGCCATGTTGT-3') were used
for the amplification of GM soy-specific Round Up Ready
(RUR) soy sequence and yielded a longer PCR product (172
bp) . All PCR reactions were performed with a CG Palm-
Cycler (CG 1-96 Genetix Biotech, Australia & Asia).

Amplification reactions for lectin contained; 5 ul of
genomic DNA and 20 pl of the appropriate PCR reaction
mixture. PCR reaction mixture consisted of 1X buffer
(Fermentas), 1.5 mM MgCl, (Fermentas), 0.2 uM of each
primers, 0.8 mM of each dNTP (Fermentas) and 0.5 IU of
Maxima™ Hot Start Tag polymerase (Fermentas). The
amplification profile used for this mixture was as follow:
denaturation for 10 min at 95°C; amplification for 30 s at
95°C, for 30 s at 60°C, for 60 s at 72°C; number of cycles 35;
final extension for 3 min at 72°C.

For detection of GM soy, amplification reactions
which consisted of; 1X buffer (Fermentas), 1.5 mM
MgCl, (Fermentas), 0.2 uM of each primer for RUR soy
amplifications, 0.8 mM of each dNTP (Fermentas) and 0.5
U of Maxima™ Hot Start Tag polymerase (Fermentas) were
used. The amplification profile used for this mixture was as
follow: denaturation for 10 min at 95°C; amplification for
30 s at 95°C, for 30 s at 60°C, for 25 s at 72°C; number
of cycles 40; final extension for 3 min at 72°C.

PCR products were electrophoresed through a 2%
agarose gel containing ethidium bromide. As a size
reference, a 50 bp DNA ladder (Fermentas) was used.
Visualization of the gels was performed with a UV trans-
illuminator, and the gels were captured with the Dolphin-
DOC system and Dolphin 1D Gel analyzing software
(Wealtec, Nevada,USA).

RESULTS

Total of fifty commercially sold ready to eat doner
samples which 25 of them were collected before the
related regulation came in to force while the rest 25
were collected after the enforcement were detected for
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presence of soy protein with PCR in the present study.

For ensuring the reliability of the detection tests
appropriate quality control studies were performed
throughout the whole study.

For confirmation of the specificity of the primers PCR
tests were performed with DNA extracts obtained from
soybean powder and beef. The results showed that the
primers were specific to soy and did not give any false
result with the other main ingredient of doner like beef
(Fig. 1).

False positive results related to carry over contamination
during DNA sampling and extraction were avoided by
processing sterile milli Q water in parallel with the samples
at each step of extraction and PCR "2,

For elimination of false negative results related to
PCR inhibitors that might be present in the sample, DNA
extracts of each sample were run in triplicate for each

118 bp wmmp

Fig 2. Agar gel electrophoresis of positive doner
samples

Lane-1: DNA ladder, Lane-2-3: doner sample-12,
Lane-4-5: doner sample-13, Lane 6-7: doner
sample-19, Lane 8-11: soybean powder Lane 12:
PCR milli g water

Sekil 2. Pozitif doner 6rneklerin agar jel elektroforezi
1. Sira: DNA marker, 2-3. Sira: 12. Doner 6rnegdi, 4-5.
Sira: 13 Doner 6rnegi, 6-7. Sira: 19. Doner 6rnegi,
8-11. Sira: Soya unu, 12. Sira: PCR milli g su

PCR reaction which one of the extracts were spiked with
soybean powder DNA while the other were run without
spiking. The results showed that any of the 50 samples
did not contain any inhibitor.

The detection results of the doner samples showed
that 3 of all 50 samples (6%) we analyzed were positive for
soy. Any of the 25 sample collected after the regulation
released, did not contain soy ingredient while 3 of 25
sample (12%) collected before the regulation came into
force contained soy. The gel electrophoresis results of
the positive samples are given at Fig. 2.

The lectin positive samples were further analyzed for
presence of GM soya. The results of this detection proved
that any of these samples contained soy from a GM source.

DISCUSSION

There is not much study performed on detection

Fig 1. Specificity of primers

Lane 1: DNA ladder, Lane 2-3: soy flour, Lane 4-5:
Beef, Lane 6-8: soybean powder, Lane 9: PCR mili g
water

Sekil 1. Primerlarin 6zgiinligu

1. Sira: DNA marker, 2-3. Sira: Soya unu, 4-5. Sira: Sigir
eti, 6-8. Sira: Soya fasulyesi tozu, 9. Sira: PCR mili g su

idardE SO/ SN OR10511 %12
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on soy in meat products. The main reason of this issue is
that, it is not banned in several countries and it has been
banned in our country only in 2012. For this purpose, few
studies performed on detection of soy is mainly focused
on detection of GMOs 4, Ulca et al." detected the
presence of GM soy in various type of meat products and
the samples of this study were collected recently after the
regulation was released. According to these results, 32 out
of 38 total samples contained soy and 2 of these positive
samples were GM. In our previous study on detection of
GM soya in food products which we performed before
the regulation was enacted, we detected several meat
products containing soy ingredients. Because it was legal,
it was declared on the label as well ™. However, different
than our results (6% in our study) all of the doner samples
Ulca et al."™ analysed were positive for soy. According to the
Ct results of this study, the soy level of these doner samples
are quite low and most probably reflects trace amounts
of presence. Thus, this difference might be related to the
difference in the limit of detection of the two methods.
The possible disadvantage of too low detection limit
(below 0.1%) in authenticity testing is discussed by several
authors because of its effect on discriminating technical
unavoidable contamination and intentional addition ['>1¢l,
For this purpose, it is not evaluated as a weakness of the
method used in our study.

Based on the results of our study, we can conclude that
intentional addition of soy was not commonly used in the
case of doner even before the regulation. The level of usage
has decreased after the regulation came in to force which
showed that the producers comply with the regulation
requirements. However, it is strongly recommended
to further monitor the other type of processed meat
products which are more commonly contained soy before
the requlation.
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Prevalence of Cartilage Erosion in Canine Patellar Luxation and
Gene Expression in Affected Joints
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Abstract

The objectives of this study were to assess the prevalence of cartilage erosion in small dogs with patellar luxation (PL), and related
osteoarthritis (OA)-related gene expression. In Study 1, 71 dogs were examined to determine risk factors associated with PL, including
breed, age, weight, sex, and affected joint. In Study 2, a total of 39 dogs were divided into four groups: normal articular cartilage
in the stifle joint (G1; n=5); PL without cartilage erosion (G2; n=11); PL with cartilage erosion (G3; n=14); and OA in the stifle (G4;
n=9). Articular cartilage and synovial membranes were collected during surgical operations to correct PL. Real-time PCR was used
to quantify the expression levels of 11 OA-related genes, including AGG, COL2A1, HAS-1, HAS-2, TIMP-1, MMP-3, IL-1B, TNF-a, IFN-y,
COX-1, and COX-2, with GAPDH used as a reference gene. From Study 1, it was found that the risk factors related with cartilage erosion
lesion were age, sex, and PL grade (all variables showed P<0.05). From Study 2, it was demonstrated that PL with or without cartilage
erosion expressed pro-inflammatory cytokines and enzymes; some biomolecules were up regulated (IL-18, MMP-3, AGG, TIMP-1) but
some were down regulated (COL2A1, HAS-2, COX-1, COX-2). This expression was the difference between the articular cartilage and the
synovial membrane; however, the expression of genes from PL with cartilage erosion was observed to be similar to that of OA. From
our results, it can be concluded that PL can develop into secondary OA due to an increase of IL-18 in cartilage and synovial membrane.

Keywords: Cartilage erosion, Dog, Gene expression, Patellar luxation

Kopeklerde Patellar Luksasyonda Kikirdak Erozyonunun
Prevalansi ve Etkilenmis Eklemlerdeki Gen Ekspresyonu

Ozet

Bu calismanin amaci patellar luksasyonlu (PL) kiiclik cusseli kdpeklerde kartilaj erozyonunun prevalansini ve osteoartritis (OA)-alakal
gen ekspresyonunu belirlemektedir. Birinci arastirmada; cins, yas, cinsiyet ve infekte eklemiiceren PL ile ilgili risk faktorlerini belirlemek
amaciyla 71 képek incelendi. ikinci arastirmada toplam 39 képek dért gruba ayrildi; diz ekleminde normal artikular kartilaj (G1; n=5),
kartilaj erozyon olmayan PL (G2; n=11), kartilaj erozyonlu PL (G3; n=14) ve dizde OA (G4; n=9). Cerrahi operasyon sirasinda PL'u
diizeltmek amaciyla artikuler kartilaj ve sinoviyal zarlar alindi. Toplam 11 adet OA ile ilgili genin (AGG, COL2A1, HAS-1, HAS-2, TIMP-1,
MMP-3, IL-1B, TNF-a, IFN-y, COX-1 ve COX-2; referans gen olarak GAPDH kullanildi) ekspresyon diizeylerini belirlemek amaciyla PCR
teknigi uyguland. Birinci arastirmanin sonucunda yas, cinsiyet ve PL derecesi kartilaj erozyonu ile ilgili risk faktorleri olarak belirlendi
(P<0.05). ikinci arastirmada kartilaj erozyonlu veya erozyon bulunmayan PLlu képeklerde pro-inflamatuar sitokinleri eksprese ettikleri,
bazi biyomolekiillerin ekspresyonunu artirdiklar (IL-18, MMP-3, AGG, TIMP-1) bazilarini ise azalttiklari (IL-13, MMP-3, AGG, TIMP-1)
gozlemlendi. Bu ekspresyon artikiiler kartilaj ve sinoviyal zar icin farkliydi. Ancak kartilaj erozyonlu PLda genlerin ekspresyonu OA ile
benzerlik gostermekteydi. Calisma bulgularn dogrultusunda kikirdak ve sinoviyal zarlarda artan IL-713'ya bagl olarak PLun sekonder
OA'e yol acabilecegi sonucuna varildi.

Anahtar sozciikler: Kartilaj erozyonu, Képek, Gen ekspresyonu, Patella ¢ikigi
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INTRODUCTION

Patellar luxation (PL) is one of the most common joint
diseases in small breed dogs '3, the prevalence of which
has been studied worldwide. In Chiang Mai, Thailand,
for example, 128 out of 317 dogs (40.3%) were reported
to be affected with PL, predominantly in poodles
(34.4%), Pomeranians (28.9%), and Chihuahuas (12.5%).
Even in the United States, a study found that 43% of
Pomeranians and 23.6% of Dutch flat-coated retrievers
had PL ™. Originally, clinicians focused on finding an
effective surgical technique for treating this condition .,
So far, targeted gene studies have detected loci on
chromosomes 7 and 31 that are involved in PL 2219,
Patellar luxations can be medial or lateral and are graded
based on severity ', A higher grade of PL is associated
with certain joint diseases, such as cranial cruciate
ligament rupture 2,

Osteoarthritis (OA) is one of the most common joint
diseases in animals, and in humans as well. Many joint
diseases in dogs have been proven to be the cause of OA,
such as cranial cruciate ligament rupture '>'%, meniscus
injury 0415, elbow dysplasia ", and hip dysplasia """\
Although a relationship between PL and OA has not been
well established in dogs or in humans, three reports have
indicated that PL is a possible cause. The other study
also reported significant potential in treating PL without
surgery 8, Patellar luxation causes joint instability from
the lateral or medial movement of the patella on the
femoral groove. The movement of the patella in and out of
the femoral groove in PL can cause cartilage erosion 92,
which may then develop into OA 1822231,

As yet, PL has not been reported to be associated with
expression of OA-related genes in dogs or in humans. This
work aims to study the expression of some OA-related
genes from articular cartilage and synovial membrane in
canine PL. The objectives of this study were to determine
the prevalence of cartilage erosion in PL and to compare
the expression of genes in PL, with or without cartilage
erosion, to OA gene expression. The hypothesis is, if PL is
related to development of OA, then the expression of some
OA-related genes will differ from normal and be similar to
OA joint. Additionally, we study the incidence of cartilage
erosion in PL.

MATERIAL and METHODS

This research consisted of two independent studies.
The first is retrospective data showing the prevalence of
cartilageerosionincaninePL.Thesecondstudyinvestigated
the expression level of some OA-related genes from the
articular cartilage and the synovial membrane. The Ethics
Committee of the Faculty of Veterinary Medicine, Chiang
Mai University, Thailand, approved this study in 2014.

Stupy 1: INciDENCE OF CARTILAGE EROSION IN CANINE

Animals: The data -including breed, age, weight, sex,
and affected stifle joint- were recorded from 71 PL dogs
(Table 1) that had visited the Animal Hospital for stifle
surgery from 2010 to 2014.

Patellar Luxation Grading: The degrees of PL
were classified into four grades, as determined by
manipulation "2 Grade I: The patella can be luxated
from the femoral groove when the stifle was fully extended
and the patella can return into the femoral groove
immediately. Grade II: The patella moves out of the femoral
groove for sometime, but it can return to the normal
position spontaneously. Grade Ill: The patella is normally
luxated from the femoral groove but can be returned to
a normal position by manipulation. Grade IV: The patella is
permanently luxated from the femoral groove and cannot
returned to this normal position.

Cartilage Erosion Lesion: During exploratory stifle
arthrotomy, the lesions on six anatomical sub-regions of
articular cartilage on the patella and femoral trochlea,
including the central patella, medial patella, lateral patella,
medial trochlea, lateral trochlea, femoral groove, and
osteophyte formation were examined and evaluated as
positive or negative lesions.

Statistical Analysis: Age and weight were reported
as meanzSD, sex was reported in terms of number of
male and female, and affected joints were reported in terms
of percentage. The prevalence of cartilage erosion lesions
in canine PL cases was reported with 95% confidence
interval (95% Cl). The relationship between degrees of
PL and positive/negative cartilage erosion was analyzed
using Fisher’s exact test. The R statistical program was
used to analyze the risk factors of cartilage erosion
lesion finding. Univariable analysis was performed using
Fisher's exact test. A thres-hold value of P<0.05 was
used to screen variables for the multivariable model. A
multivariable logistic regression model was used to assess
the risk factors of this outcome. The Akaike information
criterion was used to select the best-constructed model.
The receiver operating characteristic curve was tested to
evaluate model accuracy.

Table 1. Information on patients included in study 1

Tablo 1. Birinci arastirmadaki hasta bilgileri

Age (months) Weight Sex

Breed Number min-max (kg)
(mean) mean+SD | Male | Female

Pomeranian 33 6-120 (37) 3.7+£1.6 15 18
Chihuahua 22 8-96 (25) 27+15 7 15
Shih Tzu 6 36-84 (49) 5.8+1.2 3 3
Yorkshire 5 18-96(40) | 24+08 | 4 1
Terrier
Poodle 5 24-120 (64) 5.1+2.3 2 3




563

BOONSRI, PRADIT, SOONTORNVIPART, YANO
CHOMDE], ONGCHAI, NGANVONGPANIT

StuDpY 2: ARTICULAR CARTILAGE AND SYNOVIAL MEMBRANE
GENE ExPRESsION IN CANINE PATELLAR LuxaTioN

Animals: A total of 39 dogs were divided into four
groups (Table 2): Gl=dogs without gross evidence
of pathology of articular cartilage from the stifle joint
(n=5); G2=PL without cartilage erosion (n=11); G3=PL
with cartilage erosion (n=14); and G4=dogs with stifle OA
(n=9), when OA lesions were present in the joint, based
on the following criteria: cartilage fibrillation, erosion, and
osteophytes 29,

Inclusion/Exclusion Criteria for Samples: The dogs
belonging to G2 and G3 were small-breed dogs less than
5 years old with clinical signs of medial PL. Animals that
were pregnant, were with neurological disease, or had
undergone musculoskeletal surgery were excluded. Dogs
with lameness due to cranial cruciate ligament rupture
or meniscal injury, and those with nerve injury, lumbo-
sacral instability, infection, immune diseases, and fractures
were also excluded. Dogs belonging to G1 had visited the
hospital for hind limb amputation (from a traffic accident).
Gross pathology reports of previously collected cartilage and
synovial membrane were evaluated, and it was confirmed
that the reports did not show cartilage and synovial
membrane lesions. Moreover, these dogs had no documented
history of stifle disorder. Dogs in G4 were diagnosed with
cranial cruciate ligament rupture or meniscus injury at
least 1 month prior to surgery; moreover, this group was
free from PL. Samples of articular cartilage and synovial
membrane were collected during the operation.

Patellar Luxation and Articular Cartilage Erosion: The
degrees of medial PL were classified into four grades by
manipulation, as mentioned previously. Dogs with medial
PL had been recommended to undergo surgical correction of
the condition by a veterinarian. Articular cartilage erosion was
evaluated during the operation. The criterion of cartilage
erosion was applied from macroscopic scoring of femoral
condyle and patella as mention in Cook et al.?”.. Cartilage
erosion was classified as either positive or negative.

Collected Cartilage and Synovial Membrane: During
stifle the operation, the cartilage was collected at the
lateral site of the femoral trochlea using a scalpel blade,
while the synovial membrane was collected at the incision
site immediately following arthrotomy (Fig. 1). For dogs in

Table 2. Information on patients included in study 2

G1 and G4, samples were collected at the same site as for
G2 and G3, to avoid the location of articular cartilage being
afactorin the analysis. The size of each sample of the cartilage
and the synovial membrane was approximately 0.5 cm
in length. The samples were ground and homogenized
with TRIzol® reagent for RNA isolation 12829, Due to ethical
considerations, sample collection was performed so that
the procedure itself would not cause OA or other joint
disease. Cartilage samples could not be collected at cartilage
lesions because of the possibility that this could lead to
progressive OA B A previous study found that collection
of cartilage at the lateral site of the femoral trochlea would
not cause OA B,

Gene Expression Analysis: The genes involved in OA
were investigated for their expression levels in the cartilage,
and the synovial membrane tissues collected from dogs
with OA and PL, using the quantitative real-time PCR
method. The tissues were evaluated for the expression level
of 11 genes, as follows: 5 anabolic-related genes: aggrecan
(AGG), collagen type Il alpha 1 (COL2A1), hyaluronan
synthase 1 (HAS-1), hyaluronan synthase 2 (HAS-2), and
thetissue inhibitor of metalloproteinase 1 (TIMP-1); 1 cata-
bolism-relatedgene:matrix metalloproteinase 3 (MMP-3);
3 pro-inflammatory cytokine genes: interleukin 1 beta
(IL-1B), tumor necrosis factor alpha (TNF-a), and interferon
gamma (IFN-y); and 2 inflammatory enzyme genes: cyclo-
oxygenase 1 (COX-1) and cyclooxygenase 2 (COX-2). Glycer-

Fig 1. The excision sites of (A) synovial membrane and (B) articular
cartilage

Sekil 1. Sinoviyal zar (A) ve artikular kartilajdaki (B) kesit alanlari

Tablo 2. ikinci arastirmadaki hasta bilgileri

Number .
Groups Articular Cartilage Total Number ege months) Weight (kg)
min-max (mean) mean+SD
(male:female)
G1 Normal 5(2:3) 12-58 (34) 1.81+£4.67
G2 Patellar luxation without cartilage erosion 11 (7:4) 6-60 (20) 3.76+2.37
G3 Patellar luxation with cartilage erosion 14 (3:11) 6-60 (20) 3.76+2.37
G4 Osteoarthritis 9 (4:5) 24-120 (67) 7.33+£5.32
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aldehyde-3-phosphate dehydrogenase (GAPDH) was used
as the endogenous control gene (reference gene) 28,

RNA Isolation, cDNA Synthesis and Quantitative Real-
Time PCR: The total RNA of the cartilage and the synovial
membrane were isolated by using aninnuPREP DNA/RNA
Mini Kit (Analytik Jena AG, Germany), as described in the
manufacturer’s protocol. -Reverse transcription of the total
RNA from the cartilage and the synovial membrane was
carried out to synthesize first-strand cDNA. The Expression
of the genes related to OA was measured by quantitative
real-time PCR by using an Eco™ Real-Time PCR System
(Ilumina, USA). The PCR reaction was incubated according
to the following protocol: 95°C for 10 min, 45 cycles
of denaturation at 95°C for 20 s, annealing at different
annealing temperatures (Table 3) for 15 s, and extension
at 72°C for 15 s. The relative expressions were calculated
using threshold cycles (C;) with normalization to the
reference gene (GAPDH) 128,

Statistical Analysis: The amplification efficiency of
genes reported to the GAPDH expression as the internal
control. The mRNA level, expressed as Ct, ACt (Ct gene - Ct
GAPDH), was used to calculate the relative quantification
(Rq), using 2% methods. The expression of the control
group (G1) served as a reference (Rq=1). The data were
presented as box plots and statistically analyzed using the
SPSS 17 software. The expression level difference groups
were determined using ANOVA and multiple comparison
tests. P<0.05was considered to be statistically significant.

Table 3. Sequences of primers used in quantitative real-time PCR

RESULTS

Prevalence of Cartilage Erosion in Canine Patellar
Luxation: Out of a total of 71 dogs surveyed for cartilage
erosion, 39% (28/71) demonstrated cartilage lesions pre-
dominantly on the femoral trochlea and patella. The majority
of these animals (24/28) had one lesion, whereas three
animals had two, and one had three lesions on the articular
surfaces and bone (Table 4). Out of 33 lesions observed,
the majority were observed on the medial patella (30%
of total lesions, 10/33), while 27% (9/33), 21% (7/33), 18%
(6/33), and 3% (1/33) were observed on the lateral patella,
the center patella, the medial trochlea, and lateral trochlea
osteophytes, respectively (Fig. 2).

Cartilage erosion was not found on the femoral groove
or the lateral trochlea. On five stifles (18%) were found two
lesions; four stifles showed lesion on the medial and the
lateral patella, one stifle revealed lesion on the center of
the patella and osteophyte on the lateral trochlea. Three
lesions were found on one stifle (3%) on the medial and
the lateral patella as well as the medial trochlea. Risk
factors that were related to cartilage erosion were age, sex,
and PL grade (P<0.05). The prevalence of cartilage erosion
was higher (OR = 7.05, P<0.05) in female dogs compared
with male dogs and increased with age (OR = 1.04, P<0.05).

Gene Expression: The quantity and quality of the cDNA
samples synthesized from the RNA was evaluated using a
spectrophotometer (Biodrop Ltd., Cambridge, UK). It was

Tablo 3. Kantitatif gercek zamanl PCR'da kullanilan primer sekanslari

Gene Primer Sequence (5'—3’) Le(e:’g,)th A;f::;i::\ Ten?:e':-:::::egPC)
o | ooeme | s
s | SOCCCne: e | wwer | g
| womses | w
corzar | P CAGCGAGCGTTCCCAAGA 15| NM_ooiooess: 0
w | s | s
s | wses | s
as | wwoosaw | s
oo | e
e o | wom | s
w2 |
@ | wmoms | s
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found that ¢cDNA concentrations ranged from 0.6 to 2.3
pg/ul. The purities of the OD 260/280 and 260/230 ratios
were 1.6-1.7 and 1.7-2.8, respectively.

Cartilage Gene Expression: The expressions of all 11
genes in cartilage are shown in Fig. 3. In comparing the
OA group (G4) to controls (G1), seven transcripts were
expressed to a lower degree in G4 (P<0.05), which included
HAS-1, HAS-2, COL2A1, AGG, IFN-y, COX-1, and COX-2, while
the other four transcripts had higher expression in G4.
Only MMP-3 and IL-18 had higher (P<0.05) expression in
G1 than in G4. The expressions of COL2AT and IFN-y were
highly expressed (P<0.05) in G2 compared with G3. In G2,
the expressions of HAS-1, HAS-2 AGG, TIMP-1, MMP-3, and
TNF-a did not differ (P>0.05); however, expressions of IL-1f3
and IFN-y was higher (P<0.05) compared with G1. Between
G2 and G4, expression of HAS-1, HAS2, COL2A1, AGG, IFN-y,
COX-1, and COX-2 were higher (P<0.05) in G2, while in G3,
the expression of TIMP-1, MMP-3, IL- 13, COX-2, and TNF-a were
not different (P>0.05), nor were did they differ compared to
G1. The expressions of AGG, IFN-y, and COX-1 were higher
(P<0.05) in G3 compared with G4. Last, expression of MMP-
3 was lower (P<0.05) in G3 compared with G4.

Synovial Membrane Gene Expression: The expressions
of genes from the synovial membrane are shown in Fig. 4.
Comparing G1 and G4 groups, two genes, namely HAS-1
and HAS-2, were expressed to a lower extent (P<0.05) in
G4, whereas IL-13 and COX-1 were similar (P>0.05). Three
genes, which included TNF-a, IFN-y, and COX-2, had higher
expression (P<0.05) in G4. Between G2 and G3, TIMP-1
expression was higher (P<0.05) in G3, whereas COL2A]1,
MMP-3, COX-2, IFN-y and TNF-a was not (P>0.05). IL-18
expression was lower (P<0.05) in G3, but HAS-1, HAS-2,
AGG, and COX-1 expression was similar (P>0.05). TIMP-1 in
G2 was expressed more (P<0.05) than thatin G1, while HAS-
1, COL2A1, AGG, MMP-3, IL-13, TNF-a, and IFN-y had similar
expression levels (P>0.05). Notably, HAS-2 showed lower
(P<0.05) expression compared with G1. The expression of

HAS-2,AGG,andIL-18inG2washigher (P<0.05), while TIMP-1,
TNF-a, IFN-y and COX-2 was lower (P<0.05) in comparison
with G4. MMP-3 in G3 showed higher (P<0.05) expression
in comparison with G1, while HAS-1, COL2A1, AGG, TIMP-1,
IL-1B, COX-2, and TNF-a did not show a difference (P>0.05)
inexpression. Lower epression of HAS-2 (P<0.05), but not
COX-T or COX-2 (P>0.05), was observed in G3 as compared
to G1. AGG and TIMP-1 in G3 showed higher (P<0.05)
expression, while COX-2 showed no difference (P<0.05) in
expression in comparison with G4.

DISCUSSION

The relationship between cartilage erosion and PL
in humans has been widely reported 234, and a few
studies have been performed in dogs "%, In the reports
on humans, a high prevalence of cartilage lesions, of 40-
97%, has been reported %232, while in dogs, prevalence
reported has been 39.5% 2"; in addition, our study reports
the percentage of prevalence in dogs to be 39%.

Our study also found that the grade of PL had an effect
on cartilage erosion (P<0.05). However, the odds ratio (OR)
cannot be reported because of the low number of dogs
in each group of patellar grade, making the OR number
of this factor extremely high. A larger number of dogs is
needed in each group for finding the OR number of the
patellar grade and the cartilage erosion. A total of 79% of
the cartilage erosion in PL was found in a single location,
18% was observed in two locations, and 3% was found
in three locations. These findings are in accordance with
a previous report Y which demonstrated that very high
percentages of cartilage erosion were found in 21-60% of
the examination areas. The reason that we did not conduct
the evaluation in terms of areas of cartilage erosions
because during the operation it is not possible to do a
measurement of the actual area of all the articular cartilage,
precise measurement of the area was not possible at the
time of surgery. In our study, low grades of PL (1-2) were

Table 4. Percentage of positive and negative cartilage lesions as well as location of cartilage lesions in 71 cases of patellar luxation

Tablo 4. Patella ¢cikikli 71 olgudaki lezyonlar

Cartilage Lesions Cartilage Lesions in Different Sub-regions
Patella (total stifle joints = 71) (total lesions = 33)
Grade
Total Pos. Neg. A B C D E F G
1 14% 0% (0/28) 23% 0% 0% 0% 0% 0% 0% 0%
(10/71) 0 (10/43) (0/33) (0/33) (0/33) (0/33) (0/33) (0/33) (0/33)
0% 0% 0% 0% 0% 0% 0%
(v 0, 0
2| 13%0O7) | 0%(0/28) | 21%(9/43) | a5 (0/33) (0/33) (0/33) (0/33) (0/33) (0/33)
0y 0y 0y 0, 0 0 0, 0, 0,
3 37% 29% (8/28) 42% 12% 0% 6% 6% 0% 0% 0%
(26/71) (18/43) (4/33) (0/33) (2/33) (2/33) (0/33) (0/33) (0/33)
0y 0 0y 0y 0y 0y 0, 0, 0
4 37% 71% 14% (6/43) 18% 27% 15% 12% 0% 0% 3%
(26/71) (20/28) (6/33) (9/33) (5/33) (4/33) (0/33) (0/33) (1/33)
Total 71 39% 61% 30% 27% 21% 18% 0% 0% 3%
(28/71) (43/71) (10/33) (9/33) (7/33) (6/33) (0/33) (0/33) (1/33)
Pos. = positive, Neg. = negative, A = medial patella, B = lateral patella, C = center patella, D = medial trochlea, E = lateral trochlea, F = femoral groove,
G = osteophyte
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not found to be affected with cartilage erosion, while a
report from Daems et al.?"" demonstrated 55% and 42%
from grade 1 and grade 2 as being affected with cartilage
erosion; the contrasting reports may be due the difference
in the sizes of dogs in the two studies. The study conducted
by Daems et al.?" included all breed sizes (small to giant
breeds) with weights in the range of 1-42 kg (the median
weight being 8.8 kg), while our study included only small
breeds with weights in the range of 1.2-9.0 kg (the median
weight being 3.5 kg). The conclusion arrived at by Daems
et al.?" suggests a weak significant correlation between
cartilage erosion and body weight, but taken together
with the findings in this study, it may be possible that
weight does have an effect on cartilage erosion in
PL. Moreover, our first study found the prevalence of
cartilage erosion to be significantly higher in female
dogs compared with males. Additionally, with increasing
age, the prevalence of cartilage erosion was also found
to increase significantly. It has been well documented in
many publications that aging has an effect on cartilage
morphology and biology, which can cause OA 13334,

Fig 2. A representative photo of cartilage erosion
on the (A) center of patella, (B) medial and lateral
patella, (C) medial trochlea, and (D) osteophyte (Lat.
= lateral; Med. = medial)

Sekil 2. Patellanin merkezinde (A), medial ve
lateralinde (B), medial trocleada (C) ve osteohytede
(D) kartilaj erozyonlarinin gostintiist (Lat. = lateral;
Med. = medial)

In the process of harvesting articular cartilage, we
collected at the lateral aspect of the femoral trochlea in
all four groups. From a previous study on chondrocyte
transplant, including research done by our team BY, this
location is the best for harvesting articular cartilage
without causing OA. Moreover, this is in accordance with
ethical standards, whereby any clinical research method
must not be the cause of disease or illness. Indeed, the
experimental design was for samples to be collected
at the same location in all joints: normal, PL with or
without cartilage erosion, and OA groups. This is because
if samples were collected at different locations (weight-/
non-weight-bearing sites or lesion/normal sites) it would
affect the comparison of gene expression among the
four groups. In the PL with cartilage erosion group, the
expression of genes in cartilage taken from a lesion was
similar to that of OA B, But our findings have shown than
not only do chondrocytes from a lesion demonstrate
a similarity to chondrocytes from OA, they also have
a marked effect on normal cartilage tissue in the
same bone.
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Fig 3. The relative expressions of 11 genes from the articular cartilage, as considered in the four study groups: G1 = normal, G2 = patellar
luxation without cartilage erosion, G3 = patellar luxation with cartilage erosion, and G4 = osteoarthritis (*P<0.05; **P<0.01)

Sekil 3. Artikular kartilajda 11 genin orantisal ekspresyonlari G1 = normal, G2 = kartilaj erozyonu olmayan patella ¢ikigi, G3 = kartilaj

To the best of our knowledge, this research is the first
to demonstrate the expression of genes in PL with and
without cartilage lesion as having the potential to develop
into OA. This study has shown that the expression levels
of AGG (8,302-fold) and IFN-y (18-fold) from the articular
cartilage and HAS-T1 (1,404-fold), AGG (19,814-fold), and IL-
1B (365-fold) from the synovial membrane of PL without
cartilage erosion are the highest among all the four
groups. The expression of IL-1f3 (9,872-fold) and COX-2 (48-
fold) from the articular cartilage and TIMP-1 (332-fold) and

MMP-3 (44-fold) from the synovial membrane of PL with
cartilage erosion was found to be the highest among all
the four groups. In PL with or without cartilage erosion,
it was found that the AGG and the IL-18 expression levels
from the articular cartilage and the HAS-1 expression from
the synovial membrane had up-regulated in comparison
with the normal and the OA groups.

Among the cytokines involved in the OA process, IL-
18 and TNF-a are found to play important roles as major
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Sekil 4. Sinoviyal zarda 11 genin orantisal ekspresyonlari G1 = normal, G2 = kartilaj erozyonu olmayan patella ¢ikigi, G3 = kartilaj

OA-induced cytokines. Our study found that the cartilage
and synovial cells of PL expressed IL-1f in levels higher
than normal and OA. In the articular cartilage of PL with
and without cartilage erosion, IL-13 was observed to
have the highest level of expression in comparison with
other genes. But the expression levels from the synovial
membrane of both the groups were observed to have
slightly up-regulated. From this result, it is possible to
conclude that PL with or without cartilage erosion can
increase the expression levels of IL-18 and TNF-a, which
can lead to the development of a catabolic pathway to

OA. Moreover, MMP-3 is an enzyme that responds to the
catabolic pathway, and the expression of this gene was
found to be significantly high in the articular cartilage.
The modulated expression of MMP-3 was found in the
articular cartilage and the synovial membrane of PL with
cartilage erosion, while the expression from PL without
cartilage erosion was observed to be mild. It is possible
that cartilage erosion is one cause of MMP-3 expression,
which increases the degradation process in articular joints
affected with PL. The enzyme MMP-3 can cleave collagen,
aggrecan, and link protein, while TIMPs inhibit the activity
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of MMPs. This study evaluates the expression of MMP-3
and TIMP-1 because these two genes are related, as
previously described #%*1. An increase in the level of the
enzyme MMP-3 in comparison with TIMP-T in the cartilage
and the synovial membrane would explain the decrease in
proteoglycan. In this study, the expression levels of MMP-3
and TIMP-1 from the articular cartilage of PL with and with-
out cartilage erosion and OA are together up regulated.

As is well known, IFN-y is a pro-inflammatory cytokine
that plays a key role in maintaining immune homeostasis
in patients with rheumatoid arthritis (RA) and joint
inflammation ®. This study found that the expression
of IFN-y in the articular cartilage from patella luxation
without cartilage erosion was up-regulated, but that the
expression of IFN-y in the articular cartilage from PL with
cartilage erosion and OA were down-regulated; however,
they were not found to be very significantly different.
This finding is similar to the finding reported by Tsuchida
et al."¥, which is that the level of the synovial fluid of the
cartilage defect jointis higher than the level of the cartilage
of OA. Whereas in the synovial membrane of PL with and
without cartilage erosion, it was found that IFN-y showed
mild up regulation, significant (P<0.05) up regulation was
found in the synovial membrane of OA.

One of the multifunctional enzymes involved in the
normal and the pathologic pathways is COX, of which
two isoforms have been characterized. COX-1 is expressed
constitutively in many organs/tissues in body, while COX-
2 up-regulates in the inflammation pathway. Our study
found a low expression of COX-1 in the cartilage and the
synovial membrane of PL with cartilage erosion and OA
groups, while COX-2 expression from the cartilage and the
synovial membrane was observed to be the highest in PL
with cartilage erosion and OA group. Increasing amounts
of IL-13 and TNF-a were detected in cartilage and synovial
membrane samples taken from both the OA and PL with
cartilage erosion groups. Both of these cytokines have the
ability to upregulate COX-2 gene expression. TNF activates
not only the degradation pathway in OA, but also the
sensory neurons, which is what induces neuropathic pain 5%;
an increase in TNF-a in PL and OA can be a cause of pain.

The HAS enzymes are secreted by chondrocyte and
synoviocyte, and the three related synthase isoenzymes
are HAS-1,HAS-2,and HAS-3.The predominant enzymes are
HAS-1 and HAS-2; HAS-1 is a major HAS isoform produced
from synoviocyte, while HAS-2 is a major isoform produced
from cartilage ©°. Our study found the gene expression of
HAS-1 and HAS-2, but not HAS-3 because HAS-T and HAS-2
are active during the process of tissue damage and repair
and produce high molecular weight HA, whereasHAS-3
produces low molecular weight HA ¥, This study found
the HAS-T expression from the synovial membrane to be
extremely high in PL, both with and without cartilage
erosion groups, while it was downregulation the OA group
in comparison with the control group. HAS-2 was observed

to be upregulated in PL with or without cartilage erosion
but down regulated in the OA group.

Both the synovial membrane and the articular cartilage
play important roles in controlling OA. But the difference
between the cartilage and the synovial membrane lies in
the expression of the genes; even for the same gene, there
exists differences in the expression between two tissues in
normal or OA joint '8, All the cytokines that are produced
from these two tissues influence the OA mechanism. In
the early stages of OA, the expression of cytokine from
the synovial membrane is found to be associated with the
presence of synovial inflammation 42, Our study found
down-regulation of the COX-2 gene from the synovial
membrane of patella luxation with and without cartilage
erosion, but the highest occurrence of up-regulation was
from the synovial membrane of the OA group. Moreover,
COX-2 in the articular cartilage was observed to be up
regulated in PL with cartilage erosion, but down-regulated
in PL without cartilage erosion and OA.

This study has demonstrated that PL with or without
cartilage erosion expresses pro-inflammatory cytokines
and enzymes, and that some anabolic biomolecules are up
regulated but some are down regulated. The expression
was different between articular cartilage and synovial
membrane. The expression of genes from PL with cartilage
erosion is similar to that of OA. In conclusion, PL with or
without presentation of articular cartilage erosion can lead
to OA, based on increasing levels of IL-1(3 observed.
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Abstract

Melatonin receptor 1A (MTNR1A) gene encodes melatonin hormone which regulates the function of seasonal reproductive activity
in sheep. The aim of this study was to make the genetic characterization and identify the variant alleles of MTNR1A gene in Kivircik
breed. Blood samples of 110 Kivircik sheep were collected from five different farms located in Kirklareli and Istanbul. DNA extraction
was performed from blood samples. Exon 2, the polymorphic region of Melatonin receptor 1A gene, was amplified and PCR products
were genotyped by using Mnll and Rsal enzymes. The observed alleles and genotypes for Mnll enzyme were; M (0.891), m (0.109)
and MM (0.782), Mm (0.218) respectively. Kivircik sheep was null from mm genotype. Also identified alleles were C (0.682), T (0.318)
and genotypes were CC (0.582), CT (0.200), TT (0.218) for Rsal enzyme. The most frequent genotypes were MM (78%) and CC (58%) in
Kivircik ewes. Since MM and CC genotypes were known with their positive effect on out of season reproductive activities, Kivircik ewes
with these genotypes might suggested to be used in out of season lambing when demanded.

Keywords: Kivircik, Sheep, Melatonin, Receptor, Genetic variation

Kivircik Irki Koyunlarda Melatonin Reseptor 1A (MTNR1A) Geninin
Mnll ve Rsal Restriksiyon Enzimleri ile Genetik Varyasyonunun
Belirlenmesi

Ozet

Melatonin reseptor 1A (MTNR1A) geni koyunlarda mevsime bagli tireme fonksiyonlarini diizenleyen bir hormon olan melatonini
kodlamaktadir. Bu calismanin amaci Kivircik irki koyunda MTNR1A geninin genetik varyasyonunun ve allel ¢gesitliligini belirlemektir.
Kirklareli ve istanbul illerindeki 5 farkli ciftlikten olmak {izere toplam 110 adet Kivircik irki koyununa ait kan érnekleri toplanarak DNA
izolasyonu yapilmistir. MTNR1A geninde polimorfik olan ekzon 2 bolgesi PZR ile yiikseltgenmis olup Mnll ve Rsal enzimleri kullanilarak
allel ve genotip tespitleri yapiimistir. Gzlenen alleller ve genotipler Mnlligin M (0.891) ve m (0.109) alleleri ile MM (0.782) ve Mm (0.218)
genotipleri, Rsal icin C (0.682) ve T (0.318) alleleri ile CC (0.582), CT (0.200) ve TT (0.218) genotipleri olmustur. Kivircik koyunlarinda
mm genotipi gdzlenmemis olup, en yliksek oranda gozlenen genotipler, koyunlarda mevsim disi tireme faaliyetlerini pozitif olarak
etkiledigi bilinen MM (%78) ve CC (%58) olarak tespit edilmistir. Bliylk bir cogunlugu MM ve CC genotiplerine sahip olan Kivircik irki
koyunlarin mevsim disi kuzulatmada yaygin olarak kullaniimasi yetistiricilere 6nerilebilir.

Anahtar sozciikler: Kivircik, Koyun, Melatonin, Reseptdr, Genetik varyasyon

INTRODUCTION eastern provinces in Marmara region and in some

Aegean provinces of Turkey 2. Age, body weight and

Kivircik is an important red meat source in Turkey and ~ photoperiod are the most significant factors that effect of

a native sheep breed known with its good meat quality .  puberty in ewes ©. Small ruminant reproductive activity
Kivircik breed is raised in Thrace region, southern and increases during decreasing photoperiods. Related process
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depends on melatonin hormone which plays an essential
role in controlling seasonal reproduction by photoperiodic
information. Melatonin is secreted from pineal gland in
proportion to the period of darkness ¥ and its production
is controlled by day/night alteration. The peak level of
melatonin secretion is positively correlated with the
length of the dark hours B\ Short photoperiods influence
positively on melatonin level, enhance secretion of gonado-
tropic releasing hormone (GnRH) and correspondingly
luteinizing hormone (LH). Melatonin is link with two
specific high affinity receptors, melatonin receptor 1A
and 1B that are located in hypophyseal pars tuberalis ©.
However Melatonin receptor 1A (MTNR1A) is the main
receptor mediating melatonin action to modulate GnRH
pulsatile activity , therefor it is involved in the regulation
of reproductive activity V.. Futhermore melatonin has
a protective effect against aluminum accumulation ¥
Exogenous applications of this hormone during the
summer encourage the onset of puberty ©. To activate out
of season reproduction hormonal treatments are used in
sheep breeding. Variations in MTNRTA gene have significant
effect on melatonin binding sites to pars tuberalis of
hypothalamus . Therefor these variations also effect the
respond to melatonin treatment B. However demands for
hormone free products directs to a search for alternative
methods ¥ Knowledge of genes and genetic markers that
influence on out of season lambing would allow more
efficient and intensive selection programs for repro-
duction "%, The use of genetic markers for reproduction,
especially photoperiod sensitivity, is a promising method in
sheep L The variation among animals can be determined
at the DNA level with various molecular techniques.
Utilizing this information in selection program is a growing
interest, especially for the traits that are difficult to improve
with conventional methods [

MTNR1A gene located on chromosome 26 of sheep
genome. Its genomic structure consist of two exons
divided by a large intron ", Exon 1 encodes the first trans-
membrane domain and the first intracellular loop and exon
2 codifies for the remaining part of the receptor. Various
studies in different sheep breeds were reported two single
nucleotide polymorphisms (SNPs) at position 606 (C>T)
and 612 (G>A) in exon 2 region which are also identified
as silent mutations. Related SNPs can be identified by Rsal
and Mnll enzymes respectively. Polymorphic regions in
both Rsal and Mnll recognition sites were also reported
about their association with the seasonal ovulation and
reproductive activity in ewes 2, Related polymorphic sites
were studied various sheep breeds such as Columbia "3,
Merino d'arles 74, small tailed Han sheep U, lle de France
sheep ¥, Prolific Olkuska, Polish Mountain sheep, Suffolk,
Merino-Romanov sheep 1'%, Karakul '8, Awasi 21, Mouflon
wild sheep "%, Sarda 322, crossbred of 50% Dorset, 25%
Rambouillet, and 25% Finnsheep ewes 23, Akkaraman,
Chios 221 Rasa Aragonesa ), Local Starozagorska, Local
Karnobatska, Breznishka and Sofiiska 24, Daglic, Gokceada,

Karacabey Merino, Karayaka, Kivircik 2, Zandi sheep 2,
Dorset %, Zel, Naeini ?, Indian Chokla ", Marwari and
Magna 8. Trechel et al® provide evidence of a modification
in the melatonin signaling pathway by comparing two
polymorphic variants which makes MTNR1TA gene a
potential DNA marker for out of season breeding.

The aim of this study was identify the genetic variation
of MTNR1A gene in Kivirclk which is a noted and desirable
native sheep breed with its meat quality in Turkey.

MATERIAL and METHODS

This study was approved by Ethic Committee of the
Istanbul University Veterinary Faculty (Approval number:
2010/184).

Animals

Animal samples of this study come from five purebred
Kivircik flocks. The four of the flocks were located in
Kirklareli province. Twenty ewes were selected randomly
from each flock. The fifth flock was belong to Research and
Education Farm of Istanbul University Faculty of Veterinary
Medicine in which thirty ewes were selected randomly.
Blood samples of Kivircik (n=110) ewes were collected
from Vena jugullaris into steril vacuumed EDTA tubes from
Kirklareli (n=80) and Istanbul (n=30) provinces.

Genotyping

DNA isolation was performed from blood samples by
using DNA Pure Kit (Geneaid Biotech™, Taiwan). The region
of the MTNR1A gene in sheep was amplified by using
PCR with the forward 5'TGTGTTTGTGGTGAGCCTGG3' and
reverse 5’ATGGAGAGGGTTTGCGTTTA3 primers 8%, which
captured a fragment that has a length of 824bp from exon
2 (HQ658144.1). PCR amplification was performed in total
volume of 25ul consist from 5 pl Tag PCR Master Mix (200
U/ml Ultra-Pure Taqg DNA Polymerase, 1.25 mM dNTPs,
10 mM MgCl,; Geneaid Biotech™, Taiwan), 0.5 pl 20 pmol
each primer, 3 ul genomic DNA (100 ng) and 16 ul dH,O
(AccuGENE™, Lonza, Belgium). PCR was performed with
the following conditions; denaturing at 94°C in 5 min, 34
cycles of 94°C in 1 min, 62°C in 1 min, 72°C in 1 min and
final extension at 72°C in 10 min (Bio-Rad T100, Bio-Rad
Laboratories Inc., CA, USA).

PCR products were digested with both Mnll and Rsal
enzymes (MBI Fermentas). Incubation was performed at
37°C by overnight for both Mnll and Rsal cleavage. After
performing the digestions, band patterns were visualized
on 4% agarose gel stained with ethidium bromide.

The ovine MTNR1A nucleotide data HQ658145.1
and HQ658147.1 which include C606T and G612A SNPs
respectively, was aligned with HQ658144.1 nucleotide
which includes wild type alleles (C and M). Alignment was
performed with nucleotide BLAST tool (http://blast.ncbi.
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nim.nih.gov/Blast.cgi) in order to compare and confirm
restriction sites among related nucleotides.

Statistical Analysis

Allele and genotype frequencies, observed and
expected heterozygosity values and chi square (X?) for
Hardy-Wienberg equilibrium (HWE) was estimated with
PopGene32 program B,

RESULTS

Two alleles were identified for Mnll (M and m) and Rsal
(C and T) digestions of ovine MTNR1A locus. Observed
genotypes with Mnll enzyme restriction were MM (78%)
and Mm (22%), no mm genotype was determined. With Rsal
enzyme restriction observed genotypes were CC (58%), CT
(20%) and TT (22%). MTNR1A locus had seven restriction
sites for Mnll and four for Rsal enzyme. Band pattern sizes
for M allele were; 220bp, 218bp, 135bp, 83bp, 82bp, 36bp,
28bp, 22bp and for C alleles were 411bp, 267bp, 70bp,
53bp, 23bp. However existence of G>A transition in Mnll
recognition site (GAGG-AAGG) was result to divergence
in the band patterns (303bp, 218bp, 135bp, 82bp, 36bp,
28bp, 22bp) thus it causes to m allele. Also existence of
C>T transition in Rsal recognition site (GTAC-GTAT) results
toTallele (411, 290, 70, 53 bp) (Fig. 1).

Band patterns for Mnll (M and m) and Rsal (C and T)

were visualized on 4% agarose gel (Fig. 2 A,B). However
all DNA fragments resulted after Mnll and Rsal digestions
could not been observed on agarose gel. Observable DNA
fragments for M allele were 303bp, 218bp, 135bp and for
m allele were 220bp, 218bp, 135bp. Also visualized band
patterns for C allele were 411bp, 267bp and for T allele
were 411bp, 290bp.

Allele and genotype frequencies, observed and expected
heterozygosity and chi square (X?) values resulted from
both Mnll and Rsal enzyme digestions of ovine MTNRTA
locus were given in Table 1. Kivircik breed ewes were found
in HWE at Mnll locus. However deviation from HWE was
found significant at Rsal locus (P<0.01).

DISCUSSION

Through conventional breeding program, genetic
improvement in out of season fertility trait is challenging.
For reproductive traits using genetic markers in selection
programs will be useful since the trait has low heritability,
furthermore it is expressed late in life; observed in one
gender; exhibited only in some environmental conditions
or management systems 1"%23, The unproductive time
period that passes between birth and first lambing is one of
the biggest problems in management of sheep breeding Bl
Sezenler et al.B? performed a study to determine some
reproductive characteristics of Kivircik, Chios and Imroz
indigenous sheep breeds of Turkey. Mating season duration

Mol (Query :HQ658144.1 and Sbict HQES8145.1)

Query 1 TGTGTTTGTGGTGAGCCTGGCAGT TGCAGACCTGCTGGTGGCCGTGTATCCGTACCCCTT 60
I
spjcr 1 TGTGTTTGTGGTGAGCCTGGCAGT TGCAGACCTGCTGGTGGCCGTGTATCCGTACCCCTT 60
Query 61  GGCGCTGGCGTCTATAGTTAACAATGGGTGGAGCCTGAGCTCCCTGCATTGCOCAACTTAG 120
I R N e
Sbjct 61  GGCGCTGGCGTCTATAGTTAACAATGGGTGGAGCCTGAGCTCCCTGCATTGCCAACTTAG 120
Query 121 TGGCTTCCTGATGGGCTTGAGCGTCATCGGGTCCGTTTTCAGCATCACGGGAATTGCCAT — 180
R
Sbict 121 TGGCTTCCTGATGGGCTTGAGCGTCATCGGGTCCGTTTTCAGCATCACTGGAATTGCCAT 180
Query 181 CAACCGCTATTGCTGCATCTGCCACAGERMIAGATACGLCAAGCTGTATAGCGGCACGAR 240
IIIII‘l||l|IIIIll|lII|I|||l||Illl‘llllllll|||l|llll|Illlll\l
Sbjet 181 CAACCGCTATTGCTGCATCTGCCACAGREMMIAGATACGECARGCTGTATAGCGGCACGAR | 240
Query 241 Gh G TTCCTGATCTGGACGCTGACGETOGTGGCGATCGTGCCCARCET | 300

ACGFGTTCCTGATCTGGACGCTGACGCTOGTGGCGATCGTGCCCANCCT 300

TTCRETGCT.

llllllllllllll VOLLRR N bR R it et i it
Sbjct 241 TTCHEEITGCT.
Query 301 Grcrmchcccmcmwc.Accc-amn;hr_cmanc--r‘rc:\cc:cmr:ccr 360
I e N R R Y
Sbjet 301 GTGTGTGGGGACCCTGCAGTACGACCCRAGHATCTATTCCTGTACCTTCACGCAGTCCGT — 360
CAGCTCAGCCTACACGATCGCCGTGGTGGTGTTCCATTTCATAGTTCCGATGCTCGTAGT 420
A O N s N Y
CAGCTCAGCCTACACGATCGCCGTGGTGGTGTTCCATTTCATAGTTCCGATGCTCGTAGT 420

Query 361
sSbjcr 361

CGTCTTCTGTTACCTGAGAATCTGGGCCCTGGTTCTTCAGGTCAGATGGAAGGTGAAACC 480
et e ettt

Query 421

Sbjct 421 CATCTTCTGTTACCTGAGAATCTGGGCCCTGGTTCTTCAGGTCAGATGGAAGGTGAAACC 480
Query 481 GGACAACAAACCGAAACTGAAGCCCCAGGACTTCAGGAATTTTGTCACCATGTTTGTGGT 540
N T
Sbjct 481 CGACAACAAACCGAAACTGAAGCCCCAGGACTTCAGGAATTTTGTCACCATGTTTGTCCT 540
Query 541 TTTTGTHEEERTTTGCCAITTGCTGGGCTHMMITGAACT TEATTGGTCTCGTTGTGGEMEN 600
O N N N O N N IR R R R N Ty
sbjct 541 TTTTCTINEEETTTGCCAI TTGCTGGGCTIRMMITGAACT TEATTGGTCTCGTTGTGCIN 600
Query 601 GGACCCCBCCAGCATGGCACCCAGGATCCCCGAGTGGCTGTTTGTGGCTAGTTACTATAT 660
N S SN N NN RN
Sbjct 601 GGACCCT GCATGGCA TCCCCGAGTGGCTGTTTGTGGCTAGTTACTATAT 660
Query 661 GGCATATTTCAACAGCTGCHEBMTGCGATCATATATGGACTACTGAACCAAAATTTCAG 720
|IIIIl|II)lllllllillllllllllllllIIIIlIll!IIIIIIIIHZIIIIIIH
Sbjct 661 GGCATATTTCAACAGCTGHEANTG ::ATATATGMACTGMCCAAMTTTCAG 720

Query 721 GCAGGAATACA(‘MTTA‘PAGTCTCAT?‘GTGTACCACCMGATGTTCTTTGTGG’\TAG 780
IR R N N N R RN R RN R R R RN R AN R RN

Sbjct 721 GCAGGAATACAGAAAAATTATAGTCTCATTGTGTACCACCAAGATGTTCTTTGTGGATAG 780
Query 781 CTCCAATCATGTAGCAGATAGAATTAAACGCAAACHEMITCCAT 824
lllllllllllHIIlllIHIIHIIlllillllllllllill
<

Sbjct 781 CTCCAATCATGTAGCAGATAGAATTAAACGCAAACHREEITCCAT 824

Rsal (Query :HQ658144.1 and Sbict HQE58147.1) -

Query 1 TGTGTTTGT CTGGCAGT TGGTGGCCGTGTAT CTT 60
|||||nu|1|||1||||n|nxxnn vereener e nfierrnn

sbjcr 1 TGTGTTTGTGGTGAGCCTCOCAGTTCCAGACCTGCTGGTGGCCGTGTATCOGIRECCCTT 60

Query 61 GGCGCTGGCGTCTATAGT TAACAAT CTGAGCTCCCTGCATTGOCAACTTAG 120

EERERR TRt b e et esrrnrneintngnt
GGCGC!

Sbjct 61 TGGCGTCTATAGTTAACAAT CTGAGCTCCCTGCATTGCCAACTTAG 120

Query 121 TGGCTTCCTGATGGGCTTGAGCGTCATCGGGTCOGTTTTCAGCATCACGGGAATTGCCAT 180
BEETERN R e e e et e b st rnibpiiy

Sbjct 121 TGGCTTCCTGATGGGCTTGAGCGTCATCGGCTCCOTTTTCAGCATCACSGGAATTGCCAT 180

Query 181 CAACCGCTATTGCTGCATCTGCCACAGUCTCAGATACGGCAAGCTGTATAGCGGCACGAR 240
ll!IIHIIIIIIIIHIXII)IHI!II|IIXI|IIIIIIII|IIII|IIIIH|II
Sbjct 181 CAACCGCTATTGCTGCATCTGCCACAGCCTCAGATACGGCAAGCTGTATAGCGGCACGAR 240

TTCCCTCTGCTACG TG TTCCTGATCTGGACGCTGACGCTCGTGGCGATCGTGCCCAACCT 300
PORRRREE Vi e et e ity
TTCCCTCTGCTACGTGTTOCTGATCTGGACGCTGACGCTCGTGGCGATCGTGCCCAACCT 300

Query 241
Sbjct 241
GTGTGTGGGGACCCT! ACCCGAGGATCTATTC (CCTTCACGCAGTCCGT 360

thine IlIIHHIIIIl!I! Rt ottt
Sbjct 301 GTGIG CTATTCCT TTCACGCAGTCCGT 360

Query 301

CAGCTCAGCCTACACGATCGCCGTGGTGETGTTCCATTTCATAGTTCCGATGCTCGTAGT 420
PRERRREE PRt et inieriiintl
CAGCTCAGCCTACACGATCGCCGTGGTGSTGTTCCATITCATAGTTCCGATGCTCGTAGT 420

Query 361
sbjet 361
CGTCTYCTGTTACCTGAGAATCTGGGCCCTGGTTCTTCAGGTCAGATGGAAGGTGAAACC 480

RN R R RN RN R R NN R NN N RN NN RN RNEE RN
TCTGGGCCCTGGTTCTTCAGGTCAGATGCAAGGTGAAACC 480

Query 421

Sbjet 421 CGTCTICTGTTACC
Query 481 GGACAACAAACCGAAACTGAAGCCCCAGGACTTCAGGAATTTTGTCACCATGTTITGTGGT 540
PEpptrer e et et renern e

GGACAACAAACCGAAACTGA CTTCA TTTTGTCACCATGTTITGTGGT 540

sbjct 481

TTTTGTCCTCTTTGOCATTTGCTGGGCTCCTCTGAACTTCATTGGTCTCGTTGTGGCCTC 600
PEERERRR e e
GTCCTCTTTGCCATTIGCTGGGCTCCTCTGAACTTCATTGGTCTCGTTGTGGCCTC 600

Query 541
Spjct 541 TTTT

Query 601 CATGGCACCCA \TCCCCGAGTGGCTGTTTGTGGCTAGTTACTATAT 660
BELUE Rt LR R e i skt ieateieang

GGACCCCGCCAGCAT \CCCA TC! TGGCTGTTTGTGGCTAGTTACTATAT 660

sbjct 601

Query 661 GGCATATTTCAACAGCTGCCTCAATGCGATCATATATGGACTACTGAACCAAAATTTCAG 720
R R R N R N NN NN

Sbjct 661 GGCATATTTCAA TGCCTCAATGCGAT GGACTACTGAACCARAATTTCAG 720
Query 721 GCAGGAATACAGAAAAATTATAGTCTCATTG ‘AAGATGTTCTTTGTGGATAG 780

II|IIIII||’IIIIlllllnlllIIXIIII!IIHH!IIIKI\lllHIHIIIIlII
8bjct 721 GCAGGAATACAGAAAAATTATAGTCTCATT AAGATGTTCTTTGTGGATAG 780
Query 781 CTCCAATCATGTAGCAGATAGAATTAAACGCAMCCCTCTCCAT 824

PROLEE ran st er e nrneint

Sbjct 781 CTCCAATCATGTAGCAGATAGAATTAAACGCAMCCCTCTCCAT 824

Fig 1.
HQ658147.1; T allele) enzymes within ovine MTNR1A gene

HQ658147.1; T alleli) enzimleri icin kesim bolgeleri

Restriction sites of Mnll (Query; HQ658144.1; M allele and Sbjct; HQ658145.1; m allele) and Rsal (Query; HQ658144.1; C allele and Sbjct;

Sekil 1. Koyun MTNR1A geninde Mnll (Query; HQ658144.1; M alleli ve Sbjct; HQ658145.1; m alleli) ve Rsal (Query; HQ658144.1; C alleli ve Sbjct;
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MM MM MM L MM MM MM MM MM

Mm Mm

MM

A

303bp
218bp
135bp

500bp

400bp 411bp

300bp «——— 290bp
«——— 267bp

200bp

Fig 2. The observed genotypes in Kivircik sheep after Mnll (A. Mm; 303bp, 218bp, 135bp in lanes 1,2 and MM; 218bp, 135 bpin lanes 3, 4,
5,6,8,9,10,11,12) and Rsal (B. CC; 411bp, 267bp in lanes 2, 5, CT; 411bp, 290bp, 267bp in lanes 3, 4, TT; 411bp, 290bp in lane 6) enzyme
digestions of MTNR1A gene on 4% agarose gel (L= 100bp ladder)

Sekil 2. Kivircik koyununda %4'liik agaroz jelde MTNR1A geninin Mnll (A. 1, 2 nolu kuyucuklarda Mm: 303bg, 218bg, 135bg; 3,4, 5,6, 8,9,
10, 11, 12 nolu kuyucuklarda MM: 218bg, 135 bg) ve Rsal (B. 2, 5 nolu kuyucuklarda CC: 411bg, 267bg; 3, 4 nolu kuyucuklarda CT: 411bg,
290bg, 267bg; 6 nolu kuyucukta TT: 411bg, 290bc) enzim kesimlerini takiben gézlenen genotipler

Table 1. Allele and genotype frequencies, observed and expected heterozygosity, chi square (X?) values of MTNR1A gene in Kivircik sheep breed for both Mnll
and Rsal enzymes

Tablo 1. Kivircik koyununda Mnll ve Rsal enzimleri icin MTNR 1A genine ait allel ve genotip frekanslari, gézlenen ve beklenen heterozigotluk ve Ki kare (X?) degerleri

Heterozygosity
Enzyme Alleles Allele Frequency | Genotypes | Genotype Frequency X2
Ho He

M 0.891 MM 0.782

Mnll m 0.109 Mm 0.218 0.218 0.195 1.57"
mm 0.000
0.682 CcC 0.582

Rsal T 0.318 cT 0.200 0.200 0.436 329
TT 0.218

ns: nonsignificant, *P<0.01

(225.03, 222.58 and 167.67 days resp.) and anestrus period
(139.97, 142.59 and 197.33 days resp.) were reported for
Kivircik, Chios and Imroz respectively. Kivircik had the
longest mating duration and the shortest anestrus period
among three native breeds. Duration of reproductive
season of Kivircik was reported approximately up to 8
months. When estrus distribution analysed for months,
Sezenler et alB? found that Kivircik show estrus mostly in
October. Distribution of reproductive season among the
months of a year would be the early summer (June) to
winter (January) for Kivircik breed.

Pelletier et al.™ reported that M allele has an effect
of ovulatory cycling during out of season (in spring) in

Merinos d’Arles ewes. Furthermore the homozygous
genotype for the absence of a polymorphic Mnll sites
(mm) at position 612 of exon 2 was found associated with
seasonal anovulatory activity in Merino d’Arles 1, Moreover
M allele was reported with its positive influence on autumn
lambing success in Columbia ewes '3, The mm genotype
was more frequent (50%) in wild Mouflon ' ewes and its
reproductive activity was reported as seasonal. Martinez-
Royo et al.”® found significant differences in estrous
cyclicity among months and genotypes for SNP C606T. The
most significant differences between TT and CC genotypes
in the percentage of estrous cyclic ewes were reached in
May (27.8%, P<0.1), June (29.4%, P<0.05) and July (28.9%,
P<0.05). Therefore T allele was reported associated with
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a greater percentage of nonseasonal estrous cyclic ewes
of Rasa Aragonesa breed. During the anestrus season
Rasa Aragonesa ewes with TT genotype showed more
estrus activity. C allel is related with a greater percentage
of seasonal estrus cyclic ewes in Rasa Aragonesa breed ¥,
Sarda sheep that carry one of MM and CC genotypes
showed estrus in spring. As a consequence they lambed
in autumn (September-December), therefore reproductive
activity of Sarda ewes was reported as non-seasonal.
Lambs that were born in autumn can be reach puberty
by the early summer of the following year. However ewes
that were born in spring do not reach puberty until the
next autumn, later than those which were born in autumn.
Lambs which were born in autumn are being chosen by
breeders as replacement ewe lambs and these ewes were
probably MM and CC genotype 2. Small Tail Han ™ and
Awassi ') ewes which were identified to have MM, CC
genotypes were reported that they show non-seasonal
estrus and ewes with mm, TT genotypes were showed
seasonal estrus. However Teyssier et al' reported that Mnll
site of the MTNR1A gene cannot be used alone as a genetic
selection marker for spring (out-of-season) breeding in
Merino d’Arles ewes. Furthermore M allele was not found
to be related with seasonal reproduction trait in Rasa
Aragonesa sheep . Kaczor et al'! reported that prolific
Olkuska ewes with different genotypes did not show
significantly different average melatonin concentration
during the dark phase (December); an association had
not been found between MTNR1A polymorphism and
blood melatonin concentration. The effect of related poly-
morphisms might be determined by the breed and /or
environmental conditions.

In present study we found that MTNR1A gene had two
alleles; M and m, and two genotypes; MM and Mm for
Mnll enzyme; C and T alleles, CC, CT and TT genotypes for
Rsal restriction site in Kivirclk breed. We observed that M
allele (89%) was much more frequent than m allele (11%)
in Kivircilk breed similar with Magna (95%), Chokla (92%),
Zandhi (92%) ®, Marwari (90%) ?”, Chios (90%), Awasi
(84%), White Karaman (80%) ©%, Hu (80%), Karakul (79%) '#,
Sarda (78%) 2, Small Tail Han (75%) " and Naeini (71%) “®
breeds. However Elmaci et al?" reported that M allele was
less frequent (26%) than m allele (74%) in Kivircik sheep.
Genotype frequencies of MM and Mm genotypes (78%;
22%) in Kivircik breed were resemble with the frequencies
reported in Chokla (77%; 21%), Marwari (80%; 19%) 7,
Zandhi (82%; 18%) 2], Chios (80%; 20%) and Karakul (70%;
30%) "8 sheep breeds. Similar to our results mm genotype
was not observed in Zandhi ¥, Awasi, White Karaman,
Chios ?%and Karakul '8 breeds. Observed heterozygosity
for Mm genotype (0.22) in Kivircik breed was found similar
with Naeini (0.22) and Zel (0.25) breeds ?8. Observed
heterozygosity that Elmaci et al.?" reported for Mm
genotype in Kivirclk breed was higher than our results
(0.31). Similar to our findings, C allele (68%) was more
frequent than T allele (32%) in Magna (95%; 5%), Chokla

(87%; 13%), Marwari (89%, 11%) 2", Gokceada (79%; 21%),
Awasi (73%; 26%) %, Local Karnobatska (73%; 27%) ¥ and
Small Tail Han (71%, 29%) " sheep breeds. Elmaci et al.?"
found frequency of C allele (53%) closer to T allele (47%).
After Rsal digestion genotypes frequencies from the most
frequent to less were; CC (58%), CT (20%) and TT (22%)
respectively, which were found similar with Sarda (53%;
26%; 21%) 2 sheep breed. In current study observed
heterozygosity (0.2) for CT genotype was found similar
with Karayaka (0.24) @' and Local Karnobatska (0.23) 24
breeds. However Elmaci et al?" reported observed hetero-
zygosity in Kivircik breed for CT genotype was much
higher than our result (0.54). We found that Kivircik sheep
was not in HWE for Rsal site of MTNR1A gene, similarly
as reported in Zel and Kivircik breeds 1228, Differences
between findings of Elmaci et al?" in MTNR1A variation in
Kivircik breed (n=39) and ours may result from sampling
size and inbreeding levels of sampled animals.

In conclusion the current study showed that MTNR1A
gene varies for both Mnll and Rsal enzymes in Kivircik
ewes. Since mm genotype was known to be related with
seasonal estrus and anovulatory activity in ewes, it can be
assumed that selection process may occurred negatively
for this genotype in Kivircik breed. The desired alleles
for out of season cycling; MM (78%) and CC (58%) were
found more frequent than Mm (22%), CT (20%) and TT
(22%) genotypes. Kivircik ewes, that shows MM and CC
genotype, can be suggested to use for autumn lambing
when demanded. Further studies are needed to clarify the
characterization and genotype variation of MTNR1A gene
and its impact on out of season reproductive activities. Our
next aim is to investigate the association of non-seasonal
(autumn) lambing with MM and CC genotypes in Kivircik
ewes that may help to develop new suggestions in
sheep breeding.
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Effects of Milk Thistle (Silybum marianum) Seed Supplementation
to High-Calorie Basal Diets of Quails on Egg Production, Egg
Quality Traits, Hatchability and Oxidative Stress Parameters
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Abstract

The purpose of this study was to examine the changes to occur in egg production, egg quality traits, hatchability, and oxidative stress parameters of laying quails fed
with high calorie diets and effect of milk thistle (Silybum marianum) seed on these changes. A total of 75 45-day-old quails including 60 females and 15 males were used
in the study. The quails were divided into 5 groups with three repetitions. 4 females and 1 male were used in each repetition. The groups of the study were arranged
as following; control group (C) consuming corn-soybean based basal diet, oil group (SFO) in which 5% sun flower oil was added into basal diet, oil + milk thistle group
(SFO+MT) in which 5% sun flower oil + 1% milk thistle seed was added into basal diet, syrup group (CS) in which 10% corn syrup was added into basal diet, and syrup
+ milk thistle group (CS+MT) in which 10% corn syrup + 1% milk thistle was added into basal diet. Total egg production was found to be significantly higher in SFO and
SFO+MT groups of present study (P<0.05). Feed intake, total egg weight and feed conversion were found similar among the groups (P>0.05). The differences among
the groups in albumen rate, yolk rate, dried shell rate and shape index were not statistically significant (P>0.05). The best yolk colour was obtained in SFO+MT and CS
groups (P<0.01). There were no statistically differences among the groups in hatchability, hatchability of fertile and embrionic mortality (P>0.05), but the difference
in examined fertility were statistically significant (P<0.05). Malonyl dialdehyde (MDA) values of blood, liver and heart tissues were similar among the groups of study
(P>0.05). MDA level of kidney significantly increased in CS group, however addition of milk thistle seed into diet was reduced MDA level of kidney in CS+MT group
(P<0.01). High calorie diets caused changes in antioxidant system in blood and tissues. Consequently, high-calorie basal diets especially addition of SFO improved only
egg production and fertility rate. However feeding quails with corn syrup had significantly higher lipid peroxidation in kidney. Supplementation of milk thistle seed into
CS group may protect kidney against free radical damage.

Keywords: Quail, Egg yield, Hatchability, Milk thistle, High calorie diets, Oxidative stress

Yiiksek Kalorili Bildircin Karma Yemlerine Deve Dikeni (Silybum
marianum) Tohumu llavesinin Yumurta Verimi, Yumurta Kalite

Ozellikleri, Kulucka Randimani ve Oksidatif Stres Parametreleri
Uzerine Etkisi

Ozet

Buarastirmadayksekkaloriliyemlerle beslenenyumurtacibildircinlardayumurtaverimi,yumurta kalite 6zellikleri, kulucka performansi ve oksidatif stres parametrelerinde
meydana gelebilecek degisimler ve bu degisimler tizerine deve dikeni (Silybum marianum) tohumunun etkisinin incelenmesi amaclanmistir. Arastirmada, 45 gunlik
yasta 60 adet disi, 15 adet erkek olmak lzere toplam 75 adet bildircin kullanilmistir. Arastirma 5 grup ve her grupta 3 tekerriirden olusturulmustur. Her bir tekerrirde 4
disi ve 1 erkek bildircin kullanilmistir. Deneme gruplari; misir-soya esasina dayali temel karma yemi tiiketen kontrol grubu (C), temel diyete % 5 ay cicedi yagi ilave edilen
yag grubu (SFO), temel diyete %5 ay cicedi yadi + %1 deve dikeni ilave edilen yag + deve dikeni grubu (SFO+MT), temel diyete %10 misir surubu ilave edilen surup
grubu (CS) ve temel diyete %10 misir surubu + %1 deve dikeni ilave edilen surup + deve dikeni grubu (CS+MT) seklinde olusturulmustur. Calismada, toplam yumurta
verimi SFO ve SFO+MT gruplarinda 6nemli (P<0.05) derecede yiiksek bulunmustur. Yem tiiketimi, toplam yumurta agirligi ve yemden yararlanma yoniinden gruplar
birbirine benzer bulunmustur (P>0.05). Yumurta aki ve sari orani, kurutulmus kabuk orani ve sekil indeksi yoniinden gruplar arasinda fark bulunamamistir (P>0.05). En iyi
sari rengi SFO+MT ve CS gruplarinda belirlenmistir (P<0.01). Kulucka randimani, ¢ikis glicti ve embriyonik 6liim agisindan gruplar arasinda fark saptanmazken (P>0.05),
dollulik agisindan gruplar arasinda 6nemli (P<0.05) fark tespit edilmistir. Kan, karaciger ve kalp dokularinin Malonil dialdehid (MDA) degerleri benzer bulunmustur
(P>0.05). Bobrek MDA degeri CS grubunda 6nemli olarak artarken, diyete deve dikeni tohumu ilavesi CS+ MT grubunda bébregin MDA degerini azaltmistir (P<0.01).
Yiiksek kalorili diyetler kan ve dokularda antioksidan sistemde degisiklige sebep olmustur. Sonug olarak, yiksek kalorili diyetler 6zellikle SFO ilavesi sadece yumurta
Gretimini ve dollilik oranini iyilestirmistir. Diger taraftan misir surubu tliketimi bobrekte lipit peroksidasyonunu artirmistir. CS gruplarinda deve dikeni tohumu ilavesi
bobregi serbest radikal hasarina karsi koruyabilir.

Anahtar sozciikler: Bildircin, Yumurta verimi, Kulugka, Deve dikeni, Yiiksek kalorili diet, Oksidatif stres
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INTRODUCTION

Poultry products constitute a significant source in
order to meet protein deficit of increasing population
in the world. Quail takes an important place in poultry
farming because it has high reproduction rate and fertility,
short reproduction period, highfarming per unit area
and high feed conversion ratio, easy farming, products
especially rich in protein and minerals, and also is fondly
consumedby people M,

Natural and reliable alternative sources have attracted
attention of researchers after growth factors like antibiotics,
hormones etc. and productive additive substances were
prohibited in the animal feeding area. In this context,
alternative supplements such as organic acids, probiotics,
prebiotics, bioenzymes, aromatic plants, and essential oils
have acquired currency. Aromatic plants and essential oils
are used in alternative medicine for many centuries and
made a research subject by scientists in all fields because
they are natural and contain several active components.
Aromatic plants and essential oils have been conveniently
used as alternatives to these synthetic growth factors in
farm animal diet 23,

Milk thistle (Silybum marianum L. Gaertn.) is a plant
belonging to Asteraceae family. Its seeds have been used
for protecting liver against diseases of liver and gallbladder,
and intoxication; and also for treatment of cases such as
mushroom poisoning, snake bite, bug bites since 2000.
Extracts acquired from milk thistle seeds contain plenty
of silymarin. Silymarin is chemically composed of isomer
flavanolignans named as silybin (silybinin), isosilybin,
silychristin, silydianin, and dehydrosilybinin “. Basic
component of silymarin which is thought to be responsible
for its biological activity is silybin; however, it is also
thought that other flavanolignans found in silymarin can
have a role in this biological activity ..

In the studies conductedup to the present, positive
results have been obtained from feed supplements with
various antioxidant and immune system promoting
characteristics added into diets. Some of these supplements
were banned because they are synthetic and there are
also difficulties in supplying some of them; therefore
researchers direct to alternative supplements ©. In this
regard; aromatic plants and essential oils have been used
by humans for centuries and become a research subject
for scientists in every field because they are natural and
contain numerous active components 3,

The aim of this study was to examine the changes to
occur in egg production, egg quality traits, hatchability,
and oxidative stress parameters of laying quails fed
with high calorie diets and effect of milk thistle seed on
these changes.

MATERIAL and METHODS

Management

The study was conducted atthe Poultry Unit, Faculty of
Veterinary Science, Firat University. A total of 75 45-day-
old quails including 60 females and 15 males were used
in the study. The quails were divided into 5 groups with
three repetitions. 4 females and 1 male were used in
each repetitions.The groups of the study were arranged
as following; control group (C) consuming corn-soybean
based basal diet, oil group (SFO) in which 5% sun flower
oil was added into basal diet, oil + milk thistle group
(SFO+MT) in which 5% sun flower oil + 1% milk thistle
seed was added into basal diet, syrup group (CS) in which
10% corn syrup was added into basal diet, and syrup +
milk thistle group (CS+MT) in which 10% corn syrup + 1%
milk thistle was added into basal diet. The experiment
was conducted under the protocol which was approved
by Firat University Animal Use Local Ethical Committee
(No: 2015/101). All groups were given diet and water as ad
libitum. Rations used in the study were arranged according
to standards of National Research Council ! and given in
Table 1. The milk thistle (Silybum marianum) was provided
from a commercial company (Naturoil Food and Chemical
Industry Company Limited). The chemical composition of
milk thistle was given in Table 2. Quails were kept in special
laying cages and in a room with temperature between 15
and 25°C. A lighting program including daylight of 16 hours
and dark program of 8 h was applied during the laying
period. Records of egg production in quails were taken as
beginning from the period of 5% egg production quails-
days. For this purpose, eggs were collected in the same
hour of every day by counting them, daily egg production
(%) was determined by dividing number of the obtained
eggs into number of quails in that day. Diets were weighed
and given daily, remaining diet in feeders were weighed
weekly and daily feed consumption was determined with
the difference between them. Feed conversion ratio was
calculated by using values of egg production, egg weigh,
and feed consumption. As from the 3 week of the study,
a total of 250 eggs including 50 eggs from each group
(including sub-groups) were cracked in order to determine
internal quality traits after external quality traits were
determined. Fertility rate, hatchability, and hatchability of
fertile eggs, were determined by incubating eggs collected
for 3 weeks as from the 3 week of the study. Blood, liver,
kidney, and heart samples were taken during 6 animals
from each experimental group were slaughtered by using
decapitation method at the end of the study.

Chemical Analysis

After blood samples were taken into tubes containing
heparin and whole blood was separated for determination
of glutathione (GSH) and glutathione peroxidase (GSH-Px),
remaining blood samples were centrifuged at 3.000 rpm
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Table 1. Ingredients and nutrient composition of experimental diets (g/kg)

Tablo 1. Arastirma diyetinin bilesimi ve besin madde icerigi (g/kg)

Experimental Groups C SFO | SFO+MT | CS | CN+MT
Ingredients, g/kg
Corn 530.0 | 444.5 440.4 453.1 450.0
Wheat bran 85.0 | 112.0 105.0 29.0 21.9
Soybean meal (48% CP) | 192.0 | 188.4 190.0 224.8 225.0
Corn gluten (43% CP) 90.0 | 113.0 112.5 90.0 90.0
Vegetable oil 25.0 65. 65.0 25.0 25.0
Milk thistle seed = = 10.0 = 10.0
Corn syrup = = = 100.0 | 100.0
DL-Methionine 1.7 1.7 1.7 1.9 1.8
Dicalcium phosphate 180 | 17.1 17.1 18.0 18.1
Ground limestone 51.7 | 517 51.7 51.6 51.6
NaHCOs 1.0 1.0 1.0 1.0 1.0
Salt 2.6 26 2.6 26 26
Vitamin-Mineral Mix* 3.0 3.0 3.0 3.0 3.0
Nutritional Composition, g/kg
Dry matter 904.0 | 908.0 | 908.0 | 906.0 | 906.0
Crude protein 170.0 | 1700 | 170.0 | 170.0 | 170.0
Crude fiber 525.0 | 5250 | 525.0 | 525.0 | 525.0
Ether extract 630.0 | 630.0 | 630.0 | 630.0 | 630.0
Calcium 251 | 25.0 25.0 25.0 25.1
Available phosphorus 4.1 4.0 4.1 4.0 4.1
Sodium 1.8 1.8 1.8 1.8 1.8
Meth+Sist 7.6 7.6 7.6 7.6 7.6
Lysine 8.1 8.1 8.2 8.6 8.6
Threonine 6.4 6.4 6.4 6.5 6.5
Tryptophan 2.0 2.0 2.0 2.1 2.1
ME, kcal/kg** 2750 | 2900 2900 2900 | 2900
* Provided per kg of diet: retinol, 2.64 mg; cholecalciferol, 0.04 mg; dl-a-
tocopherol-acetate, 11 mg; riboflavin, 9.0 mg; pantothenic acid, 11.0 mg;
vitamin B12, 0.013 mg; niacin, 26 mg; choline, 900 mg; vitamin K, 1.5 mg;
folic acid, 1.5 mg; biotin, 0.25 mg; iron, 30 mg; zinc, 40 mg; manganese, 60
mg; copper, 8 mg; selenium, 0.2 mg; ** Calculated, ME (kcal/kg) = 53+38
B used formula. B = (% Crude protein) + (2.25) (%Ether extract) + (1.1)(%
Starch) + (% Sugar); Group control: C, Group sun flower oil: SFO, Group sun
flower oil + milk thistle: SFO+MT, Group corn syrup: CS, Group corn syrup +
milk thistle: CN+MT

Table 2. The chemical composition of milk thistle seed (%)

Tablo 2. Deve dikeni tohumunun kimyasal bilesimi (%)

Chemical Composition (%)
Dry Matter 94.29
Moisture 571
Crude protein 14.96
Crude fiber 313
Ether extract 25.48
Ash 5.63
Carbohydrates 16.92

for ten minutes and their plasma was used for Malonyl
dialdehyde (MDA) determination. Remaining erythrocyte
packages were washed with 0.9% NaCl 3 times and used
for catalase (CAT) assay. MDA and GSH levels and CAT and
GSH-Px activities were determined in liver, kidney, and
heart tissues. While MDA level was determined based on
the method of Placer et al.®, GSH level was determined
based on method of Chavan et al.”. While the method of
Matkovics et al." was used for measurement of GSH-Px
activity, Aebi " method was used to measure CAT activity.

Statistical Analysis

After test of normality, all data including performance,
egg quality, hatchability and oxidative stress parameters
were subjected to one-way analysis of variance (anova).
Significant differences were then subjected to Tukey HSD
test. All analyses were performed by using Statistical Packages
for the Social Sciences for Windows 14, The results were
considered as significant when P values were less than 0.05.

RESULTS

The hen-day egg production, feed intake, total egg
weight, feed conversion and egg quality parameters of
treatment groups are shown in Table 3. Total egg production
was found to be significantly higher in SFO+MT and SFO
groups of present study (P<0.05). There was not any
significant difference in total egg production of the other
control, CS and CS+ MT groups of the study. Feed intake,
total egg weight and feed conversion were found similar
among the groups (P>0.05). Some egg quality parameters
in laying quails fedhigh-calorie diet are also shown in Table
3. The differences among the groups in albumen rate, yolk
rate, dried shell rate and shape index were not statistically
significant (P>0.05). The best yolk colour was obtained in
SFO+MT and CS groups (P<0.01). C group had lower value in
this parameter and SFO and CS+MT groups were similar to
other groups (P>0.05).

The effect of dietary milk thistle seed on some hatcha-
bility traits in laying quails fedhigh-calorie diet are shown in
Table 4. There were no statistically differences among the
groups in hatchability, hatchabilitiy of fertile and embrionic
mortality (P>0.05), but the difference in examined fertility
were statistically significant (P<0.05). When fertility rate
was examined, it was found that higher fertility rate was
obtained in CS and CS+MT group. Addition of silybum
marianum in to diet did not affect neither fertility rate nor
other hatchability traits.

The effect of dietary milk thistle seed on oxidative
stress parameters of different tissues in laying quails fed
high-calorie diet are shown in Table 5. According to Table
5, MDA values of blood, liver and heart tissues were similar
among the groups of study (P>0.05). MDA level of kidney
significantly increased in CS group, however addition of
milk thistle seed into diet was reduced MDA level of kidney
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Table 3. Effects on some performance and egg quality parameters of milk thistle (Silybum marianum) seed supplementation to high-calorie basal diets of quails

Tablo 3. Yiiksek kalorili bildircin karma yemlerine deve dikeni tohumu (Silybum marianum) ilavesinin bazi performans ve yumurta kalite parametrelerine etkisi

Performance Parameters C SFO SFO+MT cs CS+MT P-Significance

Hen-Day Egg Production (egg production/100 female birds/day)

0-14 51.19+1.19 50.59+5.18 63.09+10.73 52.97+9.90 46.42+8.24 NS
15-28 55.95+6.76 81.54+8.05 77.38+10.40 70.83+9.83 64.88+12.45 NS
29-42 69.64+6.76 91.07+1.03 92.87+4.49 83.33+6.29 74.40+11.86 NS
43-56 78.57+9.16 89.28+1.03 89.23+2.72 85.11+4.16 85.71+£7.14 NS
Total 63.83+3.58° 78.12+2.60* 80.65+5.51° 73.06+4.39% 67.85+1.03° *

Feed Intake(g/bird/day)

0-14 25.34+0.72 27.44x1.77 28.00+1.39 28.64+2.30 27.35+£0.47 NS
15-28 29.93+1.40 30.83+0.65 32.00+0.38 32.04+0.45 30.85+0.28 NS
29-42 29.78+1.80 32.71+1.59 31.29+1.15 31.77+1.09 31.05+0.70 NS
43-56 30.11+2052 30.33+1.39 29.65+0.54 29.60+0.75 30.78+0.31 NS
Total 28.79+1.27 30.32+1.33 30.28+0.72 30.51+0.14 30.01+0.31 NS

Total Egg Weight (g)

0-14 11.78+0.28 11.90+0.46 11.28+0.20 11.80+0.24 12.08+0.20 NS
15-28 11.65+0.67 12.20+0.13 11.47+0.16 11.92+0.21 12.20+0.25 NS
29-42 11.92+0.62 12.71+0.30 12.24+0.20 12.65+0.24 12.41+£0.40 NS
43-56 11.92+0.40 12.71+0.62 12.24+0.30 12.65+0.20 12.41+0.24 NS
Total 12.16+0.09 12.99+0.62 12.38+0.29 12.75+0.05 12.50+0.27 NS

Feed Conversion (g feed intake x female number/egg production x egg weight)

0-14 4.20+0.13 4.55+0.53 3.93+0.80 4.58+0.63 4.87+0.98 NS
15-28 4.59+0.30 3.09+0.07 3.60+0.42 3.79+0.34 3.89+0.81 NS
29-42 3.58+0.47 2.82+0.11 2.75+0.13 3.01+0.32 3.36+0.49 NS
43-56 3.21+0.06 2.67+0.10 2.71+0.05 2.73+0.22 2.89+0.14 NS
Total 3.70+0.16 2.98+0.13 3.03+0.30 3.27+0.28 3.53+0.26 NS

Egg Parameters

Albumen rate (AR), % 52.52+0.85 51.91+0.32 51.98+1.28 53.03+0.49 52.13+0.29 NS
Yolk rate (YR), % 31.29+0.21 31.41+0.10 32.29+0.85 30.64+0.21 30.74+0.31 NS
Dried shell rate(DSR), % 8.08+0.06 7.93+0.03 8.10+0.16 8.21+0.06 7.86+0.07 NS
Shape index, (SI) 77.15+1.38 76.67+0.46 77.67+0.42 78.65+0.39 78.45+0.41 NS
Yolk colour 8.09+0.18° 8.39+0.10% 8.78+0.16° 8.75+0.11° 8.65+0.15% **

Data were given as Mean + SEM, NS: Not statistically significant; * P<0.05, ** P<0.01; “* Mean values wirth different superscripts within a row differ
significantly. AR = (Albumen weight/Egg weight)*100, YR = (YYolk weight/Egg weight)*100, DSR = (Shell weight/Egg weight)*100, SI = (Egg with/Egg
length)*100

Table 4. Effects on some hatchability traits of milk thistle (Silybum marianum) seed supplementation to high-calorie basal diets of quails

Tablo 4. Yiiksek kalorili bildircin karma yemlerine deve dikeni (Silybum marianum) tohumu ilavesinin bazi kulucka dzellikleri iizerine etkisi

Hatchability Parameters C SFO SFO+MT cs CS+MT P-Significance
Fertility(n/100 eggs set) 73.95+3.91° 78.32+3.42%® 71.67£1.51° 91.64+1.17° 82.57+4.92? *
Hatchability(commercial chicks/100 eggs set) 57.30+4.61 62.19+3.87 58.21+6.64 77.27+6.74 64.25+3.28 NS
Hatchability of fertile(chicks/100 fertile egg ) 78.48+9.71 79.97+7.56 80.91+7.76 84.18+6.51 78.74+8.09 NS
Embrionic mortality (n/100 fertile eggs) 21.50+7.72 20.01+5.56 19.08+5.62 15.80+4.51 21.24+6.15 NS

Data were given as Mean + SEM, NS: Not statistically significant; * P<0.05, *® Mean values wirth different superscripts within a row differ significantly
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Table 5. Effects on oxidative stress parameters of milk thistle (Silybum marianum) seed supplementation to high-calorie basal diets of quails

Tablo 5. Yiiksek kalorili bildircin karma yemlerine deve dikeni tohumu (Silybum marianum) ilavesinin oksidatif stres parametrelerine etkisi

Stress Parameters C SFO SFO+MT cs CS+MT P-Significance
Blood
MDA nmol/ml 1.70£0.15 1.84+0.14 1.68+0.07 1.85+0.10 1.46+0.07 NS
GSH mmol/g protein 39.96+1.07 43.69+3.31 37.10+1.52 35.46+2.98 40.01+2.31 NS
GSH-Px U/g Hb 72.68+5.46° 73.81+4.06° 60.69+2.50° 59.18+3.32° 61.75+2.65° **
CAT k/g Hb 16.66+1.30° 22.42+1.18® 27.37+1.81° 25.00+3.44%° 26.65+2.15° *
Liver
MDA nmol/g tissue 19.71+1.26 17.50+0.68 18.60+1.74 21.35%£1.39 17.58+0.68 NS
GSH mmol/g protein 3.90+0.09° 3.22+0.35° 5.92+0.64° 4.1740.25° 3.25+0.24° o
GSH-Px U/g protein 4.66+0.25 4.98+0.31 5.76+0.81 5.88+0.53 5.21+0.28 NS
CAT k/g protein 118.38+7.05° 157.44+17.02% 151.42+6.86% 134.92+9.43° 189.25+8.772 *x
Kidney
MDA nmol/g tissue 24.73+2.57° 30.02+1.56° 32.84+3.68° 43.40+4.05° 24.96+1.20° **
GSH mmol/g protein 4.45+0.32° 3.18+0.15b¢ 2.65%0.06¢ 4.09+0.40% 3.11+0.22°¢ HxE
GSH-Px U/g protein 4.86+0.24° 3.94+0.20% 3.65+0.25% 3.93+£0.51%° 2.98+0.19° **
CAT k/g protein 68.77+2.40° 50.89+3.37° 53.51+3.51° 56.05+3.56° 53.42+1.35° **
Heart
MDA nmol/g tissue 12.95+1.03 14.35+0.39 13.19+0.68 11.95+0.81 12.77+0.89 NS
GSH mmol/g protein 21.41£1.15° 17.69+0.94%° 20.05+1.00% 17.40£1.35% 16.26+1.31° *
GSH-Px U/g protein 34.96+2.27 32.97+3.48 37.15+3.84 30.96+4.05 26.08+2.12 NS
CAT k/g protein 46.51£2.07° 45.61+4.28%° 42.99+2.89* 32.95+2.90° 38.89+2.77°° *
Data were given as Mean + SEM, NS: Not statistically significant; * P<0.05; ** P<.0.01; *** P<0.001; MDA: Malondialdehyde, GSH: Glutathione,
GSH-Px: Glutathione peroxidase, CAT: Catalase; > Mean values wirth different superscripts within a row differ significantly

in CS+MT group (P<0.01). MDA levels of SFO groups slightly
increased but not significant (P>0.05). The differences in
GSH levels of blood, GSH-Px activities of liver and heart in
the examined groups were not significant (P>0.05). GSH-Px
activities of blood in control and SFO groups were higher
than the other treatment groups (P<0.01), CAT activity of
blood was found lower in control group (P<0.05). GSH level
of liver in SFO+MT (P<0.001) and also CAT activity in CS+
MT group were significantly higher (P<0.01). GSH levels and
GSH-Px, CAT activities of kidney (P<0.01), in addition, CAT
activities of heart were higher in control group (P<0.05).
Addition of milk thistle seed into diet significantly reduced
GSH level (P<0.001) and GSH-Px (P<0.01) activity of kidney
and also GSH level of heart (P<0.05).

DISCUSSION

Table 3 also shows the effect of MT supplementationto
diet on some performance and egg quality traits in laying
quails fed with high calorie diets. When total hen-day
egg production was examined, it was determined that
egg production significantly increased in SFO+MT and
SFO groups. Even though high calorie diets increased egg
production compared to C group, this increase was found
to reach significant levels in oil groups. While acquired

egg production values were similar to those reported by
Kaplan et al.'® and Silici et al."', they were lower than
values reported by Yoriuk et all™, Kaplan et al.'¥, and Erisir
et al.'”! It was determined that addition of MT did not
make any contribution to egg production. The fact that
egg production was higher in oil added groups compared
to CS group was associated with extra-caloric and extra-
metabolic effect of oils "®. Different from this study, in the
study of Midilli et al." it was reported that addition of 1.5%
and 3% SFO into basal diet did not affect egg production.
Daily feed consumption in study groups varied between
28.78 g and 30.51 g, and the difference between the
groups was statistically insignificant (Table 3). While feed
consumption was expected to decrease depending on
energy content in groups consuming high calorie diet
Griffiths et al.?¥ similar results were achieved in all groups
of this study and thus it was determined that quails use
the extra energy they consumed for egg production and
accordingly egg production increased in parallel with
energy consumption. Furthermore, the fact that they used
extra energy, they produced due to extra-caloric and extra-
metabolic effects of oils, for egg production did not caused
a significant difference in feed consumption also in these
groups. While the obtained feed consumption values
were similar to those reported by Silici et al." and Erisir
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et al.'"”, they were higher than those reported by Kaplan
et al."™ and Kaplan et al"® and lower than values reported
by Yorik et al.l'L In their study, Midilli et al." did not
found any difference between control group and groups
with addition of 1.5% and 3% SFO in terms of daily feed
consumption. Some related studies have revealed that
addition of essential oils into basal diets increased feed
consumption 2?2, Egg weigh varied between 12.16 and
12.99 g in the study. There was no difference between the
groups in terms of egg weight. While the studies Whitehead
et al®! and Lelis et al.?” have emphasized that essential
oils added into diet increase egg weight due to essential
fatty acids they contain, it was thought that the increase
in number of eggs in these groups is a factor inhibiting the
increase of egg weight. Egg weight values found in this
study were similar to egg weight values reported by Silici
et al"™ Yorik et al.™ and Karabayir et al®! and were higher
than those reported by Kaplan et al.'®, Kaplan et al.'® and
Erisir et al.l'”). Feed conversion values in the study varied
between 2.98 and 3.70. Despite a significant difference
in egg production, no difference was found between the
groups in terms of feed conversion. This result is thought
to be caused by small differences in parameters of egg
weight and feed consumption which are effective in the
calculation of feed conversion ratio. While acquired feed
conversion ratios were found similar to values reported
by Kaplan et al."™ Silici et al.™ Yorik et al.™ and Erisir et
al" they were higher than those reported by Kaplan et
al."®. When some parameters belonging to egg quality
traits in the study were examined, it was determined that
the groups were similar in terms of albumen, yolk, and
shell rates, and shape index and there was a significant
improvement in all study groups regarding color of yolk
compared to C group. It could be asserted that addition
of MT into diet increased color of yolk. This situation can
vary depending on xanthophyll or carotene contents of
supplements used 2,

Table 4 illustrates the effect of milk thistle supple-
mentation to diet on some hatchability traits in laying
quails fed with high calorie diet in the study. As is seen in
Table 4, a significant difference was determined between
the groups in terms of fertility. In CS and CS+MT groups,
fertility was found to be the highest. It was seen that
addition of MT into ration decreased the fertility rate from
78.32% determined in SFO group to 71.67% in SFO+MT
group and the fertility rate from 91.64% determined in
CS group to 82.57% in CS+MT group. The fertility rates
determined in the study was lower than fertility rates
reported by ipek et al.?”? and Silici et al.". Similarity
was found between the groups in terms of hatchability,
hatchability of fertile eggs, and embryonic mortality in the
study. Hatchability and hatchability of fertile eggs found in
the study was lower than values reported by Silici et al.'™
and ipek et al.?”, Embryonic mortality rate was determined
to be quite higher than embryonic mortality rate reported
by ipek et al.?. In this study, fertility increased in groups

fed with high calorie diets and especially in CS group.
This result supports the result that high energy has a
challenging effect on fertility . It was thought that
while sharing of energy in oil groups was towards egg
production more, it promoted mating and sperm quality
in sugar groups. Additionally, it was observed that MT
added into diet did not have a positive effect on fertility
and hatchability traits. Being different from this study,
Simsek et al.?® emphasized that oils of cinnamon and
rosemary added into ration increased fertility depending
on their bioactive characteristics, some active components
or mineral and vitamin contents.

Oxidative stress may be caused by excess Reactive
oxygen species (ROS) production and/or deficient anti-
oxidant capacity ?>3%, ROS produce cellular injury and
necrosis via several mechanisms including peroxidation of
membrane lipids, protein denaturation, and DNA damage.
As a result of the degradation of lipid peroxides, MDA
forms and is used as an indicator for lipid peroxidation B,
In this study, CS caused oxidative stress with statistically
significant increase of MDA and decrease of antioxidants
(GSH, GSHPx, CAT) in kidney tissue of quails. On the other
hand, SFO caused a statistically insignificant increase in
MDA and decreases in antioxidants in kidney. Liu et al.=?
reported that high concentration of poly-unsaturated
fatty acid in the diet made membrane susceptible to per-
oxidative degradation and increased oxidative stress.
In a study conducted similar to our results, insignificant
differences was found in serum MDA of ducks fed with
SFO diet #2. It is known that Slybum marianum extracts
and active substances like silymarin show antioxidant
characteristics and inhibit oxidative stress in various
tissues such as liver, kidney, brain of rats 5333, |t was
determined that it increased in kidneys of diabetic
rats; while the use of milk thistle extracts and silymarin
decreased Thiobarbituric acid reactive substances (TBARS)
values in a statistically significant way, the decreased SOD,
CAT, and GSHPx activities increased 43¢, |n this study, the
use of both CS and MT enabled MDA levels to become
normal in kidney. The fact that MDA level return to normal
with addition of MT indicated that the addition of MT is
beneficial for kidney. However, since antioxidants levels
were lower in CS+MT and SFO+MT groups, antioxidants
could remain insufficient in case of using MT longer than
60 days. Silybin and silymarin are effective in returning the
increased TBARS and lipid hydroperoxide levels, caused
by Arsenic, Gentamicin, and Aflatoxin in kidney, and the
decreased nonenzymatic and enzymatic antioxidants
to normal, and are suggested for decreasing nephro-
toxicity 93133, According to results of this study, we can
suggest that MT is nephroprotective in poultry as well due
to its antioxidant characteristics.

Consequently, high-calorie diets could be used to
obtain higher egg production and fertitility rate in quail
production. However these diets caused changes in anti-
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oxidants in blood and tissues in the birds. Particularly, in
quails feeding with corn syrup significantly increased lipid
peroxidation in kidney. Supplementation of milk thistle
seed into corn syrup groups may protect kidney against
free radical damage, on the contrary the additive was
not able to any success on performance and hatchability
parameters.
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Abstract

In this study, the relationship between plasma vWF antigen level and polymorphism occurring due to the leucine (L) to proline (P) substitution
at position 2380 in exon 42 in von Willebrand factor gene (VWF) in dogs was aimed to investigate. The present study was performed on 161
dogs of various breeds and ages (95 male, 66 female) referred to Faculty of Veterinary Clinics at Erciyes University between January 2014 and
2015. Blood samples were collected in EDTA and Na citrate tubes after clinical examination of the dogs. PT, APTT, TT, fibrinogen, D-dimer,
thrombocyte, vVWF antigen (VWF: Ag) levels and VWF were determined from the blood samples. Genotypes were examined using PCR and
restriction endonucleas enzymes. In the laboratory examination, 34 (21.1%) of the cases were positive and 127 (78.9%) of the cases were
negative with concern to von Willebrand. Prevalence of the disease in different dog breeds that included to the present study were Golden
Retreiver (n=35) 34.3%, Kangal (n=45) 11.1%, German Shepherd (n=11) 36.4%, Labrador Retriever (n=7) 42.9%, English Cocker Spaniel (n=2)
100%, English Pointer (n=8) 25.0%, mix breed (n=8) 33.3%, Husky (n=7) 12.5%, Malinois (n=1) 100%, Dogo Argentino (n=2) 50.0%, Samoyed
(n=1) 100% and some other breeds were 0%. The genotype of VWF was not statistically significant in both positive and negative dogs with
concern to VWF: Ag values (P=0.675). When comparison were made in terms of proportional distribution in positive and negative dogs,
statistical importance were not observed between genotype and the disease ratio (P=0.969). In conclusion, relationship between VWF and
VWF antigen level were not determined in dogs. According to our knowledge; this study is the first repot on VWF and vVWF: Ag relationship
therefore believed to be important.

Keywords: Coagulation, Dog, Haemostasis, Mutation, von Willebrand factor

Kopeklerde von Willebrand Faktor Antijen Seviyesi ve
von Willebrand Faktor Geni Arasindaki iliskinin Belirlenmesi

Ozet

Bu calismada, kdpeklerde von Willebrand faktor geninin 42. ekzonunun 2380. pozisyonunda meydana gelen 16sin (L) - prolin (P)'nin yer
degistirmesine neden olan mutasyon sonucu olusan polimorfizm ile plazma vWF antijen seviyeleri arasindaki iliskinin arastiriimasi amaclandi.
Calismaya, Ocak 2014 ve 2015 yillari arasinda, Erciyes Universitesi Veteriner Fakiiltesi Kliniklerine getirilen farkli irk ve yasta (95 erkek, 66 disi)
161 kdpek dahil edildi. Kopeklerin klinik muayeneleri yapilarak EDTA ve Na sitrath tliplere kan érnekleri toplandi. Kan 6rneklerinde PT, APTT,
TT, fibrinojen, D-dimer, trombosit, VWF antigen (VWF: Ag) seviyeleri belirlendi ve VWF elde edildi. Genotipler, yapilan PCR sonucunda elde
edilen Grlnlerin Mspl endonikleaz enzimi ile kesilerek belirlendi. Laboratuar muayenesinde 34 kdpek (%21.1) von Willebrand agisindan
pozitif olarak belirlenirken, 127 kdpegin (%78.9) negatif oldugu belirlendi. Calismaya dahil edilen hayvanlarda irklara gére hastaligin gorilme
oranlar Golden Retreiver (n=35) %34.3, Kangal (n=45) %11.1, German Shepherd (n=11) %36.4, Labrador Retriever (n=7) %42.9, English
Cocker Spaniel (n=2) %100, English Pointer (n=8) %25.0, melez (n=8) %33.3, Husky (n=7) %12.5, Malinois (n=1) %100, Dogo Argentino (n=2)
%S50.0, Samoyed (n=1) %100 ve diger irklar %0 olarak belirlendi. Hem pozitif hem de negatif kdpeklerde VWF genotipi ile VWF: Ag degerleri
arasinda istatistiksel olarak bir iliskili bulunamadi (P=0.675). vWD pozitif ve negatif kdpeklerde oransal dagihm acisindan karsilastirildiginda
hastalik orani ve genotip arasinda istatistik bir 6Snem gézlenmedi (P=0.969). Sonug olarak, kdpeklerde vVWF antigen seviyesi ve VWF arasinda
iliski bulunmadi. Bilgilerimize gore bu calisma, VWF and vWF: Ag arasindaki iligskinin arastirildidi ilk calisma olmasi nedeniyle dnemlidir.

Anahtar sozciikler: Pihtilasma, Képek, Hemostaz, Mutasyon, von Willebrand faktér
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INTRODUCTION

Von Willebrand’s disease (VWD) is the commonest
an acquired or inherited bleeding disorders of dogs and
humans being '3,

The most inherited haemostatic disorder of dog is
von Willebrand’s disease. Von Willebrand syndrome is
transferred as autosomal recessive character in dogs ™. The
quantitative deficiencies or qualitative abnormalities of
the von Willebrand's factor (vWF) or both causes bleeding
tendency at the patients suffers from vWD '3, The vWD
phenotype can be classified as type |, Il, and lll on the basis
of the plasma vVWF concentration and the vVWF multimer
structure 2. The measurement of plasma vWF antigen
(VWF: Ag) concentration is the current gold standard for
diagnosis of the vWD and have been used as screening
test for carrier detection in dogs 2. It is reported that vVWD
is negative in dogs with vVWF: Ag concentration >70% and
is positive in dogs with VWF: Ag concentration <50% 231,
At the nucleotide sequences of von Willebrand factor gene
(VWF) is determined to be 85% identical of human and
canine and can be used as cross-species modelling of their
vWDs Bl The human VWF is located near the telomere of
the short arm of chromosome 12 and split into 52 exons,
spanning 180 kb of deoxyribonucleic acid B,

In dogs; VWF has 178 kb size, and is in dog caryotype
on number 12 chromosome, which has multiple repeated
regions . Two widespread mutations about inherited
presence of von Willebrand syndrome have been deter-
mined. One of the mutations is on the number 4 exon and
the other is on the number 42 exon 7.,

Venta and Vidal ® found a polymorphism of the canine
VWF which can be characterized using the Mspl restriction
enzyme. This polymorphism occurs due to the leucine
(L) to proline (P) substitution at position 2380 in exon 42
in the canine VWF ¥,

We aimed to investigate the relationship between
plasma vWF antigen level in different breed dogs and poly-
morphism occurring due to the L to P substitution at
position 2380 in exon 42 in VWF in dogs. Furthermore, we
proposed to determine whether the different simultaneous
distribution with the vWD phenotype and vWF: Ag
concentration as a criteria of elimination in the future for
selecting vWD free dogs.

MATERIAL and METHODS

In the present study, 161 dogs which vaccinated, not
pregnant, out of eustrus cycles and have no hypothyroidism
signs of various breeds and ages (95 male, 66 female)
referred to Faculty of Veterinary Clinics at Erciyes University
between January 2014 and 2015 were used as animal
material. Blood samples were collected into EDTA and

Na citrate tubes after clinical examination of the dogs.
The citrated blood was centrifuged at 1.500 x g for 15 min
at room temperature, and then plasma was separated.
Complete blood counts were examined by electronic cell
counter (Mindray BC-2800 Vet®, China). All plasma and
blood samples with EDTA were stored at -80°C until needed.

Von Willebrand’s factor antigen were performed on
a CS-5100 analyser (Sysmex UK Ltd, Milton Keynes, UK),
all reagents were from Siemens Healthcare Diagnostics.
Prothrombin time (PT), Activated thromboplastin time
(APTT), thrombin time (TT), fibrinogen, D-dimer were
analysed on the Sysmex CA-7000 (Siemens Healthcare
Diagnostics) at the Central Laboratory of Erciyes University.

The DNAs were extracted using phenol-chloroform
method from leukocytes. PCR analysis for the gene was
performed in a 25 pl reaction mixture, containing 1.5 mM
MgCl,, 50 uM of dNTP mix, 0.2 uM of each primers, 1 X PCR
buffer, TU Taq polymerase and 50 ng of genomic DNA
template. The VWF was amplified using the primers: primer
1 5-TCTTGTCCCCCGCACTGGA-3’; primer 2 5-TGGTTGTGG
TGCAGCCACAGTC-3! Primers were designed to the canine
VWF sequence (Genbank accession numbers L76227,
U66246, AF099154) by Venta and Vidal ®. Thermal cycling
conditions were followed by 50 cycles of 94°C 30 sec, 62°C
1 min and 72°C 1 min and PCR products were digested
at least 60 min at 37°C with the 10U Mspl restriction
endonuclease (MBI Fermentase®, Lithuania).

The Chi-Square Test (x2) was used to check whether the
populations were in Hardy-Weinberg equilibrium. Geno-
typic data were compared to VWD prevalence by using
Chi-Square Test in MINITAB 16 software.

Erciyes University Local Board of Ethics Committee for
Animal Experiments has approved the study protocol of
this research (Decision no: 2013/09).

RESULTS

Dogs included to the study were 95 male (59%), 66
female (41%). A comparison of vVWF: Ag concentration
between males and females were found no significant
difference (P>0.05). Out of 161 animals 75 (46.6%) were <
1 years old and 86 (53.4%) were >1 years old. There were
no statistically significant effects of age on VWF: Ag levels
(P>0.05). According to VWF: Ag concentration; higher than
50% of this concentration (127, which was about 78.9%)
considered negative and lower than 50% of vVWF: Ag level
(34, which was about 21.1%) considered positive 2. In
positive breeds according to vVWF: Ag concentration; allele
frequencies the VWF and prevalence of vWD given in Table 1.

The PCR amplification was yielded a 147 bp product.
The PCR products were digested with 10U of Mspl restriction
endonuclease. Restriction digestion of 147 bp PCR products
with Mspl enzymes revealed three genotypes (Fig. 1) of LL
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Table 1. The allele frequencies and prevalence the VWF in vWD positive dog breeds according to vWF: Ag concentration

Tablo 1. vVWF: Ag seviyelerine gére vWD pozitif olan képek irklarin VWF genotip frekanslari ve vWD gériilme oranlari

N (%) Genotypes
Breed
vWD Negative vWD Positive LL LP PP
Golden Retriever 23 (65.7%) 12 (34.3%) 6 1
Kangal 40 (88.9%) 5(11.1%) 4 1 0
German Shepherd 7 (63.6%) 4 (36.4%) 1 1 2
Labrador Retriever 4(57.1%) 3 (42.9%) 1 1 1
English Cocker Spaniel 0 (0%) 2 (100%) 1 0 1
English Pointer 6 (75.0%) 2 (25.0%) 1 1 0
Mixed breed 4 (66.7%) 2 (33.3%) 1 0 1
Husky 7 (87.5%) 1(12.5%) 0 1 0
Malinois 0 (0%) 1 (100%) 1 0 0
Dogo Argentino 1 (50.0%) 1 (50.0%) 0 0 1
Samoyed 0 (0%) 1 (100%) 0 0 1
Other Breeds 35 (100%) 0 (0%)
N: Sample Size; vWD: von Willebrand Disease

Table 2. The allele, genotype frequencies and Hardy-Weinberg chi-square analysis of the VWF

Tablo 2. VWF'nin allel, genotip frekanslari ve Hardy-Weinberg Ki-kare analizi

Grouns Genotypes Frequency Allele Frequency Statistical Significant

- LL LP PP L P (Chi-squared HWE)
vWD Negative 53 (41.73%) 43 (33.86%) 31(24.41%) 58.7 413 X2=11.57,P <0.001 (df = 1)
VWD Positive 15 (44.12%) 11 (32.35%) 8(23.53%) 60.3 39.7 X?=3.576,P =0.059 (df = 1)

HWE: Hardy-Weinberg Equilibrium; X?: Chi-Square value; df: Degree of freedom; vWD : von Willebrand Disease; VWF: von Willebrand factor gene

(+/+) (147 bp), LP (+/-) (147 and 124 bp) and PP (-/-) (124
and 23 bp).

The allelic, genotypic frequencies and heterozygosity
of the VWF, polymorphisms for the dog are given in Table 2.

There was no significant difference between VWF
genotypes and VWF: Ag values in VWD positive and vWD
negative dogs (P=0.675) (Table 3).

In addition, no statistical significance was observed for
the prevalence between vWD and genotype (P=0.969),
compared the proportional distributions according to

Fig 1. Electrophoresis of RFLP of canine VWF
after digestion by Mspl. Lanes 2-4 and 7; PP (-/-)
genotypes; Lanes 1 and 5: LP (+/-) genotypes; lane
6: LL (+/4) genotype; lane M: DNA ladder (100 bp); a:
147 bp and b: 124 bp

Sekil 1. Képek VWF geninin Mspl enzim kesim
Urlnlerinin elektroforez goruintisi. 2-5 ve 7 nolu
kuyucuklar: PP (-/-) genotipli bireyler; 1 ve 5 nolu
kuyucuklar: LP(+/-) genotipli bireyler; 6 nolu
kuyucuk: LL(+/4) genotipli birey. M: 100 b¢'lik DNA
merdiveni; a: 147 bg ve b: 124 bg

genotypes of the VWF in vWD positive and VWD negative
dogs (Table 4).

The differences between vWD positive and vWD
negative dogs in levels of D-dimer, fibrinogen, leucocytes,
erythrocyte, haemoglobin and PCV were significant
(P<0.05) (Table 5).

DISCUSSION

Von Willebrand’s disease is the most common bleeding
disease in humans and dogs, resulting various clinical
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Table 3. The proportional distributions of VIWF: Ag concentration according
to genotypes

Table 5. Some hematological parameters in vWD positive (1) and vWD
negative (0) dogs

Tablo 3. Genotipe gére vVWF: Ag konsantrasyonunun oransal dagilimi

Genotype N Mean +SEM Statisti(c:ll\li;‘g’:i)ficance
LL 68 66.16 +2.51
LP 54 68.67 +2.95 F:0.394 P=0.675
PP 39 70.10 +4.61

vWD: von Willebrand Disease; vWF: Ag: von Willebrand factor antigen;
N: Sample size; SEM: Standard error of the mean; F: F statistics value;
P: Pvalue

Table 4. The proportional distributions according to genotypes of the VWF
in vWD positive and vWD negative dogs

Tablo 4. vWD porzitif ve negatif kopeklerde VWF'nin genotipine gére
oransal dagihmi

Tablo 5. vWD pozitif (1) ve negatif (0) kbpeklerde bazi hematolojik parametreler

VWF: Ag
Genotype Total
- +
Count 53 15 68
LL
% 77.9% 22.1% 100.0%
' Count 43 11 54
% 79.6% 20.4% 100.0%
Count 31 8 39
PP
% 79.5% 20.5% 100.0%
Count 127 34 161
Total
% 78.9% 21.1% 100.0%
VWEF: Ag: von Willebrand factor antigen; vWD : von Willebrand Disease

conditions from none to death causing severe hemorrhagic
diathesis %, In vWD; to determine diagnosis and carriers,
VvWF: Ag levels have been used. According to Brooks
et al"™ and Kayar et al"? vWF: Ag concentrations classified
as non-carrier if it is 70-179%, borderline if it is 51-59%, carrier
if it is 2-49% and effected if it is 0.1-0.3% in individuals.
On the other hand, Raymond et al."*! defined over 60%
vWF: Ag concentration as non-carrier, between 50-59% as
border-line, and between 0-49% as carriers. In addition,
Pathak ¥ evaluated 70-180% as normal range, 50-69% as
borderline and 1-49% as carrier. In the present study; vVWF:
Ag concentration <50% individuals were considered to be
vWD positive as reported by Burges et al.” and Thomas ",

Von Willebrand’s disease is an acquired or inherited
bleeding disorder common in humans and dogs ¥.. In
human beings estimated prevalence of vVWD has been
reported between 0.01-0.02% ¢, Castaman et al.'” point
out that with a prevalence of 1% in general population;
the ratio of visible clinical symptoms is only 0.01%.

The prevalence of VWD in Scottish Terrier dogs has been
reported to change between 18% to 30% 82", In German
Wirehaired Pointers; carrier ratio reported to be 12% and
disease developing ratio is reported to be 1% '". On the
other hand, Dutch Kookier dogs this ratio determined

Statistical
Parameters vWD N Meant SEM Significance
(Student T test)
D-dimer 0 | 127 | 2914.96+611.49 T=201
(ng/1) 1 34 | 1063.82+174.69 P=0.04
Prothrombin 0 127 7.30+0.08 T=0.380
time (sec) 1 34 7.24+0.10 P=0.780
Activated 0o | 127 17.09+0.19 T—0887
thromboplastin e
e e 1 34 16.74+0.25 P=0376
Thrombintime | 0 | 127 17.75+0.19 T=0732
(sec) 1 34 17.44+0.42 P =0.466
Fibrinogen 0 127 294.06+12.90 T=0.491
(mg/di) 1 34 | 193.03+16.06 P<0.001
Thrombocyte 0 127 31342+12.18 T=1.788
(10°/u) 1 34 | 281.97+12.69 P=0.077
Leucocyte 0 127 20.72+1.06 T=2.138
(10%/u) 1 34 17.32+1.19 P=0035
Erythrocyte 0 127 6.2810.14 T=-2544
(10°/u) 1 34 7.0320.22 P=0012
Haemoglobin 0 127 15.54+0.30 T=-2578
(grd)) 1 34 17.18+0.53 P=0.0M
Haematocrit 0 126 44.55+0.87 T=-2.582
(%) 1 34 49.47+1.75 P=0011
vWD: von Willebrand Disease; N: Sample size; SEM: Standard error of the
mean; T: T statistics value; P: P value

to be 5.2% (in 717 dogs; 38 dogs had type Il VWD) 22,
According to Brooks et al." when lower than 50% vWF: Ag
concentration taken into consideration; 73% of dobermans,
30% of scotties, and 28% of shelties had abnormal vVWF:
Ag concentration. Furthermore; Kayar et al.'? found this
ratio in German Shepherd dogs as 26%. In our study,
when lower than 50% vWF: Ag concentration evaluated;
vWD ratio was determined to be 21.1%. Prevalence of
the disease in different dog breeds that included to the
present study were Golden Retreiver (n=35) 34.3%, Kangal
(n=45) 11.1%, German Shepherd (n=11) 36.4%, Labrador
Retriever (n=7) 42.9%, English Cocker Spaniel (n=2) 100%,
English Pointer (n=8) 25.0%, mixed breed (n=8) 33.3%,
Husky (n=7) 12.5%, Malinois (n=1) 100%, Dogo Argentino
(n=2) 50.0%, Samoyed (n=1) 100% and some other breeds
were 0%. The difference observed in the prevalence;
believed to be occurred due to diagnostic method, animal
breed and number of animals used in studies.

Brooks et al.™ examined German Wirehaired Pointer
dogs and found no relation between vWD, age and sex.
Similary, Kayar et al.'"? also found no relation between vWD
and age. In the present study no correlation between the
occurrence of the vWD, sex or age in dogs also determined.
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In VWD dogs; number of platelet, TT, PT, APTT times
were reported to be in generally reference values or
APTT time were slightly a bit longer than normal 2121422,
Similarly, in the present study, platelet number, TT, PT
and APTT times were in reference borders and differences
between two groups were not significant.

In the present study, serum fibrinogen level in dogs
with vVWD were lower statistically (P<0.001) compared
to the level obtained from the dogs without vWD but the
determined concentrations in both groups were within
the reference values. Obtaining normal fibrinogen levels in
vWD dogs was in agreement with the previous studies '
D-dimer is a product of cross-linked of fibrin primer
degradation 3, Determining low D-dimer level in vVWF:
Ag level low dogs can be explained by the insufficient
formation of clot which found in the present study.

It is important that the affected dogs and asymptomatic
carriers of VWD should be excluded from breeding programs.
Quantitative assays of plasma VWF antigen concentration
have been used for definitive diagnosis of vVWD and have
been used to detect VWD carrier dogs 9?41, Additionally,
Brooks et al." reported that a single VWF: Ag levels can
be applied breeding dogs selection without vVWD in
German Wirehaired Pointers. However, Slappendel et al.??
speculated that plasma vVWF: Ag levels ranged between 30
to 89% in 39 Dutch kookier dogs are obligate carriers of
Type lll VWD. In addition, in people for the estimates of the
heritability is used as plasma VWF: Ag levels in between
35-75% 09, Because of the uncertainty in defining carrier
status by ELISA method measuring VWF: Ag concentration
in plasma, the location and character of the mutation
causing VWD should be determined B. Identification
of the affected gene and its action mechanism is also
important in developing treatment for vWD. The encode
of VWF is located on short arm of chromosome 12 and
the 52 exons of the gene in humans ©2%, The single-gene
associations between plasma vVWF: Ag concentrations and
variants at the angiotensin-coverting enzyme, the FUR2
locus, lipoproteinreceptor-related protein, and arginine
vasopressin 2 receptor have been reported in previous
studies in humans 1'%l Kramer et al.® investigated German
Shorthaired Pointers having type Il vVWD and they found
statistical importance between vVWF variant nucleotide in
exon 28 and VWF multimer deficiencies. Furthermore, in
Scottish Terriers single base deletion in fourth exon were
determined '8,

Venta and Vidal ® reported that in exon 42 of the canine
VWEF, a polymorphic region cutting by an Mspl is present.
In parallel with Venta and Vidal ® findings; in the present
study at 11 different dog breeds, VWF had polymorphic
regions when the gene cut by an Mspl. Furthermore, breed
specific difference in different dog breeds on the examined
cutting regions were not determined in the present study
as reported by Venta and Vidal &,

In the present study, 11 different dog breeds raised
in Turkey were investigated. In this study, apart from
Venta and Vidal's ® study, the relationship between Mspl
restriction site polymorphism and vWF: Ag levels in plasma
were examined. As a result of the present study; relationship
between Mspl cutting region and vVWF: Ag levels could not
be determined. The reason could be; investigated each
breed a vVWD; the levels of vWF: Ag were different levels as
reported by Slappendel et al.”?, or it was thought that the
number of animals that diagnosed as VWD were too low.
Furthermore, in the present study it was believed that, Mspl
region that used genotyping of dog breeds could not be
effective in determining individuals having mutant allele.
To test these possibilities; dog breeds that the disease seen
more often, studies having more animal materials should
be performed in the future.

As a result of the present study; the relationship between
plasma vWF antigen level and Mspl polymorphism at
position 2380 in exon 42 in VWF in dogs could not be
determined. In the present study; it was thought that the
detection of Mspl polymorphism at position 2380 in exon
42 in VWF is not sufficient for the definitive diagnosis
of VWD. In addition to this, to own best knowledge, the
present study is the first report on VWF and vWF: Ag
relationship, thus this study will contribute to the literature.
Furthermore, the other importance of the present study
may also come from, its’ one of rare study with concern to
clinical syndrome and their molecular relationship. Besides;
VWF: Ag levels and VWD reported first time in Kangal breed
dogs. Additionally; presence of Mspl polymorphism on
the VWF determined first time in the Kangal breed dogs
that raised in Turkey.
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Abstract

The aim of this study was to investigate the presence of Extended-spectrum B-lactamase (ESBL) and AmpC -lactamase producing
Escherichia coli strains isolated from meat and faecal samples of chicken. Faecal samples (n: 384) were collected from broiler and
egg-type healthy chickens in 43 flocks and 384 fresh chicken meat samples from local markets, supermarkets and slaughterhouses.
E. coli isolates were tested phenotypically according to the guidelines of CLSI (2013) for ESBL production. Phenotypic detection of
AmpC production was carried out by determination of resistance to cefoxitin and susceptibility to cefepime. Also, presence of genes
encoding different types of 3-lactamases (blacrxu, blarew, blassv and the mutation in the promoter of AmpC) in all phenotypically ESBL
or AmpC producing E. coli was investigated by PCR assays. In this study, blacrxu (95.4%), blacrxm-1 (81.8%), blacrxu-s (4.5%), blarem (45.4%)
and blaswv (2.2%) genes were detected from faecal samples and blacrxm (100%), blacrxm-1 (28.5%) and blarem (7.1%) from meat samples.
The only plasmidic AmpC B-lactamase found was the CIT type.

Keywords: Escherichia coli, ESBL, AmpC, Chicken, PCR

Tavuklarda Genislemis Spektrumlu B-laktamaz ve AmpC
B-laktamaz Ureten Escherichia coli izolatlarinin Saptanmasi

Ozet

Bu calismanin amaci, tavuk eti ve diski 6rneklerinden izole edilen Genislemis Spektrumlu B-laktamaz (GSBL) ve AmpC B-laktamaz
Ureten Escherichia coli izolatlarmin varligini ortaya koymaktir. Bu calismada, 43 kiimesten saglkh tavuklara ait 384 diski 6rnegi ve
yerel marketlerden, siipermarketlerden ve kesimhanelerden 384 taze tavuk eti 6rnegi toplandi. E. coli izolatlan fenotipik olarak CLSI
(2013) standartlari kullanilarak GSBL retimi yoniinden incelendi. AmpC Uretiminin fenotipik olarak saptanmasi sefoksitine direng
ve sefepime duyarlilik kriterleri ile belirlendi. Fenotipik olarak GSBL ya da AmpC ireten E. coli olarak saptanan izolatlarinin hepsi
PCR ile degisik tipteki B-laktamaz genlerinin (blacrxw, blarem, blasw, AmpC) varligini ortaya koymak icin incelendi. Bu calismada, diski
orneklerinde blacrxum (%95.4), blacrxu-1 (%81.8), blacrem-s (%4.5), blarm (%45.4), blasw (%2.2) genleri ve tavuk eti 6rneklerinde ise blacrxu
(%100), blacrxm-1 (%28.5), blarem (%7.1) genleri saptandi. AmpC B-laktamaz grubunda sadece CIT geni belirlendi.

Anahtar sozciikler: Escherichia coli, GSBL, AmpC, Tavuk, PCR

INTRODUCTION

During the past decade, drug resistance has increased
worldwide and also extended-spectrum p-lactamases
(ESBL) is the most common mechanism of resistance to
broad-spectrum cephalosporins in members of Entero-
bacteriaceae (mostly Escherichia coli) U3 ESBL genes are
located on plasmids those can easily harbour in bacterial

species. Some ESBL genes are mutant derivatives of
established plasmid-mediated B-lactamases (e.g., blarew
stv), and others are mobilized from environmental bacteria
(e.g., blacrxm). The epidemiology of ESBL genes is rather
complex, changing quickly and shows marked geographic
differences in distribution of genotypes of blacrym B-
lactamases Bl. Another large group of broad-spectrum (-
lactamases are the AmpC enzymes, which are typically
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encoded on the chromosome of many Gram-negative
bacteria. Also, AmpC-type B-lactamases may be carried
on plasmids of bacterial species lacking the chromosomal
AmpC gene 1,

The use of antimicrobial agents in poultry husbandry
is a common problem. The authors emphasize that the
antimicrobial-resistant poultry faecal E. coli strains can be
transmitted to humans both directly and via the food chain ®.
The source of the colonization of ESBL/AmpC producing
bacteria in humans is not completely understood, circum-
stantial evidence points also to a food-borne source .
Poultry meat can be contaminated with antimicrobial-
resistant E. coli at slaughter and can also act as a reservoir
of drug resistant bacteria. The use of cephalosporins in
food-producing animals and in veterinary medicine could
be a selective factor for the appearance of ESBL producing
bacteria in animals ),

Recent studies in Spain ®, France ©, Tunisia %, Belgium ",
China 1'%, Great Britain ¥, Netherlands ®, and England ™
show that CTX-M E. coli isolates are likely to be present in
chickens globally. In Turkey, the prevalence has not been
extensively investigated in poultry.

The present study was undertaken to determine the
presence and prevalence of ESBL and AmpC B-lactamase
producing E. coli strains in chicken in Marmara Region of
Turkey.

MATERIAL and METHODS

The present study was approved by the Animal Care
Committee of Istanbul University, Faculty of Veterinary
Medicine, Approval no: 2012/17.

A total of 384 faecal samples (10 faeces pooled in a
sterile faeces container and counted as one sample) were
collected from healthy chickens in 43 flocks on 14 farms
located in different areas of the Marmara Region in Turkey
(Kirklareli, Edirne, Tekirdag, Istanbul, Kocaeli, Yalova,
Sakarya, Bursa, Balikesir, Canakkale), at intervals between
November 2012 and October 2013. Additionally, a total
of 384 retail chicken meat samples (breast, leg quarter)
were collected from local markets, supermarkets and
slaughterhouses located in the same region, between
January-October 2013.

Five gram of the faecal and meat samples were
inoculated into 15 ml of tryptic soy broth/TSB (Oxoid, USA)
and were incubated for 16-18 h at 37°C. Subsequently,
10 pL of TSB was transferred onto MacConkey agar plate
(Becton Dickinson, USA) supplemented with 1 mg/L
cefotaxime (Sigma-Aldrich, United Kingdom) and incubated
aerobically overnight at 37°C. One presumptive E. coli
colony was randomly selected on MacConkey agar and
subcultured onto blood agar plate and identified by
biochemical tests '\, E. coli isolates were subjected for

antibiotic susceptibility testing by using, cefotaxime (30
pg), ceftriaxone (30 pg), ceftazidime (30 ug), cefpodoxime
(10 pg), aztreonam (30 pg), cefoxitin (30 pg), cefepime (30
pg) discs. Clinical Laboratory Standards Institute (CLSI)
guidelines were followed for inoculum standardization,
medium and incubation conditions, and internal quality
control organisms (E. coli ATCC 25922) were used. The
diameter of the zone of inhibition was measured and
interpreted according to the guidelines of CLSI (2013). The
isolates were tested for ESBL production by combination
of disc diffusion test including cefotaxime and ceftazidime
with and without clavulanic acid. An increase in the zone
diameter of 5 mm or more, when either of the antimicrobial
agents was combined with clavulanic acid, was considered
evidence of ESBL production %, Phenotypic detection of
AmpC production was carried out by determination of
resistance to cefoxitin and susceptibility to cefepime '6'7,

DNA was extracted by Roche High Pure PCR Template
Preparation Kit (Roche, France), according to the
manufacturer’s instructions. The presence of genes
encoding different types of -lactamases (blacrxw, blarem,
blasw and the mutation in the promoter of AmpC) in all
phenotypically ESBL or AmpC producing E. coliwas studied.

For specific detection of the blacrxm genes (CTX-M-1,
CTX-M-2, CTX-M-9, CTX-M-14, CTX-M-20 and CTX-M-21),
consensus primers were chosen from regions with high
levels of sequence homology to the blacrxmgenes 18,

blacrxw genes groups 1, 2 and 9 were detected by
multiplex PCR. Primer pairs and predicted amplicon sizes
were: group 1, 5-AAA AAT CAC TGC GCC AGT TC and 5-AGC
TTA TTC ATC GCC ACG TT (415 bp); group 2, 5'-CGA CGC
TAC CCCTGC TAT T and 5'-CCA GCG TCA GAT TTT TCA GG
(552 bp); group 9, 5-CAA AGA GAG TGC AAC GGA TG and
5-ATT GGA AAG CGT TCA TCA CC (205 bp). Amplification
conditions were: initial denaturation at 94°C for 5 min; 30
cycles of 94°C for 25 s, 52°C for 40 s and 72°C for 50 s; and
a final extension at 72°C for 6 min "%,

The primer sequences, product sizes and cycling
conditions used to amplify different 3-lactamase genes by
PCR are listed in Table 1.

Multiplex PCR for the purpose of identifying family-
specific AmpC [-lactamase genes was performed as
previously described @' The targets, primers sequences
used for PCR amplification and product sizes are summarized
in Table 2. The PCR program consisted of an initial
denaturation step at 94°C for 3 min, followed by 25 cycles of
DNA denaturation at 94°C for 30s, primer annealing at 64°C
for 30s, and primer extension at 72°C for 1 min. After the last
cycle, a final extension step at 72°C for 7 min was added.

PCR product were analysed by gel electrophoresis
with 2% agarose (Sigma-Aldrich, United Kingdom) and
visualizations were performed.
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Table 1. Primer sequences, product sizes, cycling conditions and references

Tablo 1. Gen dizilimleri, amplikon bliyiikltigi, amplifikasyon kosullari ve kaynaklar

Target(s) Primers (5’ to 3/ as synthesized) | Size (bp) Cycling Conditions References
o SCS ATG TGC AGY ACC AGT AA 55 04°C 35 cycles 720C .
CTX-M . .
CCG CRATAT GRTTGG TGG TG 3min. | 95°C30s. ‘ 570C30s. ‘ 72°C45s, | 5 min.
TCG CGT TAA GCG GAT GAT GC o 25 cycles q
CTX-M Group 8 666 o4 'C 2 ,C ae
AAC CCA CGATGT GGG TAG C Smin. | 94°C 25, ‘ 52°C40s. ‘ 72°C50s. | 6min.
GCA CGA TGA CAT TCG GG o 25 cycles q
CTX-M Group 25 327 o4 .C 72 .C 16
AAC CCA CGATGT GGG TAG C 5min. | 94°C 25, ‘ 52°C40s. ‘ 72°C50s. | 6min.
o ATG AGT ATT CAA CATTTC CG ass 94°C 35 cycles 720C o
TEM . .
CCA ATG CTT AAT CAG TGA GC 3min. | 95°C30s. | 55°C30s. | 72°C4ss. | Smin.
oo CTTTACTCG CTTTAT CG 4rs 950C 30 cycles 720C o
SHV . .
TCC CGC AGA TAA ATC ACC A Smin. | 95°C155s, ‘ 52°C30s. ‘ 72°C90ss. 5 min.

Table 2. Targets, primer sequences and product sizes

Tablo 2. Hedefler, gen dizilimleri ve amplikon biiytikliikleri

Target (s) Primer Primers (5 to 3 as synthesized) Size (bp)
pororz G weson | MW STeciamschcchcie oy
e
DA, A2 DHAMA | CCOTACGCATACTGGCTTTGC
ACC ACCM-F AAC AGC CTC AGC AGC CGGTTA 346
ACCM-R TTC GCC GCA ATC ATC CCT AGC
ol
FOX1:2:34:5b FOXMAR | CAAAGE GCGTAA CCOGATTGG 190
RESULTS blacrws blacrwas or AmpC FOX, EBC, ACC, DHA and MOX

Phenotypically Monitoring and Confirmation Tests

From faecal samples, 76 (19.7%) isolates on MacConkey
agar (supplemented with cefotaxime) were positive for
cefotaxime-resistant E. coli.

Distribution of B-lactam resistance phenotypes among
cefotaxime-resistant faecal E. coli isolates from broilers on
each farm is shown at Table 3.

From meat samples, 14 (3.6%) isolates on MacConkey
agar (supplemented with cefotaxime) were positive for
cefotaxime resistant E. coli. Out of those isolates only 2
(40%) isolates were ESBL producers, and 3 (60%) were
AmpC B-lactamase producers.

Genetic Confirmation by PCR

In 44 phenotypically confirmed ESBL and/or AmpC
[-lactamase producing E. coli isolates from faecal samples, 42
(95.4%) harboured at least one of the ESBL-gene: blacrxm
(95.4%), blacrx-m- (81.8%), blacrx-m-s (4.5%), blarem (45.4%)
and for blaswv (2.2%). The only plasmid encoded AmpC
B-lactamase found was the CIT type (n=29). blacrxw-,

groups were not detected.

Five phenotypically confirmed ESBL and AmpC -
lactamase producing E. coli isolates obtained from meat
samples, all of them (%100) was harbouring at least one of
ESBL-gene: blactxwm (100%), blacrxm1 (28.5%) and/or blarem
(7.1%). The only plasmidic AmpC B-lactamase found was
the CIT type (n=3). b/GCTx-M-z, blaCTX-M-B, b/GCTx-M-9, b/GCTx-M-zs,
blaswv or AmpC FOX, EBC, ACC, DHA and MOX groups were
not found. Distribution of B-lactamase genes is given in
Table 4.

DISCUSSION

Antimicrobial resistance is recognized as one of the
greatest threat and the most important global health
challenge. In recent years, the prevalence of ESBL
producing E. coli has been increasing in both human and
veterinary medicine 522,

In this study, it has been demonstrated that ESBL
producing E. coli strains are frequently present (39.4%) in
faecal samples of broilers studied. The prevalence of ESBL
producing E. coli has been reported between 6.7% and
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Table 3. Distribution of B-lactam resistance phenotypes among faecal E. coli isolates from broilers on each farm

Tablo 3. Fenotipik olarak B-laktam direngli fekal E. coli izolatlarinin broyler iftliklerine gére dagilimi

Farm Number of Faecal Number of Cefotaxime -resistant Number of ESBL Number of AmpC

Number Samples Analysed E. coliisolates Producers Producers

1 31 3 1 -

2 38 8 - 5

3 33 9 4 -

4 22 11 2 4

5 35 3 1

6 19 6 3 =

7 28 7 2 1

8 25 = = =

9 18 = = =

10 25 14 8 3

11 28 = = =

12 32 10 7 =

13 32 = = =

14 18 1 - -
TOTAL %) " 76 30 (39.4%) 14 (18.4%)

(19.7%) 44 (57.8%)

Table 4. Distribution of 3-lactamase genes
Tablo 4. B-laktamaz genlerinin dagilimi

Genetic confirmation by PCR
Samples
blacrx-m CIT Type blacrxm + CIT Type blacrx.m blacrx.m-s blarem blasuv
Faecal (n=44) 42 (95.4%) 29 (65.9%) 27 (61.3%) 36 (81.8%) 2 (4.5%) 20 (45.4%) 1(2.2%)
Meat (n=5) 5 (100%) 3 (60%) 3 (60%) 4 (80%) = 1(20%) =

60.7%. Our results were relatively low according to some
studies '3 while showed similarities to others 112,

ESBL producing E. coli was detected 40% of the isolates
obtained from meat samples in this study. In European
countries, the prevalence of ESBL genes in chicken meat
have been detected in various studies; in the Netherlands,
79.8% 21, in Spain 67% 24 and in the United Kingdom
37% 1. The different prevalence rates may be originated
from detection methods, sampling procedures, regions,
geographical conditions and the antibiotic policies.

In this study, 14 (18.4%) E. coli isolates from faecal
samples were identified as AmpC (plasmidic or chromoso-
mally) B-lactamase producers. The prevalence was lower
in comparison to those detected by Smet et al.l'" 43%
and Kolar et al?? 25.9%. On the other hand, Blanc et al.”®
reported the prevalence rate of E. coli isolates as AmpC
B-lactamase producers was 6.7%. The comparison of our
results with the mentioned studies shows that E. coli strains
producing AmpC enzymes are mostly less prevalent.

According to our results, the CTX-M group B-lactamases
were the predominant ESBL type. Similar results have been
reported by Randall et al.'¥, Overdevest et al.®, Morris et

al? and Leverstein-van Hall et al.?”. Also, the majority
of those ESBL genes were identified as blacrym+ (81.8%) in
this study. Recent studies identified CTX-M-1 as the most
prevalent ESBL type shared by human patients, healthy
carriers, poultry, and retail chicken meat, suggesting recent
cross-transmission between human and avian hosts 2. In
Turkey, Zarakolu et al.”® and Gulamber et al.*” reported
that CTX-M-1 members were the most prevalent gene
types in human isolates.

In this study, ESBL-producing E. coli isolates were
detected in both faecal and food samples and blacrx-m-s
gene were detected from only two faecal isolates. On the
contrary of our results, Jouini et al."® indicated that ESBL-
producing E. coli isolates were detected in 10 (26%) of 38
food samples analyzed and in none of the tested animal
faecal samples. Also, these authors reported that blacrxms
gene was not detected from any of the tested animal faecal
samples and pointed that the first time that the unusual
CTX-M-8 B-lactamase has been detected in bacteria of
non-human origin.

Phenotypically confirmed E. coli isolates obtained from
faecal samples carried an ESBL-gene: blarem (45.4%) and



595

BASARAN KAHRAMAN, DIREN SIGIRCI, CELIK, GUMUS

METINER, ADIGUZEL, BAGCIGIL, iKiZ, OZGUR, AK

from meat samples carried an ESBL-gene: blarem (7.1%)
Also, blawy was always detected present in combination
with other B-lactamase genes (blacrxw, blasty blacr). These
findings were similar with previous studies réporting that
TEM f-lactamases were the most frequent mechanism in
E. coliisolates from food-producing animals 3.,

blasw was detected only in one isolate from faecal
samples and was not detected in any of the isolates from
meat samples. On the contrary to these results, Kolar
et al.k% described the most frequent ESBL types were
SHV. In Spain, SHV-12-producing E. coli strains were then
sporadically recovered in faecal samples from healthy
chickens 24, Carattoli 3" emphasize that this gene variant
has been described in E. coli isolated from poultry in
different countries; thus, it would be of particular interest
to monitor its future global diffusion.

In the current study, of the plasmidic class C f3-
lactamases, only the blacr type was identified. Various
authors indicated that the most prevalent AmpC gene
family was CIT including CMY-2, CMY-4, and two CMY-2
variants. Plasmid-encoded AmpC genes belonging
to the CIT family have already been reported in food-
producing animals and humans worldwide. These findings
were consistent with previous studies as a major factor
contributing to AmpC resistance 81932,

Multiple B-lactamases within the same organism (e.g.,
multiple ESBLs or ESBL-AmpC combinations) can make
phenotypic identification of the -lactamases difficult.
Unfortunately, for this reason, plasmid-mediated AmpC
B-lactamase resistance goes undetected in most clinical
laboratories 9. Also, some researchers stated that two
or more of [3-lactamase resistance genes can be found in
the frequently isolated Gram-negative bacteria #3. In the
current study, 27 faecal (61.3%) and 3 (60%) meat E.coli
strains were observed as they possess the various ESBL
and AmpC genes combinations.

Our results clearly show that ESBL and/or AmpC
producing E. coli are present in most of the farms (71.4%)
studied. The differences could be originated from antibiotic
policies or increasing usage of cephalosporins in worldwide.
Moreover, there are various methods for detection of
ESBL and/or AmpC producing E. coli, making the results
difficult to compare. Both the Clinical and Laboratory
Standards Institute (CLSI) and the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) have
revised and updated breakpoints for Enterobacteriaceae.
The microbiology laboratories in Turkey, like many
European laboratories, have implemented the new EUCAST
guidelines in 2015. In the present study, the screening and
confirmation tests of ESBL were applied and interpreted
according to the guidelines of CLSI. In EUCAST guidelines,
the formation of the zone of inhibition around cefpodoxime
(10 mq) disk <21 mm in diameter (in CLSI this value is <17
mm) was accepted ESBL positive screening test. So that,

if EUCAST standard had been used as a method, more
isolates would be positive screening test, and confirmation
test should be applied. Consequently, the prevalence is
thought to be higher according to ESBL screening test
breakpoints in guidelines issued by EUCAST 1633,

To conclude, ESBL and/or AmpC producing E. coli
strains are frequently present in this study and CTX-M
type enzymes are the predominant ESBL type. CTX-M-1 is
the most prevalent ESBL type and of the plasmidic class C
[-lactamases, only the blacr type is present. Further multi-
disciplinary studies, parallel monitoring and surveillance
programmes, and novel strategies in the spirit of ‘One
Health' are required since such data are currently missing.
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Abstract

Chronic constriction injury (CCl) is a common clinical entity and characterized by allodynia or spontaneous neuropathic pain.
Treatment of neuropathic pain is difficult, because a lack of knowledge about the underlying mechanisms and limited effectiveness
of the existing drugs. Surgical decompression enables a more radical treatment by releasing the compressed nerve. Beside the pain
behaviour morphological changes occur in CCl. Ultrastructural morphological changes at the injury site of the sciatic nerve and in the
dorsal root ganglia (DRG) are believed to play role in the pathogenesis of CCl and in the development of neuropathic pain behaviour in
individuals. However, the effects of surgical decompression on the ultrastructure of constricted nerve site as well as in the dorsal root
ganglia have not been studied in details. We investigated the effect of nerve decompression on ultrastructure of rat sciatic nerve and
DRG by light and transmission electron microscopic methods. For this aim, CCl was established on the rat sciatic nerve with four loose
ligatures. Surgical decompression was held at 1, 3" and 5" the weeks after CCl by removing the ligatures. Our results suggest that the
efficacy of decompression was superior when applied one week after compression. The results of the study verify the need for early
surgical decompression to prevent irreversible damage of the peripheral nerve and DRG.

Keywords: Decompression, Sciatic nerve, Chronic constriction injury, TEM

Periferik Sinirde Kronik Konstriiksiyon Hasari Tedavisi Uzerine
Dekompresyonun Etkisi

Ozet

Kronik konstriksiyon hasari (CCl), yaygin klinik bir olusumdur ve allodini ya da spontan ndropatik agri ile karakterize edilir. Noropatik
agrinin tedavisi, altta yatan mekanizmalarin yeterince bilinmemesi ve mevcut ilaglarin sinirl etkisinden dolayi oldukga zordur. Cerrahi
dekompresyon uygulamasi, sikismis sinirin serbestlestirilmesi suretiyle oldukga radikal bir tedavi imkani saglar. CCl'da agrinin yanisira
morfolojik degisimler de olur. Siyatik sinirin yarali bolgesi ve dorsal kok gangliyonundaki (DRG) ultrayapisal morfolojik degisimlerin,
CCl patojenezinde ve bireylerdeki néropatik agri davranisi gelisiminde rol oynadigina inanilir. Ancak, sikismis sinir bélgesinde ve dorsal
kok gangliyonlarindaki ultrayapi tizerine cerrahi dekompresyonun etkileri hentiz detayli olarak ¢alisiimamistir. Calismamizda rat siyatik
siniri ve DRG'nun ultrayapisi tizerine sinir dekompresyonunun etkisini 1sik ve gecirimli elektron mikroskobik metodlarla inceledik. Bu
amacla CCl rat siyatik siniri Uzerine yapilan dort gevsek bag ile olusturulmustur. Cerrahi dekompresyon, CCl sonrasi 1. 3. ve 5. haftalarda
baglarin uzaklastiriimasiyla saglanmistir. Verilerimiz dekompresyon etkisinin sinir sikistirilmasindan bir hafta sonra uygulandiginda ¢cok
daha iyi sonug verdigini desteklemektedir. Erken cerrahi dekompresyonun, periferik sinir ve dorsal kék ganglionunun geri dénlsimsuz
hasarini dnlemeye etkileri Gzerine ilave ¢alismalara ihtiya¢ bulunmaktadir.

Anahtar sozciikler: Dekompresyon, Siyatik sinir, Kronik konsttiksiyon hasari, TEM
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INTRODUCTION

Neuropathic pain arises as a consequence of nerve
injury either of the peripheral or central nervous system. It
tends to be chronic, and less responsive to the administration
of analgesic drugs and other conventional medical mana-
gement 2, Following peripheral nerve injury, a cascade
of events in the primary afferents leads to peripheral
sensitization, resulting in spontaneous nociceptor activity,
decreased threshold, and increased response to supra-
threshold stimuli Bl. However, the pathophysiological
mechanisms underlying neuropathic pain are poorly under-
stood and the available treatments are unsatisfactory .

Animal models of neuropathic pain are available that
help to clarify the underlying mechanisms ®. Especially,
compression-related nerve injury is the main model for
neuropathic pain, and it includes chronic construction
injury (CCl), partial sciatic nerve ligation, and spinal nerve
ligation ©. CCl is relatively simple to perform, and produces
robust and stable pain hypersensitivity for at least one
month after injury. It is also commonly used to investigate
both the pathophysiology, and potential therapeutic agents
for treatment of neuropathic pain V.,

In clinical practice, surgical decompression is frequently
used to relieve symptoms of neuropathic pain, e.g. carpal
tunel syndrome, spinal root compression, and trigeminal
neuralgia due to vascular compression ®, Few studies
have investigated the molecular mechanisms of CCl and
decompression ! whereas some studies evaluated morpho-
logical changes "2, However experimental evidence on
neuropathic pain and CCl is still lacking. Further research
is required to correlate the effects of decompression on
neuropathic pain mechanisms and morphological changes
in constricted nerves.

The aim of this study is to investigate changes in the
ultrastructural morphology of constricted peripheral
nerve and its associated DRGs and whether surgical
decompresion at given times after established CCl can
reverse these changes.

MATERIAL and METHODS

All the experiments were approved by the Local Ethical
Committee of Osmangazi University (Protocol No: 376/2014)
in Eskisehir (Turkey) and conducted according to the health-
care guidelines for the laboratory animals and Universal
Declaration on Animal Welfare. The animals used for
the experiments were provided by the Center for Medical
and Surgical Research (TICAM). The animals were housed
in seperate cages with day and night cycle. Access to free
standard rodent food and water ad libitum were allowed
for all animals in the course of experiments.

Thirty adult female Sprague-Dawley rats, weighing 250-
300 g, were used in this study. Rats were divided randomly

in five groups (n=6). The first group comprised of SHAM
operated rats (SHAM). CCl was established in the other
groups which were entitled as control (C) and chronic
constriction release groups at first, third and fifth weeks
after CCl (CCR1w, CCR3w, CCR5w) respectively.

Surgical procedures were performed under Thiopenthal
Sodium (40-50 mg /kg) anesthesia via intraperitoneal
injection. After depilation of the right hindlimb the right
sciatic nerve was exposed at the mid-thigh level. CCl was
induced by four silk ligatures loosely tied around the nerve
at 1 mm intervals proximal to the trifurcation. Thereafter
the wound was closed by muscle and skin layers and
animals were left to recover. The constricting ligatures
were remained in control animals for 8 weeks. CCR groups
were operated for surgical decompression at given times
under the same anesthesia procedure. All four ligatures
were carefully removed at first, third and fifth weeks after
CCl. All experiments were ended for CCR groups at the
end of the 8" week from the CCl operation.

Animals were euthenized by blood exsanguination and
intracardiac perfusion of 2.5% gluteralaldehyde in 0.TM
pH 7.4 Sodium phosphate buffer (PBS). Right Sciatic nerve
segments (site of the constriction and its 5mm proximal
and distal parts) and associated DRGs were dissected out
carefully and stored in the same fixative solution.

Light and Transmission Electron Microscopy

Tissue samples were prepared by fixation in 2.5%
glutaraldehyde in 0.1 M phosphate buffer for 24 h at
4°C and then rinsed with phosphate buffer. Specimens
postfixed with 1% osmium tetroxide in 0.1 M phosphate
buffer for 2 h at room temperature. All specimens were
then dehydrated in graded solutions of ethyl alcohol
(30%, 50%, 70%, 90%, 96% and 100%) and embedded
in epon-araldite resin. Semithin sections (700 nm) were
collected at a variety of depths of the sample and stained
with toluidine blue. The sections were examined by light
microscope (Olympus BX50) to select appropriate areas
for TEM analysis. Degenerated axons were determined by
two criteria involving myelin debris formation and finer
degeneration in axons. In addition, the number of
normal and degenerated nerve fibres was counted
and Degenerated/Normal Axons Ratio (Deg/Nor) were
calculated. The measurements were done blindly by two
investigators (0.0 and 1.D) to minimize subjectively affected
differences in results. Later, ultrathin sections (60 nm) were
taken on an ultramicrotome (Leica Ultracut RM, Wetzlar,
Germany) and counterstained with uranyl acetate-lead
citrate 3, They were examined and photographed using
a TEM (JEOL JEM 1220) with digital imaging capabilities.

Data Analysis

All data were obtained and originally analyzed uzing
SPSS v2.2 for Windows (IBM Inc. Istanbul, Turkey). Shapiro-
Wilk test was used to assess the normal distribution of
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data. Independent samples Kruskal -Wallis test was used
for comparing differences between groups. Data were
presented both as mean +SD and median (25%, 75%)
percentiles. P <0,05 was accepted as statistically significant.

RESULTS

Light Microscopic Results

Light microscopic findings showed the normal structural
features in the SHAM animals. Myelinated axons of sciatic
nerve was normal in appearance and a few unmyelinated
axons were observed (Fig. 1a). After CCl, axonal damage
and thinly myelin sheaths were increased and common
decrease was seen in the number of myelinated axon.
Some areas with a depletion of nerve fibers were also
shown (Fig. 1b). One week after decompression, significant
increase in the number of myelinated axon was observed
and only a few degenerated fibres were determined.
Remyelinised axons were also abundant (Fig. 1c). After
the third week, several degrees of axonal injury were seen
and its progression to myelinated fiber degeneration are
shown. Degenerated myelin fibres increased from the
third to fifth week decompression. Morphological signs
of axonal regeneration were reduced remarkably (Fig. 1d-e).
DRGs associated both in the control and CCR1w animals
showed compact and regularly arranged structures (Fig.
2a-c). After CCl, the major pathological change was that of
microvacuolisation of the DRG cells (Fig. 2b). In addition,
cell membrane lines were lost and their sizes were larger.
These changes were seen in CCR3w and CCR5w groups
less frequently (Fig. 2d-e).

In the present study compared to the the SHAM

group (0.07+0.01), CCl group (1.98+0.20) demonstrated
a significant increase in Deg/Nor (P<0.05). A significant
decrease was found in Deg/Nor of CCRTw (0.20+0.03)
compared to CCl (P<0.05). However there were no significant
differences between CCl, CCR3w (0.50+0.07) and CCR5w
group (1.00+0.22) (P>0.05). In addition, no significant
differences were found in Deg/Nor among CCR1w, CCR3w
and CCR5w (P>0.05). The data were summarized in Table
1 and Fig. 3.

Electron Microscopic Results

Changes in the ultrastructure of nerve fibres became
increasingly noticeable in TEM studies. Axons in SHAM
groups exhibited an organized, dark stained filament
network. The cytoplasm of the axon appears normal ultra-
structural morphology. In CCl group, the most remarkable
morphological changes that occurred in myelinated axons
were vacuolisation, myelin sheath degeneration loss of
axoplasm, and lamellar separation. Also, blebbing lipid-like
materials on axonal shrinkages were determined (Fig. 4a-c).
In addition, increased numbers of mitochondria and dense
neurofilament network were observed in myelinated axon.
There were no significant changes in the ultrastructure
of unmyelinated fibers in all groups compared to SHAM.
Decompression at one week after CCl, no axonal shrinkage
or myelin sheath degeneration were observed (Fig. 5a).
In particular areas, uncompleted remyelinisation was
also observed (Fig. 5b). In general, a few large vacuoles
and several mitochondria were observed in axoplasm.
Decompression at third and fifth week, myelin sheath
degeneration accompanied with less marked regeneration
of related structures. Myelinated axons exhibited axon-
myelin separations and numerous intracellular organelles.

respectively (Bar: 10 pm)

Fig 1. Semithin sections stained with toluidine blue of the sciatic nerve. a- Normal neural morphology in SHAM group, b- Note
that the swollen appearance of the axons and the decrease in number of axons with intact myelin sheath in CCl group, c-
Marked regeneration of axons of CCR1w group, d,e- Less marked recovery of the neural structures in CCR3w and CCR5w group,

Sekil 1. Siyatik sinirin toluidin mavisi ile boyanmis yari ince kesitleri. a- SHAM grubunda normal noral morfoloji, b- CCl grupta
aksonlarin sismis gorinimu ve intakt miyelin kilifli aksonlarin sayisinda azalma, c- CCR1w grubunda aksonlarin belirgin
rejenerasyonu, d,e- Sirastyla CCR3w ve CCR5w gruplarinda noral yapinin daha az belirgin diizelmesi (Bar: 10 um)
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Fig 2. Semi-thin sections of the dorsal root ganglions of same samples. Figures show parallel data with sciatic nerve. a- SHAM, b-
CCl group, c- CCR1w, d- CCR3w, e- CCR5w, note that the microvacuolisation of DRG cells in CCl and CCR5w groups (Bar: 10 um)

Sekil 2. Ayni 6rneklerin dorsal root ganglionlarinin yari ince kesitleri. Sekiller siyatik sinir ile benzer verileri gosterir. a- SHAM,
b- CCl grup, c- CCR1w, d- CCR3w, e- CCR5w, CCl ve CCR5w gruplarinda DRG hiicrelerinin mikrovakuolizasyonu goriilmektedir
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Fig 3. Graphic presentation of the mean numbers of
degenerated/normal axon ratios

Sekil 3. Dejenere/normal akson oranlarinin ortalama sayila-
rinin grafik gosterimi
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Table 1. The number of degenerated/normal axon ratios counted in semithin
sections obtained from each study group

Tablo 1. Her calisma grubunda yari ince kesitlerin sayimindan elde edilen|
dejenere/normal akson oranlari

Degenerated/Normal Axons Ratio
Groups
Mean+STD Median (25%-75%)
SHAM 0.07+0.01 0.07 (0.06- 0.08)
Cccl 1.98+0.20 1.96 (1.77-2.13)
CCR1w 0.20+0.03 0.20 (0.18-0.23)
CCR3w 0.50+0.07 0.49 (0.43-0.59)
CCR5w 1.00+0.22 0.88 (0.86-1.26)

In some areas, axonal shrinkage occurred (Fig. 6a). Loss
of axoplasm was abundantly. Separations between the
axoplasm and myelin sheath were prominent. Widened
interface was observed between the Schwann cell and the
axoplasm (Fig. 6b). In addition, unmyelinated nerve fibres

showed no important morphological changes except a
few vacuol formation.

The DRG of SHAM showed normal histologic features.
Neurons are surrounded satellite glial cells (SGCs) and
nuclei of SGC is visible (Fig. 7a). The DRG morphology was
found similar in both CCR1w and CCR3w groups as in
SHAM. No degenerative changes were observed in DRGc
and Surrounding SGCs. Massive degenerations such as
loss of cell membrane and swelling were determined in CCl
and CCR5w. However the most striking alteration in these
latter groups was vacuolisation in DRGc. These vacuoles
appeared as variably sized, but generally they were in
clear content. Some dark inclusions were also determined
within the cytoplasm (Fig. 7b). Loss of cell membranes
of DRGc and cytoplasmic vacuolation were the typical
characteristics of apoptosis in some sections of both CCI
and CCR5w groups (Fig. 7c). Electron microscopic results
were summarized in Table 2.
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Fig 4. Transmission electron microscopic (TEM) analysis results of rat sciatic nerve after chronic construction damage (CCl). a-
There are some vacuoles (white arrow) and myelin separations (black arrow) (Ms: myelin sheath; Ax: axon), (Bar: 5 um), b- Axon
showed the high degree of axoplasm loss. White asterisks indicates the lamellar separation of myelin sheath (Bar: 1 ym), c-
Axonal shrinkage (AxS) is seen in axon. Bb indicates blebbing lipid-like materials on axonal shrinkages (Bar: 2 pm)

Sekil 4. Rat siyatik sinirine uygulanan Kronik Konstriksiyon hasarindan (CCl) sonra elde edilen transmisyon elektron mikroskobik
(TEM) sonuglarin analizi. a- myelin seperasyonlar (siyah ok) ve vakuoller (beyaz ok) (Ms: myelin kilif; Ax: akson), (Bar: 5 um), b-
aksoplazma kaybinin cok oldugu aksonlar gorilmektedir. Beyaz yildizlar myelin kiliftaki lameller seperasyonu gostermektedir
(Bar: 1 pm), c- aksonda aksonal sisme (AxS) gorilmektedir. Bb aksonal biiziismede blebbing lipid benzeri materyali
gostermektedir (Bar: 2 um)

Fig 5.a- Transmission electron microscopic (TEM) analysis results of sciatic nerve from decompression at one week after CCl (CCR1w).
Myelinated sheaths (Ms) show normal ultrastructural features. The cytoplasm of the axon (Ax) demonstrates no morphological
abnormality (no axonal shrinkage or myelin sheath separation) (Bar: 5 um), b- black arrowheads indicate uncompleted remyelinisated
areas (Bar: 2 um)

Sekil 5. CCI (CCR1w) den bir hafta sonra serbestlestirilen siyatik sinirin transmisyon elektron mikroskobik (TEM) analiz sonuclari.
Miyelin kiliflar normal ultrastriikttrel yapi gostermektedir. Aksonlarin sitoplazmasi morfolojik olarak normal gériinimdedir (aksonal
biizlisme veya miyelin kilif seperasyonu yok) (Bar: 5 um), b- siyah okbaslari inkomplet remyelinize alanlar gostermektedir (Bar: 2 um)

Fig 6. Transmission electron microscopic (TEM) analysis results obtained from decompression at five week after chronic
construction injury (CCR5w). a- on left image, there is an axonal shrinkage (AxS) (Bar: 2 pm), b- The nerve fibers included in
figure on right are vacuolisation areas (Va); two headed arrow demonstrate the widened interface was observed between the
schwann cell and the axoplasm (Bar: 5 um)

Sekil 6. Kronik konstriksiyon hasari sonrasi besinci haftada serbestlestirilen gruptan (CCR5w) elde edilen Transmisyon elektron
mikroskobik (TEM) gortintiler. a- soldaki goruntiide bir axonal biiziisme var (AxS) (Bar: 2 pm), b- sagdaki sekilde sinir lifinde
vakuolizasyon alani (Va); iki basli ok schwann hiicresi ve aksoplazma arasindaki genislemis araytizii géstermektedir (Bar: 5 pum)
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Fig 7. Transmission electron microscopic (TEM) analysis results of normal and damaged DRGc. a- Normal ultrastructural
morphology in SHAM. Similar findings were found in CCRTw and CCR3w groups (Bar: 10 um), b- loss of cell membrane and
swelling in CCI. Clear vacuoles (black arrow) and dark inclusions (white arrow) in the cytoplasm (Bar: 5 pm), c- Apoptotic changes
in cell membranes (arrowhead), DRGc: Dorsal Root Ganglion cells, SGe: Satellite Glial cell, Nu: Nucleus (Bar: 2 um)

Sekil 7. Normal ve hasarli DRG hiicrelerinin transmisyon elektron mikroskobik (TEM) analiz sonuglari. a- SHAM grubunda normal
ultrastrikttrel yapr. CCR1w ve CCR3w gruplarinda benzer bulgular elde edildi (Bar: 10 um), b- CCl grubunda hiicre membran
kaybi ve sisme. Sitoplazmada vakuoller (siyah ok) ve siyah inkliizyonlar (beyaz ok) (Bar: 5 um), c- hiicre membraninda apopitotik
degisiklikler (okbasi), DRGc: Dorsal Root Gangliyon hiicreleri, SGe: Satellit Glial hiicreler, Nu: Nucleus (Bar: 2 um)

Table 2. Summary of the ultrastructural changes in sciatic nerve and its associated DRG

Tablo 2. Siyatik sinir ve iliskili DRG nin ultrastriktiirel degisikliklerinin 6zeti

Sciatic Nerve Dorsal Root Ganglion
Groups
LM* TEM* LM TEM
Normal myelinated and Centrally placed nuclei, neurons | Satellite glial cells around the
SHAM Normal myelinated and | unmyelinated fibers, typical are completely covered by neurons, quite evenly distributed
unmyelinated fibers appearance axoplasm and myelin satellite cells, most of the cell organelles throughout the
sheath have an angular outline cytoplasm
Axonal damage, Vacuolisation, loss of axoplasm,
thin myelin myelin sheath, degeneration lamellar | Microvacuolisation of the Microvacuolisation of the DRG cells,
ccl sheaths,common separation. increased numbers of DRG cells, weakness in cell weakness in cell membrane lines,
decrease in the number | mitochondria, blebbing lipid-like membrane lines, swollen cells | swollen cells
of myelinated axon materials on axonal shrinkages
Marked increase in the | No loss of axoplasm, axonal
number of myelinated | shrinkage or myelin sheath SHAM like, normal morphological
CCR1w | axon, only a few degeneration, uncompleted Normal morphological findings | findings, a few axon-myelin
degenerated fibres, remyelinisation areas. a few large separation
Remyelinised axons vacuoles several mitochondria
Axon-myelin separation, Loss of
. . A few microvacuolisation in axoplasm, Increased mitochondria,
Myelinated fiber . . .
CCR3w degeneration Less marked regeneration DRG cells, weakness in cell Lamellar separation, Normal
9 membrane lines, swollen cells nuclear membrane morphology,
Axonal shrinkage
. . Loss of cell membranes, Many
. . Axon-myelin separations L
Marked increase in . . . . . .. . |vacuolisation in cytoplasm,
. Increasing electron dense in Increasing microvacuolisation in | . . .
CCR5w | degenerated myelin . increased mitochondria, dark
X some unmyelinated axons, axonal DRG cells, loss of cell membrane | . X . .
fibres counts X inclusions, axon-myelin separation,
shrinkage, Lost of axoplasm
neuronal membrane damage

DISCUSSION

CCl of the rat sciatic nerve is an injury model established
to investigate neuropathic pain. The injury is characterised
behaviorally as mechanical allodynia and thermal hyper-
algesia after a few day of the lesion. While some neuro-
transmitters such Substance PCGRP and pERK play role
in development of neuropathic pain ®'*! morphological
changes may occur at the injury site of sciatic nerve 101618,
endorgan ® or dorsal horn ®'* which is central terminals of for
nociceptive information and DRG "". Neuropathic pain is
treated with drugs symptomatically in clinical practice 92"

and also various agents were tested experimentally after
CCl established in animals 2?2, However conservative
treatment of neuropathic pain is still limited "¥. Unique
radical intervention is decompression which is performed
by removing of the ligatures on the sciatic nerve and
works for treatment of underlyig cause. It is shown that
decompression not only relieves neuropathic pain; in
addition, it also promotes the regeneration in associated
central and peripheral nerves %3,

In the present study the effect of CCl and CCR on
morphology of constricted site of nerve and associated
DRG have been investigated in an conventional animal
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model. CCl caused marked decrease in the number of
myelinated axon, loss of axoplasm and vacuolisation at the
constricted site of the nerve. deg/reg axon ratio was high
in CCl group. In TEM analysis these pathological features
were more evident. Axon-myelin separations, vacuolisation
and loss of axoplasm were observed exhaustively. Large
myelinated axons were found more degenerated compared
to other structures. Surprisingly, unmyelinated fibers
were not affected from CCl. This findings are somewhat
consistent with previous studies. Similar microscopic
findings have been reported with CCl injury in the rat,
with massive degeneration of large myelinated fibers
and less severe changes in small myelinated fibers and
unmyelinated fibers 242¢, Later Prinz et al.'% have
reported the ultrastructural changes of peripheral nerve
lesions induced by chronic compression using an
experimental model by light and electron microscopy
myelinated axons at the compression sites displayed a
remarkable increase in the number of small axons up to
60% in comparison with the normal axons. Additionally,
remarkable axonal degeneration was obswerved both
in central and in marginal regions of the distal to the
constriction. In contrast, we observed significant decrease
in the number of both small and large myelinated axons.
However, distal and proximal nerve sections were found
less damaged, and they were limited with a few lamellar
separations in our study (data not shown).

The current scientific information suggests that the
DRG is an active participant in the development of neuro-
pathic pain 2., Although Changes in gene expression of
inflammatory cytokines, neuropeptides and ion current
of ion channels in response to CCl or other types of nerve
injuries have been reported previously ?7-?! morphologic
changes within the DRG have been less documented ",
In addition to constricted peripheral nerve segment histo-
pathologic changes were observed within the DRG in
the present study. The major morphologic change was
formation of microvacuoles within the DRG cells of the CCl
group which appeared both in in light and TEM sections.
As known, neuronal vacuolisation may be seen in neurons
undergoing degeneration and it is a particular concern
for neuropathologic significance of DRG. Besides loss
of cell mebrane and swelling of the DRG cells was also
characteristic.

The morphologic changes in CCl injury were clearly
demonstrated in the present work and previous studies.
decompression can prevent or reverse these pathological
conditions, in particular if performed early. In CCR1w group
deg/normal axon ratio was found lower than CCl, CCR3w
and CCR5w groups. Myelin structures and axoplasms thereby
myelin-axon integrity were preserved in CCR1w. Normal
schwann cell appearance and less lamellar separation
was observed in TEM. Similar to our findings Jancalek
and Dupovy " showed that decompression after 1-week
compression caused a rapid increase in the number of

both small and large myelinated axons within the spinal
root including the site of compression. In contrast the
degenerative processes with a reduction of the MA number
were very distinct when spinal roots were compressed
for 5 weeks with subsequently decompressed for 3 weeks
similar to the findings of our CCR3w and CCR5w groups.

Decompresssion also reversed the changes in the
sensorial terminals of the peripheral nerves. Attenuation
of neuropathic pain by surgical decompression caused
normalization of dorsal horn activities ©'\. The structure of
DRG cells were preserved after decompression at first and
third weeks whereas degeneration of DRG cells in CCR5w
group persisted. However the recovery of peripheral nerve
and its central terminals do not guarantee recovery at the
endorgan etc skin. Although nerve decompression was
accompanied with the disappearance of neuropathic pain
behaviors after CCl, morphological studies have shown the
evidence of an incomplete skin reinnervation &7,

The present study posesses two limiting factors. First
the scope was restricted to investigate only morphologic
changes of constricted nerve and its associated DRGs
during CCl and after decompression. Thus behavioral tests
to evaluate the signs of neuropathic pain such as allodynia
and hyperalgesia or biochemichal analysis to determine
neuroinflammatory response were not conducted. Second
the pathologic condition is limited to eight weeks period
intervened at first, third and fifth week to determine the
appropriate timing of decompression for a given disease
period. Therefore time course after decompression was not
equal between the groups. One can argue that recovery
period was shorther for late decompressed groups. Thus
degeneration is more apparent in these groups. On the
contrary, El-Barrany et al.B% reported that degenerative
changes have been reversed as time course after
decompression prolonged. According to their findings,
severe degenerative changes in schwann cells and
myelinated axons were observed one week after
decompression. After the second week of decompression,
the endoneurium showed extentive edema with an
increase in the regenerating myelinated and unmyelinated
nerve fibers. Three weeks after decompression, edema
decreased and six weeks after decompression, the endo-
neurium appeared nearly normal. Nevertheless a further
study in our laboratory was planned to investigate how
decompression at first, third and fifth weeks affect on
morphologic recovery of peripheral nerve and DRG and
whether these changes are reversible after a constant
follow-up period (8 week after decompression).

Results of our light and electron microscopy studies
showed that early decompression preserve the histo-
pathological features of nerve at the constriction site and
DRG cells. In the late decompression groups, ultrastructural
damages were observed as more intensely similar to the
CCl group (Table 2).
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Our study data support previous reports of the
importance of early surgical intervention in providing
optimal treatment for nerve compression conditions.
Future quantitative histological studies on regeneration
of constricted sciatic nerve will enable us to have better
understanding of the these mechanisms.

REFERENCES

1. Smith HS, Argoff CE: Pharmacological treatment of diabetic
neuropathic pain. Drugs, 71, 557-589, 2011. DOI: 10.2165/11588940-
000000000-00000

2. Kumar K, Taylor RS, Jacques L, Eldabe S, Meglio M, Molet J, Thomson
S, O’Callaghan J, Eisenberg E, Milbouw G, Buchser E, Fortini
G, Richardson J, North RB: Spinal cord stimulation vs conventional
medical management for neuropathic pain: A multicentre randomised
controlled trial in patients with failed back surgery syndrome. Pain, 132,
179-188, 2007. DOI: 10.1016/j.pain.2007.07.028

3. Jaggi A.S, Singh N: Role of different brain areas in peripheral nerve
injury-induced neuropathic pain. Brain Res, 1381, 187-201, 2011. DOI:
10.1016/j.brainres.2011.01.002

4. Zieglgansberger W, Berthele A, Tolle TR: Understanding neuropathic
pain. CNS Spectr, 10, 298-308, 2005. DOI: 10.1017/51092852900022628

5. Sacerdote P, Franchi S, Moretti S, Castelli M, Procacci P, Magnaghi
V, Panerai AE: Cytokine modulation is necessary for efficacious treatment
of experimental neuropathic pain. J Neuro immune Pharmacol, 8, 202-211,
2013.DOI: 10.1007/511481-012-9428-2

6. Kim S, Chung JM: An experimental model for peripheral neuropathy
produced by segmental spinal nerve ligation in the rat. Pain, 3, 355-363,
1992. DOI: 10.1016/0304-3959(92)90041-9

7. Austin PJ, Kim CF, Perera CJ, Moalem-Taylor G: Regulatory T cells
attenuate neuropathic pain following peripheral nerve injury and
experimental autoimmune neuritis. Pain, 153, 1916-1931, 2012. DOI:
10.1016/j.pain.2012.06.005

8. Tseng TJ, Chen CC, Hsieh YL, Hsieh ST: Effects of decompression
on neuropathic pain behaviors and skin reinnervation in chronic
constriction injury. Exp Neurol, 204, 574-582, 2007. DOI: 10.1016/j.expneurol.
2006.12.018

9. Tseng T, Hsieh Y, Hsieh S: Reversal of ERK activation in the dorsal horn
after decompression in chronic constriction injury. Exp Neurol, 206, 17-23,
2007.DOI: 10.1016/j.expneurol.2007.04.006

10. Prinz RA, Nakamura-Pereira M, De-Ary-Pires B, Fernandes D.S,
Fabiao-Gomes BD, Bunn PS, Martinez AM, Pires-Neto MA, Ary-
Pires R: Experimental chronic entrapment of the sciatic nerve in adult
hamsters: An ultrastructural and morphometric study. Braz J Med Biol Res,
36, 1241-1245, 2003. DOI: 10.1590/50100-879X2003000900015

11. Jancalek R, Dubovy P: An experimental animal model of spinal
root compression syndrome: An analysis of morphological changes
of myelinated axons during compression radiculopathy and after
decompression. Exp Brain Res, 179, 111-119, 2007. DOI: 10.1007/s00221-
006-0771-5

12. Ozaydin i, Unsaldi E, Aksoy O, Yayla S, Kaya M, Ulkay Tunali MB,
Aktas A, Tasdemiroglu E, Cihan M, Kurt B, Yildinm HC, Sengo6z A,
Erdogan H: The effect of silicone tube and silicone tube + hyaluronic
acid application on adhesion formation in experimental peri- and epi-
neurorrhaphy in a rat model. Kafkas Univ Vet Fak Derg, 20, 591-597, 2014.
DOI: 10.9775/kvfd.2014.10583

13. Reina MA, Lépez A, Villanueva MC, De Andrés JA, Machés F: The
blood-nerve barrier in peripheral nerves. Rev Esp Anestesiol Reanim, 50
(2): 80-86, 2003.

14. Castejon OJ, Castejon HV, Diaz M, Castellano A: Consecutive
light microscopy, scanning-transmission electron microscopy and

transmission electron microscopy of traumatic human brain oedema and
ischaemic brain damage. Histol Histopathol, 16 (4): 1117-1134, 2001.

15. Tseng TJ, Chen CC, Hsieh YL, Hsieh ST: Influences of surgical
decompression on the dorsal horn after chronic constriction injury:
Changes in peptidergic and delta-opioid receptor (+) nerve terminals.
Neuroscience, 156,758-768,2008.DOI:10.1016/j.neuroscience.2008.08.010

16. Prinz R.A, Nakamura-Pereira M, De-Ary-Pires B, Fernandes
D, Fabiao-Gomes BD, Martinez AM, de Ary-Pires R, Pires-Neto MA:
Axonal and extracellular matrix responses to experimental chronic
nerve entrapment. Brain Res, 1044, 164-175, 2005. DOI: 10.1016/j.
brainres.2005.02.085

17. Tseng TJ, Hsieh YL, Ko MH, Hsieh ST: Redistribution of voltage-
gated sodium channels after nerve decompression contributes to relieve
neuropathic pain in chronic constriction injury. Brain Res, 1589, 15-25,
2014.DOI: 10.1016/j.brainres.2014.07.012

18. Tseng TJ, Hsiao TH, Hsin T, Hsieh ST, Hsieh YL: Determinants of
nerve conduction recovery after nerve injuries: Compression duration
and nerve fiber types. Muscle Nerve, 52, 107-112, 2015. DOI: 10.1002/
mus.24501

19. Finnerup NB, Otto M, Jensen TS, Sindrup SH: Algorithm for
neuropathic pain treatment: An evidence based proposa. Pain, 118, 289-
305, 2005. DOI: 10.1016/j.pain.2005.08.013

20. Vranken JH: Elucidation of pathophysiology and treatment of
neuropathic pain. Cent Nerv Syst Agents Med Chem, 12, 304-314, 2012.
DOI: 10.2174/187152412803760645

21. Hama A, Sagen J: Altered antinociceptive efficacy of tramadol over
time in rats with painful peripheral neuropathy. Eur J Pharmacol, 559, 32-
37,2007.DOI: 10.1016/j.ejphar.2006.11.047

22. Kukkar A, Singh N, Jaggi AS: Attenuation of neuropathic pain by
sodium butyrate in an experimental model of chronic constriction injury
in rats. J Formos Med Assoc, 16, pii: S50929-6646(13)00180-0, 2013. DOI:
10.1016/j.jfma.2013.05.013

23. Jancalek R, Dubovy P, Svizenska |, Klusakova I: Bilateral changes
of TNF-alpha and IL-10 protein in the lumbar and cervical dorsal root
ganglia following a unilateral chronic constriction injury of the sciatic
nerve. J Neuroinflammation, 10, 7-11, 2010. DOI: 10.1186/1742-2094-7-11

24, Basbaum Al, Gautron M, Jazat F, Mayes M, Guilbaud G: The
spectrum of fiber loss in a model of neuropathic pain in the rat: An
electron microscopic study. Pain, 47, 359-367, 1991. DOI: 10.1016/0304-
3959(91)90229-Q

25. Shimoyama M, Tanaka K, Hasue F, Shimoyama NA: Mouse model
of neuropathic cancer pain. Pain, 99, 167-174, 2002. DOI: 10.1016/50304-
3959(02)00073-8

26. Munger BL1, Bennett GJ, Kajander KC: An experimental painful
peripheral neuropathy due to nerve constriction. I. Axonal pathology
in the sciatic nerve. Exp Neurol, 118, 204-214, 1992. DOI: 10.1016/0014-
4886(92)90037-Q

27. Krames ES: The dorsal root ganglion in chronic pain and as a target
for neuromodulation: A review. Neuromodulation, 18, 24-32, 2015. DOI:
10.1111/ner.12247

28. Brazda V, Klusakova |, Hradilova Svizenska I, Dubovy P: Dynamic
response to peripheral nerve injury detected by in situ hybridization
of IL-6 and its receptor mRNAs in the dorsal root ganglia is not strictly
correlated with signs of neuropathic pain. Mol Pain, 9, 42, 2013. DOI:
10.1186/1744-8069-9-42

29. Dubovy P, Jancalek R, Klusakova I, Svizenska I, Pejchalova K: Intra-
and extraneuronal changes of immunofluorescence staining for TNF-
alpha and TNFR1 in the dorsal root ganglia of rat peripheral neuropathic
pain models. Cell Mol Neurobiol. 26, 1205-1217, 2006. DOI: 10.1007/
s10571-006-9006-3

30. El-Barrany WG, Hamdy RM, Al-Hayani AA, Jalalah SM, Al-Sayyad
MJ: Ultrastructural changes of compressed lumbar ventral nevre roots
following decompression. Sauudi Med J, 27 (7): 955-961, 2006.


http://link.springer.com/article/10.2165/11588940-000000000-00000
http://journals.lww.com/pain/pages/articleviewer.aspx?year=2007&issue=11000&article=00025&type=abstract
http://www.sciencedirect.com/science/article/pii/S0006899311000102
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=8893942&fileId=S1092852900022628
http://link.springer.com/article/10.1007%2Fs11481-012-9428-2
http://journals.lww.com/pain/pages/articleviewer.aspx?year=1992&issue=09000&article=00015&type=abstract
http://journals.lww.com/pain/pages/articleviewer.aspx?year=2012&issue=09000&article=00022&type=abstract
http://www.sciencedirect.com/science/article/pii/S0014488606006388
http://www.sciencedirect.com/science/article/pii/S0014488607001677
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2003000900015&lng=en&nrm=iso&tlng=en
http://link.springer.com/article/10.1007%2Fs00221-006-0771-5
http://vetdergi.kafkas.edu.tr/extdocs/2014_4/591-597.pdf
http://europepmc.org/abstract/med/12712870
http://revistas.um.es/hh/article/view/123411/0
http://revistas.um.es/hh/article/view/123411/0
http://www.sciencedirect.com/science/article/pii/S0306452208011871
http://www.sciencedirect.com/science/article/pii/S0006899305003598
http://www.sciencedirect.com/science/article/pii/S000689931400941X
http://onlinelibrary.wiley.com/doi/10.1002/mus.24501/epdf
http://journals.lww.com/pain/pages/articleviewer.aspx?year=2005&issue=12050&article=00003&type=abstract
http://www.ingentaconnect.com/content/ben/cnsamc/2012/00000012/00000004/art00006
http://www.sciencedirect.com/science/article/pii/S0014299906013215
http://www.sciencedirect.com/science/article/pii/S0929664613001800
http://jneuroinflammation.biomedcentral.com/articles/10.1186/1742-2094-7-11
http://journals.lww.com/pain/pages/articleviewer.aspx?year=1991&issue=12000&article=00015&type=abstract
http://journals.lww.com/pain/pages/articleviewer.aspx?year=2002&issue=09000&article=00017&type=abstract
http://www.sciencedirect.com/science/article/pii/001448869290037Q
http://onlinelibrary.wiley.com/doi/10.1111/ner.12247/epdf
http://mpx.sagepub.com/content/9/1/42
http://link.springer.com/article/10.1007%2Fs10571-006-9006-3
http://www.smj.org.sa/index.php/smj/article/view/3715

Kafkas Univ Vet Fak Derg Karkas UNIVERSITES! VETERINER FAKULTESI DERGISI
22 (4): 605-611, 2016 JournAL Home-PacE: http://vetdergi.kafkas.edu.tr Research Article
DOI: 10.9775/kvfd.2016.15163 ONLINE Susmission: http://vetdergikafkas.org

Protective Effect of Morinda citrifolia (Noni) on
3-methyl-4-nitrophenol-induced Injury in Rat Testes ™

Funda YiGIT'  Elif I. IKITIMUR-ARMUTAK ' Osman B. Burak ESENER '
Ebru GUREL GUREVIN 2 Banu ISBILEN BASOK ¢ M. Basak ULKAY ' Abit AKTAS '+

M This study was supported by “Research Fund of Istanbul University with the grant number BAP-33141"

! Istanbul University, Faculty of Veterinary Medicine, Department of Histology and Embryology, TR-34320 Avcilar,
Istanbul - TURKEY

2 |Istanbul University, Faculty of Science, Department of Biology, TR-34134 Vezneciler, Istanbul - TURKEY

3 Istanbul Medeniyet University, Faculty of Medicine, Department of Medicinal Biochemistry, TR-34730 Goztepe,
Istanbul - TURKEY

Article Code: KVFD-2016-15163 Received: 04.02.2016 Accepted: 01.04.2016 Published Online: 01.04.2016

Abstract

In this study, the protective effect of Morinda citrifolia (Noni) against 3-methyl-4-nitrophenol (PNMC) toxicity in rat testes
was investigated with an experimental period of five days. Fifty-six adult male Sprague-Dawley rats were allocated into
seven experimental groups and a control (n:7). One group received only Noni. Testicular tissue injury of six experimental
groups was induced by subcutaneous injection of PNMC at three different doses (1, 10 and 100 mg/kg) and three received
Noni treatment (2 ml per rat by gavage). On day six all rats were sacrificed and then blood samples and testis tissues were
collected. Serum testosterone, FSH and LH levels were assessed. Testicular tissues were evaluated histomorphometrically in
terms of tubular diameter, seminiferous epithelium density, luminal space and interstitial tissue and immunohistochemically
labelled with inducible nitric oxide synthase (iNOS) and endothelial nitric oxide synthase (eNOS) markers to assess oxidative
damage. Histomorphometrically, most severe tissue injury was observed in the group of 10 mg/kg PNMC. Tissue injury improved
significantly in its corresponding treatment group (with Noni). iNOS and eNOS levels increased in all PNMC groups and decreased
with Noni treatments. Noni was most effective in the group of 100mg/kg PNMC in terms of oxidative damage. Serum hormone
levels revealed no significant results. In conclusion, Noni reduced PNMC-induced tissue injury in rat testes.

Keywords: 3-methyl-4-nitrophenol, Rat, Noni, Testes, iNOS, eNOS

Sican Testisinde 3-Metil-4-Nitrofenol ile Olusturulan Hasara Karsi
Morinda citrifolia (Noni)'nin Koruyucu Etkisi

Ozet

Bu calismada bes glinlik deneysel bir periyotla Morinda citrifolia (Noni)'nin sican testislerinde 3-metil 4-nitrofenol (PNMC)
toksisitesine karsi koruyucu etkisi arastirildi. Ellialti adet yetiskin erkek Sprague-Dawley sicani esit sayida yedi deneysel, bir
kontrol grubuna ayrildi (n:7). Bir gruba sadece Noni uygulandi. Alti deneysel grupta testiste doku hasari farkli dozlarda (1, 10 and
100 mg/kg) subkutan PNMC enjeksiyonu ile indiiklendi ve ti¢ gruba Noni tedavisi uygulandi (her sican icin 2ml gavaj ile). Altinci
glinde tiim sicanlar sakrifiye edilerek kan ve testis doku 6rnekleri toplandi. Serum testosteron, FSH ve LH seviyeleri degerlendirildi.
Testis dokulari, tubuler cap, seminifer epitel yogunlugu, lumen araligi ve interstisyel doku agisindan histomorfometrik olarak
incelendi ve oksitatif hasari degerlendirmek lzere induklenebilir nitrik oksit sentaz (iNOS) ve endotelyal nitrik oksit sentaz
(eNOS) belirtecleri ile immunohistokimyasal olarak isaretlendi. Histomorfometrik olarak en siddetli doku hasari 10 mg/kg'lk
PNMC grubunda go6zlendi. Doku hasari bu gruba karsilik gelen tedavi (Noni ile) grubunda anlaml 6l¢tide iyilesti. iINOS ve eNOS
diizeyleri tim PNMC gruplarinda yulkseldi ve Noni tedavisi ile ayni degerler disls gosterdi. Noni'nin oksidatif hasar bakimindan
en ¢cok 100mg/kg’lik PNMC grubunda etkin oldugu izlendi. Serum hormon degerleri anlamli sonuglar vermedi. Sonug olarak,
Noni, sican testislerinde PNMC ile indliklenen doku hasarini azaltti.

Anahtar sozciikler: 3-metil 4-nitrofenol, Sican, Noni, Testis, iNOS, eNOS
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INTRODUCTION

Nowadays, accelerating air pollution due to industria-
lization has become a serious threat for environmental
health. With the increasing use of motor vehicles, diesel
exhaust particles (DEP) found in motor vehicle emissions
have posed a worldwide health-threatening problem .

Miscellaneous compounds found in DEP are among
endocrine impairing chemicals, which exhibit estrogenic
and anti-androgenic activities 3. DEP compounds were
reported to have adverse effects on reproductive system
and impair both reproductive and endocrine functions in
male mice and rats ©”., Watanabe and Kurita ® indicated a
decrease in the Sertoli cell count of rats, which were exposed
to diesel exhaust in the fetal period while testosterone
levels of the animals were found to have increased.

3-methyl-4-nitrophenol (PNMC) is a nitrophenol
derivative of DEP and an important metabolite of
fenitrotion, which is a widely used organophosphate
insecticide in agriculture. This pesticide, however, was
shown to have accumulated in water, air and soil ©'%,
which inevitably has become a growing health threatening
problem for all living things 12,

Nitric oxide (NO) is a free radical which is synthesized
from L-arginin by nitric oxide synthase (NOS). There are 3
isoforms of NOS: inducible (i) NOS, endothelial (e) NOS and
neuronal (n) NOS. They are found at high levels in tissues
during inflammation 3. NO is known to exhibit cytotoxic
effects since it interacts with superoxide which results in
tissue damage ", In previous experimental studies NO
was shown to induce testicular tissue damage, as well ',
In a study it was reported that NO exerted an inhibitory
effect on testicular steroidogenesis. Although NO was
reported to have shown preventive effect on testicular
steroidogenesis, the specific site of action or its mechanism
of action was not elucidated. Nonetheless, NO expression
at high levels reduced testosterone production in testis ',

Morinda citrifolia L. (Rubiaceae), which is an endemic
and widespread plant species in the Pacific and tropical
regions of Asia, is commonly named as Noni 7. The fruit
itself and its juice have been used in conventional medicine
for prophylactic purposes and for the cure of miscellaneous
diseases for many years "8, Noni contains a number of
compounds and enzymes which show antioxidant activity
by supporting cellular functions %2,

Since there are limited numbers of studies with respect
to utilizing antioxidants against PNMC-associated tissue
injury, we designed this experimental model, in which
tissue damage was induced in rat testes with PNMC, to
investigate the putative protective effect of Noni owing to
its antioxidant properties, by means of histomorphometric
and immunohistochemical methods.

MATERIAL and METHODS

Animals

Fifty-six sexually-mature Spraque-Dawley male rats
were purchased from the Institute of Experimental Medical
Research, Istanbul University. These animals were housed
in polypropylene cages with a 12-h light/dark cycle at
22-24°C with 50% humidity. They were provided with
standard laboratory chow and tap water ad libitum for at
least 7 days of acclimation. All experiments were carried
out according to the protocols approved by the Animal
Care and Use (2013/53).

Administration of PNMC and Noni

3-methyl-4-nitrohenol (4-nitro-m-cresol, PNMC) was
purchased from Sigma Chemical Co. (St. Louis, MO, USA.)
and was dissolved in phosphate buffered saline (PBS)
containing 0.05% Tween 80 (Merck) before injection. Noni
juice (99.5%) was provided from Alnoni Ltd. (Antalya, Turkey).

The animals were randomly divided into eight groups
(n: 7). Noni juice was administered at a dose of 2 ml per rat,
regardless of body weight via gastric gavage. The group
designs were as follow:

Group 1: (G1; Control) received PBS containing 0.05%
Tween 80 subcutaneously (s.c.)

Group 2: (G2) received Noni alone via gastric gavage
Group 3: (G3) received PNMC (1 mg/kg, s.c.)

Group 4: (G4) received PNMC (10 mg/kg, s.c.)

G5) received PNMC (100 mg/kg, s.c.)

Group 6: (G6) received Noni + PNMC (1 mg/kg, s.c.)
Group 7: (G7) received Noni + PNMC (10 mg/kg, s.c)
Group 8: (G8) received Noni + PNMC (100 mg/kg, s.c.)

(
(
Group 5: (
(
(
(

N N S R

Sample Collection

Animals in all groups were weighed and then sacrificed
with an overdose of diethyl ether anesthesia 24 h after
the last treatment. Blood samples were collected from
each rat via cardiac puncture just prior to sacrifice and
centrifuged at 2.500 x g for 15 min. Each serum sample
was allocated into 1.5 mL microcentrifuge tube and stored
at -80°C until further analysis. All samples were measured
together centrally to avoid inter-assay variation. The right
and left testes were excised, weighed separately and then
processed for histological examination.

Hormone Assays

Rat serum follicle stimulating hormone (FSH) concen-
trations were determined by a commercial ELISA kit using a
double antibody sandwich enzyme immunoassay technique
(Cat. No. YHB0436Ra; Shanghai Yehua Biological Technology
Co. Ltd, China). Each ELISA analysis was carried out according
to the manufacturer’s instructions. All tests showed intra-
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assay and inter-assay coefficients of variations (CVs) below
10% and 12%, respectively. The analytical sensitivity of the
test was 0.12 mIU/mL.

Rat luteinizing hormone (LH) levels were measured
by a commercial ELISA kit (Cat. No. YHB0686Ra; Shanghai
Yehua Biological Technology Co. Ltd, China). The analytical
sensitivity was 0.051 plU/mL. The intra- and inter-assay
CVs were below 10% and 12%, respectively.

A commercial ELISA kit was used for rat testosterone
measurements (Cat. no. YHB1031Ra; Shanghai Yehua
Biological Technology Co. Ltd, China). The lowest limit of
the assay was 0.25 nmol/L. The intra- and inter-assay CVs
were under 10% and 12%, respectively.

Histomorphometric Evaluations

The testes were fixed in neutral buffered formalin (10%)
for 24 h, routinely processed and embedded in paraffin.
Paraffin blocks were sectioned at 4-5 um thickness
and then placed onto poly-L-lysine-coated slides.
Finally, all slides were stained with hematoxylin and eosin
(H&E) and examined by light microscopy for morpho-
metric analyses.

For morphometric analysis, each testis of each animal
was divided into four equal pieces. Fifteen randomly
selected microscopic fields were evaluated on the sections
obtained from each piece. For this purpose, we chose
an area fraction approach with an area of an unbiased
counting frame of 1.000 um x1.000 um. Meander sampling
of each section was done in a 2.000 pm x 2.000 um step size
in a systematic-random manner.

The density of testicular tissue components was
determined measuring by the density occupied by semini-
ferous epithelium, tubular lumen and interstitial tissue.
The counting was performed by the standard point counting
method. For this purpose, a 100-point grid printed on a
transparency was placed over each unbiased counting
frame field and the number of grid points over the semi-
niferous epithelium, tubular lumen and interstitial tissue
was counted by a software program (stereo investigator,
MBF Bio-science, version 9) associated to an Leica, DM400B
microscope at x40 magnification. The arithmetic means of
the values obtained were expressed as percentage values
in 1 mm?2area 2",

The diameter of seminiferous tubules was measured
with a x100 magnification, using the software program
(stereo investigator, MBF Bio-science, version 9) associated
to light microscope (Leica, DM400B). Thirty tubular profiles
that were round or nearly round were chosen randomly
and measured for each animal 2'22,

Immunohistochemical Analysis

Testicular tissue samples were immunohistochemically

examined for endothelial Nitric Oxide Synthase (eNOS)
and inducible Nitric Oxide Synthase (iNOS) using the
Streptavidin-Biotin Complex (Strep-ABC) method. Briefly,
tissue sections from paraffin blocks were mounted on
positively charged slides, deparaffinized and then subjected
to antigen retrieval using citrate buffer solution, and
endogen peroxidase and protein blocking procedures.
They were incubated with commercially available, ready to
use rabbit polyclonal primary antibodies for iNOS (clone
RB-9242-R7; Thermo Scientific) and eNOS (clone RB-9279;
Thermo Scientific) overnight at 4°C. Then they were treated
with a commercial kit for secondary antibody (Thermo
Scientific) and the reaction was visualized via AEC chromo-
gen (3-amino-9-ethyl carbazole, Cat. No. TA-060-HA,
Thermo Scientific). Finally, the sections were counterstained
with Mayer’s hematoxylin. The negative control sections
were incubated with PBS instead of the primary antibody.

Immunohistochemical iNOS and eNOS staining were
quantified using a histological scoring system (HSCOREs),
which is a semiquantitative measurement of staining
intensity and distribution. For this purpose, tissue sections
were stained with antibodies against eNOS and iNOS and
then observed under an Olympus microscope equipped
with a special ocular grid. Cells were counted in at least
8-10 different regions at x400 magnification by two
blinded observers. Based on staining intensity, positively
stained cells were scored as: 0, no staining; 1, weak
staining; 2, distinct staining; 3, intense staining. For each
tissue, an HSCOREs was calculated using the equation:
HSCOREs = S Pi (i + 1) where “ i " is the intensity score
and” Pi"is the corresponding percentage of stained cells
with that score 2324,

Statistical Analysis

All of the variables were analyzed using Kruskal -Wallis
test. All calculations were carried out using the SPSS
statistical software (version 13.0 for Windows, Chicago,
IL, USA).

RESULTS

Body Weights and Testes Weights

Body weights, absolute weights of left and right
testes and relative weights of both testes (testes /body
weights) were shown in Table 1. There were no significant
differences among the groups in terms of body weights,
absolute testes weights and relative weights of both
testes (P>0.05).

Histology and Histomorphometric Findings

There were no histopathological finding in the H&E
stained sections of control and other groups (Fig. 1).

Histomorphometric measurements of testes (diameter
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Table 1. Body weights, absolute testes weights, relative testes weights, and testicular morphometric parameters in the control and experimental groups

Tablo 1. Kontrol ve deney gruplarinda viicut agirligi, absolut ve rolatif testis agirligi ve testisin morfometrik parametreleri

Parameters G1 G2 G3 G4 G5 G6 G7 G8 P
Mean+SE | Mean+SE | Mean+SE | Mean+SE | Mean+SE | Mean*SE | Mean+SE | MeantSE | Values
Body weight(g) 248+17 259422 264+10 260+10 25310 224+28 236+23 259+14 N.S
Left testis weight (mg) 1367+48 1538+82 1448+45 1516+44 1455+65 1338+58 145177 1467+56 N.S
Right testis weight(mg) 1375+34 1483+60 1418+55 1541+32 1413+64 1303+66 | 1456+104 | 1465+71 N.S
?:]E/t;";t;jﬁs weight (left) 55022 6£03 54:02 | 58:03 | 6:0.1 63:05 | 63104 | 5701 | NS
?new'ga/t;"gtvs)sﬂs Weight(fight) | 56405 | 57603 | 54+03 | 59£02 | 58402 | 6105 | 63+05 | 5701 | NS
Tubular diameter (um) 278+5.5 285+3.1 282+5.5 282+2.8 267+6.1 278+6.9 273£5.5 274+7.2 N.S
Seminiferous epithelium (%) | 65.84+1.4% | 64.53+1.5%| 61.04+3.25 | 59.33+0.7° | 62.56+3.3" | 66.31+£0.9® | 70.38+1.1% | 63.05+1.1° | <0.01
Luminal space (%) 13.74+£0.6 | 14.27+09 | 15.08+0.8 | 14.53x0.6 | 15.56%1.2 14.71£1 15.07%1 15.07+0.9 N.S
Interstitial tissue (%) 20.42+1.7° | 20.20+1.8° | 23.88+1.8%® | 26.14+0.4° | 21.88+1.3% | 18.98+0.9° | 14.55+1.5° | 21.88+3* | <0.01
@< Different superscripts within the same line demonstrate significant differences (P<0.01), NS: Not significant (P>0.05)

Fig 1. Histological architecture of the testes in all groups. G1) Control group, G2) Noni, G3) 1 mg/kg PNMC, G4) 10 mg/kg PNMC, G5) 100
mg/kg PNMC, G6) Noni + PNMC (1 mg/kg), G7) Noni + PNMC (10 mg/kg), G8) Noni + PNMC (100 mg/kg) H&E stain, Magnification x200.

Sekil 1. Tum gruplarda testisin histolojik yapisi. G1) Kontrol grup, G2) Noni, G3) 1 mg/kg PNMC, G4) 10 mg/kg PNMC, G5) 100 mg/kg
PNMC, G6) Noni + PNMC (1 mg/kg), G7) Noni + PNMC (10 mg/kg), G8) Noni + PNMC (100 mg/kg). H&E stain, x200 Blyttme

of seminiferous tubules, percentage values for density of
seminiferous epithelium, luminal space and interstitial
tissue) were given in Table 1.

On the basis of our findings no statistically significant
difference was noted among groups in terms of tubular
diameter and luminal space (P>0.05). Furthermore, the
lowest value for tubular diameter was observed in G5.
There was an increase in percentage value of luminal
space in G3, G4 and G5 in comparison to those of G1 and
G2 whereas there was a reduction in luminal density in G6,
when compared with those of G3 and G5, which was not
statistically significant (P>0.05).

In terms of seminiferous epithelium component, there
was a statistically significant decrease (P<0.01) in G4 in
comparison to G1 (Table 1). Percentage value of density
of seminiferous epithelium of G7 was found to have

significantly increased (P<0.01) when compared with
other groups (Table 1).

When the groups were compared in terms of interstitial
tissue component, the highest value was detected in
G4, and this increase (P<0.01) was statistically significant
compared to Gland G2. On the other hand, G7 exhibited
the lowest value (P<0.01) and the difference was significant
among groups except for G6 (Table 1).

Biochemical Findings

Serum testosterone, LH and FSH levels were given in
Table 2. Although serum testosterone levels increased in
G3 when compared with other groups, this difference was
far from being statistically significant (P>0.05).

FSH levels were observed to have increased in G4 in
comparison to the control group while G5 revealed
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Table 2. Serum hormone levels for the control and experimental groups
Tablo 2. Kontrol ve deney gruplarinda serum hormon diizeyleri

Hormonal Parameters G G2 G3 G4 G5 G6 7 G8 o
Mean+SE | Mean+SE | Mean+SE | Mean+SE | Mean+SE | Mean+SE | Mean=SE | Mean=SE | Values
Testosterone(nmol/L) 37.89+6.4 | 43.70+4.9 | 56.51+8.1 | 45.24+6.5 | 52.43+8.4 | 52.36+3.9 | 51.80+4.6 | 44.54+6.0 N.S
Follicle-stimulating hormone (mIU/mL.) | 3.87+0.18 | 4.32+0.27 | 4.35+0.50 | 4.45+0.36 | 3.64+0.29 | 4.02+0.10 | 3.80+0.09 | 3.75+0.15 N.S
Luteinizing hormone (mIU/mL) 2.49+0.18 | 2.67+0.13 | 3.24+0.45 | 2.88+0.12 | 2.69+0.16 | 3.05+0.17 | 2.94+0.17 | 2.70+0.18 N.S
NS: Not significant (P>0.05)

Table 3. iNOS and eNOS H-SCOREs values in the testicular tissue of the control and experimental groups

Tablo 3. Kontrol ve deney gruplarinin testis dokusunda iNOS ve eNOS H-SKOR degerleri

Parameters G1 G2 G3 G4 G5 G6 G7 G8 P
Mean+SE Mean=SE MeanzSE Mean+SE MeanzSE Mean=SE MeanzSE Mean=SE Values
iNOS 67.75+2.70° | 78.50+3.712 | 122.75£5.90¢ | 250.20+4.53¢ | 283.30£6.95" | 102.45+4.93° | 113.35+£2.35> | 190.75+3.48¢ | <0.001
eNOS 45.504£2.90° | 57.40+2.74 * | 70.70+1.58 | 145.40£1.67" | 177.95£2.739 | 63.05+2.81° | 87.30+2.27¢ | 132.90+2.02° | <0.001
adDifferent superscripts in the same row indicate the significant difference (P<0.001)
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Fig 2. Immunohistochemical staining showing iNOS and eNOS expression in testes. A,E) Control grup, B,F) 100 mg/kg PNMC, C,G) Noni
+ PNMC (100 mg/kg), D) iNOS negative control, H) eNOS negative control. iNOS and eNOS immunostaining were seen within peritubular
myoepithelial cells (arrow), Leydig cells (star) and spermatids (arrowheads), Magnification x400

Sekil 2. Testiste INOS ve eNOS ekspresyonu gésteren immunohistokimyasal boyama A,E) Kontrol grubu; B,F) 100 mg/kg PNMC, C,G)
Noni + PNMC (100 mg/kg), D) iNOS negatif kontrol, H) eNOS negatif kontrol. iNOS ve eNOS immun boyama peritubuler miyoepitelyal
hicrelerde (ok), Leydig hiicrelerinde (yildiz) ve spermatidlerde (okbasi) izlendi, x400 Blyutme

a reduction, which was not statistically significant
(P>0.05).

staining for iNOS and eNOS was more prominent in the
cytoplasm of peritubular myoepithelial cells, Leydig cells,

and spermatids (Fig. 2).
Serum LH levels were higher in all experimental groups

in comparison to the control. However, this change was
statistically insignificant (P>0.05).

DISCUSSION

It is well known that DEP have serious adverse effects
on male reproductive system. Numerous studies exhibited
toxic effects of these particles on testicular tissue and
spermatogenesis %2526, PNMC, one of the derivatives of

Immunohistochemical Findings

iNOS and eNOS H-SCOREs values were summarized
in Table 3. iINOS and eNOS H-SCOREs values in G3,

G4 and G5 were significantly higher (P<0.001) than those
of G1 and G2). The relevant values showed a significant
reduction (P<0.001) in G6, G7 and G8 when compared with
those of G3, G4 and G5. Intensity of immunohistochemical

DEP, is a degradation product of a widely used insecticide
applied in agriculture and therefore it is quite likely to have
been exposed to this chemical both in rural and residential
environments ©'% Experimental animal models of PNMC-
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induced tissue injury regarding male reproductive systems
were carried out mostly with immature animals like rats,
quails and mice and were mostly focused on serum hormone
level changes of these animals 272,

Noni has been used in numerous animal models to
demonstrate its protective and therapeutic effectiveness
against cytotoxic agents including the chemicals which
impair male reproductive system and its functions 13031,

We designed this experimental model in mature rats
since there is a limited number of studies with respect
to PNMC toxicity on testicular tissue of adult animals. We
evaluated its adverse effects with histomorphometric
aspects which were also demonstrated by oxidative stress
parameters with the anticipation that Noni might have
been utilized in testicular injury, as well owing to its well-
known therapeutic properties as an antioxidant.

On the basis of our findings PNMC administered at
different doses did not have a significant impact on body
weights. Likewise, no statistically significant difference was
noted among groups in terms of testes weights. It was found
that PNMC particularly at high doses decreased testes
weights in immature rats 2832, Tsukue et al.?® observed the
adverse effects of DEP especially on accessory organs of
male adult rats rather than on testes and they used fisher
344 rats in their research model unlike our design in which
we used Sprague Dawley rats.

The difference in terms of tubular diameter and
percentage value of luminal space was not statistically
significant among our groups. Yue et al.®? reported that
tubular diameter increased significantly in immature
rats. Bu et al.®¥ showed that PNMC at low doses did not
affect tubular diameter while high doses of the substance
(100 mg/kg PNMCQ) increased tubular diameter and
caused germ cell loss, which was compatible with our
findings.

There is no data available with respect to the effects of
PNMC on percentage values of seminiferous epithelium
and interstitial tissue. In our study PNMC significantly
reduced seminiferous epithelium component in the group
which received PNMC at an intermediate dose (10 mg/kg)
while yielding an increase in the density of interstitial tissue.
This increase was considered to be associated with the
thickening of interstitial region due to lymphatic dilatation
and edema developed as a result of PNMC administration 54,
On the other hand, percentage value of seminiferous
epithelium density increased while that of interstitial
tissue decreased in G7 (Noni + 10 mg/kg PNMCQ). These
findings revealed the effectiveness of Noni against the
adverse effects of PNMC on seminipherous epithelium and
interstitial tissue. It is clear that the inconsistency between
the results of our histomorphometric measurements and
those of the previous studies, in general, was associated
with the age of our animals since most previous studies

were performed on immature or growing animals of
different breeds.

Testosterone and estradiol levels were shown to have
significantly increased in the male offspring born from
the females that were exposed to exhaust gas during
pregnancy while FSH and LH levels were reduced .
Testosterone levels were increased in PNMC-treated
castrated immature male rats while LH and FSH levels were
decreased 7., Li et al.?® reported that PNMC decreased
LH levels in immature male rats. Tsukue et al.*? observed
a marked and statistically significant increase in FSH,
LH and testosterone levels in the male fisher 344 rats
exposed to PNMC compared with the control group. On
the basis of our findings these three hormone levels were
observed to have increased though the difference was not
statistically significant. The inconsistency in our findings
when compared with those of the previous researches
regarding the effects of PNMC on hormone levels might
be associated with animal species, age, the duration of
the experimental period and the individual susceptibility.

NOS, which is expressed also in male reproductive
system under physiological conditions is essential for the
maintenance of spermatogenesis and testicular androgen
concentrations 1, Pathogenic agents cause an enormous
increase in both iNOS and eNOS activities, which lead to
oxidative stress and thus increase apoptotic activity in germ
cells 138, PNMC was shown to induce oxidative stress by
increasing free radical production 9. No data is available
with respect to elevation of iNOS and eNOS activities in
testicular tissue due to tissue injury induced by PNMC. In
our study, the expression of both iNOS and eNOS was
increased in PNMC-treated groups. The immunoreactivity
was manifested by intense staining with iNOS and eNOS
antibodies. On the contrary, immunoreactivity for iNOS
and eNOS was reduced in germ cells and Leydig cells of
testes in Noni-treated animals, which was an evidence
of beneficial effect of Noni against testicular tissue injury.

On the basis of histomorphometric and immunohisto-
chemical findings, we may conclude that PNMC caused
adverse effects on testicular tissue of adult male rats, which
was markedly alleviated by the administration of Noni.

In conclusion, our findings suggest that Noni treatment
would be able to alleviate the oxidative damage caused by
the PNMC in the kidney of rats
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Abstract

The objective of present study was to evaluate the effects of cyclical higher incubation temperatures in different embryonic ages on
liver HSP70 gene expression, plasma T3, T4 and triglyceride (TG) levels, hatchability, body, heart and liver weights of newly hatched
chicks. For this purpose, 2.700 fertile eggs (average weight, 58+1 g) were obtained from Arian broiler breeder at 34 weeks age. In
a completely randomized design, eggs were assigned to three incubation temperature treatments at 60% relative humidity with 6
replicate per each. The treatment groups were: 1) control group that eggs were incubated at 37.6°C during incubation period, 2)
incubation temperature was increased to 39°C for 3 h daily at embryonic ages from 12 to 14 in treatment 1 (TT1) and 3) incubation
temperature was increased to 39°C for 3 h daily at embryonic ages from 15 to 17 in treatment 2 (TT2). All above-mentioned parameters
were assessed at the day of hatch. The results showed that cyclical higher incubation temperatures did not affect body and liver
weights, plasma T3, T4 and TG levels (P>0.05), while heart weights of chicks in TT1 and TT2 were lower (P<0.05) than control group.
Furthermore, TT1 significantly increased liver HSP70 gene expression compared to the control group and TT2. It was concluded that
cyclical higher incubation temperatures at embryonic ages from 12 to 14 could increase liver HSP70 gene expression with no effect on
body and liver weights, plasma T3, T4 and TG levels at day-old chicks.
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Yumurtadan Yeni Cikmis Broiler Civcivlerde Dongiisel Yiiksek
inkiibasyon (Kulucka) Sicakliklarinin Viicut ve Organ Agirliklari,
Tiroit Hormonlari ve HSP70 Gen Ekspresyonu Uzerine Etkileri

Ozet

Bu calismanin amaci; farkli embriyonik yaslardaki déngtsel yiiksek inkiibasyon sicakliklarinin, yumurtadan yeni ¢cikmis civcivlerde
karaciger HSP70 gen ekspresyonu, plazma T3, T4 ve trigliserid (TG) dizeyleri ile ¢cikis glici, viicut, kalp ve karaciger agirliklar
Uzerine etkisini degerlendirmekti. Bu amacla, 34 haftalik etci Arian damizliklardan (ortalama agirlik, 58+1 g) 2.700 adet déllenmis
yumurta elde edildi. Tamamen rasgele bir dizaynla secilen yumurtalar, her biri 6 tekrarli tarzda %60 nispi nemde (¢ farkli kulugka
sicaklik uygulamasi icin ayrildi. Tedavi gruplari sunlardi: 1) kontrol grubu, yumurtalar inkiibasyon siresi icinde 37.6°C'de inklbe
edildi, 2) Tedavi 1 (TT1), inkiibasyon sicakligr 12-14 arasi embriyonik yasta giinde 3 saat siireyle 39°C'ye yiikseltildi ve 3) Tedavi
2 (TT2), inklibasyon sicakligi 15-17 arasi embriyonik yasta glinde 3 saat siireyle 39°C'ye yiikseltildi. Yukarida belirtilen tim
parametreler, kulucka cikis glini degerlendirildi. Sonuclar, déngisel yiksek inkiibasyon sicakliklarinin TT1 ve TT2'deki civcivlerin
vicut ve karaciger agirhklar ile plazma T3, T4 ve TG diizeylerini etkilemezken (P>0.05), kalp agirliklarinin ise kontrol grubuna
gore daha disik (P<0.05) oldugunu gosterdi. Ayrica, TT1 karaciger HSP70 gen ekspresyonunu kontrol grubu ve TT2'ye goére
anlamli diizeyde artirdi. Sonug olarak, 12-14 arasi embriyonik yasta dongusel ylksek inkiibasyon sicakliklarinin, gtinlik civcivlerin
karaciger HSP70 gen ekspresyonunu artirabilmesine karsin, viicut ve karaciger agirhklari ile plazma T3, T4 ve TG seviyeleri tizerine
bir etkisi olmadi.
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INTRODUCTION

When living organisms are exposed to thermal and non-
thermal stressors, the synthesis of most proteins is retarded;
however, a group of highly conserved proteins known
as heat shock proteins (HSPs) are rapidly synthesized ™.
These proteins are essential for organisms living at the
edge of their thermal range. It is well documented that
one of the most important functions of HSPs is to protect
organisms from the toxic effects of heating 2. HSPs may
play important roles in protein assembly and disassembly,
protein folding and unfolding, protein translocation and
the refolding of damaged proteins . Of the many expresses
HSPs, those with a molecular weight of approximately
70 kDa appear to be most closely associated with heat
tolerance. Heat shock 70 kDa proteins (HSP70s) are
ubiquitous molecular chaperones that function in a myriad
of biological processes 2.

Several investigations have demonstrated that heat
shock response occurs in a variety of tissues I'*. Amongst all
members of 70 kDa family, the one that has attracted most
attention is HSP70. However, the mechanisms regulating
HSP70 gene expression in broiler chicken have not been
extensively studied. Being physiologically important tissue,
the liver was selected in order to determine the changes
in the gene expression levels of HSP70 after the process
of cyclic thermal increase.

Embryonic temperature is considered to be the most
important factor during incubation B Since embryo is not
capable of regulating its own temperature until hatching,
the embryo temperature is regulated by the incubator
air temperature ™. Consequently, the temperature that
the embryo encounters will depend on the incubator
temperature, the ability of heat to transfer between the
incubator and the embryo, and by its own metabolic heat
production &,

There are two parts involved in converting the yolk and
albumen in a fertile egg into an embryo: 1. Differentiation
and 2. Growth ., During the first half of incubation
(embryonic ages from 1 to 10.5) chicken embryos go
through a differentiation phase involving organ formation.
They are capable of absorbing heat from the surrounding
air, since they have a lower temperature than the incubator.
The second half of incubation (embryonic ages from 10.5
to 21) is characterized by growth, and embryos must lose
heat and metabolic rate and heat production increases,
thereby increasing oxygen consumption and CO, levels "1,

The thermal conditions during embryonic period may
have a great impact on development of physiological
systems and maybe inducing epigenetic adaptations by
having an effect on the chicks’ development ©. Thus,
improving incubation conditions may have positive long-
term effects on chicks. During the differentiation phase,
the tissues are formed, and by embryonic ages 12 of

incubation 90% of the organs are already present. Hyper-
thermia in developing tissues or cells has detrimental
consequences for embryonic organogenesis. At a cellular
level, hyperthermia may cause loss of protein function,
which can be attributed to the normal misfolding of
proteins with elevated temperature. A decrease in protein
function, together with abnormal modifications that
include changes in the phosphorylation state of eukaryote
initiation factors and ribosomal proteins, will contribute
to disruption of protein synthesis . Thus, hyperthermia is a
stress factor that, if present during embryonic development,
will disrupt the plasma membrane and membrane protein
function, altering cell structure and negatively impacting
DNA, RNA, and protein synthesis ©. Elevated temperatures
during the avian embryo's early stage of development may
have serious detrimental effects on its development and
viability. For this reason, we used cyclical higher incubation
temperatures in second half of incubation.

Some previous studies suggested that cyclical higher
incubation temperatures can result in long-lasting modifi-
cation to cellular and molecular neuronal mechanisms
of temperature regulation %", Daily cyclical higher
incubation temperatures, depending on the length of
exposure and days of temperature modification, appear
to improve tolerance of chicks to higher ambient
temperatures "2, Plasma T;, which has an important role in
the hatching process and thermoregulatory mechanisms ',
and plasma triglyceride (TG), which are the most abundant
lipid present in birds, may be changed by thermal
conditioning '%; so, we evaluated these two factors.

The objective of this study was to evaluate the effect of
daily higher incubation temperatures between embryonic
ages from 12 to 17 on body, heart and liver weights and
HSP70 relative gene expression in liver. Plasma T, T, and
TG levels of chicks were also evaluated.

MATERIAL and METHODS

The study was approved by the Ethics Committee of
Islamic Azad University, Science and Research Branch
(approval date: 25.05.2013; no: 11096).

Eggs and Incubator Condition

A total of 2.700 fertile eggs (with average weight of 58+1
g) were obtained from a 34-wk old Arian broiler breeder
flock. Eggs were incubated in single-stage incubators.
From embryonic ages from days zero to 11, eggs were
incubated under the same condition of 37.6°C and 60%
relative humidity, while being turned once per h. At day 11
of incubation, dead embryos were identified by candling
and removed from the experiment.

In a completely randomized design, eggs with live
embryo (no: 2628) were assigned to three incubation
temperature treatments at 60% relative humidity with 6
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replicate and 146 eggs per each. The treatment groups
were: 1) control group that eggs were incubated at 37.6°C
during incubation period, 2) incubation temperature was
increased to 39°C for 3 h per day at embryonic ages from 12
to 14 in treatment 1 (TT1) and 3) incubation temperature
was increased to 39°C for 3 h per day at embryonic ages
from 15 to 17 in treatment 2 (TT2). On the 18th day of
incubation, the eggs were transferred to a hatcher. The
hatchability was recorded for each treatment. Immediately
after hatching completed (day 21 of incubation, with 8
h interval between the first and the latest hatched chick)
male chicks were selected by vent sexing method in each
treatment. All newly hatched male chicks were weighed
and then three male chicks from each replicate (18 birds
per treatment) were randomly selected. Blood and tissue
sampling was started about two h and finished four h after
hatching completed. Selection of chicks for sampling and
sampling method was the same for all groups.

Sampling and Measurements

The blood sample of selected chicks was collected in
EDTA-gel containing vacuum tubes directly from heart.
Plasma was separated after centrifugation at 2.000 x g for
10 min and stored at -20°C for subsequent measurements
of T;, T,and TG.

The concentration of plasma T; and T, were determined
using commercially available ELISA kits according to
manufacturer recommendations (Biocheck Inc., Foster
City, CA, USA). Plasma total TG level was measured
enzymatically using photometric method by autoanalyser
(BS-120 model, Minbray Co., USA) and commercial kits
(Pars Azmon Co., Tehran, Iran).

Immediately after blood sampling, three chicks from
each replicate were randomly chosen and sacrificed by
cervical dislocation, then liver and heart were removed
and weighed. Liver sample was taken, then frozen quickly
in liquid nitrogen and stored at -70°C until further analysis
for gene expression of HSP70.

Liver HSP70 Relative Gene Expression

Total RNA was extracted using Accuzol reagent (10
ml/g of tissue) from the ground liver segments according
to the manufacturer instructions (Bioneer, Cat. No. K-2102).
Total RNA purity was determined by calculating the ratio of
the absorbance readings at 260 and 280 nm. Additionally,
the quality of RNA was assessed by visualization of distinct
28S and 18S rRNA bands after gel electrophoresis with
ethidium bromide staining. A quantity of 1 ug of each RNA
sample was reverse transcribed to cDNA using the High
Capacity cDNA Reverse Transcriptase kit (Bioneer Co.,
Seoul, South Korea). The 20 uL cDNA synthesis reaction
contained in addition to the RNA template, 2 pL of 10x RT
buffer, 0.8 pL of 25X dNTP mix, 2 uL 10x RT Random Primers
and 1 pL MulitScribe Reverse Transcriptase. A volume of

10 L of nuclease-free water was added bring the reaction
up to final volume. The resulting cDNA was stored at -20°C
prior to use.

Quantitative PCR was performed with a specific primer
pairs (Gallus gallus, AY; 372 bp-763790; forward: 5-AGC
GTAACACCACCATTCC-3'; reverse: 5-ACGCTCCTGCAAGAT
AGTGAT-3') using Quanti Fast SYBER Green PCR kit (QIAGEN,
Cat. No. 204052). GAPDH (M-32599; 230 bp; forward: 5’
TGAAAGTCGGAGTCAACGGAT-3) reverse: 5'-ACGCTCCTG
GAAGATAGTGAT-3’) was chosen as a reference gene.
Amplification of the day-old chicks liver HSP70 gene was
performed for 45 cycles, which consisted of an initial
activations step (95°C, 5 min), denaturation cycle (95°C,
10s) and combined annealing and extension (60°C, 30s).
The GAPDH reference gene was amplified at 45 cycles
under the same conditions in a different tube. After each
run, preparation of standard curve was performed by
serial dilution of pooled cDNA from samples. The relative
expression ratio of HSP70 as a target gene was normalized
to GAPDH gene using 2% method as previously described
by Livak and Schmittgen ', Quantification for each
treatment group was performed in triplicates.

Statistical Analysis

Statistical analysis was performed using SAS software
(version 9.1; SAS Institute, Cary, NC, USA ")), Statistical
analysis were performed using the one-way ANOVA to
determine the effects of treatments on HSP70 gene
expression, body and organs weights, hatchability, plasma
T;, T, and TG levels on newly hatched male broiler chicks.
Mean comparison was done using the Duncan’s multiple
range test. Probability values of less than 0.05 (P<0.05)
were considered significant.

RESULTS

The effects of cyclical higher incubation temperatures
on body, liver and heart weights and hatchability are
presented in Table 1. The results showed that cyclical
higher incubation temperatures did not significantly affect
body and liver weights (P>0.05), while heart weight of
chicks in TT1 and TT2 were significantly lower than control
group (P<0.05). Also, there was no significant difference
in hatchability among treatments (P>0.05).

The effects of thermal manipulation during incubation
on plasma TG, T;, T, levels are presented in Table 2. TG, T,
and T, levels at the day of hatch were not influence by
thermal treatments (P>0.05).

The effects of different cyclical thermal manipulation
during incubation period on HSP70 gene expression
are shown in Fig. 1. The expression of liver HSP70 gene
were quantified by qPCR assay and expressed relative to
expression of the GAPDH gene. TT1 significantly increased
gene expression compared to TT2 and control group
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Table 1. Effect of cyclical higher incubation temperatures on body, liver
and heart weights and hatchability on newly hatched male broiler chicks

Tablo 1. Yumurtadan yeni ¢cikmis erkek etlik civcivlerde déngisel ytiiksek
inkiibasyon sicakliklarinin viicut, karaciger ve kalp agirliklan ve kulucka
randimani tizerine etkisi

Experimental Treatments
Parameter SEM P-Value
C TT1 TT2
Body weight (g) | 40.33 40.20 40.48 0.24 0.8309
Liver weight (g) 1.255 1.194 1.178 0.01 0.2653
Heart weight (g) | 0.332? 0.293° 0.295° 0.01 0.0474
Hatchability (%) | 98.67 98 98 1.58 0.7247

% Means in row that possess different superscripts differ significantly
(P<0.05); C: Incubated at 37.6°C throughout; TT1: exposed to heat at 39°C
3 h/d from EA 12 to 14 of incubation; TT2: exposed to heat at 39°C 3 h/d
from EA 15 to 17 of incubation

Table 2. Effect of cyclical higher incubation temperatures on some blood
parameters levels on newly hatched male broiler chicks

Tablo 2. Yumurtadan yeni ¢ikmis erkek etlik civcivlerde déngisel yiiksek
inkiibasyon sicakliklarinin bazi kan parametreleri (izerine etkisi

Experimental Treatments
Parameter SEM P-Value
C T TT2
Ts (ng/ml) 1.65 1.15 1.78 0.09 0.31
Ta (ng/ml) 1.88 1.55 2.51 0.19 0.37
TG (mg/dl) 42.67 47.83 45.17 13.51 0.28

Means with a row superscript letter did not differ (P>0.05); C: incubated
at 37.6°C throughout; TT1: exposed to heat at 39°C 3 h/d from EA 12 to
14 of incubation; TT2: exposed to heat at 39°C, 3 h/d from EA 15 to 17 of
incubation; TG: Triglycerides, Ts: 3,5,3-triiodothyronine, T4 L-thyroxine

(P<0.05). The expression of HSP70 mRNA was numerically
lower in TT1 than control group.

DISCUSSION

The objective of this study was to evaluate the effect
of cyclical higher incubation temperature on hatchability,
body and organs weights. A broiler chick spends up 30-40%
of its life inside the egg. Thus, each factor or condition that
enhance the growth and development during embryonic
period can positively affect the post hatch performance
of the broiler chicks '), There are some evidences that
showed the embryonic temperature during the last 5
days of incubation could significantly affect post hatch
growth and performance 1"4'®2%; however, previous studies
reported that thermal manipulation had no effect on body
weight of both sex 2122,

In the present study, cyclical higher temperature had
no effect on hatchability, body and liver weights of chicks.
These observations are in agreement with the findings of
Lournes et al.™ and Leksrisompong et al.?*, who showed
that slight changes in incubation temperature cannot affect
body weight of chicks and hatchability. The application

HSP70 gene expression
(fold increase relative to control)

Control m 2

Fig 1. Result of the HSP70 gene expression data (mean * SD) using
real time gPCR according to 22 method. Means with different
superscripts differ significantly (P<0.05). Control group (incubated
at 37.6°C throughout); TT1: exposed to heat at 39°C, 3 h/d from EA
(embryonic age) 12 to 14 of incubation; TT2: exposed to heat at 39°C,
3 h/d from EA 15 to 17 of incubation. " Means that possess different
superscripts differ significantly (P<0.05)

Sekil 1. HSP70 gen ekspresyon verilerinin (ortalama + SD) 2-AAct
yontemine gore gercek zamanli gPCR kullanim sonucu. Farkli Gst
harf tasiyan ortalamalar arasindaki fark énemlidir (P<0.05). Kontrol
grubu (37.6°C'de daimi inkiibasyon); TT1: 39°C sicakliga maruziyet, EY
(embriyonik yasi) 12-14 arasi 3 saat/gtin inkiibasyon; TT2: 39°C sicakliga
maruziyet, EY 15-17 arasi 3 saat/glin inkiibasyon. #* Farkli harf tagyan
ortalamalar arasindaki fark 6nemlidir (P<0.05)

of higher temperature in this study had no effect on liver
weight, whereas application of higher temperature in
the study of Leksrisompong et al.?®! resulted in change
of liver weight. In our study, cyclical higher temperature
was applied, whereas in previous studies *'8%! constant
higher temperature was applied throughout incubation.
This difference may be the reason of conflict between our
study and other studies “'®%1 concerning liver weight. It
was reported 2 that deviation from optimum incubation
temperature suppresses the development of organs
and growth, but in our study, deviation from optimum
incubation temperature was cyclical and low, which could
not affect body and liver weights.

In this study, heart weight of chicks in control group
was significantly higher than heart weight of chicks in
TT1 and TT2. Inconsistent with our finding, Yalcin and
Siegel ¥ reported that heart weight of chicks exposed to
higher temperature during embryonic ages from days 10
to 18 of incubation was higher than control numerically.
The findings of Leksrisompong et al.”®’and Yalcin et al.?”!
concerning heart weight of chicks exposed to higher
temperature are in agreement to our result. The lower
heart weight in chicks exposed to higher incubation
temperatures compared to control group may be explained
by low rate of cell division in heart of embryos. These data
suggested that certain organs in a critical period during
second half of incubation was more sensitive to high
temperatures, whereas heart exhibited sensitivity from
embryonic ages from 12 to 17 of incubation.
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Thyroid hormones are essential for the normal
development and differentiation of the embryo. These
hormones also have an important role in temperature
regulation in chicks by regulating basal metabolic rate.
Thyroid hormones are important in several organismal
level processes such as hatching 2°. The high perihatch
concentrations of thyroid hormones appear to be
stimulating a variety of developmental and metabolic
processes necessary for successful hatching '*2¢, Plasma
thyroid hormone concentrations increase dramatically
during late stages of incubation *#., After perihatch peak,
plasma thyroid hormones decrease markedly, and then
gradually increase during post-hatch life to reach adult
concentrations #, Thermoregulation is under the control
of thyroid hormones. One the mechanisms that induce
thermotolerance involves the modulation of heat pro-
duction through changes in circulating Ts. The ability to
reduce plasma T; concentration, especially during a thermal
challenge, has been suggested to be an improvement in
thermotolerance "2,

In our study, cyclical higher incubation temperatures
had no significant effect on plasma T; and T, concentrations.
These findings are in agreement with the study of Tona et
al?8, Also, an interesting study " showed that plasma T;
and T, concentrations were not affected by high incubation
temperatures from embryonic ages from 16 to 18.5 of
incubation. Of course, they reported that higher thermal
condition resulted in decrease of plasma T; concentration
at embryonic ages 18 of incubation. Our results were in
conflict with previous reports of Wineland et al.?®, who
observed a reduction in plasma T; at day of hatch in chicks
exposed to higher constant incubation temperatures from
embryonic age from 17 to hatch. It was demonstrated 22
that continuously or 12 h/day higher temperature during
embryonic age from 7 to 16 could significantly reduce
thyroid hormones concentrations.

The difference in length of exposure and level of heat
leaded to different responses. It can be speculated that
thermal challenge caused a decrease in plasma thyroid
hormones concentrations but in our study heat challenges
were slight and cyclical. In other hand, time interval in the
end of heat challenge and day of hatch, in both treatments,
was sufficient to compensate this decline. Also the half-
lives of T; and T, are essentially identical and are short (3-9
h) in birds 5% Response of thyroid hormones to heat takes
much time and in this study the length of exposure was
not enough for stimulating thyroid hormones. It suggests
that slight and cyclical thermal changes during second
half of incubation may have no significant effect on plasma
T; and T, concentrations in newly hatched chicks.

Plasma TG levels were slightly higher at the day of hatch
in heat treated groups, which were in agreement with
Yalcin et alB", Cyclical higher incubation temperature in
our study did not affect plasma TG levels of day-old chicks
significantly. Our results were in conflict with the findings of

Yalcin et al.B? and Willemsen et al."®, Sensitivity of plasma
TG levels to changes in thyroid hormones is high 3, hence
decrease in plasma T; levels leaded to increase of plasma
TG levels. As plasma thyroid hormone concentrations had
no differences among treatments, hence there were no
changes in plasma TG levels.

Of the many HSPs, HSP70 appear to be most closely
associated with heat tolerance . Under normal growth
conditions, HSP70 is synthesized constitutively; however, its
expression increases following thermal challenge. Heart,
liver and kidney of broilers are more sensitive to heat stress
and HSP70 gene expression increases after 2 h exposure
to elevated temperatures . It was showed that the
stress-induced responses vary among different tissues [,
Also, It is clear that after heat preconditioning HSPs are
induced during the recovery from the heat stressed period
and can work as a repair system in the recovery phase .
It was indicated that enhancement in HSP70 expression
is evident for periods up to four weeks after termination
of the daily heat conditioning episodes &3,

Cyclical higher temperature at embryonic age of 12 to
14 significantly increased liver HSP70gene expression. This
indicates embryos in earlier ages have higher capability
for synthesis of HSP70 than embryos near hatching. HSP70
gene expression varies in different tissues 34, therefore
HSP70 gene expression in broiler chicken embryos is tissue
and age dependent. In contrast to our result, Givisiez et
al"! reported that heat-stress had no effect on liver HSP70
gene expression; however, significant effect on HSP70
gene expression of brain and kidney was observed.

The results of this study suggest that cyclical higher
incubation temperatures (39°C) for 3 days (embryonic age
from 12 to 14) could induce the HSP70 gene expression
without negative effects on day-old chicks. It is advisable
to industry; however, from the practical viewpoint, the
application of cyclical higher temperature need to fully
automated, programmable incubators. More detailed
studies taking account of different incubation conditions
are needed to define the effects of these conditions on
thermotolerance and other important health parameters,
especially immunity and its related gene expression.
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Abstract

The aim of this study was to examine the presence of aflatoxin M1 (AFM1) in butter samples marketed in the Black Sea Region of Turkey
with two complementary analytical methods to improve accuracy. A total of 40 samples were analysed by enzyme-linked immuno
absorbent assay (ELISA) as the screening test and high performance liquid chromatography (HPLC) with fluorescence detection (FLD)
afterimmunoaffinity column (IAC) clean-up as the confirmatory method. Results indicated that butter samples in the Black Sea region
were of good quality with respect to AFM1, with no contamination detected. Furthermore, the accurate and sensitive IAC/HPLC-FLD
method was confirmed as being appropriate for the detection of AFM1 in butter.

Keywords: Butter, Aflatoxin M1, Black Sea, Immunoaffinity column, HPLC, ELISA

Tereyaglarinda Aflatoksin M1 Diizeylerinin ELISA ve HPLC ile
Karsilagstirmali Analizi

Ozet

Bu calismada Karadeniz bdlgesinde tiiketime sunulan tereyaglarinda iki farkli analitik yontem karsilastirarak aflatoksin M1
varliginin arastinlmasi amaclandi. Bu amagla, toplam 40 tereyagi numunesi ELISA testi ile tarandi ve ardindan dodrulayici bir
yontem olannumunelerin temizleme asamasinda immunoafinite kolonlarin kullanildigi floresan detektorlii yiksek performansli sivi
kromatografi (IAC/HPLC-FLD) ile analizleri yapildi. Yapilan ¢alisma ile herhangi bir tereyagi numunesinde AFM1 tespit edilmemis olup,
Karadeniz boélgesinde Uretilen tereyaglarinin AFM1 agisindan iyi kalitede oldugu sonucuna varildi. Ayrica, elde edilen sonuglara gore
tereyaginda AFM1 tespitinde kullanilan IAC/HPLC-FLD metodunun dogrulayici ve hassas bir yéntem oldugu ortaya konulmustur.

Anahtar sozciikler: Tereyadi, Aflatoksin M1, Karadeniz, immunoafinite kolon, HPLC, ELISA

the contamination of these products with AFM1 is a
potential risk for human health worldwide ™. However,
due to their low concentration in foods and feedstuff,

INTRODUCTION

Aflatoxin M1 (AFM1) is a hydroxylated metabolite of

aflatoxin B1 (AFB1) that can be found in the milk of dairy
cattle fed with AFB1-contaminated feeds .

The stability of AFM1 determines its persistence in food-
stuffs such as butter, yogurt, cheese, cream and ice cream 2.
However, this toxin is not inactivated by the thermal
processing (pasteurization and ultra-high-temperature
(UHT) treatment) used in the dairy industry B As milk
and milk products are an important sources of nutrients,

analytical methods for detection and quantification of
aflatoxins have to be specific, sensitive, and simple to
carry out B\ For the qualitative, quantitative and accurate
determination of mycotoxin levels in food and feed
products, the methods include thin-layer chromatography
(TLC), high performance liquid chromatography (HPLC)
with flourescence (FLD) or diode array detector (DAD),
gas chromatography coupled with mass spectrometry
(GC-MS) or electron capture detection (GC-ECD), liquid
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chromatography-tandem mass spectrometry (LC-MS/MS)
enzyme-lynked immunosorbent assays (ELISAs) and a
combination of immunoaffinity column (IAC) techniques .
In general, fast and easy-to-use ELISA based aflatoxin
screening kits are commercially available for all major
types of aflatoxins. However, cross reactivity with related
mycotoxins is a drawback of this method 7. Therefore,
quantification is predominantly done with HPLC-FLD due
to the excellent native fluorescence activity of aflatoxins.
In addition, IAC clean-up has shown great potential to
increase method specificity and sensitivity . The objective
of this study was to investigate the occurrence of AFM1 in
butter in the Black Sea Region of Turkey by screening with
ELISA, followed by the comfirmatory method, HPLC-FLD.

MATERIAL and METHODS

Reagents and Materials

AFM1 analytical standard solution, phosphate-buffered
saline (PBS) and immunoaffinity columns (IAC) were
sourced from R-Biopharm Rhoéne Ltd. (Glasgow, Scotland).
Acetonitrile and methanol were of HPLC grade (Sigma-
Aldrich Co., USA). Whatman filter paper (No. 4) and Whatman
934-AH glass microfiber filter were from GE Healtcare
(Buckinghamshire, UK).

Sampling

A total of 40 butter samples were purchased from super-
markets in the East, Middle and West Black Sea Regions of
Turkey. They were produced in October-November, 2009
(first period) or May-June, 2010 (second period).

ELISA Procedures

The samples were prepared according to the application
note, Ridascreen® Aflatoxin M1 (Art. No. R1121, R-Biopharm
AG, Darmstadt, Germany) and analysed as described in the
instructions of the AgraQuant® Aflatoxin M1 Sensitive kit
(COKAQ7100, Romer Labs® Inc., U.S.A).

IAC/HPLC procedures

Aflatoksin M1 levels were determined in the butter
samples by the method described in Sakuma et al.”%.

RESULTS

AFM1 was not detected in any of butter samples
collected from the Black Sea region of Turkey. Mean
recovery of AFM1 spiked into butter at 0.5 pg/kg was
84%. The limit of detection (LOD) was 0.023 ng/g and the
limit of quantification (LOQ) was 0.077 ng/g. The HPLC
standard calibration curve was linear over the range of
concentrations of AFM1 injected and the R-squared (R?
value was 0.99. The method exhibited great accuracy and
reproducibility for detecting AFM1 in butter.

The HPLC chromatogram of the AFM1 spiked sample
of butter is shown in Fig. 1. There are no interferences in the
section where AFM1 was eluted.

DISCUSSION

In Turkey, many surveys have examined AFM1 content
in milk products but only a few have been done with
butter, especially with HPLC-FLD. Aydemir Atasever et al."”
investigated AFM1 levels with ELISA in 80 butter samples
obtained from supermarkets between September 2007
and September 2009 in Erzurum, Turkey, and reported that
66 samples were contaminated with AFM1 ranging from
10 to 121 ng/kg and 13 samples exceeded the maximum
legal limit. Tekinsen and Ucar " were scanned AFM1 by
ELISA method using with IAC in 92 butter and 100 cream
cheese samples obtained from retail outlets in five major
cities of Turkey. They found 100% of the butter samples
and 99% of the cream cheese samples were contaminated
with AFM1, ranging from 10 to 7.000 ng/kg and from 0 to
4.100 ng/kg, respectively. In another study, 223 samples
of dairy products (27 samples of butter) marketed in
Ankara, Turkey during September 2002-September 2003,
were analysed for AFM1, total aflatoxin and AFB1 with
ELISA. The AFM1 contamination rate was 90.58% in dairy
products, including 92.6% in butter "%, Var and Kabak
investigated AFM1 by ELISA in 70 dairy products (10
butter samples) purchased in different supermarkets
in Adana, Turkey. They detected AFM1 in three of 10
butter samples. In addition, Tosun and Ayyildiz ¥ studied
AFM1 levels with ELISA in organic milk and dairy products
marketed in Turkey between February 2010 and February
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Fig1. HPLC-FLD chromatogram of spiked butter sample
Sekil 1. Tereyagi geri kazanim calismasina ait HPLC-FLD kromatogrami
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2011. No AFM1 contamination was detected in organic
butter samples.

During butter processing, the protein membrane
around fat globules is broken down and the serum phase
is separated. Due to the chemical structure of AFM1 and
its affinity for casein, it adsorbs on this fraction of protein.
Therefore, cream contains less AFM1 than milk and butter
contains less AFM1 than cream ", As a result of the
associated effects of these factors, less AFM1 occurs in the
lipid phase (butter and cream) because it is concentrated
in the serum phase and protein fraction. This data may be
promote to our results. However, it is probable that good
manufacturing practices and good storage prevented
butter samples from getting mouldy.

Most of the current analytical techniques used for
detection and quantification of aflatoxins involve sampling,
extraction and clean-up, followed by an appropriate
detection method, depending on the level of precision
required of the result 7.,

ELISA (test kits) are often used to screen and quantify
mycotoxins as a rapid and practical method ™ but the
drawbacks of the method are cross reactivity and
matrix dependence, which often result in extreme over-
estimation "%, Therefore, comfirmatory methods such
as LC, GC, LC/MS, GC/MS are needed for a sensitivity and
accuracy. In the present study, the HPLC-FLD method used
with an immunoaffinity column was highly advantageous,
including rapidity, when used specifically for determination
of the level of AFM1 in butter. Moreover, we achieved
lower LODs and LOQs than several studies ""'® by using
the method described by Sakuma et al.”,

In conclusion, the results of our survey showed that
butter collected in a specific period from Black Sea Region
was of excellent quality with respect to AFM1 contamination
because none was detected. However AFM1 levels in dairy
products such as butter can vary from season to season
and year to year because they are related to levels of
aflatoxins in feed. Therefore, regular surveillance studies
are necessary to compile datum for a more comprehensive
evaluation of AFM1 contamination in dairy products. The
IAC/HPLC-FLD method that we applied to butter could be
used more broadly as a sensitive and accurate detection
method for AFM1 detection. Moreover, the systematic
use of new analytical techniques to measure AFM1
levels with great precision can help to improve public
health standards.
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Marbofloxacin Overdose: The Culprit for Acute Blindness in a Dog
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Abstract

In this case report, a 4 year old female terrier crossbred dog was presented with acute blindness following accidental high dose
marbofloxacin administration was discussed. On initial referral to the clinic, a respiratory disease was evident, requiring antibiotic
therapy and marbofloxacin (2.5 mg/kg) was prescribed. Meanwhile, patient was transferred to another veterinary practitioner
specialized in large animal diseases, marbofloxacin had administered at an over dose (1050 mg/total dose through 3 days). The dog
was then introduced back to our clinic with acute bilateral blindness. A diagnosis of marbofloxacin toxicity related to an overdose was
made based on clinical examination and laboratory findings, excluding other relevant etiology. Dexamethasone was applied as initial
treatment. In the following weeks, vision loss was eminent even without responding to bright light and not able to negotiate the
obstacle course. According to the current literature, this is the first report on marbofloxacin overdose related acute blindness in dogs.

Keywords: Blindness, Marbofloxacin overdose, Dog

Asiri Doz Marbofloksasin: Bir Kopekte Akut Korliik icin
Olagan Supheli

Ozet

Bu olgu sunumunda yanhslikla yliksek doz marbofloksasin uygulamasi sonucunda 4 yasli, disi, terrier melezi bir kopekte gelisen akut
korlik vakasi irdelenmistir. Olgu klinige ilk basvurdugunda antibiyotik sagaltimi gerektiren bir solunum yolu enfeksiyonu oldugu
belirlendi ve marbofloksasin (2.5 mg/kg) recete edildi. Bu siire icerisinde, blytik hayvan hastaliklari konusunda uzmanlasmis bir
veteriner hekime gotirilmis ve marbofloksasin 3 glin boyunca asirn dozda (1050 mg/3 giin boyunca toplam doz) uygulanmistir.
Kopek, uygulama sonrasinda tekrar klinigimize getirildiginde akut korlik mevcuttu. Marbofloksasin toksisite tanisi, diger iliskili etiyoloji
haricinde klinik, labaratuvar bulgular ve ilacin asiri doz alimi temel alinarak konuldu. ilk sagaltim uygulamasi olarak deksametazon
uygulandi. Takip eden haftalarda goriis bozuklugunun oldugdu, parlak 1siga tepki vermedigi ve engellere takilmadan yiriyemedigi
tespit edildi. Son literaturlere gore képeklerde marbofloksasinin asir doz uygulanmasi sonucu gelisen akut korltk ilk kez bildirilmistir.

Anahtar sozciikler: Korliik, Marbofloksasin yliksek doz, Kopek

INTRODUCTION the present case report a Terrier dog with acute blindness
occurring following high dose marbofloxacin was described,

to those of which, in the present authors’ practice have

Adverse drug reactions are not commonly observed in
never been reported.

pet ophthalmology, more commonly detected in the dog
in contrast to the cat. The latter side effects vary from mere

annoyance to life-threatening conditions. CASE HISTORY

As the dog is often interpreted to analyze the toxicity A 4 years old, unneutered crossbred Terrier breed dog,
of several drugs, many agents were tested and reported  weighing 10 kg, was presented to the clinic with upper
to cause retinal and chorioretinal changes % in cats. In  respiratory clinical signs. On initial referral to our clinic
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marbofloxacin with a dose of 2.5 mg/kg for at least 1 week
and an upper airway anti-inflammatory drug, oxolamine
were prescribed. The owner declined further therapy at
the University Clinic, and indicated that the recommended
drugs would be used at private veterinary practice in Nazilli,
Aydin in Turkey. Afterwards the private veterinary surgeon
who was specialized in large animal diseases, administered
marbofloxacin at an over dose of 35 mg/kg (a total dose
of 1050 mgq) for 3 days. The dog was then referred back to
our clinic with acute blindness on day 4. Hematological
and serum biochemical analysis were within reference
ranges (data not shown). At physical examination the dog
was reluctant to walk, and eyelids were quite open. When
the dog reaches the color differentiation area on the flat
ground, the dog was lifting its limbs more than normal
(Fig. 1). This was evaluated as the dog could recognize the
color differentiation on the ground.

During ophthalmic examination in both eyes, while
cornea and iris were normal, vascularization in conjunctiva
and pupillary dilatation were identified. Edema and
papillomatosis on optical nerve, and dilatation in the
optical nerve vessels in both eyes were determined

(Fig. 2). A preliminary diagnosis of marbofloxacin toxicity
was made, excluding any other apparent reasons, as the
owner reported no other drug usage. A blood sample
was with-drawn and forwarded to Pharmacology and
Toxicology Department for analyzing plasma marbo-
floxacin level.

Plasma marbofloxacin level was determined by high
performance liquid chromatography (HPLC) with a
fluorescence detector following the extraction procedure.
A marbofloxacin standard was used from Fluca (Batch
No. 34039, 98% putiry; Fluka, China). Plasma extraction of
marbofloxacin and the analysis by HPLC was according to
the method of Karademir et al.®! which was validated in
our laboratory conditions.

Dexamethasone (Maxidex ophthalmic pomad® Alcon)
was suggested 4 times a day (4x1). A telephone call
following 2 weeks later indicated that the dog was unable
to orient, without responding to bright light. Three
weeks later a physical examination along with ocular
investigation revealed that the dog was still not negotiate
an obstacle course.

Fig 2. Pupillary dilatation (a, c),
vascularization in conjunctiva (a),
edema and papillomatosis on optical
nerve, and dilatation in the optical
nerve vessels (b)

Sekil 2. Pupillar dilatasyon (a, c) kon-
juktivada vaskdlarizasyon (a), optik
sinirde 6dem, papillamatozis ve optik
sinir damarlarinda dilatasyon (b)

Fig 1.Realized of color differentiations
on the ground, during the walking
and lifting limbs (a. forelimb, b.
hindlimb) more than normal

Sekil 1. Zemindeki renk degisiklikleri
sebebiyle ylrime ve adim atisi
sirasinda ekstremitelerin (a. n ekstre-
mite, b. arka ekstremite) normalden
daha fazla kaldiriimasi
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Fig 3. HPLC chromatogram of
analyzed plasma sample

Sekil 3. Analiz edilen plazma 6rne-
ginin HPLC kromatogrami

The level of marbofloxacin in the plasma sample was
found as 0.5 pg/ml (Fig. 3).

DISCUSSION

Dogs are target species for testing toxicity of several
drugs; where several compounds have been found to
cause retinal or chorioretinal alterations . To this content
it was previously described that quinine produced rapid
vasoconstriction of the retinal arterioles, optic disc
atrophy and retinal ganglion loss B\ Taking into account
quinolones were derived from quinine ¥, and there exists
structural relationship between fluoroquinolones and
quinine differing via an oxygen molecule 7, it may be
speculated that similar ocular reactions may occur for
both drugs. Excluding other probable reasons, besides
marbofloxacin was the solely used injectable drug at the
onset of clinical signs, it safely appeared that the usage of
marbofloxacin was responsible for the vascularization in
conjunctiva, dilation on pupilla and optical nerve vessels,
edema and papillomatosis on optical nerve contributing
to the blindness that developed in the present case.

In the current report, we hypothesized that it may be a
canine case of sudden acquired retinal degeneration 1'%,
although, to the present authors knowledge, at the time of
writing and since then a canine case of retinal degeneration
has not been documented elsewhere. A toxic insult to the
retina was proposed similar to what have been reported
previously "% the only other drug, oxolamine phosphate,
had not been associated with retinopathy. However the
association of fluoroquinolones and visual disturbances ™
in cats %12 has now been well established. The use of
enrofloxacin has been attributed to visual impairment with
growing numbers of anecdotal reports %, Fluoroquinolones
have long been recognized to cause acute retinal dege-
neration in cats "3, Although unclearly explained, it has
been suspected that the mechanism is dose dependent.
Higher doses cause more severe side effects 414,

Given the molecular findings for fluoroquinolone-
induced retinal degeneration and consecutive blindness in
cats, ABCG2 transport protein deficiency was suggested as
the responsible reason in feline retina . Since previously,
no case reports were presented for dogs, the present

authors may briefly suggest that species difference might
be a confounding factor involving the expression of ABCG2
transporters in dogs '%'7),

In the present report, a high dose of the drug was
evident, 4 days prior to the retinal degeneration being
detected. Marginal renal disorders may be related to further
increase in the plasma level of the drug " However in the
present study, the case presented no renal dysfunction
based on normal levels of urea, creatinine and cystatin-C
levels. Moreover, elevated plasma level for marbofloxacin
was not present; since the dog was referred to the clinic 4
days after exposure to high dose exposure, indicating low
plasma level as 0.5 mg/ml.

In summary, it may be suggested that marbofloxacin
overdose may result in acute blindness in dogs, similar to
what have been previously described in cats.
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Case Report

Amorphus globosus in a White Galloway Cattle
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Abstract

In this article, a case of an amorphus globosus is presented. A three years old White Galloway dam gave birth in her second pregnancy
a normal calf and a malformed amorphic co-twin. The malformed co-twin was slightly flattened with an ovoid covered by white hairy
skin form of 21.0x10.0x6.0 cm in size and a weight of 1600 g. The present case had an umbilical cord like structure of 20 cm in length
and 2-3 cm in diameter. A small opening, resembling am oral structure, contain a tongue-like structure with lips and three milk teeth.
Histological examination showed a solid mass of connective tissue, skeletal muscles, lymph, arterial vessel and glandular units and focal
by cartilage tissue. The radiography clearly showed lower-upper jaw, small bone similar to a tail-like-structure and a cartilage tissue.
The inbreeding coefficient of the case was 6.25% due to a common ancestor on the maternal and paternal side. This is the first report
on amorphus globosus in White Galloway cattle including pathological, histopathological, radiological findings and pedigree analysis.

Keywords: Amorphus globosus, Galloway, Twin, Cattle

Beyaz Galloway Sigirda Amorphus globosus Olgusu

Ozet

Bu makale de bir Amorphus Globosus olgusu sunulmustur. U¢ yash beyaz Galloway inegin ikiz olarak sekillenen ikinci gebeliginde bir
normal buzagi ve bir de onun amorfik kusurlu ikiz partnerini dogurmustur. Kusurlu ikiz partner, sekli hafif basik ve oval ,derisi beyaz
taylerle kapli, 21.0x10.0x6.0 cm boyutlarinda ve 1600 gr agirlhidina sahibdi. Sunulan olgu, 20 cm uzunlugunda ve 2-3 cm genisliginde
gObek bagina benzer bir olusuma sahipti. Agiz seklinde kiictik bir agiklik ve bu aciklikta 3 adet dis ve dudaklarla birlikte kiigiik dil benzeri
yapi goruldi. Histolojik incelemede ise olgunun saglam bir bag dokusu, iskelet kaslari, lenf ve arteriyel damarlar, salgi bezleri ve kikirdak
dokuya benzeyen odaklardan meydana geldigi gézlemlendi. Radyolojik incelememizde net olarak alt ve Uist cenenin, kuyruga ait oldugu
distindlen kiiciik kemiksi yapilarin ve kikirdak dokunun varhgi tespit edildi. inek ve boganin ebeveynlerinin ortak olmasi nedeniyle
olgunun akrabali yetistirme katsayisi %6.25 idi. Bu olgu galloway irki sigirda gorilen ilk amorphus globosus vakasi olup patolojik,
histopatololojik, radyolojik bulgular ve pedigri analizini igerir.

Anahtar sozciikler: Amorphus Globosus, Galloway, ikizlik, Sigir

INTRODUCTION

Amorphus globosus (AG) is an imperfectly formed free
twin fetus lacking a heart and invariably lacking other
body parts as well. The incidences of twin births are 3.9% ™
and 4.2% @ in dairy herds. Hossein-Zadeh et al." reported
calf stillbirths with 18.8% of twin calving events resulting

CASE HISTORY

Case Description

A case of amorphus was notified in a farm located in
Bavaria, Germany, on April 16, 2009. A normal female
calf and its malformed co-twin were delivered after full

in one or both calves as stillborn, compared with 4.0% for
singleton births.

Several cases on this AG have been reported a rate
of 0.4% in cattle, 0.003% humans and very rarely other
domestic animals 53, We present the first case of AG in
Galloway cattle.

term gestation from a White Galloway cattle dam. The
female normal calf had normal body size and weight.
The amorphous co-twin was completely covered with
white hair and white skin. The present case was sired by a
natural service bull kept in this herd. The dam of the case
was a 3-years-old White Galloway cow with a previous
normal parturition.
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Necropsy Findings

The malformed co-twin was slightly flattened with an
ovoid form, a dimension of 21.0x10.0x6.0 cm and a weight
of 1600 g. The present case had an umbilical cord like
structure of 20 cm in length and 2-3 cm in diameter (Fig.
1A). The body of the present case had a small opening,
resembling an oral structure, in which a tongue-like
structure with deformed lips and three milk teeth were
present (Fig. 1B). In addition, the case had a tail formation
on the opposite side to oral-like-structure. We observed
ventral and dorsal median notches in the upper and lower
jaw. The cross section of the body showed abundant
connective tissue, glandular units, blood vessels and
cartilage tissue (Fig. 1C). The oral cavity ended blindly.

Histopathological Findings

Tissue sample from the oral-like-structure showed
cutaneous mucosal cells indicative for tongue tissue.
Body tissue samples contained connective tissue, skeletal
muscles, lymph tissue, arterial vessels, cartilage tissue as
well as tubular and glandular structures.

Radiological Findings

The radiography of the present case showed a lower
and upper jaw (Fig. 2), a small bone similar to a tail-like-
structure and cartilage.

Pedigree Analysis

The autosite twin of the dam showed no congenital
abnormalities. The inbreeding coefficient for the case was
6.25% due to a common ancestor on the maternal and
paternal side (Fig. 3).

DISCUSSION

The present case of an amorphus globosus (AG) co-
twin is the first reported in White Galloway cattle. The main
criteria for an AG including no specific shape of a body
but covered by skin and hairs, were confirmed for this
case. In addition, a small tongue with an oral cavity and a
rudimentary bone formation were observed. Other forms
of acardiac twins could be clearly excluded. The acardius
anceps shows a partly developed head and a deformed

Fig 1. Present case of amorphous
globosus (AG). A: Appearance of
AG, B: Mouth of present case with
teeth, lip and tongue, C: The cross
section of the case showed abundant
connective tissue, glandular units,
blood vessels and the focal detection
of cartilage tissue

Sekil 1. Sunulan olgu. A: Amorphus
globosus dis goriiniim, B: Dis, dudak
ve dil ile birlikte sunulan olgunun
agizi, C: Olgunun enine kesitinde
gorilen bol miktarda bag dokusu,
lenf bezi Uniteleri, kan damarlan ve
kikirdak dokusundan olusmus odak
tespiti
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Fig 2. The radiography shows
lower and upper jaws as well as
several small bones in the body of
the amorphous globosus

Sekil 2. Radyolojik incelemede
Amorphous globosus’un viicudun-
da gorilen, alt ve Ust cene olusumu
ve bunun yani sira kicik kemik
parcalar

Fig 3. The pedigree of the I:]
amorphous globosus

Sekil 3. Amorphus globosus'un

soyagaci

$ b e

body with extremities. The acardius acormus consists of a
partially developed head and brain. The acardius acephalus
is lacking the head and thoracic organs *'4,

Macroscopical findings in AG are usually a spherical or
ovoid form of the body, covered with skin and hairs, and
the umbilical cord B, Moreover, an imperfect tongue,
oral or/and anal cavity, digestive organs or their vestiges
were reported "3, The present case had a small oral-like-

structure, in which a tongue-like structure with lips and
three milk teeth were present.

Histopathological findings in AG showed different
tissues with changeable degrees of development 78113 |n
agreement with previous reports we found connective tissue,
skeletal muscles, lymph tissue, arterial vessels, cartilage
tissue as well as tubular and glandular structures. Further,
the present case had no adipose and necrotic tissues.
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In agreement with previous reports showing various
bone formations in the spherical body forms 191216 e
found lower and upper jaws with teeth and remnants of
a bony tail with cartilage in the present case.

There are three different hypotheses on the etiopatho-
genesis of amorphous fetus. First, failure of heart formation
probably due to insufficient splanchnic mesodermal
elements, second anastomosis of the umbilical vessels
causing a backward circulation in one of the twins and an
obliteration of the heart anlage " and third interference
with the return flow of blood from the placenta to the twin.
The second hypothesis is generally believed as the cause
of most amorphous anomalies. The inbreeding coefficient
for the present case was 6.25% due to a common ancestor
on the maternal and paternal side.

In conclusion, an anastomosis of artery to artery or
vein to vein could not be found in the present amorphous
case and thus, this hypothesis could be ruled out. Two
large blood vessels and many small vessels were observed
in the umbilical cord-like structure in the present case.
However, only very few blood cells were noted in the
lumen suggesting that the present case may have been
caused by insufficient blood supply and in consequence
to an obliteration of the heart anlage. Support was
obtained for this assumption from previous reports with
similar findings &1,
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Abstract

In the ever-developing world, the recent years have brought about a wide range of novelties and significant developments in the fields
of veterinary anaesthesia and analgesia. In the not-too-distant past, it was believed that the pain threshold of animals was high and that
pain was not felt by animals during surgery, when they were anaesthetised. It was considered that the only analgesic drugs that could
be used during operation were non-steroidal anti-inflammatory drugs. Today, these suppositions are all accepted as fallacies across the
world, and it is well-known that the administration of analgesic drugs should be started in the preoperative period. This article describes
pain in animals, how pain perceived by the operated animal can be recognised, and if not treated, to which complications pain may lead.
Furthermore, in the last part of the manuscript, complications associated with the use of atropine and a2-agonist combinations, and
the adverse effects of anaesthesia-induced hypotension are also explained. This review is intended to provide an insight into recently
developed novel practices and to elucidate some main issues, which may be confusing for the veterinary practitioner.

Keywords: Anaesthesia, Analgesia, Pain, Cat, Dog

Nasil Daha iyi Anestezi Kombinasyonlari Yapilabilir?
Giincel Bilgilerin Incelenmesi

Ozet

Gelisen diinya ile beraber son zamanlarda veteriner anestezi ve analjezi alaninda da pek ¢ok dedisiklikler, yenilikler ve ilerlemeler
kaydedilmistir. Eskiden hayvanlarin agr esiklerinin yiksek olduguna ve operasyon sirasinda anestezi altinda iken agrinin hissedilmedigine
inanilirdi. Operasyon sirasinda tek kullanilabilecek analjezik ilacin nonsteroidal antiinflamatuvar olabilecegi distndliyordu. Bu inanislarin
yanhs oldugu artik tim diinyada kabul edilmektedir, analjezik ilaglarin uygulanmasina preoperatif donemde baslanmasi gerekliligi
bilinmektedir. Bu makalede, hayvanlardaki agri, operasyon sirasinda gelisen agrinin nasil anlasilabilecedi ve tedavi edilmedigi takdirde
gelisebilecek komplikasyonlar anlatiimistir. Ayrica, makalenin sonunda atropin ile a2-agonist kombinasyonlarinin komplikasyonlari ve
anestezi sirasinda olusan hipotansiyonun yan etkileri Gizerinde de durulmaya calisiimistir. Bu derleme ile veteriner hekimlerin kafalarinda
karisikhk yaratan bazi konulara isik tutulmasi, son yillarda gelisen yeni uygulamalara ve ilag kombinasyonlarina yer verilmesi amaclanmistir.

Anahtar sozciikler: Anestezi, Analjezi, Agri, Kedi, Kbpek

INTRODUCTION this review is to present the recognition of pain in animals,
basis for analgesic use during anaesthesia, the appropriate
Anaesthesia means “loss of sensation in the entire body ~ time and analgesic combinations for administration,
or any part of the body” Most people think that humans or adverse effects of pain, some analgesic medications,
animals do not feel pain during anaesthesia. However, today ~ Methods to overcome possible complications during
it is known that without the use of analgesics both humans anaesthesia and the contraindication of using a2-agonists
and animals feel pain during anaesthesia. Most popular  With anticholinergics.
general anaesthetics do not have analgesic properties.
They provide unconsciousness, but cannot inhibit the PAIN IN ANIMALS
nociceptive pathways. No matter how high a dose they are
administered at, these agents do not provide analgesia. The International Association for the Study of Pain defines
The animal can feel pain during surgery, however, cannot  pain as “an unpleasant sensory and emotional experience
react because of a surgical plane of anaesthesia. The aim of  associated with actual or potential tissue damage, or
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described in terms of such damage U Although great
importance is attached to pain management and analgesic
therapy today @, unfortunately, research on analgesic
therapy in veterinary medicine does not go back too far
in history. The main reason for veterinary research having
started late is fallacies. In the not-too-distant past, it was
believed that animals did not suffer from pain as much
as humans and it was considered that the pain threshold
of animals was higher. Today, it is well known that these
arguments are false, and it is well established that all
procedures that cause pain in humans also cause pain in
animals and require analgesic therapy. In the past, the
majority of veterinary practitioners believed that pain was
protective in that it limited the movement of the animal,
and thereby, reduced the risk of tissue lesions. Furthermore,
it was thought that, as analgesia masks disease symptoms,
analgesic therapy would misdirect treatment. However,
today, it is accepted that pain provides very little benefit,
and in fact, causes great damage to the body 55,

Why Should Analgesics Be Used?

Apart from the ethical perspective and moral compass,
treatment of pain has major physiological and biological
implications. Pain increases the secretion of catabolic
hormones (cortisol, glucagon, and catecholamines) and
decreases the secretion of anabolic hormones (insulin,
testosterone). Furthermore, pain increases gluconeogenesis,
glycogenolysis, proteolysis, and lipolysis, and causes protein
loss and the weakening of muscles. Due to reduced collagen
synthesis, pain is also associated with delayed wound
healing. Stress induces the secretion of the adrenocortico-
tropic hormone (ACTH), which in return, leads to the
secretion of cortisol. As a result of immunosuppression,
both immunoglobulin synthesis and the resistance of the
individual to diseases, decrease ¢7.. Catecholamines make
the heart sensitive to arrhythmia and cause hypertension.
The cardiac output and load, heart rate, and the oxygen
consumption of the myocardium, all increase. This increase
in cardiac parameters is dangerous if the cardiac reserves
are low. Increased cardiac load requires a higher level
of oxygen, and if the coronary arteries do not pump
the required amount of blood to the heart, myocardial
infarction occurs ¥&10,

Renal failure may develop as a result of the vaso-
constriction of the renal arteries. Hyperglycaemia occurs.
While the respiratory rate increases, the tidal volume and
cough reflex decrease, which eventually lead to pulmonary
atelectasis. Small airways closed, intrapulmonary shunts and
hypoxia are observed. These complications are particularly
important in operations performed in the thoracic cavity
and in the proximity of the diaphragm. Elevated carbon
dioxide levels lead to respiratory acidosis. Acidosis causes
arrhythmia and may even result in cardiac arrest 712,

When in pain, animals avoid movement, and long-term
immobility increases the risk of embolism . Pain often

results in a prolonged hospital stay, immune suppression
and secondary illness, inappetence, and cachexia. This
is especially important in cats, in which hepatic lipidosis
may occur as a result of inadequate caloric intake ¥, In
particular, neuroendocrine responses to posttraumatic
and postoperative pain may cause shock and death ®'%,

As there is a link between acute pain and chronic pain, it
can be suggested to control acute pain in order to prevent
the development of chronic pain 59,

Physiological pain is protective. It plays an adaptive role
in the body’s normal defence mechanism like touching a
potentially damaging fire and initiating reflex avoidance
strategies. Physiological pain alone is not important in
clinical settings. On the other hand, if pain becomes
permanent and is associated with severe tissue inflammation
and nerve injury, then this type of pain is referred to as
“pathological or clinical” pain. The clinical objective should
be to minimize pathological pain while maintaining
physiological pain B4, It is useful to characterize clinical
pain according to its duration, such as acute (recently
occurring) and chronic (long-lasting) pain. Acute clinical
pain arises from soft tissue trauma or inflammation, with
the most common example being postoperative surgical
pain. Actually, acute pain plays an adaptive role by
facilitating tissue repair. If not promptly treated, acute pain
turns into chronic pain. Chronic pain is maladaptive and
offers no useful biological function or survival advantage.
Cases of very severe acute pain or the development of
chronic pain result in the manifestation of a hypersensitivity
phenomenon referred to as “hyperalgesia”. Hyperalgesia
refers to an overly increased sensitivity to painful stimuli,
and can be defined as the stimulation of both inactive
nociceptive fibers, and high threshold nociceptive fibers,
in healthy individuals %3 The most advanced forms of
hyperalgesia are allodynia, which refers to pain produced
by a stimulus that is not normally noxious, and phantom
pain, which is described as perceptions experienced
by an individual in relation to a limb or an organ that is
not physically part of the body ™. The pain experienced
by a soldier, who receives long-term treatment before
an amputation, and even after an amputation he feels
as if his arm was not amputated is a good example of
phantom pain. Furthermore, the crying of a dog with an
osteosarcoma in one of its limbs, when patted on its head, is
due to the perception of being touched as pain,as a result
of hyperalgesia.

ADDITION OF ANALGESIA IN
ANAESTHESIA PROTOCOLS:
IS IT NECESSARY OR NOT?

Loss of consciousness does not mean that the pain
pathways are inactivated. Most general anaesthetics,
including isoflurane, sevoflurane, propofol, and thiopental,
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do not have analgesic properties. They provide unconscious-
ness, but cannot inhibit the nociceptive pathways. No
matter how high a dose they are administered at, these
agents do not provide analgesia. The patient can feel
pain during surgery, however, cannot react because of
a surgical plane of anaesthesia. It is still beneficial to
inhibit pain pathways by using some analgesic drugs.
Nowadays, preemptive and multimodal analgesia have
become popular techniques used for this purpose. When
general anaesthesia is used for surgery, the administration
of drugs with analgesic properties should be included in
the anaesthesia protocol """, Intraoperative use of multi-
modal analgesic therapy also reduces total anaesthetic
requirements and autonomic responses to painful surgical
stimulation 1018201,

The perception of intraoperative pain by an anaesthe-
tized animal can be understood from an increase in the
heart rate and blood pressure. While the anaesthesia
continues and the monitored parameters remain stable,
a sudden increase observed in the cardiac rhythm and
blood pressure (approximately 30%) with the onset of the
painful phase of the surgical operation (movement of the
fracture ends during osteosynthesis, the distention of the
peritoneum during laparotomy or surgical intervention
performed near nerves etc.) shows the inadequacy of
the analgesia procedure that has been followed as part
of the anaesthesia protocol ">, A medical malpractice
performed in such cases is to administer a higher anaesthetic
dose to the operated animal during increased heart rate
caused by the perception of pain. In fact, the veterinary
surgeon should only reduce the sympathetic stimulus,
by deepening the anaesthesia, and should also decrease
tachycardia. It should be noted that, if not administered
with any analgesic, an anaesthetized animal shall perceive
pain, even if unconscious. The adverse effects of pain on
the body start during the surgical operation. An animal
with postoperative pain is most likely to recover from
anaesthesia poorly. In such cases, the animal may even
damage the operation site while awakening. While the
anaesthetic agents used before the 1980s provided a
slow and slumbery recovery from anaesthesia, today, pre-
parations (i.e. propofol, thiopental, isoflurane, sevoflurane),
which enable the animal to recover from anaesthesia
within only a few minutes after the end of the surgical
operation, are available. If adequate analgesia is not
achieved, then recovery from the anaesthesia established
with these novel agents occurs fast, but also painfully.

In order to minimize intraoperative and postoperative
pain, analgesics need to be administered at the appropriate
time intervals and at the appropriate doses. In this context,
recently, the clinically evolving concept “preemptive
analgesia” has gained importance. Preemptive analgesia
involves the administration of analgesics before the
exposure of the animal to the painful stimulus, and in a
sense, implies the elimination of pain even before it occurs.

Thereby, pain management can be achieved without
the development of hyperalgesia. The most appropriate
stage to administer analgesics to an animal scheduled for
surgical operation is the preoperative period ©152223],

Both the mechanism of action and the time course
of the effects of all analgesics, which are routinely used
in clinical practice today, are well known. The prior
administration of the analgesic preferred for the surgical
operation to be performed, and the repetition of the dose
at the half-life of the analgesic, followed by an appropriate
use of the agent in the postoperative period, will ensure
that the patient recovers with little or no pain. It should
be borne in mind that no analgesic can set pain to zero.
Therefore, the goal of the administration of analgesics
should be to eliminate pain or, at the very least, make the
animal comfortable 19,

ANALGESICS THAT CAN BE USED
DURING OPERATION

As each animal presents with varying levels of injury or
iliness, and experiences different levels of pain, individual
drug selection and dosage are essential rather than the
application of a standard protocol for all patients. Several
groups of analgesic drugs are available for use in cats
and dogs, which include opioids, a2-agonists, ketamine,
NSAIDs (nonsteroidal antiinflamatory drugs) and local
anaesthetics 192425 that have been explained in below.

Opioids

Opioids are the most commonly preferred drugs
for intraoperative and early postoperative analgesia.
Their analgesic effect is strong as they block several pain
pathways 26, The most commonly used opioid drugs in
Turkey are morphine, butorphanol and fentanyl. Some of
the adverse effects associated with the use of these drugs
are bradycardia, respiratory depression, hypotension,
agitation and emesis. Although opioids are generally
feared to have serious side effects, in contrast to human
beings, cats and dogs seem to be remarkably resistant to
these side effects, and serious side effects are surprisingly
rare when these agents are used with care ®'"?7, For
example, opioid induced-bradycardia is generally not life-
threatening and usually does not require treatment. Often
it can be ameliorated with fluid therapy. If the patient is
hypovolemic, hypovolemia should be treated before opioid-
induced bradycardia, because no benefit has been shown
to be achieved with anticholinergics in the hypovolemic
patient “. As opioid induced-bradycardia is vagally mediated,
when necessary, treatment can be accomplished with anti-
cholinergic drugs (atropine or glycopyrrolate) 28, Although
clinically significant respiratory depression from opioids
is uncommon, it can occur when opioids are combined
with other drugs that have respiratory depressant effects.
Bradycardia and hypotension are mostly observed when
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opioids are administered intravenously "3, The greatest
advantage of opioids is the ability to titrate their dose to
effect; and if an overdose or side effects occur, naloxone,
which is an opioid antagonist, can also be titrated to remove
these adverse effects as the analgesic effect continues 2,

The cheapest opioid in our country, and in the world, is
morphine. It is a very effective analgesic in dogs and cats,
and its dose should be calculated precisely when used in
cats. If the clinician is not familiar with the use of opioids,
and fears about side effects, a safeway of use is to administer
effective low doses of opioids to healthy and young
animals for the desired effect (e.g. sedation, relaxation,
termination of pain, and maintenance of tranquilization
during manipulation) ", If the desired effects do not occur
within 3 minutes after intravenous administration then
the dose is repeated until the desired effect is achieved.
Once the analgesic and relaxing effects of the opioid is
observed, the veterinary clinician may easily prefer to
widen the scope of use of opioids. Occasionally, agitation
and anxiety can be recorded and many of these patients
vocalize continuously while treated with morphine. If a dog
develops this type of response, the clinician has 5 options:
(1) administering higher doses of morphine as higher
doses cause sedation, (2) administering a2-adrenergic
agonists both for sedation and additive analgesic effect, (3)
combining the first and second options, (4) reversing the
effect with the intravenous administration of butorphanol
(as butorphanol is a mixed agonist-antagonist opioid,
its analgesic effect continues while anxiety disappears
as a side effect) and (5) administering naloxone for the
reversal of the effect of morphine. As naloxone is an opioid
antagonist, dose calculation (0.001-0.02 mg/kg, IM, V)
should be made carefully, because high doses of naloxone
antagonize both the analgesic and its side effects "%,
Matthews 5% recommended using the naloxone dilution
technique to reverse the side effects of opioids while their
analgesic effects continue. When this technique is used for
larger animals, 0.25 ml of naloxone (0.4 mg/ml) diluted in
10 ml of saline is used for titration. Once the side effects are
reversed and a state of rest is achieved, the administration
is terminated.

The first choice for animals, which are referred to the
clinics for trauma or acute pain (e.g. peritonitis, pancreatitis)
and cannot be treated due to this pain, should be opioids.
These patients may also present with premature ventricular
contractions (PVCs) or tachyarrhythmia as a result of
trauma and/or pain. Attempts to control pain with the
administration of sedatives or anaesthetics may cause
further cardiovascular deterioration. The administration
of opioids to these patients for analgesia can also be
advantageous by enhancing the vagal tone ©",

Cats have a low tolerance to high doses of morphine
and they more often show disorientation and agitation,
and overdose often produces delirium. Hansen " recorded
that marked mydriasis occurs after the administration of

an adequate analgesic dose, and suggested that further
administration of opioids after the onset of mydriasis is
much more likely to produce agitation. Because of the
common side effects of morphine in cats, butorphanol
might be the first choice for cats with mild to moderate pain.

Adjuvant Analgesics

Adjuvant analgesic drugs are not first-choice analgesics
and are generally used in combination with other known
traditional analgesics as a part of the multimodal analgesic
approach. Multimodal analgesia refers to the blockade of
different pain pathways by the combined use of various
analgesics and techniques. Thereby, an effective analgesia
is achieved at low doses and with little side effects through
the synergistic effects of different pharmaceuticals 2. The
pharmaceuticals most commonly used for multimodal
analgesia are ketamine, a2-agonists, lidocaine, and tricyclic
antidepressants like gabapentin.

Ketamine has been used as an anaesthetic agent for more
than 30 years in veterinary medicine. Ketamine belongs
to the group of dissociative anaesthetics and its high doses
are combined with other agents for general anaesthesia.
In the 1980s, it was discovered that ketamine was an
antagonist of the N-methyl D-aspartate (NMDA) receptors
in the spinal cord. Since this discovery, ketamine has been
used as an adjunctive analgesic in humans. In clinical
practice, it is suggested that low doses of ketamine be used
for analgesia. When administered at low doses, ketamine
can enhance analgesia and eliminate the hypersensitivity
phenomenon BY, Thereby, it also aids in the management
of acute postoperative pain, acute posttraumatic pain,
neuropathic pain, preoperative analgesia, and chronic
pain 113143032331 Slingsby and Waterman-Pearson &4 reported
that the preoperative and postoperative administration
of 2.5 mg/kg of ketamine by intramuscular route to animals
anaesthetized for ovariohysterectomy reduced the total
pain score, and decreased both the need for rescue
analgesia and the risk of postoperative wound hyperalgesia,
in comparison to the control animals. In another study =%, it
was shown that, when administered to cats as an analgesic
agent at different doses, ketamine reduced the minimum
alveolar concentration (MAC) of isoflurane by 45-75%. Muir
et al.B% reported that the administration of a ketamine
infusion of 0.6 mg/kg/h to dogs reduced the MAC of
isoflurane by 25%. Furthermore, Wagner et al.®” indicated
that, the preoperative and postoperative administration of
ketamine to dogs, which underwent forelimb amputation,
reduced the pain score. These researchers also observed
that the operated animals, which were administered with
ketamine, were more active during the first 3 days after
operation, in comparison to the animals, which were not
administered with ketamine. In many other similar studies,
ketamine has been suggested to be administered as a
constant rate infusion (CRI) and to be included in balanced
anaesthesia protocols. Like a2-adrenergic agonists, ketamine



635
PEKCAN

can also be combined with opioids to reduce the total
opioid dose for the management of pain 2232,

a2-adrenergic agonists (xylazine, medetomidine) are
preferred for preemptive analgesia, yet their analgesic
effects are not as strong as those of opioids. Therefore, they
are considered to be inadequate for producing the intra-
operative analgesia required for very painful surgical
operations (osteosynthesis, cervical disk operations, spinal
cord operations, amputations, neurosurgery, total ear canal
operations, etc.). The combined administration of a2-
adrenergic agonists with opioids may result in additive or
synergistic drug interactions, and thereby, reduce the dose
of the analgesic drug used 11425323839 The combination
of medetomidine and ketamine is mostly preferred for
castration and ovariohysterectomy in cats and dogs in
many countries. However, it is important to recognize that
although adequate analgesia is achieved with the use of
a2-adrenergic agonists and ketamine, the duration of
this analgesia is limited to, and often less than that of the
sedative effect 2432491,

Lidocaine, in addition to its local anaesthetic effects,
has been shown to alleviate hyperalgesia and to reduce
opioid requirements during and after surgery when
administered as a constant rate infusion ©324, While the
mechanism underlying the nervous transmission block
caused by the peripheral administration of lidocaine has
been completely resolved, the analgesic mechanism of the
intravenous administration of lidocaine is yet not solved.
Several researches conducted in humans have shown that,
following major abdominal operations, lidocaine increases
gastrointestinal functions, reduces postoperative pain
and the need for the use of opioids, and also shortens the
hospitalization and rehabilitation periods 32444, A single
dose of 2 mg/kg lidocaine should result in a short period
of analgesia and MAC reduction. For this reason, it may
be added to anaesthesia induction protocols ®.. While it
has been shown that the administration of lidocaine, as a
CRI of 0.05 mg/kg/min, reduces the MAC of isoflurane by
19-29% in dogs anaesthetized with isoflurane B%%3, it has
also been reported that the use of lidocaine infusions up
to 0.12 mg/kg/min are safe in dogs anaesthetized with
isoflurane 4. Pypendrop and Ikliw “*! have reported that
cats are sensitive to lidocaine toxicity, and have suggested
this agent not to be used in cats as it causes cardiovascular
depression during anaesthesia.

Constant rate infusions (CRI) have recently gained
popularity in perioperative (pre-, intra-, and post)
analgesia 740471 There are several advantages to this
technique, as a steady level of analgesia is more likely to
be achieved and the mountains and peaks associated
with intermittent analgesic use are avoided. Morphine,
lidocaine and ketamine can be added to the intravenous
solution. 12 mg of morphine, 150 mg of lidocaine and 30
mg of ketamine in 500 ml of surgical fluid, dripped at the
standard surgical fluid rate (10 ml/kg/h), provide analgesia

and MAC reduction during surgery. Multimodal analgesia
can be achieved with this cocktail solution. If prepared
under sterile conditions, it can be stored for use for a
long time. In addition, this cocktail can be administered
for postoperative analgesia at a dose of 2 ml/kg/h 24, The
author frequently uses triple combinations in dogs and
dual combinations (morphine and ketamine) in cats due
to their sensitivity to lidocaine.

Nonsteroidal Anti-Inflammatory Drugs (NSAIDS)

Systemic inflammatory response sensitizes the peripheral
nervous system and can turn a normal somatic stimulus
into a painful stimulus (remember how you felt last time
when you had a fever!). This is because of the systemic
release of inflammatory mediators ™. As well as having
central analgesic effects, NSAIDs may also reduce the peri-
pheral inflammatory response associated with surgery,
and thus, may provide sufficient analgesia for mild to
moderate pain 2529,

Once acute severe pain is controlled with an opioid,
NSAIDs may be administered. The NSAIDs most commonly
used in cats and dogs are ketoprofen, meloxicam, tolfenamic
acid, flunixin meglumine, and carprofen (carprofen is
registered only for dogs and can be used only once in cats).
NSAIDs should be avoided until the renal, hepatic, circulatory,
and coagulation status of the patient is known 142829,

COMBINATION OF
ALPHA2-AGONISTS WITH
ANTICHOLINERGICS FOR
ANAESTHESIA: IS IT RIGHT ORNOT?

a2-agonists, including xylazine, medetomidine and
dexmedetomidine, are the most widely used sedatives
in veterinary medicine 324831 These drugs are also
administered during general anaesthesia to improve
analgesia and to decrease the dose of the anaesthetics
used. The most commonly observed clinical side effects
after the administration of a2-agonists are peripheral vaso-
constriction and reflex bradycardia 52°'52, There is no
doubt that if bradycardia becomes profound, it should be
treated. The question is: “Should we use anticholinergics
for the treatment of bradycardia to save life or not?”
Formerly, atropine had been frequently used to prevent
bradycardia induced by a2-agonists 3, and the data sheet
(package insert) for Rompun (commercial xylazine pre-
paration) states that premedication with atropine may be
advantageous in dogs. However, data reported in previous
studies is based on the assessment of only the heart rate.
For the past 20 years, it is known that such a correction
is not always advantageous ®**%, The administration of
anticholinergics before a2-agonists effectively prevents
bradycardia. However, the administration of anticholinergics
either prior to, at the same time with, or after high doses
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of medetomidine has been shown to result in severe
hypertension, tachycardia, tachyarrhythmia, atrioventricular
blockade, and pulsus internans 535559, There are contra-
dictory opinions with respect to the prevention and
treatment of a2 agonist-induced bradycardia. Some authors
have recommended reversal with a2-agonists as the safest
remedy for a2 agonist-induced bradycardia 4358,

The underlying mechanism of a2 agonist-induced
bradycardia can be explained as follows: a2-agonists show
biphasic effects on blood pressure. Their first effects are
vasoconstriction, caused by the activation of the peripheral
a2-receptors of blood vessels, and resulting hypertension.
Systolic blood pressures of approximately 200-250
mmHg have been recorded in dogs 325253575860 The vaso-
constriction observed in the periphery also occurs in the
coronary arteries, which decreases the blood flow, and
thus, the amount of oxygen transported, to the heart.
Due to the subsequent deepening of anaesthesia and
the decrease of the sympathetic tone, the hypotensive
phase occurs, during which bradycardia develops . The
occurrence of bradycardia when the blood supply of the
heart decreases, is in fact a compensatory response, as
it reduces the activity of the heart muscle, and thereby,
decreases the oxygen and energy requirements of the
myocardium.

Although anticholinergics alleviate the decrease in
heart rate following the administration of a2-agonists,
these drugs also increase the magnitude and duration
of the hypertensive phase caused by a2-agonists. It has
also been reported that, in dogs, hypertension is even
greater when higher doses of a2-agonists are used B4,
The administration of anticholinergics, including atropine
and glycopyrrolate, disrupts this compensation mechanism
and causes an increase in heart rate and myocardial
oxygen consumption. The administration of anticholinergics
when the coronary arteries are constricted, in other
words, when the myocardial blood supply is decreased,
is a fatal mistake, as the oxygen and energy requirements
of the myocardium increase if cardiac perfusion is not
improved !9,

In clinical practice, a2-agonists are mostly used in
combination with ketamine to establish anaesthesia, as
ketamine has sympathomimetic effects. In other words,
ketamine not only increases heart rate and cardiac
output, but also arterial pressure and myocardial oxygen
consumption. Therefore, hypotension and bradycardia
induced by a2-agonists can be ameliorated, to some
degree, by subsequent ketamine administration. The
concurrent administration of anticholinergics with a2
agonist-ketamine combinations should also be avoided,
because a prolonged high heart rate may occur. Xylazine-
ketamine combinations are usually restricted to healthy
animals and should not be used in patients with myocardial
disease or reduced cardiopulmonary reserve .

HYPOTENSION DURING
ANAESTHESIA

Hypotension is the most common perianaesthetic
complication in veterinary patients. Normal systolic, diastolic,
and mean arterial blood pressures in nonanaesthetized
small animals are 100-160, 60-100, and 80-120 mm Hg,
respectively. If systolic and mean blood pressures are
measured below 80 and 60 mm Hg, respectively, this
condition is referred to as hypotension. Hypotension,
if not treated, can result in decreased perfusion to vital
organs and death. Various anaesthetic agents such as a2-
agonists, propofol, thiopental, isoflurane, sevoflurane, and
opioids have hypotensive effects. Intravenous crystalloid
fluid solutions at a dose of 10 ml/kg/h should be given to
alleviate anaesthesia-induced hypotension. Treatment of
acute blood loss due to haemorrhage includes crystalloid
fluid replacement at a dose of three times the blood
volume lost ©83 [f intraoperative anaesthesia is deeper
than required, side effects resulting from hypotension and
hypertension increase.

When the animal is hypotensive, nonsteroidal anti-
inflammatory drugs should not be used because they
prevent the production of prostaglandins. Prostaglandins
(PGs) have an important role in the auto-regulation of renal
blood supply. As NSAIDs inhibit the production of PGs,
their use in hypotensive, bleeding and dehydrated animals,
may cause nephron damage and lead to complications
as severe as acute renal failure. For this reason, if there is
a risk of intraoperative hypotension (in view of the most
anaesthetic drugs is hypotensive and some clinicians
performing intraoperative fluid administration at an
almost negligible level, which both imply that the majority
of anaesthesia procedures are associated with the
occurrence of hypotension), it is suggested that NSAIDs
should not be used 5142829,

CONCLUSION and
RECOMMENDATION

None of the drugs used to establish anaesthesia and
analgesia are perfect, and further research is conducted
with an aim to achieve the best intraoperative anaesthesia
and analgesia with the least complications. Combination
of drugs is essential for multimodal analgesia and balanced
anesthesia. Without multimodal treatment, we cannot
achieve a perfect anaesthesia. It should also be noted
that, the addition of analgesic drugs to anaesthetic
combinations not only lowers the amount of anaesthetics
required, but also reduces the risk of complications that
may result from the use of high doses of anaesthetics.
Clinicians must be prepared to determine the best choice.

In conclusion, if we do not try novel drugs and persist
with using conventional drugs, we can never do “better”.
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Various analgesic and anaesthetic protocols are available
for cats and dogs, and it is recommended that “tried and
true” guidelines be used rather than “sticking to traditional
or outdated dogma”.
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